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Pain Patterns 
Page 

Abdominal Muscles 942, 944, 945 
Abdominis Obliqui 

and Transversus 942 
Abductor Digiti Minimi 787 
Adductor Pollicis 775 
Anconeus 670 
Anterior Neck Muscles 398 
BicepsBrachii 649 
Brachialis 661 
Brachioradialis 693 
Buccinator 418 
Coracobrachialis 639 
Deltoid 624 
Diaphragm 863, 864 
Digastric 398 
Extensor Carpi Radialis and 

Extensor Carpi Ulnaris 692 
Extensor Digitorum 715 
Extensor Indicis 715 
Facial Muscles 417, 418 
Finger Extensors 715 
Flexores Carpi Radialis and 

Ulnaris 756 
Flexores Digitorum Superficialis 

and Profundus 756 
Flexor Pollicis Longus 757 
Frontalis 428 
Hand and Finger Flexors 756,757 
Hand Extensors 692 
Iliocostalis Thoracis and 

Lumborum 915 
Infraspinatus 553 
Intercostal Muscles 863 
Interossei of the Hand 787 
Lateral Pterygoid 380 
Latissimus Dorsi 573 
Levator Scapulae 493 
Longissimus Capitis 446 
Longissimus Thoracis 904 
Masseter 331 
Medial Pterygoid 366 

Page 

Multifidi 917 
Obliqui Capitis Superior 

and Inferior 473 
Occipitalis 428 
Occipitofrontalis 428 
Opponens Pollicis 775 
Orbicularis Oculi 417 
Palmaris Longus 744 
Pectoralis Major 820,822 
Pectoralis Minor 845 
Platysma 417 
Posterior Cervicals 447 
Pronator Teres 757 
Pyramidalis 945 
Rectus Abdominis 944 
Recti Capitis Posteriores 

Major and Minor 473 
Rotatores 917 
Rhomboid Major and Minor 614 
Scaleni 506 
Semispinalis Capitis and 

Cervicis 447 
Serratus Anterior 888 
Serratus Posterior Inferior 909 
Serratus Posterior Superior 901 
Splenius Capitis and Splenius 

Cervicis 433 
Sternalis 858 
Sternocleidomastoid 310 
Subclavius 823 
Suboccipital Muscles 473 
Subscapularis 598 
Supinator 729 
Supraspinatus 539 
Temporalis 351 
Teres Major 588 
Teres Minor 565 
Thoracolumbar Paraspinals 915,917 
Trapezius 279, 280, 281 
Triceps Brachii 668, 669 
Zygomaticus Major 417 
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Pictorial index. The muscles that are likely to refer pain to an illustrated region 
of the body are listed in the Pain-and-muscle Guide to the corresponding Part of 
the Manual. A Guide is found at the beginning of each Part, which is marked by 
red thumb tabs. 

HEAD AND NECK 
PAIN-AND-MUSCLE GUIDE 

CHAPTER 5 

UPPER BACK, 
SHOULDER AND ARM 

PAIN-AND-MUSCLE GUIDE 
CHAPTER 18 

FOREARM AND HAND 
PAIN-AND-MUSCLE GUIDE 

CHAPTER 33 

TORSO 
PAIN-AND-MUSCLE GUIDE 

CHAPTER 14 
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This Volume is dedicated to 
Janet G. Travell, M.D. 

1901 - 1997 
To whom we all owe a great debt of gratitude 
for her inspirational pioneering of this field 

and for heading us in the right direction. 
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Foreword 

In my 1992 Foreword to the now-fa
mous mate, Volume 2, of the Trigger Point 
Manual Volume 1,1 boldly opined that Vol
ume 2 was "... even better than the other 
[Vol.1] because it reflects an enormous new 
recharging of energy that further experi
ence, interaction, and thought have stimu
lated.... This new volume," I went on to 
say, "has the distinction of going beyond 
those areas [emphasized in the first edition 
of Volume 1] to discuss rationale, new 
principles arising from a ground-swell of 
experience, and the unique place of myo
fascial pain syndrome in the spectrum of 
musculoskeletal disorders." 

"Myofascial trigger points and their sig
nificance in painful conditions are no 
longer the rather controversial subject they 
were before Volume 1 appeared, nor are the 
treatment methods taught by Drs. Travell 
and Simons. These are firmly established 
and are increasingly being validated by 
once skeptical clinical investigators ...[Vol
ume 2] goes beyond and opens up new 
ground in sensitizing clinicians to the im
portant interfaces between myofascial pain 
syndromes and articular (somatic) dys
functions on the one hand and fibromyal
gia on the other hand. I applaud the wise 
manner in which these issues are ad
dressed, assessed, and integrated." 

How can this scribbler do any better 
than that eulogy to summarize his opinion 
of the macho younger mate of Volume 1 
when the latter now produces an offspring 
that outshines both its parents? My scan
ning of the manuscript before its birth per

mits me to predict a magnificent success. 
This is a gargantuan publishing effort that 
would have done Rabelais credit. But this 
Gargantua is not fantasy; it is hard-headed 
facts and a wise explication of many cur
rent ideas and new findings. 

The new edition clarifies for me the 
overlap of confusing similar conditions 
that must be distinguished. It illuminates 
improved testing methods and clearly puts 
others into their place, often outside. The 
authors are forthright and precise in the di
agnostic criteria for an active trigger point 
for general clinical use as a "... circum
scribed spot tenderness in a nodule of a 
palpable taut band and patient recognition 
of the pain evoked by pressure on the ten
der spot as being familiar." 

The thorough discussion of the nature of 
trigger points and their electrodiagnostic 
characteristics is very valuable and timely, 
as is the coverage of the histogenesis of 
trigger points. Updating and expansion 
throughout the volume now make the two 
volumes together one of the most impres
sive medical publishing efforts of modern 
times. Truly it becomes a tour de force. I 
am proud to be its "godfather." 

John V. Basmajian, O.C., O. Ont, MD, 
FRCPC, FRCPS (Glasg] 
FACA, FAADMR, FSBM, FABMR, 
FAFRM-RACP (Australia), Hon Dip (St L C) 
Professor Emeritus, McMaster University 
Hamilton, Ontario, Canada 

vii 
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At present, the only way to make a definite diagnosis 
of a trigger point is by physical examination. This fig
ure emphasizes the fact that the ESSENTIAL first step 
is to learn how to recognize by palpation the nodule 
and taut band that are characteristic of a trigger point. 

Each muscle has individual characteristics which the 
examiner needs to learn. When active trigger points in 
any muscle fail to respond to treatment, with few ex
ceptions one or more perpetuating factors need to be 
identified and resolved. 
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Preface 

The passing of Janet Travell, M.D., on 1 
August 1997 at the age of 95 marked the 
end of the era when she gave life to the 
concept of myofascial trigger points (TrPs) 
and nurtured it through childhood. Others 
must now lead the concept through adoles
cence to maturity. 

As a memorial and tribute to Dr Travell's 
unique contribution, the following selec
tion is quoted from the preface of the first 
edition of this volume: "Dr. Travell de
scribes in detail her introduction to myo
fascial trigger points in her autobiography, 
Office Hours: Day and Night. Although she 
was brought up on the unitary concept of 
disease that all of the patient's symptoms 
should be explained by one diagnosis, she 
soon learned that life is not like that. The 
man who has both heart disease and pul
monary tuberculosis may suddenly die of 
cancer of the lung. Patient complaints that 
originate in the musculoskeletal system 
usually have multiple causes responsible 
for the total picture. 

"Early in her medical career, Dr. Travell 
served simultaneously on pulmonary, car
diology, and general medical services. On 
all the services, the major complaint she 
encountered among the patients was pain. 
The patient might be dying of a serious ill
ness, but when asked, "How are you?" 
would answer, "Well, ok, except I have this 
terrible pain in my shoulder. I can't sleep. 
I can't lie on that side." When asked the 
cause of the pain, the resident on the pul
monary service would say that it was reflex 
from the lung. On the cardiology service, 
in another hospital, patients had the same 
complaint of shoulder pain, but the resi
dent explained the pain as reflex from the 
heart, of course. In the general medical 
clinic, a secretary who spent all day typing 
and pulling heavy file drawers would de
scribe precisely the same pain complaint; 
but its origin was said to be "psychoso

matic." In none of these patients did the 
doctors find objective evidence of disease 
to account for the patient's pain, but the 
skeletal muscles had not been examined. 
When Dr. Travell examined these patients, 
all three groups had isolated tender spots 
in muscles which, when compressed, re
produced the patient's pain in the shoul
der, arm or chest. The common ailment 
was an unrecognized myofascial trigger 
point syndrome. 

"Fortunately, these observations were 
made in an environment rich in experi
mental expertise. She regularly taught 
pharmacology to medical students whom, 
to answer their questions, she inspired to 
perform the appropriate experiments for 
themselves in the laboratory. The inquisi
tive students and faculty at the Cornell 
University Medical College helped Dr. 
Travell formulate her investigation of the 
nature of trigger points and how they func
tion. 

"She herself was inspired by the inter
change of ideas and the criticism of leaders 
in basic and clinical research at the New 
York Hospital, Cornell Medical College 
Center. Foremost among these were Drs. 
Harry Gold, McKeen Cattell, Vincent du Vi-
gneaud, Ephraim Shorr, Harold G. Wolff, 
Eugene F. Dubois, and the renowned neu
rologist, Frank Fremont-Smith, Director of 
the Josiah Macy Foundation. During the 
many years of their association, she was es
pecially indebted to her cardiologist col
laborator, Seymour H. Rinzler. 

"The successful care rendered Senator 
Kennedy five years prior to his election as 
President led Dr. Travell to the position of 
White House Physician under Presidents 
John F. Kennedy and Lyndon B. Johnson. 
Except for that one short detour, she never 
strayed from her primary focus on the di
agnosis and management of myofascial 
pain syndromes due to trigger points." 

ix 
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x Preface 

TRANSITIONS 

This second edition of volume 1 of The 
Trigger Point Manual is transitional in a 
number of ways. Most important, it marks 
the transition of the trigger point concept 
from the status of a syndrome of unknown 
etiology to that of an experimentally estab
lished neuromuscular disease entity. Elec
trophysiological and histopathological evi
dence presented in Chapter 2 now makes it 
clear that dysfunctional motor endplates of 
skeletal muscle fibers are at the heart of the 
pathophysiology that characterizes myo
fascial trigger points (TrPs). Many impor
tant details remain to be resolved. 

This second edition is transitional also 
because it addresses the close interaction 
between myofascial TrPs and articular (so
matic) dysfunctions. This edition calls at
tention to that relationship in practically 
every chapter and presents it some detail 
in Chapter 16, Posterior Cervical Muscles. 
At present, these are often treated as unre
lated problems that should be integrated in 
clinical practice for the patient's sake. An 
osteopathic physician who is well ac
quainted with myofascial TrPs has 
achieved this integration in her practice 
and has contributed to most of the chap
ters. This edition can only call attention 
to specific examples of the closeness of 
the muscle-joint relationship. It barely 
scratches the surface of what is needed. 

This edition marks the beginning of a 
transition from a volume by two authors to 
a volume with significant contributions by 
others. The subject matter is rapidly out
growing the comprehension of only two in
dividuals. 

This edition presents the major progress 
in our understanding of the pathophysio
logical basis for many of the clinical phe
nomena associated with myofascial TrPs. 
We now know, based on histopathology, 
that a palpable nodule and an associated 
taut band are essential features of a myo
fascial TrP (and also of myogelosis). The 
importance of the nodularity was not em
phasized in the first edition of volume 1. 
Emphasis is now shifting from pain as the 
cardinal feature of a myofascial TrP to in
creased muscle tension and its conse
quences. 

Previously no distinction was drawn be
tween trigger points located in the middle 
portion of the muscle belly (central TrPs) 
and those located in a region of muscle at
tachment (attachment TrPs). The tender
ness of each depends on different patho
physiological processes with significant 
therapeutic implications that have yet to be 
adequately explored. 

In the first edition, an attempt was made 
to document what we knew about myofas
cial TrPs, almost all of which was based on 
clinical observations. There is now the be
ginning of a peer-reviewed body of litera
ture with blinded, controlled studies that 
are scientifically credible. Many more are 
urgently needed. Such studies of the effec
tiveness of TrP treatment by skilled clini
cians should contribute greatly to a more 
widespread recognition of the importance 
of myofascial TrPs as a major source of 
musculoskeletal pain. To facilitate this 
transition, the present edition now calls at
tention to specific clinical conditions wor
thy of investigation (see "Research Oppor
tunities" in the Index). 

CHANGES IN THIS EDITION 
This edition incorporates a number of 

changes applicable to most chapters. All 
treatment sections (Section 12) have been 
extensively rewritten and now include a 
number of trigger point release techniques 
in addition to spray and stretch. Section 12 
in many of the chapters has been enhanced 
by the extensive experience and insight of 
Mary Maloney, P.T., and her daughter Jill 
Maloney Newman, P.T. Successful inactiva-
tion of active TrPs depends on restoring full 
range of pain-free motion. The most effec
tive technique(s) for achieving that goal de
pends on an appreciation of the trigger 
point source of the pain, which muscle is 
involved, the patient's response, the clini
cian's training and skill, etc. This change in 
emphasis is reflected in the new title of sec
tion 12, Trigger Point Release. A rewritten 
Section 11 of every muscle chapter now is 
called Differential Diagnosis and incorpo
rates the material under its previous title, 
Associated Trigger Points, as a subheading. 

Recent surface electromyographic stud
ies confirm and emphasize the importance 
of the motor dysfunctions associated with 
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Preface xi 

TrPs. This fundamental and essentially un
explored effect of TrPs may be as important 
as, or even more important clinically than 
the referred pain that they cause. 

Differences in several individual chap
ters are noteworthy. Chapter 2 has been 
completely rewritten and presents a new 
understanding of the nature of myofascial 
TrPs. It also considers the role of TrPs in 
the family of syndromes related to occupa
tional overload of muscles. 

The considerable changes in the diag
nostic and treatment sections of Chapter 3 
reflect the new understanding of the na
ture of myofascial trigger points. Evidence 
of muscular dysfunctions as well as the 
identification of referred pain patterns are 
emphasized, and effective physical treat
ments include many more that are now 
available. 

A considerable part of the section on 
systemic perpetuating factors in Chapter 4 
was rewritten and updated by Robert 
Gerwin, M.D., based on clinical experience 
and research projects of his own. 

Most of the introduction to masticatory 
muscles in Chapter 5 was written by a 
dentist, Dr. Bernadette Jaeger, and includes 
a comprehensive section on the contribu
tion of TrPs to many different kinds of 
headache. The masticatory muscle chap
ters themselves, Chapters 8-12, have bene
fitted greatly from her expertise as well as 
that of Mary Maloney, P.T., who is well ac
quainted with the management of myofas
cial TrPs in masticatory muscles. 

Chapters 16 (Posterior Cervical Muscles) 
and 17 (Suboccipital Muscles) emphasize 
the close relation between articular dys
functions and TrPs in those muscles. 

Chapter 20 (Scalene Muscles) presents 
(in Section 11) new insights into the con
troversial and frustrating subject of tho
racic outlet syndrome. 

Chapter 21 (Supraspinatus muscle) re
views (in Section 11) rotator cuff disease 
and considers its relation to the motor and 
sensory disturbances caused by TrPs. 

In Chapter 36 (Supinator Muscle), Sec
tion 10 explores the contribution of TrPs to 
entrapment of the deep radial nerve, and 
Section 11 examines the close relation be
tween TrPs and tennis elbow or lateral epi
condylitis. 

Chapter 45 is an entirely new and ex
tensive chapter specifically on the di
aphragm and the many functions of the in
tercostal muscles. The chapter includes 
respiratory mechanics and the contribu
tion of other muscles to respiration. 

OVERVIEW OF THIS EDITION 
Myofascial trigger points are a fre

quently overlooked and misunderstood 
source of the distressingly ubiquitous mus
culoskeletal aches and pains of mankind. 
This manual assembles in one place the in
formation necessary for the student and the 
practitioner to recognize and treat one ma
jor source of musculoskeletal pain com
plaints, myofascial TrPs. Many other 
sources of muscle pain and their neuro-
physiological basis are presented in an
other book, Muscle Pain, by Mense and Si
mons, that will be published by Williams & 
Wilkins. 

This first volume of The Trigger Point 
Manual presents introductory general in
formation on all TrPs and also detailed de
scriptions of single-muscle syndromes for 
the upper half of the body. 

This book is specifically addressed to 
health care professionals who are con
cerned for patients with musculoskeletal 
pain problems and who have been well 
trained in (or are prepared to learn): mus
cle anatomy, physiology, kinesiology, nec
essary palpation skills, and how to recog
nize (and resolve) perpetuating factors. It is 
NOT intended as a procedural "cook 
book." It presents a basis for understanding 
the cause of the patient's pain and ways of 
eliminating the source of the pain, not just 
alleviating it. 

Usually, acute single-muscle syndromes 
are easily managed. Often, however, the 
patient presents with pain that represents a 
composite pattern referred from several 
muscles; the practitioner must become a 
sleuth and recognize the component parts. 
Much of the detective work lies in tracking 
down not only what specific stress or 
stresses initiated the patient's trigger 
points, but also what additional factors 
may be perpetuating them. Chapter 4 of 
this manual reviews many of these factors. 
The identification of perpetuating factors 
can require a thorough knowledge of body 
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xii  Preface 

mechanics,  kinesiology,  and  skillful  medical 
detective work in areas that are often neglected 
or dismissed as unimportant. 

This  manual  describes  individually  the 
component  parts  of  the  myofascial  jigsaw 
puzzle. The reader must piece them together to 
fit  the  clinical  picture  of  each  patient, 
remembering  that  no  two  persons  are  exactly 
alike. 

The  handy  listing  of muscle  pain  patterns, 
alphabetically  arranged,  is  located  inside  the 
front cover. 

The primary clue as  to which muscle has a 
TrP is the restriction of passive and active range 
of motion due  to pain.  In addition,  the pattern 
of pain referred from an active TrP is a valuable 
guide as to the TrP source of the pain. 

Since the pain referred from most myofascial 
TrPs  often  appears  at  some  distance  from  the 
trigger point, the practitioner can benefit from a 
guide  that  identifies  which  muscles  most 
commonly refer pain to a particular area of the 
body. The  pictorial  index  on  the  front  fly  leaf 

illustrates what  part  of  the  body  is  included 
under  each  of  the  four  main  parts  of  this 
volume that follow the  introduction. Each part 
is  identified  by  a  red  thumb  tab  and  begins 
with a pain‐and‐muscle guide. This guide illus‐
trates the areas within that region and lists the 
muscles  that  are most  likely  to  refer  pain  to 
each  area.  For  convenience,  the 
pain‐and‐muscle  guide  also  lists  the  chapter 
number of the chapter that deals with a muscle. 

Every muscle chapter is uniformly arranged 
with  fourteen  headings  and  begins  with 
HIGHLIGHTS, a summary of key points in that 
chapter.  The  sections  of  introductory Chapter 
3,  Apropos  of  All  Muscles,  have  the  same 
fourteen  numbered  headings.  Thus,  each 
section  of  Chapter  3  serves  as  a  general 
introduction  to  the  corresponding  section  for 
every  muscle.  It  presents  information 
applicable to all muscles. Information in Chapter 
3  that  is  critical  to  the management  of  a  patientʹs 
myofascial  pain  syndrome may  not  be  repeated  in 
the individual muscle chapter. 
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PART 1 
INTRODUCTION 

CHAPTER 1 
Glossary 

The glossary comes first to ensure that the 
reader knows what a term means as it is 
used in this manual and to help the reader 
become acquainted with unfamiliar terms. 

The glossary is in the front of the book to 
encourage frequent reference to it, when
ever needed. Comments concerning a defi
nition are added in italics. 

Abduction: Movement away from the mid
line. For fingers, it is movement away from 
the midline of the middle digit. For the 
thumb, it is movement perpendicular to, 
and away from, the plane of the palm. For 
the hand, at the wrist, it is radial deviation 
of the hand, which is away from the mid
line of the body in the anatomical position. 
For the arm, at the shoulder joint, abduc
tion moves the elbow in the frontal plane 
away from the midline of the body. For the 
scapula, it is a gliding movement across 
the posterior thorax away from the verte
bral column. 

Active Locus (of a Trigger Point): A minute 
region in a muscle that exhibits sponta
neous electrical activity (often character
ized as endplate noise) and that may or 
may not also exhibit spike activity charac
teristic of single fiber action potentials. 

Active Range of Motion: The extent of 
movement (usually expressed in degrees) 
of an anatomical segment at a joint when 
the movement is produced only by volun
tary effort of the subject to move that part 
of the body being tested. 

Active Myofascial Trigger Point: A myofas
cial trigger point that causes a clinical pain 
complaint. It is always tender, prevents full 
lengthening of the muscle, weakens the 

muscle, refers a patient-recognized pain on 
direct compression, mediates a local twitch 
response of muscle fibers when adequately 
stimulated, and, when compressed within 
the patient's pain tolerance, produces re
ferred motor phenomena and often auto
nomic phenomena, generally in its pain ref
erence zone, and causes tenderness in the 
pain reference zone. To be distinguished 
from a latent myofascial trigger point. 

Acute: Of recent onset (hours or days). 

Adduction: Movement toward the midline. 
For fingers, it is movement toward the mid
line of the middle digit. For the thumb, it is 
movement perpendicular to, and toward, 
the plane of the palm. For the hand, it is ul
nar deviation at the wrist. For the arm, at 
the shoulder joint, it is movement of the el
bow toward the midline of the body, move
ment in the frontal plane from the abducted 
position of the arm. For the scapula, it is a 
gliding movement across the posterior tho
rax toward the vertebral column. 

Agonists: Muscles, or portions of muscles, 
so attached anatomically that when they 
contract they develop forces that comple
ment or reinforce each other. 

Allodynia: Pain due to a stimulus that does 
not ordinarily provoke pain (decreased 

1 
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2 Part 1 / Introduction 

pain threshold; the response is a different 
kind of sensation than that normally 
evoked by the stimulus). 

Analgesia: Absence of pain in response to 
stimulation which would normally be 
painful. 

Anatomical Position: The erect position of 
the body with the face forward, each arm at 
the side of the body, forearms supinated so 
that the palms of the hands are facing for
ward, fingers in extension, feet together 
with the toes directed forward. The terms 
posterior, anterior, lateral, medial, supe
rior, inferior, etc. are applied with the body-
in this position. 

Antagonists: Muscles, or portions of mus
cles, so attached anatomically that when 
they contract they develop forces that op
pose each other. 

Anterior: Toward the front of the body 
(ventral); opposite of posterior (dorsal). 

Arm: In this volume, the arm includes only 
the segment of the upper limb between the 
shoulder and elbow, and does not include 
the entire upper limb. 

Associated Myofascial Trigger Point: A 
trigger point in one muscle that occurs 
concurrently with a trigger point in an
other muscle. One of these associated 
trigger points may have induced the 
other, or both may stem from the same 
mechanical or neurologic origin. 

Atlantoaxial Joint: Junction of the atlas 
(CJ and the axis (C2). 

Attachment Trigger Point: A trigger point 
at the musculotendinous junction and/or 
at the osseous attachment of the muscle 
that identifies the enthesopathy caused by 
unrelieved tension characteristic of the 
taut band that is produced by a central 
trigger point. 

Bruxism: Clenching of the teeth, resulting 
in rubbing, gritting, or grinding together of 
the teeth, usually during sleep. 6 

Caudad: Away from the head, toward the 
tail; usually synonymous with inferior; op
posite of cephalad. 

Central Myofascial Trigger Point: A myo
fascial trigger point that is closely associ
ated with dysfunctional endplates and is 
located near the center of muscle fibers. 

Cephalad: Toward the head; usually syn
onymous with superior; opposite of caudad. 

Chronic: Long-standing (weeks, months or 
years), but NOT necessarily irreversible. 
Symptoms may be mild or severe. 

Composite Pain Pattern: Total referred 
pain pattern of two or more closely adja
cent muscles. No distinction is made 
among the referred pain patterns of the in
dividual muscles. 

Contract-Relax: As used in this volume, it is 
a gentle voluntary muscle contraction fol
lowed by relaxation with encouragement of 
elongation of the muscle. To be distin
guished from Hold-Relax, which is isometric. 

Contraction (of muscle): Activation of the 
contractile elements of muscle fibers by 
propagated action potentials. To be distin
guished from Contracture. 

Contracture (of muscle): Sustained intrin
sic activation of the contractile elements of 
muscle fibers. With contracture, muscle 
shortening occurs in the absence of motor 
unit action potentials. This physiological 
definition, as used in this manual, must be 
differentiated from the clinical definition, 
which is shortening due to fibrosis. Con
tracture also must be distinguished from 
contraction and spasm. 

Coordinated (normal) Respiration: Expan
sion of the chest with simultaneous con
traction of the diaphragm which increases 
intraabdominal pressure and protrudes 
the abdomen during inhalation. To be dis
tinguished from paradoxical (abnormal) 
respiration. 

Coronal Plane: A frontal (vertical) plane 
that divides the body into anterior and pos-
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Chapter 1 / Glossary 3 

terior portions and lies at right angles to a 
sagittal plane. 1 0 

Deep: Farther from the surface; opposite of 
superficial. 

Distal: Farther from the trunk or point of 
origin; opposite of proximal. 

Dysesthesia: An unpleasant abnormal sen
sation, whether spontaneous or evoked. 

Enthesitis: "Traumatic disease occurring at 
the insertion of muscles where recurring 
concentration of muscle stress provokes in
flammation with a strong tendency toward 
fibrosis and calcification." 7 The enthesopa-
thy referred to in this book may, in time, 
develop into an enthesitis. 

Enthesopathy: A disease process at muscu
lotendinous junctions and/or where ten
dons and ligaments attach into bones or 
joint capsules. It is characterized by local 
tenderness and may, in time, develop into 
enthesitis. 

Erector Spinae Muscles: This group of 
muscles consists of the spinalis, the 
longissimus, and the iliocostalis muscles, 1 

which are the longest, most longitudinal, 
and most superficial of the paraspinal 
musculature. 

Essential Pain Zone (Area): The region of 
referred pain (indicated by solid red areas 
in pain pattern figures) that is present in 
nearly every patient when the trigger point 
is active. To be distinguished from a 
spillover referred pain zone. 

Extension: In general, straightening of 
hinge joints. In the upper limb, it is move
ment in the posterior direction in a sagittal 
plane. In the case of the thumb, it is move
ment in the radial direction in the plane of 
the palm. 

Fibrositis: An outmoded term with multiple 
meanings. Many authors in the past used it 
to identify what were myofascial trigger 
points. Other authors have used the term 
very differently (see Chapter 2). We avoid 
using the term because of its ambiguity. 

Flat Palpation: Examination by finger pres
sure that proceeds across the muscle fibers 
at a right angle to their length, while com
pressing them against a firm underlying 
structure, such as bone. Flat palpation is 
used to detect taut bands and trigger 
points. To be distinguished from pincer 
palpation and snapping palpation. 

Flexion: In general, bending of hinge 
joints. In the upper limb, it is movement in 
the anterior direction in a sagittal plane. In 
the case of the thumb, it is movement in 
the ulnar direction in the plane of the 
palm. 

Function (of a muscle): In this edition of 
volume 1, the actions (movements) of a 
muscle are included under its function. No 
sharp distinction is made between function 
and action. 

Functional Unit: A group of agonist and 
antagonist muscles that function together 
as a unit because they share common 
spinal-reflex responses. The agonist mus
cles may act in series or in parallel. Previ
ously identified as a Myotatic Unit. 

Hold-Relax: As used in this volume, a gen
tle voluntary isometric muscle contraction 
followed by relaxation. To be distinguished 
from Contract-Relax, in which movement 
takes place. 

Horizontal Abduction: Movement of the 
elevated arm about a longitudinal axis in 
the transverse plane, away from the mid
line of the body. 

Horizontal Adduction: Movement of the 
elevated arm in the transverse plane to
ward the midline of the body. 

Hyperesthesia: Increased sensitivity to 
stimulation, excluding the special senses. 

Hyperpathia: A painful syndrome charac
terized by abnormally painful reaction to a 
stimulus, especially a repetitive stimulus 
(both threshold and response are increased). 

Hyperalgesia: An increased pain response 
to a stimulus that is normally painful 
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4 Part 1 / Introduction 

(stimulus and response are in the same 
mode). 

Hypoalgesia: Diminished pain in response 
to a normally painful stimulus. 

Incisal Path: The path of a point in the 
groove between the lower central incisor 
teeth in relation to the sagittal plane as the 
jaws are opened and closed. 

Inferior: Toward the soles of the feet; syn
onymous with caudal in the trunk; oppo
site of superior. 

Involved Muscle: A muscle that has devel
oped one or more active or latent trigger 
points. 

Ischemic Compression: Now revised and 
identified as Trigger Point Pressure Re
lease. 

Joint Play: Small movements within a 
synovial joint that are independent of, 
and cannot be induced by, voluntary mus
cle contraction. Essential for normal, 
pain-free, nonrestricted movement of the 
articulation.2 

Jump Sign: A general pain response of the 
patient, who winces, may cry out, and may 
withdraw in response to pressure applied 
on a trigger point. This term has been used 
erroneously to describe the local twitch re
sponse of muscle fibers to trigger-point 
stimulation. 

Key Myofascial Trigger Point: A trigger 
point responsible for activating one or 
more satellite trigger points. Clinically, a 
key trigger point is identified when inacti-
vation of that trigger point also inactivates 
the satellite trigger point. 

Latent Myofascial Trigger Point: A myo
fascial trigger point that is clinically quies
cent with respect to spontaneous pain; it 
is painful only when palpated. A latent 
trigger point may have all the other clini
cal characteristics of an active trigger 
point and always has a taut band that in
creases muscle tension and restricts range 
of motion. 

Lateral: Farther from the midsagittal plane 
of the body or from the midline of a struc
ture; opposite of medial. 

Lateral Rotation (External Rotation, Ro
tation Outward): Rotation of the anterior 
surface of the limb away from the mid
line of the body. For the scapula, it is up
ward rotation about an anteroposterior 
axis, with the inferior angle moving later
ally and the glenoid cavity moving cra-
nially. 

Local Twitch Response: A transient con
traction of a group of tense muscle fibers 
(taut band) that traverse a trigger point. 
The contraction of the fibers is in response 
to stimulation (usually by snapping palpa
tion or needling) of the same trigger point, 
or sometimes of a nearby trigger point. 
Sometimes the local twitch response has 
been erroneously called a jump sign. 

Low Back Pain: Pain in lumbar, sacral, 
and/or gluteal areas; a descriptive term 
that does not identify a diagnosis or cause. 

Lumbago: Pain in the mid and lower back; 
a descriptive term that does not identify a 
diagnosis or cause. 

Medial: Closer to the midsagittal plane of 
the body or to the midline of a structure; 
opposite of lateral. 

Medial Rotation (Internal Rotation, Rota
tion Inward): Rotation of the anterior sur
face of the limb toward the midline of the 
body. For the scapula, it is downward rota
tion about an anteroposterior axis, with the 
inferior angle moving medially and the gle
noid cavity moving caudally. 

Motor Endplate: Soleplate ending where a 
terminal branch of the axon of a motor neu
ron makes synaptic contact with a striated 
muscle fiber (cell). 

Muscular Rheumatism [Muskel Rheuma-
tismus): Muscular pain and tenderness at
tributed to "rheumatic" causes (especially 
exposure to cold). Sometimes used to iden
tify myofascial trigger points. To be distin
guished from articular rheumatism. 
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Myalgia: Pain in a muscle or muscles. 8 The 
term is used in two ways to signify: (1) dif
fusely aching muscles due to systemic dis
ease, such as a virus infection, and (2) the 
spot tenderness of a muscle or muscles as 
in myofascial trigger points. The reader 
must distinguish which use an author has 
in mind. 

Myofascial Pain Dysfunction Syndrome: A 
controversial, largely outmoded term that 
has been considered to mean a syndrome 
largely of muscular origin, a complex psy
chophysiological phenomenon, or a syn
drome primarily due to disturbed occlusal 
mechanics. 

Myofascial Pain Syndrome (Myofascial 
Syndrome): 1. (as used in this book) The 
sensory, motor, and autonomic symptoms 
caused by myofascial trigger points. The 
specific muscle or muscle group that 
causes the symptoms should be identified. 
2. (as sometimes confusingly used by oth
ers) A regional pain syndrome of any soft 
tissue origin.1 3 To avoid confusion, we rec
ommend that when anyone uses the term 
myofascial pain syndrome, that person 
should specify which meaning applies— 
file general or specific definition. 

Myofascial Trigger Point (clinical defini
tion of a central trigger point): A hyperirri-
table spot in skeletal muscle that is associ
ated with a hypersensitive palpable nodule 
in a taut band. The spot is painful on com
pression and can give rise to characteristic 
referred pain, referred tenderness, motor 
dysfunction, and autonomic phenomena. 
Types of myofascial trigger points include: 
active, associated, attachment, central, 
key, latent, primary, and satellite. (Note es
pecially the distinction between central 
and attachment myofascial trigger points). 
Any myofascial trigger point is to be distin
guished from a cutaneous, ligamentous, 
periosteal, or any other nonmuscular trig
ger point. 

Myofascial Trigger Point (etiological defin
ition of a central trigger point): A cluster of 
electrically active loci each of which is 
associated with a contraction knot and a 
dysfunctional motor endplate in skeletal 
muscle. 

Chapter 1 / Glossary 5 

Myofascitis (Myositis Fibrosa): Induration 
of a muscle through an interstitial growth 
of fibrous tissue. 9 Sometimes used erro
neously in the past as synonymous with 
myofascial trigger points. 

Myogelosis: Circumscribed firmness and 
tenderness to palpation in a muscle or 
muscles associated with the patient's 
pain complaint. The name is derived 
from the concept that the regions of cir
cumscribed firmness were due to local
ized gelling of muscle proteins. Focal ten
derness and palpable taut muscle fibers 
and nodules are also characteristic of 
myofascial trigger points. Most patients 
diagnosed as having myogelosis also 
would be diagnosed as having myofascial 
trigger points. 

Myotatic Unit: See Functional Unit. 

Occipitoatlantal joint: Junction of the oc
ciput (C0) and the atlas (CJ , 3 sometimes re
ferred to as the atlanto-occipital (joint).5 

Occlusal Disharmony: Occlusal contacts 
that interfere with centric occlusion of the 
teeth or with functional mandibular excur
sions from centric occlusion. 4 ' 1 2 

Palpable (Taut) Band: See Taut Band. 

Paradoxical (abnormal) Respiration: Si
multaneous expansion of the chest and 
contraction of abdominal muscles that 
pulls the abdomen inward during inhala
tion. To be distinguished from coordinated 
(normal) respiration. 

Passive Range of Motion: The extent of 
movement (usually tested in a given plane) 
of an anatomical segment at a joint when 
movement is produced by an outside force 
without voluntary assistance or resistance 
by the subject. The subject must relax the 
muscles crossing the joint. 

Pincer Palpation: Examination of a part by 
holding it in a pincer grasp between the 
thumb and fingers. Groups of muscle fibers 
are rolled between the tips of the digits to 
detect taut bands of fibers, to identify trig
ger point nodules and tender spots in the 
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6 Part 1 / Introduction 

point, which usually occur at a distance 
from the trigger point. 

Release (of muscle tightness): Any proce
dure that reduces the resting muscle ten
sion (or muscle stiffness). 

Sagittal Plane: A vertical anteroposterior 
plane that divides the body into right and 
left portions. The midsagittal plane divides 
the body into right and left halves. 

Satellite Myofascial Trigger Point: A cen
tral myofascial trigger point that was in
duced neurogenically or mechanically by 
the activity of a key trigger point. Distin
guishing the mechanism responsible for 
the key-satellite relationship can rarely be 
resolved by examination alone. The rela
tionship usually is confirmed by simulta
neous inactivation of the satellite when the 
key trigger point is inactivated. A satellite 
trigger point may develop in the zone of 
reference of the key trigger point, in an 
overloaded synergist that is substituting for 
the muscle harboring the key trigger point 
(key muscle), in an antagonist countering 
the increased tension of the key muscle, or 
in a muscle linked apparently only neuro
genically to the key trigger point. Previ
ously, only a trigger point that developed in 
the referred pain zone of another trigger 
point was identified as a satellite trigger 
point. 

Scoliosis: Lateral curvature of the spine. 

Screening Palpation: Digital examination of 
a muscle to determine the absence, or pres
ence, of palpable bands and tender trigger 
points using flat and/or pincer palpation. 

Secondary Trigger Point: Term previously 
used, but rarely in this edition. Trigger 
points previously identified as secondary 
trigger points are now classified as satellite 
trigger points. A secondary trigger point 
was previously identified as one that de
veloped in a synergist or an antagonist of 
the muscle harboring the key trigger point. 

Shortening Activation: Activation of latent 
myofascial trigger points by unaccustomed 

muscle, and to elicit local twitch re
sponses. To be distinguished from flat pal
pation and snapping palpation. 

Posterior: Toward the back of the body 
(dorsal); opposite of anterior. 

Pressure Release: See Trigger Point Pres
sure Release. 

Primary Myofascial Trigger Point: A cen
tral myofascial trigger point that was ap
parently activated directly by acute or 
chronic overload, or repetitive overuse of 
the muscle in which it occurs and was not 
activated as a result of trigger-point activity 
in another muscle. 

Prone: Lying face downward; opposite of 
supine. 

Proximal: Closer to the trunk or point of 
origin; opposite of distal. 

Reactive Cramp: Synonymous with short
ening activation. 

Reference Zone: see Zone of Reference. 

Referred Autonomic Phenomena: Vaso
constriction (blanching), coldness, sweat
ing, pilomotor response, ptosis, and/or hy
persecretion that occur in a region separate 
from the trigger point causing these phe
nomena. The phenomena usually appear 
in the same general area to which that trig
ger point refers pain. 

Referred (Trigger-Point) Pain: Pain that 
arises in a trigger point, but is felt at a dis
tance, often entirely remote from its 
source. The pattern of referred pain is re-
producibly related to its site of origin. The 
distribution of referred trigger-point pain 
rarely coincides entirely with the distribu
tion of a peripheral nerve or dermatomal 
segment. 

Referred (Trigger-Point) Phenomena: Sen
sory and motor phenomena such as pain, 
tenderness, increased motor unit activity 
(spasm), vasoconstriction, vasodilatation, 
and hypersecretion caused by a trigger 
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shortening of a muscle during stretch ther
apy of its antagonist. An activated trigger 
point increases tension of its muscle and 
can cause severe referred pain. 

Shoulder Joint: Glenohumeral joint. 

Snapping Palpation: A fingertip is placed 
against the tense band of muscle at right 
angles to the direction of the band and sud
denly presses down while the examiner 
draws the finger back so as to roll the un
derlying fibers under the finger. (The mo
tion is similar to that used to pluck a gui
tar string, except that the finger does not 
slide over the skin but moves the skin with 
it.) To most effectively elicit a local twitch 
response, the band is palpated and 
snapped at the trigger point, with the mus
cle positioned to eliminate slack. To be dis
tinguished from flat palpation and pincer 
palpation. 

Spasm: Increased tension with or without 
shortening of a muscle due to nonvolun
tary motor nerve activity. Spasm is identi
fied by motor unit potentials that cannot be 
terminated by voluntary relaxation. To be 
distinguished from contracture. 

Spillover Pain Zone (Area): The region 
where some, but not all, patients experi
ence referred pain beyond the essential 
pain zone, due to greater hyperirritability 
of a trigger point. The spillover zone is 
indicated by red stippling in the pain-
pattern figures. To be distinguished from 
an essential referred pain zone that is 
solid red. 

Strain: Tissue and psychological reaction 
to prolonged stress. 

Stretch: Any procedure that elongates the 
muscle fibers. With trigger points, the goal 
of the procedure is to release the increased 
muscle tension by elongating the shortened 
sarcomeres of contraction knots. 

Stress: 1. A physical or psychological over
load that produces a tissue or psychologi
cal reaction. 2. "The resisting force set up 
in a body as a result of an externally ap

plied force." 1 1 3. A force that tends to pro
duce distortion. 

Square Brackets [ ]: In this volume square 
brackets identify comments or interpreta
tions by the authors. 

Stripping Massage (Deep-stroking Mas
sage): As described in Chapter 3 Section 12. 

Suboccipital Decompression: A tension-re
lease procedure for the upper cervical re
gion. It is performed with the patient in the 
supine position and the examiner's finger
tips placed in the suboccipital recess bilat
erally; initially, pressure is applied anteri
orly (toward the ceiling) so as to induce 
regional extension at the OA, C l f and C2 

junctions. Then traction is applied in a 
cephalad direction. 

Superficial: Closer to the surface; opposite 
of deep. 

Superior: Toward the vertex of the head; 
usually synonymous with cephalad; oppo
site of inferior. 

Supination: A movement of the forearm 
that positions the palm anteriorly when the 
body is in the anatomical position. 

Supine: Lying face upward; opposite of 
prone. 

Synergistic Muscles: Muscles that rein
force or complement each other when they 
contract. 

Taut Band: The group of tense muscle 
fibers extending from a trigger point to the 
muscle attachments. The tension of the 
fibers is caused by contraction knots that 
are located in the region of the trigger point. 
Reflex contraction of the fibers in this band 
produces the local twitch response. 

Thoracic Outlet: The triangular aperture 
bounded anteriorly by the scalenus ante
rior muscle, posteriorly by the scalenus 
medius muscle, and interiorly by the first 
rib. Some other authors include all of the 
superior opening of the thoracic cage. 

Transverse Plane: A horizontal plane that 
divides the body into upper and lower 
portions. 
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8  Part 1 / Introduction 

Trigger Area: Sometimes used in this volume as 
synonymous with an attachment trigger point. 

Trigger  Point  (Trigger  Zone,  Trigger  Spot, 
Trigger Area): See Myofascial Trigger Point. 

Trigger Point Pressure Release: Application of 
slowly  increasing,  nonpainful  pressure  over  a 
trigger point until a barrier of  tissue resistance 
is encountered. Contact is then maintained until 
the  tissue  barrier  releases,  and  pressure  is 
increased to reach a new barrier to eliminate the 
trigger point tension and tenderness. In this edi‐
tion,  Trigger  Point  Pressure  Release  replaces  the 
term  Ischemic  Compression  that  was  used  in  the 
first  edition.  Other  versions  (some  of  which  are 
painful)  are  identified  elsewhere  as  Acupressure, 
Myotherapy, Shiatzu, and as ʺThumbʺ Therapy. 

Trigger  Point  Release:  Release  of  muscle 
tension  by  inactivating  the  trigger  points  that 
are  causing  the  taut  bands  which  are 
responsible    for    the    increased    tension. 
Many methods of release are described in Section 12 
of Chapter 3. 

Zone  of Reference: The  specific  region of  the 
body at a distance from a trigger point, where 
phenomena  (sensory,  motor,  and/or 
autonomic)  caused  by  the  trigger  point  are 
observed. 
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Acronyms 

AA: atlantoaxial (joint). 

ACh: acetylcholine 

ATP: adenosine triphosphate 

ATPase: adenosine triphosphatase 

ATrP: attachment trigger point 

C: centigrade (degrees) 

C2: second cervical spinal nerve 

Ca 2 + : ionized calcium 

CBC: complete blood count 

Cbl: cobalamin (vitamin B 1 2) 

CK: creatine kinase 

cm: centimeter 

CTrP: central trigger point 

DNA: deoxyribonucleic acid 

EMG: electromyographic 

ESR: erythrocyte sedimentation rate 

ETK: erythrocyte transketolase 

F: Fahrenheit (degrees) 

FIGLU: formiminoglutamate 

FMS: fibromyalgia syndrome 

FT3: free triiodothyronine 

FT 4: free levothyroxine 

g: gram 

GABA: gamma aminobutyric acid 

GOT: glutamic oxaloacetic transaminase 

GPT: glutamic pyruvate transaminase 

h: Hour 

HTC II: holo-transcobalamin II 

Hz: Hertz (frequency) 

INH: isonicotinic acid hydrazide (isoni-
azid) 

IP: Interphalangeal (joint) 

Kilo: kilogram 

kg: Kilogram, a unit of weight equal to 
1,000 grams; approximately 2.2 pounds. 

LLLI: lower limb-length inequality 

LTR: local twitch response 

m: Meter, a defined measure of distance; 
approximately 39 inches. 

MCP: metacarpophalangeal (joint) 

MCV: mean corpuscular volume 

Me-Cbl: methylcobalamin 

Meq: milliequivalent 

Me-THF: methyltetrahydrofolate 

mg: milligram (1/1,000 of one gram) 

Mg: magnesium 

(Mg): magnesium concentrations 

mg/dl: milligrams per decaliter 

MIU/L: milli international units per liter 
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10  Part 1 / Introduction 

mm:  Millimeter,  1/1,000  of  a  meter;  ap‐
proximately 1/25 inch. 

Mm: millimolar  (0.001 moles of solute per  liter 
of solution) 

MP: metacarpophalangeal (joint) 

MPD: myofascial pain dysfunction (syndrome) 

MPS: myofascial pain syndrome 

msec/div: milliseconds  per  division  (of  sweep 
speed) 

ng/ml:  nanogram  per  milliliter  (10‐9  or 
1/1,000,000,000 of one gram) 

OA: occipitoatlantal (joint) 

oz: ounce 

pg/ml:  picograms  per  milliliter  (1012  or 
1/1,000,000,000,000 of one gram) 

PSIS: posterior superior iliac spine 

RBC: red blood cell 

RDA: recommended (required) daily allowance 

RDG: Robert D. Gerwin RDI: recommended 

dietary intake SEA: spontaneous electrical 

activity SI: Sacroiliac (joint) 

SR:  sarcoplasmic  reticulum  (see  Figs.  2.5  and 

2.13)  sTSH:  sensitive  thyrotropin  (test)  T3: 

3,5,3ʹ‐triiodothyronine T4: levothyroxine 

T„: fourth thoracic vertebra or spinal nei 

TBG: thyroxine‐binding‐globulin 

THF: tetrahydrofolate 

TM: temporomandibular 

TMD: temporomandibular disorders 

TMJ: temporomandibular joint 

TOS: thoracic outlet syndrome 

TPP: thiamine pyrophosphate 

TRH: thyrotropin releasing hormone 

TrP: trigger point 

TrPs: trigger points 

TSH: thyroid‐stimulating hormone 

(jisec: microsecond, or 0.001 sec 

(xV:  microvolt,  a  measure  of  electrical  ] 
tential: 106 volt, or 0.0000001 volt 
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CHAPTER 2 

General Overview 

HIGHLIGHTS: BACKGROUND (Section A) sum
marizes the prevalence and importance of myo
fascial trigger points (TrPs) and then reviews their 
place in the medical literature of this century. 
Many overlapping and some confusingly similar 
conditions currently identify muscle pain syn
dromes. Clear distinctions are important. The 
most distinctive CLINICAL CHARACTERISTICS 
OF TRIGGER POINTS (Section B) are a history of 
pain related to muscular activity and characteris
tic physical findings. Examination of the muscle 
reveals circumscribed spot tenderness in a nod
ule that is part of a palpably tense band of mus
cle fibers, patient recognition of the pain evoked 
by pressure on the tender spot as being familiar, 
pain referred in the pattern characteristic of TrPs 
in that muscle, a local twitch response (LTR), 
painful limitation of stretch range of motion, and 
some weakness of that muscle. Promising TEST
ING methods that demonstrate the presence of 
TrPs include a specific needle electromyographic 
(EMG) technique, ultrasound, surface EMG, al-
gometry, and thermography. Referred motor dys
functions during activity can be tested using sur
face EMG techniques. Appropriate TREATMENT 
of patients for TrPs may involve many forms of 
stretch, several techniques to augment muscle 
release, injection of TrPs, management of perpet
uating factors, and a home self-treatment pro
gram. Recommended DIAGNOSTIC CRITERIA of 

an active TrP for general clinical use are circum
scribed spot tenderness in a nodule of a palpable 
taut band and patient recognition of the pain 
evoked by pressure on the tender spot as being 
familiar. The DIFFERENTIAL DIAGNOSIS and 
CONFUSIONS section lists many conditions 
mimicked by TrPs. It emphasizes the importance 
of understanding and examining for the distin
guishing characteristics of fibromyalgia and artic
ular dysfunctions as compared to myofascial 
TrPs. MUSCLE STRUCTURE AND FUNCTION 
(Section C) examines the motor unit, motor end-
plate zone, and neuromuscular junction in some 
detail. It updates an understanding of muscle 
pain. NATURE OF TRIGGER POINTS (Section D) 
first reviews the newly discovered Electrodiag-
nostic Characteristics of Trigger Points which in
clude the demonstration of spontaneous electri
cal activity and spikes at active loci that are 
closely associated with dysfunctional motor end-
plates. Then it presents the newly identified His
togenesis of Trigger Points that recognizes con
traction knots as the key feature which apparently 
are closely related to active loci. This leads to an 
Integrated Hypothesis of Trigger Points that pos
tulates a local energy crisis which results from the 
dysfunctional endplates at active loci. Other Hy
potheses are considered unlikely. The extensive 
research on the Local Twitch Response is sum
marized. 

A. BACKGROUND 12 
Prevalence 12 
Importance 13 
Historical Review 14 
Related Diagnostic Terms 18 

B. CLINICAL CHARACTERISTICS OF TrPS 19 
Symptoms 19 
Physical Findings 21 
Testing 22 
Treatment 30 
Diagnostic Criteria 31 
Differential Diagnosis and Confusions 35 

C. MUSCLE STRUCTURE AND FUNCTION 45 
Muscle Structure and Contractile Mechanism . . . .45 
The Motor Unit 47 
The Motor Endplate Zone 49 
Neuromuscular Junction 53 
Muscle Pain 54 

D. NATURE OF TRIGGER POINTS 57 
Electrodiagnostic Characteristics of Trigger Points 57 
Histopathological Characteristics of Trigger Points 67 
Integrated Trigger Point Hypothesis 69 
Other Hypotheses 78 
Local Twitch Response 82 

11 
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12 Part 1 / Introduction 

A. BACKGROUND 

Prevalence 

Myofascial trigger points (TrPs) are ex
tremely common and become a painful 
part of nearly everyone's life at one time or 
another. Latent TrPs, which often cause 
motor dysfunction (stiffness and restricted 
range of motion) without pain, are far more 
common than the active TrPs, which in ad
dition cause pain. 

Among 200 unselected, asymptomatic 
young adults, Sola, et a/. 2 6 1 found focal ten
derness representing latent TrPs in the 
shoulder-girdle muscles of 54% of the fe
male, and 4 5 % of the male subjects. Referred 
pain was demonstrated in 25% of these sub
jects with latent TrPs. A recent study of 269 
unselected female student nurses with or 
without pain symptoms 2 2 8 showed a similar 
high prevalence of TrPs in masticatory mus
cles. A TrP was identified by palpating a taut 
band for spot tenderness of sufficient sensi
tivity to cause a pain reaction. No effort was 
made to distinguish active and latent TrPs, 
but a considerable number of TrPs were 
likely active because 28% of subjects were 
aware of pain in the temple area. In mastica
tory muscles, TrPs were found in 54% of 
right lateral pterygoid muscles, in 4 5 % of 
right deep masseter, in 4 3 % of right anterior 
temporalis, and in 4 0 % of intraoral exami
nations of the right medial pterygoid mus
cle. Among the neck muscles, TrPs were 
identified in 35% of the right splenius capi
tis muscles and in 33% of right upper trape
zius muscles. The insertion of the right up
per trapezius was also tender in 4 2 % of 
those muscles with TrPs. Enthesopathy of 
this muscle was common. 2 2 8 

Frohlich and Frohlich 8 4 examined 100 
asymptomatic control subjects for latent 
TrPs in lumbogluteal muscles. They found 
latent TrPs in the following muscles: qua-
dratus lumborum (45% of patients), glu
teus medius (41%), iliopsoas (24%), glu
teus minimus (11%), and piriformis (5%). 

Reports of the prevalence of myofascial 
TrPs in specific patient populations are 
available and, together, indicate a high 
prevalence of this condition among indi
viduals with a regional pain complaint. 
The reports that follow are summarized in 
Table 2.1. 

In an internal medicine group prac
t ice, 2 5 7 54 of 172 patients presented with a 
pain complaint. Sixteen [30%] of the pain 
patients met the criteria for myofascial 
TrPs. Four of these sixteen patients had 
pain duration of less than 1 month, three 
had pain for 1 to 6 months, and nine had 
pain duration of more than 6 months. 

A neurologist examining 96 patients 
from a community pain medical center 9 0 

found that 93% had at least part of their 
pain caused by myofascial TrPs and in 
74%, myofascial TrPs were considered the 
primary cause of the pain. 

Among 283 consecutive admissions to a 
comprehensive pain center, a primary or
ganic diagnosis of myofascial syndrome was 
assigned in 85% of cases. 8 0 A neurosurgeon 
and a physiatrist made this diagnosis inde
pendently, based upon physical examina
tion "as described by Simons and Travell." 2 5 5 

Of 164 patients referred to a dental 
clinic for chronic head and neck pain of at 
least 6 months duration, 55% were found 
to have a primary diagnosis of myofascial 
pain syndrome caused by active TrPs. 8 3 

Five lumbogluteal muscles of 97 patients 
complaining of pain in the locomotor system 
were examined in an orthopedic clinic. 8 4 

Forty-nine percent of the patients presented 
with latent TrPs and 2 1 % presented with ac
tive TrPs in the piriformis muscle. 

The wide range in prevalence of myo
fascial pain caused by TrPs that is reported 
in different studies is likely due in part to 
differences in the patient populations ex
amined and in the degree of chronicity. 
Probably even more important are differ
ences in the criteria used to make the diag
nosis of myofascial TrPs and, most impor
tant, differences in the training and skill 
level of the examiners. Few of these stud
ies gave a detailed description of the diag
nostic examinations employed. A sum
mary of prevalence 2 4 2 excluded papers that 
used the general definition 2 4 1 of a myo
fascial pain syndrome. Active myofascial 
TrPs are clearly very common and are a 
major source of musculoskeletal pain and 
dysfunction, but poor agreement on appro
priate diagnostic criteria has been a serious 
handicap. A study has critically tested in-
terrater reliability for 5 manual examina
tions in 5 different muscles 9 4 among four 
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Number % with 
Region Practice Studied Myofascial Pain Source 

General Medical 172(54) 30% Skootsky, etal., 1989 2 5 7 

General Pain Med. Center 96 93% Gerwin, 1995 9 0 

General Comprehensive Pain 283 85% Fishbain, etal., 1986 8 0 

Center 
Craniofacial Head & Neck Pain Clinic 164 55% Fricton, etal., 1985 8 3 

Lumbogluteal Orthopedic Clinic 97 2 1 % Frohlich and Frohlich, 1995 8 4 

experienced and trained examiners. The 
study demonstrated good to excellent 
agreement for all muscles and for all exam
inations except for one examination, 
which was not highly reliable for all mus
cles tested. 

In a population of hospitalized and ambu
latory Physical Medicine and Rehabilitation 
Service patients with the fibrositis syndrome 
(mostly TrPs), the greatest number were be
tween 31 and 50 years of age. 1 5 5 These data 
agree with our clinical impression that indi
viduals in their mature years of maximum 
activity are most likely to suffer from the 
pain syndromes of active myofascial TrPs. 
With the reduced activity of more advanced 
age, the stiffness and restricted range of mo
tion of latent TrPs tend to become more 
prominent than the pain of active TrPs. 

Importance 

Voluntary (skeletal) muscle is the largest 
single organ of the human body and ac
counts for nearly 50% of body w e i g h t . 9 3 9 1 7 3 

The number of muscles counted in the body 
depends on the degree of subdivision that is 
considered one muscle and on the number of 
variable muscles that are included. Not 
counting heads, bellies, and other divisions 
of muscles, the Nomina Anatomica reported 
by the International Anatomical Nomencla
ture Committee under the Berne Conven
tion, 1 3 6 lists 200 paired muscles, or a total of 
400 muscles. Any one of these muscles can 
develop myofascial TrPs that refer pain and 
motor dysfunction, often to another location. 

The clinical importance of myofascial 
TrPs to practitioners has been described in 
the literature for acupuncturists, 1 1 1 , 1 8 7 , 

anesthesiologists,208- 2 3 , 2 6 0 chronic pain 

managers, 2 2 1 dentists, 8 3 , 1 0 2 , 1 4 0 , 2 7 1 family 
practi t ioners, 1 8 4 2 0 4 gynecologists, 2 1 3 neurol
ogists, 8 7 nurses, 2 5 orthopedic surgeons, 6 , 1 0 , 

4 6 pediatricians, 1 1 6 8 physical therapists, 1 9 9 , 

2 0 0 p h y s i a t r i s t s , 3 1 , 1 3 9 , 2 1 9 , 2 2 0 , 2 2 3 rheumatolo-
g i s t s , 8 2 , 8 9 , 2 1 5 and veterinarians. 1 4 3 

Yet the muscles in general and TrPs in 
particular receive little attention as a major 
source of pain and dysfunction in modern 
medical school teaching and in medical 
textbooks. This manual describes a ne
glected, major cause of pain and dysfunc
tion in the largest organ of the body. The 
contractile muscle tissues are a primary 
target of the wear and tear of daily activi
ties, but it is the bones, joints, bursae and 
nerves on which physicians usually con
centrate their attention. 

Severity. The severity of symptoms 
caused by myofascial TrPs ranges from the 
agonizing incapacitating pain caused by 
very active TrPs to the painless restriction 
of movement and distortion of posture due 
to latent TrPs that are so commonly over
looked. The potential severity of pain from 
acute activation of a TrP is illustrated by 
one housewife who, while bending over 
cooking, activated a quadratus lumborum 
TrP that felled her to the kitchen floor and 
caused pain so severe that she was unable 
to reach up and turn the stove off to prevent 
a pot from burning through its bottom. The 
patients with myofascial TrP pain in a gen
eral medicine practice reported visual ana
log scale ratings of pain as high as or higher 
than pain due to other causes 2 5 7 . 

Patients who have had other kinds of se
vere pain, such as that due to a heart at
tack, broken bones, or renal colic, say that 
the myofascial pain from TrPs can be just 

Table 2.1. Prevalence of Trigger Point Pain in Selected Patient Populations 
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as severe. Despite their painfulness, myo
fascial TrPs are not directly life threaten
ing, but their painfulness can, and often 
does, devastate the quality of life. 

Cost. Unrecognized myofascial head
ache, shoulder pain and low back pain that 
have become chronic are major causes of in
dustrial lost time and compensation applica
tions. Bonica 2 1 pointed out that disabling 
chronic pain costs the American people bil
lions of dollars annually. Low back pain 
alone costs the people of California $200 
million annually. Analgesics to relieve 
chronic pain are costly and can be a signifi
cant cause of nephropathy.97 A considerable 
portion of the chronic pain due to myofascial 
TrPs could have been prevented by prompt 
diagnosis with appropriate treatment. 

How many more people not included in 
these studies do carry on, yet bear the misery 
of nagging TrP pain that would respond if it 
were diagnosed and treated for what it is? 
When the myofascial nature of pain is un
recognized, such as the pain caused by TrPs 
in the pectoral muscles that mimics cardiac 
pain, the symptoms are likely to be diag
nosed as neurotic, psychogenic, or behav
ioral. This adds frustration and self-doubt to 
the patient's misery and blocks appropriate 
diagnosis and treatment. Active myofascial 
TrPs are largely responsible for that enig
matic scourge of mankind, musculoskeletal 
pain. The total cost is incalculable, but enor
mous, and most of it is unnecessary. 

Historical Review 
The history of growth in our under

standing of musculoskeletal pain is the 
history of the identification of specific 
sources and causes of pain, including neu
ropathic sources, articular dysfunction, 
muscular origins, and modulation of cen
tral nervous system processing of pain. 
The history of muscle pain was reviewed 
for much of this century 2 1 6 ' 2 3 5 and recently 
has been updated. 2 3 8 

This review 2 3 5 identifies, and Table 2.2 
lists, a number of historically noteworthy 
publications that provide a background to 
our present understanding of myofascial 
pain caused by TrPs. Progress has been 
slow and spotty. Pain and/or tenderness of 
the muscles may have distinctly different 
causes that can produce confusingly simi
lar symptoms. The medical community is 

just beginning to sort out this complex 
puzzle. One way of clarifying what TrPs 
are clinically is to define more clearly what 
they are not and how other diagnoses are 
related. Major progress has been made this 
past decade by clearly distinguishing a 
central cause of muscle pain and tender
ness, fibromyalgia, from the primarily mus
cular dysfunction, TrPs. The relation be
tween articular dysfunction that responds 
to manual therapy and TrPs remains to be 
as clearly delineated. The updated re
view 2 3 8 shows that repeatedly, an author or 
the adherents to a school of thought will 
concentrate on part of the total clinical pic
ture of myofascial TrPs, introduce a new 
name, and overlook the rest of the picture. 

Froriep 8 5 is a pre-twentieth century au
thor who identified Muskel Schwiele as ex
tremely tender, palpable hardenings in mus
cles that, when treated, afforded the patient 
much pain relief. By the turn of the century 
Adler,2 in America, used the English term 
muscular rheumatism and included the 
concept of pain radiating from the tender 
spot. In England, Gowers, 1 0 1 Stockman, 2 6 4 

and Llewellyn and Jones 1 7 2 introduced the 
term fibrositis for the same symptom com
plex. In Germany, Schmidt 2 2 9 used the Ger
man counterpart to muscular rheumatism, 
Muskelrheumatismus. Other authors used 
the term Weichteilrheumatismus literally 
"soft-parts rheumatism" which is com
monly translated into English as nonarticu-
lar rheumatism. The cause of the diagnosis 
remained controversial in every case. 

In 1919, Schade 2 2 6 reported that the 
hardness of previously tender ropiness in 
muscles persisted during deep anesthesia 
and after death until rigor mortis obscured 
the difference. This finding discredited a 
nerve-activated, muscular contraction 
mechanism as the cause of the palpable 
bands, but is consistent with an endoge
nous contracture of sarcomeres being re
sponsible. Schade 2 2 7 later postulated a lo
calized increase in the viscosity of muscle 
colloid and proposed the term "Myo-
gelosen," literally translated as "muscle 
gellings" and identified in English as myo-
gelosis. In the same year, two orthopaedic 
surgeons in Munich, F. Lange and G. 
Eversbusch 1 6 3 described tender points as
sociated with regions of palpable hardness 
in muscles, that they termed "Muskel-
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Table 2.2. Historical Muscle Pain Papers 

Term Used Muscular Findings 
Authorship, Year, 
& Reference 

Muskelschwiele [Mus Tender tight cord or band Froriep, 1843 8 5 

cle callus] 
Muscular rheumatism Tender, elongated infiltrations, radiating pain Adler, 1900 2 

Fibrositis Tender fibrous beaded chains Gowers, 1904 1 0 1 

Chronic rheumatism Nodules: histologically, inflamed connective Stockman, 1920 2 6 4 

tissue 
Fibrositis, Myofibrositis Tender nodules with radiating pain Llewellyn and Jones, 

1915 1 7 2 

Muskelrheumatismus, Tender, contracted muscle bundles Schmidt, 1916 2 2 9 

Myalgie [muscular 
rheumatism, myalgia] 

Myogelose [muscle Tender muscle indurations (persisted after Schade, 1.919226 

gelling] death) 
Muskelharten [muscu Tender indurations with or without muscular F. Lange, 1925 1 6 2 

lar indurations] contraction 
Muskelharten, Myo- The first "trigger point manual;" referred pain M. Lange, 1 9 3 1 1 6 4 

gelosen [muscular in not mentioned 
durations or gelling] 

Muskelharten [muscu Introduction of ethyl chloride spray Kraus, 1937 1 5 6 

lar indurations] 
Referred pain Experimental demonstration of pain referred Kellgren, 1938 1 4 9 

from muscle 
Muscular rheumatism Spot tenderness in indurated region, pain reac Gutstein, 1938 1 1 2 

tion, and referred pain 
Idiopathic myalgia Spot tenderness, referred pain, decreased Travell, era/., 1942 2 7 6 

ROM (her first description of TrPs) 
Fibrositis Tender nodule, referred pain Kelly, 1941 1 5 1 

Myofascial TrPs Tender spot, referred pain, 32 pain patterns Travell, R, 1952 2 7 8 

Myofascial TrPs Early recognition of importance of TrPs in pa Bonica, 1953 2 0 

tients with pain 
Trigger Areas Electromyographic activity of trigger areas first Weeks and Travell, 

reported 1957 2 8 8 

Fibrositissyndrom [fi Reported non-specific dystrophic pathology in Miehlke, era/., I 9 6 0 1 9 3 

brositis syndrome] more severe cases 
Fibrositis syndrome Generalized chronic pain with multiple tender Smythe and Moldofsky 

points (redefinition) 1977 2 5 8 

Fibromyalgia Renamed the 1977 redefinition of fibrositis Yunus, era/., 1 9 8 1 3 0 0 

Myofascial TrP Publication of Volume 1 of the Trigger Point Travell and Simons, 
Manual 1983 2 7 9 

Pressure pain Introduction of an algometer for measuring Fischer, 1986 7 2 

threshold trigger point tenderness 
Fibromyalgia Official diagnostic criteria for fibromyalgia Wolfe, era/., 1990 2 9 4 

Myofascial TrPs Publication of Volume 2 of the Trigger point Travell and Simons, 
Manual 1992 2 8 0 

Myofascial TrPs Electromyographic activity characteristic of Hubbard and Berkoff, 
TrPs reported 1993 1 3 3 

Localized twitch re Value of the rabbit as an experimental model Hong and Torigoe, 
sponse for the local twitch responses characteristic of 1994 1 2 8 

myofascial TrPs 
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harten," literally translated into English as 
"muscle hardenings" or "indurations." In 
1925, F. Lange 1 6 2 described the local twitch 
response. His student, M. Lange,1"4 later 
equated these muscle hardenings to 
Schade's myogeloses. M. Lange used fin
gers, knuckles, or a blunt wood probe to 
apply forceful, ecchymosis-producing 
massage (Gelotripsie). His comprehensive 
clinical book 1 6 4 also presented the history 
and experimental basis of the concept of 
myogeloses (prior to the discovery of the 
actin-myosin contractile mechanism). This 
work essentially ignored the referred pain 
aspect of TrPs. 

Before coming to the United States from 
Germany, Hans Kraus, who was an early 
pioneer in this field, first reported the ther
apeutic use of ethyl chloride spray, for re
lief of Muskelharten in 1937, 1 5 6 and for the 
relief of fibrositis in 195 2 , 1 5 7 and for the re
lief of TrPs in 1959 . 1 5 8 He continued to pro
mote the importance of exercise and TrPs 
until his recent death. 

In 1938, Kellgren, 1 4 9 working under the 
influence of Sir Thomas Lewis, published a 
major milestone paper. He established un
equivocally for most major postural mus
cles of the body that each muscle and 
many fascial structures had a characteristic 
referred pain pattern when injected with a 
small amount of painful salt solution. 
Shortly after this, three clinicians on three 
continents simultaneously and indepen
dently published a series of papers in Eng
lish emphasizing four cardinal features: a 
palpable nodular or band-like hardness in 
the muscle, a highly localized spot of ex

treme tenderness in that band, reproduc
tion of the patient's distant pain complaint 
by digital pressure on that spot, and relief 
of the pain by massage or injection of the 
tender spot. Each author reported pain syn
dromes of specific muscles throughout the 
body in large numbers of patients. All 
three had identified myofascial TrPs. How
ever, each used different diagnostic terms, 
were apparently unaware of one another, 
and the commonality of their observations 
passed unnoticed for decades. 

One of the three, Michael Gutstein, was 
born in Poland and first published as Gut
stein from Berlin, then Gutstein-Good and 
finally as Good from Great Britain. In the 
12 or more papers that he published in 
Britain between 1938 1 1 2 and 1957, 9 9 he 
used many diagnostic terms to describe the 
same condition: myalgia, idiopathic myal
gia, rheumatic myalgia, and nonarticular 
rheumatism. He illustrated the referred 
pain patterns of many patients as case re
ports. He repeatedly held that the process 
responsible for the "myalgic spots" was a 
local constriction of blood vessels due to 
overactivity of the sympathetic fibers sup
plying the vessels. 

Michael Kelly lived and published in 
Australia. Throughout his series of nearly a 
dozen papers, all on fibrositis between 
1 9 4 1 1 5 1 and 1963, 1 5 2 he was impressed by 
both the palpable hardness of the "nodule" 
associated with the tender point in the 
muscle and by the distant referral of pain 
from the afflicted muscle. Kelly published 
numerous case reports with referred pain 
patterns. He gradually evolved the concept 

Table 2.2. Historical Muscle Pain Papers (Continued) 

Term Used Muscular Findings 
Authorship, Year, 
& Reference 

Active Loci Use of the rabbit as an experimental model to Simons, etal., 1995 2 4 9 

study the elecrical activity of TrPs 
Myofascial TrPs New research data for selection of diagnostic Simons, 1996 2 4 2 

criteria; experimental basis for the new dys
functional endplate hypothesis 

Myofascial TrPs Interrater reliability; identified TrP diagnostic Gerwin, etal., 1997 9 4 

criteria 
Myofascial TrPs Identification of likely pathogenesis Simons, 1997 2 4 4 
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that fibrositis was a functional, neurologi
cal disturbance that originated at the myal-
gic lesion. He envisioned little or no local 
pathology, but a central nervous system re
flex disturbance that caused the referred 
pain. 

Janet Travell lived and published in the 
United States. Her more than 40 papers on 
myofascial TrPs have appeared between 
1942 2 7 6 and 1990, 2 7 5 and the first volume of 
The Trigger Point Manual was published in 
1983 followed by the second volume in 
1992. She and Rinzler in 1952 reported the 
pain patterns of TrPs in 32 skeletal muscles, 
as "The myofascial genesis of pain," 2 7 8 

which quickly became the classic source of 
this information. It was her opinion that any 
fibroblastic proliferation was secondary to a 
local muscular dysfunction and that any 
pathologic changes occurred only after the 
condition continued for a long time. She be
lieved that the self-sustaining characteristic 
of TrPs depends on a feedback mechanism 
between the TrP and the central nervous sys
tem. Of those three pioneers, only Travell's 
influence withstood the test of time. 

To date, only two biopsy studies are 
known of sites selected specifically as 
myofascial TrPs. One study 2 5 3 reported 
biopsies of TrPs in the leg muscles of dogs 
and the other 2 1 4 reported findings in hu
man biopsies of myogelosis located at TrP 
sites. Biopsy studies of the tender nodule 
of myogelosis or of fibrositis must have in
cluded many myofascial TrPs. The study 
by Miehlke, et al.W3 of the Fibrositissyn-
drom (fibrositis) was the most extensive 
and thorough. They reported minimal find
ings in mild cases and increasingly marked 
nonspecific dystrophic findings in progres
sively more symptomatic cases. If the 
pathophysiology of TrPs is primarily a dys
function in the immediate region of indi
vidual motor endplates, there is no reason 
to expect routine histological studies to re
veal the cause. However, a recent histolog
ical study of the palpable nodules associ
ated with myogelosis at TrP sites found 
substantiating evidence of contracture of 
some individual muscle fibers.214 

Throughout most of this century, the 
term fibrositis described a condition that 
was compatible with myofascial TrPs, al
though ambiguously so. 2 1 6 In 1977, Smythe 
and Moldofsky 2 5 8 added another and very 

different meaning to the many meanings 
that had become associated with fibrosi
t is . 2 1 6 The 1977 authors 2 5 8 identified a con
dition of generalized pain marked by multi
ple tender points when tested by palpation. 
Four years later, Yunus, et al.300 proposed 
the term fibromyalgia as a more appropriate 
name for the 1977 redefinition of fibrositis. 
Since the diagnoses of either myofascial 
TrPs or fibromyalgia now accounted for 
nearly all of the patients previously diag
nosed as having fibrositis, this became an 
outmoded diagnosis. At that time, it was not 
clear how closely the pathophysiology of fi
bromyalgia and TrPs related to each other; 
the etiology of both was highly speculative. 

By 1990, rheumatologists under the 
leadership of F. Wolfe 2 9 4 officially estab
lished diagnostic criteria for fibromyalgia. 
The criteria were simple and the examina
tion easily and quickly performed, which 
helped focus the attention of the medical 
community on this syndrome. Since then, 
remarkable progress has been made toward 
identifying its cause. It is now firmly estab
lished that a central nervous system dys
function is primarily responsible for the in
creased pain sensitivity of fibromyalgia.224 

In the mid 1980s, A. F i s c h e r 7 1 , 7 4 pro
duced a pressure algometer that provided a 
method for measuring the sensitivity of 
myofascial TrPs and of fibromyalgia tender 
points. 

An important milestone of progress was 
reached by Hubbard and Berkoff in 1993 
when they convincingly reported needle 
EMG activity characteristic of myofascial 
TrPs. 1 3 3 Weeks and Travell 2 8 8 had illus
trated the phenomenon 36 years earlier. 
The following year Hong and Torigoe 1 2 8 

demonstrated that the rabbit was a suitable 
experimental model for studying the LTR 
that is characteristic of human TrPs. In 
1995, Simons, et a i . 2 4 8 confirmed in rabbit 
experiments the electrical activity reported 
by Hubbard and Berkoff. These rabbit 
studies, and a concomitant human 
study, 2 4 9 strongly implicated a dysfunc
tional endplate region as the prime site of 
TrP pathophysiology. 2 4 2 

Another important step of progress was 
the report by Gerwin, et al.9* of an inter-
rater reliability study that demonstrated 
reliable identification of myofascial TrP 
criteria in 5 muscles. The integrated hy-
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pothesis found in section D of this chapter 
moves our understanding of TrPs another 
major step forward. 2 4 4 

Related Diagnostic Terms 

The cause of muscle pain syndromes and 
of musculoskeletal pain in general, has per
plexed the medical community for more 
than a century. The subject has been 
plagued by a multitude of terms that em
phasized different aspects of basically the 
same condition 2 3 5 and that were reported in 
different languages. A brief review of some 
of the more important diagnostic terms cur
rently encountered will help to put the 
available literature into perspective. 

Anatomically Oriented Terms. Through 
the years, many authors "discovered" a 
"new" muscle pain syndrome related to a 
specific part of the body and gave it a name 
corresponding to that region. Characteristi
cally, unrecognized myofascial TrPs con
tributed significantly to the pain syndrome 
identified. Common examples are tension 
headache, 1 4 0 , 2 7 2 , 2 8 7 occipital neuralgia, 1 0 3 

the scapulocostal s y n d r o m e , 1 9 2 , 2 0 3 , 2 0 4 and 
tennis elbow [see Chapter 36). 

Fibromyalgia. Fibromyalgia is funda
mentally a different condition than TrPs, 
but often presents with symptoms that are 
confusingly similar to those caused by 
chronic myofascial TrPs. Fibromyalgia is 
characterized by a central augmentation of 
nociception which causes generalized 
deep tissue tenderness that includes mus
cles. It has a different etiology than myo
fascial TrPs but many of the tender points 
diagnostic of fibromyalgia are also com
mon sites for TrPs and many patients have 
both conditions. In the German literature, 
fibromyalgia is usually equated with Gen-
eralizierte Tendomyopathie (generalized 
tendomyopathy). Fibromyalgia is consid
ered in more detail later in this chapter. 

Fibrositis. The term fibrositis appeared 
in the English literature in 1904 1 0 1 and was 
soon adopted into German as the Fibrositis-
syndrom. For most of the century, fibrositis 
was characterized by a tender palpable "fi-
brositic" nodule by most of the authors us
ing the term fibrositis. Many of these pa
tients had TrPs. In time, fibrositis became an 
increasingly controversial diagnosis be
cause of multiple definitions and no satis
factory histopathological basis for the nod

ule. The diagnosis was completely redefined 
in 1977, 2 5 8 and the condition described by 
the 1977 definition was officially estab
lished in 1990 as fibromyalgia.294 According 
to the current definition of fibromyalgia, it is 
a totally different condition that is unrelated 
to the original concept of fibrositis. Fibrosi
tis is currently an outmoded diagnosis. 

Muskelharten. By 1921 the term 
Muskelharten™3 was well recognized in 
German literature and still appears in Ger
man occasionally, but rarely in English. It 
literally means "muscle indurations" and 
refers to the palpable firmness of the tender 
nodule responsible for the patient's pain. 
Another German term, Myogelosen™4 (liter
ally "muscle gellings") refers to the same 
phenomena and the two terms have fre
quently been used interchangeably. The 
term Muskelharten is often used to charac
terize the physical findings and the term 
Myogelosen to identify the diagnosis. 

Myofascial Pain Syndrome. This term 
has acquired both a general and a specific 
meaning. The two meanings need to be dis
tinguished. 2 4 1 The general meaning in
cludes a regional muscle pain syndrome of 
any soft tissue origin that is associated with 
muscle tenderness 1 6 0 , 2 9 8 and is commonly 
used in this sense by dentists.1 4 The other 
meaning is specifically a myofascial pain 
syndrome caused by TrPs. This is a focal hy-
perirritability in muscle that can strongly 
modulate central nervous system functions 
and is the subject of this book. 

Myofascitis. The term myofascitis is now 
rarely (and should not be) used as synony
mous with myofascial TrPs. Myofascitis is 
properly used to identify inflamed muscles. 

Myogeloses. The term myogeloses is the 
English form of a German term, Myogelosen, 
which is still commonly used and is gener
ally considered synonymous with Muskel
harten [see above). The name myogeloses 
was based on an outmoded hypothesis to ac
count for muscle contraction that was pro
posed before the actin-myosin contractile 
mechanism was discovered. A recent 
study 2 1 4 indicates that myogeloses and TrPs 
identify the same condition approached 
from somewhat different diagnostic points 
of view using different terminology. 

Nonarticular Rheumatism. /Monarticu
lar rheumatism is a commonly used, but 
not very clearly defined, general term for 
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soft tissue pain syndromes that are not as
sociated with a specific joint dysfunction or 
disease. The term is generally considered 
as synonymous with soft tissue rheuma
tism, which is the English translation for 
the German term Weichteilrheumatismus. 
This term was commonly used to describe 
a range of conditions that also include myo
fascial pain caused by TrPs. Currently, the 
term nonarticular rheumatism is used 2 1 8 to 
identify muscle pain syndromes that are 
not fibromyalgia and are not attributed to 
myofascial TrPs. The literature reviews of 
nonarticular rheumatism by Romano 2 1 8 in
clude conditions such as adhesive capsuli
tis, periarticular arthritis, bursitis, epi
condylitis, insertion tendinosis, and tennis 
elbow, which are frequently myofascial 
TrPs masquerading as another diagnosis. 

Osteochondrosis. This term is used by 
Russian vertebroneurologists as an inclu
sive term to cover the interaction of neural 
and muscular conditions, such as fi
bromyalgia, myofascial TrPs, and spinal 
nerve compromise. 

Soft Tissue Rheumatism. This term is 
usually used synonymously with nonartic
ular rheumatism, described above. 

Tendomyopathy. Tendomyopathy is 
the English version of the German term 
that is divided into general and local cate
gories. General tendomyopathy is consid
ered synonymous with fibromyalgia.6 5 The 
localized form often includes myofascial 
TrPs but is not as clearly defined. 

B. CLINICAL CHARACTERISTICS OF 
TRIGGER POINTS 

The clinical characteristics of TrPs un
der the headings of symptoms, physical 
findings, and treatment are introduced and 
presented only in overview in this section. 
The rationale for each physical finding is 
noted in that subsection. Testing tech
niques that are useful for experimental 
purposes and some that have potential rou
tine clinical application are dealt with in 
more detail here rather than in the muscle 
chapters because they have yet to be estab
lished as a part of routine clinical practice. 

Diagnosis and treatment of acute single-
muscle myofascial pain syndromes can be 
simple and easy. When an acute myofascial 
TrP syndrome is neglected and allowed to 
become chronic, it becomes unnecessarily 

complicated, more painful, and it becomes 
increasingly time-consuming, frustrating, 
and expensive to treat. 

Symptoms 

Active TrPs produce a clinical complaint 
(usually pain) that the patient recognizes 
when the TrP is digitally compressed. La
tent TrPs can produce the other effects char
acteristic of a TrP including increased mus
cle tension and muscle shortening (but do 
not produce spontaneous pain). Both active 
and latent TrPs can cause significant motor 
dysfunction. It appears that the same fac
tors which are responsible for the develop
ment of an active TrP, to a lesser degree, can 
cause a latent TrP. An active key TrP in one 
muscle can induce an active satellite TrP in 
another muscle. Inactivation of the key TrP 
often also inactivates its satellite TrP with
out treatment of the satellite TrP itself. 

Onset. The activation of a TrP is usually 
associated with some degree of mechanical 
abuse of the muscle in the form of muscle 
overload, which may be acute, sustained, 
and/or repetitive. In addition, leaving the 
muscle in shortened position can convert a 
latent TrP to an active TrP and this process is 
greatly aggravated if the muscle is con
tracted while in the shortened position. In 
paraspinal (and very likely other) muscles, a 
degree of nerve compression that causes 
identifiable neuropathic electromyographic 
changes is associated with an increase in the 
numbers of active TrPs. 3 7 These TrPs may be 
activated by disturbed microtubule commu
nication between the neuron and the end-
plate since the motor endplate is the periph
eral core TrP pathophysiology. 

The patient is aware of the pain caused 
by an active TrP but may or may not be 
aware of the dysfunction it causes. Latent 
TrPs characteristically cause some in
creased muscle tension and limitation of 
stretch range of motion, which often es
capes the patient's attention or is simply 
accepted. The patient becomes aware of 
pain originating from a latent TrP only 
when pressure is applied to it. Sponta
neous referred pain appears with increased 
irritability of the TrP, and it then is identi
fied as active. 1 2 5 

The patient usually presents with com
plaints due to the most recently activated 
TrP. When this TrP has been successfully 
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Pain 
reference zone 

Spinal 
cord 

Figure 2.1. Schematic of central nervous system in
teractions with a trigger point (X). Triple arrow A run
ning from the trigger point to the spinal cord repre
sents sensory, autonomic and motor effects. Arrow B 
from the spinal cord to the trigger point includes auto
nomic modulation of the intensity of trigger point acti
vation. Arrow C to the pain reference zone represents 
the appearance of referred pain and tenderness at 
distant sites that may be several neurological seg
ments removed from the trigger point. Arrow D indi
cates the influence of the vapocoolant spray in the re

gion of the reference zone that facilitates release of 
the trigger point. Arrow E signifies the activating effect 
of indirect stimuli on the trigger point; dashed arrow F 
denotes effects of trigger points on visceral function. 
Thick arrows G identify trigger point interactions at the 
supraspinal level. (Figure adapted from Travell JG. 
Myofascial trigger points: clinical view. In: Bonica JJ, 
Albe-Fessard D, eds. Advances in Pain Research and 
Therapy, Vol. 1. New York: Raven Press, 919-926, 
1976.) 

eliminated, the pain pattern may shift to 
that of an earlier, key TrP which also must 
be inactivated. If the key TrP is inactivated 
first, the patient may recover without fur
ther treatment. 

The intensity and extent of the referred 
pain pattern depends on the degree of irri
tability of the TrP, not on the size of the 
muscle. Myofascial TrPs in small, obscure, 
or variable muscles can be as troublesome 
to the patient as TrPs in large familiar 
muscles. 

As illustrated in Figure 2.1, trigger 
points are activated directly by acute over
load, overwork fatigue, direct impact 
trauma, and by radiculopathy. 

Trigger points can be activated indirectly 
by other existing TrPs, visceral disease, 
arthritic joints, joint dysfunctions, and by 
emotional distress. Satellite TrPs are prone to 
develop in muscles that lie within the pain 
reference zone of key myofascial TrPs, or 
within the zone of pain referred from a dis
eased viscus, such as the pain of myocardial 
infarction, peptic ulcer, cholelithiasis, or re

nal colic. A perpetuating factor (see Chapter 
4) increases the likelihood of overload stress 
converting a latent TrP to an active TrP. 

With adequate rest, and in the absence 
of perpetuating factors, an active TrP may 
revert spontaneously to a latent state. Pain 
symptoms disappear, but occasional reacti
vation of the TrP by exceeding that mus
cle's stress tolerance can account for a his
tory of recurrent episodes of the same pain 
over a period of years. 

Pain Complaint. Patients with active 
myofascial TrPs usually complain of 
poorly localized, regional, aching pain in 
subcutaneous tissues, including muscles 
and joints. They rarely complain of sharp, 
clearly-localized cutaneous-type pain. The 
myofascial pain is often referred to a dis
tance from the TrP in a pattern that is char
acteristic for each muscle. Sometimes the 
patient is aware of numbness or paresthe
sia rather than pain. 

Infants have been observed with point 
tenderness of the rectus abdominis muscle 
and colic, both of which were relieved by 
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sweeping a stream of vapocoolant over the 
muscle, which helps to inactivate myofas
cial TrPs. 

When children with musculoskeletal 
pain complaints were examined for myo
fascial TrPs, the TrPs were found to be a 
common source of their pain. 1 2 It is our im
pression that the likelihood of developing 
pain-producing active TrPs increases with 
age into the most active, middle years. As 
activity becomes less strenuous in later 
years, individuals are more likely to be 
aware of the stiffness and restricted motion 
resulting from latent TrPs. 

Sola 2 5 9 found that laborers who exercise 
their muscles heavily every day, are less 
likely to develop active TrPs than are 
sedentary workers who are prone to inter
mittent orgies of vigorous physical activity. 
Our clinical experience has been similar. 

Active TrPs are found commonly in pos
tural muscles of the neck, shoulder and 
pelvic girdles, and in the masticatory mus
cles. In addition, the upper trapezius, sca
lene, sternocleidomastoid, levator scapu
lae and quadratus lumborum muscles are 
very commonly involved. 

Dysfunctions. In addition to the clini
cal symptoms produced by the sensory dis
turbances of referred pain, dysesthesias, 
and hypesthesias, patients also can experi
ence clinically important disturbances of 
autonomic and motor functions. 

Disturbances of autonomic functions 
caused by TrPs include abnormal sweating, 
persistent lacrimation, persistent coryza, 
excessive salivation, and pilomotor activi
ties. Related proprioceptive disturbances 
caused by TrPs include imbalance, dizzi
ness, tinnitus, and distorted weight per
ception of lifted objects. 

Disturbances of motor functions caused 
by TrPs include spasm of other muscles, 
weakness of the involved muscle function, 
loss of coordination by the involved mus
cle, and decreased work tolerance of the 
involved muscle. The weakness and loss of 
work tolerance are often interpreted as an 
indication for increased exercise, but if this 
is attempted without inactivating the re
sponsible TrPs, the exercise is likely to en
courage and further ingrain substitution by 
other muscles with further weakening and 
deconditioning of the involved muscle. 
The combination of weakness in the hands 

and loss of forearm muscle coordination 
makes grasp unreliable. Objects sometimes 
slip unexpectedly from the patient's grasp. 
The weakness results from reflex motor in
hibition and characteristically occurs with
out atrophy of the affected muscle. The pa
tient is prone to substitute intuitively 
without realizing that, for instance, he or 
she is carrying the grocery bag in the non-
dominant but now-stronger arm. 

The motor effects of TrPs on the muscle 
in which the TrPs are located are consid
ered in detail below under Surface EMG. 

Sleep Disturbances. Disturbance of 
sleep can be a problem for patients with a 
painful TrP syndrome. Moldofsky 1 9 6 has 
shown in a series of studies that many sen
sory disturbances, including pain, can seri
ously disturb sleep. This sleep disturbance 
can, in turn, increase pain sensitivity the 
next day. Active myofascial TrPs become 
more painful when the muscle is held in 
the shortened position for long periods of 
time and also if body weight is compress
ing the TrP. Thus, for patients with active 
TrPs, sleep positioning can be critical to 
avoid unnecessarily disturbing their sleep. 

Physical Findings 
A muscle harboring a TrP is prevented 

by pain from reaching its full stretch range 
of motion, and is also restricted in its 
strength and/or endurance. Clinically, the 
TrP is identified as a localized spot of ten
derness in a nodule in a palpable taut band 
of muscle fibers. Restricted stretch range of 
motion and palpable increase in muscle 
tenseness (decreased compliance) are more 
severe in more active TrPs. Active TrPs are 
identified when patients recognize the 
pain that is induced by applying pressure 
to a TrP as "their" pain. 9 4 The taut band 
fibers usually respond with an LTR when 
the taut band is accessible and when the 
TrP is stimulated by properly applied snap
ping palpation. The taut band fibers re
spond consistently with a twitch response 
when the TrP is penetrated by a needle. 

Taut Band. By gently rubbing across 
the direction of the muscle fibers of a su
perficial muscle, the examiner can feel a 
nodule at the TrP and a rope-like indura
tion that extends from this nodule to the at
tachment of the taut muscle fibers at each 
end of the muscle. The taut band can be 
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snapped or rolled under the finger in ac
cessible muscles. With effective inactiva-
tion of the TrP, this palpable sign becomes 
less tense and often (but not always) disap
pears, sometimes immediately. 

Tender Nodule. Palpation along the 
taut band reveals a nodule exhibiting a 
highly localized, exquisitely tender spot 
that is characteristic of a TrP. When the ten
der spot was tested for tenderness, dis
placement of the algometer by 2 cm pro
duced a statistically significant decrement 
in pain threshold algometer readings. 2 1 2 

Clinically, displacement of the application 
of pressure by 1-2 mm at a TrP can result in 
a markedly reduced pain response. 

This strong localization of tenderness in 
the vicinity of a TrP corresponds to the local
ized sensitivity of the experimental muscle 
for eliciting LTRs as demonstrated in rabbit 
experiments. 1 2 8 A 5 mm displacement to ei
ther side of the trigger spot (at right angles to 
the taut band) resulted in almost total loss of 
response. However, the response faded out 
more slowly when stimulated over a range of 
several centimeters from the trigger spot 
along the taut band. See Local Twitch Re
sponse in section D at the end of this chapter. 

Recognition. Application of digital 
pressure on either an active or latent TrP 
can elicit a referred pain pattern character
istic of that muscle. However, if the patient 
"recognizes" the elicited sensation as a fa
miliar experience, this establishes the TrP 
as being active and is one of the most im
portant diagnostic criteria available when 
the palpable findings are also present . 9 4 , 2 4 2 

Similar recognition is frequently observed 
when a needle penetrates the TrP and en
counters an active locus . 1 2 3 - 2 4 9 

Referred Sensory Signs. In addition to 
referring pain to the reference zone, TrPs 
may refer other sensory changes such as 
tenderness and dysesthesias. This referred 
tenderness has been measured in experi
ments by Vecchiet, et a/. 2 8 3 

Local Twitch Response. Snapping pal
pation of the TrP frequently evokes a tran
sient twitch response of the taut band 
fibers. This is fully described in Section 9 
of Chapter 3. Its pathophysiological nature 
is considered in Section D of this chapter. 
Twitch responses can be elicited both from 
active and latent TrPs. In one study, no dif
ference was noted in twitch responses 

whether elicited by snapping palpation or 
by needle penetration. 2 4 6 

Limited Range of Motion. Muscles 
with active myofascial TrPs have a re
stricted passive (stretch) range of motion 
because of pain, as demonstrated by Mac-
donald. 1 7 7 An attempt to passively stretch 
the muscle beyond this limit produces in
creasingly severe pain because the in
volved muscle fibers are already under 
substantially increased tension at rest 
length. The limitation of stretch due to 
pain is not quite as great with active move
ment as with passive lengthening of the 
muscle, at least partly due to reciprocal in
hibition. When the TrP is inactivated and 
the taut band is released, range of motion 
returns to normal. The degree of limitation 
produced by TrPs is much more marked in 
some muscles (e.g., subscapularis) than 
others (e.g., latissimus dorsi). 

Painful Contraction. When a muscle 
with an active TrP is strongly contracted 
against fixed resistance, the patient feels 
pain. 1 7 7 This effect is most marked when an 
attempt is made to contract the muscle in a 
shortened position. 

Weakness. Although weakness is gen
erally characteristic of a muscle with active 
myofascial TrPs, the magnitude is variable 
from muscle to muscle and from subject to 
subject. Electromyographic studies indi
cate that, in muscles with active TrPs, the 
muscle starts out fatigued, it fatigues more 
rapidly, and it becomes exhausted sooner 
than normal muscles. 1 1 6 - 1 1 8 These changes 
are presented in more detail under surface 
electromyography in Section B of this 
chapter. The weakness may reflect reflex 
inhibition of the muscle by the TrPs. 

Testing 

No laboratory test or imaging technique 
has been generally established as diagnos
tic of TrPs. However, three measurable 
phenomena help to substantiate objec
tively the presence of characteristic TrP 
phenomena and all are valuable as re
search tools. Two of them, surface EMG 
and ultrasound, also have much potential 
for clinical application in the diagnosis 
and treatment of TrPs. 

Needle Electromyography. In 1957, 
Weeks and Travell 2 8 8 anticipated the 1993 
Hubbard and Berkoff1 3 3 report of finding 

Copyrighted Material



Chapter 2 / General Overview 23 

Figure 2.2. High-resolution ultrasound image 
of a local twitch response in the taut band 
fibers of a trigger point. The twitch was 
elicited by needle penetration of the trigger 
point in a taut band of a right infraspinatus 
muscle. The band across the middle of the 
figure that was seen by ultrasound imaging to 
contract is identified by white arrows. The 
transient contraction coincided with the pa
tient's verbal report that he felt his typical pain 
and experienced the referred pain to his 
shoulder and arm. (Reprinted with permission 
from Gerwin RD, Duranleau D. Ultrasound 
identification of the myofascial trigger point 
[Letter]. Muscle Nerve 20:767-768, 1997.) 

EMG activity identified as specific to myo
fascial TrPs. Subsequent rabbit and human 
studies 2 4 8 , 2 5 0 , 2 5 2 have confirmed the presence 
of spontaneous low-voltage motor endplate 
"noise" activity as well as high voltage spike 
activity that is highly characteristic of myo
fascial TrPs but not pathognomonic. The 
source of the associated high-voltage spikes 
can be ambiguous. When the endplate noise 
activity is observed, it is a strongly confirma
tory finding and an invaluable research tool. 
A detailed consideration of this phenome
non appears in section D of this chapter. 

Ultrasound Imaging. Visualization of 
an LTR using ultrasound was first noted by 
Michael Margolis, M.D. 1 8 1 This observation 
was followed up by Gerwin and Duran
leau. 9 1 , 9 2 The published finding is illus
trated in Figure 2.2. This imaging proce
dure not only provides a second way, in 
addition to EMG recording, of substantiat
ing and studying the LTR, but also has a 
strong potential for providing a much 
needed available imaging technique that 
could be widely used to objectively sub
stantiate the clinical diagnosis of TrPs. This 
test, however, would require the examiner 
to use the skill-demanding snapping palpa
tion technique, or to insert a needle into the 
TrP, in order to elicit the twitch response. 

Surface Electromyography. Trigger 
points cause distortion or disruption of 
normal muscle function. Functionally, the 
muscle with the TrP evidences a three-fold 
problem: it exhibits increased responsive
ness, delayed relaxation, and increased fa
tigability, which, together, increase over
load and reduce work tolerance. In 

addition, the TrP can produce referred 
spasm and referred inhibition in other 
muscles. With the recent appearance of on
line computer analysis of EMG amplitude 
and mean power spectral frequency, a few 
pioneer investigators have reported the ef
fects of TrPs on muscle act ivity. 5 6 , 1 1 6 The 
reports indicate that TrPs can influence 
motor function of the muscle in which 
they occur, and that their influence can be 
transmitted through the central nervous 
system to other muscles. To date, there has 
not been a sufficient number of well-
controlled studies to establish the clinical 
reliability and application of these obser
vations, but the few reports of these TrP ef
fects are very promising. 

On one hand, the strong clinical effects 
of TrPs on sensation, as evidenced by TrP 
tenderness and referred pain, have been 
well-documented in this volume. It is well 
known that strong cutaneous stimuli (e.g., 
electric shocks) can cause reflex motor ef
fects (e.g., flexion reflex). 1 1 4 If skin can 
modulate motor activity and TrPs can mod
ulate sensory activity, it should be no sur
prise that TrPs can also strongly affect mo
tor activity. In fact, the motor effects of 
TrPs may be the most important influence 
they exert, because the motor dysfunction 
they produce may result in overload of 
other muscles and spread the TrP problem 
from muscle to muscle. Accumulating evi
dence now indicates that the muscles tar
geted for referred spasm from TrPs also 
usually have TrPs themselves. These motor 
phenomena of TrPs deserve serious compe
tent research investigation. 
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An increased responsiveness of some af
fected muscles is indicated by abnormally 
high amplitude of EMG activity when the 
muscle is voluntarily contracted and loaded. 
Clinical evidence suggests that some mus
cles tend to be shortened and abnormally ex
citable, while others appear to be weak and 
inhibited. 1 4 2 , 1 7 0 The upper trapezius is iden
tified as an excitable muscle and EMG stud
ies showed that, although the muscle 
showed no abnormal motor unit activity at 
rest, when it harbored TrPs it tended to "over
react" when voluntarily contracted. 5 6 During 
flexion/extension movements of the head, 
the upper trapezius and/or sternocleidomas
toid muscles with TrPs presented surface 
EMG amplitudes over 20% greater than 
asymptomatic muscles in 80% of cases. 5 6 

Headley 1 1 7 demonstrated a similar, marked 
augmentation of EMG activity in upper 
trapezius muscles harboring TrPs as com
pared to the uninvolved muscle on the con
tralateral side when the patient attempted to 
shrug both shoulders equally. 

Preliminary studies indicate that TrPs 
can refer inhibition or excitation to func
tionally related muscles, especially if the 
target muscles also have TrPs. In several in
stances referred motor effects were ob
served electromyographically from latent 
TrPs, indicating that these motor effects 
may be produced by a TrP independent of 
its pain-producing characteristics. This ap
parently specific motor effect of TrPs is an 
unexplored but fertile field for TrP research. 
The presence of a TrP may characteristi
cally induce excitation in some muscles 
and inhibition in others. If so, the presence 
of TrPs may help to explain why some mus
cles frequently develop the clinical picture 
of being inhibited, and others become ex
cessively responsive to clinical activation. 

Hagberg and Kvarnstrom 1 1 5 demon
strated accelerated fatiguability electro
myographically and in terms of work toler
ance of the trapezius muscle that had 
myofascial TrPs as compared to a con
tralateral muscle that was pain-free. The 
EMG amplitude increased and median 
power frequency decreased significantly in 
the involved muscle as compared to the 
uninvolved muscle. Both of these changes 
are characteristic of initial fatigue. Man-
nion and Dolan 1 7 9 showed, during fatiguing 
exercise, a nearly linear relationship be

tween the decline in median power fre
quency and the decline in strength of max
imum voluntary contraction, tested inter
mittently. The increasing fatigue of the 
muscle was demonstrable as increasing 
weakness. 

There is general acceptance of median 
power frequency as a valid criterion of mus
cle fatigue. Headley 1 1 8 reported delayed re
covery following fatiguing exercise in 55 
patients with muscle-related cumulative 
trauma disorder (CTD). Myofascial TrPs 
were very common in the involved muscles 
in this group. Median power spectral analy
sis of sEMG activity of bilateral lower 
trapezius muscles was monitored pre- and 
post-exercise and after a 7 minute rest. 
There was a statistically significant differ
ence between pre- and postexercise mean 
power spectral values. The postexercise 
values of affected muscles showed minimal 
recovery in seven minutes whereas normal 
muscles recover 70-90% within 1 minute. 

Delayed relaxation is commonly seen in 
muscle-overload work situations.1 1 8 This 
failure to relax is a common surface EMG 
finding during repetitive exercises of mus
cles with myofascial TrPs. Headley1 1 8 em
phasized the importance of the brief surface 
EMG gaps observed in normal records of 
repetitive movements. Loss of these gaps can 
contribute significantly to muscle fatigue. G. 
Ivanichev 1 3 8 demonstrated delayed relax
ation (loss of clean gaps with loss of muscle 
coordination) in a study of hand extensor 
muscles with TrPs or flexor muscles with 
TrPs when subjects were doing rapid alter
nating movements of extension and flexion 
at the wrist. The presence of a sustained low-
level EMG activity when the muscle could 
and should be relaxed is sometimes referred 
to as a static load. Delayed or missing relax
ation accelerates fatigue of the muscle. 

Figure 2.3 illustrates schematically the 
EMG changes observed in muscles with 
TrPs. The involved muscle shows a fatigue 
pattern at the beginning of a repetitive 
task and then accelerated fatiguability 
with delayed recovery. 1 1 8 These features 
apparently are hallmarks of the motor dys
function of muscles containing myofascial 
TrPs. 

In addition, the TrP can also induce mo
tor activity (referred spasm) in other mus
cles. Headley 1 1 6 illustrated an example of 
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At Start Moderate Prolonged 7 Min 
Rest Activity Activity Activity Rest 

Figure 2.3. Comparison of surface electromyographic 
response to fatiguing exercise of normal muscle (black 
lines) and muscle with active myofascial trigger points 
(red lines). The averaged amplitude (open circles) and 
mean power frequency (solid circles) of the elec
tromyographic record from the muscle with trigger 

points start out as if the muscle is already fatigued 
and show that the muscle reaches exhaustion more 
quickly (and is slower to recover) than normal muscle. 
These changes are accompanied by accelerated fa
tigue and weakness of the muscle with trigger points. 

this phenomenon where pressure on a TrP 
in a right soleus muscle induced a strong 
spasm response in the right lumbar 
paraspinal muscles. Figure 2.4 illustrates a 
similar response with pressure applied to a 
TrP in the long head of the triceps brachii 
muscle inducing a strong motor unit re
sponse (spasm) in the ipsilateral upper 
trapezius muscle only during the 20 sec

onds that pressure was being applied. This 
response failed to occur following inactiva-
tion of the triceps TrP. The upper trapezius 
muscle in this case also had TrPs, and its 
response fits with the impression that mus
cles with TrPs are more readily activated 
(and therefore are more likely to become 
target muscles for referred spasm) than 
muscles free of TrPs. This may be another 
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Seconds 

Figure 2.4. Motor activation of the upper trapezius 
muscle in response to painful pressure applied to a 
trigger point in the long head of the ipsilateral triceps 
brachii muscle. The bar marks the period of painful 
pressure applied to the triceps trigger point. The 

marked increase in surface electromyographic activity 
(referred spasm) corresponds to the period of me
chanical stimulation of the trigger point. (Redrawn 
with permission from the data of Barbara J. Headley, 
PT.) 

indication of sensitization of TrP-involved 
a motor neurons. Research studies are 
needed to elucidate this issue. 

Certain muscles tend to be targets of re
ferred spasm so TrPs in a number of distant 
muscles can accentuate EMG activity and 
irritability of a target muscle. The upper 
trapezius, masseter, posterior cervicals, 
and lumbar paraspinal muscles appear to 
be common target muscles. These are also 
muscles that are prone to develop tight
ness, according to Janda. 1 4 2 

Carlson, et al.32 demonstrated the TrP-
target muscle relationship for referred 
spasm between the upper trapezius and the 
ipsilateral masseter muscle. Following TrP 
injection of the trapezius muscle, there was 
a significant reduction in pain intensity 
ratings and EMG activity in the masseter 
muscle. Every one of the patients in the 
study had localized TrP tenderness in the 
masseter TrP, location, reinforcing the sus
picion that target muscles characteristi
cally develop TrPs, but not necessarily ac
tive TrPs. 

These examples are analogous to the ac
tivated segment concept described in an 
osteopathic study by Korr, et al.15i In their 
study, the spasm was demonstrated by the 
paraspinal muscles acting as target muscles 
at the level of a vertebra showing pressure 
sensitivity that was considered indicative 
of an articular dysfunction. A previous re
port noted that the spasm response was 
most marked when pressure was applied to 
a pressure-sensitive vertebra.5 0 

Spasm may be referred by TrPs indepen
dent of pain referral. Headley 1 1 6 noted that 
some distant TrPs which referred spasm to 
the paraspinal muscles were not prone to 
refer pain and were rated as only mildly 
painful on application of pressure. She re
ported that inactivation of these spasm-
inducing TrPs resulted in marked reduc
tion of low back pain. Although these 
"latent" TrPs were not themselves referring 
pain, they apparently were inducing al-
gogenic activity in the back muscles. 

The capacity of TrPs to refer inhibition 
can cause major disruption of normal mus-
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cle function. Headley 1 1 7 illustrated two 
clear examples of movement-specific inhi
bition where the muscle worked well dur
ing a test movement but did not contract at 
all during a movement for which it would 
normally serve as prime or assistive mover. 
A frequently-seen example of referred inhi
bition is an anterior deltoid muscle that is 
strongly inhibited during shoulder flexion 
but is recruited essentially normally dur
ing shoulder abduction. In these cases, the 
normal functional pattern returned with 
inactivation of the problematic TrP in the 
infraspinatus muscle (Headley, personal 
communication, 1996). 

Another reported example of referred in
hibition 1 1 7 was an active TrP in the quadra-
tus lumborum that inhibited gluteal mus
cles. Normal function of the gluteal muscles 
was restored when the quadratus lumborum 
TrP was inactivated. The immediate restora
tion of normal strength and normal median 
power spectral frequency during repetitive 
activity strongly suggests that the recruited 
muscle was not lacking strength before the 
test, but was probably neurologically inhib
ited by the quadratus lumborum TrP. With 
sufficient repetitions in a work situation, 
these abnormal patterns appear to become 
well "learned" when the muscle no longer 
returns immediately to a normal pattern 
with inactivation of the TrP. Now it becomes 
necessary to retrain the muscle to a normal 
pattern after inactivation of the responsible 
TrPs. Surface EMG biofeedback from the in
hibited muscle(s) can facilitate retraining. 

All of these motor phenomena and their 
complexity suggest that the motor dysfunc
tions caused by TrPs are as complicated 
and important as the sensory story empha
sized in the first edition of the Trigger Point 
Manual. These motor dysfunctions alone 
could constitute a book. However, an enor
mous amount of competent, thoughtful 
surface EMG research will be needed be
fore that book can be written. 

Algometry. Sensitivity to pain in pa
tients with TrPs has been measured as the 
pain threshold to electrical stimulation 2 8 3 ' 
2 8 4 or to applied pressure. Pressure algome
try has been most commonly reported. 
Pressure algometry involves induction of a 
specific pain level in response to a mea
sured force applied perpendicularly to the 
skin. Three endpoints are reported: the on

set of local pain (pressure pain threshold), 
the onset of referred pain (referred pain 
threshold), and intolerable pressure (pain 
tolerance). Most commonly, the pressure 
required to reach pain threshold is mea
sured directly from a spring scale cali
brated in kilograms, Newtons, or pounds. 
Since the pressure is applied through a cir
cular foot plate, its diameter is a factor and 
the actual measurement being made is 
stress (Kg/cm2) applied to skin. Since one 
of the most common algometers has a foot 
plate area of 1 cm 2 , the meter reading in Kg 
is numerically the same as Kg/cm 2, so no 
numerical conversion is needed. 

A convenient hand-held spring algome
ter that is commercially available was de
scribed in 1986, 7 2 and standard values were 
published in 1987. 7 3 Since then, the spring 
algometer has been widely used in research. 
This device is useful for making a measure
ment of pain pressure threshold at a TrP site 
so the initial tenderness can be compared to 
measurements following a therapeutic or 
experimental intervention. It is relatively 
objective, since the subject need not see the 
meter display, but the reading does depend 
on the subject's report of a subjective sensa
tion. It is very useful for research studies 
and helpful in many clinical situations, but 
the user must be aware of three kinds of lim
itations when applying it to TrPs. 

First, the measurement, per se, indicates 
absolutely nothing about the source or 
cause of the tenderness being measured. 
The tenderness may be due to myofascial 
TrPs, to tender points of fibromyalgia, to 
bursitis, to severe spasm, etc. Therefore, by 
itself, tenderness cannot serve as a diag
nostic criterion. The cause of the tender
ness must be determined by other diagnos
tic observations. 

Second, the absolute value obtained at 
any one site can be strongly influenced by 
variations in the thickness and compliance 
of subcutaneous tissues from subject to 
subject and by inherent differences in the 
sensitivity of different muscles. 7 3 

Third, the relatively high degree of skill 
required to use this instrument effectively, 
and the exquisite specificity of the location 
of the TrP being measured are generally un
derrated. The precise location of maximum 
tenderness of that TrP must first be estab
lished by palpation and with the subject's 
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cooperation. Since the tenderness of the 
nodule in a taut band is being measured, 
the foot plate must be centered over the 
point of maximum tenderness in the nod
ule, and pressure must be aimed precisely 
in the direction of maximum tenderness. 
The foot plate must remain in this position 
throughout the measurement. If the foot 
plate slips off the nodule and compresses 
the tissue adjacent to the nodule (which it 
is very prone to do), an entirely different 
and erroneously high reading is obtained. 
For these reasons, errors in measuring TrP 
tenderness are nearly always underestima-
tions, not overestimations. By placing a 
finger on each side of the nodule or taut 
band and positioning the foot plate be
tween the fingers, the fingers can serve as a 
guide to maintain the footplate position 
over the point of maximum tenderness. 
These difficulties can be at least partly 
ameliorated by averaging the lowest two of 
three readings if they are in reasonable 
agreement. 

What constitutes appropriate interpreta
tion of results from algometry of TrPs was re
cently greatly clarified by Hong, et al.125 The 
authors examined three sites associated with 
latent and with active TrPs in the middle fin
ger extensor of the extensor digitorum com
munis muscle by algometry. The three sites 
were on the TrP, on the taut band 2 cm distal 
to the TrP, and a control (normal muscle) site 
1 cm further distal to the taut-band site and 
1 cm lateral to the taut band site. At each site, 
three kinds of thresholds were measured: 
onset of (local) pain, onset of referred pain, 
and intolerable pain. The results are pre
sented graphically in Figure 2 of their paper. 

The authors 1 2 5 showed convincingly 
that eliciting referred pain in the expected 
pattern for that muscle is not a specific 
finding of TrPs. Instead, its presence is pri
marily dependent on the amount of pres
sure applied to the site. In all 25 examina
tions, referred pain was elicited from both 
the active TrP site and its taut band site (2 
cm removed from the TrP). At the control 
site of patients with active TrPs, referred 
pain was elicited in half of the examina
tions before reaching pain tolerance. In the 
subjects with latent TrPs, characteristic re
ferred pain was elicited from control sites 
in one-quarter of the examinations. These 
findings agree with those of Scudds, et 

al.232 that referred pain frequently can be 
elicited from normal muscle with the ap
plication of sufficient pressure in subjects 
with no pain complaint. The presence of 
local tenderness at these apparently nor
mal-muscle sites is more likely in subjects 
who are suffering from TrP pain and is to 
be expected in patients with fibromyalgia. 

Hong, et al.125 found that referred pain 
could be elicited from every active TrP 
site, but from only 47% of the latent TrP 
sites. Stated another way, it took less pres
sure to elicit referred pain from an active 
TrP than from a latent TrP. As would be ex
pected, all three kinds of thresholds were 
significantly lower (P < 0.01) at active 
TrPs than at latent TrPs. The more irritable 
the TrP, the lower its pain threshold. How
ever, there was considerable overlap be
tween values obtained from active and la
tent TrPs, so threshold measurements 
alone were not sufficient to distinguish ac
tive from latent TrPs. This study demon
strates that pressure algometry can be a 
powerful research tool and useful clinical 
tool. 

An incomplete, single-subject, illus
trated report 7 7 indicates that pressure pain 
thresholds measured at intervals along the 
taut band are lowest at the TrP and that both 
TrP and taut band thresholds increase con
siderably following needling and injection 
of the TrP. Systematic controlled studies of 
pressure thresholds throughout the length 
of the taut band including the attachment 
are needed. The essentials for such a re
search study have been identified. 2 4 3 

Another form of pressure algometer is 
an electronic pressure-sensitive film that 
can be placed on the finger tip. Such a de
vice was described as a palpometer.1 6 All of 
the versions tried so far had a problem 
with adequate sensitivity and linearity of 
instrumental response at small pressure 
values, where resolution and accuracy are 
most important. Since some degree of sen
sation as to what is being palpated is trans
mitted through the film to the finger tip, a 
properly engineered device may have a sig
nificant advantage over the spring scale 
system. The palpometer approach has the 
advantage that it is electronic and that the 
results can be recorded readily and the 
data entered directly into a computer for 
analysis and storage. 
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Thermography. Thermograms can be 
recorded by infrared radiometry or with 
films of liquid crystal. Recording infrared 
radiation (electronic thermography) with 
computer analysis provides a powerful tool 
for the accurate rapid visualization of skin 
temperature changes over large areas of the 
body. This technique can demonstrate cu
taneous reflex phenomena characteristic of 
myofascial TrPs. The less expensive con
tact sheets of liquid crystal have limita
tions that make reliable interpretation of 
the findings considerably more difficult. 

Each of these thermographic techniques 
measures the skin surface temperature to a 
depth of only a few millimeters. The temper
ature changes correspond to changes in the 
circulation within, but not beneath, the skin. 
The endogenous cause of these temperature 
changes is usually sympathetic nervous sys
tem activity. Thermographic changes in skin 
temperature, therefore, are comparable in 
meaning to changes in skin resistance or 
changes in sweat production. However, elec
tronic infrared thermography is superior to 
these other two measures in convenience 
and in spatial as well as temporal resolution. 

In summary, the following research 
studies indicate that just finding a hot spot 
on the thermogram is NOT sufficient to 
identify a TrP beneath it. A similar temper
ature change can be expected from radicu
lopathy, an articular dysfunction, enthe-
sopathy, or due to a local subcutaneous 
inflammation. The thermographic hot spot 
of a TrP is described as a discoid region 5 
to 10 cm in diameter, displaced slightly 
from directly over the TrP.71 Five studies 
reported a region of hyperthermia over the 
TrP (a total of 170 T r P s ) ; 5 2 ' 5 3 ' 7 4 ' 1 % - 1 6 1 none 
reported a finding of hypothermia. No such 
agreement exists with regard to skin tem
perature changes in the region of referred 
pain. However, available data suggest an 
interesting possibility. Undisturbed TrPs 
referring spontaneous autonomic cuta
neous effects may tend to induce hyper
thermia in a limited area of the skin over
lying the TrP, whereas mechanical 
stimulation of the TrP that causes addi
tional pain induces a "reflex" hypothermia 
that is dependent on the stimulus. This re
flex hypothermia phenomenon may be a 
far more discriminating criterion of a TrP 
than the hyperthermia over the TrP. How

ever, research studies are needed to inves
tigate whether this reflex hypothermia is 
distinguishable from that which may occur 
when painful pressure is applied to a ten
der articular dysfunction, area of bursitis, 
or an area of enthesopathy. 

A thermographic hot spot was used by 
Kruse and Christiansen1 6 1 as an initial 
identifier of the likely location of a TrP. 
Then, the presence of the TrP was con
firmed by physical examination. This pro
cedure eliminated from consideration 
TrPs that might not be thermographically 
active. 

Fischer and Chang7 9 examined the 
gluteal region of 14 consecutive low back 
pain patients for thermographic hot spots. 
Hot spots were examined for spot tender
ness in 13 muscles and 1 ligament. Re
duced pressure threshold readings were 
significantly correlated [P< 0.01) with hot 
spots compared to contralateral control 
sites. Hot spots were likely to be tender 
sites, but the report left open the question 
of whether these sites were tender because 
of TrPs, fibromyalgia tender points, or 
other causes. 

Swerdlow and Dieter 2 6 5 examined 165 
patients who suffered whiplash injury 
and found 139 of them had TrPs in the up
per, middle, or lower trapezius muscles. 
Using Fischer's thermographic criteria, 7 4 

they found 40% false-positives and 20% 
false-negatives among these patients, 
which is unacceptable as a diagnostic cri
terion. 

Scudds, et a/ . 2 3 1 a examined the backs of 
49 fibromyalgia patients and 19 myofas
cial pain patients using infrared thermog
raphy under resting conditions in con
junction with a dolorimeter study of 
referred pain. They found that the average 
skin temperature of the myofascial pain 
patients was 0.65%C warmer than the fi
bromyalgia patients. Apparently this 
study identified TrPs only by spot tender
ness and referral of pain, which another 
study showed can also occur in normal 
subjects. 2 3 2 All TrPs caused referred pain, 
and half of the most tender spots in fi
bromyalgia patients also referred pain. 
This result may mean that half of the fi
bromyalgia patients also had TrPs, which 
is consistent with the finding of another 
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investigator who looked for that possibil
ity, 9 0 or it may mean that some tender 
points that are not TrPs may also refer 
pain. These studies do suggest that pa
tients selected primarily for myofascial 
TrPs are more likely to exhibit hyperther
mia than patients with fibromyalgia. Ap
parently, the active loci responsible for 
TrPs not only can cause referred pain, but 
they also can refer local cutaneous hyper
thermia. A thermographic research study 
is needed of TrPs identified by adequate 
diagnostic criteria (see Section B of this 
chapter), and of tender points that are not 
TrPs in fibromyalgia patients. 

Diakow5 3 conducted a study to see if 
active TrPs exhibited a region of hyper
thermia extending toward the pain refer
ence zone beyond the usual hot spot as 
compared to latent TrPs, which were as
sumed not to do so. In addition, he ana
lyzed a subgroup who showed evidence 
of articular dysfunction that would be 
likely to cause hyperthermia in the same 
region to which a TrP might refer hyper
thermia. By eliminating this subgroup of 
25 patients (leaving 104), the discrimina
tion of active versus latent TrPs on the ba
sis of Cohen's Kappa statistic improved 
from 0.44 to 0.55 (bad to poor) and speci
ficity improved from 0.70 to 0.82 (fair to 
good). These results suggest that articular 
dysfunction can be an additional source 
of hot spots, which fits with Korr's stud
ies of facilitated segments. 1 5 4 

Two studies indicated that when re
ferred pain is produced by compressing 
the TrP, the reference zone becomes hy
pothermic. Travell examined one patient 
who showed this very clearly. 2 7 9 

Kruse and Christiansen1 6 1 did a well-
controlled study of temperature change in 
the reference zone of TrPs in response to 
pressure stimulation of middle trapezius 
TrPs. The criteria used for diagnosis of TrPs 
were not specifically stated but given only 
by a general reference to the first edition of 
Volume 1 of this Manual. Infrared thermo
grams were obtained bilaterally from 5 pre
scribed upper extremity locations of 11 
student volunteers with symptomatic TrPs 
in the middle trapezius muscle and from 
11 asymptomatic controls. Initially ther
mograms were used to locate thermally ac
tive TrPs which were confirmed as TrPs by 

palpation. Pressure threshold of the TrP 
and corresponding control sites was deter
mined by algometry. Pressure was then ap
plied to the TrP until the subject felt 
referred pain, and it was maintained for 1 
minute while thermograms were recorded 
every 15 seconds. 

Initially, the region of the TrP site always 
showed increased temperature compared 
to its control site. The referred-pain zone, 
initially, often showed a lesser increase.1 6 1 

With compression of the TrP, the areas of 
thermal response (in the direction of re
ferred pain) showed a statistically signifi
cant reduction in temperature, whereas 
corresponding control sites showed a non
significant increase in temperature. The re
gion of thermal response was remarkably 
more extensive than the region of referred 
pain. The pressure threshold values at TrP 
sites were significantly (P < 0.001) lower 
(reflecting more tenderness) than at control 
sites. 

The literature to date fails to address a 
number of critical questions concerning 
thermographic changes associated with 
TrPs. Since many acupuncture practitioners 
use a skin-resistance point finder to locate 
the appropriate place to insert the needle for 
inactivating a TrP (or for treating a pain-type 
acupuncture point), it would be of consider
able interest to explore in a blinded research 
study, the region of a hot spot for a point of 
low resistance and determine to what extent 
a point of low resistance is located within 
the hot spot and how consistently a low-re
sistance point has a TrP (active or latent) 
nearby, beneath it. The presence of a TrP 
should be determined by adequate diagnos
tic criteria applied by examiners tested for 
good interrater reliability. Since several re
search studies show that the dysfunction 
characteristic of TrPs is modulated by sym
pathetic nervous system activity, 3 3"- 1 6 7- 1 8 6 re
search studies of the effects of TrPs on sym
pathetic control of skin perfusion should 
improve our understanding of the func
tional relationships between myofascial 
TrPs and the autonomic nervous system. 

Treatment 

Effective treatment of a myofascial pain 
syndrome caused by TrPs usually involves 
more than simply applying a procedure to 
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the TrPs. It is often necessary to consider 
and deal with the cause that activated the 
TrPs, to identify and correct any perpetuat
ing factors (which often are different than 
what activated the TrPs), and to help the 
patient to restore and maintain normal 
muscle function. 

This volume includes a number of re
lease and injection techniques, many of 
which were not considered in the previous 
edition. These techniques are considered in 
detail in Chapter 3, Section 12 of this vol
ume. These treatment approaches include 
the use of simple muscle stretch, augmented 
muscle stretch, postisometric relaxation, 
reciprocal inhibition, slow exhalation, eye 
movement, TrP pressure release, massage, 
range of motion, heat, ultrasound, high-volt
age galvanic stimulation, drug treatment, 
biofeedback, and new injection techniques. 

There are a number of common miscon
ceptions about the treatment of TrPs. 

1. Simply treating the TrP should be suffi
cient. Occasionally this may be true IF 
the stress that activated the TrP is not re
current and IF there are no perpetuating 
factors present. Otherwise, the TrP is 
likely to be reactivated again by the same 
stress. Ignoring perpetuating factors in
vites recurrence. After the TrPs have per
sisted for some time, failure to retrain 
the muscle to normal function or failure 
to reestablish its full-stretch range of mo
tion results in a degree of persistent mo
tor dysfunction. 

2. The pain cannot be as severe as the pa
tient says and must be largely psy
chogenic. The patients are trying to 
communicate their suffering. Believe 
them. It feels severe to them. Patients in 
a general medical practice rated their 
pain as severe as, or more severe than 
pain from other causes such as pharyn
gitis, cystitis, angina, and herpes 
zoster.2 5 7 In addition, an appreciable 
amount of the pain reported by many 
patients with fibromyalgia comes from 
their TrPs. The pain of fibromyalgia 
rates fully as severe as the pain of 
rheumatoid arthritis. It is severe enough 
to cause central nervous system changes 
characteristic of chronic pain. Because 
of their chronic TrP and fibromyalgia 
pain, these patients often develop pain 

behaviors which tend to reinforce dys
function and suffering. Many patients 
have suffered grievously and needlessly 
because a series of clinicians unac
quainted with myofascial TrPs erro
neously applied the psychogenic label 
to them covertly if not overtly. 

3. Myofascial pain syndromes are self-lim
iting and will cure themselves. An acute 
uncomplicated TrP activated by an un
usual activity or muscle overload can re
vert spontaneously to a latent TrP 
within a week or two, IF the muscle is 
not overstressed (used within tolerance, 
which may be limited) and IF there are 
no perpetuating factors. Otherwise, if 
the acute syndrome is not properly man
aged, it evolves needlessly into a 
chronic myofascial pain syndrome. 

4. Relief of pain by treatment of skeletal 
muscles for myofascial TrPs rules out se
rious visceral disease. Because of the re
ferred pain nature of visceral pain, appli
cation of vapocoolant spray or infiltration 
of a local anesthetic into the somatic ref
erence zone can temporarily relieve the 
pain of myocardial infarction, angina, 
and acute abdominal disease with no ef
fect on the visceral pathology.2 9 0 

Diagnostic Criteria 

The lack of general agreement as to appro
priate diagnostic criteria for examining trig
ger points has been an increasingly serious 
impediment to more widespread recognition 
of myofascial trigger points and to compati
ble studies of the effectiveness of treatment. 

Interrater Reliability. Of four recent 
studies on interrater reliability of TrP ex
aminations, the first three reported unsatis
factory to marginal interrater reliability. 
The fourth study showed why such results 
were obtained. It demonstrated convinc
ingly the need for all examiners to be both 
experienced and trained in order to per
form reproducible examinations. This sec
tion will summarize these studies and the 
lessons learned. 

Four well-designed studies have re
cently evaluated the reliability of various 
myofascial TrP examinations. Results are 
summarized in Table 2.3. In 1992 Wolfe, 
et al . 2 9 3 reported a study, part of which in
volved the evaluation of 8 muscles in 8 
patients by 4 physicians experienced in 
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Table 2.3. Interrater Reliability of Examinations for Trigger Point Characteristics, Kappa 
Values 

Examination 
Wolfe, et al., 

1992293 
Nice, et al., 

1992,9S 
Njoo, et al., 

1994*°' 
Gen/i/in, et al., 

199593 Mean 

Spot Tenderness 0.61 0.66 0.84 0.70 
Jump Sign 0.70 0.70 
Pain Recognition 0.30 0.58 0.88 0.59 
Palpable Band 0.29 0.49 0.85 0.54 
Referred Pain 0.40 0.38 0.41 0.69 0.47 
Twitch Response 0.16 0.09 0.44 0.23 
Mean 0.35 0.38 0.49 0.74 

examining patients for TrPs. The muscles 
examined included the levator scapulae, 
supraspinatus, anterior scalene, upper 
trapezius, infraspinatus, pectoralis major, 
sternocleidomastoid, and the iliocostalis/ 
longissimus muscles in the T10-L1 region. 
Each of the four examiners had many 
years of independent experience, but had 
no chance prior to this study to agree on a 
technique for examining the upper body 
TrPs (they were untrained, experienced 
examiners). The physicians examined 
each muscle for 5 findings characteristic 
of TrPs (Table 2.3). Since subsequent stud
ies reported interrater reliability results in 
terms of the kappa statistic, two co-au
thors of this study [Simons and Skootsky] 
analyzed the original data for the kappa 
statistic, which corrects for chance agree
ment. The examiners achieved poor inter
rater reliability. 

Nice, et al . 1 9 8 reported on the examina
tion of three sites in the thoracolumbar 
paraspinal muscles of 50 patients with 
low back pain by 12 experienced full-time 
physical therapists who routinely treated 
patients with low back pain. "A practice 
session was held to allow the therapists to 
practice this method on each other until 
all physical therapists reported that they 
felt capable of using the method on pa
tients." 1 9 8 This was inadequate training 
because there was no evaluation of uni
formity of technique. Again, these were 
experienced but inadequately trained ex
aminers and they also achieved poor in
terrater reliability. 

Njoo and Van der Does 2 0 1 reported the 
examination of 2 muscles (quadratus lum
borum and gluteus medius) in 61 patients 
with low back pain by 2 examiners picked 
from a pool of 1 physician in general prac
tice and 4 medical students. Each medical 
student was well-trained by the physician 
over a 3 month period but was inexperi
enced. The average kappa values for the 6 
examinations were essentially equal for 
the quadratus lumborum and gluteus 
medius muscles, indicating that for them, 
those muscles were about equally difficult 
to examine. Four of the five examiners 
were well-trained but inexperienced. 
Their interrater reliability was better than 
that in previous studies, but not good. 

Gerwin, et al. 9 4 reported a double study 
in which 4 experienced physicians exam
ined 5 muscles bilaterally in each of 10 sub
jects with myofascial TrPs. The first study 
was conducted with the assumption that 
the four experienced examiners employed 
essentially the same examination tech
nique. They achieved the same poor inter
rater reliability of other experienced un
trained examiners. 

However, in a second study by the same 
four physicians, but following a three-
hour training session, agreement among 
doctors was assessed statistically and 
found to be reliable before proceeding 
with the study. The study showed that ex
amination of the extensor digitorum com
munis and latissimus dorsi muscles was 
most reliable. Examination of the stern
ocleidomastoid and upper trapezius mus-
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cles was less reliable, and examination of 
the infraspinatus muscle was least reli
able, which suggests that, of the five mus
cles tested, it is the most difficult to 
examine reliably. 

The results of the four studies are sum
marized in Table 2.3, from which a number 
of inferences can be drawn. The table 
shows, across the bottom row, the mean 
kappa value of all examinations for each 
study. The examiners in these studies fell 
into 3 categories: experienced and un
trained, trained and inexperienced, trained 
and experienced. Two studies, Wolfe, et 
al.233 and Nice, et al.198 tested experienced 
but untrained examiners and obtained un
satisfactory mean kappa values of 0.35 and 
0.38, respectively. On the other hand, Njoo 
and Van der Does 2 0 1 tested well-trained but 
inexperienced examiners, who reached a 
barely satisfactory mean kappa value of 
0.49. Gerwin, et al.33 tested well-trained 
and experienced examiners who achieved 
a good mean kappa value of 0.74. In the 
subsequent publication of this study as a 
paper,94 the fact that the Kappa statistic is 
inappropriate when all examiners report 
the same finding in a subject was consid
ered. Avoiding that mistake showed that 
the reliability was actually good to excel
lent, considerably better than that reported 
in the initial abstract,9 3 but the abstract 
data were used in Table 2.3 so that the 
Kappa statistics results of the four studies 
could be compared directly. 

Clearly, a clinical or experimental re
search study of human myofascial trigger 
points, to obtain the most meaningful results, 

should employ both experienced and trained 
examiners who have been tested for inter
rater reliability BEFORE the study is con
ducted. The necessary skill can be learned. 
Fricton, in a diagnostic study of masticatory 
myofascial pain, likewise found that experi
enced raters were more reliable than inexpe
rienced raters and also concluded that find
ings by palpation are technique-sensitive.8 2 

Looking at Table 2.3 from another point 
of view, one can examine the mean kappa 
values of all four studies in terms of each 
examination technique tested [see right 
hand column of Table 2.3). In Table 2.4A, 
the difficulty of the examinations was 
ranked according to the mean kappa values 
derived from these four studies. 

Diagnostic Value of Examinations. A 
second question must be considered, "What 
is the diagnostic value of the examination 
technique in terms of its specificity for iden
tifying trigger points?" An estimate of the 
relative diagnostic value of each measure 
without regard to other findings is presented 
in the last column of Table 2.4A. These esti
mates are based on considerations presented 
below. However, they need confirmation or 
modification by experimental studies that 
examine the sensitivity and specificity of 
each examination, and combinations of ex
aminations as controlled research studies. 

An examination for spot tenderness or the 
jump sign is essentially the same test. The 
vigorousness of the jump sign is an indicator 
of the amount of pressure applied and the 
degree of spot tenderness. Either of these 
tenderness findings alone has limited diag
nostic value because of ambiguity as to the 
cause of tenderness. The tenderness might 

Table 2.4A. Comparative Reliability of Diagnostic Examinations for Trigger Points, 
Estimate of the Relative Difficulty Performing the Examinations, and 
Estimated Relative Diagnostic Value of each Examination by Itself, 
Regardless of Other Findings 

Presence of No. of Studies Mean Kappa Difficulty Diagnostic Value Alone 

Spot Tenderness 3 0.70 + +* 
Pain Recognition 3 0.59 + + + + + 
Palpable Band 3 0.54 + + + + +* 
Referred Pain 4 0.47 + + + + 
Twitch Response 3 0.23 + + + + + + + + 

*The combined presence of these two will likely have a high diagnostic value for sufficiently skilled examiners. 
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be due to myofascial TrPs, fibromyalgia, en-
thesopathy, bursitis, tendinitis, etc. The re
sponse observed is strongly dependent on 
the amount of pressure applied. 1 2 5 For reli
able results, the pressure must be quantita
tively standardized in some way. If a quanti
tative estimate of spot tenderness is desired, 
properly administered pressure algometry72 

73 is superior to testing for the jump sign. 
Pain recognition is a relatively reliable 

test, as long as patients understand that the 
examiner is asking them IF they recognize 
the pain as a familiar one that they have ex
perienced recently. They are NOT to iden
tify a referred pain that is new and not fa
miliar to them. If the patient recognizes the 
pain generated by pressure on a TrP, then 
that tender spot can be considered a source 
(trigger) that is contributing to at least part 
of the patient's pain problem. 

The finding of a palpable taut band, by 
itself, may be ambiguous because it can 
sometimes be observed in pain-free subjects 
without other clinical evidence of TrP phe
nomena. 2 0 1 ' 2 9 3 The presence of a palpable 
nodule in the taut band has not been tested 
as a possible criterion of myofascial TrPs 
but some clinicians observe the phenome
non routinely and the nodule is to be ex
pected based on the pathogenesis of TrPs. 
Normal palpable structures such as intra
muscular septa should not be tender. The 
value of examining for a taut band alone is 
further limited by the inaccessibility of 
many muscles to satisfactory manual palpa
tion. However, although never tested exper
imentally, the presence of spot tenderness 
combined with a palpable band and nodule 
should prove highly reliable, if the exam
iner is skillful at detecting these structures. 
Addition of a palpable nodule at the tender 
spot as a criterion may enhance diagnostic 
sensitivity. Historically, this has been a cri
terion for diagnosing fibrositis, Myogelosen, 
Muskelharten, and muscular rheumatism. 

Recognized referred pain that reproduces 
the patient's pain complaint identifies an ac
tive TrP and adds greatly to the specificity of 
the diagnosis. An unrecognized referred pain 
that corresponds to the known referral zones 
of the TrP being examined is nonspecific. 1 2 5 

No study is known that has examined under 
controlled conditions specifically how com
monly this referred pain can be elicited from 

tender points of fibromyalgia that are not also 
TrPs. However, tender points of fibromyalgia 
per se should not have the other palpable 
trigger point characteristics. 

Scudds, et al.232 did a related study 
when they located tender muscular spots 
that referred sensation in 54% of healthy 
subjects, nearly half of whom described the 
sensation as pain. The authors did not ex
amine the sensitive locations for other evi
dence of latent TrPs. The study by Sola, et 
al.261 found a similar percentage of latent 
TrPs in an unselected population, suggest
ing that many of the pain-referring spots 
found by Scudds, et al. were latent TrPs. 
Hong, et al.125 showed that the threshold to 
produce a referred pain pattern was 
reached with less pressure on an active TrP 
than on a latent one. The additional pres
sure required to progress from the pain 
threshold to the referred pain threshold 
was less at all three sites in muscles with 
active TrPs than in muscles with latent 
TrPs. However, there was no sharp line of 
distinction between active and latent TrPs 
with regard to the pressure needed to elicit 
unrecognized referred pain. 

Although eliciting referred pain that 
is not recognized by the patient but con
forms to the expected pain pattern for that 
muscle does not identify a latent TrP un
ambiguously, it can be very helpful diag-
nostically. The spontaneous referred pain 
pattern reported by the patient is a very 
helpful indicator of where to start looking 
for TrPs. 

Twitch responses are strongly associated 
with the presence of TrPs and this finding is 
probably the most specific single clinical test 
of a TrP.123 However, the extent to which 
twitch responses can be elicited from other 
parts of the muscle, particularly in an area of 
enthesopathy, has not been critically evalu
ated. Enthesopathy by definition is found 
only in the region of attachment at the ends 
of the muscle fibers, whereas TrPs are closely 
associated with endplates, which are located 
near the middle of muscle fibers. The clinical 
diagnostic usefulness of the twitch response 
is limited to those muscles in which it can be 
reliably identified visually, by palpation, or 
by ultrasound imaging. The local twitch re
sponse is the most difficult of the diagnostic 
signs to elicit reliably manually, and rela-
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tively few examiners have developed the 
needed skill. On the other hand, it does seem 
to be highly specific and is readily elicited by 
needle penetration of the trigger point. 

The addition of ultrasound imaging may 
greatly increase the importance of testing 
for an LTR. The LTR requires a high level of 
skill for reliable results, but, with ultra
sound imaging, it also has the potential for 
providing a specific, objective, recordable, 
clinically available imaging test for myo
fascial TrPs. The ultrasound test can pro
vide an objective measure of the relative 
skill of examiners. 

Pain-restricted range of motion is a fun
damental characteristic of TrPs that has not 
been subjected to testing for interrater reli
ability among examiners. 

Recommendation. Clearly, there is no 
one diagnostic examination that alone is a 
satisfactory criterion for routine clinical 
identification of a trigger point. Based on 
experimental information now available, 9 4 

the combination of spot tenderness in a 
palpable band and subject recognition of 
the pain are minimum acceptable criteria. 
The criteria currently recommended for di
agnosing a myofascial TrP are listed in 
Table 2.4B. Most important: at present, 
every author reporting a study of myofas
cial TrPs should identify in the methods 
section specifically which TrP examina
tions were used as diagnostic criteria and 
should describe in detail exactly how they 

were performed. A consensus document 
that establishes official diagnostic criteria 
is an urgent need. 

Differential Diagnosis and Confusions 

Three possible sources of musculoskele
tal pain are common and are commonly 
overlooked: myofascial TrPs, fibromyalgia, 
and articular dysfunction that requires 
manual mobilization. These three condi
tions often interact with one another, re
quire different diagnostic examination 
techniques, and need significantly differ
ent treatment approaches. 

One current source of confusion is use 
of the term myofascial pain syndrome for 
two different concepts. 2 4 1 Sometimes, myo
fascial pain syndrome is used in a general 
sense that applies to a regional muscle 
pain syndrome of any soft tissue origin. 1 0 8 , 

i6o, 1 9 4 . 2 0 7 , 2 9 8 , 2 9 9 Historically, the term myo
fascial pain syndrome has been used in the 
restricted sense of that syndrome which is 
caused by TrPs within a muscle belly (not 
scar, ligamentous, or periosteal TrPs) . 8 8 , 2 5 5 ' 
2 6 0 , 2 7 8 , 2 7 9 g m c e the general usage includes 
many conditions that cause muscle pain 
without reference to and in absence of 
TrPs, the use of that terminology is am
biguous and very confusing to those who 
think in terms of TrPs, which is only one of 
the conditions included in the general-us
age term. For authors, one unambiguous 
approach is to specify myofascial pain syn-

Tabie 2.4B. Recommended Criteria for Identifying a Latent Trigger Point or an Active 
Trigger Point 

Essential Criteria 
1. Taut band palpable (if muscle accessible). 
2. Exquisite spot tenderness of a nodule in a taut band. 
3. Patient's recognition of current pain complaint by pressure on the tender nodule (identifies an 

active trigger point). 
4. Painful limit to full stretch range of motion. 
Confirmatory Observations 
1. Visual or tactile identification of local twitch response. 
2. Imaging of a local twitch response induced by needle penetration of tender nodule. 
3. Pain or altered sensation (in the distribution expected from a trigger point in that muscle) on 

compression of tender nodule. 
4. Electromyographic demonstration of spontaneous electrical activity characteristic of active loci 

in the tender nodule of a taut band. 
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drome due to TrPs or use the term regional 
muscle pain syndrome to identify the more 
general usage. The unmodified, unspeci
fied use of the term myofascial pain is dis
couraged. 

This section begins with a listing of 
common diagnoses that often are made 
mistakenly without considering the possi
bility of TrPs. Patients are frequently re
ferred to myofascial TrP experts with one 
of these diagnoses (and often a patient has 
been given several of them), but when the 
patient's pain problem was actually caused 
by unrecognized or inadequately treated 
myofascial TrPs. 

Next, this section discusses other condi
tions that are closely related to myofascial 
TrPs. Commonly both conditions are pre
sent. This confusing situation makes it par
ticularly important to draw a sharp 
diagnostic distinction when the two condi
tions require different treatment ap
proaches. The related conditions considered 
include: fibromyalgia, articular dysfunc
tions, temporomandibular dysfunctions, oc
cupational myalgia, nonmyofascial TrPs, 
and the posttraumatic hyperirritability syn
drome. Also, the relation between acupunc
ture and myofascial TrPs is considered. 

Myofascial Trigger Points Mistakenly Di
agnosed as Other Conditions. Those clini
cians who have become skilled at diagnosing 
and effectively managing myofascial TrPs 
frequently see patients who were referred to 
them by other practitioners as a last resort. 
These patients commonly arrive with a long 
list of diagnostic procedures and diagnoses, 
none of which satisfactorily explained the 
cause of, or relieved, the patient's pain. Table 
2.5 lists examples of these diagnoses. Beside 
each diagnosis are listed likely TrP sources of 
that pain. This frustrating situation is under
standable because very few medical schools 
or physical therapy schools teach myofascial 
TrPs as a regular part of the curriculum, so 
most physicians and therapists now in prac
tice have received at most a hit-or-miss 
exposure to myofascial TrPs. For most clini
cians, their understanding of, and compe
tence achieved in, diagnosing myofascial 
TrPs must have been achieved through sup
plemental learning following graduation. 

This list reminds us that every skeletal 
muscle of the body can develop TrPs, and 
many of them commonly do. Since myo

fascial TrP pain is so common and because 
patients are most likely to experience the 
pain at sites other than the TrP location, 
the clinician is prone to miss the diagnosis 
unless he or she considers the possibility 
of, and specifically searches for, the distant 
TrP culprit(s). 

Fibromyalgia Syndrome. Two of the 
three most common muscle pain syn
dromes, fibromyalgia and myofascial pain 
due to TrPs, are now recognized as quite 
separate c l in ica l 9 0 ' 1 2 6 and etiological enti
ties. 2 2 4 2 4 2 Since both conditions are likely 
to cause severe muscle pain and frequently 
co-exist but need a different treatment ap
proach, it is of great importance for the pa
tient's sake that any clinician dealing with 
a patient who has muscle pain be able to 
clearly distinguish these two conditions. 
For one who is interested in understanding 
what fibromyalgia is, what it means to the 
patient, and how best to manage it, the 
reader is referred to an authoritative, com
prehensive, readable book for patients 
written by a nurse and a physician. 8 1 For 
one interested in a manual that similarly 
identifies the clinical nature of both fi
bromyalgia and chronic myofascial pain 
caused by TrPs, the reader is referred to the 
Survival Manual by Starlanyl and 
Copeland. 2 6 3 Dr. Starlanyl is a physician 
who herself has both conditions and has 
learned how she can deal with them. A 
third useful patient manual is focused on 
myofascial TrPs. It is written by a physical 
therapist who learned about TrPs through 
personal experience. 1 1 8" 

At the beginning of this decade, the 
American College of Rheumatology estab
lished official criteria for the classification 
of fibromyalgia294 (Table 2.6). Anyone writ
ing a paper that identifies subjects as hav
ing fibromyalgia should adhere closely to 
these criteria. Likewise, in examining pa
tients for the possibility of fibromyalgia, 
these are the only criteria that determine 
officially whether or not that is the appro
priate diagnosis. This is a clinical opera
tional definition that makes no pretense at 
identifying an etiology. In fact, Simms, et 
al.23* studied tenderness in 75 anatomical 
sites comparing fibromyalgia patients and 
normal control subjects. Simms, et al. con
cluded that of the previously proposed 18 
tender points, only 2 were included in 
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Table 2.5. Common Referral Diagnoses Received When Overlooked TrPs were Actually 
the Cause of Patients Symptoms 

Initial Diagnosis 
Some Likely Trigger Point 
Sources 

Trigger Point Manual 
Chap. # (Volume 1) 

Angina Pectoris (atypical) Pectoralis major 42 
Appendicitis Lower rectus abdominis 49 
Atypical Angina Pectoralis major 42 
Atypical Facial Neuralgia 2 7 4 Masseter 8 

Temporalis 9 
Sternal division of sternocleidomastoid 7 
Upper trapezius 6 

Atypical Migraine Sternocleidomastoid 7 
Temporalis 9 
Posterior cervical 16 

Back Pain, Middle Upper rectus abdominis 49 
Thoracic paraspinals 48 

Back Pain, Low 2 5 5 Lower rectus abdominis 49 
Thoracolumbar paraspinals 48 
see Volume 2 muscles 

(Bicipital) Tendinitis Long head of biceps brachii 30 
Chronic Abdominal Wall Pain 1 0 6 Abdominal muscles 49 
Dysmenorrhea Lower rectus abdominis 49 
Earache (enigmatic) Deep masseter 8 
Epicondylitis Wrist extensors 34 

Supinator 36 
Triceps brachii 32 

Frozen Shoulder Subscapularis 26 
Myofascial Pain Dysfunction Masticatory muscles 8-11 
Occipital Headache 1 0 3 Posterior cervicals 16 
Postherpetic Neuralgia Serratus anterior 46 

Intercostals 45 
Radiculopathy, C 6 Pectoralis minor 43 

Scalenes 20 
Scapulocostal Syndrome Scalenes 20 

Middle trapezius 6 
Levator scapulae 19 

Subacromial Bursitis Middle deltoid 28 
Temporomandibular Joint Disorder Masseter 8 

Lateral pterygoid 11 
Tennis Elbow Finger extensors 35 

Supinator 36 
Tension Headache 1 4 0 Sternocleidomastoid 7 

Masticatory muscles 8-11 
Posterior cervicals 16 
Suboccipital muscles 17 
Upper trapezius 6 

Thoracic Outlet Syndrome 1 2 7 Scalenes 20 
Subscapularis 26 
Pectoralis minor and major 43,42 
Latissimus dorsi 24 
Teres major 25 

Tietze's Syndrome Pectoralis major enthesopathy 42 
Internal intercostals 45 
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Table 2.6. The American College of Rheumatology 1990 Criteria for the Classification 
of Fibromyalgia* 

1. History of widespread pain. 
Definition. Pain is considered widespread when all of the following are present: pain in the 

left side of the body, pain in the right side of the body, pain above the waist, and pain below 
the waist. In addition, axial skeletal pain (cervical spine or anterior chest or thoracic spine or 
low back) must be present. In this definition, shoulder and buttock pain are considered as pain 
for each involved side. "Low back" pain is considered lower segment pain. 

2. Pain in 11 of 18 tender point sites on digital palpation. 
Definition. Pain on digital palpation must be present in at least 11 of the following 18 tender 
point sites: 

Occiput: bilateral, at the suboccipital muscle insertions. 
Low cervical: bilateral, at the anterior aspects of the intertransverse spaces at C5-C7. 
Trapezius: bilateral, at the midpoint of the upper border. 
Supraspinatus: bilateral, at origins, above the scapular spine near the medial border. 
Second rib: bilateral, at the second costochondral junctions, just lateral to the junctions 
on upper surfaces. 
Lateral epicondyle: bilateral, 2 cm distal to the epicondyles. 
Gluteal: bilateral, in upper outer quadrants of buttocks in anterior fold of muscle. 
Greater trochanter: bilateral, posterior to the trochanteric prominence. 
Knee: bilateral, at the medial fat pad proximal to the joint line. 

Digital palpation should be performed with an approximate force of 4 kg. 
For a tender point to be considered "positive" the subject must state that the palpation was 

painful. "Tender" is not to be considered "painful." 
Note: For classification purposes, patients are said to have fibromyalgia if both criteria are 

satisfied. Widespread pain must have been present for at least 3 months. The pres
ence of a second clinical disorder does not exclude the diagnosis of fibromyalgia. 

•Reprinted by permission from Wolfe F, Smythe HA, Yunus MB, et al. The American College of Rheumatology 1990 crite
ria for the classification of fibromyalgia: Report of the Multicenter Criteria Committee. Arthritis Rheum 1990; 33:160-170. 

what they found to be the 19 most dis
criminating points. The tender sites se
lected as diagnostic criteria are quite arbi
trary, but adequately representative of the 
patient's total-body, physiologically en
hanced sensitivity to pain. 

Fibromyalgia can be thought of as a set 
of core features and two types of ancillary 
features. The core features are generalized 
pain and tenderness over 11 of 18 pre
scribed anatomical sites. Characteristic an
cillary features occur in over three-quarters 
of individuals: fatigue, nonrestorative 
sleep, and morning stiffness. Less common 
findings, in perhaps 25% of cases, include: 
irritable bowel syndrome, Raynaud's phe
nomenon, headache, subjective swelling, 
nondermatomal paresthesia, psychological 
stress, and marked functional disability. 
Patients with fibromyalgia experience at 
least as much pain as those with other 
painful disease states. 1 8 3 Even though fi

bromyalgia was at first thought to originate 
in skeletal muscles, a careful histological 
and ultrastructural study has shown no ab
normality of skeletal muscles that was suf
ficiently common for that to be considered 
the cause of fibromyalgia.18'224 

On the other hand, the etiology of myo
fascial TrPs is clearly a focal muscular dys
function which can exert a strong influence 
on all major parts of the nervous system, 
and can lead to spinal level neuroplastic 
changes that help to convert an acute pain 
problem into a chronic one. 

There is strong research support for a 
systemic, metabolic/neurochemical patho
genesis of fibromyalgia. Fibromyalgia is 
considered an upward modulation of pain 
sensitivity throughout the body. Extensive 
research in recent years has led to the 
"serotonin deficiency hypothesis" 2 2 4 that 
involves measurable disturbance in noci
ception, including serotonin regulation of 
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the hypothalamic pituitary axis and the pi
tuitary adrenal axis, and substance P. There 
is a close relationship between substance P 
and calcitonin gene-related peptide that 
also appears to be involved. 2 2 4 Experimen
tal evidence also indicates that N-methyl-
D-aspartate receptors of the central nervous 
system are involved in the pain mecha
nisms of fibromyalgia.262 A specific and of
ten hard-to-detect thyroid dysfunction may 
be a commonly overlooked, but treatable, 
factor in fibromyalgia.176 Muscle nocicep
tive input may contribute to the pathogen
esis or severity of fibromyalgia.18 

Many studies show that a considerable 
number of fibromyalgia patients also have 
myofascial TrPs. In three studies, the per
centages of fibromyalgia patients who also 
have TrPs were reported as 1 0 0 % to 6 8 % . 7 0 ' 
go, 104 A study of 22 fibromyalgia patients 1 1 9 

found that 4 0 % needed TrP injections, and 
8 9 % of those injected reported relief. One 
early author considered the presence of 
myofascial TrPs an essential feature of pri
mary fibromyalgia.4 5 layson 1 4 4 considered 
injection of TrPs an important part of treat
ing fibromyalgia syndrome. Others 2 1 7 ' 2 3 0 

emphasized the clinical importance of 
clearly distinguishing fibromyalgia and 
myofascial TrPs. 

Distinguishing myofascial TrPs and fi
bromyalgia is relatively simple when the 
myofascial TrPs are acute, but can be much 
more difficult when the myofascial TrPs 
have evolved into a chronic pain syndrome 
through neglect or inappropriate treatment. 
Fibromyalgia, by definition, is a chronic 
pain syndrome. Table 2.7 lists a number of 
clinical features that distinguish myofas

cial pain due to TrPs from fibromyalgia. The 
following comments relate to this table. 

Trigger points occur with nearly equal 
prevalence in male and female subjects, 2 6 1 

whereas usually between 4 to 9 times as 
many females as males are observed to 
have fibromyalgia,182 depending on the 
population studied. 

Since fibromyalgia is by definition char
acterized by widespread, generalized pain 
and tenderness, this provides a basic dis
tinction from a myofascial TrP, which causes 
a specific localized pain and tenderness pat
tern originating from a lesion in a muscle. 

When examined, muscles harboring 
TrPs feel tense because of the contraction 
knots and taut bands, whereas muscles of a 
patient with fibromyalgia feel softer and 
more doughy, unless the fibromyalgia pa
tient also has TrPs in the muscle being ex
amined. The muscles of fibromyalgia pa
tients show increased compliance. 

Restricted range of motion is character
istic of TrPs, whereas hypermobility is rel
atively common in children 8 6 and in 
adults 2 9 2 who have fibromyalgia. 

Patients with myofascial pain are exam
ined for myofascial TrPs as described in 
this volume, whereas fibromyalgia patients 
are examined for tender points. Myofascial 
TrPs and fibromyalgia tender points are 
equally tender at the cutaneous, subcuta
neous, and intramuscular levels. However, 
the two conditions are sharply distin
guished by the fact that locations other 
than tender point sites in fibromyalgia pa
tients are as tender at all three depths of 
tissue as are their tender point sites, 2 8 4 

whereas non-TrP sites in myofascial pain 

Table 2.7. Clinical Features Distinguishing Myofascial Pain due to Trigger Points (TrPs) 
from Fibromyalgia 

Myofascial Pain (TrPs) Fibromyalgia 

1 female : 1 male 4-9 females : 1 male 
Local or Regional pain Widespread, general pain 
Focal tenderness Widespread tenderness 
Muscle feels tense (taut bands) Muscle feels soft and doughy 
Restricted range of motion Hypermobile 
Examine for trigger points Examine for tender points 
Immediate response to injection of TrPs Delayed and poorer response to injection of TrPs 
20% also have fibromyalgia 9 0 72% also have active TrPs 9 0 
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patients have been shown to measure the 
same high pain thresholds as correspond
ing sites in normal subjects. 2 8 4 Fibromyal
gia patients are abnormally tender almost 
everywhere. Myofascial pain patients are 
abnormally tender only at sharply circum
scribed TrP sites and specific sites of re
ferred tenderness. 

Recently, tender points have been desig
nated as fibrositic tender points. 1 8 3 This is 
an unfortunate misnomer since there is no 
palpable or pathological evidence that 
muscular fibrosis is involved in fibromyal
gia. It is equally inappropriate as a name for 
TrPs with rare exceptions. 

TrPs injected in myofascial pain patients 
who also have fibromyalgia showed a de
layed and poorer response than TrPs in
jected in patients who have myofascial pain 
syndrome without fibromyalgia.1 2 5 

Articular Dysfunctions. Articular dys
functions that require manual mobilization 
make up one of the three major categories 
of musculoskeletal pain syndromes that 
are often overlooked. The pain in these 
syndromes is commonly caused by TrPs. 
Traditional medical physicians pioneered 
an understanding of TrPs while osteo
pathic physicians, chiropractors, and prac
titioners of orthopedic medicine have de
veloped and promoted manual medicine 
techniques. Until recently, the two have, 
for the most part, followed separate paths. 
The osteopathic pioneer F. Mitchell for 
many years taught, and eventually pub
lished, his insight into the close relation
ship between articular dysfunctions and 
the muscular system. 1 9 5 However, his writ
ings show no evidence that he was aware 
of the important role of myofascial TrPs. 

Currently, at least one college of osteopa
thy emphasizes the importance of the close 
relation between TrPs and articular dys
function. Rarely do medical schools teach 
mobilization of joints. Physical therapy cur
ricula are more likely to include the diagno
sis and treatment of articular dysfunctions 
than that of myofascial pain due to TrPs. 

An outstanding osteopathic pioneer in 
the establishment of physiological dysfunc
tions associated with articular dysfunction, 
Irvin Korr, explored and promoted the con
cept of the facilitated segment. In the seg
mental vicinity of an "osteopathic lesion" 
(vertebra with evidence of articular dys

function), Korr and associates demonstrated 
decreased pain thresholds, increased sym
pathetic activity (decreased skin resistance), 
and facilitation of motor pathways. 1 5 4 With 
other coworkers, 5 0 Korr demonstrated a 
muscular component to the facilitated seg
ment. They reported a marked increase in 
paraspinal muscle activity associated with 
dysfunctional articular segments. However, 
they apparently were unaware of myofas
cial TrPs and how they related to the muscle 
tenderness that the authors associated 
closely with the articular dysfunction. 

There is a remarkable analogy between 
this concept of a facilitated segment that 
can strongly influence the three compo
nents of the nervous system—motor, sen
sory, and autonomic—and the nervous sys
tem effects that can be caused by 
myofascial TrPs. The important relation
ship between the muscles and articular 
dysfunction is well recognized by many 
clinicians, but has been badly neglected as 
a subject for serious research investigation. 

Karel Lewit 1 6 8 , 1 6 9 published observations 
and studies from his extensive experience 
as a neurologist practicing manual medi
cine and described the close relationship 
between articular dysfunction and myofas
cial TrPs. He emphasizes the importance of 
addressing therapeutically the muscle-
dysfunction component and the articular-
dysfunction component of musculoskele
tal pain syndromes when both are 
present. 1 7 0 The increased tension of TrP 
taut bands and their facilitation of motor 
activity can maintain displacement stress 
on the joint while abnormal sensory input 
from the dysfunctional joint can reflexly 
activate the TrP dysfunction. The two con
ditions can aggravate each other. 

Since publication of the Trigger Point 
Manual in 1983, the chiropractic profession 
has become increasingly interested in myo
fascial TrPs as such. One of their members 
has presented the only published report 1 7 5 of 
which we are aware that looked specifically 
at the relationship between articular dys
function and TrPs. In this preliminary test, 
he examined the relative amount of EMG ac
tivity that appeared in paraspinal muscles 
of normal, slightly involved, and severely 
involved segments in response to pressure 
on a distant TrP. He found that induction of 
additional pain by pressure on a distant ac-

Copyrighted Material



Chapter 2 / General Overview 41 

tive TrP markedly augmented the EMG ac
tivity in muscles of severely subluxed seg
ments as compared to normal segments. 
This finding indicates that articular dys
function can effectively increase the respon
siveness of motor neurons of adjacent mus
cles to nociceptive input from distant TrPs. 

Occupational Myalgias. The subject of 
occupational myalgias has attracted increas
ing interest in recent years. A MEDLINE 
search from 1990 through 1995 recovered 
56 abstracted articles on the subject. The 11 
different terms used by the authors fell into 
3 groups: cumulative trauma, repetitive 
strain, and overuse. Twenty of the papers 
dealt with cumulative trauma, of which 18 
used the term "cumulative trauma disor
der." In the repetitive strain group, only 12 
of the 28 papers used the term "repetitive 
strain injury." Others used "repetitive mo
tion injuries" and "repetitive motion stud
ies." Seven of the 8 in the overuse group 
were labeled "overuse syndrome." This is 
another example of many authors using dif
ferent terms to identify essentially the same 
muscle pain syndrome. All authors had one 
root concern-patients developed muscu
loskeletal pain symptoms as a result of work 
activity. Many authors expressed frustration 
at the lack of a satisfactory explanation for 
the cause of the pain itself. 

A cardinal feature of myofascial TrPs is 
that they are activated either by an acute 
overload or repeated overuse. The one com
mon denominator of all 56 articles is the as
sociation of musculoskeletal pain with over
load and/or overuse of the muscle. Placing a 
muscle in an awkward position that requires 
sustained contraction of specific muscles in 
order to maintain that posture is one of the 
most common examples of overuse. 
Headley 1 1 8 emphasized how commonly the 
symptoms of patients with cumulative 
trauma disorder are caused by myofascial 
TrPs. She demonstrated electromyographi-
cally abnormal function of muscles caused 
by the TrPs in these patients. This study sup
ports the clinical experience of the authors 
and practicing c l inic ians. 1 7 8 2 8 2 

Remarkably, NOT ONE of these 56 occu
pational myalgia abstracts indicated that the 
author(s) had considered the possibility that 
myofascial TrPs may be contributing to the 
workers' or patients' problems. This is a se
rious oversight for all concerned. By consis

tently overlooking a major treatable cause of 
muscle pain, confusion and frustration are 
bound to follow. One study 5 5 queried doc
tors as to their understanding of the term 
"repetitive strain injury" and found that, be
cause diagnostic criteria are so variable 
among papers, the term is effectively mean
ingless. Half of the doctors who responded 
were of the opinion that there was no gen
uine organic condition corresponding to 
their assessment of what that term means. 
The other half thought it was a genuine dis
ease entity but showed little agreement as to 
what they thought was wrong. One likely 
possibility is that a TrP origin of the pain is 
being overlooked by most practitioners con
cerned with this condition. 

Fortunately, most authors approached 
resolution of occupational myalgias by re
ducing the overload and/or overuse when
ever possible. This way, the mechanical 
perpetuating factors that could have been 
aggravating TrPs were ameliorated or elim
inated, allowing the muscle to partially, or 
occasionally completely, recover normal 
function. 

However, if the source of pain and dys
function of occupational myalgias were 
specifically related to TrPs in the muscle 
being overused, local TrP management of 
that muscle would expedite return to nor
mal function. The employees or patients 
could be trained to recognize activities that 
abused the involved muscles and to tailor 
routine activities and stretching exercises 
to maintain normal function of those mus
cles, which would greatly reduce the like
lihood of reactivation. R o s e n 2 1 9 , 2 2 0 empha
sizes the importance of the awareness of 
TrPs in the management of painful muscles 
that are used beyond their "critical load," 
especially among performing artists. 

Trigger Points and Acupuncture. The 
distinction between TrPs and acupuncture 
points for the relief of pain is blurred for a 
number of good reasons. First, the mecha
nisms responsible for the pain relief associ
ated with the two concepts have until very 
recently been enigmatic or controversial. 
Second, as reported by Melzack, et al.,wv 

there is a high degree of correspondence 
(71% based on their analysis) between 
published locations of TrPs and classical 
acupuncture points for the relief of pain. 
Third, a number of studies report similar 
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results when needling TrPs using acupunc
ture needles as when using hypodermic 
needles with injected so lut ion . 1 1 0 , 1 2 3 , 1 4 1 

The evidence that TrP phenomena origi
nate in the vicinity of dysfunctional end-
plates is presented later in this chapter. 
Classical acupuncture points are identified 
as prescribed points along meridians de
fined by ancient Chinese documents. As 
Melzack, et al.187 showed, the ancient Chi
nese clinicians were astute enough to rec
ognize the importance of many common 
TrP locations and to include them in their 
charts of acupuncture points for pain. 

Currently, there are a number of practi
tioners of acupuncture who use a modified 
definition of acupuncture points which 
would selectively identify TrP locations. Bel
grade1 3 states that "tender points are 
acupuncture points and can often be chosen 
for therapy." If one defines an acupuncture 
point for treatment of pain as a tender spot, 
one is using a cardinal definition of TrPs as a 
criterion for an acupuncture point, which 
would increase the likelihood of treating a 
TrP and calling it an acupuncture point. Sup
porting this concept, Loh, et a l . 1 7 4 compared 
acupuncture therapy with medical treatment 
for migraine and muscle tension headaches. 
They found that benefit from acupuncture 
was more likely to occur when the subject 
was treated at local tender muscular points. 
However, some classical acupuncture points 
for pain cannot be myofascial TrPs, such as 
those in the ear. Central myofascial TrPs oc
cur in the midfiber region of a muscle belly. 

It is now well-established that pain relief 
experienced from classical acupuncture 
points is associated with an endorphin re
sponse in the central nervous system. 1 3 

However, the reduction of pain by inactivat
ing a TrP is produced by eliminating the no
ciceptive focus in a muscle that is responsi
ble for the pain. The fact that nociceptive 
input from the TrP can cause some central 
modulation of endorphins 6 9 tends to con
fuse the issue but does not change the pri
mary muscular site of the TrP mechanism. 

One student of acupuncture, Pomer-
anz, 2 0 8 emphasized the importance of the 
Deqi phenomenon for identifying an 
acupuncture point. The Deqi phenomenon 
is described as a sensation of fullness, dis
tension, and pins and needles when the in
serted needle encounters the acupuncture 

point. However, essentially the same sen
sory phenomenon is frequently observed 
when injecting a TrP and the local twitch 
response is observed. 1 2 3 In a study of the 
analgesia obtained by electroacupuncture, 
the authors 2 1 0 concluded that the effect may 
be the result of intense stimulation of TrPs. 

Another version of "acupuncture" used 
for the treatment of TrPs involved insertion 
of the needle to only a depth of approxi
mately 4 mm into the skin and subcuta
neous tissue overlying the TrP.7, 8 Com
pared to needle penetration of the TrP, this 
insertion technique must involve an en
tirely different mechanism that depends on 
nervous system modulation of TrP activ
ity. 2 4 7 This technique requires a controlled 
clinical study to confirm its efficacy for 
TrPs and, if effective, needs further re
search to identify its mechanism. 

Ward 2 8 6 examined 12 acupuncture sites 
that were also common TrP sites in either a 
trapezius or infraspinatus muscle for the 
electrical activity characteristic of an ac
tive locus in a TrP (see Section D, Nature of 
Trigger Points). Characteristic endplate 
spike activity was observed in every case. 

In conclusion, frequently the acupunc
ture point selected for the treatment of pain 
is actually a TrP. Sometimes, it is not a TrP. 
Because of the fundamental differences in 
mechanism, approach to management, and 
prognostic implications, it is important 
that clinicians identify TrPs as such so they 
can institute an appropriate home program 
and correct perpetuating factors, if present. 

Nonmyofascial Trigger Points. Trigger 
points that refer pain also may be observed 
in what appears to be normal skin, in scar 
tissue, fascia, ligaments, and the perios
teum. The reason for sensitization of noci
ceptors at these sites needs to be clarified, 
but must be different from the central TrP 
mechanism that is closely associated with 
motor endplates. 

Sinclair 2 5 6 reported skin TrPs in 8 of 30 
healthy young adults. He found sharply 
circumscribed TrP areas while exploring 
the body by pinching the skin between the 
finger and thumb. He studied 18 skin TrPs 
intensively in 4 of these subjects and per
formed a skin biopsy. Generally, a sharp, 
stinging, moderately severe pain was re
ferred either locally or remotely to the skin 
from a cutaneous TrP. The area of referred 
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pain also showed modulation of sensation 
(referred tenderness or referred dysesthe
sia) by stimulation of the TrP. Some 
reference zones were within the same seg
mental distribution, but others had no seg
mental relation to their skin TrPs. 

Trommer and Gellman 2 8 1 reported seven 
patients in whom skin TrPs referred pain or 
numbness to other skin areas that were of
ten nearby, sometimes remote. The skin 
TrPs were found by pricking the skin with a 
needle, exploring for a sensitive spot that re
produced the patient's symptoms. In every 
case, the symptoms were relieved by re
peated intracutaneous injections, but only 
if they were made precisely at the skin TrP. 

These studies do not suggest a con
stancy in the referred pain patterns of cuta
neous TrPs like that observed for myofas
cial TrPs. Also, there was no indication in 
these reports, nor in our observations, that 
the reference zones of skin TrPs bear any 
relation to the reference zones of TrPs in 
underlying muscles. 

In our experience, scar TrPs (in skin or 
mucous membranes) refer burning, prick
ling, or lightning-like jabs of pain. De-
falque 4 9 reported using alcohol injection to 
treat TrPs in postoperative scars of 69 pa
tients, and 9 1 % of the patients experienced 
permanent cure or marked improvement. 
Such scar TrPs can often be inactivated by 
precise intracutaneous injection with 0.5% 
procaine solution. In refractory cases, the 
addition of a soluble steroid to the local 
anesthetic solution used for injection of the 
scar TrP can be effective. Bourne 2 2 injected 
the scar TrPs with triamcinolone acetonide 
and lidocaine hydrochloride. Travell simi
larly used dexamethasone sodium phos
phate with 0.5% procaine, injecting a few 
tenths of a milliliter at any one location. 

Nonmyofascial TrPs may also be found 
in fascia, ligaments, and joint capsules. 
Kellgren 1 4 9 demonstrated experimentally 
that fascial epimysium of the gluteus 
medius muscle referred pain several cen
timeters distally when injected with 0.1 ml 
of 6% saline solution, and that a tender 
spot in the tendon of the tibialis anterior, 
similarly injected, referred pain to the me
dial aspect of the ankle and instep. 

Travell2 6 9 reported that an acute sprain of 
the ankle was accompanied by the develop
ment of four TrPs in the joint capsule, each of 

which referred pain to the ankle and foot. 
Myofascial TrPs resulting from acute sprains 
of the knee, ankle, wrist and metacarpopha
langeal joint of the thumb have been re
ported to cause referred pain, which was at 
first elicited and then permanently relieved 
by injection of each TrP with physiologic 
saline. 2 6 8 2 7 7 Leriche 1 6 6 identified ligamentous 
TrPs following fracture or sprain; the TrPs re
sponded completely to 5 or 6 injections of a 
local anesthetic. Gorrell 1 0 0 reviewed the 
anatomy of the ankle ligaments and de
scribed a technique for the identification and 
injection of ligamentous TrPs at this joint. 

Kraus 1 5 9 briefly reviewed the literature 
on ligamentous TrPs and noted that they 
are easily localized for injection, which of
ten gives immediate pain relief and a 
postinjection soreness lasting up to 10 
days. Hackett 1 1 3 illustrated patterns of pain 
referred from the iliolumbar, sacroiliac, 
sacrospinal, and sacrotuberous ligaments; 
he recommended injection of a sclerosing 
agent, which was not widely accepted be
cause his technique caused too many com
plications. Dittrich 5 4 found TrPs in the 
aponeurosis of the latissimus dorsi muscle 
where it joins the lumbodorsal fascia; the 
TrPs referred pain to the shoulder region. 
Two authors, de Valera and Raftery 5 1 re
ported trigger areas in three pelvic liga
ments, the sacroiliac, sacrospinous and 
sacrotuberous, which, when strained, be
come tender to palpation, refer pain, and 
respond to injection with a local anesthetic. 

Tenderness at a musculotendinous junc
tion may be enthesopathy secondary to 
taut-band tension of a TrP in the muscle 
belly or may be a local tendinous TrP. 
Weiser 2 8 9 described point tenderness at the 
insertion of the semimembranosus muscle 
in 98 patients who complained of sponta
neous pain at the medial aspect of the knee. 
The pain was reproduced by local pressure 
or tension at that insertion site. Symptoms 
were relieved by injecting 2% lidocaine hy
drochloride with triamcinolone into the 
tender spot. Unless the clinician also exam
ines the muscle for taut bands and TrPs, it is 
not clear what is the cause of the tenderness 
and therefore how to prevent its recurrence. 

Kellgren 1 5 0 established an experimental 
basis for periosteal TrPs by demonstrating 
that the periosteum also can refer pain in 
response to injection of hypertonic saline, 
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just as the muscles do. Among 160 experi
ments designed to determine the nature of 
referred pain originating from deep tissues, 
Inman and Saunders 1 3 4 reported that nox
ious stimulation of the periosteum by 
scratching it with a needle, by injecting it 
with 6% salt solution, or by applying a 
measured pressure elicited severe referred 
pain that sometimes radiated for consider
able distances. Tenderness was referred to 
the muscles and bony prominences within 
the pain reference zone, as also happens 
with myofascial TrPs. Repeated stimula
tion of the same periosteal or ligamentous 
attachments consistently referred pain in 
the same direction, but the extent of radia
tion varied with the intensity of the stimu
lus. Unfortunately, the authors did not re
port the distribution of these specific 
periosteal referred pain patterns. Auto
nomic reactions to the stimulation, such as 
sweating, blanching, and nausea were fre
quently observed in the subjects. 

Clinically, the periosteum can be a potent 
source of referred pain. 1 0 7 Relief of this re
ferred pain may be obtained by injecting pe
riosteal TrPs, analogous to the relief obtained 
by injecting myofascial or cutaneous TrPs. 1 6 5 

Posttraumatic Hyperirritability Syn
drome. The term "posttraumatic hyperir
ritability syndrome" was introduced 1 3 5 , 2 3 7 

to identify a limited number of patients 
with myofascial pain who exhibit marked 
hyperirritability of the sensory nervous 
system and of existing TrPs. A similar syn
drome was described earlier by Margoles 
as the stress neuromyelopathic pain syn
drome.180 These patients may be sometimes 
identified as suffering from severe sudden-
onset fibromyalgia that is associated with 
physical trauma and myofascial TrPs. This 
syndrome follows a major trauma, such as 
an automobile accident, a fall, or a severe 
blow to the body that is apparently suffi
cient to injure the sensory modulation 
mechanisms of the spinal cord or brain 
stem. The patient has constant pain, which 
may be exacerbated by the vibration of a 
moving vehicle, by the slamming of a door, 
by a loud noise (a firecracker at close 
range), by jarring (bumping into something 
or being jostled), by mild thumps (a pat on 
the back), by severe pain (a TrP injection), 
by prolonged physical activity, and by 
emotional stress (such as anger). Recovery 

from such stimulation is slow. Even with 
mild exacerbations, it may take the pa
tients many minutes or hours to return to 
the baseline pain level. Severe exacerba
tion of pain may require days, weeks, or 
longer to return to baseline. These patients 
may have multiple TrPs which are not the 
primary cause of their condition, but 
which do contribute to their misery and re
quire special consideration in treatment 
because of the adverse consequences of 
strong sensory stimulation, especially 
pain. 

Patients with posttraumatic hyperirri
tability syndrome almost always give a his
tory of having coped well in life prior to the 
injury, having paid no more attention to 
pain than did their friends and family. They 
were no more sensitive to ordinary stimuli 
than other persons. From the moment of 
the initial trauma, however, pain suddenly 
became the focus of life. They must pay 
close attention to the avoidance of strong 
sensory stimuli; they must limit activity be
cause even mild to moderate muscular 
stress or fatigue intensifies the pain. Efforts 
to increase exercise tolerance may be self-
defeating. Such patients, who suffer 
greatly, are poorly understood and, through 
no fault of their own, are difficult to help. It 
may be worth considering an unconven
tional but knowledgeable approach, such 
as that of Goldstein, 9 8 for these patients. 

In patients with posttraumatic hyperirri
tability, the sensory nervous system behaves 
much as the motor system does when the 
spinal cord has lost supraspinal inhibition. 
With increased motor responsiveness, a 
strong sensory input of almost any kind can 
activate nonspecific motor activity (spasm) 
for an extended period of time. Similarly in 
patients with hyperirritability syndrome, a 
strong sensory input can increase the ex
citability of the nociceptive system for long 
periods. In addition, these patients may show 
lability of the autonomic nervous system 
with skin temperature changes and swelling 
that resolve with inactivation of regional 
TrPs. Since routine medical examination of 
hyperirritability syndrome patients fails to 
show any organic cause for their symptoms, 
they are often disposed of by assigning them 
a psychological or behavioral diagnosis. 

Any additional fall or motor vehicle acci
dent that would ordinarily be considered 
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minor can severely exacerbate the hyperirri
tability syndrome for years. Unfortunately, 
with successive traumas, the individual may 
become increasingly vulnerable to subse
quent trauma. A common finding is a series 
of relatively minor motor vehicle accidents 
or falls over a period of several years that cu
mulatively became severely incapacitating. 

Similar phenomena were subsequently 
described as the cumulative trauma disor
der30 and the jolt syndrome.01 

C. MUSCLE STRUCTURE AND 
FUNCTION 

To understand the nature of myofascial 
TrPs, it is necessary to understand several 
aspects of basic muscle structure and func
tion that are not usually emphasized. In 
addition to the material presented here, 
this subject is also treated in detail in 
Chapter 8 of a companion text. 1 9 1 

Muscle Structure and Contractile 
Mechanism 

A striated (skeletal) muscle is an assem
bly of fascicles, each of which is a bundle 
of roughly 100 muscle fibers (Fig. 2.5, fiber 
in upper panel). Each muscle fiber (a mus
cle cell) encloses approximately 1000-2000 
myofibrils in most skeletal muscles. A 
myofibril consists of a chain of sarcomeres 
connected serially, end-to-end. The basic 
contractile unit of skeletal muscle is the 
sarcomere. Sarcomeres are connected to 
each other by their Z lines (or bands) like 
links in a chain. Each sarcomere contains 
an array of filaments that consist of actin 
and myosin molecules which interact to 
produce the contractile force. The middle 
panel of Figure 2.5 shows a resting-length 
sarcomere with complete overlap of actin 
and myosin filaments (maximum contrac
tile force). During maximum shortening 
the myosin molecules impinge against the 
" Z " band blocking further contraction (not 
shown). The lower panel shows a nearly 
fully stretched sarcomere with incomplete 
overlap of actin and myosin molecules (re
duced contractile force). 

The myosin heads of a myosin filament 
are a form of the enzyme adenosine triphos
phatase that contacts and interacts with the 
actin to produce a contractile force. These 
contacts are seen through the electron mi
croscope as cross bridges between the actin 

and myosin filaments. Ionized calcium trig
gers the interaction between the filaments, 
and adenosine triphosphate (ATP) provides 
the energy. The ATP releases a myosin head 
from the actin after one power "stroke" and 
immediately "recocks" it for another cycle. 
The ATP is converted to adenosine diphos
phate (ADP) in the process. The presence of 
calcium immediately triggers another cycle. 
Many such power "strokes" are needed to 
produce the random rowing motion that is 
required of many myosin heads of many fil
aments to accomplish one smooth twitch 
contraction. 

In the presence of both free calcium and 
ATP, 1 9 7 the actin and myosin continue to in
teract, expending energy and exerting force 
to shorten the sarcomere. This interaction of 
actin and myosin, that produces tension and 
consumes energy, cannot happen if the sar
comeres are lengthened (the muscle 
stretched) until no overlap remains between 
the actin and the myosin heads. This has 
started to happen in the lower panel of Fig
ure 2.5, where the actin filaments are beyond 
the reach of half of the myosin heads (cross 
bridges). The contractile force that any one 
sarcomere can exert on activation depends 
strongly on its length. The force drops off 
rapidly as the sarcomere approaches maxi
mum or minimum length (fully stretched or 
fully shortened). Therefore, each sarcomere 
of a muscle can generate maximum force 
only in the midrange of its length but it can 
expend energy in the fully shortened posi
tion trying to shorten further. 

The calcium is normally sequestered in 
the tubular network of the sarcoplasmic 
reticulum (Fig. 2.5, upper panel, and Fig. 
2.6) that surrounds each myofibril. Calcium 
is released from the sarcoplasmic reticulum 
that surrounds each myofibril when a prop
agated action potential reaches it from the 
surface of the cell through " T " tubules (Fig. 
2.6). Normally, after it has been released, the 
free calcium is quickly pumped back into 
the sarcoplasmic reticulum. The absence of 
free calcium terminates the contractile ac
tivity of the sarcomeres. In the absence of 
ATP, the myosin heads remain firmly at
tached (failure to "recock") and the muscle 
becomes stiff as in rigor mortis. 

A well illustrated, more detailed de
scription of the entire contractile mecha
nism is available.3 
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Figure 2.5. Structure and contractile mechanism of 
normal skeletal muscle. The muscle is a bundle of fas
cicles (light red), each of which consists of striated 
muscle cells or fibers (fiber). One fiber contains on the 
order of 1000 myofibrils (fibril). The myofibril is sur
rounded by a network of saclike structure, the sar
coplasmic reticulum (sarcoplasmic reticulum). Insets: 
adenosine triphosphate (ATP) and free calcium (Ca+ +) 
activate the cross bridges of the myosin (shaded rods) 
to tug on the actin filaments (open rods). This pull 

brings the Z lines together and shortens the sarcom
ere, which is the source of the contractile force that 
shortens the muscle. The portions of the actin fila
ments in two sarcomeres that are adjacent to a Z line 
and are free of myosin filaments form an / band. The 
presence of myosin filaments determines the extent of 
the A band. The presence of only an A band in the ab
sence of an I band indicates maximum shortening 
(complete overlap of filaments). 
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Figure 2.6. One sarcomere shown schematically in 
longitudinal section that also shows a triad and sar
coplasmic reticulum in cross section (see Fig. 2.5 for 
orientation). The human sarcoplasmic reticulum is a 
tubular network that surrounds the myofibrils in a 
muscle fiber of skeletal muscle. It is the reservoir for 
calcium, which is normally released by action poten
tials that are propagated along the surface of the mus
cle cell (sarcolemma) and along the T-tubules (open 
circles), which are invaginations of the sarcolemmal 
membrane. The lower schematic portrays one sar
comere (the functional unit of skeletal muscle) that ex
tends from one Z-line to the next Z-line. The Z-line is 
where sarcomeres join to form a chain of interlaced 
links. The A band is the region occupied by myosin 
molecules (brush-like structures) and their projecting 
myosin heads. The I band includes a central Z-line 

where the actin molecular filaments (thin lines) attach 
to the Z-line and the I band includes as much of the 
actin filaments as are free of myosin cross bridges. 
The M line is produced by the overlapping interweav
ing tails of the myosin molecules, which head away 
from the M line in both directions. 

One triad (two terminal cisternae and one T tubule 
seen in red box) is shown in more detail in the upper 
schematic. The depolarization (that is caused by the 
action potential propagated along the T-tubule) is 
transferred through molecular feet to induce calcium 
release (red arrows) from the sarcoplasmic reticulum. 
Calcium (red dots) interacts with the contractile ele
ments to induce contractile activity, which continues 
until the calcium is pumped back into the sarcoplas
mic reticulum or until the ATP energy supply becomes 
depleted. 

The Motor Unit 

Motor units are the final common path
way through which the central nervous 
system controls voluntary muscular activ
ity. Figure 2.7 schematically illustrates a 
motor unit, which consists of the cell body 
of an a-motoneuron in the anterior horn of 
the spinal cord, its axon, (which passes 
through the spinal nerve and then through 
the motor nerve and enters the muscle 
where it branches to many muscle fibers), 

and the multiple motor endplates where 
each nerve branch terminates on one mus
cle fiber (cell). The motor unit includes all 
of those muscle fibers innervated by one 
motoneuron. In summary, a motor unit in
cludes one a-motoneuron and all of the 
muscle fibers that it supplies. Any one 
muscle fiber normally receives its nerve 
supply from only one motor endplate and 
therefore only one motoneuron. The mo
toneuron determines the fiber type of all of 
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Muscle nerve 

Figure 2.7. Schematic of a motor unit. The motor unit 
includes the cell body of a motor neuron, its axon, all 
its arborizations, and the muscle fibers that it supplies 
(usually about 500). In human skeletal muscle, each fi
nal arborization terminates at one motor endplate 

(solid black circle). Approximately 10 motor units in-
terdigitate at any one location so that one axon sends 
a branch to approximately every tenth muscle fiber. 

the muscle fibers that it supplies. In pos
tural and limb muscles, one motor unit 
supplies between 300 and 1500 muscle 
fibers. The smaller the number of fibers 
that are controlled by individual motoneu
rons of a muscle (smaller motor units), the 
finer is the motor control in that muscle. 

When the cell body of a motor neuron in 
the anterior horn initiates an action poten
tial, the potential propagates along the 

nerve fiber (axon) through each of its ar
borizations to the specialized nerve termi
nal that helps to form the neuromuscular 
junction (motor endplate) on each muscle 
fiber. On arrival at the nerve terminal, the 
electrical action potential is relayed chem
ically across the synaptic cleft of the neu
romuscular junction to the postjunctional 
membrane of the muscle fiber. There the 
message again becomes an action potential 
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Anterior horn 
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that propagates in both directions to the 
ends of the muscle fiber, causing the fiber to 
contract. The nearly synchronous firing of 
all the muscle fibers innervated by one neu
ron produces a motor unit action potential. 

One motor unit of a human limb muscle 
usually spans a territory 5-10 mm in diam
eter.2 9 The diameter of one motor unit in 
the biceps brachii muscle can vary from 
2-15 mm. This allows space for the inter
mingling of the fibers of approximately 15-
30 motor units. Both EMG and glycogen-
depletion studies show that the density of 
muscle fibers supplied by one neuron is 
greater in the center of the motor unit terri
tory than toward its periphery. 2 9 Two re
cent studies of the diameter of masseter 
motor units reported mean values of 8.8 
±3 .4 mm 1 8 5 and 3.7 ±2 .3 mm, 2 6 7 the latter 
ranging between 0.4 mm and 13.1 mm. De
tailed three-dimensional analysis of the 
distribution of fibers in five motor units of 
cat tibialis anterior muscles showed some 
marked variations in diameter throughout 
the length of a motor unit. 2 2 2 Thus, the size 
of a taut band, if it were produced by only 
one motor unit, could vary greatly and 
could have more or less sharply defined 
borders depending on the uniformity of 
muscle fiber density within that motor 
unit. A similar variability could result from 
the involvement of selected muscle fibers 
of several interdigitating motor units. 

The Motor Endplate Zone 

The motor endplate is the structure that 
links a terminal nerve fiber of the motoneu
ron to a muscle fiber. It contains the 
synapse where the electrical signal of the 
nerve fiber is converted to a chemical mes
senger (acetylcholine [ACh]) which in turn 
initiates another electrical signal in the cell 
membrane (sarcolemma) of the muscle 
fiber. 

The endplate zone is the region where 
motor endplates innervate the fibers of the 
muscle. This region is now known as the 
motor point. 1 5 3 The motor point is identi
fied clinically as the area where a visible or 
palpable muscle twitch can be elicited in 
response to minimal surface electrical 
stimulation. Originally the motor point 
was erroneously thought to represent the 
hilar region where the motor nerve enters 
the muscle. 4 

Location of Motor Endplates 

Understanding the location of motor 
endplates is very important for the clinical 
diagnosis and management of myofascial 
TrPs. If, as appears to be the case, the 
pathophysiology of TrPs is intimately asso
ciated with endplates, one would expect to 
find TrPs only where there are motor end
plates. Endplates in nearly all skeletal 
muscles are located near the middle of 
each fiber, midway between its attach
ments. This principle in human muscles 
was illustrated schematically (Fig. 2.8) by 
Coers and Woolf, 4 4 who were outstanding 
pioneers in the study of motor endplates. 
Aquilonius, et al.5 presented a detailed 
analysis of the location of endplates in the 
human adult biceps brachii, tibialis ante
rior and sartorius muscles. Christensen 3 6 il
lustrated the midfiber distribution of end
plates in stillborn infants in the opponens 
pollicis, brachioradialis, semitendinosus 
(two transverse bands of endplates), biceps 
brachii, gracilis (two distinct transverse 
bands), sartorius (scattered endplates), tri
ceps brachii, gastrocnemius, tibialis ante
rior, opponens digiti quinti, rectus femoris, 
extensor digitorum brevis, cricothyroid, 
and deltoid muscles. 

As the above illustrations show, the 
principle applies regardless of the fiber 
arrangement of the muscle. For that reason, 
knowledge of the arrangement of fibers in a 
muscle is essential to understanding the 
arrangement of the endplates within that 
muscle and, therefore, where one can ex
pect to find TrPs. Fiber arrangements of 
muscles include: parallel, parallel with 
tendinous insertions, fusiform, fusiform 
with two bellies, unipennate, bipennate, 
multipennate, and spiral (Fig. 2.9). 

Among skeletal muscles, there are at 
least four kinds of exceptions to the general 
guideline that there is one endplate zone lo
cated in the midbelly region of the muscle. 

1. Several human muscles, including the 
rectus abdominis, the semispinalis capi
tis, and the semitendinosus have in
scriptions dividing the muscle into ser
ial segments each of which has its own 
endplate zone, as illustrated in murine 
muscles in Figure 2.10A, B, C, and E. In 
comparison, Figure 2.10D and F show 
the usual endplate arrangement. 
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Figure 2.8. Location of endplates in human skeletal 
muscles of different structure. The red lines represent 
muscle fibers; the black dots represent motor end
plates of those fibers and the black lines represent 
aponeurotic attachments. Endplates are consistently 
found in the midregion of each muscle fiber. A, linear 
endplates in muscle with short fibers that are arranged 
between parallel aponeuroses, as seen in the gastroc
nemius muscle. B, loop arrangement of endplates in 

circumpennate (feather-like) arrangement of muscle 
fibers in the flexor carpi radialis, and palmaris longus. 
C, sinuous arrangement of endplates in middle deltoid 
muscle fibers that have a complex pennate configura
tion. (Adapted with permission from Coers C. Contri
bution a I'etude de la jonction neuromusculaire. II. 
Topographie zonale de I'innervation motrice terminale 
dans les muscles stries. Arch Biol Paris 64.-495-505, 
1953.)42 

C 

A B 
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Figure 2.9. Parallel and fusiform fiber arrangements length for all of its fibers. See Figure 2.8 to see how 
provide greater length change at the expense of force, the location of motor endplates would relate to these 
Pennate arrangements provide more force at the ex- various fiber arrangements. (Adapted with permission 
pense of length change. Note that the attachments of from Clemente CD. Gray's Anatomy of the Human 
muscle fibers in each muscle provide nearly equal Body. 30th ed. Philadelphia: Lea & Febiger, 1985:429.) 
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Figure 2.10. Photomicrographs and schematic draw
ings showing the location of endplates in mouse skele
tal muscles based on the study by Schwarzacher us
ing the cholinesterase stain technique of Koelle 
modified by Coers to emphasize motor endplates.231 In 
the computer-generated schematics (C, E, F), red 
lines represent muscle fibers; black dots represent 
motor endplates of those fibers and black lines repre
sent muscle fiber attachments either directly to bone or 
to an aponeurosis. A is a photomicrograph and B is the 
published schematic drawing made from it of the gra

cilis posterior muscle. C is the computer-generated 
version of B for comparison. This muscle shows two 
bands of endplates. D, photomicrograph of the di
aphragm showing the endplate zone running mid
way between the ends of the muscle fibers. 
E, schematic of endplate arrangement in the semi
tendinosus muscle and F, in the gluteus maximus mus
cle. (Photomicrographs reproduced with permission 
from Schwarzacher VH. Zurlage der motorischen end-
platten in den skeletmuskeln. Acta Anat 30:758-774, 
1957. Schematics were derived from the same source.) 

F E 

A B C D 
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2. The human sartorius muscle has end
plates scattered throughout the muscle. 
The endplates supply parallel bundles 
of short fibers that interdigitate through
out the length of the muscle with no 
well defined endplate zone. 4 4 The hu
man gracilis is described by one author 3 6 

as having two transverse endplate zones 
like the semitendinosus, but as having 
multiple interdigitating fibers with a 
scattered endplate distribution like the 
sartorius by others. 4 4 This interdigitat
ing configuration is unusual in human 
skeletal muscles and the endplate 
arrangement in these two muscles may 
be highly variable among individuals. 

3. A review of compartmentalization 
within a muscle 6 2 emphasized that each 
compartment is isolated by a fascial 
plane. A separate branch of the motor 
nerve innervates the endplate zone of 
each compartment. Each compartment is 
also functionally distinct. Examples 
given are the proximal and distal parti
tions of the extensor carpi radialis longus 
and the distal partitions of the flexor 
carpi radialis muscle. The masseter mus
cle also shows evidence of motor unit 
compartmentalization.1 8 5 Relatively few 
human muscles have been studied for 
this feature. It may be quite common. 

4. The gastrocnemius muscle is an example 
of the arrangement of muscle fibers that 
increases strength by reducing range of 
motion. The fibers are strongly angulated 
so that one individual fiber is only a small 
percent of the total muscle length. Conse
quently the endplate zone runs centrally 
down most of the length of each compart
ment of the muscle. An example of this 
arrangement is shown in Figure 2.8A. 

Figure 2.11 schematically portrays two 
motor endplates and the small neurovascu
lar bundles that cross the muscle fibers as the 
terminal axons supply motor endplates.6 0 

The linear arrangement of endplates that fol
lows the path of such a neurovascular bun
dle is oriented across the direction of the 
muscle fibers.544 The neurovascular bundle 
includes nociceptor sensory nerves and au
tonomic nerves that are closely associated 
with these blood vessels. The close proxim
ity of these structures to motor endplates is 

important for understanding the pain and 
autonomic phenomena associated with TrPs. 

Neuromuscular Junction 

Different species have different topo
graphical arrangements of the nerve termi
nal at an endplate. The frog has extended 
linear synaptic gutters. Rats and mice have 
a variation in which the gutters are curled 
and convoluted as illustrated in Figure 
2.11. Figure 2.12 shows the usual human 
arrangement. Cholinesterase stain of an 
endplate (Fig. 2.12A) clearly shows multi
ple more or less separate groups of synap
tic clefts. With sufficient separation, this 
arrangement might effectively function as 
multiple small synapses, which could ac
count for multiple sets of spikes originat
ing from one active locus in one muscle 
fiber (see Section D). Figure 2.12B is a 
schematic of this human endplate arrange
ment seen in cross section. 

The neuromuscular junction is a synapse 
which, like many in the central nervous sys
tem, depends on ACh as the neurotransmit
ter. The basic structure and function of a 
neuromuscular junction is presented sche
matically in Figure 2.13. The nerve terminal 
produces packets of ACh. This process con
sumes energy that is largely supplied by mi
tochondria located in the nerve terminal. 

The nerve terminal responds to the ar
rival of an action potential from the a-mo
toneuron by the opening of voltage-gated 
calcium channels. These channels allow 
ionized calcium to move from the synaptic 
cleft into the nerve terminal. The channels 
are located on both sides of the specialized 
portion of the nerve membrane that nor
mally releases packets of ACh in response 
to ionized calcium. 

The simultaneous release of many pack
ets of ACh quickly overwhelms the barrier 
of cholinesterase in the synaptic cleft. Much 
of the ACh then crosses the synaptic cleft to 
reach the crests of the folds of the postjunc
tional membrane of the muscle fiber where 
the ACh receptors are located (Fig. 2.13). 
However, the cholinesterase soon decom
poses any remaining ACh, limiting its time 
of action. The synapse can now respond 
promptly to another action potential. 

The normal random release of individ
ual packets of ACh from a nerve terminal 
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Figure 2.11. Sketch overview of two mammalian mo
tor endplates and the neurovascular bundle associ
ated with them. The nerve terminals of a motor axon 
are twisted into a compact neuromuscular junction 
that is imbedded into the slight elevation of the end
plate region on the muscle fiber. The motor nerve 
fibers are accompanied by sensory nerve fibers and 
blood vessels. Autonomic nerves are found in close 
association with these small blood vessels in muscle 
tissue. Action potentials recorded at the endplate re
gion of a muscle fiber show an initially negative de
flection. Beyond a very short distance to either side of 

the endplate on the right, the action potentials of that 
fiber have a positive-first deflection. This is one way of 
localizing motor endplates electromyographically. The 
action potential configurations at the bottom of the 
figure correspond to the waveforms that would be 
recorded at various locations along the foreground 
muscle fiber. (Adapted with permission from Figure 5 
of Salpeter MM. Vertebrate neuromuscular junctions: 
General morphology, molecular organization, and 
functional consequences. In: Salpeter MM, ed. The 
Vertebrate Neuromuscular Junction. New York: Alan 
R. Liss, Inc., 1987:1-54.)225 

produces well separated individual minia
ture endplate potentials. These individual 
miniature endplate potentials are not prop
agated and die out quickly. On the other 
hand, the mass release of ACh from nu
merous vesicles in response to an action 
potential arriving at the nerve terminal de
polarizes the postjunctional membrane 
enough for it to reach its threshold for ex
citation. This event initiates an action po
tential that is propagated by the surface 

membrane (sarcolemma) throughout the 
muscle fiber. 

Muscle Pain 
The current understanding of the neuro

physiology of muscle pain is a subject that 
requires a separate book for adequate cov
erage. 1 9 1 The subject was summarized in 
1993 , 1 8 8 1 8 9 and updated . 1 9 0 8 2 4 0 

In brief outline, several endogenous sub
stances are known to sensitize muscle no-
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Figure 2.12. Structure of a motor endplate. Photomi
crograph of the subneural apparatus and a schematic 
cross section of the terminal arrangement in human 
muscle. A, Photomicrograph of human endplate re
gion, stained by a modified Koelle's method to reveal 
cholinesterase, shows the multiple groups of discrete 
synaptic clefts of the subneural apparatus. This termi
nal motor nerve ending of one endplate shows 11 dis
tinct round or oval couplets. This structural form is 
distinctly different than the tortuous and plexiform ter
minals in rats and mice. (Reproduced with permission 
from Coers C. Structural organization of the motor 
nerve endings in mammalian muscle spindles and 
other striated muscle fibers. In: Bouman HD, Woolf 
AL, eds. The Innervation of Muscle. Baltimore: 
Williams & Wilkins, 1960:40-49.)43 

B, Schematic of cross section through the motor end
plate region. This unmyelinated terminal nerve ends in 
six terminal expansions (black globules). Each termi
nal expansion has its own synaptic gutter and system 
of postsynaptic folds. The dotted lines represent the 
Schwann cell extension that attaches to the sar-
colemmal membrane of the muscle cell and isolates 
the content of the synaptic cleft from the extracellular 
milieu. The vertical parallel lines represent the stria-
tions (Z lines) of the muscle fiber. (Reproduced with 
permission from Coers C Contribution a I'etude de la 
jonction neuromusculaire. Donnees nouvelles concer-
nant la structure de I'arborisation terminale et de I'ap-
pareil sousneural chez I'homme. Arch Biol Paris 
64:133-147, 1953.)41 

Figure 2.13. Schematic cross section of part of a neu
romuscular junction, which transmits a nerve action 
potential across the synapse via a chemical messen
ger so it becomes a muscle action potential. In re
sponse to an action potential propagated down the 
motor nerve, the synaptic membrane of the nerve ter
minal opens voltage-gated calcium channels, allowing 
an influx of calcium from the synaptic cleft (small red 

up arrows). This calcium causes the release of many 
packets of acetylcholine (ACh) into the synaptic cleft 
(larger down arrows). Receptors specific for ACh de
polarize the postsynaptic membrane of the muscle 
fiber sufficiently to open sodium channels deep in the 
folds of the postjunctional membrane. Sufficient de
polarization of these sodium channels initiates a prop
agated action potential in the muscle fiber. 

Calcium 
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ciceptors. They include bradykinin, E-type 
prostaglandins, and 5-hydroxytryptamine, 
which, in combination, can potentiate sen
sitization effects. The release of prosta
glandins from nearby sympathetic fibers by 
noradrenalin may influence the TrP mech
anism at the endplate. There is evidence 
that prostaglandin-induced sensitization of 
nociceptors is mediated by cyclic adeno
sine monophosphate (cyclic AMP). Other 
factors known to enhance sensitization lo
cally are increases in hydrogen ion con
centration (Ph decreased to 6.1), and sub
stance P. 1 8 8 Peripheral sensitization of 
nociceptors would be responsible for local 
tenderness to pressure and most likely also 
for referred pain. Which of these, or other 
substances, are responsible for sensitizing 
nociceptors in the region of active loci of 
TrPs is not known at this time, but this is
sue offers a fertile field for research inves
tigation that may involve drugs. 

Several phenomena occurring at the 
spinal cord level can be related to referred 
pain. Experiments monitoring the response 
of a dorsal horn cell to deep-tissue (includ
ing muscle) stimulation can establish the 
location and extent of the receptive field(s) 
of that neuron. Injection of a pain-inducing 
substance into the muscular receptive field 
of a nociceptor neuron can result in the ap
pearance of additional receptive fields in 
that l imb. 1 2 1 This phenomenon is attributed 
to the "awakening" of "sleeping" nocicep
tive pathways in the spinal cord. The sensi
tivity of the original nociceptive-only dor
sal horn cells can increase enough to 
become responsive to more gentle, nonno-
ciceptive stimuli. Similar phenomena can 
be observed when the noxious substance is 
injected into another muscle in the same 
limb but outside of the original receptive 
field.121190 

Inputs from several tissues to one sen
sory lumbar spinal neuron are common. In 
a study of cats, 9 5 most of the 188 units stud
ied (77%) were hyperconvergent and re
sponded to nociceptive input from two or 
more deep tissues: facet joints, periosteum, 
ligaments, intervertebral disc, spinal dura, 
low back/hip/proximal leg muscles and 
tendons. Most of these units (93%) also had 
a cutaneous nociceptive site. 9 5 This finding 
corresponds to the clinical experience that 

low back and referred leg pain are neither 
well localized nor attributable to a specific 
tissue without additional information. 

The overwhelming majority of dorsal 
horn cells that have visceral input also 
have a somatic input that is nociceptive. 3 3 

As one becomes more aware of the ubiqui-
tousness of referred pain, both neurophys-
iologically and clinically, it becomes ap
parent that a patient's pain is likely to be 
referred from a site other than the location 
of the original pain complaint. It is un
likely that branching of primary afferent 
fibers is responsible for referred pain ex
cept in rare instances. 1 9 0 

An awareness of neuroplastic changes 2 9 6 

in the central nervous system is a relatively 
new and fundamental development with 
profound clinical implications. An acute 
nociceptive input can induce prolonged 
changes in the processing of nociceptive 
signals in the central nervous system that 
involves both functional and structural 
changes. Neurophysiological evidence of 
the "wind-up" of neuronal activity has re
cently been summarized by Yaksh and 
Abram. 2 9 5 More prolonged nociceptive in
put can induce more long-lasting changes 
that may not be reversible with time alone. 

Yu and colleagues 2 9 6 have shown neuro
plastic sensitization of sensory nerves that 
increased responsiveness to stimulation in 
cutaneous and in deep receptive fields of 
muscle by injecting a temporarily noxious 
(painful) substance (mustard oil) into the 
tongue muscle of anesthetized rats. Nox
ious stimulation of one muscle influenced 
the responsiveness of another muscle to 
stimulation. 

Much of the suffering from chronic pain 
is preventable if the acute pain is controlled 
promptly and effectively. Clinical exam
ples of the importance of this principle are 
increasing rapidly. Specifically with regard 
to myofascial TrPs, Hong and Simons 1 2 7 

demonstrated that the length of treatment 
required for patients who had developed a 
pectoralis myofascial TrP syndrome as the 
result of whiplash injury was directly re
lated to the length of time between the ac
cident and the beginning of TrP therapy. 
With longer initial delay, more treatments 
were required and the likelihood of com
plete symptom relief decreased. 
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The use of local analgesia at the time of 
surgery to prevent nociceptive signals from 
reaching the spinal cord is helpful, 2 9 5 but is 
more effective if combined with meticu
lous post- surgical pain control. The con
cept of preventive analgesia has been ap
plied successfully by blocking pain from 
the TrP with preinjection blocks prior to a 
TrP in ject ion. 7 6 7 8 Katz, et al.1*8 showed that 
preventing acute surgical pain, in turn, 
prevented progression to chronic pain and 
that there was a direct relation between the 
severity of acute postoperative pain and 
the severity of subsequent chronic postop
erative pain. 

Recent investigations show that differ
ent areas of the brain become activated in 
response to an experimentally induced 
acute pain as compared to chronic neuro
pathic pain. 1 3 0 Neuropathic pain shows by 
positron emission tomography a striking 
preferential activation of the right anterior 
cingulate cortex (Brodman area 24), regard
less of the side of the painful mononeu-
ropathy. Activation of this region of the 
brain is associated with emotional distress 
(suffering). Acute pain activates both mo
tor and sensory portions of the cortex pro
ducing a cognitive and motor behavioral 
experience rather than an emotional expe
rience. These findings emphasize the im
portance of the affective-motivational di
mension in chronic ongoing neuropathic 
pain that is not involved in acute pain. 
Chronic pain causes suffering that is 
processed differently in the brain than is 
the experience of acute pain. These neuro-
physiological facts emphasize the impor
tance to the patient and to the health care 
delivery system of preventing chronic pain 
and properly interpreting patients' de
scriptions and behavior. Newly-activated 
myofascial TrPs that are poorly identified 
and poorly managed can become a major 
unnecessary cause of expensive, misery-
producing chronic pain. 

D. NATURE OF TRIGGER POINTS 
Trigger points have been difficult to un

derstand because there has been no 
method of studying them electrophysiolog-
ically, and those investigating pathology 
were looking for characteristic histological 
changes distributed uniformly throughout 

the TrP or palpable nodule. Adding to the 
problem, differences in terminology often 
made it difficult to know whether or not 
different investigators were examining pa
tients with basically the same medical con
dition but identifying it by different names 
that emphasized similar but somewhat dif
ferent diagnostic aspects. 

Our current understanding of TrPs results 
from the convergence of two independent 
lines of investigation, one electrodiagnostic 
and the other histopathological. Fitting to
gether the lessons from each leads to an Inte
grated Hypothesis that appears to explain the 
nature of TrPs. It is now becoming clear that 
the region we are accustomed to calling a TrP 
or a tender nodule is a cluster of numerous 
microscopic loci of intense abnormality that 
are scattered throughout the nodule. The TrP 
is like a nest of hornets that contains multi
ple minute sources of intense trouble. The 
critical TrP abnormality now appears to be a 
neuromuscular dysfunction at the motor 
endplate of an extrafusal skeletal muscle 
fiber, in which case myofascial pain caused 
by TrPs would be a neuromuscular disease. 
This section reviews the research data that 
provides the basis for this concept. 

Electrodiagnostic Characteristics of 
Trigger Points 

The basis for the electrodiagnostic ap
proach to the study of TrPs was anticipated 
by Weeks and Travell in 1957 2 8 8 when they 
reported and illustrated that TrPs in the 
resting trapezius muscle exhibited a series 
of high frequency spike-shaped discharges 
while at the same time adjacent sites in this 
muscle were electrically silent. Unfortu
nately, this observation was not effectively 
pursued. In 1993, Hubbard and Berkoff 1 3 3 

reported similar electrical activity as being 
characteristic of myofascial TrPs. Their pa
per, like the previous 1957 report, called 
attention only to high-amplitude (>100 u.V) 
spike potentials as being characteristic of 
TrPs. Hubbard and Berkoff hypothesized 
that the source of the electrical activity was 
abnormal muscle spindles and rejected the 
possibility that the potentials might be 
coming from extrafusal motor endplates. 

When Simons, Hong, and Simons started 
to investigate the electrical activity in TrPs 
described by Hubbard and Berkoff, 1 3 3 they 
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Figure 2.14. Typical recording of the spontaneous 
electrical activity (SEA) and spikes recorded from an 
active locus of a trigger point at two different sweep 
speeds. A, recording at the same slow sweep speed 
of 100 msec/div used by Hubbard and Berkoff133 to re
port this electrical activity. Only spikes of unknown ini
tial polarity are identifiable. B, a similar amplification 

but a ten-times higher sweep speed of 10 msec per 
division that was used in subsequent studies by oth
ers2 4 8' 2 5 0 who also have observed the low amplitude 
noise component as well as the polarity of initial de
flection of the spikes from active loci. This additional 
information is of critical importance for understanding 
the source and nature of these potentials. 

employed a five-fold higher amplification 
and ten- fold increase in sweep speed for 
their recordings. It was immediately appar
ent that there were two significant compo
nents to the electrical activity. In addition 
to the intermittent and variable high-ampli
tude spike potentials, there was a consis
tently present, lower amplitude (maximum 
of about 60 u.V) noise-like component. 

Figure 2.14A shows the electrical activ
ity that Simons, Hong, and Simons 2 4 8 

recorded at the same slow speed that Hub
bard and Berkoff reported. Only spikes are 
distinguishable in this record and the po
larity of their onset is not identifiable. Fig
ure 2.14B presents similar electrical activ
ity recorded at the same amplification but 
with a ten-fold increase in sweep speed. In 
this record, the noise-like low-amplitude 
potentials are clearly apparent and distin
guishable from the spike activity, and the 
negative polarity of the initial deflection of 
each spike potential is clearly evident. 

To deal with the potential terminology 
confusion inherent in this situation, the 
three investigators adopted the noncom
mittal term spontaneous electrical activity 
(SEA) to identify this noise-like compo
nent. 2 4 8 Since spikes only, SEA only, or 
both components might appear from one of 
these minute needle sites, the neutral term 

active locus was adopted to identify such a 
site of electrical activity. These three au
thors used the same kind of needle and the 
same slow insertion technique reported by 
Hubbard and Berkoff. 

In time, it became increasingly apparent 
to the three investigators with the help of S. 
Mense, that the potentials found at the active 
loci of TrPs corresponded completely to the 
potentials that are recognized by elec-
tromyographers as normal motor endplate 
potentials. However, they did not conform to 
the miniature endplate potentials described 
by physiologists. Electromyographers iden
tify the low-amplitude component (like SEA 
of TrPs) as endplate noise and the high-am
plitude spike component as endplate 
spikes. 1 5 3 The similarity can be seen by com
paring Figures 2.14B and 2.15B. The end
plate potentials in Figure 2.15 are presented 
as normal endplate activity in a current elec
trodiagnostic textbook.1 5 3 This interpretation 
is based on the study reported by Wieder-
holt. 2 9 1 At this point, it became necessary for 
the three investigators to resolve what ap
peared to be the incompatible "facts" that the 
SEA and spikes characteristic of active loci 
in symptom-producing TrPs were generally 
considered to be normal endplate activity. 

Spontaneous Electrical Activity. To re
liably identify SEA of TrPs electromyo-
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cal potentials identified as normal endplate activity of 
the tibialis anterior muscle and published in a current 
textbook of electrodiagnosis.153 Recordings are at the 
higher sweep speed of 10 ms per division. A, endplate 
spikes recorded at low amplification; the relatively 
low-amplitude noise-like component is barely appar-

endplate activity showing both the continuous end
plate noise and occasional spikes. (Reprinted with 
permission from Kimura J. Electrodiagnosis in Dis
eases of Nerve and Muscle, Vol. 2. Philadelphia: F.A. 
Davis, 1989.) 

graphically, it is necessary to use a relatively 
high amplification (20 U. V/division) and fast 
sweep speed (10 msec/division). If the nee
dle examination is conducted using the 
thrust technique normally employed by 
electromyographers, the examiner is likely 
to pass an active locus without recognizing 
it or to elicit a local twitch response instead 
of finding SEA. A very gentle insertion tech
nique is required that includes back and 
forth rotation of the needle between the 
thumb and finger as it is slowly advanced. 
On these higher-amplification records, the 
peak amplitudes of spikes are often off scale 
but their presence is unmistakable and the 
polarity of their initial deflection from the 
baseline is observable in detail. 

The SEA presented here was recorded 
with the commonly used, disposable, 
teflon-coated, monopolar EMG needle. The 
exposed tip of this needle is relatively 
large compared to the diameter of a mus
cle fiber or of the endplate region of a mus
cle fiber. Figure 2.16 shows the relative 
size of the needle and muscle fibers. The 
exposed tip of a needle was approximately 
0.45 mm (450 u,m) long. The mean diame
ter of normal muscle fibers varies with 
fiber type ranging from 41 to 59 u,m.57 

Therefore, either side of the exposed tip 
would contact approximately 9 muscle 
fibers of 50 |xm diameter. 

One should not expect to record normal 
miniature endplate potentials with such a 
large needle. However, the SEA of an active 
locus is a different matter. Individual 
miniature endplate potentials have been 
very difficult to detect extracellularly using 
a microelectrode 6 7 because of the minute 
source and because their potentials are 
propagated such a short distance along the 
outer surface of the postjunctional mem
brane, and because the potentials reappear 
so infrequently at any one location. 

On the other hand, if excessive ACh re
lease induces greatly increased and contin
uous electrical activity that produces a 
contraction knot (see p. 69, Fig. 2.24), the 
resultant higher-voltage endplate poten
tials would be more readily detectable 
with the relatively large needle electrode, 
and much of the endplate region would 
likely be active continuously (not active 
intermittently at a few isolated minute lo
cations). The double-size, contraction knot 
region would increase the target size that 
could now be 100 u,m or more in diame-
ter. 214, 253 

Evidence indicates that the SEA may be 
present spontaneously regardless of the 
presence of the EMG needle. Since the nee
dle is carefully advanced slowly and 
smoothly, it usually evokes very few, small 
insertion potentials. As the needle slowly 
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Figure 2.16. Schematic that shows the relative size of 
the exposed tip of a standard teflon-coated elec
tromyographic needle as compared to normal muscle 
fibers. Muscle fibers are generally about 50 u,m in di-

100p 

ameter. The exposed needle tip (without the teflon 
coating) can extend about 450 u.m and therefore 
could be in contact with approximately 18 muscle 
fibers, counting both sides of the needle. 

advances through the TrP region in this 
electrically quiet background, the examiner 
occasionally hears a distant rumble of noise 
that swells to full SEA dimensions as the 
needle continues to advance. This "acquisi
tion" of SEA at an active locus in a TrP is il
lustrated in Figure 2.17A and presents a 
record of the needle approaching the im
mediate vicinity of the SEA. The transition 
represents a fraction of a millimeter of nee
dle displacement. Sometimes the SEA can 
be increased or decreased by simply apply
ing gentle side pressure to the hub of the 
EMG needle. The distance of the needle 
from the discrete source of the electrical ac
tivity can be that critical. 

Early in the study of the electrical activ
ity found at active l o c i , 2 4 8 , 2 5 0 the investiga
tors needed to test whether or not active 
loci were located at motor endplates. Fig
ure 2.17B shows a recording of a voluntary 
motor unit action potential and illustrates 
one strong indication that SEA originated 
at a motor endplate. Buchthal, et al.27 

showed that a biphasic motor unit poten
tial with an initial negative deflection fol
lowed by a rapid rate of rise indicates that 
the recording needle is close to (within 1 
mm of] the origin of the action potential (a 
motor endplate). The trace in the lower box 
of Figure 2.17B shows the regular firing 
pattern of one voluntarily recruited motor 
unit. The upper trace in the upper box of 
Figure 2.17B presents in detail the action 
potential that is shown between the + 
marks in the lower trace. It has the intitial 
negative deflection followed by rapid rise 
to peak negative voltage and the biphasic 
waveform characteristic of a motor unit ac
tion potential recorded at its origin, the 
motor endplate. 2 7 This potential was 
recorded at the site of a trigger point active 
locus. The lower trace of the upper box in 
Figure 2.17B was recorded from an adja
cent control site about 1 cm away. Its wave
form (a triphasic potential without a sharp 
spike) shows that the recording needle was 
not located at the origin of that electrical 

Copyrighted Material



Chapter 2 / General Overview 61 

Figure 2.17. Two examples of electrical activity 
recorded at active loci in trigger points. A, The slow 
sweep-speed, 1 second recording in the lower box 
obtained as the needle approached an active locus 
shows the quiet baseline becoming increasingly ac
tive due to endplate noise (spontaneous electrical ac
tivity) at the same time that the investigators heard a 
corresponding development of a noise-like (seashell) 
sound. The last 0.1 sec of that record from the search 
needle is displayed at increased amplification and ten 
times the sweep speed in the upper trace of the up
per box in A. It shows typical spontaneous electrical 
activity of approximately 20 u.V amplitude. The lower 
trace of the upper box displays the quiet baseline pre
sent throughout this record that was simultaneously 
recorded from a control needle at a site near to, but 
outside of, the trigger point. 

B, The 1 second recording in the lower box of B 
displays repetitive discharges of 1 motor unit recorded 
from an endplate location found by the appearance of 
spontaneous electrical activity of a trigger point active 
locus. The motor unit activity is in response to the 
subject performing (on request) a minimal voluntary 

contraction of the muscle. The upper trace in the up
per box of B displays in detail (at 2.5 times the ampli
tude and 10 times the sweep speed) the sixth action 
potential in the lower box. The abrupt initially negative 
diphasic spike of this upper trace indicates that the 
recorded potential originated within a few microme
ters of the search needle, which means it had to be 
that close to the motor endplate. The lower trace of 
the upper box of B was recorded from an adjacent 
control site in the endplate zone but out of the trigger 
point and shows a triphasic, rounded, initially negative 
deflection of longer duration from different muscle 
fibers of the same motor unit. This potential did not 
originate at a motor endplate. That both potentials 
came from the same motor unit was confirmed by a 
constant time relationship in all nine repetitions of 
them throughout the 1 second record. This experi
ment illustrates how one can establish independently 
the presence of an endplate in the absence or pres
ence of spontaneous electrical activity. The finding 
supports the concept that the spontaneous electrical 
activity observed in a trigger point active locus arises 
in the immediate vicinity of, or from, a motor endplate. 

activity. However, it is a simultaneous 
recording from another fiber (or fibers) of 
the same motor unit. The potential in the 
upper trace was recorded from the site of 
an active locus originating within a mil
limeter or less from a motor endplate. This 
kind of single-fiber potential, voluntarily 
recruited and originating at an active locus, 
was a consistent finding. Frequently, when 
the subjects initiated a gentle voluntary 
contraction, they first recruited only the 
same motor unit that included the muscle 
fiber that was exhibiting SEA. This indica
tion of selective recruitment needs to be 
studied quantitatively in a controlled re

search experiment. A confirmatory result 
would indicate that the motor neurons 
with dysfunctional endplates are more ex
citable than others. 

The issue of whether the endplate po
tentials now recognized by electromyogra-
phers as endplate noise arise from normal 
or abnormal endplates is critical and ques
tions conventional belief. Figure 2.18 illus
trates the difference between normal min
iature endplate potentials (Fig. 2.18A and 
C) and abnormal endplate noise (Fig. 2.18B 
and D) which corresponds to the SEA of 
active loci in TrPs. 

Since publication of the paper by 
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Figure 2.18. Physiological studies of the endplate po
tentials characteristic of normal endplates (A and C) 
and of dysfunctional endplates (B and D) under rest
ing conditions. A and B, are early intracellular record
ings published in 1956.171 A, two normal (isolated, 
monophasic, low amplitude) miniature endplate po
tentials. B, a continuous series of overlapping, super
imposed, noise-like, higher-amplitude abnormal po
tentials produced by almost any mechanical 
disturbance of the endplate region. (A and B repro
duced with permission from Liley AW. An investigation 
of spontaneous activity at the neuromuscular junction 
of the rat. / Physiol 332:650-666, 1956) 

C and D are slower-speed physiological research 
recordings made in 1974 with greater amplification.137 

C, normal, infrequent, individual, monophasic minia
ture endplate potentials. D, response to exposure of 
the endplate region to incompatible blood serum. This 
continuous noise-like (abnormal) discharge appears 
the same as the so-called normal endplate noise 
component of motor endplate potentials as usually 
described by electromyographers and the same as 
the spontaneous electrical activity observed in trigger 
points. This noise-like electrical discharge was caused 
by a nearly 1000-fold increase in the rate of acetyl
choline release from the resting nerve terminal. (C and 
D reproduced with permission from Ito Y, Miledi R, 
Vincent A. Transmitter release induced by a "factor" in 
rabbit serum. Proc R Soc Lond B 387:235-241, 1974.) 

Wiederholt in 1970, 2 9 1 electromyographers 
have accepted his apparently mistaken 
conclusion that potentials similar to what 
we now identify as SEA represent normal 
miniature endplate potentials. Electromyo
graphers commonly identify the low-am
plitude potentials as "seashell" noise. 1 5 3 

Wiederholt was correct in concluding that 
the low-amplitude potentials arose from 
endplates, and illustrated one recording of 
a few discrete monophasic potentials hav
ing the configuration of normal miniature 
endplate potentials as described by physi
ologists. However, the continuous noise
like endplate potentials that he also illus
trated and that we observe from active loci 
have an entirely different configuration 
and have an abnormal origin. 

Three studies by physiologists, two of 
which appeared following Wiederholt's 
study, indicate that the SEA (endplate noise) 

arises from a functionally disturbed end
plate. In 1956, Liley 1 7 1 observed that even a 
relatively minor mechanical disturbance 
applied to the endplate region could greatly 
increase the frequency of the postjunctional 
membrane potentials, from a normal maxi
mum of 118/sec to as high as 1,000/sec (an 
increase of one order of magnitude). Minor 
mechanical stimuli (minor traumas) that 
produced this effect included pulling gently 
on the motor nerve, vibration of the end
plate region, and visible dimpling of the sur
face of the muscle fiber by touching it with 
an electrode. These mechanical stimuli con
verted the discharge pattern from normal to 
abnormal, and once converted, the pattern 
remained abnormal (Fig. 2.18B). 1 7 1 

Two decades later, studies by Miledi 
and coworkers identified excessive release 
of acetylcholine packets as the cause of the 
increased electrical activity. These studies 
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were published several years after Wieder-
holt's seminal paper. 2 9 1 In 1971 Heuser and 
Miledi 1 2 0 demonstrated that exposure of 
the endplate region to lanthanum ions pro
duced a 10,000-fold (four orders of magni
tude) increase in the release of ACh result
ing in so many miniature endplate 
potentials that it produced a noise-like pat
tern where individual potentials were no 
longer discernable. In a subsequent 
study, 1 3 7 exposure of the endplate region to 
a foreign serum produced a similar result 
that is illustrated in Figure 2.18D. If a sim
ilarly disturbed nerve terminal extends the 
length of a TrP contraction knot [see page 
69), then the entire postjunctional mem
brane covered by the nerve terminal could 
be expected to evidence the endplate noise 
(SEA). The discharge of ACh into the 
synaptic cleft is illustrated schematically 
in Figure 2.13. 

Recently, Ertekin, et al.m reported a 
marked increase in the number of minia
ture endplate potentials during an attack of 
hypokalemic periodic paralysis. This indi
cates that low serum potassium can also 
lead to abnormally increased (but much 
less severe and also reversible) release of 
ACh under resting conditions. 

This "acetylcholine noise," as Miledi and 
associates called it in their papers, looks re
markably like the potentials produced by 
Liley, 1 7 1 the endplate noise of electromyog
raphers, and the SEA found in TrPs. Their 
findings suggest that the SEA which identi
fies active loci in TrPs is produced by grossly 
increased release of ACh due to a serious 
disturbance of normal endplate function 
and that the endplate noise identified by 
electromyographers is the signature of a dys
functional endplate. Endplate dysfunction 
can be caused by a number of conditions. 

Investigators in one recent study con
cluded that there were no abnormal EMG 
findings in TrPs. 5 9 The examiners apparently 
used the standard clinical EMG insertion 
technique, which is less likely than a slow 
gentle needle movement to reveal the SEA of 
TrPs. The relatively low gain of 50 uV/divi
sion that was reported by the authors might 
have revealed the SEA of active loci, but the 
investigators would have needed to be look
ing for such a low-amplitude phenomenon. 
They made no mention of seeing endplate 
noise and spikes. Even if they had identified 

SEA, they would have had no reason to men
tion it, because the authors might have con
sidered it to be normal endplate potentials 
that are to be expected in the endplate zone 
and not worthy of mention. Previous investi
gators had been similarly misled. 

Based on his clinical experience and 
early studies of SEA, Hong 1 2 2 proposed that 
the clinically identified TrP consists of mul
tiple discrete sensitive spots. It now appears 
that those sensitive spots are abnormal end
plates evidencing SEA and are scattered 
among uninvolved normal endplates. This 
configuration based purely on electrophysi
ological evidence, is illustrated schemati
cally as a cross section of the muscle fibers 
of a TrP in Figure 2.19 (also see Fig. 2.21). 

Subsequent r e p o r t s 1 9 , 3 7 , 2 4 8 2 5 0 concluded 
that the electrical activity which is charac
teristically found in TrPs is the same as the 
motor endplate potentials recognized as 
normal by electromyographers. 1 5 3 , 2 9 1 The 
dysfunction seen in TrPs is NOT normal. 

Spikes. It is now recognized by elec
tromyographers that spikes which originate 
in the endplate region are action potentials 
of the skeletal muscle fiber supplied by that 
endplate. 1 5 3 To confirm this concept and to 
eliminate the possibility that SEA originates 
in intrafusal fibers of a dysfunctional mus
cle spindle, the taut band was monitored as 
far as 2.6 cm from the endplate for the same 
action potentials that originated at the end
plate as spikes. The same potentials were 
observed at both locations. 2 5 1 These distant 
potentials must have been propagated by 
extrafusal rather than intrafusal fibers since 
that distance was more than twice the total 
length of an intrafusal muscle fiber.132 

Contrary to the experience with SEA 
during needle exploration of TrPs, spikes 
were not recognized or anticipated at a dis
tance, but appeared suddenly, often simul
taneously with SEA. Since spikes are often 
10 times the voltage of SEA, when they oc
cur with SEA and the SEA was apparent 
from a distance, the spikes should have 
been equally apparent when the needle 
was more than three times (square root of 
10) as far from the source of the voltage. Re
peatedly, very light side pressure on the 
hub of the EMG needle terminated the 
spike potentials, while release of the pres
sure or added pressure in the other direc
tion restored them. These observations left 
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Figure 2.19. Schematic drawing of a cross sectional 
view through a trigger point {dotted circle). This 
schematic gives an indication of the relative frequency 
and distribution of active loci. It identifies muscle 
fibers that did not have endplates included in this sec
tion (clear forms), fibers with normal endplates (forms 
with black crescents), and fibers with active loci 

showing spontaneous electrical activity (forms with 
red crescents). The locations and frequency of normal 
endplates (black crescents bordering muscle fibers) 
were identified by initially negative motor unit poten
tials produced by a minimal voluntary contraction. See 
text for more explanation. Drawing based on pub
lished data. 2 4 2 ' 2 4 8 ' 2 4 9 

the impression that the presence or absence 
of spikes in only moderately active (irrita
ble) TrPs depends significantly on the me
chanical disturbance (stimulus) introduced 
by the needle at active loci of the TrP. 2 5 1 

When numerous spikes were present, it 
was not uncommon to see three or four dif
ferent trains of spikes each of which had its 
own waveform characteristics and repeti
tion rate. This observation suggested three 
or four different sites of origin within one 
endplate or, less likely, individual sites of 
origin from a cluster of involved endplates. 
If multiple trains of spikes originate from 
one muscle fiber, the multiple pockets of 
synaptic folds illustrated in Figures 2.12A 
and B may account for this phenomenon, 
provided that a train of spike potentials 
originated independently from the individ
ual synaptic pockets. If the multiple trains 
of spikes originate in a cluster of endplates, 
each source would be propagated in a dif
ferent but nearby muscle fiber. Determina

tion of which mechanism is operating is an 
important issue that needs to be resolved 
by research experiments. 

Available data indicate that spikes occur 
when a sufficient number of ACh packets 
are released to depolarize the postjunctional 
membrane to the threshold for excitation of 
the Na + channel receptors located in the 
depths of the synaptic folds (Fig. 2.13). 
Opening of these channels then initiates a 
propagated action potential in that muscle 
fiber. The mechanical pressure exerted by 
the needle or related mechanical distur
bances apparently facilitates ACh release 
sufficiently to produce spikes in moderately 
dysfunctional endplates. Severely dysfunc
tional endplates of very active TrPs produce 
spikes spontaneously without stimulation. 
This clinical impression needs to be clari
fied by carefully designed experiments. 

One must be aware of the danger of as
suming that spikes alone observed in a TrP 
originate at an active locus when no SEA is 
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Figure 2.20. Schematic showing the three lo
cations that were explored for active loci. One 
was a trigger point site selected as a clinically 
identified trigger point in a taut band. Another 
was an endplate zone site that was in the in
dependently and electrically identified end
plate zone, but was outside of any clinically 
identifiable trigger points. The third was a taut 
band site that was beyond the endplate zone 
and also not at a trigger point. All of the trigger 
points were found to be located in the endplate 
zone. The distribution of endplates (thin ovals) 
determines the extent of the endplate zone. 
The taut band was identified by palpation. 

identified. We define an active locus only as 
a TrP site where SEA occurs, or where SEA 
occurs with spikes. It can be difficult to dis
tinguish spikes originating at a dysfunctional 
endplate from a series of motor unit action 
potentials originating at the same endplate. 

Distribution of Active Loci in a Muscle. 
A recent study 2 4 9 examined the location of 
active loci in different parts of a muscle 
with a TrP. The trigger point was always 
found to be located within the endplate 
zone, the boundaries of which had been 
determined independently. This study ex
amined three test sites (Fig. 2.20) for active 
loci: in the TrP, in the endplate zone out
side of a TrP, and in the taut band associ
ated with that TrP but outside the TrP and 
outside of the endplate zone. A fourth lo
cation (control) was monitored in the same 
muscle, but outside each of the three test 
sites. Each of the three sites was explored 
systematically (Fig. 2.21) by inserting the 
needle sequentially into three divergent 
tracks, stopping eight times in each track. 
A recording was made whenever observing 
SEA alone, spikes alone, SEA with spikes, 
a local twitch response, and also whenever 
the needle had advanced approximately 
1.5 mm and no activity had been located. 
After each advance very gentle side pres
sure was applied to the hub of the teflon 
monopolar EMG needle to see if activity 
appeared or changed. Needle advancement 
was very slow with gentle rotation of the 
needle back and forth to facilitate its 
smooth entry through the muscle tissue. 

Using the presence of SEA with or with

out spikes as the criterion of an active lo
cus, 11 muscles (a total of 264 needle ad
vances) were examined (Table 2.8). The 
study showed active loci to be four times 
more common in TrPs than in the endplate 
zone outside of a TrP (35:9). 2 5 2 No active 
loci were observed in the taut band outside 
of the endplate zone. Clearly, the SEA 
(noise) type of endplate electrical activity is 
significantly related to myofascial TrPs. 
This same SEA was significantly related to 
trigger spots of rabbits (similar to human 
TrPs) as compared to adjacent nontaut band 
sites. 2 4 8 However, it is also clear that the iso
lated observation of SEA alone does not as
sure one that the needle is located in a clin
ically identifiable TrP. It may represent a 
site of mechanical stress on the synaptic 
connection, or an immune system reaction. 
It might also be too small a group of active 
loci to be clinically detectable. 

The question arose, "If the SEA and 
spike potentials that we are observing arise 
from dysfunctional endplates, then why 
don't we also see the normal configuration 
of individual miniature endplate poten
tials observed by physiologists and occa
sionally by electromyographers?" 2 8 , 6 3 , 2 9 1 

Those normal miniature endplate poten
tials that have been observed were re
corded using coaxial needle electrodes, 
which characteristically have a smaller ex
posed surface (0.03 mm 2 ) 2 8 compared to the 
tip of a monopolar needle (0.08 mm 2). The 
coaxial configuration also makes the nee
dle more directional in sensitivity. Both of 
these factors could be important consider-
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Figure 2.21. Schematic of search pattern at one ex
perimental site. The large dotted oval represents the 
region of the clinically identified trigger point. The thin 
filled ovals represent active loci. The thin open ovals 
represent normal endplate locations that show no 

spontaneous electrical activity. The electromyo
graphic needle was very slowly advanced eight times 
in each of three diverging tracks (labeled 1, 2, and 3). 
Each needle advance was approximately 1.5 mm. 

Table 2.8. Prevalence of Spontaneous Electrical Activity (SEA) with or without Spikes at 
3 Sites, Based on 264 Needle Advances at Each Site 

Trigger point Site Endplate Zone Taut Band 

SEA Only 21 7* 
SEA with Spikes 14 0** 
SEA Present 
(with or without spikes) 35 9ns 0ns 

P values compared to TrP site: * = 0.024; ** < 0.005; *** < 0.001; ns > 0.05 

ing the minute area of extracellular end
plate membrane from which a normal end
plate potential can be recorded. 6 7 The first 
two reports 2 8 - 6 3 illustrated both the end
plate noise pattern and the lower-ampli
tude individual miniature endplate pat
tern, which is what would be expected if 
some recordings came from dysfunctional 
endplates and others from normal end
plates. Figure 2.16 illustrates the relative 
size of a monopolar teflon-coated EMG 
needle and the diameter of a muscle fiber, 
which is also the approximate size of the 
endplate that surrounds it. 

In studies of active loci, 2 4 9- 2 5 ° - 2 5 2 it be
came important to confirm the presence of 
normal endplates in addition to the appar
ently abnormal ones that were generating 

SEA at the TrP. One can confirm the pres
ence of a functional motor endplate by the 
presence of diphasic motor unit action po
tentials that have a sharp initial negative 
spike. In accordance with the volume con
duction theory 5 8 and as observed by 
Buchthal, et al.,27 this waveform occurs 
only when the potentials originate in the 
region of the needle tip. Figure 2.11 illus
trates how the waveform changes when it is 
recorded at its endplate point of origin and 
after it has propagated a short distance in 
either direction along the muscle fiber. Fig
ure 2.17B illustrates the differences in 
waveform when action potentials of the 
same motor unit are recorded simultane
ously at the origin of propagation at the 
endplate of one muscle fiber (Fig 2.17B) 

Copyrighted Material



Chapter 2 / General Overview 67 

Figure 2.22. Distribution of active loci (that showed 
spontaneous electrical activity and endplate response 
to voluntary contraction) and of endplate locations 
without active loci in a trigger point. Endplates were 
recognized by the origin-waveform produced by gen
tle voluntary contraction. A total of 18 positions were 
tested along two needle tracks. Nine positions (solid 
circles) were identified as endplates without sponta
neous electrical activity. All 3 positions (asterisks) 
where an electrically active locus was found were also 

located at an endplate. Three positions (open circles) 
showed quiet baseline without evidence of an end
plate. One record (horizontal bar) was not counted 
because it was ambiguous as to the presence of an 
endplate. These findings indicate that the "abnormal" 
endplate potentials of trigger point active loci are 
found scattered among "normal" endplates that do 
not evidence spontaneous electrical activity and that 
the SEA abnormality is located at an endplate. 

and from other fibers of the same motor unit 
at a site away from their endplates. 

Using the technique described above to 
locate SEA, we examined several TrPs for 
the presence of SEA and for normal (SEA-
free) motor endplate locations by sampling 
8 locations in each of two tracks in a TrP. 
The subject was asked to make a minimal 
voluntary contraction at each location. 
Figure 2.22 graphically presents the re
sults. Of the 16 locations tested in the TrP 
(which was in the endplate zone), three 
locations were active loci (SEA appeared 
and also negative voluntary spikes), nine 
were at an endplate (negative voluntary 
spikes without SEA), and four were at nei
ther an endplate nor an active locus (no ev
idence of electrical activity beyond back
ground). This is consistent with the 
concept that a group of dysfunctional mo
tor endplates are at the heart of the TrP 
mechanism and that the dysfunctional 
endplates are a minority located among 
normal endplates. 

If spikes originate at an active locus and 
are propagated action potentials in just that 
one muscle fiber, and if the taut band rep
resents taut muscle fibers passing through 
the TrP, then it should be possible to record 
a train of spikes simultaneously from the 
active locus and from the taut band some 
distance from the TrP. This was observed in 
several human subjects and in several rab
bits . 2 5 1 In one human subject the distance 
between the TrP and the recording needle 
in the taut band was 2.6 cm, twice the total 
length of an intrafusal muscle fiber. 

Histopathological Characteristics of 
Trigger Points 

Contraction knots, a characteristic histo
pathologic finding in TrPs and in tender pal
pable nodules, have been repeatedly noted 
but their significance not appreciated. In 
1951, Glogowski and Wallraff9 6 reported 
finding numerous "knotenformig gequol-
lene Muskelfasern " (knot-like swollen mus
cle fibers) in biopsies of Muskelharten 
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(Myogelosen) (muscle indurations or myo
gelosis) in human subjects. 

In 1960, Miehlke, et al.193 reported 
"bauchige Anschwellungen" (bulging 
swellings) of muscle fibers in longitudinal 
sections, and also much variable width 
and staining intensity in cross sections of 
muscle fibers, in biopsies taken from re
gions of Muskelharten (muscle indurations 
or nodules) in patients with Fibrositissyn-
drom (fibrositis). 

In 1976, Simons and Stolov 2 5 3 used TrP cri
teria to examine canine muscles for a tender 
spot in a palpable taut band comparable to 
that observed in human patients. With ani
mals under anesthesia, the same location in 
the muscle was identified by palpation and 
widely biopsied. Some isolated, large, round 
muscle fibers and some groups of these 
darkly staining, enlarged, round muscle 
fibers appeared in cross sections (Fig. 2.23). 
In longitudinal sections, the corresponding 
feature was a number of contraction knots. 
An individual knot appeared as a segment of 
muscle fiber with extremely contracted sar
comeres. This contractured segment showed 
a corresponding increase in diameter of the 
muscle fiber, as illustrated in Figure 2.24. 

The structural features of contraction 
knots, one of which is illustrated in Figure 
2.24, are portrayed schematically in the 
lower half of Figure 2.25. This figure pre
sents a likely explanation for the palpable 
nodules and the taut bands associated with 
TrPs. The inset below in Figure 2.25B 
shows three single contraction knots scat
tered among normal muscle fibers. Figures 
2.24 and 2.25B illustrate that beyond the 
thickened segment of contractured muscle 
fiber at the contraction knot, the muscle 
fiber becomes markedly thinned and con

sists of stretched sarcomeres to compen
sate for the contractured ones in the knot 
segment. In addition, a pair of contraction 
knots separated by empty sarcolemma are 
illustrated in the upper right of the inset 
(part B) of Figure 2.25. This feature 9 6 , 2 5 3 

may represent one of the first irreversible 
complications that result from the contin
ued presence of the contraction knot. 

The muscle fibers containing contrac
tion knots are clearly under increased ten
sion both at the contraction knot and be
yond. The total muscle schematic in Figure 
2.25A illustrates that this sustained ten
sion could produce local mechanical over
load of the connective tissue attachment 
structures in the vicinity where the taut 
band fibers attach. This sustained tissue 
distress could be expected to induce the re
lease of sensitizing agents that would sen
sitize local nociceptors, producing local 
tenderness and the characteristics of an at
tachment TrP 

In 1996, Reitinger, et al.21i biopsied in 
fresh cadavers the still-palpable nodules of 
myogelosis that were located in the gluteus 
medius muscle where trigger point 1 and 
trigger point 2 are found as described by 
Travell and Simons. 2 8 0 Cross sections 
showed the previously described, large, 
rounded, darkly staining muscle fibers and 
a statistically significant increase in the av
erage diameter of muscle fibers in the myo
gelosis biopsies compared to nonmyo-
gelotic control biopsies from the same 
muscle. Electron microscopic cross sec
tions showed an excess of the A-Band and 
lack of the I-Band configuration. Exclusive 
presence of A-Band in the absence of 
I-Band occurs only in fully contracted sar
comeres. 1 5 It is highly likely that this fully-

Figure 2.23. Giant round muscle fiber in the center 
of the figure is surrounded by open space that may 
have resulted from a local severe energy crisis. This 
space may contain substances that could sensitize 
adjacent nociceptive nerve fibers. In addition to the 
normal-size irregularly shaped muscle fibers sur
rounding the giant fiber, there are four abnormally 
small fibers, two above to the right, and two below 
to the left, that may be the segments of muscle 
fibers which are narrowed because of a contraction 
knot elsewhere in that fiber. 
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Figure 2.24. Longitudinal section of an example of the 
contraction knots seen in biopsies of canine muscles, 
in this case the gracilis. An exquisitely tender spot in 
a taut band of the muscle was selected as the biopsy 
site. These are two essential trigger point criteria. The 
striations (corresponding to sarcomere length) indi
cate severe contracture of the approximately 100 sar
comeres in the knot section of the muscle fiber. The 
sarcomeres on both sides of the knot show compen
satory elongation compared to the normally spaced 
sarcomeres in the muscle fibers running across the 

bottom of the figure. The fiber diameter is markedly in
creased in the region of the knot and abnormally de
creased on either side of it. The irregularity of the sar-
colemma along the upper border of the fiber (in the 
center of the contraction knot) may represent an end
plate. The distortion of the sarcomere alignment in ad
jacent muscle fibers represents sheer stresses in 
those fibers that may, in time, play a part in the prop
agation of this dysfunction to neighboring muscle 
fibers. 

contracted electron microscopic pattern 
seen in cross sections and the large round 
fibers correspond to the (fully contrac
tured) contraction knots seen in longitudi
nal sections under light microscopy. 

Two features of Figure 2.24 suggest that 
the SEA does originate at a contraction knot 
and that the contraction knot may be caused 
by a dysfunctional endplate. First, this figure 
illustrates a longitudinal section of a con
traction knot, which, in this case, is a seg
ment of muscle fiber that includes about 100 
maximally contractured sarcomeres. Nor
mally sarcomeres range in length from about 
0.6 u,m when fully shortened to about 1.3 |xm 
when fully extended, which is a full 1:2 
length ratio.1 5 Based on a minimum sarco
mere length of 0.6 u,m, the 100 sarcomeres of 
the contraction knot would extend 60 urn. 
This is within the 20 to 80 u>m range in the 
length of normal motor endplates, depend
ing on the muscle. 2 2 5 Second, although one 
cannot be sure of this in the absence of 
cholinesterase stain, the irregularity of the 
upper border in the middle of the contraction 

knot in Figure 2.24 fits the appearance one 
would expect if the motor endplate for that 
muscle fiber was centered over and extended 
the length of the contraction knot. A defini
tive experiment to confirm this impression is 
described under Confirmation of the Inte
grated Trigger Point Hypothesis that follows. 

Integrated Trigger Point Hypothesis 

This section includes several diagnos
tic categories that have German names, 
which are explained in the historical re
view part of section A of this chapter. It is 
presented from the point of view that 
TrPs are fundamentally the same disease 
process as other diagnoses based on ten
der nodules which are responsible for the 
patient's pain, diagnoses that may em
phasize some aspects, and that have dif
ferent names which are often in other lan
guages. 

The integrated hypothesis combines in
formation from electrophysiological and 
histopathological sources. The energy cri
sis part of the hypothesis began to take 
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Figure 2.25. Schematic of a trigger point complex of 
a muscle in longitudinal section. The schematic iden
tifies three regions that can exhibit abnormal tender
ness {red). It also illustrates contraction knots that 
most likely: make a trigger point feel nodular, cause 
the taut band, and mark the site of an active locus. 
A, the central trigger point {CTrP) which is found in 
the endplate zone, contains numerous electrically ac
tive loci, and contains numerous contraction knots. 
The local tenderness of the CTrP is identified by a red 
oval. A taut band of muscle fibers extends from the 
trigger point to the attachment at each end of the in
volved fibers. The sustained tension that the taut band 
exerts on the attachment tissues can induce a local
ized enthesopathy that is identified as an attachment 
trigger point {ATrP). The local tenderness of the en
thesopathy at the ATrP is identified by a red circle 
with a black border. 

B, this enlarged view of part of the central trigger 
point shows the distribution of five contraction knots 
and is based on Figures 2.23 and 2.24. The vertical 
lines in each muscle fiber identify the relative spacing 
of its striations. The space between two striations cor
responds to the length of one sarcomere. Each con
traction knot identifies a segment of muscle fiber ex

periencing maximal contracture of its sarcomeres. The 
sarcomeres within one of these enlarged segments 
(contraction knot) of a muscle fiber are markedly 
shorter and wider than the sarcomeres of the neigh
boring normal muscle fibers which are free of con
traction knots. In fibers with these contraction knots 
(note the lower three individual knots), the sarcomeres 
in the part of the muscle fiber that extends beyond 
both ends of the contraction knot are elongated and 
narrow compared to normal sarcomeres. At the top of 
this enlarged view is a pair of contraction knots sepa
rated by an interval of empty sarcolemma between 
them that is devoid of contractile elements. This con
figuration suggests that the sustained maximal ten
sion of the contractile elements in an individual con
traction knot could have caused mechanical failure of 
the contractile elements in the middle of the knot. If 
that happened, the two halves would retract, leaving 
an interval of empty sarcolemma between them. In 
patients, the CTrP would feel nodular as compared to 
the adjacent muscle tissue, because it contains nu
merous "swollen" contraction knots that take up addi
tional space and are much more firm and tense than 
uninvolved muscle fibers. 
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Figure 2.26. Schematic of the energy crisis hypothe
sis which postulates a vicious cycle (red arrows) of 
events that appears to contribute significantly to myo
fascial trigger points. The function of the sarcoplasmic 
reticulum (SR) is to store and release ionized calcium 
that induces activity of the contractile elements, which 
causes sarcomere shortening. An initiating event such 
as trauma or a marked increase in the endplate re

lease of acetylcholine can result in excessive release 
of calcium from the SR (black arrow). This calcium 
produces maximal contracture of a segment of mus
cle which creates a maximal energy demand and 
chokes off local circulation. The ischemia interrupts 
energy supply which causes failure of the calcium 
pump of the sarcoplasmic reticulum, completing the 
cycle. 

form about 20 years ago and has been 
evolving ever since. The energy crisis con
cept is compatible with recent electrodiag
nostic findings, both of which fit the newly 
recognized histopathological picture. 

Energy Crisis Component. This con
cept developed from efforts to identify a 
pathophysiological process that could 
account for: (1) the absence of motor unit 
action potentials in the palpable taut band 
of the TrP when the muscle was at rest, (2) 
the fact that TrPs are often activated by 
muscle overload, (3) the sensitization of 
nociceptors in the TrP, and (4) the effec
tiveness of almost any therapeutic tech
nique that restores the muscle's full stretch 
length. The energy crisis concept was in
troduced in 1 9 8 1 2 5 4 and was recently up
dated. 1 9 0 ' 2 3 9 

Figure 2.26 shows the basic concept of 
the energy crisis hypothesis. It postulated 
an increase of the calcium concentration 
outside of the sarcoplasmic reticulum pos
sibly due to mechanical rupture of either 
the sarcoplasmic reticulum 2 3 9 or of the 
muscle cell membrane (sarcolemma). 1 7 A 
sufficient increase in calcium would maxi
mally activate actin and myosin contractile 
activity. However, if the damage were re
pairable, the abnormality would be tempo
rary. It is now apparent that a more likely 
mechanism for sustained contractile activ

ity is abnormal depolarization of the 
postjunctional membrane that could con
tinue indefinitely based on continuing ex
cessive ACh release from a dysfunctional 
nerve terminal. In this way, maximum con
tracture of the muscle fibers in the vicinity 
of the motor endplate could persist indefi
nitely without motor unit action potentials. 

The sustained contractile activity of the 
sarcomeres would markedly increase meta
bolic demands and would squeeze shut the 
rich network of capillaries that supply the 
nutritional and oxygen needs of that region. 
Circulation in a muscle fails during a sus
tained contraction that is more than 30% to 
50% of maximum effort. This combination 
of increased metabolic demand and im
paired metabolic supply could produce a se
vere but local energy crisis. This functional 
component of the energy crisis should be re
versible in a short period of time. 

The C a + + pump that returns the calcium 
into the sarcoplasmic reticulum is depen
dent on an adequate supply of adenosine 
triphosphate (ATP) and appears to be more 
sensitive to low ATP levels than the con
tractile mechanism. Thus an impaired 
uptake of calcium into the sarcoplasmic 
reticulum would expose the contractile el
ements to a further increase in calcium 
concentration and contractile activity. This 
completes a vicious cycle. In addition, the 
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severe local hypoxia and tissue energy cri
sis would be expected to stimulate produc
tion of vasoreactive substances that could 
sensitize local nociceptors. 

Thus, the hypothesis accounts for: (1) the 
lack of motor unit action potentials because 
of the endogenous contracture of the con
tractile elements rather than a nerve-initi
ated contraction of the muscle fibers; (2) the 
frequency with which muscle overload ac
tivates TrPs and may reflect the marked me
chanical vulnerability of the synaptic cleft 
region of an endplate; (3) the release of sub
stances that could sensitize nociceptors in 
the region of the dysfunctional endplate of 
the TrP as a result of tissue distress caused 
by the energy crisis; and (4) the effective
ness of essentially any technique that elon
gates the TrP portion of the muscle to its full 
stretch length even briefly, which could 
break the cycle that includes energy-con
suming contractile activity. 

This fourth point can be explained by 
the fact that the continued activity of the 
actin-myosin interaction depends on phys
ical contact between the actin and myosin 
molecules, which occurs fully when the 
sarcomere is approximately midlength or 
less. The molecules lose overlap contact at 
full length. This principle is illustrated in 
the lower part of Figure 2.5. With cessation 
of contractile activity because of actin-
myosin separation, both the energy con
sumption and compression of capillaries 
would be relieved. This opportunity to re
store energy reserves could help to block 
two critical steps in the energy-crisis cycle. 

Based on this hypothesis, the TrP region 
should have three demonstrable character
istics: (1) be higher in temperature than 
surrounding muscle tissue because of in
creased energy expenditure with impaired 
circulation to remove heat, (2) be a region 
of significant hypoxia because of ischemia, 
and (3) have shortened sarcomeres. 

1. The only two published reports that 
specifically measured intramuscular TrP 
temperature were an early report by Trav
ell in 1954 2 7 0 and another described very 
briefly in Russian in 1976 by Popelian-
skii, et al.209 Both recorded a focal in
crease in temperature in the region of the 
TrP. It would be a relatively simple proce

dure and very desirable to repeat this ex
periment using modern instrumentation 
and current diagnostic criteria of a TrP. 

2. One elegantly instrumented and vali
dated study reported in German2 6 exam
ined affected muscle for focal hypoxia 
and reported remarkably positive re
sults. The study reported the findings in 
tender, tense indurations (Muskelharten) 
in the back muscles of three patients di
agnosed as having Myogelosen (myogelo
sis). Figure 2.27 presents the graphic re
sults of the three patients examined in 
this way. The first 5 to 8 mm of sensor ad
vancement shows the normal random 
variation of tissue oxygen tension with 
successive 0.7 mm steps of advancement 
as the oxygen sensor approached the ten
der induration [TrP]. As the probe ap
proached the palpable border of the ten
der induration, the tissue oxygen tension 
increased as if there were a compen
satory hyperemia surrounding the region 
of hypoxia. After reaching a peak, the tis
sue oxygen tension fell abruptly to 
nearly (but not quite) zero, indicating 
profound hypoxia in the central region of 
the induration. It is noteworthy that the 
volume of the region of increased oxygen 
tension which surrounded the central re
gion of oxygen deficit was at least as large 
as the volume of hypoxic tissue. 

3. The contraction knots and electronmicro-
scopic findings described above confirm 
the presence of contractured sarcomeres. 

In addition, the tendinous attachment of 
many of the fibers with these shortened seg
ments would be likely to develop enthesitis 
because of the abnormally increased, sus
tained tension exerted by the double source 
of tension in each involved muscle fiber. 

Although no experimental investigation 
of the development of enthesitis, where 
taut bands attach at the ends of the muscle, 
has been reported to date, its frequent clin
ical occurrence is illustrated repeatedly 
throughout this volume and confirmed by 
clinicians who look for it. 

Integrated Trigger Point Hypothesis. 
When combined, the electrophysiological 
and histological lines of evidence indi
cate that a TrP is essentially a region of 
many dysfunctional endplates, and that 
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Sensor Advancement (mm) Sensor Advancement (mm) Sensor Advancement (mm) 

Palpable border of the induration 

Figure 2.27. Tissue oxygen saturation values 
recorded by an oxygen probe that progressed in 0.7 
mm steps through normal muscle and then into a ten
der, tense induration-Muskelharten (another name for 
a TrP)-in three patients with Myogelosis. Arrow marks 
the palpable border of the induration. The dashed line 
indicates the mean oxygen saturation of adjacent nor
mal muscle. The area marked in red identifies the se-

each dysfunctional endplate is associated 
with a section of muscle fiber that is max
imally contracted (a contraction knot). 

The spontaneous electrical activity and 
spikes that characterize active loci within 
TrPs are currently recognized by elec
tromyographers as 'normal" endplate po
tentials. However, physiological experi
ments have shown that these potentials are 
not normal, but are the result of a grossly 
abnormal increase in ACh release by the 
nerve terminal. It appears very likely that a 
contraction knot is located at an endplate 
and that it is caused by this endplate dys
function. The following hypothesis pro
poses a likely relationship between the dys
functional endplate and the contraction 
knot. The hypothesis provides a model that 
can be used to design critical experiments 
with which to verify, refine, or refute the 
hypothesis. 

Figure 2.28 presents the integrated TrP 
hypothesis schematically. The hypothesis 
is based on continuous excessive ACh re
lease from a dysfunctional motor nerve ter
minal into its synaptic cleft. Impaired 
cholinesterase function would potentiate 
the effect. The excessive ACh activates 
ACh receptors in the postjunctional mem
brane to produce greatly increased num
bers of miniature endplate potentials. 

Normal mean p 0 2 

vere oxygen deficiency recorded as the probe ap
proached the center of the induration. Note the com
parable region of increased oxygen saturation sur
rounding the central region of hypoxia. (Data 
reproduced with permission from Bruckle W, Suckfull 
M, Fleckenstein W, et al. Gewebe-p02-Messung in 
der verspannten Ruckenmuskulatur [m. erector 
spinae]. Zeitschrift fur Rheumatologie 49:208-216, 

These potentials are so numerous that they 
superimpose to produce endplate noise or 
SEA, and a sustained partial depolariza
tion of the postjunctional membrane. The 
excessive demand for production of ACh 
packets in the motor nerve terminal would 
increase its energy demand (evidenced by 
abnormal mitochondria in the nerve termi
nal). The increased activity of the postjunc
tional membrane and sustained depolar
ization would impose an additional local 
energy demand. Increased numbers of sub-
sarcolemmal mitochondria and abnormal 
mitochondria have been noted repeatedly 
in past studies. This mechanism may be re
sponsible for the presence of many ragged 
red fibers in muscles with characteristics 
that are compatible with the presence of 
myofascial TrPs. 

The calcium channels that trigger re
lease of calcium from the sarcoplasmic 
reticulum are voltage gated, normally by 
depolarization of the T tubule at the triad 
where the T tubule communicates with the 
sarcoplasmic reticulum. The T tubule is 
part of the same sarcolemmal membrane 
that forms the postjunctional membrane. 
The sustained depolarization of this mem
brane is one mechanism that might account 
for a tonic increase in the release of cal
cium from the sarcoplasmic reticulum to 
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Figure 2.28. Integrated hypothesis. The primary dys
function hypothesized here is an abnormal increase 
(by several orders of magnitude) in the production 
and release of acetylcholine packets from the motor 
nerve terminal under resting conditions. The greatly 
increased number of miniature endplate potentials 
produces endplate noise and sustained depolariza
tion of the postjunctional membrane of the muscle 
fiber. This sustained depolarization could cause a 
continuous release and uptake of calcium ions 
from local sarcoplasmic reticulum (SR) and pro
duce sustained shortening (contracture) of sar
comeres. Each of these four highlighted changes 

would increase energy demand. The sustained mus
cle fiber shortening compresses local blood vessels, 
thereby reducing the nutrient and oxygen supplies 
that normally meet the energy demands of this region. 
The increased energy demand in the face of an im
paired energy supply would produce a local energy 
crisis, which leads to release of sensitizing sub
stances that could interact with autonomic and sen
sory (some nociceptive) nerves traversing that region. 
Subsequent release of neuroactive substances could 
in turn contribute to excessive acetylcholine release 
from the nerve terminal, completing what then be
comes a self sustaining vicious cycle. 

produce the local sarcomere contracture of 
the contraction knots. The increased vol
ume occupied by the contraction knots 
would also explain why clinicians describe 
palpating a nodule at the TrP along with 
the narrower taut band. This contracture 
process appears to occur in the immediate 
vicinity of an endplate. A sustained release 
of calcium from the sarcoplasmic reticu
lum would increase the energy demand of 
the calcium pumps in the sarcoplasmic 
membrane that return the calcium into the 
sarcoplasmic reticulum. The sustained 
contracture of the sarcomeres in the con

traction knot would greatly increase the lo
cal energy and oxygen demand. 

The concept of sustained contracture of 
sarcomeres in the muscle fiber supplied by 
the affected endplate is compatible with 
the previously proposed energy crisis hy
pothesis reviewed in detail above. The 
severe energy crisis in the vicinity of the 
endplate can be expected to release neuro
active substances that sensitize and modify 
the function of any sensory and autonomic 
nerves in that region. As noted in Section 
C above, small blood vessels, sensory 
nerves, and autonomic nerves normally are 
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part of the same neurovascular bundle or 
complex that includes the motor nerve. 

Sensitization of local nociceptors could 
account for the exquisite tenderness of the 
TrP, the referred pain originating at the TrP, 
and the origin of a local twitch response. 
Several lines of experimental evidence sug
gest that autonomic (especially sympa
thetic) nervous system activity can strongly 
modulate the abnormal release of acetyl
choline from the nerve terminal. 

The clinical effectiveness of Botulinum A 
toxin injection for the treatment of myofas
cial TrPs1 3 4 , 2 9 7 helps to substantiate dysfunc
tional endplates as an essential part of the 
pathophysiology of TrPs. This toxin specifi
cally acts only on the neuromuscular junc
tion, effectively denervating that muscle cell. 

Studies by Gevirtz and associates sup
port indications that the autonomic ner
vous system can modulate spike activity 
(and therefore the rate of release of ACh 
packets) at a motor endplate. Trigger point 
EMG activity was increased by psychologi
cal stressors both in normal subjects 1 8 6 and 
in patients with tension-type headache. 1 6 7 

These two reports did not specify whether 
the TrP EMG activity being measured was 
SEA or spikes or some combination of both. 

More recently, Hubbard 1 3 2 published ad
ditional experimental data indicating that 
the amount of electrical activity is strongly 
influenced by the autonomic nervous sys
tem. All intramuscular injections em
ployed EMG guidance to place the injected 
solution close to the source of the TrP EMG 
potentials. Four patients were injected 
with phentolamine intramuscularly and in 
two patients phentolamine was injected in
travenously. In all six studies, the TrP EMG 
activity subsided for the duration of the 
phentolamine effect. Phentolamine is a 
competitive a-adrenergic blocker. 1 3 2 In a 
series of uncontrolled studies, a total of 
108 patients received EMG-guided TrP in
jections of phenoxybenzamine, which is a 
long-lasting adrenergic, noncompetitive a-
receptor blocking agent that can produce a 
chemical sympathectomy with no effect on 
the parasympathetic system. It has an in
travenous half-life of 24 hours. Between 
one-half and two-thirds of the patients ex
perienced at least 25% pain relief within 1 
month following treatment and relief gen

erally lasted for 4 months. Apparently very 
few subjects realized complete relief. The 
phentolamine study is more convincing 
than the phenoxybenzamine study and is 
strongly supported by a subsequent rabbit 
study. 3 3 a In that study, intravenous injec
tion of phentolamine caused as much as a 
6 8 % decrease in SEA in 80 seconds. Ap
parently, roughly two-thirds of the ACh re
lease was dependent on local sympathetic 
nervous system effects. 

In addition, in conjunction with a hu
man study of active loci in TrPs, 2 4 9 the in
vestigators confirmed a previous observa
tion 1 3 1 that in many subjects spike activity 
associated with SEA in the upper trapezius 
muscle was clearly increased by normal 
resting inhalation and was inhibited by ex
halation. Exaggerated respiratory efforts in
creased the response. They 2 4 9 also noted an 
increase in the amplitude of SEA during 
inhalation. 

The possibility that the presence of ex
cess calcium in the vicinity of the con
tractile elements is due to an excess of 
calcium release compared to calcium up
take into the sarcoplasmic reticulum is 
supported by a case report. 2 3 3 Two pa
tients prone to trigger points in the right 
gluteus medius muscle experienced a 
flare and became refractory to the usually 
successful injection after taking a calcium 
channel blocker, alodipine besylate, for 
hypertension. Treatment became effective 
again in the absence of alodipine. This 
calcium-channel blocker inhibits the re
uptake of calcium into the sarcoplasmic 
reticulum of vascular smooth muscle and 
cardiac muscle. If this is also true of skele
tal muscle, the resultant increase in cal
cium to stimulate contracture of sarco
meres in the TrP region would aggravate 
the vicious cycle of Figure 2.28. 

Clinical Correlations. If multiple active 
loci are part of the same pathophysiological 
process as multiple contraction knots, and 
if this relationship applies equally to TrPs 
and to tender nodules, it would represent a 
major step forward in our understanding of 
enigmatic myogenic pain. Based on the in
tegrated hypothesis just described, many of 
the clinical features of this clinical condi
tion can now be explained. 
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Two aspects of Figure 2.24 suggests that, 
in fact, the SEA does originate at a contrac
tion knot and that the contraction knot may 
be caused by a dysfunctional endplate. As
suming this pathophysiological interpreta
tion is correct, it explains a number of clin
ical features that apply to both TrPs and 
myogelosis, although in both cases, some 
features commonly have been overlooked. 

The taut band of a TrP would be caused 
by the increased tension of involved mus
cle fibers both because of the tension pro
duced by the maximally shortened sarco
meres in the contraction knot and also 
because of the increased (elastic) tension 
produced by all the remaining elongated 
(and therefore thin) sarcomeres. Ordinarily 
a muscle fiber runs from its musculotendi
nous attachment at one end of a muscle to 
its musculotendinous attachment at the 
other end; in fusiform muscles, that is 
nearly the full length of the muscle. 

Figure 2.24 shows clearly the abnormally 
shortened and abnormally lengthened sar
comeres of the muscle fiber that contains 
the contraction knot (in the center of the fig
ure). These abnormal lengths contrast to the 
normal resting length of sarcomeres in the 
uninvolved muscle fibers running across 
the lower part of the figure. With the in
volvement of a sufficient number of muscle 
fibers within several fascicles, the increased 
tension of the involved muscle fibers 
should be palpable as a taut band running 
the length of the muscle. This full-length 
description applies if the muscle fibers run 
nearly parallel to the long axis of the mus
cle, and the muscle has no inscriptions. 

The palpable nodule of TrP-related diag
noses, such as fibrositis and myogelosis, 
can be explained by the presence of multi
ple contraction knots (Fig. 2.25). Since a sar
comere must maintain a nearly constant 
volume, it becomes broader as it shortens. 
The sarcomeres in a contraction knot appear 
at least twice the diameter of the distant sar
comeres beyond the contraction knot in the 
same fiber. The nodule feels larger than sur
rounding tissue because of the greater vol
ume occupied by the contraction knots and 
it feels firmer because of the highly con
densed state of the contractile elements in 
each knot. The region of contraction knots 
feels larger than the rest of the taut band be
cause the normal fibers and stretched-thin 

fibers in the taut band extend beyond the 
nodule unchanged. The contraction knots 
represent additional volume (Fig. 2.25). 

The spot tenderness of both TrPs and 
nodules would be the result of sensitized 
nociceptors. The nociceptors are most likely 
sensitized by substances released as a result 
of the local energy crisis and tissue distress 
which is associated with these histopatho-
logical changes and endplate dysfunction. 

The enthesopathy (tenderness at the mus
cle attachment where the taut band termi
nates) is explained by the inability of the 
muscle attachment structures to withstand 
the unrelieved sustained tension produced 
by the taut band. In response, these tissues 
develop degenerative changes that are likely 
to produce substances which could sensitize 
local nociceptors. Fassbender and Wegner66 

presented histological evidence in fibrositis 
(nonarticular rheumatism) patients for the 
kind of degenerative changes to be expected 
in regions of TrP-induced enthesopathy. 

The myoglobin response to massage of fi-
brositic nodules can be explained on the ba
sis of the observed histopathological 
changes in nodules. Repeated deep mas
sage of the fibrositic nodules (TrPs) pro
duced transient episodes of myoglobinuria 
that were not produced by similar massage 
of normal muscle . 4 7 , 4 8 The intensity of myo
globin response, the degree of tenderness, 
and firmness of the nodule progressively 
faded out with repeated treatments (Fig. 
2.29). The distended sarcoplasm of these 
contraction knots could well be more vul
nerable to rupture by mechanical trauma 
and external pressure than normal fibers. If 
massage applied by the therapist resulted 
in cell rupture, the cell would spill myoglo
bin and most likely destroy the involved 
neuromuscular junction as a functional 
structure, thus effectively terminating the 
contracture and associated energy crisis. As 
more and more contraction knots within 
the nodule were eliminated, the patient 
would experience increasing relief of 
symptoms. 

The development of histopathological 
complications that could contribute to 
chronicity and make treatment more diffi
cult is suggested by two observations. First, 
Figure 2.24 clearly illustrates marked dis
tortion of the striations (sarcomere arrange
ment) in adjacent muscle fibers for some 
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Figure 2.29. Median values resulting from repeated 
deep massage of the same fibrositic nodules (TrPs) in 
13 patients. Plasma myoglobin levels increased 10-
fold following the first treatment. By the tenth treat
ment, the response had declined to the same low level 
observed in normal muscle. The "fibrositic" palpable 

tension index was proportional to the extent of mus
cle tension before a treatment. This index (small black 
closed circles) declined progressively to the tenth 
treatment reaching one-fourth of the value that it had 
at the time of the first treatment. Graph based on data 
in Table I of Danneskiold-Samsoe, et al., 1983.47 

distance beyond the contraction knot. This 
would produce unnatural shear forces be
tween fibers that could seriously (and 
chronically) stress the sarcolemma of the 
adjacent muscle fibers. If the membrane 
were stressed to the point that it became 
pervious to the relatively high concentra
tion of calcium in the extracellular space, 
it could induce massive contracture that 
would compound the shear forces. Ben
nett 1 7 described this mechanism clearly 
and how it could lead to severe local con
tracture of the muscle contractile elements. 
This mechanism might account for the 
"keulenformige gequollene Muskelfasern" 
(club shaped swollen muscle fibers) de
scribed by Glogowski and Wallraff,9 6 which 
look like elongated versions of a contrac
tion knot. If this happens, it might occur 
anywhere along a muscle fiber where it has 
been affected by an adjacent contraction 
knot. This could explain the tendency for 
clumping of giant fibers mixed with un
usually small fibers (segments of stretched 
sarcomeres) that is seen in cross sections. 
This tendency for clumping was illustrated 

by Simons and Stolov 2 5 3 in their Figure 9 
and by Reitinger, et al.214 in their Abb. 3c. 

Second, the occasional finding of a seg
ment of empty sarcolemmal tube between 
two contraction knots (Fig. 2.25) may 
represent an additional irreversible com
plication of a contraction knot. Miehlke, et 
al.193 described "Entleerung einzelner 
Sarkolemmschlauche" (emptying of indi
vidual sarcolemmal tubes). Reitinger, et 
al.21i described "Muskelfasern mit optisch 
leerem, zystichen Innenraum (Myofibril-
lenverlust?)" [muscle fibers with an opti
cally empty, cystic interior (loss of myofib-
rills?)]. Simons and Stolov, 2 5 3 in their 
Figure 13, illustrated and described the 
complete emptying of the sarcolemmal 
tube between two contraction knots (Fig. 
2.25). This configuration appears as if the 
sustained maximal tension of the contrac
tile elements in a contraction knot caused 
mechanical failure of the contractile ele
ments in the middle of the knot. This al
lowed the two halves to retract, leaving an 
interval of empty sarcolemma between 
them. Electronmicroscopic illustrations by 
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Fassbender 6 4 ' 6 6 show disintegration of the 
actin filaments where they attach to the Z-
line suggesting that this is the location in 
the chronically contractured sarcomeres 
where the mechanical failure may begin. 

These additional histopathological com
plications could contribute to chronicity 
and may relate to the transition from latent 
to active TrPs. 

Confirmation. A relatively simple 
study could validate the integrated hypoth
esis. The investigators would need to iden
tify myofascial TrPs with tender nodules 
that are responsible for the patient's pain 
complaint; locate the SEA of an active locus 
in the TrP electrodiagnostically; 2 4 2 mark 
that location electrolytically with iron from 
the EMG needle ; 1 4 7 ' 2 9 1 biopsy the site; fix 
the biopsy by liquid nitrogen; and prepare 
longitudinal sections that are stained for 
i ron , 1 4 7 , 2 9 1 for acetylcholinesterase, 2 9 1 and a 
base stain such as one of the trichromes. 2 1 4 

If the iron-stained regions include contrac
tion knots with motor endplates attached to 
them, it would greatly advance understand
ing of, and the acceptance of the diagnoses 
of TrPs and TrP-related conditions that are 
characterized by tender nodules and/or taut 
bands. Descriptions of this critical experi
ment, and the rationale for it have been 
published. 2 4 4 2 4 5 

Other Hypotheses 

Pain-Spasm-Pain Cycle. The old con
cept of a pain-spasm-pain cycle does not 
stand up to experimental verification ei
ther from a physiological 1 9 1 point of view 
or from a clinical 1 0 5 point of view. 

Physiological studies show that muscle 
pain tends to inhibit, not facilitate, reflex 
contractile activity of the same muscle. 1 9 1 

Walsh 2 8 5 explained clearly how this mis
conception has been strongly reinforced 
by a misunderstanding of normal human 
motor reflexes based on spinalized cat ex
periments and how the misconception 
has persisted throughout the 20th cen
tury. 

In 1989, Ernest Johnson, 1 4 6 editor of the 
American Journal of Physical Medicine 
summarized overwhelming evidence that 
the common perception of muscle pain 
being closely related to muscle spasm is a 
myth and that the myth has been strongly 

encouraged by commercial interests. 1 4 8 

The term tension headache is a good ex
ample of this myth in action. The term 
originated with the assumption that mus
cle spasm (involuntary contraction) was 
responsible for the headache and that re
laxing the pericranial muscles would re
lieve it. In 1991, an editorial in the journal 
PAIN202 reviewed this issue and empha
sized that it was unambiguously clear that 
increased EMG activity did not account 
for the muscle tenderness and pain of ten
sion-type headache. The author had no 
satisfactory alternative solution. A subse
quent study reinforced this conclusion. 1 4 5 

A current variation of this pain-spasm-
pain concept, the stress-hyperactivity-pain 
theory,3 8 seems equally invalid for the 
same reasons. 

Muscle Spindle Hypothesis. In their 
initial communication, Hubbard and 
Berkoff, 1 3 3 and again Hubbard in his more 
recent report, 1 3 2 concluded that the source 
of EMG activity in TrPs was a dysfunc
tional muscle spindle. They 1 3 3 gave three 
reasons for dismissing the possibility that 
these potentials might arise from motor 
endplates: (1) the activity is not localized 
enough to be generated in the endplate, 
(2) the activity does not have the expected 
location, and (3) the activity does not have 
the expected waveform morphology. 

Existing literature and our experimental 
findings contradict these three assertions. 

1. The degree of localization that is de
scribed under the headings Active Loci 
and Spikes above corresponds closely to 
that previously described in the classi
cal paper on the source of motor end
plate potentials. 2 9 1 

2. Recent s t u d i e s 2 4 8 ' 2 4 9 , 2 5 2 explicitly exam
ined the distribution within the muscle 
of the electrically active loci and found 
that they are chiefly in a TrP, to some ex
tent also in the endplate zone, but were 
not found outside of the endplate zone. 
Muscle spindles are scattered through
out a muscle as shown in Figure 2.30 3 5 

and in Figure 2 .31 . 2 1 1 Muscle spindles 
clearly are not concentrated just in the 
endplate zone where TrPs are found. The 
studies associated with Figures 2.17 and 
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Figure 2.30. Distribution of muscle spindles {small 
black ovals) in the semitendinosus (ST) and soleus 
muscles of the cat. The semitendinosus muscle is di
vided into two segments that are separately innervated. 
However, the muscle spindles are uniformly distributed 
throughout the length of both segments and not con
centrated in the endplate zone as are motor endplates. 
(Reproduced with permission from Chin NK, Cope M, 
Pang M. Number and distribution of spindle capsules in 
seven hindlimb muscles of the cat. In: Barker D, ed. 
Symposium on Muscle Receptors. Hong Kong: Univer
sity Press, 1962:241-248.) 

Figure 2.31. An example of the distribution of muscle spindles 
in the sternocleidomastoid muscle of a 14 weeks old human fe
tus. The spindles are distributed rather uniformly throughout the 
muscle and not clustered in the midbelly region of the muscle as 
are the motor endplates. (Reproduced with permission from 
Radziemski A, Kedzia A, Jakubowicz M. Number and localiza
tion of the muscle spindles in the human fetal sternocleidomas
toid muscle. Folia Morphol 50(1/2)65-70, 1991.) 
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2.22 demonstrate that active loci occur at 
motor endplates. 

3. The reader can judge with regard to the 
waveform morphology by comparing 
the spikes with SEA in our recordings 
from an active locus (Fig. 2.14B) with 
the endplate potentials illustrated in a 
current electromyography text (Fig. 
2.15). The amplitude and sweep speed 
with which a recording is made can pro
duce great differences in waveform ap
pearance, which can be very misleading 
(Fig. 2.14A). At similar sweep speeds 
the SEA and endplate potentials have 
the same waveform morphology. 

Other authors agree that these spikes 
and spontaneous electrical activity found 
in TrPs arise from motor endplates. 1 9 , 3 7 

Brown and Varkey 2 4 also attributed the 
spontaneous electrical activity to poten
tials of the endplate zone and attributed 
spikes to postsynaptic muscle-fiber action 
potentials that were presynaptically acti
vated by mechanical irritation, with which 
we agree. 

There are four additional reasons why 
one must very seriously question the valid
ity of the hypothesis that the heart of the 
TrP dysfunction lies in dysfunctional mus
cle spindles rather than in dysfunctional 
motor endplates. 

1. If the conclusion that these potentials 
arise from dysfunctional muscle spin
dles is correct, then Wiederholt's com
prehensive EMG, histological and phar
macological study 2 9 1 reached an 
erroneous conclusion and electromyog
raphers ever since have been misled. It 
may be difficult to convince the elec
tromyographic community that what 
they have identified as endplate poten
tials are really muscle-spindle poten
tials. If the potentials described by Hub
bard are other than endplate potentials, 
then where in his studies are the end
plate potentials identified by elec
tromyographers? Because most of the 
studies by physiologists describing ab
normal endplate potentials correspond
ing to SEA did not appear in print until 
after his paper, Wiederholt did not real
ize that the potentials commonly identi
fied as endplate noise must be distin

guished from true miniature endplate 
potentials, which are considerably more 
difficult to locate and record. 

2. The presence of action potentials origi
nating at an endplate that was also the 
site of a TrP active locus was illustrated 
in Figures 2.17B and 2.22. These are 
motor endplates of extrafused fibers. 
The type of needle used would be me
chanically (Fig. 2.16) unable to pene
trate the capsule of a muscle spindle to 
reach an intrafusal motor endplate. 
Muscle spindles usually lie in loose 
connective tissue. 

3. The demonstration that the spikes from 
a TrP active locus can propagate at least 
2.6 cm along the taut band 2 5 1 precludes 
a muscle-spindle intrafusal-fiber origin. 
This distance is twice the total length of 
a human muscle spindle and four times 
the half-fiber distance measured in this 
experiment. 

4. In addition, the clinical effectiveness of 
Botulinum A toxin injection for the 
treatment of myofascial TrPs 1 , 3 4 , 2 9 7 sup
ports the endplate hypothesis. 

If muscle-spindles were the location of 
TrPs, it would not help to explain the close 
relation between TrPs and taut bands, since 
propagated action potentials originating 
from motor neurons are not responsible for 
the tension of the band. It is true that a 
muscle-spindle is an attractive source for 
the afferent limb of the local twitch re
sponse. However, it is not necessary to pos
tulate a dysfunctional muscle spindle. Fur
ther research studies are needed to resolve 
whether muscle spindles ever contribute 
to the local twitch response in any way. 

Two issues need clarification. The re
cent report by Hubbard 1 3 2 of finding one 
muscle spindle in one biopsy needs to be 
put in perspective. The first histological 
study using iron deposition as an accurate 
marker 1 4 7 in 1955 reported that in all 28 
sites of electrical activity in rat muscles 
"no other structures of muscle, including 
muscle spindles, had any consistent 
relationship to the area containing the 
iron deposits." They 1 4 7 did not use a 
cholinesterase stain and so were unable to 
identify motor endplates. Wiederholt2 9 1 

used both iron stain and cholinesterase 
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stain when he strongly associated the 
source of the electrical activity with end
plates. He made no mention of muscle 
spindles, although it would be no surprise 
if a muscle spindle appeared in a few of 
his sections since they are widely distrib
uted in the muscle, including the end
plate region. The methylene blue injec
tion used by Hubbard to localize the site 
for evaluation is well known for its ten
dency to diffuse along the fascial planes 
where muscle spindles are located. As the 
author noted, this one biopsy, which con
tradicts previous studies, is not conclu
sive. 

The report1 3 2 that in two subjects EMG-
guided intramuscular TrP injections of cu
rare had no effect on either the amplitude or 
frequency of the TrP-EMG activity would 
seem to be convincing evidence that the 
EMG activity did not come from motor end
plate activity. However, in several pilot 
tests using intravenous injection of curare 
in the rabbit (Hong, Simons, Simons, un
published data) the investigators learned 
that unless one establishes, by some inde
pendent means such as motor nerve stimu
lation, that the motor endplates are effec
tively blocked by the curare, one cannot 
draw any conclusions with confidence con
cerning its effect on the electrical activity of 
active loci. This confirmation was lacking 
in the Hubbard study. To be seriously con
sidered, this experiment needs to be re
peated with proper controls. 

One other study 2 0 5 suggested that spikes 
arise from intrafusal muscle fibers. Those 
authors discussed why spikes are not ec
topic discharges of motor axons but did not 
consider the possibility that spikes are the 
result of mechanically induced release of 
abnormal amounts of acetylcholine at the 
neuromuscular junction of an extrafusal 
fiber. However, all of their data were con
sistent with this latter mechanism of spike 
generation. Muscle spindles may, at times, 
contribute to TrP phenomena, but it seems 
extremely unlikely that muscle spindles 
are the primary site of the TrP mechanism. 

Neuropathic Hypothesis. In 1980, 
Gunn 1 0 9 proposed that the cause of TrP hy
persensitivity is neuropathy of the nerve 
serving the affected muscle. Recently, Chu 3 7 

has presented extensive EMG evidence that 
neuropathic changes are significantly re
lated to the presence of TrPs in the 
paraspinal musculature. There is much 
clinical evidence that compression of motor 
nerves can activate and perpetuate the pri
mary TrP dysfunction at the motor endplate. 

Fibrotic Scar Tissue Hypothesis. The 
concept that the palpable firmness of the tis
sues at the TrP represents fibrotic (scar) tis
sue is based on the assumption that dam
aged muscle tissue has healed by scar 
formation.7 5 This concept derives from his
tological findings in a few most severely in
volved subjects in studies of Muskelharten, 
Myogelosen, Fibrositis, and Weichteil-
rheumatismus reported in the German liter
ature throughout this century. Patients with 
myofascial TrPs would have been included 
under the diagnostic criteria used for these 
studies but so would almost any other mus
cular affliction with tender indurations. 

Only two studies have reported biopsies 
of TrPs, one on dogs 2 5 3 and one on human 
subjects. 2 1 4 Both studies presented strong 
evidence for the presence of contraction 
knots and neither found fibrosis. In addi
tion, the recently discovered endplate dys
function described in this chapter and taut 
bands caused by sarcomere contraction 
fully account for the clinical findings of pa
tients with myofascial TrPs without invok
ing fibrosis as part of the process. The rapid 
resolution of the palpable taut band with 
specific TrP treatment argues against the fi
brosis explanation. A review by Simons 2 3 5 

of all biopsies of tender nodules reported for 
much of this century found that the authors 
consistently reported little or no scar tissue 
and, when present, it was observed only in 
a relatively few clinically severe cases. 

It is possible that if the endplate dys
function is allowed to persist for an ex
tended period of time, it may eventually 
lead to chronic fibrotic changes. How 
quickly and under what circumstances this 
might occur must be resolved with appro
priate research studies. The increasing re
fractoriness to local TrP therapy with 
longer periods before effective treatment is 
started 1 2 7 can just as well be attributed to 
plastic changes of the central nervous sys
tem when subjected to prolonged nocicep
tive input as to fibrotic changes in the mus-
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cle. This central mechanism is now well 
documented experimentally. 

Local Twitch Response 

The local twitch response (LTR) is a brisk 
transient contraction of the palpable taut 
band of muscle fibers elicited by mechanical 
stimulation of the TrP in that taut band. Me
chanical stimulation may be produced by 
needle penetration of the TrP, 2 4 6 by mechan
ical impact applied directly to the muscle 1 2 8 

(or applied through the skin over the TrP), or 
by snapping palpation of the TrP. 2 4 6 

Clinically, the response is most valuable 
as a confirmatory sign. When injecting a 
TrP, an LTR signals that the needle has 
reached a part of the TrP that will be thera
peutically effective. 1 2 3 It is often not practi
cal to include the LTR as a primary diag
nostic criterion of a TrP because an LTR 
can be prohibitively painful to the patient 
when it is elicited, it is often inaccessible 
to manual palpation because of overlying 
fat and/or muscle, and the LTR requires a 
particularly high degree of manual skill for 
reliable detection. 9 4 However, when it does 
occur in the course of examination of a ten
der nodule or taut band, the LTR is strong 
evidence for the presence of a TrP. The rab
bit localized twitch response has proven to 
be a valuable research tool for investigating 
the nature of twitch responses . 1 2 8 , 1 2 9 

Topographic Extent of the Local Twitch 
Response. To date, most experimental in
vestigations of the local twitch response 
(LTR) examined the localized twitch re
sponse which is the rabbit counterpart of 
the LTR. The pioneering study by Hong 
and Torigoe in 1994 1 2 8 identified a trigger 
spot (comparable to the human TrP) in the 
rabbit biceps femoris muscle by locating a 
taut band using pincer palpation and test
ing along its length for a maximum twitch 
response to snapping palpation. This loca
tion was designated the trigger spot. Me
chanical stimulation was standardized by 
using a solenoid-driven rod to impact the 
surface of the muscle at selected locations. 
The response was recorded electromyo-
graphically with a monopolar teflon-coated 
EMG needle placed in the taut band sev
eral centimeters distal to the trigger spot. 

Figure 2.32A from this study compares 
the vigor of the twitch response to taps on 
the trigger spot and to taps applied short dis

tances away from it. Responses were unob
tainable 5 mm to either side of the trigger 
spot, were greatly attenuated when applied 
in the taut band 1 cm from the trigger spot to
ward the recording needle, and were vesti
gial in the taut band 3 cm from the trigger 
spot. The vigor of the twitch response was 
very sensitive to small displacements of 
only a few millimeters when the stimulus 
was applied to muscle fibers adjacent to the 
trigger spot, and was similarly attenuated by 
displacement a few centimeters along the 
same fibers that pass through the trigger 
spot. These findings correspond to the loca
tion of tenderness at TrPs in human patients. 
Responsiveness to snapping palpation is 
greater at the nodule or TrP as compared to a 
distance from it along the taut band. The 
findings also correspond to the meticulous 
accuracy with which one must stimulate the 
sensitive locations in the taut band and not 
adjacent tissue in order to evoke the LTR. 

Figure 2.32B examines the effect of tap
ping the trigger spot and recording the 
twitch response with a needle in the taut 
band and with the needle placed 5 mm to 
either side of the taut band. The latter posi
tions showed vestigial twitch responses. 
The action potentials of the twitch response 
were propagated in just those fibers passing 
through the trigger spot and did not involve 
adjacent muscle fibers. The twitch response 
was highly localized to the trigger spot and 
to the taut band passing through it. 

Origin and Propagation of the Local 
Twitch Response. No studies to deter
mine the specific structure(s) responsible 
for the origin of the LTR are known to date. 
Clinically, the strong relation between the 
appearance of LTRs during successful 
needling of a TrP 1 2 3 and the severe pain fre
quently experienced by the subject when a 
twitch response occurs suggests that it can 
originate from stimulation of sensitized no
ciceptors in the region of the TrP. 

The a-motoneurons with endplates suf
fering from excessive ACh release appear to 
be preferentially responsive to the strong 
sensory spinal input from these sensitized 
nociceptors. This possibility is reinforced 
by the observation that snapping palpation 
of one TrP resulted in simultaneous LTRs in 
the taut band of that TrP and in a taut band 
of another nearby muscle. It is possible that 
adequate mechanical stimulation of any 
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Figure 2.32. Electromyographic recordings demon
strating the spatial specificity of the rabbit localized 
twitch response with regard to the region of the trigger 
spot that was stimulated mechanically to elicit the re
sponse and with regard to the region of the taut band 
from which the response could be recorded. The solid 
black line represents the taut band (marked respon
sive band) that was selected for testing by manual 
palpation. 

A, specificity of the point of stimulation in the region 
of the trigger spot in the taut band. Electromyographic 
recordings of twitch responses were obtained from a 
needle inserted in the taut band distant from the trig
ger spot. Stimuli were delivered directly on the trigger 
spot, to either side of it, and along the taut band to
ward the recording needle, as indicated by labels on 
the recordings and location of the label lines. The 
most vigorous response was observed at the trigger 

spot, almost none to either side, and progressively 
less as the point of stimulation moved farther from the 
trigger spot. 

B, The arrow indicates the point of mechanical 
stimulation by a tap delivered with a solenoid-driven 
thin rod. The three electromyographic tracings were 
obtained in, and 5 mm to either side of, the taut band. 
The recordings near but not in the taut band show 
only distant waveforms. 

These observations substantiate the clinical im
pression that the local twitch response is specific to 
mechanical stimulation of the trigger spot (point) re
gion and is ordinarily propagated only by the taut 
band fibers passing through the trigger spot. (Repro
duced with permission from Hong CZ, Torigoe Y. Elec
trophysiological characteristics of localized twitch re
sponses in responsive taut bands of rabbit skeletal 
muscle. / Musculoske Pain 2(2)^ 7-43, 1994.) 

A 
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Figure 2.33. Evidence that the local twitch response is 
a spinal reflex not dependent on higher centers. 
A, schematic of procedure for a localized twitch re
sponse experiment.129 First, the spinal cord of the fully 
anesthetized rabbit was completely severed. Later, 
the motor nerve was severed. B, results of the local
ized twitch response experiment. Abscissa: time 
elapsed in minutes; Ordinate: mean duration of local

ized twitch responses in milliseconds. As soon as the 
spinal cord was severed, the localized twitch re
sponse disappeared due to spinal shock. As the ani
mal recovered from spinal shock, the localized twitch 
response slowly returned. However, after the motor 
nerve was severed, localized twitch responses be
came unobtainable and remained that way. Based on 
published data.1 2 9 
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nidus of sensitization in the muscle, includ
ing bursitis or enthesopathy in the region 
where the muscle attaches, may be able to 
initiate an LTR. Although LTRs were signif
icantly more likely to occur at a TrP site than 
out of a TrP,2 4 8 the fact that responses did oc
cur as the result of needling two other sites 
supports the possibility of less specific sites 
of origin for this response than just active 
loci at motor endplates. 

Hong and coworkers reported several 
studies that examined propagation of the 
rabbit localized twitch response. The initial 
rabbit study 1 2 8 reported that vigorous twitch 
responses to mechanical stimulation with a 
solenoid device were terminated by anes
thetizing the muscle nerve supplying the 
muscle or by severing it with scissors. A 
subsequent study 1 2 9 of five rabbits examined 
the effect on the twitch response by first 
transecting the spinal cord at the T 4 , T 5 , or T6 

level and later cutting the sciatic nerve, as il
lustrated in Figure 2.33A. Figure 2.33B pre
sents the duration of localized twitch re
sponses recorded before and repeatedly 
after each procedure. Immediately follow
ing spinal cord transection rostral to seg
ments supplying the biceps femoris muscle, 

no twitch response was obtainable. As the 
spinal cord recovered from spinal shock 
caused by the spinal surgery, the duration of 
twitch responses recovered to their presur-
gical level. Following sectioning of the sci
atic nerve, the duration of twitch responses 
again fell to zero and remained there until 
the end of the experiment an hour later. 
These results indicate that the rabbit local
ized twitch response is propagated essen
tially as a spinal reflex that is not dependent 
on supraspinal influences. 

A human study 1 2 4 followed changes in 
the local twitch response during the recov
ery phase after a brachial plexus injury that 
resulted in complete loss of nerve conduc
tion. The EMG activity of twitch responses 
recovered in parallel with the recovery of 
nerve conduction. This result is consistent 
with the other evidence that the twitch re
sponse is largely if not completely a spinal 
reflex. The reflex pathway is illustrated 
schematically in Figure 2.34. 

In a study 2 6 6 of the motor innervation of 
the cat gastrocnemius muscle, the authors 
described and illustrated what portion of 
the muscle contracted in response to electri
cal stimulation of one fascicle of the motor 

Figure 2.34. Schematic of the most likely reflex path
way followed by a local twitch response originating in 
a myofascial trigger point. The open black circle with 
red rays identifies the active locus and its associated 
sensitized nociceptor fibers of a myofascial trigger 
point. The dotted red line represents the nociceptor 
pathway to the dorsal horn neuron (solid red circle) 
which connects through internuncial neurons to ven
tral horn cells. The open black circle in the ventral 
horn locates a motor neuron. The curved black line 
represents one motor unit of the return limb of the re

flex. The apparent increase in responsiveness of a-
motoneurons whose endplates exhibit the sponta
neous electrical activity of active loci would account 
for a preferential response of an involved motor unit 
(or units) (dark red lines) which are present in the taut 
band. The muscle fibers of uninvolved motor units are 
light red lines. The local twitch is the motor response 
resulting from the activation of the involved motor 
unit(s) of the taut band. The arrows show the direction 
of action potentials in the nerve and in the muscle 
fibers. 
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nerve. The size of the contraction that they 
described fit nicely the appearance of twitch 
responses in rabbit muscle. 1 2 8 This is com
patible with the other evidence suggesting 
that an LTR is the contraction of as many 
muscle fibers as belong to one or possibly 
several interdigitating motor units. 

Taut Band. In muscles accessible to 
palpation, a myofascial TrP is consistently 
found within a palpable taut band. Theo
retically and clinically, the taut band is a 
basic diagnostic criterion of a TrP. 9 4 How
ever, by itself, it is an ambiguous finding. 
Taut bands are found in asymptomatic 
subjects with no evidence of tender nod
ules or TrPs. 2 9 3 Other muscle structures 
such as intermuscular and intramuscular 
septa can feel deceptively similar. 

The source of increased tension palpa
ble in the taut band is identified by the 
mechanism illustrated in Figure 2.25. 
Other hypotheses fail to explain how the 
tension can be relieved within seconds or 
minutes after inactivation of the TrP. 

From a research point of view, the taut 
band remains one of the more neglected 
phenomena that are associated with mus
culoskeletal pain. It is difficult to measure 
with accuracy, specificity, and reliability. 
Studies indicate that palpable taut bands 
can be present in normal muscles without 
any other indication of abnormality such 
as tenderness or p a i n . 2 0 6 , 2 9 3 This observa
tion suggests that the symptoms of a clini
cal TrP represent additional spread and 
propagation of TrP pathology beyond a few 
simple contraction knots to much more ex
tensive involvement of the muscle fibers. 
The pathological findings of club-like 
swellings, double knots with empty sar-
coplasm between them, and areas of de
generating fibers may identify some of 
those additional complications. The inte
grated trigger point hypothesis provides a 
basis for histopathological research to clar
ify the origin of taut bands. Such studies 
could examine the development of taut 
bands following the experimental induc
tion of contraction knots. 
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CHAPTER 3 

Apropos of All Muscles 

HIGHLIGHTS: Considerations that apply gener
ally to all the muscles are consolidated in this 
chapter. Detailed knowledge of the REFERRED 
PAIN (AND TENDERNESS) pattern is usually a 
valuable help in identifying which muscle(s) are 
responsible for myofascial trigger point (TrP) pain. 
The precise location of all of the patient's per
ceived pain is drawn on a body form to aid in di
agnosis and for future reference. An area of re
ferred tenderness corresponds approximately to 
the distribution of the referred pain described by 
the patient. Understanding the muscle's 
ANATOMY helps one to integrate knowledge of 
its chief action(s), functional relations to other 
muscles, how to find it for examination, how to 
stretch (lengthen) it, and the location of its TrPs 
for injection. The FUNCTION of a muscle reveals 
what movements and stress situations are likely 
to activate and perpetuate TrPs in it. The FUNC
TIONAL UNIT identifies other muscles that are 
functionally closely related and, therefore, also 
likely to develop TrPs because of referred motor 
effects and interacting mechanical stresses. 
SYMPTOMS of myofascial pain and dysfunction 
that appear suddenly often begin after a clearly 
remembered movement or event at a specific 
time and place. In other cases, excessively pro
longed or repetitive efforts insidiously activate 
TrPs in the abused muscles. The stressful move
ment or conditions responsible for ACTIVATION 
AND PERPETUATION OF TRIGGER POINTS in 
a particular muscle must be identified and elimi
nated or modified to prevent the same stresses 
from reactivating and perpetuating the TrPs fol
lowing treatment. PATIENT EXAMINATION dis
tinguishes between the primary effects of in
creased muscle tension and muscle shortening 
caused by the primary TrP pathophysiology and 
the secondary tension, reflex, and nerve sensiti
zation effects. Examination begins with observa
tion of the patient's posture, movements, and 
body structure and symmetry, and it includes 
screening movements that quickly identify which 
9 4 

muscle groups have a reduced stretch range of 
motion (ROM). Pain is commonly caused in a 
muscle with TrPs by contracting it in the shorted 
position. TRIGGER POINT EXAMINATION of a 
muscle requires a knowledge of the location and 
direction of its fibers in relation to those of neigh
boring muscles. Objective confirmation of a TrP 
requires special examination techniques for lo
cating its taut band, nodule, and spot tenderness 
by palpation. The diagnosis of an active trigger 
point is established by patient recognition of the 
pain elicited by pressure on the TrP and may be 
confirmed by eliciting a local twitch response 
(LTR) from it. Nerve ENTRAPMENT may occur 
because of pressure by the palpable bands of 
taut muscle fibers that are associated with myo
fascial TrPs, when the nerve passes through the 
muscle between taut bands, or when it is com
pressed between such a band and bone. The 
cause of the neurological symptoms and signs of 
neurapraxia that result is easily misinterpreted if 
this mechanism of entrapment is not recognized. 
DIFFERENTIAL DIAGNOSIS must consider 
symptoms which appear to come from trigger 
points but are caused by another diagnosis and 
also other diagnoses which the patient has re
ceived because of symptoms that are caused by 
trigger points. TRIGGER POINT RELEASE can 
be accomplished using spray and stretch or us
ing voluntary contraction and release techniques 
that include postisometric relaxation, reciprocal 
inhibition, contract-relax, and muscle energy 
technique. Direct manual techniques include trig
ger point pressure release, deep stroking mas
sage, and strumming. Indirect methods also can 
be used, and all of these methods can be sup
plemented with accessory techniques and 
modalities. 

TRIGGER POINT INJECTIONS require first, 
accurate localization of the TrP by palpation and 
then, confirmation of precise placement of the 
needle based on needle-elicited pain and a local 
twitch response. Enough finger pressure is ap-
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plied to insure hemostasis. After injection, the pa
tient should perform three full cycles of slow ac
tive range of motion to reestablish normal func
tion of the muscle. CORRECTIVE ACTIONS 
include both a stretch exercise program for use at 

home and the elimination of perpetuating factors 
(Chapter 4). Particularly among patients with 
chronic myofascial pain, these considerations 
usually determine the duration of relief experi
enced after treatment of the involved muscles. 
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Exercises 171 

1. REFERRED PAIN (AND TENDERNESS) 

The patient's pattern of referred pain 
and tenderness is often the key to identify
ing the muscle(s) responsible for a myofas
cial pain syndrome. This section explains 
how to draw a representation of the pa
tient's pain, and how to interpret the loca
tion of the pain. Identification of the areas 
of referred tenderness is covered under 
Section 8. 

Patient's Pain History 

Surprisingly, the patient is rarely aware 
of a trigger point (TrP) in the muscle that 
causes the myofascial pain; pain evoked by 
lying on an infraspinatus TrP at night is 
perceived in the shoulder, not at the guilty 
TrP in the muscle overlying the scapula. 
However, when the patient stretches or 
loads the involved muscle, he or she is 
likely to feel discomfort in the regions of 
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taut band attachments. The myofascial TrP 
pain patterns presented throughout this 
manual were described by patients as situ
ated deep (subcutaneous and muscular) 
and aching in character, unless stated oth
erwise in our description. 

Regardless of the mode of onset, 
whether abrupt or gradual, pain referred 
from myofascial TrPs is characterized as 
steady, deep, and aching, rarely as burning. 
It is to be distinguished from the prickling 
pain and numbness associated with pares
thesias and dysesthesias of peripheral 
nerve entrapment or of nerve root irrita
tion. However, two skin muscles, the 
platysma and palmaris longus, refer a nee
dle-like prickling sensation superficially. 
Throbbing pain is more likely to be due to 
vascular disease or dysfunction. Occasion
ally, a myofascial TrP initiates sharp, lan
cinating, or lightning-like stabs of pain. 

The patterns of pain referred from TrPs 
in a muscle are reproducible and pre
dictable. Knowledge of these patterns is 
used to locate the muscles most likely to be 
causing the spontaneous pain, much as one 
suspects which viscus is diseased by its 
specific pattern of referred pain. The diag
nostic value of the patient's pain patterns 
depends strongly on the accuracy and de
tail with which the exact location and ex
tent of the pain are mapped. 

Generally, the specificity of the pain pat
terns in this manual was established first 
by determining which muscle contained 
the TrP through observing the location of 
movement produced by a local twitch re
sponse (LTR), or (when the muscle was not 
accessible for eliciting an LTR) by noting 
other anatomical landmarks when inject
ing the TrP. Next, when injecting the TrP, 
the clinician asked the patient to note care
fully the location of any associated pain 
when the needle produced an LTR in that 
TrP. The location of this pain was consid
ered the referred pain pattern of a TrP in 
that muscle of that patient. 

It would be helpful if there were a gen
eral rule that predicted the direction of the 
referred pain pattern of a TrP based on the 
location of the muscle. This possibility was 
investigated. 1 4 4 The direction of referral of 
the 147 pain patterns of volumes 1 and 2 of 
the Trigger Point Manual was classified as 

peripheral (away from the center of the 
body), mostly central (predominantly in 
the direction of the center of the body), and 
local (only in the immediate vicinity and 
surrounding the TrP). Examples illustrat
ing these three kinds of pain patterns ap
pear in Figure 3.1. Some TrPs produce pain 
patterns that are combinations of these 
three. Many patterns include the TrP and 
sometimes it is the most painful location. 
Other patterns do not include the TrP it
self, which can be very misleading to the 
clinician and to the patient. 

In general, referral at least partly in the 
peripheral direction is most common (85% 
of patterns). Half of all patterns (48%) refer 
only in the direction of the periphery. In 
addition, 20% of all patterns include both 
peripheral and central referral, and 17% of 
peripheral patterns include a strong local 
pattern. Just 10% of the patterns have only 
a local pattern and just 5% refer only in a 
central direction. 

These data suggest that once it is estab
lished where the patient hurts, one is 
much more likely to find the TrP located 
toward the center of the body from the re
ferred pain than to find the TrP located pe
ripheral to the pain complaint. These data 
also warn that only a total of 27% of pat
terns include a substantial local compo
nent of TrP-generated pain. If a clinician 
depends on finding the TrP at the spot 
where a patient points when he or she 
shows where the pain is, the clinician is 
likely to be wrong nearly three quarters of 
the time. The Trigger Point Wall Charts and 
Trigger Point Flip Charts published by 
Williams & Wilkins are a great aid in this 
regard. 

When the TrPs are more active, the ex
tent of referred pain is greater, the pain is 
more intense, pain is more likely to persist 
at rest, the TrPs are more tender, the taut 
bands are more tense, and LTRs are more 
vigorous. 7 1 

In this volume, the solid red area in 
each drawing of referred pain and tender
ness depicts the essential pain zone, which 
is present in nearly every patient when the 
identified TrP is active. Spillover pain 
zones, which may or may not be present, 
appear as red stippling. A black (or white) 
X published on pain pattern drawings 
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Figure 3.1. Examples of the three directions in which 
trigger points (Xs) may refer p a i n . A, peripheral 
projection of pain from suboccipital and infraspinatus 
trigger points. B, mostly central projection of pain 

from biceps brachii trigger points with some pain in 
the region of the distal tendinous attachment of the 
muscle. C, local pain from a trigger point in the serra-
tus posterior inferior muscle. 

identifies a common location of the TrP, or 
TrPs, in that muscle; this provides only a 
general guide. The TrPs may be located 
anywhere in the endplate zone(s) of the 
muscle. The location of the endplate 
zone(s) depends on the arrangement of 
fibers in that muscle (see Chapter 2, Sec
tion D). 

Drawing the Pain Pattern 

In addition to observing the patient's 
posture and examining for limitation in 
range of motion (see Section 8 in this chap
ter), a precise pictorial representation of 
the patient's pain is a valuable aid for lo
cating TrPs causing myofascial pain. Verbal 
descriptions are often imprecise and mis
leading so a blank body form can be used 
routinely to record the patient's descrip
tion of the pain. Figures 3.2, 3.3, and 3.4 
are forms useful for this purpose. The same 
form also can be used to record the loca
tion and tenderness measure of the TrPs 
when they have been located. The form be
comes a valuable medical record. 

Communication concerning pain sensa
tions is difficult, at best. When patients say, 

"My shoulder hurts," some will indicate 
pain in front of or behind the shoulder; one 
reaches back to the scapula; another grabs 
the entire shoulder indicating pain deep in 
the joint; and yet another rubs the upper 
arm. Therefore, the clinician needs to ask 
the patient to delineate the pain on his or 
her body using one finger; then the practi
tioner can draw its pattern on the blank 
form. The patient should then examine the 
drawing for accuracy and completeness. 
This procedure enhances the precision of 
the record, and improves communication. 
The locations of all the patient's separate 
pain patterns and the date of the first ap
pearance of each are noted for future refer
ence. Other authors also strongly endorse 
the use of pain drawings . 1 2 - 1 1 3 , 1 1 7 Precise 
delineation of the patient's pain areas is re
quired to match them with the known pain 
patterns of individual muscles and to 
record progress. 

It is common practice to give the patient 
a blank body form and ask him or her to in
dicate with symbols where the pain is felt. 
This is useful for identifying patients who 
have the widespread pain of fibromyalgia 

Local c Mostly central 

B 
Peripheral 

A 
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Figure 3.2. Body form: full figure, front and left side. 
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Figure 3.3. Body form: full figure, right side and back. 
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and not just the regional pain of myofascial 
TrPs. These generalized drawings are of lit
tle help for distinguishing which muscle(s) 
harbor active TrPs. The specific detailed 
pain pattern is often the key to a prompt 
accurate diagnosis. 

To record the distribution of the pa
tient's pain, one can follow the conventions 
in this volume. The area that hurts most se
verely, and/or most frequently, is drawn in 
solid red. Regions that are sometimes 
painful, or are less painful, are stippled; the 
lighter the stippling, the less painful the 
area. Red is reserved for aching pain; an
other color such as green, or check marks, 
can be used for numbness and tingling. 

After examining the patient, an X is 
used to record the location of each TrP. Af
ter treatment, black diagonal lines can be 
used to record the areas that were sprayed 
and stretched. A circled X can be used to 
locate a TrP injection site. Marginal notes 
tell the date of onset and the associated 
event (if any), unusual depth of pain (if su
perficial or deep in the bones and joints), 
and any unusual quality other than aching. 
The dates of onset permit reconstruction of 
the evolution of a series of pain patterns. 
When mapping back pain, it is important 
to record the orientation of the pain as in
dicated by the patient's finger movement, 
up and down, or across the back. 

Sometimes a patient will state, "I hurt 
all over." When asked if the nose hurts, the 
answer is almost always, "No." Nor do pa

tients complain of referred pain in the fin
gernails. With this start, the patient begins 
to realize that discriminating answers are 
possible. The patients begin to understand 
that this examiner takes the details of their 
pain complaints seriously and will not dis
count their description of the pain as oth
ers may have done. After the patient's pain 
patterns have been recorded, it is often 
very helpful for the patient (and the clini
cian) to see the pattern of that patient's 
pain on a flip chart or wall chart of TrP 
Pain Patterns. Patients are relieved to real
ize that they have not been imagining the 
pain, as they ofttimes have been led to be
lieve, and that many other patients have 
experienced the same pain. This opportu
nity to demonstrate the muscles that con
tain the TrPs which are causing their pain 
is especially helpful when the pain pattern 
is a composite of several TrPs. Details are 
important, such as which side of the limb 
hurts, and whether the pain skips across a 
joint or concentrates in the joint. It does in
justice to the patient and to the diagnosis 
to depend on generalizations. 

When a TrP is identified and its location 
has been marked by an X on the Pain-Pat
tern form, the TrP tenderness may be docu
mented by a dated pressure algometry 
reading recorded beside the X. 

Interpretation of Initial Pain Patterns 

Is the drawing a simple, one-muscle, 
myofascial TrP pain pattern? Is it a com-

Figure 3.4. Body form: head, front and sides. 
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posite of several such patterns that are su
perimposed, or does it have a distribution 
that is foreign to TrP pain patterns and, 
therefore, most likely of non-myofascial 
origin? To answer these questions one 
needs to be familiar with the individual 
myofascial referred pain patterns, to know 
that myofascial pain caused by TrPs is 
rarely symmetrical, and to know that it 
rarely assumes a glove-and-stocking or 
hemialgia distribution. 1 7 5 The extent of a 
muscle's referred pain pattern tends to en
large as the irritability (activity) of the TrP 
increases. 

A referred pain pattern may be compos
ite in two ways. A total pattern may com
prise overlapping patterns from different 
muscles, so that the extent of the pattern 
exceeds that of one muscle. 8 0 Figure 3.5 il
lustrates how this can look when the pa
tient complains of headache. 

On the other hand, if TrPs in several 
muscles all refer pain to the same area (e.g., 
the shoulder), the area may be a little 
larger, but also will be more painful and 
hyperesthetic than if the symptoms came 
from only one muscle. Inactivation of only 
one of the contributing TrPs may produce 
little amelioration of the patient's pain; 
whereas, inactivation of all of them can 
achieve complete relief. 

No two patients' problems are exactly 
alike. A few patients exhibit marked varia
tions in the expected referred pain pattern, 
sometimes due to a genetic variation in 
central nervous system transmission, com
parable to an anomalous muscle. Rarely are 
such variations in pattern symptoms of 
hysteria. 

The history should indicate whether the 
pain pattern has been stable, or whether it 
has evolved over months or years. If the 
pattern is stable, the pain is likely to re
solve promptly with specific myofascial 
TrP therapy. The progressive involvement 
of many muscles is a strong indication that 
perpetuating factors (Chapter 4) must be 
eliminated for lasting pain relief. 

Interpretation of Pain Patterns on 
Return Visits 

When the patient returns pain free with 
complete restoration of full range of motion 
and the prior TrP sites are no longer abnor-

mally tender, the treatment was successful. 
However, if the patient returns claiming 
"no improvement," an accurate record of 
the previous pain pattern becomes critical. 
The earlier record is compared with a new 
drawing representing the patient's pain 
and algometer readings of TrP tenderness. 
If the patient has the same degree of ten
derness in the same TrPs and the same pain 
pattern as before treatment, one must ask 
how long pain relief lasted following treat
ment. If pain relief was complete for some 
hours or days, one can assure the patient 
that a muscular cause of the pain is pre
sent, and that it can be relieved, at least 
temporarily. However, repeated treatment 
without first resolving the perpetuating fac
tors that make the TrPs so hyperirritable is 

FIGURE 3.5. Common "tension type headache" pain 
pattern caused by overlapping referral patterns of 
pain (red) from trigger points in the temporalis (white 
Xs), suboccipital (uppermost black X), sternocleido
mastoid (middle black X), and upper trapezius (fowesf 
black X) muscles. (Adapted with permission from 
Jaeger B: Differential diagnosis and management of 
craniofacial pain. Chapter 11. In: Endodontics. Ed. 4. 
Edited by Ingle Jl, Bakland LK. Williams & Wilkins, 
Baltimore, 1994:550-607.)80 
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likely to be fruitless. A major effort should 
then focus on identifying and eliminating 
the perpetuating factors. 

On the other hand, if careful comparison 
of a current "no improvement" pain pat
tern with the patterns of the patient's pre
vious visit shows a distinct improvement, 
and if some of the muscles previously 
treated no longer contain tender TrPs, this 
represents satisfactory progress. Compari
son of the new drawing with the initial 
chart of the prior pain patterns may iden
tify a pain distribution in the location of a 
previous pain. In this case, one set of TrPs 
has been inactivated, but the absence of 
that pain has unmasked the referred pain 
pattern of the next most active TrPs. Often, 
the patient is not aware of a slight shift in 
pain location until reminded by comparing 
the old and new pictorial records. Without 
the accurately recorded pain patterns for 
comparison, the clinician and the patient 
might overlook the progress being made. 
Occasionally, the pattern may be new to 
that patient; a TrP has been newly activated 
and must be managed as any acute myofas
cial TrP syndrome. 

2. ANATOMY 
By knowing all of a muscle's attach

ments, one can deduce the major actions of 
the muscle, where to find it for palpation, 
and the direction of its fibers. The anatomi
cal drawings of each muscle in this volume 
present the muscle alone with its bony at
tachments. The bones to which the muscle 
attaches are stippled more darkly than 
other bones. When necessary, additional 
drawings of regional anatomy show the 
muscle's relation to nearby muscles and 
structures. Anatomy textbooks were 
scoured for the needed views of muscles. 
When questions remained, dissections 
were studied in the anatomy laboratory. Al
though an anatomical variation may occur 
in only a small percent of the population, it 
is 100% to the patient who has the variation 
and to the clinician caring for the patient. 

It has now become clear that knowledge 
of the location of the endplate zone(s) in a 
muscle is of fundamental importance to 
understanding where central TrPs can be 
found. Knowing the location of myotendi-
nous junctions and tendo-osseous attach
ments is important for understanding 

where attachment TrPs may occur. Chapter 
2 reviews the reasons for these phenom
ena. Some individual muscle chapters re
flect this new understanding more fully 
than others. 

Terminology 

The names of the muscles come from 
Nomina Anatomica.7 English usage fol
lows the American edition of Gray's 
Anatomy of the Human Body.33 In this 
manual, the words "origin" and "inser
tion" are avoided except in instances 
where the relation is unambiguous, as with 
finger attachments. Not uncommonly, the 
functions of the nominal origin and inser
tion become reversed, particularly during 
movement when muscles are likely to be 
strained and TrPs activated; use of the term 
"attachment" helps one to keep an open 
mind and to think of muscle functions in 
realistic terms, permitting interpretation of 
the specific stress situation described by 
the patient. To stretch a muscle therapeuti
cally, it usually matters not which end is 
fixed and which end is moved. 

Unless stated otherwise, descriptions of 
muscle attachments refer to the person in 
the upright position, standing straight, face 
forward, and the arms and forearms at the 
side with the forearm supinated (anatomi
cal position, Fig. 3.2). Therefore, above is 
equivalent to cephalad, superior, or proxi
mal, and below is equivalent to caudad, in
ferior, or distal. 

Fiber Arrangement 

A description of the fiber arrangement 
in muscles is commonly overlooked in 
anatomy texts, lost in the hiatus between 
gross and microscopic anatomy. It is rarely 
described adequately, except in a few older 
texts, such as Bardeen 6 and Eisler. 4 3 All the 
fibers of any one muscle are of nearly equal 
length, but usually with staggered attach
ments at the ends; muscle fibers usually at
tach to aponeuroses or to bone in a paral
lelogram arrangement. In long muscles 
with short fibers, such as the gastrocne
mius, the aponeuroses overlap each other, 
or an aponeurosis at one end of the fibers 
overlaps a bony attachment at the other 
e n d . 2 2 , 2 7 Individual muscle fibers may be 
placed so diagonally, as in the soleus, that 
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Table 3.1 A Few of the Strongest Muscles Arranged in Their Order of Calculated 
Cross-sectional Area, Derived from Weber.184 

Cross-sectional Mean Fiber Total Muscle 
Muscle Area Length Weight 

cm 2 cm gm 
External intercostal 79 1.5 126 
Multifidus 68 2.9 210 
Internal intercostal 47 1.5 77 
Longissimus thoracis 32 7.2 223 
Deltoid 32 9.0 305 
Triceps brachii, short head 26 5.8 161 
Subscapularis 25 6.2 164 
Infraspinatus and teres minor 17 7.4 132 
Biceps brachii, long head 16 9.7 168 
Triceps brachii, long head 16 7.7 131 
Internal abdominal oblique 14 7.0 107 
Serratus anterior 13 13.7 186 
Cucularis (trapezius) 13 10.9 146 
Brachialis 13 8.4 117 
Pectoralis major, sternal 12 14.7 187 
External abdominal oblique 10 10.9 115 
Flexor digitorum profundus 10 6.7 68 

the fiber length is barely one-half the 
length of the whole muscle. 

In 1851, Weber 1 8 4 studied the structure 
of muscle and its relation to function by 
measuring the weight and mean fiber 
length of each muscle in the body. Table 
3.1 extracts data for a number of the larger 
muscles. The cross-sectional area of each 
muscle was calculated by the formula S = 
P/pL where S = the cross-sectional area, in 
cm 2; P = the weight of the whole muscle, 
in grams; p = the specific gravity of mus
cle, 1.0583 gm/cm 3; and L = the mean 
length of the fibers in that muscle, in cen
timeters. This kind of measurement may 
vary greatly from person to person depend
ing on body build, occupation, the degree 
and kind of physical activity, etc. Subse
quent studies 2 2 1 8 1 have reported results 
comparable to those of Weber. 

Assuming similar fiber diameters among 
muscles, the cross-sectional area is nearly 
proportional to the relative strength of each 
muscle, since this area also is proportional 
to the number of myofibrils contracting in 
parallel. This concept has been applied to 

the selection of muscles for transfer of ten
don attachment. 2 2 

The relative length of individual fibers 
to total muscle length has important func
tional consequences. 1 0 5 Muscles like the 
quadriceps, scalenes, and gastrocnemius 
with relatively short fibers (low fiber 
length/muscle length ratios) are designed 
for force production. Muscles like the bi
ceps, hamstrings, and tibialis anterior 
have high fiber length/muscle length ra
tios and are designed to produce high ve
locity movement. Muscles designed to 
produce force have endplate zones that 
tend to run the length of the muscle, 
whereas muscles designed for rapid move
ment have endplates zones that run rela
tively transverse to the muscle (depending 
on muscle structure), but always near the 
midpoint of the muscle fibers (see Chapter 
2 section C). 

Supplemental References 

As a service to those who teach muscle 
anatomy and to those interested in differ
ent anatomical views or in a more detailed 
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understanding of a muscle, additional il
lustrations are listed at the end of Section 
2 of each muscle chapter, under Supple
mental References. 

3. INNERVATION 
The spinal and peripheral nerves that 

usually supply each muscle are identified 
in this section. In many muscles, there is 
considerable individual variation; rarely 
do anatomists agree completely on the seg
mental innervation of a muscle. 

4. FUNCTION 
Since the actions of a muscle that pro

vide the functions for which it is used are 
so closely intertwined, these two issues are 
considered together under one heading in 
this edition. 

Understanding the actions of muscles is 
valuable diagnostically and therapeuti
cally. Diagnostically, an accurate descrip
tion of the precise movement made by the 
patient at the time that the TrP was acti
vated, together with a knowledge of which 
muscles are used to produce and to control 
that movement, helps to determine which 
muscles were likely to have been strained 
at the time. The strained muscles are then 
examined for restricted range of motion 
and tender nodules to see if they harbor ac
tive TrPs. 

Therapeutically, a knowledge of the 
movements and activities that depend upon 
the muscles being treated is needed in order 
to explain proper body mechanics to the pa
tient. The patient must understand precisely 
what movements and activities should be 
modified or avoided to prevent further mus
cular overload and perpetuation of the TrPs. 

In this manual, actions of muscles are 
described as the movement of a segment at 
a joint; for example, the brachioradialis 
muscle flexes the forearm at the elbow. 
Terms describing directions of movement 
are defined in Chapter 1. 

Four sources of information were used 
to summarize the actions of a muscle: (1) 
the actions listed in anatomy texts based 
on the attachments of the muscle; (2) the 
movements produced by stimulating the 
muscle electrically; (3) electromyographic 
studies that reported which movements or 
efforts generated motor action potentials in 
that muscle; and (4) the movements re

ported by patients that, when overloaded 
or repeated, produced TrPs in that muscle. 

5. FUNCTIONAL UNIT 
The functional unit to which a muscle 

belongs includes the muscle(s) that rein
force and counter its actions as well as the 
joint(s) which the muscle crosses. The inter
dependence of these structures functionally 
is reflected in the organization and neural 
connections of the sensorimotor cortex. 

The functional unit is emphasized be
cause the presence of an active TrP in one 
muscle of the unit increases the likelihood 
that other muscles of the unit also will de
velop TrPs. Dysfunction (weakness and 
shortening) of the affected muscle tends to 
overload other muscles of that functional 
unit. When inactivating TrPs in a muscle, 
one must be concerned about TrPs that 
may develop secondarily in muscles that 
are interdependent. 

The physiological definition of a myo-
tatic unit (the term used in the previous 
edition) includes the synergists, which 
help the prime mover (agonist), and the an
tagonists, 1 3 5 because these muscles are 
linked by interacting reflex pathways. 1 0 6 , 1 8 8 

The term functional unit is used in this 
edition and includes the muscles noted 
above and also muscles that do not neces
sarily share common reflexes, but which 
have close functional relationships. An ex
ample of one relationship is muscles that 
extend the line of pull of the affected mus
cle during total body movements (e.g., the 
external abdominal oblique extends the 
line of pull of the serratus anterior muscle). 
Another example is found in stabilizing 
muscles, such as the upper trapezius and 
levator scapulae muscles when they help 
control the scapula during forceful lifting 
movements of the upper limb on that side. 

6. SYMPTOMS 
With a thorough knowledge of individ

ual myofascial pain syndromes and of TrP 
referred pain patterns, one can often, with 
a careful history, not only identify the di
agnosis of myofascial pain but also deter
mine which muscles are most likely caus
ing the pain. The chapters that follow note 
specific features of individual muscle syn
dromes. This section describes the features 
of the patient's history that help to identify 
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myofascial pain syndromes and to distin
guish them from other painful conditions. 

The myofascial TrPs may be activated 
acutely by an obvious cause of muscular 
strain or may become symptomatic insidi
ously due to less obvious chronic muscular 
overload. In either case, symptoms may con
tinue for months or years if the myofascial 
TrP source of the pain is not recognized and 
treated. This situation often, but not always, 
leads to the syndrome of chronic pain, 
which is likely to become a way of l i fe 1 5 6 and 
may require attention to learned pain be
havior,47 as well as the TrP origin of pain. 
This manual concentrates on the latter. 

History 

Travell emphasized the importance of 
taking a thorough and thoughtful history in 
patients with chronic musculoskeletal 
pain. The following material on the patient 
history is abstracted from a chapter written 
by Travell in 1990. 1 7 2 

Preliminary Review of Records. The 
completeness of the history is increased by 
a preliminary review of the patient's story 
and records. Before the first visit, the patient 
is requested to submit a chronology of life 
events, a chronology of medical events, and 
a complete list of current and recent med
ications including nutritional supplements. 

The chronology of life events should give 
dates and places of residence, education, 
marriages, children living (age and where 
they live), sports activities, travel, and em
ployment (what kind, where, for whom). 

The chronology of medical events 
should include illnesses, infections, acci
dents (fractures, falls, etc.), surgical proce
dures, dental procedures, pregnancies and 
miscarriages, allergies (tests and hyposen-
sitizations), and vaccinations. The patient 
may overlook a significant accident if no 
fracture occurred, but further interrogation 
will elicit the full history. 

The patient is generally aware of in
halant allergies, but special care must be 
taken to check for food allergies and what 
foods cause symptoms. Myofascial TrPs are 
aggravated by high histamine levels and 
active allergies. Marking the skin to test for 
dermatographia is a simple way of identi
fying high histamine levels. 

For inhalant allergies, reducing expo
sure by the use of electrostatic air cleaners 

is helpful. However, the fact that the pa
tient has an electrostatic air cleaner may 
not be sufficient. One patient reported us
ing it every night, but further inquiry re
vealed that she also opened her bedroom 
windows every night. She liked fresh air 
and did not realize that her air cleaner had 
no chance of eliminating the pollens that 
were coming in from outdoors. 

The list of medications should include 
all medications currently being taken, in
cluding vitamin and mineral supplements. 
The patient is asked to bring a bottle of 
every medication so that the actual dosage 
can be established. This includes prescrip
tion and over-the-counter drugs, as well as 
nutritional supplements. A list of the med
ications taken in the past that caused side 
effects or d id not relieve the pain is also 
important. 

The patient is asked to send, in advance, 
a copy of all medical records in his or her 
possession and to request any others to be 
sent by any recent consulting physicians, 
especially orthopedic and neurological 
consultations. These records are carefully 
reviewed before the patient's initial visit. 

Interview with Patient. While taking the 
history, patient comfort should be ensured 
by demonstrating the principles of good 
body mechanics to them. A footrest can be 
provided when the patient's legs are too 
short for the feet to rest firmly on the floor; 
additional armrest height can be supplied 
when the elbows do not reach the armrests of 
the chair; a butt-lift (ischial-lift) can be 
placed under the small hemipelvis when the 
patient's body is tilted because of this asym
metry; a small pillow positioned in the lum
bar hollow helps maintain effortlessly a nor
mal lumbar curve of the spine and helps the 
patient to sit erect rather than with the head 
and shoulders hunched forward. Patients are 
often amazed to discover the degree of im
mediate relief that can be obtained by reliev
ing muscular strain due to these mechanical 
perpetuating factors. This relief helps the pa
tient appreciate the strong impact that these 
factors can have on his or her pain. 

A towel or scarf can be provided to pro
tect the patient's shoulders when a chilling 
draft causes direct cooling of the muscles. 
If the hands and feet are cold, a dry heating 
pad placed on the abdomen warms the 
core of the body and sends more blood into 
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the limbs (reflex heat). Contrary to the pa
tient's previous experience, with the 
needed postural and environmental correc
tions he or she may now be able to sit for 
one-half or three-quarters of an hour 
through the intensive medical history, as 
comfortable at the end as at the start. 

To effectively understand the history, it 
is important to empathize but not to iden
tify with the patient. Empathy is estab
lished by putting oneself in patients' shoes, 
objectively seeing their life problems from 
their point of view, understanding their 
jobs, their personal relationships, and their 
emotional stresses. Identification with the 
patient often results in emotional involve
ment that is destructive to the doctor-pa
tient relationship and can be damaging to 
the doctor's own mental health. 

Pain Distribution. If the pain is con
stant and in multiple locations, the patient 
is likely either to say, "I hurt all over," or to 
focus on the most intense pain, not men
tioning other pains until the most severe 
pain is relieved. 

Learning to discriminate where it really 
does hurt is essential. One patient said she 
had pain in her "TMJ." She had received 
temporomandibular joint arthrograms and 
multiple tests and treatments by many den
tists and physicians for her "TMJ pain." 
When asked to point to where the pain was 
located, she put her finger on the mastoid 
process behind the ear. She never had any 
pain in the TMJ region. This lack of 
anatomical knowledge causes similar prob
lems for the shoulder, buttock, low back, 
and other parts of the body. 

When the patient complains of "pain all 
over," the doctor must ask, "Do you have 
pain in the nose? The earlobe? The knee?" 
When the patient says "no" to one or more 
of these questions, the patient realizes that 
the pain is not felt all over and that the 
clinician needs to know the precise distri
bution of pain. By mapping the specific 
pain patterns one can begin to identify the 
likely locations of the trigger points re
sponsible for the pain complaints. 

An accurate picture of all the areas of 
pain is very important. After completing 
the pain distribution on a body form that 
has each pain shaded in red (the same 
body form used for the pain diary between 
visits can be used for this purpose), the pa

tient may be asked, "Are these all the areas 
where you have pain?" 

"Yes." 
"Do your feet hurt?" 
"Why, yes! All my life." 
"Why didn't you mention them?" 
"Doesn't everyone's feet hurt?" 
Another patient may fail to mention 

headaches, and then reply to a specific 
question, "They're normal. I've had them 
as long as I can remember." 

Another helpful question is, "What do 
you do to get relief?" One woman, when 
asked how she relieved her backache (in
terscapular), confided that she lay on a 
warm iron and rubbed the pain away. 

"Oh, dear, I never told anyone else that 
before. You will think I'm crazy." 

"No, that is exactly what I would expect 
you to do to help relieve the pain from 
those muscles in your upper back." 

It is important to convince the patient 
that whatever the pain history, it is believ
able to you. 

Some patients are afraid of being labeled 
hypochondriacs or psychological cripples 
if they reveal all the places where they 
hurt. Some have been convinced by other 
practitioners that they really are crazy to 
think that they have so much pain. 

Also, patients should be assured that 
you do not think they are "doctor shop
ping" because they have seen so many 
physicians for their long-standing severe 
pain problem. Rather, they are to be com
mended for their determination to get well 
and regain their normal function. 

Review of Body Systems. A brief review 
of the major body systems helps to ensure 
that a significant medical problem is not 
overlooked. In reviewing the gastrointesti
nal tract, the history should be explored for 
diarrhea, constipation, nausea, heartburn, 
abdominal pain, hemorrhoids, blood in the 
stools, and the like. When a patient is low in 
folate, diarrhea is likely to occur intermit
tently with explosive, watery stools. Consti
pation often is associated with low thyroid 
function and/or vitamin B t inadequacy. Ex
cessive flatus may be dietary or due to loss 
of normal intestinal bacterial flora. 

Simple questionnaires are easily mis
leading. When one patient was asked if she 
had diarrhea, she answered, "Oh, no." As 
she was leaving the office, she asked for a 
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prescription for paregoric. When queried, 
she replied, "Oh, I'm going to the theater 
tonight and, if I didn't take the paregoric, 
during the performance I probably would 
have to rush out to the bathroom." She did 
not have diarrhea; she took paregoric regu
larly as a preventive. 

Sleep. If patients report that they 
"sleep poorly," further questioning is in or
der. Is it because they cannot fall asleep or 
because sleep is interrupted repeatedly dur
ing the night? Do they wake up early and are 
unable to go back to sleep? Most important, 
what disturbs their sleep? In what position 
do they sleep? (There may be a mechanical 
cause of pain that interferes with sleep.) Do 
they have "restless legs" (folic acid defi
ciency)? Do they have a chronic urinary 
tract infection and nocturia or an enlarged 
prostate so that they have to get up at night 
to empty the bladder? 

One patient, when asked if he had to get 
up at night to urinate, replied: "Oh, no." 

"Was there ever a time when you did 
have to urinate at night?" 

"Yes. Now, all the time, several times 
every night." 

"But I thought you said you didn't have 
to get up at night." 

"That's right, I don't. I use a bedside 
urinal." 

Many times, the cause of sleep distur
bance is specifically identifiable and cor
rectable. A baby may cry at night because it 
doesn't have enough blankets and is cold. 
Body warmth is also important for myofas
cial pain patients. When the muscles be
come cool at night, they contract to generate 
heat, and this tension can activate latent trig
ger points. An electric blanket is most help
ful, even during the summer in an air-condi
tioned, cool room. Often, only the spouse is 
aware of the painless jerking of "restless 
legs" at night. A supplement of folic acid, 
several milligrams daily, frequently resolves 
this source of sleep disturbance. 

Diet. Questions regarding what foods 
the patient avoids may be as informative as 
those regarding what foods they eat. Pa
tients may assure you that they eat a well-
balanced, normal diet. When Dr. Travell 
questioned one man about his diet, he 
replied, "I have a wonderful appetite!" She 
repeated the question as to what he ate, 
and he smiled and said, "I'm always hun

gry." She changed her question: "Are there 
any foods that you avoid?" 

"Oh, yes. I'm a complete vegetarian." 
In his previous medical questionnaire, 

his doctor had marked his diet as normal. 
His myofascial pain had started insidi
ously soon after he stopped eating meat, 
fowl, fish, and dairy products. He took no 
vitamin or other nutritional supplements. 
He had a marked vitamin B 1 2 deficiency. 

The history should also determine 
whether meals are prepared ahead of time 
and placed on heated trays under fluores
cent lighting, as in a doctors'/nurses' dining 
room, a home for the elderly, fast food stop, 
school cafeteria, or even at a first-class ho
tel buffet. This exposure of food to heat and 
fluorescent light causes rapid degradation 
and loss of vitamin C and some B vitamins. 

The quality of the diet is determined not 
only by what the patient eats but by how 
this food is prepared. Are the potatoes fried 
or peeled and boiled? If boiled, are they cut 
into pieces to cook faster, which permits 
the water-soluble vitamins and minerals to 
leach out? If the raw spinach leaves are 
soaked in water to wash them well, this 
leaches out folic acid. Thus raw/green sal
ads, fruits, milk, vegetables, and the like do 
not always provide an adequate, balanced 
diet. Some individuals have an unusually 
high requirement for specific vitamins. 

Work Situation. A careful history of 
precisely what the patient ordinarily does at 
work (or at home) is fundamentally impor
tant. Many times, if the patient experiences 
intermittent pain, it is helpful for the patient 
to keep a written record of any onset of pain 
throughout the day and to relate it to activi
ties at the time. The many sources of strain 
include an awkward positioning of a key
board, documents, computer monitors, or of 
reading and writing material, visitors seated 
at one side that require the patient to turn 
the head and neck to face the individual 
with whom he or she is talking, holding a 
telephone receiver between chin and shoul
der, or abuse of the muscles in housework. 

An important source of overlooked mus
cle strain is a long-standing loss of range of 
motion in one arm, that requires the oppo
site afflicted extremity to be overworked. 
One patient, a dentist, had myofascial pain 
in the non-dominant arm and a painless 
middle finger of the dominant right hand 
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that he could not flex beyond 90 degrees. 
When asked why, the patient said, "I broke 
the finger when I was a youngster, 50 years 
ago, and the joint has been locked ever 
since." 

While talking to the patient, gentle exam
ination of the finger revealed that, indeed, it 
did bend. The middle finger's long extensor 
muscle harbored latent TrPs that restricted 
stretch but caused no pain. His muscles had 
learned to guard that part of the body. One 
brief application of the vapocoolant spray-
passive stretch procedure promptly restored 
the full range of finger flexion. The dysfunc
tion of the dominant right hand had caused 
compensatory overload and myofascial pain 
syndromes of the nondominant extremity. 

Timing of Pain. Myofascial TrPs may 
cause constant pain, intermittent pain, or 
no pain complaint. 1 7 2 These differences in 
presentation affect diagnostic symptoms. 
Patients in constant pain caused by TrPs are 
usually unaware of activities that aggravate 
the pain. They already have such intense 
pain that they do not perceive an increase, 
and so cannot distinguish what makes it 
worse. Similarly, they may be aware of ten
derness at the TrP, but may not distinguish 
a change in their referred pain when pres
sure is applied to the TrP, partly because the 
TrP is so hypersensitive that only a little 
pressure reaches local pain tolerance. 

Most patients with active TrPs experience 
intermittent pain that is characteristically 
aggravated by specific movements and may 
be alleviated at least temporarily by a certain 
position. These patients may have some rel
atively pain-free days, especially if their pain 
is associated with muscle stress induced at 
work. They can usually identify what activi
ties makes them worse, and what position or 
situation provides relief. The patient must 
learn not to be spartan and to avoid the "good 
sport" syndrome, and must learn how to pro
tect the abused muscle(s) from unnecessary 
overload. This group of patients is ideal for 
patient education. They can learn to "listen" 
to their muscles and respond appropriately. 

Latent TrPs give no primary pain clues, 
and must be identified by postural 
changes, muscle dysfunction, and physical 
examination. 

Patients and clinicians need to under
stand that the onset of pain following acti
vation of a TrP due to muscle overload can 

be delayed as long as 12 to 20 hours. Such 
a time delay makes it easy to overlook the 
cause of recurrence of the TrP pain. Usu
ally, further activation of an existing latent 
TrP produces pain almost immediately. If 
the patient is subject to recurrence of se
vere episodic pain every few days, one 
should consider the possibility of episodic 
hypoglycemia. In this case, onset of pain 
should relate to eating and/or exercise and 
the patient can be tested for overreaction to 
a glucose tolerance test. The energy crisis 
at the TrP worsens when there is serious 
loss of its energy supply. 

Pain patterns mapped on successive vis
its tell the story of progressive improvement 
with some pain areas disappearing and oth
ers diminishing in size. A new area of pain 
may mean that a less active TrP has been 
"unmasked" by eliminating a more severe 
pain from a TrP in the same functional unit. 

About the same time Travell published 
the above clinical description, 1 7 2 other au
thors showed experimentally that patients 
with only latent TrPs can experience local 
TrP tenderness and TrP referred tender
ness 1 7 7 with restricted range of motion that 
is limited by discomfort. However, patients 
avoid that degree of movement so they do 
not present with a pain complaint. Not 
only is the function of that muscle com
promised, but the latent TrP also can refer 
motor dysfunction to other muscles with
out referring pain. The absence of pain can 
make it difficult to suspect and identify the 
latent TrPs responsible for the referred mo
tor dysfunction. This situation is common 
among masticatory muscles. 

Myofascial pain may start abruptly or 
gradually. With abrupt onset, the patient 
remembers clearly the first date of the pain 
and can usually describe in precise detail 
the exact event or movement, such as 
reaching back for something. Pain of grad
ual onset is usually due to chronic over
load of muscles; myofascial pain may also 
appear during or after a period of viral in
fection, visceral disease, or psychogenic 
stress and may develop in association with 
radiculopathy of its nerve supply. 3 1 , 3 2 

Regardless of the mode of onset, 
whether abrupt or gradual, pain referred 
from myofascial TrPs is characterized as 
steady, deep, and aching, rarely as burning. 
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It is to be distinguished from the prickling 
pain and numbness associated with pares
thesias and dysesthesias of peripheral 
nerve entrapment or of nerve root irrita
tion. However, two skin muscles, the pla-
tysma and palmaris longus, refer a needle
like prickling sensation superficially. 
Throbbing pain is more likely to be due to 
vascular disease or dysfunction. Occasion
ally, a myofascial TrP initiates sharp, lanci
nating, or lightning-like stabs of pain. 

When TrPs in several muscles refer pain 
to one target area, such as the shoulder, or 
to a naturally sensitive area like the nipple, 
the zone of referred tenderness may be
come intolerant of the lightest touch and 
exquisitely sensitive to pressure. 

An essential part of the history is to de
termine in detail which activities and pos
tures aggravate the pain and which ones re
lieve it. 

Myofascial TrP pain is characteristically 
aggravated: 

1. By strenuous use of the muscle, espe
cially in the shortened position. Defin
ing precisely the movement that in
creases the pain provides a major clue to 
the muscle that harbors the responsible 
TrPs. 

2. By passively stretching the muscle. 
However, active stretch by voluntary 
contraction of the antagonist may only 
rarely cause pain because the patient 
subconsciously learns to limit this 
movement. The patient is aware of re
stricted range of motion and "weak
ness," but may not think of the affected 
muscle as painful. 

3. By pressure on the TrP. 
4. By placing the involved muscle in a 

shortened position for a prolonged pe
riod. Pain and stiffness are often at their 
worst when the patient gets out of bed in 
the morning, or when getting up from a 
chair after sitting immobile for a while. 

5. By sustained or repeated contraction of 
the involved muscle. 

6. By cold, damp weather, viral infections, 
and periods of marked nervous tension. 

7. By exposure to a cold draft, especially 
when the muscle is fatigued. 

Myofascial TrP pain is decreased: 

1. By a short period of rest. 

2. By slow, steady passive stretching of the 
involved muscles, particularly when the 
patient is seated under a warm shower 
or in a warm bath. 

3. When moist heat is applied over the TrP. 
The pain is decreased much less when 
the heat is applied over the reference 
zone. 

4. By short periods of light activity with 
movement (not by isometric contraction). 

5. By specific myofascial therapy (Sections 
12 and 13 of this chapter). 
The development of a new pain during 

treatment must be diagnosed on its own 
merits and may not be myofascial in origin. 

Limited Range of Motion 

This is rarely the chief complaint, but it 
is a fundamental characteristic of TrPs that 
is readily identified by the pain that devel
ops as the muscle approaches full stretch 
range of motion. Limitation of motion and 
increased stiffness are worse in the morn
ing and recur after periods of overactivity 
or immobility during the day. This painful 
stiffness is apparently due to the abnormal 
tension of the palpable bands and to ten
sion-induced sensitivity of the taut-band 
fiber attachments. 

Weakness 

Frequently, patients are aware of weak
ness of certain movements, as when pour
ing milk from a carton, turning a doorknob, 
or carrying groceries in one arm. This 
yields clues as to which muscles are in
volved. The muscle learns to limit the 
force of its contraction below the pain 
threshold of the central and attachment 
TrPs. 

Weakness may be a reflection of inhibi
tion referred from a TrP in another muscle 
(for example, inhibition of the anterior del
toid by a TrP in the infraspinatus muscle). 6 4 

Other Non-pain Symptoms 

Patients may report excessive lacrima-
tion, nasal secretion, pilomotor activity 
and occasionally changes in their sweat 
patterns, but TrP activity is rarely seriously 
considered as the source of these symp
toms. An involved limb may feel cold as 
compared with the opposite one due to 
reflex vasoconstriction. The examiner 
should be alert for symptoms of postural 
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dizziness, spatial disorientation, and dis
turbed weight perception. All of these phe
nomena can be caused by myofascial TrPs; 
some are specific to particular muscles, 
others are not. 

Depression 

A major, well-recognized contributor to 
depression is chronic pain. On the other 
hand, depression may lower the pain 
threshold, intensify pain, and impair the 
response to specific myofascial therapy. 
Patients who have suffered myofascial 
pain for months or years are likely also to 
have developed secondary depression and 
sleep disturbances, and to have restricted 
their activity and exercise. The ensuing re
striction of body movement and the in
creased psychic tension aggravate their 
TrPs, causing a vicious cycle. All contribu
tory factors should be identified and cor
rective actions taken. 

Depression must be recognized. If un
treated, or undertreated, it blocks recovery 
from myofascial syndromes. It is diagnosed 
by a variety of clues. Physiologic clues are 
insomnia, anorexia and weight loss, impo
tence or decreased libido, or blurred vi
sion. Mental-outlook symptoms include a 
sad mood, thoughts of suicide or death, 
and strong feelings of guilt. Other clinical 
changes are inability to concentrate, poor 
memory, indecisiveness, mumbled speech, 
and a negative reaction to suggestion. So
cially, the patient exhibits a desire to be 
alone, disinterest in favorite activities, a 
drop in job performance, and neglect of 
personal appearance and hygiene. 

Folic acid or pyridoxine deficiency and 
low thyroid function are potent contributors 
to depression, and may, in addition, increase 
neuromuscular irritability and TrP pain. An 
analysis of the problem should include, 
"What are the unique characteristics of this 
patient who has the pain?," not just, "What 
TrP involvement does this patient have?" 

With developing depression, patients 
describe increasingly restricted move
ments and activity as their way to avoid 
pain. After a few weeks, most patients have 
discontinued their previous exercise pro
gram, and the unstretched muscles become 
increasingly deconditioned and irritable. 
This potentiates their tendency to develop 

TrPs and makes them less responsive to 
treatment. 

Sleep Disturbances 

A careful history identifies the serious
ness and nature of sleep disturbance. De
pressed patients tend to fall asleep readily, 
but awaken in the night and have trouble 
sleeping again. They arise in the morning 
feeling more tired than when they went to 
bed, suggesting fibromyalgia. Some pa
tients are awakened by their myofascial 
pain, others by noises. Each is managed in 
terms of the cause. 

Prognosis 

Acute myofascial pain due to TrPs 
caused by a clearly identifiable strain of 
one muscle is, as a rule, able to be fully re
lieved and normal function restored. The 
longer the period between the acute onset 
of pain and the beginning of treatment, 
the greater the number of treatments that 
will be required over a longer period of 
time. 7 3 

Patients who have had a stable pattern 
of referred TrP pain for months or longer, 
without extension to other muscles, are 
likely to respond better to treatment than 
patients with progressively more severe 
symptoms. When the pain has spread and 
is gaining momentum with successively 
more muscles becoming involved, multi
ple perpetuating factors must be elimi
nated before specific myofascial therapy 
can provide sustained relief. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Acute events that precipitate a sudden 
onset of symptoms and the chronic stresses 
that are likely to produce a gradual onset of 
TrP symptoms are both considered here. 
One time traumatic occurrences can acti
vate TrPs but are not responsible for per
petuating them. Other factors, such as 
those considered in Chapter 4, are respon
sible for maintaining their activity. Situa
tions that cause repeated or chronic mus
cular overload can activate TrPs and then 
perpetuate them. In this latter case, the 
muscular stress is both an activating and a 
perpetuating factor. Obviously, from a clin-
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ical management point of view, these two 
kinds of onset can result in quite different 
sets of problems that require different ther
apeutic considerations and approaches. 
Therefore, sudden onset and gradual onset 
are considered separately in this section. 

Sudden Onset 

When asked, "Do you remember the day 
your pain started?," most patients will re
spond either with a clear affirmative or a 
fuzzy negative. If affirmative, the details of 
posture and movement occurring at the 
time of onset permit estimation of the de
gree of stress that was imposed on various 
muscles. Sometimes, the pain was felt at 
the moment of stress; at other times, the 
patient remembers feeling "something hap
pen" or hearing "a snap" at the moment of 
stress, but the pain developed gradually 
several hours later, reaching a maximum in 
12-24 hours. Either is considered an acute 
single-event onset. The delayed onset can 
be a response to another soft tissue injury 
(as described under Low-Back Pain in 
Chapter 41) that causes reflex spasm and 
can induce secondary TrPs. 

The mechanical stresses that tend to ac
tivate myofascial TrPs acutely include 
stresses such as a wrenching movement, 
automobile accidents, falls, fractures (in
cluding chip fractures), joint sprains, dislo
cations, or a direct blow to the muscle. 1 6 5 

Acute onset also may be associated with an 
episode of excessive or unusual exercise, 
such as packing and handling boxes when 
moving. 1 6 5 Most of the time, myofascial 
TrPs due to such one-time gross trauma are 
easily inactivated as soon as any associated 
soft-tissue injury has healed; however, the 
TrPs may persist for years if untreated. 

Intramuscular injection of medicinal 
substances given inadvertently at the site 
of a latent TrP may activate i t . 1 6 3 , 1 6 6 The pa
tient feels a local pain before the solution 
is injected when the needle tip reaches a 
TrP. If the injection is delayed for a few sec
onds, this pain can be distinguished from a 
second intense referred pain caused by ac
tivation of the TrP when a locally irritant 
medication is injected. It is wise to palpate 
for a non-tender area to insert the needle 
and to relocate the needle before injection, 
if its insertion encounters TrP tenderness. 

This activation of a latent TrP can be 
avoided by adding procaine to make a 
0.5% solution. The procaine also reduces 
postinjection soreness compared to dry 
needling . 6 7 

Latent TrPs may be activated incidental 
to spray-and-stretch therapy. While one 
group of muscles is being passively 
stretched, their antagonists are shortening 
much more than usual. Fortunately, if la
tent TrPs in the antagonists are painfully 
activated in this way, they can be inacti
vated quickly by then spraying and stretch
ing them. 

During injection of an especially active 
TrP, the intense referred pain may activate 
latent TrPs in muscles in the reference 
zone. For instance, injection of scalene 
muscles has activated TrPs in the 
brachialis muscle, which entrapped the ra
dial nerve and caused paresthesia and tin
gling of the thumb. Similarly, severe pain 
referred to a somatic area due to an acute 
visceral lesion, such as myocardial infarc
tion or appendicitis, is likely to activate 
TrPs in the painful region of the chest wall 
or abdomen. 1 6 5 

Latent TrPs in a fatigued muscle, espe
cially in the calf or neck and shoulders, 
may be activated by direct cooling of the 
overlying skin, as by a cold draft from air 
conditioning or an open car window. 

Gradual Onset 

Locating the cause of active TrPs that de
veloped gradually due to chronic overload 
can be difficult, but it is important because 
the chronic strain, if continued, perpetu
ates and may intensify the TrPs. Typical 
causes of sustained postural overload are 
poor work habits, such as a slouched pos
ture or a keyboard operator lifting the 
shoulders to reach an elevated keyboard. If 
the source of strain is not obvious, the pa
tient must help to identify it. The patient 
should be instructed in the kind of move
ments that would overload the involved 
muscle, and then watch for daily activities 
that use that motion. The patient should 
also note any movement or activity that in
creases the referred pain, and then avoid it, 
or learn how to perform the activity (if es
sential) without overloading the muscles. 
Minutes spent tracking down precisely 
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what activated the TrPs can prevent recur
rences and save hours of frustrating treat
ment time and treatment failure. 

Synergistic muscles that axe overloaded 
by substituting for an involved muscle, or 
are in sustained contraction to protectively 
splint an involved muscle are themselves 
likely to develop secondary TrPs. 

A muscle that is immobilized in the 
shortened position for prolonged periods 
tends to develop active TrPs. 1 6 5 This was 
demonstrated by the increased likelihood 
that patients with acute coronary thrombo
sis would develop a painful or frozen 
shoulder syndrome due to myofascial TrPs 
when they were kept flat on their backs in 
bed without regular, gentle, active motion 
of the upper extremities. 1 6 9 

Nerve compression, such as in the radicu
lopathy caused by a ruptured intervertebral 
disc, favors the development of TrPs in the 
muscles supplied by the compressed nerve 
root (postdisc syndrome). 1 6 5 , 1 9 0 Less severe 
radiculopathy also can activate TrPs. 3 1 , 3 2 

The "nervous tension" associated with 
emotional stress or psychological tension 
can induce T r P s . 8 0 , 9 6 , 1 6 5 The associated in
creased TrP activity 9 7 , 1 1 6 most likely is medi
ated by autonomic nervous system activity. 

Muscle pain syndromes are commonly 
seen in patients with any of a number of vi
ral diseases, including acute upper respira
tory tract infections. 3 8 

8. PATIENT EXAMINATION 
This section considers the examination 

of the patient for dysfunctions and phe
nomena that characteristically are pro
duced by TrPs. It assumes that the clinician 
has taken or reviewed the patient's com
plete medical history, and that the patient 
has received a general medical examina
tion that paid special attention to neuro
logical function in order to distinguish 
symptoms of neurological origin from 
those of myofascial TrP origin. The exami
nation of the muscle itself for evidence of 
TrPs is covered in Section 9, Trigger Point 
Examination. This patient examination 
section distinguishes between primary TrP 
effects that are the direct result of the TrP 
pathophysiology and secondary effects 
that are induced by the TrP activity. It is 
important to understand these basic princi
ples because no two patients are alike. 

Only identical twins have identical genetic 
origins, and no two people have the same 
exposure to environmental influences dur
ing development. Even identical twins 
have different fingerprints. When it comes 
to musculoskeletal pain, there is no one-
shot, cure-all silver bullet. 

Patient Mobility and Posture 

The patient's spontaneous posture and 
movements should be observed while he or 
she walks, sits, or removes articles of cloth
ing [see Chapter 41 , Section C for com
ments regarding posture and movement). 
People with painfully active TrPs tend to 
move slowly and protectively. They avoid, 
or explore gingerly, movements that might 
painfully stretch or load muscles with TrPs, 
and they may be compensating for muscles 
that are weak because the muscles are re-
flexly inhibited by TrPs in the same or other 
muscles. Some key observations: Does the 
patient use arms and hands bilaterally in 
their full range of motion? Does the body, 
rather than only the head, turn when the 
patient looks around? In the sitting posi
tion, is the spine crooked and one shoulder 
lower than the other? Is the face symmetri
cal? Does the patient perform spontaneous 
stretching movements for relief; if so, what 
muscles are being stretched? 

Neuromuscular Functions 

This heading includes examination for 
restricted stretch range of motion, weak
ness, distorted weight perception, and 
weak deep-tendon reflexes. Restriction of 
stretch is the primary effect of the increased 
muscle tension and shortening caused by 
the TrP mechanism. The restriction is aug
mented by pain arising secondarily from 
sensitized nociceptors in central TrPs and 
at attachment TrPs. On the other hand, 
weakness is caused secondarily by reflex 
motor inhibition induced by TrPs in the 
same muscle or in other muscles. 

Some people have inherently poor mus
cular coordination; they move jerkily and 
quickly. Some individuals are tense and 
maintain a residual and unnecessary co-
contraction of antagonist muscles. These 
are among the most difficult patients to 
treat because they keep misusing and abus
ing their muscles. On the other hand, the 
muscles of highly coordinated athletes 
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quickly learn to inhibit specific move
ments to avoid pain and thus develop 
weakness. With treatment, these athletic 
patients are likely to reestablish their nor
mal function quickly. 

Restriction of Movement. A muscle con
taining active TrPs is functionally shortened 
and somewhat weakened. Attempts to pas
sively extend the muscle to its fully 
stretched length cause pain at less than nor
mal range. This painful restriction of the pas
sive stretch range of motion can be quickly 
detected by screening tests. Range of motion 
in the shortened position shows little or no 
restriction, but additional contraction effort 
in this position is likely to be painful. The 
characteristic painfulness to passive stretch 
in one direction and to active contraction in 
the other was reported specifically for 10 
muscles by Macdonald. 1 0 9 Any movement, 
especially a quick maneuver, that markedly 
increases tension in the muscle, either 
stretching or contracting it, can cause pain. 

In order to identify active or latent TrPs 
that may limit range of motion and thus in
fluence dysfunction, as Boeve 1 8 suggested, 
the examiner should: (1) identify limited 
range of motion by performing specific 
range of motion testing for a particular seg
ment; (2) take up slack to the point of ten
sion before changing the position; (3) ask 
the patient where he or she feels the tension 
or where it hurts; (4) search (palpate) there 
for a taut band and TrP. Boeve 1 8 identified 
the TrPs that were located in this way as 
relevant TrPs. Such TrPs can produce dys
function whether or not they produce pain. 

As a screening test for normal range of 
head and neck muscles, the seated patient 
should be able to place the chin firmly on 
the chest, to look straight up at the ceiling, 
to turn the head at least 90% so that the 
chin points to the acromion, and to place 
the ear close to the shoulder without 
shrugging. For screening shoulder-girdle 
muscles with the Mouth-Wrap-around Test 
(Fig. 18.2), the hand should cover at least 
half of the mouth with the arm behind the 
head. When performing the Hand-to-shoul
der-blade Test (Fig.22.3), the fingertips on 
the non-dominant side normally reach to 
the spine of the contralateral scapula. 
Reach with the dominant hand is usually 1 
or 2 cm less than with the non-dominant 
hand. The Mouth Wrap-around Test is re

stricted to a greater degree by subscapu-
laris TrPs than by TrPs in other shoulder 
muscles. The Hand-to-shoulder- blade Test 
range of motion is restricted the most by 
infraspinatus and anterior deltoid TrPs. 
Supination and pronation of the forearm 
are also tested because restricted range of 
these motions can overload the shoulder 
muscles as they attempt to compensate. 

The stiffness and the relatively painless, 
but progressive, restriction of movement 
that characterize decrepitude of advancing 
age are often due largely to latent TrPs. These 
latent TrPs do not spontaneously refer pain. 
They cause muscle shortening and can re
strict stretch range of motion without the pa
tient being aware of the limitation because 
the muscles have learned to restrict move
ment to within the painless range. These la
tent TrPs respond as well to specific myofas
cial therapy and a regular stretching program 
as do active TrPs, relieving this decrepitude. 

Although the range of motion of a mus
cle with TrPs does not test passively as be
ing restricted at the shortened end of the 
range, such a muscle is intolerant of being 
left relaxed in the shortened position for a 
period of time, and quickly develops a 
cramp-like pain on voluntary contraction 
in the shortened position. This pain can be 
explained theoretically as the result of in
tensification of the shortening process at 
the contraction knots responsible for the 
TrP phenomena. Placing the muscle in a 
shortened position reduces the tension of 
the taut band, which could allow addi
tional contraction of sarcomeres in the 
region of the contraction knot, thereby 
increasing the energy demand and intensi
fying its local energy crisis. This would in
crease sensitization of local nociceptors 
(refer to Chapter 2, Section D). However, 
gentle voluntary contraction with the mus
cle in the lengthened position should help 
to normalize sarcomere lengths throughout 
muscle fibers with contraction knots and 
contribute to recovery. 

The Scalene-cramp Test [see Fig. 20.4) 
gives an example of cramping caused by 
contracting a muscle with TrPs in the short
ened position. In addition to causing this 
cramping, TrPs in a scalene muscle can 
cause weakness and restricted range of mo
tion in the extensor digitorum communis 
as evidenced by the Finger-flexion Test {see 
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Fig. 20.6). The weakness may be explained 
by reflex motor inhibition referred from the 
scalene TrPs to the extensor digitorum 
communis. The restricted range of motion 
is caused by satellite TrPs induced in the 
extensor digitorum communis by the key 
scalene TrPs. These motor referred phe
nomena are comparable to the pain re
ferred from scalene TrPs to the same region. 

Weakness. It is important to think be
yond the obvious weak function of a mus
cle or muscle group and not to assume that 
all it needs is strengthening exercises. The 
clinician must determine why if is weak 
and the type of weakness. Myofascial TrPs 
contributing to or causing the weakness 
may be in the same muscle and/or in func
tionally related muscles. 

Weakness resulting from TrPs may be de
tected by testing for static or dynamic mus
cle strength and the two methods can result 
in completely different answers. Static test
ing, as performed in conventional testing of 
muscle strength, attempts to produce a vol
untary contraction of just the muscle being 
tested. This action depends strongly on di
rect cortical control of muscle contraction. 
Dynamic testing monitors muscle activity 
while the subject is performing functionally 
meaningful tasks that have been learned and 
that require muscle coordination. This activ
ity is largely under cerebellar control and is 
much more susceptible to reflex inhibition. 
The monitoring of dynamic weakness may 
be done by palpation, but may be done quan
titatively and more accurately with record
ings using surface electromyography (EMG). 

Sudden premature cessation of effort by 
the patient during static testing may be due 
to painful loading of distant stabilizing 
muscles, to painful loading of the muscle 
being tested, or to a sudden inhibition of 
effort just short of painful loading that has 
been "learned" by the muscle being tested. 
Determined effort by the subject can over
ride at least some of this learned pain inhi
bition, and the amount and location of the 
pain associated with this kind of aug
mented strength testing can help to locate 
the inhibiting TrPs. Inactivation of these 
inhibiting TrPs may completely restore 
normal strength. 

On the other hand, the reflexly induced 
weakness identified during dynamic test
ing is not under such direct cortical con

trol. It requires inactivation of the respon
sible TrPs and often requires reeducation 
of the patient's motor control to "unlearn" 
the dysfunctional, poorly coordinated ac
tivity pattern caused by the TrP. 

Distorted Weight Perception. Testing 
for the disturbance of weight appreciation 
caused by sternocleidomastoid TrPs is de
scribed in Chapter 7, Section 8. Loss of fine 
coordination among the muscles of masti
cation due to active TrPs in those muscles 
is described in Chapter 5. 

Weak Deep-tendon Reflexes. Myofas
cial TrPs in a muscle can reduce the brisk
ness of the deep-tendon reflex response 
elicited by tapping the tendon of that mus
cle. A weak or even absent ankle jerk due to 
active TrPs in the soleus muscle demon
strates this when, within minutes following 
inactivation of the TrPs, the previously weak 
ankle jerk equals that of the normal side. 

Referred Tenderness 

Referred pain and referred tenderness 
are closely related neurophysiologically. 
Most of the animal studies that are inter
preted as relevant to the neurophysiologi-
cal mechanisms responsible for referred 
pain are actually studies of referred tender
ness. 1 2 0- 1 4 5 One study in human subjects of 
active TrPs (pressure induced local and re
ferred pain) and of latent TrPs (pressure 
produced local pain only) was reported by 
Vecchiet, et al.177 They examined the ten
derness to electrical stimulation in the TrP 
region, in the pain reference zone, and in 
contralateral control regions. Measures 
were taken of skin, subcutaneous, and in
tramuscular sensitivity to electrical stimu
lation at each site. Pain thresholds were 
significantly reduced intramuscularly at 
both sites (TrP region and pain reference 
zone) for both kinds of TrPs (active and la
tent), but thresholds were more markedly 
reduced by active TrPs and most markedly 
reduced at the TrP compared to the pain 
reference zone. The same pattern applied 
to subcutaneous thresholds except that 
they were lowered only in the more active 
TrPs. Pain thresholds were consistently 
lower in patients with more active TrPs. 
Pain sensitivity in the reference zone re
lates strongly to the irritability of the TrP. 

A subsequent study 1 7 8 reported similar 
findings where pain thresholds to electri-
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cal stimulation were significantly de
creased at TrP sites in skin, subcutaneous 
and muscular tissues, as compared to an 
uninvolved control site in another muscle. 

Trigger point referred tenderness must 
be distinguished from enthesopathy. Trig
ger point referred tenderness is distributed 
diffusely throughout the involved area and 
is not well localized. Enthesopathy pre
sents a circumscribed tenderness specifi
cally in the regions of muscle attachment. 
When enthesopathy is caused by central 
TrPs, the tenderness is localized where the 
taut bands (of the TrPs) attach. 

Cutaneous and Subcutaneous Signs 

Dermographia. Dermographia has been 
strongly identified with the fibrositis syn
drome (the use of the term fibrositis was 
closely related to myofascial TrPs). 9 1 We 
find that dermographia in the skin overlying 
muscles with active myofascial TrPs occurs 
most often over muscles of the back of the 
neck, shoulders and torso, and less fre
quently over limb muscles. Regular use of 
an antihistamine may be indicated. No ex
perimental investigation is known that has 
systematically explored the relation be
tween myofascial TrPs and this phenome
non. One is needed. 

Panniculosis. Despite the early use of 
the term panniculi t is 5 , 1 1 4 and the subse
quent interchangeable use of panniculosis 
and panniculitis to characterize diffuse 
subcutaneous induration,2 1 panniculitis is 
now described in a current rheumatology 
text 1 2 6 as a nodular condition of the skin 
that is associated with erythema nodosum 
and with the termination of steroid ther
apy. This description of panniculitis does 
not fit the condition we identify here as 
panniculosis. In panniculosis, one finds a 
broad, flat thickening of the subcutaneous 
tissue with an increased consistency that 
feels coarsely granular.2 1 It is not associated 
with inflammation. Panniculosis is usually 
identified by hypersensitivity of the skin 
and the resistance of the subcutaneous tis
sue to "skin rolling." 

Skin rolling is accomplished by picking 
up a fold of skin and subcutaneous tissue 
between the fingers and the thumb, and 
moving the hand across the surface by 
rolling the fold forward, as clearly described 
and illustrated by Maigne. 1 1 1 The peculiar, 

mottled, dimpled appearance of the skin in 
panniculosis indicates a loss of normal elas
ticity of the subcutaneous tissue, apparently 
due to turgor and congestion. 1 1 4 This "peau 
de orange," or orange peel effect, and the 
persistent indentations of the "matchstick 
test," but without evidence of pitting 
edema, have been beautifully illustrated for 
the skin of the back under the term troph
edema. 6 2 However, Dorland3 defines troph
edema as "a disease marked by permanent 
edema of the feet or legs, which is not what 
the authors 6 2 described. 

Boos 2 1 observed that panniculosis is asso
ciated occasionally with the symptoms of 
"Muskelrheumatismus" (muscular rheu
matism), "Muskelhartspann" (muscular firm 
tension), and "Myogelosen" (myogeloses or 
muscle gellings), because topographically 
the panniculosis is distributed simi
larly in all of those conditions. McKeag 1 1 4 

considered panniculosis a form of fibrosi
tis. All four of these diagnostic terms fre
quently were used to identify findings 
characteristic of myofascial TrPs. Boos 2 1 

noted that freely mobile cutaneous tissue 
excludes panniculosis. We find panniculo
sis in a distribution and with a frequency 
similar to that of dermographia (above), but 
not necessarily in the same patients. 

Panniculosis should be distinguished 
from adiposa dolorosa 2 1 and from fat herni
ations. 3 5 , 1 1 4 

It is not known why some patients with 
myofascial TrPs show dermographia and/ 
or panniculosis, and others do not. These 
conditions may be different forms of mild 
autoimmunity. In panniculosis, the subcu
taneous tissue exhibits increased viscosity 
that responds to the application of barrier 
release pressure in a manner suggestive of 
thixotropy. 1 4 6 , 1 8 3 This increased viscosity 
may be related to sympathetic nervous sys
tem activity and seems to have some chan
nel of interaction with the TrP mechanism 
in underlying TrPs. Skin rolling applied as 
a series of treatments can normalize the 
panniculosis and can also relieve underly
ing TrP activity or make the TrPs more re
sponsive to treatment. A well-designed 
study is needed that critically evaluates the 
relation between TrP activity and the pres
ence of overlying panniculosis. The study 
could employ separate treatment of the 
TrPs and of the panniculosis, observing 
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what effect the treatment of one has on the 
other. 

Compression Test 

When a patient presents with myofascial 
pain felt only during movement (not at rest), 
manually compressing the muscle responsi
ble for that movement (while the movement 
is being performed) sometimes prevents the 
referred pain. For example, when sternoclei
domastoid TrPs cause pain on swallowing, 
firmly squeezing a roll of the skin overlying 
that sternocleidomastoid can block the pain 
and render swallowing temporarily pain-
free. Section 8 of Chapter 34 describes the 
compression test for TrPs in the hand exten
sors that cause pain during handgrip. Painful 
abduction of the arm caused by a TrP in the 
upper trapezius is relieved by firm pressure 
on that muscle with the palm of the hand in 
the midscapular line during abduction.8 9 

This Compression Test can be used to 
demonstrate to the patient the myofascial 
TrP origin of the pain without imposing ad
ditional pain. When patients have already 
heard numerous explanations for their 
pain from many doctors, they are naturally 
incredulous of yet another and unfamiliar 
explanation for their pain. First augment
ing the patient's pain by pressure on the 
TrP, and then relieving it by the Compres
sion Test, helps to convince the patient 
that the pain has a definite muscular 
source which responds to treatment. The 
neurological mechanism that makes the 
compression test effective may relate to the 
mechanism responsible for the effective
ness of vapocoolant spray. These mecha
nisms deserve experimental investigation. 

Joint Play 

Loss of joint play is a common cause of 
pain-producing joint dysfunction that 
commonly interacts strongly with myofas
cial TrPs. This joint dysfunction is consid
ered an important component of osteo
pathic somatic dysfunction by Jacobs and 
Falls, 7 9 who state that, "The restoration of 
joint play appears to be the basis for the 
success of synovial joint mobilization us
ing direct or indirect action treatment tech
niques in osteopathic manipulation." Joint 
play examination and treatment are fre
quently simple and full recovery can often 
be greatly expedited by examining and 

treating the patients promptly for restricted 
joint play, especially if inactivating the 
TrPs does not fully restore normal range of 
motion or if the TrPs recur promptly. 

In 1964, Mennell 1 1 8 described how to ex
amine for loss of joint play throughout the 
body and how to restore it. Since that time, 
joint play has become recognized and appre
ciated by the osteopathic profession, 5 9 , 7 9 and 
by many physical therapists, but is often ne
glected by others. The movement of joint 
play can not be induced by voluntary mus
cular effort or by passive movement of a joint 
through its functional range. It is normally a 
painless accessory movement that is essen
tial to normal pain-free joint function and 
must be performed passively by an examiner. 
It is usually a movement of only a few mil
limeters that occurs roughly perpendicular 
to a major plane of voluntary movement at 
that joint. Lost joint play often can be re
stored quickly by a simple, gentle manipula
tion performed by one who is skilled in the 
appropriate technique for that joint. 

9. TRIGGER POINT EXAMINATION 
Limitations of stretch range of motion 

and records of referred pain patterns help 
to identify which muscles to examine for 
active TrPs; palpation and observation of 
TrP phenomena confirm which muscles 
are responsible for the myofascial pain. 

This section deals with how to examine 
a muscle for TrPs. The anatomy drawing(s) 
in each chapter can assist the examiner in 
locating a specific muscle. To confirm its 
location, with one hand the examiner re
sists a voluntary movement by the patient 
that contracts the muscle, and with the 
other hand palpates for muscle contraction. 

While the muscles are being examined 
for TrPs, the patient should be comfortable 
and warm. The muscle must be relaxed; 
otherwise, the distinction between tense 
bands and adjacent slack muscle fibers is 
diminished or lost. 

Before the examiner attempts to palpate 
a muscle for TrPs, the examining digits 
must have the fingernails trimmed very 
short. This is especially critical during pin-
cer palpation and when attempting to elicit 
digital LTRs. An appreciable length of fin
gernail not only causes the patient unnec
essary (sometimes severe) pain, but the 
skin pain caused by long fingernails is 
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readily misinterpreted as TrP tenderness. 
One common reason for unreliable results 
when attempting to elicit LTRs is failure to 
use the finger tip because the fingernail of 
the palpating finger is inadequately 
trimmed. The skin pain from the fingernail 
prevents application of sufficient pressure 
to elicit the LTR, and the fingernail me
chanically interferes with use of the tip of 
the finger to apply the pressure. Adequate 
trimming of fingernails is a fundamental 
requirement that is commonly ignored. 

For those who have difficulty in recog
nizing TrPs by palpation, a dermometer, or 
similar device to measure skin conduc
tance or skin resistance, is sometimes used 
to explore the skin surface for points of 
high conductance (low skin resistance), 
which apparently often overlie active TrPs. 
This device may be helpful, but has not 
been shown to be highly reliable. Use of 
the dermometer for identifying TrPs needs 
experimental evaluation of its reliability 
and, if reliable, investigation of the neuro-
physiological basis for its effectiveness. 

Palpating TrPs can severely exacerbate 
the patient's referred pain activity for a day 
or two. For this reason, it is critically im
portant to examine a muscle for TrPs only 
if the examiner then applies specific myo
fascial therapy such as spray and stretch 
followed by moist hot packs to muscles 
with TrPs. When the examiner neglects 
this caveat, patients with myofascial TrP 
pain come to dread a physical examination 
that includes palpating muscles for TrPs. 
The clinical rule is: palpate for TrPs in only 
those muscles that can be treated during 
the same visit. This consideration also 
should be incorporated into research pro
tocols whenever practical. 

Diagnostic Criteria 

The reliability with which the physi
cal features of TrPs could be determined 
was evaluated by four experienced physi
cians who, following a three hour train
ing session immediately before the study, 
examined five pairs of muscles for five 
physical characteristics of TrPs in each of 
ten subjects. 5 2 The muscles examined 
were the infraspinatus, latissimus dorsi, 
upper trapezius, extensor digitorum, and 
sternocleidomastoid. Agreement among 
examiners was at least substantial and 

sometimes almost perfect for the detec
tion of spot tenderness, a taut band, pres
ence of referred pain, and reproduction 
of the subject's symptomatic pain. How
ever, agreement on the presence or ab
sence of an LTR was not as satisfactory 
for its use as a clinical diagnostic crite
rion of a TrP. The reliability for the iden
tification of LTRs was poorest in the in
fraspinatus. The LTR is a difficult and 
relatively unreliable diagnostic test when 
the response is elicited manually. How
ever, it is valuable as a strongly confir
matory diagnostic finding when elicited 
manually and is especially valuable when 
elicited during the needling of TrPs. 

It now appears that the most reliable di
agnostic criterion of TrPs on examination 
of the muscle is the presence of exquisite 
tenderness at a nodule in a palpable taut 
band. If, in addition, the patient recognizes 
pain that is elicited by digital pressure on 
(or needle penetration of) the TrP as his or 
her clinical pain complaint, the TrP is clin
ically active, not just latent. Associated 
phenomena, such as a characteristic pat
tern of referred pain or an LTR, are strongly 
supportive evidence. Other features, not 
critically evaluated but strongly character
istic of TrPs, are limited stretch range of 
motion and increased tension of the muscle 
observed during the patient examination. 

Palpable Tender Nodule and Taut Band 

Several other authors have recognized 
how critical the details of the palpation 
technique are for locating taut bands . 1 3 1 ' 1 5 8 

The optimal elongation of a muscle for pal
pating taut bands (which is usually the first 
step in palpating the TrP) is at a position 
that is slightly longer than the position of 
ease. In this case, the uninvolved muscle 
fibers are still slack, but the taut band fibers 
are placed under additional tension by 
lengthening the muscle to the point of a 
perceptible increase in resistance to move
ment. This places the taut band fibers un
der increased tension without tensing the 
uninvolved fibers (Fig. 3.6A) and produces 
the maximum palpable distinction be
tween the normal tonus of the uninvolved 
fibers and the increased tension of the taut 
band fibers. This is also the optimal ten
sion for eliciting LTRs and for making LTRs 
most visible. The stretch may be on the 
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Taut (palpable) bands in muscle 

Relaxed 
muscle 
fibers 

Local twitch response 

Local 
twitch 

of band 

Figure 3.6. Longitudinal schematic drawing of taut 
bands, myofascial trigger points (dark red spots), and 
a local twitch response seen in longitudinal view of the 
muscle (light red). A, palpation of a taut band (straight 
lines) among normally slack, relaxed muscle fibers 
(wavy lines). The density of red stippling corresponds 
to the degree of tenderness of the taut band to pres

sure. The trigger point is the most tender spot in the 
band. B, rolling the band quickly under the fingertip 
(snapping palpation) at the trigger point often pro
duces a local twitch response that usually is most 
clearly seen as skin movement between the trigger 
point and the attachment of the muscle fibers. 

verge of causing pain, but should evoke, at 
most, only mild local discomfort. Optimal 
tension is usually about two-thirds of the 
muscle's normal stretch range of motion, 
but may be only one-third or less with very 
active TrPs. The reduction in range of mo
tion varies greatly among muscles. 

A taut band feels like a palpable cord of 
tense muscle fibers among the normally 
pliable fibers. Such palpable tense muscle 
fibers were described as "matted together" 
by Wilson. 1 8 9 The examiner should palpate 

along the taut band to locate the nodule 
that corresponds to a circumscribed 
slightly enlarged region of decreased com
pliance. This nodular region is also the lo
cation of maximum tenderness (the TrP). 

Three kinds of palpation can be used: 
flat palpation, pincer palpation, and deep 
(probing) palpation. Flat palpation is used 
for relatively superficial muscles which 
have only one surface accessible for palpa
tion (e.g., the extensor digitorum commu
nis). Pincer palpation is used when oppo-

Taut 
bands 

A 

B 
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site sides of the muscle are accessible and 
the belly of the muscle can be grasped be
tween the digits (e.g., the sternocleidomas
toid, lateral border of the latissimus dorsi, 
biceps brachii, and part of the pectoralis 
major). Deep or probing palpation must be 
used for deep muscles with considerable 
tissue between them and the skin (e.g., the 
quadratus lumborum, gluteus minimus, 
and piriformis muscles). 

In this manual, flat palpation refers to 
the use of a fingertip that employs the mo
bility of the subcutaneous tissue to slide the 
patient's skin across the muscle fibers. This 
movement permits detection of changes in 
the underlying structures (Fig. 3.7). First, 
the skin is pushed to one side of the area to 
be palpated (Fig. 3.7A) and the finger slides 
across the fibers to be examined (Fig. 3.7B), 
allowing the skin to bunch on the other side 
(Fig. 3.7C). Any ropy structure (taut band) 
within the muscle is felt as it rolls under 
the finger. A taut band feels like a cord that 
can range from 1 mm to 4 mm or more in di
ameter depending on the severity of the 
TrP. The sensation of applying snapping 
palpation across the taut band can be com
pared to what plucking a violin or guitar 
string imbedded in the muscle might feel 
like. In a muscle that has many TrPs, five or 
six such bands, or cords, may lie in such 
close proximity to one another that they 
seem to merge. If the examiner tips the pal
pating finger up on end to palpate with the 
end of the terminal phalanx, individual 
bands may be distinguishable. This tech
nique requires a very short fingernail. 

For examination of the abdomen, flat 
palpation using "fingertip" pressure lo
cates spot tenderness in the abdominal 
wall, while "flathand" pressure using the 
flat part of the finger or hand is more likely 
to elicit tenderness of underlying vis
cera. 1 5 8 Static pressure with the finger flat 
can be expected to detect little more than 
underlying tenderness in any muscle. 

The technique of pincer palpation is 
performed by grasping the belly of the mus
cle between thumb and fingers (Fig. 3.8A) 
and pressing the fibers between them with 
a back-and-forth rolling motion to locate 
taut bands (Fig. 3.8B). When a taut band is 
identified, it is explored along its length to 
locate the nodule and spot of maximum 
tenderness, which identifies a TrP. 

When intervening tissue makes the mus
cle inaccessible to flat or pincer palpation, 
the examiner must use deep palpation. 
This means placing the fingertip over an 
area of skin that overlies the motor-point 
region or attachment of the muscle sus
pected of harboring TrPs. Localized tender
ness that is elicited only when the finger 
pressure is directed in one specific direc
tion is compatible with the diagnosis of ei
ther a central or attachment TrP if pressure 
elicits pain recognized by the patient as his 
or her pain complaint. Additional evi
dence, such as restricted stretch range of 
motion and characteristic referred pattern 
are helpful in making a provisional diag
nosis when the usual palpable findings are 
inaccessible. Favorable response to spe
cific myofascial TrP therapy helps to con
firm the diagnosis. 

Sufficient pressure on an active TrP al
most always elicits at least withdrawal, 
wincing, or vocalization by the patient. In 
the past, if the withdrawal were sufficiently 
vigorous the response was identified as a 
"jump sign." This jerk response was noted 
by Good 5 5 in 1949 with regard to TrP charac
teristics that he called myalgic pain, and by 
Kraft et ai. 9 1 in 1968 with regard to TrP char
acteristics that they called fibrositis. Kraft 
later dubbed this response the "jump sign." 
This response served as a rough indication 
of the tenderness of the TrP that depended 
strongly on how much pressure was ap
plied. Now the tenderness can be measured 
quantitatively using an algometer. The ex
treme sensitivity to applied pressure that 
elicits the jump sign is not by itself consid
ered to be a sufficient diagnostic criterion of 
a TrP, but it is characteristic of an active TrP. 

Referred Pain 

The referred patterns that are character
istic of myofascial TrPs as presented in this 
Manual are not unique to just the TrP itself. 
Patterns that are similar or nearly identical 
may be elicited from other structures in
cluding zygapophyseal joints, 1 9 muscle tis
sue that is two centimeters removed from 
the TrP but still in the taut band, 7 1 and at
tachments of the muscle that exhibit en
thesopathy. 

Compression of either an active or latent 
central TrP can reproduce the typical pat
tern of referred pain of a given muscle, and 
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Figure 3.7. Cross-sectional schematic drawing show
ing flat palpation of a taut band {black ring) and its trig
ger point (red spot). Flat palpation is used for muscles 
(light red) that are accessible only from one side of the 
muscle, such as the infraspinatus. A, skin pushed to 
one side to begin palpation. B, fingertip slides across 
muscle fibers to feel the cord-like texture of the taut 
band rolling beneath it. C, skin pushed to other side at 
completion of movement. The same movement per
formed vigorously is snapping palpation. 

Figure 3.8. Cross-sectional schematic drawing show
ing pincer palpation of a taut band (black ring) at a 
trigger point (red spot). Pincer palpation is used for 
muscles (light red) that can be picked up between the 
digits, such as the sternocleidomastoid, pectoralis 
major and latissimus dorsi. A, muscle fibers sur
rounded by the thumb and fingers in a pincer grip. B, 
hardness of the taut band felt clearly as it is rolled be
tween the digits. The change in the angle of the distal 
phalanges produces a rocking motion that improves 
discrimination of fine detail. C, the palpable edge of 
the taut band is sharply defined, as it escapes from 
between the fingertips, often with a local twitch re
sponse. 
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sometimes other sites of tenderness in 
muscle (such as enthesopathy) can also re
spond to pressure with similar referred 
pain patterns. Hypertonic saline injected 
into the muscle consistently produces 
these patterns. Eliciting a characteristic 
pain pattern at a muscle site is compatible 
with it being a TrP, but the finding by itself 
is not diagnostic of a TrP. 

These characteristic referred pain pat
terns are most valuable as a preliminary 
guide as to which muscle(s) may harbor 
TrPs that are responsible for the patient's 
pain, and are useful for helping patients 
understand the source of their pain. 

Gerwin et al.52 in their interrater relia
bility study noted that the one criterion 
which distinguished an active TrP from a 
latent TrP was the patient's recognition of 
his or her pain complaint when the active 
TrP was compressed. 

Local Twitch Response 

In 1955, Travell 1 6 5 , 1 6 6 and Weeks and 
Travell 1 8 5 reported a localized twitch of 
part of the muscle when the TrP was rolled 
under the fingers. The twitch could be vig
orous enough to cause a perceptible jerk of 
the body part. Travell previously had ob
served this twitch response when a needle 
was inserted into a trigger area. 1 6 3 The EMG 
characteristics of LTRs were reported in 
1976 by Simons, 1 4 3 but the LTR was then 
misnamed the "jump sign," which refers to 
a different phenomenon, as noted above. 

The LTR is a transient contraction of es
sentially those muscle fibers in the tense 
band that are associated with a TrP (Fig. 
3.6B). It may be seen as a twitch or dim
pling of the skin near the terminal attach
ment of the fibers, or palpated through the 
skin with the examining hand. The re
sponse is elicited by a sudden change of 
pressure on the TrP, usually produced by 
transverse snapping palpation of the TrP 
across the direction of the muscle fibers 
(taut band), or by needle penetration into 
the TrP. 1 4 3 ' 1 4 9 The optimal muscle length for 
eliciting an LTR by snapping palpation is 
the same as that for examining the muscle 
for taut bands as described above. The 
closer to the TrP that the taut band is stim
ulated by snapping, the more vigorous is 
the LTR. 

The LTR is readily elicited and per
ceived in the muscles that permit pincer 
palpation. Other superficially placed mus
cles, such as the deltoid, gluteus max-
imus, vastus medialis, and the finger and 
wrist extensors, are likely to exhibit 
strong LTRs in response to snapping pal
pation with a fingertip. An LTR is not 
likely to be elicited by palpation of deep 
muscles, like the subscapularis or multi-
fidi, but it can be elicited by needle con
tact with the TrP. 

Most muscles exhibit a vigorous LTR 
only if they harbor active TrPs, but the 
middle finger extensor, in most adults, 
contains a latent TrP that responds with a 
readily visible LTR. In one study, the LTR 
was most reliably observed in this muscle 
as compared to four others 5 2 apparently 
because the response here is so accessi
ble, so common, and so easily elicited. An 
LTR in this muscle extends the middle 
finger, which makes it obvious. For this 
test the relaxed arm rests on a table or 
armrest of a chair, and the wrist hangs 
over the edge. The tender spot is located 
in a palpable band of the middle finger 
extensor about 2 cm distal to the lateral 
epicondyle [see Fig. 35.1 A). With the fore
arm and hand to be tested fully relaxed, 
the TrP is rolled under the fingertip with 
rapid, strongly applied, snapping palpa
tion [see Fig. 35.4), and the extensor re
sponse of the middle finger is ob
served. 1 4 3 ' 1 4 9 

The LTR elicited by snapping palpation 
or needle penetration has been studied 
electromyographically. 1 4 9 The LTR lasted 
from 12-76 msec in response to needle 
stimulation. Clinical evidence 6 9 and ani
mal research s tudies 7 4 , 7 5 indicate that the 
LTR depends upon a spinal-level reflex 
mechanism. 

In summary, Gerwin, et al.52 showed 
that in many muscles it requires so much 
training and skill to elicit LTRs reliably by 
palpation, that for most clinicians an LTR 
is generally not a satisfactory criterion for 
making the diagnosis of myofascial pain 
caused by TrPs. When an LTR is elicited 
manually in the presence of other palpable 
indicators of a TRP, it is a strongly confir
matory finding. However, Hong 6 7 demon
strated that an LTR is a valuable indicator 
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of having found the mark whenever 
needling TrPs. 

Central and Attachment Trigger Points 

Elucidation of the pathophysiology re
sponsible for central and attachment TrP 
phenomena, as illustrated in Figure 2.25 
(and its associated text), makes it necessary 
to distinguish central TrPs located in the 
endplate zone of a muscle and attachment 
TrPs that occur in a region of attachment of 
the muscle. Fischer 4 6 recognized the im
portance of this distinction from a thera
peutic point of view. The difference in 
pathophysiological mechanisms involved 
is also important. 

The primary central TrP abnormality is 
associated with individual dysfunctional 
endplates in the endplate zone (or motor 
point). This dysfunction produces a local 
energy crisis that results in sensitization of 
local nociceptors. This dysfunction can 
produce contraction knots which then pro
duce a nodule and a taut band of tense 
muscle fibers. 

The attachment TrPs result from the sus
tained increased tension of these muscle 
fibers at the attachment point. This sus
tained tension can produce enthesopathy 
with swelling and tenderness where the 
muscle fibers attach to an aponeurosis, ten
don, or bone. Some muscles have sufficient 
separation between the muscle fiber-to-ten
don attachment and tendon-to-bone at
tachment that one end of the muscle may 
have two distinctly different attachment 
TrPs. 

Figure 3.9 illustrates the location of a 
central TrP and of two corresponding at
tachment TrPs in the temporalis muscle. 
Sensitization of local nociceptors causes 
the pain in both kinds of TrPs, but the 
processes by which the sensitization devel
ops are different in each. Table 3.2 lists the 
clinical findings characteristic of central 
TrPs as compared to attachment TrPs and 
includes the cause of each finding. 

In the first edition of this volume, no 
distinction was drawn between central and 
attachment TrPs. Although the time avail
able to incorporate this new understanding 
into all individual muscle chapters was 
limited, a major effort was made to identify 
the difference for the most obvious exam

ples. Incorporation of an understanding of 
these two kinds of TrPs and the therapeutic 
ramifications should provide a major op
portunity for advancement in the clinical 
practice of myofascial pain in the coming 
years. 

Key and Satellite Trigger Points 

A Key Myofascial TrP is one that is re
sponsible for the activity of one or more 
satellite trigger points. Clinically, a key TrP 
becomes apparent when inactivating it also 
inactivates its satellite TrPs without direct 
treatment of the satellite TrPs themselves. 
This relationship was noted occasionally 
in the first edition of this volume. Many ad
ditional pairs of key and satellite TrPs are 
presented in Table 3.3, which is based 
largely on observations reported by Hong.6 8 

Figure 3.10 illustrates key TrPs in the up
per trapezius and sternocleidomastoid 
muscles with corresponding satellite TrPs 
in the digastric, masseter, and temporalis 
muscles. 

Key and satellite TrPs are related TrPs. 
Sometimes the "hierarchy" appears clear, 
but which TrP came first (or which is 
most important) is not always evident. 
What is clear is that TrPs in certain mus
cles are related to TrPs in certain other 
muscles; successfully treating one of these 
related TrPs may also inactivate the other. 
The role as to which muscle harbors the 
key TrP may sometimes reverse. 1 0 2 Knowl
edge of these relationships is used to ex
amine for Key TrPs that might be over
looked when the patient complains 
chiefly of symptoms produced by the 
satellite TrP. 

Whiteside 1 8 7 described an interesting 
example of a three-step satellite TrP phe
nomenon. A final-year physiotherapy stu
dent complained of a toothache that de
veloped in her right upper jaw along with 
an ache in her right upper trapezius mus
cle when she studied for long periods of 
time. She had received extensive dental 
treatment including a root canal without 
relief. In response to firm pressure on a 
TrP in the right lower trapezius she said, 
"I am getting the dull ache in the upper 
trapezius that I get when I study." In re
sponse to pressure on an upper trapezius 
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Figure 3.9. Example of a central trigger point X and 
two attachment trigger points (black circles) both of 
which correspond to regions of tension caused by the 
central trigger point. The uppermost attachment trig
ger point occurs at the musculotendinous junction, 

and the lower one occurs where the tendon attaches 
to bone. In this situation, an additional attachment TrP 
(not identified) could occur where the fibers of the taut 
band from the TrP attach superiorly directly to the 
skull. 

TrP she said, "I am now getting pain in the 
right temporal region, but I've not had 
pain in that area before." In response to 
pressure on a right temporal TrP she re
sponded, "Now I'm getting pain in the 
tooth that bothers me when I study." 

10. ENTRAPMENT 
When a nerve passes between taut 

bands in a muscle, or when a nerve lies be
tween taut TrP bands and bone, the unre

lenting pressure exerted on the nerve can 
produce neurapraxia (loss of nerve con
duction) but only in the region of compres
sion. Table 3.4 lists nerves that can be en
trapped by a muscle in this manner. 
Occasionally, there is EMG evidence of 
some neurotmesis (axonal loss) in addition 
to neurapraxia. 

The patient with one of these entrap-
ments is likely to present with two kinds 
of symptoms: aching pain referred from 
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Table 3.2 Comparisons Between Central Trigger Points (TrPs) and Attachment 
Trigger Points 

Table 3.3 Listing of Muscles Observed to Exhibit Corresponding Key Trigger Points and 
Satellite Trigger Points* 

"From Hong CZ. Considerations and recommendations regarding myofascial trigger point injection. J Mus-
culoskel Pain 2( l ) :29-59 , 1994 . 

TrPs in the involved muscle, and the 
nerve compression effects of numbness 
and tingling, hypoesthesia, and some
times hyperesthesia. Patients with nerve 
entrapment prefer cold packs on the neu-
rogenically painful region; patients with 

pain of myofascial origin usually find 
their symptoms aggravated by chilling 
the muscle, and relieved by heat on the 
TrPs. 

The signs and symptoms of partial neu
rapraxia may sometimes be relieved within 

Finding Most Likely Cause 

Central TrPs In motor endplate zone Dysfunctional endplates 
Nodule Contraction knots 
Local and referred pain Nociceptors sensitized by local energy crisis 
Taut band beyond nodule Contraction Knot Tension 

Attachment TrPs In attachment zone Taut band tension 
Palpable induration Inflammatory reaction 
Local and referred pain Nociceptors sensitized by persistent taut band 

tension 
Taut band at attachment TrP Contraction knots in central TrP 

Key Trigger Point Satellite Trigger Points 

Sternocleidomastoid Temporalis* 
Masseter* 
Lateral Pterygoid* 
Digastric 
Orbicularis Oculi* 
Frontalis* 

Upper Trapezius Temporalis* 
Masseter 
Splenius 
Semispinalis Capitis 
Levator Scapulae* 
Rhomboid Minor* 
Occipitalis* 

Lower Trapezius Upper Trapezius 
Scaleni Serratus Posterior Superior* 

Pectoralis Major* and Minor* 
Deltoid 
Extensor Digitorum Communis* 
Extensor Carpi Radialis and Ulnaris 
Long Head, Triceps Brachii* 

Infraspinatus Anterior Deltoid* 
Biceps Brachii 

Latissimus Dorsi Long Head, Triceps Brachii* 
Flexor Carpi Ulnaris 
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Sternocleidomastoid TrP 
Upper trapezius TrP 

Temporalis TrP 

Masseter TrP 
Digastric TrP 

Figure 3.10. Examples of key trigger points (TrPs), 
shown as red Xs, and corresponding satellite trigger 
points (black Xs) in other muscles. A key TrP in one 
muscle can induce satellite TrPs in other muscles (ar
rows). This figure illustrates key upper trapezius TrPs 
initiating satellite TrPs in the temporalis and masseter 

muscles. It shows a key sternocleidomastoid trigger 
point initiating satellite trigger points in the temporalis 
and posterior digastric muscles. (Credit is given to 
M.J. Tolic, M.D., for suggesting the concept of this fig
ure.) 

minutes after inactivation of the responsi
ble myofascial TrPs, which immediately 
relaxes the taut bands. Effects of more se
vere compression may require days or 
weeks for recovery. 

11. DIFFERENTIAL DIAGNOSIS 
Section 11 was previously named Asso

ciated Trigger Points and has been re
named Differential Diagnosis. The associ
ated trigger point information is now 
covered in a subheading, Related Trigger 
Points. The material under this subheading 
identifies the other muscles of the func

tional unit that are also likely to develop 
TrPs. 

In the first edition, when differential di
agnosis was considered as it is here, it was 
usually included as a subheading under 
Section 7, Activation of Trigger Points, or 
distributed throughout the chapter. This 
section now identifies other diagnoses that 
are commonly applied to patients when 
the pain is caused by TrPs. Table 2.5 lists 
examples of 24 of these conditions. This 
section also considers the problem of mis
diagnosing one of those other conditions as 
TrPs and not treating it appropriately. 
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Table 3.4 Nerve Entrapments by Myofascial Taut Bands in Muscles That Are Included 
in This Volume 

Entrapped Nerve Muscle Chapter 

Accessory Sternocleidomastoid 7 
Brachial Plexus, lower trunk Pectoralis Minor 43 
Brachial Plexus Anterior and Middle Scalenes 20 
Digital Interossei, hand 40 
Greater Occipital Semispinalis Capitis 16 
Intercostal Intercostal 45 
Musculocutaneous Coracobrachialis 29 
Radial Triceps Brachii 32 
Radial, sensory Brachialis 31 
Radial, superficial sensory Extensor Carpi Radialis Brevis 34 
Radial, deep Supinator 36 
Serratus Anterior, motor nerve Middle Scalene 20 
Spinal, posterior primary rami Thoracolumbar Paraspinal 48 
Supraorbital Frontalis 14 
Ulnar Flexor Digitorum, deep, superficial 38 
Ulnar Flexor Carpi Ulnaris 38 
Ulnar, deep (motor) branch Opponens Digiti Minimi 40 

12. TRIGGER POINT RELEASE 

With Contributions by 
Mary L. Maloney, P.T. 

The title of this section has changed 
from "Stretch and Spray" to "Trigger Point 
Release." The change reflects the shift in 
emphasis from only one manual therapeu
tic technique to an appreciation of the 
wide variety of effective techniques avail
able and an indication of the clinical use
fulness of each. This section presents a ra
tionale for each technique that is based on 
the new understanding of the nature of 
TrPs . 1 4 7 ' 1 4 8 It calls attention to how various 
treatment techniques that are commonly 
used today relate to myofascial TrPs. 

There are many techniques published 
and practiced to relieve the tissue tensions 
associated with musculoskeletal pain. 
Each professional group dealing with this 
problem has its own terminology and fa
vorite methods. Rarely do these practition
ers identify what is causing the pain or 
present a convincing explanation of why 
their procedure relieves it. Some practi
tioners do explain why they think the tis
sues are tense, but these explanations are 

rarely applicable to the muscle itself. Ex
amined in terms of muscle tension caused 
by TrPs, many of these procedures are ap
propriate for treating TrPs, although the au
thors rarely recognize the possibility (like
lihood) that TrPs are a significant part of 
the picture. 

This section is organized in terms of the 
kinds of procedures used to relieve the TrP 
tension causing the pain and considers 
why each approach is likely to contribute 
to relief. It considers passive muscle 
stretch techniques, techniques that involve 
voluntary contraction, manipulation of the 
TrP, and modalities. In addition, this sec
tion identifies helpful accessory tech
niques, notes methods used simply to re
lieve the pain rather than eliminate its 
cause, and lists a number of caveats. 

Intensive examination for perpetuating 
factors is called for when the patient has 
chronic myofascial pain, or if the severity 
of involvement is progressive. 

When deciding which of the many avail
able treatment methods to use, it is impor
tant to consider whether the TrPs being 
treated are central TrPs in the endplate zone 
of the muscle or are attachmentTrPs located 
where the muscle attaches to its aponeuro
sis, tendon, or a bone. Stretching (lengthen-

Copyrighted Material



Chapter 3 / Apropos of All Muscles 127 

ing) the muscle inactivates central TrPs, but 
may tend to aggravate the overloaded mus
cle attachments. The attachment TrPs are 
more likely to respond to manual therapy 
that is directed to the regions where central 
TrPs are located and therapy that concen
trates on relieving the strain on the attach
ments caused by the TrP-induced shorten
ing of the taut band fibers. 

Generally, central TrPs become less irrita
ble in response to warmth. However, some
times patients find relief by application of 
cold. Attachment TrPs may be more respon
sive to cold than to heat, especially when 
they are very irritable. Since the attachment 
TrPs are the result of the tension from the taut 
bands of the central TrPs, inactivation of the 
central TrP is essential; on the other hand, re
ducing the sensitivity of the attachment TrPs 
may greatly facilitate inactivation of their 
central TrPs. The optimal therapeutic inter
vention for central TrPs compared to that for 
attachment TrPs is an issue that needs com
petent experimental investigation. 

Recovery of full function may involve 
more than just TrP inactivation and relief of 
pain, especially in patients who have 
chronic pain. If the muscle has learned dys
function that restricts both its strength and 
coordination during functional activities, it 
must be retrained to normal function. This 
requires adequate monitoring of the rate of 
muscle fatigue and loss of strength during 
exercise and functional activity. Surface 
EMG can be a valuable quantitative tool for 
measuring fatigue and in addition can pro
vide biofeedback for retraining. 

Spray and Stretch 

In 1952, Hans Kraus 1 2 3 described how 
he discovered that spraying ethyl chloride 
on the skin relieves musculoskeletal 
pain. Kraus was looking for a substitute for 
alcohol-soaked towels exposed to live 
steam that were then used in Germany by 
wrestlers as a treatment for painful 
sprains. 1 2 3 Kraus 9 3 recommended ethyl 
chloride spray for initial treatment, and 
then depended heavily on active range of 
motion and exercise for eventual recovery. 
Dr. Travell became aware of his freezing 
spray technique through his 1941 paper on 
"surface anesthesia." 9 2 Her first use of it 
was on a young girl who had sprained her 

middle finger knuckle. As the spray was 
momentarily applied over the joint, the girl 
was startled and jerked her hand away. 
Then, mystified, the girl said "That feels 
better; put some right here." A second brief 
pass of vapocoolant over the other side of 
the joint completely relieved her pain and 
restored the full range of motion. 1 6 9 Refrig
eration anesthesia with frosting of the skin 
was not an essential mechanism. 

Rinzler and Travell, 1 3 8 and then Trav
ell , 1 6 2 , 1 6 9 succeeded in relieving pain due to 
acute coronary thrombosis by applying the 
spray to the skin over the area of pain re
ferred from the heart. This effectiveness of 
vapocoolant spray in relieving the pain of 
myocardial ischemia was demonstrated ex
perimentally.1 3 7 The spray did nothing to re
lieve the ischemia; it relieved only the pain. 
It inhibited the perception of referred vis
ceral pain. 

In our experience, spray and stretch is the 
single most effective noninvasive method to 
inactivate acute TrPs. However, many other 
noninvasive techniques require no supplies 
and are better suited to use by the patient at 
home. When the simpler approaches fail to 
give satisfactory results, many times the ad
dition of spray and stretch (often in combi
nation with other techniques) brings success. 

A single-muscle syndrome of recent onset 
frequently responds with full return of pain-
free function when two or three sweeps of 
spray are applied while the muscle is being 
extended gently to its full stretch length. 1 6 0 In 
addition, when many muscles in one region 
of the body, such as the shoulder, are in
volved and the TrPs are interacting strongly 
with one another, spray and stretch is a prac
tical means of releasing an entire functional 
group of muscles together to make more 
rapid progress toward pain relief. The spray-
and-stretch technique does not require the 
precise localization of the TrP that is needed 
for injection; it requires only identification of 
where the taut bands are located in the mus
cle to ensure that those fibers are released. 

The essential therapeutic component is 
the stretch. "Stretch is the action, spray is 
distraction." However, the expression "spray 
and stretch" is preferred to "stretch and 
spray" because it is important that the spray 
be applied before or concurrently with, but 
not after, the muscle is stretched. Stretch 
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without some additional technique to release 
muscle tension and suppress pain is likely to 
aggravate TrPs, especially attachment TrPs. 

Myofascial TrPs in the muscles of young 
children and babies are especially respon
sive to spray-and-stretch therapy. 1 0 In this 
age group, many of the other techniques 
which require more patient participation 
are not applicable. Most children have 
been well trained to be needle-shy. 

Spray and stretch is especially useful 
immediately after TrP injection during the 
period that the local anesthesia remains. 
This combination procedure helps to inac
tivate any residual TrP activity and to at
tain full stretch range of motion. 

Much of the shoulder pain in patients 
with hemiplegia arises in TrPs caused by the 
overload of spasticity and strain on the re
maining functional musculature. During the 
first few weeks following a stroke, much 
temporary relief can be obtained by spray 
and stretch of both agonists and antagonists 
in the shoulder region, applied twice daily. 
Liberson 1 0 4 described wheeling a drum of 
vapocoolant equipped with a hose and spray 
nozzle through the Physical Medicine and 
Rehabilitation Ward twice daily to spray and 
stretch the patients with hemiplegia in order 
to reduce their pain and increase their func
tion more rapidly during the early weeks of 
recovery. After 4 -8 weeks, as the degree of 
paralysis and spasticity stabilizes, the relief 
of TrP pain becomes more lasting. Such re
lief of pain encourages the patient to strive 
for function, and influences the results of re
habilitation by improving the patient's ef
forts to use marginally functional muscles. 3 5 

Immediately following major trauma 
such as fracture, dislocation, or whiplash in
jury, cold packs should be applied to the 
muscles to reduce tissue swelling. Spray and 
stretch, with heat, should be deferred until 
3-5 days later as the local reaction to trauma 
subsides. However, the anti-inflammatory 
effect of the vapocoolant spray alone, when 
applied at once, is remarkably helpful for re
lieving the pain of sprains and burns. 

Patients who have myofascial pain and 
hyperuricemia may not respond well to 
spray and stretch because pain recurs 
quickly. The response is better to injection 
of TrPs. This may be explained by the de
position of uric acid crystals in an acid en
vironment at the TrP. 

The effectiveness of the spray for help
ing the stretch to release central TrPs 
(when attachment TrPs are also present) 
may depend on the vapocoolant spray's 
suppression of pain from the attachment 
TrPs, which would otherwise be intolerant 
of any additional tension. This effect of 
the spray would be comparable to its po
tent analgesic effect on burns, sprains, car
diac ischemia, and referred visceral pain. 
See Chapter 2, Part B for more on this 
mechanism. 

Vapocoolants. To be effective for re
leasing TrP tension in order to stretch the 
muscle, the vapocoolant must be dispensed 
as a fine stream, not as the dispersed spray 
which is used for spraying paint or hair. 
Two sprays are currently commercially 
available: Fluori-Methane® and ethyl chlo
ride. Both are sterile as dispensed and can 
be sprayed on a sterile field without conta
minating it. 1 However, neither is consid
ered to be an antiseptic nor will they kill 
germs. 

Both volatile liquids exert pressure in a 
closed container at room temperature. The 
pressure forces a stream of the room-temper
ature liquid out of the inverted bottle upon 
opening of the control valve. The warmer is 
the container, the higher is the pressure. 
Upon leaving the nozzle, the stream of liq
uid immediately begins to evaporate, which 
cools the stream as it passes through the air 
to the skin. For a distance of approximately 
half a meter (about 18 inches) the stream 
continues to get colder until it impacts the 
skin, where it continues to evaporate and 
further cool the skin. At short distances from 
the skin, the stream has less time to cool and 
so impacts the skin at a temperature nearer 
to room temperature. When held far enough 
from the skin and directed at one spot, the 
stream of either spray can produce subfreez-
ing temperatures; this is to be avoided. 

Because ethyl chloride is a potentially 
serious health hazard and is colder than 
desirable for TrP applications, Travell 1 6 9 as
sisted in the development of a safe alterna
tive, Fluori-Methane, which is a mixture 
of two fluorocarbons: 85% trichloromono-
fluoromethane and 15% dichlorodi-
fluoromethane. Fluori-Methane is non
flammable, chemically stable, non-toxic, 
non-explosive and does not irritate the 
skin. 
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Unfortunately these fluorocarbons cause 
serious degradation of the upper atmos
phere ozone layer and are no longer manu
factured or approved for commercial pur
poses. A temporary medical exception has 
been granted for Fluori-Methane while a 
suitable substitute is being developed. A 
promising substitute is undergoing testing 
and when approved will be marketed as 
"Gebauer Spray and Stretch" by the same 
company that sells Fluori-Methane. The 
new product will be dispensed from a can 
with a different valve mechanism rather 
than from the familiar glass bottle. Most of 
the illustrations in this edition show the 
operator using the new product. 

Ethyl chloride is too cold for optimum 
release of TrP tension as usually applied. It 
is a rapidly acting general anesthetic that 
has a dangerously low margin of safety, is 
flammable and is explosive when 4-15% of 
the vapor is mixed with air. 1 2 3 It has been 
responsible for accidental anesthetic 
deaths of patients and a physician. 1 6 9 If 
ethyl chloride spray is used, rigorous pre
cautions must be observed. Fire hazards 
must be eliminated, and neither the patient 
nor the clinician should inhale the heavy 
vapor. 1 6 0 , 1 7 0 Ethyl chloride should never be 
given to a patient for home use. 

Urticaria owing to cold allergy has not 
been observed in response to spraying with 
Fluori- Methane for myofascial therapy, and 
was observed only once with ethyl chlo
ride. 1 7 0 There is no evidence that inhalation 
of Fluori-Methane in doses and concentra
tions to which patients are exposed during 
treatment for TrPs is toxic. It has an odor 
that is unpleasant to some patients, and un
necessary exposure should be avoided. 

Most of the articles by Travell describ
ing the use of spray refer to ethyl chloride 
because they were written before Fluori-
Methane became available. She cautioned 
readers to substitute Fluori-Methane for 
ethyl chloride when they refer to those 
articles. 

Spray Technique. Detailed descrip
tions of the vapocoolant spray technique 
have been publ ished. 5 1 ' 1 1 9 ' 1 6 0 ' 1 6 4 ' 1 7 0 ' 1 9 3 Re
production of the referred pain by pressure 
on a TrP helps the patient to more fully un
derstand why treatment is directed primar
ily to the tender region in the muscle and not 
primarily to the region of pain complaint. 

PATIENT PREPARATION. Adequate body 
warmth is critical for a favorable muscular 
response to treatment. If, on arrival, the pa
tient feels chilly or the hands and the feet 
are cold, a dry heating pad can be applied 
to the abdomen to raise the core tempera
ture and cause reflex vasodilatation in the 
limbs. This is important in cold climates, 
chilly rooms, and whenever a patient feels 
cool. A blanket should cover the portion of 
the patient not exposed for treatment. 

A simple and often effective alternative 
to the application of heat is neutral warmth 
that is obtained by covering the patients 
with a wool scarf, sweater, or small blanket 
to keep them warm by conserving their 
own body heat. However, the muscle relax
ation gained by the warmth can be lost due 
to chilling when the source of warmth is 
suddenly removed. 

Hypoglycemia aggravates TrPs. Before 
application of a specific myofascial ther
apy like spray and stretch, the patient 
should be asked if he or she has eaten re
cently to avoid potential hypoglycemia. 
For patients with a suspicious history, a 
banana, glass of milk, cheese, flavored 
"drinking" gelatin in orange juice, or a cup 
of instant soup may prevent a painfully ad
verse reaction to therapy soon afterward. 

The portions of the skin to be sprayed 
should be bare. Spray penetrates the hair 
unless it is heavily greased or thickly mat
ted, but wigs and toupees must be removed. 

Patients should be given an initial refer
ence with which to judge improvement in 
their range of motion following treatment, 
so that they can be aware of progress fol
lowing treatment. To the patient, a move
ment feels as if it "goes as far as it can go" 
both at a restricted range and at the full 
range of motion. During initial testing, the 
patients learn the extent of their movement 
by answering specific questions. "How 
wide does your mouth open; two or three 
knuckles?" "How far can you see around 
behind you?" "Can your fingertips reach 
around the back of your head and cover 
your mouth?" or "Can you reach your back 
pants pocket?" A mirror helps patients to 
see and remember what they were able to 
do. The measurement should be retested 
following treatment so that the patient can 
fully appreciate the difference. Since we 
are as concerned with function as with 
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pain, it is important that patients fully ap
preciate the improvement in their function. 

The involved muscle cannot be effec
tively stretched if it is not fully relaxed, and 
full relaxation needs a comfortable, warm, 
well-supported patient. All the limbs must 
be positioned comfortably when the patient 
is in the recumbent position. In the seated 
position, the patient's pelvis and shoulder-
girdle axis must be leveled by adding an is
chial lift to compensate for any discrepancy 
in the size of the two halves of the pelvis. 
The patient is given a lumbar pad to correct 
a stooped posture (see Chapter 4 1 , Section 
C). If the operator is extending the patient's 
head, the patient is asked to lean the head 
back against the operator, who supports it 
so that the neck muscles can fully relax. 

If the patient is tensely holding the 
breath, the practitioner can make a remark 
like, "Don't forget to breathe," to remind 
the patient to release the tension. As 
demonstrated by Basmajian, 9 relaxation is 
not a passive process, but an active one 
that requires learning how to consciously 
turn off motor unit activity. 

For many patients, the trick is to divert 
attention from themselves and to concen
trate on the support. They must feel the 
armrests of the chair supporting their fore
arms, or think about the support of the 
mattress on which they are lying. For those 
who find this difficult, deep breathing with 
the diaphragm is encouraged; then spray 
and stretch is applied to the muscle as the 
patient slowly exhales. For most patients, 
normal coordinated diaphragmatic (ab
dominal) breathing is much more relaxing 
than paradoxical chest breathing. 

To effectively stretch a muscle, one end of 
it must be anchored so that the operator can 
exert tension on it toward the other end. Fre
quently, the patient's body weight or gravity 
can be used as the anchor. Sometimes, the 
patient can fix one end of the muscle by sit
ting on the hand when a scalene or upper 
trapezius muscle is being stretched. 

SPRAY PROCEDURE. Figure 3 . 1 1 summa
rizes the sequence of steps in the spray-and-
stretch technique, as applied to the trapez
ius muscle. First, the patient must be 
positioned comfortably and well supported 
to permit voluntary relaxation. One end of 
the muscle should be anchored so that 
movement of the head will take up slack in 

Repeat using 
parallel sweeps 

Figure 3.11. Sequence of steps to use when stretch
ing and spraying any muscle for myofascial trigger 
points, as applied to this partial stretch of the upper 
trapezius muscle. 7, patient supported in a comfort
able relaxed position. 2, one end of the muscle (light 
red) anchored. 3, skin sprayed with repeated parallel 
sweeps of the vapocoolant over the length of the 
muscle in the direction of pain pattern (dark red dots). 
All of the muscle belly and its attachments are in
cluded. 4, after the first sweep of spray, pressure is 
applied to take up the slack in the muscle and is con
tinued as additional sweeps of spray are applied. 5, 
sweeps of the spray are extended to cover the re
ferred pain pattern of that muscle. 6, steps 3, 4 and 5 
may be repeated 2 or 3 times until the skin becomes 
cold to the touch or when the range of motion reaches 
maximum. Application of heat and then several cycles 
of full active range of motion follow. See Figure 3.12 
for details of the spray technique. 

Spray over 
pain pattern 

Spray skin 
over muscle Stretch 

muscle 
passively 

Anchor arm 
end of muscle 

Patient seated relaxed 

the muscle as it develops. Initial sweeps of 
the jet stream of spray are applied over the 
trapezius muscle and continued over the 
complete pain pattern to begin releasing 
muscle tension before taking up the slack to 
lengthen the muscle toward its stretch posi
tion. The spray (or ice) is applied in parallel 
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sweeps only in the direction of the referred 
pain. This spray procedure can be repeated 
until full muscle length is achieved, or no 
further progress occurs. However, any given 
area of skin should be covered only two or 
three times before rewarming. After the 
skin has rewarmed, several cycles oifull ac
tive range of motion complete one spray-
and-stretch treatment of that muscle. 

The valve that seals the nozzle of the Flu
ori-Methane bottle permits only an on-off 
application with no intermediate control. 
Partial opening of the valve results in drip
ping of vapocoolant from the nozzle and de
flection of the stream. The Fluori-Methane 
bottle must be held inverted so that the liq
uid will flow from the nozzle. When it is 
held upright, only vapor emerges. The re
placement product that is being developed 
will come in cans that are held upright and 
operated much like a hair spray or paint 
can, and its valve probably will not provide 
proportional control either. 

The closer the bottle is held to the skin, 
the warmer is the stream of vapocoolant on 
impact. One can demonstrate this easily on 
oneself by how cold the stream feels when 
the bottle is held at various distances from 
the skin. Notice the sharp pain produced at 
the site of frosting when one spot is 
sprayed too long (about 6 seconds) and 
causes freezing of the skin. This should be 
avoided.186 An instant of frosting is painful 
but innocuous. Prolonged frosting can 
cause a blister and ulceration. 

When the spray is initially applied over 
very irritable TrPs, the skin may be unbear
ably hypersensitive to the cold. This initial 
distress can be mitigated by using a bottle 
saved for its fine-bore nozzle, by holding a 
bottle (can) close to the skin, and by waft
ing the jet stream across the skin rapidly. 

Many patients who are receiving spray 
therapy for the first time are severely star
tled by the cold spray if they are not warned 
what to expect. The effect of the spray 
should be demonstrated to them first on the 
operator's hand, and then on the patient's 
hand before starting treatment. The jet 
stream of vapocoolant is most effective 
when directed at an acute angle to the skin 
(approximately 30%), not perpendicularly, 
and when applied in parallel sweeps along 
the direction of the muscle fibers. The spray 
sweeps are applied in one direction only, 

covering first the full length of the muscle 
and then covering the complete pain refer
ence zone. It is important to include cover
age of the attachments at both ends of the 
muscle as well as the muscle belly. 

The bottle is held about 30 cm (12 in) 
from the skin (Fig. 3.12). Slow, even sweeps 
that progress over the skin at about 10 cm (4 
in)/sec are spaced to provide a slight over
lap of the tracks of wet spray. Two or three 
superimposed sweeps are usually maxi
mum; the skin must then be rewarmed. Six 
sweeps over the same skin area, without re-
warming, are too many because that many 
sweeps can cool the underlying muscle 
(Fig. 3.13). It is best to spray a slightly 
larger area than just the referred pain pat
tern. No therapeutic harm is done with 
some additional coverage and it may help 
to release TrP tension in adjacent muscles. 

If the spray is too cold for the patient, 
moving the line of spray more quickly across 
the skin will help. If the spray is still too 
cold, the bottle or can should be held closer 
to the skin than the usual 12 inches. If a 
colder spray than usual is desired, the spray 
distance can be increased to 18 inches. 

The patient should tell the operator if it 
feels as if the spray should be directed over 
a line of muscle fibers that are being 
missed. Many times the patient can clearly 
feel the line of muscle tension that needs to 
be released and can describe or point to 
just where the spray needs to be directed to 
relieve the tension. Vapocooling such an 
overlooked region usually further releases 
muscle tension and provides increased 
range of motion. It is remarkable how pre
cisely the skin (that the patient wants to be 
sprayed) overlies the abnormally tense 
muscle fibers. It also is remarkable how the 
muscle tension sometimes melts away as 
the stream of spray reaches the most dis
tant portion of the referred pain pattern. 

When vapocoolant is applied to the 
face, the eye on that side should be cov
ered. If Fluori-Methane spray accidentally 
hits the conjunctiva or the eardrum it is 
startling and painful, but not damaging. Pa
tients with asthma and other respiratory 
conditions may not tolerate vapocoolant 
spray near the face unless the practitioner 
covers the patient's nose with a small cloth 
or a hand. Ice stroking (see below) may re
place the spray for these patients. 
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Figure 3.12. Schematic drawing showing how the jet 
stream of vapocoolant is applied. Unidirectional 
sweeps cover, first, parallel lines of skin over those 
muscle fibers that are stretched the tightest, then over 
the rest of the muscle and its pain pattern. Sequential 
sweeps of spray (thick black arrows) should follow the 

direction of the muscle fibers, and progress toward 
the referred pain zone (red stippling). The spray con
tainer is held at an acute angle usually 30 cm (12 in) 
from the skin, as the spray sweeps over the skin at a 
rate of about 10 cm (4 in)/sec. Held closer, spray is 
warmer. Farther away, it is colder. 

Vapocoolant spray also can be applied 
advantageously as a pre-spray preliminary 
to other manual techniques such as manual 
release, myofascial release, a muscle en
ergy technique, or whenever both hands of 
the practitioner are required for a manual 
release technique. 

Self-spray by the patient with Fluori-
Methane can be useful during the transition 
period, while the perpetuating factors are 
still being identified and resolved, and by pa
tients who seem unavoidably prone to reac
tivation of TrPs and therefore need to be able 
to quickly inactivate TrPs for themselves. Pa
tients generally learn quickly to self-spray 
their masticatory and calf muscles. However, 
it requires unusually skillful selective relax
ation to effectively spray and stretch by one
self the shoulder-girdle, arm and neck mus
cles. Fortunately, there are effective alternate 
techniques for self treatment if patient self-
spray is not practical or convenient. 

STROKING WITH ICE. The sensory and re
flex effects of a jet stream of vapocoolant 
spray (such as Fluori-Methane) can be ob
tained also to a considerable degree by 
stroking with ice. Water frozen in a plastic 
or paper cup is a convenient form for ap
plying the ice. A stirring stick inserted in 
the cup before freezing the water provides 
a convenient handle to hold the ice, or a 
well-insulated plastic foam cup can be 
used. The ice is exposed by tearing back 
part of the cup, and an edge of the ice is ap
plied to the skin in unidirectional parallel 
strokes, following the spray patterns pre
sented in each muscle chapter. The 
stroking movements progress slowly, at the 
same rate as the spray ( 1 0 cm (4 in)/sec). 
This application of the sharp edge of ice 
simulates the jet stream of vapocoolant 
spray. The practitioner should hold a small 
cloth ready to blot the skin as needed to 
prevent melting ice from wetting the skin. 
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Room temp. 24.0°C 
Rectal temp. 37.5°C 

Spray 

Figure 3.13. Skin surface, subcutaneous and muscle 
temperature effects produced by the correct (A) and 
incorrect (B) use of vapocoolant spray. Temperatures 
were recorded by a tier of three thermal sensors in 
needles from: (1) pectoral muscle (upper line) at a 
depth of 2.2 cm, (2) subcutaneous tissue (middle 
curve) at a depth of 0.8 cm, and (3) skin surface (bot
tom curve). The jet of vapocoolant was applied in one 
direction in six even sweeps at 10 cm/sec for a total 
of 2 min (shading). A, (bottom left) sweeps covered 
adjacent parallel skin areas, and only one sweep tra
versed the tier of sensors. B, (bottom right) all six 

sweeps traversed the same path directly over the sen
sors. When a given skin area was covered only once 
(A), the fall in muscle temperature was negligible, 
0.2°C; when the skin and tier of sensors were covered 
by six superimposed sweeps (B), the muscle temper
ature dropped more, 1.5°C, starting during the appli
cation and continuing to drop as the cold penetrated 
to deeper tissues. This shows the importance of spac
ing sweeps of spray, of not superimposing them, and 
of not covering the same area of skin too many times 
too quickly. 

The skin must remain dry, because 
dampness reduces the rate of the change in 
skin temperature produced by the ice-
stroking. Wetness also prolongs and dif
fuses the cooling effect, which delays re-
warming of the skin. The ice block can be 
covered with thin plastic as long as the 
stroking edge of the ice is thin and cold. 
The clinician should avoid cooling the un
derlying muscle when stroking with ice, 
just as when applying vapocoolant spray. 

RATIONALE FOR VAPOCOOLING AND ICING. 
Properly applied, the vapocoolant or ice 
stroking causes a sudden drop in skin tem
perature and has a physical impact that 
produces additional tactile stimulation. 
The continuous motion of the stream of 
spray causes a continuing barrage of alarm
ing impulses to the spinal cord. This input 
has an inhibitory effect on locally gener
ated pain as demonstrated by its effective 
analgesic effect in sprained ankles, burns, 

Minutes 

Sweeps Sweeps Pectoral M. 
(2.2 cm) 

Subcutaneous 
(0.8 cm) 

Skin 
surface 
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and ischemic contraction of forearm mus
cles and as indicated schematically in Fig
ure 3.14. This neural mechanism helps the 
patient maintain relaxation of the muscle 
when otherwise the degree of stretch being 
achieved might cause enough discomfort 
to initiate involuntary protective contrac
tion of the muscle to prevent further 
lengthening. As described in Chapter 2 
Part C, the autonomic nervous system can 
significantly influence the intensity of ac
tivity of the TrP mechanism at the motor 
endplate. The spray effect on the skin ap
parently also can inhibit this autonomic 
activation at the spinal cord level as illus
trated in Figure 3.14. 

There are substitute stimuli that also 
can produce these effects of spray. They in
clude the application of sweeps of ice, and 
the serial prickling produced by running a 
neurologist's pin wheel along lines that fol
low the spray pattern. 

The close reflex relationship between 
skin sensation and function of the underly
ing muscle was demonstrated by studies of 
human withdrawal reflexes to noxious skin 
stimuli on both the trunk and lower ex
tremity. Electromyographic recordings of a 
gentle, sustained voluntary contraction of 
multiple muscles throughout the region 
measured increases and decreases in the 
EMG activity induced by shock stimuli to 
the skin. Activity of muscles beneath the 
site of skin stimulation was facilitated, and 
that of other muscles was generally inhib
ited. 6 3 95 Early and late responses were iden
tified. Early responses were likely to cause 
movement that terminated weight bearing 
of that limb, and to remain constant, re
gardless of changes in the location of the 
stimulus. Late responses were modifiable, 
and after several trials, they were adapted 
to move the limb away from the stimulus.63 

Skin reflexes of the back and abdomen in
duced movement away from the stimulus.9 5 

The direction of spraying, across the 
muscle and then over the pain pattern, was 
initially determined by subjective testing 
on patients by Dr. Travell. She observed the 
direction of spraying that the patients pre
ferred and that gave the maximum relief of 
tension and pain. The spray may be espe
cially effective in quieting attachment TrPs 
and the stretch may be specific for the re

lease of central TrPs. The value of spray 
and stretch may lie in the fact that both 
kinds of TrPs need to be relieved and that 
this technique addresses both. Apparently, 
the effectiveness of stretch is improved if 
the irritated nociceptors of the attachment 
TrPs have been desensitized. These consid
erations need additional experimental in
vestigation that takes into consideration 
the difference between central and attach
ment TrPs and the relative sensitivity of 
each in a particular patient. 

OTHER USES FOR VAPOCOOLANTS. Ethyl 
chloride spray was initially used for joint 
sprains; 1 2 3 Fluori-Methane is equally effec
tive. The sooner the vapocoolant is applied 
after the sprain, the more fully it relieves 
pain and swelling, thereby permitting imme
diate limited use to restore normal function 
quickly. Vigorous stretching must be avoided 
in the presence of torn tissues, but the joint's 
range of motion should be progressively 
reestablished as quickly as recovery permits. 

The vapocoolant spray is remarkably ef
fective for chilling the skin to numb it for 
painless TrP injections, 1 8 6 and for relieving 
the pain and preventing the blistering of 
thermal burns. It reduces secondary hyper
algesia, erythema, and swelling as demon
strated in experimental studies. 1 6 3 1 7 3 Burns 
of second-degree severity that were sprayed 
repeatedly (as necessary to keep them pain-
free) did not blister, compared with un
treated control burns that did blister. The 
spray is applied to the painful area as soon 
as possible after the burn (preferably within 
5 or 10 seconds) until it stops hurting. It is 
helpful to keep a bottle in the kitchen by 
the stove. The spray is reapplied immedi
ately as soon as pain recurs. The number of 
repetitions required depends on the sever
ity of the burn. On minor first-degree burns, 
one application may be sufficient to imme
diately and completely eliminate pain. 

Vapocoolant spray applied to the 
painful regions in acute myocardial in
farction can be remarkably effective in re
lieving the pain without changing the 
course of the cardiac pathology.1 3 7 1 6 2 A few 
applications can sometimes fully replace 
morphine or comparable analgesics. 

Vapocoolant spray relieved or delayed 
pain during experimental ischemic con
traction of forearm muscles. 1 7 4 The same 
mechanism may apply to relief of attach-
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Figure 3.14. Schematic representation of likely neural 
pathways that could account for the effectiveness of 
vapocoolant applied to skin overlying an active central 
myofascial trigger point (dark red). The trigger point 
limits range of motion of the muscle, and an attempt 
to lengthen the muscle beyond its limited range of 
comfort causes pain. This pain of stretching can in
duce involuntary muscle contraction to return the 
muscle to a comfortable length and can increase sym
pathetic activity that stimulates the trigger point 

mechanism. Thus the pain prevents further elongation 
of the muscle. The sudden cold and the tactile stimu
lus of the stream of vapocoolant spray inhibit the pain 
and the reflex motor and autonomic responses in the 
central nervous system (black bar). This pain-sup
pressing effect now permits more effective relaxation 
and gentle lengthening of the muscle. In addition, 
spray over muscle attachment trigger points appears 
to reduce their sensory irritability. 

ment TrP tenderness. The spray also re
lieves the pain of bee stings, 1 2 3 and is re
ported as helpful in controlling the pain of 
postherpetic neuralgia. 1 5 7 

Some veterinarians and animal trainers 
use vapocoolant spray to relieve myofas
cial TrPs, including spot tenderness, in the 
muscles of horses 1 2 3 and dogs. 8 3 ' 8 4 Because 
some animals can react so vigorously to 
the cold spray, some veterinarians simply 
reassure the animal in order to use manual 
TrP pressure release and stretch tech
niques to inactivate the TrPs. Drs. Travell 
and Simons have found spray and stretch 
of TrPs in dogs and cats very effective if in
tolerable coldness of the spray is con
trolled by application technique, and if the 
animal is properly reassured. A veterinar
ian, Dr. Frank 4 8 is completing a doctoral 
thesis that demonstrates the effectiveness 
of TrP pressure release techniques for in
activating myofascial TrPs and restoring 
full function in seriously afflicted dogs. 

Stretch (Lengthening) Technique. Al
most any method that gently stretches 
(lengthens) a muscle with TrPs and increases 
its pain-free range of motion is beneficial. In 
a controlled experiment,8 1 application of the 
spray-and- stretch technique reduced the in
tensity of referred pain and reduced the sen
sitivity of the TrPs being treated. However, a 
rapid, forceful stretch by itself causes pain, 
protective contraction, and reflex spasm of 
the muscle, all of which hurt the patient and 
obstruct further elongation of the muscle. 
Some method of suppressing these reactions 
must be added in order to release TrP ten
sion. Rapid stretch and a "bouncing" stretch 
are to be avoided; they tend to irritate TrPs, 
not release them. It is often possible, with a 
newly activated or a moderately irritable 
TrP, to inactivate it immediately by simply 
passively, slowly stretching the muscle 
without spray. However, the release without 
spray can be expedited and made less un
comfortable when stretch is combined with 
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simple augmentation maneuvers such as co
ordinated exhalation, postisometric relax
ation, contract-relax, and reciprocal inhibi
tion. It could be very instructive to try this 
approach immediately on yourself the next 
time you activate a TrP, wherever you are. 

Two approaches to stretching the mus
cle are available: elongating the muscle by 
moving the joint(s) it crosses or elongating 
it by direct manual traction applied to the 
muscle. Passive movement of the joint(s) 
crossed by the muscle was emphasized in 
the first edition of this volume and can be 
used for patient self-treatment. This second 
edition also embraces the direct traction 
approach and includes numerous valuable 
methods for augmenting stretch in addition 
to spray that include postisometric relax
ation, reciprocal inhibition, slow exhala
tion, directed eye movement, and contract-
relax. These various techniques can be 
used in many different combinations and 
integrated with augmentation techniques. 

The remarkable effectiveness of almost 
any technique that elongates the muscle and 
restores it to full stretch length can be ex
plained by the integrated hypothesis (see 
Chapter 2 Part D). The contracture of the sar
comeres in the contraction knots of a TrP 
must be released in some way. Lengthening 
the contractured sarcomeres of the contrac
tion knots by gentle sustained stretch with 
augmentation techniques apparently in
duces gradual reduction in the overlap be
tween actin and myosin molecules and re
duces the energy being consumed. When the 
sarcomeres reach full stretch length, there is 
minimal overlap and greatly reduced energy 
consumption. This breaks an essential link 
in the energy crisis vicious cycle. The sus
tained increased tension on contractured 
sarcomeres may cause tearing of the actin at
tachments to the Z lines as observed ultrami-
croscopically by Fassbender.4 4 This tearing, 
when complete, could produce the segments 
of empty sarcolemma observed by light mi
croscopy among muscle fibers in muscle 
biopsies selected at TrP sites in dogs 1 5 2 and at 
TrP sites in patients with myogelosis. 1 3 6 

STRETCH OF SPRAY AND STRETCH. The key 
to treating TrPs is to lengthen the muscle 
fibers that are shortened by the TrP mecha
nism. Following publication of the first edi
tion of this volume, a rather forceful pas
sive stretch was sometimes associated with 

the application of vapocoolant spray. This 
second edition of Volume 1 emphasizes a 
much more gentle stretch and uses the term 
"take up the slack" to identify just enough 
force to lengthen the muscle to the next bar
rier (to the onset of resistance to further 
elongation). 

Initially, the operator should gently 
lengthen the muscle until it reaches the bar
rier (a rapidly increasing resistance to fur
ther movement) and then hold that degree 
of tension. This degree of muscle stretch 
should not be painful to patients, but they 
will feel a degree of muscle tension. As un
hurried, rhythmic, intermittent sweeps of 
vapocoolant are applied, the gentle pressure 
is maintained to keep the muscle stretched 
to the barrier. Maintaining complete relax
ation of the muscle being stretched may re
quire concentrated effort on the part of the 
patient, careful monitoring by the operator, 
and verbal reinforcement as necessary. As 
the muscle "gives up" and releases its ten
sion, the operator smoothly takes up the 
slack to reestablish a new stretch position 
that again engages the barrier. 

The effectiveness of this spray-and-
release technique is often increased by al
ternating the application of spray with 
postisometric relaxation that is augmented 
by coordinated cycles of respiration. Fol
lowing each period of contraction and re
laxation, the muscle is repositioned to en
gage the new restrictive barrier. 

Jerking the muscle or sudden loading by 
the patient must be avoided during and af
ter stretch. Reaching the full normal length 
of the muscle is essential for complete in
activation of its TrPs and relief of their re
ferred pain and achieving the final few de
grees of stretch may be critical. 

A skill that for some operators is difficult 
to learn is "tuning in" to the tenseness of 
the patient's muscles and accurately identi
fying the barrier, which occurs at a very 
specific position. Some muscles, especially 
large strong ones, may need a little "coax
ing" at the barrier to get them to release, but 
excessive force hurts the patient, results in 
post-treatment soreness, and increases the 
irritability of attachment TrPs. The opera
tor must ask patients to speak up immedi
ately if the procedure becomes painful and 
warn them not to be stoical. The concept of 
"no pain-no gain" does NOT apply here. 
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After completing full stretch, the return 
to resting length must be smooth and grad
ual, and the patient must not overload a 
muscle by suddenly lifting the weight of 
that part of the body with it. 

If the muscle seems "stuck" short of full 
range of motion, instead of repeating ex
actly the same spray-and-stretch proce
dure, a number of modifications and alter
nate techniques may be tried by (1) 
sweeping the spray over functionally par
allel or neighboring muscles that also may 
be shortened by latent TrPs and could be 
"hanging up" the muscle being stretched; 
(2) by asking the patient to help gently to 
stretch the muscle by contracting its antag
onists thereby reaping the additional re
wards of reciprocal inhibition (however, if 
the patient tries too hard and cocontracts 
the involved muscle, it can defeat this pur
pose); (3) by trying several cycles of post
isometric relaxation with directed eye 
movements and coordinated exhalation, 
emphasizing coordinated "abdominal" (di
aphragmatic) breathing; (4) by applying 
TrP pressure release; (5) or by having the 
patient perform several cycles of the full 
active range of motion for that muscle and 
then resume spray and stretch. 

DIRECT STRETCH RELEASE. Muscle stretch 
by direct application of manual effort is 
identified in this volume as Stretch Re
lease. Two hands are used to stretch the 
muscle by placing the hands near the at
tachments of the muscle and gently sepa
rating them until a tissue barrier is en
countered. This tension elongates the 
muscle and the associated connective tis
sues. This stretch release is preceded by 
pre-spraying with vapocoolant or stroking 
with ice to help release the muscle tension. 

Authors who write about Myofascial Re
lease describe a similar technique but rarely 
associate its effectiveness with the inactiva
tion of TrPs, and they do not apply intermit
tent cold. They use more generalized termi
nology and emphasize release of the fascial 
tissues rather than release of muscle tight
ness. Release of both tissues is important. 

PERCUSSION AND STRETCH. This tech
nique begins by passively lengthening the 
muscle just to the onset of resistance. The 
clinician or patient uses a hard rubber mal
let or reflex hammer to hit the TrP at pre
cisely the same place about 10 times. This 

must be done at a slow rate of no more than 
one impact per second and at least one im
pact every 5 seconds; the slower rates within 
this range are likely to be more effective. 
This procedure may enhance or substitute 
for intermittent cold with stretch. Dr. Travell 
considered it particularly applicable to the 
quadratus lumbomm (self-applied), bra-
chioradialis, long extensors of the fingers, 
and to the peroneus longus and brevis mus
cles. It should not be applied to anterior or 
posterior compartment leg muscles because 
of a possible compartment syndrome if it 
caused intramuscular bleeding or swelling. 

Poststretch Procedures. The most im
portant poststretch (or postinjection) proce
dure is to have the patient actively perform 
three FULL cycles of the range of motion 
that fully lengthens and fully shortens every 
muscle that was treated. This movement 
helps to normalize muscle function at the 
sarcomere level and to reestablish normal 
coordination with other muscles of its func
tional unit. It encourages the patient to use 
that muscle throughout its full normal range 
in ordinary daily activities. At this time, the 
practitioner should teach the patient how to 
perform the same movement(s) at home. 

A program of home stretch exercises is 
important, particularly when postural trunk 
and lower limb muscles are involved. The 
patient benefits by soaking in a warm bath at 
home as soon as possible after the spray-and-
stretch treatment. The patient should avoid 
strenuous activity and therefore should NOT 
go traveling, go sightseeing, or go shopping 
immediately after treatment, but should al
low the muscles to rest and recover normal 
function. The patient should be instructed 
in advance to plan appropriately limited ac
tivity following treatment. Strenuous swim
ming should be avoided, but it is desirable 
for the patient to perform, in a warm pool, 
unstrained stretching and range-of-motion 
activities that cause no pain. Thus, "lazy" 
stretching with the body supported by the 
water is excellent. Specific stretching exer
cises for the patient to do at home are essen
tial. They maintain and help to extend the 
range of motion achieved by treatment. 

Although no controlled experiments 
on the effect of heat following TrP ther
apy are known to have been reported, it 
was Dr. Travell's conviction that dry heat 
applied to myofascial TrPs was not as ef-
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fective as moist heat and that post-treat
ment muscle soreness is markedly re
duced by applying a hot pack for a few 
minutes immediately after spray and 
stretch (or injection). Certainly, use of 
heat rewarms the skin for reapplication 
of spray or icing of the same area, if 
needed. Used at the end of treatment, ap
plied heat leaves the patient feeling 
warm and reassured, which promotes fur
ther reduction of muscle tension by en
couraging mental relaxation. The art of 
medicine can, at times, be as important 
as the science. 

In this manual, when moist heat is men
tioned, it is assumed to be an Hydrocolla-
tor Steam Pack or comparable hot pack. A 
convenient alternative for home use is a 
waterproof electric heating pad covered 
with dampened flannel. A piece of plastic 
that covers the exposed side of the pad can 
be tucked in around its edges to protect 
sheets, clothing and hair from getting wet. 

Patients who are instructed to use electric 
heating pads at home must be warned to use 
the low setting; if they fall asleep with the 
switch on high, they may burn themselves 
seriously. A hand-pumped spray bottle of 
water is a convenient device with which to 
dampen the cover of the waterproof heating 
pad. A thin wet towel wrapped around an 
old-fashioned hot water bag has been used 
effectively in place of a hot pad or pack. 

Voluntary Contraction and 
Release Methods 

These methods all employ some degree 
of voluntary (active) contraction followed 
by relaxation. A reduction in muscle stiff
ness (tension) following the contraction 
provides an increase in range of motion 
during the period of relaxation. This ap
proach is the basis for some of the sim
plest, most available, most popular, and 
most effective techniques for inactivating 
myofascial TrPs. Included among them are 
contract-relax, postisometric relaxation, a 
combination of postisometric relaxation 
and reciprocal inhibition, hold-relax, and 
muscle energy techniques. 

The new understanding of the nature of 
TrPs provides a rationale as to why this ap
proach is so effective. Since the primary 
TrP etiology appears to be a contraction 
knot at a dysfunctional motor endplate, 

gentle intermittent muscular contractions 
may be very effective at normalizing sar
comere lengths of involved muscle fibers. 
The action potentials resulting from the 
voluntary effort cause contraction of the 
elongated sarcomeres on both sides of the 
contraction knot. This added tension tends 
to pull open the contractured sarcomeres 
in the contraction knot. As soon as this 
process begins to separate the actin and 
myosin molecules in the contractured sar
comeres, those sarcomeres consume less 
energy because fewer myosin heads inter
act with actin. This tends to relieve the 
energy crisis which could lead to the re
duction of the amount of excessive acetyl
choline being released. If this analysis is 
correct, it should be beneficial during each 
relaxation period to keep taking up slack as 
it develops in the muscle. Chapter 2, Sec
tion D explains this etiological mechanism 
in detail. 

Postisometric Relaxation (PIR). The 
postisometric relaxation (PIR) technique in
troduced by Karel Lewit" is a modified con
tract-relax method that for most muscles in
corporates augmentation by coordinated 
respiration and eye movements. This tech
nique has been specifically identified by Le
wit 1 0 1 as useful in the treatment of myofas
cial TrPs with detailed instructions for their 
treatment in many individual muscles. 

The basic concept of PIR is to contract 
the tense muscle isometrically against resis
tance and then to encourage it to lengthen 
during a period of complete voluntary re
laxation. Whenever possible, gravity is 
used to "encourage" release of the muscle 
tension and take up the slack. For PIR to be 
effective, the patient must be relaxed and 
the body well supported. The muscle is pas
sively and gently lengthened to the point of 
taking up the slack (reaching the barrier or 
the point of initial resistance). If this initial 
positioning causes pain, either the extent of 
the movement has been excessive or the pa
tient has actively resisted the movement. 

Postisometric relaxation begins by hav
ing the patient perform an isometric con
traction of the tense muscle at its maximum 
pain-free length, while the clinician stabi
lizes that part of the body to prevent mus
cle shortening. Contraction should be 
slight (10-25% of maximum voluntary 
contraction 1 0 1). After holding this contrac-
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tion for 3-10 sec, the patient is instructed 
to "let go" and to relax the body com
pletely. During this relaxation phase, the 
clinician gently takes up any slack that de
velops in the muscle, noting the increase in 
range of motion. Care is taken to maintain 
the stretched length of the muscle and not 
let it return to a more neutral position dur
ing subsequent cycles of isometric contrac
tion and relaxation. 1 0 1 

Combining PIR with reflex augmentation 
of relaxation 1 0 0 , 1 0 1 greatly enhances its ef
fectiveness. Augmentations include the use 
of coordinated respiration and eye move
ments as described below. Reciprocal inhi
bition can also be incorporated to enhance 
release of tight muscles. The effectiveness 
of the contract-relax technique used in 
postisometric relaxation was demonstrated 
experimentally as preisometric contrac
tion.110 These are two different names for es
sentially the same technique. In this con
trolled study, 1 1 0 the authors demonstrated 
that hamstring muscle stretch which was 
limited by pain increased significantly (p < 
0.01) following a 6 second voluntary con
traction of the muscle. The authors were 
perplexed by the fact that measured EMC 
was essentially unchanged before and after 
stretch under all conditions, because they 
had accepted the common assumption that 
increased resistance to stretch arose from 
motor unit activity. Their results substanti
ate our understanding that much increased 
stiffness of painful muscles is due to the 
viscoelastic properties of the muscle which 
can be strongly influenced by the tension of 
the taut bands that are induced by TrPs. 1 5 1 a 

A good way to become skilled in the use 
of PIR is to practice it on oneself to relieve 
muscle stiffness associated with prolonged 
immobilization of muscles. This stiffness 
becomes increasingly apparent with ad
vancing age, when it becomes critically im
portant to maintain full range of motion of 
muscles, especially of postural muscles, in 
order to maintain normal mobility 
throughout the body. 

Reciprocal Inhibition. Reciprocal inhi
bition is not only an involuntary spinal-
level reflex but is effective when a contrac
tion is initiated at the cortical level. When 
one muscle is activated, its antagonist is re-
flexly inhibited. The use of reciprocal inhi
bition is valuable for augmenting relax

ation and release of muscle tension when 
stretching a muscle to inactivate its TrPs. 
To invoke reciprocal inhibition, the mus
cles that oppose the muscle being stretched 
are voluntarily contracted to actively assist 
the stretching movement. Thus, the muscle 
to be stretched is reciprocally inhibited. 

This method can be used alone to aug
ment a simple stretch, or it can be com
bined with other techniques such as spray 
and stretch. Apparently, this neuromuscu
lar mechanism for releasing TrP tension in
volves more than inhibition of alpha mo-
torneuron activity. The tension-release 
mechanisms also may be dependent on au
tonomic effects that are related to the inhi
bition of spontaneous electrical activity 
(SEA) and spike activity of TrPs during ex
halation, and their augmentation by in
halation and mental stress. 

Contract-relax. The principle of con
tract-relax appears in many forms with 
many names throughout the musculoskele
tal treatment literature. The "muscle energy 
technique" is highly regarded by osteo
pathic physicians and is described under a 
separate heading below. The term contract-
relax, as originally taught by Knott and 
Voss 9 0 1 8 0 was recommended for treatment of 
marked limitation of the range of passive 
motion with no active motion available in 
the muscle opposing the tight muscle. As 
they described it, contract-relax employed 
maximum contraction in a pattern move
ment followed by relaxation of the tight 
muscle to permit active shortening of the 
opposing weak muscle. Release of tightness 
in that muscle permitted improvement in 
the range of motion. Through the years, the 
exact meaning of the term has become some
what diffuse. There are now numerous vari
ations (and applications) of the basic princi
ple that muscle tension is reduced im
mediately following voluntary contraction. 

In this volume, contract-relax used for 
treating TrPs is a gentle, voluntary, mini
mally resisted contraction of the tight mus
cle. The contraction is followed by relax
ation to permit passive elongation of the 
muscle to a new stretch length. Contract-
relax is the basic procedure in the PIR 
method of Lewit. 1 0 1 

Hold-relax. Hold-relax is a variant of 
the contract-relax technique that is not 
commonly used for treating TrPs, but may 
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be employed when there is no joint move
ment desired during or after the procedure. 
It consists of isometric contraction of the 
tight muscle followed by relaxation, but 
not by elongation of the tight muscle. 
When used in the treatment of muscles 
with TrPs, hold-relax is commonly com
bined with manual techniques applied di
rectly to the muscle, such as deep stroking 
massage and TrP pressure release. 

Muscle Energy Technique. Muscle en
ergy techniques are closely related to tech
niques used for release of TrPs and there
fore are of considerable interest. They are 
osteopathic procedures that by definition 5 7 

"are used to mobilize joints in which 
movement is restricted, stretch tight mus
cles and fascia, improve local circulation, 
and balance neuromuscular relationships 
to alter muscle tone." 

Kuchera and Kuchera 9 4 clearly identify 
three muscle energy techniques. The first is 
isometric contraction, which is the one 
most commonly used, generally for im
proving restricted motion at an articula
tion. This technique corresponds to the 
contract-relax method described in this 
manual for restoring restricted motion at an 
articulation (caused by muscle tightness 
due to TrPs). The second technique, iso
tonic contraction, is commonly identified 
as a concentric (shortening) contraction, 
that in this case is resisted by the clinician. 
The third muscle energy technique, isolytic 
contraction, is the same as what is com
monly identified as an eccentric (lengthen
ing) contraction, but again is resisted by the 
clinician. These techniques involve volun
tary muscle contractions by the patient 
against a specific counterforce provided by 
a clinician, whereby the patient, not the 
clinician, provides the corrective force. 

Since two of the four stated objectives 
of muscle energy recognize the importance 
of correcting muscular abnormalities in or
der to effectively mobilize restricted 
joints, many of the procedures effectively 
stretch the trouble-making tight muscles 
with their associated fasciae. In many 
cases, the resisted patient contractions ef
fectively produce the contract-relax ma
neuver. Since many of these maneuvers 
would therefore be effective for the treat
ment of TrPs, it is not surprising when 
Greenman 5 9 observes that frequently ade

quate treatment of somatic dysfunction re
lieves the TrPs. The concept of TrPs and 
many examples in specific muscles are 
well described by Kuchera and Kuchera 9 4 

in a separate chapter that emphasizes their 
importance. 

There is much to be gained if practition
ers identify the active TrPs and any associ
ated joint dysfunction so that each can be 
treated specifically with an appropriate 
technique. Often, the appropriate tech
nique simultaneously (and serendipi-
tously) corrects both conditions. 

Trigger Point Pressure Release 

The new term trigger point pressure re
lease replaces the previous term and con
cept of ischemic compression. TrP pressure 
release is known to be effective at central 
TrPs where there is a rationale for its use. 
However, its value when applied to attach
ment TrPs needs to be evaluated experi
mentally. Clinical evidence and the nature 
of TrPs indicate that, when applying digital 
pressure to a TrP to inactivate it, there is no 
need to exert sufficient pressure to produce 
ischemia . Since the core of the TrP already 
is suffering severe hypoxia surrounded by 
increased tissue oxygen tension, there is no 
reason to expect that additional ischemia 
as such would be helpful. Treatment needs 
to release the contractured sarcomeres of 
the contraction knots in the TrP. 

The technique that was previously de
scribed as ischemic compression is essen
tially what Prudden called myotherapy,1 3 3 

and was adopted by a group of practition
ers of this technique who identified them
selves as myotherapists. 

Instead of ischemic compression, we 
recommend the application of TrP pressure 
release. This technique is less vigorous 
than ischemic compression and employs 
the barrier release concept. 1 0 1 The pressure 
release approach seems to be equally or 
more effective clinically and is NOT likely 
to produce appreciable additional is
chemia. This approach is tailored to the 
needs of the individual's muscles, is more 
"patient friendly", and therefore is more 
likely to be used by the patient. The patient 
learns what optimal pressure feels like for 
subsequent self-treatment. The barrier re
lease approach, however, does require a 
higher order of manual skill. 
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To apply TrP pressure release, the clini
cian lengthens the muscle to the point of 
increasing resistance within the comfort 
zone and then applies gentle, gradually in
creasing pressure on the TrP until the fin
ger encounters a definite increase in tissue 
resistance (engages the barrier). At that 
point the patient may feel a degree of dis
comfort but should not experience pain. 
This pressure is maintained (but not in
creased) until the clinician senses relief of 
tension under the palpating finger. The pal
pating finger increases pressure enough to 
take up the tissue slack and to encounter 
(engage) a new barrier (the finger "follows" 
the releasing tissue). The clinician again 
maintains only light pressure until more of 
the muscle tension releases ("lets go") un
der the finger. During this period the clini
cian may change the direction of pressure 
to achieve better results. This process of 
TrP pressure release can be repeated for 
each band of taut muscle fibers in that 
muscle. The virtue of this technique is that 
it is painless and imposes no additional 
strain on any attachment TrPs, and thereby 
avoids aggravating them. This digital tech
nique is particularly well suited to muscles 
like the infraspinatus and serratus muscles 
that are relatively thin and overlie bone. 

The effectiveness of this approach can 
often be enhanced by including supple
mental techniques. These additional tech
niques should not cause pain either. In ad
dition to simply taking up the slack in the 
muscle before beginning the procedure, the 
entire muscle can be maintained at a slack-
free length throughout the process. Release 
of the TrP may be further enhanced by oc
casionally performing a contract-relax ma
neuver alternated with reciprocal inhibi
tion. The goal is to release the contraction 
knots in the TrP and release the tension 
they cause in the muscle fibers comprising 
the taut band. 

This barrier release approach may fail to 
afford relief because (1) the TrP is too irri
table to tolerate any additional mechanical 
stimulation; (2) the operator misjudged the 
pressure required to reach the barrier; (3) 
the operator pressed too hard, causing pain 
and autonomic responses with involuntary 
tensing by the patient; and (4) the patient 
has perpetuating factors that make the TrPs 
hyperirritable and resistant to treatment. 

Shiatzu. Shiatzu 7 7 and acupressure 2 8 

are terms used to describe a technique 
comparable to the old concept of is
chemic compression but are not concep
tually related to TrPs. However, the de
scriptions of the treatment strongly 
suggest that TrPs are often the painful 
condition that is being treated with shi
atzu. These treatments are promoted for 
other conditions in addition to the relief 
of pain. Shiatzu and acupressure are 
philosophically quite different from the 
concept of myofascial TrPs, but in prac
tice many of the treatments appear quite 
similar. 

Deep Stroking (and Other) Massage 

The technique of deep-stroking massage 
(which is also called stripping massage) 
was historically the first widely accepted 
technique for treating fibrositis (many de
scriptions of which fit myofascial TrPs 1 4 2) 
and was widely practiced at the beginning 
of the 20th century. This method is proba
bly the most effective way to inactivate cen
tral TrPs when using a direct manual ap
proach, and it can be used to treat TrPs 
without producing excessive joint move
ment. The rationale is clear. 

Deep-stroking massage is effective in the 
hands of clinicians who are skilled in its 
use. Massage should be applied with close 
attention paid to restrictive barriers and 
their release. The patient must be positioned 
comfortably so that the muscle to be treated 
is completely relaxed and lengthened with
out pain to the point that there is no residual 
slack in the muscle as a whole. The skin 
should be lubricated if the subcutaneous tis
sues are tense and immobile. The thumbs or 
a finger of both hands are placed so they trap 
a taut band between them just beyond the 
band's TrP. As the digits encounter the 
nodularity of the TrP that is caused by its 
contraction knots [see Fig. 2.25), pressure is 
exerted to engage the restrictive barrier. The 
digits progress no faster than tissue release 
occurs as the nodularity "gives" to some ex
tent. The purpose of the pressure directed 
along the length of the taut band is to elon
gate the maximally shortened (contrac
tured) sarcomeres of the contraction knots 
to release their tension. The stroking mas
sage should be continued along the length of 
the remaining taut band beyond the TrP to 
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the attachment of the band, helping to re
store the stretched sarcomeres to normal 
length by continuing to exert traction on the 
shortened contraction knots. This also helps 
to relieve the taut band tension and any en
thesopathy in the attachment region. 

The next massage stroke should go in 
the reverse direction starting on the same 
taut band but on the other side of the 
nodule to further release the contractured 
sarcomeres. This stroke now helps to re
lease the abnormal tension on the other 
half of the taut band and at the other mus
cle attachment. 

Excessive pressure or speed of movement 
is likely to rupture contraction knots, de
stroying the corresponding motor endplates 
as functional structures and increasing the 
painfulness of the procedure. If the proce
dure were to rupture the sarcolemmal mem
brane at the contraction knots, the muscle 
fiber would spill myoglobin. In addition to 
the effect of stretch, this rupture process 
may be one reason for the effectiveness of 
vigorous application of deep massage, as 
suggested by the following experiments. 

Danneskiold-Samsoe and co-workers 4 0 4 1 

found that application of deep massage to 
the "tender nodules" of "fibrositis" or of 
"myofascial pain" (which were consistent 
with the clinical characteristics of TrPs) re
lieved the signs and symptoms of most pa
tients after 10 massage sessions. Those ex
periencing pain relief had a transient 
elevation of serum myoglobin levels fol
lowing the initial therapy sessions, but not 
after the final sessions when symptoms had 
been relieved and the tenderness and ten
sion of the nodule being massaged had sub
sided. The results of this research effort are 
illustrated in Figure 2.29. Control massage 
of normal muscle did not appreciably in
crease serum myoglobin. This finding sug
gests that the muscle fibers of TrPs and their 
contraction knots are more susceptible to 
mechanical trauma than uninvolved fibers 
and that local tissue manipulation can in
activate the symptom-producing TrPs. 

This technique is not the deep friction 
massage of Cyriax, 3 7 which he applied 
across the long axis of the muscle fibers. 
The Cyriax technique is more closely re
lated to strumming that is described below. 

Strumming. Strumming is similar to 
deep-stroking massage except that the 

strumming finger runs across the taut bands 
at the level of the TrPs over the nodules 
from one side of the muscle to the other. 
The operator's finger pulls perpendicularly 
across the muscle fibers rather than along 
the length of the fibers. This method ap
plies specifically to central TrPs, which are 
near the middle of the muscle belly. 

Strumming consists of pulling the finger 
across the middle of the muscle fibers 
slowly until the nodule at the TrP is en
countered. Light contact is maintained at 
that point until the operator senses tissue 
release under the finger. The finger contin
ues pulling across the nodule in steps as 
tension releases. Relaxed deep coordinated 
abdominal (diaphragmatic) breathing by 
the patient facilitates general relaxation 
during the exhalation phase. 

This technique is particularly applica
ble to a few muscles like the masseter and 
medial pterygoid, which permit direct pal
pation of the muscle through only a thin 
layer of mucosa rather than through thick 
cutaneous and subcutaneous tissues. 

Friction Massage. The purpose of fric
tion massage is to mobilize the superficial 
tissues over the underlying structures in 
order to improve their mobility.1 1 This cor
responds to the technique of skin rolling to 
relieve the subcutaneous tightness of pan
niculosis (Section 8, above) and is also an 
accessory technique. It is not considered to 
be a specific TrP therapy. 

Ice Massage. Ice massage can be ap
plied in two different ways with different 
objectives. One method is the intermittent 
use of ice in lieu of the vapocoolant spray as 
a variation of spray and stretch, as described 
earlier in this chapter. The other method is 
the local application of cold for pain relief, 
which is considered later in this section. 

Periosteal Therapy. Periostbehandlung 
(periosteal therapy) is essentially an unre
lated rhythmic massage technique that is 
applied to bony prominences of the body 1 7 9 

and should not to be confused with myo
fascial TrP therapy. Waves of pressure are 
applied for 2-4 min; each half-wave of in
creasing or decreasing pressure lasts 4-10 
sec. The finger, thumb, or knuckle pressure 
is applied to the periosteum near painful 
areas. We agree with the authors 1 7 9 that the 
mechanism of pain relief in this case is dis
tinctly different from that of Druckpunkte 
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(pressure points), which usually have been 
described in terms that are compatible with 
myofascial TrPs. 

Indirect Techniques 

The osteopathic technique for releasing 
tender points described by Jones in 1981 8 5 

in terms of strain and counterstrain (the 
term still used by osteopathic physicians 5 3) 
has now evolved into a 1997 book on posi
tional release therapy by a chiropractor 
and a physical therapist 3 9 that is predi
cated on the osteopathic paradigm of so
matic dysfunction. This indirect technique 
uses body positioning for releasing tender 
points which are conceived of as foci of 
constriction in the myofascial tissues. The 
tender points they describe appear to have 
little relation to fibromyalgia tender 
points, but may fit into the concept of myo
fascial attachment TrPs. The authors 3 9 

make no clear distinction between fi
bromyalgia tender points and myofascial 
TrPs. 

Kuchera and Kuchera 9 4 characterize 
Jones's strain-and-counterstrain technique 
clinically as follows: About 146 tender 
points can be identified. The muscle pain, 
weakness, and subjective hurt is on one as
pect of the body and the Jones tender point 
is characteristically on the other aspect of 
that part of the body, usually in a muscle 
antagonist. At the position of comfort, the 
point becomes flaccid on repeated testing 
and the position is one of mild strain. The 
position of comfort generally is held for up 
to 90 seconds, until release is detected by 
gentle intermittent test palpations, then the 
body parts are returned SLOWLY to their 
neutral position. Poor posture may cause 
recurrence of these "myofascial points" 
that are presumed to be caused by some 
form of functional strain. 9 4 

In the original book on strain and coun
terstrain by Jones, 8 5 he illustrated and 
named the location of 65 tender points. Most 
of the names identified bony landmarks that 
did not identify what muscle(s) attached at 
that location. Of the 65 points, 9 were iden
tified at the attachment region of a named 
muscle. Forty-four points were located ei
ther at the region of a muscular attachment 
where one might find an attachment TrP, or, 
occasionally, at the belly of a muscle where 
a central TrP might be located. Twelve points 

appeared to be purely bony locations where 
a muscular attachment would be unlikely. 

Lewit 1 0 1 considers Jones points as tender 
spots in soft tissue. These tender spots are 
often found at muscle attachments where 
enthesopathy could occur and cause the 
tenderness. 

If these tender points of Jones are often at 
the same location as myofascial attachment 
TrPs, it should be simple to verify. First, one 
could note if a central TrP is present in a taut 
band of muscle fibers that attach where the 
Jones tender point has been located. If so, it 
would be of interest to measure the irritabil
ity of both the central and attachment TrP 
sites before and after treatment. The central 
TrP could be treated by trigger-point therapy 
(e.g., by injection or local pressure release 
techniques), or the Jones point could be 
treated by positional release therapy, orboth 
treatments could be applied to a third group 
of subjects. Each therapeutic approach may 
have advantages that are complementary. 

Myofascial Release 

Myofascial release is a system of therapy 
that combines principles and practice from 
soft tissue technique, muscle energy tech
nique, and inherent force craniosacral tech
nique. 5 9 It includes a highly subjective 
transfer of energy from the therapist to the 
patient. 1 4 1 It is strongly promoted by John 
Barnes 8 and practiced by numerous physi
cal therapists. It is another example of a 
clinical practice that is sometimes effective 
for myofascial TrPs, but the patient is not 
examined for them, so the extent to which 
the patient is benefitting from relief of TrPs 
goes unrecognized. Unfortunately, any ad
ditional benefit of specifically addressing 
the patients' remaining TrPs is forfeited. 

Accessory Techniques 

A number of techniques can assist and 
supplement the specific TrP therapies de
scribed above. Controlled respiration and 
directed eye movement are two techniques 
of great value and are applicable to many 
of the TrP release techniques. The others 
have more limited application. 

Phased Respiration. As one slowly 
exhales, muscles throughout the body 
generally tend to relax. With inhalation, 
muscular activity is facilitated. 1 0 1 One 
noteworthy exception is the relaxing effect 
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that a deep inhalation (yawn) has on the 
jaw-closing mandibular elevator muscles. 
Since exhalation encourages relaxation of 
most muscles, it can be very helpful to co
ordinate an exhalation phase of respiration 
with the release phase of most muscle-
stretching techniques as described. To be 
effective, respiration must be sufficiently 
slow and deep. 1 0 1 Effectiveness also im
proves if the patient uses coordinated 
diaphragmatic (abdominal) breathing. Ab
dominal breathing is particularly impor
tant when attempting to relax neck mus
cles. Paradoxical breathing should be 
avoided; it is inefficient and may send 
mixed messages to the autonomic nervous 
system as to whether the individual is in
haling or exhaling. 

When phased respiration is used in con
junction with a technique such as contract-
relax that involves muscle contraction and 
relaxation phases, the muscle contraction 
phase should be synchronized with inhala
tion and the relaxation phase with exhala
tion. Patients who have difficulty adopting 
a slow, deep respiratory pattern may be 
helped by pausing, breathing naturally sev
eral times, and relaxing between each cycle 
of contraction-relaxation. 

For the torso, inhalation facilitates mov
ing toward the neutral erect position and 
exhalation facilitates relaxation as one 
leans away from an erect posture. Leaning 
forward is naturally associated with exha
lation and relaxation. 

The following experimental evidence 
suggests a significant relation between res
piration and TrP activity. While conducting 
a study of active loci in human TrPs, 1 5 1 the 
authors confirmed a previous observation 
of another investigator.7 6 In many subjects, 
spike activity associated with SEA of the 
TrPs in the upper trapezius muscle was 
turned on by normal resting inhalation and 
was turned off by exhalation. The authors 
also noted a corresponding waxing and 
waning in the amplitude of SEA. The effect 
was augmented by exaggerated respiration. 
Neither set of potentials represented nearby 
motor unit potentials or distant ones. 

Directed Eye Movement, Clinical obser
vations have shown that the direction of 
gaze facilitates the movement of the head 
and trunk in the direction of the patient's 
gaze and inhibits movement in the opposite 

direction. This applies to lifting the head 
and torso as well as to stooping and trunk 
rotation. Direction of gaze does not facilitate 
movement toward side bending. 1 0 0 1 0 1 How
ever, looking up does facilitate straighten
ing up from the side-bent position. These 
eye movements should not be exaggerated, 
because a maximum-effort movement may 
have an inhibitory effect . 1 0 0 , 1 0 1 

This phenomenon is directly applicable 
for enhancing stretch-type release tech
niques used to release TrP tightness in mus
cles. By looking in the direction of move
ment needed to release specific muscle 
tightness, the release process is augmented. 

The mechanism for this effect may be 
similar to the mechanism for the influence 
that respiration has on the electrical activ
ity in active loci of TrPs, which was noted 
above. However, the direction of gaze was 
not specifically tested in those experiments. 
It should be tested since eye motion and 
respiration are related. Lewit et al.103 clearly 
demonstrated a significant synkinetic effect 
between the rate of alternating the direction 
of upward-downward gaze and the respira
tory rate. The rate of respiration followed 
the rate of eye motion over a 2:1 range. 

Skin Rolling. The manual technique of 
skin rolling as described in Chapter 2 of this 
volume with regard to panniculosis has 
been found to be useful clinically both for 
diagnosis and treatment of this condition. 
Therapeutically, skin rolling seems to work 
best over the shoulders and upper back and 
least well over the buttocks. 1 0 8 The nature of 
panniculosis and the reason that relieving 
the panniculosis apparently helps to re
lieve TrP activity remain speculative. They 
deserve to be investigated further. 

Biofeedback. Biofeedback alone is not 
specific myofascial TrP therapy, but it can 
be helpful in two ways. First, it can be used 
to help the patient avoid unnecessary in
creased resting muscle activity which con
tributes to TrP irritability and activation. 
Many patients express their anxiety and 
frustration through general muscular ten
sion, which abuses their muscles. Biofeed
back training applied to the problem mus
cles can help these patients to become 
aware of unnecessarily sustained activation 
of their muscles. It can be an effective tool 
for teaching them how to recognize and 
control the excess tension. Meditation prac-
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ticed for this same purpose can enhance the 
patient's ability to reestablish muscular re
laxation and emotional tranquility. 

Another, potentially much more impor
tant, application of biofeedback is the use 
of surface EMG for identifying muscular 
incoordination, referred inhibition, and re
ferred spasm caused by TrP activity. Used 
as feedback, surface EMG can be an impor
tant tool in retraining the affected muscles 
to normal muscle balance and function fol
lowing inactivation of the responsible TrPs 
( See Chapter, 2 Part B, Surface EMG). 

Heat and Cold. Heat applied to the sur
face of the skin penetrates poorly. It causes 
reflex dilatation of skin blood vessels, in
creasing circulation that quickly removes 
the heat and distributes it throughout the 
rest of the body. Thus, the only effect it 
would be likely to have with regard to un
derlying TrPs would be a general increase 
in circulation in that part of the body. It 
would also tend to make the patient feel 
cozy and warm, helping in relaxation. 

On the other hand, application of surface 
cold tends to penetrate progressively more 
deeply into the underlying tissues the 
longer it is applied. As the cold penetrates, 
it causes vasoconstriction which reduces 
the heat that would have been supplied by 
the local circulation. The cold numbs the 
tissues, which is why application of cold 
can be effective for relief of neurogenic pain. 

Immediately following major trauma— 
such as fracture, dislocation, or whiplash 
injury—cold packs should be applied to 
the traumatized muscles to reduce pain 
and tissue swelling without regard to TrPs. 
When this acute phase has passed in a few 
days, TrP therapy should be considered. 

In the past, clinicians have found that for 
relief of TrP distress many patients pre
ferred the application of heat rather than 
cold. However, some patients preferred 
cold applications to TrPs for relief of their 
myofascial pain. This seemed contradictory 
and enigmatic. It may be that central TrPs 
are more responsive to warmth and that at
tachment TrPs are more responsive to cold. 

No controlled study is known that has 
explored the effectiveness of heat versus 
cold when applied to TrPs as therapy. 
There is a possibility that cold applied to 
attachment TrPs would reduce the sensory 
hyperirritability of the enthesopathy. The 

differences in the response of some patients 
to the application of heat versus cold to the 
TrP region deserves critical investigation. 

Iontophoresis and Phonophoresis. Ion
tophoresis is the process of using an elec
tric potential of low voltage direct current 
to move a solute of ions across a mem
brane. In the case of TrP therapy, the move
ment is through the epidermis and dermis 
into underlying tissues. The degree of pen
etration depends partly on the barrier 
properties of the tissues to the penetrating 
substances. The maximum depth of pene
tration is probably about 1 cm and the 
direct current has a caustic and sclerotic 
effect that must be considered. 1 4 0 Ion
tophoresis has been used to deliver ionic 
drugs, including hydrocortisone, lido-
caine, and salicylate. The use of recombi
nant DNA technology promises the pro
duction of protein and peptide drugs 
amenable to this therapy. 1 5 3 

The effectiveness and any advantages of 
this modality for medicating attachment 
TrPs would need to be established by ade
quately controlled experiments. Usually, 
injecting the medication directly into the 
desired location is more direct, reliable, 
provides better control of the dose, and ex
poses only the tissue to be treated to the 
medication. However, injection does in
volve instrumental invasiveness. 

Phonophoresis employs therapeutic ul
trasound to drive the substance through 
the dermis. This medium is commonly 
used to treat musculoskeletal conditions 
using hydrocortisone, lidocaine, or as
pirin. 1 4 0 A controlled study 2 6 demonstrated 
effective penetration of dexamethasone 
and hydrocortisone acetate by ultrasound 
into the subcutaneous tissue, but not into 
submuscular tissue. The details of tech
nique can be critical to success. 8 7 

Although no scientific papers are known 
to have been published on the usefulness 
of either of these techniques for the treat
ment of TrPs, some clinicians have found 
them useful for the administration of 
steroids into an active TrP area. Since the 
injection of steroid into central TrPs rarely 
appears to prove more beneficial clinically 
than nonsteroid needle techniques, it is un
likely that attempts to medicate the central 
TrP region using these modalities would be 
beneficial. However, steroid application to 
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attachment TrPs may be a different story, 
and the beneficial effects observed by clin
icians may have been the result of steroid 
treatment of attachment TrPs. The hazards 
of steroids also must be fully considered. 

Since painfully active attachment TrPs 
limit the usefulness of stretch techniques, a 
noninvasive method for markedly reduc
ing their irritability could be quite useful. 
The advantages and disadvantages of 
phoretic penetration of steroids as com
pared to injection need to be investigated 
with regard to this modality. 

Microamperage. Although the use of 
microamperage therapy for myofascial TrPs 
has been enthusiastically promoted by man
ufacturers, we know of no well controlled 
experimental studies that demonstrate effi
cacy, nor is there a convincing rationale at 
this time for its use in the treatment of TrPs. 
The whole field of cutaneous procedures to 
treat underlying TrPs needs critical investi
gation to resolve whether there is an 
unidentified mechanism operating, or other 
factors are responsible for whatever favor
able clinical results are observed. 1 5 0 

Modalities 

Therapeutic Ultrasound. Clinically, 
many therapists find the application of ul
trasound an effective means of inactivating 
TrPs. Unfortunately, no controlled study 
specific to its effectiveness on TrPs is 
known. Ultrasound transmits vibrational 
energy at the molecular level, approxi
mately 5 0 % of which reaches a depth of 5 
cm. These vibrations not only generate heat 
within the tissue, but can have additional, 
but less clearly understood, chemical ef
fects due to intense molecular excitation 
that may play a role in TrP applications. 
The clinical use of therapeutic ultrasound 
is well summarized by Santiesteban. 1 4 0 

One clinically successful technique 
starts with a setting of 0.5 watt/cm 2 and 
uses a slow dwell technique with a circular 
motion that completes one circle in 1 or 2 
sec. 1 9 3 The circle is tight enough to provide 
a small overlap over the TrP in the center of 
the circle. In another technique that em
ploys essentially the same movement of 
the applicator, the power is first increased 
to the threshold pain level (approximately 
1.5 watt/cm 2] and then reduced to one-half 
of that intensity. Over the next 2 to 3 min

utes, the intensity is gradually increased 
with frequent queries as to patient sensa
tions, until the intensity has been in
creased to, but not beyond the original pain 
threshold level. Usually, the patient no 
longer feels pain at this level of stimulation 
and the TrP is less tender and irritable. 1 2 8 

The Medco-sonolator combines ultra
sound with electrical stimulation of suffi
cient intensity so that the increased current 
flow through the point of low skin resis
tance (that frequently, but unreliably occurs 
over the TrP) generates a prickly sensation. 
This technique may be helpful in finding a 
possible location of a TrP for those who 
have not yet mastered the necessary palpa
tion skills. This combination therapy has 
been reported to be helpful clinically. 2 0 , 1 2 9 

The mechanism by which ultrasound 
could effectively inactivate TrPs is un
known. The ultrasound undoubtedly 
causes tissue heating, which could aggra
vate the local energy crisis by increasing 
metabolic rate at the TrP and thereby stress 
key TrP tissues to the point of no return. The 
heat may have more specific effects to in
hibit the release of acetylcholine and reduce 
endplate dysfunction. The mechanical exci
tation of tissues at the molecular level by ul
trasound may play a role in these processes. 

Well-designed, well-controlled experi
mental studies on the effect of ultrasound 
on competently diagnosed active TrPs are 
needed to fill this challenging void in our 
knowledge. 

High Voltage Galvanic Stimulation. 
The waveforms characteristic of this kind 
of electrical stimulation are relatively high-
frequency brief spikes of at least 150 volts 
with very rapid rise times and no duration 
of peak-voltage. This form of stimulation is 
selectively more effective on large diame
ter motor nerves than on smaller diameter 
sensory nerves, which makes it better tol
erated than square-wave potentials as a 
way of stimulating muscle nerves electri
cally. 1 4 0 A description of the parameters of 
various types of electrical stimulation is 
presented by Kahn. 8 6 

The use of high voltage (and high fre
quency) galvanic stimulation is common 
practice among some therapists as a pri
mary modality for the treatment of TrPs. It 
sometimes is used as preliminary treat
ment and more commonly is applied fol-
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lowing stretch and/or injections. 1 3 4 Clinical 
experience suggests that one effective tech
nique is to increase the intensity of cyclic 
(not continuous) electrical stimulation to 
the point of gentle muscular contractions. 

Rachlin 1 3 4 recommends electrical stimu
lation routinely following TrP injection 
and needling. He describes using an inter
mittent current (sinusoidal, surged, or 
ramped) for 15 minutes. If spasm were pre
sent, he recommends preceding the inter
mittent current with 10 minutes of tetaniz-
ing current to fatigue the muscle in order to 
achieve more complete relaxation follow
ing stimulation. If the patient rejects the 
use of electrical stimulation (because of 
discomfort), he suggests moist heat as a 
substitute. 

Muscle spasms can be released by appli
cation of high frequency galvanic stimula
tion, 1 4 0 if the muscle is continuously stim
ulated to exhaustion. 1 1 2 

The application of intermittent or cyclic 
stimulation sufficient to cause gentle mus
cle contraction and then relaxation may be 
considered an involuntary (effortless) form 
of contract-relax, which, when done volun
tarily by the patient, is very effective. The 
electrical stimulation allows the patient to 
feel contraction of the appropriate muscle, 
and this assists the patient to learn an ap
propriate voluntary contraction for a home 
exercise. 

Pain Relief 

Transcutaneous Electrical Nerve Stimu
lation. Transcutaneous electrical nerve 
stimulation is well established as one means 
of obtaining temporary, sometimes pro
longed, pain relief. Although it is not a treat
ment modality for myofascial TrPs, it is an 
accessory technique. The electrical stimulus 
consists of relatively low-voltage square 
waves of variable polarity, duration and fre
quency. This stimulus is not suitable for 
muscle stimulation because it tends to stim
ulate small sensory nerves more readily than 
the larger motor nerves, and therefore is rel
atively more painful than high voltage gal
vanic stimulation. Santiesteban reviewed 1 4 0 

the treatment parameters and clinical appli
cations of this kind of electrical stimulation. 

The nonspecific relief of pain afforded 
by this modality can, in addition to im
proving the quality of life, help the patient 

to achieve increased mobility and a degree 
of muscle stretching that otherwise might 
not occur. 

Stimulation is sometimes applied along 
the spine, or over acupuncture points, or 
over reference zones where the pain is felt, 
or over the TrPs where the pain originates. 
Generally, electrode placement is an em
piric matter that depends on what posi
tioning provides the patient with the most 
relief. Stimulation over the central TrPs 
may give different results than stimulation 
over the corresponding attachment TrPs. 
This could be explored systematically. 

Drug Therapy. In the management of 
patients with myofascial pain syndromes, 
one can consider the role of drugs with re
spect to pain relief, muscle relaxants, 
sleep, and trouble-making drugs. 

PAIN RELIEF. No nonnarcotic medica
tion is known that is specific for the pain 
generated by central myofascial TrPs. The 
new understanding of the pathophysiology 
of TrPs opens the door to identifying drugs 
that specifically inactivate the TrP mecha
nism. The specific effectiveness of drugs 
on attachment TrPs is unexplored. Since 
the enthesopathy causing the pain and ten
derness at that location is a reaction to the 
stress of the taut band on attachment struc
tures, it is likely that some anti-inflamma
tory drugs, including steroids, may provide 
effective relief if administered locally on 
site in effective dosage. 

Available nonsteroidal anti-inflamma
tory drugs given orally afford little relief 
from pain originating in central TrPs. How
ever, they can be very helpful for alleviat
ing the postinjection soreness that is likely 
to peak a day or two after injection, espe
cially when dry needling without a local 
anesthetic has been used. This alleviation 
reflects the fact that the tissue injury of 
needling induces an inflammatory reaction 
that is fundamentally different from the 
pathophysiology of the TrP itself. 

When a nonsteroidal anti-inflammatory 
drug was injected in high concentrations at 
the TrP, its prostaglandin-suppressing ac
tion seemed to help relieve pain originating 
from TrPs. 4 9 Prostaglandins are likely one of 
the more important agents involved in the 
sensitization of nociceptors in a TrP. This 
drug would not be expected to have any ef
fect on the primary endplate dysfunction. 
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Successful management of a chronic 
myofascial pain syndrome relieves the pa
tient's pain so that analgesic medication is 
no longer needed. However, at the start of 
specific treatment, before the patient ob
tains sustained relief, medication may be 
necessary. To help wean the patient off of 
drugs, a time-contingent schedule, rather 
than the usual pain-contingent schedule, 
should be established. A pain cocktail can 
be very helpful. 4 7 

Chapter 5, Section D in this manual out
lines a general treatment approach for 
chronic headaches, facial, neck, or shoul
der pain that have a significant myofascial 
TrP component. It can readily be adapted 
to the other muscles. 

Successful management of muscu
loskeletal pain depends on an accurate di
agnosis. Is the pain muscular, articular, 
and/or neurologic in origin? In current 
medical practice most medical practition
ers are poorly trained in the diagnosis and 
manual treatment of the common muscular 
and articular sources of pain. Common ini
tial reactions of practitioners to these enig
matic musculoskeletal complaints are to 
(1) procrastinate, hoping it will go away 
spontaneously, (2) prescribe a drug, (3) 
consider surgery, or (4) rationalize it as psy
chogenic or behavioral, which can be con
sidered a form of denial. The patients de
serve better. 

MUSCLE RELAXANTS. The rationale for 
the use of muscle relaxants has been based 
largely on the erroneous concept that mus
cle pain causes spasm of the same muscle, 
which in turn causes more muscle pain. 
Since this pain-spasm-pain concept has 
failed the test of experimental investiga
t ion 1 2 1 [see Chapter 2, Part C), we see no ra
tionale for muscle relaxants in the treat
ment of myofascial pain caused by TrPs. 

Often the increased muscle tension that 
is identified as "spasm" related to muscu
loskeletal pain is actually caused by taut 
bands of TrPs. Muscle relaxants have no ef
fect on muscle fibers that are in contracture 
because of dysfunctional endplates. On the 
other hand, true spasm (identified as EMG 
motor unit activity) can be reflexly induced 
by TrPs or by other sources such as joint 
dysfunctions or ruptured surface fibers of an 
intervertebral disc [see Chapter 41 , Part B). 
This spasm can be responsive to muscle re

laxants, but it is important also to accurately 
identify and treat the source of the spasm. 

SLEEP. Most patients with persistent 
myofascial TrP pain have difficulty sleep
ing and show abnormal sleep patterns 
when monitored in a sleep laboratory.4 In 
many patients, it is the referred pain gener
ated by active TrPs that disturbs sleep. In 
patients with pain and in normal subjects, 
disturbed sleep tends to aggravate pain the 
next day. 1 2 5 This subject has been well re
viewed by Moldofsky. 1 2 4 

In treating patients with myofascial pain 
that disrupts sleep, top priority needs to be 
given to inactivating the TrPs that are 
chiefly responsible for insomnia. The pa
tient should be shown what sleeping posi
tion will minimize myofascial pain and be 
encouraged to take medication as neces
sary to obtain restful sleep. 

Three antihistamines, which are non-
habit-forming, are recommended for better 
sleep. Dimenhydrinate (Dramamine) and 
diphenhydramine hydrochloride (Bene-
dryl) have a common antihistamine that 
has a soporific effect on most people. The 
50-mg tablet of dimenhydrinate is available 
without prescription and packs a stronger 
wallop than a 25-mg capsule of diphenhy
dramine, which is also available in a 50-mg 
capsule. The 25-mg dose can usually be re
peated during the night, if necessary, with
out excessive morning hang-over. Gener
ally, sleep medication should be taken 
one-half hour before retiring. 

Promethazine (Phenergan) has a longer 
duration of action than dimenhydrinate, 
and may be helpful to individuals who fall 
asleep easily, but have trouble remaining 
asleep. This antihistamine also has a po
tent calming effect that is valuable for pa
tients who are anxious. Usually, one 12.5 
mg tablet at bedtime suffices. 

A natural sleep-inducing hormone, mela
tonin, is now available without prescription 
in a bewildering array of amounts available 
per tablet (from a few hundred micrograms 
to more than a milligram) with no guidance 
as to how to use it. It is specifically useful to 
reestablish a normal sleep-waking cycle. A 
dose of 200-500 /xg taken one-half hour be
fore bedtime will expedite going to sleep 
and help to prevent early awakening. Best 
of all, there is no need for a hang-over effect 
the next morning because its influence is ef-
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fectively negated by continued exposure to 
bright light. We recommend use of no more 
than the minimum dose required to obtain 
the desired effect, and recommend that 
melatonin be taken only intermittently, be
cause the long-term effect of regular large 
doses (1 mg or more) has not been reported. 

TROUBLE-MAKING DRUGS. Small to mod
erate amounts of caffeine may help to min
imize TrPs by increasing vasodilatation in 
the skeletal musculature. However, exces
sive intake of coffee and/or cola drinks that 
contain caffeine (more than two or three 
cups, bottles, or cans daily) is likely to ag
gravate TrP activity. A cup of coffee may 
contain 50-150 mg of caffeine. As a rule, 
drip coffee contains more than percolated, 
which contains more caffeine than instant 
coffee. 3 4 Most of the canned soft drinks 
contain 30-50 mg of caffeine. However, caf
feine-free soft drinks are now widely avail
able. Many combination analgesic drugs 
contain caffeine that may add significantly 
to the total caffeine load without the pa
tient's realizing it unless someone analyzes 
in detail the patient's caffeine intake. 

Regular excessive alcohol consumption 
may indirectly perpetuate TrPs through 
chemically reduced serum and tissue fo
late levels and because of poor eating 
habits. Ingestion of alcohol reduces the ab
sorption of folic acid, while increasing the 
body's need for it. 

The habit of tobacco smoking markedly 
increases the need for vitamin C, which is 
poorly stored in the body. The marked cap
illary fragility associated with low ascorbic 
acid levels greatly increases the tendency 
for tissue bleeding at injection sites. Injec
tion of TrPs in smokers should be post
poned until adequate tissue levels of vita
min C are assured (see Vitamins, in Chapter 
4). Clinical experience indicates that to
bacco smoking aggravates TrPs directly. 

Caveats 

Hypermobility. Treatment with a 
stretching technique that fully lengthens a 
muscle is contraindicated across joints that 
are truly hypermobile. When there are TrPs 
in muscles that cross hypermobile joints, 
these TrPs should be inactivated using tech
niques applied directly to the central TrPs 
without stretching the muscle as a whole. 
These alternative therapies include TrP pres

sure release, deep stripping massage, hold-
relax with mild (not vigorous) contraction, 
indirect techniques, TrP injection, high volt
age galvanic stimulation, and ultrasound. 
The muscles of these patients may require 
strengthening with stabilizing exercises. 

Hypermobility syndrome is covered in 
more detail in Volume 2, Chapter 2, Sec
tion 7 of this manual. 

Shortening Activation (Reactive Cramp
ing). When a tight muscle (e.g., right mid
dle scalene) is suddenly released, shorten
ing activation (a reactive cramp) may 
develop in an antagonist muscle (e.g., the 
left levator scapulae). As the tight muscle 
(right middle scalene) is lengthened well be
yond its accustomed limit in the process of 
inactivating its TrPs, the antagonist (left lev
ator scapulae) is simultaneously shortened 
to less than its accustomed minimum 
length. If the antagonist harbors latent (or 
mildly active) TrPs, they suddenly and 
strongly may be activated by being placed 
(and held briefly) in this unaccustomed 
shortened position. The patient can then ex
perience severe cramplike referred pain 
from the TrPs in this muscle that is an an
tagonist to the previously tight muscle. This 
reaction may be immediate, or it can de
velop half an hour or so following treatment. 
The delayed reaction may be caused by the 
patient making use of the new stretch range 
of the treated muscle, thus placing the un
treated antagonist muscle in the shortened 
position after leaving the treatment session. 

Shortening activation can be avoided by 
systematically treating both the agonist 
and antagonist groups of muscles partially, 
one after the other. The reaction occurs 
more often in flexors, like the biceps 
brachii, finger flexor, and hamstring mus
cles, than in the corresponding extensors. 
Lengthening treatment of the sternocleido
mastoid or quadratus lumborum muscle on 
one side is likely to activate latent TrPs in 
its contralateral mate. Treatment of the 
subscapularis may activate TrPs in the 
supraspinatus and infraspinatus muscles. 
Occasionally, stretch of the abdominal 
musculature initiates paraspinal cramping. 

Reasons for Failure. When the patient 
fails to show lasting improvement following 
spray and stretch (assuming that myofascial 
pain due to TrPs is the correct diagnosis, 
and assuming that the muscle causing the 
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dysfunction is the one that was treated) the 
following should be considered: 

PERPETUATING FACTORS. When active 
myofascial TrPs do not subside after cor
rectly applied spray and stretch, one or more 
perpetuating factors are usually responsible. 

INADEQUATE COVERAGE. If the spray is ap
plied only to the reference zone where the 
patient complains of pain, it usually misses 
the skin overlying the TrP that is causing the 
pain. When TrPs in several widely separated 
muscles refer pain to the same area, stretch
ing and spraying some, but not all, of these 
muscles will provide only partial relief. 

PATIENT TENSION. For effective passive 
stretch, the patient must fully relax the 
muscles being treated. Frequently tension 
in postural muscles spills over, and the pa
tient must assume a relaxed body position 
and feel relaxed all over to fully relax the 
muscles being treated. 

POOR SPRAY TECHNIQUE. The vapo
coolant is less effective if the stream of 
spray is passed too quickly over the skin, 
or if the spray container is held too close to 
the skin. On the other hand, the same skin 
area should not be sprayed so often, or so 
slowly, that the underlying muscle be
comes chilled. The line of spray must be 
directed over the line of muscle fibers that 
are under maximum tension so that the 
topographically related skin reflex effects 
of vapocooling can release them. 

INCOMPLETE SPRAY AND STRETCH. Addi
tional cycles of spray and stretch, with re-
warming after each cycle, need to be re
peated as long as the range of motion 
increases significantly with each cycle, or 
until full range is reached. 

INADEQUATE STRETCH TECHNIQUE. The 
TrPs will persist if too much or jerky force is 
used to passively stretch the muscle. Firm 
stretch before spraying can cause painful 
spasm and seriously impair relaxation. 

INCOMPLETE STRETCH. Residual tautness 
remains when the muscle is stretched to 
less than its FULL range of motion. Adja
cent muscles often need releasing before 
this full range can be reached. If stretch is 
limited by structural impediments, such as 
an old fracture, osteoarthritis or idiopathic 
scoliosis, 1 6 4 local manual release tech
niques will be required. 

POOR POSTTREATMENT. Muscle soreness 
is likely to be greater if the skin is not re

warmed immediately with a hot pack or 
pad. Recurrence is more likely if the pa
tient fails to actively move the treated part 
through its fully shortened and lengthened 
range of motion several times to reestablish 
normal function. 

CHRONICITY. Pain recurs when aggravat
ing or perpetuating factors are present and 
reactivate the TrPs. However, chronicity 
alone need not prevent an immediate but 
temporary response to specific myofascial 
therapy. 

13. TRIGGER POINT INJECTION 
There are three different approaches to 

the needle-inactivation of the active loci in a 
central TrP. Generally, we recommend injec
tion of a local anesthetic without cortico
steroid and no adrenalin. Dry needling can 
be effective but results in more postinjection 
soreness. Only under special circumstances 
would one inject Botulinum toxin A. Effec
tive treatment using either the injection of a 
local anesthetic or dry needling depends on 
mechanical disruption and inactivation of 
the active loci in that TrP. Inactivation of 
TrPs by injecting Botulinum toxin A de
pends on its specific pharmacological de
structive effect on motor endplates. 

It is essential to clearly define just what is 
meant by one injection. The number of in
jections should be counted in terms of the 
number of TrP sites injected, not the num
ber of times some solution has been de
posited within one TrP site. One TrP site has 
a highly variable number of active loci that 
must be inactivated and all of the loci in one 
TrP can be needled or injected with one skin 
penetration. Using a nonmyotoxic local 
anesthetic (which is the kind of anesthetic 
recommended) or dry needling, many nee
dle movements within the TrP are normally 
required. When a local anesthetic is used, 
one should inject only a small amount (< 1 
ml) at any one location within the TrP. The 
clinician must obtain twitch responses from 
all of the remaining active loci in that TrP in 
order to ensure effective treatment. 

Some clinicians depend on the injection 
of large amounts of seriously myotoxic 
drugs like Botulinum toxin A or concen
trated long acting local anesthetics in the 
general vicinity of a point of tenderness, 
hoping to inject a TrP. When myotoxic 
drugs are considered unavoidable for injec-
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tion of TrPs, it is much better to inject 
small amounts precisely where the con
traction knots of the TrP are located. Selec
tive injection of small amounts of these 
substances wherever the needle elicits an 
LTR in a TrP is much less damaging to the 
muscle as a whole, and is just as effective, 
as a large amount. EMG monitoring for the 
spontaneous electrical activity of an active 
locus is an even more specific indicator of 
a site for injection. 

When reporting TrP injections, for each 
injection the clinician should specify the 
muscle injected, and whether it was a 
central TrP or an attachment TrP that was 
injected. 

Why Inject? 

The decision whether to treat TrPs by 
manual methods (described in the preced
ing Section 12) or by injection depends 
strongly on the training and skill of the 
practitioner. Ideally, both approaches 
should be equally available to the patient 
and used when indicated. Manual methods 
are noninvasive, available for the patient to 
learn to use for self-treatment, and can be 
used to release multiple TrPs at the same 
time in one muscle or a group of TrPs in sev
eral muscles that serve the same function. 
However, manual methods are more likely 
to require several treatments and the bene
fit of treatment may not be as fully apparent 
for a day or two, as compared to injection. It 
requires considerable time and effort to ac
quire the skill needed to use manual tech
niques or to inject TrPs effectively. 

Manual methods are specifically indi
cated when the TrP is acute, when the goal 
is to train the patient in effective methods 
of self-management of the pain and dys
function, when the patient is severely nee
dle-shy, or when the central TrPs in the 
middle of the muscle belly are not accessi
ble to injection (iliacus and psoas muscles) 
for most clinicians. 

One well-performed injection can fully 
inactivate a TrP immediately, which is re
assuring to the clinician and the patient. 
Identification and injection of key TrPs can 
produce impressive results. Success de
pends strongly on the accuracy of the clin
ician's aim. This accuracy depends strongly 
on the precision with which the TrP was lo
calized and on the skill of the clinician. 

Injection is indicated when a few TrPs 
remain that are unresponsive to manual 
methods, when skilled manual TrP therapy 
is not available, when there are only a few 
relatively acute TrPs and the treatment 
time is severely limited, and when the pa
tient has hyperuricemia and symptoms of 
gout. Injections can be helpful when the 
muscle cannot be stretched for mechanical 
reasons, or when stretch should be limited 
because of hypermobility. 

Patients with both fibromyalgia and 
myofascial TrPs are much more sensitive to 
painful therapeutic techniques (which, for 
them, are likely to be counterproductive) 
than are patients with TrPs but without fi
bromyalgia. Patients with both conditions 
respond to TrP injections, but they do not 
respond as well as patients with only myo
fascial TrPs. 7 2 

It is a serious mistake to judge the effi
cacy of TrP treatment by manual methods 
or by injection if the practitioner was not 
both well trained AND experienced in the 
techniques used for the muscles reportedly 
treated. Knowledgeable, skillful practition
ers of TrP therapy can be difficult to locate. 
So often, when patients give a history of be
ing treated for TrPs without benefit, careful 
questioning makes it clear that treatment 
was given without adequate examination 
for TrPs or was not performed in a manner 
that one would expect to be effective. 

What to Inject? 

Dry needling is as effective as injection of 
an anesthetic for relief of TrP symptoms, IF 
the needle elicits LTRs, 6 7 which occur when 
the needle encounters active loci of the TrP. 
Conversely, if no LTR occurs, dry needling 
and injection of nontoxic anesthetics are 
equally ineffective. 6 7 Postinjection soreness 
is more likely to occur, is more severe, and is 
of longer duration following dry needling. 6 7 

Various injection techniques have in
cluded the use of procaine, lidocaine, 
longer acting local anesthetics, isotonic 
saline, epinephrin, a corticosteroid, Botu
linum A toxin, and several forms of dry 
needling, each of which will be considered. 

Dry Needling versus Injection. In com
parative studies 6 7 , 8 2 dry needling was 
found to be as effective as injecting an 
anesthetic solution such as procaine or li
docaine in terms of immediate inactivation 
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of the TrP. In the Hong study 6 7 of the re
sponse of trapezius muscle TrPs to 0.5% li-
docaine or to dry needling, both groups ex
perienced essentially the same amount of 
improvement immediately and 2 weeks 
later. However, within 2-8 hours, 4 2 % of 
the lidocaine-injected patients and 100% 
of the dry-needled patients developed lo
cal soreness. The soreness of the patients 
treated by dry needling had significantly 
greater intensity and duration than the 
soreness of lidocaine-injected patients. 

These results indicate that the critical 
therapeutic factor in both cases is mechan
ical disruption by the needle. This is con
sistent with the understanding that disrup
tion of the TrP contraction knots 
terminates the basis for a local energy cri
sis and its sensitization of nearby nerves. 

Procaine Injection. Dr. Travell recom
mended a procaine concentration of 0.5% in 
physiological saline because greater concen
trations showed no additional increase in 
anesthetic effect. 1 6 7 No serious harm is done 
by using a 1% solution. However, the higher 
concentration has no known advantage. An 
accidental nerve block will last longer and 
the higher concentration has a correspond
ingly greater toxicity to the muscle and sys-
temically. The maximum amount of pro
caine that should be injected at one time is 1 
g ire That would permit the injection of 100 
ml of 1 % procaine. Since only a few tenths of 
a milliliter of local anesthetic are deposited 
at a time within a TrP, it rarely is necessary to 
inject a total of more than 20 ml at one visit. 

With 0.5% procaine, accidental injection 
of 2 ml into an artery or vein creates no prob
lem, if adequate hemostasis is applied to the 
vessel. Injection with the same strength solu
tion near a nerve causes only mild sensory 
loss for a maximum of about 20 minutes, 
which is well tolerated if the patient was pre
viously warned that this might happen. 
These statements are not true if the injected 
solution contains epinephrine, which is 
never recommended for the injection of TrPs. 

Procaine is the least myotoxic among 
the local anesthetics that are commonly in
jected. Pain sensation following nerve 
block reappeared in 19 minutes after 1% 
procaine, and in 40 minutes after 1% lido-
caine. 3 6 Procaine and chloroprocaine have 
the lowest systemic toxicity of the com
monly used local anesthetics. 2 9 

Procaine is the ester of p-aminobenzoic 
acid and ethanol with a tertiary dieth-
ylamino group attached at the other end of 
the alcohol. It is hydrolyzed rapidly in the 
blood serum by procaine esterase to p-
aminobenzoic acid and diethylamino 
ethanol. 5 6 The diethylamino ethanol is an 
antiarrhythmic agent, but more weakly so 
than procaine, and is fortunately an effec
tive anti-convulsant, because convulsions 
are one of the toxic effects of the whole 
procaine molecule. 5 6 The other product of 
hydrolysis, p-aminobenzoic acid, is some
times considered a member of the vitamin 
B complex because it is needed for the syn
thesis of folic acid by those bacteria that 
can produce the vitamin. 5 6 The potassium 
salt of p-aminobenzoic acid is sold under 
the name Potaba as an antifibrotic agent. 

Most local anesthetics, including pro
caine, block nerve conduction by competi
tively replacing calcium at its membrane 
binding site. 3 6 Depolarization of the nerve 
membrane is essential for the propagation of 
an action potential and depends on the flow 
of sodium ions through sodium channels 
from the inside to the outside of the mem
brane. Normally, the displacement of cal
cium from its binding site facilitates the flow 
of sodium ions across the membrane through 
the channels. Blockage of this calcium bind
ing site impedes the flow of sodium ions, 
which prevents depolarization and the prop
agation of an action potential. 2 9 ' 5 6 

Local anesthetics based on this mecha
nism selectively affect small, usually un
myelinated, fibers as compared to large 
myelinated nerve fibers and thus block 
pain perception more than voluntary mo
tor control. 5 6 Unlike most local anesthetics, 
procaine is not rapidly absorbed from mu
cous membranes. 2 9 

A bacteriostatic agent commonly added 
to procaine is sodium bisulfite, which can 
be irritating and contribute to postinjection 
soreness. This effect can be reduced by di
luting 2% procaine solution to 0.5% with 
isotonic saline solution, which is not so ir
ritating to the muscles as sodium bisulfite 
and has local anesthetic properties of its 
own. 5 6 1 9 3 The 0.5% strength of procaine is 
not commercially available. 

Lidocaine Injection. A 1% solution of 
lidocaine is commonly used successfully 
instead of procaine to inject TrPs. The ef-
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fectiveness of these two anesthetic agents 
for reducing postinjection soreness has not 
been compared experimentally. 

Lidocaine is not merely a longer-acting 
form of procaine. These two agents have dif
ferent intermediate chains and different aro
matic residues.5 6 Unlike other amide local 
anesthetics, lidocaine is an aminoacyl 
amide. Lidocaine is more effective in a neu
tral solution; procaine is more potent in an 
alkaline solution. 3 6 , 1 3 9 Procaine is hy-
drolyzed in the blood stream; lidocaine is re
moved from tissues through solubility in fat 
and is metabolized primarily in the liver.2 9 

Isotonic Saline Injection. Sola and 
Kuitert154 treated a series of 100 patients with 
myofascial TrPs by injecting isotonic saline 
(which also contained a bacteriostatic agent) 
with multiple needle penetrations in a fan-
wise pattern. These patients experienced 
therapeutic results equal to those previously 
reported with the injection of a local anes
thetic. Frost et a/.5 0 did a controlled, double-
blind comparison between isotonic saline 
and a long-acting anesthetic, mepivacaine. 
They injected tender areas of the muscle that 
showed localized changes in the consistency 
of the muscle, and from which the patient's 
pain could be evoked (TrPs). Using these TrP 
criteria for the precise localization of the in
jection, they found that the saline afforded 
equal, or more pain relief than injection of 
the same volume of 0.5% mepivacaine, 
which is myotoxic. Most bacteriostatic saline 
for injection contains at least 0.9% benzyl al
cohol as the bacteriostatic agent, which has 
local anesthetic properties of its o w n . 5 6 1 9 3 

Corticosteroid Injection. Corticosteroids 
are potent anti-inflammatory agents and 
therefore appropriate for the treatment of 
conditions characterized by an inflamma
tory reaction. The pathophysiology of a cen
tral TrP in the muscle endplate zone involves 
sensitization of nociceptors secondary to a 
local energy crisis. The clinical experience 
to date indicates that nonsteroidal anti-in
flammatory drugs are not effective in reduc
ing the nerve sensitization in central TrPs. 
Addition of injected steroids here apparently 
offers no advantage. On the other hand, the 
nerve sensitization at attachment TrPs is the 
result of chronic mechanical stress which 
may produce aspects of an inflammatory re
action that would be responsive to cortico
steroids. The common practice of relieving 

the pain of enthesopathy with injection of 
corticosteroids supports this possibility. 

The definitive treatment for attachment 
TrPs is inactivation of the central TrPs re
sponsible for them. However, prompt reduc
tion in the tenderness and irritability of the 
region of enthesopathy at the attachment TrP 
is therapeutically beneficial to the patient's 
comfort and most likely helps to reduce the 
irritability of the corresponding central TrP. 

Although we know of no controlled 
study that critically evaluated the effec
tiveness of steroid therapy specifically for 
attachment TrPs, the report by Day et al.i2 

on the treatment of tennis elbow is strongly 
suggestive that steroid therapy is quite ef
fective in this situation. This study is sum
marized and its relation to attachment TrPs 
is presented in Chapter 36, Section 13. 

The use of long-acting (deposit) steroids 
is not recommended for the injection of 
TrPs. Such a preparation may, by itself, be 
destructive to muscle fibers.132 It can in
crease the danger of muscle and connective 
tissue tears. Long-acting steroids are gener
ally irritating to nerves and can produce 
complications. 5 8 Use of deposit steroids en
hances the danger of a systemic Cushing-
oid reaction with repeated injections. 

Repeated use of corticosteroid injections 
followed by ultrasound has been reported 
to produce depression and atrophy of skin 
and subcutaneous tissue that resulted in 
the need for surgical repair. 8 8 

Myotoxicity. Procaine and lidocaine 
are the least myotoxic of the local anes
thetics that are commonly injected intra
muscularly, and lidocaine is clearly more 
myotoxic than procaine. Myotoxicity, par
ticularly of the longer-acting anesthetics, is 
strongly related to the concentration in
jected. It is unlikely that solutions stronger 
than 0.5% are any more effective when in
jecting TrPs. Solutions stronger than 1% 
become increasingly and significantly 
myotoxic. Longer acting anesthetics tend 
to be more myotoxic than shorter acting 
ones. Epinephrine severely increases myo
toxicity without conferring any apprecia
ble clinical advantage when injecting TrPs. 

Intramuscular injection of a 1% or 2% 
solution of procaine and of a 1% solution 
of lidocaine in rats produced a mild infil
tration of neutrophils, lymphocytes, and 
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macrophages within 24-72 hours. 1 3 2 There 
were no, or at most only occasional, dam
aged muscle fibers; such fibers were even
tually phagocytized. No changes could be 
detected beyond 7 days, except for a few 
remaining leukocytes. Perineural injec
tion of the same solutions produced no 
histological changes within the nerves 
that had been anesthetized, but a tempo
rary inflammatory reaction developed in 
24-72 hours, with nearly complete recov
ery in 2 weeks. Repeated intramuscular 
injections of isotonic sodium chloride 
also caused a similar response. 1 3 2 Single 
intramuscular injections of 2% procaine 
or isotonic saline caused no muscle 
necrosis. 2 5 These findings indicate that 
the responses were essentially innocuous 
temporary foreign body reactions. 

The intramuscular injection of longer-
acting local anesthetics, like 0.5% dibu-
caine and 1% tetracaine, produced in the 
ensuing 24-48 hours moderate infiltration 
of the muscle with lymphocytes and 
macrophages as the predominant cells 
and occasional coagulation (severe) 
necrosis of the central muscle mass. In 
addition, adjacent muscle showed an in
tensification of eosinophilic infiltration 
with vacuolization, loss of cross stria-
tions, and some phagocytosis of muscle 
fibers (minimal necrosis). Regeneration of 
the muscle was complete in about 7 days. 

Intramuscular injection of 2% lido
caine, 1 3 ' 1 6 ' 2 5 cocaine, 1 6 bupivacaine,1 3' 1 6 

and mepivacaine 1 6 caused muscle necro
sis, chiefly of the white muscle fibers.16 In
tramuscular injection of 0.5% bupivacaine 
destroyed chiefly red muscle fibers.16 

By 4 days after intramuscular injection of 
1.5% and 2% lidocaine in rabbits and 
mice, 2 4 any atrophy of the muscle was diffi
cult to measure because of the pronounced 
inflammatory and degenerative changes in 
many fibers, with abundant endomysial cel
lular proliferation. By 16 days after injec
tion, the reaction had subsided leaving cen
trally located muscle fiber nuclei and small 
round fibers with significant atrophy, but no 
fibrosis.24 A subsequent study showed that 
damage to associated tissues and vascular 
supply was minimal or absent, so that mus
cle regeneration followed rapidly.13 

No such muscle fiber destruction re
sulted from procaine in 2% solution 1 6 ' 2 4 

or from 0.5% solutions of lidocaine, 1 3 ' 1 6 

cocaine, 1 6 mepivacaine, 1 3 , 1 6 or prilocaine1 3 

in contrast to the stronger (2%) concen
trations. Forty-eight hours after intramus
cular injection of 3% mepivacaine, the 
muscle showed extensive necrosis that 
was specifically related to the increased 
intracellular concentration of free cal
cium that it produced. 

Addition of epinephrine in strengths of 
1:100,000 or greater potentiated the mus
cle damage caused by local anesthetics.1 4 

The muscle necrosis caused by supramus-
cular 2% lidocaine with 1:50,000 epi
nephrine regenerated completely in 16 
days; 1 4 however, five successive daily in
jections left evidence of retarded regener
ation and microscarring in some areas. 1 5 

Twenty-four hours after the intramus
cular injection of 0.5 ml of 2% lidocaine 
with 1:100,000 epinephrine into rat gas
trocnemius, the muscle was almost totally 
necrotic. 1 9 1 Eighteen hours after the same 
injection into human sternocleidomastoid 
muscle, the region of necrosis, which ex
tended along fascial planes, was much 
more extensive, but the damage was less 
intense than in the smaller rat muscle. 
Muscle-enzyme levels in the blood serum 
increased in both groups and were char
acteristic of muscle destruction. 1 9 1 

Botulinum Toxin A Injection. Botu
linum toxin type A (BTA) binds irreversibly 
to presynaptic cholinergic nerve terminals, 
which includes the terminals of motor 
nerves supplying skeletal muscle-fiber end-
plates. Once internalized, the BTA blocks 
exocytosis of the neurotransmitter acetyl
choline (ACh), which permanently termi
nates any neurogenic muscle fiber contrac
tions meditated by the affected endplates. 
The skeletal muscle that has been thus 
chemically denervated remains paralyzed 
until a motor nerve sprouts new axons and 
forms new synaptic contact to reestablish a 
functional neuromuscular junction for each 
of the affected muscle fibers. 

Toxin potency is expressed in mouse 
units. One unit represents the estimated 
LD 5 0 (median lethal dose) for 18-20 g fe
male Swiss-Webster mice, which is approx
imately 0.4 ng of BTA. 3 0 There is typically a 
24-72 hour delay between administration 
of toxin and onset of clinical effects, al-

Copyrighted Material



Chapter 3 / Apropos of All Muscles 155 

though patients may experience results im
mediately. Axon sprouting and muscle 
fiber reinnervation terminate the clinical 
toxic effect of BTA, usually in 2-6 months. 2 3 

Botulinum toxin A has become well rec
ognized as an effective therapy for spastic
ity caused by upper motor neuron lesions 
such as spinal cord injury because it termi
nates motor activity of the affected motor 
endplates. The increasingly extensive use 
of BTA for treatment of spasticity has re
cently been reviewed in depth. 2 3 

Since the primary dysfunction of motor 
endplates associated with the TrP phenom
enon appears to be excessive release of 
ACh, injection into the TrP of a substance 
like BTA which only blocks ACh release 
should be specific TrP therapy. BTA injec
tion for the treatment of myofascial TrPs 
has been reported by several authors to be 
clinically effective. 2 ' 3 0 ' 1 9 2 

One randomized, double-blind, placebo-
controlled study 3 0 in 6 subjects compared 
the effect of TrP injections into cervical 
paraspinal and shoulder girdle muscles. 
Four patients experienced at least 30% re
duction in TrP symptoms and signs follow
ing BTA but not saline injection as mea
sured by visual analog scale, verbal 
descriptors for pain intensity and unpleas
antness, palpable muscle firmness, and 
pressure pain thresholds. Significant re
duction in symptoms was not seen at 30 
minutes following injection, but was 
found 1 , 2 , 3 , 4 , and 8 weeks later. This cor
responds to the usual 1- to 3-day delay in 
the onset of clinical effects. One subject 
had no response to either type of injection, 
and the other had an equal response to 
both types. This study employed valid cri
teria for diagnosing a TrP, but noted no con
firmatory evidence that the injection was 
in the TrP. Since dry needling and saline 
injection of TrPs have also been reported 
effective treatment when properly placed, 
the placebo control may have had some 
therapeutic effect. This study 3 0 strengthens 
the expectation that BTA would be an ef
fective therapeutic agent for injecting TrPs. 

It is important when using BTA to in
ject the minimum amount necessary and 
only in the TrP, since BTA destroys nor
mal and dysfunctional TrP endplates 
alike. Ottaviani and Childers 1 3 0 empha

sized the importance of injecting BTA 
only where endplates were located and 
recommended that it be injected where a 
systematic search revealed endplate po
tentials. Since these spontaneous endplate 
potentials are highly correlated with 
TrPs, 1 5 1 this is an ideal way to determine 
exactly where to inject the BTA for maxi
mum TrP effectiveness and would greatly 
reduce unnecessary destruction of inno
cent endplates. 

It is unknown whether the newly 
formed endplates following BTA denerva
tion are more or less vulnerable to the de
velopment of TrP dysfunction than those 
endplates that they replaced. 

Dry Needling. Injection is effective us
ing a dry needling technique. 6 7 ' 82- 9 8 ' 1 6 7 

However, Kraus 9 3 stated that although dry 
needling is effective, postinjection pain 
follows immediately. Supporting this, 
Berges 1 7 found that local anesthetics re
duce the painfulness of TrP injection, as 
compared with isotonic saline and dry 
needling. Hong 6 7 reported that injecting li
docaine reduced postinjection soreness. 

Lewit 9 8 reported that accurately local
ized dry needling is effective, without quan
titatively comparing it to procaine injection. 
He preferred dry needling to the use of a lo
cal anesthetic, because dry needling permit
ted location of all of the TrPs in a region by 
fully preserving their telltale pain reaction. 

Many practitioners of acupuncture use 
several TrP criteria to locate pain acupunc
ture points and, in fact, are successfully 
performing dry needling of TrPs that they 
speak of as acupuncture therapy (See 
Chapter 2, Section B) 

How to Inject? 

Preinjection. Before injecting or nee
dling a patient's TrPs, the practitioner 
should consider patient positioning, vitamin 
C and aspirin intake with regard to possible 
increased bleeding tendency, needle selec
tion, proper cleansing, painless skin pene
tration, and the value of preinjection blocks. 

PATIENT POSITIONING. The patient should 
be recumbent for any injection, to avoid 
psychogenic syncope and falling to the 
floor. When the patient sits in a chair (or 
worse is standing), injections can be haz
ardous in susceptible individuals. 1 5 5 1 5 9 Re
cumbency also greatly facilitates locating 
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the TrP, since the patient is more comfort
able and relaxed. It is then easier to adjust 
muscle tension so that the bands containing 
TrPs stand out in a background of relaxed 
muscle fibers. 

Syncope is more likely to occur in ap
prehensive patients. The circulatory arrest 
observed in one recumbent patient receiv
ing a venipuncture to draw blood was at
tributed to cardiac arrest by one author, 1 5 9 

but was interpreted as extreme sinus 
bradycardia by a cardiologist who re
ported similar reaction while an electro
cardiographic recording was being 
made. 1 5 5 

VITAMIN C AND ASPIRIN. The increased 
capillary fragility characteristic of a low 
serum vitamin C level can cause excessive 
bleeding in muscles injected for TrPs. Cap
illary hemorrhage augments postinjection 
soreness and leads to unsightly ecchy-
moses. A frequent source of increased 
bleeding due to low vitamin C is tobacco. 
Mega-dose vitamin C therapy daily for 1 
week should correct this deficiency. At least 
500 mg of timed-release vitamin C three 
times daily is recommended for a minimum 
of 3 days prior to injection of TrPs. The im
portance of vitamin C for smokers was re
viewed in Section 12 of this chapter. 

A daily dose of aspirin increases the 
susceptibility to bleeding. The patient 
should take no aspirin for 3 days before TrP 
injection or needling. 

NEEDLE SELECTION. For the techniques 
recommended here, the needle length must 
be sufficient to reach the contraction knots in 
the TrP to disrupt them. The needle diameter 
is more a matter of personal preference and 
skillfulness developed through practice, ex
cept in locations where pneumothorax is a 
serious consideration. A precision technique 
with maximum control is then needed. 

Table 3.5 relates the diameter of the nee
dle in millimeters (metric system) to the 
gauge size (English system). The larger-di
ameter 22-gauge needles are less prone to 
bend within the tissues, thus providing a 
more accurate feel for the texture of the tis
sues being penetrated by the needle tip. The 
larger needles also provide more tactile 
feedback as to the density and texture of the 
tissue being penetrated by the needle. On 
the other hand, the thinner 27-gauge needles 
(nearly acupuncture-needle size) cause less 

Table 3.5 Corresponding Needle Sizes in 
the Metric (Millimeter) and 
English (Gauge) Systems 

Metric (millimeters) Gauge Size 

0.30 30 
0.33 29 
0.36 28 
0.40 27 
0.45 26 
0.50 25 
0.55 24 
0.60 23 
0.70 22 
0.80 21 
0.90 20 
1.1 19 
1.2 18 
1.3 17 
1.6 16 
1.8 15 
2.1 14 
2.4 13 
2.7 12 
3.0 11 
3.4 10 

tissue damage with each penetration and are 
well suited to a fast-in, fast-out technique.6 8 

A 22-gauge, 3.8-cm (1.5-in) needle is 
usually suitable for most superficial mus
cles. In hyperalgesic patients a 25-gauge, 
3.8-cm (1.5-in) needle may cause less dis
comfort, but will not provide the clear 
"feel" of the structures being penetrated by 
the needle and is more likely to be de
flected by the dense contraction knots that 
are the target. When capillary fragility with 
bleeding is a major concern, or subsequent 
ecchymosis is especially undesirable, the 
thinner 25-gauge needle is advantageous. 
A 27-gauge, 3.8-cm (1.5-in) needle is even 
more flexible; the tip is more likely to be 
deflected by the contraction knots and it 
provides less tactile feedback for precision 
injection. 

In thick subcutaneous muscles, such as 
the gluteus maximus or paraspinal mus
cles, in non-obese persons, a 21-gauge, 5-
cm (2-in) needle is usually necessary. For 
injecting a TrP, the needle should be long 
enough to reach the TrP without inserting 
the needle to its hub. 
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A 21-gauge, 6.4-cm (2.5-in) needle is gen
erally long enough to reach TrPs in the 
deepest muscles, such as the gluteus min
imus and quadratus lumborum, and is avail
able as a disposable hypodermic needle. 
However, TrPs in such deep muscles in 
obese patients may occasionally require as 
much as a 8.9-cm (3.5-in) needle. The longer 
lengths of disposable needles are available 
only as 22-gauge spinal (not hypodermic) 
needles. The spinal needle is not as effective 
for TrP injection as the hypodermic type be
cause of the spinal needle's flexibility and 
diamond-shaped tip, which pushes the TrP 
aside, rather than penetrating it. This prob
lem may require obtaining nondisposable 
hypodermic needles 8.9-cm (3.5-inch) in 
length and ensuring that they are properly 
sterilized. The skin-indentation technique 
described later may solve the problem with 
a 2.5-inch needle. If indentation of the skin 
provides inadequate safe penetration, and 
sterilizing hypodermic needles is not feasi
ble, an alternate manual treatment approach 
will be required [see Section 12). 

CLEANSING. An aseptic technique is en
sured by careful cleansing of the skin with a 
suitable antiseptic, avoiding areas suggestive 
of local infection, and by using uncon-
taminated sterile solutions and properly ster
ilized or disposable needles and syringes. 

PAINLESS SKIN PENETRATION. Some pa
tients are terribly afraid of the skin pain 
caused by needle penetration. This fear of 
the needle is usually acquired in child
hood and creates obstacles to a good doc
tor-patient relationship. 1 ' 5"' 1 6 9 Most patients 
find the sharp skin pain more threatening 
than the deep, aching (sometimes more se
vere) pain of needle contact with the TrP. 
The skin pain is avoidable with the use of 
cold anesthesia (described below), but 
their fear is not avoidable. 

First, the patient must be reassured that 
the needle penetration of the skin will be 
minimally painful. This can be done by 
demonstrating the spray procedure on the 
patient's brachialis muscle where the pa
tient can watch, but only after explaining 
to the patient why it will not hurt this time. 
Vapocoolant spray is recommended in this 
situation because it is reliably effective 
when properly administered and con
vinces the patient you are doing something 
to eliminate the pain. 

In more ordinary situations, a time-hon
ored approach is to mask the needle pain 
with a strong distracting stimulus such as 
stretching, pinching, or slapping nearby 
skin, precisely when the needle is inserted; 
this requires a high degree of coordination 
and skill to be effective. Timing is critical. 

In adults, vapocoolant spray provides the 
simple answer of cold anesthesia, 9 2 1 6 6 1 8 6 

which effectively blocks nerve conduction 
when the skin temperature falls to 10°C 
(50°F). After carefully disinfecting the skin 
with alcohol, one applies the vapocoolant 
spray from a distance of about 45 cm (18 in) 
for 5 or 6 sec (just short of frosting), and then 
introduces the needle quickly after the 
stream of spray stops and the spray has 
evaporated leaving the skin nearly d r y . 1 6 6 1 8 6 

For young children who dislike the sud
den cold impact of the vapocoolant jet 
stream, a sterile, fluffy, small cotton ball is 
saturated with vapocoolant until it is drip
ping wet. The wet cotton is held lightly 
against the skin for about 10 sec, and then 
removed. At the instant that the skin dries, 
the needle is inserted painlessly. 1 8 6 

Three less reliable, but more convenient, 
techniques that can be combined are to (1) 
insert the needle very quickly through the 
skin with a flick of the wrist, (2) place the 
skin under marked tension so that the addi
tional tension of the needle penetration is 
hardly noticeable (this can be done by the 
operator strongly spreading his or her fingers 
apart against the skin and inserting a needle 
between them), and (3) increase skin tension 
by pinching a fold of the skin between the 
thumb and fingers and inserting the needle 
through the tightly folded skin. The latter 
two techniques are recommended ONLY for 
the initial penetration with a fresh dispos
able needle that has not yet penetrated the 
skin of the patient, in case the needle acci
dentally penetrates a finger of the clinician. 

When the skin has been cleansed with an 
alcohol wipe, a film of liquid alcohol re
mains for a while. If the needle is inserted 
through the wet alcohol it produces a sting
ing sensation as the needle carries some of 
it into the skin. This can be avoided by sim
ply waiting until the alcohol dries, or by 
washing the alcohol away with vapocoolant 
spray which is sterile as dispensed. The 
vapocoolant evaporates more rapidly than 
the alcohol. The particular technique used 
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is less important than the communication 
to the patient that the practitioner cares and 
knows how to insert the needle painlessly. 

Before injection, the patient should be 
warned that successful needle contact with 
a TrP may produce a flash of distant pain 
and likely will cause the muscle to twitch. 
The patient should be asked to note exactly 
where that pain is felt, permitting an accu
rate description afterward of the precise 
pattern of pain referred by that TrP. In this 
way, the operator can confirm the referred 
pain pattern of that TrP, and the patient can 
realize the connection between his or her 
pain and the TrP in that muscle. This reas
sures both the operator and the patient as to 
the importance of inactivating it. Patients 
learn to welcome this painful harbinger of 
a successful injection and future relief. 

PREINJECTION BLOCKS. It is now well es
tablished that even brief exposure to con
siderable pain can cause long-lasting neuro-
plastic changes in the spinal cord that tend 
to enhance pain. For patients who are par
ticularly pain-sensitive, or who have found 
the pain produced by needle encounter 
with TrPs seriously distressing, a preinduc-
tion block can be helpful. This is a newly 
introduced procedure and must be adopted 
with due caution. It is described in detail by 
Fischer, 4 6 who presents two methods. One 
involves diffuse infiltration of local anes
thetic proximal to the area to be injected, 
and the other involves infiltration of the en
tire TrP area with local anesthetic before 
needling individual active loci. It is impor
tant, if one does these infiltrations, to use 
0.5% procaine because of its lower myotox
icity, its relative innocuousness if a vessel 
were accidently injected, and the more 
rapid recovery of normal nerve function. 

Precision Technique. Although there 
are a number of alternate TrP injection 
techniques now in use, the following pre
cision technique is the one that was pre
sented in the first edition of this volume. It 
is a basic technique that is applicable to 
central TrPs in any muscle location that 
can be reached with a needle. 

LOCALIZING THE TRP. Localization of a 
TrP is done mainly by the practitioner's 
sense of feel, assisted by patient expressions 
of pain and by visual observation of LTRs. 
The TrP is identified by gentle palpation for 
the taut band in the muscle, next for a firmer 

nodule in the taut band, and then for ex
quisite spot tenderness of the nodule. The 
tender spot in the nodule (the TrP) is also the 
most responsive spot for eliciting LTRs by 
snapping palpation or by needle insertion. 

The three methods of palpation (flat pal
pation, pincer palpation, and deep palpa
tion) are fully described in Section 9 of this 
chapter, under Palpable Tender Nodules 
and Taut Band. The more precisely the TrP 
is localized the more satisfactory will be 
the injection. 

When flat palpation is used to locate 
the TrP for injection, its position can be 
confirmed precisely by pushing the 
nodular TrP back and forth between two 
fingers (Fig. 3.15A and B). The TrP can 
then be fixed for injection by pinning it 
down midway between the finger tips 
(Fig. 3.15C). This identifies for the practi
tioner the plane that passes through the 
TrP perpendicular to the skin. The needle 
can then be aimed half way between the 
fingers precisely in that plane and angled 
to whatever depth is necessary to reach 
the TrP. 

When pincer palpation has been used to 
locate the nodule and its TrP, the degree of 
tension placed on the muscle fibers can be 
fine tuned by varying the distance that the 
muscle is pulled away from underlying tis
sues. The nodule is located by rolling se
quential portions of the taut band between 
the digits (Fig. 3.8). The nodule lies in the 
endplate zone which is near the center of 
the muscle fibers. For injection, the TrP is 
held tightly between the thumb and finger
tips. An additional description of this 
method as applied to the teres minor mus
cle is found in Chapter 23, Section 13. 

When deep palpation is necessary to lo
cate the TrP, the position of the finger on the 
skin and the precise direction of maximum 
tenderness are carefully noted. The needle 
is then inserted exactly where the finger 
was and directed in precisely the same di
rection as the maximum tenderness. 

For injecting central TrPs when employ
ing any of the three methods of palpation, 
the muscle fibers of the taut band are placed 
on sufficient stretch to take up any slack but 
not enough stretch to cause additional pain. 
This tautness is necessary to help hold the 
TrP in position. If the muscle is slack there 
is a tendency for the dense contraction knots 
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Figure 3.15. Cross-sectional schematic drawing of 
flat palpation to localize and hold the trigger point 
(dark red spot) for injection. A and B, use of alternat
ing pressure between two fingers to confirm the loca
tion of the palpable nodule of the trigger point. C, po
sitioning of the trigger point half way between the 
fingers to keep it from sliding to one side during the in
jection. 

of the TrP to slide to one side, like a tough 
vein, as the needle tip encounters them. 

To inject central TrPs in superficial lay
ers of muscle close to the skin, the needle 
tip can be brought precisely to the TrP by 
first carefully locating the tender nodule 
with the finger and then, after inserting the 
needle subcutaneously, pressing it against 
the finger through the skin to accurately lo
calize the TrP. Finally, the needle tip is di
rected into the TrP by means of this "tactile 
vision" provided by palpating both the 
needle and the TrP at the same time. 

The same technique is useful to inject 
TrPs in the area of the muscle opposite the 
puncture site when using pincer palpation. 
The location of the needle and the TrP can 
be identified by palpation as the needle ap
proaches the skin after penetrating most of 
the muscle. 

Attachment TrPs are identified as spots 
of marked tenderness and usually some 
palpable induration in the region of the 
muscle attachment. The end of the muscu
lar contractile tissue and the structure(s) to 
which it attaches are identified by palpa
tion and the muscle tissue is examined to 
determine whether a taut band runs to the 
region of tenderness. The region of tender
ness is then injected with anesthetic. 

There is a need for controlled experi
mental studies to resolve the relative ad
vantages of dry needling or injecting fluids 
like saline, local anesthetics, and cortico
steroids into the region of enthesopathy. 
There is no basis for injecting botulinum 
toxin A into attachment TrPs. 

HEMOSTASIS. Injecting TrPs is a full-
time job for both hands of the practitioner. 
The injecting hand is busy placing the nee
dle and controlling the plunger of the sy
ringe for injection. The palpating hand con
stantly maintains hemostasis and often 
must fix the TrP to help the needle pene
trate it. It also must be ready to detect any 
palpable LTRs. Hemostasis is important. 1 9 3 

Local bleeding is irritating to the muscle, 
causes postinjection soreness, and can pro
duce an unsightly ecchymosis. Ecchymosis 
is usually preventable; when it occurs, only 
time (which may be assisted by ultrasound 
if steroid was not injected] eradicates it. 

To prevent bleeding, the fingers of the 
palpating hand should be spread apart, 
maintaining tension on the skin (Fig. 

Copyrighted Material



160 Part 1 / Introduction 

Figure 3.16. Schematic top view of two approaches 
to the flat injection of a trigger point area (dark red 
spot) in a palpable taut band (closely spaced black 
lines). A, injection away from fingers, which have 
pinned down the trigger point so it can not slide away 
from the needle. Dotted outline indicates additional 
probing to explore for additional adjacent trigger 
points. The fingers are pressing downward and apart 
to maintain pressure for hemostasis. B, injection to
ward the fingers, with similar finger pressure. Addi
tional trigger points are often found in the immediate 
vicinity by probing with the needle. 

3.16A) to reduce the likelihood of subcuta
neous bleeding where the needle has pene
trated. Also, during the injection, the fin
gers exert pressure around the needle tip to 
provide hemostasis in deeper tissues. 
When the angle of the needle is changed, 
the direction of pressure changes. The 
pressure should be applied throughout the 

injection procedure. As the needle is with
drawn, one finger slides over the track of 
the needle and instantly applies pressure 
where the needle was. If visible bleeding 
develops, pressure and a cold pack should 
be applied and the patient warned of a pos
sible "bruised" spot. 

NEEDLING THE TRIGGER POINT. Blindly 
probing an area of diffuse tenderness where 
there is no palpable band or muscle attach
ment is futile. Such an area is most likely to 
be a pain reference zone, not a TrP. Inject
ing a local anesthetic in the reference zone 
may temporarily reduce the referred pain, 
but it does not eliminate the cause of the 
pain. 

The importance of distinguishing be
tween central TrPs (in the central portion 
of the muscle belly) and attachment TrPs 
when injecting was noted and illustrated 
by Fischer 4 6 (see Fig. 3.19). 

The precision required to penetrate the 
TrP with a needle is a skill that for most peo
ple requires practice. How good are you at 
venipuncture? At times the TrP feels like a 
tough vein that rolls and slides away from the 
needle and must be fixed with the palpating 
fingers. When using flat palpation, as illus
trated in Figures 3.15C and 3.16A and B, the 
needle is inserted between the fingers that 
have located the TrP. The needle penetrates 
the skin 1 to 2 cm away from the TrP so that 
the needle can approach it at an acute angle 
of about 30° to the skin. Adequate tension of 
the muscle fibers is required to penetrate the 
TrP. The needle should explore both the deep 
and superficial fibers of the muscle. The sy
ringe may be held between fingers of the in
jecting hand, and thumb pressure used 
against the plunger, which is the method 
shown in most of the figures illustrating in
jection in this volume. Thumb pressure on 
the plunger slowly introduces small 
amounts of 0.5% procaine solution as the 
needle advances within the muscle. This en
sures that the procaine is present to relieve 
pain at the instant that the needle tip en
counters an active locus of the TrP. 

The clinician should avoid inserting the 
needle to the hub where the needle is most 
likely to break off. Some additional depth 
of penetration can be obtained safely by in
denting the skin and subcutaneous tissues 
with a finger beside the needle as illus
trated in Figure 3.17. 
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Taut Band 

Figure 3.17. Finger pressure beside the needle is muscle that would be inaccessible otherwise. (Credit 
used to indent the skin, subcutaneous, and fat tissues is given to CZ Hong, M.D., for suggesting this tech-
so that the needle can reach the trigger point in a nique.) 

The dense contraction knots in a TrP of
ten feel to the practitioner as if the needle 
tip has encountered hard rubber that is re
sistant to penetration and tends to slide to 
one side, as described by Gold and Travell 
many years ago. 5 4 Using the needle as a 
probe, the TrP sometimes feels like a dense 
globule, 2-3 mm in diameter; 5 4 resistance to 
penetration helps to identify it. 9 3 Occasion
ally, TrP contact with the needle feels 
gritty. Adequate tension of the muscle 
helps to stabilize the position of the TrP to 
permit precise penetration by the needle, 
especially for deep TrPs which cannot be 
easily fixed in position by palpation. 

If an LTR and referred pain were 
elicited from the TrP prior to injection, 
then both should be observed when the 
needle penetrates the TrP during injection. 
Hong showed 6 7 that when needle penetra
tions of a TrP produced LTRs, those injec
tions were much more likely to result in 
subsequent pain relief than penetrations 
that did not elicit an LTR. Following effec
tive needling, most TrP characteristics 
should have disappeared; no LTR, no 
evoked referred pain, and no spot tender
ness should remain. 1 7 9 3 The tense band is 
more relaxed following effective needling 
and may no longer be distinguishable by 
palpation. 

Whenever an LTR or pain response oc
curs, an additional 0.1-0.2 ml of procaine so

lution is injected to minimize postinjection 
soreness. The patient can usually describe 
the exact distribution of the referred pain 
elicited by needle contact with an active lo
cus of the TrP, but only if he or she had been 
alerted beforehand to pay attention to it. 

Sometimes a cluster of TrPs, each with a 
discrete taut band, are present in one part 
of the muscle. This fact is often recognized 
when the muscle is initially palpated for 
TrPs. When one of these TrPs has been in
activated, the area is peppered 5 4 in a fan
like manner, 1 7 or in a full circle, 9 3 in an ef
fort to ensure that all remaining TrPs in the 
group are inactivated, as illustrated in Fig
ure 3.16B. After each probing movement, 
the needle tip must be withdrawn to sub
cutaneous tissue and redirected before the 
next movement. When this probing search 
of the spherical region is completed, the 
site is palpated for any remaining spots of 
tenderness. If one is found, it is accurately 
localized with the fingers and injected. All 
tender spots in that region should be elim
inated before withdrawing the needle 
through the skin. 1 8 5 

Hong Techniques. Hong 6 8 introduced 
two new injection techniques: one was a 
safer way to hold the syringe and the other 
was a different way to perform the injec
tion itself. 

HOLDING THE SYRINGE. When one injects 
TrPs in locations that pose a hazard should 
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Figure 3.18. Injection of trigger points 
using a technique for holding the syringe 
that minimizes the danger of accidentally 
inserting the needle farther than in
tended if the patient makes a sudden un
expected movement. Drawn from an 
original photograph, courtesy of John 
Hong, M.D. who first described this 
method. (Hong CZ. Myofascial trigger 
point injection. Crit Rev Phys Med Reha-
b/V 5:203-217, 1993.) 

the patient make a sudden unexpected 
movement—such as a startle reaction, 
sneeze, or cough—Hong 6 6 , 6 8 recommends a 
way to hold the syringe that is safer than 
the usual way. His technique ensures that 
the syringe will move with the patient and 
not enter unintended tissue and that the 
finger on the plunger of the syringe will 
move with the syringe and not cause an ac
cidental injection. The hand that is holding 
the syringe must be firmly supported by 
the patient's body; this is readily accom
plished with his technique, as illustrated 
in Figure 3.18. The syringe is held between 
the thumb and lesser fingers, and the 
plunger is depressed with the index finger. 
This technique is particularly valuable 
when injecting over the lung or when the 
needle is directed toward major arteries or 
nerves. 

RAPID TECHNIQUE. Hong 6 8 also described 
his "fast in, fast out" method of injecting a 
TrP that has been precisely located by pal
pation. The palpating finger should stay 
over or straddle the taut band in order to 
guide the needle insertion directly to the 
TrP. The syringe is held by the other hand. 
With the thin (27-gauge) needle remaining 
deep to the subcutaneous tissue, the muscle 
fibers of the TrP are carefully explored with 
multiple needle insertions. 

The needle movement is rapid, "fast in" 
and "fast out." Hong has modified the tech
nique as originally described. He now 
takes 2 or 3 seconds between insertions. 7 0 

The pause following each insertion per
mits time to consider the tissue textures 

traversed by the needle and where to redi
rect the needle, time for identification of an 
LTR, and time to immediately inject anes
thetic solution into the same needle track 
when a twitch occurs. 

The needle is inserted deep enough to 
fully penetrate the taut band (TrP) region 
and then is pulled back to the subcutaneous 
tissue layer, but not out of the skin. A drop of 
0.5% procaine (or lidocaine) is injected into 
the taut band following every LTR, which is 
detected by the feeling of needle tip move
ment (from the hand holding the syringe), by 
palpating the twitch contraction (with the 
hand doing taut-band palpation), or by see
ing the movement of a visible twitch. The lo
cal analgesic agent should be injected only if 
an LTR accompanies needle insertion. 

This rapid technique avoids muscle fiber 
damage from LTRs. Experience during re
search studies showed that LTRs are elicited 
more frequently when the needle is moved 
quickly rather than slowly. The track of nee
dle insertion is usually very straight and the 
needle is less likely to be deflected by the 
dense contraction knots when the needle is 
inserted at high speed. For this reason, this 
"fast in, fast out" technique is well suited to 
the use of acupuncture needles. It may re
quire a considerable period of practice be
fore one becomes skillful in this rapid nee
dle movement/injection technique. 6 8 

Dry Needling. As noted above, the ex
perimental evidence available indicates 
that dry needling is as effective for inacti
vating TrPs and relieving TrP pain as injec
tion with a local anesthetic (lidocaine). 
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However, the patients receiving dry 
needling are significantly more likely to ex
perience postinjection soreness that is 
more severe for a longer period of time. 6 7 

Many practitioners familiar with both 
acupuncture techniques and the identifica
tion of myofascial TrPs find the acupunc
ture needles very effective for needling 
myofascial TrPs. Some add high frequency 
galvanic stimulation to the needle while in 
place in the TrP as an additional form of 
therapy if needed. 6 0 

Gunn 6 1 recommends identifying TrPs 
by spot tenderness in a palpable taut band 
and then using acupuncture techniques. He 
first identifies the TrP as a spot of localized 
tenderness in a taut band and then identifies 
the precise skin location through which to 
insert the acupuncture needle using a der
mometer (point finder or skin resistance de
tector). He then inserts the needle through 
this location to the TrP where he feels a 
"grabbing" sensation at the needle tip, 
which is often associated with aching pain, 
as the needle enters the TrP. An LTR is often 
observed. Gunn identifies this TrP injection 
technique as Intramuscular Stimulation. 6 1 

Special Precautions. 
CONTRAINDICATIONS TO T R P INJECTIONS. 

1. Patients on anticoagulation therapy. 
2. If the patient has taken aspirin within 3 

days of injection. 
3. Tobacco smokers unless they have 

stopped smoking and have taken at least 
500 mg of timed release Vitamin C for 3 
days prior to injection. 

4. Patients who have an inordinate fear of 
needles. 

CAVEATS. 
1. By NEVER aiming the needle at an inter

costal space the clinician avoids the dis
tressing complication of a pneumotho
rax. The only exception is when there is 
need to inject intercostal muscles, and 
this is done only with GREAT care. The 
patient may sneeze or jump; the operator 
may startle unexpectedly. As a resident, 
Dr. Travell found in her early experience 
of doing many pleural taps for pleural ef
fusions, that patients consistently re
ported a salty taste in the mouth when
ever the pleura was punctured. The 
patient might say, "Oh, I can taste the so

lution." When the lung is punctured and 
collapses, dyspnea, cough, and chest pain 
characteristic of a pneumothorax follow. 

2. A needle is prone to break where it at
taches to the hub. The needle should 
never be inserted solidly to its hub be
cause of the difficult situation that 
would ensue should it break off at the 
hub and disappear under the skin. Re
covering the needle can be a time-con
suming, frustrating process. A long-
enough needle should be used, or the 
skin indented around it, to ensure that 
some of the needle projects above the 
skin surface. The technique of indenting 
the skin by displacing subcutaneous tis
sue with finger pressure on either side of 
the needle is illustrated in Figure 3.17. 

3. The location of the needle tip can read
ily be misjudged when using a long 
slender needle. It is especially impor
tant to insert the needle straight and 
avoid any side pressure that might bend 
the needle, deflecting the tip an un
known distance to one side. 

4. A needle with a burr at the tip must not be 
used. When the tip of a disposable needle 
contacts bone, the impact frequently curls 
the tip to produce a "fishhook" burr that 
feels "scratchy" and drags as the needle is 
drawn through tissues; it causes unneces
sary bleeding, and should be replaced im
mediately. It is especially important to 
avoid using such a barbed needle when 
injecting TrPs in muscles like the scaleni, 
which lie near nerve trunks. 

How Many Injections? 

Note the definition of one injection at the 
beginning of this Section 13. The number of 
TrP sites that need to be injected per visit 
and the number of visits required are 
strongly dependent on the patient's condi
tion and the practitioner's skill and judge
ment. To date, no medical specialty has 
adopted the diagnosis and treatment of myo
fascial TrPs as an official part of the training 
program, nor have specialty standards of 
training and practice been established for 
this diagnosis. The International Associa
tion for the Study of Pain has published rec
ommended standards of TrP training. 4 5 

Since some practitioners request reim
bursement for unreasonable numbers of 
TrP injections, and there is no assurance as 
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to the competence of individual practition
ers, third party payers are beginning to es
tablish arbitrary limits on the number of 
injections. Unfortunately, at this time, pro
cedures are not available to readily deter
mine if large numbers of injections were 
sometimes performed because of lack of 
training and skill on the part of the practi
tioner, because of unusual needs of the pa
tient, or because of no clear definition of 
what constitutes one TrP injection. 

Recently activated (acute) myofascial 
TrPs that have no perpetuating factors or ad
ditional tissue damage because of mechani
cal injury to other tissues (i.e., TrPs that are 
uncomplicated) should resolve with one or 
two injections. This is especially true if, after 
injection, the patient is trained and then per
forms exercises to maintain full range of mo
tion of the involved muscle(s). When both 

central TrPs and attachment TrPs are present 
(Fig. 3.19), both sites must be injected, 
which would count as separate injections. 

When initial TrP therapy is delayed and 
symptoms have not subsided with time, the 
longer the period of delay before starting TrP 
therapy, the larger the number of injections 
that will be required over a longer period of 
time. 7 3 Some chronic TrP problems could 
involve dozens of injections over months of 
treatment. In this situation, the primary 
guideline is that the period of relief from TrP 
pain and dysfunction should become pro
gressively longer with successive injections. 

When there are multiple active TrPs in 
functionally related muscles, there is a dis
tinct advantage to inactivating them as a 
group. Thus, 5 or even 10 injections at one 
visit can be appropriate. Since a properly 
performed and effective injection produces 

Figure 3.19. Diagrammatic representation of preinjec
tion sites (open circles), and injection sites (solid cir
cles) of local anesthetic in relation to the trigger point 
(large broken circle). The taut band is represented by 
the enclosed stippled area. This diagram distinguishes 
the central trigger point within the broken circle from 
the attachment TrPs located at the myotendinous 
junction and at the attachment of the tendon to the 
bone. Each of these three TrP regions can be identi

fied by their individual spot tenderness and anatomi
cal locations. No rationale is apparent for injecting the 
part of the taut band that lies between the central trig
ger point and the attachment TrP (solid circles num
bers 7-10). (Reproduced with permission from Fis
cher AA. New approaches in treatment of myofascial 
pain: myofascial pain-update in diagnosis and treat
ment. Phys Med Rehabil Clin North Am 8(7J.i53-169, 
1997.) 

Trigger Point 
or Tender Spot 
Maximum tender point 
within Taut Band 

Normal Tissue 
Elastic, non-tender, soft 

Taut band 
Tender, hard 

Myotendinal 
Junction Bone 

Enthesopathy 
thickened 

Normal for 
illustration 

Needle 
22 or 25G 

Skin 

Injected Amount: 

0.2 ml where needle penetration 
causes pain and resistence 
is encountered 
0.1 ml In Normal Tissue 
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an LTR which is often associated with con
siderable pain, there is a limit as to how 
many painful injections should be per
formed at one visit out of respect to the pa
tient's emotional and autonomic distress 
level. 

The presence of unrecognized perpetu
ating factors [see Chapter 4) will lead to 
unnecessary injections. The presence of as
sociated joint dysfunctions that need ma
nipulation can cause poor response to in
jection and prompt recurrence of the TrP 
activity. After appropriate treatment of the 
joint(s) one or two more injections should 
resolve the problem. The presence of con
current fibromyalgia will increase the 
number of injections required and can jus
tify recurrent injections every 6-8 weeks 
since the fibromyalgia acts as a perpetuat
ing factor that has no cure. Inactivating 
their TrPs can provide significant pain re
lief for many of these patients. 

Ligamentous Sprains 

The pain of ankle and wrist sprains has 
been reported to be relieved in most cases 
by injection with procaine, either with 1 2 7 

or without 1 1 5 , 1 6 1 , 1 6 3 epinephrine. Either 
0 .5% 1 6 1 or 1 % 1 1 5 procaine is effective. Best 
results are obtained if all of the tender 
spots in the sprained joint are injected as 
soon as possible (less than 12 hr) following 
injury. The joint should be pain free fol
lowing injection, which should permit use 
of the joint at once, including some slow 
walking. It should be used gently through
out its normal range to remain free of pain, 
aided by an elastic support to remind the 
patient to protect the joint. 

Postinjection Procedures 

Stretch following TrP injection is an in
tegral part of that treatment. Zohn and 
Mennell 1 9 3 emphasized that failure to 
stretch following injection can mean fail
ure of treatment. Kraus 9 3 devoted the bulk 
of his therapeutic instructions to stretching 
and strengthening exercises that are to be 
done by the patient following injection of 
myofascial TrPs. 

Immediately following injection (before 
the effect of injected anesthetic has worn off) 
the patient should actively move each mus
cle injected through its FULL range of mo

tion 3 times, reaching its fully shortened and 
its fully lengthened position during each cy
cle. The muscle usually feels stiff toward the 
end of full stretch range of motion on the 
first cycle, less on the second, and begins to 
feel comfortable through its full range by the 
third cycle. It is important that the patient 
move the muscle slowly to explore the end 
range of motion for additional release. 

The process is facilitated if the clinician 
applies a few sweeps of vapocoolant spray 
in parallel lines over each muscle and its 
referred pain pattern during its first stretch. 
Vapocoolant application should be fol
lowed by a hot pack or pad placed over the 
areas sprayed with vapocoolant. The moist 
heat also seems to help reduce postinjec
tion soreness. 

The postinjection stretch is important 
because it helps to again equalize sarcomere 
lengths throughout the length of affected 
muscle fibers, which relieves their abnor
mal tension and can eliminate the palpable 
taut bands. Voluntary movement also re
lieves residual stiffness at full range of mo
tion, helps the patient to appreciate fully 
the improved range of motion, and provides 
the patient stretches that will be incorpo
rated in the home program. In addition, this 
range of motion activity establishes the pa
tient's conscious awareness of normal func
tion in that muscle while reprogramming 
the cerebellum to incorporate the newly re
stored full-range capability of the muscle 
into the patient's daily activities. 

Lewit 9 8 noted muscle soreness after dry 
needling and after a local anesthetic injec
tion, but made no mention of applying heat 
as part of the treatment. The postinjection 
soreness, per se, is not unfavorable if the 
patient's related pattern of referred pain 
has been relieved. However, it is wise to let 
the muscle recover completely from 
postinjection soreness, which ordinarily 
lasts at most 3 or 4 days, before injecting its 
TrPs again. Soreness also can be caused by 
ineffectually needling close to, but not 
into, TrPs. For patients who are troubled by 
postinjection soreness, acetaminophen is 
usually as effective as aspirin and less irri
tating to the stomach. The practitioner 
should teach the patient a home exercise 
program that includes the postinjection 
stretches which the patient just performed. 
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If two or three treatments by injection 
fail to produce improvement of the TrPs in 
a muscle, repeated injections are rarely the 
answer. The perpetuating factors that are 
making the TrPs so irritable must be iden
tified and managed. 

Reasons for Failure of Injection of 
Trigger Points 

1. Aside from a complete misdiagnosis, 
disregarding perpetuating factors is 
probably the most important reason for 
failure. 

2. Injecting a latent TrP, not the responsi
ble active TrP. 

3. Injecting the area of referred pain and 
referred tenderness, not the TrP. 1 9 3 This 
error provides only incomplete, tem
porary relief. 

4. Needling the vicinity of the TrP, in
cluding needling of the taut band, but 
missing the TrP itself. 

5. Using a needle for precision injection 
that was finer than 25-gauge may al
low the tip of the needle to be shoved 
aside by the dense contraction knots 
which are at the heart of the TrP and 
which must be disrupted for maxi
mum effectiveness. 

6. Injecting a solution with an irritating 
or allergenic bacteriostatic preserva
tive, such as sodium bisulfite; sodium 
hyposulfite is less irritating. 

7. Inadequate hemostasis followed by irri
tation of the TrP due to local bleeding. 1 9 3 

8. Overlooking other active TrPs that are 
contributing to the patient's pain. 

9. Forgetting to have the patient perform 
active range of motion following injec
tion with the result that the muscle's 
full range was not incorporated into 
daily activities. 

10. Omitting regular passive stretch exer
cises at home, which would have 
maintained the full length of the mus
cle and suppressed further TrP activity. 

14. CORRECTIVE ACTIONS 
This section reviews what the patient 

must do or avoid, to achieve lasting recov
ery; Chapter 4 reviews the perpetuating fac
tors that the doctor and therapist must iden
tify and resolve. Also the practitioner is 
referred to Chapter 5, Section D for a general 
treatment approach for chronic headaches, 

facial, neck, or shoulder pain with a signifi
cant myofascial TrP component. 

Patients must learn to respect their mus
cles. Muscles are designed to contract, relax, 
and be kept mobile through their full range of 
motion. They are not designed to be held for 
long periods in sustained contraction or in a 
fixed position, particularly not in the fully 
shortened position. Most patients need to ap
ply some myofascial therapy at home, such 
as moist heat, stretch exercises, and TrP pres
sure release (as illustrated in Figure 3.20). Pa
tients also need to practice good movement 
postures that prevent excessive muscle ten
sion and stress [see Chapter 41, Section C). 

Patient Compliance 

Patients may fail to perform corrective 
actions effectively because of over-enthusi
asm, misunderstanding, or lack of interest 
and motivation. 

Over-enthusiasm. Some patients are 
hard-driving over-achievers who live by 
the philosophy that if one is good, two 
must be better, and three much better. They 

Figure 3.20. Technique for applying trigger point pres
sure release to trigger points in the right extensor 
carpi radialis brevis muscle. Pressure is gradually in
creased until the finger encounters a barrier of in
creased resistance. That pressure is maintained until 
some release occurs and the finger gently advances 
(follows the release of tissue tension) to the next bar
rier. This procedure should cause (at most) mild dis
comfort and not pain. 
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tend to be Spartan and are determined to 
be "good sports," performing activities re
gardless of exhaustion or pain, and they 
refuse to quit. These patients abuse their 
muscles, rather than use them within their 
normal limitations. 

Misunderstanding. People routinely 
misunderstand verbal instructions, some
times even when the instructions are writ
ten and handed to them (a valuable rou
tine). By having the patient demonstrate the 
exercises on return to the office, exactly as 
performed at home, the clinician learns (1) 
what exercise the patient has actually been 
doing, (2) how the patient has been doing it, 
and (3) how much improvement in function 
has occurred, if any. The reason for lack of 
pain relief often is apparent when one sees 
how incorrectly the patient has been doing 
a stretch exercise. This also gives the exam
iner an opportunity to discuss with the pa
tient the reason for each exercise, specifi
cally what muscle, or muscles are involved, 
and an opportunity to strongly reinforce 
skillful, conscientious exercise perfor
mance. Many patients benefit by deciding 
what reward they will give themselves for 
doing their exercises faithfully each week. 

When investigating what medications and 
nutritional supplements patients are taking, 
the clinician should draw a distinction be
tween what they were told to take and what 
they actually took. Asking "When did you 
take your folic acid the last time?" or "When 
do you usually take it?" reveals whether the 
patient takes it regularly, or whether it is a 
hit-or-miss operation. Plastic pill boxes with 
seven separate compartments, each marked 
for one day of the week, conveniently help 
patients to take the correct medication each 
day and remind them when they forgot. 

Lack of Interest and Motivation. Pa
tients with chronic myofascial pain will 
not do well unless they understand that 
this is their muscle problem and that the 
clinician's essential role is to help them 
learn how to deal effectively with their 
muscles. Encouraging conscientious com
pliance with their home exercise program 
and teaching them to distinguish between 
muscle use and muscle abuse are integral 
parts of their medical management. 

Frequently, patients have seen many 
doctors, have been given many different di
agnoses, and have received many different 

treatments, none of which afforded signifi
cant relief. At first, they have no reason to 
believe that yet another physician will do 
any better. These patients need prompt 
tangible evidence that their pain originates 
in the muscles, not in their bones, nerves, 
or in the head, and that it responds to myo
fascial TrP therapy. 

Many patients are justifiably frustrated 
with, and distrustful of, the medical pro
fession's ability to identify a cause of their 
disabling pain that will respond to treat
ment. Medical pronouncements, based on 
X-rays, that the patients have "pinched 
nerves" or "arthritis of the spine," leads to 
the belief that this is the cause of their 
pain, a pain without hope of relief except 
through pain pills, and that their disabili
ties are permanent. 

Patients with pending disability com
pensation are likely to be subconsciously 
ambivalent about losing their pain. One ap
proach to this problem of ambivalence is 
first to give the patient an opportunity to 
reorient life toward function, not disabil
ity. One must take the time and effort to es
tablish the myofascial basis of the pain and 
then to educate the patient in its nature 
and probable response to treatment. Recov
ery of function becomes the primary goal, 
with guarded promises as to prompt pain 
relief. 

It is up to the patient to decide what he or 
she really wants to do: try for compensation 
or try for return to full function. In cases in
volving litigation, it is very helpful to call 
attention to the fact that a lawyer may be 
emphasizing the pain and disability, 
whereas the clinician is trying to relieve or 
minimize the patient's symptoms and dis
ability. These two objectives are in conflict. 

When treatment is successful, as the pa
tient's myofascial TrPs are inactivated and 
the limitations imposed by learned pain be
havior are replaced by normal function, the 
pain complaints also fade. 4 7 One must treat 
both the TrP sources of pain and chronic pain 
behavior, which would have been avoided if 
the myofascial causes had been recognized 
initially and treated promptly and properly. 

Appropriate Activities 

After a treatment session, the patient 
must understand what kind and dose of ac
tivity are appropriate, and must eliminate 

Copyrighted Material



168 Part 1 / Introduction 

or modify habitual movements that are per
petuating TrPs. 

Posttreatment Activity. Strenuous ac
tivities should be avoided for at least the 2 
or 3-day period of muscle soreness, and 
preferably for about 1 week. That includes 
avoidance of tennis playing, serious gar
dening, moving furniture, and traveling to 
conventions. On the other hand, patients 
are encouraged to use their muscles in a 
gentle, normal way through their full range 
of motion. They must avoid placing their 
muscles in a fixed, shortened position for a 
prolonged length of time. 

The patient should learn ways of mov
ing that will avoid loading recently in
jected muscles. For example, in getting out 
of bed, the patient who has received an in
jection in one sternocleidomastoid muscle 
can turn so that the uninjected opposite 
sternocleidomastoid and other muscles 
hold the weight of the head. 

Perpetuating Movements. When the pa
tient's TrPs are extremely hyperirritable, 
the muscles can be overwhelmed by the TrP 
activity and generate pain nearly all of the 
time, even at rest; almost any activity makes 
them worse. However, as the muscles im
prove, some activity is well tolerated. Then, 
when the patient does the wrong thing and 
pain recurs, an awareness develops as to 
which activities are now tolerated and 
which cause pain. 1 7 2 This is the discrimi
nating phase when the patient can recog
nize overstress of the muscles and how to 
avoid it. Any activity that produces pain for 
more than a few seconds after the effort 
should be avoided. 1 2 2 As all remaining TrPs 
are inactivated, full recovery occurs and the 
patient can do the normal things that were 
done before the pain developed, but not 
more; he or she never could lift a piano! 

In this discriminating stage, the clini
cian helps the patient decide which aggra
vating activities are unnecessary and must 
be eliminated (for example, lifting a paper
weight 50 times a day to test whether it 
still hurts), versus those which are essen
tial; the latter must be modified so that 
they are done without damaging stress. 
The patient learns how to become fully 
functional within the limits of the muscles. 

Patients should learn a few basic rules. 
NEVER bend over and lift, or pull some
thing, with the back twisted. ALWAYS lift 

by extending the knees and hips, holding 
the back in an erect-forward-facing posi
tion. Similarly, NEVER get up from, or sit 
down in, a chair while leaning forward in 
the stooped position with the trunk ro
tated; that is "asking" for low back strain. 

To recognize the pain-perpetuating ac
tivities, the patient should first be alerted 
as to what kinds of movements are likely to 
abuse the affected muscles and reactivate 
their TrPs. The patient is asked to report at 
the next visit any activity that caused re
ferred pain from the stressed muscles, and 
to note any habitual repetitive movement 
that would overload those muscles. 

When the offending movements are un
necessary, it is a matter of the patient's un
learning bad habits. When the activity is a 
necessary one, such as turning the doorknob 
to open a door, then at least one satisfactory 
alternate method of performing the activity 
must be developed (e.g., use the other hand, 
or rotate the shoulder rather than the fore
arm, or eliminate the cause of the problem 
and lubricate the door latch mechanism). 

Some people characteristically make 
rapid, jerky, movements. These movements 
are poorly coordinated and are likely to 
initiate additional reflex responses of mus
cles and unnecessary stress. Slower, 
smoother, better coordinated movements 
can be learned (using appropriate exercises 
and equipment) and should become habit
ual. Surface EMG biofeedback can be help
ful in reaching this goal. 

For patients with acute scalene, serratus 
anterior or quadratus lumborum TrPs 
(muscles with rib attachments), sneezing 
or coughing can be exquisitely painful and 
aggravating to the TrPs. The sneeze may be 
inhibited by promptly biting high on the 
upper lip or by firmly squeezing the upper 
lip or nostrils to induce distracting pain in 
the nose area. These painful anti-sneeze 
stimuli are effective only if started early 
enough in the sneeze. Otherwise, the pa
tient can learn to keep the glottis open dur
ing the sneeze to minimize increased in
trathoracic pressure and the overload 
which the closed glottis imposes on the ac
cessory respiratory muscles. 

Students, or other readers, ordinarily 
place a book on a flat surface or on the lap, 
bending the head and neck forward to read. 
This requires that the posterior neck mus-
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cles maintain sustained contraction in order 
to checkrein the heavy weight of the head 
against gravity. The ensuing neck strain can 
be avoided by placing the book on a book 
rack, or by propping it up at eye level. Thus 
tilted at a convenient angle, the book can be 
read easily when the head is held erect and 
balanced, without neck strain. 

Activity Goals 

Not only is WHAT to do important, but 
also HOW to do it. On performing a task, 
the patient MUST learn to keep the mus
cles mobilized, and not held fixed in a con
tracted position. Muscle fibers need to al
ternately contract and relax to provide 
blood flow and replenish their energy sup
ply. Using the motor unit training tech
nique of Basmajian,9 normally, even a type 
I motor unit will not sustain a minimal con
traction indefinitely, but will drop out and 
be replaced by another motor unit. How
ever, during strong muscular contraction 
when most of the motor units have been re
cruited and are sustaining moderately high 
firing rates, the brief periods of rest pro
vided by the alternation of motor units be
come inadequate for energy replenishment. 

Strenuousness of Effort. The patient 
must avoid using the muscles at maximum 
effort, when they are most likely to be 
strained. Lifting, pulling or pushing some
thing should use less than maximum 
strength, always leaving some reserve, es
pecially in the case of muscles susceptible 
to TrPs. 

Chronic overload of anterior and lateral 
neck muscles due to paradoxical breathing 
must be corrected by learning to synchro
nize contraction of the diaphragm with 
contraction of the intercostal muscles (co
ordinated abdominal and chest breathing) 
(see Section 14 in Chapters 20 and 45). 

Mobility. Lying still in bed with mus
cles in a shortened position aggravates TrP 
activity; being up and doing nonstrenuous 
activities help to mobilize the muscles and 
reduce TrP activity. A mobilizing and re
laxing activity is rocking in a physiologi
cally well-designed rocking chair. To avoid 
becoming stiff and restricted in range of 
motion, muscles need to be extended to 
their full stretch range of motion every day. 
The muscle performs better if activities 
stretch it while lightly loaded. The patient 

should learn to move the part frequently 
throughout the day in ways that provide 
gentle, complete stretching of all the mus
cles and particularly TrP-prone muscles. 
The forcefulness of stretching should al
ways be within the limits of pain, and 
should never produce a lasting ache after 
the stretch. 

Travell 1 6 8 ' 1 6 9 described the application of 
these principles to housework. 

1. Vary your task each day so as not to 
overuse any one group of muscles in 
repetitive work, like ironing for hours at 
a stretch. Especially, don't combine too 
many jobs that involve standing and 
stooping as they place a heavy load on 
the low back muscles. To achieve vari
ety of movement, you will have to 
scramble your housework. 

2. Slow your working pace to a speed no 
faster than your muscles will tolerate. 
Fatigue of any one of your muscles is a 
warning signal—learn to pay attention. 

3. Cultivate a rhythm of movement. It 
discourages the prolonged fixed con
traction that tires a muscle, and it en
courages pauses during which the 
working muscles fill up with new 
blood and fresh fuel. Do your house
work as if you were dancing—music 
helps. 

4. Take short rests frequently. After every 
hour or less of housework, lie down to 
rest for a couple of minutes, if only on 
the floor. The anti-gravity muscles of the 
neck and back that hold you erect do not 
relax fully unless your body is sup
ported in a nearly horizontal position. 

5. Don't sit too long in one position. When 
watching TV, or at a movie, or in the the
ater, move around in your seat. At inter
vals, turn your head from side-to-side 
and rotate your shoulder blades. When 
you drive far, pull off the road every 
hour and walk around your car two or 
three times. That doesn't take long. At 
home, you can sit in a rocker. This con
stantly changing position prevents rest
ing muscles (electrically silent) from 
building up the tension (electrical activ
ity) that inevitably occurs when you 
stay motionless for several minutes or 
up to one-half an hour, as electromyo
graphic studies have shown. 1 0 7 
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6. Don't try to lift a heavy piece of furni
ture by yourself, or to carry large awk
ward things that extend the leverage 
length of your arm. The extra leverage 
multiplies the weight transmitted to 
your low back muscles. Keep the load 
close to your body, and just before you 
lift it, raise your head smartly and look 
up. That tightens the long spinal muscle 
and prepares your back for the load. 

Relaxation. For relaxation in the sit
ting position, a well designed chair with 
adequate lumbar support and the correct 
height armrests is necessary (see Chapter 
41 , Part C). 

When standing or walking, the patient 
should focus on the floor under the feet, try
ing to feel the texture and hardness of the 
rug, linoleum, or concrete with each step. 
This helps to relieve unnecessary muscle 
tension. When resting, sensation should be 
concentrated on the bed that supports the 
body, on the texture of the sheets, and on 
the shape of the supporting surface. This 
concentration on the underlying support 
beneath the body encourages relaxation. 

Muscles relax more fully immediately fol
lowing a gentle contraction. When lying 
down and trying to relax, one can feel the dif
ference in muscle tension before and after 
the contraction of individual muscle groups. 
Relaxation is an active process that requires 
intense concentration. This concentration on 
relaxation helps to clear the mind for sleep. 

Training in biofeedback and mind man
agement, such as meditation, can help peo
ple learn how to relax their muscles. 

Between cycles of an exercise, a pause 
for several deep breaths greatly aids mus
cular relaxation, permits time for return of 
circulation, and trains the patient how to 
reduce chronic tension of the muscles. 

Application of Heat 

Allowing the body to become chilled, as 
by a cold draft across the shoulders, invites 
activation of TrPs. A sweater in the home by 
day and an electric blanket at night can make 
the differences between comfort and pain. 

Cold applied to the skin penetrates 
quickly due to progressive vasoconstriction. 
Surface heat does not penetrate; the excess 
heat is quickly carried away by the increased 
blood flow due to vasodilatation. Prolonged 
cold over a TrP tends to activate it, but pro

longed cold applied over the pain reference 
zone may relieve discomfort by partially 
anesthetizing sensory nerve function locally. 

Whenever the muscles become chilled, 
especially after exercise, a warm shower or 
bath warms and relaxes them. Professional 
athletes do not wait long after playing com
petitive sports, but run immediately for the 
hot shower. 

Heat that the patient applies to sore 
muscles is usually more soothing if it is 
moist rather than dry. Either a wet pack 
soaked in hot water, or a wet-proof heating 
pad covered with a damp cloth, serves the 
purpose. The moist heat is applied over the 
TrP, if its location is known. If a patient 
with pain asks where to place the moist 
heat, it is advisable to try several different 
regions, for approximately 5 min each, to 
see which location affords the greatest re
lief. Daily application of moist heat to ac
tive TrPs can progressively quiet them. 

Posture and Positioning 

Activity Posture. Good posture avoids 
sustained contraction or prolonged short
ening of muscles. Strain of the upper 
trapezius is lessened by providing armrests 
that properly support the elbows. These 
are needed when sitting, reading, tele
phoning, and driving or riding in a car. 
Placing the work level low enough so that 
the shoulders need not be raised to reach it 
(e.g., a keyboard) also is important. 

Correct Standing and Sitting Posture. 
The criteria of good posture, and the tech
niques for achieving it, are presented in 
Chapter 41 , Part C. 

Reading Position. Tilting the plane of 
reading glasses, so that the lower rim is 
against the cheek, allows the patient to read 
by turning the eyes downward, rather than 
by bending the neck forward, as is described 
in Section 7 of Chapter 16 (see Fig. 16.4). 

When reading, the light should be placed 
so that the book is well illuminated when it 
is held straight in front of the reader with
out the reader having to turn the head. For 
reading in bed, an overhead light that clips 
onto the bed, or is mounted on the wall or 
ceiling, is recommended (see Fig. 7.3A). 

Sleeping Position. Muscles should rest 
in a neutral or slightly stretched position at 
night and NEVER be kept in the fully short
ened position. Sleeping with the calf mus-

Copyrighted Material



Chapter 3 / Apropos of All Muscles 171 

cles in the shortened position encourages 
night cramps. 

The shoulders should not be allowed to 
creep up toward the ears when one is lying 
in bed. Correct positioning is helped by tuck
ing the corners of the pillow between the 
chin and shoulder on each side. When lying 
on the side, the patient should pull the cor
ner of the pillow around between the lower
most shoulder and chin, to avoid shortening 
the front-of-the-neck muscles and to support 
the mandible. The patient should use only 
one comfortable pillow under the head (not 
under the shoulders) to keep the head and 
neck in a neutral position, when lying on the 
back. Tilting the entire bed frame by elevat
ing the head end of the bed with 3.5- to 4-
inch blocks under its legs creates helpful 
gentle traction on the neck, elongating the 
scalene and sternocleidomastoid muscles. 

As a rule, lying on the side is most com
fortable; lying on the abdomen with the 
head and neck extended and twisted to the 
side is the position most aggravating to neck 
TrPs. Many people with the scalene TrP syn
drome prefer to lie on the affected side, but 
the shoulder-girdle muscles must be toler
ant of the sustained pressure of body weight. 

The pillow should be filled with a non-
springy material, such as feathers or shred
ded Dacron; foam rubber should be dis
carded. Special pillows designed to 
maintain the head in a normal alignment 
with the body, retaining a moderate cervi
cal lordosis, are the Cervipillo designed by 
Ruth Jackson, MD, 7 8 the Wal-Pil-O designed 
by Lionel Walpin, MD, 1 8 2 and others. 

The elbows and wrists should not be held 
sharply flexed at night. A pillow in the axilla, 
between the arm and chest wall, prevents 
painful shortening of the muscles in TrP syn
dromes that can occur in the subscapularis, 
pectoralis major, latissimus dorsi, triceps 
brachii, infraspinatus, and teres major and 
minor muscles. A pillow at the feet length
ens the gastrocnemius/soleus calf muscles 
and prevents sustained plantar flexion. 

Exercises 

An exercise should be designed primarily 
for lengthening, strengthening, or condition
ing specific muscles. Exercise to lengthen 
the involved muscles is the key to sustained 
relief of myofascial pain. Improved condi
tioning (exercise tolerance or stamina) and 

increased strength of a group of muscles, 
achieved through exercise, reduces the like
lihood of their developing TrPs. However, in 
most patients with active TrPs, conditioning 
and strengthening exercises can further acti
vate the TrPs, encourage substitution by 
other muscles, and aggravate symptoms. On 
the other hand, these exercises render latent 
TrPs less prone to reactivation if properly 
paced at a gradual rate of progression. 

The kind of exercise prescribed depends 
largely on the irritability of the TrPs re
sponsible for the pain. When the patient is 
experiencing rest pain for a considerable 
part of the time, the TrPs are very active 
and rarely respond favorably to anything 
more than gentle release and moist heat. At 
this stage, movement in warm water with 
rhythmic and gentle, active or passive 
stretching is very helpful. The object is to 
unload and restore normal range of motion 
to the overworked sore muscles; at that 
stage, active exercise that loads a contract
ing muscle is not indicated. 

Exercise should be regarded as a pre
scription, much as one prescribes medica
tion. Like a drug, there is a right kind, dose, 
and timing of exercise. The exact exercise 
to be performed should be demonstrated 
and explained to the patient, who then 
does a return demonstration to confirm un
derstanding of the instructions. The rate, 
number of repetitions, frequency in one 
day, and the conditions under which it 
should be done (e.g., not when the muscles 
are tired or cold) should be specified. For 
any repetitive exercise, whether stretch or 
strengthening, a pause to relax and breathe 
should be interposed between each cycle of 
the exercise. The number of counts (time) 
during the pause should equal the number 
required to perform the movement. 

As the TrPs are inactivated, and rest pain 
fades, a carefully graded exercise program 
is needed to improve conditioning and en
durance. The program should start with 
lengthening, not shortening exercises. 

Patients should avoid activities that pro
duce repetitive muscular loads, such as 
shoveling snow, raking leaves, vacuum 
cleaning, painting a wall, or unloading a 
dishwasher. If such tasks must be per
formed, then the movements should be 
varied and sides of the body alternated so 
that contralateral muscles are used in turn. 
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The number of repetitions of the move
ment should not exceed 6 or 7 times, with 
pauses to allow the muscle to rest. 

Stretch Exercise. In this manual, mus
cle lengthening exercises are described and 
illustrated in detail, because they are so 
important to the recovery from dysfunction 
and pain due to active TrPs, and because 
they are often the only kind of exercise tol
erated by hyperirritable TrPs. A daily home 
program of passive stretch exercise that 
achieves FULL range of motion of the af
fected muscles helps to insure continued 
relief. It is important that the patient use an 
objective measure of the full range of mo
tion, so that any gradual loss is recognized. 

Stretching exercises should be started on 
a daily schedule, and variety of movement 
should be emphasized. These stretch exer
cises can include postisometric relaxation 
and other augmentation techniques to en
hance their effectiveness. An exercise that 
increases referred pain during or after its 
performance should be reduced or stopped. 

Postisometric Relaxation. Postisomet
ric relaxation (PIR) 1 0 1 and combinations of 
it with reciprocal inhibition are the pre
ferred approach to home exercises. Gravity 
is preferred to take up slack as it develops, 
or contraction of opposing muscles can 
help release the TrPs and take up slack. 
These exercises may be slightly uncomfort
able as the patient feels the muscle being 
released, but should NOT be painful. Some 
Spartan individuals assume that "the more 
pain, the better" and thus aggravate their 
TrPs, rather than inactivate them. 

People who are prone to develop TrPs 
do well to emulate the cat, which rarely 
tries to walk after sleeping without first 
stretching its limb muscles. Such active 
stretching should be accomplished slowly, 
with a smooth, sustained cat-like effort that 
avoids any jerking movements. 

An exercise that involves rolling the head 
around in all directions at full range of mo
tion is NOT recommended. Sudden overload 
of a tight shortened muscle can activate TrPs. 

Strengthening Exercise. To strengthen 
a muscle, one needs to hold a maximal con
traction for only 5 or 10 seconds, once a 
day. Strengthening exercises may be iso
tonic or isometric. During isotonic exercise, 
the muscle moves against a uniform force. 
During isometric exercise, the muscle ex

erts a variable force in a fixed position. 
When dealing with muscles that contain 
myofascial TrPs, the movement associated 
with an isotonic exercise is preferable to 
the fixed position of the isometric exercise. 

A muscle has significantly greater 
strength and efficiency during a lengthen
ing contraction than during a shortening 
contraction. A muscle usually shortens as 
it works; it contracts and becomes shorter. 
Lengthening contraction occurs when the 
muscle is overpowered by a greater force 
than it is producing; its force of contraction 
controls (resists) the lengthening (for ex
ample, the quadriceps muscle when walk
ing down a mountain). A "sit up" (Fig. 
49.13C) requires a shortening contraction 
of the abdominal muscles; a "sit back" (Fig. 
49.13A) involves a lengthening contraction 
of the same abdominal muscles. A length
ening contraction exerts more force with 
less energy than does a shortening contrac
tion. It is safer for the patient, initially, to 
do unloaded exercises that lengthen, rather 
than shorten the muscle. The muscle is re
quired to do less work, and lengthening 
contractions may help to equalize the 
length of sarcomeres in muscle fibers. 

Hill 6 5 constructed a special bicycle er-
gometer on which two subjects did exactly 
the same amount of work in opposite direc
tions. At high pedaling speeds the oxygen 
consumption of the subject who performed 
shortening contractions was 6 times that of 
the subject doing lengthening contractions, 
which agreed with their subjective impres
sions of the relative effort required. 

An example of a lengthening contraction 
exercise for the biceps brachii and brachialis 
muscles would be a "chin down," (which is 
a "chin up" in reverse). Instead of pulling 
the body up to bring the chin to the bar, as in 
a chin up, the patient steps up on a box and 
lets the arms control the rate at which the 
body and chin drop down away from the 
bar. A quadriceps lengthening exercise 
would be a "step down" when going down
stairs, as compared to the shortening con
traction of a "step up" when going upstairs. 

When the patient can do 10 lengthening 
contractions easily, it is time to replace this 
exercise with one shortening contraction, 
which is gradually increased in number on 
subsequent days. With this approach, the 
patient is less likely to overload and over-
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stress a weak or tired muscle that harbors 
TrPs. It restores normal muscle function 
more quickly than a program of shortening 
contractions. 

If an exercise causes pain that lasts after 
the exercise, it should be reduced or post
poned. When mild muscular soreness dis
appears after the first day, the exercise can 
be repeated on the second day. If soreness 
lasts into the second day after exercise, the 
next exercise session should be postponed 
until the third day and the amount of exer
cise reduced. If the muscles are still sore on 
the third day, the exercise should be 
changed. Also, if the patient on a home pro
gram calls to complain of annoying (but not 
incapacitating) muscle soreness due to ex
ercise or overenthusiastic activity, he or she 
should be told that with limited activity and 
moist heat, the postexercise soreness and 
stiffness should not last longer than 72 hr. 

Conditioning Exercise. To condition 
both the cardiovascular system and a par
ticular set of muscles, the exercise is con
tinued at submaximal strength to the point 
of fatigue. Swimming, bicycling, tennis, 
treadmill, jogging, and jumping rope are 
examples of conditioning exercises. Al
though not essential for recovery from 
myofascial TrPs, a regular conditioning ex
ercise program at least twice a week, or 
preferably every other day, is strongly rec
ommended for optimal health and to mini
mize the chance of reactivating TrPs. 

When a warm pool is available, swim
ming provides excellent exercise for many 
muscles and poses a minimal hazard of 
strain. Bicycling is less traumatic than jog
ging. The least traumatic bicycle exercise is 
on a machine that the patient pedals from 
behind, while lying supported in the semi-
recumbent position. When riding an up
right stationary bicycle, the patient should 
not hold the handlebars, but should sit up 
straight and swing the arms from time to 
time. The trunk-forward, head-up position 
of bicycling, which is all too common, se
verely overloads the posterior cervical 
muscles. Whatever exercise is undertaken, 
the first efforts should remain well within 
tolerance, by underestimating rather than 
overestimating how much can be done at 
the start. On an exercise bicycle or tread
mill, an increment is added gradually, to 
only one factor at a time—either duration, 

rate (speed), or load (angle of belt). Overex-
ercising when one is out of condition can 
be severely counterproductive; when jog
ging, one can take a route that allows a 
shortcut home if needed in order to avoid 
overexercising. 
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CHAPTER 4 
Perpetuating Factors 
With Contributions by Robert D. Gerwin, MD 

HIGHLIGHTS: The C L I N I C A L I M P O R T A N C E o f 
fac to rs tha t perpetua te myofasc ia l t r igger po in ts 
(TrPs) is general ly underes t imated . Perpetuat ing 
fac to rs are numerous and of ten require specia l 
k n o w l e d g e to recognize their impor tance to TrPs. 
They are c o m m o n l y over looked and neg lec ted . In 
pat ients w i th chron ic myofasc ia l pa in , at tent ion to 
perpetua t ing fac to rs o f ten spel ls the di f ference 
be tween successfu l and fai led therapy. 
M E C H A N I C A L S T R E S S E S f requent ly pe rpe tu 
ate t he TrPs in pat ients w i th pers is tent (chronic) 
myofasc ia l pain synd romes . The mos t c o m m o n 
sources of such phys ica l s t ress are skeletal 
asymmet ry and d isp ropor t ion . Asymmet r ies i n 
c lude a lower l imb- length inequa l i ty -a 0.5 cm 
(3/16 in) d i f ference can be c r i t i ca l -and a smal l 
hemipe lv is . Skeletal d ispropor t ions are a long 
second metatarsa l bone (Mor ton foot con f igura 
tion) and shor t upper arms. Other sources o f 
muscu lar st ress, such as misf i t t ing furni ture, poor 
pos ture , abuse o f musc les , const r ic t ing pressure 
on musc les , and p ro longed immobi l i ty , are f re
quent ly s igni f icant and nearly a lways cor rec tab le . 
N U T R I T I O N A L I N A D E Q U A C I E S are o f ten c r u 
cial perpetua t ing fac to rs and c o m m o n l y occu r 
a long w i th sources of mechan ica l stress. Low 
" n o r m a l " levels o f v i tamins B,, B 6 , B 1 2 , and /o r fol ic 
ac id , are subop t ima l , and f requent ly are respon
s ib le w h e n only t ransi tory relief is ob ta ined by 
spec i f ic myofasc ia l t rea tment o f involved m u s 
c les. Abnorma l l y low values cons is tent ly aggra 
vate TrPs. Vi tamin C def ic iency increases b leed 

ing at s i tes of in ject ion; low levels of this v i tamin 
are very c o m m o n in smokers . Vi tamin inadequa
c ies are con f i rmed by measur ing b lood serum 
levels; s y m p t o m s usual ly respond to oral supp le 
ments . Iron def ic iency and anemia aggravate 
TrPs. Adequa te ca lc ium, po tass ium, and several 
t race minerals also are essent ial for normal mus 
cle func t ion . Border l ine anemia is an important 
factor. M E T A B O L I C A N D E N D O C R I N E INADE
Q U A C I E S that c o m m o n l y perpetuate TrPs are 
hypometabo l i sm due to subopt ima l thyro id func
t i on , hyperur icemia and hypog lycemia . Appar 
ently, whatever impairs musc le metabo l i sm, in 
c lud ing anemia and low thyro id funct ion 
perpetuates TrPs. Adequa te laboratory tests are 
n o w avai lable to identi fy marginal thyro id funct ion 
af fect ing TrPs. P S Y C H O L O G I C A L FACTORS 
that can delay recovery include depress ion, t en 
s ion caused by anxiety, the " g o o d spor t " syn 
d rome , secondary ga in, and learned s ick behav
ior. C H R O N I C I N F E C T I O N due to either viral or 
bacter ia l d isease, and some parasit ic infesta
t ions , can prevent recovery f rom myofascia l pain 
synd romes . O T H E R FACTORS, such as allergy, 
impai red s leep, rad icu lopathy and chronic v is
ceral d isease, pro long t reatment . The rout ine 
S C R E E N I N G LABORATORY T E S T S that are 
mos t useful to identi fy perpetuat ing factors are 
se rum v i tamin levels, a b lood chemist ry profi le, 
comp le te b lood count w i th indices, the erythro
cy te sed imenta t ion rate, and thyro id hormone 
levels. 

A. CL INICAL IMPORTANCE 179 
B. M E C H A N I C A L STRESS 179 

Structura l Inadequac ies 179 
Postural St resses 184 
Const r ic t ion of Musc les 186 

C. NUTRIT IONAL INADEQUACIES 186 
Th iamine (Vitamin B,) 189 

Pyr idox ine (Vitamin B 6) 192 

Coba lamin (Vitamin B 1 2 ) and Folic Ac id 196 

Ascorb ic Ac id (Vitamin C) 204 
Dietary Minerals and Trace Elements 208 

Therapeut ic App roach to Nutr i t ional Def ic iencies 212 
D. METABOLIC A N D ENDOCRINE INADEQUACIES .213 

Hypome tabo l i sm 213 
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Hypog lycemia 219 
Gouty Diathesis 220 

E. PSYCHOLOGICAL FACTORS 220 
Hopelessness 221 
Depression 221 
Anxiety and Tension 221 

"Good Spor t " Syndrome 221 
Psychological and Behavioral Aspec ts 221 

F. CHRONIC INFECTION A N D INFESTATIONS 223 
Viral Disease 223 
Bacterial Infect ion 224 

Infestat ions 224 
G. OTHER FACTORS 225 

Al lergic Rhini t is 225 
Impaired Sleep 226 
Nerve Imp ingement 227 

H. SCREENING LABORATORY TESTS 227 
Hemato log ic Profi le 2 2 7 
B lood Chemis t ry Profi le 228 
Vi tamin Determinat ion 228 
Thyro id Tests 228 

A. CLINICAL IMPORTANCE 
T h e importance of correct ing perpetuat

ing factors is i l lustrated by the apocryphal 
story of the m a n w h o stepped in a hole in 
the s idewalk and broke his leg. He was 
treated and the bones of his leg healed, but 
2 months later he stepped in the same h o l e 
and again broke the leg. No one had 
patched the hole. If we treat myofasc ia l 
pain syndromes without "patching the 
h o l e s " by not correcting the mul t ip le per
petuating factors that promptly react ivate 
TrPs, the patient is doomed to repeated cy
cles of treatment and relapse. For patients 
who have suffered myofasc ia l pain for 
many months or years, we find i t necessary 
to spend most of our t ime patching holes . 
For patients with chronic myofasc ia l TrPs, 
this is fiie most important single chapter in 
this manual ; i t concerns the most neglected 
part of the management of myofasc ia l pain 
syndromes. 

T h e answer to the quest ion, " H o w long 
wil l the benefic ial results of specif ic m y o 
fascial therapy las t? " depends largely on 
how long the act ive TrPs have persisted 
untreated, and on the perpetuating factors 
that remain unresolved. In the absence of 
such factors, the musc le with fully inact i 
vated trigger points (TrPs) should be no 
more susceptible to TrP act ivat ion than 
that musc le had been previously. 

One also can v iew perpetuating factors 
as predisposing factors, s ince their pres
ence can make the musc les more suscept i 
ble to the act ivation of TrPs. 

The present chapter concerns the group 
of mechanica l and b i o c h e m i c a l factors that 
perpetuate existing TrPs. T h e previous 
chapter noted m a n y c o m m o n m e c h a n i c a l 
stresses that initiate TrPs by overloading 

m u s c l e s (Sect ion 7). Frequent ly wi th acute 
TrPs, one stress act ivates a TrP, then other 
factors perpetuate it. Occas ional ly , these 
perpetuating factors are so important that 
their e l iminat ion permits spontaneous in-
act ivat ion of the TrPs. 

B. MECHANICAL STRESS 
T h r e e types of m e c h a n i c a l stresses are 

c o n s i d e r e d b e l o w : structural inadequa
c ies , postural s tresses , and const r i c t ion of 
m u s c l e . 

Structural Inadequacies 
C o m m o n structural inadequac ies can be 

potent perpetuators of TrPs. A lower l imb-
length inequal i ty (one leg shorter) can 
cause a t i l ted pelvis in standing. T h i s usu
ally results in a c o m p e n s a t o r y scol ios is 
that i s m a i n t a i n e d by susta ined m u s c u l a r 
effort, w h i c h is a potent perpetuating factor 
for TrPs in those m u s c l e s . A smal l 
hemipe lv i s (when the subject i s s tanding 
or seated) can tilt the sacral base also pro
ducing a compensatory scol ios is that pro
duces the same results . Short upper arms 
(in relat ion to torso height) leave the shoul 
ders wi thout adequate support in most 
seated posi t ions . T h i s leads to over loaded 
shoulder elevator m u s c l e s . I t also produces 
compensatory distorted postures that can 
overload torso m u s c l e s a n d perpetuate 
their TrPs. T h e short f i rs t , long s e c o n d 
metatarsal variat ion (Morton's foot configu
ration) causes m u s c l e i m b a l a n c e that can 
ex tend from the leg to the h e a d and per
petuate TrPs in those m u s c l e s . 

Lower Limb-Length Inequality 
IMPORTANCE. T h e c l in ica l e x p e r i e n c e of 

pract i t ioners is strongly c o n v i n c i n g that 
lower l imb-length inequal i ty (LLLI) is fre-
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t ients remember having been told that one 
leg was shorter than the other at a previous 
examinat ion . Pat ients may k n o w that they 
need a longer length of pant-leg on one 
s ide, or need a larger size of shoe on one 
foot. 

On f irs t observing these patients , body 
asymmetry may be revealed by facial 
asymmetry. T h e distance from the corner 
of the eye to the corner of the mouth on one 
s ide is less than on the other. T h e y may 
walk wi th a tilt or lurch to one s i d e . 2 1 , 2 1 5 

W h e n standing they are l ikely to assume a 
short - l imb stance . That is , they stand with 
body weight on the shorter l imb and the 
foot of the longer l imb either forward with 
the knee slightly f l e x e d , 2 1 5 or with the 
longer l imb placed diagonally to the side. 

W h e n a lower l imb-length discrepancy 
is suspected, the patient should f irst be ex
a m i n e d for quadratus lumborum TrPs and, 
i f present , they should be inac t iva ted . 2 4 7 

A n y TrP shortening of the quadratus lum
b o r u m is l ikely to produce a misleading re
sult, as descr ibed and i l lustrated in Vol
u m e 2 , Chapter 4 , Figure 4 .9 . 

For examinat ion , the undressed patient 
stands wi th the b a c k to the examiner and 
with both knees straight, preferably facing 
a full- length mirror. T h e feet are brought 
together and an est imate of length differ
e n c e is m a d e quickly by palpating the il iac 
crests and the posterior superior i l iac 
spines . An approximate correct ion is 
p laced promptly beneath the shorter l imb, 
making sure that the patient f inds it com
fortable. Pages of a p a d or small magazine 
are convenient . T h e patient is engaged in 
conversat ion for a minute or two, and is en
couraged to re lax and let the weight settle 
on both feet. As the musc les are rel ieved of 
their attempt to compensate for the differ
ence in l imb length, they release their pro
tect ive control and relax. It is then possible 
to accurate ly compensate any remaining 
l imb- length inequal i ty by adding correc
t ion unti l the pelvis and shoulders are level 
and, most importantly, the spine is straight. 

To conf irm the accuracy of the correc
t ion, a mi l l imeter or two of lift may be 
added to see if the pelvis , and perhaps the 
shoulders , tip the other way due to over
correct ion. M a n y patients are immediate ly 
aware of this unfamil iar strain. 

quent ly a cr i t ica l ly important perpetuating 
factor. Correct ing the inequal i ty is often es
sent ia l for lasting inact ivat ion of TrPs in 
m u s c l e s that are overloaded by the length 
discrepancy. T h e diagnosis of LLLI is cov
ered in detail in Volume 2 , Chapter 4 , S e c 
t ion 8 . T h e treatment i s covered in the 
same chapter of Volume 2 , S e c t i o n 14 and 
also in this v o l u m e , Chapter 4 8 , Sec t ion 14 . 

Al though no contro l led studies are 
k n o w n that have speci f ical ly e x a m i n e d the 
relat ion be tween LLLI and the perpetuat ion 
of TrPs, the avai lable l i terature strongly sug
gests such a relat ion. Trigger points in hip 
a n d torso m u s c l e s (Chapter 4 1 , Parts A and 
B) c o m m o n l y cause b a c k pain . M a n y stud
ies agree that there is a strong correlat ion be
tween the p r e s e n c e of LLLI and b a c k pain 
w h i c h is f requently re l ieved by correct ing 
the inequal i ty wi th a l i f t . 9 0 ' 1 3 5 - 1 9 5 ' 2 1 5 ' 2 4 6 M y o 
fascial TrPs are the most l ikely m u s c u l a r 
cause of the pain re l ieved by restoring func
t ional body symmetry. 

Hudson, et al.129 reported an exper iment 
in w h i c h one normal subject w h o had been 
pain free added a 1.9 cm (3/4 in) elevation to 
the hee l of the left shoe. On the third day, 
the subject exper ienced aching in the but
tocks and after 1 week, t ightness and pull ing 
in the dorsolumbar area. After 3 weeks , reg
ular night pa in was exper ienced in these re
gions. With removal of the elevation, symp
toms disappeared in 2 weeks . M a i g n e 1 7 1 

reported rel ief of intractable headaches by 
equalizing leg length with a hee l lift. 

Noteworthy was Redler's observat ion 2 1 5 

that 1.3-1.9 cm (V2-3 /4 in) leg-length discrep
ancies in chi ldren between 1.5 and 15 years 
of age were outgrown (disappeared) in 7 of 
11 chi ldren w h e n leg length was equalized 
wi th a heel correct ion for 3-7 months . This 
ev idence for need of a structural correct ion 
in growing chi ldren by the temporary addi
t ion of a compensatory heel lift was sup
ported in a later 3-year study of elementary, 
junior and high school b o y s . 1 4 9 Research is 
needed to expla in w h y leg-length inequali 
ties in chi ldren disappear with correction. 

IDENTIFYING LOWER LIMB-LENGTH INEQUAL
ITY. Frequently , one s ide of the pat ient is 
sl ightly smal ler than the other. O n e lower 
l imb is shorter than the other, the same 
side of the pelvis is smal ler and that s ide of 
the face is smaller . W h e n asked, m a n y pa
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T h e necess i ty for the correct ion is con
vincingly demonstrated to the pat ient by 
removing the correct ing heel lift and then 
call ing attention to the body distort ion as 
seen in a full length mirror. W h e n the cor
rect ion is then briefly transferred to the 
longer l imb (doubling the discrepancy) 
most patients are acutely distressed by the 
increased distortion of symmetry of the 
body. T h e correct ion is quickly returned to 
the short side to rel ieve the sense of m u s 
cle strain. 

S o m e addit ional points in the examina
tion are helpful . T h e arm that is on the same 
side of the body as the shorter leg tends to 
hang away from the body, whi le the arm on 
the other side rests against the body. Nar
rowing at the waist and the bulge of the h ip 
appear greater on the s ide of the longer 
l imb. T h e border of the gluteal fold appears 
lower on the shorter s i d e . 1 3 5 ' 2 4 6 S k i n folds 
are present or more numerous in the f lank 
of the concave side of the lumbar spine . 

T h e flank skin may be pushed up bilat
erally to bring the index fingers of the ex
aminer as c lose as possible to the upper
most portion of the i l iac crests , in order to 
compare the level on each s i d e . 2 1 , 3 9 , 1 3 5 ' 2 1 5 , 2 4 6 

The most prominent b o n y portion of each 
i l ium posteriorly (posterior superior i l iac 
spines) may be palpated and accurate ly lo
cated with the thumbs , and then c o m p a r e d 
visually for l e v e l n e s s . 3 9 ' 1 4 8 ' 2 4 6 Comparison 
of the level of the dimples that correspond 
approximately to the posterior superior il
iac spines is helpful w h e n they are c lear ly 
visible. Variation in the levels of these i l iac 
spines is somet imes more c lear ly revealed 
by having the patient lean forward 9 0 % at 
the hips , whi le the examiner sights across 
the sacrum to determine any difference in 
elevation between the two s i d e s . 2 1 , 3 9 

Similarly, the height of the greater 
trochanters can be c o m p a r e d . 2 4 6 In an 
obese patient, the trochanter is located by 
palpating for it whi le the patient bends for
ward, flexing the thigh at the h i p . 2 1 

The patient also may be asked to swing 
f irst one foot back and forth, then the other; 
the foot of the shorter l imb is easi ly m o v e d 
with little disturbance in body posi t ioning, 
whereas swinging the longer l imb requires 
upward displacement of the pelvis on that 
side for the foot to c lear the f loor . 1 7 1 

T h e spine should be e x a m i n e d for scol io
sis. I f the posi t ions of the spinous processes 
are difficult to determine, they may be em
phasized by asking the patient to lean for
ward, flexing the spine slightly. I f scol iosis 
is present , the examiner usual ly wi l l see a 
p r o m i n e n c e of the rib cage posteriorly on 
one side as the patient f lexes forward. 

Tilting of the shoulder-girdle axis is often 
readily apparent in the standing patient. Ac
curate evaluation of shoulder tilt may be 
hampered w h e n increased tension of the up
per trapezius musc le on one side distorts the 
si lhouette of the shoulders . T h e posit ions of 
the scapulae are most accurately determined 
by palpating the relative levels of their lower 
poles. A tilt of the shoulder-girdle axis is es
pecial ly important in patients with head, 
neck, shoulder-arm, and upper back pain. 

W h e n various indicators of disparity in 
lower l imb- length disagree, espec ia l ly 
w h e n spinal scol ios is remains after the 
h ips are leveled, the problem may be that 
the sacrum is t i l ted in the pelvis b e t w e e n 
the i l ia , or that the lumbar sp ine is angu-
lated. T h e s e condi t ions are d i scussed in 
detail in Volume 2 , Chapter 4 . 

CORRECTION. T h e procedure for correct
ing an LLLI is presented in Chapter 4 8 , S e c 
t ion 14 o f this vo lume and in Volume 2 , 
Chapter 4 , Sec t ion 1 4 . S o m e t i m e s correc
t ions of as l ittle as 3 mm ( 1 / 8 inch) can make 
an impress ive difference in TrP irritability. 

Discr iminat ing pat ients are able to feel 
the reduct ion in m u s c l e strain w h e n stand
ing, and at h e e l strike w h e n walking, after 
the short leg is corrected. S o m e patients 
may require several days to adjust to the 
correct ion. T h e pat ient should never w a l k 
in bare feet and should have the b e d r o o m 
sl ippers corrected. Walking on s lanted 
surfaces , l ike a b e a c h , should take into 
considerat ion that w h e n walking in one di
rect ion, the effects of the l imb- length dis
c repancy are aggravated, and in the other 
direct ion they are c o m p e n s a t e d . 

Al l permanent shoe correct ions should 
be c h e c k e d for their accuracy. 

Small Hemipelvis. W h e n the pelvis is 
smal ler on one s ide than the other, i t can 
tilt the sacral base producing a c o m p e n 
satory scol ios is whether the subject is sit
ting or standing. T h e l i m b length discrep
ancy produces this effect only w h e n the 
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subject is standing. T h e examinat ion for 
this condi t ion is presented in Chapter 4 8 , 
S e c t i o n 14 and in more detail in Volume 2 , 
Chapter 4 , S e c t i o n 8 . T h e correct ion is 
s u m m a r i z e d in S e c t i o n 14 of these two 
chapters . 

Pat ients wi th a pelvis that is smal l in its 
vert ical d i m e n s i o n on one s ide t end to sit 
crookedly, leaning toward the smal l s ide . 
T h e y often cross one knee over the other to 
cant i lever up the low side (see Fig. 
4 8 . 1 0 A ) . A seesaw effect tilts the pelvis 
w h e n sitt ing, i f one s ide of the pelvis is 
smal ler than the other. T h i s tilt is magni
f ied by the normal c loseness of the weight-
bearing i sch ia l tuberosi t ies . T h e effects of 
this ti lt (see Fig. 4 8 . 1 0 B ) on the sp ine and 
m u s c l e s above the pelvis are comparab le to 
the effects of the pelvic tilt caused by a 
lower- l imb length inequal i ty (see Fig. 
4 8 . 9 B ) . W h e n the subject is sitt ing, a smal l 
h e m i p e l v i s affects posture . W h e n standing, 
bo th pelvic asymmetry and LLLI affect it. 
W h e n both of these parts of the body are 
asymmetr ica l , they are usual ly both shorter 
on the same side. 

T h e quadratus l u m b o r u m is the m u s c l e 
pr imari ly affected by axial deviat ions in 
the lumbar and pe lv ic r e g i o n s ; 2 7 7 the sca
lene and s ternoc le idomasto id m u s c l e s o f 
the n e c k are heavi ly over loaded by tilt of 
the upper thorax. T h e smal l h e m i p e l v i s i s 
more c o m m o n l y over looked than LLLI as a 
structural di f ference that is l ikely to pro
d u c e c h r o n i c m u s c l e strain. L o w m a n 1 6 9 re
ported that 2 0 - 3 0 % o f those e x a m i n e d i n 
an or thopedic pract ice were found to have 
a smal l h e m i p e l v i s , w h i c h can occur sepa
rately or wi th an LLLI, usual ly shorter on 
the same side. 

T h e results of the ini t ia l examinat ion for 
a smal l h e m i p e l v i s can be confus ing if the 
pelvis is twis ted around the hor izonta l axis 
through the sacroi l iac jo ints . S u c h an 
obl iquity is detected by placing the thumbs 
on the posterior superior i l iac spines and 
resting the hands over the crests of the i l ia , 
point ing each i n d e x f inger to an anterior 
superior i l iac sp ine , f ingertips at equal dis
tances from the spines bilaterally. W h e n 
the seated pat ient rocks the pelvis back
ward , the relat ive heights of the anterior 
and posterior spines are noted on each s ide 
of the pelvis . T h e n the pat ient rocks the 

pelvis forward for comparison. W h e n all 
points on one side are lower than the cor
responding points on the other s ide, re
gardless of the posi t ion of the pelvis , that 
ha l f of the pelvis is smaller. If, however, 
one anterior spine dips m u c h lower than 
the other w h e n the pelvis rocks forward, 
the pelvis is twisted. Th is obliquity can, of 
itself, be a source of pain, and distorts the 
evaluat ion of a smal l hemipelvis ; before 
making a final determinat ion, the obliquity 
should be corrected as descr ibed by Bour-
d i l l o n 4 0 and b y M a i g n e . 1 7 2 

T h e amount of seated correct ion for a 
smal l hemipe lv i s is determined by adding 
increments of lift beneath the ischial 
tuberosity on the smal l s ide unti l the spine 
is straightened and the pelvis is leveled 
wi th the patient seated on a hard surface. 
T h e correct ion determined on a hard sur
face must be approximate ly doubled for a 
moderate ly soft chair seat, and tripled for a 
very soft sofa. S i n c e the torso leans toward 
the short s ide (see Fig. 4 8 . 1 0 B ) , the weight 
borne on that side is increased, depressing 
the but tock further into a soft seat, requir
ing a thicker lift, as i l lustrated in Figure 
4 8 . 1 0 D . By paying attention to this strain 
on the m u s c l e s , m a n y patients develop a 
high degree of sensit ivity to ba lance and 
learn to avoid this unnecessary seated 
stress. 

For permanent correct ion, the patient 
uses a " s i t -pad , " 1 6 9 or an " i sch ia l l i f t . " This 
may be a pad of felt of desired thickness 
sewn into the underwear or placed in a 
long b a c k pants pocket , or it may be a small 
magazine s l ipped beneath one ischial 
tuberosity during sitting. T h e same effect 
can be obtained w h e n sitting on either a 
domed or scooped chair seat by sliding the 
hips to the s ide that levels the pelvis . A 
chair that is used regularly may be f i t ted 
wi th a divided pneumat ic seat cushion that 
permits separate inflation of either half 
(e.g., the T W I N - R E S T cushion") . 

Soft automobi le seats are a c o m m o n 
source of poor support , w h i c h can be reme
died by use of a S A C R O - E A S E b seat insert; 
usual ly the wide model BR i s used, w h i c h 

"TWIN-REST Cushion, Fashion Able, Rocky Hill, NJ 08553 . 
''SACRO-EASE, McCarty's Sacro-Ease Division, 3320 Pied
mont Ave, Oakland, CA 94611 
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provides a stable base on w h i c h to sit and 
also a firm support for the upper back . T h e 
SACRO-EASE may be t i l ted by placing a 
book or other material under one s ide to 
compensate for pelvic asymmetry. T h e pa
tient should beware of unwit t ingly ti lt ing 
the pelvis by sitting on a wal let in the b a c k 
p o c k e t , 1 0 3 by sitting on a t i l ted seat in an of
fice chair that lacks coasters under its feet 
on one side, or by sitting on a s ideways 
tilted piano bench . 

Short Upper Arms. Shortness of the 
upper arms in relation to torso height is a 
rarely recognized, but not u n c o m m o n , 
source of m u s c l e strain and perpetuat ion of 
TrPs in the shoulder-girdle muscula ture . 
This disparity places u n d u e stress on the 
shoulder-girdle elevators, thus perpetuat
ing TrPs in the upper trapezius and the le
vator scapulae musc les . Short upper arms 
are characterist ic of the body structure of 
the Native Amer icans , but are not l imi ted 
to this race. If the shoulder-e lbow segment 
of the upper l imb is short in proport ion to 
the rest of the body, w h e n the subject is 
standing, the e lbows do not reach the i l iac 
crests; w h e n the person is sitting, the el
bows fail to reach the armrests of the usual 
chair (see Fig. 6 .13C) . For most adults , the 
average armrest height from the c o m 
pressed seat bot tom is 22 cm (8.5 in) , and 
ranges from 18-25 cm (7-10 i n ) . 7 0 

T h e diagnosis of short arms is presented 
in Volume 2, Chapter 4, Sec t ion 8 and wel l 
i l lustrated in Figure 4 .13 of that vo lume. 
T h e corrective act ions to compensa te for 
this body structure are found in Volume 2, 
Chapter 4 , Sec t ion 14 . Treatment is also de
scribed in this vo lume, Chapter 6 , Sec t ion 
14, and il lustrated in Figure 6 .13 . 

Short First, Long Second Metatarsal. 
The patient wi th a relat ively short first, 
and long second, metatarsal bone has what 
is known as a Dudley J. Morton or " c l a s s i c 
Greek" foot configuration. It is of spec ia l 
interest because it is l ikely to perpetuate 
myofascial pain in the low back , thigh, 
knee, leg, and dorsum of the foot, wi th or 
without numbness and t ing l ing . 2 7 4 Pat ients 
with this foot configuration consis tent ly 
give a history of weak ankles and report 
having frequently turned and sprained 
these joints , and had difficulty learning to 
ice-skate. 

Th is condit ion is discussed here because 
problems in the foot can produce asymme
tries (in the lower l imb and upward) that af
fect the posture of the upper part of the body. 
Postural stresses can then activate and per
petuate TrPs in musc les of the trunk, neck , 
and shoulders , as wel l as in the lower l imb. 

T h e c l in ica l diagnosis o f this condi t ion 
is covered in detail in Volume 2, Chapter 
2 0 , Sec t ion 8 , and the correct ive act ions 
n e e d e d to rel ieve the m u s c u l a r stress and 
overload that i t causes are found in the 
same chapter , Sec t ion 14 . 

According to Morton, 1 8 2 - 1 8 3 during nor
mal weight bearing the first metatarsal 
head should carry half of the body weight; 
others disagree.1 0 9 When the first metatarsal 
is relatively short, the second metatarsal 
bears more weight. The foot, balanced on 
the second metatarsal, rocks as if on a knife 
edge. 1 8 3 To compensate for this, most peo
ple modify the gait in a way that the lateral 
side of the heel and the medial side of the 
sole of the shoe show excessive wear. Usu
ally in such cases, the foot is slightly toed-
outward at heel strike, and during stance 
phase. The ankle rocks inward (excessively 
pronates) during the stance phase. Also, 
during stance phase, the knee swings in to
ward the other knee as the thigh undergoes 
excessive medial rotation. 

This gait usually activates myofascial 
TrPs in the posterior part of the gluteus 
medius muscle. These TrPs refer pain to 
the low back. The rocking foot also strains 
the peroneus longus muscle, which acti
vates TrPs in it that refer pain to the an
kle. 2 7 6 The taut bands of these TrPs may 
entrap the peroneal nerve against the 
fibula immediately below its head, pro
ducing numbness and tingling across the 
dorsum of the foot and sometimes motor 
weakness with foot drop. Extension of TrP 
activity to the posterior part of the gluteus 
minimus, which laterally rotates the thigh 
at the hip, causes posterior thigh and calf 
pain. Extension of TrPs to the vastus me-
dialis causes medial knee pain 2 7 6 and may 
progress to the buckling knee syn
drome. 2 7 4 These symptoms mimic radicu
lopathy, a diagnosis sometimes mistak
enly made in these patients to explain 
their symptoms. 
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A study 1 0 9 of 7,167 feet in a group of 3,619 
Canadian enlisted men who were unse-
lected for symptoms found that 1596 (22%) 
of their feet had first and second metatarsals 
of equal length, 2,878 feet (40%) had a first 
metatarsal shorter than the second by 0.1-
1.2 cm, and 2,693 feet (38%) had a first 
metatarsal longer than the second by 0.1-1 
cm. The relative length of the metatarsals 
was measured from the posterior end of the 
calcaneus to the head of each metatarsal 
bone. This result suggests that the Morton 
foot configuration is an expression of normal 
variation that can cause clinical symptoms. 

This syndrome is greatly aggravated by 
pressure from a shoe that is tight because 
it is too small or has a tight cap over the 
toes, and by high heels. If the subject has 
LLLI, symptoms appear primarily in the 
shorter leg (which experiences heavier 
impact) even though both feet may have 
the same disproportion of first and second 
metatarsal bones. 

Although Morton 1 8 2 ' 1 8 3 never specifi
cally claimed that calluses under the sec
ond' metatarsal head were caused by a 
long bone, many authors have assumed, 
because of his detailed description of the 
weight-bearing changes, that this dispro
portion was responsible. In the study of 
3,619 Canadian enlisted men by Harris 
and Beath, 1 0 9 the authors displayed graph
ically the concentration of weight borne 
throughout the plantar surface of the foot 
and related this to the relative lengths of 
the first and second metatarsals, as deter
mined by foot X-rays, and to callus forma
tion. Concentration of weight under the 
central metatarsal heads correlated well 
with callus formation, but showed no 
convincing relation to the relative lengths 
of the first and second metatarsals. Of the 
35 feet showing focal concentration of 
weight bearing under the second to fourth 
metatarsal heads, 14 (40%) had short first 
metatarsals and 21 (60%) did not; this 
was also the percentage of short first 
metatarsals in the whole study. Appar
ently, some other factor was chiefly re
sponsible for the formation of callosities 
under the metatarsal heads of these sol
diers. Clinical experience suggests that a 
concurrent fungus infection of the foot 
may make the difference. 

An Army 1 0 9 study found that 332 of 
10,000 soldiers developed painful feet 
during 6 months of military training. 
Thirty-four, or 10%, developed symptoms 
attributed to the long second metatarsal 
syndrome of Dudley J. Morton. Of this 
group, 76% could be returned to duty by 
using the shoe insert recommended by 
Morton, suggesting that the inserts 
corrected a painful muscle imbalance. 
Morton's 1 8 2 identification of posterior dis
placement of the sesamoid bone proximal 
to the head of the first metatarsal as a 
cause of foot imbalance was not verified 
by the study. 1 0 9 

Clinical ly, it appears that the added sup
port under the short first metatarsal is usu
ally suff icient to rel ieve the cal luses along 
the sides of the feet, but may not rel ieve a 
pressure-cal lus problem beneath the long 
metatarsal heads . T h e cal lus can be re
m o v e d by a podiatrist and any dermal fun
gus infect ion should be treated daily. 

E v e n toddlers can benefit by compensat
ing for this foot structure with shoe correc
t ion. A 2-year-old ch i ld wi th Dudley J. Mor
ton type of foot imbalance was toeing-in 
and frequently falling over his feet. After 
adding f irst metatarsal toe pads and medial-
side hee l f i l lers , the ch i ld at once walked 
wi thout toeing-in and without tripping. 

Surprisingly, TrPs in the lower l imb 
m u s c l e s can interact wi th TrPs in muscles 
of the h e a d and n e c k to restrict movement 
of the latter. Release of tension in the 
lower l imb m u s c l e s by inact ivation of their 
TrPs (such as those perpetuated by a short 
f irst , long second, metatarsal relationship) 
has been observed to increase a TrP-
restr icted inter incisa l opening of the jaws 
b y 20 or 3 0 % . 

T h e Dudley J . Morton foot configuration 
is unrelated to the metatarsalgia of Mor
ton's neuroma, descr ibed by T h o m a s G. 
M o r t o n 2 as due to pressure on an interdigi-
tal n e u r o m a of the plantar nerve, usually 
be tween the third and fourth metatarsal 
heads . 

Postural Stresses 
T h i s heading concerns postural stresses 

due to misfitt ing furniture, poor posture, 
abuse of m u s c l e s , immobil i ty , and repeti-
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tive movement overload. Important addi
tional postural issues are cons idered in de
tail in Chapter 4 1 , Part C of this vo lume. 

Misfitting Furniture. Prolonged sitting 
in a chair not designed for comfort , or in a 
wel l -designed chair used for the wrong 
purpose, quickly tires and strains m u s c l e s . 
Seating should be s u c h that, as the m u s c l e s 
relax and the body tends to sag, correct 
posture is mainta ined by the chair and not 
by sustained effort of the m u s c l e s . T h e 
chair should do the work. 

Trave l l 2 7 3 has l isted n ine c o m m o n faults 
of most household chairs : "No support for 
your low back, armrests too l o w or too 
high, too scooped a backrest in its upper-
portion, backrest nearly vert ical , backrest 
short, failing to support your upper back ; 
jackknifing effect at h ips and knees , high 
front edge of the seat, shutting down the 
circulat ion in your legs; seat bot tom soft in 
the center, creating a bucket effect w h i c h 
places the load on the outer side of your 
thighs, rather than on b o n y points in the 
buttocks; an exce l lent chair may be the 
wrong size for y o u . " 2 7 3 B o d y proport ions 
that are the basis for the design of comfort
able chairs have been met icu lous ly de
ta i l ed . 7 0 T h e value of an adequate lumbar 
support is i l lustrated in Figure 4 1 . 4 E ; auto 
seats are among the worst offenders in this 
respect. 

Poor Posture. Th is is another frequent 
source of chronic muscular strain that per
petuates myofascial TrPs. C o m m o n exam
ples of poor posture that contr ibute to con
t inued TrP activity are unphys io logic 
posit ioning at a desk or work surface (see 
Fig. 16.4C) and head tilt result ing from 
poorly adjusted reading glasses (see Fig. 
16 .4A) , as descr ibed in Sec t ion 14 of Chap
ter 16 . 

Reading and copy material should be 
placed at eye level to avoid sustained for
ward tilting of the head and to rel ieve the 
posterior n e c k and upper b a c k m u s c l e s o f 
prolonged checkre ining o v e r l o a d . 2 6 8 Cor
rection of the kyphot ic , round-shouldered 
posture w h e n standing (see Fig. 4 1 . 4 A, B 
and C, and Figs. 4 1 . 6 and 41 .8 ) and w h e n 
sitting (see Fig. 41 .4 D and E, and Fig. 41 .5 ) 
relieves the upper b a c k and more caudal 
back musc les , as wel l as easing c h r o n i c 
shortening of the pectoral m u s c l e s that re

sults from a round-shouldered posture . 
S tanding posture wi th the weight on the 
heels tends to shift the head forward as a 
counterweight , result ing in a loss of the 
normal cervica l and lumbar lordotic 
curves . 

Disabi l i ty that cont inuous ly inf luences 
posture, such as uni lateral deafness or an 
old in jury that restricts range of m o t io n , 
are potent sources of habi tual m u s c l e 
strain. 

Other c o m m o n sources of postural 
strain inc lude malpos i t ioning of mater ia ls 
that a person uses , s u c h as plac ing docu
m e n t s flat at one s ide wi thout a s tand, writ
ing on the lap, or using the n e c k and shoul 
der m u s c l e s to ho ld the rece iver of the 
te lephone against the ear. 

Various ways of correct ing poor posture 
are descr ibed and i l lustrated in Chapter 4 1 , 
Sec t ion C. 

Abuse of Muscles. People abuse m u s 
cles and thus perpetuate TrPs by poor b o d y 
m e c h a n i c s that render m o v e m e n t s need
less ly stressful , by susta ined i sometr ic con
tract ion or i m m o b i l i t y of the m u s c l e s , wi th 
too m a n y repet i t ions of the same m o v e 
ment , and by excess ive ly qu ick a n d jerky 
m o v e m e n t s . 

A c o m m o n e x a m p l e of poor body me
chanics is leaning over w h i l e twist ing 
s ideways to lift an i tem from a she l f or the 
f loor . 2 6 8 T h e same effect i s often produced 
w h e n a person leans over the s ink to brush 
the teeth, or stoops forward to get in and 
out of a chair (see Fig. 4 8 . 1 2 A ) instead of 
using the sit-to-stand or stand-to-sit tech
n ique (see Fig. 4 8 . 1 2 B ) , as d iscussed in 
Chapter 4 8 , Sec t ion 14 or the m e t h o d de
scr ibed in Chapter 4 1 , S e c t i o n C. 

S tanding on one leg to put on a skirt or 
trousers is l ikely to strain gluteal and low 
b a c k m u s c l e s ; the person should sit to do 
th is , or at least lean the weight against a 
support . W h e n writ ing, pressing hard on 
the paper wi th a vert ica l ly-held, small -bar
rel bal l -point pen overloads intr ins ic h a n d 
m u s c l e s ; using a felt-tip pen, h e l d flatter, is 
less l ikely to perpetuate TrPs. 

Troublemaking sources of sustained 
contraction inc lude reaching up to a key
board that is pos i t ioned too high, paint ing 
a ce i l ing, hanging drapes, holding a c h a i n 
saw or other power tool in a fixed posi t ion, 

Copyrighted Material



1 8 6 Part 1 / Introduction 

holding a rope tight on a sai lboat , or 
mere ly standing still in one p lace-s t i f f ly at 
mi l i tary attention, or tense ly impat ient . 

S o m e individuals perpetuate myofasc ia l 
TrPs by jerkiness of movement. Rapid 
m o v e m e n t s that start and stop suddenly 
usual ly overstress the m u s c l e s . Opt imal ef
f i c iency is obta ined by smooth ly coordi
nated m o v e m e n t s , m u c h as opt imal gaso
l ine mileage is obta ined with smooth 
steady driving of an automobi le at a m o d 
erate pace , wi thout sudden changes in 
speed . 

A susta ined shor tened pos i t ion of the 
ca l f m u s c l e s i s caused by wearing high 
h e e l e d shoes or c o w b o y boots . 

Immobility. L a c k of m o v e m e n t , espe
c ia l ly w h e n a m u s c l e is in the shortened 
pos i t ion , tends to aggravate and perpetuate 
myofasc ia l TrPs. T h i s c o m m o n l y occurs 
w h e n people s leep in a posi t ion that p laces 
a m u s c l e in its shortest length, w h e n the 
m u s c l e cannot be m o v e d through its full 
range of m o t i o n due to a fracture, defor
mity, or art icular disease; in individuals 
w h o concentrate on an activity, s u c h as 
writ ing or reading, so intent ly that they for
get to change pos i t ion regularly; w h e n pa
t ients have acquired habits of guarding 
against m o v e m e n t due to pain ; or b e c a u s e 
they have b e e n advised to restrict m o v e 
m e n t of a part of the body. 

Repetitive Movement. A frequent repet
it ive m o v e m e n t can overload m u s c l e s and 
ini t iate TrPs. Trigger points are frequently 
act ivated by tasks that require repeti t ive use 
of the same m u s c l e s in the same w a y for 
long per iods of t ime , s u c h as sorting tasks at 
the post office or on an assembly- l ine job or 
m o v e m e n t s by a performing ar t i s t . 2 5 7 T h e 
TrP cause of the pain reported in repeti t ive 
strain in juries is c o m m o n l y over looked, 
w h i c h often leads to inadequate treatment . 

W h e n pat ients say, " I can ' t do i t wi thout 
i t hur t ing , " they m a y be testing to see 
w h e t h e r a certa in painful m o v e m e n t can be 
m a d e wi thout pain . Repeated dozens of 
t imes daily, this u n c o n s c i o u s testing can 
serve as the act ivity stress that is perpetu
ating TrPs. 

B r u x i s m and emot ional tens ion can in
teract to overload the mast icatory and n e c k 
m u s c l e s , perpetuat ing their TrPs w h i c h 
cause h e a d a n d face pa in [see Chapter 5) . 

Constriction of Muscles 
Myofasc ia l TrPs are perpetuated by pro

longed constr ict ing pressure on a musc le , 
for example , by the pressure from the strap 
of a ponderous purse hung over the shoul
der , 8 3 or by narrow brassiere straps that 
support heavy breasts and groove the up
per trapezius. Constr ict ion by a tight 
hos iery elast ic compromises the gastrocne
m i u s m u s c l e , a brassiere tight around the 
ches t compresses the lat iss imus dorsi, a 
tight shirt col lar or neckt ie compresses 
the s ternocle idomastoid , and a tight belt 
around the waist compresses the para-
spinal , abdominal obl ique and rectus 
abdominis m u s c l e s . T h e front edge of a 
chair seat that is so high that the feet do not 
rest f irmly on the floor compresses the 
hamstr ing musc les . T h e hand should slip 
easi ly under the thigh, w h i c h assures am
ple c learance be tween the thigh and the 
seat . 5 

C. NUTRITIONAL INADEQUACIES 
Nutrients of specia l concern in patients 

wi th myofasc ia l pain syndromes are the 
water-soluble v i tamins B 1 , B 6 , B 1 2 , folic 
ac id , v i tamin C, and certain e lements : cal
c i u m , iron, and potass ium. T h e s e wi l l be 
cons idered individual ly after some general 
c o m m e n t s . 

Extens ive material on vi tamins is pre
sented here because they are so important 
to the management of myofasc ia l pain syn
dromes. Nutri t ional def ic iencies , espe
c ia l ly those involving water-soluble vita
m i n s , are especia l ly c o m m o n w h e n 
persons have poor dietary habits , drink ex
cess ive a lcohol , or have chronic co-morbid 
d i s e a s e s . 6 9 , 1 1 0 , 1 2 8 , 2 3 1 Nearly hal f o f the pa
t ients w h o m we see wi th chronic myo
fascial pa in require resolut ion of vi tamin 
inadequac ies for lasting relief. T h e com
plexi ty of this subject matches its impor
tance . Th is complex i ty is increased by the 
in terdependence of certain vi tamins on 
one another, by the individual variations of 
h u m a n enzyme systems, and by the vari
able responses of individuals to metabol ic 
distress. Al though nutri t ional factors are 
not m e n t i o n e d in m a n y chapters of this 
manual , they must be considered in most 
patients wi th chronic myofascia l TrPs i f 
cont inuing re l ie f of pain is to be achieved. 
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A vitamin is a nutrient that plays an es
sential role in normal body metabol i sm as a 
coenzyme to an apoenzyme (that requires 
the coenzyme to perform its metabol ic func
tion), but is not synthesized by the body. A 
need for better vi tamin nutrit ion appears at 
three levels: v i tamin insufficiency, v i tamin 
deficiency, and vitamin dependence . 

An apoenzyme that requires a lacking 
vitamin as a coenzyme wil l be least af
fected if the apoenzyme has a high affinity 
for the vi tamin. A relat ively smal l amount 
of the vi tamin (coenzyme) is sufficient. En
zyme systems in w h i c h this affinity is low 
may be almost complete ly inact ivated by 
moderate lack of the vi tamin. As def ic iency 
progresses, v i tamin-dependent e n z y m e re
actions with higher affinities also stop 
functioning. In general , the react ions most 
essential to life tend to be the last to fail . 

A vitamin insuff iciency requires the 
body to make some degree of metabol ic ad
justment because the amount of the coen
zyme (vitamin) is l imited. Myofasc ia l pain 
syndromes are aggravated by insuff ic ient 
levels of at least four B - c o m p l e x v i tamins , 
as l isted above. 

Insuff ic iency states may not be associ 
ated with overt disease as def ic iency states 
are. Defic iency of vi tamin C can lead to the 
disease scurvy, w h i c h can be prevented by 
10 mg of ascorbic acid (vitamin C) per day. 
However, the m i n i m u m r e c o m m e n d e d 
daily requirement is more than 10-fold 
greater. T h e signs of v i tamin inadequacy 
can be subtle, but can usual ly be found by 
careful history-taking and careful phys ica l 
examinat ion. Levine and Hartzell 1 5 8 dis
cuss this concept in depth in relat ion to 
ascorbic acid. T h e y point out that v i tamin 
C is an essential v i tamin cofactor in eight 
different enzymatic react ions , inc luding 
the synthesis of norepinephr ine and sero
tonin, both important in central modula
tion of pain transmission. Opt imal levels of 
ascorbic acid would permit any one of the 
enzymatic react ions dependent on it to run 
at the m a x i m u m rate required at any t ime. 
Ascorbic ac id concentrat ion could there
fore be rate l imit ing for any of the react ions 
for w h i c h it is an essential cofactor. As yet 
we do not k n o w the actual serum level of 
ascorbic ac id needed to b e c o m e the l imit
ing factor. 

Herber t ' s 1 1 3 addi t ional nonrout ine labo
ratory test results b e c a m e abnormal for one 
individual before they deviated b e y o n d the 
a c c e p t e d range of normal for rout ine labo
ratory testing. T h i s is because the normal 
range for an individual is often narrow and 
can be wi th in the broader populat ion-
based normal ranges. F o r these water-solu
ble v i tamins , i t is the low end of the nor
m a l range that is of most c o n c e r n . 

Vi tamin insufficiency is used in this text 
to denote levels of v i tamins in the lower 
range of normal , general ly in the lower 
quarti le of normal , that are assoc ia ted wi th 
b i o c h e m i c a l or metabo l i c abnormal i t ies 
that indicate subopt imal funct ion , but that 
are not necessar i ly associated wi th the rec
ognized c l in ica l s y m p t o m s or s igns. T h e 
insuf f ic iency is associated wi th increased 
irritabil ity of TrPs. T h e term is also appl ied 
to those s i tuat ions where the low serum 
level of v i tamins is associated wi th subtle 
c l in ica l symptoms or signs, but not overt 
disease. T h u s , the terms inadequacy and 
insuf f ic iency can be used interchangeably. 
Vi tamin deficiency, on the other h a n d , is a 
level of serum vi tamin , general ly b e l o w the 
accepted lower normal range, that is asso
c iated wi th overt c l in ica l disease s u c h as 
pellagra or pern ic ious anemia . 

Vi tamin inadequacy apparent ly in
creases the irritabil ity of myofasc ia l TrPs 
by several m e c h a n i s m s . S i n c e an energy 
cr is is is a key l ink in the c h a i n of his to-
c h e m i c a l changes that are character is t ic of 
TrPs, i t is to be expec ted that anything that 
interferes wi th the energy supply of the 
m u s c l e wi l l aggravate TrPs. In addit ion, the 
m u s c l e s behave as though neural feedback 
m e c h a n i s m s that perpetuate TrPs are aug
m e n t e d and as i f TrP-referred p h e n o m e n a 
are intensi f ied. 

T h e v i tamin inadequacy b e c o m e s a defi
c iency w h e n effects due to impai red func
t ion of essent ia l enzymes are grossly ap
parent , and i t has already ser iously 
involved m a n y of the less cr i t ical e n z y m e 
f u n c t i o n s . 1 9 A v i tamin def ic iency m a y be 
es tabl ished by laboratory ev idence of ab
normal ly low serum and t issue values for 
the v i t a m i n , 2 8 2 by excre t ion o f abnormal 
metabol i c products , by the therapeut ic ef
fect of v i tamin supplementa t ion , or by 
some c o m b i n a t i o n of the three. 
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T h e r e is good reason to expec t that 
serum vi tamin levels w i t h i n the normal 
range do not ensure optimal levels of nutri 
t ion. Persons se lec ted as normal controls 
are se ldom s c r e e n e d for the subtle symp
toms of v i tamin inadequacy, s u c h as 
c h r o n i c pa in syndromes , leg cramps , de
press ion or loss of energy. Individuals w h o 
typica l ly serve as n o r m a l controls were 
f o u n d 1 3 to have defic ient act ivity of glu
tamic oxaloacet ic t ransaminase and a defi
c i e n c y of pyr idoxal phosphate in their ery
throcytes . In this " n o r m a l " group, the t issue 
stores of this v i tamin were depleted to the 
point of s ignif icantly reducing at least one 
pyr idoxa l -dependent e n z y m e funct ion. 

T h i s issue of average versus opt imal vit
a m i n nutr i t ion takes on added s ignif icance 
w h e n the avai labi l i ty of a v i tamin coen
zyme is related to the product ion of one of 
its apoenzymes . A 5 5 - 6 8 % increase in the 
specif ic act ivity of erythrocyte g lutamic ox
a loacet ic t ransaminase after pyr idox ine 
therapy in 10 pyr idoxine-def ic ient pat ients 
indica ted the b iosynthes is of more apoen
zyme in response to an adequate supply of 
c o e n z y m e . 8 0 Vi tamin supplementa t ion m a y 
increase the body's product ion of the en
zymes that the v i tamin act ivates , rel ieving 
a double def ic iency. 

In a group of 12 e lderly subjects w h o 
h a d taken 5 0 - 3 0 0 mg of pyr idox ine daily 
for at least 1 year , 8 8 the specif ic act ivity of 
erythrocyte g lutamic oxaloacet ic t ransami
nase was remarkably constant . However, 
5 - 1 1 weeks o f pyr idox ine supplementa t ion 
were required to reach this same level in 
pyr idoxine-def ic ient i n d i v i d u a l s . 8 8 

T h e m e a s u r e m e n t of c irculat ing vita
m i n s per se detects the v i tamin inadequacy 
before b i o c h e m i c a l and c lass ica l c l in ica l 
signs appear. For e x a m p l e , the p lasma 
ascorbate level fell to an undetec table 
level after 41 days o f ascorbate deplet ion, 
whereas c l in ica l signs of scurvy did not 
appear for 1 3 4 d a y s . 1 9 S imilar ly , upon 
e l iminat ion of folate from the diet, i t re
quired only 3 weeks for depressed serum 
folate levels to appear, but 1 4 - 1 8 weeks for 
a b i o c h e m i c a l defect to b e c o m e apparent , 
a n d 20 weeks for the c l in ica l symptoms to 
d e v e l o p . 1 1 5 

Vitamin dependence i s observed in only 
a few individuals w h o have a congeni ta l 

deficiency of an enzyme that requires that 
v i tamin as a coenzyme. Th is defect may re
quire the ingest ion of pharmacological 
(megadosage) amounts of the vi tamin to 
compensa te for the congenita l lack of the 
e n z y m e that requires that v i t a m i n . 1 2 4 T h e 
larger group of people w h o have a congen
ital insufficiency of the enzyme wil l also 
have a congenita l increased need for the 
corresponding vi tamin. 

T h e five vitamins of special importance 
to myofasc ia l pain syndromes are vi tamins 
B t , B 6 , B 1 2 , fol ic ac id , and vitamin C . This 
does not imply that the others are unim
portant for opt imal heal th , only that, based 
on current knowledge , they are less crit ical 
for the re l ie f of myofasc ia l TrP symptoms. 
E a c h v i tamin f i l l s mul t ip le metabol ic roles 
by serving as an essential c o e n z y m e to sev
eral e n z y m e systems. 

Vi tamin B 1 ( thiamine) is most crit ical as 
an energy vi tamin and for the synthesis of 
neurotransmitters ; the need for it increases 
wi th increased caloric expenditure by the 
body. Vi tamin B 6 (pyridoxine) i s essential 
to the metabol i sm of m a n y proteins in
c luding several neurotransmitters . Cobal-
amins (forms of v i tamin B 1 2 ) are crit ical for 
energy and protein metabol ism. Both 
coba lamins and folates are required for the 
synthes is of deoxyr ibonucle ic ac id (DNA), 
w h i c h is necessary for ce l l repl icat ion. Ei
ther a def ic iency or an excess of folate in
creases central nervous system irritability; 
adequate amounts of folate are crit ical for 
normal deve lopment of the central nervous 
system. 

F r o m the v iewpoint of musc le , v i tamin 
C reduces postexerc ise stiffness and cor
rects capi l lary fragility caused by lack of 
the vi tamin. Adequate t issue levels may be 
very important to the successful manage
m e n t of myofasc ia l pain syndromes in 
some pat ients , and are of importance to op
t imal heal th in all patients . 

Several factors may cause vitamin in
sufficiency: (1) inadequate ingestion of the 
v i tamin, (2) impaired absorption, (3) inad
equate uti l izat ion, (4) increased metabol ic 
requirement , (5) increased excret ion, or 
(6) increased destruct ion wi th in the 
b o d y . 1 1 9 , 1 2 1 Several groups of people are 
espec ia l ly vulnerable to vi tamin deficien
c ies : the e lder ly , 2 1 7 pregnant and lactating 
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w o m e n , 1 7 adherents to some cultural di
etary c u s t o m s , 1 8 substance abusers (most 
often ethyl a l c o h o l ) , 1 1 9 , 2 9 2 " c r a s h " dieters 
and food faddists, the e c o n o m i c a l l y disad
vantaged, the emotional ly d e p r e s s e d , 5 3 and 
the seriously i l l—a list that adds up to a 
significant portion of the populat ion. 

Several of these factors are l ikely to ap
pear in combinat ion (e.g., among the el
derly w h o are poor) , w h i c h increases the 
vulnerabil i ty to deficiency. Vi tamin nutri 
t ion of the elderly is often c o m p r o m i s e d in 
three ways: decreased nutr i t ional intake 
for a number of reasons, decreased absorp
tion that is at least partly due to folate de
f ic iency, and increased need that is caused 
by the decreasing eff ic iency of some en
zyme systems with age. 

The prevalence of unrecognized hypovi-
taminosis is distressingly high. In a ran
domly se lected munic ipa l hospita l popula
t ion , 1 7 105 o f 1 2 0 patients ( 8 8 % ) h a d 
abnormally low levels of 1 or more of 11 vi 
tamins; over hal f the patients were low in 
2 or more vi tamins . S e r u m folate was low 
in 4 5 % ; this was the c o m m o n e s t v i tamin 
deficiency. Despite the low b l o o d levels , 
there was a history of inadequate dietary 
intake in only 3 9 % of the patients wi th hy-
povitaminosis . Moreover, hypovi taminos is 
was c l in ica l ly apparent in only 3 8 % of the 
entire group. 1 7 

S i n c e the levels necessary for opt imal 
health are u n k n o w n and the heal th cost of 
vitamin inadequacy (low normal range) is 
relatively unexplored, the prevalence of 
such vitamin inadequacy and the tol l i t ex
acts appear to be greater than is general ly 
realized. 

T h e toxicity of oi l -soluble v i tamins A, D 
and E is m u c h greater than that of the wa
ter-soluble B - c o m p l e x group. An excess of 
these oi l -soluble v i tamins is stored in the 
body fat and can readily accumula te to 
toxic levels , whereas an excess of water-
soluble vi tamins is largely discharged in 
the urine. Confusingly, hypervi taminosis A 
may cause bone or joint pain and severe 
throbbing headache , w h i c h can readily be 
confused with myofascia l symptoms re
lated to h y p o v i t a m i n o s i s . 1 7 0 

No toxic effects of th iamine (vitamin B 1 ) 
administered by mouth have been reported 
in man. Rats ingested 100 t imes their daily 

requirement for three generat ions wi thout 
harmful e f f e c t s . 1 9 0 Pyr idox ine , (vi tamin B 6 ) 
at doses of 5 0 0 mg per day, and occas ion
ally at doses as low as 2 0 0 mg per day, can 
cause per ipheral neuropathy. Cyanocobal -
amin (vitamin B 1 2 ) in doses 1 0 , 0 0 0 t imes 
the daily requirement was wi thout i l l ef
f e c t s , 1 2 1 inc luding one pat ient w h o h a d re
ce ived 1 mg daily by in jec t ion for more 
than 1 year. F o l i c ac id is potent ia l ly tox ic ; 
i f substant iated, this w o u l d contra indica te 
megadosage unless speci f ica l ly indicated. 
Thi r teen of 14 normal volunteers on 15 mg 
daily deve loped gastrointest inal s y m p t o m s 
or menta l changes and somet imes s leep 
d i s t u r b a n c e . 1 3 1 However , other investiga
tors reported 15 mg dai ly as i n n o c u o u s . 1 2 1 

Although megadoses of v i tamin C have 
b e e n identif ied as theoret ica l ly causing 
cys t ine and oxalate s tones in the urinary 
tract, i t is b e c o m i n g apparent that pat ients 
wi th normal renal funct ion can tolerate ex 
cept ional ly high dosage of v i tamin C. O n e 
pat ient took 15 g of v i tamin C daily for 4 
m o n t h s wi thout ill e f f e c t s . 2 8 9 

W h e n dealing wi th v i tamin require
ments , o n e must recognize the e n o r m o u s 
variat ion in nutr i t ional needs among indi 
viduals . For ins tance , 64 weaning rats of 
four strains were fed an exc lus ive diet of 
whi te bread. Individual life spans ranged 
from 6 - 1 4 4 days wi th weight gains of from 
2 - 2 1 2 g. Th is inborn individual i ty has a 
s o u n d bio logica l bas is ; the evolut ionary 
process could not have taken p lace wi thout 
i t . 2 9 0 T h i s m e a n s that normal laboratory 
values for any one pat ient are at best only 
a statist ical es t imate of a l ike l ihood that 
the normal laboratory values apply to the 
needs of this individual . 

/f a vitamin insufficiency or deficiency 
aggravates TrPs, then it follows that these 
individuals are more likely to develop ac
tive TrPs. This would explain why an ex
traordinarily high percentage of patients 
with TrPs have one or more of these vita
min insufficiencies or deficiencies. 

Thiamine (Vitamin B1) 
Discovery 

In 1884, Takaki of Japan decreased the 
disastrous incidence of beriberi in the 
Japanese navy by adding meat, vegetables 
and condensed milk to the rice diet of the 
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sailors. 1 9 0 By 1912, the therapeutic effec
tiveness of rice polishings had been 
demonstrated, and in 1936, Williams and 
his coworkers announced the chemical 
structure and synthesis of the active prin
ciple, thiamine. 2 8 3 

Functions. T h e act ive form of v i tamin 
B t i n the body i s t h i a m i n e pyrophosphate . 
T h i a m i n e has b e e n relat ively u n e x p l o r e d 
in relat ion to myofasc ia l pain syndromes . 
I t is cons idered potent ia l ly important be
cause i t is essent ial for the oxidat ive m e 
tabol i sm of g lucose that leads to the pro
duct ion of pyruvate . Pyruvate in turn is 
conver ted to acetyl CoA, w h i c h enters the 
Krebs c i tr ic ac id c y c l e , by another thi
a m i n e pyrophosphate (TPP)-dependent re
act ion. T P P is also required for another 
Krebs cyc le react ion, and also for the 
anaerobic g lycolyt ic pa thway as a coen
zyme for transketolase . It is therefore es
sent ia l for n o r m a l energy product ion 
w i t h i n the ce l l , and m a y be a factor in the 
energy cris is that is part of the pathophysi 
ology of a TrP (see Chapter 2, Part D). Fur
thermore , t h i a m i n e is essent ial for normal 
nerve funct ion. Neuropathy can be a sig
nif icant factor in the deve lopment of m y o 
fascial trigger p o i n t s . 5 9 ' 6 0 T h e s e issues ur
gent ly n e e d wel l -des igned research. 

Thiamine Insufficiency. We see m a n y 
pat ients wi th t h i a m i n e inadequacy as indi
cated by a low normal , or marginal ly ab
n o r m a l serum t h i a m i n e level . T h e m u s c l e s 
of these pat ients have increased suscept i 
b i l i ty to myofasc ia l TrPs that are resistant 
to local therapy unti l the serum th iamine 
level is ra ised to the m e a n normal level , or 
above. On c l in ica l examinat ion , t h i a m i n e 
insuf f i c iency can be detected by the pres
e n c e of per ipheral neuropathy character
ized by d i m i n i s h e d distal pain and tem
perature percept ion in the legs and feet, 
and by a loss of vibrat ion sense . A n k l e ten
don reflexes m a y also be lost, but not n e c 
essari ly so in m i l d sensory neuropathy. 

S o m e th iamine- inadequate and m a n y 
th iamine-def ic ient pat ients have nocturnal 
ca l f c ramps , m i l d dependent e d e m a , con
st ipat ion, fatigue, and decreased vibratory 
percept ion in re lat ion to nerve f iber length. 
W h e n given t h i a m i n e parenteral ly, they 
m a y prompt ly lose several pounds by di

uresis wi th resolut ion of the edema, have 
softer stools (the body is no longer remov
ing the moisture from the bowel contents 
to supply the edema) , and are rel ieved of 
nocturnal cal f c ramps. 

In contrast to the painful ca l f cramps 
somet imes associated wi th th iamine defi
c iency, painless contract ions of the hand or 
other musc les may be due to a lack of pan
tothenic ac id , and rel ieved by its oral sup
plementat ion . T inni tus may be rel ieved by 
a combinat ion of th iamine and n iac in ther
apy, but not by one vi tamin alone i f both 
are low. 

Thiamine Deficiency. T h e abuse of a l 
c o h o l can lead to signs and symptoms that 
are a variable compos i te of three diseases; 
a l coho l i sm, th iamine deficiency, and liver 
dysfunct ion. Not only is the diet of the al
cohol i c l ikely to be deficient in th iamine , 
but the intake of ethyl a lcohol seriously re
duces th iamine absorption in either the 
p r e s e n c e 2 0 or a b s e n c e 2 6 5 of l iver disease. 
T h e l iver disease i tself can seriously im
pair the convers ion of ingested th iamine to 
its act ive form, aggravating the th iamine 
d e f i c i e n c y . 2 3 9 T h e 7 4 % o f 4 3 a lcohol ic pa
t ients w h o s h o w e d enzyme evidence of thi
amine def ic iency also had gait and oculo
motor dis turbances ; the others did n o t . 1 5 3 

Laboratory Tests. Tests for th iamine 
inc lude c h e m i c a l identif icat ion, microbio
logic assay, erythrocyte transketolase activ
ity, and b lood levels of pyruvate and a-ke-
toglutarate. T h e photometr ic th iochrome 
procedure is the most widely used of the 
c h e m i c a l tests for th iamine , but its results 
are easi ly distorted by interfering sub
stances . Lactobacillus viridescens is the 
most wide ly employed organism for micro
biologic assay, but the phytoflagellata 
Ochromonas danica appears to be the most 
sensit ive indicator of th iamine deficiency, 
espec ia l ly in the presence of severe liver 
d i s e a s e . 1 9 

Erythrocyte transketolase (ETK) activity 
decreases in th iamine def ic iency and cor
relates wel l wi th c l in ica l s y m p t o m s ; 3 4 , 1 6 5 i t 
should be more than 8 0 0 |xg h e x o s e / m l / 
h r . 2 8 3 S u p p l e m e n t a l information is ob
ta ined by the in vitro addit ion of th iamine 
pyrophosphate to measure its st imulatory 
effect on transketolase activity. Increased 
E T K activity wi th th iamine supplementa-
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tion indicates ei ther a th iamine def ic iency 
or an increased proport ion of young ery
throcytes . 2 6 7 

T h e fasting b lood pyruvate is e levated 
above 1.0 m g / d l 2 8 3 in patients wi th th iamine 
deficiency. Fol lowing ingestion of g lucose , 
serum pyruvate peaks in nearly 1 hour due 
to the disturbed glycogenesis ; this is a more 
specific indicator of th iamine def ic iency 
than increased serum a-ketoglutarate . 4 3 

Requirement and Sources. T h e n e e d 
for th iamine is directly related to calor ic 
intake w h e n this corresponds to energy ex
penditure. T h e r e c o m m e n d e d daily al
lowance (RDA) establ ished for adults by 
the National A c a d e m y of S c i e n c e s 1 8 9 i s 0.5 
m g / 1 0 0 0 kcal of energy e x p e n d e d , wi th a 
m i n i m u m of 1 mg/day of th iamine for 
older persons regardless of their act ivity 
level. Most adults e x p e n d be tween 1 5 0 0 
and 2 5 0 0 kcal/day, w h i c h w o u l d require 
0.75 to 1.25 mg/day. T h e RDA is increased 
for pregnant and lactating w o m e n . 1 8 9 Nor
mal th iamine reserves usual ly provide at 
least 5 weeks protect ion from severe thi
amine depr ivat ion . 2 9 2 

T h i a m i n e is widely distr ibuted in both 
animal and vegetable foods, but few are 
r ich in it. Lean pork, beans , nuts and cer
tain w h o l e grain cereals are the best 
sources available; kidney, liver, beef , eggs 
and f ish contain helpful a m o u n t s . 1 0 1 In ce
real grains, the vi tamin is present a lmost 
exclusively in the germ and hul l . S i n c e 
these are lost in mil l ing and refining, 
processed grains need to have the th iamine 
replaced. 7 

Causes of Insufficiency. T h i a m i n e can 
be destroyed by heating above 100°C 
(212°F) . It is quickly l eached out of foods 
during washing or boi l ing . 7 It resists de
struction in ac id solut ions at temperatures 
up to boil ing, but is rapidly degraded in 
foods fried in a hot pan, foods cooked un
der pressure ( increased temperature) , and 
in an alkaline m e d i u m . 

Canned vegetables general ly conta in 
only about 3 0 % of the th iamine ini t ia l ly 
available. Retent ion in preprocessed meats 
ranges from 4 0 - 8 5 % . Increasing the roast
ing temperature of bee f or pork reduced 
thiamine content from 6 2 - 5 1 % of the orig
inal. Pasteurization of cow's m i l k destroys 
from 3 - 1 0 % of its th iamine , whereas the 

addit ional heat in process ing evaporated 
m i l k reduces its t h i a m i n e b y 3 0 % . 7 

In addit ion to inadequate ingest ion of 
th iamine , a n u m b e r of factors can increase 
the need for the vi tamin. T h i a m i n e absorp
t ion is impaired by a lcohol i n g e s t i o n , 2 6 5 

l iver in jury , 2 0 m a g n e s i u m d e f i c i e n c y , 2 6 4 tan
n in in t e a , 2 8 5 and also antac ids . T h u s , tea 
and gastric a lkal inizers taken wi th food, 
and also a lcohol , should be avoided. Vita
m i n B t i s destroyed b y t h i a m i n a s e , w h i c h 
is found in a wide variety of f ish, and in 
bracken fern, w h i c h grows in u p l a n d pas
tures w h e r e it can pose a hazard to foraging 
a n i m a l s . 1 9 0 Excre t ion (loss) of t h i a m i n e is 
potent iated by d i u r e t i c s 1 0 0 ' 2 8 6 and probably 
by regularly drinking large amounts of wa
ter, w h i c h also causes a diuresis . 

Conversion of dietary and synthet ic thi
amine to th iamine pyrophosphate , the phys
iologically active form, is seriously compro
mised in liver disease, w h i c h reduces 
th iamine availabil i ty and further aggravates 
the liver damage. Overloading the t issues 
with glucose may precipitate def ic iency i f 
the th iamine level is borderl ine l o w . 1 0 0 

Therapy. T h i a m i n e is avai lable over-
the-counter in 10- , 5 0 - and 100-mg tablets . 
It is also avai lable for in jec t ion as Be ta l in 
S c in 1 ml a m p u l e s , and in 10 ml and 30 ml 
via ls , at a concentra t ion of 1 0 0 m g / m l of 
th iamine . T h e therapeut ic oral dose usu
ally r e c o m m e n d e d is 10 mg dai ly for sev
eral w e e k s , or unt i l all ev idence of defi
c i e n c y has disappeared. Increasing this to 
50 mg daily wi l l cause no harm and wi l l in
sure providing for pat ients wi th an e x c e p 
t ional need for the vi tamin. A B - 5 0 v i tamin 
supplement conta ins 50 mg of t h i a m i n e 
and is an ample dai ly dose to protect 
near ly all individuals from t h i a m i n e insuf
ficiency and can be taken indef ini te ly as a 
safe, inexpens ive form of hea l th insurance . 

W h e n taken in m u c h larger amounts , ex
cess th iamine is excre ted in the ur ine and 
has no reported h u m a n toxicity. Intoler
ance to oral t h i a m i n e is ex t remely rare; 
daily doses of 5 0 0 mg have b e e n adminis 
tered for as long as a m o n t h wi thout i l l 
e f fects . 7 However, in rare ins tances , intra
venous th iamine has produced fatal ana-

c Eli Lilly and Company Medical Department, 307 East 
McCarty St., Indianapolis, IN 4 6 2 8 5 . 
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phylac t i c shock. Most of these react ions 
occurred in pat ients w h o h a d previously 
rece ived large doses of th iamine by in jec
t i o n 1 9 0 . T h e y apparent ly developed sensi 
t ivity to addit ives in the in jec ted solut ion. 

In the e x p e r i e n c e of the authors , the ab
sorpt ion of orally adminis tered th iamine 
m a y be inadequate even wi th a supplement 
of 1 0 0 mg three t imes daily. S i n c e toxic i ty 
is not of concern , there is no k n o w n con
tra indicat ion to this dosage level . In one 
s t u d y , 2 6 5 increas ing an oral intake of thi
a m i n e above 10 mg increased ne i ther its 
b lood level nor the amounts excreted in 
the ur ine , support ing the be l i e f that intesti
nal absorpt ion of t h i a m i n e was l ikely the 
l imit ing step. 

In jec t ion of t h i a m i n e bypasses a malab
sorpt ion prob lem, but only a part of each 
in jec t ion is reta ined. B i w e e k l y in t ramuscu
lar in jec t ions of 1 0 0 mg are given for 3 or 4 
weeks to bring the serum concentra t ion of 
th is v i tamin up to an opt imal level ; how
ever, smal ler doses may be effect ive. T h i s 
in t ramuscular therapy also can be used as 
a therapeut ic trial to ensure that oral doses , 
w h i c h ordinari ly should be adequate , actu
ally are suff ic ient for pat ients w h o have 
poor intest inal absorpt ion or an e x c e p 
t ional need . 

T h i a m i n e seems to potentiate the effec
t iveness of thyroid hormone . Both are essen
tial to energy metabol ism. In our exper ience , 
w h e n patients with low thiamine levels and 
evidence of low thyroid function are given 
supplemental th iamine , their symptoms of 
low thyroid funct ion may disappear, and 
laboratory tests of thyroid function improve 
without thyroid therapy. Patients already 
taking a thyroid supplement w h o receive 
sufficient th iamine to correct a deficiency of 
that vi tamin may then develop symptoms of 
excess thyroid hormone , and the dose of 
thyroid supplement must be reduced. 

Conversely, in the presence of th iamine 
insuff ic iency, even a smal l dose of thyroid 
h o r m o n e m a y precipi tate symptoms of 
acute t h i a m i n e def ic iency, w h i c h , in some 
respects , m i m i c s thyrotoxicos is and may 
be mis interpreted as into lerance to the thy
roid medica t ion . After the th iamine defi
c i e n c y has been corrected, the same smal l 
dose , and often larger doses , of thyroid 
h o r m o n e are wel l tolerated. 

Pyridoxine (Vitamin B6) 
Pyr idoxine (vitamin B 6 ) is considered 

important in myofascia l pain syndrome 
(MPS) because of its role in energy metab
o l i sm and in nerve funct ion. It is also crit
ical for the synthesis and/or metabol ism of 
nearly all of the neurotransmitters , inc lud
ing norepinephr ine and serotonin, w h i c h 
strongly inf luences pain percept ion. There 
are no c l in ica l research studies at this t ime 
that have cr i t ical ly assessed the contribu
t ion of low levels of pyr idoxine to the per
petuat ion of myofasc ia l TrPs. 

Discovery 

In 1934, Szent Gyorgyi identified a di
etary factor that prevents rat acrodynia, a 
dermatitis of the tail, ears, mouth and paws 
characterized by edema and scaliness of 
the skin; later he named this substance vi
tamin B 6 . 2 0 6 Vitamin B 6 is a complex 
formed from three distinct, chemically dif
ferent compounds, pyridoxal (an alcohol), 
pyridoxal (an aldehyde), and pyridoxam-
ine (an amine). These are the dietary pre
cursors of the active coenzyme forms. The 
precursors are phosphorylated in the body, 
chiefly in the liver, by pyridoxal kinase to 
become the active coenzymes, pyridoxal 
phosphate and pyridoxamine phos
phate. 1 5 5 , 2 3 0 The activity of pyridoxal ki
nase increases as the concentration of pyri
doxal phosphate drops, under the control 
of an unspecified feedback mechanism. 2 8 8 

This vitamin proved essential to man 
when, in the early 1950s, its absence in an 
infant formula caused an epidemic of con
vulsions that were curable by pyridoxine 
in ject ion. 6 2 , 2 3 0 In 1968, the National Acad
emy of Sciences recognized its essential 
nature in human nutrition by assigning it 
a required daily allowance (RDA). 1 8 9 

Functions. Pyr idoxal phosphate has 
b e e n impl ica ted as cr i t ical in l ipid metabo
l i sm because its def ic iency causes myel in 
degenerat ion i n m a n . 6 2 , 2 3 0 Vitamin B 6 defi
c i e n c y also is character ized by anemia and 
hormonal imbalance expressed as growth 
re tardat ion . 7 9 In pyr idoxine deficiency, glu
tamic oxaloacet ic t ransaminase (GOT) and 
glutamic pyruvate transaminase (GPT) ac
tivity in the b lood and its components are 
r e d u c e d . 2 3 0 
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Deficiency of pyr idoxine involves other 
vi tamins. Its def ic iency results in reduced 
absorption and storage of coba lamin , in
creased excret ion of v i tamin C, and 
blocked synthesis of n icot in ic ac id 
(niacin) . Vitamin B 6 acts synergist ical ly 
with vi tamin E to control the metabol i sm 
of unsaturated fats, and with v i tamin C in 
tyrosine m e t a b o l i s m . 7 9 

More than 100 pyridoxal phosphate-de
pendent enzymes are known to man. Many 
of the most important functions of this vi
tamin concern amino acid metabolism. 
For these functions, pyridoxine provides 
essential coenzyme reactions that include 
transamination (the reversible transfer of 
an a-amino group between an amino acid 
and an a-keto acid), oxidative deamination 
of an amino acid to an aldehyde, the inter-
conversion of the L and D isomers of an 
amino acid, decarboxylation, the intercon-
version of glycine and serine, and the con
version of homocysteine and cystathione 
to cysteine. Failure of the methionine-to-
cysteine pathway leads to homocystinuria. 
The failure of cystathione conversion 
leads to cystathioninuria. Pyridoxal phos
phate is essential to the cleavage step in 
the pathway of tryptophan to niacin. 
Hence, in the absence of an adequate ex
ogenous source of niacin, pyridoxine defi
ciency enhances a niacin deficiency. 6 2 

Although it has no primary effect on m e 
tabolism, vi tamin B 6 def ic iency indirect ly 
influences both anaerobic and aerobic m e 
tabolism. Pyridoxal phosphate plays an 
important conformational or structural role 
in the enzyme phosphorylase , w h i c h is es
sential to the release of g lucose from glyco
gen for anaerobic metabol i sm, pyruvate , is 
normally the c h i e f substrate for oxidative 
metabol ism in m u s c l e . 1 5 5 

The vitamin contributes to aerobic me
tabolism through the degradation of at 
least 11 amino acids, making the corre
sponding a-keto acid analogue of the 
amino acid available to enter the energy-
releasing tricarboxylic acid cycle. Defi
ciency of pyridoxal phosphate interferes 
seriously with the disposal of used amino 
acids, and their reconfiguration for syn
thesis to new amino acids. 1 5 5 

Practically all of the compounds identi
fied as neurotransmitters in the brain are 
synthesized and/or metabolized with the 
aid of pyridoxal phosphate. These in
clude dopamine, norepinephrine, sero
tonin, tyramine, tryptamine, taurine, hist
amine, 7-aminobutyric acid (GABA), and 
indirectly acetylcholine. 7 9 Serotonin is 
derived, with the help of pyridoxal phos
phate, from 5-hydroxytryptophan. Glu
tamic acid decarboxylase with pyridoxal 
phosphate catalyzes the formation of 
GABA, which is a central nervous system 
inhibitor derived from glutamic acid. 7 9 

In hemoglobin synthesis, pyridoxal 
phosphate plays an essential role as a co-
factor in the synthesis of porphyrin, 
which is a part of the hemoglobin mole
cule . 2 3 0 Adults with proven pyridoxine 
deficiency may show a microcytic 
hypochromic anemia that fails to respond 
to iron, but the anemia improves dramati
cally following treatment with small 
doses of pyridoxine. 6 2 

Pyridoxine Insufficiency and Deficiency. 
T h e specif ic enzymat ic funct ions of v i tamin 
B 6 that must be lacking to cause increased 
neuromuscular irritability and perpetuat ion 
of TrPs has not been establ ished. Clear-cut 
symptoms of pyr idoxine def ic iency are un
usual . Pyr idoxine def ic iency rarely occurs 
a lone, but usual ly is seen with def ic iency of 
the other vi tamins of the B - c o m p l e x . Milder, 
equivocal symptoms appear wi th inade
quate amounts of the vi tamin. At r isk for 
pyr idoxine insuff ic iency are the e lder ly , 7 6 

and w o m e n taking an oral c o n t r a c e p t i v e . 2 2 1 

Initially, patients on poor diets were ob
served to have ill-defined central nervous 
system syndromes of weakness, irritabil
ity and nervousness, insomnia, difficulty 
in walking, loss of "sense of responsibil
ity," and abnormal electroencephalo
grams. These changes did not respond to 
treatment with other members of the vita
min B-complex, but were relieved within 
24 hours by ingesting pyridoxine. 

The role of insufficient pyridoxine as a 
significant factor in carpal tunnel syn
drome (CTS) and its use as a treatment for 
that condition are controversial. One 
study found that pyridoxine supplemen
tation for 12 weeks was effective in the 
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treatment of CTS compared to placebo. 8 2 

However, a subsequent study failed to 
support their findings.9 4 In some cases, 
pyridoxine insufficiency may increase the 
vulnerability of peripheral nerves to en
trapment enough to cause the symptoms 
of CTS. 

In a group of 154 patients admitted to 
the psychiatric unit of a general hospi
tal, 5 3 the pyridoxine-deficient patients 
showed a disproportionately high inci
dence of depression when compared to 
psychiatric patients without such a defi
ciency. 1 6 3 A degree of depression and 
pyridoxine inadequacy are common find
ings in patients with chronic myofascial 
pain. In depressed patients with chronic 
myofascial TrPs the blood level of pyri
doxine is worth investigating. 

Diabetic patients who complained of 
leg cramps, swelling of the hands, and im
paired tactile sensation were relieved of 
their symptoms while taking 50 mg/day of 
pyridoxine orally.8 1 

Since vitamin B 6 is required for the 
conversion of tryptophan to niacin, der-
matological lesions of pellagra (niacin de
ficiency) may result secondarily from 
vitamin B 6 deficiency, producing mixed 
symptoms of pyridoxine and niacin defi
ciencies. 6 2 

Pyridoxine Dependence. T h e n e e d for 
very large amounts of pyr idoxine occurs 
w h e n one of the specif ic e n z y m e systems 
that require this v i tamin is congeni ta l ly in
comple te . Megadoses ( 1 0 t imes the RDA, or 
more) of pyr idox ine at least partial ly c o m 
pensate for the metabol i c abnormality. 
Metabol i c d e p e n d e n c e on the v i tamin is 
es tabl ished c l in ica l ly w h e n both the symp
toms and the character is t ic abnormal meta
bol i c intermediates recur prompt ly after re
s u m p t i o n of an u n s u p p l e m e n t e d normal 
diet. 

O n e s h o u l d expec t cons iderable vari
abi l i ty among pat ients in their n e e d for 
p y r i d o x i n e . 2 9 0 Pat ients wi th c h r o n i c m y o 
fascial pain are a se lect group w h o s h o w a 
high preva lence of v i tamin inadequac ies . 
M a n y of these pat ients do wel l on large vi
tamin supplements . O n e l ikely explana
t ion for this apparent partial d e p e n d e n c e 
on pyr idox ine by a n u m b e r of pat ients 
w o u l d be the partial express ion of one or 

more of the genetic enzyme defic iencies 
descr ibed here . T h i s condi t ion would be 
analogous to the differing degrees of pene
trance of symptoms often seen among vari
ous m e m b e r s of famil ies wi th inherited 
myopath ies and neuropath ies . 4 2 

Laboratory Tests. In exper imental , ful
minat ing defic iency, measurement of cir
culat ing serum vi tamin B 6 permits detec
t ion of the deficit before b i o c h e m i c a l and 
c l in ica l signs appear. Decrease in this 
b lood vi tamin level is the earliest warning 
signal of an acute c l in ica l deficiency. In 
mild-to-moderate chronic deficiency, the 
symptoms may depend as m u c h on con
comitant secondary def ic iencies as on the 
b lood level of pyridoxal phosphate . 

Valid biological assay for the presence of 
v i tamin B 6 requires t ime and/or special 
c a r e . 1 1 1 A yeast, Saccharomyces carlsber-
gensis, is the test organism c o m m o n l y used 
because it is responsive to pyridoxal , pyri
doxal , and pyr idoxamine . Unl ike most 
other test microorganisms, it is unable to 
use D -a lanine to satisfy its v i tamin B 6 re
quirement . S. carlsbergensis is , therefore, 
suitable for tests on h u m a n blood. Plasma 
pyr idoxal phosphate (PLP) concentrat ion, 
de termined by a radioact ive tyrosine and 
apodecarboxylase assay, rel iably reflects 
v i tamin B 6 levels i n humans . 

Requirement and Sources. Vitamin B 6 

is h ighly conserved in the body. Excret ion 
of v i tamin B 6 and its metabol i tes is rapidly 
adjusted to changes in the intake of the vi
tamin. T h e v i tamin B 6 requirement rises 
roughly in proport ion to the increase in 
protein i n t a k e , 4 8 ' 1 6 2 and with a g e . 1 8 9 The 
1 9 8 9 National Research Counci l (Great 
Bri tain) RDA for vi tamin B 6 is 1.6 mg for 
adult females , and 1.4 mg for adult m a l e s , 9 3 

whereas the 1 9 8 9 National A c a d e m y of 
S c i e n c e s (USA) RDA remains at the previ
ous level of 1.4 mg for adult females and 
2 .0 mg for males . T h e current RDA of 2 
mg/day may be more than is necessary to 
mainta in the minimum heal th of a normal 
adult (with no except ional n e e d s ) . 7 7 

Vitamin B 6 is widely distributed in nature, 
but not in large amounts. The most available 
sources of this vitamin include liver, kidney, 
white meat of chicken, halibut, tuna, English 
walnuts , soybean flour, navy beans, bananas, 
and avocados. Helpful sources are yeast, lean 
beef, egg yolk, whole wheat, and m i l k . 6 1 2 3 0 
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Fresh mi lk contains 0.6 mg of v i tamin 
B 6 / L (0.14 mg/8 oz serving). Very little is 
destroyed in mi lk during process ing, but 
m u c h is lost w h e n m i l k is exposed to sun
light for more than a few minutes . 

T h e usual synthet i c form o f v i t a m i n B 6 

is pyr idox ine h y d r o c h l o r i d e , w h i c h is sta
b le in ac id so lut ion , but rapidly des t royed 
by sunl ight w h e n in neutra l or a lka l ine 
s o l u t i o n . 2 3 0 T h i s synthe t i c form is heat 
stable through most food process ing . A n 
imal sources o f v i tamin B 6 are less sus
cept ib le to loss of the v i tamin b e c a u s e of 
cooking or preserving than are plant 
s o u r c e s . 6 2 

Most of the vi tamin B 6 taken orally i s 
wel l absorbed in the upper intest ine by 
passive transport, where the relat ively high 
pH facilitates absorption. O n c e absorbed, 
all three forms of vi tamin B 6 are converted 
to pyridoxal phosphate . 

Body stores normal ly conta in about 0 .60 
mg (0 .55-0 .66 mg) of pyridoxal phos 
phate/0 .45 kg (1 lb) of body weight . For an 
82-kg (180 lb) individual , the total amount 
would approximate 1 0 8 mg of pyr idoxine . 
Most of it is stored in two t issue compart
ments . T h e bulk, 9 0 % , resides in a s low 
turnover compartment wi th a half- l i fe of 
nearly 33 days, representing tightly b o u n d 
tissue stores. T h e remaining 1 0 % is h e l d in 
a fast-turnover compartment wi th a half-
life of about 16 hours . During this t ime, the 
exogenous vi tamin is e i ther excreted or 
turned over to the s low compartment for 
storage. T h e major part is stored in muscle, 
l iver and b l o o d . 2 3 7 

Causes of Deficiency. In addit ion to in
adequate dietary intake, tropical sprue and 
alcohol interfere wi th its absorption. Sev
eral things increase the n e e d for v i tamin B 6 

including oral contracept ives , pregnancy 
and lactation, excess ive a lcohol c o n s u m p 
tion, anti tubercular drugs, cort icosteroids , 
hyperthyroidism, and uremia. 

The majority of oral contraceptive users 
had abnormal tryptophan metabol i sm 
characterist ic of pyr idoxine def ic iency; the 
estrogenic c o m p o n e n t of the contracept ive 
pil l was r e s p o n s i b l e 2 2 1 wi th no ev idence of 
impaired absorbt ion . 2 0 0 There is no k n o w n 
contraindicat ion to regularly supplement
ing the diet of oral contracept ive users 
with 5-10 mg of vi tamin B 6 daily, except 
minimal cost; to many individuals , there 

are important advantages. Oral supple
mentat ion of at least 10 mg per day of vit
amin B 6 i s strongly r e c o m m e n d e d for 
those taking an oral contracept ive . 

During p regnancy and lactat ion, the re
quirement for pyr idox ine is markedly in
creased. Augment ing the bas ic 2 .0 mg R D A 
of v i tamin B B by 2.5 mg to a total of 4 .5 mg 
daily was not suff ic ient to raise the b l o o d 
level of pyr idoxal phosphate in pregnant 
w o m e n to that found in nonpregnant 
w o m e n ; the metabol i c basis for this in
creased n e e d was not ident i f i ed . 6 8 Obstetri 
c ians have used supplementa l pyr idox ine 
to combat the nausea and vomit ing of early 
pregnancy for m a n y y e a r s . 8 1 , 2 3 0 Dr. Travell 
found that one or two in t ramuscular in jec
t ions of 1 0 0 mg of pyr idox ine m a y 
promptly terminate these c o m m o n dis
tressing symptoms of early pregnancy. Vi
tamin B 6 therapy also has provided effec
tive prophylax is against mot ion s ickness in 
nonpregnant individuals , both adults and 
chi ldren . 

T h e strong associat ion of pyr idoxine defi
c iency wi th excessive alcohol consumption 
i s widely r e c o g n i z e d . 6 2 , 1 6 0 , 2 3 0 Pyr idoxine de
ficiency is aggravated in a lcohol ics by (1) a 
reduced dietary intake of the v i tamin 
through substitution of a lcohol for food, 
(2) by impaired absorption of the natural di
etary forms of vi tamin B 6 , and (3) by inter
ference with the convers ion of vi tamin B 6 to 
the active phosphorylated form by both the 
a lcohol and liver disease. Aceta ldehyde, an 
oxidat ion product of ethanol , interferes with 
the metabol i sm of v i tamin B 6 by promoting 
the degradation of pyridoxal p h o s p h a t e . 2 4 0 

Two ant i tubercular drugs, i son ico t in ic 
ac id hydrazide (INH or isoniazid) and cy
c loser ine , are potent pyr idox ine antago
n i s t s . 2 5 4 S y m p t o m s of p y r i d o x i n e defi
c i e n c y due to INH interact ion can be 
prevented by 50 mg/day of oral pyr idox
i n e ; 2 5 4 h igher doses are l ikely to neutra l ize 
the ef fect iveness of the INH. 

S u p p l e m e n t a l cort icosteroids increase the 
n e e d for pyr idoxine . 

T h e n e e d for v i tamin B 6 i s increased in hy-
perthyroid p a t i e n t s . 1 0 2 , 2 3 0 

Pyridoxine deficiency often occurs in both 
dialyzed and undialyzed uremic patients. 

Therapy. Pyr idoxine is avai lable over-
the-counter in 10- , 2 5 - and 50-mg tablets , 
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and in larger amounts by prescr ipt ion. Par
enteral pyr idox ine hydrochlor ide is sup
pl ied in vials of 10 and 30 ml in a c o n c e n 
tration of 1 0 0 m g / m l . d A single 
in t ramuscular in jec t ion of 1 0 0 mg of pyri
d o x i n e effect ively raises the serum level of 
the v i tamin . 

An adequate pyr idox ine supplement i s 
n e e d e d for individuals w h o eat marginal or 
poor diets , those w h o have relat ively high 
prote in intake , pregnant and lactating 
w o m e n , and those on an oral contracep
t ive. Interact ions wi th other drugs also can 
be important . Pharmacolog ica l doses of vi
tamin B 6 , ranging from 1 0 - 1 0 0 mg or more 
daily, are indica ted for the pyr idoxine-de-
p e n d e n t condi t ions descr ibed and are non
tox ic . A B - 5 0 v i tamin s u p p l e m e n t conta ins 
50 mg of pyr idox ine and is an ample daily 
dose to protect nearly all individuals from 
pyr idox ine insuff ic iency. That supplement 
can be taken indef ini te ly as an inexpens ive 
form of hea l th insurance . 

Doses of 5 0 0 mg per day given chroni 
cal ly (6 m o n t h s or longer) produce a pe
r ipheral sensory neuropathy and a t a x i a . 2 3 3 

Doses over 1 0 0 mg per day are u n n e c e s 
sary. Doses as l o w as 2 0 0 mg per day have 
produced a sensory n e u r o p a t h y , 2 0 2 and 
const i tute a warning against the use of s u c h 
high pharmacologic doses of the v i tamin. 

Cobalamin (Vitamin B12) and Folic Acid 
Cobalamin and folic ac id are cons idered 

together b e c a u s e their metabo l i sm and 
funct ion are int imate ly l inked. T h e s e two 
i n d e p e n d e n t l y essent ia l e n z y m e cofactors 
(essential b e c a u s e they must be suppl ied 
by exogenous sources as they cannot be 
synthes ized by h u m a n s ) are required for 
DNA synthes is in erythropoiesis and in 
rapidly dividing ce l ls such as those in the 
gastrointest inal tract, and for fatty ac id 
synthes is that is cr i t ical for nerve m y e l i n 
formation. 

Discovery of Vitamins B12 and Folic Acid 

In 1926, Minot and Murphy success
fully treated pernicious anemia by feed
ing patients liver. Previously, the disease 

'Hexa-Betalin, Pyridoxine hydrochloride injection, Eli Lilly 
& Co., Medical Department, 307 East McCarty St., Indi
anapolis, IN 4 6 2 0 6 . 

had been invariably fatal.2 2 In 1948, the 
responsible agent, a cobalamin, was fi
nally discovered and crystallized. 
Hodgkin won the 1964 Nobel Prize in 
Chemistry for delineating the structure of 
this complex molecule. Its central cobalt 
atom is linked to a variable anionic group. 
This group is -CN in cyanocobalamin (the 
common synthetic form), -OH in hydroxo-
cobalamin (the major form in plasma), 
and -CH3 in methylcobalamin. At least 
three other forms are known. 1 2 1 It has 
been officially recommended 7 3 that the 
term vitamin B 1 2 be reserved specifically 
for the cyanocobalamin form; "cobal
amin" may apply to any of its forms. 
Methylcobalamin and 5'-deoxyadeno-
sinecobalamin are the only two forms of 
the vitamin known to be physiologically 
active. 1 2 4 Cyanocobalamin is physiologi
cally inactive and must be converted to 
other forms, first to be absorbed, and then 
to be metabolically useful. 

Understanding of the overlapping con
tributions of folic acid and vitamin B 1 2 to 
the etiology of macrocytic anemia evolved 
slowly. Pteroylglutamic (folic) acid was 
purified in 1943 by Stokstad and was 
crystallized from liver in the same year by 
Pfiffner and associates. By 1948, Angier 
and his coworkers synthesized it and 
identified its structure. It then became 
clear that folic acid was the Wills factor, 
the vitamin M previously found in dry 
brewers' yeast, and the vitamin Bc of yeast 
identified in chick experiments. 1 2 1 

Role in Myofascial Pain Syndromes. 
Vitamin B 1 2 and folate insuff ic iency and 
def ic iency states can be seen in chronic 
myofasc ia l pa in syndromes . In one study 
o f chronic M P S and f i b r o m y a l g i a , 1 6 % o f 
57 myofasc ia l pain subjects tested for vita
m i n B 1 2 had serum levels be low 2 6 1 pg/ml, 
w h i l e 3 of 7 ( 4 3 % ) fibromyalgia syndrome 
(FMS) patients (without myofascia l trigger 
points) h a d vi tamin B 1 2 levels be low 258 
p g / m l . 9 5 Ten percent of the M P S subjects 
h a d low serum or erythrocyte folate levels. 
T h e s e f igures , w h i c h are more convincing 
for M P S than for F M S because the F M S 
numbers are so smal l , are suggestive of a 
re la t ionship be tween the effects of low vi
tamin B 1 2 and/or folic ac id and the persis-
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tence of chronic M P S . Two of the three 
F M S subjects with v i tamin B 1 2 def ic iency 
cleared complete ly wi th coba lamin re
placement (Gerwin, unpubl i shed data). 

An explanat ion of w h y inadequacy of 
either of these two vi tamins w o u l d aggra
vate the painfulness of TrPs is not c lear 
and needs research investigation. Lack of 
these vi tamins reduces b lood cel l produc
tion. T h e b lood cel ls transport oxygen to 
muscles , oxygen that is essential for their 
energy metabol ism. A severe local energy 
crisis exists in the region of the dysfunc
tional endplates of TrPs. T h e cris is re leases 
substances w h i c h sensit ize local n o c i c e p 
tors, causing pain and local tenderness . 
Anything that aggravates the energy cris is 
by intensifying the hypoxia w o u l d be ex
pected to increase the noc iceptor sensit iv
ity. T h e extent to w h i c h this increased 
sensit ization feeds back to increase acetyl
chol ine release from the nerve terminal 
would further aggravate the TrP dysfunc
tion. W h e n and h o w this second step also 
occurs should be resolvable wi th appropri
ate research exper iments . 

In addit ion, the role of both v i tamin B 1 2 

and folic acid on nerve funct ion raises the 
possibil i ty that these v i tamins produce 
central or peripheral nerve dysfunct ion 
that predisposes to altered n e r v e / m u s c l e 
junct ion or motor endplate dysfunct ion 
(see Chapter 2 , Part D). That v i tamin B 1 2 in
adequacy or def ic iency causes a myelopa
thy has long been kno wn. I t is n o w k n o w n 
that there is also a peripheral neuropathy 
associated wi th vi tamin B 1 2 deficiency. 
Fol ic acid def ic iency has also been re
ported to cause a peripheral neuropathy 
that is less c o m m o n than that seen wi th vi
tamin B 1 2 d e f i c i e n c y . 3 5 , 3 6 Neuropathy i s as
sociated with increased TrP i r r i t a b i l i t y . 5 9 , 6 0 

The m e c h a n i s m in M P S patients i s not 
clear. 

Persons with acute lumbar or cervical 
radiculopathy can present wi th an acute 
M P S before there is any c l in ica l sign of 
radiculopathy. L ikewise , post lumbar- lam-
inectomy scarring wi th nerve root entrap
ment can present wi th M P S in the distrib
ution of the entrapped nerve root. T h e s e 
observations, made by Dr. Gerwin, support 
the concept that at least some cases of M P S 
are the result of nerve injury. By analogy, it 

may be that metabol i c nerve dysfunct ion 
(injury) can also result in the formation or 
the pers is tence of the myofasc ia l trigger 
point . 

Functions. Cobalamins serve n u m e r 
ous essent ial metabo l i c funct ions that in
c lude (1) deoxyr ibonuc le i c ac id (DNA) syn
thesis , (2) regenerat ion of in tr ins ic folate, 
w h i c h is also cr i t ical to the synthes is of 
DNA, (3) the transport of folate to, and its 
storage in , ce l l s , (4) fat and carbohydrate 
metabol i sm, (5) prote in metabol i sm, and (6) 
the reduct ion of sulfhydryl groups. S i n c e 
coba lamin and fol ic ac id are required for 
the synthes is of DNA, both are necessary for 
normal g r o w t h 1 2 1 and t issue repair. 

Fola te def ic iency impairs the s y n t h e s i s 
o f d e o x y r i b o n u c l e i c a c i d , causing mega-
loblastosis in all dupl icat ing ce l ls of the 
body, most c o m m o n l y observed in b o n e 
marrow ce l l s . T h e impaired hematopoies i s 
produces a pancytopenia . 

The cobalamins are involved in both fat 
and carbohydrate metabolism since the 
conversion of methylalanate to succinate 
is cobalamin-dependent. It has been pro
posed, but not proved, that the neurologi
cal deficits characteristic of cobalamin 
deficiency are due to compromise of the 
lipid portion of the lipoprotein myelin 
sheath surrounding the affected nerve 
fibers. In both the central and peripheral 
nervous systems, cobalamin deficiency is 
associated with inadequate myelin syn
thesis that leads to, first, demyelination, 
then axonal degeneration, and finally 
neuronal death. 1 4 Comparable neurologic 
disease is less frequently caused by folate 
deficiency. 1 2 1 Lesions of the myelinated 
peripheral nerves due to cobalamin defi
ciency occur more frequently and earlier 
than the central nervous system lesions of 
the myelinated posterior and lateral cords 
of the spinal column. The latter advanced 
deficiency is known as subacute com
bined degeneration, combined system 
disease, posterior lateral sclerosis, or fu
nicular degeneration. 1 2 1 

The metabolic pathways of vitamin B 1 2 

and folic acid are intertwined. Cobalamin 
is essential for the methylation of homo
cysteine to methionine through a reaction 
involving methionine synthase, for which 
methylcobalamin (Me-Cbl) is the cofactor. 
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The conversion of homocysteine to me
thionine is a key reaction in the synthesis 
of DNA, and requires both Me-Cbl and 
tetrahydrofolate (THF). The methyl donor 
is Me-THF (methyltetrahydrofolate). Folic 
acid is stored intracellularly as a polyglu-
tamate, which is the form that is also nec
essary for its enzyme cofactor function. 
When cobalamin is lacking, Me-THF can
not be demethylated, an essential conver
sion prior to polyglutamation. Hence, the 
polyglutamated form of THF is decreased 
in serum and intracellularly when Cobal
amin is inadequate. In cobalamin insuffi
ciency, Me-THF cannot proceed through 
the steps of methyl-group transfers to 
ultimately convert deoxyuridylate to 
thymidylate, thus impairing DNA synthe
sis. However, THF can correct the impair
ment of thymidylate synthesis in vitamin 
B12 deficiency. 1 2 7 There is evidence to sug
gest that impairment of methionine syn
thesis may lead to peripheral neuropathy 
in cobalamin deficiency. 1 0 7 , 2 8 1 Methionine 
is metabolized to S-adenosylmethionine, 
which is required for myelin synthesis. 

Serum vitamin B 1 2 has two fractions, one 
bound to transcobalamin II, the transport 
protein for Cobalamin, and haptocorrine, 
its storage protein. Depletion of vitamin B 1 2 

first produces a fall in holo-transcobal-
amine II (cobalamin attached to transcobal
amin II), before there is a decrease in hapto
corrine or serum cobalamin levels. 1 1 4 When 
homocysteine cannot be converted to me
thionine, or methylmalonyl-CoA to suc-
cinyl-CoA, because of a shortage of cobal
amin, there is an accumulation of both 
homocysteine and methylmalonic acid. 

Fola te is cr i t ical to deve lopment of the 
bra in and essent ia l for its normal funct ion
ing after b i r t h . 1 7 8 

Insufficiency. T h e symptomatology of 
a marginal amount of cobalamin in the 
b o d y m a y be h ighly variable and difficult 
to interpret . Nonspec i f i c depress ion, fa
t i g a b i l i t y and increased suscept ib i l i ty to 
myofasc ia l TrPs are l ike ly to predominate . 
An exaggerated startle react ion to u n e x 
pec ted noise or t o u c h is occas iona l ly a 
he lpful guide. 

Insuf f ic iency of folate i s the most c o m 
m o n v i tamin inadequacy a n d among those 

inadequac ies l ikely to perpetuate myofas
cial TrPs. T h e symptoms descr ibed by pa
t ients wi th myofasc ia l pain w h o have mar
ginal ly low serum folate levels are s imilar 
in k ind to, but less intense than, many of 
the symptoms reported by patients with 
obvious neurologic disorders responsive to 
fol ic ac id therapy. Increased muscular irri
tabil i ty and suscept ibi l i ty to myofascial 
TrPs are c o m m o n l y observed in patients 
wi th low normal ( lowest quartile) or sub
normal serum folic ac id levels . T h e y tire 
easily, s leep poorly, and feel discouraged 
and depressed. In our exper ience , these pa
t ients also frequently feel co ld and have a 
r e d u c e d basal temperature , as do patients 
wi th thyroid hypofunct ion ; their symp
toms are often rel ieved by mult ivi tamin 
therapy inc luding folic acid. 

Deficiency. Prompt recognit ion and 
resolut ion of coba lamin and/or folate defi
c i e n c y is of utmost importance to the pa
tient from the general health point of view. 
It is also essent ial for effective manage
ment of their myofasc ia l TrPs. I t n o w ap
pears that neurological ly cobalamin defi
c i e n c y has the greatest impact on the cord 
and peripheral nerves , whereas folate defi
c i e n c y is more l ikely to be associated with 
menta l disorders that concern affect and 
i n t e l l e c t . 1 2 1 

T h e c l in ica l presentat ions of mega
loblast ic anemia (pernicious anemia) and 
the neurologic dysfunct ion that is caused 
by vi tamin B 1 2 def ic iency occur as two dis
t inct s y n d r o m e s , 2 4 1 al though there is a con
siderable overlap in that 6 7 % of persons 
wi th pernic ious anemia with pancytopenia 
wi l l have some neurologic disorder . 2 4 5 

Neurologic dysfunct ion can occur in the 
absence of megaloblast ic anemia , and 
progress independent ly o f i t . 1 1 2 , 1 4 1 S y m p 
toms are those of c o m b i n e d degeneration 
of the spinal cord, w h i c h inc lude loss of vi
bratory and posi t ion sense (posterior 
spinal cord c o l u m n funct ions) and weak
ness and spast ic i ty (lateral spinal cord col
u m n motor funct ions) , and of peripheral 
neuropathy. T h e latter is both an axonal 
and demyel inat ing neuropathy 1 7 6 that 
tends to be predominantly , but not exc lu
sively, sensory. Gait ataxia and spasticity 
wi th weakness produce neuromuscular 
stress in addit ion to that of the nerve dis-
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order itself, and may further predispose to 
myofascial TrP formation. Diarrhea, sore 
tongue and other gastrointest inal c o m 
plaints, reflect the disturbance of DNA syn
thesis in the rapidly dividing cel ls of the 
gastrointestinal tract. Const ipat ion occurs 
w h e n bowel moti l i ty is impaired. Fat igue, 
syncope, personal i ty change and m e m o r y 
loss are less specif ic symptoms that raise 
suspic ion o f vi tamin B 1 2 deficiency. Addi 
tional symptoms of coba lamine def ic iency 
are seen in more severe cases that are not 
l ikely to present as m u s c l e pain syn
dromes, and inc lude dement ia , visual loss , 
and psychosis . T h e neurologic symptoms 
were once thought to be related to an ab
normality of fatty ac id metabol i sm and ab
normal myel in formation, but more recent 
studies indicate that impairment of m e 
thionine synthesis is more l ikely to be the 
cause of the neuropathy . 2 6 3 

Pernic ious anemia due to cobalamin de
f ic iency occurs in 1 - 3 % of persons of Euro
pean ancestry over the age of 6 0 , 5 5 and is 
more c o m m o n in younger persons , espe
cial ly w o m e n , of Hispanic and Afr ican an
cestry. 4 9 , 2 5 1 Def ic iency o f both v i tamin B 1 2 

and folic ac id is m u c h more prevalent in 
the elderly populat ion, v i tamin B 1 2 defi
c iency occurring in as many as 4 0 % of sub
jects as determined by measuring h o m o 
cysteine and methy lmalon ic ac id l e v e l s . 1 3 4 

1 6 1 , 2 9 4 F ive percent of heal thy e lderly and 
1 9 % of hospital ized elderly were defic ient 
in folic acid. In the cases of both v i tamin 
B 1 2 and folic ac id , metabol ic def ic iency 
was found in subjects w h o s e serum vita
min levels were wi th in the accepted range 
of normal . T h e causes of the def ic iency 
states were more often dietary than lack of 
gastric intr insic factor. T h e Sch i l l ing test is 
more often normal than not in elderly per
sons with low cobalamine levels , but with
out megaloblast ic a n e m i a . 2 3 2 

Abnormali t ies of absorption, whether 
due to endogenous disorders (e.g., achlor-
hydria) or parasit ic infect ions and gastroin
testinal diseases that impair absorpt ion 
like Crohn's disease, can result in cobal 
amin def ic iency. 8 6 

Folic acid def ic iency is associated wi th 
fatigue, diffuse muscular pain, and rest less 
legs . 3 5 In addit ion, megaloblast ic anemia , 
depression, peripheral sensory loss , and 

diarrhea can occur. A subnormal serum fo
late level in t ime causes megaloblast ic 
h e m a t o p o i e s i s 1 1 7 and anemia . T h e differen
tial diagnosis of a n e m i a is we l l descr ibed 
by H e r b e r t . 1 1 9 E v i d e n c e of per ipheral neu
ropathy was found i n 2 1 % o f o n e group o f 
folate-deficient p a t i e n t s . 2 4 4 S imi lar f indings 
in another group r e s p o n d e d to folic ac id 
therapy. 3 7 Fo la te def ic iency a lone can 
cause signs and symptoms of subacute 
c o m b i n e d degenerat ion of the cord, as in 
v i tamin B 1 2 d e f i c i e n c y . 3 6 , 1 0 6 , 2 0 7 , 2 0 8 

Experimental deprivation of folate for 6 
m o n t h s 1 1 5 , 1 1 6 produced the following ef
fects: in 3 weeks, low serum folate; in 7 
weeks, hypersegmentation of polymor
phonuclear leukocytes; in 14 weeks, 
increased urinary excretion of formi-
minoglutamic acid; in 18 weeks, low 
erythrocyte folate and macroovalocytosis; 
and in 19 weeks, megaloblastic bond mar
row and anemia. During the fourth 
month, sleeplessness and forgetfulness 
appeared and gradually increased 
through the fifth month. The mental 
symptoms disappeared within 48 hours 
after starting oral folic acid therapy. 1 1 5 , 1 1 6 

A disproport ionately high percentage of 
psychiatr ic pat ients are fol ic ac id defi
c i e n t . 5 2 , 1 3 9 , 2 6 6 Depress ion i s their mos t 
probable psychiatr ic d iagnos i s . 5 2 T h e pain 
these patients c o m p l a i n of is l ikely to be 
due to TrPs. 

Dependence. Moderate i m p a i r m e n t of 
one of the metabo l i c pathways that re
quires cobalamin results in a need for 
more than the usual amount of c o b a l a m i n 
and, depending on w h i c h coba lamin-de-
pendent e n z y m e is involved , may or m a y 
not s h o w l o w serum levels of the v i t a m i n . 6 

Congenital abnormalities in folate-de-
pendent pathways are generally seen ini
tially in children with severe and often ir
reversible mental retardation and/or 
megaloblastic anemia. Some are greatly 
improved by megadoses of folic acid or 
folacin. Liver enzyme studies revealed a 
markedly decreased activity of 5-methyl-
tetrahydrofolate transferase. 2 1 7 Patients 
with methylenetetrahydrofolate reduc
tase deficiency exhibit homocystinuria re
sponsive to folate therapy. In contrast, 
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cystathionine synthase deficiency, which 
also causes homocystinuria, requires sup
plemental vitamin B 6 . 8 4 , 1 2 4 , 1 9 6 , 2 2 4 Defi
ciency of glutamic formiminotransferase 
is less rare and blocks the formation of 
glutamate from his t id ine 8 4 , 1 2 4 causing in
creased excretion of formiminoglutamate 
(FIGLU) in the ur ine . 1 9 6 , 2 2 4 Incomplete ex
pression of such congenital enzyme defi
ciencies can significantly increase the di
etary folate requirements of an individual. 

Laboratory Tests and Diagnosis. In an 
appropr ia te c l i n i c a l sett ing, i n c l u d i n g 
a n y pat ient w h o has c h r o n i c M P S , espe
c ia l ly w i t h lass i tude , easy fatigabil i ty, 
c o n s t i p a t i o n , and i m p a i r e d v ibrat ion 
sense i n the toes , v i t a m i n B 1 2 a n d fo l ic 
ac id leve ls s h o u l d be ob ta ined , as w e l l 
as erythrocyte folate . W h e n the vi ta
m i n B 1 2 level i s 3 5 0 p g / m l o r lower , s e r u m 
a n d u r i n e h o m o c y s t e i n e a n d m e t h y l 
m a l o n i c ac id leve ls s h o u l d be obta ined . I f 
these va lues are n o r m a l , and there is 
strong c l i n i c a l s u s p i c i o n o f v i t a m i n B 1 2 

def i c iency , c y s t a t h i o n i n e and h o l o -
t r a n s c o b a l a m i n II (HTC II) levels s h o u l d 
be obta ined . T h e S c h i l l i n g test i s useful 
in p l a n n i n g m a i n t e n a n c e t rea tment , as i t 
addresses the abi l i ty of the i n d i v i d u a l to 
absorb oral v i t a m i n B 1 2 , but o n e m u s t 
h e e d the caut ionary s ta tements m a d e be 
low, that i t can be n o r m a l even w h e n 
there i s i m p a i r e d absorpt ion . 

T h e diagnosis o f cobalamin def ic iency 
had been cons idered relat ively easy to 
m a k e in the past . Megaloblast ic a n e m i a or 
signs of subacute c o m b i n e d degenerat ion 
of the spinal cord and neuropathy, a 
smooth tongue, and l e m o n - y e l l o w skin 
suggested the diagnosis that was con
f irmed by a low serum level of v i tamin B 1 2 . 
We n o w k n o w that the presentat ion of 
c o b a l a m i n def ic iency can be m u c h more 
subt le , and that the assay of serum levels 
o f v i tamin B 1 2 a lone can be insuff ic ient to 
m a k e the d i a g n o s i s . 2 1 2 Indeed, several of 
Dr. Gerwin 's cases presented only wi th fa
t igue, disturbed s leep and diffuse m u s c l e 
pain, all o f w h i c h improved with cobal 
a m i n replacement . 

Vi tamin B 1 2 serum level determinat ions 
use compet i t ive inhib i t ion of radiolabeled 
c o b a l a m i n and cobalamin-b inding prote ins 

by serum cobalamin . Assay kits containing 
R b inding proteins that b ind other cobal
amin analogues wi l l result in falsely 
higher values of v i tamin B 1 2 , even into the 
normal range, w h e n there is cobalamin de
ficiency. Even laboratory tests using puri
f ied intr ins ic factor wi l l result in false-neg
ative tests , indicat ing normal vi tamin B 1 2 

levels w h e n there is deficiency. Noncobal-
amin corr inoids that are inact ive ana
logues of v i tamin B 1 2 can falsely elevate 
serum B 1 2 levels i f the assay method does 
not use pure intr insic factor. Large 
amounts of v i tamin C or other reducing 
agents can destroy vi tamin B 1 2 , giving 
falsely low v a l u e s . 1 2 0 , 2 4 3 Acquired 
i m m u n o d e f i c i e n c y syndrome can also give 
falsely low serum values of c o b a l a m i n . 1 4 5 

Studies have s h o w n that persons with vit
amin B 1 2 levels in the normal range can 
have other laboratory or c l in ica l evidence 
of v i tamin B 1 2 deficiency. In one study, 
1 4 % o f persons with vi tamin B 1 2 levels i n 
excess o f 3 5 0 pg/ml had B 1 2 def ic iency . 1 9 7 

T h e diagnosis o f v i tamin B 1 2 def ic iency 
cannot be made rel iably only by measuring 
serum vi tamin B 1 2 levels . Measurements o f 
other metabol i tes involved in cobalamin-
related metabol ic pathways have been 
used to refine the diagnosis and make it 
more rel iable . Cobalamin is essential in the 
convers ion of h o m o c y s t e i n e to methion
ine , a react ion that is folate-dependent , and 
in the convers ion of methylmalonyl -CoA 
to succ inyl -CoA, a react ion that is folate in
dependent . H e n c e , in cobalamin defi
c i e n c y both homocys te ine and methyl
m a l o n i c ac id wi l l accumulate in the serum 
and ur ine , w h i l e only homocys te ine accu
mulates in folic ac id def i c iency . 2 1 2 Mea
surement of both serum and urine levels of 
h o m o c y s t e i n e and methy lmalon ic acid not 
only identify the metabol ic defic iency 
state, but serve to differentiate between 
folic ac id and vi tamin B 1 2 deficiency. Mea
surement of HTC II (a b inding protein that 
funct ions in the transport of cobalamin) 
wi l l identi fy early or mi ld cases of cobal
amin def i c iency . 1 2 3 Cystathionine, a 
metabol i te of h o m o c y s t e i n e , is elevated in 
both v i tamin B 1 2 and folic ac id defi
c i e n c y . 1 3 4 T h e deoxyur idine suppression 
test , measur ing suppress ion of radiola
be led coba lamin into DNA, is a very sensi-
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tive indicator of v i tamin B 1 2 or fol ic ac id 
def ic iency. 5 0 However, it is an in vitro test 
performed on bone marrow, and is not 
readily ava i lab le . 2 4 1 

Addit ional information about the status 
of vitamin B 1 2 can be obtained by evaluat
ing antibodies to intr insic fac tor 5 5 and to 
gastric parietal c e l l s . 2 3 6 Ant ibodies to in
trinsic factor are present in over ha l f of per
sons with pernic ious anemia , but are lack
ing in diagnostic sensit ivity because they 
are absent in approximate ly 40% of per
sons with pernic ious anemia . Antiparietal 
cel l antibodies are present in about 90% of 
persons with pernic ious anemia , but lack 
specificity for the diagnosis . Nevertheless , 
these tests enhance the abil i ty to diagnose 
pernic ious anemia . T h e y do not address 
cobalamin def ic iency based on inadequate 
dietary intake. 

The Schi l l ing test is used to evaluate the 
cause of cobalamin def ic iency as a lack of 
absorption of vi tamin B 1 2 . T h e test assesses 
the absorption of an oral dose of radiola
beled v i tamin B 1 2 by measuring the frac
tion of the ingested dose that is excreted in 
the urine over 24 hours . T h e stage I test 
without intr insic factor should always 
be abnormal in pernic ious anemia , and 
should be corrected by the concurrent ad
ministrat ion of intr insic factor in the stage 
II test. However, the test has serious l imita
t ions, because the crystal l ine form of vita
min B 1 2 i s not the same as food-bound vit
amin B 1 2 , and i s absorbed more r e a d i l y 1 1 3 

Hence, the stage I Schi l l ing test can be nor
mal , even in the presence of pernic ious 
anemia, part icularly s ince only about 10% 
of the normal level of intr insic factor is 
needed to absorb v i tamin B 1 2 . A more 
physiologic stage I Sch i l l ing test is per
formed by adding the v i tamin to a raw egg 
and feeding the resultant omelet as the vi
tamin B 1 2 dose. 

Routine laboratory testing of folate lev
els in b lood serum and in b lood cel ls (tis
sue level) is n o w available. Normal h u m a n 
serum contains approximate ly 7-16 ng/ml 
of folate in the serum. Contrary to expecta
tion, among hospi ta l ized pat ients , a high 
mean corpuscular vo lume (MCV) of 95 cu 
mm or more had only an 0.18 correlat ion 
with folate deficiency, and therefore, 
would not have been useful to screen for 

i t . 1 0 5 In some of the pat ients , other condi 
t ions caused the macrocytos i s ; or b l o c k e d 
macrocytos is despite the folate def ic iency; 
in other pat ients , the t issue folate h a d not 
yet b e e n suff ic iently depleted to produce 
the macrocytos is . 

Low serum cholesterol levels were cor
related wi th low serum folate values at or 
b e l o w 6.2 n g / m l in 46 pat ients , r = 0.58. 
No such correlat ion was obta ined b e t w e e n 
coba lamin def ic iency and the serum c h o 
lesterol l e v e l . 3 0 L o w thyroid funct ion of 
thyroid (but not of pituitary) origin is 
l ikely to be associated wi th an increased 
serum c h o l e s t e r o l . 1 3 3 

Requirement. T h e dai ly requirement 
n e e d e d to mainta in body stores of v i tamin 
B a 2 i s b e t w e e n 1-6 u.g. 1 0 4 , 2 1 2 T h e entero-
hepat ic c i rculat ion is so frugal in conserv
ing v i tamin B 1 2 , that l ittle is lost each day. 
It can take near ly a year to deplete b o d y 
stores of c o b a l a m i n e . 2 2 

T h e total folacin act ivity r e c o m m e n d e d 
as a daily dietary a l l o w a n c e is 400 u.g/day 
for adults and adolescents . During preg
nancy, this a l lowance is set at 800 u,g/day 
and during lactat ion, 500 ug/day. 1 8 7 Evi
dence of depleted body stores of fo lac in 
appear in 2 m o n t h s and symptoms b e c o m e 
severe after 4 m o n t h s of fol ic ac id depriva
t i o n . 1 1 5 , 1 1 6 

Sources. A m o n g v i tamins , cobalamins 
are u n i q u e b e c a u s e the only pr imary food 
source is from bacteria . T h e c o b a l a m i n s are 
synthes ized by certa in microorganisms 
that are found in soi l , sewage, water, in
test ines , or rumen; herbivorous an imals 
d e p e n d entirely on microbia l sources for 
their c o b a l a m i n . 2 2 T h e v i tamin i s not found 
in vegetable food sources , and is avai lable 
to m a n only from animal food products or 
supplements . Brewers yeast , sti l l used by 
some as a source of B v i tamins , does not 
conta in v i tamin B 1 2 unless the yeast i s 
grown on a spec ia l coba lamin- conta in ing 
media . 

T h e dietary sources of folate are leafy 
vegetables (foliage), as the n a m e indica tes . 
S o u r c e s also i n c l u d e yeast , l iver a n d other 
organ meat , as we l l as fresh or fresh-
frozen u n c o o k e d fruit or fruit j u i c e , a n d 
l ightly c o o k e d fresh green vegetables , 
s u c h as b r o c c o l i and asparagus. Al though 
folates are ubiqui tous in nature , be ing pre-
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s imilar patients from their own homes , and 
in 5% of a younger control group. Physical 
disabi l i ty is seriously underest imated as a 
cause of impaired nutrit ion. Th is situation 
is c o m p o u n d e d by the social isolation, 
confus ion , and interacting drug effects to 
w h i c h the elderly are especia l ly p r o n e . 2 2 7 

One-third of all pregnant w o m e n in the 
wor ld develop a folate def ic iency so severe 
that they have megaloblast ic a n e m i a . 1 1 9 I f 
the prevalence of folate deficiency is so 
high, espec ia l ly in vulnerable groups, how 
m a n y more individuals must have insuffi
cient folate nutr i t ion? T h e fol lowing study 
gives some idea of the proportion. Among 
2 6 9 pregnant l o w - i n c o m e patients in 
Gainesvi l le , F L , 1 5 % were deficient in 
serum folate (< 3 ng/ml) , and 4 8 % were 
low (insufficient) in serum folate (3-6 
ng/ml ) , on their f i rs t maternity v is i t . 1 5 Be 
sure to c h e c k your patients with chronic 
myofasc ia l TrPs for low normal or abnor
mal serum folate levels . 

Therapy. Vitamin B 1 2 is only derived 
from animal products , whereas folic acid is 
avai lable from both animal and vegetable 
foods. Persons on l imited diets of animal 
foods are at high r isk for vi tamin B 1 2 defi
c iency. Treatment of the def ic iency states 
m e a n s replenishing body stores of the nu
trients in quest ion and then maintaining 
t h e m at opt imal levels . In pernic ious ane
mia , t reatment is l ifelong. However, in di
etary deficiency, alteration of the diet may 
suffice, o n c e body stores have been replen
ished. It is general ly accepted that initial 
rep lacement of v i tamin B 1 2 i s by intramus
cular administrat ion of 1 0 0 0 ug of 
c y a n o c o b a l a m i n weekly, although some 
protocols speci fy daily dosing. Weekly in-
jec t ions of v i tamin B 1 2 , 1 0 0 0 ug, wil l gen
erally restore the body pool to normal lev
els . M o n t h l y in ject ions thereafter wil l 
usual ly mainta in adequate b lood levels of 
v i tamin B 1 2 . For those w h o can absorb vi
tamin B 1 2 , oral administrat ion of vi tamin 
B 1 2 5 0 0 - 1 0 0 0 (ug may mainta in serum lev
els , but serum levels o f v i tamin B 1 2 and of 
h o m o c y s t e i n e and methy lmalon ic ac id lev
els should be obtained at 6 m o n t h intervals 
for a per iod of 2 years to ensure that there 
i s adequate absorption of vi tamin B 1 2 , be
cause the Schi l l ing test is not a reliable 
predictor of absorption. Passive absorption 

sent in near ly all natural foods, they are 
h ighly suscept ib le to oxidat ive destruc
t ion; 5 0 - 9 5 % of the folate content o f foods 
m a y be destroyed in process ing and 
preparat ion. Al l folate is lost from ref ined 
foods , s u c h as hard l iquor a n d hard can
d i e s . 1 1 9 , 1 2 1 , 2 1 7 

Causes of Insufficiency and Deficiency. 
T h e c o m p l i c a t e d c h a i n o f events required 
for the absorpt ion of c o b a l a m i n presents 
m a n y l inks that can fail . Absorpt ion be 
gins w i t h the freeing of ingested coba l 
a m i n s f rom the i r po lypept ide l inkages in 
food by gastric ac id and by gastric and in
test inal e n z y m e s . T h e freed c o b a l a m i n s 
form c o m p l e x e s w i t h the in t r ins ic factor 
that i s p r o d u c e d by n o r m a l gastric 
parietal ce l l s . On reach ing a prote in re
ceptor on the microv i l l a r m e m b r a n e o f the 
t e rmina l i l e u m , in the p r e s e n c e o f i o n i c 
c a l c i u m a n d at pH about 6 , the coba l 
a m i n passes through the m u c o u s m e m 
brane into the portal v e n o u s b l o o d . T h e r e 
i t m u s t jo in the transport prote in , 
t r a n s c o b a l a m i n II, w h i c h carries i t to the 
l iver. 

Severa l drug interact ions m a y reduce 
serum coba lamin levels . Fola te is essent ial 
for several coba lamin-dependent meta
bol i c steps. Therefore , in the presence of a 
fol ic ac id defic iency, large doses of folic 
ac id increase the ut i l izat ion of coba lamin 
and, w h e n c o b a l a m i n reserves are a l ready 
depleted, can prec ipi tate a ser ious cobal 
a m i n defic iency. Drugs inc luding 
n e o m y c i n , c o l c h i c i n e , p -aminosa l i cy l i c 
ac id , s low-release potass ium chlor ide , 
b iguanide therapy (e.g., m e t f o r m i n ) , 1 4 2 , 2 1 8 ' 
2 7 1 and ethanol have been associated wi th 
malabsorpt ion of coba lamin . Persons in
gesting large doses of v i tamin C for long 
per iods m a y r isk coba lamin de f i c i ency . 1 1 9 

Tissue def ic iency in folate i s c o m m o n 
even in h i g h - i n c o m e states, in 1 5 % of the 
whi te populat ion and in over 3 0 % of the 
b l a c k a n d S p a n i s h - A m e r i c a n g r o u p s . 2 2 3 

T h e four c o m m o n e s t causes of folate defi
c i e n c y are advanced age (an increasing seg
m e n t of our popula t ion) , pregnancy or lac
tat ion, dietary indiscre t ion , and drug 
abuse , most c o m m o n l y o f a l cohol . 

In a s tudy of 2 1 0 elderly p a t i e n t s , 1 7 7 fo
late def ic iency was found in 2 4 % of those 
from h o m e s for the aged, in only 7 . 8 % of 
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of ingested vi tamin B 1 2 1 0 0 0 ug in the ab
sence of intr insic factor is suff icient to pro
vide about 3 ug/day. Th is has led to oral re
placement therapy, rather than using 
parenteral cyanocoba lamin , in persons 
with pernic ious anemia . Intranasal v i tamin 
B 1 2 gel is available as wel l . In s u c h in
stances, it is advisable to per iodical ly ob
tain serum B 1 2 levels to ensure that ade
quate cobalamin levels are mainta ined . 

S o m e persons cannot convert 
cyanocobalamin to hydroxocoba lamin be
cause of a genetic defect in coba lamin m e 
tabolism. T h e s e individuals do wel l wi th 
hydroxocobalamin given as rep lacement 
therapy. However, though used in the 
United States in the past, i t is no longer 
available except in Europe where its use is 
widespread. 

Folic acid replacement and mainte 
nance dose recommendat ions are deter
mined both by the daily requirement 
needed to m i n i m i z e the occurrence of 
neural tube defects in newborns , and by 
the concern that high doses of folic ac id 
will aggravate the neurological deficits of 
vitamin B 1 2 , and obscure the early hemato
logical signs warning of possible c o m b i n e d 
degeneration of the spinal cord by correct
ing the megaloblast ic anemia a lone. T h i s 
argument should not be val id because 
every phys ic ian should k n o w N O T to ad
minister folic ac id without checking the vi
tamin B 1 2 level . Daily intake of 4 0 0 ug of 
folic acid can aggravate the effects of vita
min B 1 2 deficiency, and wil l also reduce el
evated homocyste ine levels associated 
with folic acid deficiency. However, reduc
tion of elevated homocys te ine levels to the 
point that there is no increased mortal i ty 
from cardiac and cerebral t h r o m b o s i s 1 9 9 re
quires a higher daily dose of about 7 0 0 ug. 
Hence , a daily dose of 1 mg has been con
sidered adequate. Higher doses of fol ic 
acid may in fact be required, and may be 
determined by the level of h o m o c y s t e i n e , 
but should be given only i f v i tamin B 1 2 lev
els are normal as wel l . Patients should be 
cautioned that folic ac id absorption is im
paired by the s imultaneous ingest ion of 
antacids. 

In Dr. Gerwin's exper ience , fatigue and 
sleep disturbance improve after 2 -4 weeks 
of folate replacement therapy, and reduc

t ion in the irritabil i ty of myofasc ia l trigger 
points takes 4 - 6 weeks . 

Practical Considerations. Vi tamin B 1 2 

inadequacy or def ic iency s h o u l d be con
sidered in persons wi th c l in ica l ev idence 
of per ipheral neuropathy, in vegans or per
sons on a predominant ly vegetarian diet 
w h o do not s u p p l e m e n t their diet wi th vi 
tamin B 1 2 , diabet ics and others w h o may 
not absorb coba lamin , a n d in persons over 
the age of 5 0 , s ince gastric m u c o s a l atrophy 
is progressive as age increases and impairs 
v i tamin B 1 2 absorpt ion. Persons wi th a 
macrocyt i c anemia are also suspect . S e r u m 
levels o f v i tamin B 1 2 , serum folate a n d red 
b lood cel l (RBC) folate [which also requires 
a comple te b l o o d c o u n t (CBC)] are ob
ta ined. W h e n e v e r serum levels o f v i tamin 
B 1 2 are less than 3 0 0 pg/ml , supplementa 
t ion wi th c y a n o c o b a l a m i n should be given. 
W h e n serum levels are b e t w e e n 3 0 0 - 4 0 0 
pg/ml , serum and ur ine h o m o c y s t e i n e and 
m e t h y l m a l o n i c ac id levels are obta ined, 
and i f any one of t h e m are e levated, sup
plementa t ion should be given. I f the situa
tion is still unclear , (borderl ine or normal 
levels of h o m o c y s t e i n e or m e t h y l m a l o n i c 
ac id , but a high suspic ion) then cystathio
n ine and HTC II levels are obta ined. Intra
muscular adminis trat ion of cyanocoba l 
a m i n is given, 1 0 0 0 ug weekly , for 10 
weeks . Fo l i c ac id supplementa t ion is al
ways given along with c y a n o c o b a l a m i n , at 
1 mg/day orally. T h e Sch i l l ing test is an 
unre l iable indicator of oral absorpt ion of 
v i tamin B 1 2 , and oral supplementa t ion 
should a lways be m o n i t o r e d by subsequent 
serum levels of the v i tamin. 

It is wise to rout inely prescr ibe adequate 
amounts o f v i tamin B 1 2 and fol ic ac id to
gether, not just one . T h e y are both water 
soluble v i tamins , i n e x p e n s i v e , avai lable 
wi thout prescr ipt ion , a n d can be taken 
orally as a 5 0 0 mg tablet of B 1 2 and a 1 mg 
tablet of folic ac id daily. T h i s dosage is safe 
and effect ive. S o m e pract i t ioners are 
tempted to prescr ibe the v i tamins wi thout 
check ing the level of insuf f ic iency or defi
c iency. Knowledge of the laboratory values 
is important to unders tand the cause of the 
patient 's s y m p t o m s . I f the pat ient k n o w s 
that their v i tamin levels were inadequate 
with their customary diet (which ordinar
i ly w o u l d be cons idered an adequate diet) , 
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this informat ion can ident i fy an excep
t ional increased n e e d for the v i tamin. In 
that case , pat ients needs to k n o w that sup
p lementa t ion is essent ia l for t h e m for the 
rest of their l i fe. I f they d e p e n d on their 
previous diet a lone , their TrP perpetuating 
factor wi l l recur. Most pat ients require a lot 
of c o n v i n c i n g and re inforcement to change 
their eating habits substantial ly. 

Ascorbic Acid (Vitamin C) 
T h i s v i tamin is of c l in ica l impor tance to 

the m u s c l e s because i t can prevent m u c h 
postexerc i se m u s c l e soreness or st i f fness, 
i t corrects the increase in capi l lary fra
gility assoc ia ted wi th ascorbic ac id defi
c iency, and i t interacts strongly wi th n u 
m e r o u s other v i tamins important to m u s c l e 
funct ion. 

Discovery 

In 1928, Albert Szent-Gyorgyi isolated a 
chemical that protects some fruits against 
discoloration and infection when bruised. 
The chemical is now known as ascorbic 
acid, or vitamin C. 4 6 For its discovery, he 
won the Nobel Prize in 1937. 

Some birds 5 7 and a few mammals are 
unable to convert D-glycuronic acid to L-
ascorbic acid. Man, monkeys, the guinea 
pig, and the Indian fruit bat are unable to 
synthesize ascorbic acid, which makes 
them dependent on exogenous sources. 1 5 4 

Three exceptional guinea pigs out of sev
eral thousand were apparently able to 
synthesize it , 9 7 a capability occasionally 
observed in this species by other investi
gators; 1 5 9 a few people may possess a sim
ilar capability. 

Through recorded history, scurvy was 
the scourge of armies, explorers, and 
sailors on extended trips without fresh 
food, until they learned to include an ade
quate source of vitamin C, such as lime 
juice, in their diet. On one trip, Vasco da 
Gama lost 100 of 160 sailors from scurvy. 1 2 6 

Functions. Ascorb ic ac id is involved 
in a remarkable n u m b e r of essent ial b o d y 
funct ions , inc luding col lagen synthes is , 
degradation of amino ac ids , and the syn
thesis of two neurotransmit ters . Also , i t is 
one of the most act ive reducing agents 

k n o w n to occur natural ly in living tis
s u e ; 2 3 5 i t provides a ready source of hydro
gen atoms, s ince i t is easi ly o x i d i z e d . 2 8 4 

T h i s protects m a n y vital t issues from oxi
dat ion damage. 

T h e most abundant protein in mammals 
is collagen. It const i tutes nearly one-quar
ter of the protein in body t i s s u e s . 2 3 5 T h e 
strong reducing act ion of ascorbic ac id is 
n e e d e d for the hydroxylat ion of the amino 
acids lysine and prol ine to form the proto-
col lagen m o l e c u l e . Th is funct ion may be 
assisted by ascorbic ac id inhibi t ion of 
h y a l u r o n i d a s e . 4 5 At least two other impor
tant body c o m p o n e n t s have an amino acid 
sequence s imilar to col lagen; the Clq sub
c o m p o n e n t of c o m p l e m e n t and the base
ment m e m b r a n e o f c e l l s . 6 1 , 1 3 0 

Without vitamin C to provide the collagen 
needed for a firm vessel wall , the patient ex
periences marked capillary fragility and easy 
bruising, with diffuse tissue bleeding follow
ing only minor t rauma. 2 3 5 Scorbutic patients 
are especial ly liable to develop postinjection 
hematomas and ecchymoses , a complication 
of TrP injections that should be avoided. 

As an example of the structural impor
tance of vitamin C and of the unreliable 
clinical significance of normal laboratory 
values, the rate of healing of pressure sores 
was nearly doubled by increasing serum 
ascorbic levels within the normal range, 
from low normal to high normal levels. 2 6 2 

The low normal values were clearly sub-
optimal. Collagen (and therefore vitamin 
C) is essential for the deposition of cal
cium phosphate crystals to form bone. 2 3 5 

In the authors' clinical experience, vita
min C can be important in the treatment of 
low back pain, presumably because it im
proves the quality of the connective tissue. 

A 70-kg person on an average diet metab
olizes about 400 g of protein/day, of which 
100 g of amino acids undergo oxidative 
degradation in a complicated manner that 
provides the many building blocks for re
generation of protein structures. With no 
protein ingestion, some 30 g of indigenous 
protein continues to be oxidatively de
graded. Ascorbic acid is essential to the ox
idative degradation of two amino acids, 
phenylalanine and tyros ine . 6 1 , 1 2 6 , 1 5 4 
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stimulation of interleukin-6. 1 2 5 It may also 
stimulate lymphocyte transformation and 
polymorphonuclear leukocyte motility.8 

In the authors ' c l in ica l e x p e r i e n c e , 
ascorbic ac id he lps to terminate bouts of 
diarrhea due to food allergy, a n d to de
crease toxic i ty and TrP irritabil ity c a u s e d 
by c h r o n i c infect ion. 

T h e r e is ev idence of decreasing t issue 
levels of ascorbic ac id wi th increased age. 
Damage to m e m b r a n o u s cel l structures by 
l ipid peroxidat ion appears to contr ibute to 
the deteriorat ion of ce l l s in the absence of 
ascorbic acid's reduct ive protect ion of the 
t issue thiol g r o u p s . 1 3 0 , 2 0 3 Vi tamin C re
verses s o m e of the e lectrocardiographic 
f indings associated wi th increasing a g e . 5 8 

Defic iency in guinea pigs caused dys
trophic disorganizat ion of m u s c l e struc
tures , inc luding fragmentat ion of myofi la
m e n t s , swel l ing of m i t o c h o n d r i a and 
excess ive g l y c o g e n . 1 4 6 

The soreness and stiffness experienced 
the day after unusually strenuous exercise 
is prevented or markedly reduced by 1 g 
or more of ascorbic acid taken shortly be
fore, or at the time of, the exercise. Eccen
tric exercise is primarily responsible for 
this phenomenon. 1 9 3 Supplementation of 
3 g per day blunted reported soreness, the 
greatest effect occurring at the peak of the 
delayed-onset of muscle soreness. 1 3 8 This 
postexercise soreness is reviewed in the 
Appendix of Volume 2 of this manual and 
does not seem to be related to TrPs. 

Ascorbic Acid Insufficiency and Defi
ciency. In the Uni ted States , scurvy due to 
inadequate dietary intake of ascorbic ac id is 
most l ike ly to occur in smokers , a l coho l i c s , 
older people , infants fed pr imari ly on cow's 
m i l d (usually b e t w e e n the ages of 6 and 12 
m o n t h s ) , food faddists , and psychiatr ic pa
t ients . A series of 35 pat ients wi th a l cohol -
related i l lness h a d a 9 1 % prevalence o f 
ascorbic ac id def i c iency . 1 6 Antac ids destroy 
the ef fect iveness of ascorbic ac id a n d 
should be taken separately so they are not 
m i x e d in the s tomach. 

Scurvy develops after 4-7 m o n t h s of an 
insuff ic ient d i e t . 2 3 5 E lder ly pat ients , w h o 
were in a c h r o n i c disease hospi ta l a n d on 

This vitamin is required for the synthe
sis of the essential neurotransmitters nor
epinephrine and serotonin, 6 1 ' 1 2 6 both im
portant in the modulation of pain 
transmission in the central nervous sys
tem. Vitamin C is the only reducing sub
stance that specifically regulates dopamine 
beta-monooxygenase activity in chromaf
fin cells (adrenal gland medullary cells) in 
the synthesis of norepinephrine. 1 5 8 

Ascorbic acid is readily oxidized to 
dehydroascorbic acid, which retains 
8 0 % of its effectiveness, but further oxi
dation renders it inactive. 2 3 5 The vitamin 
also protects the tissue thiol (-SH) group, 
which is needed to convert plasma 
transferrin to liver ferritin, 6 1 enhances 
the absorption of iron in the gastroin
testinal tract, 2 3 5 and contributes to fatty 
acid metabolism through the synthesis 
of carnitine. 1 9 2 

In addition, the vitamin contributes to 
the stress responses of the body. Tissue 
levels in the adrenal gland parallel those 
of the corticosteroids; both decrease 
markedly in response to stress. 1 5 0 Since 
ascorbic acid participates in the synthe
sis of corticosterone and 17-hydroxycor-
ticosterone, adrenal stores of ascorbic 
acid may be depleted by its release to 
the circulation, by its utilization for the 
replacement of corticosteroids, or 
b o t h . 1 3 0 2 3 5 

Ascorbic acid is important to enzymes 
that protect animals from some toxic sub
stances. It has protected experimental an
imals against the formation of bladder tu
mors by 3-hydroxyanthranilic acid and 
against the hepatotoxic combination of 
sodium nitrite and aminopyrene. 1 3 0 

Increased susceptibility to infectious 
diseases has been observed consistently 
among people with scurvy. 1 2 6 The claim 
by Linus Pauling 2 0 4 that megadoses of vit
amin C protect from the common cold 
generated much controversy. The im
mune systems of female children and 
young female adults are apparently more 
responsive to ascorbic acid than are those 
of males. 2 3 5 The vitamin does influence 
the immune system, but its role remains 
unclear. 2 8 0 Ascorbic acid combined with 
acetylsalicylic acid caused a significant 
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an inst i tut ional diet wi th little fresh fruit 
had an average w h o l e b lood vi tamin C 
level of only 0 .35 mg/dl . Eight ounces of 
orange ju i ce daily ra ised the level to 1.52 
m g / d l . 5 4 

Decreased absorpt ion of ascorbic ac id is 
seen in diarrheal diseases , and increased 
ut i l izat ion occurs in thyrotoxicos is . A fre
quent cause of v i tamin C def ic iency is cig
arette s m o k i n g . 3 2 4 4 1 3 0 1 9 2 E i ther the smoker 
ut i l izes more ascorbic ac id , or less of the 
v i tamin is avai lable from the same dietary 
i n t a k e . 2 0 5 

T h e symptoms of f rank scurvy are easi ly 
diagnosed w h i l e border l ine or subc l in ica l 
cases are difficult to r e c o g n i z e . 2 3 5 Initially, 
scorbut ic pat ients present wi th nonspec i f i c 
symptoms of w e a k n e s s , lass i tude, irritabil
ity, and vague aching pains in the joints and 
m u s c l e s . T h e y m a y c o m p l a i n o f weight 
loss . As the disease progresses, they are 
aware of easy bruis ing a n d even hematomas 
in the skin and m u s c l e s . T h e gums b e c o m e 
swol len , red, and b leed easily. T h e teeth be
c o m e loose and m a y fall out. G u m symp
toms develop only in response to contact 
wi th irritants (plaque) on the teeth, and are 
absent in edentulous p a t i e n t s . 2 3 5 

Exper imenta l ly , the f irst sign of scurvy 
was per i fo l l icular hyperkeratot ic papules 
on the but tocks , thighs and legs, later on 
the arms and back . As the hairs b e c a m e 
bur ied in the papules , pe tech iae appeared 
around the l e s i o n s . 2 3 5 

Ascorbic acid blocks the formation of 
the carcinogen nitrosamine in vitro, and 
enhances the cytotoxic effectiveness of 
certain chemotherapeutic agents. Much of 
the speculation about the role of ascorbic 
acid in preventing or treating cancer is 
based on its ability to block nitrosamine 
synthesis. 

Laboratory Tests. Determinat ion of 
p l a s m a L-ascorbic ac id , based on its reduc
ing propert ies , is avai lable through m e d 
ica l l abora tor ies . 1 2 6 A s imple , l ingual 
screening test for ascorbic ac id def ic iency 
has b e e n d e v e l o p e d 1 6 4 , 2 9 1 and marketed." 

"Lingual Ascorbic Acid Test, Mineralab, Inc. Available 
through Medical Diagnostic Services, P.O. Box 1441, Bran
don FL 3 3 5 1 1 . 

Requirement and Sources. T h e body 
pool of ascorbic ac id averages about 1500 
mg, and the daily rate of metabol ism ap
proximates 3% of the exist ing body pool . 
At this rate, i t w o u l d require 45 mg/day to 
replenish the pool . Without any replace
ment , a f i l led body pool is depleted to the 
scorbut ic level in about 2 m o n t h s . 1 2 6 

In the Uni ted States , the basic recom
m e n d e d daily a l lowance is 2 0 0 mg/day. 

Ordinary farm animals , l ike horses and 
pigs, that synthesize ascorbic acid show 
average plasma concentrat ions of 0 .33-0 .40 
mg/dl . By compar ison , in man the value is 
stated a s : 1 2 6 

Well nour i shed > 1.0 mg/dl , 
Adequate ly nour ished 0 .6-1 .0 mg/dl , 
Poorly nour ished 0 .3-0 .6 mg/dl , 
Deficient < 0.3 mg/dl . 

Exce l lent potential sources of ascorbic 
ac id that conta in more than 1 0 0 m g / 1 0 0 g 
of raw food are brocco l i , Brussels sprouts, 
col lards , kale , turnip greens, guava and 
sweet peppers . Less r ich, but valuable, 
sources of ascorbic acid are cabbage 
and potatoes, because c o m m o n l y large 
amounts of these vegetables are e a t e n . 1 2 6 

Citrus fruits are wel l k n o w n to supply vit
amin C. T h e fresh ju ice of a large orange 
conta ins about 50 mg of the vi tamin; thus 4 
oranges w o u l d supply the 2 0 0 mg daily 
need . However, loss of the vi tamin in pro
cess ing or storage may be large. 

Canned tomatoes retain a high percent
age of their ascorbic acid content (20 mg/100 
g) because of the acid environment . 6 1 

Vitamin C is readily absorbed from the 
upper small intestine and excess is 
quickly excreted by the kidney, very little 
via other portals. There is no extensive 
storage. The maximum body pool ranges 
between 1.5 and 5 g, 9 9 but may be as low 
as 1 g.1 The half- life in man ranges from 
13-30 days; the larger the intake, the 
shorter the half-life. Following ingestion, 
the major portion of the vitamin is ex
creted through the urine, and also through 
the expired air;1 the latter pathway is of
ten overlooked. The adrenal cortex is one 
tissue that is normally richly supplied 
with ascorbic acid. 1 2 6 The human diges
tive tract absorbs ascorbic acid efficiently 
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at low levels of intake, but becomes less 
efficient at higher dose levels; approxi
mately 70% of 180 mg, 5 0 % of 1.5 g, and 
16% of 12 g is absorbed, respectively. Un-
absorbed vitamin C may cause diarrhea 
due to an osmotic effect. 1 2 6 

The concentration of isotope-labeled 
ascorbic acid in the adrenal gland, liver 
and kidney closely paralleled the decreas
ing concentration in the serum during the 
24 hours after intravenous injection in 
rats. 1 7 5 Values in the brain and in one mus
cle continuously increased throughout 
this period, suggesting that an active 
transport system was functioning. An
other muscle maintained a constant value, 
indicating that no active transport system 
was operating in it at that t ime. 1 7 5 Though 
an active transport system for water solu
ble vitamins including vitamin C has been 
demonstrated from serum into the cere
brospinal fluid (CSF) in humans, low CSF 
concentrations correlated with low serum 
levels. This suggests that high serum 
concentrations of vitamin C should be 
maintained to ensure high CSF concentra
tions. 2 6 1 

Causes of Deficiency. Cigarette smok
ing is a major cause of ascorbic acid defi
ciency and was demonstrated as such in 
guinea pigs placed on a cigarette smoker 
for 10 min twice daily. 8 5 After 28 days, 
both the smoking and control nonsmoking 
groups had equal concentrations of ascor
bic acid in the liver and testes, but its con
centration in the adrenal glands of the 
"smokers" was 29% less than for the con
trols and the body weight of the smokers 
was 30% less. 8 5 

A study of 17 human volunteers who 
smoked more than 20 cigarettes/day 
showed that they required 140 mg of vita
min C daily to maintain a steady state 
plasma ascorbic acid level compared to a 
daily intake of only 100 mg of ascorbic acid 
in nonsmoking controls. 1 3 7 Another study 
showed that smokers needed an additional 
65 mg/day of ascorbic acid on average to 
maintain serum levels equivalent to those 
of nonsmokers. 2 4 9 

Ascorbic acid is rapidly oxidized in wa
ter to dehydroascorbic acid, which is only 
80% as active as ascorbic acid biologically. 

Further oxidation renders it inactive. Oxi
dation in solution is accelerated by heat, 
light, alkalinity, and a metallic iron or cop
per vessel. This vitamin is highly soluble 
in water and is often discarded in the pot 
liquor of cooked foods. 

Treatment. Prescription of ascorbic acid 
can be based on the new recommended di
etary allowance of 200 mg/day. 1 5 7 At single 
doses of 500 mg and higher, the percent of 
vitamin C that was absorbed declined. Ab
sorption is complete at a dose of 200 mg, but 
less than 50% of a 1250 mg dose is absorbed. 
Plateau plasma vitamin C is nearly maximal 
with the ingestion of 200 mg/day with no ad
verse effects, and is maximal at 400 mg/day. 

Vitamin C daily doses above 400 mg 
have no evident value. Oxalate and urate 
excretion were elevated at 1000 mg/day of 
vitamin C, increasing the risk of renal 
stone formation. Safe doses are therefore 
less than 1000 mg/day. There is no ratio
nale, therefore, for higher of megadoses of 
vitamin C in healthy individuals. No com
parable data has been developed for ascor
bic acid metabolism in persons in poor 
health. A physiologic dose of 400 mg daily 
ensures a n o r m a l metabolic pool of ascor
bic acid to meet emergency demands. 9 8 

The optimal intake required depends on 
highly variable stress factors. In sickness 
there is greater tolerance for vitamin C than 
in good health; this suggests that mega
doses may be therapeutic when in poor 
health. 1 4 4 The vitamin C requirement in 
women taking estrogen, or an oral contra
ceptive agent, may increase 3- to 10-fold, 
requiring daily amounts of the vitamin up 
to 500 mg. 2 3 5 Scorbutic symptoms may de
velop in persons suddenly withdrawn 
from megadose therapy, just as these symp
toms may appear postpartum in babies 
born to megadose-treated mothers. 2 8 9 

Ascorbic acid exhibits a number of in
teractions with other vitamins. It appar
ently is important in the absorption of 
folic acid and in its conversion to coen
zyme form, so that ascorbic acid defi
ciency in infants between 6 months and 1 
year of age may present with the hemato
logic signs of folic acid deficiency. Scor
butic anemia may be microcytic, due to 
an associated iron deficiency caused by 
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blood loss, or macrocytic due to associ
ated folic acid deficiency. 2 3 5 

The absorption of folic acid is increased 
by oral supplements of ascorbic acid in 
the presence of liver disease. 2 8 It had been 
thought that ascorbic acid destroyed vita
min B 1 2 levels in food, but that is now 
thought to be unlikely. 1 7 4 The increased 
absorption of some metallic ions pro
duced by supplemental vitamin C is de
sirable, as in the case of iron, but undesir
able in the case of mercury. Ascorbic acid 
supplementation increases the amount of 
warfarin required to maintain the same 
therapeutic effect on blood clotting. 2 3 5 

Supplemental vitamin C lowers the pro
thrombin time in patients on warfarin. 7 2 A 
daily megadose can cause watery diar
rhea 7 2 that has been misdiagnosed as spas
tic colon, and can cause a nonspecific ure
thritis that has unnecessarily led to 
extensive studies for venereal infection. 8 9 

Increased urinary excretion of vitamin 
C in man due to high plasma levels pro
duces a mild uricosuric effect, probably 
because of competition with uric acid for 
renal tubular reabsorptive transport. 2 8 

Patients should be encouraged to stop 
smoking for m a n y reasons; the depression of 
their v i tamin C level is only one. Smokers 
w h o have stopped smoking should be en
couraged to keep their hands busy. Helpful 
activities inc lude needlepoint , knitting, or 
embroidery. Others may prefer to carry a 
string of beads to run through the fingers 
w h e n the urge b e c o m e s great to smoke. 
Chewing gum has he lped some to quit smok
ing. A n y of these activities carried to excess 
can abuse the musc les and activate TrP. 

Dietary Minerals and Trace Elements 
Several minera l s , espec ia l ly iron, cal

c i u m , potass ium, and magnes ium, are 
n e e d e d for normal m u s c l e funct ion . Cl ini 
cal observat ions indicate that def ic iency of 
the f irst three tends to increase the irri
tabi l i ty of myofasc ia l TrPs. Iron is an es
sential part of the hemoglob in and myoglo
b i n m o l e c u l e s , w h i c h transport oxygen to 
a n d wi th in the m u s c l e f ibers . C a l c i u m is 
essent ia l to m u s c l e for release of acetyl
c h o l i n e at the nerve terminal and for the 
exc i ta t ion-contrac t ion m e c h a n i s m of the 
act in a n d m y o s i n f i laments . Potass ium is 
n e e d e d for rapid repolar izat ion of the 

nerve and m u s c l e cel l membranes follow
ing an act ion potential . Magnes ium is es
sential to the contract i le m e c h a n i s m of the 
myof i laments . 

Essent ia l to l i fe , but not as crit ical for 
m u s c l e contract ion and TrP responsive
ness , are other e lements : z inc , iodine , cop
per, manganese , c h r o m i u m , se lenium, and 
m o l y b d e n u m . In some patients , a c lose re
la t ionship exists among hypomagnesemia , 
h y p o c a l c e m i a , and hypokalemia . 

Iron. T h e relation of iron to musc le 
pain has several facets. One is the essential 
role of iron in energy product ion and oxy
genat ion that affects the ability of musc le to 
meet its energy demands . Th is energy factor 
relates strongly to the TrP m e c h a n i s m (see 
Chapter 2, Sec t ion D). Another is the role of 
iron in the regulation of hormonal func
t ions l ike thyroid hormone that again plays 
a cr i t ical role in energy metabol ism and 
c l in ica l ly are important in chronic myofas
cial pa in syndromes . F inal ly there is the 
role of iron in body temperature regulation 
that may affect both body temperature and 
the percept ion of co ldness that is often seen 
in persons wi th chronic myofascia l pain. 

FUNCTIONS. Iron is essential for oxygen 
transport as is wel l kno wn. It is also re
quired for enzymat ic react ions that have to 
do wi th t issue respirat ion, oxidative phos
phorylat ion (cytochrome oxidase react ions 
are iron dependent ) , porphyrin metabo
l i sm, col lagen synthesis , and neurotrans
mitter synthesis and c a t a b o l i s m . 2 9 

INSUFFICIENCY AND DEFICIENCY. Iron defi
c iency is est imated to be present in 9 - 1 1 % of 
adolescent girls and w o m e n of childbearing 
age in the United S ta tes . 1 6 6 T h e prevalence of 
iron deficiency is slightly higher worldwide, 
at 1 5 % . 6 7 Manifestations of iron deficiency 
other than anemia that are of interest to the 
physic ian treating chronic pain include im
paired work performance, thermoregula
tion, and catecholamine metabolism. 

Iron def ic iency occurs in several stages: 
(1) deplet ion of t issue stores of iron that is 
detected by serum ferritin levels , (2) deple
t ion of essential iron stores associated with 
metabol ic and enzymat ic activity, and f i 
nally, and (3) deficient erythropoiesis that 
leads to iron def ic iency a n e m i a . 2 7 8 Detec
t ion of i ron insuff ic iency before anemia 
develops is most important , because de
creased w o r k capaci ty and impaired en-
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ergy metabol ism may produce a total body 
incipient "energy c r i s i s " that predisposes 
to myofascial TrP formation, yet is eas i ly 
correctable. 

Essential iron stores are h e m e proteins 
involved in oxygen transport , and n o n h e m e 
proteins and i ron-dependent enzymes . 
Nonessential iron, stored primari ly as fer
ritin, is mobi l ized to replace essent ial iron 
stores. Deplet ion of t issue iron is ref lected 
in the lowering of serum ferritin levels , as 
nonessent ia l iron stores are depleted first . 

Iron deficiency anemia is associated with 
impaired thermoregulation, or ability to 
maintain body temperature, with impaired 
triiodothyronine response to a cold stressor, 
and impaired catecholamine response to 
environmental cold. 2 3 - 2 5 7 1 Increase in cate
cholamine levels may represent the body's 
attempt to raise core temperature.7 1 Iron de
ficiency anemia in young women impaired 
the ability to maintain body temperature 
when exposed to a moderately cold envi
ronment.2 5 Plasma triiodothyronine and 
thyroxine levels were both decreased in 
women with iron-deficiency anemia. 

Impaired thermoregulation has not 
been demonstrated in chronic pain pa
tients, but the symptom of coldness was 
present in 57% of patients with myofas
cial pain syndrome in one study, and of 
these, depletion of tissue iron was found 
in 6 5 % . 9 6 Work capacity is reduced in 
iron deficient women. 1 4 0 This may relate 
to the clinical experience of increased fa
tigue and reduced endurance in iron defi
cient persons. The cause of the reduction 
in physical work capacity may be found 
in the impaired oxygen metabolism in 
skeletal muscle mitochondria associated 
with a decrease in iron-containing elec
tron transport chain components as 
shown in iron deficient animals. 1 7 3 Lactic 
acid accumulates in iron deficient ani
mals as a result of impaired glycolysis, 
and is also postulated to be the cause of 
reduced physical activity. 8 7 The effect of 
iron on energy metabolism is of special 
interest because of the hypothesis that the 
myofascial trigger point is a localized re
gion of "energy crisis" that reflects the 
metabolic distress of the muscle stress. 

LABORATORY TESTS . M e a s u r e m e n t of 

serum ferritin is an accurate w a y of assess

ing t issue iron s t o r e s . 1 2 2 Normal serum fer
rit in levels are as high as 3 0 0 ng/ml . Levels 
of 3 0 - 5 0 n g / m l m a y signify iron loss wi th
out adequate rep lacement . Deple t ion of t is
sue stores of nonessent ia l i ron occur w h e n 
serum ferritin levels reach 20 n g / m l . 1 1 3 

S e r u m iron levels have a two-fold diurnal 
variat ion and are less sensi t ive to the state 
of t issue iron stores than ferrit in. 

REQUIREMENTS. Iron requirements are 
determined by dai ly iron losses , w h i c h are 
about 0 .8-1 .0 mg daily, except in menstru
ating w o m e n w h o s e losses are 1 .4-2.4 
mg/day. About 1 0 % of dietary iron i s ab
sorbed, wi th a ce i l ing of 4-5 mg/day in ane
m i c i n d i v i d u a l s . 3 8 R e d u c e d iron stores 
must be rep len ished in iron defic ient per
sons , a l though iron supplements m a y be 
difficult for some persons to take because 
of gastric irr i tat ion, const ipat ion , or diar
rhea that develops in a lmost h a l f of those 
taking them. 

SOURCES. Dietary iron is present as eas
i ly absorbed h e m e iron or as poorly ab
sorbed n o n h e m e iron. N o n h e m e iron ab
sorption is e n h a n c e d by absorption 
promoters , the most potent of these being 
ascorbic ac id or v i tamin C . 5 6 Inhibi tors of 
n o n h e m e iron absorption inc lude phytates 
and c a l c i u m . 3 8 Ca lc ium in mi lk , cheese or 
as a supplement can decrease n o n h e m e iron 
absorption by 5 0 % , and can also signifi
cant ly reduce absorpt ion of h e m e i r o n . 1 0 8 

Calc ium supplements should N O T be taken 
together wi th iron supplements . Phyt i c 
acids are c o m p o n e n t s of cereal grains, and 
const i tute 1 - 2 % of m a n y cereals , nuts and 
legumes. T h e y chelate heavy metals , and 
are potent inhibi tors of iron absorption, but 
the presence of phyt ic ac ids in nuts and soy 
are offset by the high iron content of these 
foods. T h e strong iron absorption promoter 
ascorbic ac id can overcome the effect of di
etary inhibitors to a signif icant degree. 

CAUSES OF INSUFFICIENCY AND DEFICIENCY. 

Insuff ic ient dietary intake of i ron to replace 
menstrual b l o o d loss p laces menstruat ing 
w o m e n at r isk of iron insuf f i c iency or defi
c iency. Iron def ic iency in m e n usual ly in
dicates a speci f ic i l lness l ike c a r c i n o m a 
that must be identi f ied. Gastric irri tation 
wi th m i c r o s c o p i c b lood loss can occur in 
both m e n and w o m e n w h o take n o n s 
teroidal ant i - inf lammatory drugs. Iron defi
c i e n c y is also assoc ia ted wi th pernic ious 
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anemia , occurr ing i n 4 3 % o f persons diag
n o s e d wi th this c o n d i t i o n . 5 1 Moderate ex
erc ise has also b e e n s h o w n to reduce iron 
stores as measured by serum iron l e v e l s . 1 8 6 , 

198,213,269 On the other h a n d , moderate exer
c ise increases iron a b s o r p t i o n . 2 3 4 

TREATMENT: A PRACTICAL GUIDE. Suspect 
i ron i n a d e q u a c y w h e n m y o f a s c i a l trigger 
points pers is t despi te appropriate ther
apy, w h e n fatigue or c o l d n e s s are promi
nent s y m p t o m s , w h e n N S A I D s have b e e n 
taken regularly for pa in relief , a n d in m e n 
struating w o m e n , par t icular ly those 
w h o s e mens t rua l f low is heavy. L o w ery
throcyte v o l u m e or low m e a n ce l l h e m o 
globin c o n c e n t r a t i o n are indica t ive of iron 
deple t ion . 

M e a s u r e i ron stores by the serum fer
rit in test. Levels of 20 n g / m l or less signify 
iron store deplet ion . Levels o f 3 0 - 5 0 n g / m l 
m a y indicate n e e d for r e p l a c e m e n t of iron 
stores. 

Treat i ron deplet ion at ferrit in levels of 
30 ng/ml or lower, and even levels up to 40 
n g / m l to prevent deplet ion. At ferrit in lev
els of 30 ng/ml or less , iron supplements 
conta in ing 1 5 0 mg of iron (equivalent to 50 
mg of e lementa l iron) are taken t w i c e daily 
i f tolerated, or o n c e daily i f necess i ta ted by 
const ipat ion or gastric irritation. T h e y are 
not taken wi th c a l c i u m s u p p l e m e n t s or 
wi th meals of dairy foods. However , taking 
t h e m wi th v i tamin C he lps absorpt ion. 
F o l i c ac id 1 mg taken wi th iron lessens the 
s y m p t o m of gastric irritation. S u p p l e m e n t s 
are avai lable wi th stool softeners and in 
different formulat ions , so that f inding one 
that is tolerable is usual ly poss ib le . O n c e 
the serum ferrit in level reaches 3 0 - 4 0 
n g / m l , a smal l daily s u p p l e m e n t of 1 2 - 1 5 
mg, c o m m o n l y found in most mul t iv i tamin 
wi th minera l preparat ions , is enough to 
m a i n t a i n t issue iron stores. 

Warning: i ron supplementa t ion should 
always be moni tored to avoid excess ive 
iron storage and h e m o c h r o m a t o s i s . S e r u m 
ferrit in levels every 3 m o n t h s are adequate 
to moni tor supplementa t ion at higher 
doses , a n d every 6 m o n t h s unt i l stable for 
lower dose m a i n t e n a n c e . Iron supplements 
should not be given unless iron insuffi
c i e n c y is es tabl i shed through the measure
ment of serum ferritin levels , because iron 
over load can lead to h e m o c h r o m a t o s i s , is

c h e m i c heart disease and poorer outcome 
after s t roke . 6 5 

Calcium. O p t i m u m c a l c i u m intake is 
est imated to be 1 2 0 0 - 1 5 0 0 mg/day for ado
lescents and young adults , 1 0 0 0 mg/day for 
w o m e n be tween the ages of 25 and 5 0 , and 
for postmenopausal w o m e n taking estro
gen replacement therapy, 1 5 0 0 mg/day for 
pos tmenopausa l w o m e n not taking estro
gen replacement therapy, and 1 0 0 0 mg/day 
for adult men . T h e r e c o m m e n d e d daily in
take for all persons over the age of 65 is 
1 5 0 0 mg. Vitamin D is essential for optimal 
absorption of ca l c ium. Calc ium intakes up 
to 2 5 0 0 mg/day do not result in hypercal
c e m i a in normal person . 1 2 

There is no study that has l inked an ab
normality of ca lc ium metabolism to myofas
cial pain syndromes. In the experience of 
one of the authors (RDG), disturbances in 
serum ca lc ium levels is extremely uncom
m o n in patients with chronic M P S . Nonethe
less, ca lc ium is of great interest in M P S (see 
Chapter 2) because of its role in the contrac
t ion of muscle , and also because of its role in 
modulating pain responses at the nociceptor 
cell level through voltage-gated calc ium 
channels , at the triad where the sarcoplasmic 
ret iculum communicates with the T tubule, 
and in the dorsal horn of the spinal cord. 

A normal value of total serum calcium 
does not ensure adequate calcium nutri
tion. The physiologic effects of calcium 
depend on the free ionic calcium; the to
tal calcium, much of which is bound to 
protein, has no direct correlation with the 
concentration of serum ionized calcium. 1 2 

A simple way to meet dietary calcium 
needs is to eat at least 2 servings daily 
from the milk group. One can avoid in
creased intake of saturated fat when eat
ing dairy foods by using low-fat or no-fat 
dairy products. For those who cannot 
drink milk because of allergy or lactose 
intolerance, 30 g (1.5 oz) of brick cheese, 
a serving of yogurt, or 2 cups of cottage 
cheese suffice. For the many people who 
are lactose intolerant, calcium may be ob
tained from milk that is predigested by 
the enzyme lactase, sold as Lactase'; this 

Lactase, 25 mg tablets, Rugby Laboratories, Inc., Rockville 
Centre, NY 11570 . 
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hydrolyses some of the lactose that, undi
gested, tends to cause diarrhea. Nonfat 
dried milk can be added inconspicuously 
and acceptably as a dry ingredient in the 
preparation of foods. A few other foods, 
such as green leafy vegetables, legumes, 
canned salmon, clams, oysters, dried 
fruits and soybean curd (tofu), also supply 
calcium in the diet. 

If the patient cannot tolerate dietary 
sources, a supplement such as calcium 
phosphate or calcium carbonate should 
be prescribed, such as Os-Calg from 
ground oyster shell, which has vitamin D 
added. Three 250-mg tablets daily pro
vide 750 mg of elemental calcium and 375 
units of vitamin D2 However, the large 
500-mg tablets contain no vitamin D. Ad
equate absorption of calcium clearly re
quires sufficient vitamin D, with evidence 
that fluoride, phosphate, magnesium, and 
sometimes estrogen are also important for 
its absorption and utilization. Calcium 
supplements have the same bioavailabil
ity as calcium supplied by drinking 
milk. 1 8 1 

The importance of calcium to normal 
membrane function is now unfolding. 
Calcium has long been known to be es
sential to the transmission of an action 
potential across the myoneural junction 
and to normal excitation-contraction of 
the myofilaments in muscle. 4 

In excitation and contraction of skeletal 
muscle, depolarization of the T-tubule 
membrane results in the opening of C a 2 + 

(ionized calcium) release channels in the 
sarcoplasmic reticulum. Intracellular C a 2 + 

plays a greater role that extracellular C a 2 + 

does in this response to neural stimula
tion. Removal of Ca 2 + depresses the 
twitch tension, and there is a dependence 
of muscle contraction on extracellular cal
cium concentration. 1 6 7 Extracellular cal
cium concentration or blockade of C a 2 + 

entry can modulate contractile responses. 
(See Chapter 2 for a detailed discussion of 
calcium and muscle contraction.) 

Hypocalcemia that develops as the re
sult of magnesium deficiency improves 
only with the administration of magne-

8Os-Cal 250 tablet with vitamin D, Marion Laboratories, 
Inc., 10236 Bunker Ridge Rd., Kansas City, MO 64137 . 

sium as well as calcium. 2 4 2 Low serum 
calcium from this cause will usually re
turn to normal levels within a week after 
initiating magnesium repletion by oral 
supplements of antacid or laxative prepa
rations containing magnesium. 2 4 2 

Potassium. T h e r e c o m m e n d e d daily 
a l lowance for potass ium is at least about 2 
g (50 mEq) , but more is n e e d e d if there are 
unusua l l o s s e s . 1 8 8 T h e normal concentra 
t ion of serum potass ium ranges from 3 .5 -
5 .0 m E q / L . Total body potass ium is low in 
hypothyro id i sm and high in hyperthy
roidism. In addit ion to c l in ica l observa
t ions that h y p o k a l e m i a aggravates myofas
c ia l TrPs, potass ium def ic iency disturbs 
funct ion of s m o o t h m u s c l e and of cardiac 
m u s c l e , as s h o w n by an abnormal e lectro
c a r d i o g r a m . 2 1 4 S tudies are n e e d e d that crit
ica l ly e x a m i n e the c l in ica l effect of hy
poka lemia on TrP activity. 

A healthful diet for normal persons is 
high in potassium and low in sodium. This is 
not true of those with adrenal insufficiency. 
Foods particularly rich in potassium are 
fruits (especially bananas and citrus fruits) , 
potatoes, green leafy vegetables, wheat germ, 
beans, lentils , nuts, dates, and prunes. T h e 
pot liquor of cooked vegetables should be 
saved and reused to conserve its potassium. 

A diet high in fat, ref ined sugar and 
oversalted food is high in sodium, l o w in 
potass ium, and can lead to po t a ss ium defi
c i e n c y . 2 0 6 Diarrhea, laxat ives and certa in 
diuret ics increase potass ium loss . 

Patients with the autosomal dominant 
disorder, hypokalemic periodic paralysis, 
experience episodes of low serum potas
sium and abnormal function of the 
sodium and potassium channels. During 
an episode of periodic paralysis, the mus
cle membrane shows marked increase in 
irritability evidenced by multiple fibrilla
tion potentials and sharp waves. The re
duction in the number, amplitude, and 
duration of motor unit action potentials is 
consistent with failure of neuromuscular 
transmission at the endplate. A careful 
search demonstrates reduced endplate ac
tivity that is lower in amplitude and 
harder to find.78 This indicates reduced 
release of excessive acetylcholine charac
teristic of active loci of TrPs and does not 
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clarify why TrPs would be aggravated 
clinically in normal patients by low 
serum potassium levels. A reduction in 
ACh release should reduce, not increase 
TrP irritability. Research that manipulates 
serum potassium levels on experimental 
TrPs in animals with normal sodium and 
potassium channels should help clarify 
this issue. 

Magnesium. T h e r e has been some in
terest in m a g n e s i u m def ic iency in f i 
bromyalgia . R o m a n o and S t i l l e r 2 2 0 mea
sured low R B C Mg levels . However, one of 
the authors (RDG) has not been able to 
repl icate the low levels that are said to oc
cur in F M S (unpubl i shed data). T h e same 
author has looked at m a g n e s i u m (Mg) lev
els in M P S subjects and fai led to f ind low 
levels of R B C or serum Mg. R o m a n o , h o w 
ever, found erythrocyte m a g n e s i u m levels 
to be s ignif icantly lower in pat ients wi th 
myofasc ia l p a i n . 2 1 9 

M e a s u r e m e n t of Mg levels as they apply 
to m u s c l e funct ion is subject to great er
r o r , 2 2 9 and makes interpretat ion of s tudies 
of Mg concentra t ions [(MG)] in m u s c u 
loskeletal disorders s u c h as F M S and M P S 
difficult . Using phosphorous 31 magnet ic 
resonance spec t roscopy to measure ion
ized Mg levels in skeletal m u s c l e , R y s c h o n 
e t a l . 2 2 9 found no correlat ion b e t w e e n R B C 
(MG), m o n o n u c l e a r ce l l (MG), and m u s c l e 
ion ized (MG). A negative correlat ion was 
found b e t w e e n serum (Mg) and m u s c l e 
ion ized (Mg). H e n c e , future studies of mag
n e s i u m in M P S or F M S may n e e d to use 
magnet ic resonance spec t roscopy in order 
to accurate ly reflect skeletal m u s c l e (MG). 

Magnesium is the second most abun
dant cation in intracellular fluid, and is a 
cofactor for over 300 cellular enzymes, 
predominantly related to energy metabo
l ism. 2 2 9 About 50-60% of magnesium is in 
bone, most of the remainder is intracellu
lar and only 1% is extracellular. Mg 
homeostasis is primarily maintained 
through renal excretion and reabsorption. 
Mg excess is uncommon, but Mg defi
ciency is related to a number of clinical 
conditions. 1 8 5 It is unlikely to occur for 
purely dietary reasons in the general pub
lic, but is more likely to occur as a result 
of malabsorption, fluid and electrolyte 

losses, renal dysfunction, or malnutrition 
(e.g., alcoholics). 7 5 Symptoms of Mg defi
ciency include neuromuscular hyperex-
citability with Chvostek and Trosseau 
signs and seizures, and also weakness and 
fasciculations. Mg deficiency is often 
complicated by secondary hypokalemia, 
which aggravates muscular weakness. 
Likewise, hypocalcemia is commonly 
seen in moderate to severe Mg deficiency. 
Neither the hypokalemia nor the hypocal
cemia are correctable until the low Mg is 
corrected. 

Dreosti 7 5 reviewed the role of Mg in 
exercise. Mg loss is reported to occur af
ter strenuous physical activity, and may 
persist for months thereafter. Mg defi
cient animals have reduced capacity for 
exercise. Studies of Mg supplementation 
and exercise indicate that they improve 
efficiency of aerobic metabolic path
ways and improve cardiorespiratory 
performance. 

The recommended dietary intake (RDI) 
of Mg is 4.5 mg/kg body weight, or about 
250-350 mg/day for adults. Many older in
dividuals do not achieve this level of Mg 
intake, and yet take calcium supplements. 
In these individuals, the optimal Ca/Mg 
ratio of 2:1 is not reached, and may reduce 
the efficiency of Mg absorption, accentu
ate the effects of low estrogen, and result 
in lowered Mg entry into bone, with con
sequent increased risk of osteoporosis. 

Therapeutic Approach to Nutritional 
Deficiencies 

Patients wi th chronic myofascia l pain 
are a select group w h i c h , in our experi
e n c e , has a remarkably high prevalence of 
v i tamin inadequacies and defic iencies . 
W h e n the pat ient fails to respond to spe
cific myofasc ia l therapy or obtains only 
temporary relief, v i tamin def ic iencies must 
be ruled out as a major contributing cause 
and, i f present , corrected. 

Treatment for ei ther folate def ic iency or 
coba lamin (vitamin B 1 2 ) def ic iency should 
not be pursued without establishing the 
level of, or supplement ing , the other vita
m i n ; their symptoms overlap so widely 
and they interact so strongly that treatment 
of one m a y mask or precipitate a def ic iency 
of the o t h e r . 1 1 9 
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A full evaluation of the total v i tamin sta
tus of the patient is prohibi t ively difficult 
because of the many overlapping and non
specific signs and symptoms of v i tamin de
f ic iency , mult iple inadequac ies , marked 
individual variat ions in the daily require
ment, mult iple causes of inadequacy, and 
the expense of those laboratory tests. S o m e 
laboratories helpful ly provide v i tamin 
panels . However, high standards of perfor
ma n ce are required at every step to ensure 
meaningful results that rel iably tell the 
state of the patient's v i tamin nutri t ion. 

W h e n a full battery of v i tamin tests is not 
available, we find that a comple te ba lanced 
supplement is a safe and usual ly effective 
alternative. W i l l i a m s 2 9 0 r e c o m m e n d s in
gesting several t imes the r e c o m m e n d e d 
daily a l lowance of the water-soluble vita
mins , but wel l be low any poss ible tox ic 
levels. One must be careful not to overload 
the body with the fat-soluble v i tamins , par
t icularly vi tamin A. T h e supplement 
should inc lude c lose to a r e c o m m e n d e d 
daily a l lowance of the essential minera ls . 
This provides one form of inexpens ive 
health insurance . T h i s amount is harmless 
if i t is the only supplementa l source , and it 
ensures a margin of safety against inade
quate levels of essential nutr ients . 

W h e n the c l in ica l picture indicates a vi
tamin def ic iency or inadequacy, and after 
blood has been drawn for v i tamin assays, i f 
the most rapid rel ief poss ible is indicated , 
intramuscular in ject ions m a y be given in 
addition to oral supplements . A m i x e d in
ject ion o f 100 mg each o f v i tamin B t and 
B 6 , 5 mg of folic ac id , 1 mg of v i tamin B 1 2 , 
and 2 mg of procaine is given in t ramuscu
larly. Fol ic ac id is somet imes deleted s ince 
it is usual ly wel l absorbed by m o u t h in 
mi ld to moderate def ic iencies . Four or f ive 
in ject ions may be required to quickly bring 
a severely depleted reservoir of these vita
mins to a funct ional ly adequate level . 

Ba lanced mixtures of B - c o m p l e x vita
mins are preferred to supplementat ion 
with only one or two vi tamins ; mul t ip le B-
complex def ic iencies are very c o m m o n . In 
addition, the rec iprocal interact ion among 
several B vi tamins due to the intertwining 
of their metabol ic funct ions may prec ipi 
tate deficiency of an u n s u p p l e m e n t e d vita
m i n . 1 1 9 For this reason, a m i x e d B c o m p l e x 

s u c h as P l e b e x h m a y be added to the regi
m e n for in tramuscular in jec t ion . 

An adequate b l o o d level of v i tamin C is 
important to opt imal heal th . T h i s v i tamin 
is poorly stored, and its dietary intake is 
c o m m o n l y inadequate . We cons ider i t wise 
to supplement the diet rout inely wi th 5 0 0 
mg of a t imed release preparat ion daily. 
T h i s supplementa t ion program is another 
cost-effect ive form of hea l th insurance . Vi
tamin C supplementa t ion b e c o m e s increas 
ingly cr i t ical wi th advancing age. 

D. METABOLIC, AND ENDOCRINE 
INADEQUACIES 

Clinically, any compromise of the energy 
metabol ism of m u s c l e appears to aggravate 
and perpetuate myofascia l TrPs. A n e m i a has 
been reviewed under Vitamin B 1 2 and under 
Iron in this chapter. Hypometabol ism is cov
ered in depth here because , w h e n present, 
the results of specif ic therapy for M P S can 
be utterly frustrating unti l the hypometabo
l ism is corrected; this perpetuating factor is 
not u n c o m m o n . Hypoglycemia is another 
perpetuating factor related to impaired en
ergy metabol ism. T h e last of this group, 
gouty diathesis , is a metabol ic disturbance 
not directly related to energy metabol ism. 

Hypometabolism 
Hypometabol i sm, or thyroid inade

quacy, descr ibes the condi t ion of s o m e o n e 
w h o s e serum levels o f thyroid h o r m o n e s 
are in the low euthyroid, or just b e l o w the 
" n o r m a l " two standard deviat ion l imit . 
T h e level o f thyroid-st imulat ing h o r m o n e 
(TSH) m a y or m a y not be increased. Clearly 
hypothyroid pat ients have thyroid hor
m o n e levels b e l o w normal and an elevated 
T S H . 1 3 3 Pat ients referred to us wi th M P S of
ten arrive untreated for their s l ightly l o w 
thyroid funct ion because they have only 
m i l d symptoms o f h y p o t h y r o i d i s m a n d 
border l ine low, or l o w normal , thyroid 
tests. E x p e r i e n c e has s h o w n that these pa
t ients are more suscept ib le to myofasc ia l 
T r P s ; 2 7 5 they obtain only temporary pain re
l ief wi th specif ic myofasc ia l therapy. T h i s 
increased irritabil i ty of their m u s c l e s and 

hPlebex Injection, Wyeth Laboratories, P. O. Box 8299 , 
Philadelphia, PA 1 9 1 0 1 . 
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their poor response to therapy are greatly 
improved by supplementa l thyroid, i f they 
have no other major perpetuating fac tor . 2 7 5 

In hyperthyroidism, act ive TrPs are u n c o m 
m o n , but respond wel l to therapy. Dr. Trav-
ell c o u l d not r e m e m b e r seeing a hyperthy-
roid pat ient wi th TrPs unrespons ive to 
specif ic myofasc ia l therapy. 

M u s c l e pain , st iffness, weakness , m u s c l e 
c ramps , and pain on exert ion are c o m m o n l y 
c i ted manifestat ions of hypothyroidism. 1 3 6 , 

1 6 8 , 2 2 6 , 2 6 0 s t u d i e s showing thyroid dysfunc
t ion in f ibromyalgia have emphas ized the 
subtle nature of the disorder, the laboratory 
demonstrat ion of abnormal thyroid func
t ion was an abnormal response to the ad
minis trat ion of thyrotropin releasing hor
m o n e (TRH). In some instances this was 
s h o w n to be the c o n s e q u e n c e of primary hy
pothyroidism, s u c h as in thyroidit is . 

In other ins tances this represented a 
fai lure of the hypothalamic-pi tui tary- thy-
roid ax is , or a disorder in the regulat ion of 
thyroid h o r m o n e , as s h o w n by a b lunt ing 
of the usual response to TRH. Neeck and 
R i e d e l 1 9 1 s h o w e d that F M S pat ients tend to 
have lower thyroid h o r m o n e levels wi th 
the except ion of free levothyroxine (T 4 ) , do 
not s h o w the normal increase in free 3 ,5 ,3 ' -
t r i iodothyronine (T 3 ) or free T 4 in response 
to T R H st imulat ion, and do not have an in
crease in T S H levels . 

Final ly , a third defect has been identif ied 
as peripheral res is tance to thyroid hormone . 

Role of Hypometabolism in Myofascial 
Pain. As m a n y F M S pat ients have persis
tent or recurrent T r P s , 9 5 and as n o n e of the 
studies e x c l u d e d myofasc ia l TrPs as a cause 
of tender points , F M S f indings are l ikely to 
be re levant to c h r o n i c myofasc ia l pa in as 
wel l . Despite these reports , the re la t ionship 
of hypothyro id i sm to widespread m u s c l e 
pain , w h e t h e r f ibromyalgia or myofasc ia l 
pain , remains a controversia l i ssue , and is 
not w i d e l y a c c e p t e d by endocr inologis ts . 
T h i s m a y be true largely b e c a u s e , unt i l very 
recently , the causes of those two pain diag
noses were not convinc ing ly identi f ied. 

G e r w i n 9 5 ident i f ied hypothyro id i sm in 
1 0 % of a cohort of c h r o n i c myofasc ia l pa in 
pat ients , using c l in i ca l symptomatology 
and determinat ions o f T 3 , T 4 , F T 4 , T S H , o r 
T R H st imulat ion test. A striking feature of 
these pat ients was the widespread distrib

ut ion of myofasc ia l TrPs (Gerwin, unpub
l i shed data). 

Rosen has reported the occurrence of 
m y o e d e m a in response to TrP i n j e c t i o n s 2 2 2 

w h i c h he attributes to h is tamine sensitivity. 
However, m y o e d e m a is a wel l -descr ibed 
p h e n o m e n o n in hypothyroidism, though 
seen in other disorders as wel l such as mal
nutri t ion, and suggests that such patients 
should be evaluated for hypothyroidism. 

S o n k i n 2 5 2 reviewing his exper ience with 
myofasc ia l pain and hypothyroidism, em
phas ized the value of the basal metabol ic 
rate in the assessment of oxidative metabo
l i sm, though this test is no longer avail
able. T h e test measures the overall effi
c i e n c y of oxidat ive metabol i sm, and wil l 
identi fy hypometabol i sm that results from 
thyroid gland disease, pituitary failure, or 
failure of per ipheral uti l ization of thyroid 
h o r m o n e , w h i c h is difficult to measure oth
erwise. In his review, S o n k i n relates his 
s tudy of 1 7 4 therapeutic trials in sympto
mat ic , but c h e m i c a l l y euthyroid, subjects . 
T h e second most c o m m o n symptom was 
myofasc ia l pa in (the most c o m m o n symp
tom was fatigue). Seventy-three percent of 
the patients treated wi th thyroid supple
mentat ion had symptomat ic improvement . 
Respons iveness was correlated with the 
degree of change in the basal metabol ic 
rate and in cholesterol l e v e l s . 2 5 2 

S o n k i n points out that diffuse musc le 
tenderness may be the major physica l f ind
ing in m i l d h y p o t h y r o i d i s m . 2 5 2 Serum thy
rox ine (T 4 ) , free thyroxine index , and T S H 
m a y be wi th in the normal range in mi ld 
cases . Measurement of serum creatine ki
nase (CK) and cholesterol , both of w h i c h 
b e c o m e elevated in hypothyroidism, may 
be useful . T h e T R H st imulat ion test pro
duces an abnormal elevation of T S H in hy
pothyroidism, and he found it useful in the 
diagnosis of m i l d hypothyroidism. Mild 
hypothyro id ism, as discussed later in this 
sect ion, may be the result of too little thy
roid h o r m o n e in a part icular individual , 
but wi th thyroid funct ion tests still wi thin 
the broad range of normal . M i l d hypothy
ro id ism can also be the result of impaired 
peripheral ut i l izat ion despite adequate cir
culat ing thyroid hormone . 

In one author's exper ience (RDG), treat
m e n t of hypothyroidism (whether mi ld or 
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more severe) makes TrPs more respons ive 
to therapy that inc ludes both phys ica l ther
apy and TrP in ject ions . However, thyroid 
hormone therapy alone may not c lear the 
TrPs any more in these hypothyroid pa
tients than they might recover sponta
neously i f they were euthyroid pat ients . 
On the other hand, one author (RDG) has 
repeatedly seen considerable reduct ion in 
TrPs and even full recovery from M P S 
within 4-6 weeks of achieving a T S H of 
0 .5-2.0 m l U / L in hypothyroid myofasc ia l 
pain patients. Th is corresponds to sponta
neous recovery from acute TrPs in patients 
without any perpetuating factors. Other au
thors (JGT and DGS) have had many s imi
lar c l in ica l exper iences with thyroxine 
supplementat ion. 

Forms of Hypothyroidism. 
MILD HYPOTHYROIDISM. T h e issues relat

ing to hypothyroidism in patients w h o 
have chronic myofasc ia l pa in more often 
concern mi ld hypothyroidism rather than 
overt, c l in ica l ly advanced disease. M i l d 
hypothyroid failure is often ca l led subcl in
ical hypothyroidism. Danese et a l . 6 4 de
fined this condi t ion as an e levated serum 
T S H in the presence of a normal serum free 
T 4 , and noted that i t may or may not be 
symptomatic . T h e condi t ion is more c o m 
mon in w o m e n than m e n , and increases in 
frequency with age. S o m e studies report 
the prevalence to be as high as 1 7 % in 
w o m e n and 7% in m e n . 2 0 1 Identif icat ion 
and treatment of individuals wi th subcl in
ical hypothyroidism can reverse subtle 
c l inical symptoms of thyroid h o r m o n e de
f i c iency , 2 5 3 inc luding mul t ip le musc les 
with myofascial TrPs that may not be 
thought of as a manifestat ion of thyroid 
disease. 

THYROIDITIS . C h r o n i c a u t o i m m u n e 
(Hashimoto's) thyroidit is is a c o m m o n dis
order, causing the majori ty of cases of hy
pothyroidism. Autopsy prevalence rates of 
significant thyroidit is are as high as 1 5 % in 
w o m e n and 5 % i n men. W h e n iodine defi
c iency is not an issue, 5 0 % of individuals 
with serum T S H levels > 5 m U / L , and 8 0 % 
of those with T S H levels > 10 m U / L h a d 
thyroid a n t i b o d i e s 6 6 character is t ic of thy
roiditis . T h e presence of ant i thyroid m i c r o 
somal antibodies indicates a u t o i m m u n e 
thyroiditis . 

EFFECTS OF THYROID HORMONES. The 

thyroid hormones influence growth, en
ergy production, and energy consump
tion. Thyroxine (T 4) affects growth by 
increasing the rate of microsomal protein 
synthesis through a direct effect on 
translation that does not require synthe
sis of RNA. On the other hand, T 3 in
creases both ribosomal RNA and protein 
synthesis through an increase in RNA 
polymerase activity. Thyroxine selec
tively increases the activity of some en
zymes 5-10 t imes. 2 1 6 This helps to 
explain why adequate thyroid hormone 
is critical for the replication of many 
kinds of cells. 

The chief product of oxidative phos
phorylation is adenosine triphosphate 
(ATP), the primary source of energy for 
muscular contraction. 2 8 The production of 
ATP by mitochondria is significantly in
creased when the concentration of T 3 in
creases. The hormone acts at the inner 
membrane of the mitochondrion, which is 
the site of oxidative phosphorylation. 2 5 5 

A major mechanism by which T 3 

causes increased energy expenditure is 
the increase of adenosine triphosphatase 
(ATPase) activity in cell membrane. ATP 
supplies the energy for muscle contrac
tion and drives the sodium-potassium 
pump that maintains gradients of these 
ions across a cell membrane. 2 1 6 These 
gradients are essential to the excitability 
of muscle and nerve fibers and appar
ently have a "vent" system so that, al
though overactivity of the pump ex
pends additional energy, it does not 
produce serious hyperpolarization of the 
membrane. 

Muscle changes occur in hypothy
roidism that may be reflected in the clin
ical signs of weakness and fatigue. 
Myosin develops the characteristics of 
slow fibers.1 3 2 Certain mitochondrial en
zymes show reduced activity. 1 9 4 Argov et 
al . 1 0 studied the bioenergetics of muscle 
using phosphorus-31 nuclear magnetic 
spectroscopy. The ratio of phosphocrea-
tine to inorganic phosphate (PCr/Pi) was 
low at rest in two patients with hypothy
roidism, PCr depletion during exercise 
was increased, and postexercise recovery 
of PCr/Pi was delayed. Similar findings 

Copyrighted Material



2 1 6 Part 1 / Introduct ion 

after exercise, but not a rest, were found 
in thyroidectomized rats. These changes 
may be the result of impaired mitochon
drial function resulting in abnormal ox
idative metabolism of chiefly type I fibers 
and impaired glycolytic metabolism af
fecting type 2 fast-twitch muscle fibers in 
hypothyroidism. 

COLD INTOLERANCE . H y p o m e t a b o l i s m 
patients near ly a lways e x p e r i e n c e cold in
to lerance ; occas iona l ly they are intolerant 
of both heat and co ld . T h e y tend to wear 
addit ional c lo thing (a sweater, jacket , or 
pul lover) w h e n others do not , rarely sweat , 
and frequently c o m p l a i n o f co ld hands 
a n d , especial ly , of co ld feet. T h e s e patients 
are " w e a t h e r c o n s c i o u s , " and m u s c u l a r 
pa in increases wi th the onset of co ld , ra iny 
weather . 

CONFUSING SYMPTOMS . Inadequate m e 
tabol i sm m a y cause additional symptoms 
that are suggestive of m y x e d e m a or, in some 
pat ients , just the opposi te . T h e latter group 
of pat ients are thin , nervous , and hyperac
t ive, as i f to keep warm. Const ipat ion is 
m u c h more l ike ly than diarrhea. Disturbed 
m e n s e s m a y b e e v i d e n c e d b y menorrha-
g i a , 1 3 3 amenorrhea , or irregular m e n s e s . 
W h e n due to h y p o m e t a b o l i s m , these irreg
ulari t ies are correctable wi th supplementa l 
thyroid . Hypometabol i c patients are l ikely 
to suffer from dry, rough skin, w h i c h they 
often m a s k wi th an emol l ient skin cream. 
S o m e individuals of this group have diffi
cul ty losing weight , w h i c h , according to rat 
e x p e r i m e n t s , 9 w o u l d be aggravated by a thi
a m i n e defic iency. 

MOLECULAR BASIS. Brent 4 1 has reviewed 
the molecular basis of thyroid function. 
Inactive thyroxine (T 4) is the primary 
product of the thyroid gland and the dom
inant form of circulating thyroid hor
mone. It is converted to the active form 
triiodothyronine (T3) by thyroxine 5'-
deiodinase. The functions of thyroid hor
mone are primarily mediated through the 
action of T3 receptors of the cell nucleus. 
The receptors are hormone-responsive 
nuclear transcription factors determining 
which genes are stimulated or suppressed 
by T 3 . Interaction of the T 3-receptor com
plex with DNA regulatory regions modi
fies gene expression. Transport of T, from 

outside the cell to the cell nucleus is a 
complex chain of events beyond the reach 
of current clinical laboratory testing. TRH 
is regulated through such interaction of T3 

and its receptors in the brain. 
The clinical syndrome of hypothy

roidism is thus the expression of the com
bined effects of many gene products that 
are regulated by T 3 , that cause such varied 
manifestations as hypercholesterolemia 
and hypertension. Muscle relaxation is 
controlled by the balance between fast 
and slow forms of calcium ATPase in the 
sarcoplasmic membrane of skeletal mus
cle. The genes for transcription of these 
two forms of ATPase are controlled by T 3 . 
Likewise, lipogenesis, lipolysis, and lev
els of total serum cholesterol and low-
density lipoprotein cholesterol are con
trolled by T3 receptor-regulated genes. 

Thermogenesis is regulated in part by 
T3 and adrenergic receptors on brown-fat-
specific genes found in rodents and re
cently found in humans. 1 5 2 Growth hor
mone synthesis in the pituitary gland is T3 

regulated, and is decreased in hypothy
roidism, including nocturnal secretion of 
growth hormone and secretion of insulin
like growth factor 1. Of interest is the 
finding that growth hormone and insulin
like growth factor 1 are decreased in 
patients with FMS, 2 7 - 2 2 8 raising the possi
bility of a T3 gene receptor regulatory ef
fect in this facet of the syndrome. T3 
regulates the transcription of the genes for 
thyrotropin in an inverse relationship. Fi
nally, Brent points out that resistance to 
thyroid hormone is associated with ab
normalities in the T3-receptor-beta gene 
where many different mutations have 
been identified. 4 1 

Measurement of Thyroid Function. 
T h e measurement of thyroid function has 
undergone great changes in the past two or 
three decades . T h e basal metabol ic rate test 
gave way to thyroxine-based testing that in 
turn has been replaced by the newer sensi
t ive thyrotropin (sTSH) assays, as reviewed 
by Klee and H a y 1 4 7 s T S H is a rel iable assay 
for stable ambulatory patients with normal 
pituitary funct ion, because the pituitary 
gland is a sensit ive monitor of the body's 
requirement for thyroid hormone . Linear 
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changes in f ree thyroxine ( F T J concentra 
tions away from an individuals " s e t - p o i n t " 
for thyroxine results in logari thmic 
changes in thyrotropin secret ion. 

Alterations in the binding of thyroxine 
to serum thyroid transport proteins makes 
thyroxine concentrat ions less rel iable than 
s T S H in s ick or hospita l ized pat ients . Al 
most all T 4 and T 3 i s b o u n d to one of the 
three major transport proteins, pr imari ly 
thyroxine-binding-globulin (TBG). How
ever, only the 0 . 1 % f ree h o r m o n e c o n c e n 
tration is active. Drugs that alter the b inding 
of T 4 and T 3 to these proteins wi l l alter total 
serum levels of T 4 and T 3 , but do not affect 
the serum concentrat ions o f f ree T 4 and T 3 . 
Elevated s T S H indicates primary hypothy
roidism or inadequate thyroid h o r m o n e re
placement therapy. A very low s T S H level 
of less than 0.1 m l U / L indicates hyperthy
roidism, either exogenous or primary. 

Free thyroxine ( F T J measurement gives 
an indicat ion of the severity of the thyroid 
dysfunction. F T 4 i s elevated in hyperthy
roidism and is low in hypothyroidism. 
Free tr i iodothyronine ( F T J is useful in the 
assessment of hyperthyroidism, and is ap
propriately assessed w h e n s T S H is low and 
F T 4 i s normal . 

T h e most recent third generat ion T S H 
assay technique is 100- fold more sensi t ive 
than the f irst generation assay, and can 
measure O.OlmlU/L. Th is degree of sensi 
tivity is most useful in evaluating pr imary 
hyperthyroidism, to ensure that thy
rotropin is truly suppressed, or to moni tor 
the effectiveness of suppress ion therapy 
with thyroid hormone . s T S H determina
tions are not affected by renal or hepat ic 
disease, or by estrogen therapy. Pituitary 
tumors can somet imes produce T S H , and 
can cause hyperthyroidism. Pituitary fail
ure causes secondary hypothyroidism, the 
low s T S H then i s a c c o m p a n i e d by low F T 4 . 

The one caveat worth remember ing is 
that persons with acute neuropsychia t r i c 
disorders can have altered thyroid funct ion 
tests, including T S H , and may n e e d mult i 
ple studies in order to clarify their thyroid 
status. This is rarely a problem in myofas
cial pain patients , however. 

RECOMMENDATION. Klee and H a y 1 4 7 rec
o m m e n d as a s c h e m e for evaluating thy
roid function employing a s e c o n d genera

t ion T S H test that can measure to 0.1 
m l U / L . I f that is normal , no further testing 
need be done . I f i t i s e levated, bo th F T 4 and 
microsomal ant ibody tests are done . If i t is 
low (less than 0.3 m l U / L ) , F T 4 i s obta ined. 
I f i t is normal , F T 3 i s obta ined. I f the sec
ond generat ion s T S H is b e l o w 0.1 mIU/1, a 
third generat ion s T S H is performed. A lab
oratory can do this " thyro id c a s c a d e " on 
the init ial sample of b l o o d , thereby provid
ing a rapid turnaround t ime , and m i n i m i z 
ing pat ient discomfort a n d i n c o n v e n i e n c e . 

Drug Effects on Thyroid Function. 
Drugs that effect thyroid h o r m o n e s alter 
the serum levels o f prote in b o u n d T 3 and 
T 4 . T h e y may or may not alter f ree thyroid 
h o r m o n e levels and therefore thyroid func
t ion. Drugs l ike L i t h i u m can also alter se
cret ion of thyroid h o r m o n e , result ing in ab
normal thyroid funct ion. 

Anticonvulsant drugs (phenytoin and 
carbamazepine) displace thyroid hormone 
from their binding to serum proteins, re
sulting in lower serum T4 and T3 levels. 
However, this results in increased free hor
mone fractions, resulting in normal free T3 

and T4 concentration. 2 5 8 These drugs, as 
well as phenobarbital, also increase the rate 
of metabolism of T 4 and T 3 , and can cause 
hypothyroidism in patients treated with 
thyroxine. However, serum free T 3 and T 4 

are normal when measured in undiluted 
serum. 2 5 9 TSH measurements will ade
quately assess the thyroid function of these 
patients. 

Lithium inhibits the secretion of thyroid 
hormone. Subclinical hypothyroidism (ab
normalities of thyroid function tests) and 
clinically overt hypothyroidism each occur 
in 2 0 % of patients taking lithium on a long 
term basis. 3 3 , 2 5 9 

Hypothyroidism can be produced by in
organic iodine in excess of that normally 
present in the diet, and by organic iodine in 
pharmacologic preparations such as the an
tiarrhythmic agent amiodarone, the asthma 
drug combination elixophyllin-KI, and in
travenous contrast agents. This is especially 
true in patients with autoimmune thyroidi
tis or otherwise impaired damaged thyroid. 

TBG concentrations are decreased in 
patients taking androgens, and glucocorti
coid steroids, although free T 3 and T 4 con-
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centrations remain unchanged. Salicy
lates in chronic high doses (>2.0 g/day, or 
>2.0 g salsalate per day) inhibit the bind
ing of T3 and T4 to TBG, but do not affect 
the serum free T4 concentration. 3 1 

Estrogen raises serum TBG concentra
tions, resulting in elevations of serum T4 

concentrations of 20-35% at usual doses 
of estradiol (20-35 ug per day). The au
thors' clinical experience is that TrPs are 
more common in women with a chronic 
deficiency of estrogen, and that estrogen 
supplement decreases TrP activity. 
Sonkin 2 5 2 noted an increase in TrPs with 
the onset of menopause corrected by es
trogen replacement. Thyroid supplemen
tation in hypothyroid patients must be in
creased during pregnancy, the additional 
dose determined by the serum TSH level. 

Chronic opiate use is becoming more 
prevalent in treating persons with nonma-
lignant pain. Hence, physicians treating 
patients with chronic myofascial pain are 
now more apt to see the use of drugs like 
methadone and slow release morphine 
and oxycodone than previously. Metha
done increases serum TBG concentra
tions, thus raising the serum T4 concentra
tion, but not necessarily increasing the 
active, free fraction of the hormone. As 
with other drug effects, assessment of thy
roid function is best made by measuring 
serum TSH levels in these individuals. 

Glucocorticoids in large doses decrease 
the activity of T4 5'-deiodinase, inhibiting 
the conversion of T4 to T 3, resulting in sig
nificant decreases of serum T 3. There is no 
data available indicating if this change has 
an effect on presence of TrPs. Serum free 
T3 levels usually diminish to low-normal 
levels, and serum TSH remains normal. 

Treatment of Hypothyroidism. Levo-
thyroxine (T 4 ) is the treatment of c h o i c e for 
h y p o t h y r o i d i s m . 2 4 8 , 2 7 0 , 2 7 9 Adul ts require 
about 1.7 ug/kg of body weight for com
plete r e p l a c e m e n t of thyroid h o r m o n e . In 
younger indiv iduals , t reatment can be init i 
ated at the full dose. In persons over the age 
of 5 0 , the r e p l a c e m e n t dose n e e d e d may be 
less , and the starting dose should be 0 . 0 2 5 -
0 .05 mg of l evothyroxine daily. In persons 
wi th per ipheral res is tance to thyroid hor
m o n e , the eventual dose o f T 4 n e e d e d to 

normal ize funct ion can be quite high. The 
m a i n t e n a n c e dose is monitored by measur
ing serum T S H , w h i c h should be in the 
lower normal range. Thyrox ine has a hal f 
l i fe of about one week. Therefore , the 
steady state of serum T 4 is not reached for 
about 4 weeks after init iat ion of therapy. 
Tests of serum T S H levels to monitor the 
dose of thyroxine should be done no sooner 
than every 4-5 weeks . T 4 i s physiological ly 
converted to T 3 at rates that are determined 
by the state of the individual . Over 8 0 % of 
c irculat ing T 3 i s derived by deiodinat ion of 
extrathyroidal T 4 . T h e most physiological 
means of providing T 3 , therefore, is to give 
thyroxine and to let the body needs regulate 
the rate of convers ion of T 4 to T 3 . 

" I n t o l e r a n c e " to low-dose thyroid ther
apy repeatedly has been due to this dose 
aggravating symptoms of vi tamin B t defi
c iency. After supplementat ion wi th thi
amine , administrat ion of the same or larger 
dose of thyroid medicat ion is wel l toler
ated. O n c e given for hypothyroidism, thy
roid h o r m o n e is general ly cont inued for 
the l i fet ime of the individual . Several 
generic and brand n a m e levothyroxine 
products have been compared and found to 
be b ioequiva lent , 7 4 an important factor in a 
drug that is being used for long periods of 
t ime and in many persons . 

Before starting treatment with thyroid 
hormone it is important that the patient 
have an adequate vitamin B, level. S ince 
thyroid increases metabol i sm, and thi
a m i n e requirements are metabol ism-de
pendent , thyroid therapy can convert a vi
tamin B 1 inadequacy to a severe vi tamin B 1 

deficiency. If there is doubt, the patient can 
first be given a sufficient supplement of vi
tamin B 1 to establ ish a safe level (25 -100 
mg, three t imes daily, for at least 2 weeks 
before starting thyroid medicat ion) . Th i 
a m i n e in a reduced dosage should be con
t inued during thyroid therapy. 

S m o king impairs the act ion of thyroid 
h o r m o n e and wil l accentuate the c l in ica l 
features of hypothyroidism, including rais
ing thyrotropin levels , total and LDL cho
lesterol levels , and CK levels , and prolong
ing the ankle reflex duration. 1 8 4 Every effort 
should be m a d e to help the patient stop 
smoking and to prevent others from be
coming addicted. 
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Practical Considerations. H y p o t h y 
roidism should be cons idered in any indi 
vidual with widespread myofasc ia l pa in or 
widely distributed TrPs. S y m p t o m s of 
chronic fatigue, co ldness or co ld intoler
ance , const ipat ion, and signs of dry skin, 
dry hair, husky vo ice , or m i l d pretibial 
edema, s lowed ankle reflex return, are all 
tip-offs that there may be hypothyroidism. 
T S H should be obtained. I f i t is c lear ly ele
vated, then treatment wi th levothyroxine 
(T 4 ) should be started. I f the T S H is be
tween 4 .0 and 6.0 m l U / L , the s T S H and 
F T 4 should be evaluated. I f these levels are 
borderl ine, the CK and serum cholesterol 
levels can help reach a determinat ion of 
thyroid status. If either are e levated, then 
thyroid supplementat ion can be started. 
Once supplementat ion is started, s T S H is 
used to moni tor the result , the target range 
being 0.5-2.5 m l U / L . 

Hypoglycemia 
Myofascial TrP activity is aggravated 

and the response to specif ic myofasc ia l 
therapy is reduced or shortened by hypo
glycemia. Recurrent hypoglycemic attacks 
perpetuate myofascia l TrPs. T h e preva
lence of hypoglycemia is controversial , 
largely because the symptoms of hypo
glycemia are caused chiefly by increased 
circulating epinephr ine . Other condi t ions , 
such as anxiety, also increase ep inephr ine 
levels, but without hypoglycemia . Cl ini 
cally, the responses are often indist in
guishable. Two kinds of hypoglycemia are 
generally recognized, fasting and postpran
dial; they occur for different reasons , but 
present the same symptoms. 

Symptoms. T h e init ial symptoms of 
hypoglycemia or of increased epinephr ine 
are usually sweating, trembling and shaki-
ness, a fast heart rate, and a feeling of anx
iety. Act ivat ion of s ternocle idomastoid 
TrPs may cause h e a d a c h e and dizziness . 
With progressively severe hypoglycemia 
due to unusual c i r cumstances , symptoms 
similar to those of hypoxia develop and are 
caused by inadequate energy to sustain 
brain funct ion: visual dis turbances , rest
lessness, impaired speech and thinking, 
and sometimes s y n c o p e . 9 2 

Fasting Hypoglycemia. Fast ing does 
not cause hypoglycemia in a normal per

son because the l iver releases g lucose as 
the b lood glucose starts to fall . Fast ing hy
poglycemia m a y result from failure of the 
l iver to release the g lucose , fai lure of the 
adrenal m e d u l l a to produce e p i n e p h r i n e 
that s t imulates the l iver to re lease the glu
cose , or fai lure of the anterior pituitary to 
s t imulate the adrenal gland. Liver disease 
can impair this funct ion of the liver. A l c o 
hol ingest ion w h e n glycogen stores in the 
l iver are depleted can prec ipi tate severe 
hypoglycemia . Rarely, fasting hypoglyce
m i a may be due to the def ic iency of an en
zyme, s u c h as g lucagon . 9 2 

Postprandial (Reactive) Hypoglycemia. 
S y m p t o m s o f postprandial h y p o g l y c e m i a 
typica l ly occur 2 or 3 hours after ingest ion 
of a meal r ich in carbohydrates , overst imu-
lating the re lease of insul in . T h e insul in 
triggers a compensatory ep inephr ine re
sponse . T h e hypoglycemia c a u s e d by the 
i n s u l i n e m i a appears t ransient ly for 1 5 - 3 0 
m i n unti l i t is t e rminated by the l iver's re
sponse to an increased e p i n e p h r i n e level . 
General ly, the e p i n e p h r i n e causes mos t of 
the symptoms usual ly attr ibuted to h y p o 
glycemia . T h i s form of h y p o g l y c e m i a is as
sociated wi th high anxie ty levels and is 
most l ikely to occur during per iods of e m o 
t ional stress. 

An individual w h o has h a d part of the 
s tomach removed or other gastric surgery 
m a y empty the s tomach too rapidly. T h i s , 
too, causes an abrupt rise in b l o o d g lucose 
level , init iat ing the same sequence of 
events and causing the s a m e sym pt o m s . 
T h e cause of the patient 's symptoms is seen 
more c lear ly if the symptoms during a glu
cose to lerance test are correlated wi th peri
odic m e a s u r e m e n t of both b l o o d glucose 
and serum insul in levels . In the e x p e r i e n c e 
of Drs. Travell and S i m o n s , w h e n a g lucose 
to lerance test is done to detect fasting hy
poglycemia , a posi t ive result (very low glu
cose value) is more l ike ly to be obta ined i f 
the patient is act ive rather than rest ing in 
the intervals b e t w e e n b l o o d samples . 

Fast ing hypoglycemia appears m a n y 
hours after eating and tends to persist 
w h i l e postprandial h y p o g l y c e m i a is self-
l imited. A react ive h y p o g l y c e m i a sec
ondary to m i l d diabetes is most l ikely to 
occur b e t w e e n the third and f i f th hours of 
a g lucose to lerance tes t . 9 2 
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An identif iable organic disease process 
is usual ly respons ib le for fasting hypo
g lycemia , but not for postprandial hypo
g lycemia . Diagnosis of postprandial or fast
ing h y p o g l y c e m i a requires demonstrat ion 
of the h y p o g l y c e m i a w h i l e the symptoms 
are present . 

Treatment. In ei ther fasting or post
prandial hypoglycemia , the fundamenta l 
cause should be identi f ied, i f poss ib le . For 
both , symptoms are re l ieved by eating 
smal ler meals more frequently and by se
lect ing a diet that is l o w in carbohydrates 
( 7 5 - 1 0 0 g), high in protein, and inc ludes suf
f icient fat to mainta in calor ic requirements . 
Exerc i se tends to aggravate hypoglycemia . 
However , exerc ise m a y he lp to reduce anxi 
ety and, therefore, symptoms that depend 
on adrenal ine release due to anxiety. In ad
dit ion, pat ients must r e m e m b e r that coffee , 
tea, and colas that conta in caffeine or theo
phyl l ine should not be used because they 
st imulate the release of adrenal ine . A l c o 
h o l i c beverages should be avoided, part icu
larly on an empty s tomach. T h e n icot ine in 
tobacco st imulates the release of adrenal ine , 
so smoking and exposure to cigarette s moke 
should be e l iminated . 

Gouty Diathesis 
Clinically, myofascial TrPs are aggravated 

in patients w h o have hyperuricemia or gout. 
T h e reason is unknown. These patients are 
susceptible to TrPs and w h e n hyperuricemic 
respond poorly to myofascial therapy, par
t icularly spray and stretch. Gout is a disor
der of purine metabol ism; the f irst indicat ion 
usual ly is an elevated serum uric acid (>7 .0 
mg/dl in men, > 6 . 0 mg/dl in w o m e n ) . 1 4 3 

Diagnosis. About 5% of asymptomat ic 
h y p e r u r i c e m i c people (by the above crite
ria) develop acute gouty arthrit is , wi th de
posits of crystals of m o n o s o d i u m urate 
monohydrate in and around the jo ints , and 
somet imes in other t i s s u e s . 1 4 3 

T h e saturation value o f m o n o s o d i u m 
urate at the pH of serum is about 7.0 
m g / d l ; 1 4 3 i t is less soluble in the more ac id 
m e d i u m of in jured t issue. A more ad
v a n c e d stage of gout wi th tophi is n o w 
rarely seen s i n c e the advent of effective 
drugs for control of h y p e r u r i c e m i a . 1 4 3 

S y m p t o m s are more l ikely to occur in pa
t ients on a diet wi th meats h igh in pur ines . 

A definite diagnosis of gout is made by 
identi fying uric ac id crystals in fluid aspi
rated from inf lamed t issue. T h e crystals 
also m a y be obtained from asymptomatic 
metatarsophalangeal joints in patients w h o 
have had symptoms of gouty arthritis with 
h y p e r u r i c e m i a . 3 

T h e deposi t ion of c a l c i u m pyrophos
phate crystals produces symptoms similar 
to gout, but no metabol i te is k n o w n to be 
present in excess in ca l c ium pyrophos
phate disease. 

Treatment If hyperur icemia is a proba
b le factor in perpetuating the patient's 
myofasc ia l TrPs, i t should be managed ac
cording to wel l -es tabl ished p r i n c i p l e s . 1 4 3 

M a n y diuret ics increase serum uric ac id 
levels . Vi tamin C in relatively large 
amounts (several grams per day) is an ef
fect ive ur icosur ic agent. 

T h e TrPs of patients with a gouty diathe
sis respond better to treatment w h e n the 
hyperur icemia is under control , and better 
to in ject ion than to spray and stretch. 

E. PSYCHOLOGICAL FACTORS 
A n u m b e r of psychological factors can 

contr ibute to perpetuat ion of myofascial 
TrPs. Most important , the phys ic ian must 
be careful not to assume that the psycho
logical factors are primary. It is all too easy 
for the phys ic ian to b l a m e the patient's 
p s y c h e for the inabil i ty of the physic ian to 
recognize the musculoskele ta l sources of 
the patient 's pain. T h i s wrong assumption 
can b e - a n d often i s -devastat ing to the pa
tient. We have so m u c h to learn about pain, 
espec ia l ly pain from m u s c l e s ! 

Patients w h o misunders tand the nature 
of their condi t ion may be depressed, may 
exhibi t anxiety tension, or may be vict ims 
of the "good sport" syndrome; some may 
be exhibi t ing secondary gain and/or s ick 
behavior ; a very few wil l ev idence conver
sion hysteria . Each must be diagnosed on 
its own meri ts . 

Hopelessness 
Patients w h o have been erroneously 

c o n v i n c e d that their pain is due to unbeat 
able physica l factors, such as degenerative 
joint disease, a " p i n c h e d n e r v e " that is in
operable , or " r h e u m a t i s m " w h i c h they 
must learn to l ive wi th , often live in dread 
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of aggravating their condi t ion by any 
movement or activity that begins to el ic i t 
the pain. T h e result is that they avoid all 
painful movements , inc luding those that 
would stretch the musc les and help t h e m 
recover funct ion. W h e n their pa in is pri
mari ly due to myofascia l TrPs, this exces 
sive restriction of m o v e m e n t and act ivity 
aggravates and perpetuates their TrPs. 

An essential first step wi th these pa
tients is to c o n v i n c e them that their pa in is 
of muscular origin and treatable, and that 
they must understand and respect their 
musc les . A c c e p t a n c e of this revises the pa
t ients ' concept of the prognosis . As they 
learn what activit ies to avoid and what 
they themselves can do to inact ivate the 
TrPs, they realize they are gaining control 
of the source of their pain. Th is n e w con
f idence in the future of their n e u r o m u s c u 
lar function lifts a great load from their 
shoulders. 

Depression 
Depress ion and c h r o n i c pain are 

c losely a s s o c i a t e d , 2 5 6 e spec ia l ly w h e n pa
tients have no sat isfactory explanat ion for 
the cause of their pain , fear h o w m u c h 
worse i t may b e c o m e , are c o n v i n c e d that 
nothing can be done to correct the source 
of pain, and be l ieve they must accept i t on 
these terms. T h e depress ion is part ly a 
product of chronic pain and dysfunct ion , 
so that the longer the durat ion and the 
greater the intens i ty of the pain , the 
greater the depress ion is l ike ly to b e . 9 1 

Vice versa, depressed pat ients are more 
aware o f p a i n , 2 3 8 ' 2 5 6 w h i c h contr ibutes to 
their dysfunct ion. 

T h e recovery of many patients wi th my
ofascial TrPs w h o are also depressed is ex 
pedited by combining ant idepressant m e d 
ication with specif ic myofasc ia l therapy. 
Tricycl ic drugs are most c o m m o n l y used, 
but must be prescr ibed in suff icient dosage 
to be effective. Rel ie f of depress ion permits 
the patient to take more responsibi l i ty for 
the care of their musc les and to engage in 
the exercises and activit ies that wi l l he lp 
them to recover. T h e s e act ivi t ies , espe
cial ly under the direct ion of a therapist , are 
an effective ant idepressant themselves . In 
less than antidepressant dosage, t r icyc l ics 
can reduce pain and improve s leep. 

Anxiety and Tension 
In s o m e indiv idua ls , h igh levels of a n x 

iety are expressed in the form of m u s c l e 
tens ion . M a n y m u s c l e s are h e l d in sus
ta ined contrac t ion that overloads- t h e m 
and perpetuates m y o f a s c i a l TrPs. T h e s e 
pat ients are eas i ly ident i f ied as they sit up 
stiff and straight, l eaning a w a y from the 
backres t of a chair , m a i n t a i n i n g their 
shoulders in an e levated pos i t ion , and 
displaying a tense facial express ion . Gen
erally, they are u n a w a r e of these m u s c u l a r 
e x p r e s s i o n s o f t ens ion . B i o f e e d b a c k and 
re laxat ion therapy can h e l p m a n y o f t h e m 
to d i scr iminate b e t w e e n u n n e c e s s a r i l y 
tense m u s c l e s a n d re laxed ones . T h e y 
then n e e d to learn c o n s c i o u s t e c h n i q u e s 
of re laxat ion and h o w to turn excess ten
s ion off. Ident i fying the ma jor sources of 
anx ie ty and e m o t i o n a l t ens ion and adopt
ing the changes in l i festyle n e c e s s a r y to 
abate t h e m , m a y be required to r e d u c e 
this perpetuat ing factor enough for last ing 
rel ief . 

"Good Sport" Syndrome 
T h e "good sport " syndrome is the oppo

site o f hypochondr ias i s . T h e "good spor t " 
has a stoical att itude and is de termined to 
ignore pain. He or she charges forth engag
ing in act ivit ies wi th total disregard, i f not 
outright def iance, of the pain , thereby over
loading the m u s c l e s and aggravating TrPs. 

Good sports often be l ieve that their pa in 
is a sign of " w e a k n e s s " and that they must 
pu s h on to demonstrate their mastery of it. 
T h e y must learn h o w this abuse of their 
m u s c l e s contr ibutes to their pain , and h o w 
n e w ways of doing things can let t h e m per
form the act ivit ies important to t h e m safely 
and comfortably. 

Psychological and Behavioral Aspects 
A psychologica l ly hea l thy person finds 

the funct ional restr ic t ions i m p o s e d by a 
myofasc ia l pa in syndrome frustrating and 
unrewarding. However , among some per
sons secondary gain can perpetuate pain 
behavior. Determining w h e t h e r the loss of 
funct ion and the pain behavior is pr imari ly 
psychologica l or chief ly neurophys io logi -
cal can be difficult and m a y be necessary 
only w h e n the pat ient fails to respond to 
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myofasc ia l therapy. T h r e e quest ions are 
he lpful . 

1 . H o w effect ive were the patient 's ski l ls in 
coping wi th the problems of life prior to 
the onset of pa in? Ineffect ive coping 
skil ls foster disabi l i ty and respond best 
to counse l ing that is funct ion or iented. 

2 . Does the pat ient concentrate on f inding 
ways to do things that c i r cumvent the 
pain , or focus on reasons w h y not? T h e 
latter suggest that the pat ient m a y have 
a psychologica l n e e d of the disabil ity. 

3. Is funct ion something the pat ient tries to 
do, or only talks about? T h e latter can 
represent an emot iona l n e e d of dysfunc
t ion, but not necessar i ly . 

In psychologica l terms, p r i m a r y gain 
occurs w h e n neurot ic pat ients uncon
sciously develop p s y c h o s o m a t i c symptoms 
(physica l ly expressed) that tend to rel ieve 
their h igh level of anxie ty and t e n s i o n . 4 7 In 
the process secondary gains accrue w h e n 
some pat ients discover that the privileges 
of a s ick person offer e x e m p t i o n from the 
normal responsib i l i t ies of work and/or ma
ture soc ia l interact ions ; they b e c o m e ac
c u s t o m e d to the rewards of having pain . 
T h e s e pat ients also m a y s imul taneous ly re
al ize gratif ication of other u n c o n s c i o u s 
needs , s u c h as a d e p e n d e n c y re la t ionship 
u p o n a parent-f igure, w h o m a y be the 
phys i c ian , a spouse , or other care giver. 
Psychiatr is ts see s e c o n d a r y gains as result
ing pr imari ly from psychogenic dysfunc
t i o n . 4 7 I t is not a lways that compl i ca ted . 

S o m e pat ients w h o e x p e r i e n c e long
standing disabl ing myofasc ia l pain , not 
prompt ly diagnosed and treated, discover 
advantages that f i t this same pattern of sec
ondary gain. T h e prospect of the benef ic ia l 
se t t lement of a law suit or disabi l i ty c la im 
m a y l o o m as a very important secondary 
benef i t to s o m e , but not all , pat ients . In the 
presence of neurologica l or other damage 
that prec ludes c o m p l e t e recovery, the f i 
n a n c i a l n e e d is very real . W h e n this issue 
is d i scussed openly a n d the patient 's per
cept ion of the s i tuat ion is c lear ly under
stood, i t usual ly b e c o m e s c lear whether the 
pat ient cons iders i t in his or her best inter
est to be as d isabled as poss ib le , or to be as 
funct ional as poss ib le b e t w e e n n o w and 
w h e n the suit is sett led. 

S i c k behavior is behavior that is appro
priate to one w h o is suffering from pain 
and inc ludes verbal izat ions, posturing, 
taking of medica t ion , restr ict ion of activity, 
increased rest, etc . In t ime , these reactions 
to i l lness can b e c o m e a self-perpetuating 
w a y of l i f e . 9 1 E l iminat ion of a TrP source of 
pa in can he lp greatly, but does not auto
mat ica l ly reverse this process . T h e patient, 
and those wi th w h o m he or she l ives and 
interacts c lose ly ( including the phys ic ian) , 
m u s t replace the re inforcements of the s ick 
behavior wi th i n d u c e m e n t s that reinforce 
normal product ive funct ion. T h e princi
ples of operant condi t ioning offer a method 
of t reatment in these i n s t a n c e s . 9 1 

Identifying s ick behavior that is out of 
proport ion to the pain and suffering expe
r ienced by the patient is difficult and haz
ardous. Only the patient can feel the pain. 
It is all too easy for the heal th care profes
s ional w h o is treating the patient to b lame 
treatment failure on psychogenic factors, 
espec ia l ly i f the professional has found no 
organic source of the pain such as TrPs. 
Identif icat ion of object ive and semi-objec
tive character is t ics of myofasc ia l TrPs in
c luding motor and autonomic dysfunc
t ions are most helpful . 

T h e answers to two quest ions also are 
useful : 

1 . W h a t was the level of the patient 's func
t ion before the event that init iated the 
pain? A higher level of funct ion is not a 
real ist ic goal. 

2. As TrPs are inact ivated, is the patient re
suming activit ies and responsibi l i t ies 
that he or she had been accustomed to, 
or looking for reasons w h y it is not pos
sible to take a step forward in funct ion? 
T h e latter react ion requires treatment of 
more than just the TrPs. 

Myofasc ia l pain patients with pending 
law suits or disabil i ty c la ims are faced 
wi th the serious d i lemma that any rel ief of 
their pa in and disabil i ty w o u l d reduce 
their c h a n c e s of receiving remunerat ion. 
S i n c e a group of patients intuit ively senses 
that the symptoms are cri t ical to the suc
cess of the suits , their m i n d s uncon
sc ious ly concentrate on an awareness of 
symptoms rather than on function, 
whether they intend i t or not. How m u c h 
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the patient expects the set t lement to m e a n 
financially is very important . If it appears 
to the patient as a major sum, he or she lit
erally cannot afford to get better. It is often 
very helpful for them to clarify in their 
own minds just h o w m u c h of the sett le
ment they wi l l receive and h o w m u c h wi l l 
go to the lawyers. In the management of 
these patients , it is essential that they real
ist ical ly understand the nature of their 
di lemma. T h e y are strongly encouraged to 
resolve the d i lemma before proceeding 
with therapy. 

F. CHRONIC INFECTION AND 
INFESTATIONS 

Several persistent disease condi t ions are 
l ikely to aggravate myofasc ia l TrPs: viral 
disease (especial ly herpes s implex) , any 
chronic focus of bacter ial infect ion, and in
festations by certain parasites. T h e m e c h a 
nism by w h i c h these diseases perpetuate 
myofascial TrPs is not clear, but the impor
tance of control l ing t h e m to obtain lasting 
rel ief from myofascia l pain has been 
demonstra ted . 2 8 7 

Viral Disease 
T h e activity of myofascial TrPs and mus

cle soreness in general tends to increase 
markedly during any systemic viral i l lness; 
the increased musc le soreness and stiffness 
may last for several weeks fol lowing an 
acute viral infect ion, such as the " f lu . " A 
common source of increased susceptibi l i ty 
and perpetuation of myofascial TrPs is an 
outbreak of herpes s implex virus type 1. 
Neither genital herpes (herpes s implex virus 
type 2) nor herpes zoster seem to aggravate 
TrPs as much as herpes s implex virus type 1. 

Diagnosis. B e c a u s e of its recurrent na
ture, it is important to identify and control 
outbreaks of the type 1 herpes virus, w h i c h 
causes the c o m m o n co ld sore, canker sores, 
and often aphthous mouth ulcers ; i t also 
may appear on the skin of the body or ex
tremities as crops of isolated ves ic les f i l led 
with clear fluid. T h e smal l ves ic les de
velop a reddened areola and form an 
eczematous patch on the s k i n , 1 5 6 w h i c h 
may remain for several weeks , i f untreated. 
After the small blisters that are f i l led wi th 
watery fluid (never wi th pus) break, they 
become crusted red spots. 

Les ions have been reported in the 
esophagus, and symptoms of vomit ing and 
diarrhea strongly impl ica te gastrointest inal 
involvement comparab le to that of the 
mouth . 

Treatment. No drug is k n o w n to cure 
herpes s implex . However , by using a mult i -
pronged attack, one can greatly reduce the 
f requency and severity of recurrences of 
herpes s i m p l e x virus type 1 . T h i s inc ludes 
m e d i c i n a l appl icat ion to the les ions , oral 
ingest ion of n i a c i n a m i d e and Lac t inex ' 
and, i f necessary, in t ramuscular in jec t ions 
o f h u m a n i m m u n e serum globul in . B e c a u s e 
of the increased irritabil ity of the m u s c l e s 
during an outbreak of herpes s i m p l e x virus 
type 1, i t is u n w i s e to in ject the m u s c l e s for 
TrPs unt i l a few weeks after the herpes at
tack has subsided. Treated sooner, the m u s 
cles respond poorly to local therapy and are 
prone to excess ive post treatment soreness . 

For local treatment of the herpet ic dermal 
and mouth les ions, idoxuridine (Stoxil ') is 
rubbed into the les ion several t imes a day. 
Exper ience to date suggests, but does not 
prove, that adenine arabinoside (ara-A, Vira-
A k ) is useful in cutaneous herpes s implex 
virus type l . 1 5 6 I t is sold as a 3% ophthalmic 
ointment , w h i c h also is rubbed into the le
s ion two or three t imes a day. It appears to us 
that ara-A is as effective as idoxuridine . T h e 
package insert notes that ingesting as m u c h 
as a tube of Vira-A should produce no ad
verse effects. T h e newly released Zovirax 1 

(acyclovir) , 5% ointment , i s promoted for 
treatment of initial attacks of herpes s im
plex virus type 2; i t also m a y prove to be ef
fective for type 1 herpes s implex . 

Adminis t ra t ion o f n i a c i n a m i d e , 3 0 0 - 5 0 0 
mg/day, helps the m u c o u s m e m b r a n e c o m 
bat the gingivostomati t is of oral herpes s im
p l e x (type 1). At the same t ime , i t is impor
tant also to correct any fol ic ac id defic iency. 

'Lactinex Tablets and Granules, Hynson, Westcott & Dun
ning, Division of Becton Dickinson & Co., Charles & Chase 
Sts, Baltimore, MD 21201 . 
'Stoxil, ophthalmic ointment, 0 . 5 % , and ophthalmic solu
tion 0 . 1 % , Smith Kline & French Laboratories, Division of 
SmithKline Corporation, 1500 Spring Garden St., P. O. Box 
7929, Philadelphia, PA 19101 . 
kVira-A, ophthalmic ointment, Parke-Davis Division of 
Warner-Lambert Company, 201 Tabor Road, Morris Planes, 
NJ 07950 . 
'Zovirax Ointment 5 % , Burroughs Wellcome Co., 3030 
Cornwallis Road, Research Triangle Park, NC 27709 . 
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Empir ica l ly , the symptoms due to exten
sion of herpet ic les ions into the smal l in
tes t ine are re l ieved by taking 1 packet of 
granules or 3 tablets of L a c t i n e x * 2 or 3 
t imes dai ly for at least a m o n t h , wi th sub
sequent reduct ion in dosage, unless the 
oral les ions reappear. A s imi lar course of 
L a c t i n e x (or yogurt wi th act ive l ive cul 
tures) is usual ly valuable after ant ibiot ic 
therapy that suppresses normal intest inal 
bacter ia . L a c t i n e x is a preparat ion of l iving 
Lactobacillus acidophilus and L. bulgari-
cus. T h e intest inal c o m p o n e n t of herpes is 
an u n s e e n and general ly unapprec ia ted 
site of infect ion . Lactobacillus therapy is 
an important part of the total t reatment 
plan. 

Patients w h o have recurrent episodes of 
diarrhea associated wi th outbreaks of oral 
herpes , also tend not to drink milk . W h e n 
asked, they are not sure why; they " just 
don't l ike i t . " In fact, they m a y have a lac
tose intolerance , and as a result , mi lk causes 
diarrhea. I t is , therefore, important in these 
cases to measure their serum ionized cal
c ium, w h i c h is often low even though the 
serum total c a l c i u m is normal . An adequate 
c a l c i u m intake must be provided. 

W h e n the pat ient has a series of herpet ic 
recurrences , or a crop of herpes react ivates 
TrPs, h u m a n i m m u n e serum globul in can 
be in jec ted intramuscular ly , 0 .04 ml /kg 
(0 .02 m l / l b ) . T h i s usual ly amounts to a to
tal dose of 2-3 ml / in j ec t ion . T h e effective
ness of the viral ant ibodies from the poo led 
serum is temporary. 

Bacterial Infection 
Absorpt ion of bacter ia l (and viral) toxic 

products favors the deve lopment of act ive 
TrPs w h e n m i n o r m e c h a n i c a l stress i s 
a d d e d . 2 7 2 C o m m o n locat ions o f chronic 
bacter ia l in fec t ion are an abscessed tooth, a 
b l o c k e d s inus , and the ur inary tract. S u c h a 
c h r o n i c in fec t ion m a y increase the erythro
cyte sedimentat ion rate, w h i c h is a useful 
screening test. Spec i f i c myofasc ia l therapy 
is un l ike ly to produce lasting benefits 
w h i l e a focus of c h r o n i c infect ion persists . 

Abscessed or Impacted Tooth. T h e 
c h r o n i c in fec t ion of a tooth is suspected 
from a careful dental history and con
firmed by a dental evaluat ion wi th an X-
ray examinat ion . Impact ion of a w i s d o m 

tooth can perpetuate TrPs in the mastica
tory m u s c l e s , even w h e n local infect ion is 
not present . 

Sinusitis. S inusi t i s is character ized by 
a sense of ful lness in the sinus area, post
nasal discharge that may be purulent , and 
failure of the o c c l u d e d sinus to transil lu-
minate clearly. If there is an allergic com
ponent , the patient is l ikely to have an 
eos inophi l ia . Control of inhalant allergies 
is general ly a prerequisi te to a lasting reso
lut ion of s inusit is . I f there is additional 
m e c h a n i c a l b lockage to sinus drainage as 
by a deviated nasal septum, this also may 
require correct ion in order to resolve re
current s inus infect ion. 

Chronic Urinary Tract Infection. T h e 
symptoms of noctur ia , dysuria and urgency 
should arouse the suspic ion of a urinary 
tract infect ion, especia l ly in female pa
t ients . T h e infect ion is conf irmed by urinal
ysis and ur ine culture; i t is best managed by 
the urologist . T h i s special ist can determine 
the extent of the infect ion and whether 
there is incomple te emptying of the blad
der, or another cause of the infect ion. 

Infestations 
T h r e e infestat ions are l ikely to perpetu

ate myofasc ia l pa in symptoms. T h e f i sh 
tapeworm is the worst offender; next is gi
ardiasis . Occas iona l ly amebiasis perpetu
ates myofasc ia l TrPs. T h e f irst two tend to 
impair absorption of nutrients or consume 
v i tamin B 1 2 ; the third may produce myo-
toxins that are absorbed. 

Fish Tapeworm. T h e adult w o r m of Di-
phyllobothrium latum resides in the intesti
nal lumen. T h e infestation develops after 
ingest ion of raw infected fish. Infestation is 
relat ively c o m m o n in a n u m b e r of foreign 
countries in temperate c l imates where it is 
c o m m o n pract ice to eat raw fish, also in 
Flor ida, in the northern central United 
States , and in south-central Canada. 

A w o r m located high in the j e junum 
m a y c o n s u m e 8 0 - 1 0 0 % of ingested labeled 
vi tamin B 1 2 , and thus deprive its host of 
that v i t a m i n . 1 1 8 S i n c e the eggs are dis
charged in large numbers into the stool, 
they are easi ly diagnosed by stool exami
nat ion for ova and paras i tes . 2 1 1 

Giardiasis. T h e s ingle-cel led proto
zoan, Giardia lamblia, is a significant 
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cause of traveler's diarrhea, part icularly in 
the Caribbean countr ies , Lat in A m e r i c a , In
dia, Russia, and the Far E a s t . 2 1 0 It is a pear-
shaped, flagellated parasite that l ives in the 
human duodenum and j e j u n u m , where i t 
mult ipl ies . I t was isolated in 3 . 8 % of stools 
examined in the Uni ted States . 

T h e infestation is often asymptomat ic , 
but may cause nausea, f latulence, epigas
tric pain, and watery diarrhea wi th bulky 
malodorous stools. T h e acute symptoms 
are usually l imited to a few w e e k s , but 
chronic giardiasis can cause malabsorpt ion 
of carbohydrate, fat and vi tamin B 1 2 . T h e 
lack o f v i tamin B 1 2 perpetuates myofasc ia l 
TrPs. 

Diagnosis is made by identifying the 
cysts in formed feces , or by finding the 
trophozoites in diarrheal stools , in duode
nal secret ions, or in je junal b iops ies . In 
chronic cases , excret ion of the organism is 
often intermittent , and stool spec im en s 
must be col lected at weekly intervals for 4-
5 weeks to exc lude this d i a g n o s i s . 2 1 0 

Amebiasis. Only Entamoeba histolyt
ica is pathological among the amebas that 
parasitize the h u m a n intest inal tract. T h e 
mature E. histolytica l ives in the lumen of 
the large intest ine , feeding on bacter ia and 
debris; occas ional ly i t invades the m u c o s a , 
causing u l c e r a t i o n s . 2 0 9 

Stool surveys reveal the prevalence of 
this parasite in the Uni ted States to be be
tween 1 and 5 % , but rates are m u c h higher 
in tropical areas where the levels of sanita
tion are low and among groups w h o spread 
it by direct fecal-oral contact be tween sex
ual par tners . 2 0 9 

The diagnosis depends on the identifi
cation of the organism in the stool or t issue 
from the large intest ine. T h e m i c r o s c o p i c 
demonstration of this infestat ion may be 
difficult. Serological tests using purif ied 
antigens are posit ive in most pat ients wi th 
acute amebic dysentery, but are general ly 
negative in asymptomat ic passers of cysts . 

These tests should be useful in myofas
cial pain patients because aggravation of 
myofascial TrPs by E. histolytica probably 
requires t issue invasion. Ant ibody titers 
may be elevated for months to years after 
complete c u r e . 2 0 9 Treatment is difficult and 
a cure generally requires a c o m b i n a t i o n of 
drugs . 2 0 9 

G. OTHER FACTORS 
T h r e e addit ional factors, al lergic rhini 

t is , impaired s leep, and nerve impinge
ment , should be cons idered in the manage
ment of myofasc ia l pa in syndromes . 

Allergic Rhinitis 
M a n y pat ients wi th act ive myofasc ia l 

TrPs, w h o also have act ive symptoms of al
lergic rhini t is , have been found to respond 
only temporar i ly to specif ic myofasc ia l 
therapy. W h e n the al lergic symptoms are 
contro l led , the m u s c l e response to local 
TrP therapy usual ly improves significantly. 
Hypersensi t ivi ty to a l lergens, wi th hista
m i n e re lease , seems to act as a perpetuat
ing factor for myofasc ia l TrPs. 

Koenig , et al.151 e x a m i n e d 20 " f ibros i t i s " 
pat ients wi th histories that were compat i 
b le wi th a diagnosis of myofasc ia l TrPs and 
tender areas that responded to palpat ion 
wi th a " j u m p s ign. " Of the 20 pat ients , 9 
( 4 5 % ) had c o n v i n c i n g histor ies o f e i ther 
prior or current allergic rhini t i s , and 11 of 
the 20 h a d posi t ive family his tor ies of al
lergy. However, n o n e of the 20 pat ients 
s h o w e d elevated i m m u n o g l o b u l i n E levels 
or an increased total eos inophi le count . 
F r o m this , the authors c o n c l u d e d that i t 
was unl ike ly that type 1 hypersens i t iv i ty 
played a role in the pathogenesis of fibrosi
tis. I t appears that myofasc ia l pa in syn
dromes are not l ikely to be act ivated by an 
allergy. However , we do find that among a 
certain n u m b e r of pat ients wi th an act ive 
allergic state, the allergy signif icantly per
petuates the act ivity of their myofasc ia l 
TrPs. Th is uncontro l l ed s t u d y 1 5 1 did not 
address the quest ion, "Does the presence of 
allergy i m p e d e the response to t reatment of 
T r P s ? " T h i s quest ion needs to be cr i t ica l ly 
evaluated in a research study. 

Diagnosis. Al lergic rhini t i s is charac
terized by episodic sneezing, rh inorrhea , 
obstruct ion of the nasal passages, c o n j u n c 
tival and pharyngeal i tching, and lacr ima-
tion. Al lergic rhini t is predisposes to upper 
respiratory in fec t ion . 1 1 T h e ini t ia l diagno
sis depends largely on the correlat ion be 
tween exposure to the al lergen and appear
ance of symptoms , both as re lated to t ime 
and place . T h e per ipheral b l o o d and nasal 
secret ions of patients wi th act ive allergic 
rhinit is are r ich in eos inophi les . Total 
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serum i m m u n o g l o b u l i n E is frequently ele
vated, and the demonstrat ion of ant ibodies 
to a speci f ic ant igen conf irms an et iologic 
diagnosis . A n u m b e r of r a d i o i m m u n e tests 
are n o w u s e d . 1 1 

S k i n testing is useful for detect ing sensi 
t ivity to inhalant al lergens, but quest ion
able for food al lergens. F o o d allergies are 
c o m m o n and p o t e n t , 6 3 and should be con
s idered as a poss ible perpetuator of my
ofascial TrPs. S o m e pat ients exhib i t an 
id iosyncrat ic m u s c l e react ion to a lcohol ic 
beverages , exper ienc ing an attack of m y 
ofascial pa in soon after, or the day, fol low
ing indulgence . 

In mos t pat ients , the upper respiratory 
tract and eyes, the b r o n c h i , the skin, or the 
jo ints are the s h o c k organs for al lergic re
act ions . However , in other pat ients , the 
skeletal m u s c l e s appear to serve as the 
s h o c k organ for al lergies. 

Treatment. Mos t important is avoid
a n c e of exposure to the al lergen. For in
halant al lergies, a r o o m m o d e l e lectrostat ic 
air c leaner is effect ive, i f the air in that 
r o o m is independent of the air c irculat ing 
throughout the house . S o m e portable r o o m 
m o d e l s are suitable for use on trips. 

Ant ih i s tamines effect ively control one 
mediator of allergy, the mast ce l l -der ived 
react ion, and can be valuable for control
ling symptoms of allergic rhini t is . Ei ther 
D r a m a m i n e , 50 mg, or Phenergan, 12 .5 or 
50 mg, taken short ly before b e d t i m e he lp to 
i n d u c e s leep. D r a m a m i n e is relat ively 
short act ing and can be repeated during the 
night , i f n e e d e d . T h e s e ant ih is tamines are 
d iscussed under Drugs in Chapter 3 . 

I f ant ih is taminics provided inadequate 
control , t reatment by hyposens i t iza t ion 
can be h e l p f u l . 1 1 

Impaired Sleep 
Impaired or interrupted s leep, in our ex

p e r i e n c e , occurs wi th greater f requency in 
pat ients wi th more severe myofasc ia l pain 
syndromes . S m y t h e , 2 5 0 w h e n redefining "fi-
bros i t i s , " cons idered disturbed s leep so 
important that he made i t one of four es
sential diagnost ic criteria. S leep s t u d i e s 1 8 0 

in 10 pat ients wi th " f ibros i t i s " revealed a 
decrease in the amount of s low wave activ
ity a n d intrusion of a rapid a lpha rhythm 
during stages 3 and 4 of s leep. Al l patients 

s h o w e d an overnight increase in the ten
derness of the tender points in their mus
c les . T h i s redefinit ion of f ibrosi t is is now 
k n o w as f ibromyalgia . 

In m a n y patients with myofascia l TrPs, 
the s leep disturbance can be specif ical ly 
related to referred pain caused by lying on 
a TrP, or s leeping wi th an involved musc le 
in the fully shortened posi t ion. Inactiva-
t ion of the TrP permits return to a c l in ica l ly 
normal s leep pattern. Other patients are 
disturbed by noise , w h i c h can be corrected 
wi th cotton in the ears or suitable ear 
plugs. S o m e patients are disturbed by de
press ion, w h i c h should be managed by an
t idepressant medica t ion as indicated. 

However, Moldofsky and S c a r i s b r i c k 1 7 9 

found m u s c l e tenderness and a sense of 
phys ica l t iredness in the morning in 
heal thy univers i ty students w h e n the s low 
wave n o n - R E M (rapid eye movement) 
s leep had b e e n disrupted throughout the 
night. Th is f inding demonstrates the basis 
for a v ic ious cyc le . T h e painful musc les in
terrupt s leep, and disrupted sleep can 
make the m u s c l e s more painful . 

History. A careful inquiry as to the pre
c ise nature of the s leep disturbance helps 
to determine what is causing it. Is the diffi
cul ty primari ly fall ing asleep, or staying 
as leep? A n x i o u s and tense patients have 
trouble falling as leep, depressed patients 
are l ikely to awaken during the night. 
W h e n , during the night, does the patient 
awaken? This information helps to identify 
the cause . Was the patient chil ly, or in 
pain? W h a t was the s leeping posit ion? T h e 
posi t ion he lps to identify what TrPs may 
be responsib le for pain. S o m e patients with 
a severe myofasc ia l pain syndrome can 
s leep in the sitting posit ion only. How does 
the pat ient get b a c k to sleep again? Is the 
lack of s leep at night compensated by sleep 
during the day? 

Treatment. Inact ivat ion of the TrPs 
that are disrupting sleep holds top priority. 
If going to s leep is a problem, a w a r m bath 
and/or a glass of m i l k before retiring may 
he lp induce s leep (provided the patient 
l ikes and digests mi lk) . 

An electr ic b lanket is most helpful to 
prevent chi l l ing of the body and el iminate 
compensatory muscular contract ions to 
generate heat. T h e thermostat should be 
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adjusted to slightly above room tempera
ture before retiring by turning the b lanket 
on and the temperature control up , just be 
yond the " o n " c l ick . 

P i l low posi t ioning can be the key to 
restful s leep. W h e n n e c k and shoulder 
muscles are involved, the corners of the 
pi l low can be tucked between the ear or 
chin and the shoulder to prevent tilting of 
the head and n e c k to keep the shoulder 
from riding up against the neck . B l o c k s un
der the feet of the head end of the bed are 
very helpful in this case, as noted in Chap
ter 3 , Sect ion 14 . Excess ive n e c k f lexion 
should be avoided and the p i l low should 
be flat enough to mainta in the normal lor
dotic curve of the cervical spine . An addi
tional small p i l low can be pos i t ioned to 
prevent shortening of involved shoulder-
girdle and arm musc les during the night. 
Specif ic details are descr ibed in the indi
vidual musc le chapters . 

T h e use of drugs has been m e n t i o n e d in 
the previous sect ion, and is d iscussed in 
Chapter 3. T h e value of mela tonin to reset 
a disturbed sleep cyc le is reviewed under 
Pain Relief in Sect ion 12 of Chapter 3. 

Nerve Impingement 
Both myofascial TrP syndromes and pe

ripheral nerve entrapments inc luding 
radiculopathies are very c o m m o n . An E M G 
study of TrPs in lumbar musc les that also 
examined for early E M G evidence of nerve 
compromise found a significant correla
t ion , 5 9 w h i c h was re inforced by a subse
quent s tudy. 6 0 T h e a u t h o r s 2 9 3 o f another 
study examined patients wi th radiculopa
thy due to disc les ions before and 4 weeks 
after surgery. There was a tendency for ac
tive TrPs to be present in m u s c l e s of the in
volved extremity corresponding to the 
level of root involvement , espec ia l ly for L 5 

innervated musc les . T h e TrPs were effec
tively inact ivated by the surgery. 

One cannot assume that the presence of 
radiculopathy activated the TrPs just be
cause they occurred together in the same 
individual , however, the studies noted 
above are strongly suggestive. T h e dis t inc
tion is c louded by the fact that TrPs act i 
vated as satell ites of the original pain of 
radiculopathy may refer pain in patterns 
that m i m i c the radicular pain. Neverthe

less , one of the authors (RDG) has seen a 
n u m b e r o f individuals present wi th acute 
TrP syndromes in the shoulder or in the 
hip and lower extremity that respond to 
manual and in jec t ion therapy, only to recur 
wi th in a day or two, and then return 
wi th in days to a w e e k or two wi th a ful ly 
developed c l in ica l p ic ture or radiculopa
thy that was not present before (weakness , 
altered tendon ref lexes , and sensory loss) . 
T h e f indings in these patients indica te that 
acute radiculopathy can present as myofas
cial pain s y m d r o m e (MPS) . 

T h e two condi t ions m a y appear as one 
in the postdisc syndrome but in reality are 
separate ent i t ies . T h e s e pat ients c o n t i n u e 
to exper ience pain fol lowing a we l l per
formed and truly n e e d e d laminec tomy. 
T h e y suffer f rom cont inuing act ivity of m y 
ofascial TrPs in m u s c l e s that refer pa in in 
m u c h the same distr ibution as that of the 
previous radicular pain. T h e post lumbar-
l a m i n e c t o m y pain syndrome descr ibed by 
R u b i n 2 2 5 demonstrates the postdisc syn
drome of the lumbar spine . Recurrent disc 
hernia t ion and postoperat ive scar t i ssue 
formation wi th root c o m p r e s s i o n must be 
identif ied and treated, but even in these 
cases , the pain often c o m e s from a m y o 
fascial TrP. In the lumbar disc s y n d r o m e 
involving the S a root , TrPs in the hamstr ing 
musc les are c o m m o n l y the cause of the on
going pain . 

Recogni t ion and inact ivat ion of the my
ofascial TrPs that r e m a i n e d fol lowing a 
success ful l a m i n e c t o m y for nerve root 
compress ion has provided comple te and 
lasting re l ie f in m a n y pat ients . 

H. SCREENING LABORATORY TESTS 
T h e fol lowing tests are valuable in the 

detect ion of perpetuat ing factors in pa
t ients wi th c h r o n i c myofasc ia l pain , or in 
any pat ient wi th myofasc ia l TrPs w h o re
sponds poorly to specif ic myofasc ia l ther
apy. T h e hematologic profi le , b l o o d c h e m 
istry profi le , and v i tamin tests are done 
routinely. T h y r o i d tests are done w h e n in
dicated by history and phys ica l f indings . 

Hematologic Profile 
T h e erythrocyte sedimentat ion rate 

(ESR) is normal in u n c o m p l i c a t e d M P S . A 
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normal E S R he lps to e l iminate the possi 
bi l i ty of a c h r o n i c bacter ia l infect ion. 
W h e n elevated, i t i s nonspec i f i c and may 
indica te other condi t ions , s u c h as 
polymyos i t i s , polymyalgia rheumat ica , 
rheumato id arthrit is , or cancer . 

A decreased erythrocyte count , low he
moglobin , and/or microcytos is indicates 
anemia , w h i c h tends to make the m u s c l e s 
h y p o x i c and to increase TrP irritability. 
Iron def ic iency is identi f ied by a low serum 
ferrit in level . A n e m i a can be caused by a 
folate and/or c o b a l a m i n defic iency, each of 
w h i c h addit ional ly increases TrP irritabil
ity. An increased m e a n corpuscular vol
u m e of > 9 2 f l is suspic ious . As i t r ises from 
95 to 1 0 0 fl, the l ike l ihood of a folate or a 
c o b a l a m i n def ic iency increases . 

Eos inophi l ia may be due to an act ive al
lergy, or to infestation wi th an intestinal par
asite, such as E. histolytica or a tapeworm. 

An increased proport ion o f m o n o n u 
clear ce l ls ( > 5 0 % ) m a y occur b e c a u s e o f 
l o w thyroid funct ion , or due to act ive in
fect ious m o n o n u c l e o s i s or an acute viral 
infect ion. 

Blood Chemistry Profile 
An automated b lood chemis t ry profile i s 

a useful screening test. Increased serum 
choles tero l can result from decreased thy
roid funct ion , whereas a low serum choles 
terol m a y reflect folate deficiency. Elevated 
levels of ur ic ac id ident i fy hyperur icemia , 
w h i c h occas iona l ly results in gout. A low 
serum total c a l c i u m suggests a c a l c i u m de
f iciency, but for determinat ion of the ade
quacy of avai lable c a l c i u m , a serum ion
ized c a l c i u m m e a s u r e m e n t is needed. 

L o w serum potass ium can cause m u s c l e 
c ramps and is l ikely to perpetuate myofas
c ia l TrPs. 

An elevated fasting b lood sugar deserves 
further invest igat ion to rule out diabetes 
wi th a 2-hour postprandial b lood glucose 
or a g lucose to lerance test. M e a s u r e m e n t of 
sensory nerve c o n d u c t i o n veloci t ies can 
he lp to rule out or substantiate diabet ic 
neuropathy. 

Vitamin Determination 
S e r u m levels o f v i tamins B 1 ; B 6 , B 1 2 , 

fol ic ac id , and v i tamin C can be enor
m o u s l y valuable in the rat ional manage
m e n t of pat ients wi th myofasc ia l pa in syn

dromes. Abnormal ly low levels of any of 
these v i tamins perpetuate TrPs. Values in 
the lower quartile of normal are less than 
opt imal and are highly suspect as perpetu-
ators of myofasc ia l TrPs. S i n c e a battery of 
B 1 2 and folic ac id levels i s readily available 
and not unreasonably expens ive , i t can be 
cost-effect ive in a substantial percentage of 
patients wi th chronic myofasc ia l pain to 
obtain this battery routinely initially. 
T h e s e patients , because of their chronic 
TrP problem, are a select group w h o are 
more l ikely than most patients to have vi
tamin inadequacy. 

Thyroid Tests 
T S H measures the adequacy of hormone 

product ion by the thyroid gland. W h e n the 
T S H is low, low T 4 levels wil l identify pi
tuitary failure. T h e third generation s T S H 
test and T 3 wi l l evaluate hyperthyroidism, 
whereas s T S H and free T 4 are used to as
sess the adequacy of thyroid replacement . 
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PART 2 
HEAD AND 
NECK PAIN 

CHAPTER 5 
Overview of Head and Neck 

Region 
By Bernadette Jaeger 

with contributions by 
David G. Simons and Lois Simons 

INTRODUCTION TO PART 2 
Part 2 of this manual is concerned with the mus
cles of the head and neck that refer pain to the 
uppermost parts of the body. This second of five 
parts comprises all of the head muscles and most 
of the neck muscles, including the sternocleido
mastoid, trapezius, digastric and other anterior 
neck muscles, suboccipital, and cervical para-
spinal muscles. It excludes the scalene and leva
tor scapulae muscles because they refer pain 
downward, but these are still important muscles 
to consider when treating head and neck pain 
complaints and are included in part three of this 
volume. Treatment of other head and neck mus
cles and resolution or control of a particular head 
and neck muscle dysfunction and/or pain prob
lem may depend on treatment of these latter two 
muscles as well. For example, it may not be pos
sible to adequately stretch the sternocleidomas
toid muscle if there is myofascial trigger point 
(TrP) involvement of the contralateral levator 
scapulae. Stretching of the clavicular head of the 
sternocleidomastoid could cause painful reactive 
shortening of the contralateral levator scapulae 
and inhibit a full stretch of the sternocleidomas
toid. Also, untreated levator scapulae TrPs may 
keep upper trapezius TrPs active. 

One should keep in mind that TrPs primarily 
cause increased muscle tension (tonus) that lim
its stretch range. Also, TrPs can produce inhibi
tion of muscle function. The overall goal of treat
ment is to restore normal function. 

This chapter is divided into four sections. Sec
tion A is a PAIN GUIDE to INVOLVED MUSCLES 
to help the reader determine which muscles to 
examine, based on the location of the patient's 
pain. Section B reviews the DIFFERENTIAL DI
AGNOSIS of head, neck and face pain, including 
various types of headache and temporomandibu
lar disorders, and reviews recent literature on 
muscle pain and myofascial TrP pain with respect 
to its prevalence and presentation in these disor
ders. Section C presents a SCREENING EXAM
INATION and rationale for treatment of temporo
mandibular disorders and a simple method for 
evaluating and correcting anterior head position
ing and poor body mechanics as they relate to 
myofascial trigger points. Section D presents a 
GENERAL TREATMENT APPROACH that has 
been shown to be successful for patients with 
chronic head, neck or facial pain caused wholly 
or in part by myofascial TrPs. 

2 3 7 
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2 3 8 Part 2 / Head and Neck Pain 

A. PAIN GUIDE TO INVOLVED MUSCLES 
This guide lists the muscles that may re

fer pain to specific areas of the head and 
neck, as identified in Figure 5.1. This fig
ure is used by locating the region where the 
patient has pain. Under that regional head
ing in the pain guide are listed the muscles 
that may refer pain to that anatomic area. 
The number in parenthesis following each 
muscle is the chapter number for that mus
cle; TrP stands for trigger point. 

The muscles listed in boldface type are 
likely to refer an essential pain pattern to 
that area. Regular type identifies the mus
cles that may refer a spillover pattern to the 
region. The muscles are listed in such a way 
that, in our experience, the muscle which is 
a more frequent cause of pain in an area is 
listed higher than others. However, the na
ture of the examiner's practice influences 
the selection of patients and, thus, which 
muscles are involved most often. 

PAIN GUIDE 
VERTEX PAIN 

Sternocleidomastoid (sternal) (7) 
Splenius capitis (15) 

BACK-OF-HEAD PAIN 
Trapezius (TrPJ (6) 
Sternocleidomastoid (sternal) (7) 
Sternocleidomastoid (clavicular) (7) 
Semispinalis capitis (16) 
Semispinalis cervicis (16) 
Splenius cervicis (15) 
Suboccipital group (17) 
Occipitalis (14) 
Digastric (12) 
Temporalis (TrPJ (9) 

TEMPORAL HEADACHE 
Trapezius (TrPJ (6) 
Sternocleidomastoid (sternal) (7) 
Temporalis (TrPs l i 2 > 3) (9) 
Splenius cervicis (15) 
Suboccipital group (17) 
Semispinalis capitis (16) 

FRONTAL HEADACHE 
Sternocleidomastoid (clavicular) (7) 
Sternocleidomastoid (sternal) (7) 
Semispinalis capitis (16) 
Frontalis (14) 
Zygomaticus major (13) 

EAR AND TEMPOROMANDIBULAR 
JOINT PAIN 

Lateral pterygoid (11) 
Masseter (deep) (8) 
Sternocleidomastoid (clavicular) (7) 
Medial pterygoid (10) 

EYE AND EYEBROW PAIN 
Sternocleidomastoid (sternal) (7) 
Temporalis (TrPJ (9) 
Splenius cervicis (15) 
Masseter (superficial) (8) 
Suboccipital group (17) 
Occipitalis (14) 
Orbicularis oculi (13) 
Trapezius (TrPJ (6) 

CHEEK AND JAW PAIN 
Sternocleidomastoid (sternal) (7) 
Masseter (superficial) (8) 
Lateral pterygoid (11) 
Trapezius (TrPJ (6) 
Masseter (deep) (8) 
Digastric (12) 
Medial pterygoid (10) 
Buccinator (13) 
Platysma (13) 
Orbicularis oculi (13) 
Zygomaticus major (13) 

TOOTHACHE 
Temporalis (TrPsj 2 3 ) (9) 
Masseter (superficial) (8) 
Digastric (anterior) (12) 

BACK-OF-NECK PAIN 
Trapezius (TrPJ (6) 
Trapezius (TrPJ (6) 
Trapezius (TrP3) (6) 
Multifidi (16) 
Levator scapulae (19) 
Splenius cervicis (15) 
Infraspinatus (22) 

THROAT AND FRONT-OF-NECK PAIN 
Sternocleidomastoid (sternal) (7) 
Digastric (12) 
Medial pterygoid (10) 
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Figure 5.1. Designated areas in the head and neck region to which pain may be referred by myofascial trigger 
points. See listing of muscles that refer pain to each of these areas. 
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A. PAIN GUIDE TO INVOLVED MUSCLES 238 
B. MYOFASCIAL PAIN IN THE HEAD, NECK 

AND FACE 240 
Diagnostic Categories for Head, Neck, 
and Facial Pain 240 

Screening Examination for Anterior 
Head Positioning 261 
Rationale for Treating Anterior 
Head Positioning 263 
Body Mechanics 263 

D. GENERAL TREATMENT APPROACH FOR CHRONIC 
HEADACHES, FACIAL, NECK, OR SHOULDER PAIN 
WITH A MYOFASCIAL TRIGGER POINT COMPO
NENT 267 
Acute vs. Chronic Myofascial Trigger Point Pain 267 
Quantifying the Pain Experience 268 
Treatment Program for Chronic Myofascial Pain 269 

B. MYOFASCIAL PAIN IN THE HEAD, 
NECK AND FACE 

Myofascial pain due to TrPs is a preva
lent cause of pain in all parts of the body 
and has been reported as a source of pain 
in numerous medical specialties. 2 8 , 1 1 0 

While it may no longer be surprising that 
up to 8 0 % of patients in a chronic pain 
center have myofascial TrP pain as the pri
mary diagnosis, 2 8 it was also reported that 
up to 30% of patients presenting them
selves with a complaint of pain in a uni
versity based general internal medicine 
practice had myofascial TrPs as the cause 
of the pain. 1 1 0 Interestingly, of those pa
tients presenting with pain, those with up
per body pain or headache were more 
likely to have myofascial TrP pain than pa
tients with pain located elsewhere. 1 1 0 This 
may explain why it was the dental profes
sion that recognized Dr. Travell's pioneer
ing efforts and promoted recognition of the 
muscular component of many cran-
iomandibular and head and neck pain dis
orders. Certainly, myofascial TrP pain has 
been reported as the most prevalent cause 
of painful symptoms in temporomandibu
lar (TM) disorders (a term used to describe 
clinical problems involving the mastica
tory muscles, temporomandibular joint 
(TMJ), or b o t h ) . 3 1 , 7 9 , 1 1 2 Similarly, sufficient 
evidence exists supporting a substantial 
role of myofascial TrP pain in chronic ten
sion-type and migraine headaches. 5 1 

In myofascial pain due to TrPs, the pre
senting complaint, which is usually a re

ferred symptom, may be located in or about 
normal muscular or nonmuscular structures. 
In the head and neck region, the patient may 
complain of such things as headache, 
toothache, sinus or TMJ pain, yet clinical 
evaluation of these areas may not yield any 
evidence of local pathologic change. In fact, 
any undiagnosed pain, particularly, but not 
exclusively, if deep, dull, and aching in char
acter may be of myofascial TrP origin. If a pa
tient describes 2 components to the pain, or 
if upon careful questioning notes a dull 
aching quality in addition to other pain de
scriptors, myofascial TrP pain should be sus
pected as a contributing factor. The intensity 
of myofascial pain due to TrPs should not be 
underestimated as it has been rated by pa
tients as equal or slightly greater than pain 
from other causes. 1 1 0 

Diagnostic Categories for Head, Neck 
and Facial Pain 

This B section presents the various diag
nostic categories of chronic orofacial, head 
and neck pain and describes in more detail 
those disorders which are likely to have as
sociated myofascial pain. Case examples 
are included and pertinent literature docu
menting the role of myofascial TrP pain in 
mimicking, producing or contributing to 
many of these painful disorders is re
viewed. Diagnostic examination tech
niques to help the clinician distinguish 
pain arising primarily from the temporo
mandibular joint versus myofascial TrPs 
are included in Section C. 

Copyrighted Material



Chapter 5 / Overview of Head and Neck Region 241 

Table 5.1 is adapted from the Interna
tional Headache Society Classification for 
Headache Disorders, Cranial Neuralgias 
and Facial Pain. 8 1 Next to each broad cate
gory is a rating of how likely it is that dis
orders in a particular category will be asso
ciated with myofascial TrP pain. 

What follows is a discussion of those pain 
categories with a moderate to high or very 
high chance of myofascial TrP involvement. 

Migraine Headache. Patients with mi
graine headaches, particularly migraine 
without aura (common migraine), have 
been shown to have focal cervical and mas
ticatory (pericranial) muscle tenderness 
with associated referred symptoms that re
produced their headache p a i n . 4 2 , 5 5 , 6 6 , 8 0 , 1 1 8 

These pericranial muscle sites are more 
tender in migraine patients than non-
headache controls even when the migraine 
patients are headache-free. 5 5 , 6 6 Increasing 
headache intensity is associated with in
creased tenderness of the pericranial mus
cle s i tes . 5 6 , 6 1 Injection of these tender sites 
with saline or lidocaine was shown to pro
duce complete headache elimination in 
60% of patients studied. 1 1 8 

The tender pericranial muscle sites de
scribed and studied in patients with mi
graine without aura have many characteris
tics in common with myofascial TrPs. 
Myofascial TrPs are, by definition, focally 
tender points in skeletal muscle and pro
duce consistent referred symptoms when 
palpated. Overlapping pain referral pat
terns from myofascial TrPs in various peri
cranial muscles produce a typical migraine 
picture that can be unilateral or bilateral 
(Fig. 5.2). Research has shown that active 
TrPs (TrPs causing spontaneous clinical 
pain, such as headache) are more tender 
than latent TrPs (TrPs quiescent with re
spect to spontaneous symptoms, but con
forming to all other TrP criteria including 
referred pain with palpation). 5 2 This is con
sistent with the observation that the peri
cranial muscle sites in migraine headache 
subjects are more tender outside of a 
headache attack than those of non-
headache controls, and that muscle tender
ness increases with increasing headache 
intensity within an attack. 5 5 Injection and 
even dry needling of TrPs has been shown 
to be effective in reducing or eliminating 

both the referred symptoms and local ten
derness from myofascial T r P s , 3 3 , 3 9 , 4 4 , 6 3 , 1 1 1 

undoubtedly accounting for the 6 0 % 
headache reduction rate in the study of 
migraine patients mentioned above. 1 1 8 

Clearly, the constellation of signs docu
mented in patients with migraine without 
aura, along with the positive response to 
treatment with injection, is consistent 
with a diagnosis of myofascial TrP pain. 
While most researchers and clinicians now 
agree that there is a myogenic/myofascial 
nociceptive component to the pain of mi
graine without aura, there is still contro
versy as to whether the muscle is the pri
mary source of the pain, or whether the 
myofascial TrPs are activated by central 
mechanisms. 8 2 

Tension-type Headache. Tension-type 
headache is a primary headache disorder 
whose pathophysiology also engenders 
much debate. These headaches are usually 
bilateral with a pressing, nonpulsating 
quality, lasting 30 minutes to 7 days when 
episodic and may be daily without remis
sion when chronic. While a psychological 
basis has been entertained, 1 0 8" the predom
inant theory historically has been that ten
sion-type headaches are due to sustained 
contraction of cervical and pericranial 
muscles. 1 However, electromyographic 
(EMG) studies completed over the last 
10-15 years do not support a muscle 
contraction mechanism in tension-type 
headaches. 1 0 , 43, 83 , 86 , 97 Rather, more and 
more evidence exists implicating myofas
cial TrP pain as an etiologic source of pain 
in these headaches. 5 1 , 8 1 

The overlapping pain referral patterns 
from pericranial and cervical myofascial 
TrPs produce not only a typical migraine 
headache distribution, but also a character
istic tension-type headache picture espe
cially if bilateral (Fig. 5.2). Even the 
"steady, deep aching" quality of myofas
cial TrP pain is comparable to the 
"pressing/tightening" quality of tension-
type headache described in the Interna
tional Association for the Study of 
Headache Classification. 8 1 Where studies 
have failed to show any positive correla
tion between tension-type headache and 
EMG elevation, they have shown a positive 
correlation with muscle tenderness. 4 1 , 5 3 
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Table 5.1 Head, Neck or Facial Pain Disorder* 

Disorder Probability of Myofascial TrP Pain 

Migraine headache high 
Migraine without aura 
Migraine with aura 
Other 

Tension-type headache very high 
Episodic 
Chronic 

Cluster headache and chronic paroxysmal hemicrania low to moderate 
Miscellaneous headaches, unassociated with structural lesion low 

Cold stimulus headache 
Benign cough headache 
Benign exertional headache 
Orgasmic headache 

Head and neck pain associated with head trauma moderate to high 
Acute post-traumatic head and neck pain 
Chronic post-traumatic head and neck pain 

Head and facial pain associated with vascular disorders low 
Acute ischemic cerebrovascular disease 
Intracranial hematoma 
Subarachnoid hemorrhage 
Giant Cell Arteritis 
Carotid or vertebral artery pain 

Head and facial pain associated with nonvascular intracranial low 
disorders 

High or low cerebrospinal fluid pressure 
High pressure hydrocephalus 
Intracranial infection or neoplasm 

Head pain associated with substances or their withdrawal low to high 
Acute substance use/exposure (alcohol, caffeine, nitrites, MSG) 
Chronic substance use/exposure (ergotamine, analgesics) 
Acute use withdrawal (alcohol) 
Chronic use withdrawal (ergotamine, caffeine, narcotics) 

Head pain associated with noncephalic infection low 
Viral 
Bacterial 
Other 

Head pain associated with metabolic disorder low 
Hypoxia, hypercapnia or mixed hypoxia and hypercapnia 
Hypoglycemia 
Dialysis 
Other 

Head, neck or facial pain associated with disorders of the high 
cranium, neck, eyes, ears, nose, sinuses, teeth, mouth, or 
other facial or cranial structures, including the TMJ 

Cranial neuralgia, nerve trunk pain, and deafferentation pain low to moderate 
Persistent or continuous neuralgias 
Paroxysmal neuralgias 

Head, neck and facial pains not classifiable ? 

Cervicogenic headache high 

*Adapted from the International Headache Society Classification for Headache Disorders, Cranial Neuralgias and Facial 
Pain.H 1 Next to each broad category is a rating of how likely it is that disorders in a particular category will be associated 
with myofascial pain. 
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Figure 5.2. Overlapping pain referral patterns (red) 
from myofascial trigger points (Xs) in various mastica
tory and cervical muscles produce typical unilateral or 
bilateral migraine or tension-type headache pictures. 

Many studies have documented the pres
ence of pericranial muscle tenderness 3 , 5 4 , 6 1 , 

69 ,119 ,123 and referred pain with muscle pal
pation 5 4 , 6 6 not only in migraine, but also in 
tension-type headache. As with migraine 
without aura, there is a positive correlation 
between the degree of muscle tenderness 
and the intensity of tension-type 
headache , 8 , 6 0 , 6 1 a feature which again cor
relates with what is known about latent 
and active myofascial TrPs. 5 2 

Other characteristics of TrPs that are 
compatible with tension-type headache are 
the taut bands which make the muscles 
feel tense, but which have no observable 
EMG activity, despite the fact that the TrPs 
themselves d o . 4 6 , 1 0 6 Myofascial TrP activity 
increases dramatically in response to psy
chological stress and diminishes with re
laxation;7 3 tension-type headaches also 
worsen with stress and improve with re
laxation. 4 1 , 9 4 

It would seem that, in their fascination 
with central and intracranial neurovascu
lar mechanisms, many headache re
searchers have failed to acknowledge that 
there is a myofascial TrP component to ten
sion-type and most migraine headache 
pain, despite strong and consistent sup
porting evidence. However, in an effort to 
account for the varying clinical presenta
tions of headache, and taking into account 
what is known about the neurovascular 
mechanisms as well as the "pericranial 
muscle tenderness," Olesen proposed a 
model that is supportive of the role of myo
fascial TrPs in headache. In this model the 
cranial vasculature and the pericranial 
muscles (myofascial TrPs) are the 2 pri
mary nociceptive sources and supraspinal 
(emotional/psychological) factors either 
enhance or reduce the pain. 8 2 The final 
common pathway is through the second or
der pain transmission neuron upon which, 
Oleson speculates, the inputs from the pri
mary afferent nociceptors of intracranial 
and extracranial vasculature, extracranial 
musculature (myofascial TrPs) and 
supraspinal "on-off" cells converge. The 
strength of input from each of the converg
ing neurons determines which headache 
picture emerges clinically (Fig. 5.3). For 
example, nociception predominantly from 
myofascial TrPs will produce a tension-
type headache picture. This model ex
plains why some patients have both mi
graine and tension-type headaches, or why 
some patients presenting with chronic ten
sion-type headache relate a history of in
termittent migraine. It is likely that early 
identification and treatment of myofascial 
TrPs in these headache patients will reduce 
incidence of progression to chronicity. 

Because TrPs appear to play an impor
tant role in migraine and tension-type 
headaches, all headache patients should be 
evaluated for their presence. 5 9 If found, the 
treatment regimen should include myofas
cial TrP pain reduction techniques or a 
myofascial TrP pain management program. 
The same treatment strategies used for myo
fascial TrP pain work well for the reduction 
of headache, whether migraine or tension-
type, when associated with "pericranial 
muscle tenderness" (myofascial TrPs) 3 7 (see 
Section D at the end of this chapter). 
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Medium 

Figure 5.3. Predicted importance of supraspinal, vas
cular, and myofascial inputs to brain-stem neurons in 
various forms of migraine and tension-type headache. 
Some examples of the innumerable modulations of 
the vascular-supraspinal-myogenic model of migraine 
and other headaches. S: supraspinal net effect (usu
ally facilitation during headache); M: myofascial noci
ceptive input; V: vascular nociceptive input. Thickness 
of arrows represents relative intensity of input, a; mi
graine aura without headache: despite strong vascu
lar input there is no pain because of small S and M. 
b; migraine with aura: because of stronger supraspinal 
or myofascial input the subject now suffers from 

headache, c; migraine without aura: the vascular input 
is not as strong as in migraine with aura, but the 
headache is no less intense because of a stronger 
supraspinal facilitation or the combined effects of V 
and M. The latter case is likely to suffer alternating mi
grainous or tension-type headaches depending on 
small shifts in the relative magnitude of M and V. 
d; tension-type headache: M is greater than V, and S 
is medium or large. (Reprinted with permission from 
Olesen J. Clinical and pathophysiological observa
tions in migraine and tension-type headache ex
plained by integration of vascular, supraspinal and 
myofascial inputs. Pain 1991;46:125-132.) 

Cluster Headaches and Chronic Parox
ysmal Hemicrania. Both of these head
ache types share several features, including 
location, quality, intensity and unilaterality 
of the pain, associated autonomic phenom
ena and an intermittent nature, individual 
headache attacks ranging from minutes to 
hours only. Research has focused on auto
nomic dysfunction, cranial arteries and 
blood flow, biochemical and neurotrans
mitter changes, neuroendocrinology, sleep 
and central mechanisms. 2 3 Pericranial mus
cle tenderness or the presence of myofas

cial TrPs has not been systematically stud
ied in these two headache types and likely 
reflects a low incidence of occurrence. The 
intermittent character of these two 
headache types, coupled with short dura
tion, is probably the reason that myofascial 
TrPs do not seem to develop. However, this 
author's experience is that myofascial pain 
may occur in chronic cluster headache (re
curring attacks for over a year without re
mission longer than 14 days) and may com
plicate management if not identified and 
controlled. 

Weak 

Strong 
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Case report: This was a 57-year-old 
male with a 38-year history of cluster 
headaches. Early on, the cluster episodes 
occurred approximately once every 14-16 
months. Upon presentation, the head
aches had been occurring chronically 
without remission for 3 years. The patient 
was controlling his headaches with 1 to 4 
verapamil and 1 to 2 cafergot daily. They 
always started as a dull suboccipital pain 
on the left, spreading to involve the left 
eye. Duration ranged from 75 minutes to 
14 hours (not typical of cluster). Associ
ated symptoms included mild nasal stuffi
ness on the same side. Physical examina
tion was within normal limits except for 
nonpainful crepitus in the left temporo
mandibular joint, elevation of the left 
shoulder girdle, and anterior head posi
tioning. Of greater significance was an ac
tive myofascial TrP in the left sternoclei
domastoid muscle which referred pain 
into the left suboccipital region and left 
maxilla and forehead, as well as inducing 
a feeling of nasal stuffiness on the left 
side. Tenderness without pain referral 
was found in the left suboccipital and up
per trapezius muscles. Physical therapy 
evaluation confirmed underlying stiffness 
in the upper cervical spinal joints. Diag
nosis of cluster variant with cervical mus
culoskeletal dysfunction and myofascial 
TrPs as contributing and possibly trigger
ing factors was made. It is likely that the 
patient was also suffering from analgesic 
rebound secondary to the cafergot con
sumption. Treatment was aimed primarily 
at correction of the musculoskeletal dys
function with instruction in posture and 
body mechanics, mobilization of the up
per cervical segments, and home stretch
ing exercises for muscles with myofascial 
TrPs and palpation tenderness. The left 
sternocleidomastoid muscle was injected 
with procaine one time. Medications were 
slowly reduced and discontinued. Within 
6 weeks, the patient was experiencing sig
nificant reduction in the frequency and 
intensity of headaches. The patient rated 
the physical therapy and home exercise 
program as the most useful components of 
his treatment. He felt that the stretching 
exercises gave him control over his 

headaches as he was often able to abort a 
headache using these. The headaches re
verted back to an episodic cluster pattern 
and responded well to prophylactic clus
ter headache medications when they oc
curred. 

Miscellaneous Headaches, Unassoci-
ated with Structural Lesion. These 
headaches include cold stimulus, benign 
cough or exertional headache and orgasmic 
headache. By their very nature these 
headaches are associated with a specific in
citing event, treatment being aimed at 
eliminating or avoiding the precipitating 
cause. Because these headaches are rela
tively infrequent and shortlasting, devel
opment of associated myofascial TrPs ap
pears to be rare. 

Head and Neck Pain Associated with 
Head Trauma. A fairly consistent con
stellation of head pain and other symptoms 
have been reported following minor closed 
head injuries with actual cranial impact, or 
flexion-extension injuries without cranial 
impact. Painful symptoms are usually in 
and around the head, neck and shoulders 
and often appear within the first 24-48 
hours, although onset may be days or 
weeks. 9 5 Headache is the most common 
complaint that lasts beyond the normal 
healing phase of acute soft tissue injury. 
The mechanism of the head pain, which 
may mimic any of the primary headache 
disorders, but most commonly tension-
type headaches, remains puzzling, but may 
well have its roots in the posttraumatic ac
tivation or development of myofascial 
TrPs. Other postulated but also unproven 
etiologic sources for the pain include cer
vical soft tissue and cervical and temporo
mandibular joint injuries, along with pos
sible physiological or microstructural 
disturbances of the brainstem or vestibular 
apparatus. 9 5 

Acute muscle overload, such as occurs 
with flexion-extension injuries, is a well 
recognized and widely accepted cause for 
activating myofascial TrPs, although sys
tematic blinded or controlled research 
studies proving this are lacking and are 
needed. Posttraumatic myofascial pain has 
been noted as a source of pain in the head 
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and neck region. 9 , 3 1 and one study docu
mented the frequency of myofascial TrPs in 
various muscles in 100 consecutive motor 
vehicle accident victims. 4 The latter study 
found myofascial TrPs in muscles consis
tent with the force overload expected from 
different directions of impact and within 
the areas the patients complained of pain. 
Forty-four percent of subjects complained 
of headache; the semispinalis capitis and 
splenius capitis were the most commonly 
involved muscles, regardless of the direc
tion of impact, second only to the quadra-
tus lumborum muscle. 4 

It is interesting to note that the most 
frequent presentation of posttraumatic 
headache is "clinically indistinguishable 
from chronic muscle contraction headache 
that is unrelated to trauma" (tension-type 
headache). 1 1 7 A logical extrapolation is 
that posttraumatic headache of this type 
has myofascial TrPs just as tension-type 
headaches do. Saper notes, among other 
pain patterns, that of "myofascial-like pain 
with TrPs in the occipital, cervical, shoul
der (trapezius, supraspinatus) and para-
spinal regions." 9 5 He further recognizes 
that "Referred phenomena from suboccip
ital regions to frontal, vertex, or orbital re
gions have been documented and may ac
count for the frequency of complex pain 
patterns" in posttraumatic headache. In
terestingly, back in 1946, Simons and 
Wolff observed that injection of local anes
thetic into "areas of deep tenderness" 
eliminated the pain of post-traumatic 
headache. 1 0 8 

Whether a primary or secondary cause of 
pain in these patients, it is highly likely that 
myofascial TrPs play a significant role in 
posttraumatic head and neck pain. Evalua
tion should include palpation for myofas
cial TrPs and, when identified, they should 
be treated with appropriate myofascial TrP 
pain management strategies (see Section D). 

Head Pain Associated with Substances 
or Their Withdrawal. This category en
compasses headaches now coined with the 
term "analgesic rebound" or "drug induced 
refractory" headache. These headaches are 
due to the excessive use of symptomatic 
medications such as aspirin, aceta
minophen, nonsteroidal anti-inflammatory 
drugs, or ergots. Prophylactic medications 

no longer are effective. Clinical experience 
indicates that most patients with analgesic 
rebound headache have active myofascial 
TrPs contributing to their pain. However, 
these seem to resolve in most cases with 
detoxification from the offending sub
stance and therefore seem to be secondary 
to the headache caused by the drug depen
dence. Research studies documenting the 
prevalence of myofascial pain in this pop
ulation are lacking, as are studies looking 
at the efficacy of simple detoxification ver
sus treatment of the myofascial pain versus 
both. Such studies are urgently needed. 

Head, Neck or Facial Pain Associated 
with Disorder of Cranium, Neck, Eyes, Ears, 
Nose, Sinuses, Teeth, Mouth, or Other Facial 
or Cranial Structures, Including the TMJ. 
This category includes the various organic 
diseases such as inflammation, infection, de
generation, neoplastic invasion, and obstruc
tion that may affect any of the organs in the 
craniofacial region, including the TMJ and 
the head and neck muscles (see Table 5.2). 

While the majority of these disorders will 
present with acute symptomology and re
spond to appropriate acute disease treat
ment strategies, it is important to remember 
that nociceptive input produces secondary 
reflex muscle contraction and, if prolonged, 
contributes to the development of myofas
cial TrPs and associated referred pain. 2 4 The 
pain and symptoms arising from the subse
quent myofascial TrPs will often persist even 
if the primary pain source is eliminated. 

T E E T H , JAWS AND RELATED STRUCTURES. 

The following is an example of a patient 

Table 5.2 Organic Disease of Extracranial 
Structures 

Structures Diseases 

Cranial bone Inflammation 
Neck Infection 
Eyes Degeneration 
Ears Obstruction 
Nose and sinuses Neoplastic invasion 
Teeth and related 

structures 
Temporomandibular 
joints 

Head and neck muscles 
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who had a prolonged painful problem with 
an upper molar. Despite ultimate resolu
tion of the dental complaint, she began to 
complain of ipsilateral facial discomfort 
and ear symptoms which turned out to be 
myofascial TrP in origin. 

Case report: A 39-year-old female pre
sented with a chief complaint of fullness 
in her left ear and mild aching in her left 
jaw muscle. Extensive otolaryngologic 
workup had been normal, but a mild click 
in the left TMJ prompted a referral to a 
clinician trained in orofacial pain disor
ders. Careful questioning elicited a 2-year 
history of extensive dental work on the 
patient's upper left second molar includ
ing root canal treatment, apicoectomy 
(surgical removal of the root tip), and fi
nally extraction, with pain on and off in 
this tooth during this time. Physical ex
amination was most significant for active 
myofascial TrPs in the left trapezius, ster
nocleidomastoid, masseter and lateral 
pterygoid muscles which contributed to 
the left ear fullness and the aching in her 
left jaw. The left joint click was of no clin
ical significance. The patient improved 
with treatment aimed at resolving the 
myofascial TrPs. This included instruc
tion in good posture and body mechanics, 
spray and stretch, self spray and stretch, 
and TrP injections in the left lateral ptery
goid and masseter muscles. 

NECK. The neck is rife with structures 
that potentially could and probably do 
cause various painful condit ions, 6 , 2 1 but 
controversy continues to abound as to its 
contribution to headaches and head pain. 
Only 2 subcategories for causes of neck 
pain are officially listed in the Interna
tional Headache Society classification, 
namely the "cervical spine," and 
"retropharyngeal tendinitis." 8 1 Interest
ingly, under "cervical spine," inclusion cri
teria cite pain that "project(s) to forehead, 
orbital region, temples, vertex or ears," in 
addition to a local neck or occipital pain 
distribution. Further inclusion criteria re
quire at least one of either: diminished cer
vical range of motion, abnormal cervical 
"muscle contour, texture, tone or response 
to active and passive stretching and con
traction," or "abnormal tenderness of neck 

Figure 5.4. Cervical dermatomes, a represents the C2 

and C3 tactile dermatomes as defined by Foerster29 

and b represents C2 and C3 pain dermatomes as de
fined by a study by Polleti87 Not shown here is that C, 
also provides sensory innervation of the posterior 
scalp and that pain from C, may be perceived in the 
retro-orbital area, forehead and temple. Together Cu 

C2, and C3 provide overlapping sensory innervation to 
the back of the head, lateral scalp, anterolateral neck 
down to and including the region of the clavicle, parts 
of the ear, the temporomandibular joint area, and the 
lower border of the mandible. 

muscles." Radiologic studies should reveal 
some obvious pathology, abnormal posture 
or reduced range of motion. 8 1 

The cervical dermatomes include the 
back of the head, parts of the ear, the TMJ, 
and lower border of the mandible (Fig. 5.4). 
Rarely, nerve root irritation or entrapment 
may cause pain to be experienced in these 
dermatomal projections. 6 But what about 
the projection of pain to the forehead, or
bit, temples, vertex or ears described in the 
International Headache Classification? 8 1 

The primary afferent nociceptors of the 
trigeminal nerve synapse in the nucleus 
caudalis of the spinal trigeminal tract. The 
nucleus caudalis descends as low as C 3 -C 4 

in the spinal cord. Many nociceptors from 
the deep cervical structures synapse on the 
same second-order pain transmission neu
rons as the trigeminal nerve. 5 8 Convergence 
and central modulation at these locations 
of nociceptive input such as that from 
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Figure 5.5. Sagittal diagram of the medial third of the 
TM joint depicting the following structures: (1) inferior 
portion of and (2) superior portion of the lateral ptery
goid muscle; (3) anterior band of, (4) central portion of, 
(5) and posterior band of the articular disc; (6) superior 
lamina of the posterior attachment, (7) inferior lamina 
of the posterior attachment, (8) lower synovial space. 
Left side of figure is anterior. (Reprinted with permis
sion from Solberg WK. Temporomandibular disorders. 
Br Dent J 1986.) 

capsule. The disc essentially divides the 
joint into upper and lower compartments 
and functions as a third bone in the ar
ticulation allowing ginglymo-arthrodial 
(hinge-sliding) movements. 

Inferior and posterior dislocation of the 
condyle is limited by the fibrous joint cap
sule and a thickened anterolateral and lat
eral portion of the joint capsule, called the 
temporomandibular ligament. Stability 
during movement is provided by the poste
rior temporalis and inferior head of lateral 
pterygoid muscles. For a more complete re
view of anatomy and biomechanics of the 
TMJ, the reader is referred to Sarnat and 
Laskin, 9 6 Bell, 5 Solberg and Clark, 1 1 5 and 
others . 1 6 , 7 7 

BIOMECHANICS: The morphology and 
structural arrangement of a joint dictates 
its movement. The TMJ is considered a 
compound joint because it has two parts 
that move in different ways. The articular 
disc is a key factor in its biomechanics. 
The condyle articulates against disc for 
mostly hinge type movement during early 
jaw opening (20-30 mm). The disc and 
condyle then function together to glide 

myofascial TrPs can readily account for 
these referred pain p h e n o m e n a . 2 6 , 4 5 , 7 5 , 1 0 3 

Myofascial TrPs certainly may be one of 
the nociceptive sources causing this pain 
referral, especially since myofascial TrPs 
develop or are activated posttraumatically, 
and they appear to be associated with 
spinal dysfunction (diminished range of 
motion of the individual spinal jo ints) . 5 0 , 6 4 , 

1 0 2 Further, abnormal muscle tenderness 
and referred pain are two of the signs as
cribed to pain from the cervical spine in 
the International Headache Classifica
tion. 8 1 These characteristics are consistent 
with those ascribed to myofascial TrPs and 
lend additional support to their probable 
contribution to cervical pain and associ
ated headaches. 

TEMPOROMANDIBULAR JOINTS. The TMJs, 
located anterior to the ears bilaterally, rep
resent the articulation between the lower 
jaw and the cranium. They are such 
unique, complex, bilateral articulations 
that a brief review of functional anatomy 
and basic biomechanics is merited to make 
discussion of TM joint disorders easier to 
understand. 

ANATOMY: The TMJs are bilateral, com
pound, synovial joints, with dense, nonva
scular fibrous connective tissue covering 
the articular surfaces, located on the 
mandibular condyle and the glenoid fossa 
of the temporal bone (Fig. 5.5). This is in 
contrast to most synovial joints which have 
hyaline cartilage covering the articular sur
faces. The fibrous tissue surface, a phyloge-
netic difference, allows for remodeling in 
response to stress, something hyaline carti
lage cannot do. Interposed between the ar
ticular surfaces is an articular disc also 
composed of dense nonvascular fibrous tis
sue. The articular disc is tightly bound to 
the lateral and medial poles of the condyle 
and attaches anteriorly to the joint capsule. 
Posteriorly, the disc continues as a thick 
double layer of vascularized connective 
tissue which splits and, superiorly be
comes a fibroelastic layer attaching to the 
posterior aspect of the glenoid fossa and in-
feriorly continues as a fibrous layer attach
ing to the posterior aspect of the condylar 
neck. Between the layers is highly vascular 
and innervated loose connective tissue that 
attaches to the posterior wall of the joint 
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Figure 5.6. Normal temporomandibular joint function 
during opening movement, as seen by arthrography. 
The disc is the stippled structure between the condyle 
below, and the temporal bone above. A, mandible in 
the closed position. B-D, progressive stages of open
ing. The disc slides forward with the condyle as it 
translates to, and sometimes over, the articular emi

nence. The superior lamina of the posterior attach
ment becomes stretched, the inferior lamina does not. 
(Reproduced with permission from Solberg WK, Clark 
GT. Temporomandibular Joint Problems: Biologic Di
agnosis and Treatment. Quintessence, Chicago, 
1980:73.) 

down the articular eminence for full jaw 
opening (Fig. 5.6). 

BIOMECHANICS IN INTERNAL DERANGEMENTS: 
The term "internal derangement" applies 
to all joints and encompasses those disor
ders causing mechanical interferences to 
normal joint function. In TMJs, this in
volves primarily displacement and distor
tion of the articular disc, as well as remod
eling of the articular surfaces, and joint 
hypermobility.1 1 3 Many of the articular dis
orders affecting TMJs involve abnormal or 
restricted range of motion and noise, but 
are relatively painless. These include the 
congenital or developmental disorders, 
disc derangement disorders, osteoarthritis 
and ankylosis listed in Table 5.3. Any pain 
associated with these disorders is usually 
momentary and associated with pulling or 

stretching of ligaments. In the case of anky
losis, pain ensues if the mandible is 
forcibly opened beyond adhesive restric
tions. Forcible opening can cause acute in
flammation. Primary or secondary os
teoarthritis, unless accompanied by 
synovitis, is also associated with minimal 
pain or dysfunction, 7 9 although crepitus 
and limited range of motion may be pre
sent. While clicking, irregular condylar 
movement and locking are the most com
mon and early signs of internal derange
ment, it is only when accompanied by pain 
from inflammation or capsular pain with 
function that we see the development of 
myalgia, myofascial TrPs and referred 
symptoms. 

Clicking occurs when there is anterome-
dial displacement of the articular disc, 
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Table 5.3 Temporomandibular Joint 
Articular Disorders* 

•Adapted from the American Academy of Orofacial Pain. 7 2 

The classification is intended to be used as the TM joint 
sub-grouping in the International Headache Society classi
fication outlined at the beginning of this chapter. 

which the condyle must override to reach 
its normal position for full mouth opening 
(Fig. 5.7). The clicking sound is caused by 
the impact of the disc-condyle complex 
against the articular eminence. 1 1 3 Clicking 
is usually reciprocal, a second less pro
nounced click occurring as the condyle 
slips off of the disc again on closing. Click
ing may progress to locking, where the disc 
no longer reduces onto the condyle for 
translation, and the joint movement is es
sentially blocked by the folded and de
formed articular disc (Fig. 5.8). Since both 
clicking and locking are usually painless 
problems, patients often present them
selves for evaluation only after they no 
longer can consistently reduce a locking 
joint themselves, the chief complaint being 
restriction, not pain. Pain may ensue how
ever, if disc displacement continues. 1 1 3 Jaw 
opening may actually improve over time, 
but may be attended by increased pain on 
functioning as inflammation and os
teoarthritis accompany the internal de
rangement. Chronic internal derangements 
tend to have a self-limiting course of 3 -5 
years 9 1 and since many are painless or 

silent, people often do not choose to seek 
care. 1 1 3 

ROLE OF OCCLUSION IN TM DISORDERS: 
Historically the dental profession has con
sidered occlusal disharmony and variation 
as a potentially primary etiologic factor in 
TM disorders. However, literature reviews 
and data from recent studies do not sup
port occlusion as a significant etiologic 
component to TM disorders . 7 0 , 8 9 , 9 0 , 1 2 0 Even 
loss of molar support, which seems to cor
relate with the occurrence of osteoarthritic 
changes in the TMJ, has no identifiable ef
fect when age is controlled for, since loss of 
teeth and incidence of osteoarthritis both 
increase with a g e . 1 2 1 , 1 2 2 Nor do 4 -6 mm 
changes in occlusal vertical dimension (the 
distance between a point on the maxilla 
and one on the mandible when the teeth 
are in occlusion) cause masticatory muscle 
hyperactivity or other TM disorder symp
toms. 9 3 Logistic regression analysis to as
sess the contribution of occlusion to the 
development of TM disorders found that 
anterior open bite (when the anterior teeth 
do not meet when the posterior teeth are in 
occlusion) correlated with osteoarthritis 
and myofascial pain due to TrPs. However, 
the authors of this study felt that the oc
clusal changes in osteoarthritis are proba
bly secondary to the joint changes and not 
etiologic. 9 0 In contrast, the association of 
myofascial TrP pain to anterior open bite in 
the absence of osteoarthritis was puzzling. 
It was unclear whether the anterior open 
bite preceded the TrP pain or whether the 
presence myofascial TrPs caused the 
change in occlusion. 

The contribution of occlusion to the eti
ology of TMJ disorders and myofascial pain 
due to TrPs remains unclear, controversial, 
and needs research investigation. How
ever, TM disorder patients with complaints 
or signs of occlusal alteration, should rou
tinely be examined for masticatory muscle 
TrPs, since unilateral shortening of masti
catory muscles due to TrPs may shift the 
mandible causing an easily reversible oc
clusal change. Masticatory muscle myofas
cial TrPs should be inactivated prior to ini
tiating any prosthodontic treatment. 

IMPACT OF TMJ DISORDERS ON MYOFASCIAL 
TRPS: Nonpainful joint disorders in and of 
themselves rarely cause myofascial TrPs to 

Congenital or developmental disorders 
Aplasia 
Hypoplasia 
Hyperplasia 
Neoplasia 

Disc derangement disorders 
Disc displacement with reduction 
Disc displacement without reduction 

Osteoarthritis (non-inflammatory disorders) 
Osteoarthritis: primary 
Osteoarthritis: secondary 

Temporomandibular joint dislocation 
Ankylosis 
Fracture (condylar process) 
Inflammatory disorders 

Capsulitis/Synovitis 
Polyarthritides 
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Figure 5.7. Mechanism of early click due to slight an
terior displacement of the articular disc. A, rest posi
tion. B, as the condyle begins to translate forward, it 
must override a thickness of posterior disc material, 
causing a click. This seats the condyle in the central, 
thin part of the disc. C and D, after the click, mandibu

lar opening and translation of the condyle proceed 
with apparently normal disc mechanics. (Reproduced 
with permission from Solberg WK, Clark GT. Tem
poromandibular Joint Problems: Biologic Diagnosis 
and Treatment. Quintessence, Chicago, 1980:75.) 

develop. It is the acute inflammatory 
processes listed in Table 5.3, which may in
termittently or persistently accompany 
chronic joint conditions, that tend to herald 
the onset of myofascial TrPs. Acute inflam
mation intrinsic to the joint or acute stages 
of arthritis are the usual causes of pain em
anating from the joint itself. In a study con
ducted at the University of Minnesota TMJ 
and Facial Pain Clinic, doctors evaluated 
296 consecutive patients with chronic head 
and neck pain complaints. 3 1 Only 2 1 % of 
these patients had a temporomandibular 
joint disorder as the primary cause of pain. 
In all 2 1 % the joint disorder included an in
flammation of the TMJ capsule or the 
retrodiscal tissues. This type of pain is char
acteristically periarticular and aching in 
quality and will respond to acute pain man
agement therapies [see Section C). How
ever, since these disorders are almost al

ways accompanied by reflex muscle splint
ing, spasm or pain, it is common to see the 
development of myofascial TrPs, especially 
if the inflammation is prolonged or recur
rent. Myofascial pain due to TrPs was the 
primary diagnosis in 55.4% of the patients 
in the Minnesota study, almost 3 times the 
incidence of primary joint pain. Nonpainful 
internal derangements of the TMJs were felt 
to be a perpetuating factor to the myofascial 
TrPs in 30 .4%. 3 1 Considering this data, it is 
important to make a distinction between 
true temporomandibular joint pain, myo
fascial pain due to TrPs alone, and myofas
cial pain due to TrPs that is being perpetu
ated by a noninflammatory or intermittently 
inflammatory joint condition. Treatment 
priorities will be affected accordingly. In or
der to determine the extent of joint involve
ment, a simple TMJ screening examination 
is described in Section C of this chapter. 

Click! 
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Figure 5.8. Mechanism of blocking mandibular de- full forward translation, and thereby, full jaw opening, 
pression at one point due to marked anterior dis- (Reproduced with permission from Solberg WK, Clark 
placement of the articular disc. A, rest position. B, as GT. Temporomandibular Joint Problems: Biologic Di-
the condyle translates forward, it impinges on the agnosis and Treatment. Quintessence, Chicago, 
disc, but is unable to ride over it. C and D, this blocks 1980:77.) 

The following is a typical case example 
of a patient who had an acute exacerbation 
of a chronic TMJ condition followed by 
persistent symptoms due to myofascial 
TrPs. 

Case report: A 47-year-old man with a 
long history of painless internal derange
ment of both TMJs presented with an 
acute left TMJ inflammation. This was 
conservatively treated with rest and anti
inflammatory medications. Severe symp
toms subsided, but the patient continued 
to complain of persistent mild "aching of 
the left jaw" and ringing in his left ear es
pecially with clenching. Careful history 
and examination revealed that the pain 
was no longer specifically over the joint, 
but was actually inferior and anterior to 
the left TMJ over the masseter muscle. 
Range of motion of the TMJ had increased 
from 41 to 47 mm and the joint was non-

tender to palpation. Palpation of the mas
seter muscle, particularly the deep fibers, 
reproduced the patient's current symp
toms. Myofascial TrPs in this part of the 
masseter muscle have been reported to 
cause unilateral tinnitus and accounted 
for the high pitched sound the patient 
complained of with clenching. The 
nonastute clinician may direct his ener
gies towards treating the TMJs, especially 
since there is definite internal derange
ment bilaterally, worse on the left. Unfor
tunately, the source of the pain is now 
from masseter myofascial TrPs and not 
the joint. Treatment must begin with inac
tivating the TrPs. 

MASTICATORY, HEAD AND NECK MUSCLES. 

Muscle and other soft tissue disorders are 
the most common source of pain in the 
general population. 5 7 Much controversy 
still exists with nomenclature and on what 

Locking 
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the different sources of muscle pain are 
and how to define and accurately differen
tiate between the various clinical presenta
tions such as splinting or spasm or local
ized myalgia or myofascial pain due to 
TrPs. This area of controversy and confu
sion has very recently been thoroughly re
viewed and greatly clarified. 7 6 , 1 0 7 Cer
tainly, in chronic pain settings, including 
university based TMJ and Craniofacial 
Pain clinics, myofascial pain due to TrPs, 
as defined in this text, is the most preva
lent cause of painful s y m p t o m s . 2 8 , 3 1 , 1 1 0 , 1 1 2 

The dental literature is brimming with 
material discussing the role of the TMJ and 
the associated masticatory musculature in 
the production of various painful condi
tions now typically referred to under the 
umbrella term "TMD" or "temporo
mandibular disorders." Unfortunately, to 
this day, many terms relating to myofascial 
pain due to TrPs and TMD are used inter
changeably and definitions of myofascial 
pain vary depending on who is writing the 
article, chapter, or book. 

For example, years ago Laskin 6 2 coined 
the term "myofascial pain dysfunction" or 
"MPD" syndrome, requiring only one of 
the following symptoms to make the diag
nosis: unilateral pain in or around the ear 
or preauricular area, masticatory muscle 
tenderness, painful TMJ noises, limited or 
deviating jaw opening. Objective findings 
were required to be negative: no radi
ographic evidence of TMJ disease and no 
tenderness on palpation of the TMJ via the 
auditory meatus. Clearly, this vague and 
very broad list of inclusion criteria resulted 
in the use of this term as a catch all diag
nostic category for any patient with facial 
pain of unknown origin. It has also led to a 
misunderstanding of myofascial pain due 
to TrPs as it is defined today. 1 0 4 , 1 0 5 Many 
physicians and dentists alike, still insist on 
calling it myofacial pain, and think of it as 
a myalgia of the facial or masticatory mus
cles. Others feel it is a syndrome that in
volves some internal derangement of the 
TMJ plus associated local muscle soreness. 
But myofascial pain due to TrPs is not lim
ited to the head and neck region, nor is it 
primarily related to TMJ problems or TMD. 

Even as recently as 1992, the term "myo
fascial pain" was used by Dworkin and his 
colleagues to describe any facial pain com

plaint accompanied by masticatory muscle 
tenderness to palpation with or without 
limited range of motion of the jaw. 1 8 No 
mention is made of focal muscle tender
ness, palpable nodules and taut bands 
within the muscle, or patient recognition 
of referred painful symptoms, the key diag
nostic criteria for myofascial pain due to 
TrPs as described here. The use of the term 
"myofascial pain" for what essentially 
amounts to masticatory muscle allodynia, 
was proposed by very respected re
searchers in the area of TMD. They pro
pose using this definition as research diag
nostic criteria. Although the authors admit 
that the choice of the term "myofascial 
pain" as opposed to myalgia, fibromyositis 
or fibromyalgia, was rather arbitrary as a 
muscle pain descriptor, this definition will 
probably perpetuate broad misuse and mis
understanding of myofascial pain due to 
TrPs and related terms for years to come. 

Multiple definitions of the same term 
and use of different terms to define the 
same clinical phenomenon obviously 
cause significant problems in interpreting 
research data, comparing studies or simply 
understanding what different authors may 
be describing or treating. In view of this, the 
following clinical diagnostic criteria for 
myofascial pain due to TrPs are reiterated 
and their use is encouraged. These diagnos
tic criteria have been successfully used in 
previous s tudies 5 2 , 9 2 , 1 1 0 and are a reasonable 
step towards separating simple local mus
cle tenderness (allodynia) from myofascial 
pain due to TrPs for research purposes. 

For a complete list of diagnostic criteria 
for myofascial TrPs, see Table 2.4B. The di
agnosis of myofascial pain due to TrPs de
pends on, at the very least, the presence of 
all of the following: 

1. Regional or local pain situated in any 
structure of the body, typically with a 
deep, aching quality. 

2. Presence of a focally tender spot in a 
taut band of skeletal muscle (the TrP), 
usually but not invariably, distant from 
or outside of the clinical pain site. 

3. The application of 2-4 kg/cm 2 of pres
sure on the TrP will reproduce the clini
cal pain complaint within 10 seconds. 4 5 a 

4. Diminished range of motion of the in
volved muscle due to pain. 
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Cranial Neuralgias, Nerve Trunk Pain 
and Deafferentation Pain. This group of 
pains encompasses those disorders involv
ing nerve injury or dysfunction of the sen
sory component of any of the cranial or cer
vical nerves. This is in contrast to the normal 
transmission of nociceptive information 
along these primary afferent nociceptors. In 
general, this classification of pains can be di
vided into two main groups, persistent or 
continuous, and paroxysmal, based on their 
temporal pattern (see Table 5.4). 

PERSISTENT NEURALGIAS. The persistent 
neuralgias produce unremitting pain 
which, by its very nature, may be accom
panied by prolonged reflex muscle contrac
tion and postural strain as the patient 
avoids movements that may trigger or in
tensify the neuritic pain. This type of cu
mulative microtrauma is a suspected pre
cursor to the development of myofascial 
TrP pain. 2 4 Patients with post herpetic neu
ralgia, for example, will inevitably com
plain of the burning, tingling, dysesthetic 
pain associated with nerve dysfunction, 
but also often relate a deep, aching compo
nent to their pain, which is characteristic 
of musculoskeletal and myofascial TrP 
pain. 2 7 Clinically, examination of these pa
tients reveals that many of them do have 
active myofascial TrPs contributing to their 
pain, although blinded or controlled re
search studies documenting this have not 
been published. One paper does report the 
presence of intercostal muscle TrPs, fol
lowing acute herpes zoster of the inter
costal nerves, that responded well to TrP 
injections. 1 1 Because of the prolonged suf
fering postherpetic neuralgia causes in a 
predominantly elderly population, it 
would be useful to determine how much of 
the persistent pain is actually myofascial 
TrP in origin. Systematic studies are 
needed to determine the prevalence of 
myofascial TrPs in this type of patient and, 
if significant, whether treatment of the 
myofascial TrP component is necessary 
once the neuropathic pain resolves or is 
controlled, or whether there is any clinical 
benefit to treating only the myofascial TrP 
component, especially if the neuropathic 
component is poorly controlled. 

PAROXYSMAL NEURALGIAS. The paroxys
mal neuralgias are less likely to be accompa-

Table 5.4 Cranial Neuralgias 

Persistent/Continuous 
Post herpetic neuralgia 
Post traumatic neuralgia 
Anesthesia dolorosa 
Neuritis 

Paroxysmal 
Trigeminal neuralgia 
Glossopharyngeal neuralgia 
Nervus intermedius neuralgia 
Superior laryngeal neuralgia 
Occipital neuralgia 
Neuroma 

nied by myofascial pain due to TrPs because 
of the very brief and intermittent nature of 
the pain. Unpublished data from a UCLA 
study looking at 36 trigeminal neuralgia pa
tients failed to show any direct association 
of trigeminal neuralgia with myofascial pain 
due to TrPs. 3 4 What may be seen is the emer
gence of a "new pain" that is myofascial TrP 
in origin and results from repeated muscle 
splinting against neuralgic pain paroxysms. 
Consider the following case. 

Case report: A 63-year-old female pre
sented with classic left sided second and 
third division trigeminal neuralgia. She 
was started on slowly increasing doses of 
carbamazepine (Tegretol) to control the 
pain paroxysms, but returned the follow
ing week complaining of a new pain in 
the tip of her chin on the left side. The 
neuralgic pains were improved but not 
completely controlled yet. The new pain 
had a deep aching character and was 
fairly constant and continuous. The pa
tient was seen bracing herself against the 
neuralgic pain by tipping her head to the 
side of the pain and raising her left shoul
der. Careful examination revealed an ac
tive myofascial TrP in the belly of the left 
sternocleidomastoid muscle that intensi
fied her chin pain when palpated. Injec
tion of the sternocleidomastoid TrP with 
0.5% procaine, followed by stretching, 
immediately relieved the chin pain which 
did not return. Good control of the neu
ralgia was finally achieved with daily 
doses of 1200 mg of Tegretol. 

Copyrighted Material



Chapter 5 / Overview of Head and Neck Region 2 5 5 

While it is rare to see myofascial pain 
with most of the paroxysmal cranial neu
ralgias, it has been documented as actually 
mimicking occipital neuralgia.3 6 The Head
ache Classification Committee of the Inter
national Headache Society describes the 
pain of occipital neuralgia as a paroxysmal 
stabbing but notes that aching may occur 
between paroxysms.8 1 Classic descriptions 
of occipital neuralgia have documented the 
pain as being both paroxysmal and continu
ous with burning and aching qualities. 7 , 4 0 , 4 7 

Radiation of pain to the frontal region is 
common. These descriptions are consistent 
with both neuropathic and musculoskele
tal pain (burning/stabbing and aching re
spectively) and myofascial pain due to 
TrPs (aching with referred symptoms). In 
addition to occasionally being a purely 
myofascial problem,3 6 the occipital nerve 
may become entrapped by taut muscle 
bands associated with myofascial TrPs as it 
passes through the semispinalis capitis 
muscle. This would account for the aching 
pain and referred frontal symptoms (myo
fascial TrP pain) as well as the neuritic 
pain from entrapment. The Headache Clas
sification Committee has noted that "occip
ital neuralgia must be distinguished from 
the occipital referral of pain from the at
lantoaxial or upper zygapophyseal joints or 
from tender TrPs in neck muscles or their 
insertion."81 

Since classic treatments for true occipi
tal neuralgia often involve invasive and ir
reversible surgical techniques, the prudent 
clinician will always rule out myofascial 
TrPs first. If encountered, competent myo
fascial pain management should precede 
any definitive neuroablative treatment. Ef
fective treatment of the myofascial pain 
due to TrPs may also concurrently resolve 
related neuropathic pain by relieving asso
ciated nerve compression. The need for 
surgery is then obviated. 

Head and Neck Pains Not Classifiable. 
This category officially contains "any type 
of headache which does not fulfill criteria 
for one of the disorders described in [the 
International Headache Society classifica
tion]." 8 1 One such headache is cervico-
genic headache which was first described 
by Sjaastad and his colleagues in 1983 , 1 0 9 

but has not yet found a formal place in the 

headache classification. Cervicogenic 
headaches are described as predominantly 
unilateral fronto-temporal headaches with 
otherwise migraine-like characteristics. 
Distinguishing features include consistent 
unilaterality, precipitation with neck 
movement or pressure on certain tender 
spots in the neck, and associated shoulder 
and arm pain with neck stiffness. Onset is 
often preceded by trauma. 

Debate continues as to whether cervico
genic headaches are a distinct headache 
entity and, if so, what the mechanism of 
pain is. Cervicogenic headaches have 
many features in common with migraine 
without aura, tension-type headache and 
posttraumatic headache. One unifying fea
ture is the presence of myofascial TrPs in 
all of these headache types. That patients 
with cervicogenic headaches have myofas
cial TrPs that reproduce their headache 
pain was documented in an evaluation of 
11 patients diagnosed by Sjaastad himself 
as fulfilling the criteria for cervicogenic 
headaches. 5 0 Other authors cite the pres
ence of a "trigger point" as a diagnostic fea
ture in cervicogenic headache. 3 0 , 8 5 This 
"trigger point" is described as being "a cir
cumscribed hypersensitive skin and mus
cle spot with a reduced pain threshold" 8 5 (a 
description consistent with but not suffi
cient to diagnose myofascial TrPs), or as 
being located over specific anatomical sites 
in the neck or nuchal line without specifi
cally implicating muscle, nerve or bone. 3 0 

The fact that many cervicogenic head
ache patients have a history of trauma sup
ports the idea of unilateral cervical soft tis
sue injury, protective muscle splinting and 
subsequent myofascial TrP development. 
Studies have documented that most cer
vicogenic headache patients have reduced 
segmental cervical spine mobility. 8 4 , 1 0 9 It 
has been proposed that reduced mobility 
may be due to a fibrous "fixation of tissue" 
between the cervical joints (an intraopera
tive observation made by Gronbaek38), and 
that the "fixation of tissue" may accom
pany healing following cervical trauma. 
However, unless muscle tension and short
ening due to TrPs has been eliminated, it is 
hazardous to assume fibrous fixation. For 
instance, conservative treatment of a small 
group of cervicogenic headache patients 
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using myofascial pain management strate
gies was successful at significantly reduc
ing both the frequency and intensity of 
these headaches. 5 0 As with occipital neu
ralgia, many of the classic treatments for 
cervicogenic headaches involve invasive 
neuroablative techniques or surgery, best 
avoided if effective conservative treat
ments are available. It is unfortunate that 
the treatable headache of so many patients 
is considered "unclassifiable" because the 
examiner needs to learn how to find and 
diagnose myofascial TrPs. 

C. SCREENING EXAMINATION AND 
TREATMENT RATIONALE FOR 
TEMPOROMANDIBULAR DISORDERS; 
EVALUATION AND CORRECTION OF 
ANTERIOR HEAD POSITIONING AND 
POOR BODY MECHANICS AS THEY 
RELATE TO MYOFASCIAL TRIGGER 
POINTS 

This section reviews screening examina
tions for TMJ disorders and anterior head 
positioning, along with basic treatment or 
corrective strategies for each. In addition, 
screening for and correcting poor body me
chanics is also reviewed. However, regard
less of what the preliminary diagnosis 
might be, or even if there are positive find
ings on TMJ screening exam, it is important 
to remember that a systematic and thorough 
examination of all of the head and neck 
muscles looking for active and latent myo
fascial TrPs is essential for complete evalu
ation of any persistent or chronic head and 
neck pain complaint. This textbook pro
vides the information needed for examina
tion of each of the head and neck muscles in 
the individual muscle chapters. With time 
and practice, the clinician can become very 
proficient at systematically examining and 
recording the sensitivity and referred pain, 
dysfunction, or other symptoms from each 
individual muscle. Regardless of diagnosis, 
myofascial pain due to TrPs is likely to con
tribute to and complicate the clinical pic
ture and management of most chronic pain 
complaints [see Section B of this chapter). 

Screening Examination for 
Temporomandibular Joint Disorders 

Of course, the most important part of 
any diagnostic effort is obtaining a good 

history of the complaint(s); this will often 
be enough to make a fairly accurate pre
liminary determination of the probable 
cause. Once it is clear that the patient may 
be suffering from either a TM joint disor
der, or myofascial pain due to TrPs, or a 
combination of the two, the following ex
amination techniques will help delineate 
the extent of TMJ involvement. 

Joint Capsule Tenderness. 
EXAM . Since pain emanating from the 

TMJ itself is almost always associated with 
inflammation of the joint capsule or 
retrodiscal tissues, the simplest test is to 
palpate the joints to determine whether or 
not the tenderness of an acute inflamma
tion is present. For the TMJs, this involves 
two different palpations. The first is over 
the lateral poles which are found just ante
rior to the tragus of the ear where one can 
feel the joint move when the mouth is 
opened and closed. This tests for capsular 
inflammation. The second involves placing 
a finger in each external auditory meatus to 
access the posterior superior part of the 
joint where potentially inflamed retrodis
cal tissues are. 

Palpation of the lateral poles is accom
plished by simultaneously applying pres
sure to both joints with the tip of the index 
fingers anterior to the tragus of the ear. 
Firm palpation may be uncomfortable, but 
is only painful if the joint capsule is in
flamed. Simultaneous palpation allows the 
patient to compare one side to the other 
(Fig. 5.9). 

Palpation of the retrodiscal tissues is 
achieved by placing the little fingers just 
inside each ear and gently pressing down 
on top of the joint. A normal joint may ex
hibit discomfort with this palpation but 
should not be painful (Fig. 5.10). 

An interesting observation is the com
plaint of persistent periarticular TMJ pain 
without true joint inflammation. In this sit
uation, any tenderness to joint palpation is 
relatively mild compared to that typically 
seen with the acute inflammatory condi
tions. Rather, there are masseter, pterygoid 
or sternocleidomastoid muscle TrPs caus
ing referred pain to the joint with associ
ated secondary referred cutaneous and 
deep tissue hypersensitivity. 2 5 , 7 5 , 7 9 Diagno
sis can be confirmed with spray and stretch 
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of the involved muscles. The spray alone 
can reduce both the referred joint pain and 
the referred hypersensitivity, and the 
stretch helps to inactivate the TrP cause of 
the tenderness. 

CLINICAL SIGNIFICANCE. Presence of acute 
inflammatory TMJ pain is reason to refer 
the individual to a dentist trained in orofa
cial pain and TM disorders. Resolution of 
the joint inflammation will certainly be es
sential for resolution of any concurrent 
masticatory muscle myofascial TrPs. The 
pain from a hot joint will restrict any mas
ticatory muscle stretching and TrPs will 
recur secondary to the central excitatory ef
fects from the nociceptive source. Pallia
tive care is essential to calm the joint 
down. One can start to manage any myo
fascial TrPs while instituting palliative 
joint care by simultaneously educating the 
patient in good posture and body mechan-

Figure 5.10. Palpation of the retrodiscal tissues of the 
TMJ is achieved by placing the little fingers just inside 
each ear and gently pressing down on top of the joint. 
Bilateral palpation is useful to allow comparison of 
pain or tenderness from one side to the other. 

ics (see Section D), having them reduce or 
eliminate damaging oral habits such as 
gum chewing, fingernail biting, pen chew
ing etc, and teaching them gentle stretches 
for the cervical muscles, if there is no cer
vical joint pathology to contraindicate 
stretching. Once the joint inflammation is 
under control, masticatory TrPs can be ad
dressed, if still necessary. Once acute in
flammatory conditions have been ruled 
out, the remaining tests will help deter
mine the extent of TMJ internal derange
ment, if any exists. 

Joint Sounds. 
EXAM . While many TMJ disorders are 

accompanied by some variation of joint 
sounds, there is as yet no reproducibly re
liable test or instrument to examine for 
these. 1 4 The most commonly used test is 
fingertip palpation; some clinicians aug
ment this test with auscultation using a 

Figure 5.9. Palpation of the lateral pole of the TMJ 
condyle is accomplished by applying pressure to the 
joint with the tip of the index finger anterior to the tra
gus of the ear. Simultaneous palpation of both joints is 
useful to allow the patient to compare pain or tender
ness of one side to the other. 
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Figure 5.11. Auscultation of the TMJ for joint sounds 
using a stethoscope. 

stethoscope (Fig. 5.11). Both techniques 
are only marginally reliable for research 
purposes, 2 0 but are widely used clinically. 

Palpation involves placing the pad of 
the index fingers over each TMJ (just ante
rior to the tragus of the ear) while the pa
tient opens and closes their mouth. A nor
mal joint will be essentially silent and 
move smoothly. Crepitation (rough, sandy 
or diffuse noise or vibration) is usually a 
sign of degenerative joint changes (os
teoarthrosis). Discrete clicks and pops may 
represent a mechanical problem with the 
disc, or more localized disc and articular 
surface abnormalities. The timing, quality 
and intensity of joint noises helps to define 
the type and severity of joint involvement, 
if any. 1 4 A loud discrete click on opening, 
followed by a quieter, less intense click on 
closing (called a reciprocal click) is typical 
of an anteriorly displaced disc with reduc
tion (see Fig. 5.7). The location of the 
opening click is usually at wider jaw open
ing than the closing click which often oc

curs just before the teeth come together. 
Discrete clicks that occur at the same point 
on opening and closing probably represent 
discrete disc and articular surface abnor
malities. Not all intra-articular interfer
ences with joint movement will result in 
noise. Occasionally only a brief lateral 
shift in the mandible or condyle is evident 
on exam. 1 5 The presence of joint sounds 
alone, however, does not mean that the pa
tient has a TM disorder. Many people have 
joint sounds without any sign of true joint 
disease. 1 4 

Auscultation using a stethoscope placed 
lightly over each TMJ while the patient 
opens and closes, may be used to amplify 
joint sounds for clinical purposes (Fig 
5.11). However, the technique is only mod
erately reliable (50-65% agreement) using 
trained examiners, even when they were 
using a split stethoscope with two ear
pieces and one diaphragm.1 9 

Because the mandible connects the two 
TMJs, transfer of vibration and sound often 
makes it difficult to assess which joint, if 
only one, is causing the noise or irregular 
movement. Sometimes the patient clearly 
senses which joint is involved. If not, an
other method involves continuing to pal
pate the lateral poles of the joints while the 
patient moves his or her jaw to the left and 
to the right without opening more than 1 or 
2 mm. While it is generally accepted that an 
involved right joint will click or crepitate 
with jaw movements to the left and vice 
versa, this method of examination showed 
unacceptable between-examiner agreement 
for research purposes when studied. 1 4 

CLINICAL SIGNIFICANCE. Painless internal 
derangements are not a contraindication for 
treatment of myofascial TrPs. Treatment of 
myofascial TrPs in the masticatory elevator 
muscles typically involves stretching which 
requires wide jaw opening. In general, 
stretching is good for the joints, and wide 
jaw opening should not be discouraged.114 

Even clicking joints may be stretched unless: 

1. The click is painful, 
2. There are significant episodes of locking 

(frequent episodes of inability to open 
the mouth without manipulation first), or 

3. The patient relates a significant history 
of open dislocations. 
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The only caveat with wide jaw opening 
when there is a painless click in the joint is 
that the condyle should be on the disc be
fore wide opening is attempted (i.e., it 
should click first). 

On the other hand, if the patient com
plains of pain with clicking or an increas
ing frequency of locking closed, they 
should be evaluated by a dentist trained in 
orofacial pain and TM disorders. 

Mandibular Range of Motion 
EXAM . The normal minimum interin-

cisal range of jaw opening is generally ac
cepted to be between 36-44 mm, 7 9 with a 
maximum normal range of motion of up to 
60 mm. A quick screening test for normal 
jaw opening is to ask the patient whether 
he or she can fit the first two knuckles of 
the nondominant hand between the incisor 
teeth. In the absence of internal derange
ment and elevator muscle myofascial trig
ger points, all normal people can do this, 
some can fit three knuckles. For a repro
ducible numerical value, interincisal open
ing should be measured with a sterilized 
millimeter ruler. 1 8 It is useful to use a ruler 
where zero is directly at one end of the 
ruler without any indentation space. Place 
the " 0 " end on top of one of the lower cen
tral incisors and measure to the incisal 
edge of the corresponding upper central in
cisor (Fig. 5.12). Always measure between 
the same central incisors in order to be able 
to compare measurements from one time to 
the next. This is a very reliable and repro
ducible clinical measure and "represents 
the gold standard for evaluating mandibu
lar movement." 1 4 

Clinically three vertical measurements 
are useful: maximum comfortable opening, 
full unassisted opening (active range of 
motion) and assisted opening (passive 
range of motion). 1 8 The first is the pain-free 
range of motion and should be at least 
36-44 mm. 7 9 Ask the patient to open up to 
the point at which he or she first experi
ences pain and measure. Then ask the pa
tient to open as wide as possible regardless 
of pain and measure. Lastly, test the end 
feel of the joint and measure the passive 
range of motion by gently trying to open 
the jaw further. Place a thumb on the upper 
incisors and a middle finger on the lower 
incisors and gently pry the jaws apart. 

Figure 5.12. Measuring interincisal opening with a 
millimeter ruler. Place the "0" end of a sterilized mil
limeter ruler that has no indentation space on top of 
one of the lower central incisors and measure to the 
incisal edge of the corresponding upper central in
cisor. 

While some feel that this test has poor reli
ability and may be difficult to interpret, 6 5 

the following delineate clinical differences 
worth noting. A normal joint will have 1-2 
mm of "give." Restriction of oral opening 
due to muscle splinting may result in a rel
atively dramatic increase in jaw opening 
with this maneuver, although the patient 
may complain of pain. Muscular restric
tion may also cause tremor and reflex con
traction against the opening pressure. Re
striction of oral opening due to mechanical 
obstruction or ankylosis in the TMJ will 
typically result in a hard end feel and no 
increased range. 

CLINICAL SIGNIFICANCE. Hypermobility of 
the TMJ (jaw opening at or beyond the up
per limits of normal, that is, greater than 60 
mm) or a significant history of open disloca
tions are indications for caution with as-
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sisted stretch. On the other hand, restricted 
mandibular opening indicates internal de
rangement or ankylosis of the TMJs, tight
ness of the joint capsule, restriction due to 
muscular splinting or myofascial TrPs, or a 
combination of these factors. The mandibu
lar midline will tend to deviate toward the 
side affected with the most pronounced 
joint or muscle restriction. 

In general, restricted mandibular range 
of motion is an indication to institute jaw 
opening exercises and elevator muscle 
stretching. Contraindications are limited 
and include: 

1. True acute arthralgia, usually due to 
some inflammatory process, is a con
traindication to excessive stretching due 
to pain and reflex muscle splinting. 
Once this has resolved, stretching is per
missible if needed. TMJ inflammation is 
determined by history and the palpation 
exam described above. 

2. Painful internal derangement. 
3. Significant history of locking (frequent 

episodes of inability to open the mouth 
without manipulation first). 
If a patient exhibits a limited range of 

mandibular motion and little is gained by 
muscle stretching, the TMJ capsule(s) may 
be tight. Mobilization of the TM joints may 
be accomplished by holding the jaw with the 
thumb behind the lower incisors and gently 
pulling the jaw forward without opening. 
The muscles must be relaxed to allow this 
movement, and this can be facilitated by 
having the patient gently rest his or her up
per teeth on the operator's thumb nail. Once 
in protrusion, the thumb can be placed on 
the occlusal surface of the second molar on 
the side to be mobilized. A gentle downward 
pumping motion distracts the joint. Follow
ing this the thumb is placed lingual to the 
last molar and lateral forces are gently ap
plied. If joint capsule tightness (or loss of 
joint play) is causing the restricted range of 
motion, these maneuvers should increase ac
tive opening by at least 5-10 mm. 1 1 4 Reduced 
mandibular range of motion that responds 
neither to spray and stretch, nor to joint mo
bilization, may indicate TMJ ankylosis or an 
anteriorly displaced disc without reduction. 
In this case referral to a dentist trained in TM 
disorders is strongly recommended. 

Mandibular Path of Opening and Closing 
EXAM . Without measuring, observe the 

path of opening and closing, looking for 
deflections and deviations from a straight 
path: these may be indicative of either me
chanical problems within the joint or mus
cle incoordination or unilateral shortening. 

CLINICAL SIGNIFICANCE. The jaw will 
tend to deflect toward the side affected 
with an internal derangement or ankylosis 
restricting range of motion of the individ
ual joint, or to the side with elevator mus
cle shortening or elevator muscle myofas
cial TrPs. This sign alone, in the absence of 
inflammation or painful internal derange
ment, is not a contraindication for the 
treatment of myofascial TrPs. However, a 
significantly restricted mandibular range of 
motion (less than 36 mm) along with de
flection to one side, and a hard end feel, 
may be indicative of either unilateral anky
losis or an anteriorly displaced disc with
out reduction. This situation merits an 
evaluation by a specialist in TM disorders, 
although basic myofascial TrP pain man
agement strategies, such as good posture 
and body mechanics, cervical stretching 
(Section D) may certainly be instituted 
right away if desired. 

Rationale for Treating 
Temporomandibular Disorders 

When a history yields a complaint of 
pain localized to the TMJ or pain which 
started with an episode involving the TMJ, 
and screening examination yields signifi
cant positive joint findings, the patient 
should be referred to a dentist who spe
cializes in the treatment of orofacial pain 
and temporomandibular disorders. The 
following summarizes very briefly a ratio
nale for treatment of TM joint complaints. 

Palliative Care. Palliative care is ap
propriate in acutely painful disorders such 
as capsulitis, synovitis, or during acute 
stages of arthritis. Palliative care includes, 
but is not limited to, placing the patient on 
a soft diet with instructions to reduce all 
abusive oral or jaw habits, prescribing a 
7-10 day course of anti-inflammatory med
ications, and recommending placement of 
a cold pack or ice over one or both joints 
(10 minutes on, 10 minutes off) 2-3 times 
per day. 
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Definitive Therapy 
ELIMINATION OF CAUSE . In the treatment 

of painful TMJ disorders, as with the treat
ment or management of pain due to myo
fascial TrPs, the clinician and patient both 
must take into account the patient's role in 
controlling causative and perpetuating fac
tors, such as posture, body mechanics, 
functional demands and emotional ten
sion. It is extremely important to educate 
the patient about all aspects of his or her 
disease and to enlist the patient's help and 
compliance prior to initiating therapy. Pre
disposing factors to TMJ disease include 
skeletal and craniofacial disharmonies, ab
normal biomechanical loading (such as 
might occur with significant occlusal 
change or loss), and chronic microtrauma 
(such as may occur with bruxism, chronic 
clenching or excessive gum chewing). Pre
cipitating factors include macrotrauma, 
emotional tension, arthritis, or any source 
of chronic deep pain input. 

SYMPTOM RESOLUTION AND STABILIZATION OF 
INJURED PARTS. Any structural changes 
which have occurred in the TMJ will not re
solve spontaneously even with elimination 
of etiologic factors. Remodeling does occur 
because of the fibrous tissue that covers the 
articular surfaces, but joint biomechanics 
may be compromised indefinitely and pa
tients must be advised of this. However, it is 
important to remember that altered joint 
biomechanics and joint noises are common 
and usually painless. Patients must under
stand that they have an active role in 
achieving and maintaining a painfree state. 

USE OF INTRAORAL ORTHOSES. Considera
tion to occlusal appliance therapy is given 
to those patients who have painful internal 
derangements and/or relate a history in
dicative of significant parafunction (such 
as chronic or frequent daytime clenching, 
nocturnal bruxism, focally painful joints or 
temples on awakening, or have other abu
sive oral habits such as gum chewing or 
finger nail biting), or who, on exam, have 
evidence of notable occlusal wear (such as 
lock and key patterns of the anterior teeth 
with excursive movements or flattening of 
molar cusps) and myalgia. While experi
mental evidence suggests that an occlusal 
appliance is nonspecific in its act ion, 6 8 , 6 9 it 
will, at the very least, protect the teeth 

from further damage and has been shown 
to offset muscle fatigue due to nocturnal 
bruxism. 1 3 , 1 1 6 The latter effect is likely due 
to the temporary alteration in muscle ac
tivity p a t t e r n s . 1 2 , 7 8 , 1 0 1 , 1 1 6 Daytime use may 
be beneficial if the patient needs a re
minder to decrease other deleterious oral 
habits. 

Loss of occlusal support in one quadrant 
is another potential factor that may indi
cate the use of an intraoral orthosis, espe
cially if there is symptomatic TMJ disease. 
The orthosis can provide the missing oc
clusal support until painful symptoms sub
side enough to allow more permanent 
prosthodontic reconstruction (crown and 
bridge or dentures). 

Screening Examination for Anterior 
Head Positioning 

Posture is defined as "the attitude of the 
body." 1 7 Good posture is when the body 
parts, muscles and bones, are aligned and 
work together in harmony, protecting the 
body from injury or progressive deformity, 
regardless of attitude. Poor posture is basi
cally a bad, but correctable habit resulting 
in misalignment of various body parts. 
These body parts are at higher risk for in
jury or pain due to the increased strain 
misalignment places on the supporting 
structures. 

The normal spine has two lordotic curves, 
one in the C-spine area and one in the lum
bar region, when viewed from the side. 
Kyphosis occurs through the thoracic region. 
A plumb line from the external auditory 
meatus should pass through the shoulder 
and hip and end slightly anterior to the an
kles. From the front, the head should be cen
tered, the shoulders should be level, and the 
clavicles essentially parallel to the ground. 
Interestingly, the head is not perfectly bal
anced on top of the cervical spine. Rather, it's 
weight is slightly anterior to the center of 
gravity, accounting for the large posterior 
cervical muscles required to hold the head 
up and the rather tiny anterior neck muscles. 

While there are several postural parame
ters that can be assessed for clinical com
pleteness, the only one that will be dis
cussed in this chapter is anterior head 
positioning because of its significant con
tributions to the perpetuation of myofascial 
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Figure 5.13. The normal head and neck posture illus
trated in this figure minimizes demands on jaw and 
neck muscles. It shows the zygomatic (cheek) bone 
aligned over the manubrium of the sternum. The illus
trated measure of head posture relates to a real or 
imaginary plumb line that just touches the kyphotic 
curve of the thoracic spine. A distance of 6 cm (2 3/8 
inches) between the plumb line and the depth of the 
cervical lordosis is considered to be normal. 

TrPs in the head, neck and shoulder mus
cles, as well as certain TM joint disorders. 

Anterior Head Position. 
EXAM . Assessment of anterior head po

sition is probably the single most useful 
postural parameter in a patient with head 
and neck pain complaints. Looking at the 
patient from the side, place a real or imag
inary plumb line on a tangent to the crest 
of the kyphotic curve of the thoracic spine. 
With a ruler, measure the distance from 
this line to the depth of the cervical curve. 
This measurement should be approxi
mately 6 cm (see Fig. 5.13). 

CLINICAL SIGNIFICANCE. A measurement of 
less than 6 cm is an indication of loss of cer
vical lordosis, frequently seen posttraumati-
cally. Measurements in excess of 6 cm indi
cate anterior head positioning. Anterior head 
positioning occurs with rounded shoulders. 
The result is that the suboccipital, posterior 
cervical, upper trapezius and splenius capi
tis muscles contract and shorten to bring the 
head into extension to allow the eyes to gaze 
forward. Although the cervical spine can be 
hyperextended when a forward head posi
tion is present, it more often shows a loss of 
the normal lordosis with relative flattening 
of the curve. In this position the sternoclei
domastoid muscle works at a mechanical 
disadvantage and becomes overloaded, as 
does the splenius cervicis. These muscles 
frequently become involved with TrPs when 
a forward head position is present. In addi
tion to extra muscular work, forward head 
positioning also places an extra strain on the 
occipitoatlantal junction since the occiput is 
in an extended position relative to C t . This 
increases the chances of compression pathol
ogy in this region. Anteriorly, the suprahyoid 
and infrahyoid muscles are placed in a 
stretch position creating increased elastic 
tension downward on the mandible, hyoid 
bone and tongue. As a result the mandibular 
elevator muscles reflexly contract to counter
act the mouth opening forces from the 
suprahyoid and infrahyoid muscles. This re
flex contraction results in increased EMG 
levels in the elevator muscles as well as in
creased intra-articular pressure in the TMJs. 

Aside from the potential for compression 
of nerve roots, zygapophyseal facets and the 
posterior portions of the bodies of the cer
vical vertebrae from the attendant upper 
cervical extension, the increased muscular 
effort caused by anterior head positioning is 
a powerful perpetuating factor to myofas
cial TrPs in the cervical, masticatory, and 
upper shoulder girdle muscles. The result
ing increased intra-articular pressure in the 
TMJs may contribute to the development of 
early clicking especially if the disc is al
ready slightly thinned posteriorly. 

Anterior head positioning is not only a 
problem with standing, but also occurs 
while sitting and while changing position 
(see Chapter 41 , Section C). There are mul
tiple situations throughout the day which 
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will aggravate anterior head position. His
tory taking during initial evaluation can be 
extremely useful in terms of identifying 
poor body mechanics that may be perpetu
ating myofascial TrPs. The most common 
problem areas are described later in this 
section under "Body Mechanics". 

Rationale for Treatment of Anterior Head 
Positioning 

Restoration of normal posture, particu
larly normal head positioning, is the crucial 
first step in the management of almost any 
chronic head and neck pain condition. This 
is because myofascial TrPs are almost always 
a contributing, if not causative factor, and an
terior head positioning perpetuates these. 

Exercises to Achieve Good Posture To 
be maximally effective, all posture exercises 
must be repeated frequently throughout the 
day. A good rule of thumb is to repeat the ex
ercises at least every 1-2 hours which trans
lates into a minimum of 6 times per day. It is 
better to do one posture exercise 6 different 
times per day than to do 6 repetitions once. 
There is little point in performing 6 posture 
exercises in the morning and then walking 
around in poor posture for the rest of the day. 

The following complete posture exer
cise has a shoulder posture component and 
a head posture component that together are 
designed to restore normal shoulder posi
tion and thoracic kyphosis as well as nor
mal head position. All exercises require 
properly coordinated breathing to be opti
mally effective. 

SHOULDER POSTURE . This exercise will 
bring abducted and protracted, rounded 
shoulders back and down while stretching 
the pectoralis muscles and strengthening 
the upper back muscles (Fig. 5.14). Have 
the patient: 

Stand with his or her feet about 4 inches 
apart, arms at the sides, thumbs point
ing forward. 

Tighten the buttocks to stabilize the lower 
back. 

Rotate his or her arms and shoulders out 
and back (thumbs pointing back) while 
inhaling, squeezing the shoulder blades 
together in the back. 

Maintain this position while pulling the 
shoulders down and exhaling. 

Hold this position while breathing nor
mally and correcting the head posture 
which is described next. 

Another stretching exercise for the pectoral 
muscles is illustrated in Figure 42.9. 

HEAD POSTURE . This exercise is de
signed to correct the anterior head position 
and should be performed in conjunction 
with the previous shoulder posture exer
cise. Once shoulder posture has been cor
rected, have the patient gently move his or 
her head back to bring the ears in line with 
the shoulders (also known as axial exten
sion). This must be accomplished without 
moving the nose up or down and without 
opening the mouth (Fig. 5.15). 

Patients should hold the correct pos
tural position for at least 6 seconds while 
breathing normally. Once complete, they 
should be advised to relax, but remain in 
good posture. They must not collapse into 
habitual poor posture. If the improved pos
tural position feels uncomfortable or mili
tary, have the patient shift his or her body 
weight from the heels onto the balls of the 
feet. This moves the head backward over 
the shoulders as a counterweight and 
straightens the lines of weight bearing (see 
Fig. 41.4). 

In addition to the posture exercise de
scribed above, patients should be taught 
correct tongue position. Correct tongue po
sition with the teeth apart, relaxes the 
mandibular elevator muscles and elimi
nates clenching. 

TONGUE POSITION. Patients should be in
structed to keep the tongue on the roof of 
the mouth where it ends up when they say 
the letter "N" or the word "Boston". This 
will place the tongue on the roof of the 
mouth behind, but not touching, the upper 
teeth, with the teeth slightly apart. If possi
ble, patients should bring their lips to
gether and breathe through the nose. 

Body Mechanics 

Body mechanics is defined as: "the ap
plication of kinesiology to use of the body 
in daily life activities and to the prevention 
and correction of problems related to pos
ture." 1 7 There are many situations that oc
cur on a day to day basis that place the 
body, various joints and the muscles in po
sitions requiring extra strain and work. The 
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Figure 5.14. Shoulder posture exercise. To be per
formed in combination with the "Head posture exer
cise," Figure 5.15. 
The patient should: 1. Stand with his or her feet about 
4 inches apart, arms at the sides, thumbs pointing for
ward. 
2. Tighten the buttocks to stabilize the lower back. 

3. Rotate the thumbs, arms and shoulders out and 
back while inhaling, squeezing the shoulder blades to
gether in the back. 
4. Maintain this position while pulling the shoulders 
down and exhaling. 
5. Hold this position while breathing normally and cor
recting the head posture described in Figure 5.15. 

Figure 5.15. Head posture exercise. This exercise is 
designed to correct the anterior head position and 
should be performed in conjunction with the previous 
shoulder posture exercise. Once shoulder posture has 
been corrected, have the patient gently move the 

head back to bring the ears in line with the shoulders 
(also known as axial extension). This must be accom
plished without moving the nose up or down and with
out opening the mouth. 
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best example is anterior head positioning 
described above, but this does not only oc
cur with standing, but may be aggravated 
while sitting in a car or at a desk or in front 
of a computer, or while eating dinner or 
watching TV. Other common habits, such 
as sleeping posture and telephone use also 
deserve investigation in the chronic head 
and neck pain patient with or without 
myofascial TrPs. 

The initial patient interview is a good 
time to gather basic information on body 
mechanics that may be aggravating joint 
and muscle pain. It is useful to ask about 
the amount of time spent at any one activ
ity as well, since the longer someone is in 
a suboptimal position, the more problems 
it can produce. 

Sleeping Posture. 
HISTORY. Ask patients whether they 

sleep on the back, side or stomach. Then 
ask about how many pillows they use, and 
whether they are thick or thin, synthetic or 
down or foam and whether or not their bed 
is soft or firm. 

CLINICAL SIGNIFICANCE. The best sleeping 
posture is on the back (supine) in a firm 
bed with adequate support of the cervical 
lordosis. Soft beds cause strain on all of the 
muscles and ligaments and should be re
placed with a firm mattress, if possible. A 
plywood bed board almost as big as the 
mattress, placed between the mattress and 
the bed spring also may help. Alterna
tively, several separate boards 1.3 cm (1 /2 
in) thick and 1 5 - 2 0 cm ( 6 - 8 in) wide, cut 
three-quarters of the length of the mattress, 
may be placed lengthwise, but not cross
wise, to correct the hammock-like sag of a 
soft bed. Support of cervical lordosis while 
sleeping on ones back can be easily 
achieved by using a soft pliable pillow un
der the head and neck and bringing the two 
comers up over the shoulders (see Fig. 
7.7A). 

Patients should be discouraged from 
stomach (prone) sleeping with the head 
turned to one side as this places undue 
strain on the cervical joints and muscles. 
One solution for devout stomach sleepers 
is to have them use pillows under the chest 
to minimize head rotation. Another is to 
try and break the habit by tying a sheet 
around the waist with the knot on the 

stomach. Patients with lumbar disc dys
function who may have been instructed to 
lie prone as part of a therapeutic program 
should place a pillow under the chest to 
minimize head/neck rotation, and they can 
use a pad under the forehead for support 
without rotation. 

Side sleepers should concentrate on 
having sufficient pillow support between 
the head and neck, not the shoulder (see 
Fig. 7.7C), and a bed that support the spine 
in a neutral position. For some patients, 
foam pillows should be avoided because 
their springiness aggravates TrP symptoms 
especially in the upper trapezius and ster
nocleidomastoid muscles. 

Car Posture. 
HISTORY. How many hours per day does 

the patient spend in a car? What kind of 
lumbar support is in the car? Usually there 
is little or none, or the patient uses it in
correctly, if at all. 

CLINICAL SIGNIFICANCE Inadequate lum
bar support causes loss of lumbar lordosis 
which results in collapse of the chest, for
ward rounding of the shoulders and exten
sion of the head in an anterior position (see 
Fig 4 1 . 4 ) . Since many cars have "bucket" 
seats or little or no lumbar support, most 
people spend many hours per day peering 
over the dashboard in forward head pos
ture along with all of the attendant muscle 
and joint strain this causes (Fig. 5 .16 ) . 

Using a lumbar support of some kind is 
essential whenever riding in a car whether 
as driver or passenger. This can be in the 
form of a built-in inflatable lumbar support 
available in many car seats now, a towel 
roll (described below) or can be more so
phisticated to include such products as a 
McKenzie Lumbar Roll, SACRO-EASE or 
ACCU-BACK. If a towel roll or McKenzie 
lumbar roll is to be used, it should not be 
discarded in the back seat of the car upon 
getting in! 

A firmly rolled towel provides a desir
able combination of firmness and re
silience for use as a lumbar support. It 
should be approximately 12 inches wide 
and 3-4 inches in diameter and should be 
placed in the back at the height about 
where a belt would normally go (see Figs. 
16.4D and 4 1 . 4 ) . It is important that the 
size of the roll be an appropriate fit for the 
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Figure 5.16. Car posture. A. Inadequate lumbar sup- rounding of the shoulders and extension of the head 
port in most car seats results in loss of lumbar lordo- in an anterior position. B. Use of lumbar support cor-
sis which causes collapse of the chest, forward rects this situation. 

individual using it. The towel roll can be 
used as a more permanent lumbar support, 
either in the car, at home or in the office, by 
slipping it into an attractive cover and ty
ing it to the seat. This will make it easier 
to use and improve compliance. 

Office Habits. 
HISTORY. How many hours per day do 

patients spend sitting at a desk, at a com
puter, reading or writing? What kind of 
chairs do they use? Do their feet reach the 
floor? How high is the computer monitor? 
Is there glare on the screen? How high is 
the keyboard? 

CLINICAL SIGNIFICANCE. Once again, in
adequate lumbar support will result in an
terior head positioning. In an extensive 
study to determine what chair design 
causes minimum muscular stress, as mea
sured electromyographically when typing, 
Lundervold 6 7 found that the chair should 
have: a backrest with a backward slope, a 
seat which is slightly hollowed out at the 
bottom to allow room for the buttocks, no 
casters, and firm upholstery. Seat height 
should be low enough so that the feet rest 
flat on the floor without compression of the 
thigh by the front edge of the seat. A foot 
rest may be used, if necessary, to avoid un-

derthigh compression. The lower edge of 
the back rest is positioned to support that 
part of the lumbar spine which flexes the 
most when bending forward, and the upper 
edge of the backrest should reach high 
enough to cover and support at least the in
ferior angles of the scapulae. 

Computer monitors that are too high or 
too low, or with glare on the glass, cause 
abnormal cervical postures while trying to 
read the screen. Patients must be in
structed to correct these problems. A 
phone book can raise a computer screen 
that is too low, seating adjustments may 
correct a screen that is too high, and spe
cial screen covers can cut unnecessary 
glare. 

If working on a computer, the keyboard 
should be kept as close to lap level as pos
sible. If no keyboard table is available, it is 
better to have the keyboard on the knees 
than on a desk. Similarly, if typing, the un-
dersurface of the typing table should fit 
just above the knees so that the arms and 
shoulders do not need to be raised to reach 
the typewriter keys. 

If reading or writing, the chair should be 
pulled as close to the desk as possible. The 
work should be kept as close to the body as 
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possible and the eyes instead of the head 
should be turned down to look at the work 
[see Fig. 16.4). An inclined surface or a lap-
board facilitates erect posture. 

TV and Reading Habits. 
HISTORY. How many hours per day do 

patients spend watching TV or reading? 
What position are they in for these activi
ties and on what kind of furniture: sitting 
or lying on a soft or firm sofa, in bed, on a 
chair, on the floor? Does watching the TV 
require them to turn the head? 

CLINICAL SIGNIFICANCE. In addition to the 
general features of chair design described 
above, the following are important consid
erations for chairs to be used for reading, 
socializing or watching TV, (but not for eat
ing): 

1. The back of the chair should slope 25-
30 degrees back from the vertical so that 
the hips do not need to slide forward for 
comfort. 

2. The chair must have armrests that are 
high enough to provide support for the 
elbows without causing the shoulders 
to hike up. Without armrests, there will 
be a tendency to cross the arms in front 
of the chest for comfort. This causes 
the muscles across the front of the chest 
to shorten and rounds the shoulders 
forward. 

Telephone Use. 
HISTORY. Which side does the patient 

hold the phone on? How many hours per 
day does the patient spend answering and 
speaking on the phone? Does the patient 
cradle the phone between the ear and the 
shoulder when he or she needs to write 
something down? 

CLINICAL SIGNIFICANCE. If answering the 
phone is part of a desk job, the phone 
should be in close proximity to the person 
to prevent repetitive reaching. When an
swering the phone, the phone should be 
hand held and not propped between the 
shoulder and the ear; this prevents muscle 
shortening and repetitive or prolonged 
compression of cervical joints. Speaker 
phones or headsets are essential if answer
ing phones comprises a large part of the 
daily activities. 

Chapter 41 , Section C of this volume in
cludes additional consideration of posture 

and body mechanics in relation to move
ment and change of position. 

D. GENERAL TREATMENT APPROACH 
FOR CHRONIC HEADACHES, FACIAL, 
NECK OR SHOULDER PAIN WITH A 
MYOFASCIAL TRIGGER POINT 
COMPONENT 
Acute vs. Chronic Myofascial Trigger 
Point Pain 

Acute Single Muscle Syndromes. Myo
fascial TrP pain is a regional pain syn
drome that may affect single muscles, es
pecially in situations with a clearly defined 
etiologic incident such as localized trauma 
or infection. Acute single muscle syn
dromes often revert spontaneously to pain-
free latent TrPs, but are subject to reactiva
tion. Typically, if recognized early, single 
muscle myofascial TrPs respond easily to 
appropriate TrP release techniques and re
currence is rare. Failure to correctly diag
nose myofascial TrPs when they first de
velop and become symptomatic, sets the 
stage for development of secondary and 
satellite TrPs in muscles in the pain refer
ral sites and in synergistic and antagonistic 
muscles, greatly complicating the clinical 
picture and its treatment. Acute myofascial 
TrP pain syndromes become chronic myo
fascial pain syndromes through failure to 
resolve the acute problem promptly. 

All of the relevant information for TrPs 
in specific muscles, including the referred 
pain pattern, symptoms, what activates or 
perpetuates them, how to examine for 
them, the differential diagnosis, TrP release 
and injection, and corrective actions, are 
detailed in the individual muscle chapters 
in this volume and, for the lower torso, 
pelvis, and lower limbs, in volume II. Once 
the pain picture becomes more complex, 
with multiple TrPs, overlapping pain pat
terns, and numerous perpetuating factors, 
acute single muscle pain treatment strate
gies will be much less effective and a 
chronic pain management approach needs 
to be instituted. 

Chronic Myofascial TrP Pain. Chronic 
pain syndromes become complex, involv
ing all aspects of the patient's life and, with 
rare exceptions, include a significant, if not 
dominant myofascial TrP component. 2 8 Ef
fective resolution requires attention to all 
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aspects of involvement in a comprehen
sive, team-based program. Isolated atten
tion to individual TrPs early in treatment 
can be helpful to demonstrate to the pa
tients and reassure them that their problem 
has a basic organic cause which they can 
do something about, but it will require a 
comprehensive approach to unravel all the 
intertwining components. 

For successful management of chronic 
myofascial TrP pain, one of the most impor
tant concepts is to teach patients that they 
can be in control of their pain in the long run. 
They must learn to live with their muscles by 
learning about them and respecting how they 
work. In this type of management program, 
the clinician's role is nor just to treat the pain 
for the patient as a service, but rather, to pri
marily teach and demonstrate to patients 
what they can and must do for themselves. 
Oftentimes, in primary care situations, just 
instituting correction of basic posture and 
body mechanics alone can go a long way in 
reducing pain frequency and intensity. 

The program outlined here is designed 
for the individual physician or dentist with 
room for inclusion of other health care 
providers. Patients with complex pain 
complaints and multiple perpetuating fac
tors may require more expertise than the 
individual practitioner has to offer in order 
to appropriately manage different compo
nents and perpetuating factors of the pa
tient's pain. For example, psychological 
perpetuating factors, such as moderate to 
severe depression or anxiety, may require 
referral to a psychologist or psychiatrist; 
dental perpetuating factors, such as a 
painful internal derangement, or clenching 
or bruxing requiring construction of an in
traoral orthosis, may require referral to a 
dentist trained in orofacial pain. 

Quantifying the Pain Experience 
Since pain, regardless of etiology, is a 

subjective experience that is communi
cated to us only through words and behav
iors, measuring pain is extremely difficult. 
Unlike measuring blood pressure, tempera
ture, or erythrocyte sedimentation rate, it is 
difficult to quantify the intensity of pain an 
individual is experiencing. There are sev
eral physiologic and psychologic factors 
that will influence the intensity of pain 

perceived. Other cognitive, behavioral, and 
learning factors will affect how this pain is 
communicated. 

Nonetheless, measuring pain is impor
tant, not just for studying pain mechanisms 
in a laboratory, but also in order to assess 
treatment outcome. To this end a number 
of instruments have been developed and 
tested for their reliability and validity in 
measuring different aspects of the pain ex
perience. The clinician is encouraged to 
use one or both of the following subjective 
pain measures prior to treatment, during 
and after the 6-week program in order to 
better assess progress. These scales are in 
addition to monitoring objective changes 
on physical exam, such as increased range 
of motion of the neck or jaws, or decreased 
TrP tenderness as measured with a pres
sure algometer (see Chapter 2, Section B). 

Visual Analog Scales. A visual analog 
scale is an unmarked line which represents 
a continuum of a particular experience 
such as pain. The most common scale used 
for pain is a 10 cm line, either horizontal or 
vertical, with perpendicular stops at the 
ends. The ends are anchored by "No pain" 
and "Pain as bad as imaginable" (Fig. 5.17). 
Numbers should not be used along the line 
to ensure a better, less biased distribution 
of pain ratings; otherwise a disproportion
ately high frequency of 5's and 10's will be 
chosen." Patients or subjects are asked to 
place a slash mark somewhere along the 
line to indicate the intensity of their cur
rent pain complaint. For scoring purposes, 
a millimeter ruler is used to measure along 
the line and obtain a numerical score for 
the pain ratings. Most people understand 
this scale quickly and can easily rate their 
pain. Children as young as 5 years of age 
are able to use this scale. 9 8 The reliability 
and validity for measuring pain relief has 
been demonstrated. 4 8 , 8 8 

The use of the scale should be clearly 
explained to the patient or subject. For 
treatment outcome measures, relief scales 
(line anchored with "no pain relief" and 
"complete pain relief") may be superior to 
asking absolute pain intensity.4 9 Similarly, 
if a pain intensity visual analog scale is 
used, patients or subjects may be more ac
curate if they are allowed to see their pre
vious scores as opposed to being blind. 1 0 0 
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Figure 5.17. Visual analog scale. May be oriented horizontally or vertically. Note lack of numbers 

Caution is advised with photocopying as 
this process usually lengthens the line and 
introduces error. 

McGill Pain Questionnaire. The McGill 
Pain questionnaire (Table 5 .5) is a verbal 
pain scale that uses a vast array of words 
commonly used to describe a pain experi
ence. Different types of pain, different 
diseases and disorders have different qual
ities of pain. It is the quality of pain that 
gives the most important clues to the pos
sible etiology of a chronic pain complaint. 
Thus, qualitative sensory descriptors are 
invaluable in providing key clues to possi
ble diagnoses. Similarly, patients use dif
ferent words to describe the affective or 
emotional component of their pain. In 
order to facilitate the use of these words in 
a systematic way, Melzack and Torgerson 
set about categorizing many of these ver
bal descriptors into classes and sub
classes designed to describe these different 
aspects of the pain experience. In addition 
to words describing the sensory qualities 
of pain, affective descriptors including 
such things as fear and anxiety, and evalu
ative words describing the overall inten
sity of the pain experience were in
cluded. 7 4 

The words are listed in 20 different cat
egories (Table 5 .5) . They are arranged in or
der of magnitude from least intense to most 
intense, and are grouped according to dis
tinctly different qualities of pain. The pa
tients or subjects are asked to circle only 
one descriptor in each category, if the cate
gory contains a word that applies to them. 

The first 10 categories represent differ
ent sensory descriptors that cover various 
temporal, spatial, pressure, and thermal 
qualities of pain. The next 5 categories are 
affective or emotional descriptors; category 
16 is evaluative (i.e., how intense is the 
pain experience); and the last 4 categories 
are grouped as miscellaneous. 

In order to score the questionnaire, the 
words in each category are given a numeri
cal value. The first word in each category 

ranks as 1, the second as 2 etc. The scores for 
each category are added up separately for 
the sensory, affective, evaluative and mis
cellaneous groupings. Then the total num
ber of words chosen is also noted. By using 
this questionnaire it is possible to get a 
sense of the quality of a patient's pain com
plaint (categories 1—10), its intensity (cate
gory 16) , and also the amount of emotional 
or psychological overlay accompanying the 
pain (categories 1 1 - 1 5 ) . Changes in a pa
tient's pain experience can be monitored by 
administering the questionnaire at various 
time points during treatment and follow up. 

Treatment Program for Chronic 
Myofascial Pain 

The following represents a comprehen
sive 6-week treatment outline. It can be 
used for any patient with chronic head, 
neck or shoulder pain in which myofascial 
TrPs have been diagnosed by a thorough 
history and TrP oriented physical examina
tion, whether they play a primary or sec
ondary role. This includes patients with 
any of the diagnoses described in Section B 
of this chapter, as well as some patients 
with shoulder girdle pain complaints due 
to myofascial TrPs, particularly when this 
program is used in combination with treat
ment outlined in individual muscle chap
ters of this volume. The program provides 
a systematic structure for addressing al
most all of the common perpetuating fac
tors to upper quarter myofascial TrP pain 
and leaves room for consideration of indi
vidual muscle needs as well. The program 
has been shown to be effective in a retro
spective study of 25 chronic myofascial 
head and neck pain patients. 3 7 With patient 
compliance, pain intensity and medication 
consumption decreased dramatically and 
significantly pre- to posttreatment. Pre
sumably because of the self-efficacy model 
advocated and the behavioral changes ini
tiated by this program, the patients were 
able to maintain their lowered pain and 
medication intake levels up to 12 months 

No pain Worst Pain Imaginable 
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Table 5.5 McGill Pain Questionnaire 

From Melzack R. The McGil l pain questionnaire: major properties and scoring methods. Pain 1975 ;1 :275 . 

posttreatment at which point study follow 
up ceased. 

Week 0 "Set up the plan." 
EDUCATION. Patients must be educated 

about the causes of their pain, whether there 
are single or multiple diagnoses, and all 
causative and perpetuating factors to each 
must be explained in detail. Ultimately, pa
tients must understand that improvement of 
their pain depends on their compliance to a 

home program of self-help exercises and 
healthy living practices designed to reduce 
or eliminate the majority of the perpetuating 
factors to their pain. All perpetuating factors 
must be identified and the treatment plan 
must include a means of controlling as many 
of these as possible [see Chapter 4 and indi
vidual muscle chapters). Once patients un
derstand that they have an active role in their 
recovery, a treatment program can begin. 

Some of the words below describe your present pain. Circle only one word in each of the 20 
groups if the group contains a word that describes your pain. Leave out any group that is not 
suitable. 

1 2 3 4 
Flickering Jumping Pricking Sharp 
Quivering Flashing Boring Cutting 
Pulsing Shooting Drilling Lacerating 
Throbbing Stabbing 
Beating Lancinating 
Pounding 

5 6 7 8 
Pinching Tugging Hot Tingling 
Pressing Pulling Burning Itchy 
Gnawing Wrenching Scalding Smarting 
Cramping Searing Stinging 
Crushing 

9 10 11 12 
Dull Tender Tiring Sickening 
Sore Taut Exhausting Suffocating 
Hurting Rasping 
Aching Splitting 
Heavy 

13 14 15 16 
Fearful Punishing Wretched Annoying 
Frightful Gruelling Blinding Troublesome 
Terrifying Cruel Miserable 

Vicious Intense 
Killing Unbearable 

17 18 19 20 
Spreading Tight Cool Nagging 
Radiating Numb Cold Nauseating 
Penetrating Drawing Freezing Agonizing 
Piercing Squeezing Dreadful 

Tearing Torturing 
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CHANGE TO TIME CONTINGENT MEDICATION. 
Patients consuming daily analgesics for 
their pain should be placed on a time con
tingent, and not pain contingent medica
tion schedule. This is a well accepted 
strategy for reducing the behavioral rein
forcement of medication use and provides 
a basis for systematic reduction of pain 
medication over t ime. 2 , 3 2 In addition, time 
contingent medication dosing eliminates 
the problem of needing higher doses and 
more time to reduce pain levels and pre
vents the cycle of under-medication and 
pain alternating with overmedication and 
drug toxicity.2 In simple cases, where the 
patient is taking only one kind of anal
gesic, they can be started on the same dose 
of the same medication that they are taking 
at the start of treatment, only in divided 
regular doses. If they are taking several dif
ferent kinds of analgesic drugs, these 
should be consolidated into one type of 
analgesic if possible. The medications are 
consumed on the agreed upon schedule re
gardless of pain levels. Dosages are re
duced at least 20% per week until the pa
tient is drug free. Medication management 
becomes more complicated in patients tak
ing drugs from multiple families (e.g., non
steroidal, opioid, barbiturate, benzodi
azepine, etc.) or exhibiting drug seeking 
behavior, although the same basic princi
ples can be applied. It is outside the scope 
of this text to discuss in-depth chronic 
pain management techniques. Similarly, 
strategies for medication changes in pa
tients with analgesic rebound headaches 
are described in detail elsewhere, 3 5 , 7 1 even 
though many of these patients also have 
myofascial TrPs. 

START HOURLY DIARIES. Depending on the 
complexity of the pain complaint(s), the 
use of hourly pain diaries may or may not 
be necessary. However, use of diaries is ex
tremely useful to determine pain patterns, 
alleviating and aggravating factors to the 
pain, medication use, exercise frequency 
and activities. A chart is devised with at 
least 4 columns: one for time of day, one for 
pain levels rated on a scale of 0-10, one for 
medication use, and one for major activity 
for the hour. Patients are asked to fill them 
out hourly, but no less than every 3 hours. 

If they wait until the end of the day and fill 
them out retrospectively, the accuracy will 
diminish dramatically: memory for pain is 
influenced by the pain the patient is expe
riencing at the time they are filling out the 
form. 2 2 

SCHEDULE ALL APPOINTMENTS. Patients 
should commit to seeing the clinician on a 
regular time contingent schedule. These ap
pointments should be scheduled out in ad
vance once per week for 6 consecutive 
weeks if at all possible. In addition to re
moving the behavioral reinforcement that 
accompanies seeing the doctor only when 
they have pain, this weekly schedule allows 
for regular follow up to monitor progress 
and compliance, reinforce posture and ex
ercises, reduce medications and address 
and control other perpetuating factors. 

At this time, other aspects of the treat
ment plan should be discussed and 
arranged. These may include physical ther
apy, visits with a psychologist or to attend 
a stress management class, or appointments 
for construction of an intra-oral orthosis. 

START VITAMIN OR THYROID SUPPLEMENTS. 
If initial history and physical, followed by 
appropriate lab testing, indicates the need 
for vitamin or thyroid supplementation, 
these should be initiated now [see Chapter 
4, Sections C and D). 

Week 1 "Address Mechanical Perpetu
ating Factors." 

REVIEW COMPLIANCE. At every appoint
ment it is important to review compliance 
to instructions from the previous week. 
Only with compliance to behavioral 
changes and exercises will patients start 
to feel better. The clinician must make 
sure that the patient has contacted other 
members of the treatment team, if indi
cated, and has scheduled the appropriate 
appointments. 

CHECK MEDICATIONS. The clinician must 
review medication intake and patient com
pliance to the time contingent schedule. 
Appropriate adjustments can be made at 
this point, if necessary. 

REVIEW DIARIES. If the patient is using 
diaries, it will be easy to assess any pat
terns relating to pain, medication intake, 
and activities. Based on the information 
gleaned from the diaries, the clinician can 
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help the patient problem solve and make 
suggestions for coping. 

ADDRESS SLEEP DISTURBANCE. If the pa
tient relates a history of sleep disturbance, 
this must be addressed and corrected. Sim
ple sleep hygiene measures such as elimi
nating caffeine, alcohol, chocolate and ex
ercise in the evening, and ensuring that the 
room is quiet and without disturbances, 
may suffice. Tricyclic antidepressant 
agents in low doses (10—75 mg) are also ex
tremely useful, both for sleep and for pain. 

CORRECT LEG LENGTH DISCREPANCY. For as
sessment of leg length discrepancy and 
corrective measures see Chapter 4, Section 
B of this volume and Chapter 4 in volume 
II of the Trigger Point Manual. 

POSTURE AND BODY MECHANICS. This is 
the time to educate the patient about the 
importance of good posture and body me
chanics. Giving them an understanding of 
the complex changes that occur with ante
rior head positioning will encourage com
pliance to good posture. 

TEACH POSTURE EXERCISES. See under 
Section C of this chapter. Emphasis on cor
rect breathing and relaxation while per
forming all posture and stretching exer
cises is essential because reduction in 
stress has been shown to directly reduce 
TrP EMG activity.7 3 Many patients who 
have been given exercises without empha
sis on breathing in the past will very 
clearly state that they feel a much greater 
benefit from the exercises with correct 
breathing than without. Correct breathing 
and not rushing promotes relaxation, 
which reduces TrP activity and allows bet
ter stretching. 

TEACH CORRECT BODY MECHANICS. See un
der Section C of this chapter and Section C 
of Chapter 4 1 . 

Week 2 "Increase Home Exercise Pro
gram. " 

REVIEW COMPLIANCE. Review compli
ance to instructions from the previous 
week; check that the patient is performing 
the posture exercises correctly and has 
made the suggested improvements in their 
body mechanics. 

CHECK MEDICATIONS. Determine intake 
and compliance to time contingency. Re
duce medication intake by at least 2 0 % . 

REVIEW DIARIES. See Week 1. 

TEACH CERVICAL STRETCHING EXERCISES. 
General cervical stretching exercises for 
improved range of motion are very useful 
for releasing latent or active myofascial 
TrPs in the cervical and upper shoulder gir
dle muscles which in turn will reduce sec
ondary TrPs in the masticatory muscles and 
other sites of pain referral (see Fig. 16 .11 
and Fig. 17 .7 ) . Use of appropriate breathing 
(see Chapter 20 , Section 14 and Chapter 45 ) 
is extremely important and serves the sec
ondary, but very important function of 
helping the patient to take a break and re
lax. Patients who do this correctly will of
ten admit that the relaxation seems to help 
them more than the actual stretches. This is 
likely because relaxation reduces TrP activ
ity. 7 3 

The following basic principles apply to 
all stretching exercises: 

1. Good posture is essential before starting 
to stretch. Therefore, patient should be 
instructed to do the POSTURE EXER
CISES first, then sit down in good pos
ture, before beginning to stretch. 

2. The patient should be sitting in a chair 
that is comfortable. The chair should 
support the patient's weight so that he 
or she can relax more muscles and get a 
better stretch. 

3. Patients should inhale slowly and 
deeply at the beginning of each stretch. 
As they exhale, they should allow their 
muscles to relax and lengthen. Encour
age them to relax and feel the stretch 
with each subsequent exhalation. 

4. Instruct patients to avoid overstretch
ing. Smooth, easy, gentle motions are 
best. They must not rush and they must 
never jerk or pull the muscle. 

5. One or two different stretches, with coor
dinated breathing and relaxation, 
should be performed every 1 - 2 hours 
throughout the day. It is unrealistic to ex
pect a patient to perform all of the exer
cises they might be given every 1 - 2 
hours or 6 times per day; however, they 
can alternate the various exercises and 
perform at least one or two at any given 
time fairly easily. The advantage of this is 
2-fold: improved compliance and regular 
breaks for relaxation, the added benefit of 
stretches with appropriate breathing. 
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START WALKING OR OTHER AEROBIC EXER
CISE PROGRAM. Patients with chronic 
pain often are deconditioned, as they 
have avoided exercise and activities that 
might aggravate their pain, as well as 
sometimes suffering from varying degrees 
of depression. Encouraging some form of 
aerobic exercise, which can start as sim
ply as brisk walking for 10 minutes 3 
times per week, will have many positive 
effects. This is an area where pain diaries 
come in handy to help the patients deter
mine where they might be able to fit a 
modest exercise program into their daily 
routines. 

TRIAL OF SPRAY AND STRETCH OR OTHER T R P 
RELEASE TECHNIQUE. If time permits it may be 
useful at this point to determine the patient's 
response to TrP release. If the patient re
sponds positively, appropriate self-help 
techniques can be taught at subsequent ap
pointments. Similarly, this is often a point at 
which "re-proving" to the patient that the 
pain is indeed (largely, if not completely) 
due to myofascial TrPs, reinforces their com
pliance to the various aspects of the program. 

Week 3 "Teach Self Spray-and-Stretch 
or other TrP Release Techniques." 

REVIEW COMPLIANCE. Review compli
ance to instructions from previous week 
and check to see that the patient is per
forming appropriate posture and cervical 
stretching exercises correctly. It is particu
larly important to encourage patients to 
slow down and breathe correctly, as they 
often will be rushing to finish. 

CHECK MEDICATIONS. See previous week. 
REVIEW DIARIES. See previous week. 
REVIEW PROGRESS. Review progress with 

other health care professionals if this is 
part of the treatment plan. 

SELF STRETCH OF KEY MUSCLES. Teach pa
tients how to self stretch 1 or 2 key muscles 
that are related to his or her chief com
plaint (refer to Guide Chapter for individ
ual muscles in Parts 2-5) . 

These should also be taught with coordi
nated breathing and be performed alternat
ing with the posture and general cervical 
stretches every 1-2 hours. 

INCREASE AEROBIC EXERCISE PROGRAM. If 
walking, encourage patients to increase the 
amount of time they are walking by 5 min
utes or so, or increase the frequency of exer

cise from 3 to 4 times per week, or increase 
their distance by walking faster for the same 
amount of time. Patients should not in
crease speed and distance simultaneously. 

Weeks 4 and 5 "Are We Ready For or Do 
We Need Trigger Point Injections?" 

Continue as above stressing a self help 
model. Reinforce compliance. Acknowl
edge good, well behaviors and ignore the 
bad as much as possible. 

TEACH MORE SELF STRETCH EXERCISES AS IN
DICATED. 

EVALUATE THE NEED FOR T R P INJECTIONS OR 
OTHER T R P RELEASE TECHNIQUES. Clinicians 
may be surprised to find that if patients are 
compliant to the self-help and general 
healthy living strategies taught to them in 
the first 3 weeks of the program, painful 
TrP symptoms will have subsided substan
tially. Many TrPs will now be latent and 
not causing any painful clinical symptoms. 
The number of active, bothersome TrPs 
may only number one or two. These can be 
injected if the patient desires, or other TrPs 
release techniques specific for the muscle 
involved may be more effective now and 
can be incorporated into the patient's home 
program. 

Week 6 "Reevaluate." After 6 weeks, 
patients should be reevaluated to deter
mine progress. Reevaluation should in
clude objective as well as subjective mea
sures and should not be based only on the 
patients' verbal reports that they are feeling 
better or not. Two reliable subjective pain 
scales, the visual analog scale and the 
McGill Pain Questionnaire, were discussed 
above. Diaries, if used, can also provide in
formation on the changes in the subjective 
experience of pain. 

Objective measures include changes in 
physical exam such as improvement in 
posture and anterior head positioning, cer
vical and mandibular range of motion, TrP 
tenderness as measured with pressure al-
gometry [see Chapter 2, Section B), med
ication intake, activity levels and attitude. 

If compliance is good and progress is 
poor, it is time to reevaluate the perpetuat
ing factors. If most of the identifiable per
petuating factors have been controlled and 
the patient still complains of the same or 
similar intensity of pain as when the treat
ment program started, the patient must be 
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reevaluated for other organic disease. Con
sider the following case. 

Case report: A 76-year-old man pre
sented himself with a chief complaint of 
pain in the pharynx and soft palate. He 
was referred after two separate medical 
evaluations by ear, nose and throat spe
cialists, including magnetic resonance 
images (MRIs) of the head and neck that 
had been within normal limits. Myofas
cial TrPs that reproduced his pain were 
found in the medial pterygoid muscles bi
laterally. The patient had an astounding 
anterior head position of 15 cm. 

A 6-week treatment program similar to 
the one described above was instituted 
and included posture exercises, correc
tion of body mechanics, self spray and 
stretch to the jaw elevator muscles and 
TrP injections of the medial pterygoid 
muscles. The patient was extremely com
pliant, improving his anterior head pos
ture to 8 cm. His wife helped him with 
home spray and stretch. TrP injections 
gave him good relief, but the pain always 
returned. After 6 weeks, subjective pain 
measures were essentially unchanged, de
spite good control of the obvious perpetu
ating factors. The patient was referred 
back to another ear, nose and throat spe
cialist, who on visual inspection of the 
larynx was now able to identify a patch of 
dysplastic tissue which on biopsy turned 
out to be squamous cell carcinoma. 

If the patient's progress is good, and fur
ther improvement is likely with continued 
treatment, an additional 2 -4 weeks can be 
added, followed by another reevaluation. 
A tapering follow up schedule, dropping 
the patient from weekly to biweekly visits, 
then to every 3 or 4 weeks, followed by 
every 3 months for a year, is recommended 
once improvement is satisfactory. 
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CHAPTER 6 

Trapezius Muscle 

H I G H L I G H T S : The t rapezius is t r ipart i te. The u p 
per, m idd le and lower t rapez ius f ibers have differ
ent f iber d i rect ions and o f ten dif ferent func t ions . 
Therefore, in th is chapter they are of ten c o n s i d 
ered as separate musc les . R E F E R R E D PAIN 
arises as of ten f rom t r igger po in ts (TrPs) in the 
upper t rapez ius as in any other musc le of the 
body. The TrPs in the upper t rapez ius f ibers char 
acter ist ical ly refer pain and tenderness a long the 
postero latera l aspec t o f the neck, beh ind the ear 
and to the temp le . The TrPs in the lower t rapezius 
refer pain and tenderness mainly to the poster ior 
neck and ad jacent mas to id area, suprascapu lar 
region, and interscapular region. The less c o m 
m o n midd le t rapezius TrPs project pain t oward 
t he ver tebrae and to t he interscapular region. 
A N A T O M Y : the pai red trapezi i f o rm a d i amond 
shape that ex tends in the mid l ine f rom the o c 
c iput above to T 1 2 below. I t reaches anter ior ly to 
inc lude the lateral one- th i rd of the c lavic le, later
ally to inc lude the ac romion , and poster ior ly 
th roughou t the length o f the sp ine o f the scapu la . 
INNERVATION is p rov ided by the spinal part of 
t he accessory nerve (cranial nerve XI), wh i ch s u p 
pl ies main ly mo to r f ibers, and by the second to 
four th cerv ical nerves, w h i c h supp ly mainly s e n 
sory f ibers to the musc le . F U N C T I O N o f the u p 
per t rapez ius is to d raw the c lavic le (and indirect ly 
t he scapula) backwards and raise t hem by rotat
ing the c lavic le at the s ternoclav icu lar jo int . The 
upper t rapez ius also c o m p l e m e n t s the serratus 
anter ior in rotat ion of the scapu la so that the g le
no id fossa faces u p w a r d . The lower t rapezius s ta 
bi l izes the scapu la for th is ro tat ion. The midd le 
t rapez ius s t rongly adduc t s the scapu la , stabi l iz
ing t rac t ion forces. S Y M P T O M S involve pr imari ly 
pa in referred in character is t ic pat terns , w i th rela
t ively little l imi tat ion o f mo t i on . ACTIVATION A N D 
P E R P E T U A T I O N OF T R I G G E R P O I N T S i n the 
upper t rapez ius d e p e n d , in part , on such skeletal 
2 7 8 

var iat ions as a lower l imb- length inequality, a 
smal l hemipelv is , or short upper arms. Act ivat ion 
very c o m m o n l y results f rom the stress of sus
ta ined elevat ion of the shoulders , as when ho ld 
ing a te lephone receiver w i thout e lbow suppor t , 
or work ing at a high keyboard w i th inadequate 
armrests. Acu te t rauma, as in a "wh ip lash" f rom 
the s ide, and chron ic t rauma, as in compress ion 
of the musc le by t ight bra s t raps or a misf i t t ing 
heavy coat , can act ivate t rapezius TrPs. Midd le 
and lower t rapezius TrPs are of ten perpetuated 
by t ight pectora l musc les that must be released. 
PATIENT E X A M I N A T I O N reveals that act ive rota
t ion o f the head and neck toward the oppos i te 
s ide is painful at nearly full range, and s idebend-
ing to the oppos i te s ide is moderate ly restr icted. 
DIFFERENTIAL D IAGNOSIS: pain arising f rom 
t rapezius TrPs c o m m o n l y leads to a mistaken d i 
agnos is w h e n a TrP or igin of the pain is not in 
vest iga ted. Related art icular dys funct ions are 
f ound in the cervical or the thorac ic spine de 
pend ing on wh ich part o f the t rapezius musc le 
harbors the TrPs. TR IGGER POINT RELEASE in 
th is musc le emphas izes release techn iques that 
min imize forceful s t re tch ing, especial ly avoid ing i t 
for the midd le and lower parts of the t rapezius 
musc le . TR IGGER P O I N T I N J E C T I O N o f the up 
per t rapezius is done f rom the front w i th the pa
t ient sup ine, whereas the other t rapezius TrPs are 
best app roached f rom behind wi th the pat ient ly
ing on the oppos i te s ide. Trapezius TrPs usually 
respond wel l to local inject ion i f t ight pectoral 
musc les have been released. C O R R E C T I V E A C 
T I O N S for body asymmet ry and short upper arms 
inc lude compensa t ing lifts or pads . Misf i t t ing fur
ni ture shou ld be mod i f ied or rep laced. The mus 
cle shou ld be un loaded of unnecessary stress by 
proper pos i t ion ing, and the pat ient shou ld prac
t i ce an appropr ia te exercise p rogram at home to 
cont ro l the act iv i ty of t rapezius TrPs. 
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Chapter 6 / Trapezius Musc le 2 7 9 

1. REFERRED PAIN 
(Figs. 6.1-6.4) 

T h e authors have found that the trapez
ius is probably the musc le most often beset 
by myofascia l trigger points (TrPs), as have 
other c l i n i c i a n s . 2 6 . 4 5 , 6 4 , 8 0 , 1 0 3 I t i s a fre
quently overlooked source of t e m p o r a l 7 6 

and c e r v i c o g e n i c 3 5 headache . S i x trigger re
gions with dist inct ive pain patterns are 
found in the upper, middle , and lower por
t ions of the trapezius; two are located in 
each portion. A seventh TrP, probably a 
skin TrP, refers a non-painful autonomic re
sponse. T h e TrPs are n u m b e r e d in their ap
proximate order of prevalence . 

Central TrP 1 in the upper trapezius is ap
parently the most frequently identif ied 
myofascial TrP locat ion in the body, al
though a latent TrP in the third finger ex
tensor may be more c o m m o n . 2 1 T h e upper 
trapezius TrP was clearly the most com
monly identif ied in a survey of 2 0 0 heal thy 
asymptomatic young a d u l t s . 8 0 T h i s TrP 1 

makes a significant contr ibut ion to the fa
cial pain of the myofasc ia l pa in-dysfunc
tion syndrome as descr ibed by L a s k i n , 5 1 

w h i c h was widely recognized by the dental 
p r o f e s s i o n , 5 , 2 0 , 7 8 , 1 0 2 and w o u l d n o w b e con
sidered one of the m a n y different k inds of 
craniomandibular disorders. T h i s (pain-
dysfunction) syndrome is a largely out
moded concept that should be replaced 
with specif ic diagnoses that identi fy the 
pain as having a muscular origin that is re
ferred to the head, or, less commonly , from 
a painful dysfunct ion of the temporo
mandibular j o i n t . 3 6 

Upper Trapezius Fibers 
(Fig. 6.1) 

TrP1. Th i s central TrP can be found in 
the midportion of the anterior border of the 
upper trapezius and involves the most ver
tical f ibers that attach anteriorly to the 
clavicle . In our exper ience , TrPs in this 
area consis tent ly refer pain uni lateral ly up
ward along the posterolateral aspect of the 
neck to the mastoid process , and are a ma
jor source of " tens ion n e c k a c h e " (Fig. 6 .1 ) , 
as others also have r e p o r t e d . 5 7 , 1 0 4 T h e re
ferred pain, w h e n intense, extends to the 
side of the head, centering in the t emple 
and back of the o r b i t ; 4 8 , 1 0 5 in addit ion, i t 
may inc lude the angle o f the j a w , 6 1 , 8 9 , 9 1 , 9 3 , 9 5 , 

Figure 6.1. Referred pain pattern and location (X) of 
central trigger point 1 in the middle of the most verti
cal fibers of the upper part of the trapezius muscle. 
Solid red shows the essential referred pain zone while 
the stippling maps the spillover zone. 

1 0 7 a lso descr ibed as the region of the m a s -
se ter . 1 0 Occas ional ly , pain extends to the 
occ iput , and rarely, some pain is referred to 
the lower molar teeth. W h e n referred pain 
from upper trapezius TrPs overlaps wi th 
referred pain from myofasc ia l TrPs in other 
m u s c l e s (namely the s ternoc le idomasto id , 
subocc ipi ta l , a n d temporal is m u s c l e s ) , the 
result ing overlap can produce a typica l 
tens ion- type h e a d a c h e . 3 6 (see Fig. 5 .2 ) . 
Pain referred from TrP1 may occasionally 
appear in the p inna , but not deep ins ide 
the ear. S t imula t ion of this TrP by needl ing 
and in ject ion has ini t iated referred vaso
motor effects in the homolatera l and oppo
site ear . 8 8 , 9 3 , 9 4 

Other authors descr ibe a s imi lar post-
auricular pain p a t t e r n , 2 2 , 4 6 , 6 9 inc luding one 
in c h i l d r e n . 4 A shoulder c o m p o n e n t of the 
p a i n 2 3 , 4 4 i s to be expec ted w h e n the under
lying supraspinatus m u s c l e also harbors 
act ive T r P s . 5 2 Occas iona l r e p o r t s 2 2 , 2 7 associ 
ate TrP act ivity of the upper trapezius 
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fibers wi th s y m p t o m s of dizziness or "ver 
t igo , " and wi th dizziness exper ienced m o 
mentar i ly w h e n the TrP is penetrated by a 
needle during in ject ion. Th is postural 
dizziness m a y be referred direct ly from the 
trapezius or it m a y result from reflex st im
ulat ion of act ive TrPs in the c lavicular di
v is ion of the synergist ical ly related sterno
c le idomasto id m u s c l e . A comparable 
secondary ex tens ion of referred pain is 
somet imes seen b e t w e e n related m u s c l e 
groups in other parts of the body. 

Trigger points in this TrP 1 region of the 
upper trapezius can cause addit ional pain 
by activating satell i te TrPs in other m u s 
c les . Pain referred down the arm in re
sponse to s t imulat ion of this trapezius 
T r P 8 3 i s usual ly referred from satell i te sca
lene m u s c l e TrPs. S i m i l a r " e x t e n s i o n " o f 
the referred pain pattern caused by this up
per trapezius TrP also can c o m e from its 
satel l i te TrPs in the temporal is , masseter , 
sp lenius , semispina l i s , levator scapulae , 
and r h o m b o i d m u s c l e s . 3 0 

W h e n pat ients h a d both n e c k pain and 
shoulder pain, So la and K u i t e r t 7 9 found 
that levator scapulae and infraspinatus 
TrPs were more frequently the cause than 
were trapezius TrPs. 

Exper imenta l in jec t ion of the upper 
trapezius wi th hyper ton ic sal ine in 14 nor
mal subjects i n d u c e d pain at the base of 
the n e c k in all but one subject , pro jected 
pain to the same side of the face or h ead in 
12 subjects , and decreased the skin tem
perature that over lapped the area of re
ferred pain in 6 s u b j e c t s . 8 3 

TrP2 (Fig. 6.2). T h e locat ion of central 
TrP 2 is caudal and sl ightly lateral to TrP 1 . 
T h e TrP 2 region is located in the middle of 
the more near ly-horizontal fibers of the up
per trapezius. T h e referred pain pattern of 
this TrP l ies sl ightly posterior to the essen
tial cervica l reference zone of T r P 1 ; b lend
ing wi th its distr ibution b e h i n d the ear 
(Fig. 6 .2) . 

Lower Trapezius Fibers 
TrP3 (Fig. 6.2). T h i s central TrP of the 

lower trapezius is very c o m m o n , very im
portant, and frequently overlooked. It is lo
cated in the midfiber region usual ly near the 
lower border of the m u s c l e and refers pain 
severely to the high cervical region of the 

Figure 6.2. Left side of figure shows referred pain pat
tern and location (X) of central trigger point 2 in the 
middle of the more horizontal fibers of the upper part 
of a left trapezius muscle. Right side of figure shows 
referred pain pattern and location (X) of central trigger 
point 3 in a right lower trapezius; this is likely to be a 
key TrP that induces satellite TrPs in the region to 
which it refers pain in the upper part of the trapezius 
muscle. (Conventions are as in Fig. 6.1). 

paraspinal musc les , to the adjacent mastoid 
area and to the acromion (Fig. 6 . 2 ) . 9 1 It also 
refers an annoying deep ache and diffuse 
tenderness over the suprascapular r e g i o n . 1 0 5 

This tenderness is descr ibed by the patient 
as a " s o r e n e s s , " and the patient tends to rub 
the tender region. S u c h referred diffuse ten
derness should not be mistaken for the focal 
tenderness of a TrP. However, TrP, and TrP 2 

in the upper trapezius do often develop as 
satell ites wi th in this zone of pain and ten
derness that is usual ly referred from lower 
trapezius TrP 3 . Satel l i te TrPs can be distin
guished from s imple referred tenderness by 
the palpable nodule and taut band, local 
twitch response , sharply local ized spot ten
derness, induct ion of referred pain by pres
sure on the nodule , and by some restriction 
of n e c k rotation to the opposite side. 
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TrP4 (Left side of Fig. 6.3). Th i s attach
ment TrP refers a steady burning pain 
downward along, and media l to, the verte
bral border of the scapula . T h i s TrP 4 is 
most l ikely a region of enthesopathy sec
ondary to a central TrP 3 and should recover 
following inact ivat ion of the TrP 3 that is 
causing it. 

Middle Trapezius Fibers 
TrP5 (Right side of Fig. 6.3). T h i s group 

of central TrPs may occur midfiber any
where in the middle part of the trapezius 
muscle . T h e y refer superficial burning pain 
medially, concentrated b e t w e e n the TrP 
and the spinous processes of the C 7 to T 3 

vertebrae. 
TrP6 (Left side of Fig. 6.4). T h i s attach

ment TrP is found near the a c r o m i o n in the 

Figure 6.4. Referred pain pattern and location (X) of 
attachment trigger point 6 at the lateral attachment re
gion of the left middle trapezius. Tenderness in this re
gion is likely enthesopathy at the end of the taut 
bands associated with a central trigger point in the 
middle trapezius (Shown on the right side of Fig. 6.3) 
(Conventions are as in Fig. 6.1). Trigger point 7 on the 
right lies within the encircled area over the middle 
trapezius and identifies the location where one some
times finds a skin trigger point. The zone to which it 
can refer pilomotor activity, or "gooseflesh," is identi
fied on the right upper limb by red " > " symbols. 

region of the m u s c u l o t e n d i n o u s j u n c t i o n s 
of m i d d l e trapezius f ibers and refers aching 
pain to the top of the shoulder , or 
acromion. T h e tenderness in this locat ion 
is mos t l ikely c a u s e d by enthesopathy sec 
ondary to a central TrP 5 of the m i d d l e 
trapezius near the region of the oval por
trayed on the right s ide of Figure 6 .4 or as 
s h o w n on the right side of Figure 6 .3 . 

TrP7 (Fig. 6.4). A superficial TrP that is 
most l ikely a skin TrP rather than a m y o 
fascial TrP somet imes occurs wi th in the 
area enc i rc led in Figure 6 .4 . I t can produce 
a disagreeable " s h i v e r y " sensat ion wi th pi
lomotor erect ion (gooseflesh) on the lateral 

Figure 6.3. Left side of figure shows referred pain pat
tern and location (X) of attachment trigger point 4 in 
the region of lateral attachment of the left lower 
trapezius. This tender location is likely a region of en
thesopathy at the end of the taut bands associated 
with a central trigger point 3 (shown for the other side 
of the body in Fig. 6.2.). Right side of figure shows re
ferred pain pattern and a typical location (X) of a cen
tral trigger point 5, which is found in the midfiber re
gion of the middle trapezius. (Conventions are as in 
Fig. 6.1). 
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Figure 6.5. Attachments of the right and left trapezius 
muscles, rear view. The midline trapezius attachments 
extend from the occiput to the T, 2 spinous process. 

larger fascic les of upper trapezius f ibers 
run near ly horizontal (at an elevation of 
< 20°) and are in a posi t ion to draw the lat
eral end of the c lavic le media l ly and up
ward by swinging it around its at tachment 
at the s ternoclavicular joint . Through this 
rotation of the c lavic le about the sterno
c lavicular joint , these upper trapezius 
f ibers can raise the c lavic le and (indirectly 
through the acromioc lavicular joint) the 
scapula . 

Middle Trapezius Fibers 
(Fig. 6.5) 

T h e s e nearly horizontal f ibers attach 
medially to the spinous processes and in-
terspinous l igaments of the C 6 through T 3 

vertebrae, and laterally to the media l mar
gin of the acromion and superior lip of the 
sp ine of the scapula (Fig. 6 .5) . Johnson et 
al.40 cons idered the middle part of the 
trapezius to consis t of those fascicles from 

aspect of the homolatera l arm and some
t imes also of the thigh, as a referred auto
n o m i c p h e n o m e n o n . T h e referred activity 
somet imes m a y b e i n d u c e d mere ly b y 
stroking the skin over the trigger area. T h i s 
is insuff ic ient s t imulat ion to induce re
ferred pain from ei ther central or attach
m e n t TrPs. 

2. ANATOMY 
(Figs. 6.5 and 6.6) 

T h e upper, middle , and lower parts of 
the trapezius m u s c l e have different f iber 
direct ions and often have different func
t ions . In this chapter the three parts are fre
quent ly identi f ied as i f they were three dif
ferent m u s c l e s . Cl inical ly , the boundary 
b e t w e e n any two parts is f requently indis 
t inguishable by palpat ion and is defined 
only by the locat ion of the a t tachment of 
f ibers in relat ion to the spinous processes , 
scapular spine , acromion , and c lavic le . 
W h e n the right and left trapezius m u s c l e s 
are v i e w e d together from the rear, they ap
pear to have a large d i a m o n d shape . To
gether, the f ibers of both upper trapezii are 
shaped l ike a coat hanger. 

Upper Trapezius Fibers 
(Figs. 6.5 and 6.6) 

T h e upper (superior) f ibers arise from 
the media l third of the superior n u c h a l 
l ine . In the m i d l i n e , they arise from the lig-
a m e n t u m n u c h a e (Fig. 6 .5 ) . T h e f ibers con
verge lateral ly and forward and attach to 
the poster ior border of the lateral third of 
the c lav ic le (Fig. 6 .6 ) . 

A careful anatomica l analysis of the di
rec t ion of f ibers in the upper t r a p e z i u s 4 0 re
vea led that, contrary to the impress ion 
given by most authors on the subject , n o n e 
of the superior (upper) trapezius f ibers are 
in a pos i t ion to exert a direct upward force 
on the c lav ic le , and therefore not on the 
scapula . T h e few th in f ibers that have a 
vert ical or ientat ion from the superior 
n u c h a l l ine swing around the n e c k and 
pass a lmost horizontal ly, on ly sl ightly 
downward , before at taching to the c lavic le . 

J o h n s o n et al.40 reported the transversely 
or iented fasc ic les in this superior part of 
the trapezius as arising from the lower ha l f 
o f the l igamentum n u c h a e and insert ing 
into the lateral third of the c lavic le . T h e 

T 1 2 
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Figure 6.6. Attachments of the right trapezius muscle, 
side view. The longest, most vertical fibers (ones that 
cross the greatest number of joints) are the fibers 
most likely to develop TrPs. 

C 7 and T 1 , wi th the C 7 fasc ic le attaching to 
the acromion and the T 1 fasc ic le reaching 
the spine of the scapula . 

Lower Trapezius Fibers 
(Fig. 6.5) 

Fibers from this fan-shaped part of the 
muscle attach medially to the spinous 
processes and interspinous l igaments of 
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approximate ly the T 4 through T 1 2 verte
brae. Laterally, they converge and attach 
in the region of the tuberc le at the media l 
end of the sp ine of the scapula just lateral 
to the lower a t tachment of the levator 
scapulae m u s c l e (Fig. 6 .5) . J o h n s o n e t a l . 4 0 

cons idered the lower part of the trapezius 
to cons is t of those fasc ic les from spinous 
processes starting at T 2 . 

Supplemental References 

Additional illustrations of this muscle 
show the back view,1 , 1 1 , 1 2 , 1 7 , 6 2 , 7 ' 8 2 , 8 5 the 
side view, 2 , 6 8 , 8 6 and an anomalous sub-
trapezius muscle. 1 7 One nearly back view 
shows the direction of middle and lower 
trapezius muscle fibers when the arm is 
abducted to 90° . 4 7 

3. INNERVATION 

Motor innervat ion of the trapezius is 
suppl ied by the spinal port ion of the ac
cessory (spinal accessory) nerve (cranial 
nerve XI ) . T h e trapezius port ion of the m o 
tor nerve arises w i t h i n the spinal canal 
from ventral roots , usual ly of the f irst f ive 
cervical segments ; i t a scends through the 
foramen m a g n u m and exits the skull via 
the jugular foramen to supply, and some
t imes to penetrate , the s ternoc le idomasto id 
m u s c l e . T h e nerve then jo ins a p lexus deep 
to the trapezius . 

T h e p lexus i s j o ined by f ibers (primari ly 
sensory) from spinal nerves C 2 , C 3 and C 4 ; 
together, they supply both the motor and 
sensory innervat ion to the trapezius mus
c l e . 1 1 , 5 6 

Eleven of 13 pat ients wi th radical n e c k 
dissect ions for cancer that i n c l u d e d sacri
fice of both the accessory nerve a n d the 
cervica l p l e x u s 8 1 presented e lec t romyo
graphic (EMG) ev idence of variable partial 
denervat ion of the trapezius m u s c l e . T h i s 
suggests that there is a supplementa l (ap
parently thoracic ) motor supply to all three 
parts of the trapezius m u s c l e in m a n y indi
viduals . T h i s m e a n s that c o m p r e s s i o n of 
these f ibers also m a y predispose to the de
v e l o p m e n t of trapezius TrPs. A study of 54 
radical n e c k d i s s e c t i o n s 5 0 found that ap
proximate ly two-thirds of the patients re
tained some degree of motor supply to the 
trapezius m u s c l e and that an ensuing 
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shoulder-arm-syndrome varied from severe 
c o m p l a i n t s to no compla int . 

4. FUNCTION 
(Fig. 6.7) 

Summar iz ing earlier descr ipt ions of 
trapezius effects on scapular mot ions (see 
Fig. 6.7 for def ini t ions) : e levat ion of the 
scapula act ivates both upper and m i d d l e 
trapezius f ibers ; adduct ion act ivates al l of 
its f ibers but depends pr imari ly on the 
m i d d l e f ibers ; depress ion employs the 
lower f ibers ; 1 0 6 rotat ion of the g lenoid cav
ity involves chief ly the upper f ibers w h e n 
rotat ion is upward , and the lower f ibers 
w h e n rotat ion i s d o w n w a r d . 4 7 , 7 3 

J o h n s o n et al.w in a report of a b i o m e -
c h a n i c a l and anatomica l analysis o f the 
trapezius m u s c l e , state that the essent ia l ly 
transverse or ientat ion of the upper and 
m i d d l e trapezius f ibers a l lows them to 
draw the c lavic le , acromion, and spine of 
the scapula backwards and media l ly (aided 
by the lower, or thorac ic , f ibers) and pro
pose that any upward act ion of the thin su
perior (nuchal) port ion w o u l d be dissi

pated in the cervical fascia before these 
f ibers reached the c lavic le (which they ap
proach in a lmost a horizontal p lane) . These 
a u t h o r s 4 0 suggest that, in regard to upward 
rotation of the scapula , the upper and 
lower f ibers part ic ipate in different ways in 
con junc t ion with the serratus anterior. 
T h e y state that the lower f ibers maintain 
the posi t ion of the deltoid tubercle , w h i c h 
b e c o m e s the axis of rotation, whi le the up
per f ibers exert an upward rotation mo
m e n t about the axis to c o m p l e m e n t that of 
the serratus anterior. Further, they explain 
that the upper fibers raise the scapula (in
directly) by rotating the c lavic le about the 
s ternoclavicular jo int and exert no upward 
force on the scapula . 

Entire Muscle 
Act ing bilaterally, the entire musc le as

sists extens ion of the cervical and thoracic 
s p i n e . 4 7 

Upper Trapezius 
Acting unilaterally, the upper portion of 

the musc le extends and laterally flexes the 

Figure 6.7. Illustration of terms used to describe 
movements of the right scapula, as seen from behind. 
Anterior tilt applies to the upper border of the scapula. 
Upward and downward rotation refers to direction of 
movement of the glenoid cavity. Medial and lateral ro
tation refers to direction of movement of the inferior 
angle. Adduction is scapular movement in a medial d i 

rection (toward the vertebral column), and abduction 
is movement of the scapula as a whole in a lateral di
rection (away from the vertebral column). (Redrawn 
from Kendall FP, McCreary EK, Provance PG. Mus
cles, Testing and Function. Ed. 4. Baltimore: Williams 
& Wilkins, 1993:282.) 

Elevation Anterior tilt Upward 
rotation 

Glenoid 
cavity 

Downward 
rotation 

Abduct ion 

Lateral rotation 
of inferior angle 
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Medial rotation 
of inferior angle 

Adduct ion 
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head and neck toward the same side, and 
aids in extreme rotation of the head so that 
the face turns to the opposite s i d e . 3 , 1 6 , 4 7 I t 
can draw the c lavic le (and indirectly the 
scapula also) backwards and can raise them 
by rotating the c lavic le at the sterno
clavicular j o i n t . 4 0 I t usual ly helps (but can 
be trained not) to carry the weight of the 
upper l imb (indirectly through the shoul
der girdle) during standing, or to support a 
weight in the hand with the arm hanging. 3 

In conjunct ion with the levator scapulae 
and upper digitations of the serratus ante
rior, the upper trapezius provides the upper 
component of the force couple necessary to 
rotate the glenoid fossa u p w a r d . 3 , 3 3 , 7 3 One 
s tudy 3 4 showed that during both f lexion 
and abduction of the arm, the E M G activity 
of the upper trapezius increased progres
sively and b e c a m e vigorous. In another 
study, when the arm was actively main
tained in 90° of abduction, all 7 heal thy 
subjects showed significant E M G evidence 
(increased amplitude) of fatigue wi th in 1 
minute and on average, in less than 30 sec
onds . 2 8 

Acting bilaterally, the upper f ibers m a y 
extend the head and neck , but only against 
r e s i s t a n c e . 7 3 ' 1 0 6 A respiratory funct ion was 
demonstrated by s t i m u l a t i o n , 1 6 but is seri
ously quest ioned. 3 ' 5 6 Recrui tment o f the 
upper trapezius for respirat ion l ikely de
pends strongly on c i rcumstances . 

The m e c h a n i s m by w h i c h the near ly 
horizontally oriented upper trapezius 
fibers can be effective in assisting the ser
ratus anterior musc le is wel l e x p l a i n e d . 4 0 

By exerting a media l ly directed force on 
the c lavic le , w h i c h must rotate around the 
sternoclavicular joint , it effect ively draws 
the lateral end of the c lavic le (to w h i c h it 
attaches) media l ly and upward. T h e result
ing elevated posi t ion of the acromion 
transfers m u c h of the weight being carried 
by the humerus to the s ternoclavicular 
joint as a compress ive force rel ieving the 
cervical spine of compress ion . You can 
demonstrate this on yoursel f by palpating 
the thick bundle of m u s c l e f ibers forming 
the lower portion of the upper trapezius as 
they attach to the lateral end of the c lav ic le 
while elevating your shoulder against re
sistance. T h e orientat ion of the f ibers is 
nearly horizontal rather than vert ical . 

To the extent that the upper trapezius 
raises the lateral end of the c lavic le , i t (in
directly) also w o u l d raise the scapula . 

Middle Trapezius 
Because of its intermediate posi t ion, the 

middle trapezius has two dist inct ly differ
ent funct ions . T h e more superior middle 
trapezius f ibers that attach to the acromion 
assist in adducting the scapula , and after 
upward rotation has been ini t iated i t can 
serve as part of the force couple that up
wardly rotates the s c a p u l a , 4 0 assisting the 
upper trapezius and serratus anterior. T h e 
more inferior f ibers that attach to the spine 
of the scapula are more horizontal and ef
fect ively adduct the scapula (i.e., move i t 
toward the midl ine) , as reported by oth
e r s . 1 6 , 4 7 , 7 3 

Lower Trapezius 
T h e lower f ibers adduct the scapula and 

are said by most authors to depress the 
scapula and to rotate the g lenoid fossa up
w a r d . 3 , 4 7 , 7 3 However, J o h n s o n et al.40 in 
their b i o m e c h a n i c a l analysis of the relat ive 
locat ions of the scapular a t tachment of the 
lower trapezius f ibers and the center of ro
tat ion of the scapula make i t c lear that these 
lower fibers are in no pos i t ion to contr ibute 
any net torque about the axis to he lp rotate 
the glenoid fossa upward. T h i s w o u l d be 
pr imari ly a serratus anterior funct ion com
p l e m e n t e d by the upper trapezius . Initially, 
the center of rotation of the scapula is es
sent ial ly where the lower trapezius f ibers 
attach at the del toid tuberc le of the sp ine of 
the s c a p u l a . 4 0 As the scapula rotates, the 
center of rotation migrates toward the 
acromioc lav icu lar jo int so that the center of 
rotation, the a t tachment point of the fibers, 
and the fiber direct ion form essent ia l ly a 
straight l ine producing no effect ive rota
t ional m o m e n t . T h e authors c o n c l u d e d that 
the m i d d l e and lower trapezius fibers serve 
to stabilize the posi t ion of the scapula 
w h i l e other m u s c l e s rotate it. During the 
m o v e m e n t , the lower trapezius fibers 
w o u l d s h o w E M G activity, but not for the 
reason previously assumed. 

Keyboard Operation. Lundervold 5 8 - 6 0 

studied conditions that increased EMG 
activity (and therefore the likelihood of 
activating TrPs) in the upper trapezius 
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muscle by monitoring the muscle with 
surface electrodes while the subjects were 
using a typewriter. Muscular activity in
creased markedly when the subject: sat in 
a tense upright posture instead of a re
laxed, well-balanced position; 5 9 , 6 0 sat 
without a firm back support; 6 0 typed with 
the keyboard elevated; 5 8 , 5 9 was tired; 5 8 or 
was untrained. 6 0 An increased rate of 
striking one key increased sharply the am
plitude and duration of the bursts of 
trapezius activity and decreased the silent 
period between bursts. 6 0 

Sports. Comparison of EMG activity 
in the upper trapezius muscles of normal 
competitive swimmers and those with a 
painful shoulder 7 7 showed basically the 
same pattern of peak activity between the 
pull-through and the recovery phases in 
both groups. However, the EMG activity 
in swimmers with a painful shoulder 
was more uniform, persisting at a moder
ate level when the normal activity practi
cally disappeared, and the EMG of the 
painful shoulders did not reach as high a 
peak. There was no indication the painful 
shoulders were examined for TrPs, which 
can cause marked inhibition and distor
tion of normal motor coordination. 

EMG monitoring of the upper, middle, 
and lower trapezius fibers with surface 
electrodes was performed during 13 sports 
activities, including right-handed over
hand throws, underhand throws, tennis, 
golf, and 1-foot jumps in basketball.7 

All records showed the motor unit activ
ity on the left side to be equal to, or 
greater than, that on the right side, pre
dominantly in the middle and lower 
trapezius fibers.7 The recording of the bas
ketball throw showed this left-sided effect 
most strongly. 

Driving. In a study of subjects driving 
an automobile simulator, the upper 
trapezius was found to contract only 
weakly, but more actively than the middle 
and lower portions of the muscle. 4 3 

5. FUNCTIONAL UNIT 
T h e paired trapezius m u s c l e s are syner

gist ic wi th each other for ex tens ion of the 
head , neck , or thorac ic spine , and during 
symmetr ica l upper l imb act ivit ies . 

Unilateral ly , the different parts of the 
m u s c l e (with different fiber direct ion) are 

synergist ic wi th each other for scapular ad
duct ion and rotation. 

Upper Trapezius 
This part of the m u s c l e acts synergisti-

ca l ly wi th the s ternocle idomastoid for 
some head and n e c k mot ions . I t is an an
tagonist to the levator scapulae during 
scapular rotation. During abduct ion of the 
arm, the rotation of the scapula (in part by 
the trapezius) is synergist ic wi th the gleno-
humera l m o v e m e n t produced by the 
supraspinatus and deltoid musc les . Th is 
coordinated m o v e m e n t during elevation of 
the arm is identif ied as the "scapulo
humeral r h y t h m . " 3 9 

Middle Trapezius 
T h e s e nearly horizontal f ibers act syner-

gist ical ly with the rhomboid musc les to 
adduct the scapula . By f ix ing (stabilizing) 
the scapula , the middle f ibers also are syn
ergistic wi th the deltoid, supraspinatus, 
and long he a d of the b iceps brachi i in ele
vat ion of the arm at the shoulder joint. 
T h e s e trapezius fibers are antagonists to all 
but the most caudal ly directed f ibers of the 
pectoral is major musc le . 

Lower Trapezius 
In stabilizing the axis of rotation of the 

scapula, these fibers are synergistic with the 
lower part of the serratus anterior (and with 
the upper fibers of the trapezius) in upward 
rotation of the glenoid fossa of the scapula. 

6. SYMPTOMS 
Upper Trapezius 

TrP1. W h e n TrP 1 is active, the patient 
usual ly has severe posterolateral neck pain 
that often is constant and usually is associ
ated with temporal headache on the same 
side (Fig. 6 .1) . Occasionally, pain is pro
jected to the angle of the jaw. T h e patient is 
l ikely to be misdiagnosed as having cervical 
radiculopathy, or atypical facial neuralgia. 

TrP2. TrP 2 causes s imilar neck pain, but 
usual ly without headache (Fig. 6 .2) . Pain 
on mot ion , due to upper trapezius TrPs 
a lone, occurs only w h e n the head and neck 
are a lmost fully rotated act ively to the op
posite s i d e , 9 3 w h i c h contracts the musc le 
in a shortened posit ion. With very active 
upper trapezius TrPs, and with additional 
involvement of the levator scapulae or 
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splenius cervicis musc les , the pat ient may 
develop an acute "s t i f f n e c k . " 6 7 , 8 7 , 9 2 T h i s 
painfully l imits rotation of the head toward 
the same side, w h i c h elongates the upper 
trapezius. 

Activity of TrP 1 and TrP 2 may cause in
tolerance to the weight of heavy c lothing, 
such as a misfitting heavy overcoat , that 
rests on the trapezius (coat-hanger m u s c l e ) 
at the angle and b a c k of the neck , instead of 
on the acromion processes . 

Middle Trapezius 
TrP5. TrP 5 causes the patient to complain 

of burning interscapular pain (Fig. 6 .3) . 
TrPe. Trigger area 6, w h i c h probably 

represents an a t tachment TrP, produces 
more local ized pain and tenderness over 
the acromion (Fig. 6 .4 ) , making the shoul
der intolerant of pressure from a we l l fitted 
heavy coat, or from a ponderous p u r s e 1 8 

carried on a shoulder strap. 
TrP7. Trigger area 7 m a y be associated 

with spontaneous episodes of a "queer 
shivery fee l ing" wi th pi lomotor erect ion 
(gooseflesh) on the anterolateral surfaces of 
the homolateral arm, and somet imes of the 
thigh (Fig. 6 .4) . T h e feeling produced by 
this referred autonomic response is de
scribed as " l ike shivers running up and 
down the s p i n e " w h e n chalk or a fingernail 
scrapes across a b lackboard. 

Lower Trapezius 
TrP3 and TrP4. Central TrP 3 and attach

ment TrP 4 cause suprascapular, interscapu
lar, acromial , and/or n e c k pain with l i t t le , 
i f any, restrict ion of n e c k mot ion (Figs. 6.2 
and 6 .3) . TrP 3 is often the " j o k e r " responsi 
ble for persistent upper back and n e c k pain 
after the active TrPs in the upper trapezius 
and other shoulder and neck m u s c l e s have 
been e l iminated. T h i s TrP 3 is often a key 
TrP that induces satel l i te TrPs in upper 
back and n e c k musc les . 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

In any part of the trapezius, TrPs m a y be 
activated by sudden trauma, s u c h as fall ing 
off a horse , falling down steps, or suffer
ing a cervical f lex ion-extension injury 
("whiplash") in an auto a c c i d e n t 5 7 and m a y 
be perpetuated by the m e c h a n i c a l and sys
temic factors cons idered in Chapter 4 . Ex

aminat ion of 37 pat ients wi th " w h i p l a s h " 
for act ive T r P s 3 1 revealed that 35 ( 9 5 % ) of 
them had act ive TrPs in the upper trapez
ius , but only two ( 5 % ) h a d act ive TrPs in 
the lower trapezius. 

Upper Trapezius 
Its funct ion of n e c k stabi l izat ion is com

m o n l y overloaded by ti l t ing of the shoul 
der-girdle axis due to a lower l imb-length 
inequal i ty or smal l h e m i p e l v i s (body asym
metry) . T h e l imb asymmetry ti l ts the pelvis 
laterally, w h i c h bows the sp ine into a func
t ional sco l io t ic curve and, in turn, tilts the 
shoulders , causing one to sag. T h e upper 
trapezius must work constant ly to keep the 
h ead and n e c k vert ical a n d the eyes level . 
A walking c a n e 1 2 - 1 5 cm (5 or 6 in) too 
long tilts the axis of the shoulder girdle a n d 
causes a s imilar trapezius problem by forc
ing the shoulder up on the s ide of the cane . 
A cane is properly fitted if, wi th the shoul 
ders level , the e lbow be nd s 3 0 - 4 0 % wi th 
the cane he ld bes ide the f o o t . 2 9 

T h e normal ly m i n i m a l antigravity func
t ion of the upper trapezius is overstressed 
by any posi t ion or act ivity in w h i c h the 
trapezius he lps to carry the weight of the 
arm for a prolonged per iod: te lephoning or 
sitting wi thout armrest support , part icu
larly w h e n the upper arms are congeni ta l ly 
short; holding the arms elevated to reach a 
high keyboard or a high drawing b o a r d ; 5 9 

or working wi th sewing material on the lap 
with the e lbows unsuppor ted . 

T h e upper trapezius m a y be strained by 
obvious acute gross t rauma but , more often, 
i t is s trained by c h r o n i c injury due to over
load or micro t rauma that may not be so ob
vious . S u c h injury can be caused by c loth
ing and accessor ies , by pressure from tight 
narrow bra straps support ing large breasts , 
by the shoulder strap of a ponderous 
p u r s e 1 8 or of a heavy backpack , or by a 
heavy coat . I t also m a y be c a u s e d by a sus
ta ined load in habi tual e levat ion of the 
shoulders , as an express ion of anxiety or 
other emot ional distress, during long tele
p h o n e ca l ls , playing the viol in , or by rota
t ion of the head far to one s ide in a fixed po
sit ion (holding the head turned to converse 
wi th a person seated at the s ide , or s leeping 
prone with the he a d strongly rotated) . 

O c c u p a t i o n a l over load is rece iving in
creasingly serious at tent ion. However , the 
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important contr ibut ion of TrPs as a major 
cause of the pain is not yet general ly rec 
ognized. In a prospec t ive study of em
p l o y e e s , 9 8 the authors recorded the E M G 
act ivi ty of the u p p e r (acromial) fibers of 
the m i d d l e trapezius doing repet i t ive 
tasks. E levated stat ic and m e a n E M G ac
t ivity levels a n d fewer E M G gaps of at 
least 0.6 sec durat ion corre lated signifi
cant ly wi th future c o m p l a i n t s o f n e c k and 
shoulder pain . T h e s e subjects were not ex
a m i n e d for TrPs, but c h r o n i c over load 
s u c h as this w i t h o u t adequate per iods of 
re l ie f act ivates TrPs. A s imi lar prospect ive 
1-year study of 30 female packers doing 
repet i t ive l ight w o r k 9 7 revealed that 
w i t h i n one year, 17 of the 30 deve loped 
suff ic ient work-re lated trapezius myalgia 
to be c lass i f ied as pat ients , wi th a m e d i a n 
t i m e of onset o f 26 w e e k s . T h e authors did 
not address the cause of the pain, w h i c h 
w a s l ike ly TrPs in m a n y sub jec ts . Another 
s imi lar E M G study c o m p a r e d office work
ers and product ion w o r k e r s 3 9 a n d con
c l u d e d that E M G f indings a lone did not 
d i scr iminate those workers l ike ly to de
ve lop m u s c l e pain s y m p t o m s . I t was ap
parent that an important factor was not 
cons idered , and that the p r e s e n c e of latent 
TrPs in the u p p e r trapezius at the onset of 
e m p l o y m e n t w a s not i n c l u d e d in the 
study. 

B i o p s i e s from the upper part of trapez
ius m u s c l e s of 10 pat ients wi th work-re
lated c h r o n i c trapezius m y a l g i a 5 5 s h o w e d 
larger type I fibers, and lower levels of 
adenos ine t r iphosphate and phosphocrea-
t ine in type I and II fibers than control sub
jec ts . Al though these pat ients apparent ly 
were not e x a m i n e d for myogelos is or TrPs, 
the enlargement of type I fibers is charac
ter ist ic o f myogelos is and T r P s 7 4 and the 
h i s t o c h e m i c a l changes are compat ib le wi th 
the energy cris is that has been s h o w n to be 
assoc ia ted with areas of myogelos is (TrPs) . 8 

Other factors m a y activate upper trapez
ius TrPs. Armrests that are too high push 
the scapulae up and shorten the upper 
trapezius for long per iods . T h e musc le ' s ac
cessory funct ion of head rotation can be 
overstressed by the quick repeti t ive move
m e n t of f l icking long hair out of the eyes . 

Upper trapezius TrPs m a y be act ivated 
by, and remain as sequelae to, cervica l 
r a d i c u l o p a t h y . 5 7 

Middle Trapezius 
T h i s part of the musc le also b e c o m e s 

overloaded w h e n the arm is he ld up and 
forward for a long t ime. Sustaining this 
posi t ion also overloads the pectoralis 
major f ibers, w h i c h are prone to develop la
tent (painless) TrP activity that increases 
their tension, pull ing the arm and scapula 
forward. T h e n , the antagonist ic middle 
trapezius f ibers b e c o m e overstretched and 
w e a k e n e d by this unrelent ing abduction of 
the scapula and protraction of the shoulder. 
T h i s can result in a round-shouldered pos
ture. T h e m i d d l e trapezius (and rhomboid) 
m u s c l e f ibers m a y be overloaded and may 
then develop active TrPs that cause pain. 

T h e s e middle trapezius f ibers are sub
ject to strain w h e n the driver of a car holds 
the hands on top of the steering wheel , 
again, in a round-shouldered posit ion. 

Lower Trapezius 
T h e lower f ibers are strained during pro

longed bending and reaching forward 
w h i l e sitting (to reach the desk when the 
knees lack space under its surface) and by 
supporting the c h i n on the hand, whi le 
resting the e lbow on the front of the chest 
because armrests are m i s s i n g . 9 0 

8. PATIENT EXAMINATION 
After establ ishing the event(s) associ

ated with the onset of pain complaint , the 
c l in ic ian should make a detailed drawing 
representing the pain descr ibed by the pa
tient. If the drawing is in the style of the 
pain patterns publ i shed in this volume, it 
can be very useful for monitoring patient 
progress. T h e appropriate body forms are 
found in Figures 3 . 2 - 3 . 4 . 

Lower trapezius weakness, w h i c h can 
occur from inhibi t ion by its own TrPs or 
from other sources , may al low the scapula 
to ride up and tilt downward anteriorly 
(forward and downward tilt of coracoid 
process ) , and may lead to adaptive short
ening of the pectoral is minor musc le . The 
resultant posi t ion of the scapula and 
" r o u n d - s h o u l d e r e d " posture can be seen 
by the examiner . 

T h e TrPs in the upper f ibers of the 
trapezius can restrict arm abduct ion at its 
full range by the effect on upward rotation 
of the scapula . T h e upper trapezius is char
acter ized as tending to be hyperact ive and 
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tense whi le the lower trapezius is prone to 
inhibi t ion and w e a k n e s s . 2 5 , 3 8 , 5 4 T h e s e pat
terns may relate to reflex responses to TrPs 
in funct ional ly related musc les , a subject 
that deserves exper imental investigation. 

T h e examiner should assess jo int play 
in the sternoclavicular, acromioclavicular , 
and glenohumeral joints . T h e s e necessary 
accessory joint movements were descr ibed 
by M e n n e l l . 6 5 

Upper Trapezius 
The patient with an active TrP 1 or TrP 2 in 

the upper trapezius, espec ia l ly one w h o 
has short upper arms or w h o sits wi thout 
an armrest, tends to fold the arms across the 
chest and to cradle the c h i n in one hand. 
This patient may be seen to rub the trapez
ius musc le and to keep moving the head as 
if trying to stretch the m u s c l e . He or she is 
l ikely to present an apparently elevated 
shoulder on the side of the th ickened , tense 
upper trapezius with a slight tilt of the n e c k 
toward the more affected side. 

W h e n the trapezius a lone is involved, 
there is min imal l imitat ion of head and 
neck rotation. T h e most restr icted move
ment is lateral f lexion of the head and n e c k 
(sidebending) away from the involved up
per trapezius. Passive s idebending may be 
reduced to 4 5 ° , or less. W h e n s idebending 
is tested and the head is then rotated to
ward the side of the involved m u s c l e , the 
patient may feel increased tens ion and/or 
referred pain along the side of the neck . 
Neck flexion is only slightly restr icted, as 
is arm abduct ion due to the painful ly re
stricted upward rotation of the scapula . 
Active rotation of the head to the opposite 
side is usual ly painful at the extreme range 
of motion, s ince the m u s c l e contracts 
strongly in this most shortened posit ion. 
Active rotation to the same s ide is usual ly 
pain free, unless either the levator scapulae 
on the same side, or the opposi te upper 
trapezius, also harbor TrPs. 

If active TrPs also are present in the lev
ator scapulae musc le , head and n e c k rota
tion to the painful side is markedly re
stricted, so that the patient tends to ho ld 
the neck stiff and turns the body. 

Middle Trapezius 
The patient wi th pain arising from the 

middle trapezius is l ikely to have a round-

shouldered posture secondary to shorten
ing of the antagonist ic pectoral is major 
and/or m i n o r m u s c l e s due to their act ive or 
latent TrPs. T h e strong pectoral m u s c l e s 
exhaust the weaker m i d d l e trapezius f ibers 
in their futile effort to adduct the scapulae 
and mainta in a normal posture . 

W h e n the skin overlying an active TrP 7 

(Fig. 6.4) is lightly stroked, a visible wave of 
pi lomotor activity (gooseflesh, an autonomic 
response) may be seen to spread homolater-
ally down the arm and sometimes over the 
outer aspect of the thigh. T h e patient is aware 
of a queer, creeping sensation in the skin. 

Lower Trapezius 
Active TrPs in these lower fibers may af

fect upward rotation of the scapula because 
of impairment of their stabilization function. 

I f the lower trapezius is inhib i ted and 
weak from the activity of TrPs, the scapula 
m a y be e levated and the upper part t i l ted 
forward (coracoid process t i l ted forward 
and downward) , and the pat ient wi l l ex
hibi t a round-shouldered posture . 

9. TRIGGER POINT EXAMINATION 
(Fig. 6.8) 

To determine the most useful diagnost ic 
cri teria for TrPs, Gerwin et al.21 tested the 
rel iabi l i ty wi th w h i c h four e x p e r i e n c e d 
phys ic ians fol lowing a 3-hour training ses
sion could ident i fy five character is t ics of 
TrPs in five pairs of m u s c l e s (one w a s the 
upper trapezius) in 10 subjects . Four cri te
ria are highly re l iable in this m u s c l e : the 
detect ion of spot tenderness , palpat ion of a 
taut band , the presence of referred pain, 
and reproduct ion of the subject 's sympto
mat ic pain (agreement 9 0 % t o perfect and 
kappa 0 .61 to 0 .84 ) . Identi f icat ion of a local 
twi tch response (LTR) by m a n u a l palpat ion 
was unrel iable in this m u s c l e . However, 
w h e n present , an LTR is a strong conf irma
tory f inding, and is espec ia l ly valuable 
w h e n needl ing TrPs therapeutical ly . With a 
few hours of adequate training, exper i 
e n c e d c l in i c ians w h o use the four re l iable 
criteria can ident i fy TrPs in this m u s c l e 
wi th a high degree of conf idence . 

Upper Fibers 
TrP1. With the pat ient supine , or possi 

bly seated, the m u s c l e is p laced on moder
ate s lack by bringing the ear s l ightly to
ward the shoulder on the same side (Fig. 
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Figure 6.8. Positioning of the patient and technique for 
examining trigger points in the trapezius muscle: A, cen
tral trigger point 1 in the right upper trapezius, patient 
supine. Usually pincer palpation is most effective. B, 
central trigger point 3 in the left lower trapezius, patient 
seated with the arm forward and the scapula abducted 
to put the lower fibers on moderate stretch. Flat palpa
tion locates the taut band and the nodular trigger point. 
Sidelying on the uninvolved side is usually the preferred 
position for examining TrPs in the lower trapezius and 
the middle trapezius. C, trigger point 5 in the midfiber 
portion of the right middle trapezius, patient seated with 
arm adducted across chest. Flat palpation locates the 
taut band running nearly horizontally. 

6 .8A) . In a p i n c e r grasp, the entire mass of 
the free margin of the upper trapezius is 
l i f ted off the under ly ing supraspinatus 
m u s c l e and a p e x of the lung. T h e n the 
m u s c l e is f i rmly ro l led b e t w e e n the fingers 
and t h u m b to palpate for a nodule and firm 
b a n d s to locate the spot tenderness of TrP t . 
T h i s m a n u a l t e c h n i q u e has been i l lustrated 
p r e v i o u s l y . 6 6 , 9 1 , 9 3 Sus ta ined c o m p r e s s i o n o f 

the TrP often evokes pain referred to the 
neck , occ iput , and temple , as also observed 
by Patton and W i l l i a m s o n . 7 0 

On the other hand, the pain caused by 
loading the m u s c l e (abducting the arm 
above 9 0 % ) is prevented by f i rm pressure 
on the m u s c l e wi th the palm of the hand 
during a b d u c t i o n . 4 4 S o m e of this pain also 
m a y be due to TrPs in the underlying 
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supraspinatus musc le , w h i c h more direct ly 
contributes the power to abduct the arm. 

TrP2. Th i s TrP may be identi f ied by a 
similar p incer technique in deeper f ibers 
inferior to TrP 1 , i f the pat ient has mobi le 
connect ive t issue. Patients wi th f irmer t is
sue require flat palpation. TrP 2 is located at 
the level of the C 5 to C 6 spinous processes 
approximately hal fway b e t w e e n the 
acromion and the spinous processes . Web
b e r " and L o n g 5 7 also identif ied the locat ion 
of this TrP. 

Middle and Lower Fibers 
For examinat ion of the remaining 

trapezius TrPs, the pat ient sits wi th the 
arms folded across the front of the body to 
abduct the scapulae , as in Figure 6 .8B and 
C, and " h u m p s the b a c k " to f lex the dorsal 
spine. Cross-fiber palpat ion identif ies taut 
bands in the musc le by rol l ing them 
against the underlying ribs. T h e f irm bands 
usually exhibi t vis ible local twi tch re
sponses to snapping palpat ion of the TrP. 

TrP3. Th i s lower trapezius central TrP 
(CTrP) usual ly l ies in the lateral margin 
(the most inferior f ibers) c lose to where the 
f ibers cross the media l border of the 
scapula, or somet imes at or be low the level 
of the inferior angle of the scapula (right 
side of Fig. 6 .2) . T h i s TrP 3 somet imes feels 
like a button or nodule wi th in the taut 
band and is easi ly missed if s lack in the 
muscle has not been e l iminated by the pa
tient leaning forward, as s h o w n in Figure 
6 .8B. 

TrP4. Th i s a t tachment TrP (ATrP) is 
found in the region of the lateral musculo 
tendinous junct ion of the lower t rapezius 
near where it at taches to the deltoid tuber
cle of the spine of the scapula (left s ide, 
Fig. 6 .3) . Tenderness in this region is l ikely 
to be enthesopathy secondary to taut bands 
associated with central TrP 3 . E x c e p t for its 
location at the end of the m u s c l e rather 
than in the m u s c l e belly, this ATrP can ap
pear confusingly s imilar to a CTrP. How
ever, it has a different cause for the local 
sensitization of noc iceptors . T h e r e m a y be 
a palpable tender area of indurat ion at the 
end of the palpable taut band that is re
sponsible for this local t issue react ion to 
stress. T h e tenderness may be c i rcum
scribed to a l imited region, c o m p r e s s i o n 

may el ic i t referred pain that the pat ient 
recognizes , and needl ing the region of ten
derness may el ic i t an LTR. 

TrP5. T h i s central TrP of the middle 
trapezius is located by flat palpat ion m i d -
fiber (right s ide of Fig. 6.3) in the near ly 
horizontal fibers about 1 cm (1/2 in) media l 
to the scapular a t tachment of the levator 
scapulae (Fig. 6 .8C) . 

TrP6. F inding this less c o m m o n attach
m e n t TrP requires flat palpat ion in the lat
eral a t tachment region of the m i d d l e 
trapezius (left s ide of Fig. 6 .4) . Tenderness 
of this ATrP is l ikely c a u s e d by enthesopa
thy at the end of a taut b a n d assoc ia ted 
with the midfiber CTrP 5 and is identi f ied as 
descr ibed above for ATrP 4 . 

TrP7. Th i s infrequent trigger point l ies 
superf ic ia l ly over the m i d m u s c l e region of 
the m i d d l e trapezius (right s ide of Fig. 6 .4 ) . 
Th is trigger area m a y be s t imulated by 
p inching it through the skin, or i t may be 
s t imulated direct ly by penetrat ing it wi th a 
needle . It very l ikely is a skin TrP rather 
than a myofasc ia l TrP. 

Other Trigger Points 
W h e n pat ients have pain and deep ten

derness referred to the suprascapular re
gion, but do not have act ive trapezius TrPs, 
the respons ib le TrPs are l ikely to be found 
in the levator scapulae or sca lene m u s c l e s . 

10. ENTRAPMENT 
In one autopsy study of 40 greater oc

c ipi ta l n e r v e s , 6 the nerve emerged from just 
b e l o w the occ iput through the trapezius 
m u s c l e i n 4 5 % o f cases and through the 
underlying semispina l i s capit is m u s c l e in 
9 0 % o f cases ( s e e Fig. 16 .5 ) . T h e nerve can 
be entrapped as i t emerges through the 
semispina l i s capit is w h e n that m u s c l e be
c o m e s taut due to more caudal TrPs at the 
mid-cervica l level (see Sec t ion 10 of Chap
ter 16) . T h e trapezius i tsel f has not been 
found to entrap the nerve, but m a y con
tribute a shearing stress. 

W h e n the (spinal) accessory nerve 
emerges through the s ternoc le idomasto id 
m u s c l e , the trapezius m u s c l e m a y be weak
ened by entrapment of its motor nerve 
f ibers be tween taut bands of s ternocle ido
masto id f ibers . 6 8 
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11. DIFFERENTIAL DIAGNOSIS 
In addit ion to or instead of trapezius 

TrPs, the pat ient wi th head and n e c k pain 
m a y have : a t e m p o r o m a n d i b u l a r disorder 
wi th or wi thout associated TrPs of mast ica
tory m u s c l e s , related TrPs in other mus
c les , art icular dysfunct ions of the cervica l 
spine , and/or any of the diagnoses l is ted 
below. Pat ients wi th c h r o n i c axial pain 
that inc ludes mul t ip le regional involve
m e n t should be e x a m i n e d for tender points 
diagnost ic of f ibromyalgia. 

Other Diagnoses 
Referred pain to the head from TrPs in 

several mast icatory and n e c k m u s c l e s (in
c luding the upper trapezius) at the same 
t ime are easi ly (and frequently) mis takenly 
diagnosed as tension h e a d a c h e . 3 6 , 3 7 Pa in 
originating from TrPs in the upper trapez
ius and the splenius capit is m u s c l e s can 
confus ingly s imulate occipital n e u r a l g i a 2 4 

and cervicogenic h e a d a c h e . 3 5 Myofasc ia l 
pain from any part of the trapezius m u s c l e 
(often in c o m b i n a t i o n wi th other musc les ) 
can lead to the diagnosis of chronic in
t ractable benign pain of the n e c k and/or 
b a c k , 7 5 w h i c h according to the authors , i s 
near ly a lways of myofasc ia l origin and 
therefore does not s tand up as a val id diag
nos is . S h o u l d e r pain from the lower trapez
ius TrP m a y be mis taken for b u r s i t i s . 1 0 0 

Related Trigger Points 
In the presence of upper t rapezius TrPs, 

associated TrPs are l ike ly to develop in the 
funct ional ly re lated levator scapulae and 
contralateral trapezius m u s c l e s , and also in 
the ipsi lateral supraspinatus and r h o m b o i d 
m u s c l e s . Sate l l i te TrPs m a y appear in the 
temporal is and occ ip i ta l i s m u s c l e s , w h i c h 
l ie w i t h i n the zones of pain referred from 
TrPs in the upper trapezius. H o n g 3 0 identi
fied a n u m b e r of satel l i te TrPs that were in
act ivated by s imply inact ivat ing key TrPs 
in the upper trapezius . T h e satell i te TrPs 
appeared in the temporal i s , masseter , sple
nius , semispina l i s , levator scapulae and 
r h o m b o i d m i n o r m u s c l e s . 

W h e n the middle t rapezius i s involved, 
the pectoral m u s c l e s and the paraspinal 
group in the region of the T 1 —T 6 vertebrae 
c o m m o n l y have associated TrPs. 

On the other hand, satell ite TrPs may 
arise in the upper trapezius as the result of 
key TrPs in another musc le . T h e TrPs in 
the lower trapezius are prone to act as key 
TrPs and induce satell ite TrPs in the upper 
trapezius, and somet imes in the levator 
scapulae and the posterior cervical mus
c les . For this reason, one should routinely 
c h e c k the lower trapezius for TrPs, espe
c ia l ly w h e n the upper trapezius TrPs re
spond poorly to treatment. Keep in mind, 
however , that a TrP in the lower trapezius 
m a y i tsel f be a satell ite of a key TrP in the 
la t iss imus dorsi musc le . 

Related Articular Dysfunctions 
Upper Trapezius. T h e symptoms 

caused by upper trapezius TrPs may be 
c lose ly associated with and confusingly 
s imilar to somat ic or art icular dysfunctions 
b e l o w the C 2 , C 3 , and C 4 vertebrae. Com
monly , one or more of these restricting ar
t icular dysfunct ions and upper trapezius 
TrPs coexist , and both must be treated. 

Treatment by the musc le energy tech
n i q u e 2 5 (contract-relax) not only corrects 
the restrict ing dysfunct ion but also has an 
e lement of m u s c l e re-educat ion and avoids 
high veloc i ty maneuvers . I f associated key 
and res idual TrPs remain they should be 
re leased promptly. Th is c o m b i n e d ap
proach is often effective w h e n either alone 
was not. 

Hypermobil i ty of the C 4 segment has been 
observed c l inical ly to be associated with the 
trapezii . Joint stress that causes radiating 
pain can involve the trapezius secondarily, 
and the musc le often becomes hyperirrita-
ble and develops TrPs. An upper trapezius 
source of pain may be differentiated from a 
joint source by testing for pain on sidebend
ing of the cervical spine and then: 1) Pas
sively support the patient's upper l imb and 
s idebend the cervical spine again. If the 
pain is markedly reduced or absent, the 
problem may be in the trapezius. 2) Apply 
pressure downward on the shoulder (as in 
lengthening the upper trapezius). If there is 
an increase in pain, the upper trapezius may 
be the source of the problem. If neither of 
these tests changes the pain, the cervical 
joints (perhaps C 4 ) may be the problem. 

Treatment for TrPs is discussed in the 
next sect ion. Hypermobi l i ty is treated with 
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appropriate isometr ic (stabilizing) exer
cises to the neck and with m a i n t e n a n c e of a 
neutral posit ion of the cervical spine during 
introduction of progressive upper l imb ac
tivities. It is good to remember that a hyper-
mobile segment may be adjacent to hypo-
mobile segments w h i c h need to be released. 

Middle Trapezius. T h e cerv icothorac ic 
junct ion is a t roublesome transi t ional ver
tebral area that c o m m o n l y develops dys
functions, primari ly o f C 6 , C 7 , T 1 ( and occa
sionally T 2 . C o m m o n l y these dysfunct ions 
are associated with adduct ion of the scapu
lae and elevation of the first rib on the 
same side. Myofasc ia l release of the short
ened middle trapezius m u s c l e s is appl ied 
toward abduct ion of the scapulae bi later
ally with the patient supine . 

Lower Trapezius. Art icular dysfunc
tions associated with interscapular pain 
and lower trapezius T r P s 5 4 may ex tend 
from T 4 to T 1 2 . However, there is usual ly a 
central painful segment near T 6 o r T 7 

which is the primary structural dysfunc
tion that must be treated along wi th inact i -
vation of the TrPs. 

12. Trigger Point Release 
(Figs. 6.9, 6.10, 6.11) 

Correction of poor posture (particularly 
" round-shouldered" posture wi th an ex
cessive forward-head posit ion) and main
tenance of good posture are pr imary in any 
treatment approach, both for init ial re l ie f 
of pain and for lasting relief. Refer to 
Chapter 5 , Sec t ion C, and Chapter 4 1 , S e c 
tion C for discuss ions of posture and body 
mechanics . 

The upper trapezius is general ly recog
nized as prone to hyperact ivi ty and in
creased tension whereas the lower trapez
ius tends to be just the opposi te , inhib i ted , 
weak and overs t re tched . 2 5 , 3 8 , 5 4 Under
standably, because of its dual funct ion, the 
middle trapezius cannot be unambigu
ously assigned to either category. T h e r a p y 
that depends primari ly on stretch can be 
counterproduct ive in musc les prone to in
hibit ion and weakness . Therefore , we em
phasize for both the middle and lower 
parts of the trapezius the appl ica t ion of 
massage to the taut band, TrP pressure re
lease, and indirect t e c h n i q u e s , 3 2 , 4 1 , 4 2 care
fully avoiding forceful and excess ive 

stretch. Vapocoolant or ic ing can precede 
any of these appl ica t ions . 

Upper Trapezius 
(Fig. 6.9) 

Essent ia l ly the same re lease procedure 
is used for both TrP 1 and TrP 2 . To perform 
the spray-and-release t e c h n i q u e on the 
right upper trapezius, the pat ient sits in an 
armchair , l eans b a c k comfortably and ful ly 
re laxes , wi th the arm on the involved side 
supported on a pi l low. T h e operator guides 
the patient 's he a d to lateral ly tilt toward 
the contralateral s ide wi th the he a d 
sl ightly f lexed and the face turned sl ightly 
toward the involved right s ide (Fig. 6 .9A) . 
At the same t ime, the operator appl ies the 
vapocoolant spray in paral lel sweeps from 
the a c r o m i o n to the mas to id area, b e h i n d 
the ear, around to the temple , and some
t imes to the j a w (part icularly i f that area is 
i n c l u d e d in the patient 's pattern of referred 
pa in) . T h e operator takes up s lack wi th the 
guiding h a n d as i t develops in the m u s c l e . 

Fol lowing the spray phase, the operator 
applies a gentle myofascial release tech
nique that requires the ability to feel the in
creased resistance as musc le elongation en
counters a barrier and to feel w h e n the 
barrier releases. T h e patient abducts the 
right scapula by placing the arm forward on 
the pillow. T h e operator (Fig. 6 .9B) stabi
lizes the patient's head posit ion with one 
hand and with the other hand (right hand in 
this case) takes up any slack in the musc le by 
gently pressing laterally and downward on 
the scapula. Release is augmented by having 
the patient coordinate downward eye m o 
tion and slow exhalat ion with relaxation, 
and coordinate upward eye motion and slow 
inhalat ion with gentle contract ion of the 
musc le against the operator's right hand. 
Respiratory augmentation is more effective, 
particularly in this musc le , i f the patient em
phasizes diaphragmatic breathing and 
avoids paradoxical respiration. Postisomet
ric relaxation for the upper trapezius is il
lustrated and described in detail by L e w i t . 5 3 

T h e pat ient s h o u l d have good e lbow 
support during the procedure and during 
moist heat appl icat ion fo l lowing the re
lease procedure ; the armrests of the chair 
should carry the weight of the pat ient 's 
arm (see Fig. 6 . 1 3 A and D). 
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Figure 6.9. Spray and stretch-release of trigger points 
in the right upper trapezius muscle. A, The patient, 
seated in a relaxed position, places the right arm on a 
pillow for support. The operator first applies succes
sive sweeps of vapocoolant over the spray pattern (ar
rows) while guiding and supporting the patient simul
taneously to lean the head away from the muscle 
being treated, rotate the face gently toward the side of 
the involved muscle, and rock the head forward with

out flexing the cervical spine. B, The patient next 
places the arm of the involved side slightly forward on 
the pillow to abduct the scapula. The operator uses 
the left hand to stabilize the head position and takes 
up any slack in the muscle by gently pressing laterally 
and downward on the scapula as the muscle tension 
releases. Postisometric relaxation makes an effective 
addition to this release (see text). 

Spray a n d stretch should also always be 
appl ied to the contralateral t rapezius to 
prevent act ivat ion of any TrPs in it due to 
u n a c c u s t o m e d shortening w h e n the in
vo lved m u s c l e is s tretched to its m a x i m u m 
n o r m a l length. Others have reported 
stretch and spray to be effect ive for this 
m u s c l e . 1 9 , 1 0 7 

W h e n pat ients present wi th the sudden 
onset of a severe stiff n e c k involving mult i 
ple n e c k m u s c l e s (e.g. upper trapezius , le
vator scapulae , s ternoc le idomasto id , and 
poster ior cervical ) in painful spasm, the 

n e c k may be comple te ly immobi l ized . The 
spasm must be re l ieved before attempting 
other therapy. A n y attempt to release the 
m u s c l e s by lengthening them only aggra
vates the symptoms . Appl ica t ion of a com
fortable high voltage galvanic st imulation 
suff icient to fatigue the musc les , can relax 
t h e m and rel ieve the painful spasm. 

Middle Trapezius 
(Fig. 6.10) 

In the case of m i d d l e t rapezius TrPs 
the i m p o r t a n c e of checking bo th pectoral 
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m u s c l e s for t ightness (and TrPs) c a n n o t 
be o v e r e m p h a s i z e d . Most c o m m o n l y , the 
m i d d l e t rapezius s t r e t c h - w e a k n e s s a n d 
TrPs are from over load a n d are sec 
ondary. U n l e s s the t ightness of the ante
rior m u s c l e s causing the p r o b l e m is e f fec 
t ively addressed , the pat ient w i l l 
c o n t i n u e to have t rouble . I t is n o t un
usual for the t rouble -making pec tora l 
TrPs to be latent and p r o d u c i n g shor ten
ing, but not a source of pa in in the i r o w n 
right. T h e s y m p t o m s that they c a u s e ap
pear secondar i ly in the over loaded poste 
rior m u s c l e s . 

The spray-and-release t echnique for 
middle trapezius TrPs begins wi th the pa
tient s idelying or semiprone and the in
volved (right) side uppermost (Fig. 6 . 1 0 A ) . 
The right upper l imb is e levated 90° (in 
line with the musc le fibers being released) 
and dropped forward off the edge of the 
treatment table to take up s lack in the mus
cle by abducting the scapula . T h e spray is 
applied from the lateral a t tachment point , 
over the TrP region and over all the m i d d l e 
trapezius fibers, fol lowing the f ibers medi 
ally and covering the referred pain zone , 
overlapping the lower trapezius to some 
extent. Frequent ly the entire trapezius is 
involved and spray should then start from 
the lowermost f ibers at the level of T 1 2 , fan
ning upward and laterally to cover all three 
parts of the musc le and the referred pain 
zones. 

Release of the m i d d l e trapezius f ibers 
continues wi th the operator using one 
hand to stabil ize the patient 's midthorac ic 
spine and placing the other h a n d over the 
scapula to take up s lack as the m u s c l e re
laxes (Fig. 6 . 1 0 B ) . Augmented post isomet
ric relaxation is a c c o m p l i s h e d by asking 
the patient to " L o o k up to the right and 
breathe in. Now look to your left and 
slowly breathe out. Re lax and let your arm 
drop toward the f loor." With the pat ient in 
this posit ion, gravity resists the m i d d l e 
trapezius contract ion and then assists the 
relaxation. Th is procedure can be repeated 
two or three t imes to fully release the mus
cle f ibers . T h e operator's h a n d guides the 
scapula in l ine with the f ibers being re
leased (applying light res is tance for the 
contraction phase only i f n e e d e d ) , and 
takes up the s lack in the m u s c l e . 

Figure 6.10. Spray and release of trigger points in the 
middle part of the right trapezius muscle. A, applica
tion of spray with the patient lying on the uninvolved 
(left) side. B, release of middle trapezius fibers. See 
text for details. 

In addit ion to this t echnique , the m i d d l e 
trapezius responds wel l to TrP pressure re
lease by the operator or self-release by the 
pat ient using a co ld tennis bal l (see Fig. 
18 .4 ) ; i t also responds wel l to local massage 
of the taut b a n d in the region of the TrP. An
other effective release for the m i d d l e and 
lower trapezius f ibers is the scapular mobi 
l ization t e c h n i q u e descr ibed a n d i l lus
trated in Figure 1 8 . 3 . T h e re lease procedure 
is fo l lowed prompt ly by full act ive range of 
mot ion and the appl ica t ion of mois t heat . 

For TrP 7 , the spray is appl ied over the 
trigger area and the m u s c l e f ibers , co nt inu
ing the sweeps d o w n over the lateral as
pect of the arm to cover the major "goose-
f lesh" reference zone . T h i s TrP m a y require 
in jec t ion to comple te ly inact ivate it. 
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L e w i t 5 4 descr ibes both therapist -assisted 
and pat ient sel f - treatment of middle 
trapezius TrPs using post isometr ic relax
ation. He also descr ibes and i l lustrates a 
s idelying gravity-assisted vers ion highly 
r e c o m m e n d e d for pat ient self - treatment of 
this m u s c l e . 

Lower Trapezius 
(Fig. 6.11) 

F o r s p r a y (or icing) and release of right 
lower t rapezius TrPs, the patient l ies on the 
u n i n v o l v e d side (semiprone) near the edge 
of the t reatment table , e levates the right up
per l imb approximate ly 1 3 5 ° (in l ine wi th 
the m u s c l e f ibers be ing re leased) , and low
ers the arm over the edge of the treatment 
table to s l ightly abduct the scapula and take 
up s lack in the involved m u s c l e (F ig .6 .11) . 
T h e operator appl ies the spray upward 
from the region of the T 1 2 vertebral attach
ment of the trapezius , fol lowing the m u s c l e 
f iber direct ion and fanning laterally and up
ward to cover its pain re ference zone from 
the acromion to the occ iput (Fig. 6 .11 A ) . 

Release of this lower part of the trapez
ius can be a c c o m p l i s h e d through post iso
metr i c re laxat ion of the involved m u s c l e 
f ibers , wi th the vapocoolant being appl ied 
only w h i l e the pat ient is exhal ing and re
laxing the m u s c l e . F igure 6.11 B i l lustrates 
a b i m a n u a l release t e c h n i q u e w h i c h can 
incorporate post i sometr ic re laxat ion; the 
operator asks the pat ient to look up to the 
right, inhale , and then look down to the 
left and exhale slowly, relaxing comple te ly 
and letting the arm drop toward the floor. 
S i n c e gravity can assist re lease of the lower 
trapezius , i t is not necessary for the opera
tor to apply pressure against the patient 's 
scapula ; however , the operator's touch can 
guide and encourage appropriate contrac
t ion and re laxat ion. 

T h e re lease procedure is fo l lowed 
prompt ly by full act ive range of mot ion 
and the appl icat ion of mois t heat . I t is usu
al ly best also to treat the contralateral 
trapezius, w h i c h must b a l a n c e the re leased 
tens ion of the treated m u s c l e . 

S i n c e the lower trapezius is often weak, 
the a im is not pr imar i ly stretch but rather 
re lease of tens ion in the taut band . Toward 
this a im, the operator can apply TrP pres

sure release and/or deep local massage of 
the nodular TrP. T h e patient can apply self-
TrP pressure release by lying on a tennis 
bal l that is pos i t ioned to press on the TrPs. 

T h e lower part of the trapezius is often 
the key to success ful treatment of the up
per trapezius , levator scapulae and some 
n e c k extensor musc les ; these musc les l ie in 
the pain reference zone of the lower trapez
ius and may develop satell ite TrPs to the 
key lower trapezius TrP. T h e lower trapez
ius i tsel f (and by extens ion the above-men
t ioned musc les ) may develop pain and 
TrPs due to TrP tension in the antagonistic 
pectoral is major [see Chapter 42 ) and pec
toralis minor [see Chapter 4 3 ) . W h e n the 
pectoral m u s c l e s are involved, their full 
normal rest length must be restored in or
der for the lower trapezius to be rel ieved of 
overload, and then the lower trapezius may 
need to be strengthened. 

E a c h release procedure is fol lowed 
prompt ly by full act ive range of mot ion 
and moist heat to the treated region. 

L e w i t 5 4 describes a strengthening exer
cise to restore normal musc le balance and 
correct f ixation of the scapula rather than 
describing a release technique. However, be
fore beginning such a strengthening exercise 
w h i c h can be very helpful , any TrPs in the 
lower trapezius should f irst be inactivated. 

Scapular mobil i ty, as wel l as joint play 
in the s ternoclavicular and acromioclavic
ular jo ints , should be restored i f restricted. 

13. TRIGGER POINT INJECTION 
(Fig. 6.12) 

T h e fibers of any part of the trapezius 
should be injected for TrPs only if spot ten
derness is observed in a palpable nodule or 
taut band and the patient's pain is repro
duced by digital compression of the tender 
spot. Eliciting an LTR by snapping palpation 
helps to confirm the diagnosis but is too un
reliable to be included as a necessary finding. 
However, it is an important guide to effective 
placement of the needle during injection or 
dry needling. Injection is always followed at 
once by s low active full range of motion. 

TrP 1 , and rarely TrP 2 , of the upper 
trapezius are in jected from an anterior ap
proach with the patient supine , using 0 . 5 % 
proca ine s o l u t i o n . 8 9 , 9 1 Other trapezius TrPs 
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Figure 6.11. Spray and release of trigger points in the lower part of the right trapezius muscle. 
A, application of spray with the patient lying on the uninvolved (left) side. B, bimanual 

release of the lower trapezius fibers. See text for details. 

are in jected with the patient lying on the 
uninvolved side with the b a c k toward the 
operator or lying prone. 

Upper Trapezius 
(Fig. 6.12, TrP1 and TrP2) 

For inject ion of the more anterior cen
tral TrP 1 , the patient l ies supine wi th the 

shoulder on a p i l low to s lacken that part of 
the m u s c l e (Fig. 6 .12 , T r P 1 ) . T h e m u s c l e i s 
he ld firmly in a p incer grasp to prec ise ly 
locate the TrPs for in jec t ion and to lift the 
m u s c l e off underlying structures. T h e n e e 
dle tip is directed upward across the mus
cle mass that is he ld b e t w e e n the digits 
(Fig. 6 .12 , TrP 1) to avoid any poss ib i l i ty of 
penetrating the apex of the lung. 
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Figure 6.12. Patient position and injection technique 
for trigger points in the left trapezius muscle. To inject 
central TrP1, the patient lies supine for the anterior ap
proach to the upper trapezius, to avoid penetrating 
the apex of the lung. To inject central TrP2 the patient 
lies on the right side for the posterior approach to the 
left upper trapezius, with the muscle lifted off the apex 
of the lung. To inject central TrP3 in the lateral border 
of the lower trapezius, the patient lies on the opposite 
side. The needle is aimed at a rib, to avoid penetrat

ing an intercostal space. The Hong technique for hold
ing the syringe (see Chapter 3, Section 13) is recom
mended for this location. The central TrP5 in the mid
dle trapezius midfiber region close to the vertebral 
border of the scapula is injected with the patient lying 
on the opposite side. The Hong technique also is rec
ommended for injection here. The attachment TrP6 is 
injected along the lateral musculotendinous junction 
of the middle trapezius with the patient lying on the 
other side. 
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Injection of a trapezius TrP identi f ied as 
TrP 1 in 20 patients with pain in the mas-
seter region significantly reduced their per
ceived pain from a mean of 5.6 to 2.8 on a 
10 point s c a l e . 1 0 

Except in thin pat ients , the more poste
rior and inferior central TrP 2 is best ap
proached by posit ioning the patient on the 
uninvolved side (Fig. 6 .12 , TrP 2 ) ; the nee
dle is again directed upward away from the 
lung. To avoid penetrating too deeply 
when injecting TrP 2 in patients wi th loose 
skin, the operator's f inger can be inserted 
under the front margin beneath the m u s c l e , 
between the TrP and the chest . 

A supraspinatus TrP often l ies under
neath the upper trapezius TrP 2 , and i f the 
deeper TrP is penetrated by the needle , the 
patient may report referred pain felt in the 
mid-deltoid region. Other authors have de
scribed and i l lustrated a s imilar t echnique 
for injecting T r P 2 . 4 9 , 7 2 

To relieve neck and back pain, Trom-
mer and Gellman 9 6 infiltrated with pro
caine what they construed to be 15 intra
cutaneous TrPs overlying the upper 
trapezius. Occasionally, one sees cuta
neous TrPs that refer pain like muscular 
TrPs. It also is possible that they relieved 
the pain by infiltrating the area of referred 
pain and referred tenderness as described 
by Weiss and Davis,'" 1 and by Theobald. 8 4 

As noted above, pain and tenderness are 
often referred to this area from TrPs in the 
lower trapezius. In this case, the patient 
is more likely to experience lasting relief 
if the active TrPs in the lower trapezius 
that are causing the referred pain are in
jected, rather than the skin over the upper 
trapezius where the pain is felt. 

Middle Trapezius 
(Fig. 6.12, TrP5andTrP6) 

T h e pat ient l ies on the oppos i te s ide 
with the h a n d p l a c e d on the thigh, or b e 
tween the knees , to s tabi l ize the s c a p u l a . 
Central TrP 5 (right s ide of Fig. 6 .3) m a y or 
may not be over the scapula . I f not (Fig. 
6 .12 , T r P 5 ) , the n e e d l e m u s t be d i rec ted a t 
an acute angle to the sk in to e n s u r e not 
penetrat ing to the level of the r ibs . Nee
dle contac t w i t h an ac t ive l o c u s of the 
TrP is c o n f i r m e d by the o c c u r r e n c e of a 

loca l t w i t c h r e s p o n s e . C o i n c i d e n t a l p e n e 
trat ion of T r P 7 (Fig. 6 .4) w h i l e going 
through the sk in to in jec t T r P 5 m a y sur
pr ise the pat ient by sett ing off w a v e s of 
" g o o s e f l e s h . " 

A t t a c h m e n t TrP 6 (left s ide of Fig. 6.4) is 
in the region of the lateral m u s c u l o t e n d i 
nous junct ion of the m i d d l e trapezius and 
most l ikely represents enthesopathy sec 
ondary to a TrP 5 (right s ide of Fig. 6 .3 ) . In-
act ivat ion of this a t tachment TrP by in jec 
t ion as i l lustrated (Fig. 6 .12 , TrP 6 ) wi l l 
expedi te clearing of the trigger area tender
ness , but re l ie f is not l ikely to be lasting i f 
the source of the enthesopathy, centra l 
TrP 5 , is not inact ivated. I f the response is 
delayed, this is a s i tuat ion where a one
t ime local in jec t ion of di lute steroid at the 
a t tachment TrP m a y be appropriate a n d 
helpful . S teroid is not r e c o m m e n d e d for 
the in ject ion of central TrPs. 

Lower Trapezius 
(Fig. 6.12, TrP3) 

T h e pat ient l ies on the u n i n v o l v e d side. 
To locate and in ject TrP 3 , the scapula is ab
ducted by plac ing the arm in front of the 
body in order to p lace the lower trapezius 
on a moderate stretch (Fig. 6 .12 , T r P 3 ) . Care 
is taken to aim the n e e d l e toward an un
derlying rib, avoiding the intercostal space . 

At tachment TrP 4 (Fig. 6 .3 , left side) over
lies the scapula in the region of the lateral 
musculotendinous junct ion of the lower 
trapezius along the root of the spine of the 
scapula. It is identif ied and injected m u c h as 
described above for the s imilar at tachment 
TrP 6 , and as i l lustrated for that at tachment 
TrP (Fig. 6 .12 , TrP 6 ) . To inject this TrP, the 
needle is aligned with the lateral f ibers of the 
musc le and directed toward the shoulder. 

14. CORRECTIVE ACTIONS 
(Figs. 6.13, 6.14, and 6.15) 
Upper Trapezius 

Body Structure. A lower l imb- length 
inequal i ty or a smal l h e m i p e l v i s , as de
scr ibed in S e c t i o n 7 above, must be cor
rected ( s e e Fig. 4 8 . 9 C and Fig. 4 8 . 1 0 C a n d 
D in this vo lume, and Chapter 4 of Vol. 2 ) . 

W h e n the patient 's upper arms are short 
in relat ion to torso height , they do not 
reach the armrests of most chairs (Fig. 
6 .13C) ; this imposes susta ined gravity 
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Figure 6.13. Short upper arms: the problem and its 
solution. A, the elbows of a person with average 
length of the upper arms are well supported in a prop
erly designed chair; the armrest surface is usually 
about 23 cm (9 inches) above the seat bottom and the 
backrest overlaps the scapulae by several centimeters 
(an inch or two). B, skeleton with short upper arms 
demonstrates the strained posture that results from 

that structural inadequacy. C, the elbows of the pa
tient with short upper arms are unsupported in an
other chair with the usual design similar to that in A. 
The dangling elbows overload the upper trapezius 
muscles. D, the needed elbow support can be pro
vided by raising the armrest height with cellulose 
sponges, or plastic foam pads, glued beneath a writ
ing board. 
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stress on the trapezius muscles. The 
Boston rocker has high armrests designed 
for nursing mothers, and is well suited to 
persons with short upper arms. Figure 
6.13D illustrates another solution. An aver
age armrest height of 21.6 cm (8.5 in.), 
measured from the compressed seat, satis
fies most people. 1 5 Pads made from cellu
lose kitchen sponges or plastic foam may 
be covered and attached to the armrests, or 
may be mounted underneath a writing 
board that rests on the armrests and raises 
the board to the desired height for elbow 
support. The patient must learn to adapt 
any and all chairs that are used. 

Relief from Postural and Activity Stress. 
No patient with TrPs in the upper 

trapezius should sleep on a foam rubber 
pillow; its springiness aggravates TrP 
symptoms. When traveling, the patient 
may need to take along a nonspringy com
fortable pillow from home to avoid this 
hazard. 

Antigravity stress on the upper trapezius 
in normally proportioned individuals is cor
rected by selecting chairs with armrests of 
the correct height to provide elbow support 
(Fig. 6.13A), or by building up the height of 
the armrests, if they were designed too low 
(Fig. 6.13D). 9 0 Dentists, secretaries, drafts
men, writers and seamstresses, for instance, 
should arrange their seating to provide suit
able elbow support. Every seated person 
benefits by learning to distinguish between 
chairs that fit and chairs that enforce poor 
posture which abuses the muscles. 9 0 

Patients who are intensely preoccupied 
with what they are doing are prone to lose 
track of time and maintain an undesirable 
posture. This can happen while engrossed 
at a computer or leaning forward over a 
desk for a prolonged period while writing. 
These individuals can relieve muscle ten
sion every 20 or 30 min, without interrupt
ing the train of thought, by setting an inter
val-timer for that length of time and 
placing it across the room. Then they must 
get up and can stretch while they walk to 
turn off the buzzer and reset the timer. 

For secretaries, a common source of 
gravity stress is a keyboard set so high that 
they hold the shoulders in an elevated po
sition for the fingers to reach the keyboard 
conveniently. Excessive sustained EMG ac

tivity of the upper trapezius is eliminated 
by lowering the keyboard.5" If the keyboard 
support cannot be lowered sufficiently, the 
height of the seat should be raised until the 
forearms are horizontal, which relieves the 
trapezius muscles. Several centimeters (an 
inch or more) of folded newspapers or a 
magazine may be placed on the rear two-
thirds of the seat bottom; the front third of 
the seat is not raised, thus avoiding under-
thigh compression. This slopes the seat for
ward and has the advantage of opening the 
angle at the hips and knees. If this raises 
the seat so much that the feet no longer rest 
flat on the floor, a small footrest is required. 
With video terminals, the copy should be 
placed as close beside the screen as possi
ble. Placing the copy flat beside the key
board should be avoided. 

If the keyboard height is properly ad
justed but the individual leans forward 
away from the backrest, the upper trapez
ius muscles may still be overloaded. Lean
ing back against the backrest of a chair so 
that it supports the scapulae can provide 
much relief. The individual must lean back 
and allow the shoulders to drop down so 
the backrest supports them. In most chairs, 
a small cushion for lumbar support facili
tates good posture. Chapter 41 , Section C 
includes additional suggestions for the cor
rection of poor posture. 

Muscles are more tolerant of prolonged 
activity if they have frequent short breaks 
permitting relaxation. A few cycles of ac
tive range of motion makes the break more 
effective. In the case of the upper trapez
ius, this may be achieved by slowly rotat
ing the shoulders in a full circle several 
times, first in one direction and then in the 
other direction. 

Many men (and women also when pants 
with pockets are fashionable) intuitively 
relieve upper trapezius muscle strain by 
standing (Fig. 6.14) or walking with hands 
in the pockets. This method of relief is rec
ommended for persons prone to develop 
upper trapezius TrPs. 

For patients who have long conversa
tions on the telephone, a speaker phone re
lieves the neck and arm muscles from the 
strain of holding a handset. 

Holding the steering wheel of a car by 
holding on the sides of the wheel or on top 
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of i t wi thout armrests for long periods of 
t ime can ser iously overload the upper 
trapezius (and levator scapulae) m u s c l e s . 
Holding the w h e e l wi th one h a n d at the 
bot tom and with the forearm supinated 
and resting on the thigh a l lows emergency 
maneuver ing and provides trapezius rel ief 
on that s ide. 

W h e n convers ing wi th someone , the pa
t ient s h o u l d turn his or her chair to face 
the other person, or turn the entire body 
and not just the head. T h e rotat ional stress 
of frequently f l icking long hair out of the 
face is readi ly solved by a hair c lasp or a 
haircut . 

It is best to try to avoid s leeping prone 
w h e n the trapezius is involved with TrPs. 
I f one does s leep prone, a p i l l o w p laced un
der the shoulder a n d chest on the same 
side to w h i c h the face is turned h e l p s to re
d u c e rotat ion of the neck . A semiprone po
si t ion, ach ieved by flexing the knee and hip 
of the s ide toward w h i c h the face is turned, 
a lso h e l p s by partly rotating the torso. 

A walk ing c a n e , w h e n pos i t ioned be
s ide the leg, s h o u l d be long enough so that 
the e l b o w is b e n t 3 0 - 4 0 ° , 2 9 and does not re
quire pers is tent e levat ion of the shoulder 
a n d s c a p u l a w h e n u s e d [see Fig. 1 9 . 3 ) . 

Relief from Constriction. Object ionable 
pressure on the trapezius by a thin, tight bra 
strap should be rel ieved by wearing a 
wider, nonelas t i c bra strap, and/or by slip
ping a soft plast ic shie ld under the strap to 
distribute the pressure . 1 4 S l iding the strap 
laterally to rest on the acromion relieves 
pressure on the musc le . A strapless bra that 
constr ic ts too tightly around the ribs may 
cause comparable pressure activation of 
TrPs in the lat iss imus dorsi, serratus ante
rior, or serratus posterior inferior musc les . 

A shoulder-strap purse should be slung 
over the opposi te acromion (not resting on 
the trapezius musc le ) . T h e shoulder-strap 
should be w i d e and its length adjusted to 
let the purse f i t into the ho l low of the 
waist . T h i s lets the weight of the purse rest 
partly on the i l iac crest w h e n the purse is 
pressed against the side by the elbow. 
W h e n e v e r feasible, it is best for the mus
c les to hang the purse from a belt . 

A heavy coat that rests on the upper 
trapezius, rather than on the acromion to 
the s ide , should be avoided; shoulder pads 
inserted in the coat can properly redistrib
ute its weight . 

Tension Release Exercises. Two exer
c ises are helpful to mainta in full length 

Figure 6.14. Common hands-in-pockets posture that helps to relieve 
strain on the upper trapezius muscles. 
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and normal tens ion of the upper trapezius. 
One is the self-stretch technique for the up
per trapezius descr ibed and i l lustrated in 
Figure 16 .1 I B . L e w i t 5 4 descr ibes in detail 
another release of this m u s c l e in the seated 
posit ion using post isometr ic re laxat ion. 

Active Exercise. Two of the safest gen
eral condit ioning exerc ises to he lp shoul
der musc les that inc lude the trapezius are 
swimming and jumping rope w h i l e pro
gressing forward. Jogging tends to aggra
vate trapezius TrPs. 

Middle Trapezius 
W h e n the arm m u s t be he ld out in front 

of the body for long per iods of t ime, some 
form of e lbow rest should be devised. 

T h e Middle- t rapezius Exerc i se (Fig. 
6 .15) is ta i lored to mainta in full act ive 
range of mot ion in both the m i d d l e and 
lower trapezius m u s c l e s . T h e pat ient i s in
structed as fo l lows: Lie supine on the floor. 
P lace the e lbows , forearms and pa lms of 
the hands together in front of the a b d o m e n 
(Fig. 6 . 1 5 A ) . Keep the e lbows t ightly to-

Figure 6.15. The Middle-trapezius Exercise helps to through E. When completed, the patient pauses, 
maintain full range of motion in the middle and lower breathes deeply to relax, and repeats the sequence, 
parts of the trapezius muscle by abducting and rotat- (See Section 14 for a full description), 
ing the scapulae. Movements progress from A 
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gether as long as poss ib le w h i l e raising the 
forearms over the face (Fig. 6 . 1 5 B ) . T h e n , 
drop the forearms past the ears to the floor 
(Fig. 6 .15C) . Keeping the b a c k of the el
b o w s a n d wrists in contact wi th the floor, 
swing the arms down against the s ides of 
the body (Fig. 6 .15D and E) . Pause and re
lax , w h i l e taking several s low deep 
breaths . Repeat the cyc le . 

T h e antagonist ic pectoral is major f ibers 
usual ly are in n e e d of stretching w h e n the 
m i d d l e trapezius harbors act ive TrPs. 
T h e s e pectoral f ibers are pass ively 
s tretched by doing the In-doorway Stretch 
Exerc i se [see Fig. 4 2 . 9 ) . T h e m i d d l e h a n d 
pos i t ion of this exerc ise speci f ical ly 
s tretches the sternal divis ion of the pec
toral is major, w h i c h most direct ly opposes 
the m i d d l e trapezius . 

T h e Cold Tennis Ba l l self - treatment 
t e c h n i q u e [see Fig. 18 .4 ) is useful for re
ducing the act ivity of ei ther middle or 
lower trapezius TrPs. T h e pat ient can use 
this at h o m e w h e n e v e r re l ie f i s needed. 

L e w i t 5 4 describes in detail operator-as
sisted post isometr ic relaxation, and de
scribes and il lustrates gravity-assisted post
isometr ic relaxation for release of middle 
trapezius f ibers with the patient sidelying. 

Lower Trapezius 
Every pat ient should arrange seated 

w o r k s p a c e that provides adequate room for 
the knees underneath the desk or table . 
T h e cha i r should be pul led c lose enough to 
the workspace so that the patient can lean 
b a c k f irmly against the backrest ; both el
b o w s s h o u l d rest on the work surface or on 
short armrests of about the same height as 
the desk surface. 

T h e middle- t rapezius exerc ise (Fig. 
6 .15) also is he lpful for a t -home mainte
n a n c e of full range of m o t i o n in the lower 
trapezius m u s c l e . An effective gentle self-
stretch for the lower trapezius is to sit in a 
cha i r and reach across in front of the con
tralateral toes . 

M u s c l e imbalance from the lower trapez
ius generally comes from its tendency to 
be inhibi ted and weak. First, any TrPs in 
the musc le must be inactivated. Act ive 
strengthening exercises specif ical ly for the 
middle and lower trapezius can be done in 
the prone posit ion, placing the arm out hor

izontally (for the middle trapezius) and lift
ing the arm up off the surface. For the lower 
trapezius the arm is elevated up toward the 
ear (in l ine with the musc le fibers) and then 
lifted off the surface. Biofeedback through 
surface E M G can assure the c l inic ian and 
the patient that the weak musc le is indeed 
being activated appropriately and efficiently 
during a progressive strengthening program. 

W h e n using a moist heating pad or hot 
pack for relief of pain referred from TrPs in 
the lower fibers of the trapezius, the patient 
should apply the heat to the mid-back area 
where the TrPs are located, rather than solely 
to the suprascapular region and neck where 
pain is felt. T h e patient should never lie on 
the pad; instead the pad should be placed on 
the back whi le the patient is semiprone. 

Supplemental Case Reports 
T h e management of three cases with 

trapezius TrPs was reviewed by T r a v e l l . 8 7 , 8 8 
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CHAPTER 7 
Sternocleidomastoid Muscle 

HIGHLIGHTS: The sternocleidomastoid is an 
amazingly complex muscle that frequently con
tains multiple trigger points (TrPs) in its sternal di
vision, in its clavicular division, or in both. Al
though the name sternomastoid is in current use, 
we prefer the name sternocleidomastoid to rec
ognize the equal significance of the clavicular di
vision. REFERRED PAIN from these two anatom
ically and functionally different divisions presents 
quite different patterns. In each division, TrPs 
also evoke different autonomic phenomena or 
proprioceptive disturbances. The sternal division 
may refer pain to the vertex, to the occiput, 
across the cheek, over the eye, to the throat, and 
to the sternum. With clavicular division TrPs, pa
tients commonly experience frontal headache 
and earache, whereas sternal division TrPs give 
rise to eye and face pain likely to be diagnosed as 
"atypical facial neuralgia." Referred autonomic 
phenomena from the sternal division involve the 
eye and sinuses, while from the clavicular division 
they are more likely to concern the forehead and 
ear, including dizziness related to disturbed pro
prioception and spatial perception. ANATOMY: 
Both divisions of one muscle attach to the head 
at the mastoid process and along the superior 
nuchal line. The more superficial, anterior, and di
agonal sternal division attaches below to the ster
num, while the deeper clavicular division attaches 
posterior and lateral to it onto the clavicle. FUNC
TION of one muscle alone includes rotating the 
face to the contralateral side and tilting it up to
ward the ceiling. Together, the paired sterno

cleidomastoid muscles flex the head and neck 
and act as auxiliary muscles of inhalation. They 
function to checkrein (control) posterior move
ment of the head and neck. SYMPTOMS of pos
tural dizziness and imbalance may prove even 
more incapacitating than head pain referred from 
TrPs in this muscle. ACTIVATION AND PERPET
UATION OF TRIGGER POINTS are commonly 
initiated by an episode of mechanical overload 
and perpetuated by persistent overload caused 
by structural inadequacies of the body, or by 
paradoxical breathing. TRIGGER POINT EXAM
INATION is most effective if pincer palpation is 
used to encircle each division separately in order 
to carefully examine each division for palpable 
bands, tender TrPs and local twitch responses. 
TRIGGER POINT RELEASE techniques are spe
cific to each division because of the markedly dif
ferent positions of the head that fully lengthen 
each division. TRIGGER POINT INJECTION is 
relatively simple and safe when properly done, 
but sometimes produces considerable postinjec-
tion soreness and distressing referred autonomic 
and proprioceptive phenomena. CORRECTIVE 
ACTIONS to secure lasting relief usually require 
identification of, and structural compensation for, 
congenital body inadequacies, such as lower 
limb-length inequality (LLLI), a small hemipelvis, 
or relatively short upper arms, and also may re
quire correction of poor posture and systemic 
perpetuating factors. Lasting relief also may re
quire modification of daily activities, for example, 
prolonged or frequent telephoning. 

1. REFERRED PAIN (AND 
CONCOMITANTS) 
(Fig. 7.1) 

The sternal and clavicular divisions of 
this muscle have their own characteristic 
referred pain patterns and concomitants. 6 5 , 

6 6 , 6 9 , 7 2 As a rule neither division refers pain 
to the neck, both refer pain to the face and 
cranium. The face pain referred from trigger 
3 0 8 

points (TrPs) in this muscle is frequently 
the basis for the diagnoses of "atypical fa
cial neuralgia," 6 9 tension h e a d a c h e , 2 7 , 3 5 , 3 9 

and cervicocephalalgia. 4 2 The pain and the 
autonomic or proprioceptive components 
referred from TrPs in this muscle are widely 
recognized by the dental profession as a sig
nificant component of common facial pain 
complaints. 4 8 , 5 7 
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The pain pattern referred from the ster
nocleidomastoid muscle in children is 
similar to that in adults. 1 , 5 

Williams and Elkins 7 6 remarked that 
myalgia of the head is accompanied by cir
cumscribed tender regions in the neck 
muscles at their attachments to the cra
nium. They reported inducing referred 
head pain by applying digital pressure to 
these tender muscles and by injecting hy
pertonic salt solution into them, location 
unspecified. We find attachment TrPs 
(ATrPs) where the sternocleidomastoid 
muscle attaches to the mastoid process. 
These ATrPs are likely enthesopathy sec
ondary to central TrPs (CTrPs) in the mus
cle belly. 

Sternal Division 
(Fig. 7.1 A) 

Pain. An attachment TrP (ATrP) at the 
lower end of the sternal division may refer 
pain downward over the upper portion of 
the sternum (Fig. 7.1A). This is the only 
downward reference of pain from this mus
cle. 6 5 , 6 9 True trigeminal facial neuralgia is 
not accompanied by sternal pain, which, 
when also present, suggests the sternoclei
domastoid myofascial syndrome. 

When this ATrP is present in the lowest 
part of the sternal division, those fibers 
may merge with a slip of the inconstant 
sternalis muscle. Occasionally, mechanical 
stimulation of this sensitive area may be 
associated with a paroxysmal dry cough. 

At the midlevel of the sternal division, 
TrPs refer pain homolaterally, arching across 
the cheek (often in finger-like projections) 
and into the maxilla, over the supraorbital 
ridge and deep within the orbit (Fig. 7.1A). 7 7 

The aching quality of the pain described by 
patients is similar to the deep pain de
scribed by Kellgren,3 7 following injection of 
small amounts of hypertonic saline into the 
muscles. The TrPs along the inner margin at 
the midlevel of this division refer pain to the 
pharynx and to the back of the tongue dur
ing swallowing7 (which causes "sore 
throat") and to a small round area at the tip 
of the chin. 6 9 Marbach4 3 shows a similar pat
tern that includes the cheek, temporo
mandibular joint and mastoid areas. 

The TrPs located toward the upper end 
of the sternal division are more likely to re

fer pain to the occipital ridge behind, but 
not close to the ear, and to the vertex of the 
head like a skull cap, with scalp tender
ness in the pain reference zone. 

Concomitants. Autonomic concomi
tants of TrPs in the sternal division relate to 
the homolateral eye and nose . 6 5 , 6 9 Eye symp
toms include excessive lacrimation, red
dening (vascular engorgement) of the con
junctiva, apparent "ptosis" (narrowing of 
the palpebral fissure) with normal pupillary 
size and reactions, and visual disturbances. 
The "ptosis" is due to spasm of the orbicu
laris oculi muscle, rather than to weakness 
of the levator palpebrae muscle. The spasm 
is apparently caused by referred increased 
excitability of the motor units of this mus
cle. The patient may have to tilt the head 
backward to look up, because of inability to 
raise the upper eyelid. Visual disturbances 
can include not only blurring of vision, 6 3 , 6 5 

but also dimming of perceived light inten
sity.7 0 Sometimes coryza and maxillary si
nus congestion develop on the affected side. 

In our experience, unilateral deafness in 
a few patients with no complaint of tinni
tus, has been traced to TrPs in the sterno
cleidomastoid muscle. Wyant 7 7 attributed 
tinnitus in one patient to TrPs in either the 
sternocleidomastoid, upper trapezius, or 
cervical paraspinal muscles. Travell 6 5 has 
noted the association of unilateral tinnitus 
with a TrP in the deep division of the mas-
seter muscle. Generally, we associate tinni
tus with the deep part of the masseter mus
cle rather than the sternocleidomastoid. 
One reliable patient reported a crackling 
sound in the homolateral ear, which was 
reproduced by pinching the superficial 
fibers of the sternal division at its midlevel. 

Clavicular Division 
(Fig. 7.1 B) 

Pain. Myofascial TrPs in the midfiber 
part of this division refer pain to the frontal 
area and when severe, the pain extends 
across the forehead to the other side 
(crossed reference) , 6 4 , 6 5 which is very un
usual for TrPs. The upper part of this divi
sion is likely to refer pain homolaterally 
deep into the ear and to the posterior au
ricular region (Fig. 7.1B). These TrPs some
times refer poorly localized pain to the 
cheek and molar teeth on the same side. 6 9 
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Sternal division 

Figure 7.1. Referred pain patterns (solid red 
shows essential zones and stippling shows 
the spillover areas) with location of com
mon trigger points (Xs) in the right sterno

clavicular division 

cleidomastoid muscle. A, the sternal (more 
anterior and more superficial) division. 
B, the clavicular (more posterior and 
deeper) division. 

Concomitants. Proprioceptive con
comitants of TrPs in the clavicular divi
sion 6 3 , 7 4 relate chiefly to spatial disorienta
tion. Patients complain of postural 
dizziness (in the form of a disagreeable 
movement or sensation within the head), 3 8 

and less often, of vertigo (the sensation of 
objects spinning around the patient, or of 
the patient spinning). 6 3 , 7 4 During severe at
tacks, 7 4 syncope following sudden turning 
of the head may be due to stretch-stimula
tion of active TrPs in the clavicular divi
sion. Episodes of dizziness lasting from sec
onds to hours are induced by a change of 
position that requires contraction of the 
sternocleidomastoid muscle, or that places 
it on a sudden stretch. Disequilibrium may 
occur separately from, or be associated with 
postural dizziness and may cause sudden 
falls when bending or stooping, or ataxia 
(unintentional veering to one side when 
walking with the eyes open). 6 2 The patient 
is unable to relate the vertigo or dizziness to 
a particular side of the head, even though it 
can be shown to depend on trigger mecha
nisms in only one sternocleidomastoid 

muscle. Postural responses are exaggerated 
in some patients; when looking up, they 
feel as if they will "pitch over backwards," 
and when glancing down, they tend to fall 
forward. The illusion of a tilted bed is not 
rare. Nausea is common, but vomiting is in
frequent. Dimenhydrinate (Dramamine) 
may relieve the nausea, but not the dizzi
ness. Good 2 5 attributed symptoms of dizzi
ness to TrPs in either the sternocleidomas
toid or the upper trapezius muscles. We 
have observed this symptom only from the 
former, although both muscles are com
monly involved together. 

These symptoms apparently derive from 
a disturbance of the proprioceptive contri
bution of this neck muscle to body orienta
tion in space. 1 7 In man, the sternocleido
mastoid is apparently one of the chief 
muscular sources of proprioceptive orien
tation of the head. 6 4 Experiments in mon
keys 1 6 , 1 7 established that the function of 
the labyrinths is confined to orienting the 
head in space, while the neck propriocep
tive mechanisms are concerned with ori
enting the head in relation to the body. 
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Abolition of either of these systems pro
duces spatial disorientation that is similar 
in form and magnitude. 1 6 

When objects of equal weight are held in 
the hands, the patient with unilateral TrP 
involvement of the clavicular division may 
exhibit an abnormal Weight Test. When 
asked to judge which is heaviest of two ob
jects of the same weight that look alike but 
may not be the same weight (two vapo-
coolant dispensers, one of which may have 
been used) the patient will evidence dys-
metria by underestimating the weight of 
the object held in the hand on the same 
side as the affected sternocleidomastoid 
muscle. Inactivation of the responsible 
sternocleidomastoid TrPs promptly re
stores weight appreciation by this test. Ap
parently, the afferent discharges from these 
TrPs disturb central processing of proprio
ceptive information from the upper limb 
muscles as well as vestibular function re
lated to neck muscles. 

Mechanical stimulation of active TrPs in 
the clavicular division also can refer the 
autonomic phenomena of localized sweat
ing and vasoconstriction (blanching and 
thermographic cooling) to the frontal area 
of referred pain. 

2. ANATOMY 
(Fig. 7.2) 

Caudally the sternocleidomastoid mus
cle consists of two divisions: the sternal 
(more medial, more diagonal, and more su
perficial) and the clavicular (lateral and 
deeper). Cephalad, the two divisions 
blend to form a common attachment on the 
mastoid process (Figs. 7.2 and 20.7). The 
relative size of the two divisions and the 
space between them at the clavicle are 
variable. 

Sternal Division 

These fibers attach below to the anterior 
surface of the manubrium sterni. They at
tach above to the lateral surface of the 
mastoid process and to the lateral half of 
the superior nuchal line of the occipital 
bone (Fig. 7.2). The variable sternalis mus
cle may extend downward over the ante
rior chest, appearing like a continuation of 
the sternal division of the sternocleidomas
toid (see Chapter 44). 

Clavicular Division 

This division attaches below to the su
perior border of the anterior surface of the 
clavicle along its medial third. It attaches 
above to the same bony structures as does 
the sternal division (Fig. 7.2). 

Radziemski et al.53 examined the distri
bution of muscle spindles in 16 human fe
tal sternocleidomastoid muscles and found 
that the greatest concentration of spindles 
was in the middle third, a few spindles 
were located in the cranial and sternal at
tachments of the sternal division, and that 
no spindles were observed in the clavicu
lar division. In transverse sections, spin
dles were mainly located in the periphery 
of the muscle, particularly on the anterior 
surface. See Figure 2.31 for an example of 
spindle distribution in the sternocleido
mastoid muscle. 

Biopsies of a sternocleidomastoid mus
cle in 6 cancer patients 9 showed a nearly 
2:1 ratio of fast twitch type II fibers to slow 
twitch type I fibers. This distribution is ex
pected in a muscle that is exposed to inter
mittent loads but is not accustomed to pro
longed sustained contraction. 

SUPPLEMENTAL REFERENCES 

Other authors illustrate this muscle well 
in the front view, 1 5 , 4 6 , 5 9 in a nearly front 
view,13 and in the side view.12, 2 2 , 4 5 , 6 0 The 
sternocleidomastoid is presented in cross 
section in Figure 7.6C, in Figure 16.8, and 
by others.23 

3. INNERVATION 

The motor fibers of the sternocleidomas
toid muscle (and some of the trapezius) 
have an unusually close association with 
the brain stem which helps to account for 
its remarkable functional concomitants. 
They pass through the cervical portion of 
cranial nerve XI (the accessory nerve). 
These motor fibers of the cervical portion 
arise within the spinal column from the 
ventral roots (motor fibers) of the upper 
five cervical segments and ascend, entering 
the skull through the foramen magnum to 
join the cranial portion of the accessory 
nerve . 1 2 , 5 0 Together, they exit the skull in 
close association with the vagus nerve 
through the jugular foramen. The cranial 
portion of the accessory nerve provides the 
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Figure 7.2. Attachments of the two divisions 
of the sternocleidomastoid muscle (dark 
red). The sternal division is more anterior, 

more diagonal, and more superficial than 
the clavicular division. The bones to which 
the muscle attaches show darker stipples. 

motor innervation of several throat mus
cles and may also contribute motor 
fibers to the sternocleidomastoid muscle. 
Branches of the accessory nerve innervate 
the sternocleidomastoid muscle as the 
nerve passes through first the sternal head 
and then the clavicular head 5 6 on its way to 
innervate the upper portions of the trapez
ius muscle. 

Surgical evidence 2 9 indicated that, in at 
least 9 of 15 patients, a functionally signif
icant number of motor fibers originated as 
part of the vagus nerve intracranially but 
crossed over into the accessory nerve in 

the jugular foramen and supplied the ster
nocleidomastoid muscle. 

The lower cervical nerve fibers of the 
cervical portion of the accessory nerve are 
largely sensory. 2 2 Central connections of 
the spinal nerve fibers include the pyrami
dal tract and the medial longitudinal fasci
culus for the coordination of head and eye 
movement. 2 6 

4. FUNCTION 
Both Muscles Together 

1. Acting bilaterally, the sternocleidomas
toid muscles flex the neck and pull the 

Temporal 
bone 

Occipital 
bone 

Clavicle 

Sternum 
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head forward, bringing the chin onto the 
c h e s t , 4 , 3 6 , 5 4 unless the head is strongly 
extended initially. 2 0 

2. On upward gaze, the muscles checkrein 
hyperextension of the neck. They also 
resist forceful backward movement of 
the head, which can occur when an un
protected passenger is riding in an auto 
that is struck from the rear ("whiplash"). 

3. Together with the trapezius, the two 
sternocleidomastoid muscles help to 
stabilize and fix the position of the head 
in space when the mandible moves dur
ing talking and chewing. 

4. By strongly lifting the upper anterior rib 
cage, the muscles act as important aux
iliary muscles of i n h a l a t i o n , 4 , 1 1 2 0 , 3 6 , 5 4 

but only when the head and neck are in 
the erect or hyperextended position, 
and not when the neck is flexed. 

5. Clinically, the sternocleidomastoid mus
cles participate in the act of swallowing7 

( s e e Sternocleidomastoid Compression 
Test in Section 8 of this chapter). 

6. The sternocleidomastoid muscles con
tribute to spatial orientation, weight 
perception, and motor coordination. Ex
perimental loss of sensory input at C1, 

C2, and C3 results in spatial disorienta
tion, imbalance and motor incoordina
tion in monkeys and baboons. 1 6 , 1 7 

One Muscle 

1. Acting unilaterally, the sternocleidomas
toid muscle rotates the face toward the 
contralateral side and tilts it upward. 4 , 3 6 , 5 4 

2. Acting with the upper trapezius, the ster
nocleidomastoid muscle side-bends the 
cervical column, drawing the ear down 
to the shoulder on the same side. 4 , 3 6 , 5 4 

3. Acting with the scalene and trapezius 
muscles of the same side, the sternoclei
domastoid muscle helps to compensate 
for the head tilt that is due to tilting of 
the shoulder-girdle axis, which, in turn, 
is often caused by the functional scolio
sis associated with a lower limb-length 
inequality (LLLI), small hemipelvis, 
and/or quadratus lumborum TrPs. 

Sports 

During right-handed sport activities, the 
greatest electromyographic activation of 

the sternocleidomastoid was seen in the 
left muscle during the tennis serve, a golf 
swing, and during a jump on one foot in 
volleyball. 8 

5. FUNCTIONAL UNIT 

One sternocleidomastoid muscle is syn
ergistic with its homolateral upper trapez
ius during active lateral bending of the 
head and neck toward the same side, and 
also when checkreining lateral bending to
ward the opposite side. Together, both ster
nocleidomastoid muscles in their entirety 
are synergistic in checkreining hyperexten
sion of the head and neck. Likewise, they 
are synergistic with the scalene muscles bi
laterally during vigorous chest breathing 
(inhalation). 

The sternal division on each side acts as 
an antagonist to the opposite muscle for 
head rotation. 

The platysma, a skin muscle that over
lies the sternocleidomastoid, may develop 
TrPs in relation to involvement of the 
sternocleidomastoid. 

6. SYMPTOMS 
Contrary to expectation, 3 9 neck pain and 

stiffness are generally not prominent fea
tures of sternocleidomastoid TrPs . 1 0 , 6 1 The 
patient may complain of "soreness" in the 
neck on rubbing these muscles, but the 
symptom is often disregarded, sometimes 
because the TrP nodules and tenderness are 
mistakenly attributed to lymphadenopathy 
("glands"). Surprisingly, the patient with 
sternocleidomastoid TrPs prefers to lie on 
the side of the sore muscle if a pillow is ad
justed to support the head so that the area of 
referred tenderness in the face does not bear 
weight. This muscle may add an additional 
component to the "stiff neck" syndrome, 6 1 

which is primarily due to TrP activity in the 
levator scapulae, posterior cervical and 
trapezius muscles. If sternal division TrPs 
are sufficiently active they may cause tilt
ing of the head to the same side as the TrPs 
because of pain on attempting to hold the 
head upright.1 "Tension headache" is the 
diagnosis often given to the patient with the 
myofascial pain syndrome of the sterno
c le idomastoid . 3 4 , 3 5 , 3 9 The patient may be 
aware of ipsilateral sweating of the fore-
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head, reddening of the conjunctiva and 
tearing of the eye, rhinitis, and apparent 
"ptosis" (narrowing of the palpebral fis
sure). Blurred or possibly double vision is 
sometimes reported; the pupils react nor
mally. For the referred pain distribution 
and concomitants of sternocleidomastoid 
TrPs, see Section 1. 

Rarely do sternocleidomastoid TrPs 
cause a complaint of restricted neck move
ment, although some limitation at the ex
tremes of neck rotation, flexion and exten
sion may be noted on careful examination. 

Sternal Division 

Pain referred from the sternal division 
may occur independently of pain referred 
from the clavicular division. 6 9 Sternal divi
sion pain involves chiefly the cheek, tem
ple and orbit, as described in Section 1. 

Autonomic phenomena referred from 
TrPs in this division, such as profuse tear
ing of the eye, is more distressing to some 
patients than pain. Rather than blurring 
and dimming of vision, the patient may be 
most aware of a visual disturbance when 
viewing strongly contrasting parallel lines, 
such as a Venetian blind. Narrowing of the 
palpebral fissure can be a prominent fea
ture on the side of active TrPs in the sternal 
division. 

Clavicular Division 

Any one of the three major symptoms 
produced by TrPs in the clavicular divi
sion, namely, frontal headache, postural 
dizziness or imbalance, and dysmetria 
(disturbed weight perception) 2 8 may domi
nate the clinical picture. The pain is de
scribed in Section 1. 

The dizziness is postural and occurs 
with changing loads on the muscle. Hyper-
extension of the neck and overstretching of 
the muscle, caused for example by lying 
without a pillow on a hard X-ray or exam
ining table, may precipitate an attack of 
dizziness. Active TrPs in the clavicular di
vision may contribute to seasickness or car 
sickness. Patients may complain of a "sick 
stomach" with nausea and anorexia that 
leads to a poor diet. The patient is likely to 
experience dizziness when turning over in 
bed at night, and should learn to roll the 
head on the pillow without lifting the 

head. During the day, transient loss of equi
librium is likely to follow vigorous quick 
rotation of the head and neck. During an 
acute attack of this postural dizziness, a 
person suddenly has serious difficulty dri
ving an automobile. The car may veer, too. 
This may be a significant undocumented 
factor in some traffic accidents. 6 8 

Loss of equilibrium also may follow sus
tained tilting of the head to one side, as 
when holding a telephone receiver to the 
ear, or bird-watching with binoculars. The 
disturbed proprioception causing postural 
dizziness may be more disabling than the 
head pain coming from this muscle. These 
symptoms may appear in any combination, 
or all can appear together. 

In a few patients, hearing was impaired 
unilaterally due to active TrPs in the clav
icular division on the same side. Tinnitus 
has rarely been found to originate from 
TrPs in the sternocleidomastoid, but is 
likely to originate in TrPs of the deep divi
sion of the masseter muscle. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 
(Fig. 7.3) 

A posture or activity that activates a TrP, 
if not corrected, can also perpetuate it. In 
addition, many structural and systemic 
factors will perpetuate a TrP that has been 
activated by an acute or chronic overload 
(see Chapter 4). Excessive forward-head 
posture shortens the sternocleidomastoid 
muscle and activates (and strongly perpet
uates) TrPs in it. Another postural source 
of activation and perpetuation is sitting 
with the head turned to the side for pro
longed periods, for example when watch
ing television or while talking to another 
person. Sleeping on two pillows (for exam
ple, to improve "sinus drainage") flexes the 
neck and shortens the sternocleidomastoid 
muscles, which tends to activate their 
TrPs. If the head must be elevated, it is ad
visable to place blocks under the legs at the 
head of the bed to tilt the bed frame, rather 
than to use extra pillows (see Chapter 20). 

Mechanical Stress 

Sternocleidomastoid TrPs are frequently 
activated during an episode of mechanical 
overload, for instance, by protracted neck 
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Figure 7.3. Desirable and troublesome (red 
X) head and neck positioning while read
ing in bed. A, desirable position with cor
rect lighting and effective head support. 
B, undesirable position with inadequate 

head support and book to one side that can 
activate and perpetuate TrPs due to sus
tained contraction and overload, particu
larly in the uppermost sternocleidomas
toid muscle. 

extension in overhead work (painting a 
ceiling, writing on a blackboard, hanging 
curtains, sitting in a front-row seat in a 
theater with a high stage), by overuse in 
sports (wrestling), or by accidental injury 
(a fall on the head, "whiplash" in a motor 
vehicle accident 3). 

One common source of chronic postural 
stress that can activate and/or perpetuate 

sternocleidomastoid TrPs is deformity or 
injury that restricts upper limb movement 
and requires awkward compensatory neck 
positioning. Another is a structural inade
quacy, such as a relatively short leg or 
small hemipelvis, both of which produce a 
functional scoliosis and shoulder-girdle 
tilting (see Figs. 48.9 and 48.10). The ster
nocleidomastoid muscles, in conjunction 
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with the scalene muscles, are easily over
loaded by maintaining normal head posi
tion to level the eyes in compensation for a 
tilted shoulder-girdle axis. 

The sternocleidomastoid muscle can be 
affected by anything that produces a se
vere deviation from the normal pattern of 
gait. Limping on a weightbearing limb 
(with resultant torso adjustments) and lack 
of normal push-off at the end of the stance 
phase can activate TrPs in the sternoclei
domastoid (and levator scapulae and sca
lene muscles) because those muscles con
tract excessively in their reflex attempt to 
"help the movement" and/or maintain 
equilibrium. 

Sternocleidomastoid TrPs can be acti
vated and/or perpetuated by a tight (or 
tense) pectoralis major (clavicular head) 
pulling down and forward on the clavicle, 
putting tension on the clavicular head of 
the sternocleidomastoid. 

Reading in bed with a light placed at one 
side (Fig. 7.3B) can activate and perpetuate 
sternocleidomastoid TrPs because the mus
cle on one side is overloaded by carrying 
most of the weight of the rotated head. This 
is corrected by relocating the light (Fig. 
7.3A). Cocking or tilting the head to avoid 
the reflection of overhead lights from con
tact lenses or eyeglasses, 6 7 or to improve 
hearing in one-ear deafness, has been a crit
ical muscle-stress factor in some patients. 

Paradoxical breathing, a chronic cough, 
emphysema, or asthma can chronically 
overload this important accessory muscle 
of respiration. An acute cough due to upper 
respiratory infection can activate sterno
cleidomastoid TrPs and cause a frightful 
headache with every coughing spell. 

Patients may acutely overstress the ster
nocleidomastoid by the hauling and 
pulling associated with horseback riding 
and the handling of horses. Pressure ap
plied to TrPs in this neck muscle by a tight 
shirt collar or necktie can distressingly in
duce their referred pain pattern. 

Hangover Headache 

The "morning-after" hangover headache 
from alcoholic overindulgence may repre
sent referred pain from activated sterno
cleidomastoid TrPs. 6 1 This kind of hang
over pain may be quickly relieved by 
stretch and spray of the affected muscles. 

Spinal Tap Headache 

The leakage of cerebrospinal fluid, 
which occasionally follows a spinal tap or 
myelogram, may cause irritation of brain 
stem structures and activate sternocleido
mastoid TrPs. 2 1 These TrPs may then per
sist and cause chronic headache for weeks, 
months or years, which, regardless of dura
tion, can be relieved by inactivating the re
sponsible myofascial TrPs. 

Chronic Infection 

Any regional focus of chronic infection, 
such as sinusitis or a dental abscess, 
should be identified and eliminated. Her
pes simplex (oral) recurrent infection may 
be a stubborn perpetuator of TrPs in the 
neck and masticatory muscles. 

8. PATIENT EXAMINATION 
The examiner should assess head and 

neck posture (see Chapter 5, Section C) and 
range of motion. The patient with 
headache primarily due to active sterno
cleidomastoid TrPs has minimal restriction 
of the active range of head and neck mo
tion. Active flexion may be slightly re
stricted (lacking about one finger breadth 
between the chin and the sternum). With 
sufficiently painful TrPs, active rotation is 
reduced about 10° to the opposite side. The 
contracting sternocleidomastoid appar
ently becomes inhibited reflexly by the 
TrPs. 

When examining the standing patient 
with active sternocleidomastoid TrPs, one 
may observe a discrepancy in the length of 
the lower limbs. If the discrepancy is less 
than 6 mm (0.25 in), the shoulder opposite 
to the short leg usually sags, whereas in a 
patient with 1.2 cm (0.5 in) or more of leg-
length disparity, the shoulder is more 
likely to droop on the same side as the 
short leg. 

Signs of autonomic concomitants may be 
evident in the pain reference zones, as 
noted in Section 1. The patient with dizzi
ness and disequilibrium due to TrPs in the 
clavicular division has neither a Romberg's 
sign nor nystagmus. With this type of myo
fascial disequilibrium, the patient cannot 
walk in a straight line toward a point across 
the room where he or she fixes the gaze. The 
path veers to one side, usually to the side of 
active TrPs in the clavicular division. 
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One man, wearing a stereophonic head
set, was aware of markedly decreased hear
ing in the right ear, on the same side as the 
active sternocleidomastoid TrPs. He found 
that turning the face fully to the right, and 
then dipping the chin to the shoulder (ac
tively stretching the involved sternocleido
mastoid muscle on the side of his impaired 
hearing), restored his hearing to normal. 
This hearing loss apparently was due to 
TrP-induced reflex disturbance of tensor 
tympani muscle tension on the same side. 

It is readily demonstrated that when ob
jects of equal weight are placed in the 
hands of a patient with unilateral clavicu
lar division TrPs that are sufficiently ac
tive, the object held on the affected side is 
perceived as lighter.2 8 A difference in 
weight perception may not be apparent 
when TrP involvement of the sternocleido
mastoid muscles is bilateral, as is often the 
case. 

Central TrPs (CTrPs) of the sternal divi
sion, the TrPs responsible for "sore throat" 
(referred pharyngeal pain during swallow
ing) show a positive Sternocleidomastoid 
Compression Test. To perform this test, the 
sternocleidomastoid muscle is held firmly 
in a pincer grasp, as for examination, and 
the tender region immobilized by steadily 
compressing the belly of the muscle while 
the patient swallows.7 Superficial pressure 
also may be effectively applied over the 
muscle by picking up the largest fold of 
skin possible overlying the central part of 
the muscle and squeezing the skin very 
firmly while the patient swallows. If TrPs 
are responsible for the throat pain, and if 
the muscle or skin is held tightly enough, 
swallowing usually becomes pain free. 

The patient may cough in response to 
palpation of a TrP near the sternal attach
ment of the muscle. The complaint of a per
sistent dry, tickling cough should alert one 
to examine the patient in the region of both 
sternal attachments for this "cough" TrP. 

9. TRIGGER POINT EXAMINATION 
(Fig. 7.4) 

Gerwin, et al . 2 4 found that the most reli
able examination criteria for making the di
agnosis of TrPs were the identification of a 
taut band by palpation, the presence of 
spot tenderness in the band, the presence 
of referred pain, and reproduction of the 

patient's symptomatic pain. Identification 
of a local twitch response (LTR) by palpa
tion was unreliable in some muscles. The 
sternocleidomastoid muscle was not 
tested, but is likely one of the more reliable 
muscles for this examination. An LTR is a 
valuable objective confirmatory finding 
when present. 

For examination of the sternocleidomas
toid muscle, the patient may be seated (Fig. 
7.4A), or supine (Fig. 7.4B). The muscle is 
slackened somewhat by tilting the patient's 
head so as to bring the ear toward the 
shoulder on the symptomatic side (Fig. 
7.4B) and, if necessary, by turning the face 
slightly away from the muscle to be exam
ined. The muscle is encircled between the 
thumb and fingers, separating it from the 
underlying structures in the neck (as in 
Fig. 7.6C). The digits first encircle the en
tire muscle near its midbelly and then ex
amine separately the deep and superficial 
divisions for palpable bands, 3 9 deep ten
derness, and LTRs. Snapping a band be
tween the fingers at the TrP regularly pro
duces a visible twitch response, which may 
be seen as a slight jerk of the head. The 
TrPs may lie close to the upper or lower at
tachments, or at the midlevel of either di
vision. Both divisions must be examined 
thoroughly. Attachment TrPs at the proxi
mal and distal ends of this muscle near its 
musculotendinous junctions may be more 
effectively examined using flat palpation. 

A prickling sensation in the face, over 
the mandible, which is the characteristic 
referred response of TrPs in the overlying 
platysma muscle, may inadvertently be 
triggered while palpating the sternocleido
mastoid muscle (see Fig. 13.1). This may 
startle and concern the patient, especially if 
this unexpected sensation is not explained. 

10. ENTRAPMENT 
When the spinal accessory nerve (cra

nial nerve XI) penetrates the sternocleido
mastoid muscle en route to the trapezius 
muscle, myogenic torticollis due to con
tracture of the sternocleidomastoid muscle 
can cause paresis of the trapezius muscle 
on the same side. 4 9 

11. DIFFERENTIAL DIAGNOSIS 
The signs and symptoms caused by ster

nocleidomastoid TrPs confusingly mimic 
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Figure 7.4. Examination of the sternocleido- amination of the deeper clavicular divi-
mastoid muscle is most effective using pin- sion, with the patient supine and the head 
cer palpation for both divisions and may tilted toward the same side to slacken the 
be done with the patient seated or supine, muscle and permit the examiner's fingers 
A, examination of the lower end of the ster- to reach between it and underlying struc-
nal division, with the patient seated. B, ex- tures. 

many kinds of headache, dizziness caused 
by vestibular dysfunction, and atypical fa
cial neuralgia. The effects of these TrPs 
must be distinguished from Meniere's dis
ease, tic douloureux, and congenital as 
well as spasmodic torticollis. 

The head pain referred from sternoclei
domastoid TrPs is readily mistaken for vas
cular headache or atypical facial neural
gia. 6 9 The pain from sternocleidomastoid 
TrPs can mimic true trigeminal neuralgia 
in distribution, and can mimic the arthritic 
pain of the sternoclavicular joint. 5 5 In a 
study of cervicogenic headache, 3 4 9 1 % of 
the 11 patients had a sternocleidomastoid 
TrP that contributed significantly to their 
pain. 

Unlike Meniere's disease, symptoms 
and signs arising from myofascial TrPs in 
the clavicular division are rarely associ

ated with unilateral deafness. The patient 
shows a normal calorimetric test and a neg
ative Romberg's sign, the pupils are nor
mal, there is no nystagmus, and no neuro
logical deficit. Nystagmus and a positive 
Romberg's sign should alert one to a possi
ble neurological lesion. Consciousness is 
unimpaired. These features distinguish the 
myofascial syndromes from more serious 
conditions like tic douloureux, Meniere's 
disease, cerebellopontine tumors, intracra
nial vascular lesions, inflammation of the 
labyrinth, hemorrhage into the pons, and 
petit mal epilepsy. The symptom of vertigo 
usually implies neurological disease and 
causes the sensation of the patient's spin
ning, or of the environment revolving 
around the patient. 1 8 Vertigo should be dis
tinguished from postural dizziness; the lat
ter is a nonspecific feeling of disorienta-
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tion, as some patients say, a "swimming in 
the head." The patient's imbalance due to 
myofascial TrPs may mimic ataxia. 

Dizziness due to vestibular disease is 
identified by nystagmus and other tests of 
vestibular function. The nonvestibular 
sources of dizziness include ear wax that 
touches the tympanic membrane, stenosis 
of the internal carotid artery, which may be 
detected by listening for a bruit over the 
bifurcation of the carotid artery or higher 
in the neck, hypertension, intracranial 
aneurysm or tumor, or a subclavian steal 
syndrome with reverse vertebral artery 
flow. Dizziness has been reported as an 
early sign of multiple sclerosis in chil
dren, 4 2 as a side effect of quinine, 7 3 as the 
result of postural hypotension due to 
excessive dosage of antihypertensive med
ication, 7 5 or due to adrenocortical in
sufficiency with failure of the orthostatic 
reflex response. The patient's blood pres
sure should be taken supine, sitting, and 
standing. 

The facial grimace of tic douloureux 
clearly distinguishes this neurological dis
ease from atypical facial neuralgia and 
from pain due to TrPs in the sternal divi
sion of the sternocleidomastoid. 6 9 

When autonomic symptoms are due to 
myofascial TrPs in the sternal division, the 
absence of miosis and enophthalmus, and 
the presence of a ciliospinal reflex rule out 
a Horner's syndrome. The eye symptoms 
must be distinguished also from paralysis 
of the extraocular muscles and from con
version hysteria. 

The symptoms of "stiff n e c k " 4 1 , 6 1 , 6 7 due 
to myofascial TrPs, which develop in oth
erwise normal muscles during or after 
childhood, are easily distinguished from 
congenital torticollis, which is character
ized by fibrosis and structural shortening 
of one sternocleidomastoid muscle from 
infancy. 3 3 , 4 7 Spasmodic or paroxysmal tor
ticollis (wry neck) is a clonic or tonic con
traction of cervical muscles due to organic 
disease or dysfunction of the nervous sys
tem and not to conversion hysteria as evi
denced by changes in brain-stem auditory-
evoked potentials. 1 9 In one study the 
abnormality of somatosensory evoked po
tentials suggested a lesion of the basal gan
glia or their connections with the supple

mentary motor area. 4 4 Biopsies from both 
heads of 9 sternocleidomastoid muscles of 
children with idiopathic torticollis showed 
much more severe denervation and necro
sis of the clavicular head of the muscle 
than of the sternal head. 5 6 The authors sug
gested that the chronic spasm of the sternal 
head, which the accessory nerve pene
trated before reaching the clavicular head, 
caused severe compromise of both the 
nerve and vascular supply. This resulted in 
the focal myopathy and necrosis of the 
clavicular head. 

Symptomatically, idiopathic torticollis 
merges into torsion dystonia of the neck, 
and the muscles involved become hyper-
trophied. Spasmodic torticollis may be in
hibited by exerting slight pressure against 
the jaw on the side to which the head is ro
tated. Dystonic movement ceases during 
sleep. Clonic jerks are particularly com
mon in hysterical patients. 6 Spasmodic 
torticollis in infancy 5 8 and spasmus nu
tans 3 0 are described as self-limited condi
tions of infancy or childhood, character
ized by a head tilt that is strongly 
suggestive of sternocleidomastoid TrP dys
function and may include a significant 
myofascial component. 

Related Trigger Points 

When TrPs are present in one sternoclei
domastoid muscle, they usually are found 
also in the opposite muscle. The scalene 
muscles also tend to develop TrPs, espe
cially if the sternocleidomastoid has been 
affected for a period of time, usually sev
eral weeks. If the neck motion (rotation) is 
"stiff," TrPs may be present in the levator 
scapulae, trapezius, splenius cervicis, and 
other posterior neck muscles. 6 1 

An anomalous sternalis muscle may de
velop satellite TrPs as a result of primary 
TrPs in the lower end of the sternal divi
sion. Such satellite TrPs in the sternalis re
fer pain deep under the sternum and across 
the upper pectoral region to the arm on the 
same side (see Chapter 44). The pectoral 
muscles, in turn, may develop another set 
of satellite TrPs. The masseter, temporalis, 
orbicularis oculi and frontalis muscles 
tend to develop satellite TrPs, since they 
also lie within pain reference zones of the 
sternocleidomastoid muscle TrPs. These 
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muscles, as well as a painful temporo
mandibular joint, may not respond to treat
ment and "settle down" until the key ster
nocleidomastoid is effectively released. 
Hong 3 1 demonstrated that sternocleido
mastoid TrPs can act as key TrPs to satellite 
TrPs in the temporalis, masseter, and di
gastric muscles. He found that inactivation 
of a key TrP inactivated its satellite TrP 
without further treatment of it. 

12. TRIGGER POINT RELEASE 
(Fig. 7.5) 

For lasting relief, mechanical perpetuat
ing factors such as forward-head posture 
and round-shouldered posture must be cor
rected (see Chapters 5 and 41, Section C). 

To release sternocleidomastoid trigger 
points (TrPs) using a spray-and-stretch ap
proach, the patient first sits comfortably 
and relaxed in a low-backed firm-seated 
armchair with the fingers of each hand 
hooked under the chair seat or under the 
thigh. A small hemipelvis, if present, 
should be corrected by leveling the pa
tient's pelvis with an ischial lift before 
starting treatment (see Fig. 48.10D). When 
multiple neck muscles harbor TrPs, spray-
and-stretch techniques are applied first to 
release TrPs in the trapezius and levator 
scapulae muscles (see Figs. 6.9-6.11 and 
19.5) to ensure sufficient range of head and 
neck rotation for a full passive stretch of 
the sternal division of the sternocleidomas
toid. It may be necessary to alternate treat
ment between the clavicular division of the 
sternocleidomastoid and the scalene mus
cles in order to obtain the full range of mo
tion of both muscles. To help the patient 
relax the neck muscles, the patient's head 
may be cradled in the operator's hand, 
with the head resting against the operator's 
arm or chest. The patient is encouraged to 
rest the weight of the head on the operator 
and to use full slow diaphragmatic breath
ing, which also assists relaxation. 

The clavicular division of the muscle is 
gradually released by guiding the head 
posteriorly and away from the involved 
side, and rotating it so that the face turns 
away from the involved side (Fig. 7.5A), as 
also illustrated by Zohn. 7 8 Immediately 
preceding and during this movement, the 
vapocoolant spray or icing is applied in 

slow parallel sweeps from the muscle's 
lower attachment on the clavicle, upward 
to its upper attachment on the mastoid 
process and over the occiput. The sweeps 
are continued behind the ear and across 
the forehead to cover the pain reference 
zones (shown in Fig. 7.5A). 6 8 The operator 
takes up slack in the muscle as it develops. 
Release of the muscle is enhanced by in
cluding postisometric relaxation coordi
nated with diaphragmatic respiration so 
that relaxation occurs with exhalation fol
lowing the application of intermittent cold 
(see Section 14). 

For referred pain deep in the ear, not re
lieved otherwise, one sweep of vapo
coolant should cross and enter the auditory 
canal, after warning the patient first. This 
produces a very startling experience and 
should not be done accidentally or without 
warning. In 1902, Politzer 5 1 recommended 
brief spraying of the tympanic membrane 
with ethyl chloride for relief of pain due to 
acute otitis media. 

Tightness of the sternal division of the 
muscle is released by smoothly coordinat
ing the application of vapocoolant upward 
over the neck (Fig. 7.5B) with gentle rota
tion of the head toward the same side. As 
rotation is completed, the chin is slowly 
tipped downward toward the acromion 
(Fig. 7.5C) while the stream of vapocoolant 
continues upward over the head and be
hind the ear. This head motion moves the 
occiput attachment of the muscle as far as 
possible from its sternal attachment. The 
movement elevates the occiput and mas
toid process to secure maximal stretch on 
the muscle (Fig. 7.5C). While thus stretch
ing the sternal division, sweeps of the 
spray are applied upward from the sternal 
attachment around the neck, covering the 
muscle to the mastoid region and occiput. 
Each rotation is carefully coordinated with 
a sweep of the spray to stay ahead of the ro
tation movement and assure access to the 
skin on the neck as the head rotates. Addi
tional sweeps of vapocoolant cover the 
cheek and forehead pain reference zones. 
The clinician should be sure to keep spray 
out of the patient's eye by having the pa
tient close the eye tightly, and by directing 
the spray away from the eye. Extra protec
tion can be provided by placing a gauze 
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Figure 7.5. Release positions and spray pat
terns (arrows) for the two divisions of the 
right sternocleidomastoid muscle. The di
rection for application of vapocoolant or 
icing is shown by the arrows. A, stretch po
sition and spray pattern for the clavicular 
division. B, start of stretch and spray for 
the release of the sternal division. C, the 
second phase of release of the right sternal 
division completes coverage of the spray 

pattern in this position of full release with 
the head turned 90% and the face tilted 
downward. The patient's eye can be pro
tected by covering it with a gauze pad or by 
having the patient close the eyes. For pa
tients with asthma or other respiratory 
problems, inhalation of the spray vapors 
should be avoided by applying the spray 
only while the patient breathes out. 
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patch over the eye. Although it causes no 
damage to the eye, vapocoolant splashing 
into the eye can be extremely painful for 
several minutes. Contract-relax and coor
dinated respiration are valuable tech
niques to enhance release. 

It is important with the sternocleido
mastoid to spray over the entire referred 
pain pattern for that muscle, not just the 
pain pattern for a specific patient. 

If simultaneous spray and stretch of this 
muscle is difficult for the clinician, he or 
she may apply the spray first (prespray), 
and then use both hands for the lengthen
ing procedure with one hand providing 
stabilization while the other performs the 
movement. 

Holding the head rotated in the fully 
stretched position should be limited to 
only a few seconds. This position may oc
clude an atherosclerotic vertebral artery at 
the base of the skull and, if held too long, 
can cause dimming of vision and dizziness. 

This muscle tends to be quite tender, but 
gentle persistent application of bimanual 
TrP pressure release (see Chapter 3, Sec
tion 12) can also be effective. The gravity-
assisted release recommended by Lewit is 
described in Section 14 as part of the home 
program and can be demonstrated to the 
patient as part of the initial treatment. 

A TrP release technique is always ap
plied to both the right and left sternoclei
domastoid muscles. The increased range of 
head rotation achieved by releasing the 
sternocleidomastoid on one side is likely 
to induce reactive cramping of the sud
denly shortened contralateral muscle. This 
can cause afterpain and dizziness, due to 
activation of latent contralateral TrPs by 
this unaccustomed shortening. Also, a few 
sweeps of the spray are applied downward 
over the sternal and pectoral areas. If this is 
not done, palpation or treatment of very ir
ritable TrPs in the sternocleidomastoid 
muscles may activate preexisting latent 
TrPs in the sternalis and pectoralis muscles 
and, within minutes or hours, produce an 
attack of chest pain. 

After application of spray and stretch, 
moist heat is applied at once over treated 
muscles, followed in a few minutes by the 
most important step, active movement of 
the head slowly back and forth through the 

fully shortened to the fully lengthened po
sition three times for each division of the 
muscle. 

When relief is not complete, or when 
tension persists following spray and 
stretch of the sternocleidomastoid, a tight 
pectoralis major (clavicular head in partic
ular) may require release by spray and 
stretch, postisometric relaxation, or TrP 
pressure release. 

When sternocleidomastoid TrPs are hy-
perirritable in the acute posttraumatic 
stage, the muscles should be relieved of 
load by support without immobilization; a 
plastic collar may be worn upside down 
for a chin rest, or a soft collar may be worn 
loosely. There should be room for head ro
tation, with space at the side for the chin 
when the head is turned. 

Myofascial TrPs in children are com
monly overlooked unless a skilled exam
iner is looking for them. Aftimos1 reported 
5 subjects, one of which was a 7-year-old 
child, who presented with an acute onset 
of painful tilting of the head to the same 
side as a TrP in the sternal division of the 
sternocleidomastoid muscle. Symptoms 
were completely relieved by application 
of stretch and spray of the sternocleido
mastoid followed by a home self-stretch 
program. 

13. TRIGGER POINT INJECTION 
(Fig. 7.6) 

The sternocleidomastoid trigger points 
(TrPs) often react to injection therapy with 
head pain and more local soreness than do 
most other muscles, perhaps because of the 
multiplicity of TrPs, some of which remain 
active in spite of treatment, or because of the 
strong autonomic influences of its TrPs. In
jection of TrPs should be undertaken only af
ter maximum benefit has been obtained for 
that patient by stretch and spray of the mus
cle and other TrP release techniques have 
been tried. If the patient must take a trip, or 
is committed to activity immediately after
ward, then it is wise to stretch and spray the 
muscle and to defer its injection. The muscle 
on only ONE SIDE is injected during one 
visit. Any TrPs on the other side should be 
injected only after any reaction to the previ
ous injection has subsided and if the injected 
TrP sites showed substantial improvement. 
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Figure 7.6. Injection of central trigger points 
in the right sternocleidomastoid into the 
midregion of the muscle belly, with the pa
tient supine, head tilted toward the same 
side as the affected muscle and the face 
turned away. A, midportion of the sternal 
(superficial) division. B, midportion of the 

clavicular (deep) division. C, injection 
seen in anatomical cross section, at the 
level of the 4th cervical vertebra. The oper
ator has grasped both divisions using pin-
cer palpation and pulled the muscle away 
from underlying neurovascular structures. 

For injection of either division, the pa
tient lies supine (Fig. 7.6A and B). The 
muscle is slackened by tilting the ear to
ward the shoulder on the affected side 
with the face turned slightly upward and 
to the opposite side; the pillow is placed 
under the shoulder of the affected side to 
lift the chest and further slacken the mus
cle. To inject the deeper clavicular division 
(Fig. 7.6B), the entire muscle should be en
compassed by the examiner's thumb and 
fingers and lifted off the underlying blood 
vessels, nerves and scalene muscles (Fig. 
7.6C). 

The course of the external jugular vein 
is outlined by blocking the vein with a fin
ger just above the clavicle. When the mid-
level of the muscle is being injected, the 
vein can be shifted either laterally or medi
ally by the finger to avoid penetrating it. 
The vein is illustrated in Figure 20.8A. 

A 22- to 27-gauge needle (preferably 25-
gauge), that is 3.8 cm (1.5 in) long, is se
lected. Penetration of the needle into the 
TrP at the precise point of maximal tender
ness is confirmed by an LTR and/or by lo
cal pain with projection of the expected 
pattern of referred pain. Through a single 
skin puncture, multiple needling with con
tinuous injection of 1 or 2 ml of 0.5% pro
caine solution can be carried out until pain 
and LTRs are no longer elicited by the 
probing n e e d l e . 3 8 , 6 4 Hong 3 1 described a 
similar but more sophisticated technique 
of "fast in, fast out" that is very effective 
and likely reduces muscle trauma due to 
injection. Then, with the needle held just 
under the skin, the muscle can be palpated 
for any residual firm bands that still harbor 
TrPs which are still tender and capable of 
LTRs. If such TrPs are present, further 
probing with the needle should inactivate 

Back 

External jugular vein 

Front C4 

Copyrighted Material



3 2 4 Part 2 / Head and Neck Pain 

them. Usually, TrPs in the superficial, more 
medial sternal division are inactivated first 
(Fig. 7.6A), then the TrPs in the deeper and 
more posterior clavicular division (Fig. 
7.6B). Rachlin 5 2 described and illustrated a 
similar injection technique for this muscle. 

A research investigation3 2 showed that 
dry needling can be as effective as lidocaine 
injection for relieving TrP pain, but dry 
needling caused considerably more postin-
jection soreness. Because the sternocleido
mastoid muscle is particularly prone to 
posttreatment discomfort, dry needling is 
not recommended for this muscle. 

Hemostasis at the injection site is ap
plied by compressing the injected muscle 
between the fingers during and after the in
jection to avoid bleeding. Ecchymosis is 
unsightly and increases postinjection sore
ness. If the patient smokes, or is exposed to 
smoke, the diet should be supplemented 
with ascorbic acid, three daily doses of 500 
mg each, for at least 3 days before injec
tion. He or she should be very strongly en
couraged to avoid exposure to smoke. 

After injection, a hot pack is applied 
over the muscle at once, while the patient 
lies on the treated side with a pillow be
tween the head and shoulder to lift the 
chin and place the sternocleidomastoid 
muscle in a neutral position (see Fig. 7.7C). 
After a few minutes of moist heat, the mus
cle is checked again for tenderness and 
LTRs. The muscle is then stretched and 
sprayed essentially as in Figure 7.5. If spot 
tenderness in the muscle has not been 
eliminated, TrP pressure release with the 
muscle on a partial stretch is employed to 
inactivate residual TrPs while some local 
procaine effect remains. 

The patient is taught how to use the un-
injected contralateral sternocleidomastoid 
muscle when lifting the head to rise from 
the supine position. Turning the face to the 
ipsilateral side relieves the recently in
jected muscle of possible strain until the 
local tissue soreness from needling has dis
appeared, which may require several days. 

After the treatment, a soft cervical col
lar, worn loosely, may be helpful to sup
port the head and inhibit sudden rotary 
and side motions while the patient is rid
ing in a car as a passenger. Otherwise, a pil
low may be placed between the patient's 
head and the car window to support the 

head from the side and to rest the sterno
cleidomastoid muscle. 

At home after the treatment, the patient 
should relax in bed for a short time and, 
using a hot moist pack (or a wetproof heat
ing pad with a dampened cover), lie in the 
most comfortable position. The patient 
should apply the moist heat on retiring at 
night. A mild analgesic, such as aceta
minophen, 2 tablets (0.325 g each) 2-3 
times daily, may reduce postinjection dis
comfort. Strenuous activity should be 
avoided for a few days. Subsequently, with 
similar precautions, TrPs in the contralat
eral sternocleidomastoid muscle may be 
injected, if indicated. 

Occasionally, during the injection of 
TrPs at or above the midlevel of the sterno
cleidomastoid muscle, the patient may de
scribe a numbness in the face, which in
volves tissue deeper than the skin. The 
patient can still feel light touch, heat and 
cold, and also may feel a prickling pain in 
the angle of the jaw, cheek, and pinna of 
the ear. These symptoms may be due to 
procaine infiltration of the posterior 
branch of the greater auricular nerve, 
which loops around and traverses the face 
of the sternocleidomastoid muscle. 2 If this 
nerve is blocked by 0.5% procaine solu
tion, the sensation of numbness disappears 
in 15 or 20 min, as the local anesthetic ef
fect dissipates. 

It is rarely necessary to infiltrate the at
tachment TrP at the inferior end of the 
clavicular division of the muscle since this 
is in the musculotendinous junction region 
and the tenderness is most likely enthesitis 
secondary to midbelly TrPs, which are the 
ones that must be inactivated. If this part of 
the muscle is injected, it must be kept in 
mind that this location overlies the apex of 
the lung and, therefore, must be injected 
with care to avoid penetrating the lung and 
causing a pneumothorax. 

14. CORRECTIVE ACTIONS 
(Fig. 7.7) 
Avoidance of Postural Strain 

Excessive forward-head posture needs 
to be corrected (see Chapters 5 and 41, Sec
tion C). The head needs to be erect, bal
anced, and not projected forward during 
sitting and standing. To stand correctly, the 
patient should transfer the body weight 
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from the heels toward the balls of the feet, 
shifting forward from the ankles. The arms 
and shoulders should hang loosely. 

Revision of the patient's chair may be re
quired to eliminate a headrest that pushes 
the head forward. A lumbar pillow is often 
essential to restore the normal lordosis that 
promotes erect posture. Nearsightedness 
should be corrected, since it favors a head-
forward posture, which shortens the 
sternocleidomastoid muscles. 

A person with sternocleidomastoid TrPs 
should not sit with the body facing in one 
direction while looking in another direc
tion for a prolonged period; this rotation 
leads to neck muscle problems. For exam
ple, when one needs to direct the eyes to
ward another person for extended conver
sation or toward a television set for a 
prolonged time, either the chair or the per
son's body should be turned, not just the 
head. 

The patient with sternocleidomastoid 
TrPs should be taught, when lifting the head 
from the supine position, to turn it and un
load the affected muscle by using the oppo
site, less involved sternocleidomastoid, as
sisting it by lifting some of the weight of the 
head with the hand. Similarly, the patient 
may wish to rotate the head slightly when 
doing a Sit-back or Sit-up Exercise. When 
turning over in bed at night, the patient 
should roll the head on the pillow, not lift 
the head. With bilateral involvement, the 
patient may need to slide out of bed from the 
prone position, thus avoiding overload of 
these anterior neck muscles on either side. 

A small pillow behind the neck pro
duces moderate (normal) cervical lordosis, 
and a side pillow limits head rotation and 
sidebending at night. The patient should 
tuck the corner of the side pillow between 
the shoulder and chin (Fig. 7.7A and C), 
NOT under the shoulder (Fig. 7.7B and D). 
The latter arrangement causes prolonged 
shortening of the anterior neck muscles on 
the underside during sleep. 

The muscles supporting the head are 
abused when the bed lamp is placed at one 
side of the bed (Fig. 7.3B). The light should 
be located directly overhead, on the head
board (Fig. 7.3A), on the wall, or sus
pended from the ceiling. 

The patient should hold the telephone 
receiver in one hand, not between the head 

and shoulder, and at intervals, use the op
posite hand to hold the receiver (not 
changing ears); this varies the tilt of the 
head. If a patient does much telephoning, 
use of an executive (speaker) telephone or 
use of a headset is recommended instead of 
a handset. 

A patient with sternocleidomastoid 
TrPs should avoid swimming the crawl 
stroke, especially if breathing is done by 
turning the head to the side opposite that 
of the affected sternocleidomastoid mus
cle, which contracts it strongly in the 
shortened position. One should also limit 
prolonged neck extension in overhead 
work such as painting. 

The patient should not do head-rolling 
exercises as these exercises can readily 
over-stretch affected muscles, catching 
them off guard. 

Compensation for Body Asymmetry 

An LLLI or a small hemipelvis that tilts 
the shoulder-girdle axis should be cor
rected by suitable lifts (see Chapter 4 and 
Figs. 48.9 and 48.10). 

Appropriate Pillow Support for Sleeping 

At night, the sternocleidomastoid muscle 
is especially vulnerable to the jiggling and vi
bratory movements caused by a foam pillow, 
a rubber pillow, or other springy pillow, of
ten prescribed to eliminate feather allergens. 
A number of nonallergenic plastic fillers are 
now available. Symptoms may recur within 
a day or two with reactivation of sternoclei
domastoid TrPs, if the patient again sleeps on 
a bouncy foam pillow. The comfortable and 
protective home pillow should go along on 
trips, whenever it may be needed. 

Avoidance of Constriction 

Pressure on the sternocleidomastoid 
muscles and activation of TrPs may be 
caused by tightness of the shirt collar. The 
examiner's finger should fit comfortably in
side the collar, not only when the patient is 
looking straight ahead, but also when the 
head is turned, which increases the diame
ter of the neck inside the collar. Cinching 
the necktie too tightly should be avoided. 

Elimination of Chronic Infection 

Sources of chronic infection or infesta
tion, as listed in Chapter 4, should be iden
tified and eliminated. 
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Figure 7.7. Positioning of the pillow to pro
mote relief of the sternocleidomastoid 
myofascial syndrome, illustrating correct 
and wrong (red Xs) positions. A, correct 
position, patient supine with the corners of 
the pillow tucked between the chin and 
shoulders. B, wrong position, patient 
supine, with the pillow under the shoul

ders. C, correct position, patient side-lying, 
with the pillow between the head and 
shoulder. D, wrong position, patient side-
lying, with the chin in the hollow of the 
shoulder and the pillow under the shoul
der, placing the sternocleidomastoid and 
scalene muscles in a shortened position. 

Exercise 

For a home stretch exercise, the patient 
does the Sidebending Neck Exercise, by 
bringing the ear to the shoulder first on one 
side, then on the other, while lying supine 
(see Fig. 20.14). When performing the In-
doorway Stretch Exercise for pectoralis 
TrPs, the patient who also has sternocleido
mastoid TrPs must not project the head 
forward. Looking down shortens the stern
ocleidomastoid muscles, aggravating their 
TrP activity. 

The patient should breathe with the 
chest and diaphragm correctly coordi
nated, not in a paradoxical manner (see 
Fig. 20.15 and Chapter 45). The habit of 
correct diaphragmatic breathing should be 
established by an exercise program, if the 
patient has this problem. 

Lewit 4 0 illustrated and described a grav
ity-induced postisometric relaxation tech

nique suitable for a home program for re
lease of TrPs in the clavicular division of 
the sternocleidomastoid muscle. The 
supine patient rests the head over the edge 
of the table and turns the face to one side, 
chin supported by the edge of the table act
ing as a fulcrum. The patient looks up with 
the eyes only, and takes in a slow, deep 
breath using diaphragmatic (abdominal) 
breathing. This effort lightly activates the 
uppermost sternocleidomastoid muscle. 
During slow exhalation, the patient looks 
down and relaxes, allowing the head to 
drop slightly, elongating the sternocleido
mastoid muscle with each breath. 

SUPPLEMENTAL REFERENCES, CASE 
REPORTS 

The total management of patients with 
sternocleidomastoid TrPs has been de
tailed in case reports. 6 3 , 6 9 , 7 1 , 7 4 
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CHAPTER 8 
Masseter Muscle 

with contributions by 
Bernadette Jaeger and Mary Maloney 

HIGHLIGHTS: The masseter is the muscle most 
likely to be causing severely restricted jaw open
ing. Trigger points (TrPs) produce dysfunction, 
because they increase muscle tension, and they 
often produce pain. REFERRED PAIN from trig
ger points in the superficial layer of the masseter 
muscle may be projected to the eyebrow, maxilla, 
mandible anteriorly, and to the upper or lower 
molar teeth, which become hypersensitive to 
pressure and temperature change. In the deep 
layer of the muscle, TrPs can refer pain deep in 
the ear and to the region of the temporo
mandibular joint (TMJ). ANATOMY: attachments 
of the masseter are located, above, on the zygo
matic arch and zygomatic process of the maxilla 
and, below, on the outer surface of the ramus and 
angle of the mandible. FUNCTION of the mas
seter (superficial fibers) is primarily to elevate the 
mandible, and for the deep posterior fibers to 
help retrude it. SYMPTOMS of active TrPs in this 
muscle are chiefly pain and occasionally marked 
restriction of opening of the jaws. Unilateral tinni
tus may be a symptom of TrPs high in the deep 
portion of the muscle. ACTIVATION AND PER
PETUATION OF TRIGGER POINTS result from 
gross trauma, the microtrauma of bruxism or 
chronic overwork, acute overload, poor posture, 
significant occlusal imbalance, and holding the 
mandible in other than a rest position for pro
longed periods. PATIENT EXAMINATION may 
reveal restriction of mandibular opening to less 
than 40 mm, generally accepted to be the mini
mum normal range of opening for men and 
women. Normally, the jaws should admit a tier of 
at least two knuckles between the incisor teeth. 
TRIGGER POINT EXAMINATION is more effec
tive if the jaws are partially open. The superficial 

anterior fibers are palpated by pincer palpation, 
but some of the most posterior fibers of the deep 
layer must be palpated by flat palpation against 
the mandible. DIFFERENTIAL DIAGNOSIS in
cludes tinnitus of neurological origin and painful 
TMJ disorders. The latter are often seen together 
with masseter and other masticatory muscle TrPs 
and may be the precipitating factor. Pain caused 
by masseter TrPs is often a component of ten
sion-type headache and may be seen with cer-
vicogenic headache. Related TrPs are likely to 
develop in the ipsilateral temporalis and medial 
pterygoid muscles, and in the contralateral mas
seter muscle. Masseter TrP activity is often a 
satellite manifestation of sternocleidomastoid 
TrPs. TRIGGER POINT RELEASE may be ac
complished by spray and stretch, by TrP pressure 
release, and by reciprocal inhibition to relax the 
muscle. Forceful stretching maneuvers are 
avoided, especially if there is any possibility of in
ternal derangement of the TMJ (TM disc dysfunc
tion). TRIGGER POINT INJECTION is most ac
curately performed using a pincer grasp, with one 
digit localizing the TrP from inside the mouth 
against the thumb outside the mouth. Extraoral 
injection of posterior (deep) fibers requires aware
ness of the location of the facial nerve. COR
RECTIVE ACTIONS include learning and main
taining good body and head, neck and tongue 
posture, avoiding abusive oral habits such as ex
haustive chewing, clenching and grinding of 
teeth, chewing gum, and biting ice or finger nails 
to name a few; the inactivation of related TrPs in 
muscles that refer pain to the face region, the 
regular use of self-stretch exercises, and possibly 
the elimination of premature tooth contacts if sig
nificant. 

3 2 9 
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1 . REFERRED PAIN 
(Fig. 8.1) 

Trigger points (TrPs) produce dysfunc
tion (because they increase muscle ten
sion) and they often produce pain. In addi
tion to exhibiting distinctly different 
referred pain patterns, the superficial and 
deep layers of the masseter muscle also 
have a different angulation of fiber direc
tion and therefore somewhat different 
functions. 

Superficial Layer 
Myofascial TrPs in the superficial layer 

of the masseter muscle refer pain mainly to 
the lower jaw, molar teeth and related 
gums, and to the m a x i l l a . 4 5 , 7 9 , 8 1 When lo
cated in the anterior border and superior 
part of this layer, TrPs refer pain to the up
per premolar 4 1 and molar teeth, adjacent 
gums, and maxil la . 4 5 ' 7 9 The maxillary pain 
is often described by the patient as "sinusi
tis" (Fig 8.1A). When the TrPs are located 
just below the midbelly of the muscle, they 
refer pain to the lower molar teeth and 
mandible (Fig. 8 . I B ) . 7 9 , 8 6 From TrPs along 
the lower edge of the mandible close to its 
angle, pain is projected in an arc that ex
tends across the temple and over the eye
brow; it also is referred to the lower jaw 
(Fig. 8 . 1 C ) . 4 0 , 7 9 , 8 1 These patterns have re
cently been confirmed by Sola and Bon-
ica. 6 8 A masseter trigger area at the gonial 
angle (which is most likely enthesopathy) 
may refer pain preauricularly in the region 
of the temporomandibular (TM) joint (also 
referred to as TMJ). 6 9 Referred pain and 
tenderness from TrPs in the masseter (or 
temporalis) muscle may cause tooth hyper
sensitivity to any or all stimuli: occlusal 
pressure, percussion, heat, and cold. 

Deep Layer 
The TrPs in the underlying deep layer of 

the masseter muscle over the ramus of the 
mandible are likely to refer pain diffusely 
to the midcheek area in the region of the 
lateral pterygoid muscle and sometimes in 
the region of the TMJ. When a TrP is found 
at a specific point close to the posterior zy
gomatic attachment of the deep portion of 
the masseter, it is likely to refer pain deep 
into the ear, as in Figure 8 . 1 D . 8 , 3 3 , 5 8 , 7 9 , 8 0 

The latter TrP also may cause tinnitus of 

the ipsilateral ear. 7 9 The tinnitus may be 
set off by pressure on the TrP, or may be 
constant, but the patient may be unaware 
of its presence until it stops upon inactiva-
tion of the TrP. Stretching the jaws wide 
open may also either activate or interrupt 
the tinnitus. The tinnitus is usually de
scribed as a "low roaring" and is not asso
ciated with the deafness and vertigo that is 
common with a vestibular or central neu
rological lesion. 

Prevalence 
Among the masticatory muscles, the 

masseter very frequently harbors TrPs. In 
one study of 56 patients with myofascial 
pain-dysfunction syndrome as defined by 
Laskin 4 3 (see Chapter 5), the superficial 
portion of the masseter was the most com
monly involved muscle, and the deep mas
seter was the fifth most commonly in
volved. 1 4 In another study of 277 similar 
patients, 8 1 % complained of pain. Of these 
patients with pain, the masseter was the 
second most commonly involved muscle 
in regard to tenderness (70% of that 
group); the lateral pterygoid was tender in 
84% of the pain group. 3 5 Sharav and asso
ciates 6 4 observed that the masseter had the 
second highest prevalence of active TrPs 
(69%) of 42 patients with the myofascial 
pain-dysfunction syndrome. Lateral ptery
goid TrPs were found in 83% of the pa
tients. Solberg and coauthors 7 0 observed 
tenderness in the superficial masseter with 
limited mouth opening four times as often 
in subjects who reported awareness of 
bruxism as in those who denied awareness 
of it. 

Experimental Studies 
Kellgren 4 0 experimentally induced re

ferred pain from the masseter muscle in a 
normal subject by injecting 0.1 ml of 6% 
saline solution into its fibers just above the 
angle of the mandible. This procedure 
caused "toothache" of the upper jaw, pain 
in the region of the TMJ, and pain in the 
external auditory meatus. 4 0 

During maximum voluntary tooth 
clenching, electromyographic changes in 
the masseter correlated well with the onset 
of fatigue and the time of muscle exhaus
tion, but did not relate to the onset of mus-
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Figure 8.1. The Xs locate trigger areas and 
trigger points in various parts of the mas
seter muscle. Solid red shows essential re
ferred pain zones, and the stippled areas 
are spillover pain zones. A, attachment 
trigger points near the musculotendinous 
junction of the superficial layer, upper por

tion. B, central trigger points in midmuscle 
of the superficial layer. C, attachment trig
ger points of the lowest portion of the su
perficial layer, near its attachment. D, trig
ger point in the upper posterior part of the 
deep layer below the temporomandibular 
joint. 
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cle pain. 1 5 This finding is in accord with 
other studies showing that tension-type 
headache is not correlated with EMG activ
ity; 5 5 the pain was more likely to be re
ferred from TrPs than to be caused by in
voluntary motor unit activity of muscle 
spasm. 

Nociceptive neurons in the trigeminal 
subnucleus caudalis show a strong pattern 
of convergence from the TMJ and the mas
seter muscle. 4 2 More than half of 154 sen
sory neurons had nociceptive fields in both 
peripheral structures. This provides a basis 
for convergence to be responsible for re
ferred pain either from a nociceptive stim
ulus in the muscle to the joint, or from a 
stimulus in the joint to the muscle. 

2. ANATOMY 
(Fig. 8.2) 

The superficial and intermediate parts 
of this muscle are considered together as 
the superficial part of the muscle because 
they both attach above to the anterior two-
thirds of the zygomatic arch and have a 
similar fiber direction. Below, the superfi
cial layer attaches to the external surface of 
the mandible at its angle and to the inferior 
half of its ramus (Fig. 8.2A). The deep layer 
attaches above to the posterior one-third of 
the zygomatic arch and it attaches below to 
the lateral surface of the coronoid process 
of the mandible and to the superior half of 
the ramus (Fig. 8 . 2 B ) . 1 7 , 6 6 This attachment 
may extend to the angle of the mandible. 2 9 

The deep fibers run more vertically than 
the superficial fibers, and the most poste
rior of the deep fibers are considerably 
shorter than those in the rest of the muscle. 

Muscle Structure 
In one study, 3 0 the anterior fibers of the 

masseter muscle (both superficial and 
deep) were nearly 87% type I (slow twitch) 
fibers and nearly 7% type II-B (fast twitch) 
fibers. The posterior muscle fibers were 
also predominantly type I fibers (70% su
perficial and 77% deep) but the posterior 
part had more type II-B fibers (20% super
ficial and 15% deep) 3 0 than the anterior 
part. Compared to most limb and trunk 
muscles this is an unusually high propor
tion of slow twitch fibers, which indicates 
that the muscle is suited primarily for sus

tained workloads with only a few brief 
rapid adjustments. 

The number of intrafusal fibers per mus
cle spindle was found to be unusually high 
in this muscle (up to 36). 3 1 This finding 
supports the understanding that masseter 
muscle spindles have a strong propriocep
tive influence on the fine control of jaw 
closure. 

SUPPLEMENTAL REFERENCES 

The masseter muscle has been clearly 
illustrated in coronal section and in cross 
section,2 , 5 , 2 2 from the front,2 0 from the 
side,4 2 8 , 7 2 , 7 6 from below, 2 5 , 7 5 and from 
behind. 7 3 The superficial portion has been 
shown with overlying structures (nerves 
and parotid gland) . 2 , 4 8 The fibers of the 
deep portion have been illustrated sepa
rately.2 2 , 2 9 , 7 7 

3. INNERVATION 
The masseter muscle is innervated by 

the masseteric nerve that arises from the 
anterior branch of the mandibular division 
of the trigeminal nerve (cranial nerve V). 1 8 

4. FUNCTION 
The chief action of the muscle is to 

elevate the mandible and close the jaws, 
as during clenching into centric occlu
sion. 7 , 2 0 , 5 4 , 8 5 The deep fibers also retrude 
the mandible. 7 Normally, activity of the 
masseter is not required to maintain the 
mandibular rest position.7 Generally, the 
masseter and temporalis muscles function 
closely together, with only minor differ
ences in motor unit activity. The tempo
ralis is more likely to respond for 
mandibular balance and posture control; 
the masseter is used for greater closing 
force. 7 4 During chewing of hard or soft 
foods, the masseter always responded be
fore the temporalis.7 Moller, et al.50 found 
that, in the mandibular rest position, the 
masseter showed little difference in electri
cal activity between the sitting and supine 
postures. In the temporalis muscle, at
tempts to obtain relaxation with the subject 
seated upright and the head supported 
were unsuccessful, but in the supine posi
tion it was possible to obtain significant re
duction of electromyographic (EMG) activ-
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Tempora l 
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Figure 8.2. Attachments of the masseter muscle. A, superficial layer. 
B, deep layer, with part of the superficial layer removed. 
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ity, especially in the anterior part of the 
muscle. 

In this muscle, the deep layers contain a 
high number of relatively complex muscle 
spindles corresponding to the remarkable 
predominance of type I fibers. 3 0 This could 
facilitate fine control as the molar teeth are 
approaching occlusion during chewing. A 
similar pattern occurs in masseter muscles 
of the rabbit. 1 3 A high density of muscle 
spindles occurs in regions that have a high 
proportion of type I fibers. The density of 
spindles and type I fibers increases with 
distance from the temporomandibular 
joint, suggesting that the spindles are in
volved in controlling bite force. Detailed 
spindle counts showed that they were dis
tributed heterogeneously between the ante
rior and middle portions of the muscle 1 3 

and not just in the midbelly region of the 
muscle. 

One objective test demonstrated the 
modulation of reflex activity in patients 
with symptoms characteristic of active 
TrPs in the masticatory muscles. A silent 
period of about 24 msec interrupts masse
teric motor unit activity during jaw clench 
when a jaw-jerk response is produced by a 
tap on the c h i n 6 , 1 2 or by a tap on a tooth.7 

The silent period results primarily from 
stimulation of the receptors in the peri
odontal ligament, which surrounds the 
teeth. 1 2 The duration of the silent period 
was clearly increased among patients with 
severe symptoms of painful masticatory 
muscles , 4 6 , 6 7 and was decreased following 
successful treatment. 6 4 This is compatible 
with other data that TrPs affect motor con
trol as well as pain perception. 

5. FUNCTIONAL UNIT 
Synergists of the superficial layer of the 

masseter for mandibular elevation are 
the contralateral masseter and, bilaterally, 
the temporalis, and medial pterygoid mus
cles. 7 The superior division of the lateral 
pterygoid muscle is thought by some to be 
active during closure or the early part of 
the mandibular power stroke. 3 4 , 4 4 This re
mains controversial however, due to the 
difficulty in ascertaining the actual elec
trode position during recording and the 
possibility of EMG noise from adjacent 
musc les . 8 4 , 8 7 Antagonists to the masseter 

include the geniohyoid, omohyoid, and 
hypoglossus muscles, the anterior belly of 
the digastric, and the inferior division of 
the lateral pterygoid. 

Synergistic with the deep layer of the 
masseter for retrusion of the mandible is 
the posterior portion of the temporalis. It is 
opposed chiefly by the inferior division of 
the lateral pterygoid muscle. 

6. SYMPTOMS 
Pain, as described in Section 1, is the 

major complaint. In many instances, "tem
poromandibular joint" symptoms are re
lated to poor coordination and increased 
"spasm" (tension) of the masticatory mus
cles, rather than to derangement of the 
joint itself. 3 5 Active TrPs in the deep por
tion of the masseter can mimic the TMJ 
pain of rheumatic disease. 5 8 When pain in 
the region of this joint has been referred 
from TrPs, the masseter and lateral ptery
goid are the muscles most likely to be in
v o l v e d . 1 4 , 3 5 , 6 4 Restriction of jaw opening is 
more severe when the TrPs are located in 
the superficial layer of the masseter than 
when they are in the deep layer of the mus
cle. Surprisingly, the patient is often un
aware of restricted opening if the jaws 
open wide enough (about 30 mm) to bite a 
sandwich comfortably.7 8 

Unilateral tinnitus may be associated 
with TrPs in the upper posterior portion of 
the deep layer of the muscle. This symp
tom may be a referred sensory phenome
non or may be due to referred motor unit 
activity of the tensor tympani and/or 
stapedius muscle of the middle ear. These 
muscles lie within the pain reference zone 
of masseter TrPs. Spasm of the stapedius 
muscle could cause an oscillation of the 
middle ear ossicles. Unilateral tinnitus 
also may arise from TMJ intracapsular dis
ease and could be related to the fascial con
nection between the TMJ and the middle 
ear. 5 6 

If the tinnitus is bilateral, one should 
suspect a systemic, rather than a myofas
cial cause. However, the deep layer of the 
masseter can become involved bilaterally, 
giving rise to bilateral tinnitus. In this case, 
unilateral fluctuation of its intensity is 
likely to occur. Bilateral tinnitus may be 
due to a high serum salicylate level; drug-
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induced tinnitus is usually bilateral and 
dose-dependent,5 1 not predominantly uni
lateral as is typical of deep masseter TrPs. 
Impairment of hearing is not a feature of 
active TrPs in the masseter muscle. 

Complex symptoms and overlapping 
patterns of facial pain may be referred from 
multiple TrPs in the head and neck mus
cles. A good example of this is unilateral or 
bilateral headache pain, either migraine or 
tension-type, generated by several different 
overlapping pain patterns from masticatory 
and cervical myofascial TrPs (see Fig. 5.2). 
The practitioner can identify which TrPs 
are likely to be contributing to the total pat
tern by sketching the total distribution of 
pain in detail on a body form [see Figs. 
3.2-3.4) for each patient, and by comparing 
the sketch with the characteristic pain pat
terns of individual muscles that may be 
contributing to the total pain picture. The 
muscle guide chapters and the pain-pattern 
flip chart derived from the Trigger Point 
Manual are very helpful for this purpose. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 
Postural and Activity Stresses 

An excessive forward-head posture (see 
Chapter 5, Section C) places the mandible 
in a position that puts stress on the mas
seter muscle and can activate or perpetuate 
TrPs in the masseter. Chronic mouth 
breathing (e.g., through a surgical mask, or 
due to nasal obstruction) tends to cause ex
cessive forward head positioning and pos
tural changes which indirectly add stress 
to the masticatory muscles and may acti
vate and perpetuate TrPs in these muscles. 
Additional postural factors that influence 
forward-head position are discussed in 
Chapter 41. 

Acute overload situations that can acti
vate TrPs in the masseter muscle include 
sudden forcible contraction of the mas
seter muscle (as in cracking nuts or ice be
tween the teeth), and biting off thread by a 
seamstress. 

Masseteric TrPs may be activated and 
perpetuatedby sustained or repetitive abu
sive jaw habits such as clenching or brux-
ing the teeth, gum chewing, nailbiting, pro
longed clamping of the jaws on the 
mouthpiece of a pipe or cigarette holder, 4 7 

late childhood thumbsucking, and signifi
cant occlusal disharmony such as pro
found loss of vertical dimension due to 
worn natural teeth, loss of posterior teeth, 
worn denture teeth, or resorption of alveo
lar bone. 

Psychological Stresses 
The masseter muscles are among the 

first to contract in persons who are in a 
state of extreme emotional tension, intense 
determination, or desperation, and they 
often remain contracted for abnormally 
long periods of time. 8 6 These muscles have 
been reported to be overactive in patients 
who develop temporomandibular dysfunc
tion. 8 8 Bel l 1 0 presented case reports that in
dicate the contribution of life stress situa
tions and bruxism to the development and 
perpetuation of TrP pain. Schwartz, et al.62 

noted the contribution of emotional stress 
to the development of active TrPs. Unfortu
nately, the psychological distress compo
nent associated with any chronic pain is 
often overemphasized, to the neglect of the 
myofascial TrP contribution to internal de
rangements of the TMJ. 4 9 It can be grossly 
unfair to the patient and costly to society to 
attribute the pain to psychological factors 
rather than recognizing the psychological 
factors to be the result of the pain, often be
cause the TrP origin of the pain was unrec
ognized or was inadequately treated. 

Other Stresses 
Other factors that may activate latent 

TrPs in the masseter muscle include pro
longed over-stretching during a dental pro
cedure, immobilization of the mandible in 
the closed position (by the head halter dur
ing continuous neck traction, or by wiring 
the jaws shut), the direct trauma of an ac
cident, particularly with a blow to the side 
of the jaw, and overload of the masseter 
following a motor vehicle accident causing 
a flexion-extension injury to the suprahy
oid or infrahyoid muscles, which in turn 
produce tension on the jaw and thereby on 
the masseter muscle. Often overlooked or 
forgotten is the reflex muscle contraction 
that occurs with any chronic infection or 
inflammation. When prolonged, this is be
lieved to contribute to the development of 
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myofascial TrPs. 3 2 Chronic pulpal or peri
odontal inflammation 6 3 and TMJ arthropa
thy are frequent causes of masticatory 
muscle TrP activation which can persist af
ter the inciting infection or inflammation 
has subsided. Yet lack of recognition of 
this phenomenon often results in unneces
sary endodontic treatment or extraction, or 
a persistent search for why TMJ treatment 
has failed to resolve the problem. Simi
larly, it is important to recognize that mas
seter muscle TrPs are often satellite TrPs 
activated and perpetuated by key TrPs in 
the sternocleidomastoid or upper trapezius 
muscles. 3 6 In this situation, appropriate 
treatment of the key TrPs often obviates 
the necessity of treating the masseter TrPs 
directly. 

8. PATIENT EXAMINATION 
(Fig. 8.3) 

The clinician should be aware that TrPs 
produce dysfunction (because they in
crease muscle tension) as well as pain. 
Prior to beginning the physical examina
tion that is addressed in this section, the 
clinician must take a thorough patient his
tory [see Chapter 3). After establishing the 
event(s) associated with the onset of the 
pain complaint, the clinician should make 
a detailed diagram representing the pain 
described by the patient. The drawing 
should be in the style of the pain patterns 
illustrated in this volume, using a copy of 
an appropriate body form found in Chapter 
3, Section 1, Figures 3.2-3.4. 

Because the mandible spans the midline 
and attaches to both sides of the cranium, a 
unilateral dysfunction, whether due to 
muscle problems or internal derangement 
of a TMJ, will also have an effect on the 
contralateral side. Therefore, assessment 
should always include bilateral visual and 
palpatory examination for musculoskeletal 
dysfunction. The examiner should check 
specifically for forward-head posture. For
ward head posture indirectly induces ten
sion in the supra- and infrahyoid muscles 
( s e e Chapter 12) which in turn pull down
ward to create light tensile forces on the 
mandible. This causes the mandibular ele
vator muscles to contract to keep the 
mouth closed. Evaluation of forward-head 
posture is described in Chapter 5, Section 

C. Other postural considerations (some of 
which are factors that can indirectly in
duce forward-head posture) are discussed 
in Chapter 41. 

Masseter TrPs, whether unilateral or bi
lateral, may cause significant restriction of 
mandibular vertical opening which is evi
dent on examination, although the patient 
may not be aware of it. Unilateral masseter 
TrPs tend to deviate the mandible toward 
the affected side, a deviation which is ap
parent when the patient slowly opens and 
closes the mouth. This must be differenti
ated from unilateral TMJ internal derange
ment, which may also cause the mandible 
to deviate toward the affected side [see 
Chapter 5). Of course, with a history of 
painful joint derangement, both factors may 
be present and ultimately need treatment. 

There is one convenient way of obtain
ing a prompt clinical estimate for the ade
quacy of intercisal opening that is adjusted 
to the size of the individual. A patient can 
use his or her own hand as the measuring 
instrument. At the very least, the patient 
should readily pass the "Two-knuckle 
Test" that is illustrated in Figure 8.3. A tier 
of the first two knuckles (proximal inter-
phalangeal joints of the second and third 
digits) should slip readily between the up
per and lower incisor teeth. A more critical 
test is the insertion of a tier of the distal 
phalanges (not knuckles) of the first three 
fingers placed between the incisor teeth. 
This was readily accomplished by an 
asymptomatic population of subjects who 
were unscreened for masticatory symp
toms and/or tender masticatory muscles.1 

Individuals with active or latent TrPs in 
the mandibular elevator muscles are very 
unlikely to pass the more rigorous "Three-
knuckle Test" which was first reported by 
Dorrance 2 7 in 1929. The patient places a 
tier of the first three knuckles (second, 
third and fourth digits) of the nondominant 
hand between the upper and lower incisor 
teeth. This test is more demanding than the 
loose two-knuckle test and requires a de
gree of forcing for many individuals even 
when they are free of TrPs. This forcing 
would be unwise for individuals who 
might have TMJ dysfunction. If the three-
knuckle test can be accomplished without 
forcing, the subject is very unlikely to have 
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Figure 8.3. Loose Two-knuckle Test. The re
laxed, fully opened mouth should readi ly 
admit the first two knuckles (of either 
hand) in a tier between the incisor teeth of 
individuals with normal joint and bone 
structures and without demonstrable myo
fascial trigger points. 

masseter or temporalis muscle TrPs, or sig
nificant TMJ dysfunction, but could have a 
hypermobile joint. 

Measurement of the interincisal opening 
by forcing three knuckles between the 
teeth, or wedging another measuring device 
between the teeth, forces the mouth open 
slightly and results in a measurement sev
eral millimeters larger than that obtained 
with the usual Boley gauge or a millimeter 
ruler used without exerting pressure. 

If there is doubt about the restriction of 
mouth opening, the maximal interincisal 
distance (measured as clearance between 
the upper and lower incisor teeth) can be 
measured with a sterilized millimeter ruler 
and compared to the normal minimum of 
40 mm (see Chapter 5, Section C). 

It is a remarkable observation that TrP 
activity in leg muscles due to a Dudley J. 
Morton foot , 5 2 , 5 3 or TrP activity in certain 
neck or shoulder-girdle muscles (stern
ocleidomastoid, trapezius, and scaleni) re
stricts mouth opening. Inactivation of TrPs 
in these nonmasticatory muscles can im

mediately increase the maximal interin
cisal opening. 

Anterior displacement of the TMJ artic
ular disc and postoperative trismus due to 
activation of TrPs in the medial pterygoid 
muscle also may restrict jaw opening se
verely, but temporalis TrPs usually limit it 
only minimally. 

9. TRIGGER POINT EXAMINATION 
(Fig. 8.4) 

Nearly all of the midmuscle portion of 
the masseter can be examined for TrPs 
most effectively by pincer palpation be
tween one digit inside of the cheek and an
other outside, as illustrated in Figure 8.4 
and as illustrated by Ingle and Beveridge. 3 7 

Only a thin layer of mucosa separates the 
palpating finger and the midportion of the 
muscle. If the examiner has difficulty lo
calizing the muscle itself, the examiner can 
ask the patient to bite gently on a rubber 
block or cork. If the muscle has active TrPs, 

Figure 8.4. Pincer method for locating trigger 
points in the superficial portion of the mas
seter muscle. The muscle is lengthened to 
take up any slack by the patient holding 
the mouth in a relaxed open position. The 
examiner's gloved fingers rub across the 
muscle perpendicular to the direction of 
the fibers to detect any taut bands. 
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the taut bands and their exquisite spot ten
derness will identify them. With the mus
cle relaxed, taut bands can be identified by 
rubbing the muscle fibers between the fin
gers. The tenderness of the TrP is enhanced 
if the patient opens the mouth far enough 
to take up most of the slack in the muscle; 
usually the width of a tongue depressor 
placed on its edge between the upper and 
lower incisors provides this slack. The fin
ger inside the mouth can feel the muscle 
structure much more clearly than can the 
finger on the outside, because the parotid 
gland lies between the skin and much of 
the midfiber portion of the muscle where 
many masseter TrPs are located. Tender
ness identified from the outside in the re
gion of attachment to the mandible is ten
derness of enthesopathy and not primary 
TrP tenderness. Since enthesopathy results 
from sustained tension at the attachment of 
the muscle fibers, it is not surprising that 
tenderness at the gonial angle disclosed by 
flat palpation is significantly associated 
with bruxism. 7 1 

Sometimes, TrPs in the deep layer of the 
masseter are located more effectively by 
external flat palpation against the posterior 
portion of the ramus and along the base of 
the zygomatic buttress. Pressure on a TrP 
in the upper posterior portion of the deep 
layer may activate unilateral tinnitus. 

10. ENTRAPMENT 
Where the maxillary vein emerges be

tween the masseter and the mandible, 2 4 the 
vein may be entrapped by masseter TrPs. 
The pterygoid venous plexus, which emp
ties primarily into the maxillary vein, lies 
between the temporalis and the lateral 
pterygoid muscles and between the two 
pterygoid muscles; the plexus drains the 
temporalis muscle via the deep temporal 
vein and drains the infraorbital region via 
the orbital vein. 1 8 

The resulting engorgement of the deep 
temporal vein and pterygoid plexus favors 
bleeding and ecchymosis after injection of 
TrPs in the temporalis muscle. 

The increased firmness of taut bands 
due to TrPs in the masseter muscle may re
strict venous flow from the infraorbital 
subcutaneous tissues. This engorgement of 
the orbital vein produces puffiness ("bags") 

beneath the eye on the affected side, and 
thus narrows the palpebral fissure. Nar
rowing of the fissure also may be caused by 
spasm due to activation of satellite TrPs in 
the orbicularis oculi muscle, which lies in 
the pain reference zone of TrPs in the ster
nal division of the sternocleidomastoid 
muscle. 

11. DIFFERENTIAL DIAGNOSIS 
Tinnitus of neurological origin must be 

distinguished from that of myofascial ori
gin as presented earlier in this chapter. 
Surprisingly, tinnitus associated with hear
ing loss was frequently responsive to B 1 2 

therapy.6 5 If the patient is low in this vita
min, B 1 2 therapy would help a tinnitus of 
myofascial origin also (see Chapter 4). 

Prolonged pain responses to a thermal 
stimulus to a tooth may indicate a pulpitis, 
whereas sensitivity to percussion and pres
sure can result from apical inflammation 
of the periodontal ligament.1 1 Referred 
pain and tenderness from TrPs in the mas
seter (or temporalis) muscle may cause 
tooth hypersensitivity to any or all stimuli: 
occlusal pressure, percussion, heat, and 
cold. Appropriate treatments for pulpitis, 
inflammation of the periodontal ligament, 
and masseter TrPs are quite different. 

If patients can open the mouth only 30 
mm or less, they may have unilateral or bi
lateral anteriorly displaced discs of the 
TMTs, especially if they have a history of 
clicking. These patients should be referred 
for evaluation by a dentist familiar with 
the diagnosis and management of temporo
mandibular disorders. 

Trismus is a firm closing of the jaw due 
to spasm of masticatory muscles that, for 
example, is characteristic of tetanus. 
Tetanus also may result from dental sepsis, 
injury, surgery, needle abscess, and the 
Morgagni syndrome caused by a malignant 
tumor. Specifically, trismus can be due to 
spasm of the masseter muscle from celluli
tis in adjacent tissues, spasm of the medial 
pterygoid muscle from cellulitis in the 
pterygomandibular space, and spasm of 
the temporalis muscle from cellulitis in 
the infratemporal fossa.9 Attempts to open 
the jaws are painful because of the spasm. 
The pain is aggravated if the spastic mus
cles also have active TrPs. The active TrPs 
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can be treated by injection if there is no 
evidence of infection in the region of the 
TrP. One effective treatment for spasm 
(such as the spasm of trismus) is to use 
tetanizing electrical current to fatigue the 
muscle to the point of release. 5 7 Following 
fatigue, muscle release techniques may be
come effective. 

Loss of TMJ play can be a cause of re
stricted jaw opening and can be deter
mined by mobilization described in Chap
ter 5, Section C. 

Mistaken Diagnoses 
Masseter TrPs cause symptoms that are 

easily (and frequently) misdiagnosed as 
other conditions. One of the most common 
other conditions in which masseter muscle 
TrPs play a frequent contributing role is 
tension-type headache, especially if TrPs 
in neck muscles are contributing to the 
pain.39 Cervicogenic headache presents a 
similar situation and frequently involves 
dysfunctions of the cervical spine that also 
need correction.3 8 Earache of unexplained 
origin is likely to be caused by TrPs in the 
deep masseter or in the clavicular division 
of the sternocleidomastoid muscle (see Fig. 
7.1B). Pain referred to a tooth by TrPs can 
easily be misinterpreted as being of en
dodontic origin.4 1 This can lead to disas
trous results for an innocent tooth. 

Related Trigger Points 
The main synergists of the masseter (the 

temporalis and medial pterygoid muscles), 
tend to develop related TrPs, as does the 
contralateral masseter. 

Masseter TrPs also may originate as 
satellites due to increased motor unit activ
ity secondary to TrPs in the sternal division 
of the sternocleidomastoid muscle and also 
from key TrPs in the upper trapezius. 3 6 

12. TRIGGER POINT RELEASE 
(Figs. 8.5 and 8.6) 

Release of myofascial trigger points 
(TrPs) and subsequent resolution of the as
sociated pain or dysfunction is always de
pendent on reducing or eliminating as 
many perpetuating factors as possible first 
(see Section 7). Once these are under con
trol, specific TrP techniques such as those 
described here will be more effective. 

A primary consideration in the treat
ment of temporomandibular disorders is to 
correct forward-head posture and poor 
tongue position, if present (see Chapter 5, 
Section C). Sometimes referred pain from 
the masseter clears up after only postural 
correction. This is because masseter mus
cle tension and/or TrPs (that have been 
perpetuated by reflex masseter activity 
counteracting the light tensile forces gener
ated by the supra- and infrahyoid muscles 
as they pull down on the mandible in head 
extension) now have been relieved by get
ting the head back to normal alignment. 
Anterior head positioning with reflex ele
vator muscle activity also causes increased 
intra-articular pressure in the TMJs and 
can precipitate mild internal derangements 
in joints with compromised discs. Thus, 
correction of posture may also resolve 
early mild TMJ clicks. If posture correction 
and other treatment strategies directed at 
the masseter (or other mandibular eleva
tors) alone does not produce the desired re
sult, tension and/or TrPs in the suprahyoid 
and infrahyoid muscles also may need at
tention (see Chapter 12). Similarly, since 
masseter TrPs also may originate as satel
lites to TrPs in the sternocleidomastoid 
and trapezius muscles, resolution may de
pend on appropriate management of these 
primary TrPs first. Masseter and other mas
ticatory muscle TrPs often resolve suffi
ciently with appropriate treatment of the 
cervical muscles, that use of specific TrP 
release techniques for the masticatory mus
cles is not necessary. 

A further potentially complicating fac
tor may be cervical joint dysfunction if pre
sent. Most patients will respond to the sim
ple strategies listed above even if they have 
cervical dysfunction. However, if the dys
function and TrP pain persist after posture 
correction and good patient compliance to 
correction of other perpetuating factors to 
elevator and cervical muscle TrPs, then re
ferral to a practitioner familiar with evalu
ation and treatment of both cervical dys
function and myofascial TrPs may be 
indicated. 

Muscles of mastication, when dysfunc
tional, are usually involved bilaterally. 
This is because the mandible is a single 
bone attached on each side of the cranium, 
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and movements and functions on one side, 
whether normal or abnormal, are inti
mately related and dependent on the other. 
Although one side may be the primary 
problem, both sides must be treated. For 
example, it is impossible to stretch one 
masseter or temporalis and not the other. 

Myofascial TrPs in the masseter muscle 
can be effectively released by spray and 
combined manual muscle stretch (Fig. 8.5), 
spray and specific masseter myofascial re
lease, TrP pressure release, and a technique 
known as strumming (described later in 
this section under Other Release Tech
niques). Moist heat applied over the mus
cle prior to the application of TrP release 
techniques may increase patient comfort 
and aid relaxation. 

Stretch techniques (such as spray and 
stretch) for release of TrPs should be used 
with caution whenever there is an intracap
sular TMJ disorder. When in doubt about 
whether or not a TMJ disorder will be aggra
vated by wide opening, the following nonin
vasive techniques that do not involve thera
peutic stretching can be used. These include 
TrP pressure release, reciprocal inhibition 
performed isometrically, and indirect tech
niques. Refer to Chapter 3, Section 12 for a 
general description of these techniques. Em
phasis on slow nonforced respiration can 
augment muscle release with any technique. 

Spray and Stretch 
Two techniques are presented in detail 

for stretch release following application of 
intermittent cold by vapocoolant spray or 
icing. The first is a combined stretch re
lease effective for inactivating TrPs and re
leasing tension in the temporalis, masseter, 
medial pterygoid, and platysma muscles 
simultaneously (Fig. 8.5 A and B). The 
other is a spray-and-stretch release tech
nique that is specific for TrPs in the mas
seter muscle (Fig. 8.6). In all of these tech
niques involving the jaw elevator muscles, 
it is important to remember that both sides 
of the face must be sprayed or iced in the 
appropriate pattern prior to initiating any 
jaw opening stretches, since one side can
not be stretched in isolation from the other. 
In general, the operator's hands should 
passively stretch the muscle{s) while the 
patient actively opens the mouth. The op

erator should avoid assisting the opening 
or should do so only very gently with little 
or no force. Any passive assistance to 
opening is more safely applied on the pos
terior molars, not on the incisors. 

Both of these stretch release techniques 
start with the patient supine in a comfort
able position and with the head supported 
by a pillow for complete total-body relax
ation. Parallel sweeps of vapocoolant (or 
icing) are directed upward from the upper 
chest over the muscles, covering the 
mandible and cheek, and extending over 
all of the pain reference zones including 
the temple, forehead, the hairline, and be
hind the ear. (Fig. 8.5A) Care is taken to in
clude all areas where the patient experi
ences referred pain from any of these 
muscles and to apply the spray bilaterally. 
To prevent the vapocoolant liquid from 
trickling into the eye, the patient must be 
warned to keep the eye closed (it is wise to 
cover the eye with an absorbent pad). 
CAUTION: Patients with asthma or other 
pulmonary conditions may not tolerate 
spray because of the vapors. Ice may be 
used as an alternate form of intermittent 
cold (see Chapter 3). If spray is used, a 
small cloth or a hand should lightly cover 
the patient's nose and mouth. 

The combined stretch release of the right 
temporalis, masseter, medial pterygoid, 
and platysma muscles is applied as de
scribed and illustrated in Figure 8.5B. To 
accomplish stretch release of specifically 
the masseter muscle, the clinician first ap
plies vapocoolant or icing bilaterally up
ward from the mandible primarily over the 
muscle and cheek, including the forehead 
and, if indicated, the ear (as in Figure 8.5 A). 
When spraying the ear, be sure to warn the 
patient to be prepared for an alarming sen
sation for an instant if the vapocoolant en
ters the ear canal. Immediately following 
the spray, the clinician proceeds as de
scribed and illustrated in Figure 8.6. 

After rewarming the skin with moist heat, 
stretch release may be repeated if restriction 
of mouth opening or spot tenderness re
mains. The patient should open and close 
the mouth fully (but not forcibly) three times 
to restore normal muscle coordination. 

Warning Note: Yawning has a powerful 
masseter-relaxing and stretching effect, but 
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Figure 8.5. Spray and combined stretch for 
trigger points in the right temporalis, mas
seter, medial pterygoid, and platysma mus
cles, patient supine. A, Complete pattern 
(thin arrows) for application of vapo-
coolant spray (or icing) prior to stretch. 
The patient's eye should be kept closed 
and covered with a pad, and the operator 
should avoid spraying near the eye. The 
spray should include all areas where the 
patient is experiencing pain referred from 
any of these four muscles. For the masseter 
in particular, the operator applies vapo-
coolant or icing upward from the mandible 
over the muscle and cheek, including the 
forehead and temple. B, Immediately fol
lowing application of spray, the operator 
instructs the patient to relax the jaw and 

then takes up slack in the temporalis mus
cle by applying upward traction on that 
muscle with one hand (in this case the left 
hand). The operator's other hand com
pletes the release procedure with slow firm 
downward traction (thick arrow), starting 
from the temporalis and moving down
ward over the masseter and platysma mus
cles; while the operator maintains the 
stretch-release, the patient breathes in and 
opens the mouth, utilizing respiration and 
reciprocal inhibition to further relax the 
mandibular elevators. The operator directs 
the traction pressure inferiorly but not me
dially, to avoid deviation to the opposite 
side, which would place the opposite tem
poromandibular joint in a loaded, close 
packed state. 
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Figure 8.6. Stretch release specifically of the 
masseter muscle immediately following 
application of vapocoolant spray or icing 
(intermittent cold pattern is shown in Fig. 
8.5A). The operator anchors the zygomatic 
arch attachment of the muscle with one 
hand. The other hand rubs slowly and 
firmly from superior to inferior over the 

length of the muscle, taking hold of the 
posterior part of the mandible with light 
downward pressure to take up slack in the 
masseter. The clinician instructs the pa
tient to open the mouth and take in a full 
deep breath to augment muscle release (see 
text for precautions). 

can cause problems because it involves 
forceful maximum forward translation of 
the joint disc. This much mobility of the 
disc will likely not be safely available if 
disc dysfunction is present. Therefore it 
should be employed therapeutically only 
when there is strong assurance that disc 
function is completely normal (see Chapter 
5 for TMJ screening examination). To pre
vent inadvertent overstretching and exces
sive opening, especially in hypermobile 
joints, the patient should be taught to place 
the tongue tip against the palate just poste
rior to the incisors, and to open the mouth 
only as far as that tongue position allows. 
The mouth should not be opened wide 
when a painful joint click is present. Refer 
to Chapter 5, Section C. 

Other Release Techniques 
Trigger point pressure release in the 

masseter is especially effective because the 

taut bands either can be pressed directly 
against underlying bone or held between 
the fingers using pincer palpation. The ba
sic technique is described in Chapter 3, 
Section 12; this release should not be ex
cessively painful and consists of light pres
sure on the TrP until resistance is encoun
tered (until a barrier is engaged), holding 
that position until release occurs under the 
palpating finger, and then gently following 
the movement of the releasing tissues until 
a new barrier is encountered. 

Strumming is a variation of deep mas
sage in which the operator's finger pulls 
across the muscle fibers rather than paral
lel to the fiber direction. It is particularly 
effective for at least the anterior half of the 
masseter because the palpating finger in
side the mouth is in direct contact with the 
muscle fibers, except for a thin layer of mu
cosa. The patient's mouth should be 
slightly open in a relaxed position. The 
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clinician's thumb placed on the skin exter
nal to the muscle provides counterpressure 
to pull against. Strumming consists of 
pulling the finger across the muscle fibers 
slowly until the TrP and resistance are en
countered, maintaining light contact at that 
point until the finger senses tissue release, 
then continuing to pull the finger across 
the muscle as it releases. Relaxed deep 
breathing by the patient will facilitate gen
eral relaxation during this process. Some of 
the most posterior fibers may have to be 
strummed against the mandible from out
side the mouth. This technique is most ef
fective when it is performed precisely 
across the TrPs in the central midmuscle 
portion of the taut bands. Since it is a dy
namic form of TrP pressure release and lo
calized stretching, the clinician must begin 
gently and progress slowly as the tension 
in the taut bands gradually releases. Be
cause of the close contact with the sensi
tive masseter TrPs, excessive pressure is 
extremely painful and can delay release. 

Voluntary opening of the mouth pro
vides reciprocal inhibition of the masseter, 
is readily performed by the patient, and is 
effective in releasing this muscle. The pa
tient sits with the chin propped on the fist 
or palm of both hands which are placed 
symmetrically on the side of each 
mandible. The patient then opens the 
mouth to a completely comfortable posi
tion that feels as if the mouth is opened 
fully but not forcibly, taking up slack in the 
masseter. In that position, the patient per
forms a gentle isometric contraction of the 
depressors of the mandible by gently press
ing the mandible down against the hands 
for at least 5 seconds. The hands resist any 
attempt at movement. Then, while inhal
ing, the patient again gently opens the 
mouth as before, to take up slack that has 
developed in the masseter muscles. This 
can be repeated 3 or more times until no 
improvement results. Relaxation of the 
deep masseter can be accomplished by 
having the patient perform a gentle isomet
ric contraction that attempts protrusion, 
but is resisted to prevent movement. 

A technique similar to hold-relax 8 2 

(briefly described in Chapter 3, Section 12) 
can be applied to release TrP tension in a 
tight masseter in some patients; the volun

tary contraction in this case, however, 
should be minimal rather than maximal. 
This modification for TrP release involves 
placing the masseter in a comfortably 
lengthened position and gently contracting 
the masseter isometrically against light re
sistance for about 6 seconds, followed by 
relaxation, exhalation, and further length
ening to take up the slack created. How
ever, since most patients with masseter TrP 
involvement evidence excessive tension in 
this muscle much of the time, other treat
ment techniques (TrP pressure release, 
strumming, and reciprocal inhibition) may 
be more effective than hold-relax. 

Masseter TrPs respond well to external 
application of high voltage galvanic stimu
lation in the hands of trained therapists. 
Intensity should be increased gradually 
until the patient is aware of a tingling sen
sation, but the muscle is not maintained in 
contraction. (Maloney, Personal Communi
cations, 1996). 

Regardless of what technique was used 
to release the masseter muscle, the patient 
can maintain the new range of motion and 
control masseter TrP activity by using the 
appropriate exercises daily at home (see 
Section 14 of this chapter). These tech
niques require thorough instructions by 
the clinician and at least 2 weekly follow 
up visits to confirm that the patient is per
forming the exercises correctly. 

Normal joint play is necessary for nor
mal joint function; this applies to joints 
throughout the body, and the TMJ is no ex
ception (see Chapter 5, Section C). One 
needs to reestablish joint play (if it is lack
ing) before stretching muscles that require 
full joint range of motion. Mandibular de
pression in the long axis is a gentle mobi
lization that can be performed by placing 
the thumb over the posterior molar region 
and gently depressing the mandible 1 to 
1.5 mm. 

On the other hand, if the TMJ is hyper-
mobile, the patient must learn to limit 
translation of the mandibular head by 
avoiding opening the mouth wide, and 
should perform exercises (isometric exer
cises in the form of rhythmic stabiliza
tion 8 2) to improve joint stabilization. 5 9 Pro
tective tongue position should be used on 
opening (see Chapter 5, Section C). As for 
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any hypermobile joint, manual inactiva-
tion of TrPs should avoid techniques that 
depend on lengthening the muscle to its 
full stretch length. Instead, TrP release 
techniques are applied directly to the mus
cle, stretching and elongating the muscle 
fibers without maximal joint movement. 
Figure 8.5 illustrates this approach. 

13. TRIGGER POINT INJECTION 
(Fig. 8.7) 

If the immediate response of masseter 
trigger points (TrPs) to manual release 
techniques is not satisfactory, injection of 
the masseter TrPs usually inactivates 
them. 1 0 However, at this point, the clini
cian must seriously consider the possibil
ity that one or more perpetuating factors 
have been overlooked [see Chapter 4). A 
detailed description of TrP injection tech
nique is found in Chapter 3, Section 13. 
Masseter TrPs are identified by pincer pal
pation as described in Section 9 of this 
chapter. Masseter TrPs may be injected by 
a needle held inside the mouth or from the 
outside, whichever fits the skills of the 
clinician best. For intraoral injection, a 
short thin needle (25- or 27-gauge 1-inch) 
is satisfactory. Intraoral injection has the 
advantage that it does not require penetra
tion of the parotid gland where the facial 
nerve also is located as the nerve pene
trates the gland. 1 9 The location of the nerve 
in relation to the parotid gland and mas
seter muscle is well illustrated. 3 , 2 3 

When the taut band and its TrP are clearly 
identified against the finger tips by pincer 
palpation, the needle should be directed 
specifically into that structure with multiple 
insertions (peppering) performed without 
withdrawing the needle. The physician 
should note carefully any local twitch re
sponses and pain reactions indicating that 
the needle encountered an active locus in the 
TrP. A few drops of 0.5% procaine or plain li-
docaine is injected whenever an active locus 
(see Chapter 2, Section D) is encountered. 

A comparable injection technique is de
scribed and illustrated in detail by Cohen 
and Pertes. 2 6 

14. CORRECTIVE ACTIONS 
Patients suffering from chronic myofas

cial pain with multiple TrPs should be 

started on the systematic 6 week program 
outlined in Chapter 5, Section D. Specific 
corrective actions for the masseter muscle 
are outlined below. 

Activity Stress 
First and foremost, forward head pos

ture must be corrected to reduce masseter 
muscle activity (refer to Chapter 5 for as
sessment and correction of forward head 
posture and refer to Chapter 41 for other 
factors that may influence head posture). 
This may require changes to ensure that 
the patient can breathe through the nose, 
rather than the mouth. Additionally, the 
patient should develop awareness of 
mandibular posture, correct tongue posi
tion [see Chapter 5, Section C) and reduce 
daytime clenching, nail biting, exhaustive 
chewing or other abusive oral habits. 
Habits of "clenching" the teeth should be 
revised by the pipe smoker. Those who 
abuse their mandibular elevators by crack
ing hard candy or nuts with the teeth and 
by constantly chewing gum should avoid 
these activities. Bruxist behavior should be 
identified and corrected 6 0 and may require 
use of an intraoral orthosis (see Chapter 5). 

Life stress and tension anxiety that lead 
to jaw clenching and bruxism should be 
managed by reducing emotional strain and 
improving the patient's coping behavior. 
This may be achieved with simple 
stress/time management strategies or may 
require referral to a psychologist or other 
mental health provider for specific pain 
and stress management techniques. Wear
ing a nocturnal occlusal splint reduces 
bruxism associated with high-stress life sit
uations. 6 0 Placing the tongue against the 
roof of the mouth behind the upper incisor 
teeth while going to sleep (or any time 
bruxing occurs during waking hours) can 
be very helpful [see Chapter 5). 

Myofascial TrPs in the sternocleidomas
toid, upper trapezius, and other muscles 
that refer pain to the head and neck should 
be inactivated. Muscles that refer pain to 
the region of the masseter can activate 
satellite TrPs in that muscle; the key TrPs 
in those other muscles must be eliminated 
for sustained relief. 3 6 

During prolonged neck traction, the pa
tient should wear a dental splint that elim-
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inates premature contacts, provides man
dibular stability, and reduces mandibular 
elevator shortening. 

Long dental procedures that require 
wide opening of the mouth should be pre
ceded by spray and stretch. Periodic relief 
for the stretched muscles in the form of in
termittent breaks allowing closure of the 
mouth is mandatory. Sedation of the pa
tient may help to prevent severe activation 
of TrPs. When painful organic intracapsu
lar TMJ disease is present, it must be 
treated along with treatment of any masti
catory muscle TrPs that are also present. A 
chronic focus of infection may be a con
tributory factor, especially if the erythro
cyte sedimentation rate and white blood 
cell count are elevated on repeated testing. 

The lasting inactivation of myofascial 
TrPs in the masticatory muscles often re

quires skillful treatment of the TrPs, dental 
expertise to deal with primary TMJ dys
function, and medical expertise to elimi
nate perpetuating factors of systemic and 
mechanical origin, including factors in the 
neck region and, sometimes, in the lower 
limbs. Often overlooked systemic perpetu
ating factors are low thyroid function, ane
mia, vitamin deficiencies, electrolyte disor
ders, and depression. Mechanical factors 
include lower limb-length inequality and 
painful feet due to the destabilizing Dudley 
J. Morton foot configuration.5 3 See Chapter 4 
of this volume and Chapter 20 of Volume 2 
for details. One vitamin-inadequacy cause 
of tinnitus may be relieved by supplements 
of both niacinamide and thiamine. Restora
tion of normal vitamin B 1 2 blood serum lev
els proved helpful in patients with tinnitus 
associated with hearing loss. 6 5 

Figure 8.7. Extraoral injection of trigger portion of the muscle, using flat palpation 
points in the masseter muscle. A, midbelly to fix the trigger point against the underly-
of the superficial portion, using pincer pal- ing ramus of the mandible, avoiding the fa-
pation to accurately localize trigger points cial nerve. 
for injection. B, Posteriorly located deep 
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Exercises 
The most important and useful exercises 

a clinician can teach a patient with chronic 
head and neck pain due all or in part to 
myofascial TrPs is correct tongue position 
and body posture. These are described in 
detail in Chapter 5. Instruction in correct 
body mechanics is also essential (see Chap
ter 5, Section C, and Chapter 41). In addi
tion, patients should learn general neck 
stretching exercises (also described in 
Chapter 5, Section D and Fig.16.11) to help 
reduce any primary TrPs in the cervical 
muscles which may be perpetuating the 
masticatory muscle TrPs. 

Direct attempts to stretch the mastica
tory elevator muscles by simply forcing the 
mouth open must be avoided, as forcing 
the mouth open produces severe pain and 
reflex spasm that further aggravates the 
muscle tension and may injure the TMJ. In 
general, stretch procedures should be post
poned until any painful TMJ arthropathy 
has been resolved. 

The physical therapist or other clinician 
should give thorough instructions in a 
home program specific to each patient. As 
a part of a home program, the patient 
should learn TrP pressure release and 
strumming of the masseter to release ten
sion prior to other exercises. An active 
opening effort uses reciprocal inhibition to 
augment relaxation of the masseter. The 
patient can be taught to release the muscle 
through lightly resisted opening of the 
mouth (two fingers below the chin) for a 
few seconds followed by active opening of 
the mouth to take up slack in the muscle. 
The amount of opening can be controlled 
with the tongue on the palate when needed 
for protection of the joint. Resisted active 
opening also has been recommended by 
others. 8 3 If any passive stretch is applied to 
the jaw, it should be done with the fingers 
on the posterior molars, not on the in
cisors. To relax the deep masseter, the pa
tient can be taught to perform a brief iso
metric contraction, with the mouth 
partially open, that attempts protrusion but 
does not allow movement into protrusion. 

When the TMJ is ready for it, yawning 
can be a useful range of motion exercise 
but must be done with the precautions 
identified in Section 12. 

For management of patients with 
chronic head, facial, or neck pain that in
cludes a myofascial TrP component, refer 
to the general treatment approach in Sec
tion D of Chapter 5. Use of Chapter 5, Sec
tion A, Muscle Guide, helps to identify all 
of the TrPs contributing to the patient's 
myofascial TrP pain in the head and neck. 

Conclusion 
Since patients are unable to accurately 

judge their maximum jaw opening within 
the functional range, an objective measure 
of progress is important if the patients are 
to reach full range of motion on a home ex
ercise program and appreciate their 
progress. Achieving and maintaining full 
range of jaw opening greatly reduces the 
likelihood of recurrence of the TrP pain 
and tension. To measure the jaw aperture, 
the patient checks how many knuckles (or 
fingers) fit between the front teeth. The 
minimum goal is an aperture that admits a 
tier of the first two knuckles of the hand, as 
in Figure 8.3. 

Bell 9 details the importance of dealing 
with multiple contributory factors. He rec
ommends reduction of life situational 
stress and development of a positive men
tal attitude. An intraoral orthosis may help 
by temporarily offsetting muscle fatigue 
due to nocturnal bruxism 1 6 , 7 0 until the TrPs 
are released and the muscles are freed of 
TrP tension. In addition, correction of nu
tritional deficiencies and use of stretch ex
ercises help to insure continued normal 
functioning of the muscles treated for TrPs. 

SUPPLEMENTAL REFERENCES, CASE 
REPORTS. 

A detailed case report describes acute 
restriction of mouth opening following a 
dental procedure. The patient experi
enced prompt pain relief and a gradual in
crease of jaw opening from 15 mm to 51 
mm by repeated injections of 0.5% pro
caine solution into TrPs in the masseter 
and lateral pterygoid muscles. 7 8 , 7 9 

Another patient experienced tinnitus 
and "stuffiness" of the ear due to TrPs in 
the deep division of the masseter muscle. 
Procaine injection of these TrPs perma
nently eliminated those symptoms. 7 9 
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CHAPTER 9 

Temporalis Muscle 
with contributions by 

Bernadette Jaeger and Mary Maloney 

HIGHLIGHTS: REFERRED PAIN from trigger 
points (TrPs) in the temporalis muscle can cause 
temporal headache and maxillary toothache. The 
pain pattern extends mainly over the temporal re
gion, to the eyebrow, the upper teeth, and occa
sionally to the maxilla and the temporomandibu
lar joint (TMJ). Trigger points also can refer pain, 
tenderness, and hypersensitivity of the upper 
teeth to heat and cold. ANATOMY: attachments 
are above to the temporal fossa and to the deep 
surface of the temporal fascia and below, to the 
coronoid process of the mandible. FUNCTION of 
this muscle is primarily to close the jaws. In addi
tion, the posterior fibers, and to some extent the 
middle fibers, bilaterally retrude the mandible; 
acting unilaterally, they deviate the mandible to 
the same side. SYMPTOMS are pain over the 
temporal area, often hypersensitivity and aching 
of the upper teeth, and sometimes patients are 
annoyed by premature tooth contact. ACTIVA
TION AND PERPETUATION OF TRIGGER 
POINTS may be due to long periods of jaw im
mobilization (open or closed), bruxism, and 
clenching of the teeth. Exposure to a cold draft 
over the fatigued muscle, and direct trauma to 
the muscle can activate TrPs in it. Temporalis 
TrPs also may develop secondarily as satellites of 
key sternocleidomastoid or upper trapezius TrPs, 
or because of overload from tension in suprahy
oid and infrahyoid muscles due to anterior head 

positioning or secondary to trauma. PATIENT 
EXAMINATION reveals a normal Two-knuckle 
Test (usually admitting 2 1/2 knuckles), but often re
veals incoordinated opening and closing of the 
jaw, and sometimes altered occlusion of the 
teeth. TRIGGER POINT EXAMINATION of this 
muscle first requires that the patient allow the 
mouth to drop open. The central TrPs are usually 
found in the belly of the muscle about two fin-
gersbreadth above the zygomatic arch. TRIG
GER POINT RELEASE can be accomplished 
with several manual techniques. For spray and 
stretch, the patient is supine, the vapocoolant 
spray is directed over the muscle and its pain ref
erence zones bilaterally, and then muscle tension 
is released by manual traction on the muscle with 
the patient allowing the mouth to relax and open. 
TRIGGER POINT INJECTION is usually more ef
fective for central (midfiber) TrPs than for the at
tachment trigger points, but injection of two or all 
three of them may be necessary. The clinician 
should be careful to avoid the temporal artery. 
CORRECTIVE ACTIONS call for the elimination 
of mechanical and systemic perpetuating factors, 
and for a home program which includes correc
tion of forward-head posture and tongue posi
tion, the Temporalis Self-stretch Exercise, an ac
tive-resistive exercise using reciprocal inhibition, 
and exaggerated yawning (if there is no con-
traindicated articular dysfunction of the TM joint). 

1. REFERRED PAIN 
(Fig. 9.1) 

The temporalis muscle is commonly in
volved in patients with temporomandibu
lar (TM) disorders—either myofascial 
pain-dysfunction as defined by Laskin 3 2 

(see Chapter 5, Section B), or TMJ pain-

dysfunction syndrome. Studies have 
sbown the temporalis to be involved in 
one-third to nearly two-thirds of the pa
t i e n t s . 1 0 , 2 2 , 3 1 , 4 5 

Headache due to active trigger points 
(TrPs) in the temporalis muscle is com
mon, 5 4 and is described as pain felt widely 

3 4 9 

Copyrighted Material



3 5 0 Part 2 / Head and Neck Pain 

throughout the temple, along the eyebrow, 
behind the eye, and can be felt in any or all 
of the upper t e e t h . 4 1 , 4 8 , 4 9 , 5 1 Temporalis TrPs 
also may refer hypersensitivity to percus
sion and to moderate temperature change 
that appears in any or all of the upper teeth 
on the same side, depending on the TrP 
location. 4 8 , 4 9 Temporalis TrP1 (Fig. 9.1A) is 
an attachment trigger point (ATrP) in the 
anterior portion of the muscle that refers 
pain forward along the supraorbital ridge 5 5 

and downward to the upper incisor 
t e e t h . 3 4 , 4 8 , 5 3 Attachment TrPs 2 and 3 lie 
in the intermediate portions of the muscle 
(Fig. 9 . IB and C) and refer pain upward in 
finger-like projections to the mid-temple 
area and downward to the intermediate 
maxillary teeth on the same s i d e . 5 , 7 , 3 4 , 4 4 , 4 8 , 

5 3 , 5 8 f ibers of the temporalis deep in the 
trigger point 3 region, like the deepest mas-
seter fibers, may refer pain and tenderness 
to the maxilla and the TM joint . 7 , 4 8 Central 
TrP4 (CTrP) in the posterior portion of the 
muscle refers pain backward and upward 
(Fig. 9 . ID). 4 8 

Deep tenderness may be found in each 
of these pain reference zones even when 
the corresponding TrPs are latent (clini
cally silent with respect to pain). Some
times toothache with hypersensitivity of 
the upper teeth to ordinary stimuli (biting, 
heat, cold) is the chief complaint, rather 
than headache. 4 8 

The anterior three TrP regions identified 
in Figure 9.1 are attachment TrPs that are 
located where one would expect to find 
musculotendinous junctions. The location 
of TrP4 is in the central (midfiber) region of 
the muscle belly (Fig. 9.1D), which is char
acteristic of primary TrPs. 

EXPERIMENTAL STUDIES 

Jensen and Norup 2 9 compared the pain 
and tenderness induced by test injections 
(of 300 mM and 600 mM hypertonic 
saline or 100 mM potassium chloride) to 
control injections of isotonic saline into 
temporalis muscles of healthy volunteers. 
The test solutions produced significantly 
more pain than isotonic saline and pro
duced significant transient depression of 
pain pressure threshold readings (in
creased tenderness). Forty eight percent 
of the test injections produced referral of 

pain, most often to the jaws. Increased 
pain intensity was significantly associ
ated with the occurrence of referred pain, 
and with lower pressure pain thresholds 
at the injection site. The study by Jensen 
and Norup validates clinically deter
mined referred pain patterns and substan
tiates the clinical impression that the like
lihood of eliciting referred pain from a 
TrP depends on how hard one presses on 
it. A subsequent study 2 5 demonstrated a 
similar relationship. Hong, et al. found a 
positive correlation between the likeli
hood of referral of pain from a TrP and its 
sensitivity to applied pressure. 

2. ANATOMY 
(Fig. 9.2) 

The temporalis muscle arises from the 
deep surface of the temporal fascia and 
from the whole of the temporal fossa, 1 1 su
perior to the zygomatic arch (Fig. 9.2). The 
floor of the fossa is formed by the zygo
matic, frontal, parietal, sphenoid, and tem
poral bones. 1 2 

Inferiorly, the muscle attaches to the me
dial and lateral surfaces of the coronoid 
process of the mandible and along the an
terior edge of the mandibular ramus, ex
tending almost to the last molar tooth.1 1 

The temporalis fibers fan out anteroposteri-
orly from the coronoid process to form 
three functionally distinct groups. The an
terior fibers are nearly vertical, the middle 
fibers oblique, and the posterior fibers 
nearly horizontal. 3 6 

Eriksson 1 6 reported that different parts 
of the temporalis muscle showed notewor
thy differences in mean percentage of type 
I (slow twitch) fibers, suggesting differ
ences in function. The superficial anterior 
and lateral parts of the muscle were 74% 
type I fibers and the superficial posterior 
part was only 52%, but the deep part aver
aged 9 0 % type I fibers.16 

SUPPLEMENTAL REFERENCES 

Anatomy textbooks illustrate this mus
cle from the lateral view.2, 1 1 , 1 3 , 1 5 , 4 6 , 4 7 

3. INNERVATION 
The temporalis muscle is supplied by 

the anterior and posterior deep temporal 
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Figure 9.1. Patterns of pain and tenderness referred 
from trigger points (Xs) in the left temporalis muscle 
(essential zone solid red, spillover zone stippled). 
Three of the trigger points are attachment trigger 
points (ATrPs) which occur at a musculotendinous 
junction. One is a central trigger point (CTrP) which 

occurs in the midfiber region of the muscle. A, ante
rior "spokes" represent referred pain arising from 
ATrP, in the anterior fibers of the muscle. B and C, 
middle "spokes" represent referred pain and tender
ness arising from ATrP2 and ATrP3. D, posterior supra-
auricular "spoke" is referred from CTrP4. 
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Figure 9.2. Attachments of the temporalis muscle, in- but change direction and exert a mostly upward pull, 
feriorly, are chiefly to the coronoid process of the The zygomatic arch, which has been partly removed, 
mandible and, superiorly, to the temporal fossa. The covers much of the tendinous attachment of the mus-
anterior fibers of this fan-shaped muscle are nearly cle to the coronoid process unless the mouth is 
vertical, and the posterior fibers are nearly horizontal opened. 

nerves, which branch from the anterior di
vision of the mandibular portion of the 
trigeminal nerve (cranial nerve V). 

4. FUNCTION 

All fibers of the temporalis muscle con
tribute to its primary function of elevation 
(closure) of the mandible. Sarnat and 

Laskin 4 3 state in their text that the posterior 
fibers 

. . . should be able to retract the 
mandible because of their horizontal ori
entation along the side of the skull; how
ever, these fibers are bent around the pos
terior root of the zygomatic arch and thus 
are oriented essentially in a vertical man-

Frontal 
bone 

Parietal 
Bone 

Tempora l bone 

Mandible 
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ner. Therefore, this portion of the tempo
ralis muscle exerts primarily an upward 
or vertical force on the mandible. Because 
its fibers pass close to the articular emi
nence it probably also functions as a sta
bilizer of the temporomandibular joint 
(TMJ). The middle oblique portion of the 
temporalis muscle is capable of exerting a 
vertical and retracting force on the 
mandible. That portion of the anterior 
temporalis originating from the postor-
bital septum pulls the mandible upward 
and slightly forward. Finally, the deep 
fibers of the anterior temporalis that orig
inate along and just above the infratempo
ral crest pull the mandible upward and 
somewhat medially. Thus, the morphol
ogy of the entire temporalis muscle indi
cates that its fibers are capable of consid
erable variability in their direction of 
pull. 4 3 

These anatomical features are clearly illus
trated by Agur.2 In some upright postures, 
the temporalis may function to keep the 
mandible in the rest position. 4 

When the mandible is closed and the 
jaws are clenched tightly in centric occlu
sion, the temporalis is activated before the 
masseter , 3 7 , 3 8 , 5 6 and all parts of the muscle 
are involved. 3 6 Closure for incisor bite (an
terior occlusion) involves mainly the ante
rior temporal fibers.37 With normal denti
tion, gentle closure activates mainly the 
anterior fibers,37 or the anterior and middle 
fibers.4 If the subject is edentulous and 
wearing dentures, all three parts of the 
temporalis contract equally.4 

The posterior fibers, much more than 
the middle or anterior fibers, are consis
tently activated during retraction (retru-
sion) of the mandib le . 4 , 3 6 , 3 7 , 5 6 Bruxism with 
a posterior thrust of the mandible strongly 
involves these posterior fibers.1 

Lateral movements to the same side reg
ularly activate the temporalis,4 particularly 
its posterior fibers, more than its anterior 
fibers.56 These lateral movements always 
involve the posterior fibers if the lower jaw 
is not protruded at the same time. Protru
sion conflicts with the retraction function 
of the posterior temporalis fibers, and 
therefore inhibits activity in them. 3 6 

The temporalis muscle was reported to 
be generally inactive during straight pro
trusion 4 , 5 6 but was active in 5% of ef
forts, 3 6 probably to counteract the depres
sor effect of the primary protruder, the 
inferior division of the lateral pterygoid 
muscle. 

The important question of whether tem
poralis motor units normally show activity 
at rest is clearly resolved only in the 
supine position, when no activity is ob
served. 3 5 The presence of resting motor 
unit activity in the erect subject is contro
versial; 4 , 52 activity is reported as greater in 
the posterior fibers than in the anterior 
ones . 4 , 3 7 Basmajian and DeLuca 4 state that 
the temporalis alone is the muscle respon
sible for keeping the mandible in the rest 
position during upright posture. Yemm 5 7 

found no activity in repeated recordings of 
three temporalis muscles in seated subjects 
at rest with head and trunk erect. These 
differing conclusions could result from the 
variation in the rest position, differences in 
the degree of anxiety-induced muscle ten
sion, variations in electrode technique, 
head position, and the presence of latent 
TrPs in the masticatory musculature. 

5. FUNCTIONAL UNIT 
Synergists of the temporalis for 

mandibular elevation include, ipsilaterally: 
the masseter, the superior division of the 
lateral pterygoid, and the medial pterygoid 
muscles. Contralaterally, the synergists are 
the same muscles plus the temporalis. 

Antagonists are the inferior division of 
the lateral pterygoid, digastric, omohyoid 
and mylohyoid muscles. 

6. SYMPTOMS 
Patients with temporalis TrPs may com

plain of head pain, toothache or tooth site 
pain, as described in Section 1, but are 
rarely aware of any restriction of jaw open
ing, which is usually reduced only by 5-10 
mm (about 3/8 in). Thus, ordinary 
mandibular movement does not cause 
pain. The patients may say, "My teeth 
don't meet right." If maxillary toothache is 
a symptom, it may be intermittent, with or 
without hyperalgesia to percussion, hot 
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and cold. 4 8 Because of the potential for at
tendant hypersensitivity in teeth in the re
ferred site of pain, unaware clinicians may 
needlessly extirpate pulps or extract per
fectly healthy teeth. 4 9 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Recent literature indicates no sub
stantial evidence that moderate changes 
(4-6 mm) in occlusal vertical dimension 
cause masticatory muscle hyperactivity 
or the symptoms of temporomandibular 
disorder. 3 9 

Trauma and Immobilization 
Temporalis TrPs may be activated by 

bruxism and clenching the teeth, by direct 
trauma to the muscle, as from a fall on the 
head, impact from a golf ball or baseball, or 
impact of the head against the side of the car 
in a motor vehicle accident, by prolonged 
jaw immobilization as for an extensive den
tal procedure, or by cervical traction for neck 
pain without using an occlusal splint. In the 
last situation, without a dental splint, the 
cervical traction immobilizes the mandible 
in the fully closed position, maximally short
ening the temporalis and other mandibular 
elevator muscles. Iatrogenic temporalis TrPs 
may then add the symptoms of facial pain, 
toothache, and possibly altered occlusion to 
the original complaint of neck pain or 
headache. Sometimes, neck traction has 
been ordered unnecessarily for neck pain 
and headache that were caused primarily by 
TrPs in the upper trapezius, a condition for 
which traction provides no relief. 

Postural and Activity Stress 
The mandibular position induced by a 

forward-head posture (see Chapter 5, Sec
tion C) produces increased activity in the 
temporalis muscle and can activate and/or 
perpetuate TrPs in it. Excessive gum chew
ing or jaw clenching may activate, and 
likely perpetuate, masticatory muscle TrPs, 
including the temporalis. 

Bruxism may cause, or result from, 
temporalis TrPs. In either case, the 
overuse of the muscle aggravates and per
petuates these TrPs. Restlessness of the 
masticatory muscles can result from in
creased neuromuscular irritability due to 

folic acid deficiency. This restlessness 
may be expressed as bruxism, and it is 
comparable to the restlessness of the bi
ceps femoris and calf muscles that is in
duced by folate deficiency and is known 
as "restless legs." 9 

An anteriorly displaced TM joint disc 
may cause the patient to experience a feel
ing of pressure. In an attempt to do some
thing to relieve the sense of pressure the 
patient may bite down, which does not 
correct the disc problem and only perpetu
ates temporalis (and masseter) TrPs. 3 3 

Other Factors 
Often overlooked or forgotten is the re

flex muscle contraction that occurs with 
any chronic infection or inflammation. 
When prolonged, this is believed to con
tribute to the development of myofascial 
TrPs. 1 8 Thus, true painful pulpal pathology 
or an inflamed TM joint, if protracted, may 
cause temporalis (or other masticatory 
muscle) TrPs to develop. These TrPs be
come self-sustaining, and, even after reso
lution of the pulpal pathology or inflamed 
joint, may continue to cause intermittent or 
constant pain, typically referred back to 
the original site of pain. The unaware clin
ician, unfortunately, will continue to treat 
the tooth or the joint instead of the TrPs, 
with potentially disastrous results. 

Excessive tension in suprahyoid and 
infrahyoid muscles can create light tensile 
forces which pull down on the mandible. 
The temporalis and masseter muscles con
tract to counteract the pull and keep the 
mouth closed, and TrPs can be activated 
and/or perpetuated in these muscles. This 
dysfunctional process can be initiated, for 
example, when flexion-extension injuries 
sustained in an automobile accident over
load or stress the suprahyoid and infrahy
oid muscles; it also can be initiated or per
petuated by an excessive forward-head 
position. 

Especially when the patient is fatigued, 
temporalis TrPs may be activated by a cold 
draft over the muscle (e.g., a blast of cold 
air from a ventilator or air conditioner, or 
wind through an open car window). 4 8 Per
sons with low-normal serum levels of thy
roid hormones (T 3 and T4 by radioim-
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munoassay), as well as those clearly hy
pothyroid, are particularly vulnerable to 
such muscle cooling. 

The temporalis muscle TrPs may be acti
vated as satellites when they lie within the 
pain reference zone of active TrPs in the 
upper trapezius and sternocleidomastoid 
muscles. 

Active TrPs in lower limb muscles have 
been observed to indirectly cause a reduc
tion of maximal interincisal opening, and 
thus may influence masticatory muscle 
function; this is an example of dysfunction 
set up by dynamic and static postural 
asymmetries, in this instance originating in 
a weightbearing limb. 

8. PATIENT EXAMINATION 
Prior to beginning a physical examina

tion, the clinician must take a thorough pa
tient history (see Chapter 3 introduction), in
cluding a review of habitual body mechanics 
(see Chapter 5, Section C, and Chapter 41). 

The examiner should perform a screen
ing examination of the TM joints and should 
assess the patient's posture, with particular 
attention to head and neck position (see 
Chapter 5, Section C). Forward-head pos
ture and excessive tension in suprahyoid 
and infrahyoid muscles should be noted. 

The patient performs the Two-knuckle 
Test (see Fig. 8.3) by attempting to place a 
tier of the proximal interphalangeal joints 
of the first two fingers of the non-dominant 
hand between the upper and lower incisor 
teeth. Usually, about 2 1/2 knuckles of jaw 
opening can be reached if the temporalis 
muscle, but not the masseter, is involved. 
When the posterior fibers of the temporalis 
harbor active trigger points (TrPs), the 
mandible is likely to show zigzag deviation 
during opening and closing of the mouth. 
Refer to Chapter 5, Section C for details re
garding measurement of jaw opening. 

9. TRIGGER POINT EXAMINATION 
(Fig. 9.3) 

Central trigger points (CTrPs) can be 
found near midfiber in various portions of 
this muscle; attachment trigger points 
(ATrPs) can be found at musculotendinous 
junctions above the zygomatic arch and 

also at the attachment of the tendon to the 
coronoid process of the mandible. 

The jaws must be partly (not fully) open 
to place the muscle fibers on the degree of 
stretch required to optimize the palpation 
of the temporalis TrPs. When the jaws are 
closed and the muscle is fully shortened 
and slack, its palpable bands are more dif
ficult to feel; they are less tender, and the 
local twitch response to snapping palpa
tion may be unobtainable. When the pa
tient allows the jaw to drop in the relaxed 
open position, it takes up the slack for ex
amination of this muscle (Fig. 9.3). The 
ATrPs are most likely regions of enthesopa-
thy secondary to the sustained abnormal 
tension of the taut bands produced by 
CTrPs. The anterior three regions identified 
in Figure 9.1 are located in the musculo
tendinous junction region. If the clinician 
locates one of these three ATrPs in a taut 
band and palpates back along the band, it 
is usually possible to find a corresponding 
CTrP a few centimeters craniad in the mid-
fiber portion of the same taut band (about 2 
fingersbreadth above the zygomatic arch). 

The location identified as TrP4 (Fig. 9.ID) 
is a TrP in the midfiber region of the poste
rior portion of the muscle belly and is found 
above and slightly behind the ear. There is 
apparently a close relation between the trig
ger area at a musculotendinous junction 
and its corresponding central TrP. The pres
ence of one tends to activate the other, and 
pressure on either frequently can produce 
much the same referred pain pattern. 

Examination of the temporalis muscle 
for the enthesopathy of the ATrPs is not 
complete until the insertion region is pal
pated externally beneath the zygomatic 
process when the patient's mouth is open 
and also is palpated internally on the inner 
surface of the coronoid process from 
within the mouth. The technique for the 
internal palpation is similar to that used 
for examining the inferior division of the 
lateral pterygoid muscle 3 0 (see Chapter 11, 
Section 9) except that for the temporalis in
sertion, pressure is directed outward 
against the coronoid process, rather than 
inward toward the pterygoid plate. 

Across-the-fiber snapping palpation at 
TrPs elicits local twitch responses that are 
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Figure 9.3. Examination of the trigger points in the 
posterior portion of the temporalis muscle. For exam
ination of all portions, the patient should allow the 
lower jaw to drop into the relaxed open position to 
take up slack in the muscle. This accentuates firm 

teeth, tension-type headaches, cervico-
genic headaches, polymyalgia rheumatica, 
temporal arteritis, and temporal tendinitis. 

Grating detected by manual palpation or 
auscultation with a stethoscope over the 
TM joints during opening and closing of 
the jaw or chewing movements, may indi
cate internal derangement of the TMJ (see 
Chapter 5, Section C). Grating sounds 
alone do not contraindicate treatment of 
the muscle by stretch, but if joint palpation 
or movement is painful this calls for expert 
dental and TMJ examination 2 1 and may re
quire referral. Clinical evidence indicates 
that the sustained tension imposed on the 

often felt more readily than seen in this 
muscle. 

10. ENTRAPMENT 
The temporalis muscle is not known to 

cause nerve entrapment. 

11. DIFFERENTIAL DIAGNOSIS 
Other conditions cause symptoms that 

can appear confusingly similar to those 
produced by temporalis TrPs or may be 
present concurrently. Concurrent non-
painful disorders may include TMJ inter
nal derangements (see Chapter 5, Section 
C). Painful disorders include diseased 

bands of muscle fibers, increases the spot tenderness 
and referred pain of a trigger point to pressure, and in
creases the sensitivity of the trigger point response to 
snapping palpation that tests for a local twitch of the 
taut band fibers. 
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TMJ by TrPs in masticatory muscles may 
induce TMJ derangement1 9 possibly by in
creasing intra-articular pressure, which in 
turn may cause a disc, already compro
mised by thinning posteriorly, to slip for
ward and become displaced anteromedi-
ally (see Chapter 5, Sections B and C). 

A diseased tooth such as one with a 
nonrestorable carious lesion can produce 
referred pain over the temporalis muscle 
that closely emulates the referred pain 
from a TrP in that part of the muscle. 3 

The common diagnoses of tension-type 
headache 2 8 and cervicogenic headache 2 6 

are very likely to have a significant pain 
component originating in temporalis TrPs. 

The head pain of polymyalgia rheumat-
ica is distinguished from that due to tem
poralis and trapezius TrPs by (1) the more 
extensive distribution of the bilateral 
polymyalgia pain, which usually includes 
the shoulders,8 and often the neck, back, 
upper arms, and thighs; 2 3 (2) by the in
creased erythrocyte sedimentation rate, 
usually of at least 50 mm/hr and even 100 
mm/hr, which is evidence of inflammation 
with increases in fibrinogen and in the a 2 -
globulin fraction; and (3) by anemia due to 
blocked utilization of iron. 

The diagnosis of temporal tendinitis can 
be based on tendon-attachment enthesopa-
thy that results from TrPs in the temporalis 
muscle. The clinician should examine for 
that possibility before proceeding with pal
liative care or steroid injections, or worse, 
a more drastic surgical procedure such as 
excising the condylar attachment of the 
muscle. 1 7 If temporalis TrPs are responsible 
for the symptoms, inactivating them is 
much simpler, less invasive, less painful to 
the patient, and less expensive. 

Related Trigger Points 
Temporalis muscle TrPs are likely to be 

associated with TrPs in the ipsilateral mas
seter (deep division) and in the contralat
eral temporalis muscle. Less commonly, ei
ther or both the medial and lateral 
pterygoid muscles may be involved, some
times bilaterally. 

Satellite TrPs often develop in the tem
poralis muscle from key TrPs in the com
monly involved upper trapezius2 4 and from 
key TrPs in the sternocleidomastoid muscle. 

12. TRIGGER POINT RELEASE 
(Figs. 9.4 and 9.5) 

Forward-head posture and tongue posi
tion should always be corrected first when 
identified as a problem (see Chapter 5, Sec
tion C), and the patient should be in
structed in maintaining good head/neck 
posture and tongue position. Sometimes, 
trigger point (TrP)-referred pain will clear 
up following correction of these two pow
erful perpetuating factors alone. 

When the temporalis has shortened in 
association with an occlusal abnormality, 
such as a retrognathic overbite, the muscle 
should be stretched to its normal resting 
length before fitting dental appliances, so 
that they can be adjusted and work prop
erly. Correct neutral head position is also 
critical during adjustment of any appli
ances. If the head is in extension in the 
dental chair, the occlusion will be different 
than when the patient is sitting or standing 
with correct head and neck alignment. 

Because multiple mandibular elevator 
muscles are likely to develop interacting 
TrPs, it can be helpful to start with the 
combined release described in Chapter 8 
(Fig. 8.5). If reexamination reveals residual 
TrPs in individual muscles, those TrPs are 
more likely to respond to therapy directed 
specifically to that muscle. 

Myofascial TrPs in the temporalis mus
cle can be released effectively by a number 
of techniques. These include spray and 
stretch (Fig. 9.4), self-stretch of the muscle 
with augmentation techniques (Fig. 9.5), 
TrP pressure release, and reciprocal inhibi
tion through voluntary opening of the 
mouth. 

Spray and Stretch 
To spray and stretch the temporalis 

muscle, the supine position is preferable 
(Fig. 9.4). However, the patient may sit in 
a low-backed armchair (or in a dental 
chair), reclining the head backward 
against the operator or headrest to tilt the 
face upward and reduce postural re
flexes. 2 0 , 3 5 The patient is encouraged to 
relax. 

The vapocoolant spray or icing is ap
plied bilaterally from the attachment of the 
muscle on the coronoid process upward to 
cover the muscle fibers and all referred 
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Figure 9.4. Spray and Stretch of the temporalis mus
cle, patient supine. A, The patient allows the jaws to 
relax. With the left hand, the operator takes up slack 
in the temporalis muscle by pulling upward, and with 
the right hand applies a stream of vapocoolant in the 
pattern shown, carefully including the entire muscle, 
its attachments, and its referred pain pattern. Spray 
should be applied bilaterally, even if only one side is 
symptomatic. Refer to text for precautions. B, After 
setting aside the spray dispenser, the operator uses 
both hands and applies upward traction on the supe

rior and posterior portions of the temporalis muscle to 
passively elongate the fibers. Then the patient inhales, 
opening the mouth as far as comfortably possible to 
further elongate the temporalis muscle. The patient 
then exhales and allows the mouth to close. The 
stretching phase is repeated until no further gain in 
range of motion occurs or until the mouth opens to full 
normal range of motion. Otherwise, the spray phase 
shown in A may be repeated. Refer to Figure 8.5 for 
combined stretch of the temporalis and masseter 
muscles. 
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Figure 9.5. Self-stretch of the temporalis muscle. The 
jaw elevator muscles are elongated by the patient 
opening the mouth to the comfortable fully opened 
position. With the fingers spread apart, the patient 
presses firmly in the upward direction just above the 

temples and over the ears, stretching the temporalis 
muscle while taking in a long full breath to augment 
muscle relaxation. The spray pattern shown in Figure 
9.4A can be used if stretch is to be preceded by ap
plication of vapocoolant. 

pain areas as shown in Figure 9.4A. 4 8 The 
patient's eyes should be protected with dry 
cotton swabs or pieces of gauze to prevent 
any of the irritating vapocoolant liquid 
from splashing into the eyes. Patients with 
asthma or other respiratory conditions may 
not tolerate the spray because of the va
pors. Ice may be used as an alternate form 
of intermittent cold (see Chapter 3). If 
spray is used, a small cloth or a hand 
should lightly cover the patient's nose and 
mouth. Stretch is applied as described and 
illustrated in Figure 9.4B. Increase in the 
jaw opening should be measured and 
called to the patient's attention. 

After a hot pack application to the face, 
stretch and spray may be repeated. Follow
ing stretch and spray, the patient should 
open and close the mouth fully (but not 
forcibly) a few times to restore normal 
muscle function. This whole procedure 
may be repeated several times at 5-minute 
intervals (rewarming each time) until no 
further release occurs. The minimum nor
mal opening for persons of average stature 
is close to 40 mm in adult men and 
women. The patient normally should be 
able to insert a tier of two knuckles be
tween the margins of the incisor teeth (see 
Fig. 8.3). 

The patient should practice the tech
nique of self-stretch as illustrated and de
scribed in Figure 9.5 to be used at home. 

Other Considerations 
Therapy of the temporalis muscle for TrPs 

is not complete until all active TrPs in the 
upper trapezius and sternocleidomastoid 
muscles also have been inactivated. The TrPs 
in the latter two neck muscles can indirectly 
restrict mandibular opening. In addition, 
Hong2 4 found that inactivating the key TrP in 
the upper trapezius muscle also inactivated 
a satellite TrP in the temporalis muscle. 

When the temporalis and other muscles 
of mastication are involved with TrPs, they 
are usually involved bilaterally; because 
the mandible is connected across the mid
line, one side cannot be treated without an 
effect on the other. Therefore, the clinician 
needs to consider the implications of treat
ment for the muscles and TM joints on both 
sides, even if only one side is symptomatic. 

When treatment is unsuccessful or the 
relief lasts only a short time, in addition to 
considering other muscles of the func
tional unit, one may look for excessive ten
sion in suprahyoid and infrahyoid mus
cles, and then release that tension if 
needed (see Chapter 12). 

Copyrighted Material



3 6 0 Part 2 / Head and Neck Pain 

tachment TrP. It may be necessary to inject 
both areas for complete prompt relief. 

A 2.5-cm (1-in), 23- or 24-gauge needle 
is used to inject the TrPs with a local anes
thetic in an upward direction between the 
fingers. A 27-gauge needle is too flimsy un
less the fast-in, fast-out technique of 
Hong 2 4 is used (see Chapter 3, Section 13). 
We recommend 0.5% procaine without ep
inephrine for intramuscular injection (see 
Chapter 3, Section 13). Alternatively, the 
1% lidocaine is much preferred to the 3% 
mepivacaine and is supplied in the conve
nient 1.8-ml dental syringes. 

Immediately after the injection, maxi
mal passive stretch of the muscle is carried 
out (Fig. 9.4) while applying vapocoolant 
spray bilaterally. A hot pack follows, then 
active range of jaw motion. If the range of 
opening is still restricted, stretch and spray 
to the temporalis muscle may be repeated 
bilaterally, after rewarming, to achieve an 
additional increment of jaw opening. 

A similar TrP injection technique is well 
described and illustrated by dentists. 1 4 

14. CORRECTIVE ACTIONS 
Exercise Program 

The clinician should instruct the patient 
in correct tongue position and body pos
ture. This is described in detail in Chapter 
5. Instruction in good body mechanics is 
also essential (see Chapter 5 and Chapter 
41). In addition, most patients need to 
learn general neck stretching exercises 
(also described in Chapter 5 and illustrated 
in Fig. 16.11) to help inactivate any key 
TrPs in the cervical muscles that may be 
perpetuating the temporalis TrPs. 

The patient learns how to passively 
stretch the temporalis in the supine posi
tion by doing the Temporalis Self-stretch 
Exercise daily (Fig. 9.5). Before this exer
cise is done, the patient may apply a hot 
pack over the temporalis muscle, covering 
the side of the head and face for 10-15 min
utes before retiring at night. Alternatively, 
a wool scarf or sweater over the muscle can 
provide neutral warmth (keeping body 
heat in) and comfort. 

When the patient is comfortable with 
this passive exercise, the next step is an 
active-resistive mouth-opening exercise 
which helps to overcome restricted motion 

The direct manual techniques that do 
not require spray and stretch are described 
in detail in Chapter 3, Section 12. Recipro
cal inhibition through voluntary opening 
of the mouth is described in Chapter 8, 
Section 12. 

Joint play should be restored when it is 
restricted. 

13. TRIGGER POINT INJECTION 
(Fig. 9.6) 

With correction of poor posture, body 
mechanics, and tongue position, and the 
elimination of abusive oral habits, many 
masticatory muscle trigger points (TrPs) 
will resolve spontaneously. Similarly, at
tention and appropriate resolution of TrPs 
in the upper trapezius and sternocleido
mastoid muscles will often help to resolve 
masticatory muscle TrPs, including the 
temporalis. If, after the above, and after ap
plication of temporalis spray and stretch or 
manual techniques, temporalis TrPs still 
need specific attention, then TrP injection 
is an option. 

Before injecting temporalis TrPs, the op
erator first eliminates as many TrPs as pos
sible through spray and stretch and manual 
techniques described above. In addition, 
any TrP tension in the masseter muscle 
should be eliminated to avoid inducing 
bleeding in the temporal region. Tautness 
of masseter fibers can entrap venous 
drainage from the temporalis muscle (see 
Chapter 8, Section 10). If the masseter ten
sion is not released, the patient is more 
likely to develop a large ecchymosis and a 
"black eye" following the temporalis TrP 
injection; the patient should be warned of 
this possibility. 

The lower jaw may be held open to lo
cate the TrP precisely, as for examination 
(Fig. 9.3). The temporal artery should be 
identified by its pulsations, and avoided 
(Fig. 9.6). Using a sterile technique, the 
needle is directed away from the artery, or 
angled under it, to avoid puncturing it, as 
also noted by Bell. 6 After locating the tem
poralis TrPs by palpation, one finger is 
placed on the artery to continuously moni
tor its location, while other fingers localize 
and fix the TrP for injection. Injecting the 
midfiber central TrP is usually more effec
tive than injecting the corresponding at
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through reciprocal inhibition. The patient 
can release the muscle by lightly resisting 
opening of the mouth (with two fingers be
low the chin) for a few seconds, followed 
by active opening of the mouth to take up 
slack in the muscle. The amount of open
ing can be controlled with correct tongue 
position on the palate (see Chapter 5, 
Section C). This protective maneuver is 
recommended for patients with TM joint 
inflammation or painful TM joint derange
ments (i.e., disc displacement with re
duction), so that they will stretch within 
nonpainful limits or avoid the painful 
click. 2 7 

If the posterior fibers of the temporalis 
muscle are involved, causing the mandible 

to deviate on opening, the patient must 
modify this exercise: the patient opens the 
jaw to stretch while first placing one hand 
against the opposite maxilla (contralateral to 
the involved temporalis) and the other hand 
against the ipsilateral side of the mandible. 
The lower jaw is pushed away from the side 
toward which it deviates during opening, 
while the patient actively assists the motion 
with the jaw muscles for the most effective 
stretch. The mandible is gently restored to 
the starting position before pressure is fully 
released. When full relief is obtained, the ex
ercises may be reduced to two or three times 
weekly as a health maintenance measure 
and be incorporated into a regular post-ex
ercise muscle stretching routine. 

Figure 9.6. Injection of a trigger point in the anterior portion of the temporalis muscle (light red). The temporal 
artery (dark red) is avoided. A finger is placed on the pulsating artery to continuously monitor its location, 

while other fingers localize a trigger point in a taut band and fix it for injection. 
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maintain normal jaw alignment and avoid 
the problem. 

Activity Stress 
The patient should be persuaded to stop 

chewing gum, eating caramels, biting a pen 
or pencil, chewing tough meat, and crack
ing nuts or ice with the teeth. The patient 
should avoid cold drafts that blow directly 
on the temple by wearing a night cap, pro
tective hood, or scarf. Prolonged restriction 
of mouth opening by a face mask should be 
relieved by occasional removal of the mask 
and stretching of the jaw muscles. 

Other Actions 
The patient should be checked for evi

dence of reduced thyroid function, other 
metabolic disorders, and nutritional defi
ciencies, any of which may increase neuro
muscular irritability, as described in Chap
ter 4, Sections C and D. 

Because of postural influences through 
the base of support, elimination of TrP ac
tivity in the muscles of the neck, and even 
of the lumbosacral region and lower limbs, 
may be critical for complete lasting relief of 
myofascial pain and dysfunction due to 
TrPs in the masticatory muscles. 

SUPPLEMENTAL REFERENCE, CASE 
REPORT 

The diagnosis and management of a pa
tient with temporalis involvement is 
given in a case report by Travell.5 0 
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CHAPTER 10 

Medial Pterygoid Muscle 
with contributions by 

Bernadette Jaeger and Mary Maloney 

HIGHLIGHTS: REFERRED PAIN f rom this m u s 
cle can appear as a vague ache in the back of the 
mouth and pharynx, be low and beh ind the t e m 
poromandibu lar jo int (TMJ), and deep in the ear. 
ANATOMY: the medial p terygo id musc le s p a n 
ning be tween the angle of the mand ib le and the 
lateral p terygoid plate on the inside of the jaw 
forms a sl ing wi th the masseter musc le on the 
outs ide of the jaw. Together, the t w o musc les 
suspend the mandib le . FUNCTION: Unilateral 
contract ion of the media l p te rygo id musc le 
causes primari ly lateral deviat ion of the mand ib le 
to the oppos i te s ide. Wi th bilateral con t rac t ion i t 
assists in elevat ion of the mand ib le and also can 
assist in prot rus ion. SYMPTOMS caused by ac 
tive tr igger po ints (TrPs) in th is musc le are throat 
pain, diff iculty in swa l low ing , and painful , moder 
ately restr icted jaw open ing . ACTIVATION AND 
PERPETUATION OF TRIGGER POINTS in th is 
muscle can be secondary to lateral p te rygo id TrP 

invo lvement . The musc le is rarely involved a lone. 
PATIENT EXAMINATION usual ly reveals dev ia 
t ion o f the incisal pa th , general ly to the cont ra la t 
eral s ide, as m a x i m u m mou th open ing is a p 
p roached and reveals s o m e restr ict ion o f 
open ing . TRIGGER POINT EXAMINATION 
shou ld inc lude pa lpat ion for central TrPs w i th the 
f inger inside the m o u t h and pa lpat ion for a t t ach 
ment TrPs f rom ou ts ide of the mou th . TRIGGER 
POINT RELEASE is usual ly success fu l w i th 
spray and s t re tch and other myofasc ia l t e c h 
n iques i f act ive TrPs in o ther mast ica tory musc les 
and in the neck musc les are also inact iva ted. 
TRIGGER POINT INJECTION may be a p 
proached by a needle ins ide or ou ts ide the 
mou th , but may not be necessary after TrP re
lease techn iques have been app l ied . CORREC
TIVE ACTIONS inc lude cor rec t ion of f o r w a r d -
head posture , inact ivat ion of o ther mast ica tory 
TrPs, and se l f -s t re tch exerc ises. 

1. REFERRED PAIN 
(Fig. 10.1) 

The medial pterygoid muscle refers pain 
in poorly circumscribed regions related to 
the mouth (tongue, pharynx, and hard 
palate), below and behind the temporo
mandibular joint (TMJ), including deep in 
the ear, but not to the teeth (Fig. 1 0 . 1 ) . 8 , 4 2 , 4 3 

Other authors also have found that pain 
can be referred to the retromandibular and 
infra-auricular a r e a , 7 , 2 2 including the re
gion of the lateral pterygoid muscle, the 
floor of the nose, and the throat. 3 7 Patients 
describe pain from the medial pterygoid as 
being more diffuse than the pain referred 

from trigger points (TrPs) in the lateral 
pterygoid muscle. 

Stuffiness of the ear may be a symptom 
of medial pterygoid TrPs. In order for the 
tensor veli palatini muscle to dilate the eu
stachian tube, it must push the adjacent 
medial pterygoid muscle and interposed 
fascia aside. In the resting state, the pres
ence of the medial pterygoid helps to keep 
the eustachian tube closed. Tense myofas
cial TrP bands in the medial pterygoid 
muscle may block the opening action of 
the tensor veli palatini on the eustachian 
tube producing barohypoacusis (ear stuffi
ness). Medial pterygoid tenderness was 

3 6 5 
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Figure 10.1. Referred pain pattern (red) and location 
of the responsible trigger point (X) in the left medial 
pterygoid muscle. A, external areas of pain to which 
the patient can point. B, anatomical cut-away to show 
the location of the trigger point area in the muscle, 

which lies on the inner side of the mandible. C, coro
nal section of the head through the temporomandibu
lar joint, showing an inside view looking forward. In
ternal areas of pain also appear as stippled red. 

confirmed in all 31 patients who were ex
amined and who had this symptom. 1 

2. A N A T O M Y 
(Fig. 10.2) 

The medial pterygoid muscle on the in
side of the mandible and the masseter mus
cle on the outside together suspend the an
gle of the mandible, like a sling. The bulk 
of the medial pterygoid (Fig. 10.2, dark 
red) attaches above to the medial (inner) 

surface of the lateral pterygoid plate of the 
sphenoid bone. The inferior division of the 
lateral pterygoid muscle (Fig. 10.2A, light 
red) attaches to the lateral (outer) surface of 
the same lateral pterygoid plate of the 
sphenoid bone. 

A small portion of the medial pterygoid 
muscle often attaches to the lateral surface 
of the palatine bone, passing over the lat
eral surface of the lateral pterygoid plate, 
and thus covers the lower end of the infe-
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Figure 10.2. Attachments of the medial pterygoid 
muscle (dark red) and its relation to the lateral ptery
goid muscle (light red). A, lateral view showing the 
medial pterygoid muscle on the inner side of the 
mandible. Part of the mandible and the zygomatic 
arch have been removed. B, coronal section of the 

skull just behind the temporomandibular joint, looking 
forward inside the mouth. The medial pterygoid mus
cle attaches, above, to the medial (inner) surface of 
the lateral pterygoid plate of the sphenoid bone and, 
below, to the medial surface of the mandible near its 
angle. 

Sphenoid 
bone 

Mandible 
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rior division of the lateral pterygoid mus
cle. In illustrations from the side view, this 
variation can give the erroneous impres
sion that the entire medial pterygoid mus
cle attaches to the lateral (outer) surface of 
the lateral pterygoid plate. 3 0 

The medial pterygoid muscle attaches 
inferiorly by a short aponeurosis to the 
lower border of the ramus of the mandible, 
in the region of the angle of the mandible 
(Fig. 10.2B). 

The anterior part of the medial ptery
goid muscle has been reported to have an 
unusually high percentage of Type I (slow 
twitch) fibers (79%) while the posterior 
part was, as in most skeletal muscles, ap
proximately half Type I fibers (52%) . 2 0 

SUPPLEMENTAL REFERENCES 

Other authors illustrate this muscle in 
the lateral (side) v i e w , 1 3 , 1 5 , 1 6 , 3 0 , 4 1 in medial 
view (from inside the m o u t h ) , 3 1 7 3 1 in rear 
view (from inside the m o u t h ) , 1 9 , 3 2 , 3 9 , 4 0 and 
in cross sect ion. 2 , 1 8 One lateral view also 
shows the overlying pterygoid venous 
plexus. 1 6 

3. INNERVATION 
The muscle is supplied by the medial 

pterygoid nerve which arises from the 
common, fused portion of the mandibular 
division of the trigeminal nerve (cranial 
nerve V). 

4. FUNCTION 
Acting unilaterally, the medial ptery

goid muscle deviates the mandible toward 
the contralateral s i d e . 5 , 6 , 2 5 , 4 6 This lateral 
motion would be especially important dur
ing the grinding motions of chewing, 
which require fine control. Bilaterally, the 
medial pterygoid muscles help to elevate 
the mandible (close the jaws) in concert 
with the masseter and temporalis mus
c l e s . 5 , 6 , 1 3 , 2 5 , 4 6 The medial pterygoid activity 
is increased if the mandible also is pro
truded while it is being elevated. 3 3 

The medial pterygoid becomes elec-
tromyographically active during simple 
protrusion of the mandible, especially if 
the jaws are only slightly apart,6 but the ac
tivity is less intense if the mandible is vol
untarily depressed. 3 3 Protrusion by the me
dial pterygoid usually would be inhibited 

during mandibular depression since the 
medial pterygoid is a major antagonist to 
the opening motion and, for protrusion of 
the mandible, assists the lateral pterygoid. 

5. FUNCTIONAL UNIT 
Each medial pterygoid muscle is syner

gistic with its neighboring lateral pterygoid 
muscle when it is deviating the mandible 
toward the contralateral side. As a result, 
both pterygoid muscles on one side act as 
antagonists to their counterparts on the 
other side for lateral deviation of the 
mandible. 

Acting bilaterally, the medial pterygoid 
muscles function synergistically with the 
masseter and temporalis muscles to close 
the jaws (elevate the mandible); they act as 
antagonists to the lateral pterygoid and the 
digastric muscles, which open the jaws. Bi
laterally, the medial pterygoid muscles are 
synergistic with the lateral pterygoid mus
cles for protrusion of the mandible. 

6. SYMPTOMS 
Patients describe pain referred from 

TrPs in this muscle as shown in Figure 10.1 
and as described in Section 1. This pain is 
increased by attempts to open the mouth 
wide, by chewing food, or by clenching the 
teeth. Patients also may complain of sore
ness inside the throat and of painful swal
lowing. When attempting to swallow, they 
extend the neck and push the tongue for
ward, apparently trying to overcome a re
striction in the forward movement of the 
mandible. 

Moderately restricted jaw opening can 
be a symptom of TrPs in this muscle. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

An excessive forward-head posture (see 
Chapter 5, Section C) places the mandible 
in a position that puts mild but persistent 
stress on the medial pterygoid (along with 
the masseter and temporalis) and can acti
vate or perpetuate TrPs in this muscle. 

The medial pterygoid muscle on one 
side may develop and retain active TrPs be
cause of the increased stress imposed on it 
by TrP activity and distorted function of 
the corresponding muscle on the opposite 
side. Activation and perpetuation of me-
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dial pterygoid TrPs can be secondary to the 
muscular dysfunction that results from 
TrPs in the lateral pterygoid muscle. 

Sucking of the thumb after infancy or 
excessive gum chewing may activate and 
perpetuate TrPs in this muscle. Bruxism 
(lateral grinding of the teeth), clenching of 
teeth, anxiety, and emotional tension are 
common factors. 

A less common cause for activation of 
TrPs is the sustained contraction of medial 
pterygoid spasm, activated reflexly by cel
lulitis in the pterygomandibular space. 1 0 

In the past, occlusal imbalance was con
sidered one cause for activation of medial 
pterygoid TrPs. It is now thought that the 
abnormal muscle tension caused by TrPs in 
masticatory muscles including the medial 
pterygoid often cause the occlusal abnor
malities. Masticatory muscle myofascial 
TrPs should be inactivated prior to initiat
ing any prosthodontic treatment. (See 
Chapter 5, Section B). 

8. PATIENT EXAMINATION 
With active medial pterygoid TrPs, the 

mandibular opening is usually obviously 
restricted,8 so that the jaw aperture may 
not admit two knuckles (see Two-knuckle 
Test, Chapter 8). 

During opening of the jaws, unilateral 
involvement of the medial pterygoid mus
cle is variously reported as deviating the 
mandible toward the opposite side, 8 and to 
the same side, or not at all. 3 5 We find that 
deviation due mainly to shortening of this 
muscle is most marked to the contralateral 
side as the mandible approaches the maxi
mum mouth opening. The side to which 
the mandible deviates depends greatly on 
how severely other protruding, retruding, 
and lateral-deviating muscles are involved; 
one medial pterygoid muscle rarely devel
ops TrPs alone. 

9. TRIGGER POINT EXAMINATION 
(Fig. 10.3) 

For examination of the medial pterygoid 
muscle, the supine patient allows the jaw 
to drop open as far as is comfortable in or
der to take up any slack in the muscle. Pal
pation for central TrPs in the midmuscle 
region is performed with gloved fingers in-

traorally with the mouth open (Fig. 
10.3A). The pad of the palpating index fin
ger faces outward and slides over the molar 
teeth until it encounters the bony anterior 
edge of the ramus of the mandible, which 
lies behind and lateral to the last molar 
tooth. The belly of the medial pterygoid 
muscle lies immediately beyond (posterior 
to) this bony edge. This technique also is 
illustrated by o thers . 2 2 , 2 6 , 3 6 The muscle can 
be clearly identified by having the patient 
alternately clench and relax against a block 
or cork placed between the teeth while the 
operator palpates for the changes in tissue 
tension. When the medial pterygoid har
bors active TrPs, digital pressure elicits ex
quisite tenderness, permitting precise lo
calization of them. 

If there is concern for the safety of the 
examining finger, the block or cork can be 
left in place between the patient's teeth 
throughout the TrP examination. 

The orientation and texture of this mus
cle are readily palpable because only a thin 
layer of mucosa separates the palpating fin
ger from the muscle. Usually one must pal
pate through thick skin and more subcuta
neous tissue including fat. Taut bands are 
more readily identified and less pressure is 
required to elicit TrP tenderness than for 
many muscles. 

Palpating this muscle through the pha
ryngeal mucosa can make the patient gag. 
The gag reflex is greatly reduced if, during 
examination, the patient either exhales 
fully or takes a deep breath, 1 and holds it 
during examination. Another technique is 
to tap the ipsilateral temporalis muscle to 
provide sensory distraction during the ex
amination. Having the patient curl the tip 
of the tongue as far as possible down the 
throat behind the molar teeth on the oppo
site side further inhibits the gag reflex. The 
harder the patient forces the tongue back
ward and down the throat, the less sensi
tive the reflex becomes. Application of a 
quick acting (30 seconds) topical anes
thetic spray for mucous membranes such 
as Cetacaine® (Cetylite Industries, Inc.), 
can be used to anesthetize the pharynx if 
necessary to eliminate the gag reflex in hy
persensitive individuals. 

To palpate for mandibular attachment 
TrPs from outside the mouth, the head is 
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Figure 10.3. Examination of the medial pterygoid 
muscle for trigger points. A, intraoral palpation (with a 
gloved hand) of trigger points behind the last molar 
tooth, with the muscle and the ramus of the mandible 
between the palpating digits. The mouth is opened 
wide enough for the finger to be placed between the 

molar teeth. The examiner may wish to prop the 
mouth open with a cork to protect the finger and help 
the patient to relax. B, extraoral palpation of attach
ment trigger points in the region of the attachment of 
the muscle to the inner surface of the mandible, at its 
angle. 

tilted slightly toward the side to he pal
pated in order to slacken tissues and im
prove access to the muscle. One finger ex
amines the inner (medial) surface of the 
mandible by pressing upward at its angle 
(Fig. 1 0 . 3 B ) . 1 1 , 4 7 The firm mass, approxi
mately 1 cm (3/8 in) above the angle of the 
mandible, just within reach of the finger, is 
the inferior part of the mandibular attach
ment of the muscle. 

Studies indicate that this muscle is sel
dom involved alone and is less likely to be 
tender than are most of the other mastica
tory m u s c l e s . 1 2 , 2 4 , 3 8 

10. ENTRAPMENT 
A case report by Kahn 2 8 suggested that 

the medial pterygoid muscle may have 
been entrapping the chorda tympani por
tion of the lingual nerve as it passes be-
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tween the medial pterygoid muscle and the 
mandible,1 4 causing an extremely bitter 
metallic taste that interfered with normal 
oral functioning. Temporary splints and 
then fixed bridges that opened the bite ap
proximately 3 mm resolved the problem. 

11. DIFFERENTIAL DIAGNOSIS 
The medial pterygoid muscle usually 

develops TrPs in association with func
tionally related muscles, especially the lat
eral pterygoid and masseter, as noted in 
Section 5. Pain in the throat deep behind 
the angle of the jaw can be caused by a TrP 
in the posterior lateral part of the tongue 
on the same side and should be suspected 
if there is no evidence of TrP activity in the 
medial pterygoid muscle. 

If the patient continues to have diffi
culty in swallowing following the inactiva-
tion of medial pterygoid TrPs, the sterno
cleidomastoid (see Chapter 7), the 
digastric, and possibly the longus capitis 
and longus colli muscles (see Chapter 12), 
should be examined for TrPs. 

12. TRIGGER POINT RELEASE 
(Fig. 10.4) 

Important considerations in treatment 
are to correct forward-head posture when 
present, encourage correct tongue position, 
and reduce any abusive jaw habits (see 
Chapters 5 and 41 , Section C). Chapter 5 
also describes how to identify TMJ disor
ders that require special consideration. 

A number of manual treatment tech
niques are available for treating trigger 
points (TrPs) in this muscle. They include 
spray and stretch, spray and pressure re
lease, and strumming (a form of TrP pres
sure release), for direct release techniques; 
postisometric relaxation and resisted jaw 
opening (using reciprocal inhibition), for 
increasing vertical range of motion. Physi
cal therapists trained in the use of electri
cal stimulation have used high-voltage gal
vanic stimulation to effectively release 
masticatory muscle TrPs, including those 
in the medial pterygoid.2 0 Ultrasound has 
also been found by physical therapists to 
be beneficial for reduction of pain and re
lease of TrP tension, usually applied for 2 
minutes at 0.8 watts/cm 2 . 2 9 Each of these 
techniques is described in Chapter 3, Sec

tion 12, and some are described in more 
detail later in this section. Emphasis on 
slow, nonforced respiration can augment 
muscle release with any technique. 

Before applying any technique that de
pends on increased mandibular opening, it 
is wise to first restore any loss of TM joint 
play. In the vertical direction, the mandible 
can be depressed gently 1-2 mm straight 
downward in long axis distraction. To do 
this, the clinician places the thumbs on the 
patient's posterior molar teeth and very 
lightly presses down, which opens the TM 
joint (separates the joint surfaces). Any 
passive movement that is achieved with 
gentle pressure can be augmented with 
nonforced exhalation by the patient. If re
striction is associated with joint pain or 
tenderness, mobilization is contraindi-
cated by anyone other than TMJ special
ists. Refer to Chapter 5, Section C, under 
Range of Motion, for precautions and de
tailed information regarding hypomobility 
in this joint. 

A further potentially complicating fac
tor may be cervical joint dysfunction if pre
sent. Most patients will respond to the sim
ple strategies listed in this section even if 
they have cervical dysfunction. However, 
if the dysfunction and TrP pain persist af
ter posture correction and after good pa
tient compliance in correction of other per
petuating factors to elevator and cervical 
muscle TrPs, then referral to a practitioner 
familiar with evaluation and treatment of 
both cervical dysfunction and myofascial 
TrPs should be considered. 

Spray and Stretch 
The medial pterygoid is stretched along 

with the masseter and temporalis when the 
combined spray-and-stretch release is ap
plied as shown in Figure 8.5. The specific 
spray pattern for the medial pterygoid is il
lustrated here in Figure 10.4A. Be aware 
that both sides of the face should be 
sprayed or stroked with ice prior to initiat
ing any jaw opening stretches, since one 
side cannot be stretched in isolation from 
the other. One should apply caution when 
using spray near the nose area, especially 
in patients with asthma and other respira
tory conditions. The clinician's hand can 
cover the patient's nose lightly while spray 
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Figure 10.4. Spray pattern (arrows) and trigger point 
pressure release near the mandibular attachment re
gion of the right medial pterygoid muscle. A, pattern 
of intermittent cold application preceding muscle 
release, patient supine with mouth relaxed and pad 
protecting eye from spray. The operator applies a 
stream of vapocoolant or icing in the pattern shown. 
The patient should exhale while spray is applied and 
avoid inhaling the spray; icing may be preferable to 
the spray in patients with respiratory conditions. 
B, trigger point pressure release. With the patient's 
mouth in the relaxed open position, the operator's f in
gers under the angle of the mandible apply pressure 
to accessible taut bands near the mandibular attach
ment and as far upward as possible on the medial 
pterygoid muscle. When the fingers encounter tissue 
resistance (the barrier), the operator maintains con

stant light pressure. When the operator's fingers 
sense relief of muscle tension (and/or the patient's 
mouth drops open further), the palpating fingers move 
to take up the slack until they again encounter tissue 
resistance (a new barrier). The operator again main
tains only light pressure until the muscle releases 
("lets go") under the fingers. This process of trigger 
point pressure release can be repeated for different 
bands of muscle fibers as needed. The operator's sta
bilizing hand acts to maintain head position. The op
erator now asks the patient to open the mouth volun
tarily without forcing, which will provide reciprocal 
inhibition and take up slack in the muscle without pro
ducing excessive translation of the condyles. See text 
for additional release techniques for this muscle. See 
also Figure 8.5 for a combined spray-and-stretch 
technique that includes the medial pterygoid. 
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is applied prior to the stretch phase, or in
halation of the vapor can be avoided by ap
plying sweeps of spray only while the pa
tient is exhaling. If assistive stretch is 
applied to the jaw for opening, the pressure 
should be applied downward on the poste
rior molars to provide long axis distraction. 

Intermittent cold with pressure release 
(Fig. 10.4) is not primarily a stretch release 
across a joint but is a direct TrP pressure re
lease technique. However, it can be com
promised in its full effectiveness by 
restricted range of motion in other mastica
tory muscles. Either icing or vapocoolant 
spray can be applied in parallel sweeps as 
illustrated in Figure 10.4A. The intermit
tent cold reduces the sensitivity of any en-
thesopathy. Then digital pressure is ap
plied to the region of musculotendinous 
junctions along the posterior aspect of the 
angle of the jaw (Fig. 10.4B) reaching as far 
up along the medial pterygoid muscle as 
possible to apply light pressure to muscle 
fibers as they reach the attachment region. 
Muscle tension is relieved by applying TrP 
pressure release (similar to a barrier release 
approach) as described in the legend to 
Figure 10.4. The patient allows the jaw to 
drop in order to take up slack as it develops 
and to take advantage of newly acquired 
range of motion if restriction of other jaw 
elevator muscles does not interfere. 

Other Release Techniques 
Strumming of central TrPs in this mus

cle is an intraoral variation of stripping 
massage and is appropriate when there are 
multiple taut bands. Unlike the stripping 
massage movement in the same direction 
as the muscle fibers (which is more diffi
cult to do because of the location of this 
muscle), the strumming massage move
ment is applied midmuscle across the 
fibers, in the region of central TrPs. Where 
the finger palpates the medial pterygoid 
muscle inside the mouth, only a thin layer 
of mucosa and the glove separate the finger 
from taut bands and TrPs in the muscle. 
The strumming finger slowly slides across 
from one side of the muscle to the other, re
leasing one band at a time. As the clini
cian's finger encounters resistance in the 
taut band, it applies only minimal pressure 
at that point, and waits for relaxation of the 

muscle fibers. This technique involves ba
sically the TrP pressure release method, 
the effectiveness of which is relatively in
dependent of tension caused by TrPs in the 
other masticatory muscles. 

Postisometric relaxation with respira
tory augmentation for opening the mouth 
is basically a contract-relax technique that 
can be used to release increased tension 
and shortening of the muscle due to TrPs 
(for details, see Chapter 3, Section 12). In 
this masticatory muscle, muscle-specific 
relaxation can occur during inhalation (as 
when yawning) but general body relax
ation occurs with exhalation. 

Resisted jaw opening is an augmented 
stretch technique that is based on recipro
cal inhibition. Patients are instructed to 
open the jaw slowly against light resis
tance supplied by the clinician (or later 
supplied by themselves as a home stretch 
exercise). The activation of the jaw de
pressors (digastric, suprahyoid, and in
frahyoid muscles) inhibits the elevation 
function of the medial pterygoid (and all 
other jaw elevators), providing a useful 
technique for releasing all of the jaw ele
vator muscles simultaneously. 

Following any of these release tech
niques, when finished, patients should do 
three unforced cycles of opening and clos
ing the mouth to incorporate the gain as 
part of their usual active range of motion. 
As part of the home program the postural 
considerations and exercise program dis
cussed in the last section of this chapter 
should be addressed. 

Electrical stimulation is a modality used 
by physical therapists and is a nonstretch 
technique that can be applied with a steril
ized electrode suitable for intraoral use. 2 7 

Clinically, a sinusoidal current of sufficient 
intensity to maintain a gentle tingle sensa
tion (without muscular contraction) may 
be effective when applied to the TrPs for 
10 minutes or more. 2 9 This method should 
be employed only by those specifically 
trained in its use and is not recommended 
if the patient finds it unpleasantly painful. 

Ultrasound is also used therapeutically 
by physical therapists 2 7 and is more effec
tive if directed at the TrPs rather than at a 
pain reference zone. For this muscle, ultra
sound may be effectively applied behind 
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the gonial angle of the mandible because of 
its depth of penetration. 3 4 

13. TRIGGER POINT INJECTION 
(Fig. 10.5) 

The medial pterygoid rarely requires in
jection of its trigger points (TrPs), since they 
respond well to the stretch-and-spray tech
nique and to other manual release tech
niques, provided that active TrPs in other 
masticatory muscles have been inactivated 
and are not blocking the jaw opening. On 
the other hand, Gelb 2 3 reports that intraoral 
injection of active TrPs in the medial ptery
goid relieves pain arising from TrPs in other 
muscles on that side of the face. Mastica
tory muscles tend to induce secondary and 
satellite TrPs among themselves. When 
considering injection, it is important to ex
amine both the midmuscle region for cen
tral TrPs and the musculotendinous junc
tion region for attachment TrPs. 

The central TrPs may be approached for 
injection with a needle either inside or out
side of the mouth. Using the extraoral ap
proach, no major arteries lie in this path of 
the needle. (The maxillary artery lies pos
terior to the muscle. 1 6) However, the needle 
must traverse the extensive network of the 
pterygoid venous plexus, 4 which is a po
tential source of bleeding. This makes the 
extraoral approach relatively undesirable. 
This approach for injection should be 
avoided in patients who have an abnormal 
bleeding tendency, as occurs with patients 
who have an inadequate level of ascorbic 
acid, are heavy smokers or are taking anti
coagulant medication. 

If the extraoral approach is selected to 
inject central TrPs in the muscle through 
the skin of the supine pat ient , 9 , 4 2 the 
mouth must be wide open in order to lower 
the mandibular notch (Fig. 10.5A). How
ever, this wide opening can be contraindi-
cated if there is TMJ derangement, which 
must be checked carefully (see Chapter 5, 
Section C). Accurate positioning of the 
needle at the TrPs is aided by examining 
the muscle intraorally with the free 
(gloved) hand, palpating both the needle 
and the TrP to guide the needle with preci
sion. This technique is similar to the bi
manual injection technique described for 
the piriformis muscle in Volume 2, Chapter 

10, Section 13. After disinfection of the 
skin, the vapocoolant spray is applied for 
cutaneous local anesthesia to eliminate the 
pain of the needleprick, 4 4 as described in 
Chapter 3, Section 13. The needle is in
serted between the condyle and the coro-
noid process, and is directed caudally 
along the vertical axis of the ramus of the 
mandible, as in Figure 10.5B, C, and D. 
Preliminary examination of a skull is help
ful to visualize clearly the path of the nee
dle and the depth of penetration required 
to enter the belly of the muscle deep to the 
level of, and posterior to, the lateral ptery
goid plate. 

Injecting this muscle intraorally is much 
more satisfactory for those familiar with in
traoral injections. To inject the muscle 
with the needle inside the mouth, the TrP 
is located by palpation and injected di
rectly through the pharyngeal wall, as il
lustrated by Gelb. 2 3 A hyperactive gag re
flex must be suppressed to use the intraoral 
route. 

Attachment TrPs may be present inside 
the angle of the jaw where they are far 
more accessible to injection than central 
TrPs. If the attachment TrP tenderness is 
severe, it may be important to inactivate 
these prior to injecting central TrPs. If 
marked TrP tenderness and referred pain 
remains after injecting central TrPs, also 
injecting tender attachment TrPs will expe
dite recovery if these had not been previ
ously injected. Injection of a local anes
thetic rather than dry needling is 
preferable for this TrP tenderness that is 
caused by enthesopathy. 

14. CORRECTIVE ACTIONS 
Activity Stress 

If the patient has an excessive forward-
head posture (see Chapter 5, Section C), the 
reasons for it should be identified and cor
rected to reduce activity in this muscle and 
in other jaw elevator muscles. In addition, 
the patient should practice correct tongue 
position ( s e e Chapter 5, Section C) and re
duce clenching and other abusive jaw 
habits. Tight pectoralis major and minor 
muscles are particularly critical and must be 
released and stretched regularly (see Chap
ters 42 and 43). Good sitting posture should 
be adopted (see Chapter 41 , Section C). 
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Figure 10.5. Extraoral injection technique for trigger process and the condyle of the mandible. The jaws 
points in the left medial pterygoid muscle. A, lateral must be propped wide open to provide access. B, in-
view showing access to the muscle through the space jection through the opening above the mandibular 
above the mandibular notch between the coronoid notch. 
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Figure 10.5.—continued C, lateral view of the injec
tion technique that also indicates the level of the sec
tion in Part D. To reach the medial pterygoid muscle 
using this approach, the needle must penetrate to a 
depth greater than that of the pterygoid plate. D, coro

nal section of the head, located just behind the needle 
insertion, looking forward. Note that the medial ptery
goid muscle attaches to the medial (deep) surface of 
the pterygoid plate, and the lateral pterygoid muscle 
attaches to the outer surface of the plate. 
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If the patient sleeps on the side, proper 
pillow positioning can prevent increased 
muscle activity caused by the jaw dropping 
down to one side during the night (see Fig. 
22.6). A corner of the pillow is tucked be
tween the side of the face and the shoulder 
so that the pillow supports the jaw in a 
neutral position. 

In addition to inactivating masticatory 
muscle TrPs, bruxism should be identified 
and treated; use of an intraoral orthosis 
may be required (see Chapter 5). 

Exercise Therapy 
As the muscle lengthens and becomes 

less painful, the patient can learn to prop
erly perform active, resistive, and facilita-
tory exercises for jaw opening and for lat
eral deviation, using resisted jaw opening 
(reciprocal inhibition) and lightly resisted 
lateral deviation as described in Section 12 
of this chapter. 

Other Measures 
Mechanical and reflex perpetuating fac

tors, such as active TrPs in the neck, shoul
der-girdle, and sometimes even in the 
lower-limb muscles, should be eliminated. 
Common nutritional perpetuating factors 
are critically important, as discussed in 
Chapter 4. Factors that increase anxiety 
and emotional tension, including depres
sion, should be identified and alleviated, if 
possible. Any chronic infection, especially 
in the head and neck region, should be 
treated. Recurrent oral herpes simplex in
fection should be controlled (see Chapter 
4, Section F). 

Until the dysphagia is relieved, swallow
ing a tablet or capsule is facilitated by plac
ing the medication underneath the tip of the 
tongue, behind the lower front teeth; from 
there, when the head is erect, the medica
tion follows the bolus of liquid being swal
lowed. 4 5 When the tablet is placed on top of 
the tongue, as is customary, the tongue 
presses it against the roof of the mouth 
where it tends to stick during swallowing. 
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CHAPTER 11 
Lateral Pterygoid Muscle 

with contributions by 

B e r n a d e t t e Jaeger a n d M a r y M a l o n e y 

HIGHLIGHTS: The lateral (external) pterygoid 
muscle is frequently the key to understanding 
and managing many craniomandibular disorders. 
Active trigger points (TrPs) in this muscle are ten
der, and their taut bands are likely to disturb the 
position of the mandible, its incisal path during 
opening and closing of the jaws, and the coordi
nation with other muscles. REFERRED PAIN 
from TrPs in this muscle is felt strongly in the 
maxilla and often includes the temporomandibu
lar (TM) joint region. ANATOMY: The superior di
vision attaches anteriorly to the sphenoid bone, 
and posteriorly to the medial surface of the neck 
of the mandible immediately below the articular 
disk. The inferior division attaches anteriorly to 
the lateral pterygoid plate, and posteriorly to the 
neck of the mandible adjacent to the superior di
vision. FUNCTION: Since both divisions of the 
muscle attach to the neck of the mandible, the 
traction applied by the superior division during 
mouth closure affects the condyle and disc com
plex as a unit. The inferior division protrudes and 
depresses the mandible with unilateral contrac
tion causing lateral deviation to the opposite side. 
SYMPTOMS include pain in the region of the TM 
joint and the maxilla, dysfunction of the chewing 
apparatus, and sometimes tinnitus. ACTIVATION 
AND PERPETUATION OF TRIGGER POINTS 

1. REFERRED PAIN 
(Fig. 11.1) 

T h e lateral (external) pterygoid m u s c l e 
refers pain deep into the t emporomandibu
lar (TM) joint ( T M J ) 5 , 7 , 2 1 , 5 7 , 6 6 , 6 7 and t o 
the region of the maxi l lary s inus (Fig. 
l l . l ) . 9 , 5 7 , 6 6 , 6 7 T h e pain i s strongly associ 
ated with funct ional disorders of that 

may result from bruxism, excessive gum chew
ing, or may develop as satellite TrPs to key TrPs 
in neck muscles. PATIENT EXAMINATION 
shows some restriction of jaw opening, a dis
torted incisal path, and often altered occlusion. 
TRIGGER POINT EXAMINATION: The anterior 
attachment region of the inferior division ordinar
ily cannot be reached for direct palpation intra-
orally. Externally, the muscle bellies of both divi
sions are accessible only indirectly by palpating 
through the masseter muscle using a specific 
technique. TRIGGER POINT RELEASE of this 
muscle is limited by the deep location of the 
muscle and by the bone structure, but may be 
accomplished by the application of spray and 
postisometric relaxation. TRIGGER POINT IN
JECTION, therefore, is frequently needed. Injec
tion of TrPs in this muscle is difficult because of 
their protected position behind the zygomatic 
arch and coronoid process of the mandible and 
deep to the masseter muscle. CORRECTIVE AC
TIONS may initially depend on an occlusal splint 
and, then, if needed after TrP inactivation, 
restoration of a normal occlusal pattern and 
condyle-disc relationship. A home exercise pro
gram for improving masticatory muscle function 
and the elimination of stress factors insure con
tinued relief. 

j o i n t . 2 0 , 5 7 In our exper ience , trigger points 
(TrPs) in this m u s c l e are the c h i e f myofas
cial source of referred pain felt in the T M J 
area. T h e myofasc ia l pain syndrome is eas
i ly mis taken for the pain of T M J ar thr i t i s . 5 6 

No dis t inct ion has b e e n drawn as to the 
patterns of pain referred from the two divi
s ions of this m u s c l e ; i t is somet imes diffi-

3 7 9 
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Figure 11.1. The referred pain pattern (dark red) of trigger points (Xs) in the left lateral pterygoid muscle 
(lighter red). See Figure 11.2 legend for anatomical notes. 

cult to be sure w h i c h divis ion the needle 
has penetrated. Pa in referred to the teeth 
has not been traced to TrPs in the lateral 
pterygoid m u s c l e . 

2. A N A T OMY 
(Fig. 11.2) 

T h e two divis ions of the lateral ptery
goid m u s c l e l ie deep to, and largely be
h ind , the zygomatic arch and the coronoid 
process of the m a n d i b l e . T h e r e is full 
agreement that anteriorly the superior di
v i s ion at taches to the infratemporal crest 
and to the inferior lateral surface of the 
great wing of the s p h e n o i d bone , and that 
the inferior d ivis ion attaches to the lateral 
surface of the lateral pterygoid plate (Fig. 
11 2 ) 3 , 1 3 , 1 , 1 7 , 6 2 

T h e prec ise a t tachments of the two divi
s ions posteriorly at the mandibular end 
were poorly identi f ied in the p a s t , 1 3 , 1 4 , 4 0 ex
cept that the f ibers attach pr imari ly to the 
media l ha l f o f the n e c k o f the condyle . T h e 
fibers of the inferior d ivis ion slant diago
nal ly upward as they proceed poster iorly 
(Fig. 11 .2 ) and were general ly reported to 
attach to the condylar n e c k and ramus of 
the m a n d i b l e just b e l o w the j o i n t . 3 , 1 7 , 2 6 , 5 3 , 6 2 

E x a m i n i n g 42 joints by the superior ap
proach, P o r t e r 5 5 found that a few fibers of 
the inferior divis ion may also attach to the 

media l port ion of the condyle . T h e f ibers of 
the superior divis ion slant diagonally 
downward and posteriorly toward the TMJ . 

W h e n the f i rs t edit ion of this vo lume 
was publ i shed there was considerable con
troversy as to the prec ise locat ion of the 
posterior a t tachment of the superior divi
s ion of the lateral pterygoid musc le . A 
more recent review by K l i n e b e r g 3 5 of stud
ies examining this a t tachment conc luded 
that there is general agreement that both 
divis ions of the m u s c l e attach into the 
fovea on the media l ha l f to two-thirds of 
the n e c k of the condyle . In some speci
m e n s , few f ibers of the superior pterygoid 
(superior divis ion of the lateral pterygoid) 
insert into the foot of the interarticular 
d i s c ; 3 5 however , this is contrary to earlier 
reports that the fibers inserted primarily 
into the capsule and disc . T h e traction that 
is appl ied by the superior pterygoid (supe
rior divis ion) during mouth c losure affects 
the condyle and disk c o m p l e x as a unit and 
does not affect the disk se lec t ive ly . 3 5 

Rarely, the lateral pterygoid may fuse 
wi th the temporal is m u s c l e , but f ibers of 
the two divis ions of the lateral pterygoid 
do not fuse wi th each other . 3 

It is he lpful to remember that the ante
rior a t tachments of the medial pterygoid 
m u s c l e and the inferior divis ion of the lat-
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Figure 11.2. Attachments of the lateral pterygoid mandibular condyle. The condyle normally articulates 
muscle. The zygomatic arch and superficial portion of with the posterior surface of the articular tubercle of 
the temporomandibular joint have been removed, the temporal bone in this position until the mouth is 
Both divisions of the muscle attach to the neck of the opened wide as in a yawn. 

eral pterygoid musc le are separated by the 
pterygoid plate of the sphenoid b o n e (see 
Fig. 11 .5C and D). T h e media l pterygoid 
fibers attach to the media l (deep) surface of 
the plate, and the inferior divis ion of the 
lateral pterygoid attaches to the lateral (su
perficial) surface of the p l a t e . 4 0 

T h e condyle of the mandib le must glide 
forward over the posterior surface of the ar
t icular tubercle in harmony with the inter
mediate articular disc (see Fig. 11 .2 a n d 
Fig. 5 .6) to open the jaws fully. T h i s art icu
lar disc consists of col lagen f ibers, not car
t i lage . 4 4 T h e forward glide of the condyle is 
caused primari ly by the inferior divis ion of 
the lateral pterygoid musc le . 

T h e lateral pterygoid, w h i c h acts to 
open the mouth, has one-tenth or less as 
many musc le spindles per gram of m u s c l e 
as the three jaw elevators (Table 11 .1 ) . Of 
all the mast icatory musc les , the lateral 
pterygoid seems to be the one most l ikely 

to have TrPs. T h e lateral pterygoid m u s c l e 
has short f ibers (1.9 cm long) , but is rela
t ively th ick (4.8 c m 2 c ross-sect ional a r e a ) 6 9 

in proport ion to its length. 

SUPPLEMENTAL REFERENCES 

The lateral pterygoid muscle is clearly 
illustrated from the side,1 , 3 , 1 5 , 1 7 , 4 0 , 4 8 , 6 1 , 6 4 

from the r e a r , 6 2 , 6 5 in cross section, 2 , 1 8 , 1 9 

and in sectional side view. 

3. INNERVATION 

Both divis ions are innervated by the lat
eral pterygoid nerve from the anterior divi
sion of the mandibular b r a n c h of the 
tr igeminal nerve (cranial nerve V ) . 1 3 T h e 
b u c c a l and l ingual nerves also m a y con
tribute f i laments to this m u s c l e . 3 

4. F U N C T I O N 

T h e funct ions of the inferior division in
c lude opening the jaws, protrusion of the 

Mandible 

Sphenoid bone Inferior 
division 

Sphenoid bone 

Superior 
division 

Articular 
tubercle 

Mandibular 
condyle 
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Table 11.1 Approximate Density of Muscle Spindles (number of spindles per gram of 
muscle) in Masticatory Muscles 

Weight69 Spindle37 Spindle Density 
Muscle (grams) (number) (spindles per gram) 

Masseter 22 114 5.2 
Temporalis 33 342 10.4 
Medial pterygoid 8.1 59 7.3 
Lateral pterygoid 9.6 6.0 0.6 

m a n d i b l e by the m u s c l e s on both sides act
ing together, and lateral deviat ion of the 
m a n d i b l e to the opposi te s ide by one mus
c le act ing unilateral ly . 3 , 4 . 1 3 , 3 1 , 6 1 , 6 8 Con
f i rming these three funct ions e lec tromyo-
graphica l ly by plac ing a needle in the 
inferior divis ion via the oral route, Moy-
e r s 5 2 observed earl ier onset of, and more 
vigorous motor unit act ivity in, the inferior 
divis ion of the lateral pterygoid than in the 
digastric m u s c l e during mandibular open
ing. T h e inferior divis ion b e c a m e act ive 
during c losure only i f the m o v e m e n t was 
c o m b i n e d with protrusion. Act ivat ion of 
this inferior divis ion by lateral m o v e m e n t 
of the m a n d i b l e to the opposi te s ide in
creased i f the m a n d i b l e was s imul tane
ously depressed. 

T h e superior division has been identif ied 
as speci f ica l ly support ing the apposi t ion of 
c o n d y l e , d isc , and e m i n e n c e during c losure 
of the j a w . 3 5 Act iv i ty a t this t ime w o u l d con
trol the rate at w h i c h the condyle translates 
b a c k to its rest posi t ion. In his review, 
K l i n e b e r g 3 5 uses the terms superior ptery
goid and lateral pterygoid for the superior 
divis ion and inferior divis ion, respect ively. 
Kl ineberg states that tract ion appl ied to the 
superior pterygoid (superior divis ion of the 
lateral pterygoid) moves the c o n d y l e and 
disc c o m p l e x as a u n i t . 3 5 

Electromyographica l ly , the two divi
s ions have b e e n reported as antagonists in 
R h e s u s m o n k e y s 4 9 and i n m a n . 2 3 , 3 9 Addi
t ional s tudies in m a n with f ine wire e lec
trodes indicate that the two heads may be
c o m e act ive rec iprocal ly during both 
vert ical and horizontal m a n d i b u l a r move
m e n t s . 4 3 A n a t o m i c a l l y , 1 2 b i o m e c h a n i c a l l y , 2 3 

a n d e lec t romyographica l ly , 3 9 4 9 the superior 
division exerts forward tract ion at the level 

of the condylar head during c losure of the 
jaws. S i n c e i t is n o w generally agreed that 
there is not a lways a separate at tachment of 
the superior divis ion to the disc , i t is now 
thought that both divis ions of the musc le 
affect the condyle and disc c o m p l e x as a 
unit . A n y tendency to rec iprocal activity 
w o u l d most l ikely reflect m e c h a n i c a l ad
vantage by one or the other divis ion be
cause of the dif ference in angulation of 
their f ibers . 

Myofasc ia l TrPs in either divis ion of the 
lateral pterygoid m u s c l e can be the cause, 
or the result , of premature c o n t a c t s . 6 8 Nee
dle-electrode study of the inferior division 
shows this m u s c l e to be the most active in 
posi t ioning the mandib le during ipsilateral 
c l e n c h as the teeth are forced together by 
other m u s c l e s . 7 2 T h e media l pterygoid and 
both divis ions of the lateral pterygoid par
t ic ipate in the lateral and closing move
ments during grinding of food between the 
molar t e e t h . 3 , 6 8 

Like the digastric musc le , the lateral 
pterygoid has a dearth of m u s c l e spindles . 
T h e lateral pterygoid has one tenth or less 
as m a n y m u s c l e spindles per gram of mus
c le as the other primary musc les of masti
cat ion (Table l l . l ) . 3 7 , 4 7 T h e s e jaw depres
sor musc les , therefore, must need less 
prec ise posi t ion and m o v e m e n t control 
than most skeletal musc les and less control 
than the mandibular elevators. T h e lateral 
pterygoid m u s c l e does have an active and 
coordinated withdrawal reflex. Painful 
e lectr ical s t imulat ion of the p a l a t e 7 1 consis 
tently resulted in act ivation of the lateral 
pterygoid m u s c l e and less frequently the 
anterior digastric m u s c l e , wi th inhibi t ion 
of jaw-closing musc les . T h e lateral ptery
goid responded in all subjects and the an-
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terior digastric responded in only 5 of 8 
subjects. W i d m e r 7 1 c o n c l u d e d that the lat
eral pterygoid is primary for opening the 
jaw, and the digastric musc le assists . 

5. FUNCTIONAL UNIT 

The lateral pterygoid acts bi lateral ly 
when the jaws are opened and c losed . To 
depress the mandib le , the lower divis ion 
acts synergist ical ly wi th the digastric and 
other suprahyoid m u s c l e s . 3 , 3 9 , 4 9 , 6 8 During 
elevation of the mandib le , lateral pterygoid 
activity controls the return of the condylar 
head during activity of the masseter and 
temporalis m u s c l e s . 3 9 , 4 9 Mandibular pro
trusion is assisted slightly by the superfi
cial layer of the masseter and by the media l 
pterygoid, 6 8 and by the anterior f ibers of 
the temporal is m u s c l e . 3 

T h e inferior port ion of the lateral ptery
goid musc le on one side contr ibutes to 
mandibular movements to the opposi te 
side and is assisted by the ipsi lateral m e 
dial pterygoid, contralateral masseter, a n d 
anterior f ibers of the contralateral tempo
ralis m u s c l e . 6 0 - 6 8 

The paired lateral pterygoid m u s c l e s act 
synergistically for protrusion, but e lec
tromyographical ly are antagonist ic to each 
other for lateral m o v e m e n t s of the 
m a n d i b l e . 2 5 , 5 2 , 7 2 

6. S Y M P T O M S 

Most patients wi th temporomandibular 
joint dysfunct ion suffer pr imari ly from a 
muscular disorder, s u c h as that caused by 
active TrPs in the lateral pterygoid mus
c l e . 2 9 Severe pain in the T M J region is com
monly referred from TrPs in the lateral 
pterygoid, the media l pterygoid, or the 
deep layer of the masseter. T h i s TrP pain 
referred to the T M J , 5 6 as wel l as altered oc
c lusion due to TrP tens ion wi th shortening 
of the musc les , often has caused treatment 
to be misdirected to the joint and teeth, 
with frustrating results . T h i s often h a p p e n s 
when the cri t ical role played by TrPs in the 
lateral pterygoid and other mast icatory 
muscles has been ignored or ineffect ively 
treated. 

Severe pain referred by TrPs to the m a x 
illa, with the autonomic c o n c o m i t a n t of ex
cessive secret ion from the maxi l lary s inus , 
may l ikewise be misdiagnosed as s inusi t is , 

so that the pat ient th inks of the pain as a 
" s i n u s a t tack . " 

Pat ients exper ienc ing t inni tus m a y have 
lateral pterygoid TrPs respons ib le for it. 

Myofasc ia l pain on chewing tends to be 
proport ional to the vigor of m o v e m e n t . 7 

Clicking sounds in the T M J area m a y result 
from dysfunct ion of the lateral pterygoid 
m u s c l e s . 4 6 Al though the act ive range of 
mot ion of the jaws may be r e d u c e d wi th 
act ive TrPs in the lateral pterygoid m u s c l e 
a lone, the decrease in range (brought about 
pr imari ly by inhib i t ion due to pain) m a y 
not be suff icient for the pat ient to be aware 
of it. 

One journal letter-to-the-editor 8 indi
cates that whatever caused tenderness in 
the lateral pterygoid muscles was respon
sible for disabling tinnitus in 39 patients. 
In 22 of them it was unilateral and in 10 it 
was bilateral. Palpation of the lateral 
pterygoid muscles revealed greater muscle 
tenderness on the symptomatic side with 
unilateral symptoms and nearly equal ten
derness bilaterally in patients with bilat
eral symptoms. Injection of 1.8 ml of 2% 
lidocaine into the tender lateral pterygoid 
muscles resulted in 2 0 % to 1 0 0 % relief 
among patients (100% relief in 14 pa
tients) with recurrence of symptoms when 
the anesthetic effect ended. However, the 
author noted that among those patients 
seen subsequent to treatment, soreness of 
the muscle was greatly reduced, and that 
in the absence of soreness the patients re
ported complete relief of tinnitus. Al
though TrPs were not mentioned, this re
port is completely compatible with the 
serendipitous injection of lateral ptery
goid TrPs in many of the patients, which 
could account for the results. 

7. ACTIVATION A N D PERPETUATION OF 
TRIGGER POINTS 

Lateral pterygoid TrPs may develop as 
satell i tes in response to TrP act ivity of the 
n e c k m u s c l e s , espec ia l ly the s ternocle ido
mastoid , w h i c h , in turn, m a y be act ivated 
by the m e c h a n i c a l stress c a u s e d by a lower 
l imb-length inequali ty, a smal l h e m i p e l v i s , 
or other lower body postural abnormali ty . 

I t is not c lear whether degenerat ive 
arthrit ic changes in the T M J ( identif ied by 
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their grinding, c l i ck ing sounds and crepi
tus) are a result , or a cause , of TrP act ivat ion 
in the lateral pterygoid m u s c l e . Pa inful 
arthrit ic changes and TrPs seem to intensi fy 
each other (see Chapter 5 , S e c t i o n C). T h e 
p r e s e n c e of structural changes in the jo int 
m a y be demonstrated by tomograms, com
puter ized tomography, and arthrograms. 

B r u x i s m m a y be e i ther the cause or the 
result of lateral pterygoid TrPs, and con
tributes strongly to the overuse of this 
m u s c l e . 

T h e lateral pterygoid m u s c l e can be seri
ously over loaded by excess ive gum chew
ing, na i l bit ing, pers is tent thumb-sucking 
by a ch i ld , playing a w i n d ins t rument wi th 
the m a n d i b l e f ixed in protrusion, and by 
mainta in ing mandibular s ide pressure to 
h o l d a v io l in in playing posi t ion. 

8. PATIENT EXAMINATION 
W h e n the inferior division of the lateral 

pterygoid m u s c l e is affected, there is a 
sl ight decrease in j aw aperture that m a y 
prevent the entry of a t ier of two knuck les 
b e t w e e n the inc isor teeth (see Fig. 8 .3 , the 
Two-knuckle Test) . Lateral excurs ion of the 
m a n d i b l e is r e d u c e d toward the same side 
as the involved m u s c l e b e c a u s e of the in
creased m u s c l e tens ion. W h e n the pat ient 
s lowly opens and c loses the jaws, the mid
l ine inc isa l path of the m a n d i b l e deviates , 
wobbl ing from side to s ide. T h e most 
marked deviat ion from the m i d l i n e during 
m o v e m e n t is usual ly away from the s ide of 
the more affected lateral pterygoid m u s c l e , 
but this is not a re l iable sign because TrP 
i n v o l v e m e n t of other mast icatory m u s c l e s , 
e spec ia l ly the media l pterygoid, also can 
produce or alter this f inding. 

Lateral pterygoid funct ion is pract ica l ly 
e l iminated by having the pat ient s l ide the 
t ip of the tongue b a c k w a r d along the roof 
of the m o u t h to the posterior border of the 
hard palate , w h i c h also strongly inhibi ts 
translat ion of the condyles across the artic
ular tuberc le . I f the inc isa l path straightens 
out w h e n the m o u t h is o p e n e d in this way, 
i t is chief ly lateral pterygoid dysfunct ion 
that is causing the m u s c u l a r imba lance . I f 
the inc isa l path still zigzags, other m u s c l e s 
and/or a T M J derangement are respons ib le , 
a n d the abnormal i ty m a y or m a y not also 
involve the lateral pterygoid. 

Shortening of the inferior division of 
one lateral pterygoid m u s c l e displaces an
teriorly the mandibular condyle to w h i c h i t 
at taches , causing premature contact of the 
anterior teeth on the opposi te side and al
tered occ lus ion of the posterior teeth on 
the same s i d e . 7 Litt le pain is exper ienced 
in this d isplaced resting posit ion, but c los
ing the teeth fully usual ly induces pain re
ferred to the TM joint on the same side as 
the involved lateral pterygoid musc le . Vig
orous c losure increases the pain. Insertion 
of a tongue blade be tween the molar teeth 
on the painful side often e l iminates the 
pain on vigorous c lenching. Th is result 
strongly impl icates the inferior division of 
the lateral pterygoid musc le on the painful 
s i d e . 7 

9. TRIGGER POINT EXAMINATION 
(Fig. 11.3) 

Internal (intraoral) palpat ion of the lat
eral pterygoid m u s c l e is more direct and 
rel iable than external (extraoral) palpation, 
but e x a m i n e s only the anterior at tachment 
region of the inferior division of the mus
c le . T h e posterior a t tachment region of 
both divis ions is access ib le to external pal
pat ion at the n e c k of the mandibular 
condyle just b e l o w the TMJ . Both musc le 
be l l ies can, wi th proper precaut ions , be ex
a m i n e d external ly through the masseter 
m u s c l e for tenderness and referred pain. 

To e x a m i n e intraorally for TrP tender
ness in the region of the anterior attach
m e n t of the inferior divis ion of the lateral 
pterygoid m u s c l e , the f inger presses poste
riorly as far as poss ible along the vestibule 
that forms the roof of the cheek pouch. T h e 
m o u t h is opened about 2 cm (3/4 in) and 
the mandib le deviated slightly laterally to 
the side being e x a m i n e d to improve the 
c learance , as the f inger must squeeze be
tween the maxi l la and the coronoid 
process , along the roots of the upper molar 
teeth. Several authors have descr ibed and 
i l lustrated this t e c h n i q u e . 1 0 , 3 0 , 5 1 , 5 4 , 5 9 T h e 
h a n d l e end of a dental mirror or other 
b lunt ins trument has been reported by oth
ers to substi tute for the finger if the space is 
too t i g h t , 3 2 , 4 1 but i t m a y produce a more 
concentra ted pressure s t imulus and may 
be ineffect ive for precise identif ication of 
structures. 
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After sliding the f inger along the outer 
side of the cul-de-sac to reach as high as 
possible along the inner surface of the 
coronoid process , the examiner presses in
ward toward the lateral pterygoid plate 
(see Figs. 11 .2 and 1 1 . 3 B ) . T h i s pressure re
veals exquisite tenderness if act ive TrPs are 
present in this part of the lateral pterygoid 
m u s c l e . 2 1 Trigger point tenderness of tem
poralis musc le f ibers attaching to the m e 
dial aspect of the coronoid process , lateral 
to the palpating finger (or probe) , is distin
guished from tenderness of lateral ptery
goid fibers media l to the finger (or probe) 
by the patient 's response to the direct ion of 
pressure . 3 2 

S o m e authors quest ion the val idi ty of 
this intraoral e x a m i n a t i o n , 6 , 0 3 largely be
cause one cannot palpate the m u s c l e bel ly 
of the inferior divis ion but only the region 
of at tachment. However, s ince enthesopa-
thy is character ist ic of TrPs, this tender
ness in the region of the m u s c u l o t e n d i n o u s 
junct ion could be caused by at tachment 
TrPs in that musc le . A c l i n i c i a n 9 reported 
this intraoral examinat ion to be very effec
tive diagnostically, as descr ibed in detail in 
Sect ion 15 , Case Reports . A s impler but 
less sensit ive test for detect ing ev idence of 
TrPs in the inferior divis ion is to evoke 
pain during contract ion of that m u s c l e by 
trying to protrude the jaw against resis
tance at the c h i n . 6 

T h e f i n d i n g 6 3 that 2 7 . 6 % of a contro l 
group of 49 subjects were s y m p t o m a t i c to 
intraoral digital palpat ion of the lateral 
pterygoid m u s c l e indicates that e i ther a 
considerable percentage of n o r m a l indi 
viduals have latent TrPs in this m u s c l e , 
or the examinat ion produces a cons ider 
able n u m b e r of fa lse-posi t ives . N o n e of 
these subjects found resis ted protrus ion 
painful . Among the corresponding group 
of 59 pat ients referred for facial pain or 
temporomandibular d i sorder , 6 3 6 9 . 5 % 
found digital palpat ion painful , but only 
2 7 . 1 % exper ienced pain during res is ted 
protrusion of the jaw. T h i s funct ional test 
is s imple and re l iable i f pos i t ive , but 
could easi ly m i s s the diagnosis of lateral 
pterygoid TrPs in pat ients w h o s e TrPs 
were suff ic ient ly act ive to be sens i t ive to 
digital palpat ion, but not sens i t ive to in
creased tens ion due to voluntary contrac 

t ion. T h e pa in t h r e s h o l d w o u l d d e p e n d 
strongly on the force fulness of the m u s c u 
lar contrac t ion w h i c h w a s res is ted w i t h 
the e x a m i n e r ' t h u m b . Al though contract 
ing a m u s c l e wi th act ive TrPs in the short
ened pos i t ion is l ike ly to be pa infu l , the 
re l iabi l i ty of this procedure as a diagnos
tic cr i ter ion for TrPs has n e v e r b e e n 
tes ted. 

Using external pa lpat ion, the lateral 
pterygoid m u s c l e be l l ies are inaccess ib le i f 
the jaws are c losed because the superior di
v is ion l ies deep to the zygomatic arch and 
the inferior divis ion l ies deep to the ramus 
of the m a n d i b l e . However, tenderness of 
f ibers approaching their a t tachments to the 
n e c k of the condyle can be revealed by pal
pat ion and can easi ly be mis interpreted as 
jo int tenderness . With the jaws separated 
about 3 cm (1 1/8-in), a posterior port ion of 
the inferior divis ion and also of the supe
rior divis ion may be approached external ly 
through masseter f ibers and can be r e a c h e d 
through the opening b e t w e e n the m a n d i b u 
lar n o t c h and the zygomat ic arch (Fig. 
1 1 . 3 A ) . 

B e c a u s e one can palpate the lateral 
pterygoid m u s c l e external ly only through 
the masseter , one must f i rs t ident i fy and in
act ivate any TrP tenderness in the masseter 
f ibers in the area to be e x a m i n e d . W h e n TrP 
tenderness is present in the masseter , its 
tense bands are readily palpable , but TrP 
bands in the underlying lateral pterygoid 
m u s c l e are too deep to be dis t inguished by 
more than their local tenderness and by 
their referred pain response to pressure . 
Act ive TrPs in e i ther the temporal is or the 
masseter m u s c l e can prevent suff icient 
m o u t h opening for satisfactory e x a m i n a 
t ion of the lateral pterygoid m u s c l e be l l ies 
for tenderness . Unless the temporal is and 
masseter TrPs are success fu l ly inact ivated, 
only the poster ior a t tachment region can be 
e x a m i n e d for any enthesopathy. 

Al though no study is k n o w n that specif 
ica l ly identi f ied TrP prevalence among 
mast icatory m u s c l e s using taut b a n d cri te
ria, s tudies that may i n c l u d e other causes 
of tenderness s u c h as f ibromyalgia are use
ful because the proport ion of tender points 
and TrPs should be relat ively constant 
among m u s c l e s in any one study. T h e lat
eral pterygoid m u s c l e (inferior divis ion) 

Copyrighted Material



3 8 6 Part 2 / Head and Neck Pain 

Figure 11.3. External and intraoral examination of the 
left lateral pterygoid muscle. A, External palpation of 
the posterior part of the muscle bellies of both divi
sions of the lateral pterygoid through the masseter 
muscle. The mouth is voluntarily held open by the pa
tient to relax the masseter and permit palpation 
through that muscle and through the aperture between 
the mandibular notch and the zygomatic process (dot
ted lines). External examination permits indirect palpa
tion for tenderness of the posterior parts of both 
divisions of the muscle as they approach their attach

ments to the neck of the condyle inferior to the tem
poromandibular joint. B, intraoral palpation permits 
more direct examination of the region of the anterior at
tachment of the inferior division. With a gloved hand, 
the operator slips a finger into the uppermost rear cor
ner of the cheek pouch toward the head of the 
mandible and then presses medially toward the ptery
goid plate. The jaws should be open about 5-8 mm 
(about 1/4 in) to allow room for the fingertip to squeeze 
into the space deep to the coronoid process. See text 
for additional comments regarding examination. 
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was tender to palpat ion more frequently 
than any other mast icatory m u s c l e in stud
ies o f nearly 3 0 0 p a t i e n t s . 2 0 , 2 4 , 3 4 , 5 1 In these 
various studies, the lateral pterygoid was 
tender in from 7 5 % to 1 0 0 % of pat ients . A 
few authors found that other m u s c l e s were 
tender more frequently than the lateral 
pterygoid, but i t was still tender in 3 1 % of 
5 6 pa t ients , 1 1 and i n 2 0 % o f 4 2 p a t i e n t s . 5 8 

These lower values may reflect the diffi
culty in palpating this m u s c l e , or differ
ences in the patient populat ions . T h i s sug
gests that the lateral pterygoid is one of the 
masticatory musc les most c o m m o n l y af
flicted with TrPs. 

10. ENTRAPMENT 

T h e bucca l nerve, w h i c h arises from the 
anterior divis ion of the mandibular b r a n c h 
of the trigeminal nerve (cranial nerve V) , 
usually passes be tween the two divis ions 
of the lateral pterygoid m u s c l e , 1 3 , 6 5 but 
sometimes through the superior d iv is ion . 1 

It innervates the bucc inator m u s c l e , the 
skin of the cheek overlying it, the ad jacent 
mucous membrane of the mouth , and part 
of the gum. Tautness of the lateral ptery
goid musc le fibers due to act ive trigger 
points theoret ical ly could entrap this nerve 
to cause buccinator , weakness wi th n u m b 
ness and paresthesias in the distr ibution of 
the nerve. M a h a n , 4 2 in discussing this , de
scribes such a weird tingling of the c h e e k 
area in a number of pat ients . 

11 . DIFFERENTIAL DIAGNOSIS 

Lateral pterygoid TrPs can produce re
ferred pain that is l ikely to be interpreted 
as coming from the T M J . Refer to Chapter 
5, Sec t ion C for a descr ipt ion of T M J prob
lems and screening techniques . T h e re
ferred tenderness from TrPs does not have 
the sharp local izat ion nor the intensi ty of 
tenderness that is more character is t ic of 
joint inf lammation. 

T h e aching facial pain caused by TrPs in 
the lateral pterygoid should not be mistak
enly diagnosed as the paroxysmal e lectr ic 
type pain of t ic douloureux. O n l y the 
aching pain of lateral pterygoid TrPs can be 
rel ieved by inactivating the TrPs . 9 T h e y are 
separate condit ions requiring different 
treatment. 

W h e n the inferior divis ion of the lateral 
pterygoid m u s c l e harbors act ive TrPs, its 
antagonists are l ikely to develop assoc ia ted 
TrPs. Most vulnerable are its c h i e f antago
nists for lateral mot ion of the m a n d i b l e , the 
media l and lateral pterygoid m u s c l e s on 
the opposi te s ide. Next are its antagonists 
for protrusion, the deep masseter and pos
terior temporal is fibers on the same s ide. 

12. TRIGGER POINT RELEASE 
(Fig. 11.4) 

Of pr imary i m p o r t a n c e in t reatment i s 
the correc t ion of e x c e s s i v e forward-head 
posture and correc t ion of poor tongue 
posture w h e n present (see Chapters 5 a n d 
4 1 , S e c t i o n C). 

B e c a u s e the m u s c l e be l ly of the lateral 
pterygoid m u s c l e l ies deep to the bu lk of 
the masseter m u s c l e , i t is not access ib le for 
direct m a n u a l t echniques s u c h as trigger 
point (TrP) pressure re lease and massage. 
Retruding the m a n d i b l e against its restrain
ing l igaments in the condylar fossa elon
gates (stretches) the m u s c l e only a few mi l 
l imeters . Spray fo l lowed by post i sometr ic 
re laxat ion using gently res is ted protrusion, 
fo l lowed by re laxat ion can be of some ben
efit. Spray fo l lowed by e lectr ica l s t imula
tion can be helpful i f appl ied correctly. Use 
of e lectr ica l modal i t ies is descr ibed in 
pr inc ip le by K a h n 3 3 and in Chapter 3 , S e c 
t ion 12 . 

Spray and Postisometric Relaxation 

Prespray or ic ing is appl ied as i l lus
trated in Figure 11 .4 wi th the pat ient in the 
supine posi t ion, w h i c h inhibi ts antigravity 
ref lexes and encourages full re laxat ion of 
the mast icatory m u s c l e s . T h e spray (or ice) 
is appl ied bi lateral ly because one s ide of 
the jaw does not funct ion in isolat ion from 
the other. Immedia te ly fol lowing appl ica
t ion of spray or ice , t reatment by post iso
metr ic r e l a x a t i o n 3 8 begins . 

F o r post i sometr ic re laxat ion the pat ient 
l ies supine , m o u t h sl ightly open and re
laxed. T h e c l in i c ian stands at the he a d of 
the treatment table in posi t ion to resist 
protrusion of the pat ient ' m a n d i b l e wi th 
his thumbs or f ingers . T h e pat ient is in
structed to breathe in and gently press h is 
or her c h i n forward against the c l in ic ian ' s 
f ingers , ho ld the ( isometric) contrac t ion for 
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Figure 11.4. Vapocoolant prespray for release of the 
left lateral pterygoid muscle. Vapocoolant is applied 
from the trigger point region, covering the muscle and 
the pain pattern. The gauze protects the eye from mis
directed vapocoolant. The clinician should apply the 
spray only while the patient breathes our in order to 

avoid inhalation of the vapors. Following the applica
tion of vapocoolant, gentle deep inhalation and slow, 
full exhalation repeated several times aid in relaxation 
of the muscle. Additional release may be obtained by 
the application of postisometric relaxation (see text). 

a few seconds and then breathe out, re lax, 
and a l low the c h i n to drop b a c k (toward 
retrusion but wi thout outside ass is tance) . 
T h e contrac t ion and re laxat ion phases (co
ordinated wi th respirat ion) can be re
peated 3 to 5 t imes to re lease the lateral 
pterygoid. For sel f - treatment at h o m e , pa
t ients are ins tructed to use their o w n f in
gers for r e s i s t a n c e . 3 8 

Other Methods 

P h y s i c a l therapists t ra ined in the use of 
e lectr ica l s t imulat ion have used high-
voltage galvanic s t imulat ion to effect ively 
re lease the lateral p terygo id . 4 5 T h i s m e t h o d 
requires an intraoral probe smal l enough to 
reach direct ly to the anterior part of the 
inferior divis ion of the m u s c l e . S t imula
t ion at 1 2 0 pulses per s e c o n d using a pulse 
pair interval o f 2 3 0 - 2 5 5 sec has b e e n ap
p l ied wi th suff icient intens i ty that the pa
t ient is aware of the s t imulat ion, but does 
not e x p e r i e n c e pain. W h e n the pat ient 
feels some re laxat ion of the m u s c l e , the 

probe is m o v e d to an adjacent st imulation 
site. 

An external modal i ty used by physical 
therapists has been ul trasound over the 
area superior to the mandibular notch, 
wi th the j a w dropped open. Th is applica
t ion must penetrate the masseter (and tem
poralis insert ion) . I t employs no more than 
2 minutes of low intensi ty ultrasound 
(around 0.8 watts/cm 2 ) . 

13. TRIGGER POINT INJECTION 
(Fig. 11.5) 
General Considerations 

B e c a u s e stretch techniques and direct 
manual techniques require more skill than 
usual for this m u s c l e , i t may be necessary to 
in ject its trigger points (TrPs). T h e crit ical 
impor tance of this musc le as a major source 
of TM joint pain can make i t worthwhi le to 
develop the skil l necessary to inject it. 

T h e external (extraoral) approach per
mits in ject ion of the central TrPs in the 
m u s c l e be l l ies of both divisions and of the 

Copyrighted Material



Chapter 1 1 / Lateral Pterygoid Muscle 3 8 9 

attachment TrPs at the posterior m u s c u l o 
tendinous junct ions of both divis ions . 
Only intraoral in ject ion can reach the ante
rior musculo tendinous junc t ion region of 
the inferior division, and that is probably 
all it can reach. 

In the absence of a history of al lergic re
actions to procaine , one can use 0 . 5 % pro
caine in isotonic sal ine, rather than a long-
acting local anesthet ic . T h i s reduces the 
l ikel ihood of adverse react ions . Even if a 
nerve or b lood vessel is penetrated, the di
lute procaine is rapidly degraded by pro-
cainesterase as the drug enters the b lood 
stream. Lidocaine (Xylocaine) 2 % , or mepi -
vacaine (Carbocaine) 3 % , have been used 
successful ly by others, but the latter espe
cial ly requires care to avoid intravascular 
injection ( s e e Chapter 3 , Sec t ion 13) and 
provides little or no advantage. Ep ineph-
rine-containing solut ions are N O T used. 

Important signs of effective treatment 
are the return of the normal range of jaw 
opening, l inearity of the inc isa l path dur
ing opening and closing, nontenderness of 
the lateral pterygoid m u s c l e to palpat ion, 
and cessat ion of the patient 's referred pain. 

Extraoral Injection 

A sophist icated technique for placing a 
needle in either divis ion was descr ibed by 
Koole, et al.3B Extraoral in ject ion of e i ther 
division of this m u s c l e requires detai led 
knowledge of the anatomy because of the 
difficulty in palpating the m u s c l e ; there are 
numerous neighboring nerves and vesse ls 
including the pterygoid plexus . T h e needle 
must be oriented by visual izing the rela
tion of the m u s c l e and its TrPs to sur
rounding structures. Examinat ion of a 
skull, in con junct ion with the drawings of 
Figures 11 .2 and 11 .5 , he lps to establ ish a 
clear three-dimensional image of the lat
eral pterygoid m u s c l e and its landmarks . 

I f any of the mandibular elevators (the 
masseter, temporal is , and/or media l ptery
goid muscles) have TrPs with taut bands , 
they wi l l l imit mouth opening. T h e s e TrPs 
should be inact ivated in order to provide 
an adequate mouth opening before trying 
to inject lateral pterygoid TrPs extraorally. 

T h e vo lume of the space o c c u p i e d by 
the lateral pterygoid m u s c l e is l imi ted by 
bony structures on all s ides . T h i s restr icted 

space makes it a necess i ty to locate the 
tenderness of the TrPs prec ise ly by palpa
t ion so that only a m i n i m u m v o l u m e of 
anesthet ic need be in jec ted. To in ject the 
central TrPs in e i ther divis ion of the mus
c le , the jaws must be o p e n e d 22 to 30 mm 
(about 1 in) or more in order to open the 
b o n y w i n d o w sufficiently. T h e w i n d o w i s 
b o u n d e d by the zygomatic arch above, the 
mandibular (semilunar) n o t c h below, the 
coronoid process in front, and the 
mandibular condyle b e h i n d (Fig. 1 1 . 5 A ) . 
A n y taut bands and their tender TrPs in the 
masseter m u s c l e can make i t difficult to be 
sure that the palpated tenderness is due to 
TrPs in the under ly ing lateral pterygoid 
m u s c l e . Masseter taut bands are more su
perficial and are oriented at near ly a right 
angle to the lateral pterygoid f ibers , w h i c h 
makes taut bands in the masseter distin
guishable (compare Figure 8 . 2 A and 1 1 . 2 ) . 
Masseter TrP tenderness should be e l imi
nated f i rs t . 

To avoid traversing this region with a 
dull needle , one disposable needle is used 
to penetrate the rubber s toppers of the 
vials , and a fresh needle used for in ject ion. 
T h e needle should be rep laced i m m e d i 
ately i f i t contacts b o n e and feels as i f the 
tip has deve loped a burr w h i c h " c a t c h e s " 
or " s c r a t c h e s , " instead of gl iding smooth ly 
through the t issue. A 3 .8 -cm (1 1/2-in) 22 - to 
27-gauge needle is adequate . A th inner 
needle is more l ike ly to m i s s b l o o d vessels , 
but m a y be deflected by c o n n e c t i v e t issues 
and by the contract ion knots of TrPs unless 
the thin needle is inserted rapidly with the 
"fast in, fast o u t " t e c h n i q u e of H o n g . 2 7 

W h e n inject ing this m u s c l e wi th a local 
anesthet ic other than 0 . 5 % proca ine , i t i s 
important not to in ject w h i l e passing the 
needle to or from the m u s c l e w h i l e the 
needle is traversing the pterygoid p lexus , 
and in this case , i t is important to aspirate 
for ev idence of b l o o d in the syringe before 
in ject ing. 

To in ject central TrPs of the superior di
vis ion, the jaws are opened , the needle is 
inserted just anterior to the T M J , and it is 
directed upward and forward, deep to the 
zygomatic arch, as i l lustrated by o t h e r s . 7 , 1 6 

T h e TrPs can be reached only after the full 
depth of the masseter m u s c l e has b e e n 
penetrated and the needle tip reaches the 
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Figure 11.5. Injection technique for central TrPs in the 
inferior division of the left lateral pterygoid muscle 
(dark red). A, lateral view of its anatomical relation
ships when the jaw is propped open. The dotted line 
marks the posterior margin of the pterygoid plate to 
which the inferior division attaches. The needle 

reaches the inferior division through the bony aperture 
bounded by the zygomatic arch above, the semilunar 
(mandibular) notch below, the coronoid process in 
front, and the condyle of the mandible behind. B, sur
face markings, same injection as in A. Dotted lines in 
B outline the palpable bony margins of the aperture. 

Zygomatic arch 
Semilunar notch 
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Figure 11.5.—continued C, frontal section of the head 
at the level of needle penetration (level of cross sec
tion shown in D). This view looks forward through the 
open mouth. The condylar neck of the mandible ob
scures part of the needle which penetrates the inferior 
division of the muscle. The medial pterygoid muscle 
(light red) lies in the foreground and attaches to the in
ner surface of the pterygoid plate. D, cross section 

showing needle penetration of the masseter muscle 
and then the temporalis (light red) as it passes in front 
of the condylar neck of the mandible above the 
mandibular notch (level of cross section is shown in 
C). The needles reach the anterior and posterior por
tions of the inferior division of the lateral pterygoid 
muscle (dark red). 

Lateral pterygoid 

Frontal 
section 

Level of 
cross 
section D 

Medial pterygoid 

Cross section 

Masseter 

Temporalis 

Neck of 
mandible 

Medial pterygoid 

Pterygoid plate 
Lateral pterygoid 
(inferior division) 

Level of 
frontal 
section C 
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region under the zygomatic arch. T h e sphe
no id b o n e forms the floor of the space 
w i t h i n w h i c h the m u s c l e l ies . Gent ly en
counter ing this b o n e with the needle estab
l ishes the full depth of this m u s c l e . 

To inject the central TrPs of the inferior 
divis ion, the needle is inserted just anterior 
to the n e c k of the m a n d i b l e and is directed 
toward the roots of the upper molar teeth 
(Fig. 1 1 . 5 A and B). T h e needle usual ly 
must penetrate both the masseter m u s c l e 
and part of the temporal is t endon to reach 
the inferior divis ion of the lateral pterygoid 
(Fig. 11 .5D) . T h e pterygoid plate, to w h i c h 
this m u s c l e at taches anteriorly, is to the left 
of the dotted l ine in Figure 11 .5 A. 

A t t a c h m e n t TrP tenderness of both divi
s ions where i t can be palpated c lose to 
their posterior m u s c u l o t e n d i n o u s j u n c t i o n 
regions ( immediate ly anterior to the j u n c 
t ion of the condyle and ramus of the 
mandib le ) usual ly disappears wi th inact i -
vat ion of the central TrPs. I f not, the re
main ing at tachment-region tenderness can 
be careful ly identi f ied and in jected extrao-
rally. T h i s in jec t ion may not require pene
tration of the masseter m u s c l e but m a y 
need to be directed poster iorly deep to the 
ramus of the m a n d i b l e . 

Intraoral Injection 

T h e anterior (musculotendinous junct ion) 
portion of the inferior division is relatively 
easily reached via the intraoral approach for 
those familiar with intraoral injection, as de
scribed and illustrated by Ge lb . 2 2 T h e central 
TrPs of the inferior division would be acces
sible only with insertion of at least 2.5 cm (1 
in) of needle into the musc le , and none of the 
superior division is accessible from inside 
the mouth. If intraoral tenderness due to en-
thesopathy persists after inactivating the 
central TrPs in the musc le belly, recovery 
wil l be expedited by also injecting these at
tachment TrPs with local anesthetic . Koole, 
et al.36 reported successful identification and 
injection of lateral pterygoid TrPs intraorally. 

14. CORRECTIVE A C T I O N S 

Activity Stress 

E x c e s s i v e forward-head posture , i f pre
sent , should be addressed and the pat ient 
should be taught correct tongue posi t ion 
(see Chapter 5, S e c t i o n C). T h e patient also 
should be ins tructed in good body m e 

c h a n i c s and should learn h o w to maintain 
normal he a d and n e c k posture (see Chap
ters 5 and 4 1 , Sec t ion C). Clenching, gum 
chewing, nai l bit ing, and other abusive jaw 
habits should be discont inued. 

Body Asymmetry 

Tilt ing of the pelvis caused by disparity 
in lower- l imb length or by an asymmetr ical 
pelvis can adversely affect head and neck 
posture wi th resultant stress on the masti
catory m u s c l e s . T h e s e m e c h a n i c a l TrP per
petuating factors n e e d to be addressed, as 
descr ibed in this vo lume, Chapter 4 8 , Sec
t ion 14 and in Volume 2, Chapter 4. 

Central Nervous System Hyperirritability 

Subopt imal levels of v i tamins B l , B 6 , 
B 1 2 , or fol ic ac id are l ikely to act as sys
temic perpetuating factors (see Chapter 4) 
in the craniomandibular syndromes. Inad
equate levels of one or more of these vita
m i n s can aggravate bruxism through in
creased central nervous system and 
neuromuscular irritability, as can emo
t ional stress. T h e s e factors should be iden
tified and corrected (see Chapter 4 ) . 

Exercise 

Stretch exerc ises for this musc le are not 
l ikely to be helpful . Post isometr ic relax
at ion can be carried out at h o m e , as de
scr ibed in sect ion 12. 

Strengthening and condit ioning the 
m u s c l e require act ive resist ive exercises . 
T h e pat ient may be taught to protrude the 
mandib le against res is tance , and then to 
move the mandib le to each side also 
against res is tance , but especial ly to the 
s ide away from the involved musc le . These 
exerc ises are i l lustrated by Wetz ler , 7 0 but 
should be inst i tuted for maintenance of 
normal funct ions only after masticatory 
TrPs have been inact ivated. 

Case Reports 

T h e fol lowing is a summary and com
ments on three patients by Verne L. Brech-
ner, M . D . 9 

The first patient was a 61-year-old fe
male present ing with intense headache in
volving the right cheek. S i x months previ
ously, the patient had lifted a heavy object 
and had p laced it on a shel f above her 
head. T h i s resulted in pain in the shoulder 
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and neck radiating into the occ ipi ta l region 
of the head. Short ly thereafter, the pat ient 
began to exper ience severe pain in the 
right zygomatic area whi le the pain in the 
shoulders , neck, and occipi ta l region di
minished. Dental history revealed that the 
patient had both of the lower molars re
moved from the right side several years 
preceding, and these had been replaced by 
a prosthesis . Roughly co inc id ing with the 
t ime of musc le strain injury to the h ead 
and neck, the patient had ceased to wear 
this prosthesis . 

Examinat ion by intraoral palpat ion re
vealed a tender pterygoid m u s c l e . In ject ion 
of this tender point resulted in immediate 
rel ief of pain in the cheek. T h e n e c k pain 
and the occ ipi ta l headaches h a d ceased 
prior to her examinat ion, and a diagnosis 
of lateral pterygoid syndrome was made . 
She was returned to the care of her refer
ring physic ian with the r e c o m m e n d a t i o n 
that she be refitted for her molar prosthesis . 

The second patient was a 68-year-old 
female complaining of left facial pain of 
approximately one year's duration. S h e 
had been edentulous for m a n y years, and 
one year previously, because of loca l ized 
burning pain in the molar area of the gingi
val margin of the left maxi l la , had been ad
vised by her dentist to cease wearing an 
upper denture. At that t ime, he had ob
served a small abrasion in the gingival 
margin. During this year, the pain gradu
ally changed in character and was no 
longer recognized as local ized. T h e pain 
became burning and spread over the entire 
maxi l lary area of the face and into the eye. 
A neurologist diagnosed t ic douloureux 
and treated her wi th Tegretol without re
lief. Subsequently, she rece ived electro-
faradic neurolysis of the gasserian gan
glion. T h e patient exper ienced no rel ief of 
pain from this procedure. S h e was p laced 
on Amitr iptyl ine HC1 and was told that 
nothing else could be done. 

Intraoral e x a m i n a t i o n of this pat ient 
also revealed an ex t reme t e n d e r n e s s in the 
area of the lateral pterygoid m u s c l e . W h e n 
this area was in jec ted wi th loca l anes the
sia, the pain was temporar i ly re l i eved . S h e 
was referred to a dentist , w h o careful ly 
prepared a set of dentures w h i c h f i t ted 
wel l and w h i c h i m p r o v e d her o c c l u s i o n . 
T h i s reduced the in tens i ty o f pa in and 

m a r k e d l y i m p r o v e d her general appear
a n c e a n d at t i tude. However , she pers i s ted 
in c h r o n i c b e n i g n pain b e h a v i o r a n d w a s 
admit ted to C e n t i n e l a Inpat ient Program 
for a 5 -week per iod of b e h a v i o r a l r e c o n d i 
t ioning. F o l l o w i n g this program, she w a s 
d ischarged a n d c o n t i n u e d to i m p r o v e . 

The third patient was a 37-year-old fe
male holding an execut ive pos i t ion in a 
large company. S h e had a h e a d a c h e history 
of 20 years ' duration. Her h e a d a c h e s had 
increased in intens i ty during the past 7 
years and were general ly associated with 
emot ional tens ion. Her h e a d a c h e s were 
also severely exacerbated by the menst rua l 
period. Headache was located in the b a c k 
of the n e c k radiating up over the b a c k of 
the h ead into the forehead, jaw, and eye. 

E x a m i n a t i o n of this pat ient revealed 
TrPs in the splenius capit is , supraspinatus , 
and trapezius musc les . Treatment i n c l u d e d 
local TrP in jec t ions , psychologica l coun
seling, and b iofeedback, wi th e x c e l l e n t im
provement . A contract was made with her 
that at t imes of r e c r u d e s c e n c e of the 
h e a d a c h e , she c o u l d have an emergency 
appointment for TrP in jec t ions . On one of 
these occas ions , in ject ing the previously 
success ful TrP sites fai led to re l ieve her 
h e a d a c h e . Further quest ioning revealed 
that on this occas ion , the h e a d a c h e was not 
typical of that previously present , but con
sisted of pain m a i n l y over the maxi l la . I t 
was also noted that the pat ient c o u l d not 
open her m o u t h more than 1.5 cm, w h i c h 
was a n e w finding. On previous e x a m i n a 
t ions , she h a d o p e n e d her m o u t h 3.5 cm. 
F o r c e d occ lus ion , opening the mouth , pro
trusion of the ch in , and contralateral ex
tens ion of the jaw all increased the pain, 
w h i l e placing a separator b e t w e e n the m o 
lars decreased it. Palpat ion of the lateral 
pterygoid m u s c l e revealed ex t reme tender
ness . T h e m u s c l e was in jec ted with a local 
anesthet ic , and the pat ient h a d i m m e d i a t e 
pain relief . T h e lateral pterygoid myofas
cial pain syndrome has not recurred s ince 
then, a l though she has c o n t i n u e d to return 
on occas ion for t reatment of her myofasc ia l 
syndromes involving the support ing m u s 
c les of the head and neck . 

Comments: T h e first pat ient presents an 
interesting mix ture of c h r o n i c and acute 
myofasc ia l pain syndromes . S h e appar
ently began with an acute syndrome of n e c k 
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and shoulder-girdle m u s c l e s caused by a 
one- t ime m u s c l e overload that sponta
neous ly resolved over a 6 m o n t h period. 
T h i s indicates that she had no sys temic per
petuating factors to prevent their sponta
neous resolut ion. However, the TrPs in 
these m u s c l e s produced satell i te TrPs in the 
right lateral pterygoid m u s c l e that was al
ready subject to m u s c l e overload because of 
the " a l t e r e d " occ lus ion , and the altered oc
c lus ion acted as a m e c h a n i c a l perpetuating 
factor for near ly 6 m o n t h s . During this pe
r iod there was no spread or augmentat ion of 
the pain s y m p t o m s . Inact ivating the lateral 
pterygoid TrPs and refitting the molar pros
thesis prompt ly resolved her pain problem. 

T h e s e c o n d pat ient also had c h r o n i c 
face pain but of 1 year duration that began 
wi th the onset o f al tered occ lus ion . T h e r e 
was gradual spread and augmentat ion of 
the pain throughout this period suggesting 
progressive modif icat ion of central pain 
pathways because of pers is tent pain. T h e 
list of wrong diagnoses and u n s u c c e s s f u l 
t reatments is impress ive , and not u n c o m 
m o n in pat ients wi th misdiagnosed m y o 
fascial TrP w h o have developed c h r o n i c 
pain. In ject ions of the lateral pterygoid 
m u s c l e provided only temporary re l ie f 
even after resolut ion of the altered occ lu
sion. A 5 -week period of behavior recondi 
t ioning improved but did not resolve her 
pain. We do not yet k n o w h o w to assure 
restoration of the normal process ing of 
pain in the central nervous system w h e n 
pain has b e e n a l lowed to persist and be
c o m e chronic . Cont inuing to re l ieve the 
pain as soon as it recurs over a per iod of 
m o n t h s is somet imes success ful and is 
cons is tent ly h e l p f u l . 2 8 

T h e third pat ient demonstrates a valu
able lesson. S h e had a c h r o n i c 20-year TrP 
pain problem that h a d developed through 
neglect , s imi lar to the s e c o n d patient . 
However, w h e n she developed an acute lat
eral pterygoid TrP syndrome that was iden
tified and effect ively treated as such, i t re
s p o n d e d as an acute syndrome. For this 
area, the nervous system apparent ly was 
sti l l process ing m u s c l e pain signals nor
mal ly as acute p a i n 5 0 and responded to 
t reatment accordingly. 

In two pat ients , the diagnosis of lateral 
pterygoid TrPs was m a d e by intraoral pal

pation, and the treatment was by injection 
with a local anesthet ic . 
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CHAPTER 12 

Digastric Muscle and Other 
Anterior Neck Muscles 

HIGHLIGHTS: REFERRED PAIN and tenderness 
from trigger points (TrPs) in the posterior belly of 
the digastric muscle are projected to the upper 
part of the sternocleidomastoid muscle and 
therefore deserve to be called "pseudo-ster-
nocleidomastoid" pain. This referred pain will per
sist after inactivation of sternocleidomastoid 
TrPs. The anterior belly of the digastric projects 
pain to the four lower incisor teeth. The other an
terior neck muscles can refer pain to the laryngeal 
region, anterior neck, and to the mouth region. 
ANATOMICAL attachments of the important 
masticatory digastric muscle are, above, beside 
the midline symphysis of the mandible for the an
terior belly, and to the mastoid notch of the tem
poral bone for the posterior belly. Below, the two 
bellies are joined together by a common tendon 
that is indirectly anchored to the hyoid bone 
through a fibrous loop. The remaining anterior 
neck muscles include the suprahyoid group, the 
infrahyoid group, and the deeper anterior verte
bral muscles. FUNCTION of both bellies of the 
digastric muscle in conjunction with the remain
ing suprahyoid muscles involves opening of the 
mouth, if the infrahyoid muscles are also acti
vated to stabilize the position of the hyoid bone. 
The deeply placed anterior vertebral muscles flex 
the cervical spine or control head position. The 
FUNCTIONAL UNIT includes the inferior division 
of the lateral pterygoid as a synergist for opening 

the jaws. The powerful elevators of the mandible 
are antagonists for closing the jaws. The deep 
cervical flexors are antagonistic to the posterior 
cervical muscles. ACTIVATION AND PERPETU
ATION OF TRIGGER POINTS in the digastric 
commonly occur as a result of TrPs in the antag
onistic masseter muscle and other mandibular el
evators. Activation can be due to the added 
stress of habitual mouth-breathing. Activation of 
TrPs in the suprahyoid muscles, infrahyoid mus
cles, and in the deeper anterior vertebral muscles 
(longus colli, in particular) can result from flexion-
extension injuries such as those sustained in mo
tor vehicle accidents. TRIGGER POINT RE
LEASE of the posterior belly of the digastric can 
be accomplished by applying intermittent cold 
and then postisometric relaxation. The anterior 
belly of the digastric and other suprahyoid mus
cles are released as one group and the infrahyoid 
muscles released as another group following the 
application of intermittent cold. The deep anterior 
neck muscles require special consideration. 
TRIGGER POINT INJECTION is performed un
der direct tactile control of the palpating fingers. 
CORRECTIVE ACTIONS include postural train
ing, TrP pressure release that is self-applied di
rectly to the TrPs, and passive stretch exercises. 
Measures should be taken to stop the habit of 
mouth-breathing, to terminate retrusive bruxing, 
and to correct persistent malocclusion. 

1. REFERRED PAIN 
(Fig. 12.1) 
Digastric Muscle 

Each belly of the digastric muscle has its 
own referred pain pattern. Pain arising from 
trigger points (TrPs) in the posterior belly 
(Fig. 12.1 A) radiates into the upper part of 
the sternocleidomastoid muscle, 1 3 and to a 
lesser extent to the throat in front of that 

muscle and under the chin, and sometimes 
it extends onto the occiput. 1 4 The pain re
ferred to the sternocleidomastoid muscle is 
sometimes mistaken as coming from that 
muscle, but when the sternocleidomastoid 
is cleared of TrPs the posterior digastric re
ferred pain persists. The occipital compo
nent of pain is likely to be associated with 
referred "soreness" and tenderness, which 

3 9 7 
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may activate satellite TrPs in the occipital 
portion of the occipitofrontalis muscle. 
Pain from digastric TrPs may also extend to 
the ear. 3 0 See Section 15, Case Report 1 of a 
patient with Eagle syndrome. 

The pain referred from TrPs in the ante
rior belly of the digastric is projected to the 
four lower incisor teeth and the alveolar 
ridge below them (Fig. 12.lC) and may be 
referred to the tongue. 3 6 The responsible 
TrP for this bilateral, nearly midline, pain 
is located just under the tip of the chin and 

can be in the anterior belly of the digastric 
muscle on either the left or the right side of 
the body (Fig. 12.1C). 

Other Anterior Neck Muscles 
The mylohyoid muscle can refer pain to 

the tongue. 3 6 See Section 15, Case Report 2 
for detailed report of a patient with this 
condition. 

Head and neck pain have been attrib
uted to both the stylohyoid muscle and the 
posterior belly of the digastric.4 9 These two 

Anterior 

Figure 12.1. Referred pain patterns (essential portion, solid red; spillover portion, 
stippled red) of trigger points (Xs) in the right digastric muscle. A and 

B, posterior belly, side view. C, anterior belly, front view. 

Posterior 
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muscles lie close together, have similar 
functions, are difficult to distinguish by 
palpation, and are presumed to have simi
lar pain patterns. 

The specific pain patterns for most of 
the deeper anterior neck muscles have not 
been reported and are not yet clearly estab
lished. They can refer to the laryngeal re
gion, anterior neck, and sometimes into the 
mouth region. Myofascial TrPs in the 
longus capitis and longus colli muscles 
can cause difficulty in swallowing. 
Williams 4 9 reported myalgia (description 
compatible with TrPs) of the crico-ary-
tenoid posterior muscle with pain on talk
ing and a sore throat for which other physi
cians could find no cause. 

2. ANATOMY 
(Figs. 12.2, 12.3, 12.4) 
Digastric Muscle 

The posterior belly of the digastric mus
cle arises from the mastoid notch on the 
mastoid process of the temporal bone (Fig. 
12.2) deep to the attachments of the longis-
simus capitis, splenius capitis and sterno
cleidomastoid muscles. The anterior belly 
arises from the inferior border of the 
mandible, close to its symphysis. The ante
rior belly passes posteriorly and inferiorly, 
and the posterior belly passes anteriorly 
and inferiorly to be united end-to-end by a 
common tendon that usually attaches indi
rectly to the hyoid bone through a fibrous 
loop or sling, the suprahyoid aponeurosis. 
The common tendon may slide through the 
fibrous loop. 1 0 

The tendon common to the two bellies 
of the digastric muscle perforates the stylo
hyoid muscle, which lies near the front 
half of the posterior belly of the digastric. 

Suprahyoid Muscles 
The digastric muscle does not attach di

rectly to the hyoid bone, but only indi
rectly. The other suprahyoid muscles (Fig. 
12.3), which have their inferior attachment 
directly to the hyoid bone, include the sty
lohyoid,8 which attaches above to the sty
loid process of the temporal bone; the my
lohyoid, which attaches above to the entire 
length of the mylohyoid line of the 
mandible; and the geniohyoid, which at
taches, above, deep to the mylohyoid mus

cle on the inner surface of the midportion 
of the mandible at the symphysis menti. 1 7 

(The hyoglossus muscle is not considered 
in this suprahyoid group, but it is a muscle 
that arises from the hyoid bone, passes al
most vertically upward, and enters the side 
of the tongue. 1 9) 

Infrahyoid Muscles 
The infrahyoid muscles (Fig. 12.3), 

which have their superior attachment to the 
hyoid bone, include the sternohyoid, which 
attaches below to the sternum, the thyrohy
oid, which attaches below to the thyroid 
cartilage, and the omohyoid muscle. 1 7 In ad
dition, the sternothyroid attaches above to 
the thyroid cartilage and below to the ster
num. It forms a continuum with the thyro
hyoid, and lies deep to the sternohyoid. 

The omohyoid muscle 1 8 has a superior 
belly and an inferior belly separated by a 
central tendon (Fig. 12.3). The inferior (cau
dal) belly attaches below to the cranial bor
der of the scapula near the scapular notch. 
As the inferior belly passes forward and up 
to its attachment to the central tendon, it at
taches to the clavicle by a fibrous expansion 
and passes diagonally over the middle and 
anterior scalene muscles, but deep to the 
sternocleidomastoid muscle. The central 
tendon is held in position by a fibrous ex
pansion of the deep cervical fascia that is 
prolonged caudally to attach to the clavicle 
and the first rib. From this attachment, the 
superior belly angles upward to attach to 
the hyoid bone (Figs 12.3 and 20.7) . 1 8 

Anterior Vertebral Muscles 
The deeply placed anterior vertebral 

muscles 1 7 are situated along the anterior 
(ventral) surface of the vertebral column 
(Fig. 12.4) and lie directly deep to the pos
terior wall of the pharynx. These deep 
muscles include the longus colli (which 
consists of a superior oblique portion, an 
inferior oblique portion, and a vertical por
tion). These groups of muscle fibers ascend 
from the third thoracic vertebra and attach 
as far superiorly as the tubercle on the an
terior arch of the atlas. Other deep muscles 
are the longus capitis, which is more lat
eral and more craniad than the longus colli 
and extends upward from the anterior tu-
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Temporal 
bone 

Mandible 

Temporal 
bone 

Mandible 

Posterior 
belly 

Figure 12.2. Attachments of the digastric muscle. A, 
side view. B, front view. The posterior belly attaches 
superiorly to the mastoid notch and inferiorly, at the 
muscle's common tendon, by fascial expansion indi

rectly to the hyoid bone. The anterior belly attaches 
superiorly to the mandible at the point of the chin and 
inferiorly, at the common tendon, by fascial expansion 
indirectly to the hyoid bone. 

Hyoid bone 

Anterior 
belly 

Anterior belly 
Hyoid bone 

Posterior 
belly 
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Figure 12.3. Relatively superficial muscles of the an- sternohyoid, and trapezius) have been removed, 
terior neck including the suprahyoid and infrahyoid (Reprinted with permission from Clemente CD: Gray's 
group. On the right side of the body several of the Anatomy. Ed. 30. Lea & Febiger, Philadelphia, 1985.) 
most superficial muscles (the sternocleidomastoid, 

bercles of the transverse processes of C3- C6 

to the basilar part of the occipital bone, the 
short rectus capitis anterior, which lies 
deep to the upper longus capitis and 
passes upward and slightly medially from 
the lateral mass of the atlas to the basilar 
part of the occipital bone in front of the 
foramen magnum, and the short rectus 
capitis lateralis, which arises from the su
perior surface of the transverse process of 
the atlas and angles laterally upward to the 
lateral part of the occipital bone (Fig. 12.4). 

Supplemental References 

Anatomy textbooks illustrate both bel
lies of the digastric muscle in level side 
v i e w 2 1 , 3 9 , 4 5 , 4 7 and as seen from below in 
side v i e w , 1 0 , 1 7 , 2 5 , 4 6 from inside the mouth, 2 

and from the front.2 0 The relationship be
tween the muscle and underlying neu
rovascular structures is clearly illustrated 
in a side view. 5 , 2 2 The anterior belly is 

seen in detail from the side 2 3 and from be
low.3 The posterior belly is seen in detail 
from the side4 and from behind. 2 4 

The attachments of most of the 
suprahyoid and infrahyoid muscles are 
shown schematically in side view.6 The 
mylohyoid muscle is presented in side 
view,9 and the locations of attachments of 
suprahyoid muscles on the hyoid bone 
are shown schematically.8 The infrahyoid 
muscles are shown in side view.7 

3. INNERVATION 

The geniohyoid of the suprahyoid group 
is innervated by C1. All of the remaining 
suprahyoid muscles are innervated by cra
nial nerves. The mylohyoid and anterior 
belly of the digastric are supplied by the 
alveolar branch of the trigeminal (fifth cra
nial) nerve. 1 7 The stylohyoid and posterior 
digastric muscles are innervated by the fa
cial (seventh cranial) nerve, which exits 

Mylohyoid muscle 

Stylohyoid muscle 

Digastric muscle 

Omohyoid muscle 
(superior belly) 

Sternohyoid muscle 

Sternocleidomastoid muscle 

Trapezius muscle 

Omohyoid muscle 
(inferior belly) 

Geniohyoid muscle 

Hyoglossus muscle 

Thyrohyoid muscle 

Omohyoid muscle 
(superior belly) 

Sternothyroid muscle 

Omohyoid muscle 
(inferior belly) 
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the skull through the stylomastoid foramen 
close to where these muscles attach to the 
skull. 

The ansa cervicalis nerve, which is de
rived from the first, second, and third 
cervical nerves, supplies three of the in
frahyoid muscles: the sternohyoid, ster
nothyroid, and both bellies of the omohy
oid muscle. 1 7 The thyrohyoid is supplied 
by fibers from the first cervical nerve, as are 
the recti capitis muscles of the deep group. 
The longus capitis is supplied by branches 
from the first three cervical nerves, and the 
longus colli is supplied from ventral rami 
of the second to sixth cervical nerves. 

4. FUNCTION 
Suprahyoid Muscles 

All four of the suprahyoid muscles (Fig. 
12.3) characteristically function in pairs 

and function as a group to open the 
mouth. 1 6 The digastric muscles work 
closely together with the stylohyoid to 
open the mouth, but can be effective only 
if the infrahyoid muscles contract and sta
bilize the position of the hyoid bone. In ad
dition, the mylohyoid muscles also raise 
the floor of the mouth during swallowing 
and are active in mastication, sucking and 
blowing. 6 The geniohyoid together with 
the digastric u n i t 1 0 , 1 1 can assist retraction 
as well as depression of the mandible. 
These muscles can elevate the hyoid bone. 

Infrahyoid Muscles 
As a group, all four of these muscles 

characteristically function in pairs and ex
ert the essential depressive force on the hy
oid bone that is required for the suprahy
oid muscles to function normally. In 

Figure 12.4. The deepest muscles of the anterior neck including the anterior and lateral 
vertebral muscles. (Reprinted with permission from Clemente CD: Gray's Anatomy. 

Ed. 30. Lea & Febiqer, Philadelphia, 1985.) 
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addition, the sternothyroid depresses the 
larynx after it has been elevated during 
swallowing, and the thyrohyoid elevates 
the larynx if the hyoid is fixed. Together 
these last two muscles form a continuous 
unit (Fig. 12.3) for depressing the hyoid 
bone. 6 The greatest intensity of contraction 
in the cricothyroid muscle occurs in swal
lowing. 1 2 Clemente 1 8 suggests that the omo
hyoid muscles are also concerned in pro
longed inspiratory efforts because they 
tense the lower part of the cervical fascia 
and lessen the inward suction of soft parts. 

Anterior Vertebral Muscles 
These deepest anterior cervical muscles 

function to flex all or part of the neck and 
are likely to work in pairs. The longus colli 
is a weak flexor of the neck and laterally 
flexes the cervical vertebral column, with 
rotation to the same side. 3 5 The longus 
capitis flexes the head and the upper cervi
cal spine with rotation to the same side. 
The rectus capitis lateralis primarily tilts 
the head laterally to the same side. The rec
tus capitis anterior forward flexes, but does 
not laterally tilt the head. Both the rectus 
capitis lateralis and the rectus capitis ante
rior muscles assist stabilization of the at-
lantooccipital joint, and their fibers angle 
in opposite directions. 

DIGASTRIC MUSCLE 

During mandibular depression, motor 
unit activity of the anterior belly follows 
that of the inferior division of the lateral 
pterygoid. The digastric appears to be less 
important than the lateral pterygoid for 
initial opening of the jaws, but is essential 
for maximum depression, or forced open
ing.1 1 Digastric activity is inhibited during 
depression of the mandible if the 
mandible is protruded at the same time. 
This inhibition would be expected be
cause of the retraction function of the 
muscle. The digastric is always active 
during mandibular retrusion.4 0 The right 
and left digastric muscles nearly always 
contract together, not independently.11 

Coughing, swallowing and retrusion of 
the mandible strongly recruit the digastric 
muscles. 1 1 ' 5 0 

Together, both bellies of one muscle ex
ert a lateral-deviating force, 1 0 the effect of 

which is seen clinically, but only occa
sionally electromyographically.4 0 The di
gastric muscle was electromyographically 
active in 8 5 % of records taken during 
tooth contact which reflexly inhibited the 
mandibular elevators.4 1 

Compared with mandibular elevator 
muscles, the two bellies of the digastric 
muscle are unusual. The digastric bellies, 
like the other major jaw-opening muscle 
(the inferior part of the lateral pterygoid), 
are practically devoid of muscle spin
dles, 2 6 and the digastric muscle bellies 
have an unusually low percentage of Type 
I fibers (24% for the anterior and 38% for 
the posterior belly). 2 7 The lack of muscle 
spindles in the jaw-opening muscles and 
the lack of evidence for control of the di
gastric muscle by the jaw-closing proprio
ceptors 4 8 suggest that functionally (and 
understandably) these jaw opening mus
cles do not have a requirement for fine 
position control. The relatively high per
centage of type II fibers in the digastric 
muscle indicates that its function is to 
open the mouth quickly without having 
to maintain sustained tension. On the 
other hand, the definitely larger percent
age of Type I fibers in the lateral pterygoid 
could relate to its need to maintain for
ward traction to keep the mandibular 
condyle in a forward-translated position 
as long as the mouth is held in a wide 
open position. 

5. FUNCTIONAL UNIT 
Muscles that are synergistic with the di

gastric muscle for opening the jaws (de
pressing the mandible) include the inferior 
division of the lateral pterygoid, and the 
stylohyoid (and other suprahyoid mus
cles), with the infrahyoid strap muscles 
stabilizing the hyoid bone. The previous 
section 4 includes detailed descriptions of 
the interactions of these anterior neck mus
cles as functional units. For retrusion of 
the mandible, synergists of the digastric are 
the posterior fibers of the temporalis and 
the deep portion of the masseter. 

Antagonists to the jaw-opening action 
are the mandibular elevators: the masseter, 
the temporalis, the medial pterygoid, and 
the superior division of the lateral ptery
goid. The deep longus colli and capitis and 
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the rectus capitis anterior are antagonists 
to the posterior cervical muscles. 

6. SYMPTOMS 
If the patient has posterior digastric 

TrPs, the primary complaint may not be 
pain but may be of difficulty swallowing 
and a sensation of a lump in the throat, or 
that something is stuck and won't go down. 
The patient is likely to palpate or point to 
the sternocleidomastoid muscle on the in
volved side. Although head rotation range 
of motion may not be reduced, the patient 
is likely to avoid turning the head to the in
volved side because the movement is likely 
to elicit referred pain or aggravate the swal
lowing problem. The posterior digastric re
ferred pain pattern, as shown in Figure 
12.1 A, concentrates in the region of the su
perior part of the sternocleidomastoid mus
cle. However, the patient may not become 
aware of the digastric referred pain compo
nent until after concurrent sternocleido
mastoid TrPs on the same side have been 
inactivated. Then, pain and soreness per
sist in the upper part of the sternocleido
mastoid muscle, which remains diffusely 
and moderately tender to palpation but free 
of taut bands and local twitch responses. 
This development can be very perplexing 
to the clinician unless the possibility of 
posterior digastric TrPs is investigated. 

The chief symptom from TrPs in the an
terior belly of the digastric is pain in the re
gion of the lower incisor teeth. The source 
of this tooth pain can also be perplexing if 
the clinician considers only the teeth as 
the source of pain and overlooks examina
tion of the anterior digastric muscle. Glos-
sodynia can be caused by TrPs in the ante
rior belly, 3 6 as described in Section 15, 
Case Report 2. 

Taut band tension from TrPs in the omo
hyoid muscle can (through its pull on the fi
brous expansion of cervical fascia that at
taches to the first rib) contribute to the 
dysfunction associated with an elevated 
first rib. 

Patients with TrPs in the longus capitis 
and/or longus colli muscles are likely to 
complain of difficulty swallowing and of a 
lump in the throat. When these symptoms 
occur in a person who has sustained a cer
vical flexion-extension injury ("whiplash") 

in a rear-end automobile collision, longus 
colli TrPs may be a source of the problem. 
Rocabado and Iglarsh4 3 reported that pa
tients with a "spasm" in the longus colli 
(one source of which is trigger points) may 
complain of dry mouth, a sore throat with
out infection, a persistent tickle in the 
throat, or a lump in the throat upon swal
lowing. 

Active TrPs in laryngeal muscles may 
produce a hoarse voice. 

One should be aware that unresolved 
posterior neck pain may result from sus
tained TrP tension of these anterior mus
cles and tightening of their fasciae. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Activation of TrPs in the digastric mus
cle may be secondary to myofascial dys
function of muscles in its functional unit; 
masseter TrPs have been specifically iden
tified. 1 4 Hong found that key TrPs in the 
sternocleidomastoid muscle could induce 
satellite TrPs in the digastric muscle. 3 1 Le-
wit (personal communication, 1993) found 
the reverse also to be true. Inactivation of 
TrPs in the digastric also inactivated its 
satellite sternocleidomastoid TrPs. 

Overload due to bruxing, by retruding 
the mandible, and due to mouth-breathing 
(one sign of which is inward, rather than 
outward, flaring of the nostrils during in
halation) predisposes to activation of TrPs 
in the digastric muscle. Mouth-breathing 
may result from mechanical blockage (as 
by nasal polyps), structural distortion (de
viated septum) of the nasal passages, si
nusitis, or recurrent allergic rhinitis. 

The activation of TrPs in "Myalgia" of 
the posterior belly of the digastric and of 
the medial pterygoid muscle has been at
tributed to mechanical irritation caused by 
an elongated styloid process, the "Eagle 
syndrome." 3 4 The patient with this syn
drome complains of pain in the angle of 
the jaw on the side of involvement, and 
also may have symptoms of dizziness and 
visual blurring with "decreased" vision on 
the same side. This pain can be caused by 
TrPs in the posterior digastric and stylohy
oid muscles. Active TrPs in these muscles 
can result in sustained elevation of the hy
oid. The tenderness at the styloid process 
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and calcification of the stylohyoid liga
ment can represent enthesitis and subse
quent calcification due to the sustained 
tension caused by TrP taut bands. The 
dizziness and blurred vision can be caused 
by associated TrPs in the adjacent sterno
cleidomastoid muscle. The presence of ab
normal elongation of the styloid process by 
calcification of the stylohyoid ligament is 
palpable from inside the mouth. 3 4 It may be 
necessary to remove the excess calcium 
surgically to provide relief. Pressure of the 
calcified process against the carotid artery 
during extreme rotation of the head may 
cause pain and dizziness. 

Flexion-extension injuries, such as 
those sustained in motor vehicle accidents, 
can activate TrPs in the suprahyoid mus
cles, infrahyoid muscles, and in the deeper 
longus colli and longus capitis muscles; 
forward-head posture can perpetuate them. 

8. PATIENT EXAMINATION 
Rocabado and Iglarsh4 3 state that "the 

hyoid bone influences movements of the 
mandible, swallowing, and sound forma
tion in speech." The examiner should as
sess the hyoid for free movement laterally 
in both directions, and should be able to 
palpate muscle tension in suprahyoid 
and/or infrahyoid muscles when move
ment is restricted. 

Sustained TrP tension of the posterior 
digastric and stylohyoid muscles can over
load, and help to activate TrPs in, the an
tagonistic fibers of the contralateral poste
rior temporalis and of the contralateral 
masseter's deep division; tautness of these 
antagonists may nearly balance the 
mandibular deviation induced by the di
gastric. If the contralateral muscles are 
cleared of active TrPs, the mandible is then 
free to deviate to the side of the affected 
posterior belly of the digastric muscle. If 
deviation is due solely to posterior digas
tric TrPs, the mandible is pulled over as the 
jaws start to separate, but with further 
opening, it returns to the midline. 

An indicator that TrPs in the posterior 
digastric muscle are contributing to a pa
tient's difficulty in swallowing is improve
ment of the symptom by clenching the 
teeth while swallowing. Clenching may 
reciprocally inhibit the digastric TrP activ

ity responsible for the difficulty. Difficulty 
in swallowing can also be caused by TrPs 
in the longus colli. 

If the patient has an ossified extension 
of the styloid process (Eagle syndrome) 
with involvement of the posterior digastric 
and stylohyoid muscles, the patient should 
be checked for TrPs in the mylohyoid and 
longus colli muscles. 

One test of anterior digastric TrP in
volvement as a source of lower incisor 
tooth pain is to ask the patient to pull the 
corners of the mouth down vigorously 
enough to tense the anterior neck muscles. 
When positive, this Anterior Digastric Test 
activates the toothache and indicates the 
likelihood of TrPs in the anterior belly of at 
least one digastric muscle. 

Myofascial TrPs that restrict side bend
ing of the neck include TrPs in the upper 
trapezius and in both the clavicular and 
sternal divisions of the sternocleidomas
toid muscle. Less frequently, a tense omo
hyoid muscle stands out under the skin 
like a rope as it stretches over other neck 
structures and attaches to the scapula. Ad-
son 1 relieved pain and dysesthesia result
ing from pressure on the brachial plexus 
due to abnormal tension in the omohyoid 
by surgically sectioning the muscle. 

When the omohyoid muscle develops 
TrPs and becomes tense, it can act as a con
stricting band across the brachial plexus. 4 4 

Because the tense muscle stands out 
prominently when the head is tilted to the 
contralateral side, the omohyoid is easily 
mistaken for the upper trapezius or a sca
lene muscle. When the omohyoid harbors 
TrPs, it can prevent full stretch of the 
trapezius and scalene muscles, and there
fore also must be released. Rask 4 2 reported 
the diagnosis and treatment of four pa
tients whose primary cause of pain was 
myofascial TrPs in this muscle. 

Recognition of muscle balance is always 
important, and between the suprahyoid 
and infrahyoid muscles it is particularly 
critical because (except for the stylohyoid 
ligament) the hyoid bone is "floating" be
tween them. The concept of inhibited and 
excitable muscles contributing to imbal
ance 3 2 is becoming increasingly accepted. 2 9 

The digastric muscle has been identified as 
being prone to weakness and inhibition; 3 7 
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be attachment TrP tenderness due to enthe-
sopathy for which Ernest and Salter 2 8 pre
sented strong histopathological evidence. 

If the inferior belly of the omohyoid 
muscle has a tender TrP and taut band it 
can be mistaken for the anterior scalene 
muscle, although the two muscles have dif
ferent fiber directions. The omohyoid mus
cle is more superficial than the scalene 
muscles, comes out from beneath the ster
nocleidomastoid muscle, and crosses diag
onally over the anterior scalene (see Fig. 
20.7). It can cross at about the same level as 
the location where scalene TrPs can be 

however, no experimental data substantiat
ing this impression is known to have been 
published. Since TrPs can so profoundly 
disturb normal muscle responsiveness, 
and since the masseter-digastric relation
ship is unusually dependent upon reflex 
interaction because of the dearth of digas
tric muscle spindles, electromyographic 
(EMG) studies of the functional behavior of 
these muscles before and after release of 
the TrPs in one muscle or the other should 
be very informative. Such a study could 
readily be extended to include the infrahy
oid muscles. 

In cases of unresolved posterior cervi
cal, thoracic, or lumbosacral pain, it is 
wise to assess anterior structures for TrP 
tension and to assess the patient for a for
ward-head posture. 

9. TRIGGER POINT EXAMINATION 
(Fig. 12.5) 

Tension in either belly of the digastric 
muscle can be assessed by finding abnor
mal resistance when trying to shift the hy
oid bone from side to side. The posterior 
belly of the digastric muscle is examined 
with the patient supine and the head ex
tended, in order to enlarge the space for 
palpation between the neck and the angle 
of the mandible. This posterior belly of the 
digastric muscle (and the stylohyoid mus
cle) are palpated (Fig. 12.5A) by rubbing 
across (perpendicular to the direction of) 
the fibers behind the angle of the 
mandible, 1 5 and by sliding the finger up
ward toward the ear lobe along the anterior 
border of the sternocleidomastoid muscle, 
while pressing inward against the underly
ing neck muscles. The initial pressure on 
active TrPs in the posterior belly elicits ex
quisite local tenderness; sustained pres
sure may reproduce the patient's more dis
tant neck and head pain. 

The anterior belly of the digastric mus
cle is examined with the patient supine, 
the head tilted back and the neck extended 
(Fig. 12.5B). With the patient relaxed, the 
examiner palpates the soft tissues just be
neath the point of the chin on both sides of 
the midline. A tender nodule may be felt in 
the muscle belly at the point of central TrP 
tenderness. Tenderness at the base of the 
greater horns of the hyoid bone is likely to 

Figure 12.5. Examination of the digastric muscle. A, 
posterior belly: palpated between the angle of the jaw 
and the mastoid process, against the underlying neck 
structures. B, anterior belly: the head is tilted back 
and the neck extended, with the jaws closed, to 
stretch the muscle as it is palpated against the under
lying soft tissues, as described in text. 
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found, depending on which scalene digita-
tion is involved and depending on head 
position. 

Myofascial TrPs in the longus capitis 
muscle can be palpated behind the poste
rior pharyngeal wall through the open 
mouth. Those in the longus colli can be 
palpated with difficulty by placing the ex
amining finger along a lateral border of the 
trachea between the sternocleidomastoid 
muscle and the thyroid cartilage, 4 3 and 
slowly advancing it by separating the mus
culature from the adjacent trachea by gen
tle rocking and wiggling motions of the 
finger. When the finger encounters the ver
tebral column, that region is explored for 
TrP tenderness. 

10. ENTRAPMENT 
No neurological entrapments are attrib

uted to TrP activity in the digastric muscle; 
however, Loch et al.38 reported that among 
85 anatomical specimens they found 7 
cases of compression of the external 
carotid artery (in some cases including the 
posterior auricular artery) solely by the sty
lohyoid muscle without ossification of the 
styloid process. 

11. DIFFERENTIAL DIAGNOSIS 
Active TrPs in the posterior belly of the 

digastric are a common problem when se
vere restriction of mouth opening due to 
masseter and/or temporalis TrPs has been 
present for a long time. Digastric TrPs 
rarely occur when only the neck muscles 
are involved with TrPs; they usually occur 
only if some of the mandibular elevator 
muscles also are involved. With posterior 
digastric involvement, TrPs also may occur 
in the retrusion synergists: the posterior 
fibers of the temporalis and the deep fibers 
of the masseter, often on the contralateral 
side. In painful Eagle syndrome, the poste
rior digastric and stylohyoid are likely to 
harbor active TrPs; the longus colli also 
may become involved. 

With anterior digastric involvement, 
other TrPs are likely to develop in the an
tagonistic masseter on the same side. 

12. TRIGGER POINT RELEASE 
(Figs. 12.6, 12.7, and 12.8) 

Cervical muscles frequently work in 
pairs and are involved bilaterally; there

fore, they should be treated bilaterally. Ex
cessive forward-head posture should be 
corrected, and the patient should be given 
instruction for home follow-through. 

Spray and Release 
Digastric Muscle. To apply intermit

tent cold and release (stretch) for the right 
digastric muscle, the clinician sprays the 
vapocoolant (or applies icing) in the pat
tern illustrated in Figure 12.6A which in
cludes the anterior and posterior bellies of 
the muscle. The intermittent cold is ap
plied prior to release of the muscle. If 
vapocoolant spray is used, it is applied 
while the patient exhales in order to avoid 
inhalation of spray vapor. Extra precaution 
must be taken with patients who suffer 
from respiratory problems; icing is an ac
ceptable substitute. The sweeps of spray 
(or icing strokes) are applied over the en
tire muscle and over the referred pain 
zone, including the area under the chin, 
the upper part of the sternocleidomastoid 
muscle, the mastoid area, and extending to 
the occiput if involved. The vapocoolant 
application also includes the skin covering 
the painful lower teeth in the case of ante
rior digastric involvement. 

Figure 12.6B illustrates stretch release of 
the right digastric muscle using postiso
metric relaxation with the patient supine. 
The clinician's left hand resists the pa
tient's attempt to open the mouth (isomet
ric contraction phase) while the right 
thumb exerts minimal pressure on the hy
oid bone on the side of trigger point (TrP) 
involvement. The clinician instructs the 
patient to open the mouth gently and 
breathe in, to hold the breath momentarily, 
and then to breathe out slowly and relax 
fully. As tension releases under the light 
pressure applied by the clinician's thumb, 
the hyoid bone moves toward the left (con
tralateral) side. The respiratory-augmented 
isometric contraction and relaxation 
phases can be repeated to gain complete re
lease of trigger point tension. This proce
dure was fully described and illustrated by 
Lewit. 3 7 

Suprahyoid and Infrahyoid Muscles. 
To apply spray and release to the suprahy
oid muscles, the clinician has the patient 
extend the head and neck sufficiently to 
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Figure 12.6. Application of intermittent cold and re
lease (stretch) to the right digastric muscle. See text 
for description of techniques. A, Vapocoolant (or icing) 
pattern (arrows) for anterior and posterior bellies of the 
muscle. B, Stretch release of the right digastric mus

cle utilizing postisometric relaxation, patient supine. 
The relation of the thumb to the hyoid bone is illus
trated. (Adapted from Lewit K: Manipulative Therapy in 
Rehabilitation of the Locomotor System. Ed. 2. But-
terworth Heinemann, Oxford, 1991.) 

take up the slack in the anterior neck mus
cles, but no farther. Parallel sweeps of 
spray are applied as illustrated in Figure 
12.7A. 

The clinician then lengthens and re
leases the suprahyoid group of muscles 
(Fig. 12.7B) by stabilizing (anchoring) the 

hyoid bone using thumb and index fingers 
of one hand (right hand, in this case) and 
by taking up soft-tissue slack in an upward 
direction toward the mandible with the 
other (left) hand. This stretches and re
leases the anterior digastric along with 
other suprahyoid muscles. 
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Figure 12.7. Spray and release of the suprahyoid and infrahyoid muscles. A, left half of 
spray pattern (arrows). B, manual release of the suprahyoid group of muscles. 

C, manual release of infrahyoid muscle group. See text for details. 
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The clinician lengthens the infrahyoid 
muscle group (Fig. 12.7C) by stabilizing or 
anchoring the hyoid bone using the thumb 
and index fingers of one hand (right hand 
in Fig. 12.7C) and placing the other hand 
across the sternoclavicular junctions, ap
plying pressure with that hand caudalward 
to take up slack in the infrahyoid group. To 
facilitate the stretch release, one can use a 
contract-relax procedure by having the pa
tient actively press the tip of the tongue 
against the roof of the mouth, hold, and 
then relax. 

The omohyoid is stretched by tilting the 
head to the contralateral side and depress
ing the scapula while applying down-
sweeps of spray over the muscle. 

Anterior Vertebral Muscles. Spray and 
stretch can be applied in a manner similar 
to that described for the suprahyoid and 
infrahyoid muscles (see Fig. 12.7), with 
slightly more head and neck extension if 
not contraindicated. The spray also should 
include both heads of the sternocleidomas
toid bilaterally. 

Other Release Techniques 
Trigger point pressure release is also ef

fective for both bellies of the digastric mus
cle [see Chapter 3, Section 12 for the basic 
technique). Hong 3 0 used stretching mas
sage for the anterior digastric belly with 
one finger placed inside the mouth and an
other outside. 

To relieve patients who speak with a 
hoarse voice because of active TrPs in 
the laryngeal muscles, the head is tilted 
back to stretch the anterior neck muscles. 
While the patient sings and holds a note 
("Ahhh-"), the vapocoolant spray is swept 
upward from the sternum and clavicles 
covering the laryngeal region, then to the 
chin and mastoid area bilaterally. Clearing 
of the tone may occur during the few par
allel sweeps of the spray over the skin. 

Patients with TrPs in the longus capitis 
and/or longus colli muscles are likely to 
complain of difficulty swallowing. These 
TrPs have been treated by some clinicians 
by the application of 1.0 watt/cm 2 of ultra
sound directed along the lateral border of 
the spinal column. 

Additional Anterior Releases. Patients 
experiencing flexion/extension injuries in 

motor vehicle accidents usually develop 
TrP tightness of the posterior cervical mus
cles and of the suprahyoid and infrahyoid 
muscles that requires release. Usually, 
these patients also have developed tight
ness of muscular and fascial tissues in the 
pectoral and abdominal regions. Tension 
and shortening in anterior structures can 
overload posterior muscles and contribute 
to joint dysfunction. Posterior pain may 
continue after release of the posterior 
structures if tight anterior structures have 
been neglected. Release of tightness in 
these additional anterior myofascial struc
tures below the neck also is essential for 
full functional recovery of these accident 
victims. The techniques for releasing this 
tightness in the pectoral and abdominal re
gions are illustrated and described in Fig
ure 12.8. These releases may be done either 
before or after spray and stretch to in
volved muscles. 

Another way of approaching treatment 
is through indirect techniques, for exam
ple, working in a direction to find a posi
tion of ease that effects release. Jones 3 3 de
scribed indirect techniques for dealing 
with involvement of anterior structures. 
See Chapter 3, Section 12 for a discussion 
of indirect techniques. 

13. TRIGGER POINT INJECTION 
(Fig. 12.9) 

If trigger point (TrP) sensitivity persists 
after the application of spray and release, 
and after TrP pressure release, injection 
can be tried. With the patient supine, either 
the posterior or anterior belly of the digas
tric muscle may be fixed between the fin
gers and its TrPs injected. When injecting 
the posterior belly of the digastric muscle, 
it is wise not to penetrate the external jugu
lar vein which is readily identified by 
blocking the vein lower in the neck (Fig. 
12.9A). During injection with a 3.8-cm (1 1/2 
in) 22-gauge needle (Fig. 12.9B), one finger 
is used to displace the vein, while the taut 
band containing the tender TrPs is local
ized between two fingers for tactile guid
ance of the needle. The internal carotid 
neurovascular bundle lies deep to the mus
c l e . 5 2 2 It is avoided by determining the size 
of the muscle by palpation to begin with, 
and then by injecting within the confines of 
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Figure 12.8. Additional anterior releases. A, pectoral 
region myofascial release. One hand applies gentle 
pressure in a diagonal superior and lateral direction at 
the shoulder joint region, and the other hand applies 
pressure in an opposite direction at the sternum, re
leasing the pectoral myofascial tissues. The operator 
does not force, but rather encourages the release by 
applying gentle pressure just to the barrier (resistance 
of the tissues). The hands then follow the releasing tis
sues (taking up slack) to the point of next resistance 
(barrier); the clinician waits for release again, repeating 

until release is complete and movement of the tissues 
is not restricted. This release should be repeated on 
the other side of the body. B, abdominal region myo
fascial release. One hand applies pressure in a caudal 
direction at the pubic area, and the other hand applies 
counter-pressure in a diagonal upward direction. The 
upward pressure is directed in line with the fibers of 
the external oblique muscle, toward the shoulder of 
the side that the operator is releasing (the right in this 
case). This release also should be performed on the 
contralateral side. 

the muscle; the needle is directed posteri
orly, as illustrated (Fig. 12.9B). A 27-gauge 
needle can be used, but only with the Hong 
technique (see Chapter 3, Section 13). 

A local twitch response is an important 
indicator of a successful injection. When 

injecting these posterior digastric TrPs, no 
effort is made to distinguish the posterior 
belly of the digastric from the stylohyoid 
muscle. Needle penetration of these TrPs 
may cause a flash of pain over the occipi
tal region, especially if that spillover pat-
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Figure 12.9. Injection of the posterior belly of the di
gastric muscle. A, manual occlusion of the external 
jugular vein to demonstrate its path near the angle of 
the jaw. B, injection of the muscle belly using the in
dex finger to displace the external jugular vein to one 

side. The middle finger presses against the sternoclei
domastoid muscle on the posterior aspect of the di
gastric, and the posterior belly is fixed between the 
two fingers at the TrP. 

tern is part of the patient's current pain 
complaint. 

To inject TrPs in the digastric anterior 
belly, the head and neck of the patient are 
extended, and the TrP spot tenderness in 
the taut subcutaneous muscle fibers is lo
calized between two fingers of the palpat
ing hand for injection. 

If one finds it necessary to inject the 
other suprahyoid or the infrahyoid mus
cles, a shorter and a small (1 inch, 27-

gauge) needle is recommended with due 
consideration given to the local anatomy. 

Injection of the longus colli muscle is 
difficult and requires an advanced level of 
practitioner experience and technique. The 
guide fingers are placed along a lateral bor
der of the trachea and slowly advanced by 
separating the musculature from the adja
cent trachea by gentle rocking and wiggling 
motions of the fingers. This palpatory ad
vance stops when the fingertips reach the 
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anterior portion of a vertebra, and the 
depth beneath the skin is carefully noted. 
Changes in direction of pressure help to lo
cate the areas of maximum tenderness. 

The longus colli can be a very thin mus
cle. Here, the Hong technique [see Chapter 
3, Section 13) is recommended for holding 
the syringe. The needle is advanced along 
the path identified by the fingers. It is ad
vanced very slowly and gently as it ap
proaches the depth of the vertebral struc
tures to minimize hard contact with the 
bony vertebra. Even gentle contact with the 
bone can bend the tip of the needle into a 
"fishhook" that feels "scratchy," especially 
whenever the needle is retracted. When this 
happens, the needle should immediately be 
withdrawn and replaced. No "fishhook" 
should develop if the needle is moved suffi
ciently slowly and gently. The anterior sur
face of the longus colli is very gently ex
plored with the needle tip in the regions 
where palpation against the anterior surface 
of the vertebral column elicited the greatest 
deep tenderness. The operator's palpating 
finger should remain in contact with the TrP 
during the entire course of TrP injection. 

After injection, stretch and spray are re
peated at once, followed by moist heat over 
the anterior neck. 

14. CORRECTIVE ACTIONS 
Postural analysis and training are cov

ered in Chapters 5 and 41, Section C. 
Self-application of TrP pressure release 

on the superficial TrPs can be quite effec
tive for the superficial muscles. The patient 
must understand the concept of referred 
pain and learn exactly where to press on 
the posterior belly of the digastric muscle 
deep to the angle of the mandible, rather 
than on the sternocleidomastoid muscle 
where the "soreness" of the referred ten
derness is usually felt by the patient. 

The patient can be instructed in self-
treatment of the digastric muscle utilizing 
a technique similar to that described previ
ously in Section 12 and as described by Le-
wit. 3 7 The patient can perform postisomet
ric relaxation while sitting at a table, chin 
supported by one hand, and using the 
other hand at the hyoid bone. 

Steps should be taken to have the patient 
stop retrusive bruxism and to restore breath
ing through the nose, rather than through 

the mouth. The latter favors depression and 
retrusion of the mandible causing activation 
and shortening of the digastric muscles. 
Malocclusion may require permanent cor
rection when symptoms persist after the 
masticatory TrPs have been inactivated. 

The patient can do an active jaw-protru
sion exercise, lying supine. If the mandible 
deviates to one side during active opening 
and closure, the patient should rhythmi
cally resist deviation, pushing the man
dible to the opposite side with the fingers 
while the jaws are less than half open. This 
exercise helps to stretch a tight posterior 
belly of the digastric muscle. 

Case Reports 
Case Number 1 (see reference 30) 

A 42-year-old white male complained of 
progressive pain in the floor of the mouth 
with radiation to both ears for 10 years be
fore the final diagnosis was made of Eagle 
syndrome. Surgical amputation of the 
elongated styloid process was performed, 
but the patient still had persistent pain in 
the floor of the mouth and in the ears. Ex
amination revealed several trigger points 
(TrPs) in bilateral digastric muscles (both 
heads) with marked local twitch responses 
and typical referred pain patterns to the 
anterior neck and the ear. Other muscles 
involved included the longus colli, 
suprahyoid, and infrahyoid muscles. The 
patient was treated with injection of TrPs 
in muscles of the floor of the mouth, and 
stretching massage of the anterior belly of 
the digastric muscle (with one finger 
placed inside the mouth and another fin
ger outside). After 2 months of treatment, 
he had made significant improvement. 
Subjectively, the severity of pain had re
duced to only 50% of the previous level 
and the frequency of severe pain attack 
was also reduced by half. Six months later, 
he reported that he had further improve
ment to only 20% of original pain level. 

Case Number 2 (see reference 86) 

The patient is a 59-year-old female who 
was referred by her physician for evalua
tion of painful, burning tongue and a le
sion of the anterior dorsum. The burning 
sensation had been present for 9 years. 
The lesion was first noticed by the patient 
at the time the pain began. It presented as 
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a slightly raised, whitish area with inter
spersed erythema. 

An incisional biopsy had been per
formed on the lesion, and the histology 
was reported as mild nonspecific chronic 
inflammation. Wide local excision and 
lingual frenectomy completed later failed 
to give the patient relief, and the lesion 
soon recurred. A fourth surgical proce
dure was equally unrewarding. A variety 
of medications had been prescribed, in
cluding corticosteroid, antibiotics, anal
gesics, and vitamins. None effected relief. 

The patient reported that she periodi
cally had brief, intermittent, spontaneous 
relief, and there had been changes in the 
pattern and intensity of the lesion. The lo
cal tenderness was increased by cold, 
heat, spices, salt, and the near presence of 
volatile liquids, such as cleaning fluid. 

Examination and Diagnosis. On physi
cal examination, Dr. Konzelman found the 
patient to be an apparently healthy, coop
erative, and alert person. Her medical his
tory was unremarkable except for thyroid 
surgery of a benign nodule in 1946, hys
terectomy in 1957, and surgery of the 
tongue in 1975, 1976, 1980, and 1981. She 
had no apparent neurologic deficits. A re
view of her systems showed them to be es
sentially normal. Screening laboratory 
studies included a hematology profile and 
SMAC-22. All values were within normal 
limits. 

All of the patient's oral tissues appeared 
normal except for surgical scars of the right 
ventrolateral aspect of the tongue and the 
ill-defined lesion of the right anterior dor
sum and lateral border. The lesion was ser
piginous over a 1 cm area and consisted of 
a depapillated center with slight peripheral 
hyperkeratinization, but no induration. 

Palpation of the stomatognathic muscles 
revealed tenderness and palpable muscle 
TrPs in the right mylohyoid and in the an
terior belly of the digastric, which referred 
pain to the tongue when palpated. 

The examinations led Dr. Konzelman 
to diagnose the patient's problems as the 
following: 

1. Benign migratory glossitis, clinically 
pathognomonic. 

2. Glossodynia secondary to referred myo
fascial TrPs. 

Treatment. Diagnostic therapy con
sisted of 1 hour of transcutaneous electric 
neural stimulation (TENS) through transcra
nial leads in the area of the coronoid notches, 
with a cervical spine ground. (Please note 
that most conventional TENS units cannot be 
used transcranially. Two units that can safely 
be used in this way are the Myomonitor, 
when used with a cervical spine ground, and 
the Pain Suppressor, a high-frequency 
TENS). The purpose of this treatment was to 
relax the muscles innervated by cranial 
nerves V and VII, which are accessible 
through the coronoid notch. The patient ex
perienced complete pain relief which lasted 
for about 48 hours. Dr. Konzelman explained 
the nature of the patient's tongue lesion and 
advised her that no treatment was indicated. 

She returned in 1 week, and her muscles 
were again pulsed with TENS for 1 hour. 
At this visit, she was given a flat intraoral 
orthotic to disengage dental intercuspation 
and to permit a more relaxed mandibular 
muscle movement. Her glossodynia has 
not returned. 

NOTE: Dr. Konzelman commented that 
glossodynia secondary to referred myofas
cial pain has been known and treated for 
many years (L. A. Funt, Personal commu
nication). 
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CHAPTER 13 
Cutaneous I: Facial Muscles 

(Orbicularis Oculi, Zygomaticus 
Major, Platysma and Buccinator) 

HIGHLIGHTS: The orbicularis oculi, zygomaticus 
major, platysma, and the buccinator muscles 
serve as examples for trigger point (TrP) involve
ment, which may be found in any of the muscles 
of "facial expression." R E F E R R E D PAIN to the 
nose is rarely caused by TrPs in any muscle ex
cept the orbicularis oculi. The zygomaticus major 
refers pain in an arc close to the side of the nose 
and up to the forehead. The platysma refers a 
prickling sensation over the lower jaw. A N A T O M 
ICAL attachments of these skin muscles are usu
ally to subcutaneous fascia; only rarely do they 
attach to bony structures. F U N C T I O N of the or
bicularis oculi is to close the eye tightly, and of 
the zygomaticus major is to draw the corner of 
the mouth upward and laterally, as in smiling. 
Functions of the platysma are to tense the skin of 
the anterior neck and to pull the corner of the 
mouth downward. The buccinator assists the 

tongue in moving food about the mouth during 
chewing. ACTIVATION A N D PERPETUATION 
OF TR IGGER P O I N T S in these skin muscles may 
occur because the muscles often lie in the pain 
reference zones of TrPs in the sternocleidomas
toid and masticatory muscles. TR IGGER POINT 
E X A M I N A T I O N requires careful exploration of 
the subcutaneous tissue, using pincer (simultane
ous intraoral and extraoral) palpation when possi
ble, and flat palpation when necessary. TRIGGER 
P O I N T RELEASE by spray and stretch is usually 
more effective for the platysma than for the other 
muscles. TR IGGER P O I N T I N J E C T I O N effec
tiveness requires injection precisely into each TrP 
of these muscles. C O R R E C T I V E A C T I O N for 
these skin muscles involves chiefly the inactiva-
tion of key TrPs in other muscles responsible for 
these satellite foci of hyperirritability. 

1. REFERRED PAIN 
(Figs. 13.1 and 13.2) 
Orbicularis Oculi 
(Fig. 13.1 A) 

This is one of the few musc les from 
w h i c h trigger points (TrPs) refer pain to the 
nose (Fig. 13 .1 A) . No musc le is k n o w n to re
fer pain to the tip of the nose . Less intense 
pain may be felt in the cheek c lose to the 
nose and over the upper l ip, homolateral ly . 2 5 

Zygomaticus Major 
(Fig. 13.1B) 

T h e TrPs in this m u s c l e refer pa in in an 
arc that extends along the s ide of the nose 
and t h e n up ward over the bridge of the 
nose to the mid- forehead (Fig. 1 3 . I B ) . 2 5 

4 1 6 

Platysma 
(Fig. 13.1C) 

Act ive TrPs in the platysma usual ly 
overl ie the s ternocle idomastoid musc le , 
and refer a strange prickl ing pain to the 
skin over the lateral surface of, and just be
low, the m a n d i b l e on the same side (Fig. 
13 .1C) . A platysma TrP just above the clav
ic le m a y refer hot prickl ing pain across the 
front of the chest . 

Buccinator 
(Fig. 13.2A) 

F r o m TrPs in the bucc inator musc le , the 
pat ient exper iences pain local ly in the 
c h e e k (Fig. 13 .2A) and pain referred deep 
to the c h e e k as a subzygomatic ache in the 
j a w . 1 6 
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Figure 13.1. Pain patterns (dark red) and the trigger points (Xs) from which the pain is referred. A, orbital por
tion of the right orbicularis oculi muscle. B, right zygomaticus major muscle. C, right platysma muscle. 
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Orbicularis 
oris muscle 

Buccinato 
muscle 

Superior 
pharyngeal 
constrictor 
muscle 

Figure 13.2. Pain pattern and attachments of the buc
cinator muscle. A, pain pattern (dark red) showing lo
cation of pain in the cheek and deep to it in the sub-
zygomatic portion of the jaw. B, trigger point (X) in the 
central portion of the buccinator muscle (medium red). 

B 
The buccinator blends anteromedially with the fibers 
of the orbicularis oris muscle (light red). Posterolater-
ally, it attaches chiefly to the tendinous inscription that 
also anchors the superior pharyngeal constrictor mus
cle (light red). 

2. ANATOMY 
(Figs. 13.2 and 13.3) 

T h e f ibers o f these cutaneous m u s c l e s 
l ie w i t h i n the superf ic ial fascia. 

The mean diameter of types I and IIA 
fibers in surgically excised human levator 
labii, zygomaticus major, orbicularis oris, 
and platysma muscles was nearly half 
(32-40u,) 2 3 that of normal adult limb mus
cles (57-69u). 6 These muscles also had a 
disproportionately high percentage of 
type IIA fibers (48-68%) compared to limb 
muscles (29%) largely in place of type IIB 
and to some extent type I fibers. Values for 
the platysma muscle compared much 
more closely to those of limb muscles 
than did the others. Twitch contraction 
times of facial muscles were only half as 
long as limb muscle. 1 7 Twenty five biopsy 
samples 2 3 of these facial muscles were 
taken only from the central part of each 

muscle, distant from the myotendinous 
junction. Motor endplates and fine motor 
nerves were seen in every specimen, fre
quently in large numbers. 

Orbicularis Oculi 
This musc le has a palpebral portion con

tained in the eyelids, and an orbital portion 
surrounding the l ids. Fibers of both portions 
together form a circular path around the 
palpebral fissure (Fig. 13.3) . Fibers of the or
bital portion form bony attachments along 
the superior medial part of the orbit and at
tach medial ly to a short fibrous band, the me
dial palpebral l igament. T h e f ibers surround 
the palpebral f issure in concentr ic curves. 8 

Buccinator 
T h e bucc inator (Fig. 1 3 . 2 B ) is the prin

c ipal m u s c l e of the cheek forming the lat
eral wal l of the oral cavi ty . 1 0 Anteromedi-

A 
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Figure 13.3. Attachments of selected facial muscles 
and face-related cutaneous muscles. The orbicularis 
oculi, the zygomaticus major, and the platysma are 
dark red. The palpebral portion of the orbicularis oculi 
covers only the eyelids; the remaining fibers are the 

orbital portion. The zygomaticus major reaches from 
the zygoma to the corner of the mouth. The platysma 
connects the skin muscles near the mouth to the sub
cutaneous fascia of the upper chest. The orbicularis 
oris is light red. 

Platysma 

Orbicularis 
oris 

Zygomaticus 
minor 

Zygomaticus 
major 

Orbicularis 
oculi 
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ally, bucc ina tor fibers converge toward the 
angle of the m o u t h where they divide to 
b e c o m e cont inuous wi th the fibers of the 
orbicular is oris. Laterally, the bucc ina tor 
at taches chief ly to the pterygomandibular 
raphe, a tendinous inscr ipt ion that also an
chors the superior pharyngeal constrictor . 
Posterolateral ly, some f ibers attach to the 
outer surfaces of the alveolar processes of 
the maxi l la above and the m a n d i b l e below. 
T h e m u s c l e i s p ierced by the parotid 
d u c t . 1 3 

Zygomaticus Major 
T h i s m u s c l e o f m o u t h control at taches 

above to the malar surface of the zygo
mat ic b o n e and below to the angle of the 
mouth , where i t b l e n d s wi th f ibers of the 
orbicular is oris (Fig. 1 3 . 3 ) . 9 

Platysma 
T h e f ibers o f the p la tysma m u s c l e l ie in 

the subcutaneous fascia of the lower face 
and n e c k (Fig. 13 .3 ) . Above, m a n y of its 
f ibers inter lace wi th the orbicular is oris 
w h i l e other f ibers at tach to the corner of 
the mouth , to other facial m u s c l e s , and to 
the lower margin of the m a n d i b l e ; below, 
the f ibers at tach to the subcutaneous fascia 
of the upper t h o r a x . 1 1 

Supplemental References 

Other authors have clearly illustrated 
the orbicularis oculi, 1 , 8 , 1 4 , 1 9 , 2 2 the bucci
n a t o r , 3 , 1 0 , 2 0 the zygomaticus m a j o r , 1 , 9 , 1 4 

1 8 , 2 2 and the platysma. 2 , 8 , 1 5 

3. INNERVATION 
T h e facial nerve (cranial nerve VII) sup

pl ies the motor nerve f ibers for these m u s 
cles of facial express ion and suppl ies deep 
facial s e n s a t i o n . 2 6 T h e b u c c a l nerve b r a n c h 
of the tr igeminal nerve (cranial nerve V) 
suppl ies the skin of the c h e e k and m u c o u s 
m e m b r a n e of the m o u t h in the region of the 
b u c c i n a t o r m u s c l e . 1 2 

4 . FUNCTION 
With concent r i c e lec trodes , the motor 

uni t potent ia ls of facial m u s c l e s were ap
proximate ly ha l f the durat ion and ha l f the 
ampl i tude o f l imb m u s c l e s . 7 

Orbicularis Oculi 
Act ivat ion of only the palpebral port ion 

of the orbicular is ocul i produces gentle , 

but rapid c losure of the eye, as in bl inking. 
Addi t ional act ivat ion of the orbital portion 
produces strong c losure of the eye w h i c h 
throws the skin into folds at the lateral an
gle of the e y e l i d . 4 , 8 Paralysis of the orbicu
laris ocul i abol ishes tight c losure of the 
eye, w h i c h threatens the cornea wi th dev
astating dehydrat ion and may interfere 
wi th the drainage of tears, causing them to 
spi l l over the lower l i d . 1 8 Electromyograph-
ically, the eye normal ly c loses gently by al
lowing the upper l id to drop passively 
wi thout muscular contract ion. 

Buccinator 
M o v e m e n t of food about the mouth de

pends on interplay be tween the tongue and 
the bucc inator musc les . Contract ion of the 
bucc ina tor decreases the size of the oral 
cavity. Whist l ing, b lowing a w i n d instru
ment , and swal lowing also use these mus
c l e s . 2 0 T h e paired bucc inator musc les also 
part ic ipate in facial expression. 

Zygomaticus Major 
T h i s m u s c l e draws the angle of the 

m o u t h upward and laterally, as in smil ing 
and l a u g h i n g , 4 , 9 or saying, " W h e e . " 

Platysma 
Contract ion of the platysma musc le 

pul ls the angle of the mouth downward 
and the thorac ic skin u p w a r d . 1 1 Also, as 
conf i rmed by electromyography, the mus
c le b e c o m e s act ive w h e n one widens the 
aperture of the already open jaws, but not 
during swal lowing or during n e c k move
m e n t s . 5 I t corresponds to the n e c k musc le 
that a horse uses to shake off flies. 

5. FUNCTIONAL UNIT 
Closure of the upper l id by the orbicu

laris ocu l i is antagonized by the levator 
pa lpebrae m u s c l e . T h e tongue works wi th 
the b u c c i n a t o r m u s c l e s to control the 
food during c h e w i n g . T h e m u s c l e s o f ex
ha la t ion w o r k in c lose cooperat ion wi th 
the b u c c i n a t o r m u s c l e s w h e n one i s b low
ing a w i n d ins t rument . T h e orbicular is 
oris f requent ly works in concer t wi th the 
b u c c i n a t o r s . 

T h e zygomaticus major musc le is as
sisted by the paral lel zygomaticus minor, 
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w h i c h also is k n o w n as the zygomatic head 
of the quadratus labii superioris . T h e 
platysma TrPs apparently develop in rela
t ion to involvement of the s ternoc le idomas
toid musc le , w h i c h i t overl ies in paral lel . 

6. SYMPTOMS 
Patients report pain as descr ibed in Sec 

t ion 1. Individuals wi th myofasc ia l dys
function of the orbicularis ocul i m u s c l e 
may compla in o f " j u m p y pr in t . " W h e n 
reading type with strong b lack and whi te 
contrast, the letters seem to j u m p , making 
it difficult to focus on them. 

Prickling pain due to platysma TrPs 
feels l ike mult ip le p inpr icks . T h e sensa
t ion is not l ike the t ingling caused by an 
electric current, a feature w h i c h usual ly 
denotes a neurologic origin. Patients w h o 
experience this prickl ing pain in the face 
in combinat ion with headaches from TrPs 
in the s ternocle idomastoid m u s c l e are of
ten greatly c o n c e r n e d and baffled, as are 
their physic ians . 

W h e n the buccinator is involved, subzy-
gomatic jaw pain may be aggravated by 
chewing. T h e patient may have a percept ion 
of difficulty in swallowing, although the 
swallowing movement appears n o r m a l . 1 6 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Habitual frowning, squinting (due to 
photophobia or ast igmatism), or TrPs in the 
sternal division of the s ternoc le idomasto id 
musc le (which refer pain to the orbit) m a y 
activate TrPs in the orbicularis ocul i m u s 
c l e . 2 5 Myofascial dysfunct ion of the mast i 
catory musc les that is severe enough to 
cause tr ismus may activate TrPs in the zy
gomaticus major m u s c l e . 

Platysma TrPs are act ivated secondari ly 
by TrPs in the s ternoc le idomasto id-sca lene 
family of musc les . 

Bucc inator TrPs may be act ivated by i l l -
fitting dental appl iances . 

8. PATIENT EXAMINATION 
Activat ion of TrPs in the orbicularis 

oculi musc le may produce a unilateral nar
rowing of the palpebral f issure that resem
bles the ptosis of Horner's syndrome, but 
without the change in pupi l lary size. 
W h e n upward gaze is tested, these patients 
tilt the head backward, because they can

not raise the upper eyel id suff ic iently to 
look u p . 

Trigger-point t ightness of the zygomati
cus major m u s c l e may cause restr ic t ion of 
the normal j aw opening by 10 or 20 m m ; 
the opening can be improved by inact ivat
ing the TrPs in this m u s c l e . 

9. TRIGGER POINT EXAMINATION 
Orbicularis Oculi 

T h e TrPs in the upper orbital port ion of 
this m u s c l e are found by flat palpat ion, by 
running the t ip of the examin ing f inger 
crosswise over the m u s c l e f ibers that l ie 
above the eyel id , just beneath the eyebrow 
and against the b o n e of the orbit. 

Buccinator 
Trigger points in this m u s c l e are found 

in m i d - c h e e k , hal fway b e t w e e n the angle 
of the m o u t h and the ramus of the 
m a n d i b l e . T h e e x a m i n e r uses p incer palpa
t ion be tween f ingers ins ide and outs ide of 
the m o u t h to find a taut b a n d running in 
the direct ion of the m u s c l e f ibers . T h e 
b a n d can be identi f ied by sl iding the ins ide 
f inger up and down against the counter-
pressure of the outs ide f inger , across the di
rec t ion of the m u s c l e f ibers , w h i l e squeez
ing gently. Tenderness of the TrP is 
augmented by pressing the c h e e k outward, 
w h i c h places the bucc ina tor m u s c l e on in
creased tens ion. Snapping palpat ion of the 
b a n d at the tender act ive TrP produces a 
painful , pa lpable , and usual ly v is ib le , local 
twi tch response in this superf ic ial m u s c l e . 

Zygomaticus Major 
To e x a m i n e the zygomaticus major, the 

patient re laxes , e i ther sitting or supine and 
the jaws are propped open as w i d e as is 
comfortable . Most of the length of the m u s 
cle can be palpated for spot tenderness by 
p incer grasp, plac ing one digit ins ide the 
cheek and one outs ide (see Fig. 1 3 . 6 A ) . 
T h e palpable b a n d is apprec iated chief ly 
by the outside f inger . S e e Figure 1 3 . I B for 
a locat ion of TrPs in this m u s c l e . 

Platysma 
(Fig. 13.4) 

Local twi tch responses are not observed 
in the orbicularis ocul i or the zygomaticus 
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major, probably because it is difficult to 
put them on sufficient stretch. However, 
the twitch response of the band is likely to 
be seen and felt during examination of the 
platysma. The patient tips the head back 
far enough to tighten the muscle, and then 
the examiner pinches successive lines of 
skin across the muscle fibers (Fig. 13.4) ap
proximately 2 cm (1 in) above the clavicle. 
Rolling the skin and platysma between the 
digits usually sets off the referred prickling 
sensation in the face (Fig. 13.1C). 

1 0 . ENTRAPMENT 
No nerve entrapments have been ob

served due to active TrPs in these muscles. 

1 1 . DIFFERENTIAL DIAGNOSIS 
Pain caused by TrPs in the orbicularis 

oculi, buccinator, and/or zygomaticus 
muscles is easily attributed erroneously to 
a form of tension headache. Patients with 
pain from buccinator TrPs are very likely 
to receive a misdiagnosis of temporo
mandibular joint (TMJ) syndrome or dys-

function, especially since they have trou
ble chewing and swallowing. TM joint dys
function should be ruled out. 

The sternocleidomastoid, scalene and 
masticatory muscles on the same side often 
harbor active TrPs, and platysma TrPs are 
rarely, if ever, seen in the absence of TrPs 
in one of these other muscles. 

1 2 . TRIGGER POINT RELEASE 
Orbicularis Oculi 

The vapocoolant spray-and-stretch tech
nique is unsatisfactory for this muscle be
cause of difficulty in obtaining adequate 
stretch and of keeping the liquid out of the 
eye. Pressure release of orbicularis oculi 
trigger points (TrPs), by rolling and progres
sively squeezing the TrP between the fin
gers as the tension releases, can be effective. 

Buccinator 
Spray and stretch of the buccinator is 

more effective than for the orbicularis oculi 
because the operator can stretch the mus
cle by pressing the cheek outward. Using 
this approach, postisometric relaxation 
and trigger point pressure release can also 
be effective. Electrotherapy has also been 
reported to be useful 1 6 as described in the 
case report at the end of this chapter. 

Zygomaticus Major 
(Fig. 13.5A) 

Either sitting or supine, the patient re
laxes with the mouth opened as wide as is 
comfortable. The fibers of the zygomaticus 
major muscle are lengthened by pulling the 
cheek outward with one finger, as shown 
in Figure 13.5A (with glove applied). 
While the operator maintains tension on 
the muscle fibers, and while the patient 
exhales, the spray is applied upward over 
the muscle and then over the distribution 
of the referred pain. However, it is difficult 
to obtain an adequate stretch of this long 
slack muscle, so that stretch and spray may 
be ineffective. If the patient has asthma or 
another respiratory condition, ice stroking 
may be substituted for the spray. If spray is 
used, the operator's hand or a cloth can 
block the spray to protect the nose area. 

Zygomaticus TrPs can be effectively in
activated by using trigger point pressure re
lease and by stroking massage of the nod
ule and the taut band. 

Figure 13.4. Rolling the skin of the neck between the 
thumb and fingers tests for the presence of active 
trigger points in the platysma muscle. 
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Figure 13.5. Stretch position and spray patterns (ar
rows) for two skin muscles. A, the zygomaticus major. 
A glove should be worn on the operator's examining 
hand. The fingers pull the corner of the mouth down 
and forward, away from the zygoma. The patient is in
structed to breathe out (exhale). As the patient ex
hales, the operator protects the eye and applies 
vapocoolant to the cheek and face area as shown. Ice 
stroking followed by deep massage is an alternative 

treatment. B, platysma muscle. The head and neck 
are extended and the face turned to the opposite side, 
as the spray is applied upward (see also Figure 8.5 for 
combined stretch release including the platysma mus
cle). CAUTION: Spray only while patient is exhaling. 
Patients with asthma or other respiratory conditions 
may not tolerate the spray. Ice stroking may be used 
instead. 
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Platysma 
(Fig. 13.5B) 

With the pat ient seated, and the arm on 
the same side anchored , the operator turns 
the patient 's face to the s ide opposi te the 
involved m u s c l e , and extends the head and 
neck . T h e spray travels upward along the 
l ine of the p la tysma f ibers , covering the 
m u s c l e and its referred pain pattern wi th 
paral le l sweeps of the vapocoolant . If, on 
reexaminat ion , the TrPs still s h o w signs of 
activity, a TrP is firmly pressed and the 
pressure mainta ined as the taut b a n d re
leases and the TrP is inact ivated. Refer to 
Figure 8.5 for a c o m b i n e d stretch re lease 
that inc ludes the pla tysma m u s c l e . 

13. TRIGGER POINT INJECTION 
Orbicularis Oculi 

Locate the trigger points (TrPs) in this 
m u s c l e by focal tenderness in a taut b a n d 
palpated in the upper arc of the orbital por
t ion of the m u s c l e (Fig. 1 3 . 1 A ) . A 1 6 - m m 
(5 /8 - in) , 2 5 - or 26 - gauge needle is used to 
in jec t the TrPs wi th 0 . 5 % proca ine in iso
tonic sa l ine . T h e pat ient should be warned 
that e c c h y m o s i s may develop in the in
jec ted area, causing a " b l a c k e y e . " 

Buccinator 
I f necessary b e c a u s e of unsat isfactory 

response to noninvas ive therapy, dry 
needl ing w h i l e holding the TrP in a p incer 
grasp b e t w e e n the f ingers of the other h a n d 
wi l l inact ivate the TrP i f local twi tch re
sponses are e l i c i ted by the needle . 

Zygomaticus Major 
(Fig. 13.6) 

In jec t ion of the TrPs in this m u s c l e usu
ally is more effect ive than treatment by 
stretch and spray. A p incer grasp holds the 
TrP b e t w e e n the digits (as during examina
t ion) for in jec t ion of the taut b a n d at its 
most tender point under tact i le guidance 
(Fig. 13 .6 ) . 

Platysma 
In jec t ion is rarely required to c lear this 

m u s c l e of act ive TrPs. W h e n used, i t 
s h o u l d be fo l lowed by several act ive con
tract ions fo l lowed by re laxat ion in the 
lengthened posi t ion . 

L a p e e r 2 1 reported rel ieving neck pain of 
eight months duration fol lowing n e c k 
surgery by inserting a 34-gauge acupunc
ture needle into the platysma musc le at the 
point of lowest skin res is tance to a depth 
that the pat ient reported as painful . After 
four treatments of 20 minutes each in 10 
days, the pat ient was pain-free and the 
pain had not returned 6 months later. 

O n e may acc identa l ly encounter a TrP 
in the platysma and evoke the referred 
pr ickle w h e n in ject ing the underlying ster
noc le idomasto id musc le . T h e patient may 
react wi th alarm to the unexpec ted prick
ling sensat ion in the face caused by the 
needle-s t imulat ion of the platysma TrP, un
til its cause is expla ined. 

14. CORRECTIVE ACTIONS 
A n y TrPs in other musc les that are l ikely 

to refer pa in to the same side of the face, 
s u c h as the masticatory, s ternocle idomas
toid and upper trapezius musc les , should 
be inact ivated. T h e " j u m p y pr int " symp
tom due to orbicularis ocul i TrPs has been 
e l iminated by in ject ing the active TrPs in 
the orbicularis ocul i . 

Fo l lowing treatment of the platysma 
m u s c l e , and of associated TrPs in muscles 
of the head and neck , regular passive 
stretching exerc ises and resumption of full 
act ivity should prevent recurrence of the 
pla tysma TrPs. 

CASE REPORT (of buccinator TrP seen by 
Darryl D. Curl, D.D.S.16) 

A 23-year-old Caucasian female was re
ferred to Dr. Curl 8 months into splint 
therapy for "TMJ syndrome." This 
headache pain dated back to over 2 years 
ago while receiving orthodontic care. 
Seven months into splint therapy the pa
tient reported a new onset of left face pain 
to her dentist. This pain failed to respond 
to additional modifications of her full-
occlusion mandibular splint and the den
tist could find no explanation for it. 

The patient explained: "My left cheek 
hurts, maybe it's my teeth (pointing to the 
left buccal area) and I can't swallow very 
well." She described a sudden onset of 
deep, almost continuous, aching subzygo-
matic pain in the left face. It had been pre
sent for nearly 2 months. The pain was ag-
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gravated by chewing and swallowing her 
food had become difficult. She was un
aware of any trauma or other factor asso
ciated with the onset of this pain. 

A thorough routine medical history and 
physical examination of the head and 
neck including the temporomandibular 
joint apparatus and cranial nerves re
vealed nothing remarkable. Palpation of 
muscles for TrPs revealed a slight discom
fort to pressure in the posterior portion of 
the left temporalis muscle and a palpable 
taut band with focal tenderness in the left 
buccinator muscle. Snapping palpation 
produced a local twitch response. Bidigi-
tal compression elicited local cheek pain 
and reproduced deep subzygomatic ache 
in the left jaw. Infrared thermography of 
the left and right sides of the head and 
neck showed a region over the left bucci
nator muscle > 1°C above the surround
ing temperature. 

Electrotherapy was applied with elec
trodes placed on each side of the buccina
tor TrP, one inside and the other outside of 
the mouth. The current applied was 500 
UA of 800 Hz direct current pulses 
switched between negative and positive 
pulses every 2 seconds. It was adminis-

Figure 13.6. Injection of the right zygomaticus major 
muscle, using pincer grasp to localize the trigger 
points between the digits. 

tered for approximately 7 minutes. After 
three treatments, each two days apart, the 
patient reported complete resolution of 
symptoms: no facial pain and normal swal
lowing. Examination revealed no remain
ing TrP tenderness or referred pain, and a 
symmetrical thermal pattern. Two months 
later, the patient remained symptom-free. 

Comment: Activation of this buccinator 
TrP near the end of her orthodontic care 
would have contributed to the symptoms 
that led to the erroneous diagnosis of "TMJ 
syndrome." Shifting of this TrP between 
degrees of latent and mild activity could 
account for the various degrees of comfort 
experienced with the full occlusal 
mandibular splint for nearly eight months. 
However, without a competent examina
tion of this muscle for TrPs throughout 
this time, this explanation can only be 
speculation. Full activation of this TrP 
then led to her referral to Dr. Curl. 

The diagnosis of this TrP was made 
with three of the most reliable criteria: 
(1) a spot of focal tenderness (2) in a taut 
band that, when compressed, (3) repro
duces the patient's pain complaint. In ad
dition, the diagnosis was substantiated by 
the most discriminating and skill-de
manding criterion, a local twitch re
sponse. 2 4 
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CHAPTER 14 

Cutaneous II: Occipitofrontalis 

HIGHLIGHTS: R E F E R R E D PAIN f rom t r igger 
points (TrPs) in the frontal is bel ly of the o c c i p 
itofrontal is musc le ("scalp tensor") pro jects lo
cally over the forehead. Pain f rom TrPs in the oc 
cipital is belly is pro jected to the back of the head 
and th rough the c ran ium to the back o f the orb i t 
("behind the eye"). A N A T O M I C A L a t tachments of 
these epicranial musc le bell ies are, above , to the 
galea aponeurot ica. Anteriorly, the frontal is at 
taches to the skin o f the fo rehead, and poster i 
orly, the occip i ta l is a t taches to the occ ip i ta l bone . 
F U N C T I O N o f these musc les is to wr ink le the 
forehead; the occip i ta l is assists the frontal is. A C 
TIVATION A N D PERPETUATION OF TR IGGER 
POINTS in the frontal is belly may arise f rom d i 
rect t rauma, or secondar i ly as satel l i tes f rom TrPs 
in the clavicular div is ion of the s te rnoc le idomas
to id musc le , or f rom the over load stress of habi t 

ually wr ink l ing the fo rehead. T R I G G E R P O I N T 
E X A M I N A T I O N is easi ly accomp l i shed by f lat 
pa lpat ion o f the musc le against t he under ly ing 
skul l for taut bands , TrP tenderness , and local 
tw i t ch responses. E N T R A P M E N T o f the supraor 
bital nerve can be caused by TrPs in the f rontal is 
musc le . T R I G G E R P O I N T RELEASE us ing spray 
and s t re tch is usual ly unsat is fac tory for these 
musc les , but t r igger po int pressure release is re
markab ly ef fect ive. T R I G G E R P O I N T I N J E C 
T I O N in these sca lp musc les requires a f iner nee
dle than for mos t musc les . C O R R E C T I V E 
A C T I O N S inc lude t ra in ing the pat ient to avo id 
p ro longed , intense f rown ing or wr ink l ing of the 
forehead and the inact ivat ion of key TrPs, par t ic 
ularly in t he clavicular d iv is ion of the s te rnoc le i 
d o m a s t o i d musc le . 

1. REFERRED PAIN 
(Fig. 14.1) 
Frontalis 
(Fig. 14.1A) 

The trigger points (TrPs) of the 
frontalis muscle belly evoke pain that 
spreads upward and over the forehead on 
the same side (Fig. 14.1A). The referred 
pain remains local, in the region of the 
muscle, like that from TrPs in the deltoid 
muscle. 

Occipitalis 
(Fig. 14.1B) 

"Fibrositic nodules" or "myalgia" (used 
in the sense of myofascial TrPs) of the oc
cipitalis muscle belly are a recognized 
source of headache. 1 4 , 1 7 Occipitalis tender
ness was found in 4 2 % of 42 patients with 
ipsilateral face and head pain associated 
with the myofascial pain-dysfunction syn
drome. 1 5 

Active TrPs in the occipitalis muscle 
belly (Fig. 14.IB) refer pain laterally and 
anteriorly, diffusely over the back of the 
head and through the cranium, causing in
tense pain deep in the orbit. Kellgren 1 4 re
ported that the injection of hypertonic 
saline into normal occipitalis muscle gave 
rise to "earache." Cyriax 9 similarly injected 
muscles and fascia of the head and neck to 
map referred pain patterns. He found that 
injection into the galea aponeurotica be
tween the frontalis and occipitalis muscle 
bellies referred pain homolaterally behind 
the eye, in the eyeball, and in the eyelids. 
These referred pain patterns were later 
confirmed clinically by Williams. 1 7 

2. ANATOMY 
(Fig. 14.2) 

The major cutaneous muscle of the 
scalp (the epicranial muscle) is the occip
itofrontalis, which has two muscle bellies: 
the frontalis anteriorly and the occipitalis 

4 2 7 
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Figure 14.1. Pain patterns (dark red) referred from trigger points (Xs) in the occipitofrontalis muscle (medium 
red). A, right frontalis muscle belly. B, left occipitalis muscle belly. 
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posteriorly. These bellies attach above to 
one large, flat tendinous sheet, the galea 
aponeurotica, which covers the vertex. The 
galea is firmly connected to the skin, but 
slides over the periosteum 1 6 (Fig. 14.2). 

The frontalis muscle belly attaches be
low and in front to the skin over the eye
brow, where it interdigitates with the orbic
ularis oculi muscle. The occipitalis muscle 
belly attaches below and behind to the su
perior nuchal line of the occipital bone. 3 , 5 

Supplemental References 

The frontalis has been illustrated by 
other authors in side view,2 , 3, 5, 7 from 

above,1 1 from in front,6, 16 in cross sec
tion, 1 2 and from the side with associated 
vessels and nerves.8 

The occipitalis has been illustrated in 
side v i e w , 3 , 5 , 7 , 1 0 from behind,1 and from 
the side with associated vessels and 
nerves.8 

3. INNERVATION 
The epicranial muscle is supplied by 

the facial nerve (cranial nerve VII). 

4. FUNCTION 
The frontalis muscle belly raises the 

eyebrow and wrinkles the forehead; 1 3 act-

Temporoparietalis 

Orbicularis 
oculi 

Occipitalis 

Figure 14.2. Attachments of the left epicranial mus
cles (dark red); the frontalis and occipitalis bellies of 
the occipitofrontalis muscle, and also the tem-
poroparietalis muscle. Each connects above to the 
tendinous galea aponeurotica. Below and anteriorly, 

the frontalis attaches to the skin near the eyebrow; the 
occipitalis anchors to bone along the superior nuchal 
line, and the temporoparietalis to the skin above the 
ear. The cutaneous orbicularis oculi muscle is shown 
in light red. 

Frontalis 
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ing bilaterally, this produces an expression 
of surprise or attention.5 The occipitalis 
and frontalis, acting together, further re
tract the skin of the forehead, opening the 
eyes widely in an expression of horror. 
This action shifts the scalp toward the oc
ciput, which makes the hair stand up, be
cause the hair bulbs in the frontal region 
slant backward. 3 The occipitalis anchors 
and retracts the galea posteriorly, so that 
the frontalis can more effectively pull 
against it. This action gives rise to the 
combination name of the occipitofrontalis 
muscle. 

Because the frontalis is associated with 
the increased muscle tension of anxiety, it 
is commonly monitored for biofeedback. 
Contrary to some statements in the litera
ture, all electrical activity in the frontalis 
ceases at complete rest in normal subjects 
(in the absence of specific emotional states 
or expressions). 4 

5. FUNCTIONAL UNIT 
The frontalis and occipitalis muscle bel

lies function as synergists in tandem. The 
frontalis may contract with, or indepen
dently of, the perpendicularly placed cor-
rugator muscle, which shortens the eye
brows in a frown. 

The frontalis is an antagonist to the pro
cerus, which pulls the medial end of the 
eyebrow down. 4 

6. SYMPTOMS 
The chief symptom is pain, as de

scribed in Section 1. The patient with oc
cipitalis TrPs cannot bear the weight of 
the back of the head on the pillow at 
night because of the pain induced by the 
pressure on the TrP, and must lie on the 
side. 

The deep aching occipital pain caused 
by occipitalis TrPs must be distinguished 
from the more superficial scalp tingling 
and hot prickling pain due to entrapment 
of the greater occipital nerve by the poste
rior cervical muscles. The patient with 
pain referred from myofascial TrPs finds, 
as a rule, that moist heat provides relief. 
The patient with head pain due to nerve 
entrapment cannot tolerate heat, but 
prefers the cold of an ice pack. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

In the frontalis, TrPs are likely to de
velop as satellites of TrPs in the clavicular 
division of the sternocleidomastoid mus
cle, which refer head pain to the frontal re
gion. Frontalis TrPs also may be activated 
by work overload, especially in anxious or 
tense people with great mobility of facial 
expression, and in people who persistently 
use the frontalis in an expression of atten
tion with raised eyebrows and wrinkled 
forehead. 

Occipitalis TrPs are likely to occur in 
patients with decreased visual acuity 
and/or with glaucoma, due to persistent, 
strong contraction of forehead and scalp 
muscles. These TrPs likewise may be acti
vated as satellites of posterior cervical 
TrPs, which refer pain and tenderness to 
the occipital region. 

8. PATIENT EXAMINATION 
No specific sign of this myofascial syn

drome has been noted on examination. Be 
suspicious of frontalis TrPs if the patient 
has frontal headache and tends to frown a 
lot. 

9. TRIGGER POINT EXAMINATION 
An active TrP in the frontalis muscle 

belly is identified by flat palpation as spot 
tenderness above the medial end of the 
eyebrow (Fig. 14.1 A). 

An active TrP in the occipitalis muscle 
belly lies in a small hollow just above the 
superior nuchal line approximately 4 cm 
(1.5 inch) lateral to the midline (Fig. 
14.1B). Spot tenderness is located by flat 
palpation. 

10. ENTRAPMENT 
Active TrPs in the medial half of the 

frontalis belly apparently can entrap the 
supraorbital nerve. This entrapment pro
duces a unilateral frontal "headache" with 
primarily neuritic rather than myofascial 
pain characteristics. The symptoms are re
lieved by inactivating (by digital pressure, 
massage, or injection) the frontalis TrPs 
that are responsible. 

11. DIFFERENTIAL DIAGNOSIS 
Pain caused by TrPs in these scalp mus

cles is likely to be diagnosed as tension-
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type headache without recognition of the 
treatable source. 

Active TrPs in the frontalis are often 
found as satellites in association with long
standing TrPs in the clavicular division of 
the sternocleidomastoid muscle on the 
same side. Lasting relief also may depend 
on inactivating related TrPs in neck mus
cles. 

In patients with occipital aching pain, 
muscles that refer pain to the occiput, es
pecially the posterior digastric and semi-
spinalis cervicis, should be checked for 
TrP tenderness and for referral of occipital 
pain that the patient recognizes. In addi
tion, the possibility of an occipital neural
gia of neurological or myofascial origin 
should be considered. See Chapter 16, Sec
tions 6, 10, and 11. 

12. TRIGGER POINT RELEASE 
The frontalis responds poorly to stretch 

and spray because the muscle is so difficult 
to stretch. It does respond well to massage 
and/or to pressure release of its trigger 
points (TrPs). The same treatment may be 
used for TrPs in the occipitalis muscle. 
Deep massage of TrPs in this muscle is ef
fective and also has been recommended by 
others. 9 , 1 7 

13. TRIGGER POINT INJECTION 
The frontalis muscle fibers are thin and 

very superficial, which makes its trigger 
points (TrPs) difficult to locate with the 
needle tip. To inject it, a 2.5 cm (1 inch), 
24- or 25-gauge needle is directed across 
the muscle fibers (parallel to the eyebrow), 
nearly tangent to the skin. Dry needling 
with an acupuncture needle is also effec
tive if it produces a local twitch response. 

The occipitalis muscle belly is thicker 
than the frontalis and may require a longer, 
3.7 cm (1.5 inch) needle. Injection of these 
posterior TrPs is technically more satisfac
tory since they seem to lie in a small hol
low which holds sufficient muscle mass to 
receive the needle. However, considerable 
probing of the area may be necessary to lo
cate them. 

14. CORRECTIVE ACTION 
When there is occipitofrontalis involve

ment, the patient should avoid persistent 
frowning and vigorous wrinkling of the 
forehead. In addition, for prevention of re
currences of TrP activity, the patient 
should learn to use digital pressure release 
of the TrPs. 

Any related key TrPs in the clavicular 
division of the sternocleidomastoid and 
posterior neck muscles should be inacti
vated. 
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CHAPTER 15 
Splenius Capitis and Splenius 

Cervicis Muscles 

HIGHLIGHTS: REFERRED PAIN from trigger 
points (TrPs) in the splenius capitis appears in the 
vertex of the head. Pain from the splenius cervi
cis is projected upward to the occiput, diffusely 
through the cranium, and intensely to the back of 
the orbit—an "ache inside the skull." Sometimes, 
splenius cervicis pain is referred downward to the 
shoulder girdle and to the angle of the neck. 
ANATOMICAL attachments of the splenii are be
low to the spinous processes of the lower cervi
cal and upper thoracic vertebrae. Above, the 
splenius cervicis attaches to the transverse 
processes of the upper cervical vertebrae, and 
the splenius capitis attaches to the mastoid 
process of the skull. The splenius cervicis and 
capitis lie superficial to the semispinalis capitis 
and other paraspinal muscles, deep to the 
trapezius, and posterior and medial to the levator 
scapulae. FUNCTIONS of the splenii include 
working together to extend the head and neck 
and individually to rotate the head and neck, turn
ing the face toward the same side. SYMPTOMS 
of headache and/or neck pain with homolateral 
blurring of vision can be due to active TrPs in the 
splenius cervicis and splenius capitis muscles. 
ACTIVATION AND PERPETUATION OF TRIG
GER POINTS in these muscles are often due to 
sudden overload, such as whiplash, or caused by 
holding the head and neck in a forward, crooked 
position for a prolonged period. These neck mus
cles are especially vulnerable when they are tired 
and the overlying skin is exposed to a cold draft. 

PATIENT EXAMINATION reveals moderate re
striction of passive head and neck flexion and ro
tation to the opposite side, and painful restriction 
of active head and neck rotation to the same side. 
TRIGGER POINT EXAMINATION requires that 
the relation of the splenii to adjacent muscles be 
kept clearly in mind. Most of their course lies be
tween and deep to other muscles. The DIFFER
ENTIAL DIAGNOSIS distinguishes TrP sources 
from other causes of pain in patients complaining 
of headache and those who have suffered 
whiplash. With TrPs in the splenii, one frequently 
finds multiple and varied cervical articular dys
functions. The myofascial problem of stiff neck 
should not be confused with the neurological dis
ease, spasmodic torticollis. Trigger points in at 
least 7 other head and neck muscles have similar 
or overlapping pain patterns. TRIGGER POINT 
RELEASE of the splenius capitis and splenius 
cervicis using spray and stretch is performed with 
an up-stroke pattern of the vapocoolant. These 
TrPs also respond to pressure release and deep 
massage. TRIGGER POINT INJECTION of the 
splenius capitis should be done only with ex
treme caution, with the needle aimed caudad, be
low the junction of the and C2 vertebrae, to 
avoid the vertebral artery. When accurately lo
cated, the more caudal splenius cervicis trigger 
points usually respond well to injection therapy. 
CORRECTIVE ACTIONS include eliminating per
petuating sources of muscle strain, and perform
ing daily passive self-stretch of the splenii. 

1. REFERRED PAIN 
(Fig. 15.1) 

A trigger point (TrP) in the splenius 
capitis muscle usually refers pain to the 
vertex of the head on the same side (Fig. 
1 5 . 1 A ) . 3 6 , 4 7 , 4 9 , 5 0 The splenius capitis is one 
4 3 2 

of many neck and masticatory muscles that 
commonly cause h e a d a c h e . 2 5 , 2 8 , 3 0 . 4 3 

A TrP in the upper end of the splenius 
cervicis (Fig. 15.1B, pattern on the left fig
ure) usually refers a diffuse pain through 
the inside of the head that focuses strongly 
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Figure 15.1. Trigger points (Xs) and referred pain pat- (pain figure on the left). The black dash line and arrow 
terns (dark red) for the right splenius capitis and sple- indicate that the pain seems to shoot through the in-
nius cervicis muscles (medium red). A, an unusually side of the head to the back of the eye. Splenius cer-
craniad location of a splenius capitis trigger point, vicis central trigger points (located mid-muscle) refer 
which, near the level of C2, is just caudad to the ex- pain to the angle of the neck (figure on the right). The 
posed vertebral artery. B, pressure applied to the ten- lower X in the middle figure locates this splenius cer-
der region of the craniad musculotendinous junctions vicis trigger point region, 
of the splenius cervicis muscle refers pain to the orbit 

Splenius 
cervicis 

upper TrP 

Splenius 
cervicis 

lower TrP 

Splenius 
capitis 
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behind the eye on the same side, and some
times refers pain to the ipsilateral occiput. 4 5 

A TrP in the lower portion of the splenius 
cervicis at the angle of the neck (Fig. 15 . IB , 
middle figure) refers pain upward and to 
the base of the neck (pattern in right figure). 
This pattern generally lies within the upper 
part of the pain pattern of the levator scapu
lae but with some spread medially. 

One of three case reports 2 5 described 
pain in the side of the neck that radiated 
into the head (trapezius pattern) and above 
the right eye (splenius cervicis pattern) in a 
patient with active TrPs in the trapezius and 
splenius capitis muscles. This pain had pre
viously been diagnosed as occipital neural
gia. The other two patients had active TrPs 
in both the splenius capitis and the splenius 
cervicis muscles. One patient described 
continuous pressure-like pain in the left oc
cipital region. The other described continu
ous pressure-like pain that radiated to the 
forehead and described numbness in the oc
cipital region. These cases illustrate the de
gree of variability of pain patterns seen in 
individual patients. The report of numb
ness instead of pain in the occipital region 
by one patient is a reminder that TrPs can 
refer numbness and anesthesia instead of 
pain and hyperesthesia. Patients are more 
likely to describe pain than numbness, un
less asked about any change in sensation. 

In addition to pain, an upper splenius 
cervicis TrP may cause blurring of near vi
sion in the homolateral eye, without dizzi
ness or conjunctivitis. Sometimes this symp
tom resolves immediately and completely 
with inactivation of the responsible TrP. 

2. ANATOMY 
(Fig. 15.2) 
Splenius Capitis 

Below, this muscle attaches in the mid
line to the fascia over the spinous processes 
of the lower half of the cervical spine and 
over the first three or four thoracic vertebrae 
(Fig. 15.2). Above and laterally, its fibers 
attach to the mastoid process and to the ad
jacent occipital bone underneath the attach
ment of the sternocleidomastoid muscle. 3 , 1 1 

Splenius Cervicis 
This muscle lies to the lateral side and 

caudal to the splenius capitis. The splenius 
cervicis, like the capitis, attaches below in 

the midline to the spinous processes; the 
cervicis fastens from the T3 to T6 vertebrae. 
The muscle connects above to the poste
rior tubercles on the transverse processes 
of the upper two or three cervical verte
brae. On these posterior tubercles, the cer
vicis forms the most posterior of a triple at
tachment with the levator scapulae in the 
middle and the scalenus medius in front. 

Bilaterally, the paired splenius cervicis 
and splenius capitis muscles each form a 
"V" shape. 1 2 

Supplemental References 

The splenius capitis has been illustrated 
by other authors as seen from behind, 2 , 1 2 , 1 8 

from the s i d e , 3 , 1 4 , 1 9 and in cross-section.2 2 

The splenius cervicis is presented from 
behind 1 2 , 1 9 , 3 1 and in cross-section.2 1 

3. INNERVATION 
Both muscles are innervated by lateral 

branches of the dorsal primary divisions of 
spinal nerves C 2 -C 4 , frequently also C1, 
sometimes C5, and rarely C 6 . 2 0 

4. FUNCTION 
Splenius Capitis 

A sophisticated study using implanted 
fine-wire electrodes in 15 subjects deter
mined that the splenius capitis showed 
strong activity bilaterally during extension 
of the head and neck, and unilaterally dur
ing rotation of the face to the same side. 8 

The splenius capitis showed no activity at 
rest in the upright balanced position, and 
did not become active during lateral flex
ion of the head and neck. 8 , 4 4 

When the face is rotated to one side with 
the chin tilted upward, the splenius capitis 
muscles on both sides work vigorously. Ap
parently, the muscle on the same side rotates 
the head and neck, while the opposite mus
cle helps to extends the head and neck. 4 4 

Early stimulation experiments on an 
unspecific splenius muscle described lat
eral inclination and extension with rota
tion of the head to the stimulated side. 1 7 

Subsequent authors attributed extension 
and lateral flexion of the head and neck to 
activity of one splenius capitis muscle, 1 1 

and attributed extension of the head and 
neck to its bilateral contraction.1 1 , 31 A sig
nificant lateral flexion function is highly 
questionable. 
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Semispinalis capitis 

Splenius capitis 

Splenius 
capitis 

Splenius cervicis 
Splenius cervicis 

Levator scapulae (cut) 
Scalenus medius 
Scalenus posterior 

Figure 15.2. Attachments of the right splenius capitis 
muscle (upper dark red), and of the right splenius cer
vicis muscle (lower dark red). Adjacent muscles are 
shown in light red. The levator scapulae (right side, 
cut) crosses over the upper part of the splenius cervi

cis, with which it has common attachments to the 
transverse processes of the upper cervical vertebrae. 
The trapezius muscle (not shown) covers much of 
both splenii. 

Levator scapulae 
(cut) 
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Splenius Cervicis 
No electromyographic data specific to 

the splenius cervicis muscle were found. 
As one would expect, contraction of one 
muscle causes rotation and sidebending of 
the cervical spine to the same side and 
both muscles bilaterally cause extension of 
the neck. 1 1 Others 5 , 3 1 attribute only rota
tion and extension to this muscle. 

5. FUNCTIONAL UNIT 
Synergists of the splenii capitis and cer

vicis for extension of the head and neck are 
the posterior cervical group as a whole, es
pecially the semispinalis capitis and cervi
cis muscles acting bilaterally. Antagonists 
for extension are anterior neck muscles 
which include the anterior vertebral cervi
cal muscles, the hyoid-attached muscles, 
and the sternocleidomastoid muscle bilat
erally. The synergists for rotation are the 
ipsilateral levator scapulae and the con
tralateral upper trapezius, semispinalis 
cervicis, deep spinal rotator muscles, and 
sternocleidomastoid. The antagonists to 
the splenii capitis and cervicis for rotation 
are the contralateral levator scapulae and 
the ipsilateral upper trapezius, semi
spinalis cervicis, deep spinal rotators, and 
sternocleidomastoid. 

6. SYMPTOMS 
Patients with active splenius capitis 

TrPs usually present with a primary com
plaint of pain referred close to the vertex, 
as described in Section 1. 

Patients with splenius cervicis TrPs 
complain primarily of pain in the neck, 
cranium and eye; they may complain also 
of a "stiff neck," 3 8 , 4 5 because active rotation 
of the head and neck is limited by pain. 
However, the patient experiences less re
striction of rotation with only splenius cer
vicis involvement than with only levator 
scapulae involvement. Simultaneous TrP 
activity in both the levator and splenius 
muscles may almost completely block ac
tive head rotation to that side. Involvement 
of the splenius cervicis may become appar
ent because of residual pain and stiffness 
following elimination of TrP activity in the 
levator scapulae. 

Pain in the orbit and blurring of vision 
are disturbing symptoms that occasionally 

are referred homolaterally to the eye from 
TrPs in the upper part of the splenius cer
vicis muscle. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 
(Fig. 15.3) 

Several kinds of stress can activate 
and/or perpetuate TrPs in the splenii: pos
tural, impact, activity, and environmental. 

Postural stresses that overload extension 
or rotation of the head and neck are likely to 
initiate and perpetuate splenius cervicis 
TrPs. Clinical examples include working at a 
desk with the head turned to one side and 
projected forward to see documents or a dis
play screen, bird-watching through binocu
lars while seated in a poor position that ex
tends the neck to compensate for a strong 
thoracic kyphosis (Fig. 15.3), and assuming 
a similar posture of head and neck extension 
while playing certain musical instruments 
such as the accordion. In addition, TrPs in 
either, or both, the splenius capitis and sple
nius cervicis may be activated by falling 
asleep with the head and neck bent in a 
crooked position, as with the head on the 
armrest of a sofa without an adequate pillow. 
A cold air conditioner or cool draft blowing 
on the exposed neck, together with muscu
lar fatigue, greatly increase the likelihood of 
activation of these neck-muscle TrPs. 

Figure 15.3. Poor "bird-watching" posture that 
places the splenius cervicis muscles in sustained 
contraction. This posture should not be held for a 
prolonged period. 
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One patient developed a splenius capitis 
syndrome after acquiring contact lenses. 4 6 

He held his head in a cocked position at his 
desk to avoid reflections on the lenses from 
overhead lights. Adjustments in neck pos
ture to see through the middle section of 
trifocal lenses may have the same result. 

A common cause of splenius capitis 
(and other axial muscle) TrPs is the impact 
stress of motor vehicle accidents. These 
muscles are susceptible to the trauma of a 
rear-end collision in an automobile fol
lowed by a sudden stop, 4 1 especially if the 
head and neck are somewhat rotated at 
the time of impact. A significant number of 
patients suffering acceleration-decelera
tion injury of the neck 3 7—which is some
times identified by the outmoded term 
"whiplash"—are notorious for developing 
refractory head and neck pain symptoms. 
These patients are rarely properly exam
ined and treated for the part of their pain 
that is of muscular origin. Baker,4 who was 
well-trained and experienced in the diag
nosis of TrPs, investigated 34 muscles for 
myofascial TrPs in each of 100 occupants 
(drivers or passengers) who sustained a 
single motor vehicle impact and identified 
the direction of impact. The splenius capi
tis was the second most frequently in
volved muscle: in 94% of subjects in im
pacts from the front, in 77% of subjects in 
impacts from behind, in 75% of subjects 
when hit broadside on the passenger side, 
and in 69% of subjects when hit broadside 
on the driver's side. 

The activity stress of pulling on a rope 
while rotating or projecting the head for
ward may activate TrPs in the splenii. 
These muscles, and the levator scapulae 
muscle as well, are vulnerable when one 
pulls excessive weight on exercise equip
ment pulleys or when one lifts excessive 
weight; the stress is accentuated when the 
subject rotates the head and neck and/or 
projects the head forward. 

Environmental stress that can activate 
both splenius cervicis and levator scapulae 
TrPs may occur with marked skin cooling, 
especially when the muscles are tired. An 
example is exposure to a breeze when a 
person relaxes in a wet bathing suit in the 
shade (even on a warm day) after the fa
tigue of swimming. 

8. PATIENT EXAMINATION 
The patient shows painful restriction of 

active head rotation to the same side, while 
passive rotation is restricted to the opposite 
side. Flexion of the chin onto the chest may 
lack a distance of one or two finger widths. 
One is likely to uncover the splenius cervi
cis TrP involvement when the pain and re
stricted rotation improve but the pain fails 
to clear up after TrPs in the levator scapu
lae muscle have been inactivated. 

9. TRIGGER POINT EXAMINATION 
Splenius Capitis 

Splenius capitis TrPs can be identified 
by flat palpation, and usually are found 
near the region where the upper border of 
the upper trapezius muscle crosses the 
splenius capitis (see Fig. 20.7). As also il
lustrated by others, this relationship can be 
seen clearly. 1 3 , 3 2 These TrPs are located 
mid-muscle, as also illustrated by Rach-
lin. 4 0 The examiner must know the direc
tion of fibers (see Figs. 16.2 and 20.7) and 
palpate across the fibers for a taut band 
harboring a TrP. 

This muscle can be palpable subcuta-
neously within the small muscular triangle 
[see Fig. 20.7) bounded anteriorly by the 
sternocleidomastoid, posteriorly by the up
per trapezius, and caudad by the levator 
scapulae. 1 4 To locate the splenius capitis, 
palpate the mastoid process and the promi
nent sternocleidomastoid muscle (easily 
identified by asking the patient to look 
away from the side being examined, and 
sidebend the head toward the side being ex
amined). Then the operator places one fin
ger posterior and medial to the sternoclei
domastoid, below the occiput, and palpates 
contraction of the diagonal splenius capitis 
fibers by asking the patient to turn the face 
toward the side being examined and extend 
the head against light resistance supplied 
by the operator. Once the splenius capitis 
has been identified in this muscular trian
gle, it can be palpated for taut bands and 
TrPs. In some patients, the splenius may be 
taut enough to be clearly palpable without 
active assistance from the patient. 

If in doubt, one can also identify the up
per border of the trapezius muscle (see 
Figs. 6.6 and 20.7) by having the patient 
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well supported in a reclining position with 
full muscular relaxation and then feel for 
muscle contraction as the patient suddenly 
makes a brief forceful arm abduction move
ment against light resistance. One palpates 
the splenius capitis for taut bands and ten
derness along and/or deep to the border of 
the upper trapezius muscle at approxi
mately the level of the C2 spinous process. 

Levator scapulae contraction can be 
distinguished if needed when the patient 
elevates that scapula against resistance, 
since the splenius capitis remains slack. 

Williams 4 9 ascribed tenderness at the in
sertion of the splenius capitis muscle on 
the mastoid process, and in the portion of 
the muscle just distal to this attachment, to 
a splenius capitis TrP. Tenderness in this 
location is more likely to be caused by en-
thesopathy secondary to tension caused by 
a TrP that is mid-muscle. 

Splenius Cervicis 
(Fig. 15.4) 

The splenius cervicis is not readily pal
pable. From behind, all of it is covered by 
the upper or middle trapezius muscle. 
Only a small patch of it is not covered by 
the splenius capitis and/or the rhomboid 
minor muscle posteriorly, or by the levator 
scapulae laterally.1 2 

The best chance of eliciting the tender
ness of mid-muscle splenius cervicis TrPs 
is from the side, through or around the le
vator scapulae. If the skin and subcuta
neous tissues are sufficiently mobile, the 
operator slides the palpating finger ante
rior to the free border of the upper trapez
ius at approximately the level of the C7 

spinous process, to and beyond the levator 
scapulae muscle. If the levator scapulae is 
not tender, but additional pressure di
rected medially toward the spine is 
painful, this is likely a splenius cervicis 
TrP that can be tested for reproduction of 
the patient's pain complaint. In patients 
with mobile connective tissue the taut 
bands may be palpable running caudad di
agonally from lateral to medial. The levator 
scapulae can be felt to contract with shoul
der elevation, but the splenius cervicis 
contracts with neck extension. 

Posteriorly, digital pressure to splenius 
cervicis TrPs is applied mid-muscle ap

proximately 2 cm lateral to the spine at ap
proximately the level of the C7 spinous 
process (Figs. 15.2 and 15.4, lower position 
of finger), which is just above the angle of 
the neck. 1 3 Tenderness may also be from 
trapezius TrPs, which are associated with 
taut bands angled laterally, not medially, in 
the caudad direction. If the tenderness is 
deep to the trapezius, it may be from either 
splenius cervicis or levator scapulae TrPs. 
If straight flexion of just the neck (increas
ing tension chiefly on the splenius cervicis 
fibers) increases the sensitivity of the ten
derness, it is more likely from splenius cer
vicis TrPs. Both the splenius capitis and 
splenius cervicis muscles are elongated by 
neck flexion, but only the splenius capitis 
is further elongated by flexion of the head 
on the cervical spine. 

Figure 15.4. Examination of the splenius cervicis 
muscle. The lower finger (solid lines) palpates the mid-
muscle trigger point. The dash-line finger (above) pal
pates tenderness near the region of a musculotendi
nous junction. 
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In some patients, pressure applied from 
the lateral aspect of the neck directly to
ward the spine cephalad to the C7 level 
elicits tenderness in the region of the 
cephalad attachments of the splenius cer
vicis. This tenderness is likely to be enthe-
sopathy from taut band tension and is 
cephalad to the TrP tenderness. 

10. ENTRAPMENT 
The authors are not aware of any nerve 

entrapment due to involvement of these 
muscles. 

11. DIFFERENTIAL DIAGNOSIS 
With TrPs in the splenii, one frequently 

finds multiple and varied cervical articular 
dysfunctions. The most common seems to 
be a C2 dysfunction, particularly when the 
splenius capitis is involved. Another com
mon articular dysfunction relating to that 
TrP is an occipitoatlantal dysfunction. Dys
functions at C4 and C5 are likely with sple
nius cervicis TrPs. 

Patients with head and neck pain fol
lowing a motor vehicle accident frequently 
receive one of a number of descriptive di
agnoses including whiplash syndrome or 
injury, hyperextension strain or injury, 
hyperextension-flexion injury, and acceler
ation-deceleration injury; all terms that do 
not address the tissue-source of the 
patient's symptoms. The frequently pre
dominant TrP component of the pain is 
overlooked and inadequately treated. Clin
icians familiar with TrPs are prone to con
centrate exclusively on posterior muscle 
involvement. Baker4 found that the upper 
body muscles that most commonly de
velop active TrPs following a motor vehicle 
accident are the splenius capitis and semi
spinalis capitis. However, recovery of pa
tients with TrPs in these posterior muscles 
often requires inactivation of TrPs in ante
rior neck and chest muscles, such as the 
sternocleidomastoid and the pectoral mus
cles, especially the pectoralis minor. 

Pain patterns referred by other TrPs that 
may appear similar to or overlap the patterns 
of the splenius capitis and splenius cervicis 
include those from the: semispinalis cervi
cis, suboccipital, levator scapulae, stern
ocleidomastoid, upper trapezius, tempo
ralis, and deep masseter muscles. 4 8 

Acceleration-deceleration injuries37 

(whip-lash) are increasingly a common 
problem in medical practice which has gen
erated widespread concern and frustration 
as to its pathophysiology and treatment. 1 0 , 3 5 , 

39 It was recently extensively reviewed by 
Barnsley, et al6 Whiplash is recognized in 
France as coup du lapin (rabbit's blow), in 
Germany and Austria as Schleudertrauma 
(slinging trauma), in Italy as colpo di frusta 
(whiplash), in Norway as nakkesleng (rapid 
neck hyperextension), and in Sweden as 
pisksnart skada (whiplash injury).2 3 

The dissatisfaction with diagnosis and 
treatment of pain following acceleration-
deceleration injury stems largely from the 
fact that there are multiple sources of the 
pain, which are of variable importance in 
individual patients. 3 4 In this Mailis, et al. 
study, only 9% of 32 patients with tho
racic outlet syndrome following a motor 
vehicle accident were referred with con
sideration of that diagnosis. Sixteen of the 
32 patients were treated surgically and all 
received conservative treatment includ
ing "TrP injection." Only 20% of the non
surgical group and 47% of the group re
ceiving surgery experienced good pain 
relief. This study makes no mention of a 
specific muscular examination, particu
larly examination of the pectoralis minor 
for TrPs, which are a critical source of 
pain in many whiplash patients. 2 7 This 
observation is supported by the 67% 
prevalence of "thoracic outlet syndrome" 
on the side of the driver's shoulder 
strap. 3 4 An adequate evaluation for pain 
following whiplash injury includes com
petent and thorough examination for ac
tive TrPs, which are much more respon
sive to treatment when identified and 
treated promptly.2 7 

Demonstration of kinking and fanning 
in cervical spine radiographs that in
clude flexion and extension views in 
clinically proven "whiplash" patients 
compared to normal controls showed a 
diagnostic sensitivity of 8 1 % and an ac
curacy of 8 0 % . 2 6 One cause for this find
ing could be muscular distortion of cervi
cal mechanics associated with increased 
tension of muscles caused by taut bands 
of TrPs. 

A carefully controlled study confirmed 
that painful zygapophysial joints were 
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present in 54% of 50 consecutive patients 
with chronic neck pain following whip
lash. 7 These patients were not examined 
specifically for TrPs, and myofascial TrPs 
frequently coexist with painful articular 
dysfunctions. The TrPs in the neck mus
cles and cervical zygapophysial joints at 
corresponding levels can have remarkably 
similar pain patterns.9 

In a study of 120 young patients referred 
for whiplash syndrome, 4 2 7 6% had abnor
mal upper extremity nerve conduction 
studies that persisted for 6 months in 70% 
of them. Abnormal brain auditory-evoked 
potentials appeared in 6 4 % of the subjects, 
which also persisted. This is evidence that 
there are neurological abnormalities asso
ciated with whiplash which could in
crease motor dysfunction, aggravate TrPs, 
and act as perpetuating factors of TrPs. 

Active TrPs rarely appear in the splenii 
muscles alone; usually, either or both the 
levator scapulae and other posterior cervi
cal muscles also are involved. 

Myofascial TrP involvement of the 
splenii, levator scapulae, upper trapezius 
and sternocleidomastoid muscles must be 
distinguished from spasmodic torticollis 
(wry neck) , 1 , 2 4 which is a neurological con
dition characterized by paroxysmal or 
clonic contractions of the involved mus
cles, especially the sternocleidomastoid. 
The latter also may exhibit tonic spasm. In 
spasmodic torticollis, hypertrophy of the 
muscles develops, associated with fibrotic 
change and permanent contracture. In con
trast, the apparent shortening and tautness 
of a muscle due to myofascial TrPs in that 
muscle does not cause hypertrophy. Also, 
in the case of TrPs, there is a steady resis
tance to stretch without paroxysmal or 
clonic contractions. Spasmodic torticollis, 
like the dystonias, appears to have a cen
tral nervous system origin, 2 4 and the irrita
ble focus in the brain may be treated surgi
cally. 1 , 1 5 , 1 6 The differential diagnosis of 
"stiff neck" of myofascial origin 4 5 is dis
cussed further in Chapter 7, Section 11 and 
in Chapter 19. 

12. TRIGGER POINT RELEASE 
(Fig. 15.5) 

The splenii generally are released to
gether with their synergists as part of one 

treatment. Tightness of one muscle may 
prevent full stretch of one or the other of 
the synergistic parallel units. 

The patient is seated and the axis of the 
shoulder girdle is checked to be sure that it 
is horizontal. If not, the pelvis is leveled and 
the spine straightened by adding an ischial 
lift under the ischial tuberosity on the side 
of the smaller hemipelvis [see Fig. 48.10). 

The patient sits in a comfortable armchair 
with good elbow support, so that he or she 
can relax the shoulder-girdle muscles while 
leaning against the chair back. The patient's 
head is rotated 20% or 30% away from the 
involved splenii, while the head is gently 
flexed toward the opposite side (Fig. 15.5A). 
At the same time, the vapocoolant spray is 
swept upward over the muscles and occiput 
to the vertex. The spray should also cover 
the angle of the shoulder where pain is re
ferred from the splenius cervicis, as well as 
the lateral aspect of the head as far forward 
as the eye (protect the eye from spray). An
other form of intermittent cold, such as ice 
stroking, may be used instead of spray. 

Immediately, the operator grasps the 
head between both hands and applies up
ward traction while gently further flexing 
and rotating the head toward the opposite 
side to take up any slack in the muscles 
(Fig. 15.5B). The patient should simultane
ously look down and slowly exhale. The 
effect is potentiated by reciprocal inhibi
tion if the patient also tries to actively tilt 
the head in the direction of the stretch. The 
patient thus learns exactly how to stretch 
these muscles at home. 

A hot pack over the treated muscles 
promptly follows the application of inter
mittent cold and stretch. 

13. TRIGGER POINT INJECTION 
(Fig. 15.6) 
Splenius Capitis 

The splenius capitis muscle can be in
jected safely in the region of its mid-muscle 
trigger points (TrPs) with appropriate pre
cautions. The semispinalis capitis muscle 
lies deep to the splenius capitis muscle 
(Fig. 15.2), and provides a buffer between it 
and the unprotected portion of the vertebral 
artery (see Fig. 16.8). Also, the exposed 
artery lies cephalad to the Ct spinous 
process (see Fig. 16.5). Therefore, the sple-
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nius capitis can be safely injected if needle 
insertion is angled caudad, aims below the 
junction of the C1 and C2 vertebrae (Fig 
15.6), and remains close to a frontal plane 
to control the depth of penetration. 

The patient lies on the side opposite the 
involved muscle, with the head supported 
on a pillow between the cheek and shoul
der, without bending or rotating the head 
and neck. The TrP is located by palpation, 
as described in Section 9. When injecting a 
TrP in the splenius capitis muscle, the nee
dle is inserted below and lateral to the pos
terior occipital triangle through which the 
vertebral artery passes (see Fig. 16.5). 

Splenius Cervicis 
The patient lies on the side opposite the 

involved muscle, with the head supported 

on a pillow between the cheek and shoul
der, without bending or rotating the head 
and neck. Splenius cervicis TrPs are lo
cated mid-muscle 4 0 and are found by 
palpation at approximately the level of the 
C7 spinous process, as described in Section 
9. At this level, the splenius cervicis 
muscle lies medial and deep to the 
levator scapulae and continues caudad 
deep to the rhomboid and serratus poste
rior superior muscles. Its mid-muscle TrP 
is located between the lower end of the 
splenius capitis and the levator scapulae 
muscles, and is best injected with the nee
dle directed from lateral to medial (Fig. 
15.6), while the needle point is kept super
ficial to the rib" posterior to the plane of 
the transverse processes. In this approach, 
the needle enters the splenius cervicis 

Figure 15.5. Stretch position and vapocoolant spray 
or icing pattern for trigger points in the right splenius 
capitis and splenius cervicis muscles. A, the head and 
cervical spine are rotated toward the opposite side 
and slightly flexed while a stream of vapocoolant (thin 
arrows) is applied in an up-sweep pattern to the ver
tex. In addition, for the splenius cervicis, the spray 
should cover the angle of the shoulder and also 
across the lateral aspect of the head (not shown) as 

far forward as the eye (protect the eye from spray). 
B, immediately, the clinician takes up slack that has 
developed in the splenii by applying upward traction 
while further flexing and rotating the head and neck 
(thick arrow) toward the opposite side. Release of the 
splenii is augmented if the patient slowly exhales, 
looks down, and then gently attempts to actively as
sist the direction of movement into the lengthened po
sition. 
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either anterior to or through the anterior 
border of the upper trapezius muscle. A 
palpated local twitch response and/or 
painful jump sign confirm needle contact 
with an active locus in the TrP. Additional 
probing with the needle until no further re
sponses occur helps to confirm effective 
inactivation of all active loci in that TrP. In
jection of 0.5% procaine reduces post-
injection soreness. 

During injection of splenius cervicis 
trigger points, a few patients have fainted 
as a result of the strong autonomic stimu
lus associated with release of this trigger 
point. This fainting usually followed mul
tiple large twitch responses with visible 
deviation of the head in the direction of the 
twitch. The fact that the syncope consis
tently followed rapid jerking motion of the 
head suggests that this marked response re
lates to altered vestibular input. When the 
head moves, it is likely that fibers of the 

splenius capitis and splenius cervicis con
tract together. (Personal communication: R. 
Shapiro, 1996). 

If the patient is being treated for a "stiff 
neck," any TrPs in the levator scapulae 
should be injected at the same time as 
those in the splenius cervicis. 

14. CORRECTIVE ACTIONS 
Postural Stress 

As patients become aware that certain 
activities initiate and perpetuate their 
splenius TrPs, they learn to avoid the pos
tural strain by improving posture, keeping 
the head and neck erect and the thoracic 
spine extended, and minimizing exces
sive twisting and turning of the head and 
neck. 

Body asymmetry due to a lower limb-
length inequality or small hemipelvis 
should be corrected. An excessively long 
walking cane should be avoided. Neck 
strain is avoided also by sleeping with the 
head and neck in a neutral position with 
appropriate pillow support. 

The ergonomic approach should be in
cluded in myofascial pain management.3 3 

Anyone who spends time at a desk with a 
computer terminal needs instruction in 
how to keep joints in a neutral posture 
when possible and how to minimize exces
sive twisting movements or prolonged po
sitioning with the head turned. The moni
tor display screen should be directly in 
front of the body and at an angle that en
courages erect posture while minimizing 
glare. Documents should be placed on a 
stand at the same level as the monitor 
(rather than flat on the desk to one side) for 
optimum viewing to avoid excessive twist
ing and muscular strain. 

Reflections on eyeglasses and contact 
lenses can be managed by changing the 
relative position of the light source or by 
using tinted lenses. Trifocal eyeglasses 
should not be worn by patients susceptible 
to splenius cervicis TrPs. 

Activity Stress 
Care should be taken when pulling 

weights while using exercise equipment. 
Excessive weight should be avoided, and 
the subject should learn to pull the weight 
without rotating the head and neck or pro
jecting the head forward. 

Figure 15.6. Injection of the trigger point area in the 
midportion of the splenius capitis muscle (light red) 
and in the mid-portion (lower trigger point region) of 
the splenius cervicis muscle (dark red) with the patient 
lying on the side. The semispinalis capitis is shown 
without color. Injections of splenius capitis trigger 
points are avoided craniad to the thick black line at 
the level of the interspace between C1 and C2. The ex
posed part of the vertebral artery lies craniad to C1. 
Therefore, for injections of the splenius capitis, the 
needle is inserted below the level of the line and is an
gled caudad. Injection to the region of the craniad 
musculocutaneous junction of the splenius capitis 
muscle is not recommended. 
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Environmental Stress 
Chilling the skin of the neck, especially 

when the muscles are fatigued, often acti
vates TrPs in posterior neck muscles. The 
patient learns to keep the neck warm by 
sleeping in a high- necked sleeping gar
ment, by wearing a turtle-neck sweater or 
scarf during the waking hours, and by 
avoiding cold drafts. 

Exercise Therapy 
The patient releases tightness in these 

muscles by reaching up as in Figure 
16.11A and gently flexing and turning the 
head to the position shown in that figure 
and in Figure 15.5B of this chapter. This is 
best done sitting on a stool or standing in a 
warm shower as the patient uses postiso
metric relaxation, with or without augmen
tations, to release the muscle. After release, 
the patient moves the head and neck 
slowly and gently through the full range of 
flexion, extension, and rotation three 
times. If adjacent muscle fibers remain sore 
and taut, the exercise is repeated, slightly 
changing the head position and thereby the 
angle of pull to engage muscle fibers that 
still feel uncomfortable and tight when 
stretched. 

The patient should stretch the muscles 
in one direction at a time, release the ten
sion, turn the head slightly, and then 
stretch in the next direction. Swinging the 
head around at the full range of motion 
("head rolling") can seriously overload ad
jacent lines of taut muscle fibers, and 
worsen the condition. 
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CHAPTER 16 
Posterior Cervical Muscles: 

Semispinalis Capitis, 
Longissimus Capitis, 

Semispinalis Cervicis, Multifidi 
and Rotatores 

with contributions by 
M.L. Kuchera, I.J. Russell, and R. Shapiro 

HIGHLIGHTS: Combining knowledge of the close 
association of trigger points (TrPs) with motor 
endplates and the close association of TrPs with 
articular dysfunction, the complex and often 
enigmatic posterior cervical musculoskeletal pain 
symptoms become easier to understand. RE
FERRED PAIN from the upper portion of the 
semispinalis capitis is felt in a band-like pattern 
projected above the orbit, and from the middle 
portion of the muscle it is felt over the posterior 
occiput. Referred pain from the longissimus capi
tis concentrates on the region of the ear or just 
behind and below it. Multifidi TrPs refer pain 
strongly upward to the suboccipital region, and 
downward over the neck and upper part of the 
shoulder girdle. FUNCTION of the posterior cer
vical muscles is primarily extension of the head 
and neck by the longer more superficial fibers 
and rotation by the deeper more diagonal fibers. 
SYMPTOMS due to active TrPs in these muscles 
are pain, marked restriction of head and neck 
flexion, and restriction of neck rotation. ACTIVA
TION AND PERPETUATION OF TRIGGER 
POINTS are usually caused by sustained partial 
neck flexion when reading, writing, operating a 
computer terminal, or sewing; by holding a 
stooped posture; or by gross trauma. TRIGGER 
POINT EXAMINATION reveals tenderness to 
palpation, and sustained pressure on an active 
TrP elicits pain that is recognized as the clinical 

pain complaint. A taut band is sometimes palpa
ble in the more superficial muscles. ENTRAP
MENT of the greater occipital nerve is commonly 
caused by tension due to TrPs in the upper por
tion of the semispinalis capitis and/or the upper 
trapezius muscles. TRIGGER POINT RELEASE 
using spray and stretch requires that the direction 
of stretch, the direction of the muscle fibers, and 
the direction of application of intermittent cold be 
coordinated to correspond with either the chiefly 
longitudinal fibers or the more diagonal fibers. 
The types of articular dysfunction commonly as
sociated with TrPs in the deep diagonal semi
spinalis cervicis, multifidi, and rotatores muscles 
are often corrected by suboccipital decompres
sion, or other manipulative medicine techniques. 
TRIGGER POINT INJECTION is simplified by 
noting at which segmental levels the TrPs typi
cally occur for each of the posterior cervical mus
cles. Injection of TrPs in the upper portion of the 
semispinalis capitis muscle above the level of the 
second spinous process should be avoided be
cause of the proximity of the unprotected verte
bral artery; however, this muscle can be injected 
below that level if appropriate precautions are 
taken. CORRECTIVE ACTIONS include im
proved posture, adoption of ergonomic work 
practices, adjustment of eyeglasses, use of a cer
vical pillow, and performance of the combined 
self-stretch exercise in the shower. 

4 4 5 
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1. REFERRED PAIN 
(Fig. 16.1) 
Semispinalis Capitis 

The referred pain pattern elicited from 
the region of attachment of the semi
spinalis capitis to the skull, which is at lo
cation 1 in Figure 16.1A, is shown in red in 
Figure 16.1B. Pressure on the area repre
sented by the upper X in Figure 16.1B pro
duces a pain pattern that travels forward 
like a band and encircles the head halfway, 
reaches maximum intensity in the tempo
ral region, and continues on forward over 
the eye. The tenderness at this location is 
likely an area of enthesopathy induced by 
the sustained tension of the taut band 
fibers of a trigger point (TrP) in the upper 
third of the semispinalis capitis (location 
2, lower X in Fig. 16.1B), which has a sim
ilar pain distribution. 

The pain pattern characteristic of a TrP 
at location 3 (Fig. 16.1A) that lies in the 
middle third of the semispinalis capitis 
muscle (which is more superficial than the 
multifidi and rotatores) is similar to the 
pain pattern shown in Figure 16.lC. 

Referred pain patterns of the middle and 
lower parts of the semispinalis capitis 
muscle, and the referred pain pattern of the 
semispinalis cervicis muscle, overlap part 
of the pain distribution of the C 2 -C 3 zy-
gapophysial joint. 1 3 

Longissimus Capitis 
The pain pattern of the longissimus 

capitis (not illustrated) concentrates in the 
region of the ear or just behind and below 
it. The pain may extend a short distance 
down the neck and also may include a pe
riorbital region behind the eye . 3 8 , 6 5 

Semispinalis Cervicis 
The location of TrPs and the pain pat

tern are not illustrated separately for this 
muscle. It is likely to refer pain into the oc
cipital region in a pattern similar to that 
shown in Figure 16.1C for the middle 
semispinalis capitis. 

Cervical Multifidi 
A multifidus TrP in the cervical region 

refers pain and tenderness cephalad to the 
suboccipital region and sometimes down 
the neck to the upper vertebral border of the 

scapula (Fig. 16.1D) in a d u l t s 4 4 , 6 6 , 7 8 and in 
children. 1 0 Bonica and Sola 1 4 illustrated a 
similar referred pain pattern. Similar re
ferred pain patterns also were reproduced 
by injection of hypertonic salt solution into 
the posterior cervical muscles. 2 9 , 8 1 The pain 
arising from the cervical multifidi is analo
gous to the pattern of pain arising from the 
corresponding deep layer of muscles found 
in the lumbar spine (see Fig. 48.2B), in that 
both refer pain locally adjacent to the spin
ous process and may refer additional pat
terns several segments away from the TrP. 

Rotatores 
When present, TrPs of cervical rotatores 

produce midline pain and tenderness at the 
segmental level of the TrP, analogous to that 
described for thoracolumbar rotatores un
der Deep Paraspinal Muscles in Chapter 48. 
Pain is elicited by application of pressure or 
tapping on the spinous process(es) of the 
vertebra(ae) to which the muscle attaches. 
This tenderness testing is used also to iden
tify dysfunctional spinal articulations. 

2. ANATOMY 
(Figs. 16.2 and 16.3) 

The posterior neck muscles have been 
divided anatomically into four layers7 1 

with fibers running in different directions 
at some levels, suggesting the plies of a tire 
(Fig. 16.2). The most superficial, the bilat
eral upper trapezius fibers, converge above, 
tending to form a "A," or roof-top shape. 
The next deeper, the bilateral splenius 
fibers, converge below to form a " V " shape. 
The semispinalis capitis fibers of the third 
layer lie nearly vertical, parallel with the 
vertebral column. All of the remaining, 
deepest fibers return to the " A " configura
tion. These include the more deeply 
placed semispinalis cervicis of the third 
layer and the multifidi and rotatores 
fibers, which constitute the fourth layer. 
Knowledge of this fiber arrangement is 
helpful in order to stretch and release these 
muscles effectively. The erector spinae 
muscles of the cervical spine include the 
longissimus capitis and cervicis, ilio-
costalis cervicis, and the variable spinalis 
capitis and cervicis. 2 5 

However, in terms of functional anat
omy, these muscles divide into two groups: 
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Upper Semispinalis Capitis 

Middle Semispinalis Capitis 
Figure 16.1. Referred pain patterns (red) and their 
trigger points (Xs) in posterior cervical muscles. 
A, three common trigger point locations. Trigger 
points of the upper semispinalis capitis are expected 
at locations 1 and 2. One may find trigger points of the 
middle semispinalis capitis more superficially at loca
tion 3 and trigger points of the multifidi, rotatores, and 
possibly the semispinalis cervicis at a deeper level of 
location 3. B, pain pattern characteristic of trigger 

Multifidi 
point locations 1 and 2 of the semispinalis capitis. Lo
cation 1 likely identifies an area of enthesopathy. Trig
ger points at location 2 in the upper third can con
tribute to entrapment of the greater occipital nerve. 
C, trigger point and pain pattern of middle semi
spinalis capitis. The semispinalis cervicis also can re
fer pain in a similar pattern. D, characteristic location 
and pain pattern of the deeply-placed cervical multi
fidi trigger points. 
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Figure 16.2. The changes in direction of successively 
deeper fibers in the four layers of the posterior cervi
cal muscles, with layer 1 representing the most super
ficial muscle fibers and layer 4 the deepest fibers. 

the group of four muscles that attach and 
control movement of the head (upper 
trapezius, splenius capitis, semispinalis 
capitis, and longissimus capitis), and the 
group of three muscles that have only 
spinal vertebral attachments (semispinalis 
cervicis, multifidi, and rotatores). Digita-
tions of the second group of muscles attach 
at each vertebral segmental level and anal
ogous digitations extend throughout the 
thoracic region and into the lumbar region 
with basically the same arrangement. At 
successively greater depth, muscles of this 
group become shorter and more angulated. 

The anatomical designation of the sec
ond functional group of muscles into three 
names, semispinalis, multifidi, and rota
tores, is quite arbitrary. In fact, there is a 
full and continuous transition of lengths at 
each spinal level. Digitations attaching at 
every vertebra span (bridge across) 0 to 5 
vertebral segments. 2 3 , 6 7 - 6 9 

Each of these multiple digitations has its 
own endplate zone. Thus, with so many 
muscular digitations present, there are 
many endplate zones in the cervical 
paraspinal musculature on each side. 
Since TrPs are specifically associated with 
the endplate zone, knowing the location of 

the endplate zones identifies where one 
may find TrPs among these muscles. 

Semispinalis Capitis and Longissimus 
Capitis 

The semispinalis capitis muscle overlies 
the semispinalis cervicis. It attaches below 
to the articular processes of cervical verte
brae C4 to C6 and to the transverse processes 
of thoracic vertebrae T1 to T 6 , and some
times T7 (Fig. 16.3). Above, the semi
spinalis capitis attaches to the occiput be
tween the superior and inferior nuchal 
lines. The muscle usually is divided by a 
tendinous inscription at the level of the C6 

vertebra. Less frequently there is a tendi
nous inscription at the level of the C2 verte
bra, and it is most marked in the medial 
fibers that arise from the thoracic verte
brae . 7 , 2 3 These inscriptions can divide the 
muscle so there can be three endplate 
zones, one in the middle of each third of the 
muscle. The endplate zone of the upper 
third of the semispinalis capitis should be a 
nearly transverse line at the suboccipital 
level. The endplate zone of the middle third 
should lie at approximately the C3-C4 level. 
Because of the differing fiber lengths in the 
lower third of the muscle, the endplate 
zone would be more widely distributed. 

The longissimus capitis (Fig. 16.3) at
taches below to the articular processes of 
the last 3 or 4 cervical vertebrae and to the 
transverse processes of the upper 4 or 5 tho
racic vertebrae. It attaches above to the skull 
along the posterior margin of the mastoid 
process, deep to the splenius capitis and 
sternocleidomastoid muscles. 2 5 The longis
simus capitis muscle is often partially or 
completely divided into two muscle bellies 
by a tendinous inscription. 7 , 2 5 , 3 3 Such a di
vision would produce two endplate zones. 

Semispinalis Cervicis 
The semispinalis cervicis (not illus

trated here) lies deep to the semispinalis 
capitis and attaches below to the trans
verse processes of the first to the fifth or 
sixth thoracic vertebrae. Above, it attaches 
to spinous processes of the second to fifth 
cervical vertebrae. Toward its cephalic 
end, it becomes thicker and more muscu
lar. The fibers of the semispinalis cervicis 
usually span 5 vertebrae . 7 , 2 3 , 6 7 The diago-
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Splenius capitis 
(cut ends) 

Longissimus capitis 

Trapezius 
(cut) 

Longissimus capitis 
(cut) 

Cervical multifidi 

Thoracic multifidi 

Figure 16.3. Attachments of the posterior cervical 
muscles. Left side, the fibers of the longissimus capi
tis and semispinalis capitis muscles (medium red) lie 
almost vertically, between the skull and the thoracic 
vertebrae. The semispinalis cervicis is not shown here 
(see Fig. 48.4). It is intermediate between the semi

spinalis capitis and multifidi in depth, fiber length, and 
angulation of fibers. Right side, the deepest layer, 
comprised of the multifidi (light red) and rotatores 
(dark red). They travel diagonally to form, bilaterally, 
the roof-top "A" shape. 

Semispinalis capitis 
(cut and reflected) 

Semispinalis capitis 

Rotatores 
Splenius cervicis 

(cut ends) 
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nal orientation of the digitations of this 
muscle can be seen in Figure 16.2 and in 
Figure 48.4 of this volume. 

Multifidi and Rotatores 
The cervical multifidi attach above to 

the spinous processes of vertebrae C2 to 
C 5 . 6 8 They attach below to the articular 
processes of the last four cervical verte
brae, C4 to C 7; multifidus fibers cross two to 
four vertebrae (Fig. 16.3) . 2 3 

The cervical rotatores, when present, 
also begin at C2 and continue downward 
segmentally. They are the shortest and deep
est paraspinal muscles and connect to adja
cent or alternate vertebrae, and therefore, 
are the most angulated (Figs. 16.2 and 16.3). 
The degree of angulation of these muscles 
has important functional implications. 

Supplemental References 

Other authors have illustrated the semi
spinalis capitis as seen from behind, 1 , 2 6 , 3 3 , 

8 0 , , 6 7 and from the three-quarters rear view. 3 4 

They have portrayed the semispinalis cer
vicis from behind. 2 7 , 33 , 61 Some authors 
have shown the multifidi from behind, 2 7 , 3 5 , 

6 1 , 6 8 from a three-quarters rear view, 7 3 and 
from the side,3 and have presented the ro
tatores as seen from behind. 2 , 3 5 , 6 9 

3. INNERVATION 
The semispinalis capitis is supplied by 

branches of the posterior primary division 
of the first 4 or 5 cervical spinal nerves, and 
the semispinalis cervicis is supplied by the 
third to sixth cervical spinal nerves. 7 The 
longissimus capitis and the deeper posterior 
cervical muscles are supplied by branches 
of the posterior primary divisions of the cer
vical spinal nerves. 2 3 Extensive direct inter
connections between C2 and the vagus nerve 
result in a number of referred pain and 
parasympathetic reflexes associated with 
semispinalis capitis hypertonicity.5 0 

4. FUNCTION 
Functions of the semispinalis capitis pri

marily relate to head movement whereas 
the deeper intervertebral muscles are pri
marily concerned with spinal stabilization 
and spinal movement. 

Semispinalis Capitis and Longissimus 
Capitis 

The semispinalis capitis has one main 
action, extension of the head, and it func
tions in antigravity control of the head 
when one leans forward. Electrical stimu
lation of the semispinalis capitis produced 
head extension and slight inclination to 
the same side, but not neck extension. 3 1 

Based on other considerations, other au
thors also identified the extension func
tion 7 , 2 3 , 5 1 , 5 9 and head rotation to the oppo
site side. 2 3 Basmajian denied rotation and 
also did not include lateral flexion.9 

A sophisticated electromyographic 
(EMG) study of strengthening exercises, 5 9 

using fine- wire electrodes in 15 subjects, 
reported that the semispinalis capitis mus
cle responded vigorously during extension 
of the head and neck hut, with training, 
electrical silence could be achieved while 
the head and neck were held in the erect, 
balanced position. Electrical activation of 
these muscles in support of the head ap
peared only during body activity that dis
turbed the balance of the head on the 
body. 5 9 Also, no EMG activity was ob
served in this muscle during lateral flexion 
of the head, and during head rotation. 

No study was found which specifically 
examined the slightly forward-flexed head 
posture commonly assumed for reading. 
The exercise data 5 9 strongly suggest that 
the semispinalis capitis consistently pro
vides a checkrein function during even 
slight flexion of the neck, which has been 
so well demonstrated for the erector spinae 
muscles at the lumbar level. 8 Abuse of this 
checkrein activity is a major cause of the 
frequently observed chronic strain of the 
posterior cervical muscles. 

The longissimus capitis muscle is an ex
tensor that also is reported to laterally flex 
the head to the same side and rotate it to
ward the same s ide . 2 5 , 5 1 

Semispinalis Cervicis 
This muscle is reported to primarily ex

tend the cervical vertebral c o l u m n , 2 3 , 4 7 , 5 1 

and to rotate it to the opposite s ide . 2 3 , 5 1 

The caudal attachments of this muscle to 
the relatively immobile thoracic vertebrae 
serve primarily as anchors for movement of 
the cervical spine. A study by Pauly 5 9 sug
gests that the semispinalis cervicis at times 
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provides a checkrein function during even 
slight flexion of the neck. 

Multifidi and Rotatores 
No description of the functions of this 

group of muscles specifically for the cervi
cal area was found, but generally, when act
ing bilaterally, these deep muscles extend 
the vertebral column. Acting unilaterally, 
they rotate the vertebrae to the opposite 
s i d e . 2 3 , 4 7 , 5 1 The multifidi were identified as 
contributing to lateral flexion of the spine. 2 3 

These deeper muscles seem to be de
signed for control and are said to control 
positional adjustments between vertebrae, 
rather than movements of the spine as a 
whole. 4 8 The more oblique rotatores are the 
most effective of these muscles for spinal 
rotation. 

5. FUNCTIONAL UNIT 
Semispinalis Capitis and Longissimus 
Capitis 

For extension of the head, synergists of 
the semispinalis capitis and longissimus 
capitis include, bilaterally, the deep suboc
cipital muscles that lie mostly vertically, 
the upper trapezius, and the splenius capi
tis. Antagonists include the head flexors, 
especially the rectus capitis anterior and 
the anterior fibers of the sternocleidomas
toid muscles acting bilaterally. 

Semispinalis Cervicis 
For extension of the neck, synergists of 

the semispinalis cervicis are the splenius 
cervicis bilaterally, the longissimus cervi
cis, the semispinalis capitis, and the leva
tor scapulae bilaterally, plus the multifidi 
acting bilaterally. Antagonists are the ante
rior neck muscles, including the strap mus
cles and longus colli. 

For rotation of the neck, the semi
spinalis cervicis functions synergistically 
with the contralateral splenius cervicis and 
levator scapulae, and with the ipsilateral 
multifidi and rotatores. 

Multifidi and Rotatores 
For extension and rotation of the neck, a 

synergist of the multifidi and rotatores is 
the semispinalis cervicis. For each separate 
movement, additional synergists and an
tagonists are the same as those listed above 
for the semispinalis cervicis. 

6. SYMPTOMS 
Patients complain of headache with pain 

as described and illustrated in Section 1 and 
are likely to be referred with the diagnosis of 
tension-type headache 4 6 or of cervicogenic 
headache. 4 5 With chronic headache suffer
ers, the pain pattern is likely to be a com
posite of referred pain from several neck 
and masticatory muscles (see Fig. 3.5). 

Patients are likely to be bothered also by 
tenderness over the back of the head and 
neck, so that pressure there from the 
weight of the head on a pillow at night 
may quickly become intolerable. They usu
ally experience some degree of painfully 
restricted motion of the neck in one or 
more directions, especially head and neck 
flexion. 

With entrapment of the greater occipital 
nerve as a sequel to prolonged activation of 
a semispinalis capitis or upper trapezius 
muscle, patients complain of numbness, 
tingling and burning pain in the scalp over 
the homolateral occipital region ("occipital 
neuralgia") in addition to headache. They 
may have received anesthetic blocks of the 
greater occipital nerve, with relief only for 
the duration of the local anesthetic effect. 
Patients with nerve entrapment usually pre
fer cold rather than heat. They look for an 
ice-bag to relieve the burning neuropathic 
pain, which can now obscure the TrP pain. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 
(Fig. 16.4) 
Activation of Trigger Points 

Many kinds of one-time events can acti
vate trigger points (TrPs) but other factors 
are required to perpetuate them. 

Acute Trauma. Falling on the head, ex
periencing forceful head movement in an 
automobile accident, or diving head-first 
and hitting the head can produce force
ful neck flexion and muscle strain even in 
the absence of fracture. The strain acti
vates TrPs in head and neck muscles. 
Baker 6 examined 34 muscles bilaterally of 
100 occupants (drivers or passengers) who 
sustained a single motor vehicle impact. 
All of these patients complained of symp
toms typical of acceleration-deceleration 
("whiplash") injury. All had active myofas
cial TrPs. The semispinalis capitis was the 
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third most frequently involved muscle in 
73% of subjects suffering impact from the 
front, in 6 9 % of subjects when hit on the 
passenger side, in 6 3 % of subjects when 
hit on the driver's side, and in 62% of sub
jects when hit from behind. Automobile 
impact from any direction is likely to acti
vate semispinalis capitis TrPs. 

Acute Overload. Hubbell and Thomas 4 3 

reported their examination of four post
partum patients who complained of 
head and neck pain, who had received 
epidural analgesia, and who had a long sec
ond stage of labor associated with 
prolonged pushing. These authors con
cluded that these patients had no evidence 
of the usual diagnosis of postdural-punc-
ture headache as the cause of the pain. 
They diagnosed the patients as suffering 
from cervical myofascial pain because the 
posterior cervical muscles and/or their at
tachments exhibited point tenderness. No 
additional specific examination for myo
fascial TrPs was reported. Myofascial TrPs 
deserve serious consideration in this group 
of patients. 

Perpetuation of Trigger Points 
Chronic stress that eventually activates 

TrPs, if continued, will also perpetuate them. 
Postural Stress. Reading or working at a 

desk while sitting with a forward-head pos
ture or with the neck in sustained flexion 
commonly activates and perpetuates poste
rior cervical TrPs. This undesirable position 
(Fig. 16.4C) maybe assumed because: (1) the 
lenses of the eyeglasses have too short a fo
cal length, (2) the frames of the eyeglasses 
are adjusted improperly (Fig. 16.4A), (3) the 
chair has inadequate lumbar support or no 
lumbar support, (4) there is ergonomically 
incorrect location of work equipment, such 
as a keyboard, 5 7 , 7 2 (5) the tension caused by 
TrPs in the pectoralis major muscles pro
duces round-shouldered posture and in
creases thoracic kyphosis (see Fig. 41.4D), 7 6 

or (6) the patient is emotionally depressed. 1 6 

Excessive cervical extension at night 
tends to activate and perpetuate TrPs in the 
posterior cervical muscles by placing these 
muscles in the shortened position for a 
prolonged period. This posture occurs 
when a person lies supine without a pillow 
on a mattress that is too hard, or when a 
too-hard, poorly-fitted pillow is placed un

der the shoulders and neck. Sometimes 
young people (in particular) lie prone on 
the floor, propped up on elbows to support 
the head, while watching television. This 
position places the posterior cervical mus
cles in a shortened position for a prolonged 
period of time. 

Since the more longitudinal posterior 
cervical muscles commonly function bilat
erally, TrP involvement of one side soon 
leads to at least some functional distur
bance of the contralateral muscles, which 
can affect TrPs in them also. 

A patient with a long supple neck is 
more prone to develop active TrPs in the 
posterior cervical muscles than one with a 
short stocky neck because of the greater 
leverage and demand placed on the mus
cles for muscular support. 

Key Trigger Points. Hong4 2 pointed out 
that the semispinalis capitis may develop 
satellite TrPs in response to key TrPs in ei
ther an upper trapezius muscle or a splenius 
capitis muscle. Elimination of key TrPs in ei
ther of these two muscles usually inactivates 
the TrPs of the semispinalis capitis without 
specific treatment of the semispinalis capitis 
muscle itself. Conversely, inactivating only 
the satellite TrP results in its reactivation 
and perpetuation by the key TrP. 

Neuropathy. Increased nerve irritabil
ity due to entrapment, as in spinal radicu
lopathy, can be a significant factor in the 
activation and perpetuation of these poste
rior cervical TrPs. A comparable response 
has been well documented for lumbar 
paraspinal muscles. 2 2 

Facet Joint Arthritis. Halla and Hardin, 
Jr. 4 1 identified a distinctive clinical syn
drome in 27 patients with C 1 - C 2 facet joint 
osteoarthritis. Occipital TrPs were one of 
the major features of the syndrome. This 
strong association between cervical os
teoarthritis and myofascial TrPs is compati
ble with the observation of Jaeger,45 who 
found the semispinalis capitis muscle to be 
one of the most frequently involved. This 
indicates that cervical osteoarthritis is likely 
to activate and/or perpetuate cervical myo
fascial TrPs. It is possible that other arthritic 
conditions, such as rheumatoid arthritis 
and seronegative spondyloarthropathies, 
may have a similar influence on TrPs. 

Neck Constriction. A bathing cap that 
is too tight or a heavy overcoat with a tight 
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Figure 16.4. Causes and corrections of unnecessary 
load on the posterior cervical muscles. A, view ob
structed by the lower rim of the eyeglasses, which 
must be compensated by a forward tilt of the head in 
order to read. B, unobstructed view for reading with 
the head in an erect, balanced position, after the axis 
of the lens has been tilted 30° or more, to bring the 
lower rim against the cheek. C, the red X indicates un
desirable posture. The sustained spinal flexion with 
work placed flat on a low desk causes checkrein over
load of the posterior cervical muscles. The poor pos
ture is aggravated by having lenses with too short a 
focal length and rims that obstruct the line of vision. 

Additionally, the lack of an armrest for adequate elbow 
support creates a drag on the upper trapezius muscle. 
Lack of lumbar support in the backrest favors reversal 
of the normal lordotic curve and the low table top in
creases flexion of the spine. D, good posture of sub
ject writing at a higher table with a tilted work surface, 
and sitting in a chair with armrests and added thora
columbar junction support to lift the sternum. The 
higher table provides more adequate knee room, and 
the tilted board can be pulled even closer to the body 
for forearm support in the absence of adequate arm
rest support. All of these contribute to a stress-free, 
balanced head position. 

Copyrighted Material



4 5 4 Part 2 / Head and Neck Pain 

collar that compresses the posterior cervi
cal muscles and impairs their blood flow, 
may activate and perpetuate TrPs (by aggra
vating their energy crisis), as is described 
for the trapezius muscle in Chapter 6 and 
for TrPs in general in Chapter 2, Part D. 

8. PATIENT EXAMINATION 
The patient's posture and movement 

should be evaluated. Assessment of for
ward-head posture (anterior positioning of 
the head) is presented in Chapter 5, Sec
tion C. The influence of the position of 
other body segments on the positioning of 
the head is covered in Chapter 41 , Section 
C, which also include suggestions for cor
recting poor posture and for maintaining 
healthy posture. 

Patients with posterior cervical TrPs of
ten hold the head and neck upright with 
the shoulders high; 8 1 they may position the 
head with the face tilted up somewhat 8 1 

and tend to suppress the bobbing and nod
ding movements of the head that ordinarily 
accompany talking. 

The patient usually shows marked re
striction of head and neck flexion, which 
can measure 5 cm short of the chin reach
ing the sternum. Altered segmental motion 
of the cervical spine to palpation is a com
mon finding associated with the muscular 
dysfunction. Marked restriction of head 
and neck rotation and of sidebending usu
ally is due to involvement of associated 
neck muscles. In any one segment, how
ever, restriction in all directions usually 
indicates a capsular (or arthritic) pattern. 

If involvement of the posterior cervical 
muscles is mainly unilateral and the head 
and neck are flexed, the muscles on the 
painful side may appear very prominent, 
like a rope from the skull to the level of the 
shoulder girdle. 

9. TRIGGER POINT EXAMINATION 
Semispinalis Capitis 

With the new understanding that TrPs 
occur in the endplate zone and the well es
tablished fact that endplate zones occur in 
the middle portion of muscle fibers, 2 8 as 
described in Chapter 2, Section C of this 
manual, it is now possible to identify 
where TrPs are likely to occur in the poste
rior cervical muscles, based on a knowl

edge of anatomy and the expected loca
tions of endplate zones. 

Slight flexion of the head and neck en
hances tension of the taut bands and ten
derness of TrPs in the posterior neck mus
cles and makes them more distinguishable 
by palpation if the posterior cervical mus
culature has been relaxed by providing ad
equate head and body support for the pa
tient in the seated or the side-lying 
position. All three posterior cervical loca
tions (Fig. 16.1) are best examined by flat 
palpation. 

Location 1 (Fig. 16.1A) at the musculo
tendinous junction region is likely to feel 
indurated and often must be pressed very 
firmly to elicit referred pain. This region of 
tenderness is usually found a centimeter or 
two from the midline at the base of the 
skull and is also in the region of one of the 
diagnostic tender point sites of fibromyal
gia. 8 0 Deep tenderness on examination is 
much less intense than would be expected 
from the severity of the patient's pain com
plaint. Since this tenderness is likely 
caused by enthesopathy of the semi
spinalis capitis, the clinician should check 
the midbelly portion of the involved mus
cle fibers for a TrP that could be causing 
the patient's pain complaint. 

Locations 2 and 3 in Figure 16.1A show 
examples of TrP locations in the upper and 
middle thirds of the semispinalis capitis, re
spectively. The TrP at location 2 is located in 
the upper third of the muscle at, or slightly 
above, C1. The TrP at location 3 is located in 
the middle third of the semispinalis capitis 
and is found lateral to the region of the C3-C4 

spinous processes. Pressure applied to an 
active TrP at location 2 or location 3 elicits 
marked local tenderness and induces the re
ferred pain pattern characteristic of the 
muscle containing the TrP. It is difficult to 
elicit a detectable local twitch response by 
manual palpation of this muscle in many 
patients. However, if the upper trapezius is 
relaxed, one may be able to palpate a taut 
band in the semispinalis capitis that is dis
tinguished by its vertical fiber direction. 

Sola 6 6 identified two TrP locations for 
the lower portion of the semispinalis capi
tis muscle and illustrated that they also re
ferred pain to the suboccipital region and, 
in addition, to the vertex. 
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Longissimus Capitis 
The longissimus capitis muscle lies deep 

to the lateral part of the splenius capitis 
near the level of the C3 vertebra.1 7 From the 
level of the C2 spinous process 1 8 to the junc
tion of C 3 - C 4 , one can attempt to palpate TrP 
tenderness and taut bands of the longis
simus capitis by locating the splenius capi
tis (lateral to the trapezius and posterior to 
the sternocleidomastoid), and by pressing 
anteriorly and medially through the lateral 
part of the splenius capitis. If the splenius 
capitis has TrPs and taut bands they must 
first be released, or the deeper tenderness of 
the longissimus capitis may not be distin
guishable. If the longissimus capitis has se
vere TrPs it should be prominent and firm, 
and its nearly vertical fibers help to distin
guish it from the more diagonal fibers of the 
splenius. Superior to the level of C 2

1 9 and 
inferior to the level of C 4 , 2 0 the longissimus 
capitis is too deep and is covered by too 
many other muscles to be reliably identi
fied, even indirectly. 

Semispinalis Cervicis 
One palpates for TrP tenderness of this 

intermediate-to-deep posterior cervical 
muscle 1-2 cm lateral to spinous processes. 
A common TrP location is at approximately 
the C4-C5 level, and deep pressure on the TrP 
may elicit referred pain over the occipital 
region similar to the pattern shown in Fig
ure 16.1C. The digitations of this muscle are 
deep to the semispinalis capitis (see cross-
sectional view in Fig. 16.8), and the diagonal 
orientation of each digitation can be seen in 
Figure 48.4. Only rarely can one distinguish 
taut bands in this relatively deep muscle. 

Cervical Multifidi and Rotatores 
Trigger points of cervical multifidi can 

be located approximately halfway between 
a spinous process and a lower transverse 
process, exemplified at location 3 in Figure 
16.1A and D. 

Since there are digitations of the cervical 
multifidi for every segmental level from C2 

inferiorly, and since some digitations span 
more than one vertebra, TrPs in the multifidi 
could be found at any level between these 
processes starting at about the interface be
tween spinous processes C3 and C 4, and con
tinuing inferiorly as thoracic multifidi. 
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The deepest muscles in the fourth layer, 
the rotatores, are often not as fully devel
oped in the cervical region as they are in 
the thoracic region. These muscles lie too 
deep for the fiber direction of their taut 
bands to be identified by palpation. They 
must be identified by characteristic deep 
tenderness to pressure applied deep in the 
groove lateral to spinous processes, and by 
tenderness to applied pressure or tapping 
on the spinous process. The pain distribu
tion of the rotatores is essentially midline 
pain at the segmental level. 

10. ENTRAPMENT 
(Fig. 16.5) 

The greater occipital nerve is the medial 
branch of the dorsal primary division of the 
second cervical nerve. The greater occipital 
nerve supplies sensory branches to the scalp 
over the vertex and motor branches to the 
semispinalis capitis muscle. 2 4 This cervical 
nerve emerges below the posterior arch of 
the atlas above the lamina of the axis (Fig. 
16.5). It then curves around the lower border 
of the obliquus capitis inferior muscle, 
which it crosses before penetrating the semi
spinalis capitis and trapezius muscles near 
their attachments to the occipital bone. 4 

In an autopsy study of 20 cases (40 
nerves) without history of headache (ac
cording to hospital files),15 the greater oc
cipital nerve penetrated the trapezius mus
cle in 4 5 % of cases, the semispinalis muscle 
in 90% of cases, and the inferior oblique 
muscle in 7.5% of cases. Eleven of the 18 
nerves that penetrated a trapezius muscle 
showed evidence of compression. This 
finding was unexpected because selection 
was made on the basis of no established his
tory of headache (according to hospital 
charts). Apparently, some degree of nerve 
compression at the point of a trapezius mus
cular penetration is not uncommon. 1 5 

After penetrating the trapezius muscle, 
the nerve remains subcutaneous 2 4 , 5 6 and 
has no muscular branches. Entrapment 
symptoms apparently develop when TrP 
activity in one of the muscles that it pene
trates (the semispinalis capitis or the upper 
trapezius) produces taut bands of muscle 
fibers that compress the nerve as it pene
trates the muscle. 
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Splenius capitis 
(cut) 

Figure 16.5. Course of the second cervical nerve, 
which becomes the greater occipital nerve and then 
penetrates the semispinalis capitis (light medium red) 
and trapezius muscles (light red) to continue beneath 
the scalp. Entrapment can occur where the nerve 

passes through the semispinalis muscle. Note the ver
tebral artery (darkest red) in the suboccipital triangle, 
which is bounded by the rectus capitis posterior ma
jor and the obliquus capitis superior and inferior mus
cles (dark medium red). 

The symptoms associated with entrap
ment of the greater occipital nerve are de
scribed in Section 6. They are often re
lieved by inactivation of TrPs in the 
semispinalis capitis and/or upper trapez
ius muscles, which usually respond well to 
local procaine injection or dry needling. 

11. DIFFERENTIAL DIAGNOSIS 
For patients with widespread pain last

ing at least 3 months, fibromyalgia must be 
considered. A brief examination of the des
ignated tender points of fibromyalgia80 will 
allow the diagnosis to be established or ex
cluded clinically with confidence. Fi
bromyalgia patients commonly also have 
myofascial TrPs that contribute to their 
p a i n . 3 7 , 4 0 Finding a positive occipital ten
der point should alert the examiner to the 
possibility that this is an enthesopathy sec
ondary to a semispinalis capitis TrP. 

Halla and Hardin, Jr. 4 1 indicated that at
lantoaxial (C1-C2) facet joint osteoarthritis 
produces a distinctive clinical syndrome 
different from those associated with only 
subaxial degenerative joint disease of the 
cervical spine, and different from other ar
ticular dysfunctions of the cervical spine. 
This syndrome was seen mainly in elderly 
women who also have osteoarthritis at other 
sites, and who experienced occipital and 
postauricular pain. Physical signs were lim
ited head rotation, tender points or TrPs 
confined to the occipital area, palpable cer
vical crepitus, and abnormal head position 
to one side. 4 1 The crepitus of the C1-C2 arthri
tis and the taut bands and recognition of 
pain on palpation of TrPs would be the two 
most clearly distinguishing characteristics. 

Bogduk and Simons 1 3 have reported 
overlapping pain patterns of cervical zy-
gapophysial joints and posterior cervical 

Occipital bone 

Greater occipital 
nerve 
Semispinalis 
capitis (cut) 

Obliquus capitis superior 
Rectus capitis 
posterior major 

Vertebral artery 
Obliquus capitis inferior 

Posterior primary division 
of 2nd cervical nerve 
Semispinalis capitis (cut) 

Longissimus capitis 

Splenius capitis 
(cut) 

Trapezius 
(cut) 
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muscles. The C 2-C 3 zygapophysial joints 
in particular need to be considered in 
diagnosis when dealing with TrPs in the 
semispinalis capitis and semispinalis cer
vicis muscles. The C 3-C 4 and C 4-C 5 zy
gapophysial joints refer pain in patterns 
that overlap partly with the pain distribu
tion of cervical multifidi TrPs. 

Bea l 1 1 , 1 2 reports palpatory spasm [or TrP 
contracture] tissue texture changes, and 
cervical restricted motion at assumed 
to be secondary to viscerosomatic reflexes 
from cardiac, upper gastrointestinal and 
pulmonary disorders. A series of chiefly 
left-sided cervical somatic dysfunctions 
were attributed to similar visceral sources 
by DAlonzo and Krachman, 3 0 and the cer
vical dysfunctions are associated with pain 
patterns that overlap partly with the pain 
distribution referred from posterior cervi
cal muscles. 

Articular Disorders 
The differential diagnosis of neck pain 

must include a wide variety of articular 
disorders which can cause symptoms in 
the cervical area but are usually diagnosed 
on the basis of patterns of involvement at 
other sites in the body. There is a limited 
number of arthritic conditions which 
typically involve the cervical spine. In 
addition to osteoarthritis, which is rela
tively noninflammatory, they can include 
rheumatoid arthritis and the seronegative 
spondyloarthropathies. 

Segmental Dysfunction (Articular Dys
function or Somatic Dysfunction). Satis
factory management of head and neck pain 
of musculoskeletal origin often requires 
careful evaluation of posterior cervical mus
cles for TrPs and cervical joints for restricted 
mobility. Often both of these findings are 
present, and frequently both must be treated. 

Jaeger4 5 examined each of 11 patients 
with symptoms of cervicogenic headache 
for TrPs in 7 head and neck muscles and 
for cervical spine dysfunction. All patients 
had at least 3 active myofascial TrPs. In 8 
patients, TrP palpation clearly reproduced 
the headache. Ten of the 11 patients (91%) 
had a specific segmental dysfunction of the 
occipitoatlantal (OA) joint or of the at
lantoaxial (AA) joint. The temporalis mus
cle was the one most likely to have TrPs (7 

patients), and the semispinalis capitis was 
the next most likely (6 patients). Trigger 
points were predominantly on the most 
symptomatic side. Trigger points were 
found in other posterior cervical muscles 
in only two patients. Among the posterior 
cervical muscles, suboccipital articular 
dysfunction was most likely to be associ
ated with TrPs in the semispinalis capitis. 

SEMISPINALIS CAPITIS. One frequently 
finds a combination of OA, C1, and C2 dys
functions in relation to semispinalis capi
tis TrPs. 

LONGISSIMUS CAPITIS. With TrP tension 
in this muscle, one will frequently see ap
parent elevation of the first rib concurrent 
with T1 articular dysfunction. Part of this 
muscle spans the region from the mastoid 
process to the transverse process of T1 . 

which allows it to indirectly affect the first 
rib through its pull on the costotransverse 
junction. Resultant rotation of the vertebra 
produces the apparent rib elevation. 

SEMISPINALIS CERVICIS, MULTIFIDI, AND ROTA
TORES MUSCLE GROUPS. The semispinalis 
cervicis, multifidi, and rotatores muscle 
groups can form articular dysfunctions at 
various levels of the cervical and upper 
thoracic spine depending on the specific 
attachments. 

BILATERAL POSTERIOR CERVICAL INVOLVE
MENT. A simple extension dysfunction of 
the T l , T 2 , T 3 , and T4 segments is another 
important articular dysfunction associated 
with TrP involvement of bilateral posterior 
cervical muscles that attach to or span the 
upper thoracic vertebrae. This is particu
larly true of the semispinalis cervicis, mul
tifidi, and rotatores with attachments in the 
upper thoracic region, as well as the semi
spinalis thoracis digitations that extend to 
and cross these upper thoracic vertebral 
segments. The upper thoracic segments are 
particularly difficult to isolate. One should, 
however, treat these extension dysfunctions 
from T1 to T4 by using a manual stretch tech
nique that also incorporates contract-relax 
and forward flexion progressing down the 
spine segment by segment. 

Arthritic Disorders. The inflamma
tory disorders have the potential to cause 
erosions at the atlantoaxial articulation 
which can progress to lysis of the trans
verse ligament and subluxation of the 
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odontoid process of C 2 . 3 6 Posterior motion 
of the odontoid process with flexion of 
the head can cause compression of the 
cervical spinal cord with life-threatening 
consequences. 

In addition to a careful history and ex
amination for systemic disease, a person 
suspected of having symptomatic arthritic 
involvement of the neck should have imag
ing confirmation. A pair of lateral neck X-
rays in voluntary flexion and extension can 
help to identify inappropriate motion (> 4 
mm) of the odontoid process away from 
the internal margin of the ring of C1. Imag
ing of subaxial disease will require com
puted tomography with contrast, magnetic 
resonance imaging, or even myelography. 
Prevention of these lesions is the objective 
of immunosuppressive and anti-inflamma
tory drug therapy, but once deformity or in
stability are established, surgical stabiliza
tion may be necessary. 

In rheumatoid arthritis, subaxial in
volvement of the cervical spine can cause 
subluxation (forward slipping) of one ver
tebra on another (e.g., C5 on C6) and com
press the cord. These lesions tend to be 
less painful than those at C1 or C2 but are 
more likely to cause loss of distal motor 
function. 

Osteoarthritis causes osteophytic spur 
formation on the upper and lower borders 
of the cervical vertebral bodies which 
can limit neck motion, cause tendon pop
ping over irregular surfaces, or even nar
row the neural foramen sufficiently to 
cause radiculopathy. 

The seronegative (meaning negative 
blood rheumatoid factor test) spondy
loarthropathy disorders can include anky
losing spondylitis, Reiter's syndrome, reac
tive arthritis due to inflammatory bowel 
disease, or reactive arthritis associated 
with psoriasis. 5 A typical pathologic 
process in these patients is painful enthe-
sopathy (inflammation at the site of attach
ment of ligament or tendon to bone) which 
tends to heal with diastrophic calcification. 

In ankylosing spondylitis, the spinal lig
aments tend to calcify symmetrically from 
the sacroiliac joints upward until the entire 
spine is fused into what looks on X-rays 
like a vertical stick of bamboo (the so-
called bamboo spine). In the other disor
ders like Reiter's syndrome, the inflamma

tory involvement of the axial skeleton 
tends to be more asymmetric (skipping ver
tebral levels and involving only one side of 
some vertebrae). In any of these conditions, 
neck pain can be a prominent symptom, 
and involvement of the atlantoaxial joint 
can place the cervical cord at risk of seri
ous injury. The presence of systemic symp
toms, such as conjunctivitis and urethritis 
in Reiter's syndrome, can be helpful in es
tablishing the correct diagnosis. 

Related Trigger Points 
In addition to the bilateral posterior cer

vical muscles, the upper semispinalis tho
racis and the erector spinae muscles that 
extend into the thorax also are likely to be
come involved. The segmental level of TrP 
involvement often can be identified by a 
flattened spot in the normally smooth cur
vature of the thoracic region; when tested 
by forward flexion, at least one spinous 
process fails to stand out prominently as 
expected. Multiple bilateral deep short ro
tatores can look like the longer but less an-
gulated multifidi in this respect; however, 
multifidi involvement would not cause as 
much restricted rotation as the rotatores 
do, and the multifidi are less likely to 
cause a contiguous series of pressure sen
sitive vertebrae with restricted joint mobil
ity. Restriction of motion may respond 
well to appropriate bilateral stretch and 
spray of the deep paraspinal muscles that 
span the level of the flattening. Alterna
tively, manual techniques designed to af
fect both joint and muscle function may be 
employed. 

When the posterior cervical muscles 
have been treated and patients continue to 
complain of suboccipital pain and sore
ness, especially in the neighborhood of 
the mastoid process, the examiner should 
check for active TrPs in the trapezius 
muscle (see Fig. 6.2), in the posterior 
belly of the digastric muscle (see Fig. 
12.1), and in the upper medial portion of 
the infraspinatus muscle (see Fig. 22.1) on 
the same side as the pain. Trigger points 
in the latter two muscles cause little re
striction of head motion and are easily 
overlooked. 

Counterstrain Tender Points. Jones 4 9 

mapped a series of tender tissue texture 
changes typically located near bony attach-
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merits of tendons, ligaments, or in the belly 
of some muscles. Those located in the up
per posterior cervical region, at the tips of 
the C1 transverse processes, and along the 
mandibular rami are associated with im
paired or altered function of the upper cer
vical segment. Jones's system of treatment, 
which approximates origin and insertion 
of muscles for 90 seconds in a comfortable 
position followed by a slow return to a 
more neutral resting position, has been 
used to treat muscle "spasm," headache, 
and tender points, as well as to restore cer
vical function. While there are no adequate 
studies of a correlation between these 
Jones points and latent trigger points, clin
icians using both systems comment on sig
nificant overlap. 3 9 , 5 5 

Neuropathy 
Clinically, cervical radiculopathy can 

activate TrPs in the posterior cervical mus
cles that, following surgery, are then per
petuated by other factors. This is a com
mon cause of cervical postlaminectomy 
pain syndromes. 6 3 Since the radiculopathy 
and the TrPs can occur separately or con
currently, each condition must be diag
nosed on its own criteria. Cervical radicu
lopathy from C 4-C 8 rarely fails to cause limb 
signs or symptoms. Posterior cervical TrPs 
alone do not produce limb symptoms. Cer
vical radiculopathy is much more likely to 
show a positive Sperling test, pain elicited 
by spinal compression applied as down
ward pressure on the head with the upright 
cervical spine slightly extended. Positive 
electrodiagnostic findings are helpful in 
identifying cervical radiculopathy. The 
strong relation between lumbar radiculopa
thy and TrPs in lumbar paraspinal muscles 
was recently demonstrated by Chu. 2 2 

One should distinguish between the lo
cal neurologically projected pain of a 
Tinel's sign (produced by tapping on the 
point of entrapment) and referred pain 
from a TrP. The shock-like tingling or "pins 
and needles" of the Tinel's sign is pro
duced by pressure on a point of constric
tion, for example, where the greater occip
ital nerve passes through a semispinalis 
capitis or upper trapezius muscle (Fig. 
16.5). Neural pain is usually projected 
along the distribution of the nerve. In com
parison, TrP referred pain usually is a deep 

aching pain that is less well localized and 
has a nonneural distribution, since its lo
cation is determined by intraspinal path
ways. Trigger points respond to snapping 
palpation with a local twitch response of 
the taut band. One must avoid injection at 
the point of neural entrapment, whereas 
injection of the TrP in the muscle that is 
contributing to the entrapment is appropri
ate therapy. 

Another potential source of confusion is 
peripheral compression neuropathy, such 
as carpal tunnel syndrome at the wrist 7 0 

and ulnar tunnel neuropathy at the elbow. 
These conditions can produce the percep
tion of neck or shoulder pain. The exam
iner may be able to support the clinical im
pression of compression neuropathy by 
tapping on the point of entrapment. How
ever, this Tinel's test does not have a very 
high specificity. 

12. TRIGGER POINT RELEASE 
(Figs. 16.6 and 16.7) 

Treatment with full-range stretching is 
contraindicated across joints that exhibit 
primary hypermobility. When there are 
trigger points (TrPs) in muscles that cross 
hypermobile joints, the TrPs should be in
activated using techniques that do not ex
tend the muscles to maximum length. 
Such alternative therapies include TrP 
pressure release, hold-relax (but with a 
mild contraction, not maximum), counter-
strain, indirect myofascial release, TrP in
jection, deep stroking or stripping mas
sage, high voltage galvanic stimulation, 
and ultrasound. The muscles of these pa
tients who exhibit primary hypermobility 
require strengthening with stabilizing ex
ercises, not overall lengthening. It should 
be noted that secondary hypermobility of 
one joint may be compensatory to re
stricted motion in adjacent areas 5 4 due to 
articular dysfunction or TrPs. Treatment 
of the primary restriction in mobility is of
ten effective in resolving compensatory 
hypermobility. 

An important implication of recognizing 
the presence of atlantoaxial subluxation is 
that manipulation of the neck in such a pa
tient, especially at surgery when the pa
tient's own protective musculature is not 
in control, can result in cord compression. 
Even the neck manipulations associated 
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with spray and stretch can place the cervi
cal cord at risk or injury. It should be rec
ognized, however, that the voluntary and 
involuntary muscular effort involved in 
stabilizing the unstable arthritic neck can 
cause soft-tissue pain, such as myofascial 
pain, which may require specific treatment 
in addition to standard management of 
arthritis. 

Patients who complain of neck "stiff
ness" generally have restricted head and 
neck movements in several directions due 
to a combination of involved muscles . 7 4 , 7 5 

Range of motion is tested for flexion, ex
tension, rotation, and sidebending grossly 
and at segmental levels. Restriction in all 
directions may indicate a capsular (or 
arthritic) pattern rather than a dysfunc
tional one. As a rule, stretch and spray are 
applied first to the muscles that are causing 
the greatest restriction of movement. When 
movement is severely restricted in all di
rections, it is usually best to start by apply
ing gentle manual traction to the neck, and 
next start to restore flexion, sidebending, 
rotation, and extension. Upward traction 
can release compressive forces on the up
per cervical articulations and can be ap
plied as described for suboccipital decom
pression in Chapter 17, Section 12. The 
degree of involvement of individual mus
cle groups must be assessed for each pa
tient, and the overlapping functions of 
these muscles should be considered. 

It helps to visualize clearly the location 
and direction of the muscle fibers being 
passively stretched (Fig. 16.2). Several 
neck muscles, with fibers running in vary
ing directions, may contribute to a specific 
neck movement; therefore, stretch and re
lease of fibers in only one direction with 
unidirectional parallel sweeps 5 8 usually re
lease that movement only partially. Adja
cent tight restricting muscle fibers also 
must be released. After one application of 
stretch and spray to release all directions 
of restricted movement, and after rewarm-
ing, it may be necessary to repeat the ap
plication to achieve complete restoration 
of normal movement. 

When stretching and spraying the neck 
muscles to improve motion, first treat the 
suboccipital muscles (Chapter 17) and the 
upper cervical muscles. Next, treat the 
long-fibered lower cervical and upper tho

racic muscles, and then the long-fibered 
low thoracic and lumbar muscles (see Fig. 
48.6) are stretched and sprayed. The diago
nal neck muscles that combine extension 
with rotation also must be released. This 
requires a flexion and rotation stretch. De
scriptions of these stretches follow. 

Longitudinal Posterior Neck Muscles 
To stretch and spray the more longitudi

nal posterior cervical muscles, the patient 
sits in an armchair (Fig. 16.6A). The hips 
are moved forward slightly to better recline 
the trunk against the backrest. The patient 
lets the head and neck hang forward and re
laxed, as the clinician's hand monitors and 
encourages this movement to take up the 
slack in the extensors while the vapo-
coolant is applied upward over the back of 
the neck and head (Fig. 16.6A). Next the 
patient is asked to slump forward (Fig. 
16.6B) as the operator continues to take up 
slack (but does NOT use force) and applies 
a downspray pattern bilaterally to cover the 
long paraspinal muscles from the occiput 
to the lower thorax. This stretch is facili
tated if the patient tries to "hump the back" 
which adds reciprocal inhibition and vol
untary stretch. This procedure can be con
tinued down the lower thoracic and lumbar 
spine as illustrated in Figure 48.6, letting 
the arms hang down between the knees. 

This technique can be effectively com
bined with postisometric relaxation de
scribed in detail in Section 12 of Chapter 3. 
Caution: The operator should not apply 
forceful pressure to the head in the posi
tions shown in Figure 16.6 A and B be
cause the force could stress the cervical 
spine enough to cause complications in 
spines that are medically compromised. 
Figure 16.6C shows a safer technique (refer 
to the figure legend for details). 

Figure 16.6C illustrates and describes a 
manual release technique for longitudinal 
lower posterior cervical and upper thoracic 
muscles that gives the clinician more di
rect control of the release process and pro
vides a much better "feel" for what is hap
pening to the muscles. This method is 
specifically indicated in patients who have 
degenerative joint disease or other compro
mise of the joints spanned by the muscles 
being released. Manual cervical traction 
with the patient in a supine position is an 
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alternate release procedure, aided by gen
tle contractions of the posterior cervical 
muscles followed by relaxation. 

In addition, a specific treatment for the 
commonly involved longissimus capitis 
muscle employs the combination of a myo

fascial release technique with a contract-
relax technique. The patient is in the supine 
position, and the clinician cradles the pa
tient's head and, with the other hand, the 
clinician applies pressure along the distal 
attachments of the muscle. This positioning 

Figure 16.6. Spray pattern (arrows) and release tech
nique for trigger points (Xs) in predominantly longitu
dinal posterior cervical and upper thoracic muscles. 
A, upper posterior cervical spray and release of the 
longitudinal semispinalis capitis muscles bilaterally 
and the splenius capitis, using head and neck flexion 
with an up-sweep spray pattern. During and after 
spray, the patient breathes out, relaxes, and looks 
down as the operator's left hand guides and takes up 
slack only. B, prespray of the lower posterior cervical 
(splenii and semispinalis) and upper thoracic longis
simus muscles bilaterally with the neck and upper 
thoracic spine in a comfortable flexed position, using 
a down-sweep spray pattern (down arrows). C, man
ual release of longitudinal lower posterior cervical and 

upper thoracic muscles immediately following spray. 
The operator's hand placement localizes the region 
selected for release. Release is obtained using a con
tract-relax technique. As the patient looks up and 
gently breathes in, the operator lightly resists the con
traction of the posterior cervical musculature with one 
hand (left in this example). Then the patient looks 
down, breathes out, and relaxes completely, letting 
the head fall forward. The operator's left hand stabi
lizes and the right hand applies downward pressure to 
release the muscles between the hands. Caution: The 
operator should not apply forceful downward pressure 
to the head in the position shown as it can stress the 
cervical spine enough to cause complications in 
spines that are medically compromised (see Text). 
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Figure 16.7. Spray pattern (arrows) for trigger points 
(Xs) in the more diagonal posterior cervical muscles. 
A, passive stretch primarily of the right "^" diagonal 
muscles (e.g., multifidi and rotatores) and the left "V" 
diagonal (e.g., splenius) by flexing the head and neck, 
while turning the face toward the right. See Figure 
16.2 for the muscle fiber directions of cervical mus
cles. The skin over the muscles being stretched is 
covered with an up-sweep pattern of the vapocoolant. 
B, stretch of the "V" diagonal muscles (e.g., splenius) 
on the right and the "A" diagonal fibers (e.g., multifidi 
and rotatores) on the left, by flexing the head and neck 

is similar to that of Figure 16.7C; however, 
for the longissimus capitis release the oper
ator's hand needs to be at the base of the 
neck, as in Figure 20.11 for first rib and sca
lene muscle release [see Chapter 20). Next, 
the clinician sidebends the patient's head 
away from the involved longissimus capitis 
muscle and "fine tunes" the muscle release 

while turning the face to the left. C, stretch-release of 
diagonal posterior cervical muscles following vapo
coolant application, using positioning that reduces 
strain on the cervical spine. Patient is supine and the 
examiner's hand (left as shown here) cradles the head 
while the other hand stabilizes at the level of the 
shoulder. Direction of movement with traction is to
ward the left with neck flexion and left rotation, which 
is particularly effective for the right "V" diagonal mus
cles (e.g., splenius). The corresponding procedure is 
done toward the opposite side with a change of hand 
position for the remaining diagonal muscles. 

with small amounts of head/neck rotation, 
taking up any slack in the muscle. When the 
barrier is encountered and the area of the 
costotransverse junction seems to elevate 
against the monitoring thumb, that same 
hand applies gentle downward pressure for 
release, while the clinician's other hand sta
bilizes the patient's head. 
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This stretch technique for the longis
simus capitis is then integrated with a 
contract-relax technique. When it appears 
that the endpoint of the stretch has been 
reached, the patient is asked to take an 
easy shallow breath and then exhale 
slowly and fully during relaxation to aug
ment the stretch. The longissimus capitis 
release described here can also release the 
scalene muscles (which directly elevate the 
first rib, see Chapter 20) if one then guides 
the neck toward slight extension rather 
than flexion. 

The treatment technique for the longis
simus capitis that was described above for 
the supine position can be adapted for use 
in releasing other posterior neck muscles 
that can be involved. This adaptation re
quires "fine tuning" of the release by 
adding small degrees of sidebending and 
rotation in line with specific tight fibers. 
The amount of motion can be determined 
by the patient's response to stretch (with 
minimal discomfort) and by the clinician's 
palpating hand. Prespray for this latter 
technique is shown in Figure 16.7 A and B. 

The More Diagonal Posterior Neck 
Muscles 

Figure 16.7A illustrates stretch and 
spray of the right " A " diagonal posterior 
neck muscles, including the right semi
spinalis cervicis, multifidi, and rotatores 
muscles, and the more superficial right up
per trapezius. 

To stretch and spray the right "v" diago
nal posterior neck muscles, including the 
right splenius capitis and splenius cervi
cis, the patient gently flexes the neck and 
rotates the face to the opposite side with 
manual monitoring by the clinician as il
lustrated and described in Figure 16.7B. 
During this stretch, vapocoolant is applied 
bilaterally in a diagonal upsweep pattern 
that follows the line of the stretched fibers 
on both sides of the neck, since stretch of 
these "v" diagonal muscles on the right 
also stretches " A " diagonal muscles on the 
left, and vice versa. 

Figure 16.7C illustrates and describes a 
manual release technique for these diago
nal muscles using positioning that reduces 
strain on the cervical spine; intermittent 
cold (icing or spray) can be used prior to 

this release. An alternate way of placing 
the hands in a crossed position for releas
ing posterior cervical muscles is illustrated 
and described by Ehrenfeuchter, et al.32 

13. TRIGGER POINT INJECTION 
(Figs. 16.8, 16.9, and 16.10) 

Injection of the active trigger points 
(TrPs) should be considered only after 
stretch and spray or other noninvasive 
treatment has been tried, and the patient's 
TrP pain and restricted neck motion per
sist. However, patients with fibromyalgia 
are relatively intolerant of manual release 
techniques, so injection may be the pre
ferred TrP therapy for some of them. In pa
tients with fibromyalgia, adjunctive but 
specific injections of myofascial TrPs can 
produce dramatic results. 6 4 

Trigger point injection is followed im
mediately by spray and stretch (or another 
method of gentle muscle release and 
lengthening) of the injected muscle, and 
then by full active range of motion. A hot 
pack can then be applied to rewarm the 
skin over the muscle. Injection of posterior 
cervical muscles also has been described 
and illustrated by Kraus 5 2 and by Rachlin. 6 2 

Trigger points in the posterior cervical 
muscles are frequently bilateral, so it is of
ten necessary to inject them on both sides 
of the body. A common mistake is the fail
ure to inject deeply enough because of the 
possibility of penetrating the vertebral 
artery in the posterior cervical triangle or 
the dura mater of the spinal cord. These are 
significant concerns, so these deep TrPs 
should not be injected by beginners and 
should never be injected in a hurry. The 
vertebral artery is avoided by noting care
fully the spinal level and avoiding injec
tions deep into the lateral posterior neck 
at, or above, the level of the C2 spinous 
process (Fig. 16.5). 

The vertebral artery is vulnerable to 
needle penetration as the vessel emerges 
from its path through the transverse 
processes of the vertebrae to enter the cra
nial vault (Fig. 16.5). 

A number of disturbing experiences 
have occurred during injection deeply at 
the level of the spinous process of the at
las (C1), which is normally less prominent 

Copyrighted Material



4 6 4 Part 2 / Head and Neck Pain 

than C 2. One report 7 7 was based on the im
pression that numbness, tingling, and 
weakness which developed in the oppo
site arm during the TrP injection may 
have been due to vertebral artery spasm 
and spinal cord or brain ischemia. 
Months later, the patient, apparently ma
lingering, was receiving compensation for 
the complaints while working full time 
elsewhere, without evident disability. Ap
parently, the symptoms had cleared up 
spontaneously. 

A second patient, during posterior cer
vical TrP injection, developed similar con
tralateral arm symptoms, which suggested 
cerebral or spinal cord ischemia. The 
symptoms disappeared spontaneously in 
3 days. 

A third patient developed similar 
symptoms of persistent tingling and pain 
in the contralateral upper limb in the 
course of this TrP injection, and was reex
amined meticulously 3 days following the 
onset. He was found then to have marked 
activation of TrPs in the scalene muscles 
on the side of the symptoms. Inactivation 
of these scalene TrPs by procaine injec
tion promptly eliminated the upper limb 
pain, without recurrence through several 
years of follow-up. Apparently, latent sca
lene TrPs on the contralateral side were 
activated, possibly as satellites of the pos
terior cervical TrPs. 

In general, penetration into the spinal 
canal is avoided by always angling the nee
dle slightly laterally when injecting the 
deeper paraspinal muscles. However, in 
some patients, the cervical spinal cord may 
not be covered by bone between vertebrae 
as far as 1 cm or more lateral to the edge of 
a cervical spinous process. Penetration of 
the dura in this space can be avoided by es
tablishing the depth of the lamina at 2 cm 
lateral to the lateral edge of a cervical spin
ous process, and not inserting the needle to 
a greater depth whenever it must be di
rected more medially. When testing for the 
depth of the lamina in this way it is impor
tant to be sure that contact with bone has 
not bent the tip of the needle. If this hap
pens, a scratchy sensation develops on re
traction of the needle. The needle must be 
replaced immediately. 

Semispinalis Capitis 
The upper portion of the semispinalis 

capitis muscle lies deep to the upper trapez
ius medially and the splenius capitis later
ally (Fig. 16.5). After confirming by palpa
tion that pain is originating from location 1 
in the attachment region of the upper semi
spinalis capitis (Fig. 16.1 A and B), the ten
der area may be injected by angling the nee
dle upward, directing it toward the occipital 
bone, not below the bony margin. This 
avoids the vertebral artery, which lies deep 
and below the lower margin of the occipital 
bone (Fig. 16.5). Immediate restoration of 
full neck flexion may follow treatment at this 
attachment point, but the scalp pain and hy
peresthesia of prior occipital nerve entrap
ment by the muscle may last from a few days 
to several weeks, diminishing gradually. 

A TrP near location 2 in the upper semi
spinalis capitis (Fig. 16.1 A and B) should 
NOT BE INJECTED because of its proxim
ity to the vertebral artery. Intermittent cold 
and stretch, trigger point pressure release, 
and deep massage can be employed to in
activate TrPs. This TrP may be responsible 
for the attachment tenderness at location 1 
and should not be neglected. 

The middle portion of the semispinalis 
capitis muscle lies deep to both the upper 
trapezius and splenius capitis muscles 
(Figs. 16.5 and 16.8), and therefore requires 
relatively deep penetration for injection. In
jection of its TrPs near the C3-C4 region 
(Fig. 16.9)-the most likely location of TrPs 
in this muscle (Fig. 16.10)-usually does 
not pose a serious threat to the vertebral 
artery. However, the needle should not 
penetrate the area superior to C2 where the 
artery is vulnerable. Rachlin 6 2 presents in 
his Figure 10-40 a clear illustration of the 
anatomical relations and his injection tech
nique for the semispinalis and multifidi 
muscles near the C4 level. 

Longissimus Capitis 
A TrP region in this long, relatively nar

row muscle can be injected in the lateral 
part of the neck (deep to the splenius capi
tis muscle and lateral to the semispinalis 
capitis) at approximately the level of C3, 
which is a common location for TrPs in 
this muscle (Fig. 16.10). At a level inferior 
to C4 (as seen in the C5 level cross section 
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of Fig. 16.8), the muscle is too deep to be 
reliably identified. 

Injecting this muscle at the C3 level 
should pose no danger to the vertebral 
artery if the needle is directed laterally and 
the muscle is not injected superior to C2. 

Semispinalis Cervicis 
This muscle is deep to the semispinalis 

capitis, superficial to the multifidi, and has 
longer fibers than the multifidi. Trigger 
points in the semispinalis cervicis are not 
likely to be found above the level of the 

spinous process of C4 (Fig. 16.10). Any ex
isting TrPs would be found at various lev
els about halfway between the spinous 
processes and the transverse processes of 
each vertebral segment spanned by digita
tions of the multifidi that harbor TrPs. Fig
ure 16.8 presents in cross section the loca
tion of this muscle near the cephalad end 
of expected TrPs. This same figure illus
trates that needle penetration to about 5 cm 
(2 in), nearly halfway through the diameter 
of the neck, may be required to reach these 
deep paraspinal muscles. It may be simpler 

Figure 16.8. Cross section of the neck through the C5 

vertebra, which corresponds to the approximate level 
of the TrP region at location 3 in Figure 16.1. The bony 
parts of the vertebra are stippled black and are out
lined by a dark line surrounding black stipples. The 
ruler shows that the 5-cm (2-in) needle cannot pene
trate the full depth of the posterior cervical muscles 

without compression of the skin. The vertebral artery 
is surrounded by the vertebral transverse processes. It 
travels anterior to, and along the lateral border of the 
posterior cervical muscles. Paraspinal muscles and 
major blood vessels are dark red; other muscles are 
light red. 
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Figure 16.9. Injection of the location in the left poste
rior cervical muscles near the C4 level where one may 
encounter trigger points of the middle semispinalis 
capitis, semispinalis cervicis, multifidi, and rotatores 

muscles. The red color locates the suboccipital trian
gle that should not be injected, so as to avoid the un
protected vertebral artery. Figure 16.5 illustrates the 
muscular boundaries of the triangle. 

and certainly safer to start with the longer 
needle, avoiding the temptation to insert 
the needle to its hub. 

Multifidi and Rotatores 
Since these muscles at each segmental 

level have different lengths of fibers span
ning different numbers of vertebrae, TrPs 
may be found at various levels about halfway 
between their attachments at the spinous 
processes above and the transverse processes 
below. The rotatores are the deepest muscles 
and lie directly over the laminae of vertebrae 
so that they are rather readily identified as 
the muscular layer immediately superficial 
to needle contact with the lamina. 

Location 3 of Figure 16.1A and D illus
trates a common location and pain pattern 

of TrPs in the multifidi. When injecting this 
TrP, to reach it one must penetrate several 
layers of muscle (the semispinalis capitis 
and cervicis, after first passing through the 
trapezius and splenius capitis muscles). 
The TrP is usually encountered at least 2 
cm (3/4 in) deep to the skin, and may lie 
beyond the reach of a 3.8-cm (1 1/2-in) 
needle. A 5-cm (2-in) needle may be 
needed (Fig. 16.8). The needle shown in 
this figure did not reach the multifidus. It 
helps to depress the skin on both sides of 
the needle while injecting. The pain re
sponse to injection may seem out of pro
portion to the tenderness elicited by palpa
tion, because of the depth of the TrPs. 
Following injection, passive rotation 
stretch during vapocooling is performed; 
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Figure 16.10. Possible locations (many not palpable) 
of trigger points in posterior cervical muscles based 
on attachments and expected locations of endplate 
zones for posterior cervical muscles. Segmental levels 
correspond to spinous processes (or the posterior tu
bercle of C1). The expected location of endplate zones 
is based on the anatomy of Figure 16.3 and the distri
bution of endplate zones in a muscle.28 The upper 

semispinalis capitis corresponds to location 2 in Fig
ure 16.1 and the middle portion to location 3. Trigger 
points in the lower third of the semispinalis capitis 
would be expected to range from C7 to about T2. The 
estimates for the multifidi and rotatores only apply to 
the extent that these muscles are present in the cervi
cal region. 

the patient then does active full rotations 
(two or three times in each direction), and 
then moist heat is applied. 

In one patient w i th a chronically locked 
hypomobile cervical-occipital junct ion 
who was receiving osteopathic manipula
t ion, injection of the cervical mul t i f id i 
and rotatores bilaterally increased left lat
eral rotation 45° to reach fu l l range of mo
tion and increased right lateral rotation 
25° to reach fu l l range of motion (Gerwin, 
1996, personal communication). This 
shows the power of deep paraspinal mus
cle shortening and the effectiveness of in 
activating the responsible TrPs. 

14. CORRECTIVE ACTIONS 
(Fig. 16.11) 
Postural Stress 

Chronic strain activates posterior longi
tudinal cervical TrPs as these muscles 
checkrein the weight of the head when it is 

held in partial flexion for prolonged peri
ods. Optimizing posture to reduce gravita
tional stress 5 3 or improvement of biome-
chanical/ergonomic function reduces this 
strain. The reader is referred to Chapter 41 , 
Section C for a full discussion of postural 
considerations. Corrections include the 
following: 

1. A reading stand or adjustable music 
stand to change the angle of, or to raise, 
the reading and work materials and to 
approximate eye-level contact and 
avoid sustained flexion of the head and 
neck. 

2. Elevation of the computer monitor 
when it is used continuously for pro
longed periods and when it requires a 
downward gaze. 

3. Eyeglasses with adequate focal length so 
that the patient can see clearly with the 
head held in a balanced upright position. 

Upper, Middle 
Semispinalis 
Capitis 

Lower 
Semispinalis 
Capitis 

Longissimus 
Capitis 

Multifidi 
and 
Rotatores 

Semispinalis 
Cervicis 
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Figure 16.11. Combined self-stretch exercise in the 
shower: levator scapulae, upper trapezius, posterior 
cervical and suboccipital muscles. A, Self-stretch of 
the right levator scapulae muscle by looking down 
toward the opposite axilla, grasping the rotated 
head above the mastoid area and taking up slack 
in the muscle, while reaching downward toward the 
floor with the free hand to lengthen the muscle. 
B, Self-stretch of the right upper trapezius muscle 
by sidebending the neck to the opposite side, and 
rotating the face as far as is comfortable to the 
same side as the involved muscle; the patient 
slowly exhales and allows the weight of the arm to 
take up slack. As the muscle relaxes, the free hand 
reaches downward toward the floor. C, Self-stretch 
of the posterior cervical muscles. The occipital re
gion is grasped by the thumbs as the hands assist 
active head flexion, while the patient looks down 
and slowly exhales. 

NOTE: By slowly sidebending and turning the 
head, one can explore intermediate positions for any 
taut bands that need release. In every case, the im
pact of the shower of warm water on the skin overly
ing the muscle assists in relaxation and release of the 
muscle. This exercise may be done seated as well as 
standing. Since the levator scapulae and the upper 
trapezius are attached to the scapula and the clavicle, 
respectively, reaching the arm downward lowers their 
distal attachments and stretches those muscles; it 
also provides helpful reciprocal inhibition of them. 
Since stretching of a muscle on one side of the neck 
puts the contralateral muscle in a shortened position, 
it can activate a latent TrP in that muscle and produce 
reactive cramping. Therefore, these stretches in A and 
B for the right levator scapulae and right upper trapez
ius should each then be performed for the corre
sponding muscles on the left side. Active range of 
motion should follow each stretch. 

Otherwise, a new prescription for longer 
focal length lenses ("card playing or 
computer glasses") should be obtained. 

4. Selection of bifocal insets that are large, 
fully half the height of the entire lens, 
when needed for close work such as 
reading or sewing. 

5. Adjustment of eyeglass frames so that 
the lower portion of the rim does not oc
clude the line of sight on looking down 
(Fig. 16.4A and B). 

6. Exercising on a stationary bicycle by sit
ting upright with the arms swinging 
freely or placed on the hips, and not 
hunched over holding low handlebars 
that do not steer the machine. 

7. Placing a cloth roll or pillow behind the 
thoracolumbar junction while sitting to 
maintain the normal lumbar lordotic 
curve and lift the sternum, improving 
head and neck posture. 

8. Inactivation of pectoralis major or minor 
TrPs (see Chapters 42 and 43) that in
duce round- shouldered posture and a 
functional thoracic kyphosis. 

These last two corrections permit the erect 
head and neck to assume a balanced re
laxed position over the thoracic spine (as 
in Fig. 16.4D). In summary, as emphasized 
by Tichauer, 7 2 the patient must comfortably 
maintain a balanced head posture. 
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Another simple correction to promote 
erect balanced sitting posture is provided 
by placing a small pad under the ischial 
tuberosities. The pad should not extend 
under the upper thigh. 

Excessive cervical extension at night is 
corrected by obtaining a slightly softer 
(non-sagging) mattress, or by using a small 
soft neck pillow that comfortably supports 
the normal cervical curve. Chattopad-
hyay 2 1 described the rationale and impor
tance of a well-fitting cervical pillow. The 
small neck pillow (Cervipillo) designed by 
Ruth Jackson 4 4 is well suited to this pur
pose. A versatile and adaptable pillow, the 
Wal-pil-o(r), was described by Walpin. 7 9 A 
jiggly foam rubber pillow must be dis
carded and replaced with one filled with a 
non-springy material, like feathers or 
shredded dacron. 

Other Factors 
The neck muscles of patients with pos

terior cervical TrPs may be particularly 
vulnerable to chilling and, if so, can be 
kept covered at night by a turtle-neck 
sweater worn in bed, or by a loose scarf 
draped around the neck. Similarly, the 
neck must be protected from cold drafts 
during the day. Long hair offers natural 
protection against this cold exposure. 

To temporarily relieve neck strain after 
an acute exacerbation, one may prescribe a 
soft collar to be worn loosely as a chin rest 
when riding in a car or working at a desk. 
The collar is NOT tightly adjusted for im
mobilization of the neck, but applied 
loosely. For instance, a Thomas plastic col
lar may be worn upside down and loosely 
enough to allow space for head rotation 
and to look down at the sides, yet tight 
enough to support the chin so that the head 
is in the neutral position. 

Exercise Therapy 
A primary form of self-therapy for pa

tients with posterior cervical TrPs is pre
sented in Figure 16.11 as part of the com
bined self-stretch exercise in the shower. 
Details are presented in the caption. The 
patient may place a lightweight sandbag on 
the head during periods of the day for pos
ture training.1 6 Head-rolling exercises, or 

other movements which hold the head in 
extreme positions while changing the di
rection of stretch, should be avoided. 

Keep in mind that if cervical joints are 
hypermobile, the patient will learn to do 
stabilizing exercises instead of stretching. 
The patient can use TrP pressure, self-
massage, self-positioned counterstrain, 
and the hold-relax technique to inactivate 
or prevent reactivation of the TrP. 
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CHAPTER 17 

Suboccipital Muscles: 
Recti Capitis Posteriores 

Major and Minor, 
Obliqui Inferior and Superior 

HIGHLIGHTS: REFERRED PAIN from these 
muscles is "ghostly" in the poor definition of the 
deep head pain that radiates from the occiput to
ward the region of the orbit. However, these mus
cles are a common source of headache. 
ANATOMICAL attachment of three of these four 
muscles is to the occiput. The other connects to 
the spinous process of the axis, and to the trans
verse process of the atlas, affecting only rotation 
of the head. FUNCTION of these four deeply 
placed, bilateral suboccipital muscles is to help 
provide and control movements of rocking (nod
ding), rotation, and side bending the head. ACTI
VATION AND PERPETUATION OF TRIGGER 
POINTS are caused by a forward-head posture 
with a posteriorly rotated occiput, by abuse of the 
checkrein (control) function during sustained 
head flexion, by abuse of the extension function 
during sustained upward head tilt, and by sus
tained head rotation combined with tilt. The sub
occipital muscles are prone to develop active 
TrPs as satellites of TrPs in other neck muscles, 
and from chilling of the neck when the muscles 
are fatigued. PATIENT EXAMINATION reveals 
restriction of head flexion, rotation, and/or side 
bending at the top of the neck post. TRIGGER 
POINT EXAMINATION reveals only tenderness 

to pressure on the deep suboccipital muscles 
through the overlying semispinalis capitis and 
trapezius. By direct palpation alone, it is rarely 
possible to distinguish TrPs in the individual sub
occipital muscles. Which muscles are likely to be 
involved can be identified by specific movement 
restriction. DIFFERENTIAL DIAGNOSIS of oc-
cipitoatlantal, atlantoaxial, and C2 articular dys
functions requires specific examination tech
niques. TRIGGER POINT RELEASE is first 
applied to the other, more superficial, neck mus
cles that are likely to be responsible for activating 
satellite TrPs in the suboccipital group. Stretch 
and spray of the suboccipital muscles using an 
up-sweep pattern must relate to all fiber direc
tions. Trigger point pressure release and deep 
massage are also effective. Associated suboccip
ital articular dysfunction should be treated. 
TRIGGER POINT INJECTION is generally not 
recommended. If injection is considered, full un
derstanding of the relation of these muscles to 
the vertebral artery is essential. CORRECTIVE 
ACTIONS include correction of forward-head 
posture, the elimination of muscle overload, and 
the use of a home program that includes muscle 
stretch/lengthening. 

1. REFERRED PAIN 
(Fig. 17.1) 

These paired suboccipital muscles (4 on 
each side) are the most deeply-placed mus
cles just below the base of the skull. Their 
trigger points (TrPs) are a common source 
4 7 2 

of head pain that seems to penetrate inside 
the skull, but is difficult to localize. Pa
tients are likely to describe the headache as 
hurting "all over," but on careful question
ing, most describe the pain extending for
ward unilaterally to the occiput, to the eye 
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and the forehead, with a lack of clearly de
finable limits (Fig. 17.1). The pain of sub
occipital muscles does not have the 
straight-through-the-head quality of the 
pain referred from the splenius cervicis 
muscle. 

Hypertonic saline injected into the sub
occipital muscles produced pain felt 
deeply in the head, and it was described as 
"headache." 1 4 

Travell2 4 reported the management of a 
patient with an unusual referred pain 
pattern from suboccipital TrPs. The pa
tient also showed evidence of conversion 
hysteria. 

Rosomoff, et al.19 found that 67.6% of 34 
patients with chronic neck pain who had 
been given the waste-basket diagnosis of 
Chronic Intractable Benign Pain had TrPs 
or tender points in the suboccipital mus
cles when examined for them. Another 
study by Levoska 1 5 reported that, among 
160 female office employees, 6 3 % of the 72 
subjects with disturbing neck symptoms 
had suboccipital tenderness to palpation. 
The tenderness could be related to TrP ten
derness of suboccipital muscles or to cervi
cal joint tenderness. 

2. ANATOMY 
(Fig. 17.2) 

Three of these short suboccipital mus
cles connect the first two cervical vertebrae 
with the occipital bone , 4 , 1 3 and the fourth, 
the obliquus capitis inferior, connects the 
upper two cervical vertebrae with each 
other (Fig. 17.2). 

Rectus Capitis Posterior Minor 
This short, nearly vertical muscle con

verges below to attach to the tubercle on 
the posterior arch of the atlas. It spreads 
above to attach along the medial half of the 
inferior nuchal line of the occiput just 
above the foramen magnum. 4 

Rectus Capitis Posterior Major 
The fibers of this muscle skip the atlas 

and attach below to the spinous process of 
the axis. Above they fan out, attaching to the 
lateral part of the inferior nuchal line of the 
occiput (and to the bone inferior to the line), 
lateral to the rectus capitis posterior minor. 

Obliquus Capitis Superior 
The fibers of this "oblique" muscle run 

almost vertically. They attach below to the 
transverse process of the atlas, and they 

Figure 17.1. Referred pain pattern (dark red) of trigger points (Xs) in the right 
suboccipital muscles (medium red). 
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Obliquus capit is 
inferior 

Figure 17.2. Attachments of the deep suboccipital 
muscles (medium red). The most lateral three of these 
four muscles define the suboccipital triangle. This tri
angle surrounds the transverse portion of the vertebral 
artery (dark red) and should be avoided when injecting 

TrPs in the posterior neck muscles. The more superfi
cial overlying muscles are light red. The black dotted 
lines indicate the location of attachment of the upper 
trapezius, which is the most superficial posterior neck 
muscle. 

pass upward and slightly medially to at
tach above between the superior and infe
rior nuchal lines of the occiput, deep to the 
lateral part of the semispinalis capitis mus
c l e . 1 4 

Obliquus Capitis Inferior 
The oblique fibers of this primary head 

rotator comprise the only suboccipital 
muscle that does not fasten to the skull, but 
connects the first two cervical vertebrae. 
Medially and inferiorly it attaches to the 
spinous process of the axis. Laterally and 
superiorly it fastens to the transverse 
process of the a t las . 1 4 

Suboccipital Triangle 
This triangle is bounded by three suboc

cipital muscles: the two obliqui and the 

rectus capitis posterior major. The triangu
lar space is covered by the semispinalis 
capitis muscle and is filled largely with fi-
brofatty tissue. The floor of the triangle is 
formed by the posterior atlanto-occipital 
membrane and the posterior arch of the at
las. 4 The vertebral artery (Fig. 17.2) tra
verses the floor of this space in a groove on 
the surface of the posterior arch of the at
las. The greater occipital nerve (see Fig. 
16.5) crosses the ceiling of the triangle. 

Supplemental References 
The suboccipital muscles have been 

wel l i l lustrated in p o s t e r i o r 1 , 5 - 7 , 1 0 , 2 2 and 
in side 2 3 views. 

In 20 autopsy cases examined bilater
ally, the greater occipital (part of the sec
ond cervical) nerve penetrated the 
inferior oblique muscle in 7.5% of cases.2 

Rectus capit is 
posterior minor 

Rectus capit is 
posterior major 

Obl iquus capit is 
superior 

Transverse process 
of C1 

Upper Trapezius 
(Attachment) 

Semispinalis 
capitis 

(cut) 

Splenius capitis 
(cut) 

Longissimus capitis 
(cut) 

Vertebral artery 
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3. INNERVATION 
The suboccipital muscles are supplied 

by branches of the dorsal primary divi
sion of the suboccipital (first cervical) 
nerve. 

4. FUNCTION 
(Fig. 17.3) 

The first two joints at the top of the 
spinal column are highly specialized joints 
that provide head mobility. The articula
tion between the occiput and the first 
cervical vertebra (atlas) provides predomi
nately flexion-extension (rocking or nod
ding) with only a small amount of lateral 
bending; the atlantoaxial articulation pro
vides head rotation. The suboccipital mus
cles specifically control movement at these 
two joints and help to stabilize the head. 
This head movement on the spinal column 
is distinctly different from movement of 
the cervical spine itself. 

The occipitoatlantal (OA or C 0 - C 1 joints 
are spheroid articulations with the possi
ble movements limited by very tight cap
sules. 1 7 a A current committee report, 1 7 a 

citing the most recent studies, concluded 
that the dominant movement is flexion-
extension with a total range of approxi

mately 22° to 24°. Lateral bending is 5° to 
10°. The committee report 1 7 a cites recent 
investigators as showing some axial rota
tion at this level in both in vitro and in vivo 
studies. 

A study of 150 healthy asymptomatic 
volunteers found that with increasing age 
from 20 to over 60 years there was a pro
gressive decrease in all ranges of head 
and neck motion except for rotation from 
the position of full f lexion. 1 7 a The suboc
cipital muscles that connect the atlas 
with the skull across this joint (the rectus 
capitis posterior minor and the obliquus 
capitis superior) function as extensors of 
the head. 4 The obliquus capitis superior 
has been reported to bend the head later
al ly 4 , 1 3 and clearly has the best leverage 
to do so (Fig. 17.3). Figure 17.3 graphi
cally summarizes the actions of all four 
muscles. 

The atlantoaxial (AA) joints provide 
45 0 -47 0 of axial rotation to each side. 3 , l a 

The two suboccipital rotators (the inferior 
oblique muscle, which connects the axis to 
the atlas, and the rectus capitis posterior 
major, which connects the axis to the 
skull) rotate the head toward the side of 
muscular activity. Only the rectus capitis 

Figure 17.3. Graphic summary of the actions of the right suboccipital muscles. 

Rotation of 
the head 

Rocking and tilting 
of the head 

Obliquus 
capit is 

superior 

Rectus 
capitis 

posterior 
minor 
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posterior major provides both extension 
and rotation. 4 Refer also to Figure 17.6B 
which presents functional information re
garding stretching in a more anatomical 
form. 

5. FUNCTIONAL UNIT 
For extension, the major synergist of the 

suboccipital muscles is the semispinalis 
capitis. Antagonists for extension are the 
longus capitis and rectus capitis anterior. 

For rotation, the major synergists are the 
splenius capitis on the same side and the 
sternocleidomastoid on the opposite side. 
The major antagonists to the suboccipital 
muscles for rotation are the contralateral 
mates to the obliquus capitis inferior and 
the rectus capitis posterior major. 

For the minimal lateral bending, the 
synergist is the rectus capitis lateralis; the 
antagonists are the contralateral counter
parts of the obliquus capitis superior and 
the rectus capitis lateralis. 

6. SYMPTOMS 
Pain evoked by TrPs in the suboccipital 

muscles blurs indistinguishably with pain 
referred from the semispinalis. It is rare 
that the suboccipital muscles develop TrPs 
without associated involvement of other 
major posterior cervical muscles. Patients 
complain of distressing headache caused 
promptly when the weight of the occiput 
presses against the pillow at night. Pain 
from the suboccipital muscles tends to be 
more deeply seated in the upper neck re
gion, and to be located more laterally than 
that experienced from the posterior cervi
cal muscles. Patients often poke around 
with their fingers at the base of the skull, 
locating "a sore spot right there." When the 
obliquus capitis inferior is involved, head 
rotation to see to the rear of the car or to 
check "the blind spot" during driving is se
riously compromised. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Since these muscles are largely respon
sible for moving the skull on top of the 
neck post, they are likely to develop TrPs 
when checkreining (controlling) flexion, 
when held in the shortened position to 
maintain extension while one is looking 

upward (e.g., when a person lies prone on 
the floor, propped up in the elbows to sup
port the head while watching television), 
or when held in a shortened position while 
one is looking to the side for a prolonged 
period. Excessive anterior head position
ing (forward-head posture) is often accom
panied by a posteriorly-rotated occiput to 
accommodate the line of vision. This posi
tion activates and perpetuates TrPs in the 
suboccipital muscles and in other posterior 
cervical muscles. 

If upward gaze is maintained by tilting 
the entire cervical spine, the cbeckrein 
function of the sternocleidomastoid mus
cles is abused. If, instead, a person rocks 
the head on top of the cervical spine, the 
suboccipital extensors are strained by pro
longed contraction. The checkrein function 
of the suboccipital extensors is overloaded 
by sustained forward flexion of the head 
and neck which is often due to problems 
with the visual apparatus: maladjusted eye
glass frames, uncorrected nearsightedness, 
lenses with too short a focal length, and the 
use of trifocal lenses that require frequent 
or sustained fine adjustment of head posi
tion. People who use inverted eyeglasses to 
do fine overhead work, with their bifocals 
above rather than below, are in serious trou
ble with head positioning at other times if 
they do not have a second pair of bifocals 
arranged in the conventional manner for 
regular use. 

The rotation and head-tilt functions may 
be overused by sustained off-center head po
sitions, as when the subject is talking to 
someone who is placed to one side, sight
seeing to one side only from a vehicle, avoid
ing the glare from a strong light source that 
reflects off the inside of the eyeglass lenses, 
or by prolonged attention to work placed flat 
on the desk to the side of the keyboard. 

Chilling the back of the neck, while 
tired neck muscles are being held in a fixed 
position, contributes to activation of TrPs 
in these muscles. 

The suboccipital muscles are a common 
TrP source of post-traumatic headache. 2 1 

Articular dysfunctions (particularly OA, 
AA, and C 2 on C 3) and suboccipital muscle 
TrPs usually coexist and perpetuate each 
other cyclically, especially in patients with 
chronic pain. 
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8. PATIENT EXAMINATION 
(Figs. 17.4 and 17.5) 

Myofascial TrPs in the suboccipital 
muscles can produce moderate restriction 
of the range of motion of the head. When 
the TrPs in the suboccipital muscles re
main untreated, flexion (Fig. 17.4B) and 
side bending (Fig. 17.4C) are incomplete by 
the distance of one or two finger-breadths. 
Rotation may be reduced 30°. On examina
tion for head mobility, the examiner feels 
increased resistance in the suboccipital re
gion sooner than normal, causing early 
movement between successively lower cer
vical vertebrae. 

With the patient in the seated position, 
it is difficult to isolate restriction of head 
rotation specifically due to the suboccipital 
muscle tightness. Figure 17.5 illustrates 
and describes how to examine for restric
tion of rotation of the head with the patient 
supine on a treatment table. 

The patient's posture and movement 
should be observed, particularly for 
forward-head posture with a posteriorly-
rotated occiput (see Chapter 5, Section C for 
assessment of anterior head positioning). 

9. TRIGGER POINT EXAMINATION 
Because of the intervening superficial 

musculature, examination of these deep 
muscles by flat palpation may elicit deep 
tenderness without evidence of palpable 
bands or local twitch responses. The find
ing that digital pressure on suboccipital 
muscles induces symptoms that the patient 
recognizes as a familiar pain or complaint 
is diagnostically valuable. 

The TrPs in these suboccipital muscles 
that cross the craniocervical junction can 
best be palpated with the patient supine 
and relaxed. The operator stands at the 
head of the supine patient, supports the 
patient's head, and then flexes the head on 
the neck while palpating the suboccipital 
area for muscular tension and tenderness. 

10. ENTRAPMENT 
No nerve entrapment has been observed 

clinically that was thought to be due to 
TrPs in these muscles. Rarely, TrPs in the 
inferior oblique muscle potentially could 
entrap the greater occipital nerve. This en

trapment was seen in one of the 7.5% of 
cases where the nerve penetrated the 
muscle. 2 

11. DIFFERENTIAL DIAGNOSIS 

with contribution by 
Roberta Shapiro, D.O. 

The reader is referred to Chapter 16, 
Section 11 for an extensive discussion of 
arthritic disorders that can affect this re
gion as well. 

Patients with head and neck pain caused 
by suboccipital TrPs are commonly mistak
enly diagnosed as having tension-type 
headache, cervicogenic headache, 1 2 occipi
tal neuralgia, 8 or chronic intractable benign 
pain. Chronic intractable benign pain is de
fined as "non-neoplastic pain of greater 
than 6 months duration without objective 
physical findings and known nociceptive 
peripheral input . " 1 9 One study of patients 
having the "diagnosis" of chronic in
tractable benign pain of the neck 1 9 reported 
TrPs or tender points in suboccipital mus
cles in 67 .6% of 34 patients. The authors 
questioned the validity of the intractable 
benign pain diagnosis whenever the exam
ination was based only on the usual rou
tine physical examination and procedures 
and the examination did not include pal
pation of the muscles for relevant TrPs. 

Myofascial TrPs in these suboccipital 
muscles usually coexist with articular (so
matic) dysfunctions at the OA, AA, and the 
C 2 on C 3 levels. These areas all need to be 
checked and treated. Although treatment 
of joint dysfunction is not within the scope 
of this text, differential diagnosis must in
clude joint dysfunction. 

An OA dysfunction is assessed with the 
patient in the supine position. The opera
tor's fingers are placed directly under the 
base of the occiput and the patient at
tempts an active chin-tuck (head retrac
tion) in this position, or the operator can 
passively initiate a gliding type of chin-
tuck motion at this level. If there is asym
metry at the OA joint, then it will look as 
though the patient's chin is turned away 
from the side of the articular dysfunction. 

Atlantoaxial restrictions, which clini
cians frequently overlook, are assessed 
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Figure 17.4. Tests for restricted motion of the head on 
top of the neck post due to taut suboccipital muscles. 
Restricted movement of the head on the neck is found 
by stabilizing the cervical spine and noting early mo
tion between cervical vertebrae caudal to the at
lantoaxial joint. A, resting seated position. B, testing of 

flexion requires that one hand monitor the upper cer
vical spine to detect separation of spinous processes 
below C3. C, testing combined sidebending of the 
head and neck. The supine position is preferred for 
optimum muscle relaxation to distinguish between 
muscle tightness and joint restriction. 
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with the patient in the supine position and 
the head and neck positioned in full flex
ion to isolate the AA joint (Fig. 17.5). Then 
rotation is tested to each side. The end of 
range restriction from muscular involve
ment is softer and more pliable than the 
hard rigid end feel of joint restriction. The 
consistent finding with suboccipital mus
cle involvement is restricted rotation to
ward the side opposite the involved mus
cles (obliquus capitis inferior and possibly 
the rectus capitis posterior major) that are 
shortened because of TrPs. Crepitus is a 
very common finding in patients with os
teoarthritis of the C 1 - C 2 (AA) joint. 9 In 
these patients, pain is often partly due to 
suboccipital TrPs. 

The C 2 on C 3 segment is an easy one to 
delineate; the axis is the most cephalad 
midline structure that one palpates since it 
is the first cervical vertebra that has a spin
ous process. This segment is isolated and 
examined in the supine position. 

Patients with any of the dysfunctions 
described above present with severe pain 
that is associated with suboccipital TrPs 
and headache. Characteristically, the pa-

Figure 17.5. Isolation and testing for restricted move
ment of the atlantoaxial (AA) articulation. The exam
iner positions the supine patient's cervical spine in full 
flexion to fix the lower cervical spine and isolate the 
atlantoaxial joint. The patient's head is supported 
completely against the examiner's body, and the ex
aminer's hands apply only a rotation movement to the 
head, testing rotation to each side. This picture shows 
testing of rotation to the left; restriction could indicate 
trigger point tightness of right suboccipital muscles. 
The same position can be used for treatment utilizing 
postisometric relaxation techniques. 

tient's head is tilted to one side and rotated 
to the other side. 

12. TRIGGER POINT RELEASE 
(Figs. 17.6 and 17.7) 

The head must be tilted on top of the 
neck post in specific directions to stretch 
those muscles that either extend the head, 
side bend it, or rotate it (Figs. 17.3 and 
17.6B). In every case, prespray is applied 
to extend upward well above the hair line 
(Fig. 17.6A). With thick hair, the effective
ness of the vapocoolant spray may be in
creased by separating the hairs to make a 
track through them. A roll of bandage is 
handy to tie up long hair and lift it off the 
neck. A wig should be removed. 

Prespray is followed by manual release 
of suboccipital trigger points (TrPs) as de
scribed and illustrated in Figure 17.7. The 
advantage of the operator holding the pa
tient's head between the palms and fingers 
with the thumbs below the occiput is that, 
particularly during the patient's exhalation, 
it permits the operator to exert an upward 
traction force that gently releases compres
sive forces on the cervical articulations and 
suboccipital muscles. To lengthen the sub
occipital muscles, upward traction is ap
plied, and then the head is flexed on the 
cervical spine (as in nodding); the cervical 
spine itself is not flexed unless one wishes 
to release all of the posterior cervical mus
culature. The process is repeated until 
there is no further gain, or until full normal 
range of motion is reached. As described in 
the legend for Figure 17.7, augmented 
postisometric relaxation utilized in differ
ent directions of movement, including rota
tion, can release all of these muscles. 

This release technique is similar to that 
shown in Figure 15.5B for the splenius 
capitis; however for the suboccipital re
lease, upward traction is first applied to 
the occiput, and the stretch movement 
does not include the lower cervical region. 

Lewi t 1 7 describes and illustrates basi
cally the same procedure. The patient sits 
on the treatment table, w i t h the therapist 
behind, and leans back against the thera
pist's chest. The therapist places both 
thumbs on the patient's occiput, w i t h f in
gers placed on the malar bones from 
above. To take up the slack, the therapist 
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Figure 17.6. Prespray and Muscle Stretch. Prespray 
for stretch of suboccipital muscles and schematic 
identifying what muscles are released by various head 
movements. A, location of trigger points (black Xs) 
and the spray lines (arrows) for prespray of suboccip
ital muscles preparatory to stretch-release, which is 
shown in Figure 17.7. B, the dark red muscles (rectus 
capitis posterior minor and obliquus capitis superior) 
are stretched primarily by flexion of the head on the 

neck. The medium red muscle (rectus capitis posterior 
major) is released by the combination of flexion and 
rotation of the head to the opposite side. The light red 
muscle (obliquus capitis inferior) is stretched and re
leased by rotation of the face to the opposite side. All 
four muscles can be released using a combined flex
ion and rotation of the head on the neck by turning the 
face toward the opposite side and then lowering the 
chin (nodding the head down). 

tilts the head slightly forward so as to 
draw the patient's chin in to the neck. The 
clinician then tells the patient to look up 
and breathe in slowly, while resisting the 
patient's tendency to raise the head; the 
patient is then told to look down and 
breathe out slowly, leaning back to allow 
the chin to drop ever closer to the throat 
[without bending the neck forward). This 
maneuver is repeated about three times. 

The stretch-and-spray procedure should 
be followed by a hot pack that adequately 
covers the lower occiput and the posterior 
neck region. This is helpful, but may be 
difficult because the patient frequently 
does not want the hair to get wet, and the 
pack tends to slide down. 

Trigger point pressure release can be 
used to inactivate TrPs in the suboccipital 
muscles as can deep massage. However, 
very deep massage is required to penetrate 
the overlying trapezius, semispinalis, and 

splenius capitis muscles. 2 1 The suboccipi
tal triangle at the C1 level, which is where 
the vertebral artery traverses horizontally, 
should be avoided if massage there causes 
any symptoms suggestive of brain is
chemia. 

Often OA, AA, and C2 on C3 dysfunc
tions coexist and must all be checked and 
treated. Manual techniques for gentle re
lease of TrP tightness of muscles and for 
treatment of articular restriction are often 
similar enough to release both. One such 
technique is suboccipital decompression 
(traction), which is a relaxing, tension-
release procedure for the upper cervical re
gion. This procedure is performed with the 
patient in the supine position and with the 
examiner's fingertips placed in the suboc
cipital recess bilaterally. The patient's head 
is supported on the pads of the examiner's 
fingers. Initially, pressure is applied anteri
orly to induce regional extension at the 
OA, AA and C2 articulations. When relax-
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capitis 
superior 

Rectus 
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ation of the suboccipital muscles is de
tected, the examiner applies traction in a 
cephalad direction with the fingertips, 
while slightly spreading the fingers apart 
directly against the base of the occiput. 
This upward traction force at the occiput 
releases compressive forces on the cervical 
articulations, induces regional flexion in a 
chin-tuck position, and helps to release 
tension in the suboccipital muscles. 

If normal joint motion has been restored 
and the TrPs are resistant to noninvasive 
methods, it may be necessary to consider 
injection with full precautions. 

It is important to correct forward-head 
posture when it exists and to teach mainte
nance of good posture (see Chapter 41 , Sec
tion C) 

13. TRIGGER POINT INJECTION 
Before injection is considered, noninva

sive treatment should be tried. Repeated 
applications of stretch and spray with deep 
massage generally are effective in eliminat
ing suboccipital TrP irritability. With ap
propriate precautions, daily application of 
up to 1.5 watts/cm 2 of pulsed ultrasound 
using the moving head technique can be 

Figure 17.7. Release of suboccipital muscles using 
augmented postisometric relaxation. This approach 
can be used following prespray, as shown in Figure 
17.6A. It can be used also without operator assistance 
as a self-stretch for a home program. A, operator 
flexes the patient's head gently to take up any slack in 
the suboccipital muscles; then, while the patient looks 
up and slowly takes in a deep breath, the therapist 
holds the head position and gently resists the patient's 
tendency to extend. B, the patient then slowly exhales 
fully, looks down, and allows the head to flex, relaxing 

the posterior muscles, while the operator exerts up
ward traction at the occiput (releasing compressive 
forces on the cervical articulations) and takes up the 
slack that develops. With the same hand placement 
and procedure, additional release of the more diago
nal muscles can be obtained (similar also to Fig. 15.5B 
for the splenius). The clinician should first apply up
ward traction at the occiput, and then rotate the pa
tient's head toward the opposite side (for the obliquus 
capitis inferior); rotate contralaterally and flex the head 
to release the rectus capitis posterior major. 
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helpful, but may require 2 weeks of treat
ment to produce results. Upper cervical 
joint dysfunction should be treated 

One can also approach releasing these 
suboccipital TrPs by meticulously inacti
vating all other active TrPs (by injection if 
desired) in the posterior cervical muscles. 
Sometimes, a TrP in another muscle (for 
example, in the splenius capitis or the 
semispinalis) is acting as a key TrP that 
produces satellite TrPs in the suboccipital 
muscles. Inactivating these key posterior 
cervical TrPs often also inactivates their 
satellite suboccipital TrPs without further 
treatment of the satellites. Hong 1 1 has de
scribed and illustrated this principle for 
numerous other muscles in this region. 

If all of these efforts fail, and the clini
cian makes the questionable decision to in
ject, due consideration must be given to 
the proximity of the vertebral artery and to 
the untoward results of local injection in 
this region, as described in Section 13 of 
Chapter 16, and as illustrated in Figure 
16.9. For example, immediately after injec
tion in the upper posterior cervical region, 
one patient became unresponsive, then de
veloped grand mal seizures, but recovered 
fully. 2 0 The age and potential susceptibility 
of the patient to cerebral ischemia should 
be weighed seriously in making the deci
sion to inject. 

Dry needling along the posterior arch of 
the atlas, which lies just caudad and adja
cent to the vertebral artery, has been rec
ommended, described, and illustrated by 
Lewit for treatment of headache of cervical 
origin. 1 6 This procedure was likely treating 
rectus capitis posterior major TrPs. Direct
ing a needle parallel to the long axis of the 
artery in this way probably reduces the 
likelihood of the needle penetrating the 
vertebral artery. 

Rachlin 1 8 described and illustrated in
jection of the obliquus capitis superior 
muscle emphasizing the importance of di
recting the needle toward the occiput. This 
would require remarkably precise localiza
tion of needle placement. 

14. CORRECTIVE ACTIONS 
For patients who develop active TrPs in 

the suboccipital muscles, it is critically im
portant to keep this part of the neck warm 

by covering the neck in some way, such as 
by wearing a turtle-neck sweater indoors 
and a hood that covers the head and neck 
outdoors. Nightwear rarely provides a col
lar high enough to cover the suboccipital 
area adequately; therefore, the patient 
should wear something like an old-
fashioned nightcap, a soft hooded jacket, or 
drape a scarf in such a way as to protect the 
suboccipital skin from cooling. 

Sustained upward gaze with the head 
tilted up must be avoided by revising the 
individual's activity to whatever extent is 
necessary. In a case seen by Dr. Travell, a 
stage director learned to direct the perfor
mance from farther back in the theater, in
stead of from the front row where he had 
been below the level of the actors on the 
stage. This change allowed him to face the 
actors without looking up for prolonged 
periods. 

Sustained and strained positions of the 
head are reduced by (1) avoiding use of tri
focals; (2) using lenses with adequate focal 
length for the task at hand to allow the 
head to rest in a balanced upright position 
on top of the cervical spine; (3) by rear
ranging the location of the patient, or the 
room lighting to eliminate glare reflected 
from the inside of the lenses (alternately, 
the inside of the lenses may be coated 
against glare if repositioning of lights is not 
practical); and (4) by placing documents on 
a vertical stand in front of the typist, not 
flat to one side. Additional postural con
siderations are included in Chapter 41 , 
Section C. 

The patient should learn how to relax 
the neck muscles, and how to do a passive 
self-stretch exercise while seated (for pos
tural relaxation) on a stool or chair under a 
warm shower. The stretch is performed by 
the patient doing a sei/-assist of his own 
nodding motion (flexion of the head on the 
neck), similar to the stretch shown in Fig
ure 17.7B, but with the patient's fingers un
der the occiput. The patient uses his own 
fingers under the occiput to exert upward 
traction prior to directing the movement of 
the head. A comparable self stretch for the 
suboccipital muscles is described and il
lustrated by Lewit. 1 7 A series of passive 
stretches should be applied separately 
in unidirectional movements (no head 
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rolling) with successive degrees of head ro
tation to fully stretch all of the suboccipital 
muscles. Passive stretching should be fol
lowed by full active range of motion, con
tracting and stretching muscles in both the 
agonist and antagonist directions. This cy
cle of movements is repeated several times, 
slowly without jerking. 

Patients with suboccipital TrPs usually 
find that a cervical collar is more annoying 
and irritating than helpful, due to its direct 
pressure on these muscles. 
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PART 3 
UPPER BACK, SHOULDER 

AND ARM PAIN 

CHAPTER 18 
Overview of the Upper Back, 

Shoulder, and Arm Region 

This third part of the Trigger Point Manual includes 
muscles of the upper back, shoulder, and arm that 
refer pain into the torso and upper limb. It includes 
the scalene and levator scapulae neck muscles, 
most of the muscles that attach to the scapula, all 
the muscles that cross the glenohumeral joint, and 
the anconeus, which is included as an extension 
of the triceps brachii muscle. The trapezius mus
cle was included in Part 2. 

This chapter is divided into Section A: Pain 
and Muscle Guide, and Section B: Diagnostic 
Considerations and Treatment Techniques. The 
pain guide of Section A lists the muscles that 
may be responsible for pain in the areas shown 
in Figure 18.1. The muscles most likely to refer 
pain to each specific area of the body are listed 
below under the name of that area. One uses 
this chart by first locating the name of the area 
of the body that hurts and by then looking un
der that heading for all the muscles that are 
likely to refer pain to that area. Then, reference 
should be made to the individual muscle chap

ters; the number for each chapter follows in 
parenthesis. 

In a general way, the muscles are listed in the 
order of the frequency in which they are likely to 
cause pain in that area. This order is only an ap
proximation; the selection process by which pa
tients reach an examiner greatly influences which 
of their muscles are most likely to be involved. 
Boldface type indicates that the muscle refers an 
essential pain pattern to that pain area, meaning 
that the pattern is present in nearly every patient 
when the trigger point (TrP) is active. Normal type 
indicates that the muscle refers a spillover pat
tern to that pain area (pain that some, but not all, 
patients experience). 

Section B presents an overview of considera
tions that apply to more than one of the muscles 
included in this part of the Trigger Point Manual. 
These comments are not focused on any one 
muscle, but rather on how to recognize and deal 
with multiple-muscle involvement and the inter
action of muscles with related conditions. 

4 8 5 
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S E C T I O N A 

PAIN A N D M U S C L E GUIDE 

U P P E R - T H O R A C I C BACK PAIN 

Scaleni (20) 
Levator scapulae (19) 
Supraspinatus (21) 
Trapezius (TrP2 and TrP3)(6) 
Trapezius (TrP5) (6) 
Multifidi (48) 
Rhomboidei (27) 
Splenius cervicis (15) 
Triceps brachii (TrP,) (32) 
Biceps brachii (30) 

B A C K - O F - S H O U L D E R PAIN 

Deltoid (28) 
Levator scapulae (19) 
Scaleni (20) 
Supraspinatus (21) 
Teres major (25) 
Teres minor (23) 
Subscapularis (26) 
Serratus posterior superior (47) 
Latissimus dorsi (24) 
Triceps brachii (TrP1) (32) 
Trapezius (TrP3 and TrP6) (6) 
lliocostalis thoracis (48) 

B A C K - O F - A R M PAIN 

Scaleni (20) 
Triceps brachii (TrP1 and TrP3) (32) 
Deltoid (28) 
Subscapularis (26) 
Supraspinatus (21) 
Teres major (25) 
Teres minor (23) 
Latissimus dorsi (24) 
Serratus posterior superior (47) 
Coracobrachialis (29) 
Scalenus minimus (20) 

M I D - T H O R A C I C BACK PAIN 

Scaleni (20) 
Latissimus dorsi (24) 
Levator scapulae (19) 
lliocostalis thoracis (48) 
Multifidi (48) 
Rhomboidei (27) 
Serratus posterior superior (47) 
Infraspinatus (22) 
Trapezius (TrP4) (6) 
Trapezius (TrP5) (6) 
Serratus anterior (46) 

FRONT-OF-SHOULDER PAIN 

Infraspinatus (22) 
Deltoid (28) 
Scaleni (20) 
Supraspinatus (21) 
Pectoralis major (42) 
Pectoralis minor (43) 
Biceps brachii (30) 
Coracobrachialis (29) 
Sternalis (44) 
Subclavius (42) 
Latissimus dorsi (24) 

FRONT-OF-ARM PAIN 

Scaleni (20) 
Infraspinatus (22) 
Biceps brachii (30) 
Brachialis (31) 
Triceps brachii (TrP5) (32) 
Supraspinatus (21) 
Deltoid (28) 
Sternalis (44) 
Scalenus minimus (20) 
Subclavius (42) 

SECTION B 

with contributions by 

Roberta Shapiro, D.O. 

DIAGNOSTIC CONSIDERATIONS 
Thoracic Outlet Syndrome (TOS) 

Chapter 20 provides a major review and 
analysis of the thoracic outlet syndrome 
under Section 1 1 , Differential Diagnosis. 
This syndrome can involve numerous 
muscles that are covered in this part of the 
Trigger Point Manual. 

Myofascial Pseudothoracic Outlet 
Syndrome 

The dictionary definition of thoracic out
let syndrome is "compression of brachial 
plexus and subclavian artery by attached 
muscles in the region of the first rib and the 
clavicle." 2 This makes it, by definition, an 
entrapment syndrome. Myofascial TrPs in 
the scalene, pectoralis minor, and subclav
ius muscles can produce a true (entrap
ment) thoracic outlet syndrome. The con
tributor to this section has identified a 
myofascial variant that mimics the thoracic 
outlet syndrome. This pseudothoracic out-

4 8 6 Part 3 / Upper Back, Shoulder and Arm Pain 
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let syndrome typically involves a quadrad 
of muscles: the pectoralis major, latissimus 
dorsi, teres major, and subscapularis. When 
at least three of these muscles have active 
TrPs, the patient presents with the myofas
cial pseudothoracic outlet syndrome 
(pseudo-TOS). The syndrome can mimic 
many diagnoses in addition to the thoracic 
outlet syndrome, including a multiple-
level cervical radiculopathy, various types 
of bursitis, and tendinitis in the shoulder 
region. Routinely, the frustrated patient 
who has been referred with one of these 

misleading diagnoses has not been success
fully treated because the muscular source 
of the patient's pain was not identified. All 
of these muscles are relatively strong me
dial rotators. The pseudo-TOS can be seen 
typically in patients who have suffered 
cerebrovascular accidents (CVA) or 
"strokes," as they tend to have selective 
spasticity of medial rotators and adductors 
and therefore tightness in these same four 
muscles, which is especially critical in the 
subscapularis. Because of the severe re
striction of shoulder mobility caused by the 

Figure 18.1. The designated areas (red) within the upper back, shoulder, and arm that 
may encompass pain referred there by myofascial trigger points. See text for listing 

of muscles that may refer pain to each area. 
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TrPs in this group of muscles, the patient is 
often identified as having a "frozen shoul
der," which is discussed in more detail in 
Chapter 26, Subscapularis. 

Patients who have suffered a cere
brovascular accident are often positioned 
in medial rotation and adduction of the 
glenohumeral joint, which tends to acti
vate TrPs in these four muscles. The in
creased tension caused by the combina
tion of TrPs and spasticity in these four 
muscles can cause the shoulder subluxa
tion typical of these patients. In addition 
to causing pain, the subluxation and TrP 
activity facilitate the development of re
flex sympathetic dystrophy. It is vital 
therefore, that these patients be treated 
early with myofascial TrP release tech
niques to all of the involved muscles. Be
cause of the ongoing spasticity secondary 
to the central nervous system insult, these 
patients should have frequently repeated 
treatments, and they should be instructed 
in an appropriate home program because 
spasticity is a potent perpetuating factor 
for reactivating their trigger points. It is 
likely that the TrPs also reflexly aggravate 
spasm in some of the muscles. This is a 
situation where clinicians may wish to 
consider injection of botulinum A toxin to 
control the TrPs and the spasticity. It is 
important to place the toxin precisely at 
endplates for both conditions, preferably 
using electromyographic guidance. 1 , 3 

Problems of the Rotator Cuff 

Chapter 21 (Section 11, Differential Di
agnosis) includes a review and analysis of 
problems of the rotator cuff and its relation 
to muscle imbalance, particularly applica
ble to the supraspinatus, infraspinatus, 
teres minor, and subscapularis muscles. 

"Frozen Shoulder" 

Painfully restricted motion at the shoul
der ("frozen shoulder") that is due to adhe
sive capsulitis (see Chapter 26, Section 11) 
exhibits less pain and more rigidity than 
does comparable restriction that is caused 
by myofascial TrPs. True adhesive capsuli
tis often requires short-term steroid ther
apy, which may be given orally. 4 , 5 How
ever, myofascial TrPs often respond well to 

noninvasive therapy. Multiple TrPs in the 
rotator cuff muscles, especially in the sub
scapularis muscle, can mimic the symp
toms of adhesive capsulitis. When a pa
tient has not responded well to treatment 
for the diagnosis of adhesive capsulitis, the 
clinician needs to consider TrP sources for 
the patient's symptoms. When TrPs are 
producing the symptoms, appropriate TrP 
therapy (without steroids) should be initi
ated. It is not unusual for both conditions 
to coexist. Both need treatment. 

Carpal Tunnel Syndrome 

Some TrP sources can mimic the symp
toms of the currently overdiagnosed entity 
of carpal tunnel syndrome. This is an im
portant differential diagnosis for many of 
the more proximal upper limb TrPs. A 
good example is the pain pattern of 
brachialis muscle TrPs. The patient may 
present with an isolated thenar-eminence 
pain and yet the pain is duplicated and re
ferred from brachialis trigger points. Sca
lene muscle TrPs also can present a pain 
pattern that is easily mistaken for a carpal 
tunnel syndrome. 

Coracoid Pressure Syndrome 

This condition of arm pain in which 
there is compression of the brachial plexus 
was reported by the Kendalls in 1942. l a 

This syndrome is associated with muscle 
imbalance and faulty postural alignment. 
Round-shouldered posture (see Chapter 
41), with forward and downward tilt of the 
coracoid process that can compress the 
neurovascular bundle, can occur because 
of tightness in certain muscles (particu
larly the pectoralis minor, the latissimus 
dorsi indirectly through its depression of 
the humerus, and the sternal portion of the 
pectoralis major). One of the major factors 
that can induce muscle tension and short
ening is the development of trigger points. 
The pull of tight pectorals can overstretch 
and weaken the lower trapezius. This 
weakness can allow the scapula to ride up
ward and tilt forward, favoring adaptive 
shortening of the pectoralis minor (and 
perpetuating any TrPs in it). Trigger points 
also can inhibit muscular activity (for ex
ample, in the lower trapezius). Clinicians 
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need to be aware that TrPs can produce 
dysfunction and not only pain. 

Screening Test 

The Mouth Wrap-around Test is useful 
to screen for involved shoulder-girdle 
muscles. This test requires full active ab
duction and lateral rotation of the arm at 
the glenohumeral joint. It also requires 
normal scapular mobility. If the clinician 
looks closely at how the subject raises the 
arm, scapulohumeral rhythm can also be 
assessed. The patient does this test (Fig. 
18.2) by bringing the hand and forearm be
hind (not above) the head and sliding the 
hand as far forward as possible trying to 
cover the mouth. The head should be 
turned no more than 45°, and should not 
be tilted. Normally, the fingertips can 
cover the mouth nearly to the midline in 
most persons, just to the corner of the 
mouth if the subject has short upper arms, 
and over the entire mouth with hypermo-
bile joints. 

Moving the hand to the end position or 
holding this position may be painful be
cause of strong contraction of the abduc
tors and lateral rotators of the shoulder that 
are in the shortened position. However, 
movement also may be limited by a tight 
adductor or medial rotator. Although any 
of these muscles might cause pain-limited 
restriction during this test, the muscles 
most likely to limit the movement in this 
way are the strongly contracted infraspina
tus and middle deltoid. In this case, the 
pain is most likely to be in the immediate 
vicinity of the trigger points. The test 
movement also passively stretches the sub
scapularis muscle and if that muscle has 
TrP tightness it is likely to refer pain be
hind the shoulder and to the wrist. The 
TrPs of a tight latissimus dorsi muscle 
would cause pain at the end of its exten
sive range of motion only if no other mus
cle were restricting the movement. 

TREATMENT TECHNIQUES 

Treatment techniques for specific mus
cles are presented in the individual muscle 
chapters of this volume. Presented here are 
two treatment techniques, each of which 
can release a number of muscles in the up
per thoracic and interscapular regions. 

Scapular Mobilization and Interscapular 
Muscle Release 

Figure 18.3 illustrates and describes a 
scapular mobilization technique that di
rectly releases tight interscapular muscula
ture. It releases the middle and lower 
trapezius, the rhomboid muscles, and ab
normal tension of associated fascial tis
sues. In addition, the technique helps to re
lease other muscles that attach to the 

Figure 18.2. Screening test (Mouth Wrap-around Test) 
of abduction and lateral rotation of the arm. The fully 
rendered hand shows restricted range of motion. The 
dotted white arrow and dotted outline show the addi
tional reach that would have been normal for this par
ticular subject who had congenially short upper arms. 
Most persons can normally cover half the mouth; indi
viduals with hypermobile joints normally cover the en
tire mouth with the hand. 
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Figure 18.3. Interscapular muscle release and scapu
lar mobilization technique. Patient is sidelying with the 
affected side up. The examiner stands in front of the 
patient, reaches over the patient's shoulder to grasp 
the upper portion of the vertebral border of the 
scapula, and with the other arm reaches under the pa
tient's humerus to grasp the lower portion of the ver
tebral border of the scapula. The examiner then slowly 
abducts the scapula to mobilize it and to release the 
interscapular muscles and fasciae. This procedure 
can be followed by postisometric relaxation for more 
effective and specific release. By "fine tuning" the mo
bilization (that is, by moving the scapula through small 
degrees of rotation, abduction, elevation, or depres
sion as needed for alignment with specific tight mus
cle fibers), the examiner can lengthen and release the 
middle trapezius, lower trapezius, rhomboideus major 
and minor, the levator scapulae, and also can facilitate 
full release of the latissimus dorsi muscle. 

Figure 18.4. Sock enclosing two tennis balls that can 
be chilled and used for self-treatment of interscapular 
muscles. Refer to text for details on the Cold Tennis-
ball Technique. 

low the level of the scapula and on each 
side of the vertebral column. The patient 
then slides downward so that the tennis 
balls in effect roll up over the interscapular 
muscles. This movement produces a trig
ger point compression and/or a self-mas
sage effect that is completely under the pa
tient's control. Whenever the patient hits a 
"hot spot" or a painful trigger point, he or 
she can maintain that position and control 
the pressure by starting gently and gradu
ally increasing body-weight pressure on 
the tennis balls until that TrP releases. The 
procedure should be continued to locate 
any additional TrPs. One can use this tech
nique with or without freezing the tennis 
balls. The patient should try it each way to 
see which is more effective. Most patients 
prefer the cold application because it 
seems to be more effective. A well-con
trolled research study to explore why pa
tient reactions differ would be helpful. 

scapula, including the levator scapulae 
and the latissimus dorsi muscle, which re
quires scapular mobility for full stretch. 

Trigger Point Compression 

A self-treatment technique called the 
Cold Tennis-ball Technique can be used for 
inactivation of TrPs in the interscapular 
muscles. Two tennis balls are needed. One 
is placed all the way into the toe end of a 
cotton or tube sock, and a knot is tied to 
hold it in place. Then a second tennis ball 
is placed in the sock and a knot is tied on 
the other side of this second ball (Fig. 18.4). 
The sock is then placed in the freezer. 

Once a day, or when the patient has dis
comfort in the affected interscapular mus
cles, the patient removes the cold tennis 
balls from the freezer and lies supine on 
them, initially placing the tennis balls be-

REFERENCES 
1. Hubbard DR. Chronic and recurrent muscle pain: patho

physiology and treatment, and review of pharmacologic 
studies. JMusculoske Pain 1996;4 (1/2):123-143. 

la. Kendall FP, McCreary EK, Provance PE: Muscles: 
Testing and Function. Ed. 4. Baltimore: Williams & 
Wilkins, 1993 (p.343). 

2. McDonough JT, ed. Stedman's Concise Medical Diction
ary, 2nd ed. Baltimore: Williams & Wilkins, 1994:995. 

3. Simons DC Clinical and etiological update of myo
fascial pain from trigger points. J Musculoske Pain 
1996;4 ( l /2) :97-125. 

4. Travell J, Rinzler SH. Pain syndromes of the chest 
muscles: Resemblance to effort angina and myocar
dial infarction, and relief by local block. Can Med As
soc J 1948;59:333-338. 

5. Webber TD. Diagnosis and modification of headache 
and shoulder-arm-hand syndrome. J Am Osteopath 
Assoc 1973;72:697-710. 

Copyrighted Material



CHAPTER 19 

Levator Scapulae Muscle 

HIGHLIGHTS: When a patient suffers from a "stiff 
neck" (markedly limited rotation), trigger points 
(TrPs) in the levator scapulae muscle are fre
quently responsible. REFERRED PAIN from the 
levator scapulae concentrates in the angle of 
the neck and along the vertebral border of the 
scapula. It may project to an area posterior to the 
shoulder joint. ANATOMY: this muscle attaches 
above to the transverse processes of the first four 
cervical vertebrae, and attaches below to the re
gion of the superior angle of the scapula. FUNC
TION: The levator scapulae rotates the scapula 
(glenoid fossa) downward and elevates the 
scapula. With the scapula fixed, this muscle as
sists rotation of the neck to the same side and 
both muscles together can checkrein (control) 
flexion of the neck. ACTIVATION AND PERPET
UATION OF TRIGGER POINTS are most likely to 
occur as a result of keeping the shoulder elevated 
and the muscle in a sustained shortened position, 
particularly when the muscle is fatigued and ex
posed to cold. PATIENT EXAMINATION reveals 
primarily restriction of neck rotation. TRIGGER 

POINT EXAMINATION by palpation of the mus
cle as it emerges from beneath the trapezius at 
the angle of the neck discloses its most impor
tant, central TrP that may be difficult to locate. 
Palpation just above the superior angle of the 
scapula often locates a second region of marked 
tenderness, the attachment TrP. DIFFERENTIAL 
DIAGNOSIS includes the scapulocostal syn
drome, zygapophysial joint pain, and bursitis. 
TRIGGER POINT RELEASE may be performed 
in two steps: application of vapocoolant spray or 
icing over the muscle and painful areas while tak
ing up slack in the muscle. This step is followed 
immediately with bimanual release of tightness in 
the vertical and diagonal muscle fibers. TRIG
GER POINT INJECTION requires careful posi
tioning of the patient and often needling at both 
the central and attachment TrP regions to be suc
cessful. CORRECTIVE ACTIONS call for relief of 
muscular strain and for regular passive stretching 
of the muscle at home, preferably while the pa
tient is seated under a warm shower. 

1. REFERRED PAIN 
(Fig. 19.1) 

Myofascial pain due to trigger points 
(TrPs) is one of the most important causes 
of neck pain 2 1 or neck and shoulder pain, 1 5 

and the levator scapulae is one of the most 
commonly involved shoulder-girdle mus
cles. In a study of shoulder-girdle muscles 
in 200 normal young adults, Sola et al.33 

found latent TrPs in more levator scapulae 
muscles (20% of subjects) than in any 
other muscle except the upper trapezius. In 
a clinical study of active TrPs, 3 2 the levator 
scapulae was the most commonly involved 
shoulder-girdle muscle. 

Both trigger areas shown in Figure 19.1 
project pain to the essential reference zone 
at the angle of the neck, 5 , 34 , 36 with a 
spillover zone along the vertebral border of 

the scapula, 5 , 3 6 and to the shoulder posteri
o r l y . 5 , 2 0 , 3 5 , 3 7 This "stiff neck" muscle, when 
involved, consistently limits neck rotation 
due to pain on movement. If the TrPs are 
active enough, they refer severe pain even 
at rest. 

2. ANATOMY 
(Fig. 19.2) 

The fibers of the levator scapulae 
attach above to the transverse processes 
of the first four cervical vertebrae (poste
rior tubercles of the C3 and C4 trans
verse processes); and below to the verte
bral border of the scapula between the 
superior angle and the root of its spine 
(Fig. 19.2). 

The twist of the muscle fibers is rarely 
noted or illustrated. 1 6 The C1 digitation is 

491 
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Figure 19.1. Consolidated referred pain pattern for 
trigger point regions (Xs) of the right levator scapulae 
muscle. The essential pain pattern is solid red, and the 
spillover pattern is stippled red. The upper X locates 
TrPs in the midportion of the muscle (often over-

looked). The lower X locates the much more obvious 
trigger area tenderness commonly found near the re
gion of the muscle's scapular attachment, which often 
is enthesopathy secondary to taut band tension asso
ciated with the TrPs. 

superficial to the others and passes more 
vertically to the vertebral border of the 
scapula. The C4 digitation lies deepest and 
passes diagonally to a lateral attachment 
on the superior angle of the scapula. 

Menachem, et al.22 studied the anatomi
cal structures in the region of the scapular 
attachment of the levator scapulae muscle 
in 30 cadavers. In 6 3 % , the levator scapu
lae was inserted on the scapula in two lay
ers enfolding the medial border of the 
scapula. Thus, in the majority of bodies, 
some of the scapular attachment was on 
the under side of the scapula and not read
ily palpable. In nearly half of those bodies, 
a bursa was found in the areolar tissue be
tween the two layers. In 13 (43%), a nar
row band of the serratus anterior was re
flected over the medial border of the 
scapula around its upper angle, close to the 

attachment of the levator scapulae. In 5 of 
these 13 (38%) another bursa occurred be
tween the serratus anterior, the angle of the 
scapula, and the levator scapulae. These 
bursae are a potential source of tenderness 
in this region. 

Supplemental References 
Other authors have illustrated the mus

cle as seen from the front,9, 1 0 the side, 8 , 1 1 

and from behind. 1 , 1 2 , 1 6 , 3 0 

3. INNERVATION 
The levator scapulae muscle is supplied 

by branches of the third and fourth cervi
cal nerves via the cervical plexus and 
sometimes, in part, by fibers from the dor
sal scapular nerve derived from the C5 

root.7 
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Figure 19.2. Attachments of the levator scapulae muscle. Note how the upper and lower 
digitations twist in their course from the superior attachment to the inferior attachment. 

4. FUNCTION 
When the neck is stabilized, the levator 

scapulae muscle first helps to rotate the 
scapula, facing the glenoid fossa down
ward, and then elevates the scapula as a 
whole. 7 When the scapula is anchored, this 
muscle helps to complete neck rotation to 
the same side. 7 Bilateral levator scapulae 
muscles acting together assist extension of 
the neck and checkrein (control) neck flex
ion. During arm movements in normal sub

jects, the levator scapulae was recruited 
during arm extension and not during 
scapular plane arm elevation or during arm 
abduction. 1 3 

In conjunction with the upper trapezius 
and uppermost fibers of the serratus ante
rior, the levator scapulae helps to elevate 
the scapula during activities such as shrug
ging the shoulders, supporting weight di
rectly on the shoulder girdle (e.g., counter
acting the pull of a heavy purse or letter 
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carrier's bag), and lifting a weight with the 
upper extremity.3 The levator scapulae, 
rhomboidei major and minor, and the latis-
simus dorsi together rotate the glenoid 
fossa of the scapula downward. This pulls 
the inferior angles of the scapulae closer 
together posteriorly. 3 , 1 8 

5. FUNCTIONAL UNIT 
The splenius cervicis and the scalenus 

medius muscles are synergistic with the le
vator scapulae in neck stabilization and 
may develop active TrPs in association 
with it because of some common attach
ments. The rhomboid muscles are impor
tant synergists for elevation and medial ro
tation of the scapula (downward rotation of 
the glenoid fossa). 

Antagonists to the elevation function of 
the levator scapulae are the lowest fibers of 
the serratus anterior, the lower trapezius, 
and the latissimus dorsi (indirectly). The 
latissimus dorsi, however, is a synergist for 
scapular rotation (also indirectly, through 
its attachment to the humerus). Antago
nists for rotation are the serratus anterior 
and the upper and lower trapezius. 

6. SYMPTOMS 
With severe involvement of the levator 

scapulae alone, patients complain of pain 
at the angle of the neck and of a painful 
"stiff neck." The diagnoses of scapulo
costal syndrome 6 , 2 3 , 2 4 . , 2 8 and levator scapu
lae syndrome 2 2 emphasize the referred 
pain symptoms arising from TrPs in the le
vator scapulae muscle. The diagnosis of 
"stiff neck syndrome," or torticollis, 3 4 , 3 5 

emphasizes the restriction of range of mo
tion, since tension in the levator scapulae 
is a common cause of neck st i f fness 3 4 , 3 5 

(see Chapter 7, Section 11 for the differen
tial diagnosis of stiff neck and torticollis). 
Patients with active TrPs in the levator 
scapulae are unable to turn the head fully 
to the same side because of pain on con
traction, and not fully to the opposite side 
because of painful increase in muscle ten
sion. To look behind, they must turn the 
body instead. 

Neoh 2 7 reported on 75 patients com
plaining of shortness of breath and nuchal 
soreness. Ninety percent of them were re

lieved of their symptoms after dry needling 
of their levator scapulae TrPs. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 
(Fig. 19.3) 
Postural Stress 

Patients are likely to develop levator 
scapulae TrPs and a "stiff neck" because of 
occupational stresses, such as secretarial 
work in general,2 2 typing with the head and 
neck turned to look at work placed beside 
the keyboard, making long telephone calls 
(particularly when laterally flexing the neck 
and head to hold the phone), talking at 
length with the head turned toward some
one sitting to one side, 6 and carrying a per
sonal bag hanging from the affected shoul
der.2 2 Another activating stress is sleeping 
with the neck in a tilted position that short
ens the levator scapulae, as in an uncom
fortable airplane seat, especially when the 
muscle is fatigued and exposed to a cold 
draft. Recreational stress from tilting the 
head while gazing fixedly at a stage, movie 
screen, or television can also precipitate the 
problem. Psychological stress, which pro
duces a "weight-of-the-world-on-my-shoul-
ders" reaction or a tense, hostile, aggressive 
posture, also may be contributory.6 Sitting in 
a chair with armrests that are too high ele
vates the scapulae and shortens the muscle 
bilaterally, which encourages activation of 
its latent TrPs. Walking with a cane that is 
too long, so that it forces unnatural elevation 
of one shoulder, tends to activate TrPs in the 
levator scapulae on the same side (Fig. 19.3). 

Activity and Overload Stress 
Myofascial TrPs in the levator scapulae 

muscle can be activated and perpetuated 
by overexercise, such as in playing vigor
ous tennis, swimming the crawl stroke 
when out of condition, or rotating the head 
repeatedly back and forth. An example of 
repeated head rotation is "spectator neck" 
that is caused by sitting near the net at a 
tennis court and repeatedly turning the 
head and neck to follow the ball from side 
to side. 

The levator scapulae muscle can be 
overloaded and develop active TrPs when 
function of the serratus anterior is inhib
ited by serratus TrPs. A motor vehicle acci-
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Figure 19.3. Activation primarily of right levator 
scapulae trigger points, and secondarily of other mus
cles on the left, by walking with a cane that is too long, 
held in the right hand. The patient's resultant pain dis
tribution is shown in red. The arrow indicates the un
desirable lift of the right shoulder so the long cane can 
clear the ground when walking. 

dent in which the vehicle is struck from 
any direction commonly activates levator 
scapulae TrPs due to acute overload 
stress.2 Sometimes TrPs in this muscle can 
arise reflexly from the activity of a key TrP 
in the functionally related upper trapezius 
muscle. 1 7 

Trigger points in the levator scapulae 
muscle can be activated and perpetuated 
by stresses imposed on it from asymme
tries in the lower part of the body. For ex
ample, if there is a lack of normal push-off 
during walking, the levator may contract 
excessively during each gait cycle in a fu
tile attempt to "lift the body" and in an at
tempt to preserve momentum for weight 
transition to the other foot. Push-off can be 
affected by many conditions such as calf 
muscle weakness, lower limb-length in
equality, or a foot with a flattened arch. 
Asymmetry induced by quadratus lumbo-
rum shortening also can impact the levator 
scapulae. It may be that the (twisting) diag
onal structure of the levator scapulae 
makes it particularly vulnerable. 

Infection 
During the prodromal stage of an acute 

upper respiratory infection, the levator 
scapulae becomes vulnerable to activation 
of its TrPs by mechanical stresses that are 
usually well within its tolerance. This sus
ceptibility to activation by ordinary loads 
may start a day or two before the fully devel
oped symptoms of a head cold or sore throat 
appear, and may last for several weeks there
after. A stiff neck syndrome also often begins 
during an attack of oral herpes simplex. 

8. PATIENT EXAMINATION 
The examiner first observes the patient 

and looks for neck and shoulder postural 
asymmetries, then asks the patient to turn 
the head fully in each direction. 

The patient tends to hold the neck rigid, 
looking to either side by turning the eyes or 
body but not the neck. The head may be 
tilted slightly toward the involved side. 3 5 If 
the patient's head is strongly tilted to one 
side (wry neck), sternocleidomastoid TrPs 
are more likely to be responsible than are 
levator scapulae TrPs. Whereas levator 
scapulae involvement reduces neck move
ment, a patient with active upper trapezius 
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TrPs moves the neck frequently trying to 
stretch the trapezius. 

Active neck rotation is most restricted as 
the face turns toward the side of the pain. 
The degree of restriction depends upon the 
severity of involvement. When both sides 
are involved, as commonly occurs, rotation 
can be markedly restricted in both direc
tions. Neck flexion is blocked only at the 
end (extreme range) of the movement; ex
tension is relatively unaffected. If rotation 
of the neck is unrestricted, active TrPs in 
the levator scapulae are unlikely. 

There is minimal limitation of shoulder 
motion. Full abduction requires full up
ward rotation of the scapula which can be 
painfully restricted by TrP tightness of the 
levator scapulae. The Hand-to-shoulder-
blade Test is normal (see Fig. 22.3). The 
Mouth Wrap-around Test (see Fig. 18.2) is 
restricted chiefly by marked lack of 
head/neck rotation. 

9. TRIGGER POINT EXAMINATION 
(Fig. 19.4) 

The levator scapulae develops TrP ten
derness in two locations: a central TrP area 
at the angle of the neck where the muscle 
emerges from beneath the anterior border 
of the upper trapezius; 2 4 , 3 5 and a much 
more readily identified secondary area 
near where the muscle attaches to the su
perior angle of the scapula . 2 3 , 2 4 , 2 9 This dis
tal attachment tenderness is likely enthe-
sopathy resulting from sustained TrP 
tension and is commonly associated with 
the palpable induration of a ventral TrP 
and its palpable taut band that causes the 
excessive tension. For the anatomical rela
tions to adjacent muscles, see Figure 20.7. 
Sola and Williams 3 4 reported locating the 
lower TrP tenderness by electrical stimula
tion which produced pain referred to the 
neck and back of the head. Michele et al.,23 

in an initial article, described in great de
tail how to locate the area of tenderness at 
the angle of the scapula, but did not iden
tify the central TrP at the base of the neck. 
Later, Michele and Eisenberg 2 4 identified 
the tenderness of both the upper TrP and 
the lower trigger area of the levator scapu
lae, and illustrated how to palpate the up
per TrP as the prime source of the scapulo
costal syndrome. 

The central TrP in the levator scapulae 
at the angle of the neck can be palpated 
with the patient comfortably seated and 
the hips moved far enough forward on the 
chair seat to place the weight of the upper 
torso against the backrest, or it can be pal
pated with the patient lying on the unin-
volved side. When the patient is sitting, 
both the levator scapulae and upper trape
zius muscles are slackened slightly by sup
porting the elbows on the armrests, using 
small pillows if needed. The laxity permits 
the examiner's fingers to push the upper 
trapezius posteriorly far enough so as to 
uncover and straddle the levator scapulae 
(Fig. 19.4A, with the patient lying on the 
uninvolved side). The face and neck are 
gently turned toward the opposite side to 
tauten and lift the levator scapulae against 
the palpating fingers. The increased ten
sion may raise the sensitivity of the TrP 
enough so that sustained pressure on it re
produces its referred pain pattern. Success
ful palpation depends upon slackening the 
upper trapezius sufficiently to reach the 
upper TrPs within the belly of the levator 
scapulae muscle without tensing that 
whole muscle so much that the difference 
between the taut band and adjacent unin
volved muscle tissue is obscured. 

This examination can be done with the 
patient supine, a position that may yield 
the best muscle relaxation and better dif
ferentiation between muscle and joint 
problems. 

To locate the attachment region TrP, the 
patient may be seated or lying on the op
posite side (Fig. 19.4B). The muscle is pal
pated across the fibers about 1.3 cm (0.5 in) 
above the superior angle of the scapula. 
The tense TrP bands are exquisitely tender 
to pressure, but local twitch responses and 
referred pain are not readily elicited from 
this lower TrP area, which is covered by 
the trapezius muscle. The region of attach
ment feels indurated and tender and can be 
rocked back and forth between the fingers 
when they straddle it. When the attach
ment has been stressed for a period of time, 
the area may feel gritty (like gravel) or like 
a scar. 

Of 22 patients seen in an orthopedic 
clinic for shoulder pain over the upper 
medial angle of the scapula, 2 2 9 5 % of 
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them had maximum tenderness within 2 
cm of the upper angle. Pressing on the 
tender spot reproduced or aggravated the 
typical pain. In 73% small nodules or 
crepitation was palpable at the tender 
spot, which the authors identified as a 
TrP. Thermography was performed in 19 
of the 22 patients. Increased heat emission 
was observed in about half (58%) of the 

symptomatic shoulders and in none of 
the contralateral shoulders. Thermogra
phy was considered an unreliable diag
nostic test in these patients. 2 2 

10. ENTRAPMENT 
No primary nerve or vascular entrap-

ments due to TrPs have been recognized 

Figure 19.4. Examination of the levator scapulae mus
cle, patient lying on the uninvolved side. A, pressing 
the free border of the upper trapezius aside with the 
index finger to straddle the tense levator scapulae 

muscle and localize the upper trigger point between 
the fingers. B, straddling the lower trigger area just 
cephalad to the muscle's attachment to the superior 
angle of the scapula. 
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in vessels or nerves penetrating this mus
cle. However, as noted by Andrew Fis
cher, M.D. (personal communication), the 
levator scapulae is in a strategic position 
to aggravate a cervical radiculopathy 
caused by narrowed cervical neural 
foramina. The increased muscle tension 
associated with TrPs can further occlude 
the compromised foramina, thereby in
creasing nerve compression effects. One of 
these effects is to facilitate the activation 
of TrPs in the muscles supplied by those 
nerves. 

11. DIFFERENTIAL DIAGNOSIS 
In the "stiff neck" syndrome, the sple-

nius cervicis also is likely to be involved. 
When TrPs in the levator scapulae are ac
tive, it is wise to also check the scalenus 
medius and iliocostalis cervicis muscles 
for TrP activity. Contrary to what might be 
expected, rhomboid TrP activity is rarely 
associated with levator scapulae involve
ment. If the patient's head is strongly tilted 
to one side (wry neck), sternocleidomas
toid TrPs are more likely to be responsible 
than are levator scapulae TrPs. 

The etiology of the scapulocostal syn
drome has been considered enigmatic by 
many authors in the past, but a number of 
authors have attributed the symptoms to 
trigger p o i n t s . 6 , 2 3 , 2 4 Ormandy 2 8 presented a 
scholarly review of this diagnosis including 
anatomical outlines of the muscles he con
sidered responsible: the levator scapulae, 
rhomboid minor, subscapularis and trape
zius muscles. All of these authors have in
cluded the levator scapulae as a major, if 
not the primary, cause of the symptoms. 

The referred pain and tenderness of zyg-
apophysial joints can appear confusingly 
similar to that of myofascial TrPs in mus
cles at approximately the same segmental 
level. The pain pattern of levator scapulae 
TrPs overlaps the lower two-thirds of the 
pain pattern referred from the C 4 -C 5 zyga-
pophysial joint but also extends more infe-
riorly.4 However, there are important dif
ferences. Even though joints and muscles 
often are innervated by the same or over
lapping neural segments, myofascial pain 
referral patterns can be distinctively differ
ent for different muscles innervated by the 
same neural segments. The patterns are not 

always limited to the sclerotomes or my
otomes of the segments that innervate the 
muscle. (Sources of deep pain are rarely re
ferred to the dermis, so dermatomes are not 
applicable.) A TrP is confirmed by physical 
examination of the muscle for palpable TrP 
characteristics. Exceptional skill is needed 
to accurately identify painful zygapoph-
ysial joint dysfunction by manual exami
nation. The reliable confirmation of joint 
dysfunction by anesthetic block is a com
plicated procedure requiring unusual skill 
and detailed knowledge of spinal 
anatomy. 1 9 

The physical finding of crepitation, and 
the relatively frequent presence of bursae 
near the upper (superior) angle of the 
scapula (see Section 2 of this chapter), in
dicate that the tenderness and referred 
pain elicited here may be caused by a bur
sitis instead of, or in addition to, enthe-
sopathy caused by unrelieved tension of 
taut bands associated with TrPs. 

Articular dysfunctions commonly asso
ciated with levator scapulae TrPs can be at 
C 3 , C 4, C 5, or C 6, or at several of these lev
els. Typically, one sees side bending and 
rotation of the head to the same side. 

12. TRIGGER POINT RELEASE 
(Fig. 19.5) 

Prior to treatment, X-ray films of the cer
vical spine should be reviewed for any 
condition that would preclude passive 
neck flexion and rotation. 

The patient sits relaxed in a chair, with 
the pelvis level, and with the arm on the in
volved side relaxed and hanging free. The 
patient's face is turned about 30% toward 
the opposite side (away from the involved 
muscle). The vapocoolant is sprayed 
downward in parallel sweeps following the 
spray lines shown in Figure 19.5A, and as 
previously described. 2 6 , 3 5 The patient takes 
up any slack that develops in the muscle by 
reaching downward with the arm on the in
volved side (right arm in Fig. 19.5A). Im
mediately (Fig. 19.5B) the operator cradles 
the patient's head in one hand to stabilize 
it. With the other hand, the clinician ap
plies gentle, steady traction on the vertical 
fibers and then on the diagonal fibers of the 
levator scapulae muscle and on related soft 
tissues; this gentle pressure is applied 
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downward and anteriorly around the rib 
cage to depress and abduct the scapula un
til the soft tissue resistance barrier is 
reached. While this position is held, the 
patient inhales while gently contracting 
the levator scapulae muscle against mild 
resistance supplied by the operator's hand 
on the scapula. Then the patient slowly ex
hales and relaxes the muscle while the op
erator again takes up all the slack that de
velops. This release can be done with the 
patient supine, incorporating postisomet
ric relaxation. 

The patient should learn to identify the 
sense of tension when the direction of pull 
affects the most shortened (most tense) 
muscle fibers. When that direction of pull 
is reached, the more skillful operators can 
"feel" this tension without the patient 
telling them. 

To reach full stretch length of the levator 
scapulae muscle, it is necessary to abduct 

the scapula. When this movement is re
stricted by tightness in other muscles, it 
can be released by applying the inter
scapular release maneuver illustrated in 
Figure 18.3. An alternative, similar tech
nique is described by Lewit 2 1 that includes 
postisometric relaxation with respiratory 
augmentation. 

Full release of the levator scapulae mus
cle is frequently complex and difficult to 
achieve by stretch and spray. Parallel myo-
tatic muscles, including the splenius cervi
cis, scalenus medius, scalenus posterior, 
and the posterior cervical muscles, must be 
released to achieve a full stretch of the lev
ator scapulae. If the scalene muscles re
quire stretch and spray, it also is desirable 
to stretch and spray the upper pectoralis 
major fibers, since their trigger points 
(TrPs) cause disagreeable chest pain and 
are likely to become involved in associa
tion with scalene TrP activity. 

Figure 19.5. Spray and stretch release of trigger 
points in the right levator scapulae muscle, patient 
seated. A, Vapocoolant spray being applied in slow 
repeated sweeps (arrows) while the patient takes up 
any slack in the levator scapulae muscle by reaching 
downward with the right arm. B, Release of trigger 
points immediately following spray by elongating the 
muscle while the patient slowly exhales. The heel of 

the operator's right hand takes up slack in the muscle 
and stretches the most vertical and longest fibers 
(thick arrow); the palm and fingers stretch the diago
nal fibers as the operator presses downward and 
slightly forward to abduct the scapula while the oper
ator's left hand stabilizes the patient's head. See text 
for details of incorporating postisometric relaxation. 
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Sometimes, the antagonistic neck mus
cles also must be stretched and sprayed to 
coax the levator scapulae to lengthen. This 
stretch of a restricted levator scapulae 
shortens the ipsilateral serratus anterior 
muscle more than usual and may activate 
any latent TrPs in it, producing a painful 
reactive cramp with chest pain. This prob
lem is prevented, or readily relieved, by 
stretching and spraying the serratus ante
rior muscle (see Chapter 46). 

If the pain shifts to the other side of the 
neck, the procedure has uncovered a lesser, 
but significant degree of TrP activity in the 
contralateral levator scapulae that requires 
application of the same procedures to that 
muscle. 

If the patient has concurrent articular 
dysfunction in the C 3 -C 6 vertebral seg
ments, treatment begins with TrP and myo
fascial release as described above with the 
patient in the seated position. The patient 
is then repositioned supine for treatment 

using muscle energy techniques to restore 
mobility of cervical articulations. Muscle 
energy techniques are described in princi
ple by Mitchell Jr. 2 5 and in operational de
tail for the cervical spine by Greenman. 1 4 

These procedures are followed, if neces
sary, by inactivation of any residual trigger 
points. 

13. TRIGGER POINT INJECTION 
(Fig. 19.6) 

The lower trigger area near the scapular 
attachment of the levator scapulae (Fig. 
19.1) is more readily located than the mid-
muscle trigger point (TrP), which is the 
critical one. Injection of the upper TrP may 
eliminate tenderness in the region of the 
inferior trigger area, but not vice versa. 

For injection of the upper TrP (Fig. 
19.6), the patient lies on the unaffected 
side (affected side up), with the back to
ward the operator, and the patient's body 
angled across the treatment table by plac-

Figure 19.6. Injection of the upper trigger point in the right levator scapulae muscle at the base of the neck 
where the muscle emerges from beneath the upper trapezius. 
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ing the shoulder close to the edge of the 
table near the clinician. A pillow supports 
the head. The patient rests the uppermost 
upper limb on his or her body, with the el
bow bent to balance it. If more tension is 
desired in the levator scapulae to be in
jected, the uppermost arm can be placed in 
full medial rotation with the hand across 
the back to produce scapular winging. The 
operator presses aside the free upper bor
der of the trapezius muscle and palpates 
the levator scapulae as it emerges from be
neath the trapezius (see Fig. 20.7, Regional 
Anatomy, and Fig. 16.8, Cross Section). 
The TrP (the spot of maximum tenderness 
in the taut muscle fibers) is fixed against a 
transverse process for injection. The nee
dle is directed anteriorly toward the TrP 
but away from the rib cage (Fig. 19.6). This 
muscle frequently has multiple taut bands 
and multiple TrPs in its numerous fasci
cles, which may make it necessary to do 
more extensive needling than in most mus
cles. Dry needling with an acupuncture 
needle or injection with a hypodermic nee
dle using procaine or lidocaine are all ef
fective here (see Chapter 3, Section 13). 
This technique is also well illustrated by 
Rachlin. 3 1 

If soreness persists in the lower trigger 
area, it is injected next, just above the 
scapular attachment of the levator scapu
lae. The scapula is abducted by having the 
patient, who is lying on the side opposite 
the involved muscle, bend forward in a 
"round-shouldered" posture to stretch and 
thin out the overlying trapezius. The trigger 
area just above the superior angle of the 
scapula is located by rubbing the finger 
transversely across the fibers of the muscle. 
The fingers of one hand localize the palpa
ble induration. The other hand holds the 
syringe and directs a 3.8-cm (1.5-in), 22-
gauge needle upward just above the scapu
lar border. Needle insertion tangential to 
the rib cage avoids penetrating between the 
ribs where it might cause a pneumothorax. 
A 27-gauge needle or acupuncture needle 
can also be effective with the alternate 
needling technique described in Chapter 3, 
Section 13. Addition of corticosteroid in re
fractory cases may be helpful in this lower 
location, but is not recommended when in
jecting the more cephalad TrP. 

Injection is followed by stretch and 
spray, moist heat, and, finally, active range 
of motion. 

14. CORRECTIVE ACTIONS 
Patients who are prone to develop active 

levator scapulae TrPs must learn how to re
lease and lengthen a tight levator scapulae 
muscle for themselves. Release is most ef
fective under a warm shower, preferably sit
ting on a chair or stool that has a low back
rest. The patient relaxes the neck muscles as 
much as possible and drops the shoulder on 
the affected side, letting the arm hang free. 
The contralateral hand assists in turning the 
head toward the unaffected side and down 
toward the axilla to take up slack in the 
muscle, while the free hand reaches down
ward toward the floor to provide additional 
muscle lengthening (see Fig. 16.11A). When 
seated, the patient can stabilize the scapula 
by sitting on the hand of the affected side 
and then can apply a slow steady stretch 
(without jerking) in each direction that the 
muscle feels tight and restricted. This pro
cedure is continued with varying degrees of 
head rotation to release levator scapulae 
muscle fibers of all directions. Standing un
der a warm shower is helpful but may be 
less effective than sitting because of pos
tural reflexes that inhibit muscular relax
ation. Lengthening this muscle on one side 
may produce reactive cramping in the con
tralateral muscle. The contralateral muscle 
also should be stretched gently. 

Greenman 1 4 illustrates a useful self-
stretch for the levator scapulae muscle. 
The patient lies on the unaffected side, 
without a pillow (so that the head can be 
laterally flexed and rotated away from the 
involved muscle). The patient reaches to
ward the foot of the bed with the arm of the 
involved side, facilitating the levator 
stretch. This self-stretch could be aug
mented by postisometric relaxation with 
deep breathing. 

Lewit 2 1 illustrates a gravity-assisted 
self-stretch using postisometric relax
ation with respiratory augmentation that 
is gentle and effective and releases both 
the levator scapulae and the upper 
trapezius muscles. A multi-purpose self-
stretch that includes the levator scapulae, 
upper trapezius, and posterior cervical 
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muscles is the Combined Self-stretch Ex
ercise illustrated in Figure 16.11. This is 
a particularly useful exercise because 
these muscles are so frequently involved 
as a group. 

If the patient sits at a desk when talking 
with visitors, he or she should turn the 
chair (not just the head) to face the visitor 
squarely, or rearrange the furniture so that 
the visitor's chair is in front of the desk. 

To avoid posterior cervical and levator 
scapulae strain when reading, writing, or 
typing, myopia must be corrected by eye
glasses with a sufficiently long focal 
length. Material to be read should be in fo
cus when placed upright on a book-holder 
or copy stand, or on a music stand. The use 
of one of these supports relieves sustained 
neck flexion. For a card player, one pair of 
eyeglasses should be adjusted for focus at 
arm length ("card-playing glasses"). 

If a keyboard is too high but cannot be 
lowered, and the chair provides inade
quate adjustment, 2 or 3 cm (about an inch) 
or so of firm cushion, folded newspapers, 
or a magazine may be placed on the rear 
two-thirds of the chair seat bottom. The 
front one-third of the seat is not raised, to 
avoid compression of the thighs and to 
open the angles at the hips and knees. The 
backrest should provide adequate thora
columbar support (see Fig. 16.4D). 

Individuals who have trouble with leva
tor scapulae (or upper trapezius) TrPs and 
are obliged to use a telephone frequently or 
for long calls must find a way to relieve the 
muscle strain of holding the phone to one's 
ear. The most effective solution is a head
set with a microphone positioned near the 
mouth, such as the one telephone opera
tors use. A cradle for the phone that lets it 
rest on the shoulder can help only if the 
cradle does not require continuous shrug
ging of the shoulder to hold it in place. 
Usually a shoulder cradle still requires 
muscular effort and is undesirable. Chang
ing hands frequently from one side to the 
other or resting the elbow on a desk top to 
position the phone can provide some tem
porary relief and provide more pain-free 
working time. 

The patient should apply a hot pack or a 
moist heating pad to the TrP areas, espe

cially at the end of the work day or on re
tiring for the evening. 

When in bed, the patient should posi
tion the pillow to avoid shortening and 
cramping of the muscle (see Fig. 7.7). 

If a walking cane is used, its length 
should provide a level shoulder-girdle axis 
during walking (not as in Fig. 19.3). 
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CHAPTER 20 
Scalene Muscles 

HIGHLIGHTS: Sca lene musc le t r igger po ints 
(TrPs) and their assoc ia ted thorac ic out let en
trapment s ynd rome are of ten over looked 
sources of pain in the shoulder-g i rd le region and 
upper l imb. Scalene TrPs are a m o n g the more d e 
mand ing of skil l for ident i f icat ion and t rea tment 
bu t are also a m o n g the mos t impor tant myo fas 
cial TrPs. R E F E R R E D PAIN f r om all three of the 
major sca lene musc les can radiate anteriorly, lat
erally, and /o r poster ior ly. Posteriorly, pain is re
ferred to the upper ver tebral border o f the 
scapu la and the area media l to it. Anterior ly, 
ach ing pain is referred to the pectora l reg ion; lat
erally, i t is referred d o w n the f ront and back of the 
a rm, sk ips t he e l bow to reappear on the radial 
fo rearm, and may ex tend to the t h u m b and index 
finger. On the left s ide of the thorax , th is pain is 
easi ly mis taken for ang ina pector is dur ing act iv i ty 
or at rest. A N A T O M Y : above , the three major 
sca lene musc les a t tach to t ransverse processes 
of cerv ica l ver tebrae; be low, the sca lenus anter ior 
and sca lenus med ius a t tach to the f irst r ib, and 
the sca lenus poster ior a t taches to the second r ib. 
F U N C T I O N : the sca lene musc les stabi l ize the 
cerv ical sp ine against lateral movemen t and are 
wel l s i tua ted to e levate and stabi l ize the f irst and 
second r ibs dur ing inhalat ion. S Y M P T O M S may 
be pr imary myofasc ia l pa in , or secondary sen 
sory and mo to r d is tu rbance due to neurovascular 
en t rapment . Pain on the radial s ide of the hand 
ind icates a referred myofasc ia l source; pain on its 
ulnar s ide w i th puf f iness of the hand sugges ts 
brachial p lexus and subc lav ian vein en t rapment . 
ACTIVATION A N D P E R P E T U A T I O N O F T R I G 
GER P O I N T S : They can be ac t iva ted by pul l ing, 
l i ft ing and tugg ing , and by overuse of these res
pi ratory musc les as in cough ing . They can be 
perpe tua ted by chron ic musc le strain due to a 
t i l ted shoulder-g i rd le axis caused by a lower l imb-
length d isc repancy or an asymmet r ica l pelvis and 

by any sys temic perpetuat ing factor. PATIENT 
E X A M I N A T I O N is assisted diagnost ical ly by the 
Sca lene-c ramp Test, the Scalene-rel ief Test, and 
the Finger-f lexion Test. TR IGGER POINT E X A M 
INATION requires skil l and an unders tand ing of 
local anatomy. Flat pa lpat ion locates most sca
lene TrPs against the under ly ing transverse 
processes o f the ver tebrae. E N T R A P M E N T o f 
the lower t runk of the brachial p lexus is c o m 
mon ly due to increased tens ion of the scalenus 
anter ior and the sca lenus med ius musc les that is 
caused by taut bands of TrPs in those muscles. 
This en t rapment causes ulnar pain, t ingl ing, 
numbness , and dysesthes ia . TrP act iv i ty in the 
sca lenus anterior can cause hand edema. DIF
FERENTIAL D I A G N O S I S inc ludes the carpal 
tunnel synd rome, C 5 - C 6 radiculopathy, and cerv i 
cal sp ine art icular dys func t ions . The c lose rela
t ion be tween the d iagnosis o f thorac ic out let syn 
d rome and scalene TrPs is especial ly important 
because the TrPs of ten cause the pain s y m p t o m s 
and en t rapment s igns. The TrPs are common ly 
over looked and can be effect ively t reated wi thout 
surgery. TR IGGER POINT RELEASE using spray 
and st retch emp loys neck s idebend ing to the 
s ide away f rom the scalene TrPs, whi le the oper
ator appl ies d o w n sweeps of vapocoo lant spray 
over the musc le and its pain reference zones. 
TRIGGER P O I N T I N J E C T I O N may be necessary 
for comp le te relief, but must be done wi th full un 
ders tand ing of, and respect for, local anatomy. 
C O R R E C T I V E A C T I O N S are usually essential for 
con t inued relief and of ten require: per formance of 
the Neck-s t re tch exercise, adop t ion of normal 
coord ina ted respirat ion instead of paradoxical 
breath ing, e l iminat ion of postural musc le strain, 
cor rect ion of seat ing and l ight ing arrangements, 
e levat ion of the head of the bed at night, proper 
se lect ion of a neck pi l low, and maintenance of 
adequa te body w a r m t h . 
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1 . R E F E R R E D P A I N 
(Fig. 20.1) 

Scalene muscle trigger points (TrPs) are 
a common (and commonly overlooked) 
source of back, shoulder, and arm pain. Al
though these TrPs rarely refer pain to the 
head, they are commonly associated with 
TrPs that do. More than half of 11 patients 
with cervicogenic headache also had asso
ciated active scalene TrPs that were con
tributing to their pain. 2 8 

Active TrPs in the anterior, medial, or pos
terior scalene muscles may refer pain anteri
orly to the chest, laterally to the upper limb, 
and posteriorly to the medial scapular bor
der and adjacent interscapular region (Fig. 
2 0 . 1 A ) . 4 0 , 7 1 , 7 5 It is important to remember 
that any one of the scalene muscles can pro
duce any part of the referred pain pattern. 

Posteriorly, pain is commonly referred 
from TrPs in the scalenus anterior to the 
back, over the upper half of the vertebral 
border of the scapula and to the adjacent 
interscapular region.7 When the patient 
presents with posterior shoulder pain, par
ticularly along the border of the scapula, 
one should be sure to check for scalene 
TrPs. Scalene muscles are among the most 
common sources of this back pain. 

Anteriorly, persistent aching pain is re
ferred in two finger-like projections over 
the pectoral region down to about the nip
ple level; 7 3 this pattern commonly origi
nates in the lower part of the scalenus 
medius or scalenus posterior. 

Scalene pain referred to the anterior 
shoulder region is not characteristically 
described as deep in the joint, as is the 
pain referred from the infraspinatus mus
cle. Scalene muscle pain extends down the 
front and back of the arm (over the biceps 
and triceps brachii muscles). 7 The referred 
pain usually skips the elbow and reappears 
in the radial side of the forearm, the 
thumb, and the index finger. This upper 
limb pattern arises from TrPs in the upper 
part of the scalenus anterior and from the 
scalenus medius. On the left side of the 
thorax, this TrP referred pain may be mis
taken for angina pectoris since it is likely 
to be associated with muscular activity. 

In an upper-extremity amputee, this re
ferred pattern of upper limb pain produced 
severe phantom limb pain that was re

lieved by one author (JGT) by inactivation 
of scalene TrPs. Sherman 6 0 lists elimina
tion of TrPs as one treatment for relief of 
phantom limb pain. 

Experimental injection of 0.2 to 0.5 ml 
of a 6% solution of sodium chloride into 
the scalenus anterior in 7 subjects evoked 
referred pain primarily in the shoulder re
gion in all subjects, pain down the arm in 
one subject, and a superficial hyperesthe
sia radiating upward over the neck in two 
subjects. 6 3 

The less frequently seen pain referred 
from TrPs in the variable scalenus minimus 
muscle projects strongly to the thumb (Fig. 
20.1B). This pain covers the lateral aspect of 
the arm from the deltoid insertion to the el
bow but skips the elbow to cover the dorsum 
of the forearm, wrist, hand and all five digits, 
accenting the thumb. Myofascial TrPs may 
refer a sensation that the patient describes as 
"numbness" of the thumb with or without 
demonstrable hypoesthesia to cold or touch. 

2 . A N A T O M Y 
(Figs. 20.2 and 20.3) 
Scalenus Anterior 
(Fig. 20.2) 

The anterior scalene muscle attaches 
above to the anterior tubercles on the 
transverse processes of vertebrae C3 to C 6; 
below, it attaches by a tendon to the sca
lene tubercle on the inner border of the 
first rib and on the upper surface anterior 
to the groove for the subclavian artery (Fig. 
20.2). 1 0 Vertebra C7 is unlikely to have an 
anterior tubercle unless an anomalous slip 
of the scalenus anterior or the presence of 
a scalenus minimus muscle requires it. 

Scalenus Medius 
(Fig. 20.2) 

The scalenus medius is the largest of the 
scalene muscles and attaches above to the 
posterior tubercles on the transverse 
processes usually of vertebrae C2 through 
C7 (sometimes to the processes of only the 
4th and 5th cervical vertebrae).4 The mus
cle slants diagonally and attaches below to 
the cranial surface of the first rib, posterior 
and part of it deep to the groove for the 
subclavian artery (Fig. 20.2 and see Fig. 
20.9). A slip of the muscle sometimes ex
tends to the second rib. 
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Figure 20.1. Composite pain patterns (solid red areas muscles (medium red). A, scalenus anterior, medius, 
are the essential pain reference zones, and stippled and posterior. Some trigger points may have only one 
red areas are the spillover reference zones) with loca- essential reference zone. B, scalenus minimus, 
tion of some trigger points (Xs) in the right scalene 

Scalenus Posterior 
(Fig. 20.2) 

This muscle attaches above to the pos
terior tubercles on the transverse processes 
of the lowest two or three cervical verte
brae, and below to the lateral surface of the 
second rib and sometimes of the third rib 
(Fig. 20.2). The scalenus posterior crosses 
the first rib posterior to the scalenus 

medius and deep to the anterior borders of 
the upper trapezius and levator scapulae 
muscles (see Fig. 20.7). 

Scalenus Minimus 
(Fig. 20.3) 

All the scalene muscles are variable in 
their attachments. The most variable is the 
scalenus minimus, which occurred on at 

Copyrighted Material



Chapter 20 / Sca lene Musc les 5 0 7 

least one side of the body in one-half to 
three-quarters of the bodies studied. 5 , 2 0 

This muscle usually extends above to the 
anterior tubercle on the transverse process 
of vertebra C7, sometimes also of C 6. Below, 
it attaches to the fascia supporting the 
pleural dome and beyond to the inner bor
der of the first rib. The muscle lies behind 
(deep to) the scalenus anterior and attaches 
behind (posterior to) the groove for the 

subclavian artery (Fig. 20.3) . 1 0 The pleural 
dome, or cupola, is strengthened by Sib-
son's fascia and anchored by this fascia to 
the anterior tubercle of C7 and to the inner 
border of the first rib. The scalenus min
imus reinforces this fascia and can be a 
strong, thick muscle . 1 1 , 2 0 

The scalenus minimus passes beneath 
and behind the subclavian artery to attach 
to the first rib, whereas the anterior scalene 

Medius-

Figure 20.2. Oblique view of the attachments of the three major scalene muscles to 
the cervical vertebrae and to the first and second ribs. The clavicle has been cut and the 

section that overlies the scalene muscles removed. 

Posterior 
Anterior 
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muscle passes over and in front of the 
artery (Fig. 20.3) . 2 0 

Supplemental References 

As seen from the front, other authors 
have illustrated the scalenus anterior,10,13, 

20,46 the scalenus medius,10, 20, 21 the 
scalenus poster ior , 1 0 , 1 3 , 2 1 and the scalenus 
minimus muscles . 2 , 2 0 The three major sca
lene muscles are shown from the side. 1 4 A 

posterior view shows the scalenus 
medius and scalenus posterior.15 The 
three major scalene muscles are seen in 
cross section at the C5 level in Figure 16.8 
of this volume. 

3. INNERVATION 

All the scalene muscles are innervated 
by motor branches of the anterior primary 
divisions of spinal nerves C2 through C7, 

Subclavian 
artery 

Scalenus 
minimus C 7 

Lung 

Scalenus 
anterior 

Figure 20.3. Anterior view of the attachments of the The artery passes over the first rib between these two 
scalenus minimus muscle (medium red), which lies muscles. Note how high into this region the dome of 
behind the dark red subclavian artery (cut), whereas the pleura extends, where it is vulnerable to needle 
the scalenus anterior muscle lies in front of the artery. penetration. 

Copyrighted Material



Chapter 20 / Sca lene Musc les 5 0 9 

according to the segmental level of muscu
lar attachment. 

4. FUNCTION 
These muscles function to stabilize the 

cervical spine against lateral movement, 
and they serve a primary role in respiration. 

Fixed From Below 
Acting unilaterally, the scalene muscles 

laterally flex the cervical sp ine 1 1 , 3 0 , 5 5 and, 
when stimulated, they flex the head 
obliquely forward and sideways. 1 8 All four 
scalene muscles are poorly placed to influ
ence rotation of the neck significantly. Act
ing bilaterally, the anterior scalene muscles 
assist in neck flexion. 1 0 , 3 0 The much flatter 
angle of the scalenus posterior makes it es
pecially suited to stabilizing the base of the 
neck by preventing, or controlling, side 
sway, in a manner similar to the lowest di
agonal fibers of the quadratus lumborum 
muscle at the base of the lumbar spine. 

Fixed From Above 
Clearly, the scalene muscles have long 

been recognized as important auxiliary 
muscles of respiration and are more com
monly used for respiration than are the 
sternocleidomastoid muscles. 8 , 4 0 Elec
tromyographic and muscle stimulation ev
idence supports a primary function, not 
just an accessory inspiratory function. 6 , 1 9 

The scalenes are active in normal quiet in
halation.1 7 Scalenotomy causes an immedi
ate decrease in the vital capacity, but con
siderable recovery occurs later.8 When 
present, the scalenus minimus too should 
be effective for inhalation, which may ex
plain its hypertrophy in some persons. The 
scalene muscles often contract (possibly 
unnecessarily) when people carry, lift, or 
pull heavy objects. The scalene muscles 
may respond to provide stabilization. 

5. FUNCTIONAL UNIT 
The scalene muscles on one side are 

synergistic with each other and with the 
sternocleidomastoid for sidebending (lat
eral flexion) of the neck. They are assisted 
in this function by a few posterior cervical 
muscles including the longissimus capitis 
and the multifidi. During inhalation they 
are synergistic with the diaphragm and 

intercostal muscles and are assisted by 
both divisions of the sternocleidomastoid 
muscle. 

During labored breathing, the upper 
trapezius,8 levator scapulae, and omohyoid 
muscles can assist inhalation by elevation 
of the shoulder that helps to lift the weight 
of the shoulder girdle off the chest wall. 
The pectoralis minor muscle has a syner
gistic myotatic function with the scalene 
muscles for elevation of the ribs when the 
scapula is stabilized. 8 The contralateral 
scalene muscles are antagonists for lateral 
flexion and are likely to be synergists for 
stabilization. 

6. SYMPTOMS 
Referred pain from the scalene muscles, 

especially from the scalenus anterior, is 
seen frequently among patients with shoul
der and upper limb pain syndromes. 4 0 

Nearly half of several classes of physical 
therapy students had tender scalene mus
cles due to latent TrPs on at least one 
side. 4 8 This is considerably higher than the 
1 1 % prevalence reported by Sola et al.62 in 
a population of Air Force inductees. 

The scalenus anticus (anterior scalene) 
syndrome was identified as early as 1935 
by pain in the anterior or posterior aspect 
of the arm and at the upper medial border 
of the scapula, as well as by the tenderness 
of the muscle to pa lpat ion . 4 0 , 4 7 , 5 0 In 1942, 
Travell, et al.70 reported signs caused by 
scalene TrPs that included venous obstruc
tion, vasomotor changes, and, if the syn
drome was severe, evidence of arterial in
sufficiency with compression of the motor 
and sensory nerves of the affected arm. 
Ochsner et al.50 attributed the symptoms of 
the syndrome to contraction and spasm of 
the muscle, which abnormally elevated the 
first rib. The scalene source of the symp
toms was confirmed by the finding, in all 
operated cases, of an overdeveloped, spas
tic, and stiffened scalenus anterior muscle 
with sudden and marked descent of the 
first rib following surgical division of the 
muscle. True spasticity was not distin
guished from contracture and taut bands of 
TrPs. The literature is clear that a scalene 
muscle problem is primarily responsible 
for neural or vascular entrapment in many 
patients who are commonly diagnosed as 
having a thoracic outlet syndrome (see Sec-
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tion 11 of this chapter for review of this 
subject). However, it usually fails to iden
tify the cause of the muscle problem. 

Relief of pain by infiltrating the scalene 
muscles was used by Adson 1 as a diagnos
tic test to distinguish the scalenus anterior 
syndrome from structural causes of 
cephalobrachialgia. The TrP nature of the 
syndrome was not recognized. After an ini
tial wave of enthusiasm for scalenotomy 
following Adson's report, interest waned 
as emphasis shifted to the carpal tunnel 
syndrome and to radiculopathy from nerve 
root compression by a protruded cervical 
disc. As the over-enthusiasm for these di
agnoses fades, the abundant evidence that 
the scalenus anterior tension causes seri
ous compressive syndromes in many pa
tients is regaining attention. Scalenus ante
rior TrP tension secondary to compression 
of a cervical nerve root supplying that 
muscle may produce additional neurocir
culatory signs that overshadow the typical 
clinical features of discogenic disease. 

The back, shoulder, upper limb, and 
chest pain patterns characteristic of scalene 
TrPs are described in Section 1. When the 
patient complains of pain in the upper back 
just medial to the superior angle of the 
scapula, the most likely myofascial source 
is a scalene TrP. Patients with scalene TrPs 
sometimes speak of their "shoulder" pain 
while rubbing the upper half of the arm. 
Sleep is often disturbed by pain. When 
night pain is severe, the patient is likely to 
sleep sitting up on a sofa or propped up on 
pillows for relief. This helps to prevent the 
sustained shortening of the scalene mus
cles that tends to occur when the patient 
lies flat and the chest and shoulders ride up 
around the neck during sleep. 

Neurological symptoms of numbness 
and tingling in the hand (chiefly in the ul
nar distribution) and the unexpected drop
ping of objects from the hand can result 
from entrapment of the lower trunk of the 
brachial plexus as it exits the thorax by 
hooking over the first rib. 

Edema of the hand, when present, ap
pears diffusely distal to the wrist, particu
larly over the bases of the four fingers and 
dorsum of the hand. Patients are likely to 
experience puffiness of the dorsum of the 
hand, stiffness of the fingers, and tightness 

of rings on fingers, especially in the morn
ing on awakening. When these are due to 
scalene TrPs, the symptoms are likely to be 
caused by entrapment of the subclavian 
vein and/or lymph duct as they pass across 
the first rib in front of the attachment of the 
scalenus anterior. The puffiness disappears 
later in the day. The associated stiffness of 
the fingers is not due solely to the edema, 
but also to myofascial tautness of the finger 
extensors, which may have an autonomic 
reflex component. A test for this stiffness is 
illustrated later in Figure 20.6. 

Scalene TrP activity alone causes mini
mum restriction of neck rotation, whereas 
active TrPs in the levator scapulae and 
splenius cervicis muscles markedly limit 
cervical rotation. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Scalene TrPs may be activated by the 
following: 

Accidental trauma 
Pulling or lifting (when hauling ropes in 

sailing) 
When handling and riding horses 
Playing a game of tug-of-war 
Participating in competitive swimming 2 2 

While carrying awkwardly large objects 
Playing certain musical instruments 
Overuse of these respiratory muscles in 

paradoxical breathing 
Hard paroxysms of coughing (due to al

lergy, pneumonia, bronchitis, asthma, or 
emphysema) 

Sleeping with the head and neck low when 
the head of the bed is slightly lower or 
level with the foot of the bed (as when a 
thick rug is placed only under the foot of 
the bed) 

A tilted shoulder-girdle axis due to a lower 
limb-length inequality when standing 

A small hemipelvis when seated 
Loss of an upper limb or surgical removal 

of a heavy breast 
Idiopathic scoliosis 
An awkward leaning position assumed 

when seated in order to compensate for 
short upper arms that do not reach the 
armrests of most chairs, or assumed be
cause of a need to position the head to 
look at someone. 6 9 
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Apparently and understandably, a 
whiplash-type injury from a motor vehi
cle accident is likely to activate TrPs in 
the scalene muscles. Eighty-one percent 
of whiplash patients with a pain com
plaint had at least one active scalene 
TrP.27 Although no specific control data of 
pre- accident incidence are available, and 
although scalene TrPs are common, it is 
very unlikely that 8 0 % of those experi
encing this trauma already had been suf
fering pain from active TrPs in their sca
lene muscles. 

Scalene TrPs are often activated sec
ondary to TrPs in the sternocleidomastoid 
(SCM) muscle, with which the scalene mus
cles form a functional unit. The severe "stiff 
neck" syndrome of the levator scapulae mus
cle sometimes includes active scalene TrPs.6 8 

The scalene muscles can be affected by 
anything that produces a severe deviation 
from the normal pattern of gait. Limping 
on a weightbearing limb (with resultant 
torso adjustments) and lack of normal 
push-off at the end of the stance phase can 
activate TrPs in the scalene (and levator 
scapulae and sternocleidomastoid) mus
cles because those muscles contract exces
sively in their reflex attempt to "help the 
movement" and/or maintain equilibrium. 

When any of these activating conditions 
persist, they can also perpetuate scalene 
TrPs, as can any of the systemic perpetuat
ing factors (see Chapter 4). 

8. PATIENT EXAMINATION 
(Figs. 20.4-20.6) 

Patients with a scalene myofascial pain 
syndrome tend to move the arm and neck 
restlessly, as if trying to relieve a "sore" 
muscle. Lateral bending of the neck to the 
opposite side is usually restricted by at 
least 30°. Neck rotation is painful only at 
the extreme range of motion to the same 
side, especially when the chin is then 
dipped down toward the shoulder, as de
scribed below for the Scalene-cramp Test. 
Scalene involvement itself causes no re
striction of motion at the glenohumeral 
joint, and pain is not significantly in
creased by tests of shoulder motion. How
ever, horizontal abduction at the shoulder 
may be limited by associated TrPs in the 
pectoral muscles. 

Cervical range of motion should be as
sessed, using appropriate caution to avoid 
vertebral artery compromise. While the sub
ject's neck is sidebent, the examiner should 
slowly and gently move the patient's head 
and neck into varying degrees of rotation. 
This maneuver often brings out a patient re
sponse of added pain or a "tight feeling." If 
the patient is then instructed to point to the 
troublesome area, the examiner can use that 
as a starting point to palpate for TrPs. 

Scalene-cramp Test 
(Fig. 20.4) 

To perform this test, the patient rotates 
the head fully to the side of the pain and ac
tively pulls the chin down into the hollow 
above the clavicle by flexing the head and 
neck (Fig. 20.4). During the last part of this 
movement, the anterior and middle scalene 
muscles strongly contract while in the short
ened position, which evokes a local cramp-
like pain in the region of the TrP and may 
further activate the TrP causing continuing 
moderate or severe pain referred from it. 
This pain can be relieved by prompt appli-

Figure 20.4. The Scalene-cramp Test elicits or in
creases pain from active trigger points in the scalene 
muscles. 1, the head rotates fully to the left side to 
test left scalene muscles. 2, the chin dips down into 
the hollow behind the clavicle. This hard contraction in 
the shortened position of scalene muscles (with active 
trigger points) causes a local ache at the TrP and pain 
that may be referred to a distance, as illustrated in Fig
ure 20.1. 
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Figure 20.5. The Scalene-relief Test helps to identify a 
scalene TrP source of referred pain that is caused or 
aggravated by clavicular pressure on the nerves pass
ing over the elevated first rib or on an involved mus
cle. A, examiner's fingers demonstrate tightness of 
the space between the clavicle and scalene muscles. 
B, the fingers demonstrate the increased clearance 

behind the clavicle provided by raising the shoulder 
and arm. C, clearance beneath the clavicle is maxi
mized by swinging the shoulder forward, which pro
tracts the scapula and pivots the clavicle forward and 
upward to fully relieve clavicular pressure on thoracic 
outlet structures. Pain relief by this test should occur 
immediately or within a few minutes. 

cation of spray and stretch to the activated 
TrP. If the patient was already in severe pain 
before attempting the test movement, the 
test result may not appear clearly positive 
because the patient does not perceive the ad
ditional pain caused by the test. In this situ
ation of existing severe pain, the Scalene-
relief Test (Fig. 20.5) should be tried first. 

Scalene-relief Test 
(Fig. 20.5) 

Referred pain of the scalenus anterior 
syndrome may be relieved by elevation of 
the arm and clavicle, 5 0 because this ma
neuver may remove pressure from struc
tures traversing or attaching to the first rib 
(which can be elevated by TrP-shortened 
scalene muscles). The Scalene-relief Test 
makes use of this principle. The patient 
places the painful forearm across the fore
head while raising and pulling the shoul
der forward to lift the clavicle off the un
derlying scalene muscles and brachial 
plexus (Fig. 20.5C). Pain relief, when it oc
curs, ensues immediately or within a few 
minutes. The examiner's two fingers in Fig
ure 20.5A and B demonstrate how the 
movement increases clearance beneath and 
behind the clavicle. None of the positions 

in Figure 20.5 should affect pain due to 
cervical radiculopathy. 

Finger-flexion Test 
(Fig. 20.6) 

To be valid, this test of finger flexion 
must be performed with the metacarpopha
langeal (MCP) joints actively held straight, 
in full extension. This position requires 
forceful contraction of the extensor digito-
rum muscle, but the tightly closed fist does 
not. The test is normal when the fingertips 
can firmly touch the volar pads of the MCP 
joints (Fig. 20.6A). If one or more compart
ments of the extensor digitorum muscle 
harbor active TrPs, each corresponding fin
ger fails to flex completely. Figure 20.6B 
shows a positive test for TrPs in the exten
sor of the index finger. Voluntary hyperex-
tension of the MCP joints strongly loads 
the finger extensors, increasing the activity 
of these TrPs. This TrP activity apparently 
reflexly limits simultaneous distal inter-
phalangeal (DIP) flexion by inhibiting the 
corresponding finger flexor. 

The test also is positive when active 
TrPs are present in the scalene muscles. In 
this case, all four fingertips may fail to 
touch the MCP volar pads (Fig. 20.6C). 
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However, there is no difficulty in making a 
tight fist when the MCP joints are allowed 
to flex. Apparently, TrPs in the scalene 
muscles similarly inhibit finger flexors 
when the MCP joints are extended. Scalene 
muscle TrPs are frequently the key to fore
arm extensor digitorum TrPs. The referred 
motor effects of TrPs frequently are inde
pendent of, and can affect different loca
tions than, referred sensory effects. 

A positive test is not simply due to 
edema, since this test of distal interpha-
langeal flexion is frequently restored to 
normal immediately after stretch and spray 
of the involved scalene muscles. Further
more, edema is more likely to occur only 
with involvement of the scalenus anterior, 
whereas active TrPs in any of the scalene 
muscles may be responsible for an abnor
mal Finger-flexion Test. 

9. TRIGGER POINT EXAMINATION 
(Figs. 20.7, 20.8 and 20.9) 

In the authors' experience, the scalene 
muscles harbor active TrPs in the following 
order of frequency: anterior, middle, poste
rior, and minimus. To determine the most 
useful diagnostic criteria, Gerwin et al.23 

tested the reliability with which four expe
rienced physicians following a 3-hour 
training session could identify five charac
teristics of TrPs in five pairs of muscles in 
10 subjects. They found the most reliable 
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Figure 20.6. Finger-flexion Test with the proximal pha
langes extended. A, normal finger closure with all f in
gertips pressed tightly against the metacarpopha
langeal joint volar creases. B, positive extensor 
digitorum test. Incomplete index finger flexion can in
dicate a trigger point in the part of the extensor digi

torum muscle that controls the index finger, or in the 
extensor indicis muscle. C, positive scalene test. In
complete flexion of all fingers may indicate more gen
eral involvement and inhibition of the long flexor mus
cles, which can occur when scalene trigger points are 
active on the same side. 

diagnostic criteria to be the detection of a 
taut band, the presence of spot tenderness, 
the presence of referred pain, and repro
duction of the patient's symptomatic pain. 
Manual determination of the presence or 
absence of a local twitch response (LTR), al
though very helpful diagnostically when 
observed, was highly reliable only in the 
most accessible and readily palpated mus
cles. The scalene muscles were not in
cluded in this study. The LTR is moderately 
difficult to elicit manually in the anterior 
and middle scalene muscles and very diffi
cult in the posterior scalene muscle. It can 
be depended on only as a diagnostically 
confirmatory finding. Local twitch re
sponses are, however, characteristically 
elicited when a needle encounters the TrP. 

When trying to locate the anterior and 
middle scalene muscles, it is helpful to re
member that the digitations of the anterior 
scalene muscle attach to the anterior tuber
cles of cervical vertebrae, the brachial 
plexus emerges between the anterior and 
posterior tubercles, and the fibers of the 
middle scalene muscle attach to the poste
rior tubercles. The brachial plexus de
scends in a palpable groove between the 
two muscles and becomes progressively 
more superficial to emerge from between 
the two muscles in order to exit the neck 
and thorax by crossing over the first rib 
( s e e Fig. 20.9). 
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The TrPs in the scalenus anterior are 
found by palpating the muscle behind the 
posterior border of the clavicular division 
of the sternocleidomastoid muscle (Fig. 
20.7). The posterior sternocleidomastoid 
border can be approximated by locating 
and briefly occluding the external jugular 
vein with finger pressure just above the 
clavicle (Fig. 20.8A). This vein usually 
crosses the scalenus anterior muscle at 
about the level of its active TrPs. A sim
pler method may be to identify the ster
nocleidomastoid muscle (on the right 
side, for example) by palpation while re
sisting sidebending of the head and neck 
toward the ipsilateral (right) side with the 
face turned to the contralateral (left) side. 

If the inferior belly of the omohyoid 
muscle has a tender TrP and taut bands, it 
can easily be mistaken for the anterior sca
lene, although these muscles have different 
fiber directions. The omohyoid muscle is 
more superficial than the scalene muscles, 
comes out from behind the sternocleido
mastoid muscle, and crosses diagonally 
over the anterior scalene muscle 1 2 (Fig. 
20.7 and see Chapter 12). It can cross at 
about the same level as the scalene TrPs de
pending on which scalene digitation is in
volved and depending on head position. 

The scalenus anterior can be identified 
by positioning the patient's head to take up 
any slack in the muscle and then palpating 
its anterior and posterior borders (Fig. 20.8). 
Its posterior border is confirmed by locating 
the groove between the anterior and middle 
scalene muscles, which cradles the brachial 
plexus bundle of nerve fibers (Fig. 20.9). In 
this groove, behind the clavicle, the pulsat
ing subclavian artery is nearly always pal
pable where it passes between these two 
muscles to cross over the first rib (Fig. 20.9). 
The fingers of one hand straddle the 
scalenus anterior to establish its location, 
while the other hand palpates and precisely 
localizes taut bands and TrP tenderness and 
induces referred pain. (Fig. 20.8B). 

The scalenus medius is parallel to and 
on the posterior side of the groove de
scribed above that contains the bundle of 
brachial plexus nerve fibers. It is larger 
than the scalenus anterior and lies anterior 
to the free border of the upper trapezius 
(Fig. 20.7). It can be palpated against the 
posterior tubercles of the transverse 

processes of the vertebrae, to which its dig-
itations are attached. 

The scalenus posterior is difficult to 
reach. It lies more horizontal than, and 
dorsal to, the scalenus medius. It passes 
anterior to the levator scapulae, which 
must be pushed aside at the point where 
the levator scapulae emerges near the ante
rior free border of the upper trapezius (Fig. 
20.7). Finding TrP tenderness requires pal
pation posterior to the scalenus medius 
and to the depth of the first rib. 

Scalenus minimus TrP activity is usually 
discovered only after inactivation of TrPs in 
the other scalene muscles. Involvement of 
this variable muscle is then recognized by 
residual tenderness deep to the mid-portion 
of the scalenus anterior (see Section 2). 

10. ENTRAPMENT 
A primary entrapment of nerve fibers 

traversing one of the scalene muscles has 
been reported, but is relatively rare. How
ever, if the muscle develops active TrPs in 
this situation, the increased tension of the 
taut bands might cause neurological symp
toms. Much more common is the secondary 
entrapment effect (from the elevation of the 
first rib) as neurovascular structures exit 
the thoracic outlet. Entrapment of the lower 
trunk of the brachial plexus is commonly 
due to TrP tautness of the scalenus anterior 
and the scalenus medius. This entrapment 
causes ulnar pain, tingling, numbness, and 
dysesthesia. Trigger point activity in the 
scalenus anterior often causes hand edema. 
Additional secondary entrapment phenom
ena are considered in detail under Tho
racic Outlet Syndrome in the next section. 

11. DIFFERENTIAL DIAGNOSIS 
(Figs. 20.10, and 20.11) 

Because it is such an important diagno
sis and is so closely associated with the 
scalene muscles, the thoracic outlet syn
drome (TOS) is considered in detail in this 
section after reviewing other differential 
diagnoses. Finally, other TrPs that are asso
ciated with scalene TrPs are identified. 

The carpal tunnel syndrome may occur 
as a concurrent entrapment with the TOS, 
or the symptoms of a carpal tunnel syn
drome may be caused by scalene TrPs. Loss 
of normal mobility of the structures form
ing the carpal tunnel often make a major 
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Splenius 
capitis 

Sternocleidomastoid 

Levator 
scapulae 

Scalenus 
medius 

Trapezius 

Scalenus 
posterior 

Omohyoid, 
superior belly 

Omohyoid, 
inferior 
belly 

Scalenus 
anterior 

Figure 20.7. Neighboring muscles (medium red) that though they do not have the same fiber direction. It is 
are useful landmarks in locating the scalene muscles superficial and is located where one could expect to 
(dark red). The inferior belly of the omohyoid muscle is find the scalene muscle. 
easily mistaken for the anterior scalene muscle al-
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Figure 20.8. Palpation of the anterior and middle sca
lene muscles. A, the posterior border of the clavicular 
division of the sternocleidomastoid muscle is identi
fied by palpation. The external jugular vein can be 
briefly occluded so that it stands out, marking where 
the sternocleidomastoid muscle should be pressed 

aside to reach the anterior border of the scalenus an
terior in the region of its usual TrPs. B, fingers of the 
left hand straddle both the scalenus anterior and 
scalenus medius muscles. The right index finger ap
proaches the groove between these two muscles at 
the level of an upper TrP in the scalenus medius. 

contribution to the entrapment. Edema re-
flexly originating from scalene TrPs can be 
another important contributing factor. 

A C 5-C 6 radiculopathy can produce a 
pain complaint very similar to that re
ported by patients with active scalene TrPs. 
Both may be present because the neuropa
thy encourages the development of forearm 
TrPs that refer pain to the wrist region, and 
middle scalene TrPs may be causing en

trapment of these nerve fibers in the tho
racic outlet. The forearm myofascial TrPs 
that have been induced by the nerve com
pression, are likely to persist following suc
cessful surgery to relieve the radiculopa
thy; in this case the forearm TrPs must be 
inactivated for lasting relief of symptoms. 

Anterior and/or middle scalene TrPs are 
commonly associated with C4, C5, and C6 

articular dysfunctions. Treatment employs 
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Scalenus 
anterior 

Clavicle 
(cut) 

Figure 20.9. Thoracic outlet entrapment by the 
medium red scalene muscles. The neurovascular bun
dle is spread out to show the relations of its compo
nent parts. A portion of the clavicle has been re
moved. The brachial plexus and dark red subclavian 
artery emerge above the first rib and behind the clav
icle between the scalenus anterior and scalenus 
medius muscles. The spinal nerves are numbered on 

the left, the vertebrae on the right. The T, nerve lies 
dorsal to and beneath the subclavian artery. These 
structures crossing over the first rib can be com
pressed when the rib becomes elevated. Trigger 
points in the scalenus anterior and/or the scalenus 
medius are associated with taut bands that increase 
muscle tension and elevate the first rib, compressing 
the neurovascular structures. 
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medius 
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Median 
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Figure 20.10 Computed tomographic view of thoracic 
outlet viewed from in front with three-dimensional 
shaded surface display. The first rib at the costotrans
verse joint on the left side (long arrow above) is dis
placed upward compared to the asymptomatic right 
side. This dislocation is associated with an abnormal 

position of the whole first rib (short white arrow at the 
bottom right of figure) (Reproduced with permission 
from Lindgren KA, Manninen H, Rytkonen H: Thoracic 
outlet syndrome-a functional disturbance of the tho
racic upper aperture? Muscle Nerve 78/526- 530, 
1995.) 

the muscle energy technique, 2 4 which is es
sentially the contract-relax technique ap
plied to mobilize joints. 

An articular dysfunction that is com
monly observed with scalene muscle in
volvement is elevation of the first rib (Fig. 
20.10). Because of the first rib's location 
under the clavicle, it can be palpated most 
easily at the head of the rib, posteriorly, at 
its articulation with the first thoracic verte
bral segment. The technique for treating 
first rib fixation and elevation is shown in 
Figure 20.11. The clinician applies pres
sure to an elevated first rib on the right side 
with the right thumb beneath the upper 
trapezius muscle over the head of the first 
rib. This technique also helps to release 
any remaining TrP tightness of the scalene 

muscles. Addition of the postisometric re
laxation technique helps to relax the sca
lene muscles. Including controlled respira
tion as part of the technique augments 
relaxation and release. 

An apparent elevation of the firs rib 
concurrent with T1 articular dysfunction" 
may result from rotation of the vertebra by 
a longissimus capitis muscle (see Chapter 
16) that is shortened from TrP tension. This 
muscle, through its attachment to the 
transverse process, may indirectly affect 
the first rib through its pull on the costo
transverse junction. 

Thoracic Outlet Syndrome 
The thoracic outlet syndrome is a col

lection of symptoms. Like low back pain, it 
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Figure 20.11 . Technique to release an elevated first rib 
and/or release anterior and middle scalene muscles. 
Treatment is performed with the patient in the seated 
position and with the examiner's left arm cradling and 
fully supporting the patient's head to treat the right an
terior and middle scalene muscles and/or an elevated 
right first rib. The examiner's right thumb palpates and 
monitors the head of the first rib by displacing the up
per trapezius posteriorly, while the examiner's other 
hand takes up slack in the scalene muscles by 
sidebending the patient's neck to the opposite side (to 
the left side here, for right-sided involvement). When 
the end point of scalene elongation is reached and the 
head of the first rib begins to elevate against the ex
aminer's right hand, that hand then applies gentle 
downward pressure over the first rib for release. This 
release is combined with a contract-relax (or postiso
metric relaxation) technique whereby the patient at
tempts right sidebending of the neck against light re
sistance provided by the examiner's left hand, 
followed by relaxation. Full release is accomplished 
through sidebending of the neck with fine tuning, uti
lizing rotation to isolate the precise muscle fibers that 
are shortened. The patient facilitates the release first 
by breathing in and looking upward to the right, which 
also contracts the right scalene muscles. During the 
relaxation phase, the patient looks down to the left 
and breathes out; the examiner takes up slack by 
bringing the patient's scalene muscles to the new 
length barrier, while maintaining gentle downward 
pressure on the head of the first rib. This procedure 
can be repeated 3 to 5 times for complete release of 
the scalene muscles and treatment of the elevated 
first rib. The area can be presprayed with vapocoolant 
as shown in Figure 20.12. 

is not a well-defined diagnosis but often is 
reported as if it were a specific disease. Ab
normal tension of scalene muscles is fre
quently implicitly or explicitly identified 
as responsible for the symptoms of TOS, 
but why the muscle has become abnor
mally tense remains enigmatic in most of 
the current TOS literature. Myofascial TrPs 
are not considered in that literature. The 
TOS is a source of much frustration and 
controversy, partly because there is no one 
clearly recognized set of symptoms that de
fine it. The variety of etiologies that are 
proposed is a major source of confusion. 3 9 

The following literature review and 
commentary makes it clear that surgeons 
are frustrated because only about half of op
erative interventions for TOS are success
ful. Some are dramatically successful and 
some are disastrously unsuccessful. There 
is little agreement as to how one can reli
ably predict the postoperative outcome. 
Apparently a piece of the puzzle is missing. 
The fact that a major contributing cause 
for the pain and entrapments-myofascial 
TrPs-is commonly overlooked contributes 
to the confusion and frustration. 

Nonoperative interventions are gener
ally somewhat more successful than opera
tive ones, with much less danger to the pa
tient. However, there remains a large group 
of nonoperative patients who also experi
ence unsatisfactory results. The nonopera
tive reports often identify physical therapy 
as the treatment, but rarely mention 
whether that included specific examina
tion for TrPs, and if TrPs were found, how 
they were treated. Unfortunately, no scien
tific studies were found that critically 
tested the myofascial TrP approach as a 
nonoperative intervention. Such a study is 
urgently needed and would require experi
enced and trained examiners. 2 3 

Because the thoracic outlet is anatomi
cally the superior border of the thorax, au
thors have included a variety of syndromes 
and conditions that they have identified as 
TOS. A number of issues are considered 
individually here: definition of TOS, cervi
cal rib and other developmental anomalies, 
scalenus anticus (anterior) syndrome, myo
fascial pseudothoracic outlet syndrome, 
costoclavicular syndrome, diagnostic con
siderations, and treatment. 
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Definition of Thoracic Outlet Syndrome. 
A medical dictionary 4 5 defines thoracic 
outlet syndrome as "compression of 
brachial plexus and subclavian artery by 
attached muscles in the region of the first 
rib and clavicle," which reflects the usual 
structures that receive primary clinical at
tention. The anatomical relations of these 
structures is illustrated in Figure 20.9 
(from which a portion of the clavicle has 
been removed). Both the brachial plexus 
and the subclavian artery emerge through 
the interscalene triangle bounded by the 
anterior and middle scalene muscles and 
the first rib, where nerves of the brachial 
plexus and the subclavian artery pass over 
the first (or rarely cervical) rib. The subcla
vian vein accompanied by a lymphatic 
duct passes over the first rib anterior (me
dial) to the attachment of the anterior sca
lene muscle. Entrapment symptoms may 
be of neural, vascular, and/or lymphatic 
origin. 

The lower trunk of the brachial plexus is 
formed from spinal nerves C8 and T1 The 
T1 nerve exits the spinal foramen between 
the first and second thoracic vertebrae, and 
courses cephalad to hook over the first rib 
where its fibers and those of the C8 spinal 
nerve are wedged between the subclavian 
artery and the rib attachment of the 
scalenus medius. When positional changes 
or TrP activity in the scalenus anterior or 
medius elevate the first rib, fibers of the 
lower trunk must angulate more sharply 
over it. This elevation also wedges the sub
clavian artery more tightly against the 
lower trunk. 

Cervical Rib and Other Developmental 
Anomalies. Over the past 50 years a re
markably extensive literature has accumu
lated describing in exquisite detail a myr
iad of minor and some major anatomical 
variations that can occur at the thoracic 
outlet. These variations have received so 
much attention because their presence, or 
suspected presence, is commonly used as 
justification for surgery. 

Although cervical ribs and deformed 
first ribs are dramatic radiographic find
ings, they are relatively rare; among 
40,000 consecutive chest X-ray examina
tions of army recruits, completely articu
lated cervical ribs were found in 0.17% 

and anomalous or deformed first ribs in 
0 .25%. 4 3 

When present, a cervical rib can inten
sify the symptoms that result from eleva
tion of the rib by scalene TrPs because all 
structures crossing over a cervical rib are 
more sharply angulated than usual. This 
additional rib is palpated at the level of the 
clavicle as a bulge where one would expect 
to find the groove between the anterior and 
middle scalene muscles. The rib extends 
forward from the C7 transverse process. 
The rib can be palpated in the groove be
hind the clavicle. An osseous rib is con
firmed by visualization in an X-ray film. 
The presence of a cartilaginous cervical rib 
is suggested radiographically by an abnor
mally wide and long C7 transverse process 
(as long or longer than that of T1) and con
firmed by a computed tomography (CT) 
scan, magnetic resonance imaging (MRI), 
or ultrasound imaging. Sometimes, a vesti
gial cervical rib that consists of a fibrous 
band may have a sharp edge that needs to 
be excised. 

A number of congenital anomalies 
would be expected to increase the likeli
hood of entrapment at the thoracic outlet. 
A congenital abnormally narrow space be
tween the attachments of the two scalene 
muscles at the first rib will restrict the 
opening and make the neurovascular struc
tures more vulnerable to compression. An 
additional space-occupying structure, such 
as an accessory muscle or fibrous band, 
that passes through the interscalene trian
gle will have the same effect. Fibrous sharp 
edges of the scalene muscles or fibrous 
bands bordering or within the interscalene 
triangle can make components of the 
brachial plexus more vulnerable to com
pression damage. It is an interesting obser
vation that TOS usually first appears in 
early adulthood 3 8 (when individuals begin 
to develop active TrPs) and that patients 
with documented cervical ribs have ob
tained relief from symptoms of thoracic 
outlet entrapment with inactivation of 
their scalene TrPs. 

Regardless of the presence or absence of 
congenital anomalies, patients with more 
severe symptoms seem more likely to ben
efit from surgery than patients with less se
vere symptoms. 
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Makhoul and Machleder 4 3 analyzed 200 
consecutive surgically treated cases of 
TOS for developmental anomalies and re
viewed the literature. A developmental 
abnormality was found in 66% of cases, 
higher than in unselected populations. A 
cervical rib or first rib abnormality ap
peared in 8.5% of cases. A C7 rib may be 
complete or only a rudimentary fibrocar
tilaginous band detectable on X-ray ex
amination only by an enlarged C7 

transverse process. Supernumerary sca
lene muscles were found in 10%, devel
opmental variations of the scalene 
muscles in 4 3 % , and variations of the 
subclavius muscle in 19 .5% of cases. 
However, the only correlation between 
the clinical and the morphologic charac
teristics was stricture and thrombosis of 
the subclavian vein due to enlargement of 
the subclavius muscle system. 4 3 

Roos57 evaluated 1,120 operations for 
TOS and found 9 types of soft-tissue 
anomalies not visible on X-ray examina
tion. The fibrous bands that were most 
commonly found at operation in patients 
with severe TOS were associated with 
nerve roots of the brachial plexus. 

Scalenus Anticus (Anterior) Syndrome 
and First Rib Involvement. The term 
scalenus anticus syndrome originated with 
surgeons5 0 who were convinced that in
creased tension of the anterior scalene 
muscle was responsible for the entrapment 
of neurovascular structures in the intersca
lene triangle that caused the patient's 
symptoms. The reason for this increased 
muscle tension remains enigmatic in the 
current surgical literature. The scalene 
muscles are identified by clinicians as 
prone to hyperactivity and increased mus
cle tension, 3 3 which likely reflects a reflex 
response of scalene muscles with TrPs to 
the TrP activity in other muscles. The 
scalenus anticus syndrome is often consid
ered synonymous with TOS as shown by 
the dictionary definition of TOS. 4 5 

Lewit 3 3 observed that blockage (immo
bility) of the first rib goes hand in hand 
with reflex spasm (increased tension) of 
the scalene muscle on the same side, 
which is abolished by treatment of the first 
rib. Whether his observed "spasm" is truly 

reflex spasm or muscle tension from TrP 
contracture of the muscle fibers must be re
solved by electromyographic studies, 
which have not been reported. The ques
tion arises because the technique he de
scribes for releasing the first rib also would 
be expected to release TrPs in the scalene 
muscles. 

Lindgren has written a series of papers 
over a period of 8 y e a r s 3 4 , 3 5 , 3 7 , 3 9 that empha
sizes the important relation between the 
TOS and dislocation or subluxation of the 
first rib. He presented imaging of a first rib 
dislocation 3 8 (Fig. 20.10) that shows eleva
tion of the head of the first rib at the costo
transverse joint. The treatment, which he 
found to successfully restore normal rela
tions of the first rib (and relieve the patient's 
symptoms) and which he illustrated and de
scribed clearly, 3 6 is essentially an isometric 
contract-relax technique specifically for the 
three scalene muscles. The contract-relax 
technique he used is a well-recognized and 
effective treatment for release of scalene 
TrPs. This raises the question of whether the 
manipulation- release of first rib elevation 
and immobilization isn't primarily a matter 
of effectively inactivating scalene TrPs and 
releasing the abnormal tension that they in
duce in the scalene muscles. One would ex
pect that downward pressure applied to the 
posterior portion of the first rib as the sca
lene tension is released would facilitate 
restoration of the normal anatomical rela
tions at the costotransverse joint. 

Thomas et al.67 emphasized the middle 
scalene muscle as being just as important 
as the anterior scalene in producing the 
TOS. Since the middle scalene is usually a 
larger more powerful muscle and has lever
age as good as, if not better than, the ante
rior muscle for elevating the first rib, the 
middle scalene muscle likely is more im
portant. Among 108 patients operated on 
for TOS, 35 had no bony abnormality, but 
23% of these patients did have an anterior 
insertion of the middle scalene that placed 
the lower trunk of the brachial plexus and 
the subclavian artery in direct contact with 
the muscle's anterior margin. This would 
make the nerves and artery more vulnera
ble to abnormal sustained tension of the 
middle scalene caused by TrPs. In a study 
of 56 cadavers, the lower trunk of the 
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brachial plexus rested on the inferior por
tion of the margin of the middle scalene 
muscle in practically all cases. 6 7 

Myofascial Pseudothoracic Outlet Syn
drome. In addition to the scalene muscles 
(which can produce true TOS), other mus
cles can have TrPs that refer pain in loca
tions that mimic TOS symptoms. The four 
primary muscles that can mimic TOS 
symptoms, and that are particularly con
fusing if several of them develop TrPs at 
the same time, are the pectoralis major, 
latissimus dorsi, teres major, and the sub-
scapularis muscles. This quadrad is de
scribed in detail in Chapter 18. Other au
thors have identified additional muscles 
whose TrPs produce symptoms that may be 
diagnosed as TOS. These include the pec
toralis minor, 2 7 , 6 4 , 6 6 trapezius, 6 4 and levator 
scapulae muscles. 6 4 

Since these muscles all commonly de
velop TrPs and are infrequently, if ever, ex
amined by surgeons as a likely source of 
TOS symptoms, it is not surprising that a 
large percentage of patients operated on for 
TOS, in whom no anatomical abnormality 
is found, experience limited benefit from 
their operations. Also, practitioners of con
servative treatment of TOS often overlook 
the possibility of TrPs in many of these 
muscles and apply general therapy not 
specifically directed to the inactivation of 
identified TrPs. These factors help to ac
count for many of those patients who don't 
respond well to conservative treatment. 

Costoclavicular Syndrome. This syn
drome is attributed to compression of the 
neurovascular bundle between the clavicle 
and the first rib when the shoulders are 
drawn backward and down as in the posi
tion of a military brace or when carrying a 
heavy back pack. 2 9 Any muscle tightness 
that tends to elevate the first rib would ag
gravate this syndrome. In addition to the 
scalene muscles, increased TrP tension of 
the pectoralis minor 6 4 can contribute indi
rectly to first rib elevation when the third 
through fifth ribs (sometimes also the first 
and second ribs) are displaced upward. 

Makhoul and Machleder 4 3 reviewed the 
surgical findings in patients operated on 
for costoclavicular syndrome and found 
numerous references to compression of the 
subclavian vein against the first rib because 

of enlargement of the subclavius muscle 
system. An abnormality in this system was 
found in 19.5% of their 200 surgical TOS 
patients, and an exostosis at the subclavius 
tubercle was observed in 15.5% of them 
(which suggests abnormal increased ten
sion of that muscle). 

These observations may relate to the type 
of first rib dislocation at the costotransverse 
joint that was discussed above. The sub
clavius muscle attaches laterally to the mid
dle third of the clavicle and medially to the 
first rib and its cartilage at their junction. 1 1 

Prolonged shortening of this muscle could 
produce a force that would tend to elevate 
the rib, as illustrated in Figure 20.10. 

In this connection, it is interesting to 
note that Greenman 2 5 illustrates a stretch 
technique for correcting respiratory dys
function of the first rib that could be effec
tive for inactivating TrPs in the subclavius 
muscle with relatively little effect on the 
scalene muscles. It strongly retracts the 
acromion (and lateral clavicle) while stabi
lizing the anterior part of the first rib with 
no effort to sidebend the neck. 

Coracoid Pressure Syndrome. This syn
drome is described by Kendall, ef al. as "a 
condition of arm pain in which there is com
pression of the brachial plexus. . . [that] is as
sociated with muscle imbalance and faulty 
postural alignment."3 0 Forward depression 
of the coracoid process tends to narrow the 
space available for the three cords of the 
brachial plexus, the axillary artery, and the 
axillary vein to pass between the attachment 
of the pectoralis minor (to the coracoid 
process) and the rib cage. As a cause of the 
forward and downward tilting of the cora
coid process, the authors3 0 implicate some 
muscles that are weak (like the lower trape
zius) and some that are tight, chiefly the pec
toralis minor. However, those authors3 0 do 
not mention TrPs and their taut bands, 
which commonly shorten the pectoralis mi
nor muscle and most likely contribute to this 
syndrome (see Chapter 43, Pectoralis Minor). 

Diagnostic Considerations. The history 
and physical examination have proven to 
be the most useful for making the diagnosis 
of TOS. Further testing may help to confirm 
that there is entrapment and may indicate 
where it is, but usually tells the examiner 
little about what is causing the entrapment, 
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which is what the surgeon needs to know. 
The exception to this is venous entrapment, 
which implicates the subclavius muscle 
system. Physical signs may reflect entrap
ment of the brachial plexus, subclavian 
artery, subclavian vein, or the lymph duct 
from the arm. Electrodiagnostic procedures 
test for compromise of nerve function, and 
provocative maneuvers are commonly used 
to detect both arterial and nerve involve
ment. Neural involvement is reported to be 
much more common than arterial involve
ment, 4 3 , 5 7 and the literature rarely mentions 
venous and lymphatic compromise except 
in connection with the costoclavicular syn
drome. 

Commonly recognized neurological 
signs and symptoms of TOS appear chiefly 
in the ulnar distr ibut ion 1 6 , 3 2 , 5 8 , 7 0 and some
times (sensory loss) in the territory of the 
medial antebrachial cutaneous nerve. 1 6 En
trapment of the lower trunk of the brachial 
plexus affects nearly all fibers of the ulnar 
nerve, and some fibers of the median 
nerve. Patients with this lower trunk com
pression complain chiefly of numbness, 
tingling, and dysesthesias in the 4th and 
5th digits, ulnar side of the hand, and oc
casionally of the forearm. Patients show 
mild hypesthesia to light touch, pinprick 
and temperature change in the little finger. 

The increased angulation of the neu
rovascular bundle over a cervical rib in
stead of the first rib will increase its vul
nerability to entrapment. An increase in 
tension caused by myofascial TrPs will 
likely cause more severe symptoms when a 
cervical rib is present, but release of the 
TrPs may also relieve the symptoms they 
precipitated, if the TrPs have not been al
lowed to persist for too long a time and if 
the tension has not produced permanent 
nerve damage. 

Entrapment of the axillary artery is 
more often due to TrP activity and tautness 
of the pectoralis minor (see Chapter 43) 
than to TrP activity of the scalene muscles. 
The artery also may be entrapped by costo
clavicular compression and by forward de
pression of the coracoid process of the 
scapula, which are often aggravated by a 
forward-slumped, round-shouldered pos
ture. Since pectoralis TrPs are likely to be 
associated with scalene TrPs, the arterial 

flow may suffer a double entrapment 
where the subclavian artery emerges from 
the thorax wedged between the first rib and 
the tendon of the scalenus anterior, and 
where the axillary artery hooks behind the 
pectoralis minor muscle (Fig. 20.9). 

Compromise of venous or lymph 
drainage due to entrapment of the subcla
vian vein and/or the lymph duct at the 
thoracic outlet may cause edema of the fin
gers and dorsum of the hand, as noted in 
Section 6. Reflex suppression of peristaltic 
contractions of the lymph duct due to sca
lene TrP activity may contribute to the 
edema. Subclavian vein compression due 
to TrP tension and shortened scalene mus
cles has been observed clinically, and in 
one case 4 4 the compression between the 
first rib and the clavicle resulted in a clot 
which required surgical removal. 

Electrodiagnostic tests have been disap
pointingly unreliable for diagnosing TOS 
except in more severe cases. 5 9 On the other 
hand, electrodiagnostic tests should be neg
ative in the case of myofascial pseudotho-
racic outlet syndrome. Needle EMG was the 
most sensitive to a neuropathy caused by 
TOS, but was positive only in more chronic 
and severe cases. 5 1 They found that F-wave 
testing was the next most sensitive, and 
nerve conduction studies were of little value 
or useless, except to diagnose peripheral 
neuropathies that were suspected of being 
T O S . 5 2 , 5 9 Other authors did not find F-wave 
studies 5 1 or somatosensory evoked poten
tials (SEP) helpful in diagnosing T O S . 3 1 , 5 1 

Provocative maneuvers, especially for 
vascular responses, have been disappoint
ingly unhelpful guides for deciding 
whether an operation will relieve the 
symptoms or not. Roos 5 7 reported that the 
only maneuver which he found helpful 
was a neurological test that required the 
patient to hold the hands up with arms ab
ducted to 90% and the elbows bent at 9 0 % 
as if told to "stick 'em up." A study of 200 
normal-population volunteers 5 6 found that 
vascular responses were too common to be 
a reliable indicator of TOS. The Adson ma
neuver produced 13.5% positive responses 
(other authors have reported much higher 
values depending on exactly how the test 
is performed); 5 7 the costoclavicular maneu
ver produced positive responses in 47%, 
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and the hyperabduction maneuver in 57% 
of normal extremities. 5 6 On the other hand, 
evaluation of neurological responses pro
duced positive results to the Adson ma
neuver in only 2% of normal extremities; 
to the costoclavicular maneuver in 10%; 
and to the hyperabduction maneuver in 
16.5% of normal extremities. 5 6 Identifica
tion of the structure(s) suffering compres
sion does not by itself identify the cause of 
compression. The cause may still be of 
anatomical or muscular TrP origin. These 
maneuvers are considerably more reliable 
as indicators of neurological entrapment 
than of vascular entrapment. 

Therapy for Thoracic Outlet Syndrome. 
SURGICAL APPROACH. A review of surgical 

reports4 1 noted that surgery for TOS has a 
controversial reputation and emphasized 
the importance of understanding neuromus
cular physiology for its evaluation. The sur
gical approach usually aims to eliminate the 
problem by removing any aberrant struc
tures such as a cervical rib or fibrous bands, 
but is mainly done on the basis of clinical 
symptoms. If no anatomic abnormalities are 
found, which is commonly the case, teno
tomy of one or both scalenes forming the in
terscalene triangle, removal of one or both 
scalene muscles, or excision of at least the 
portion of first rib to which these muscles at
tach is usually performed. Surgery articles 
claim success rates ranging from 24%-
9 0 % 3 5 depending on the criteria for success, 
the criteria for what constitutes an operable 
case of TOS, and the skill of the surgeon. 

Lindgren, 3 5 in charge of a rehabilitation 
service, reviewed the results of 48 surgeries 
for TOS and found that less than half of the 
20 patients with first rib resections and less 
than half of the 7 patients receiving cervical 
rib resections became asymptomatic. Thir
teen of the patients with rib resections had 
residual idiopathic hypesthesia or dyses
thesia due to nerve lesions. Occasionally 
the results can be tragic, especially so in 5 
cases where there were significant surgical 
sequellae, the pain was the only complaint, 
and little or no clinical abnormality could 
be demonstrated before operation.9 There 
was no indication that a TrP cause of the 
pain had been considered or investigated. 

A pain clinic evaluation of the results of 
surgery in 32 patients diagnosed as suffer

ing from TOS following a motor vehicle ac
cident showed very good results in less 
than half.42 Although musculotendinous or 
osseous anomalies compromising primarily 
the lower trunk of the brachial plexus were 
identified in 87% of patients at operation, it 
is difficult to see how these anomalies could 
have been caused by the accident. However, 
this type of accident very commonly acti
vates TrPs in muscles that produce symp
toms of T O S . 3 , 2 7 The increased tension, 
especially of scalene muscles, could cause 
TrP pain and compression of vulnerable but 
previously asymptomatic structures. 

Although 98% of the surgery patients 
for TOS reported by Roos 5 7 had neurolog
ical rather than vascular symptoms, only 
22% of his total group obtained good re
lief by surgical decompression. One of his 
key tests for selecting patients for opera
tion was reproduction of their symptoms 
by applying supraclavicular pressure [on 
the scalene muscle] suggesting that they 
may have had unrecognized scalene TrPs. 

When the lower components of the 
brachial plexus or vessels must pass over 
a sharp fibrous edge rather than the nor
mally smooth first rib, additional pres
sure on neurovascular structures by 
shortened scalene muscles is likely to ini
tiate symptomatic compression. One can 
only wonder how many of Roos' 5 7 suc
cessfully operated patients and how 
many of the surgical failures would have 
been relieved by inactivating scalene 
TrPs. 

Another surgical review 5 2 of 50 patients 
who received an extensive, comprehen
sive evaluation for possible TOS could es
tablish the diagnosis of TOS in only 12, of 
whom 7 were operated on. Only 4 of the 7 
obtained complete relief. Of the remain
ing non-TOS patients with long-term fol
low-up, 20 (57%) reported good results 
from physical therapy and nonoperative 
management. The authors concluded that 
sufficiently careful selection of patients 
can yield good results. Most surgical re
views of the TOS end with the admoni
tion to fully explore conservative treat
ment before resorting to surgery. The 
nature of the partially successful physical 
therapy was not stated. 

It is noteworthy that there seems to be 
no satisfactory correlation between the 
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abnormality encountered or the structure 
removed surgically and the success of the 
outcome. Not one of the surgical reports 
reviewed indicated that patients were ex
amined preoperatively for TrPs that might 
be making a major contribution to the pa
tients' symptoms. 

CONSERVATIVE APPROACH. Again, rates of 
successful treatment are variable among 
authors and range from 9% to 83% (and 
usually are 50% or better). Successful treat
ment was strongly and inversely related to 
the severity of symptoms initially. 3 4 

Conservative treatment for TOS almost 
always includes a treatment procedure that 
would be likely to release scalene muscle 
tightness, usually a stretching exercise 3 4 or 
a myofascial release procedure. Both can be 
effective ways of inactivating TrPs if ap
plied in a suitable manner to release TrPs in 
the involved muscles. Effective manage
ment also may need to include correction of 
poor posture (particularly forward, round-
shouldered posture-refer to Chapters 5, 
Section C and Chapter 41 , Section C), elim
ination of unnecessary activity stress on the 
muscles, education of the patient on proper 
care of the muscles, mobilization of articu
lar dysfunctions, and attention to life 
stresses and coping strategies. A few pa
tients with symptoms of TOS will have 
anatomical abnormalities that require sur
gical correction for complete relief. 

Members of many disciplines recognize 
the importance of diagnosing and treating 
TrPs in patients with symptoms of a TOS. 
An osteopathic physician 6 4 reported that in 
most cases of TOS scalene or pectoral TrPs 
are responsible and treated them with 
myofascial release and self stretching. 6 5 A 
physician practicing physical medicine 
and rehabilitation6 6 noted that scaleni TrPs 
commonly mimic the symptoms of a C6 

radiculopathy component of a TOS and 
that pectoralis minor TrPs will create 
symptoms of medial cord compression. A 
physical therapist7 2 identified TrPs in the 
scaleni, supraspinatus, infraspinatus, and 
pectoral muscles as most commonly mim
icking TOS. A neurologist5 3 reported that 
of 198 patients diagnosed as having TOS, 
11 were operated on and the remaining 187 
(94%) were relieved by injections of novo-
caine in their anterior scalene muscles. 

Not uncommonly, authors describe con
servative treatment that releases tight mus
cles in patients with TOS but do not men
tion the possibility of TrPs. Usually, the 
treatments described are known to release 
myofascial TrPs in s c a l e n e , 3 3 , 3 8 , 4 9 levator 
scapulae, 4 9 and pectoral 4 9 muscles. 

Related Trigger Points 
The scalenus anterior and medius mus

cles are often involved together. If the 
scalenus minimus harbors active TrPs, all 
four scalene muscles usually are affected. 
The sternocleidomastoid muscle, which is 
also an important part of the functional unit 
for vigorous or labored inhalation, is likely 
to become involved if the scalene TrPs have 
been active for a considerable period of time. 

Active TrPs in the scalenus medius are 
likely to be found, and have been reported, 
in association with TrPs in the upper 
trapezius, sternocleidomastoid, and sple-
nius capitis muscles. 7 4 

Satellite TrPs may develop in several of 
the areas to which the scalene muscles 
refer pain. Both the pectoralis major and 
minor muscles commonly develop TrPs in 
regions that correspond to the scalene-
referred pattern of anterior chest pain. 
Satellite TrPs in the long head of the tri
ceps brachii correspond to the scalene pat
tern of posterior arm pain and those in the 
deltoid muscle 2 6 correspond to the anterior 
pattern. Although the dorsal forearm is a 
less common site of scalene pain, sec
ondary TrPs tend to develop in the exten-
sores carpi radialis, extensor digitorum, 
and extensor carpi ulnaris 2 6 and also in the 
brachioradialis muscle. 

When TrPs in the lateral part of the 
brachialis muscle are induced as satellites 
of scalene TrPs, both the brachialis and 
scalene muscles refer pain to the thumb, 
making this digit especially painful. 

When the omohyoid muscle (see Chap
ter 12) develops TrPs and becomes tense, it 
can act as a constricting band across the 
brachial plexus. 6 2 Because the tense mus
cle stands out prominently when the head 
is tilted to the other side, it can be mis
taken for the upper trapezius or a scalene 
muscle. When the omohyoid harbors TrPs, 
it can prevent full stretch of the trapezius 
and scalene muscles, and therefore also 
must be released. 
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Figure 20.12. Stretch positions and spray pattern for 
the right scalene muscles. The patient anchors the 
right hand under the thigh. A, front view showing the 
anterior and anterolateral part of the spray pattern. 
B, side view showing the posterior and posterolateral 
part of the spray pattern. The total spray pattern 
should be used for each of the scalene muscles. For 
lengthening of the scalene muscles, the patient's neck 
is sidebent away from the involved muscle. The clini
cian cradles the patient's head and moves the neck in 
different positions of rotation, in line with the tight 

fibers, "fine tuning" the movement to lengthen the ap
propriate shortened fibers. Rotation of the face is 
away from the side of trigger points in the scalenus 
posterior, as in A. The face looks forward for a tight 
scalenus medius and the face is turned toward the 
muscle in the case of trigger point tightness of the 
scalenus anterior, as shown in Figure 20.14D for self 
stretch. The technique for release of an elevated first 
rib shown in Figure 20.11 can effectively release all 
three scalene muscles. 

12. TRIGGER POINT RELEASE 
(Fig. 20.12) 
Positioning 

If the patient is seated for treatment, the 
operator first needs to make sure that the 
pelvic- and shoulder-girdle axes are level. 
A small hemipelvis should be corrected by 
an ischial lift under the ischial tuberosity 
on the small side to straighten the spine 
and level the patient's shoulders. This is 
important for relaxation of overloaded 
neck muscles. The patient should slide the 
hips forward slightly on the chair seat, lean 
back comfortably against the backrest, and 
slip the fingers under the thigh to anchor 
the pectoral girdle and rib cage on the side 
to be stretched. The other arm may rest in 
the lap or on the armrest (Fig. 20.12). The 
patient is encouraged to relax and let the 
shoulders drop. When needed, relaxation 
is facilitated by having the patient take a 
few slow, full breaths while concentrating 

on diaphragmatic breathing and slow re
laxed exhalation. 

Spray and Stretch 
Scalenus Anterior. To stretch this mus

cle after a few initial sweeps of spray, the 
head and neck of the seated patient is tilted 
toward the contralateral side and slightly 
back, resting against the clinician's body. 
Vapocoolant or icing is applied along the 
lines of the scalenus anterior fibers and 
over the referred pain pattern of the chest 
(Fig. 20.12A). Then the spray again is 
swept over the muscle to the front and 
back of the arm and continued downward 
to include the thumb and index finger (Fig. 
20.12B). The clinician then turns the pa
tient's face toward the side of the involved 
anterior scalene, in the position shown in 
Figure 20.14D, to take up additional slack. 
Finally, the spray is again directed down
ward over the muscle and continued over 
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the back to cover the referred pain area 
around the upper and medial borders of 
the scapula (Fig. 20.12B). 

Scalenus Medius and Scalenus Poste
rior. To stretch and spray the scalenus 
medius and the scalenus posterior, the 
seated patient's head and neck are 
sidebent away from the muscle involved 
with trigger points (TrPs) (toward the 
contralateral shoulder) and supported 
against the operator's body (Fig. 20.10). 
To specifically stretch the scalenus poste
rior, the patient's face should be turned 
away from the involved muscle. To 
stretch the medius, the face should be 
turned forward in a neutral position. If 
the patient's head is cradled between the 
operator's hand and body, vertical neck 
traction can be applied simultaneously. 
This feeling of support and the release of 
pressure on cervical structures helps the 
patient to relax the neck muscles and 
quiets interfering weight-bearing postural 
reflexes. 

The sweeps of spray or icing should fol
low the direction of the muscle fibers being 
stretched. As a scalene muscle and the 
complete referred pain pattern are covered 
with parallel sweeps of the spray, the oper
ator should be careful to fully include 
those areas where the patient has been ex
periencing spontaneous pain. A greater 
range of neck motion, and therefore more 
complete and lasting relief, usually occurs 
if all parts of the composite referred pain 
pattern (Fig. 20.1) are included in the 
vapocoolant application. Stretch and spray 
are followed at once with moist heat. 

Stretch and spray of the scalene muscles 
should be applied bilaterally to avoid acti
vating latent TrPs that might cause reactive 
cramping on the untreated side. Stretching 
a tense muscle on one side of the neck 
causes an unaccustomed degree of shorten
ing of its partner on the other side. If such 
new and severe contralateral pain ensues, 
it should be treated by immediate stretch 
and spray of the reacting shortened mus
cles. The scalenes may be involved with 
TrPs bilaterally because of their alternating 
roles in stabilizing the neck, as well as 
their bilateral role in respiration. 

In an alternate approach, the patient lies 
supine with instructions to do passive self-

stretch of the scalene muscles as described 
for the Side-bending Neck Exercise in Sec
tion 14 (see Fig. 20.14). At the same time, 
the spray can be applied as described 
above, over the scalene muscle being 
stretched and then over the referred pain 
pattern of the chest and arm. To reach the 
posterior spray pattern, the patient must 
turn to one side during application of the 
spray and return to the relaxed supine po
sition to continue self-stretch. This posi
tion makes it more difficult to spray the up
per back and scapular pain reference zone, 
but usually provides more relaxation and 
effective stretch, and also trains the patient 
in the self-stretch technique for home use. 

Other Release Techniques and 
Additional Considerations 

Lewit 3 3 describes and illustrates a 
gravity-assisted release of the scaleni that 
is particularly effective for the middle and 
posterior muscles with the patient sidely-
ing and the TrP-involved muscle upper
most. This technique of postisometric re
laxation (PIR) is gentle, effective, and 
readily adapted to a self-stretch program 
for use at home. The patient is instructed 
to look upward and breathe in (contraction 
phase for scalenes in this position), hold 
the breath and the position about 6 sec
onds, then slowly breathe out and let the 
head and neck sink back to the table (re
laxation phase of PIR). This should be re
peated three times. If breathing is faulty, 
the pattern should be corrected with train
ing that establishes normal diaphragmatic 
breathing. (Refer to Section 14 of this 
chapter). 

Trigger point pressure release, comple
mented by instructing the patient to do 
slow relaxed breathing, is another tech
nique for inactivating scalene TrPs. Indi
rect techniques may also be effective, par
ticularly when combined with TrP pressure 
release (see Chapter 3, Section 12). 

To fully lengthen the scalene muscles, it 
is often necessary to release parallel mus
cles that are also tense due to TrPs and 
which restrict sidebending of the neck. Ex
amples are the upper trapezius and both 
the clavicular and sternal divisions of the 
sternocleidomastoid muscle. Less fre
quently, a tense omohyoid muscle stands 
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out under the skin like a rope as it stretches 
over other neck structures and attaches to 
the scapula. If it harbors TrPs, it can pre
vent full stretch of the scaleni and should 
itself be released (see Chapter 12). 

As a rule, patients sleep more comfort
ably lying on the side of the involved sca
lene muscles. If TrPs in the posterior 
scapular musculature (e.g., the infraspina
tus), prevent this, these TrPs should be in
activated so that the patient can sleep com
fortably on the preferred side. 

13. TRIGGER POINT INJECTION 
(Fig. 20.13) 

Effective needle contact with an active 
trigger point (TrP) results in a local twitch 
response (LTR) that may be detected visu
ally and/or by palpation. The clinician 
should watch carefully for an LTR when 
injecting scalene TrPs to confirm effective 
placement of the needle. 

Scalenus Anterior and Medius 
Long 4 0 recommended injection with 

procaine for relief of myofascial pain due 
to TrPs in the scalene muscles. In a surgical 
study, testing for pain relief obtained by in
filtrating the scalenus anterior with 1.0% 
lidocaine did not predict the results of 
scalenotomy. 6 1 However, in this surgical 
study, the final therapeutic effect of the in
jection was not studied, and injection was 
not directed specifically to TrPs. 

For injection of TrPs in the anterior and 
middle scalene muscles, the patient should 
lie supine and turn the head slightly away 
from the side to be injected (Fig. 20.13). In 
addition, it may help to elevate both the 
head and shoulder slightly by a pillow to 
slacken the sternocleidomastoid and trape
zius muscles. 

The vertical groove between the anterior 
and middle scalene muscles which locates 
the brachial plexus is identified by palpa
tion as described earlier in Section 9, and 
the needle should be directed away from 
the nerves and upward toward either the 
anterior or middle scalene muscle. Farther 
cephalad, at the level where one finds the 
scalene central TrPs, the groove may be dif
ficult to identify unless one has followed it 
up from the first rib. 

The most common TrP in the scalenus an
terior is found either under, or near the ex

ternal jugular vein (Fig. 20.8). The operator's 
free hand presses the clavicular division of 
the sternocleidomastoid muscle and jugular 
vein aside, and palpates the scalene muscle 
for tense muscular nodules in taut bands 
and tender spots that, when compressed, re
produce the patient's pain complaint. Sev
eral individual taut bands that contain ac
tive TrPs are usually palpable. A band is 
pinned down between the index and middle 
fingers at a TrP to localize it for injection and 
to provide hemostasis during and after in
jection. The needle should be inserted well 
above the apex of the lung, which ordinarily 
extends about 2.5 cm (1 in) above the clavi
cle. 2 All scalene injections are made at least 
3.8 cm (l 1/2-in) above the clavicle. 

Active scalene TrPs are usually found 
about halfway between the clavicle and the 
mastoid process. Two fingers straddle the 
nodule of the TrP to be injected, with one 
finger in the groove for the brachial plexus. 
The needle should be angled in front of 
(ventral to) the groove to inject the 
scalenus anterior and behind (dorsal to) it 
to inject the scalenus medius (Fig. 20.13). 

As seen from the operator's side view of 
the neck, if the needle penetrates too deeply, 
too caudad, and a little too far toward the 
front, the stellate ganglion or sympathetic 
trunk may be anesthetized, producing a tran
sient Horner's syndrome. The stellate gan
glion usually lies ventral to the origin of the 
first rib at the junction of its head and neck. 1 1 

The roots of spinal nerves C4 to C7 and 
the lower trunk of the brachial plexus 
emerge between the anterior and middle 
scalene muscles and then cross in front of 
the lower portion of the middle scalene 
(Fig. 20.9). Care and patience are needed to 
inject the TrPs in the multiple thin bands 
of involved scalenus medius muscle above 
the level of these nerves. The patient 
should be warned of possible transient 
numbness and weakness of the arm due to 
infiltration of the nerve trunks by the local 
anesthetic. When penetrated by the needle, 
scalene TrPs often refer sharp intense pain 
to the arm and hand strongly suggestive of 
neurogenic pain. This reproduction of the 
referred pain pattern is characteristic of 
TrPs and need not signal needle contact 
with brachial plexus nerve fibers. Effective 
penetration of a TrP consistently produces 
an LTR; penetration of a nerve does not. A 
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2.5-cm (1-in), 23- or 24-gauge needle may 
be used. After injection, pressure is main
tained for hemostasis because bleeding 
within the scalene muscles causes local ir
ritation and marked afterpain. 

The illustration of injecting middle sca
lene TrPs by Rachlin 5 4 presents an unrealistic 
anatomical drawing of the relationship be
tween the scalene muscles and the brachial 
plexus. To safely inject these muscles, these 
anatomical relationships must be clearly un
derstood and key features must be palpated 
to assure safe positioning of the needle. 

Scalenus Posterior 
For injection of the scalenus posterior, 

the patient should be sidelying with the in
volved muscle uppermost, with the back 
toward the operator, and with the head 
tilted slightly toward the involved side to 
slacken the upper trapezius, which should 
be pushed aside (Fig. 20.7 shows why). 
The technique is similar to that described 
by Kraus. 3 2 The levator scapulae muscle is 
located as it emerges from beneath the 
trapezius at the root of the neck (Fig. 20.7). 
The scalenus posterior is then found ante
rior to the levator scapulae. The scalenus 
posterior TrPs are approached from be
hind. Because of its submerged position 
among other muscles, a 22-gauge, at least 

3.8-cm (l 1/2-in) needle is used. To avoid in
troducing the needle between the ribs, it 
should be directed tangential to them and 
posteriorly. The scalenus posterior can be 
injected through the same skin puncture as 
that used to inject the upper TrP of the lev
ator scapulae. When a scalenus posterior 
TrP is encountered, the patient usually re
ports pain referred to the region of the tri
ceps brachii muscle. 

For TrPs in any of these scalene mus
cles, injection is followed by spray and 
stretch, moist heat, and active side-bend
ing movements to full range on both sides, 
with the patient lying supine. 

Scalenus Minimus 
When the scalenus minimus muscle is 

present, its TrPs, as a rule, are not inacti
vated by spray and stretch. Local injection 
is indicated if local tenderness and re
ferred pain characteristic of TrPs in the 
scalenus minimus persist and the other 
scalene muscles are free of TrPs. The min
imus may be injected through the same 
skin puncture that is used for the lower 
TrP of the scalenus anterior. The needle is 
inserted at least 3.5 cm (1 1/2-2 in) above the 
clavicle, straight in rather than upward 
(and not angled downward toward the 
apex of the lung), through the scalenus an-

Figure 20.13. Injection of the scalenus medius with cate the brachial plexus. The needle is directed pos-
the patient supine. Fingers straddle the middle sea- teriorly away from the groove to avoid nerve fibers of 
lene muscle with the index finger in the groove be- the plexus, 
tween the scaleni anterior and medius muscles to lo-
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terior and toward a transverse process. 
The needle passes through the space 
above the subclavian artery before it en
counters the scalenus minimus muscle 
(muscle shown in Fig. 20.3). Care must be 
taken not to inject below the TrP tender
ness of this muscle. The clinician should 
become thoroughly familiar with the 
anatomical relations of this muscle before 
attempting to inject it. A 3.8-cm (1 1/2-in), 
23-gauge needle is used. Following the in
jection, spray and stretch, and moist heat 
are applied. 

This muscle can be hypertrophied in pa
tients accustomed to paradoxical breath
ing. Because of this overload, its TrPs can 
be making a significant contribution to a 
thoracic outlet syndrome. 

14. CORRECTIVE ACTIONS 
(Figs. 20.14, 20.15, and 20.16) 

Correction of poor posture is of para
mount importance, as is the use of safe and 
efficient body mechanics, for long-term re
lief from muscle pain. Postural correction 
and body mechanics are discussed in 
Chapter 41 of this volume. 

In most patients, multiple factors con
tribute to the activation and reactivation of 
scalene TrPs. Elimination of one factor may 
result in some improvement. Identification 
and correction of all major perpetuating 
factors, together with local treatment of the 
affected muscles, is often required for com
plete lasting relief. 

Patients with scalene TrPs should be in
structed in the following corrective ac
tions: stretching, coordinated respiration, 
reduction of postural and activity strain, 
and maintenance of body warmth. 

Stretching 
Critical to recovery of many of these pa

tients with scalene TrPs is daily passive 
stretching of their scalene muscles at home. 
Stretching can be accomplished by doing 
the Side-bending Neck Exercise (Fig. 
20.14). With the patient lying supine, first 
the shoulder of the side to be stretched 
(right side in this illustration) is lowered 
and the hand anchored under the buttock 
(Fig. 20.14A). The patient must learn to 

reach over the head to the ear with the hand 
of the contralateral side, assisting the head 
and neck to tilt it to the side away from the 
involved muscles while concentrating on 
relaxation of the neck muscles. The head is 
drawn smoothly down toward the shoul
der. The degree of head rotation determines 
which of the three major scalene muscles is 
specifically placed on stretch. 

To stretch the scalenus posterior (Fig. 
20.14B), the patient uses the assistive hand 
to gently pull the head and neck into 
sidebending away from the side of the 
TrPs, then turns the face away from the af
fected muscle. To stretch the scalenus an
terior, the patient turns the face toward the 
affected muscle. For the scalenus medius, 
the supine patient looks straight up toward 
the ceiling (neutral position), or slightly to
ward the pulling arm. The patient concen
trates the stretch on those directions in 
which the muscles feel tightest, holds each 
stretch for a slow count of six while inhal
ing and slowly exhaling to give the 
stretched muscles time to release, and then 
gently takes up any slack that develops. 
The head is returned to the neutral mid-po
sition. A pause, with deep diaphragmatic 
breathing between each passive stretch, 
helps to reestablish complete muscular re
laxation. The exercise should always be 
done bilaterally. It is more effective if per
formed after application of moist heat has 
warmed the skin over the scalene muscles 
for 10-15 min. 

Another effective self-stretch can be ac
complished through gravity-assisted post
isometric relaxation for release of the sca
lene muscles, as described and illustrated 
by Lewit 3 3 and as described in section 12 of 
this chapter. 

An effective active scalene exercise is 
the movement utilized in the Scalene-
cramp Test (Fig. 20.4). The head is turned 
as far as it can rotate to one side, and the 
chin is then dipped down toward the 
shoulder. The head is returned to neutral, 
and the patient breathes deeply. The cycle 
is repeated in the opposite direction. This 
alternately stretches and actively contracts 
the scalene muscles. About four cycles are 
performed daily. This is useful as an active 
range of motion follow-up to the passive 
Side-bending Neck Exercise. 
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Coordinated Respiration 
(Figs. 20.15 and 20.16) 

Coordinated respiration should be taught 
to those who are accustomed to using para
doxical breathing. Paradoxical respiration 
is a common source of abuse and overload 
of the scalene muscles and is frequently 
adopted by patients following abdominal 
surgery and by people who constantly re
tract a protruding abdomen to improve their 
appearance. People who do paradoxical 
breathing often complain that they are "al
ways out of breath," or that they "run out of 
breath" when talking on the telephone. 

Normal contraction of the diaphragm 
pushes the abdominal contents down to
ward the pelvis, causing protrusion of the 
abdomen and increased lung volume in the 
lower chest during inhalation. Normal rest

ing inhalation involves coordinated contrac
tion of the diaphragm with expansion of the 
lower thorax and elevation of the rib cage, all 
of which increase lung volume. In paradoxi
cal respiration, these chest and abdominal 
functions oppose each other; on inhalation, 
the chest expands (moves up and out) while 
the abdomen moves in, elevating the di
aphragm and decreasing lung volume. On 
exhalation, the reverse occurs. Conse
quently, a normal effort produces inadequate 
tidal volume, and the muscles of the upper 
chest, and especially the scalene muscles, 
overwork to exchange sufficient air. This 
muscular overload results from poor coordi
nation of the major components of the respi
ratory apparatus. The mechanics of normal 
respiration are presented in detail in Chapter 
45 and illustrated in Figures 45.8 and 45.9. 

Figure 20.14. The Side-bending Neck Exercise is per
formed with the patient supine. Each position pas
sively stretches one of the three major scalene mus
cles. The exercise should always be done bilaterally. 
A, the hand on the side to be stretched is anchored 
under the buttock. The contralateral hand is placed 

over the head and assists sidebending away from the 
muscle with trigger points. B, to stretch the scalenus 
posterior, the face is turned away from the involved 
muscle. C, the face looks forward to stretch the 
scalenus medius. D, the face is turned toward the in
volved muscle to stretch the scalenus anterior. 
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The patients who breathe paradoxically 
must learn to synchronize diaphragmatic 
(abdominal) and chest breathing if they are 
to relieve the scalene muscle overload (Fig. 
20.15). The top part of the figure (Fig. 
20.15A) illustrates the poor inhalation pat
tern, showing the abdomen moving in while 
the chest moves out. The patient can learn to 
identify his paradoxical pattern by placing 
one hand on the abdomen and one on the 
chest while taking a deep breath. This para
doxical pattern moves air mostly between 
the upper and lower chest and moves little 
air in and out of the lungs. The diaphragm-
abdominal muscle component and the in
tercostal muscles are literally fighting each 
other instead of working together. 

To learn normal diaphragmatic breath
ing, the patient exhales fully with one hand 
on the chest and the other on the abdomen 
(Fig. 20.15B). Diaphragmatic respiration 
alone is most easily learned if the patient 
holds the chest fixed in the collapsed posi
tion, rather than expanded (Fig. 20.15C), 
and concentrates on breathing by alter
nately contracting the diaphragm and ab
dominal muscles (allowing the abdomen to 
move out during inhalation and move in 
during exhalation) without expanding the 
upper chest or elevating the sternum. When 
smooth easy diaphragmatic breathing is 
achieved, the patient then learns to coordi
nate costal and diaphragmatic respiration 
during inhalation (Fig. 20.15D) and exhala
tion (Fig. 20.15B). When respiration is coor
dinated, the chest and abdomen move in 
and out together. The patient should note 
the closeness of the hands during exhala
tion and their separation during inhalation; 
the hands move up and down together. It 
may help for the patient to then think of also 
expanding the "lateral bellows" or "bucket 
handles" (expanding the lower rib cage lat
erally), and elevating the sternum (the 
"pump handle") to expand the chest during 
full, normal, coordinated inhalation. Posi
tional feedback from the hands is often 
helpful for a patient to learn this technique. 

The patient should practice coordinated 
breathing at intervals throughout the day 
and on retiring. Taking each breath to the 
count of "4 in," and a count of "4 out," then 
a pause, "hold-and-relax" for a count of 4 
improves pacing and provides rhythm. The 

patient should become aware of using this 
coordinated breathing throughout the day. 

Having learned to breathe properly 
while recumbent, the patient must transfer 
this learning to the upright posture. A few 
patients learn coordinated respiration 
more readily in the seated position than 
when recumbent. The patient sits in a 
chair with a firm flat seat (Fig. 20.16), tilts 
the front of the pelvis forward and down 
(exaggerating the lumbar lordosis), and 
draws in a slow deep breath. This anterior 
pelvic tilt separates the anterior chest from 
the symphysis pubis, making it easy and 
natural to contract the diaphragm and to 
protrude the abdomen while inhaling. 
Then, by rocking the pelvis backward (pos
terior pelvic tilt or abdominal curl move
ment) and leaning slightly forward during 
slow exhalation, the abdomen moves in 
and the increased intra-abdominal pres
sure pushing up against the diaphragm as
sists elevation of the relaxed diaphragm. 

If the patient is unable to grasp the con
cept of diaphragmatic breathing, strapping 
a belt tightly around the upper chest while 
the patient does the exercise illustrated in 
Figure 20.15C, helps to enforce diaphrag
matic respiration only, so that the patient 
learns to recognize what that movement 
feels like. Another approach to learning di
aphragmatic breathing is to lie prone on a 
firm surface so that body weight restricts 
chest breathing and assures predominantly 
diaphragmatic respiration. 

Some means must be found to teach the 
patients synchronized respiration and to 
motivate them to use it. 

Reduction of Postural and Activity Strain 
Appropriate medical management 

should be employed to reduce the excessive 
demand on auxiliary muscles of respi
ration that is caused by coughing and 
sneezing, (e.g., in patients with allergic 
rhinitis, bronchitis, pneumonia, emphy
sema, asthma, and sinusitis). Severe at
tacks of coughing may be controlled with 
adequate antitussive medication and with 
the patient learning to suppress and avoid 
the cough reflex by clearing the throat in
stead of coughing. 

Body Asymmetry. A tilted shoulder-
girdle axis, sometimes caused by the func-
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Figure 20.15. Learning a normal pattern of respiration, 
patient supine. The patient is trained to become aware 
of the respiratory mechanism by feeling the position 
and movement of the hands. A, erroneous paradoxi
cal breathing (red arrows): abdomen in, chest out. 
B, first step, complete exhalation. C, then, inhalation 

by using the diaphragm only, protruding the abdomen, 
and keeping the chest collapsed. D, finally, synchro
nize chest and diaphragm by taking deep breaths 
while concentrating on moving the chest and ab
domen in and out together. This is the pattern of nor
mal coordinated respiration. 
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Figure 20.16. Learning normal, coordinated diaphrag
matic breathing, patient seated. (See also Fig. 20.15). 
A, breathe in through the nose while leaning back 
slightly, allowing the abdomen to move out and for
ward. B, breathe out easily through the loosely pursed 
lips, while slowly leaning slightly forward, so that the 

pressure on the lower abdomen helps to push the di 
aphragm up and the air out. Slowly lean back slightly 
to begin another cycle. When a regular, relaxed rhythm 
has been established, try to retain the same respiratory 
rhythm with progressively less rocking. This effect can 
be achieved very naturally in a rocking chair. 

tional scoliosis associated with a lower 
limb-length discrepancy and/or a small 
hemipelvis, places chronic strain on the 
scalene muscles, which must help to 
straighten the tilted neck in order to level 
the eyes for good vision. An uncorrected 
lower-limb length or pelvic discrepancy of 
as little as 1 cm (3/8-in), sometimes less, 
can perpetuate scalene TrPs despite all 
other efforts in management. For identifi
cation and correction of these asymme
tries, see Chapter 4 and Chapter 48 (Sec
tion 14) of this volume, and see Chapter 4 
of Volume 2. 

Body Mechanics. The patient must 
avoid carrying awkward packages that re
quire lifting with the arms extended out 
in front, and must avoid hauling, pulling 
or tugging strenuously. Whenever under
taking any such vigorous effort, the pa
tient must learn to reduce consciously 
the neck-muscle tension caused by un
necessarily elevating the shoulders and 
projecting the head forward. Scalene 
muscle strain due to increasing intra-ab
dominal pressure when closing the glot
tis, as when straining during lifting or 
defecation, may be reduced by panting 
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through the open mouth and dropping 
the shoulders, which inhibits scalene 
contraction. 

When turning over in bed, the patient 
should roll the head without lifting it off 
the pillow. 

The patient with active scalene TrPs, 
who has been instructed to do the In-door-
way Stretch Exercise (see Fig. 42.9) because 
of active TrPs in other muscles, should start 
with the arms-high position and avoid the 
arms-down position until the scalene mus
cles are TrP- and symptom-free. 

Postural Strain. The lower rims of 
thick-rimmed eyeglasses may occlude the 
line of vision for writing or reading when 
the head is held in the balanced erect po
sition. When that happens, the person then 
tilts the head forward and down to see 
clearly over the lower rims, causing persis
tent shortening of the anterior neck mus
cles and strain of the posterior neck mus
cles. The correction for this is illustrated 
in Figure 16.4, by tilting the plane of the 
eyeglasses. 

Active scalene TrPs in patients who 
have a unilateral hearing impairment often 
appear to be refractory to treatment when 
they persistently rotate the head and neck 
to face the "good ear" toward the speaker. 
The patient should turn the entire body, 
not just the head, and should take other 
measures to improve the hearing (e.g., a 
hearing aid), if possible. 

Seating and Lighting. The patient with 
persistent scalene TrPs should provide and 
use an appropriate elbow rest, especially on 
the affected side, when sitting and reading, 
writing, sewing, driving, riding in a car, or 
telephoning. The telephone receiver should 
be held in the hand on the unaffected side, 
with occasional change of hands (not ears) 
on long calls. An executive (speaker) phone 
or headset eliminates the problem of hold
ing the telephone receiver for a long time. 
Use of the shoulder to hold the handset 
must be avoided by these patients. 

The reading light should shine directly 
on reading material from overhead and not 
from the affected side, which causes the 
head to be turned that way. For those who 
frequently read in bed, a light that clips on 
the head of the bed or is attached anywhere 
overhead may be essential to recovery. 

Bed Elevation. Tilting the bed frame so 
that the head end is higher prevents the 
chest from riding up around the neck at 
night and creates mild steady traction on 
the scalene muscles. This avoids placing 
the scalene muscles in a cramped position 
of sustained shortening (which aggravates 
TrP activity in any muscle) and, in this 
case, may impede venous drainage and 
lymph flow, as evidenced by hand edema 
in the morning. Frequently, scalene TrPs 
cannot be permanently relieved without el
evation of the head end of the bed. 

The head of the patient's bed should be 
raised 8 to 9 cm (3-3 1/2 in) by placing blocks 
or telephone books under the legs at the 
head-end of the bed to tilt the bed frame. 
Telephone books are practical to use be
cause the height of the head-end of the bed 
can be adjusted by selecting the number of 
pages used; they soon become indented, so 
the legs of the bed do not slip off as they 
may with blocks. Additional correction is 
required if a rug lies under the foot of the 
bed, but not under the head of the bed. 

Patients may try sleeping on two pil
lows to obtain the same raised effect, or to 
improve "sinus drainage." The result may 
be increased pain because while the pil
lows do elevate the patient's head, they 
also flex the neck, which causes anterior 
scalene shortening that can aggravate these 
TrPs. 

Bed Pillow. The patient should use 
only one soft comfortable pillow of the 
right thickness to maintain a normal cervi
cal lordosis. When the patient lies on the 
affected side, the pillow under the head 
should be thick enough and should be 
bunched up between the neck and shoul
der to prevent tilting of the head that 
would cause sustained shortening of the 
involved scalene muscles. 

A foam rubber pillow should be dis
carded. The jiggle of the head and neck on 
a springy pillow aggravates scalene TrPs. 
The patient with allergies may select a foam 
rubber pillow to avoid allergenic fillers, 
and should be warned against that mistake. 
Sensitive patients may wish to carry their 
"safe" home pillow with them on trips. 

When lying on the back (supine), the pa
tient should pull the corners of the pillow 
forward between the shoulder and the 
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cheek on each side. This ensures that the 
shoulders rest on the bed and not on the 
pillow and that the cervical spine is in line 
with the thoracic spine. It also encourages 
a shoulder-down position, which avoids 
shortening and cramping of the chest-
elevator (scalene) and scapula-elevator (le
vator scapulae and upper trapezius) mus
cles. This pillow position supports the 
head in the midline and encourages bilat
eral scalene relaxation (see Fig. 7.7A). 

Maintenance of Body Warmth 
Chilling the body, especially when rest

ing, reduces peripheral blood flow and can 
lead to increased skeletal muscle irritabil
ity. In bed, an electric blanket can be in
valuable. It is helpful in other rooms, also, 
when sitting or lying on a sofa in cold cli
mates, during inclement weather, or when 
the thermostat is set low. 

If the bedroom is drafty, a high-necked 
sweater or warm scarf should be worn in 
bed. Such neck protection is often helpful 
on airplane flights. 

The patient can apply a moist heating 
pad over the scalene TrPs on the front of 
the neck for 10-15 min before going to 
sleep at night. However, for some people, 
the neutral warmth (just keeping the body 
heat in) that is provided by a wool scarf or 
"baby" blanket produces greater comfort. 
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CHAPTER 21 

Supraspinatus Muscle 

HIGHLIGHTS: This muscle is often a major actor 
in diagnoses relating to the rotator cuff. RE
FERRED PAIN from trigger points (TrPs) in this 
muscle is felt as a deep ache in the mid-deltoid 
region of the shoulder and usually extends part 
way down the arm. The pain also may concen
trate at the lateral epicondyle and, rarely, may ex
tend to the wrist. ANATOMICAL attachments of 
the supraspinatus muscle are to the supra
spinous fossa medially and to the greater tuber
cle of the head of the humerus laterally. FUNC
TION of this muscle is to position the humeral 
head accurately in the glenoid fossa and to stabi
lize the head of the humerus firmly in the fossa 
when the arm is used. It abducts the arm at the 
glenohumeral joint. Its FUNCTIONAL UNIT in
cludes the middle deltoid and upper trapezius as 
synergists during abduction, and includes the 
other three rotator cuff muscles for stabilizing the 
humeral head. SYMPTOMS include chiefly re
ferred pain that is aggravated by forceful abduc
tion of the arm at the shoulder joint and by pas
sive stretching when fully adducting the arm. 
Patients report difficulty in reaching up above the 
shoulder, and may experience pain at night that 
disturbs sleep. ACTIVATION AND PERPETUA
TION OF TRIGGER POINTS are likely to result 
when heavy objects are carried with the arm 
hanging down by the side, and when the subject 
is working or lifting above shoulder height. PA
TIENT EXAMINATION demonstrates reduced 

range of motion in the Mouth Wrap-around Test. 
TRIGGER POINT EXAMINATION of the mid-
muscle TrP region by flat palpation elicits exquis
ite spot tenderness, but the lateral trigger area, 
adjacent to the acromion, is so deeply placed 
that firm palpation may reveal only minimal ten
derness. The region of attachment of the 
supraspinatus tendon to the head of the humerus 
can also be exquisitely tender. DIFFERENTIAL 
DIAGNOSIS includes rotator cuff tears, subdel
toid or subacromial bursitis, C 5 -C 6 radiculopathy, 
and related TrPs in shoulder-girdle muscles. 
TRIGGER POINT RELEASE employing spray 
and stretch begins with the patient seated and 
the ipsilateral hand placed behind the back. 
Then, while vapocoolant spray or icing is applied 
from medial to lateral over the muscle fibers and 
referred pain pattern, the clinician takes up slack 
in the muscle as it develops. TRIGGER POINT 
INJECTION is carried out with the patient lying 
on the uninvolved side and the needle directed 
into one of the three areas of spot tenderness: in 
the TrPs located midfiber, in the musculotendi
nous junction region deep in the lateral part of the 
supraspinous fossa, or in the region of terminal 
tendon attachment to the joint capsule under the 
acromion. CORRECTIVE ACTIONS require 
avoiding continued overload of the muscle, and 
performing a stretch exercise at home while 
seated under a warm shower. 

1. REFERRED PAIN 
(Fig. 21.1) 

Active trigger points (TrPs) in the 
supraspinatus muscle cause a deep ache of 
the shoulder, concentrating in the mid-
deltoid region. This ache often extends 
down the arm and the forearm, and some
times focuses strongly over the lateral epi
condyle of the elbow (Fig. 21.1) . 4 8 This epi-
condylar component helps to distinguish 
supraspinatus TrPs from infraspinatus 
5 3 8 

TrPs, which do not concentrate pain at the 
elbow. 4 8 ; 5 1 Rarely, pain is referred to the 
wrist from the supraspinatus. The tender
ness and pain that it projects to the mid-
deltoid region are easily mistaken for sub
deltoid bursitis. 

Other authors have described the pain 
referred from the supraspinatus as travel
ing toward, or into, the shoulder , 6 , 2 6 , 2 7 , 3 0 to 
the outer side of the a r m , 6 , 2 5 , 2 6 and from the 
scapula to midhumerus. 2 8 
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Experimental injection of 6% hyper
tonic saline into normal supraspinatus 
muscles caused referred pain to the shoul
der (3 subjects), to the upper back (2 sub
jects) and to the elbow (1 subject). 4 6 

2. ANATOMY 
(Fig. 21.2) 

The supraspinatus muscle arises from 
the medial two-thirds of the supraspinous 
fossa of the scapula 3 3 and attaches later

ally to the superior facet of the greater tu
bercle of the humerus (Fig. 21.2). Figure 
21.2A also identifies the attachments of the 
other three muscles that comprise the rota
tor cuff. These muscles can also be seen 
elsewhere in frontal section at the shoulder 
joint. 1 0 

SUPPLEMENTAL REFERENCES 

Other authors have clearly illustrated 
the supraspinatus muscle from behind, 8, 

Figure 21.1. Referred pain patterns (essential refer
ence zone solid red, spillover zone stippled red) of 
trigger locations (Xs) in the right supraspinatus muscle 
and tendon. A, The medial X represents the TrP loca
tion that is close to midmuscle. The lateral X is the 

trigger area located in the region of the musculotendi
nous junction. B, tender trigger area located in the re
gion of attachment of the supraspinatus tendon to the 
capsule of the glenohumeral joint. 
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Teres 
minor 

Figure 21.2. Attachments of the supraspinatus mus
cle (red). The other rotator cuff muscles are cut and re
flected to show their attachments more clearly. 
A, seen from above, including the relation of the 
humeral attachment of the supraspinatus muscle to 
the attachments of the other three rotator cuff mus

cles. B, seen from behind. It becomes obvious why 
such a long needle is required to reach the deep, lat
eral trigger point area through the overlying trapezius 
muscle, if one envisions the trapezius attachments to 
the superficial surface of the surrounding bones, the 
clavicle, acromion, and spine of the scapula. 

Infraspinatus 

Subscapular is 

Infra
spinatus 
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i i , 3 6 , 4 5 from above,2 from in front, 4 7 in lon
gitudinal section of the muscle in anatom
ical cross section of the shoulder region 
that shows the fiber arrangement,1 4 and in 
sagittal section. 3 , 3 7 

3. INNERVATION 
The supraspinatus muscle is innervated 

by the suprascapular nerve through the up
per trunk of the brachial plexus, from the 
C5 spinal nerve.8 

4. FUNCTION 
The supraspinatus muscle abducts the 

arm and pulls the head of the humerus 
inward toward the glenoid f o s s a , 7 , 8 , 2 9 

which prevents downward displacement 
of the humeral head when the arm is 
hanging down at the s i d e . 5 ' 1 3 The 
supraspinatus muscle stabilizes the head 
of the humerus in the glenoid cavity 
when one uses the arm. 

Basmajian and Deluca 5 showed elec-
tromyographically that supraspinatus ac
tivity alone, in the absence of other muscu
lar activity at the shoulder, prevented 
downward displacement of the head of the 
humerus when the upper limb, hanging at 
the side, was loaded to exhaustion with a 
7-kg weight or was loaded with sudden 
downward jerks. The wedge action due to 
the angulation of the glenoid fossa and the 
cartilaginous labrum help to make this 
mechanism so effective. 5 , 7 

A major function of the supraspinatus 
muscle is to help maintain balance among 
the scapulohumeral muscles in coopera
tion with the other rotator cuff muscles. 
The critical clinical importance of this 
function 3 2 is reviewed under the heading 
Scapulohumeral Imbalance in Section 11, 
Differential Diagnosis. 

The electromyographic (EMG) activity 
of the supraspinatus during abduction of 
the arm increases almost linearly from rest
ing to vigorous activity at 150° of abduc
tion. During flexion, EMG activity in
creases rapidly at first, reaches a plateau, 
and again increases as flexion approaches 
150°. 2 3 During sustained flexion or abduc
tion to 90°, the supraspinatus muscle was 
the first to show evidence of fatigue 
(within a fraction of a minute) compared 
with other shoulder muscles. After 5 min

utes both amplitude and frequency 
changes indicated advancing fatigue of the 
supraspinatus muscle. 1 9 Supraspinatus 
tendinitis is common in people doing work 
that demands elevated arms, 1 8 indicating 
vulnerability of this muscle to overuse in 
this position. 

In the past, some believed that the 
supraspinatus is more effective than the 
deltoid muscle for the initiation of abduc
tion when the arm is at the side. However, 
the clinical observations of Duchenne, 1 3 

the EMG studies of Inman, et al.,22 and the 
fact that experimental paralysis of the 
supraspinatus muscle simply reduces the 
force and endurance of abduction 5 all indi
cate otherwise. It is now recognized that 
this muscle and the deltoid work as a team 
throughout abduction of the arm at the 
glenohumeral j o i n t . 5 , 2 3 , 2 9 

Although Gray's Anatomy3 attributes 
weak lateral rotation of the arm to this 
muscle, no EMG data were found to sup
port a function of medial or lateral rotation. 

The supraspinatus is active during walk
ing, while the arm is swinging either for
ward or backward, but not at the ends of the 
swing. This activity helps to prevent down
ward dislocation of the head of the 
humerus. During the golf swing in right-
handed golfers, the right supraspinatus 
muscle starts out with moderate EMG activ
ity (approximately 25% of manual muscle 
strength test [MMT]) that progressively 
fades to less than 10% of MMT by late 
follow-through. The left muscle maintained 
relatively moderate EMG activity through
out the entire swing, 3 8 with more activity 
during early and late follow-through. 

5. FUNCTIONAL UNIT 
Electromyography has shown that the 

middle deltoid, upper trapezius, and 
rhomboid muscles are synergistic with the 
supraspinatus during abduction of the arm 
(the latter two acting on the scapula); these 
muscles are also active at varying degrees 
during flexion. 2 3 Although not part of the 
previous study, the lower trapezius and the 
serratus anterior also are considered to ro
tate the scapula during arm elevation. The 
remaining three muscles of the rotator cuff, 
the infraspinatus, teres minor, and sub-
scapularis assist the supraspinatus to posi-
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tion and stabilize the head of the humerus 
accurately in the glenoid fossa during ab
duction. 4 1 Duchenne reported that the ser-
ratus anterior is an essential partner for sta
bilizing the scapula during abduction. 1 3 

The latissimus dorsi, teres major, and 
lower fibers of the pectoralis major muscles 
can act as antagonists to the supraspinatus. 

6. SYMPTOMS 
The chief complaint of patients with 

supraspinatus TrPs is referred pain that is 
usually felt strongly during abduction of 
the arm at the glenohumeral joint and is 
felt as a dull ache when pain is present at 
rest. Supraspinatus TrPs alone rarely cause 
severe, sleep-disturbing nocturnal pain, al
though other authors have noted stiffness 
of the shoulder 2 8 and night-time a c h e 2 6 , 2 8 

due to involvement of the supraspinatus. 
Supraspinatus TrPs may produce ache 

or pain at rest or pain throughout move
ment, but they usually do not produce a 
severe pain in any particular small arc of 
motion. 

Some patients complain of snapping or 
clicking sounds around the shoulder joint, 
which disappear when the supraspinatus 
TrPs that are causing these symptoms are 
inactivated. Tautness of supraspinatus 
fibers due to TrP activity probably inter
feres with the normal glide of the head of 
the humerus in the fossa, a mechanism that 
is well described by Cailliet.7 

When the supraspinatus muscle on the 
dominant side is affected, the patient re
ports difficulty in reaching the head to 
comb the hair, brush the teeth or shave 
and complains of restricted shoulder mo
tion during sports activities that require 
arm elevation, such as serving a tennis 
ball. When TrPs are located on the non-
dominant side, the patient may be unaware 
of moderate restriction of these motions, 
since the dominant arm usually performs 
these arm-elevation activities. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Supraspinatus TrPs can be activated by 
carrying heavy objects, such as a suitcase, 
briefcase, or package with the arm hanging 
down at the side, and by regularly walking 
a large dog that pulls hard on a leash. The 

TrPs of this muscle also may be activated 
by lifting an object to, or above, shoulder 
height with the arm outstretched and by 
doing a task at work that demands repeated 
and/or moderately prolonged elevation of 
the arms. 1 7 

8. PATIENT EXAMINATION 
Sola and colleagues found the 

supraspinatus muscle to be one of the less 
frequently involved shoulder-girdle mus
cles both in patients 4 3 and in young 
healthy adults. 4 4 We find that this muscle 
is seldom involved by itself, but usually in 
association with the infraspinatus or the 
upper trapezius, which very commonly 
harbor TrPs. 

Range of motion of the glenohumeral 
joint should be examined. The Mouth 
Wrap-around Test (see Fig. 18.2) is re
stricted by supraspinatus TrPs. In the up
right position, the patient is unable to hold 
the arm fully abducted because this con
tracts the supraspinatus in the shortened 
position and compresses any enthesopathy 
at its humeral attachment. When lying 
supine, the patient with supraspinatus 
TrPs has less difficulty performing the 
Mouth Wrap-around Test because the mus
cle is not lifting the weight of the arm. 

The examiner should note when and 
where pain occurs. Supraspinatus TrPs can 
produce pain at rest or during movement, 
particularly abduction. The pain usually 
occurs throughout abduction. If pain oc
curs only in one small arc of motion, eval
uate for a rotator cuff injury. 

In addition to examining scapular mo
bility, the clinician should examine acces
sory joint movements (joint play) in the 
glenohumeral, acromioclavicular, and ster
noclavicular joints. Joint play is described 
by Mennell. 3 3 Accessory movements in 
these joints are needed for full range of mo
tion of the arm. The elbow complex also 
should be included in the examination 
since the supraspinatus often refers pain to 
that region. 

Patients with supraspinatus TrPs may be 
aware of, and be concerned about, clicking 
in the shoulder during movement. The 
clicking can be heard and palpated when 
the patient moves the arm at the gleno
humeral joint in a way that activates the in-
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volved fibers of the supraspinatus muscle. 
Inactivating the supraspinatus TrPs elimi
nates the symptoms. The mechanism of 
this clicking is unknown but may relate to 
enthesopathy since the palpable source is 
also tender. 

The humeral attachment of the supra
spinatus tendon is most easily palpated if 
the hand of the upper limb being exam
ined is placed behind the back at waist 
level to medially rotate the arm and bring 
the tendon within reach from beneath the 
acromion. 

Palpation often reveals marked tender
ness beneath the deltoid at the attachment 
of the supraspinatus tendon, especially in 
people who have abused the abduction 
function of this muscle. Degenerative ten
dinitis of the supraspinatus was commonly 
found among older welders. 1 9 Welders are 
particularly prone to develop shoulder 
pain. 2 0 One author (DGS) has seen early 
calcific deposits at the insertion of the ten
don resolve with inactivation of TrPs in the 
supraspinatus muscle. Michele, et ai . 3 4 also 
noted this calcification in patients with 
tenderness deep in the region of this mus
cle. These deposits may be evidence of 
chronic tendon strain caused by TrP taut-
ness of the involved supraspinatus muscle 
fibers. The tendinous attachment region of 
the supraspinatus muscle has a relatively 

avascular zone which makes it vulnerable 
to enthesopathy when subjected to sus
tained tension which further reduces cir
culation, producing ischemic hypoxia. 1 8 

9. TRIGGER POINT EXAMINATION 
(Fig. 21.3) 

The patient sits comfortably, or lies on 
the uninvolved side, with the affected arm 
close to the body and relaxed. In the case of 
less active TrPs, it may be desirable to place 
the arm in the stretch position, as for stretch 
and spray. The supraspinatus muscle must 
be palpated through the trapezius muscle. 
The approximate locations of the midmus-
cle TrP and the lateral trigger area are 
shown in Figure 21.1 A. Other authors also 
have identified the lateral 4 9 and more me
dial 2 6 areas of tenderness associated with 
supraspinatus TrPs. Both tender regions lie 
in the supraspinous fossa of the scapula un
derneath a relatively thick part of the 
trapezius muscle. Therefore, a local twitch 
response of the supraspinatus is unreliably 
elicited by palpation, and is not always per
ceived by needle penetration. The medial 
TrP is located by flat palpation (Fig. 21.3) 
just above the spine of the scapula several 
centimeters (about 1 to 1.5 inches) lateral to 
the vertebral border of the scapula in the 
midregion of the muscle fibers. TrP tender
ness located in the midregion of the 

Figure 21.3. Application of digital pressure to the medial trigger point region in the supraspinatus muscle. 
Sufficient pressure on an active trigger point elicits a pain that the patient recognizes. 
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supraspinous fossa can be either a central 
TrP (the midportion of some fibers pass 
here at about half the thickness of the mus
cle) or an attachment TrP, which can occur 
anywhere in the supraspinous fossa since 
supraspinatus fibers attach throughout the 
medial two-thirds of the fossa.3 a In the mid
dle portion of this deep muscle, central and 
attachment TrPs are not distinguishable by 
palpation. The lateral region of spot tender
ness is palpated in the space between the 
spine of the scapula and the clavicle, just 
medial to the acromion. This tenderness 
most likely represents enthesopathy of the 
musculotendinous junction secondary to 
increased muscle tension associated with 
central TrPs in that muscle. 

The severity and extent of the referred 
pain evoked by needling TrPs in the lateral 
muscular area are usually out of proportion 
to the slight degree of tenderness to deep 
palpation reported by the patient, probably 
because of the depth of muscle that the pal
pation pressure must penetrate. 

A third tender spot may lie in the region 
of the tendinous attachment to the head of 
the humerus, where the tendon of the mus
cle blends with the joint capsule to form 
part of the rotator cuff under the acromion 
(Fig. 21.IB) . This tender region corre
sponds to the poorly vascularized area de
scribed by Hagberg18 that is particularly 
vulnerable to sustained or repeated over
load. When local hypoxia is sufficiently se
vere and prolonged, it may lead to local 
calcification. 

10. ENTRAPMENT 
No nerve entrapment is attributed to TrP 

tension in the supraspinatus muscle. 

11. DIFFERENTIAL DIAGNOSIS 
When evaluating a patient for pain that 

may be referred from supraspinatus TrPs, 
other diagnoses to consider include cervi
cal arthritis or spurs with nerve root irri
tation, 2 6 C 5-C 6 radiculopathy, 2 6 , 4 2 and 
brachial plexus injuries. All of these neu
rogenic sources of pain are likely to exhibit 
electromyographic (EMG) evidence of den
ervation (positive sharp waves and fibrilla
tion potentials) in the muscles supplied by 
the compromised nerves. Muscles with 
only myofascial TrPs show no EMG evi

dence of denervation because EMG evi
dence of a muscle entrapment of a nerve 
shows up in the muscles that are distal to 
the muscle causing the entrapment. 

In addition, subdeltoid bursitis, rotator 
cuff tears and supraspinatus TrPs all may 
cause tenderness at the tendinous attach
ment to the rotator cuff (capsule) beneath 
the acromion. Only the TrPs, however, 
cause spot tenderness in the midportion of 
the supraspinatus muscle. Rotator cuff dis
eases including tears are considered in 
more detail below. 

For a small group of patients with shoul
der pain, surgical release of entrapment of 
the suprascapular nerve at the supra
scapular notch is needed, and with appro
priate electrodiagnostic evaluation this 
group can be clearly identified. Surgeons 
agree that conservative treatment should 
be tried before surgery, especially in less 
involved cases. Patients with nerve entrap
ment can also have TrPs that contribute 
significantly to their pain. A patient should 
not be considered for surgical release of the 
suprascapular ligament without positive 
electrodiagnostic findings. Magnetic reso
nance imaging (MRI) facilitates the diagno
sis of suprascapular nerve entrapment in 
patients who have shoulder pain of unclear 
origin, with a perineural mass and atrophy 
of the spinatus musculature. 1 5 

Post and Mayer 3 9 reported 10 cases 
(0.4%) of suprascapular nerve entrapment 
among 2,520 patients presenting with 
shoulder pain. One patient had a sarcoma, 
the other nine received surgery. In 6 of the 
10 cases pain radiated to the arm and neck, 
which is not an expected pain pattern from 
a suprascapular nerve lesion at the 
scapula. Only 2 patients evidenced 
supraspinatus or infraspinatus muscle at
rophy, 6 patients initially had negative 
routine EMG studies, but all patients were 
positive when a coaxial needle was used to 
obtain suprascapular nerve conduction 
times. At surgery, the suprascapular liga
ment was sharply released. Only 4 patients 
experienced complete relief of pain. Four 
patients were relieved of preoperative pain 
complaint, but still had persistent shoul
der pain of unidentified origin, and one 
had persistent bilateral bicipital tendinitis. 
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Although all of these patients had a 
demonstrable nerve entrapment that re
quired attention, it is also apparent that the 
entrapment was not the only source of 
their pain. Myofascial TrPs are likely can
didates for much of the unexplained resid
ual pain, but apparently were not 
considered. There is need for a well-
designed research study to critically exam
ine the role of TrPs in such patients with 
shoulder pain before and after operation. 

Another example indicating the impor
tance of identifying suprascapular nerve 
entrapment was reported by Hadley, et a/. 1 6 

Rotator Cuff Lesions 
Two orthopedic surgeons carefully ana

lyzed the results of arthroscopic examina
tions under anesthesia of 123 patients with 
painful shoulders to better understand the 
nature of rotator cuff lesions. 1 Despite a 
thorough surgical clinical examination and 
arthroscopy, 55% of the patients remained 
with an "unclear" diagnosis. Impingement 
syndrome was identified in 32% of pa
tients, although only 16% showed thicken
ing and fibrosis with or without inflamma
tion. It was not indicated what finding 
warranted that diagnosis in the remaining 
16%. Inflammatory changes that mostly af
fected the supraspinatus without thicken
ing, fibrosis, or rupture were seen in 6% of 
patients. (This is suggestive of enthesopa
thy secondary to TrPs, but TrPs were not 
included in the description of examina
tion). One can only wonder how many of 
the majority of the patients who had un
clear or unsubstantiated diagnoses suffered 
from pain caused by TrPs. Authors familiar 
with myofascial TrPs consider them to be 
among the most common causes of pain in 
the shoulder. 6 , 5 0 Unfortunately, recognition 
of TrPs by palpation requires a special skill 
that usually takes training and practice to 
learn. 

Neither rotator cuff disease nor impinge
ment syndrome, as each term is commonly 
used, is a specific or satisfactory diagnosis. 
However, rotator cuff tear is diagnosable 
with high accuracy using M R I . 1 2 , 3 5 Ultra
sound was reliable in the diagnosis of large 
tears, less so for small ones, and of little 
value for tendinitis. 1 2 Patients treated con
servatively showed continuing improve

ment through 18 months of follow-up if a 
rotator cuff tear was <1 cm 2 , had a dura
tion of <1 year before treatment, and there 
was no significant functional impairment 
initially.4 These patients should respond 
well to inactivation of corresponding TrPs 
(utilizing non-stretching measures), espe
cially if the TrPs contributed significantly 
to the overload that caused the tear. Unfor
tunately, no controlled research studies 
were found that specifically addressed the 
contribution of TrPs to these rotator cuff 
problems. Identifying and treating the TrP 
component promptly should save patients 
much misery and save the health care sys
tem much expense. It should be worth re
search investigation. 

Scapulohumeral Imbalance 
One indicator of the stabilizing effect of 

the muscles surrounding the shoulder joint 
is the finding in patients under anesthesia 
of 8 unstable joints among 123 patients 
with painful shoulders that were clinically 
stable before anesthesia. 1 Lippitt and Mat-
sen 3 2 reported a sophisticated and well-
illustrated analysis of glenohumeral stabil
ity that was based on cadaver dissections. 
They identified unbalanced muscular 
forces that produced net reaction forces 
which direct the humeral head outside of 
the glenoid cavity and create an unstable 
joint that is prone to anatomical damage. 
The margin for error is relatively small for 
large angles of elevation under heavy load. 
They emphasize that normal glenohumeral 
function depends strongly on good dy
namic balance of the muscles. 3 2 

As discussed in Chapter 2, Section B of 
this volume, TrPs can cause increased mus
cle tension, incoordination, and inhibition 
of muscles in the same functional unit. 
They provide a potent source for distur
bance of scapulohumeral muscular balance. 

A common clinical symptom of scapu
lohumeral muscle imbalance is "catching" 
of the joint with sudden severe pain when 
executing a particular elevation move
ment. The acute pain is relieved by return
ing the arm to a neutral position. This 
"catching" tends to happen repeatedly and 
is relieved by inactivating the TrP or TrPs 
in the muscle(s) that often cause the dy
namic muscle imbalance. The unbalanced 
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tension would facilitate the humeral head 
"climbing the wall" of the glenoid cavity, 
and that could cause pinching of the syn
ovium. Pinching of the synovium in this 
way might be demonstrable in a research 
study using video-recorded ultrasound 
imaging during joint movement before and 
after TrP release that relieves pain. 

Previous (Referral) Diagnoses 
Clinicians who are skillful in dealing 

with TrPs often receive referrals of "prob
lem" patients who are dissatisfied with the 
diagnosis(es) and treatment of their shoul
der pain. These patients commonly arrive 
with essentially no diagnosis or one of 
those mentioned below. The problem often 
turns out to be contributed to, if not largely 
caused by, supraspinatus (and other) TrPs. 
In every case, an essential step is to identify 
the TrPs that reproduce the patient's pain. 

One such diagnosis that is commonly 
seen is bursitis, sometimes identified more 
specifically as subdeltoid or subacromial 
bursitis. The fact that TrPs refer tenderness 
as well as pain to the region of these bursae 
adds to the diagnostic confusion. The sub
deltoid bursa is large and lies beneath the 
deltoid muscle against the joint capsule. 9 

The tenderness of this bursa is more dif
fuse than the spot tenderness of deltoid 
TrPs, which also exhibit relatively easily 
palpated taut bands. 

The subacromial bursa is more superfi
cial and lies between the deep surface of 
the acromion and the tendon of the 
supraspinatus muscle overlying the joint 
capsule. 9 This bursitis is diagnosed by pal
pation of tenderness directly under the 
acromial process with the arm in the neu
tral resting position at the patient's side 
and duplicating the patient's pain at the 
point of pressure. However, by palpation, 
this bursitis alone is indistinguishable 
from supraspinatus enthesopathy. The 
other diagnostic test for subacromial bursi
tis is reproducing only the same local pain 
by application of resistance at 90° of arm 
abduction. Supraspinatus TrPs could also 
reproduce this finding. The presence of 
both conditions is not unlikely. The tendi
nous attachment region of the supraspina
tus muscle is in direct contact with this 
bursa. Enthesopathy (nociceptor sensitiza
tion) of that attachment caused by the sus

tained tension induced by TrPs in the mus
cle belly may become an inflammatory en-
thesitis that, by its direct contact, causes 
inflammatory changes in the subacromial 
bursa. Experimental evidence supporting 
this interpretation appears under "Frozen 
Shoulder" in Chapter 26, Section 11. When 
present, active supraspinatus TrPs should 
be treated immediately. If both conditions 
are present, both must be treated for 
prompt relief. 

Additional diagnoses that can be con
fused with supraspinatus TrPs are rotator 
cuff disease (reviewed above), supraspina
tus tendinitis, "frozen shoulder," and 
brachial neuritis. 

Related Trigger Points 
The shoulder pain of the supraspinatus 

myofascial pain syndrome does not have 
the deep, aching quality of the pain re
ferred by infraspinatus TrPs, which goes 
deep into the shoulder joint and is easily 
mistaken for arthritis of the glenohumeral 
joint. 4 2 

In our experience, both the supraspina
tus and infraspinatus muscles frequently 
develop TrPs, and the trapezius muscle 
may become involved as part of the func
tional unit. 

Since the deltoid muscle lies in the pain 
reference zone of the supraspinatus, it may 
develop satellite TrPs. 

If the latissimus dorsi muscle has be
come involved as an antagonist, inactivat
ing its TrPs will increase abduction of the 
arm by release of this adductor muscle 
tension. 

12. TRIGGER POINT RELEASE 
(Fig. 21.4) 

If there is any suspicion of rotator cuff 
damage, the supraspinatus should not be 
stretched. Treatment can include non-
stretching methods such as TrP pressure re
lease, deep massage to the taut band, gentle 
hold-relax (no range of movement in
volved), indirect techniques (e.g., using the 
principles of Hoover 2 1 or Jones 2 4), and/or 
injection. Application of vapocoolant or ic
ing can precede any of these techniques. 
These techniques are described in Chapter 
3, Section 12. 

When muscle lengthening is needed and 
additional tension is not contraindicated, 
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spray and stretch can be used. The forearm 
of the seated patient is placed behind the 
back at waist level (Fig. 21.4). After a few 
preliminary sweeps of spray, the arm is 
moved across the back to take up the slack. 
The patient is encouraged to relax in this 
lengthened position by leaning back and 
pinning the arm against the chair back. The 
stream of vapocoolant spray is applied in 
unhurried parallel sweeps from medial to 
lateral in line with and over the supra
spinatus muscle fibers, across the acro

mion and over the deltoid, down the arm to 
the elbow, and over the forearm (Fig. 21.4). 
By having the patient bend the head and 
neck toward the opposite side and by 
spraying upward over the upper trapezius, 
TrP tension in this muscle can be released, 
since it also often is involved. Hot packs 
are applied, followed by full range of active 
motion of the treated muscles. 

If both the supraspinatus and infra
spinatus TrPs are extremely sensitive and 
the patient has difficulty in placing the 

Figure 21.4. Stretch position and spray pattern (ar
rows) for trigger points (Xs) in the right supraspinatus 
muscle. The operator positions the patient's arm in 
medial rotation, exerts downward pressure on the 
arm, and then directs the arm across the patient's 
back. See text for augmentation techniques. An alter
nate stretch is done by bringing the patient's arm 

across the front of the body instead of behind it, but 
this alternate stretch does not provide as much medial 
rotation at the glenohumeral joint. If there is a sus
pected rotator cuff tear, the supraspinatus should 
NOT be stretched. Trigger points can be treated by 
trigger point pressure release, massage, indirect tech
niques, and/or injection instead of stretch. 
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hand behind the back, the arm may be 
brought across the front of the chest in
stead. Either way, the vapocoolant traces 
the pattern of Figure 21.4, as described 
above. 

Lewit 3 1 describes and illustrates release 
of supraspinatus TrP tension by applying 
postisometric relaxation to the arm. It is 
held at the elbow by the clinician and 
moved across the patient's chest to take up 
slack. The patient breathes in and contracts 
the muscle by gently pressing the elbow 
laterally against the clinician's light resis

tance. As the patient exhales slowly and 
relaxes the muscle, the clinician moves the 
arm across the patient's chest to take up ad
ditional slack in the muscle. Patients can 
also be taught to do this as a self-stretch at 
home. 

13. TRIGGER POINT INJECTION 
(Fig. 21.5) 
Midfiber Supraspinatus Trigger Point 

With the patient lying on the unin-
volved side, the medial (central) trigger 
point (TrP) is located by palpation and in-

Figure 21.5. Injection of sensitive trigger locations in the right supraspinatus muscle and tendon with the pa 
tient lying on the left side. A, injecting the lateral trigger area in the region of the musculotendinous junction 

as seen from above. B, injecting a more medial midfiber (central) trigger point, viewed from above. 
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jected, using a 3.2- to 3.8-cm (1.25- to 
1.5-in) needle, which is directed down
ward into the bony fossa of the scapula be
low and behind the edge of the upper 
trapezius (Fig. 21.5B). If the needle is in
serted lateral to this TrP in order to angle 
the needle medially, instead of vertically as 
in Figure 21.5B, the needle may encounter 
an active TrP2 in the upper trapezius (see 
Fig. 6.2). Penetration of this trapezius TrP 
produces a visible local twitch response 
and elicits referred pain to the neck. Con
tinued movement of the needle deeper to 
penetrate the supraspinatus TrP then elic
its its referred pain pattern to the upper 
limb. The operator should probe the region 
with the needle to locate any additional 
supraspinatus TrPs. 

If this injection, followed by stretch and 
spray and hot packs, does not fully restore 
shoulder motion, the operator should 
check just medial to the acromion in the 
supraspinous fossa for another spot of ten
derness in the region of the musculotendi
nous junction. One should also check for 
subacromial tenderness. 

Lateral Supraspinatus Trigger Area 
If pressure on a well localized tender 

spot deep in the lateral portion of the 

supraspinatus muscle refers pain in a pat
tern characteristic of the supraspinatus 
muscle, it is likely to be caused by enthe
sopathy. The tenderness is elicited by ap
plying pressure deep into the supraspinous 
fossa in the space between the spine of the 
scapula and the clavicle, just medial to the 
acromion. This location is beyond reach of 
massage techniques and is marginal for ap
plication of therapeutic pressure. The ten
derness is usually best relieved by injec
tion of the tender spot using a needle that 
is long enough to reach it through the over
lying upper trapezius muscle. The authors 
usually have found procaine to be effec
tive. However, to the extent that the ten
derness at this musculotendinous junction 
is caused by a sterile tissue reaction due to 
prolonged overload, injection with anal
gesic and a corticosteroid (with proper lim
itations of frequency and dose) may hasten 
recovery. We do NOT recommend use of 
steroid for injecting the central midfiber 
TrPs. 

In a large person, injection of the lateral 
trigger area may require a 5 cm (2 in) needle 
directed deep into the supraspinous fossa 
(Fig. 21.5A). It is important to direct the 
needle precisely to the spot of deep tender
ness. If the injection is directed caudally 

Figure 21.5.—continued C, injecting the region of attachment of the supraspinatus 
tendon beneath the acromion, viewed from behind. 
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from behind the clavicle too far medial to 
the trigger area, one can inadvertently pass 
the needle anterior to the scapula into the 
rib cage, which must be avoided. Needle 
contact with this sensitive region usually 
flashes referred pain to the deltoid and 
down the arm. It is also necessary to inacti
vate the midmuscle TrP that most likely is 
responsible for the enthesopathy. 

Other authors also have found that in
jection of the supraspinatus muscle effec
tively inactivates its TrPs. 2 5 - 2 7 Rachlin 4 0 il
lustrates two similar supraspinatus TrP 
locations for injection. 

Subacromial Trigger Area 
Tenderness beneath the tip of the 

acromion that remains following inactiva-
tion of supraspinatus TrPs is likely due to 
enthesopathy of the humeral attachment of 
the supraspinatus tendon, which is often 
identified as supraspinatus tendinitis. This 
tenderness should respond to injection of a 
local anesthetic (Fig. 21.5C). Injection is 
followed by passive stretch of the muscle 
during a few sweeps of the spray, and then 
by a hot pack. 

14. CORRECTIVE ACTIONS 
The patient should avoid supraspinatus 

overload by not carrying a heavy object, 
such as an overloaded briefcase, in the 
hand with the arm hanging down at the 
side, and by not lifting heavy things over
head. The patient also should avoid sus
tained contraction of the muscle, as when 
maintaining the arm in abduction or flex
ion (e.g., holding the arms up continuously 
for several minutes to put curlers in the 
hair, or to do overhead work) and should 
drop the arms occasionally to relax the 
muscles so they can replenish their blood 
supply. 

The patient must learn to release the TrP 
tightness by slowly, firmly stretching the 
supraspinatus muscle, pulling the forearm 
across and upward behind the back with 
the other hand in order to position the in
volved arm as in Figure 21.4. This passive 
stretch may be done most effectively while 
the patient sits on a stool under a warm 
shower with the water beating on the mus
cle. The patient also may stretch the mus

cle by bringing the elbow of the involved 
side across the front of the chest with the 
other hand. Lewit 3 1 illustrates this across-
chest position and describes patient appli
cation of postisometric relaxation, which 
can be very helpful. 

Patients also can apply trigger point 
pressure release (described in Chapter 3, 
Section 12) for themselves. A Theracane® 
makes this self-treatment much easier. This 
treatment is most effective if the pressure 
is applied while the involved arm is re
laxed and supported in a comfortably ad-
ducted position. This release is more effec
tive if (while trigger point pressure release 
is continued) slack in the muscle is taken 
up by sliding the hand behind the back as 
muscle tension is reduced. 
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CHAPTER 22 

Infraspinatus Muscle 

HIGHLIGHTS: REFERRED PAIN from the usual 
trigger point (TrP) locations in this "Shoulder Joint 
Pain" muscle concentrates deeply in the anterior 
deltoid region and in the shoulder joint, extending 
down the front and lateral aspect of the arm and 
forearm, and sometimes including the radial half 
of the hand. Pain occasionally may be referred to 
the suboccipital and posterior cervical areas. A 
trigger area near the vertebral border of the 
scapula may refer pain over the adjacent rhom
boid muscles. ANATOMICAL attachments are, 
medially, to the infraspinous fossa of the scapula 
and, laterally, to the greater tubercle of the 
humerus. FUNCTION of this muscle includes 
stabilization of the head of the humerus in the 
glenoid cavity during movement of the arm, with 
its chief action being lateral rotation of the arm at 
the glenohumeral joint. SYMPTOMS are referred 
pain when sleeping on either side, inability to 
reach behind to a back pocket or to brassiere 
hooks in back, and inability to reach to comb the 
hair or brush the teeth. ACTIVATION AND PER
PETUATION OF TRIGGER POINTS usually re
sult from acute overload while reaching backward 
and up. PATIENT EXAMINATION reveals restric
tion of medial and lateral rotation at the gleno

humeral joint, demonstrated by the Hand-to-
shoulder Blade Test. TRIGGER POINT EXAMI
NATION locates active TrPs midmuscle 1 or 2 cm 
(0.5 or 1 in) below the spine of the scapula, or oc
casionally more caudally. DIFFERENTIAL DIAG
NOSIS includes suprascapular nerve entrap
ment, bicipital tendinitis, C 5 -C 6 radiculopathy and 
arthritis in the shoulder joint. TRIGGER POINT 
RELEASE of this muscle with the spray and 
stretch technique may be done by adducting the 
arm across the front of the chest, or behind the 
back, while directing the vapocoolant or icing 
strokes laterally over the muscle and down the 
arm over its referred pain pattern, including the 
hand. Separate cooling sweeps are directed up
ward over the suboccipital area. TRIGGER 
POINT INJECTION begins with the patient lying 
on the side opposite the involved muscle while 
the TrP is localized between palpating fingers. In
jection is followed by passive stretching, active 
range of motion, and hot packs. CORRECTIVE 
ACTIONS include elimination of recurrent over
load on the muscle, proper positioning in bed at 
night, self-administered trigger point pressure re
lease, and self-stretch exercises. 

1. REFERRED PAIN 
(Fig. 22.1) 

We have found that, when the patient 
feels referred pain from myofascial trigger 
points (TrPs) intensely deep in the front of 
the shoulder, the infraspinatus muscle is 
the major source. 4 6 

Most reports of the referred pain pattern 
from this muscle identify the front of the 
shoulder as the major target area (Fig. 
2 2 . 1 A ) . 2 1 , 3 3 , 3 9 , 4 2 , 4 5 , 4 7 , 4 9 , 5 0 , 5 1 , 5 3 In 193 cases of 
infraspinatus referred pain, all patients 
identified the front of the shoulder as 
painful. 4 5 The shoulder pain is usually felt 
5 5 2 

deep within the joint. 4 7 The pain is de
scribed as also projecting down the antero
lateral aspect of the a r m , 2 1 , 2 4 , 3 0 , 3 3 , 3 9 , 4 5 , 4 7 , 4 9 , 

5 1 , 5 3 to the lateral f o r e a r m , 3 3 , 3 9 . 4 2 , 4 5 , 4 7 , 4 9 , 5 1 , 5 3 to 
the radial aspect of the h a n d , 3 0 , 3 3 , 3 9 , 4 2 , 4 7 , 5 1 , 

53 and occasionally to the fingers,30 ,45 or to 
the upper posterior cervical region (Fig. 
22.1A). Patients usually identify the most 
painful area by covering the front of the 
shoulder with the hand. 

A few authors located the pain in the 
back of the shoulder, 2 1 2 4 which we find can 
be referred simultaneously from TrPs that 
also are present in the adjacent teres minor 
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muscle. Bonica and Sola 4 described aching 
pain referred primarily to the region of the 
deltoid muscle. Rachlin 3 7 emphasized pain 
to the back of the shoulder and also in
cluded referral along the vertebral border 
of the scapula and to the base of the neck 
in the region of the levator scapulae. 

Much of the variation among these re
ports is probably due to the appearance of 

referred pain in the variable spillover 
zones. Among 193 subjects, 4 6 % experi
enced pain in the deltoid and biceps 
brachii regions, none reported elbow pain, 
2 1 % reported pain in the radial forearm, 
13% in the radial side of the hand, and 
14% in the suboccipital posterior cervical 
area. 4 5 The three Xs in Figure 22.1A give 
common examples of where TrPs are found 

B 

Figure 22.1. Referred pain patterns (red), and location 
of corresponding trigger points (Xs) in the right infra
spinatus muscle. Solid red shows essential referred 
pain zones, stippled red areas show spillover zones. 

A, three common locations of trigger points. B, loca
tion of tenderness at a trigger area in the region of the 
musculotendinous junction and the corresponding re
ferred pain pattern. 

A 
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in the midportion (endplate zone) of this 
muscle. No distinction is made in the pain 
patterns arising from these TrPs. 

Occasionally, a trigger area of spot ten
derness occurs close to the vertebral border 
of the scapula (Fig. 22.1B) that is located 
near the musculotendinous junction region 
and refers pain to the adjacent interscapu
lar rhomboid muscles. This pain pattern is 
difficult to distinguish from that of the 
trapezius TrP4 (see Fig. 6.3) and is likely 
enthesopathy secondary to infraspinatus 
TrPs. 

Among hundreds of patients seen with 
infraspinatus TrPs, one aberrant pain pat
tern was observed; in that case the pain 
was referred superficially to the front of the 
chest. After the initial injection, the patient 
returned with the expected infraspinatus 
pain pattern, which resolved with addi
tional injections of infraspinatus TrPs. 4 7 

Experimentally, increased alpha motor 
neuron excitability in the anterior deltoid 
muscle has been demonstrated by pressure 
stimulation of an active infraspinatus TrP 
that referred pain to the anterior deltoid 
area. Motor unit activity appeared at rest in 
the deltoid during referred pain elicited by 
this application of pressure. The patient 
was unable to eliminate this motor unit ac
tivity by relaxation, although surrounding 
muscles that were not within the pain ref
erence zone were electrically silent. 4 8 This 
supports recent evidence that TrPs can re
fer increased alpha motor neuron excitabil
ity as well as pain. 

Referred pain from the infraspinatus 
was induced experimentally by injecting 
the normal muscle with 6% hypertonic 
saline. Pain was felt deeply at the shoulder 
tip, in the posterior and lateral shoulder re
gions, and in the anterolateral aspect of the 
arm. 2 2 

2. ANATOMY 
(Fig. 22.2) 

The infraspinatus attaches medially to 
the medial two-thirds of the infraspinous 
fossa below the spine of the scapula and to 
adjacent fascia. Laterally it fastens to the 
posterior aspect (middle facet) of the 
greater tubercle of the humerus 6 (Fig. 22.2), 
and the tendon blends superiorly and pos
teriorly with the shoulder joint capsule. 1 0 

The upper medial portion of the muscle 
is covered by the lower trapezius. 

Supplemental References 

Other authors have illustrated the in
fraspinatus muscle in dorsal view with
out its artery and nerve s u p p l y , 1 , 6 , 8 , 3 4 , 4 3 

and with them, 9 and in cross section. 1 3 , 3 5 

3. INNERVATION 
The infraspinatus muscle is supplied by 

the suprascapular nerve, through the up
per trunk of the brachial plexus from 
spinal nerves C5 and C 6 . 6 The suprascapu
lar nerve passes through the scapular 
notch under the superior transverse liga
ment and then innervates the supraspina-
tus muscle. It next swings around the lat
eral border of the spine of the scapula and 
then innervates the infraspinatus muscle. 
The nerve is subject to entrapment as it 
passes under the ligament that bridges over 
the scapular notch and also where it 
swings around the end of the spine of the 
scapula. 7 

4. FUNCTION 
The infraspinatus laterally rotates the 

arm at the glenohumeral joint with the arm 
in any position, 1 2 and helps to stabilize the 
head of the humerus in the glenoid cavity 
during movements of the a r m . 5 , 6 , 2 5 

Inman, et al.w demonstrated that, elec-
tromyographically, infraspinatus activity 
increased linearly with increasing abduc
tion, with additional peaks of activity dur
ing flexion. In a well-conducted study, Ito 1 9 

showed that, compared to the supraspina-
tus, the infraspinatus showed a relatively 
low level of activity that gradually and 
steadily increased throughout both abduc
tion and flexion. The one exception was a 
marked but variable increase at 140° that 
usually reached only moderate levels of 
contraction. 

Basmajian and De Luca 3 clearly de
scribed how the angulation of the gle
noid fossa, together with the activity of 
horizontal fibers in several muscles, pro
vides a wedge action that prevents down
ward displacement of the head of the 
humerus. They showed that activity of the 
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supraspinatus muscle and of posterior 
fibers of the deltoid prevented downward 
displacement of the humeral head, even 
with considerable downward loading of 
the adducted arm. However, in other posi
tions, additional protection of the joint by 
rotator cuff muscular activity, which in
cludes contraction of the infraspinatus, be
comes critical. 3 In abduction, multiple 
muscles contribute both to the abductive 
force and to stabilization of the humeral 
head in the glenoid fossa. 

Electrical activity of the infraspinatus is 
not mentioned in conjunction with adduc
tion of the shoulder, and Duchenne 1 2 found 
no adduction component on stimulation. 

At the beginning of a golf swing in right-
handed golfers, the right infraspinatus ex

hibits barely 3 0 % of the EMG activity seen 
during maximum voluntary contraction 
and quickly fades down to around 10%. 
The left infraspinatus starts with a low 
level of activity and reaches a peak of 
nearly 6 0 % of maximum contraction dur
ing early follow-through.3 6 

5. FUNCTIONAL UNIT 
The infraspinatus and teres minor 

have nearly identical actions, but differ
ent innervations. The infraspinatus mus
cle functions in parallel with the teres 
minor and posterior deltoid for lateral ro
tation of the arm. The infraspinatus also 
functions synergistically with the su
praspinatus and other rotator cuff mus
cles by stabilizing the head of the hu-

Figure 22.2. Visible attachments of the infraspinatus muscle, showing the direction of muscle fibers. 
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merus in the glenoid cavity during ab
duction and flexion of the arm. 3 

The subscapularis, pectoralis major and 
anterior deltoid muscles act as antagonists 
to the infraspinatus and posterior deltoid 
for rotation of the arm. 

6. SYMPTOMS 
We agree with other authors that 

when myofascial pain is referred to the 
shoulder joint, the infraspinatus, supra-
spinatus, and sometimes the levator 
scapulae muscles are its most likely mus
cular sources . 2 3 , 4 0 

Various patients with an infraspinatus 
TrP commonly complain: "I can't reach 
into my back pants pocket; I can't fasten 
my brassiere behind my back; I can't zip 
up the back of my dress; I can't get my sore 
arm into my coat sleeve last, but must put 
it in first; or I can't reach back to the night 
stand beside my bed." Inability to medially 
rotate and to adduct the arm at the gleno-
humeral joint simultaneously is a reveal
ing sign of infraspinatus TrP activity. 
Patients are likely to complain that at
tempting to comb the hair or brush the 
teeth is painful. Tennis players complain 
that this shoulder pain limits the vigor of 
their strokes. 

Sola and Williams 4 2 identified the symp
toms of shoulder-girdle fatigue, weakness 
of grip, loss of mobility at the shoulder, 
and hyperhidrosis in the referred pain area 
as due to TrP activity in the infraspinatus 
muscle. 

Referred pain (Fig. 22.1) prevents the 
patient from lying on the painful side (and 
sometimes on the back) at night, because 
the weight of the thorax compresses and 
stimulates the infraspinatus TrPs. 4 7 When 
the patient lies on the pain-free side for re
lief, the uppermost arm is likely to fall for
ward and painfully stretch the affected in
fraspinatus muscle, again disturbing sleep. 
Thus, patients with very active infraspina
tus TrPs may find that they can sleep only 
by propping themselves up, seated in a 
chair or on a sofa for the night. 

A major part of the shoulder-girdle 
pain associated with hemiplegia is com
monly due to myofascial TrPs in the 
trapezius, scalene, supraspinatus, infra
spinatus, and subscapularis muscles. In 

the absence of spasticity at rest, the TrPs 
in these muscles usually respond well to 
local treatment. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Infraspinatus TrPs are usually acti
vated by an acute stress or by multiple 
overload stresses, such as the stress of 
frequently reaching out and back to a 
bedside stand (especially during an acute 
illness when muscles may be "below 
par"), grabbing behind for support to re
gain balance (e.g., grasping the railing 
when slipping on stairs), twisting the arm 
that holds a ski pole during a fall, exces
sive poling when skiing, delivering an es
pecially hard tennis serve when off bal
ance, or an experienced ice skater 
dragging a novice skater around by the 
arm for a long period of time. The onset 
of shoulder pain is usually within a few 
hours of the initiating trauma. The pa
tient generally can identify exactly what 
happened and when the muscle was 
overloaded. 

Since the infraspinatus muscle, unlike 
the supraspinatus, is likely to be strongly 
activated in movements that are unusual 
and transient, it is much more likely to de
velop TrPs as the result of an acute over
load than from tasks that impose a sus
tained overload. 

Baker 2 found that between 20% and 
30% of the infraspinatus muscles of pa
tients experiencing their first motor vehicle 
accident had active TrPs following the ac
cident regardless of the direction from 
which the impact came. This was slightly 
fewer than the number of TrPs that devel
oped in the supraspinatus muscles of these 
patients. 

8. PATIENT EXAMINATION 
(Fig. 22.3) 

The Mouth Wrap-around Test is a useful 
screening test for TrP restriction of shoul
der-girdle muscles and is illustrated and 
described in Chapter 18 (see Fig. 18.2). The 
Hand-to- shoulder Blade Test (Fig. 22.3) is 
more specific for identifying TrP restriction 
of the infraspinatus muscle. 

The Hand-to-shoulder-blade Test re
quires full adduction and medial rotation 
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of the arm at the glenohumeral joint. The 
patient does this test by placing the hand 
behind the back and reaching as far up to
ward the opposite scapula as possible. Nor
mally, the fingertips should reach at least 
to the spine of the scapula, farther than is 
shown in Figure 22.3. This test stretches 
the abductors and lateral rotators. When 
the range of these muscles (e.g., the infra
spinatus) is stretch-limited because of TrP 
tautness and shortening of the fibers, the 
fingers may barely reach to the hip pocket. 
This limitation is similar when the move
ment is performed actively or passively. 
On the other hand, TrPs in the antagonist, 
the subscapularis muscle, may allow the 
fingers to reach the spinal column, or far
ther, if done passively without contracting 

Figure 22.3. Hand-to-shoulder Blade Test, which re
quires adduction and medial rotation of the arm at the 
shoulder joint. This active movement places the infra
spinatus muscle on stretch and contracts the sub
scapularis and latissimus dorsi muscles in the short
ened position. This position of the hand would usually 
indicate some restriction of movement. In normal indi
viduals, the fingertips ordinarily reach the spine of the 
scapula. However, this individual had short upper 
arms that limited this movement. 

the subscapularis muscle in the shortened 
position. 

Palpation of the infraspinatus often re
veals very painful TrPs even when its 
manual muscle test against resistance is 
painless. 3 1 

When there is restriction in range of mo
tion of the shoulder complex and/or the el
bow complex, these joints should all be ex
amined for joint play. 3 2 

9. TRIGGER POINT EXAMINATION 
The infraspinatus muscle frequently 

harbors myofascial TrPs. In 126 patients, 
referred pain to the shoulder region arose 
from the infraspinatus muscle in 3 1 % of 
the cases, a frequency second only to that 
of the levator scapulae (55%) . 4 0 Pace 3 3 

made a similar observation. Among young, 
pain-free adults, the infraspinatus was 
third (18%) in the prevalence of latent 
TrPs, fewer than the levator scapulae 
(20%) and the upper trapezius (35%). 4 1 

The muscle may be examined for TrPs 
with the patient sitting, or lying on the 
pain-free side as for a TrP injection. When 
the patient is seated, slight tension is 
placed on the muscle by bringing the hand 
and arm across the front of the chest to 
grasp the far armrest of the chair. Flat pal
pation frequently discloses multiple spot 
tenderness in this muscle as indicated by 
the multiple Xs in Figure 22.1A. The most 
common TrP region is usually caudal to the 
junction of the most medial and adjacent 
quarter of the length of the scapular spine 
(upper medial X in Fig. 22.1A). 

The next most common TrP (lateral up
per X in Fig. 22.1A) is usually located cau
dal to the midpoint of the scapular spine, 
but may be as far lateral as the lateral bor
der of the scapula. It, too, is found by flat 
palpation. Lange 2 6 illustrated the location 
of this infraspinatus trigger area. 

A trigger area of spot tenderness that can 
refer pain like a TrP may be found along 
the vertebral border of the scapula (Fig. 
22.1B). This same location was described 
previously 4 2 , 5 2 and most likely is a region 
of enthesopathy at the musculotendinous 
junction. 

Firm bands in this superficial muscle 
may be more difficult to identify than one 
might expect. Local twitch responses 
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(LTRs) are moderately difficult to elicit by 
snapping palpation. The overlying skin is 
often thick and indurated by associated 
panniculosis. Referred pain can usually be 
evoked or aggravated by sustained pressure 
on an active infraspinatus TrP. 

The reliability with which the physical 
features of TrPs could be determined was 
evaluated by four experienced physicians 
who, following a 3-hour training session 
immediately before the study, examined 
five pairs of muscles for five physical char
acteristics of TrPs in each of 10 subjects. 1 4 

The muscles examined were the infraspina
tus, latissimus dorsi, upper trapezius, ex
tensor digitorum, and sternocleidomastoid. 
Agreement among examiners for TrP char
acteristics of the infraspinatus muscle was 
good for the detection of spot tenderness, a 
taut band, presence of referred pain, and re
production of the subject's symptomatic 
pain. However, agreement on the presence 
or absence of an LTR was slight, and was 
poorer for the infraspinatus than for the 
other muscles tested. The LTR is difficult to 
elicit manually, particularly in the infra
spinatus muscle. However, when it is ob
served, it is a strongly confirmatory finding, 
and it is especially valuable when needling 
TrPs therapeutically. Learning the skill nec
essary to palpate taut bands is an essential 
first step to the reliable recognition of TrPs 
by palpation. 

10. ENTRAPMENT 
No nerve entrapments are attributed to 

TrPs in this muscle. 

11. DIFFERENTIAL DIAGNOSIS 
Both suprascapular nerve entrapment 

and TrPs in the infraspinatus muscle can 
cause shoulder pain. However, prolonged 
nerve conduction latency, and/or muscular 
atrophy of the infraspinatus muscle indi
cate entrapment of the suprascapular nerve 
at the spinoglenoid notch where it passes 
from the supraspinatus to the infraspinatus 
musc le . 1 5 , 2 0 Entrapment of the nerve at the 
suprascapular notch involves both spina-
tus muscles. Additional confirmation of a 
surgical abnormality by magnetic reso
nance imaging or by ultrasound reinforces 
the previous findings.44 

If a patient arrives with the diagnosis of 
bicipital tendinitis and has been treated 
unsuccessfully by several health care 
providers, it is likely that there are uniden
tified TrP sources in the infraspinatus or bi
ceps brachii muscles which are responsi
ble for the anterior shoulder pain. 

The scapulohumeral syndrome, as de
fined by Long, 3 0 may be due to active infra
spinatus TrPs. This syndrome also might 
include pain referred from TrPs in the pec-
toralis major and minor muscles and from 
the long head of the biceps brachii. 

Infraspinatus TrPs refer pain in the dis
tributions of the C5, C6, and C7 spinal nerves, 
which may cause diagnostic confusion with 
radiculopathy due to intervertebral disc 
disease33 unless neurological deficits and 
electromyographic findings are considered 
in addition to the distribution of pain. 

Equally confusing is the fact that re
ferred pain from TrPs in the infraspinatus 
muscle closely mimics that arising from 
arthritis of the glenohumeral joint itself. 3 8 

Associated Trigger Points 
The teres minor lies in parallel with the 

infraspinatus and is its chief synergist. In 
addition, three families of muscles de
velop active TrPs in association with the 
infraspinatus, but any given patient usu
ally exhibits involvement of only one of 
the three groups. The anterior deltoid mus
cle lies in the essential pain reference zone 
of the infraspinatus, and it often develops 
satellite TrPs in response to prolonged ac
tivation of the infraspinatus TrPs. Another 
family is the synergistic supraspinatus-
infraspinatus team, which can be thought 
of as two traces of wagon wheels that raise 
the arm up and back, so that dual involve
ment is expected. The biceps brachii also 
may join this family. The third group in
cludes the teres major and latissimus 
dorsi, which counter lateral rotation by the 
infraspinatus. 

The antagonistic subscapularis and pec-
toralis major muscles also should be 
checked for associated TrPs. 

Since the infraspinatus is one of the ro
tator cuff muscles, differential diagnosis 
should rule out rotator cuff lesions (see 
Chapter 21). With rotator cuff problems the 
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pain is severe and is usually exhibited 
through a limited arc of motion. 

12. TRIGGER POINT RELEASE 
(Fig. 22.4) 

If there is any suspicion of rotator cuff 
damage, the infraspinatus should not be 
stretched. Treatment can include non-
stretching methods such as trigger point 
pressure release, deep massage to the taut 
hand, gentle hold-relax (no range of move
ment involved), indirect techniques, and/or 
injection. Application of vapocoolant or ic
ing can precede any of these techniques. 

When joint play is restricted in the 
shoulder complex (including the acromio
clavicular and sternoclavicular articula
tions), as well as in the elbow articulations, 
it should be restored. 

When muscle lengthening is needed and 
additional tension is not contraindicated, 
spray and stretch can be used. Three 
stretch positions may be employed effec
tively. First, the position of the Hand-to-
shoulder Blade Test may be used with the 
patient seated (Fig. 22.4A). Second, with 
the patient in a relaxed position, the in
volved arm is placed across the front of the 
chest in full horizontal adduction (Fig. 
22.4B). Third, the hand of the involved up
per limb may be placed behind the ipsilat-
eral pelvis with the patient lying on the 
pain-free side (Fig. 22.4C). Vapocoolant 
(Fig. 22.4A and C) or icing (Fig. 22.4B) is 
applied in slow parallel sweeps that follow 
the muscle fibers in a medial to lateral di
rection, cover the shoulder pain pattern, 
and continue down the arm to the finger
tips and over the thumb. Finally, vapocool
ant or icing sweeps are directed upward 
over the posterior cervical pain reference 
zone. See the legend in Figure 22.4 for de
tails of infraspinatus lengthening in each 
position. Before finishing the treatment, 
stretch and spray are applied to the antag
onistic anterior deltoid and pectoralis ma
jor muscles. This is important because 
these muscles can experience immediate 
or delayed shortening activation of latent 
trigger points (TrPs) in response to the un
accustomed shortening associated with the 
release of infraspinatus tension. The treat
ment ends with active range of motion of 
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the involved muscles, followed by applica
tion of moist heat. 

If TrP tenderness and LTRs remain in the 
infraspinatus muscle, trigger point pressure 
release or deep massage is usually helpful. 
Another effective technique is the applica
tion of postisometric relaxation of this me
dial rotator (progressive contract-relax) with 
respiratory augmentation while the patient 
is lying supine with the arm abducted and 
placed so that the elbow extends over the 
edge of the table and is flexed 90°. See Chap
ter 3 for more on these techniques. Since 
gravity alone tends to medially rotate the arm 
at the shoulder joint, this position can also be 
used for patient self-treatment. 2 7 , 2 9 

13. TRIGGER POINT INJECTION 
(Fig. 22.5) 

While the patient lies on the pain-free 
side, the arm is abducted and flexed to 
about 45° and the elbow rests on a pillow 
that has been placed against the chest (Fig. 
22.5). The trigger point (TrP) is located and 
pinned between the fingers against the 
scapula. The TrP is probed with a 3.8-cm 
(1.5-in) needle until the needle elicits an 
LTR, a local pain response, and usually the 
referred pain pattern of the TrP. As the 
procaine solution is injected, the clinician 
explores the area with the needle to 
reach any remaining TrPs. Rachlin 3 7 il
lustrates a similar injection technique in 
the midmuscle region. Instead of this in
jection method, the clinician may use dry 
needling with an acupuncture needle and 
rapidly pepper the region of the TrP until 
no more LTRs can be elicited; 1 6 this tech
nique may be just as effective as injecting 
an anesthetic hut the dry needling results 
in more postinjection soreness. 1 7 Hemosta-
sis is applied with the fingers of the pal
pating hand during and after injection. If 
residual tenderness and LTRs are still pre
sent, the remaining TrPs are localized by 
palpation and probed with the needle. A 
full passive stretch is carried out during 
the application of a few sweeps of vapo
coolant spray, and then a moist hot pack is 
applied while the arm is supported in a 
comfortable neutral position. 

Contrary to an early illustration, 4 5 the 
injection of TrPs is never done in a seated 
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Figure 22.4. Stretch positions and spray patterns (ar
rows) for the infraspinatus muscle. A, application of 
vapocoolant spray, patient in the seated position with 
the hand behind the thorax. B, application of ice in the 
direction of the patterns for spray as shown in A, with 
the patient seated and the medially rotated arm in front 
of the chest to lengthen the muscle. When the patient 
tries to reach across the chest while the operator sta
bilizes the scapula, the active effort reciprocally inhibits 
the infraspinatus muscle and allows it to lengthen. A 

small cloth or paper towel can be used to blot the skin 
dry following application of the ice. C, Application of 
vapocoolant spray, patient lying on the pain-free side 
with the affected arm medially rotated by resting the 
back of the hand behind the pelvis. While the operator 
stabilizes the scapula, the patient takes up any slack 
that develops in the infraspinatus by letting the 
humerus and elbow drop forward, effectively moving 
the humerus toward the front of the chest, and in
creasing medial rotation of the arm. 

Copyrighted Material



Chapter 22 / Infraspinatus Muscle 561 

Figure 22.5. Technique for injecting two common trig
ger point regions in the infraspinatus muscle. A, the 
medial trigger point region. The operator's left middle 
finger presses against the lower (caudal) border of the 

scapular spine. B, a more lateral trigger point. The left 
ring finger presses against the lower border of the 
scapular spine. 

patient; it is always performed with the pa
tient in the recumbent position to mini
mize psychogenic syncope and the possi
ble complications of falling, should the 
patient faint. 

A physician described to Dr. Travell his 
experience of producing a pneumothorax 
while injecting an infraspinatus TrP. The 
needle penetrated the scapula through a fi
brous membrane where he expected scapu
lar bone. Portions of the infraspinous fossa 
can be paper-thin. One must be aware of 
this possibility, and be sensitive to the re
sistance encountered by the needle at that 
depth. 

If, following injection therapy, the pa
tient's range of motion in the Hand-to-

shoulder Blade Test remains significantly 
restricted, the clinician should check for 
TrPs in the supinator muscle of the fore
arm, since this test can be restricted when 
the forearm does not pronate fully. 

14. CORRECTIVE ACTIONS 
(Fig. 22.6) 

The patient should avoid habitual sus
tained or repetitive motions that overload 
the infraspinatus muscle, such as regularly 
rolling the hair up on night curlers, and 
reaching backward to objects on a bedside 
table. The table should be moved toward 
the foot of the bed, or the unaffected arm 
should be used to reach across. On retiring 
to bed, application of a hot pack to the 
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Figure 22.6. Pain-relieving and pain-inducing sleep 
positions when right infraspinatus trigger points are 
active. A, neutral position of relief, with the affected 
arm supported by a pillow. B, poor position (red X) 
with the arm strongly adducted at the shoulder joint. 
This position can place the infraspinatus on painful 
stretch. 

muscle for 15-20 minutes can markedly re
duce the irritability of its TrPs. A heating 
pad also can be used on the low setting. 
Precautions must be taken not to fall asleep 
with the heating pad on a high setting as 
severe burns can result. 

When the patient lies on the uninvolved 
side, sleep is improved by supporting the 
uppermost elbow and forearm (painful 
limb) on a bed pillow (Fig. 22.6A) to avoid 
overstretching the affected infraspinatus 
muscle that can cause referred pain (Fig. 
22.6B); a neutral position is best. 

The patient may "press out" and inacti
vate an infraspinatus TrP with the applica
tion of TrP compression by lying on a ten
nis ball placed directly under a tender spot 
in the muscle; body weight is used to 
maintain increasing pressure for 1 or 2 
minutes, as described and illustrated in 
Chapter 18, Figure 18.4. The tennis ball 
pressure treatment may be repeated daily 
or every second day, until TrP tenderness 

disappears. A Theracane® can be used in
stead of the tennis ball. 

The patient may prefer to stretch the 
muscle daily while seated under a warm 
shower. The affected arm is pulled across 
the body, first in the front to achieve the 
arm position in Figure 22.4B, and then 
posteriorly (Fig. 22.4A). The warm water is 
directed on the involved infraspinatus and 
on associated muscles. 

An effective self-stretch technique is the 
application of postisometric relaxation 
(progressive contract-relax) with respira
tory augmentation. The patient learns to lie 
supine with the affected upper limb placed 
so that the elbow extends over the edge of 
the bed or sofa with the elbow flexed 
9 0 ° . 2 7 - 2 9 As the patient takes slow deep 
breaths and relaxes during exhalation, 
gravity alone medially rotates the arm and 
takes up any slack in the lateral rotators of 
the arm at the shoulder joint. The patient 
may achieve additional release of infra
spinatus tightness by voluntary effort to 
lower the hand (medially rotate the arm) to 
provide additional stretch within a com
fortable range through this augmentation 
by reciprocal inhibition. 
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CHAPTER 23 
Teres Minor Muscle 

HIGHLIGHTS: The teres minor functions as a "lit
tle brother" to the infraspinatus muscle. RE
FERRED PAIN from trigger points (TrPs) in the 
teres minor is often encountered as residual pain 
following inactivation of TrPs in the infraspinatus 
muscle. The pain focuses on an area localized 
near the region of the muscle's musculotendi
nous attachment. Referred dysesthesia of the 
fourth and fifth fingers may occur. ANATOMY: 
this muscle attaches immediately adjacent to, 
and just below, the attachments of the infraspina
tus muscle. INNERVATION of the teres minor is 
through the axillary nerve, whereas that of the in
fraspinatus is through the suprascapular nerve. 
FUNCTION of this muscle is nearly identical to 
that of the infraspinatus: it assists in stabilization 
of the head of the humerus in the glenoid cavity 
during movement of the arm. It also acts to later
ally rotate the arm at the shoulder joint. SYMP
TOMS include chiefly posterior shoulder pain and 
may include dysesthesia of the fourth and fifth 
fingers. Reaching up and back may produce or 
aggravate symptoms. ACTIVATION of TrPs re

sults from overloading the muscle while reaching 
up or while reaching out and behind the shoulder. 
PATIENT EXAMINATION reveals slight restric
tion of medial rotation at the glenohumeral joint 
on performance of the Hand-to-shoulder Blade 
Test. DIFFERENTIAL DIAGNOSIS includes the 
quadrilateral space syndrome, rotator cuff le
sions, ulnar neuropathy, C8 radiculopathy, and in
fraspinatus TrPs. TRIGGER POINT RELEASE 
using spray and stretch is performed by having 
the patient lie on the side opposite the involved 
muscle and bringing the involved arm over and 
behind the head. Meanwhile, the operator applies 
vapocoolant spray or icing in an upward direction 
over the muscle and its referred pain pattern. 
TRIGGER POINT INJECTION of this muscle in
volves precise localization of the TrP between the 
fingers. Injection is followed by active range of 
motion of the muscle. CORRECTIVE ACTIONS 
include elimination of mechanical stress on the 
muscle, attention to the sleeping position in bed, 
self-administration of TrP compression, and self-
stretch exercises. 

1. REFERRED PAIN 
(Fig. 23.1) 

A patient with active teres minor trigger 
points (TrPs) complains of a "painful 
bursa" about the size of a prune that seems 
to be deep in the posterior deltoid muscle 
close to the attachment of the teres minor 
on the humerus (Fig. 23.1). This concen
trated area of pain lies proximal to the del
toid's attachment at the deltoid tubercle of 
the humerus. The spot of pain appears well 
below the subacromial bursa, but feels like 
"bursitis" to the patient because of its 
sharp localization and deep quality. If the 
patient complains of a broadly distributed 
aching pain in the arm and shoulder poste
riorly, it is rarely due to TrPs in the teres 
5 6 4 

minor alone. Bonica and Sola illustrate a 
broader distribution of pain in the region 
of the posterior deltoid muscle. 4 

One report of 4 patients 1 1 indicates that 
referred dysesthesia of tingling and numb
ness to the fourth and fifth fingers may be 
as common as pain referred to the shoulder 
by active TrPs in the teres minor muscle. 

2. ANATOMY 
(Fig. 23.2) 

The teres minor muscle attaches medi
ally to the upper two-thirds of the dorsal 
surface of the scapula near its axillary bor
der and to the aponeuroses which separate 
this muscle from the infraspinatus and teres 
major muscles. It attaches laterally to the 
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lowermost impression (facet) on the greater 
tubercle of the humerus (Fig. 23.2). 5 The 
tendon is closely applied to the posterior 
part of the capsule of the shoulder joint. 1 3 

Supplemental References 
Other authors have clearly illustrated 

the teres minor muscle as seen from be
h i n d , 1 , 5 , 6 , 8 1 , 7 , 2 2 from the side, 7 in cross 
sect ion, 1 0 , 1 8 and in sagittal section. 2 

3. INNERVATION 

The teres minor muscle is innervated by 
the axillary nerve through the posterior 
cord from the C5 and C6 spinal segments. 
This innervation differs from that of the in
fraspinatus muscle above (supplied by the 
suprascapular nerve), and from that of the 
teres major below (supplied by the lower 
subscapular nerve). All three muscles are 

supplied at least in part from cervical 
spinal segments C5 and C 6. 
4. FUNCTION 

This muscle is a member of the rotator 
cuff team (see Fig. 21.2A). Many of the 
sources r e v i e w e d 3 , 9 , 1 3 , 1 4 equated the ac
tions of the teres minor and the infraspina
tus. Both muscles laterally rotate the arm at 
the glenohumeral joint regardless of 
whether the arm is abducted, flexed, or ex
tended, 9 and help to stabilize the head of 
the humerus in the glenoid cavity during 
movement of the arm (see Chapter 22, Sec
tion 4). Supporting this concept, a study of 
these two muscles showed remarkably 
similar, almost linearly, increasing electri
cal activity as the arm was abducted at the 
shoulder joint and during flexion; the ac
tivity reached a peak at about 120° of flex-

Figure 23.1. Referred pain pattern (essential zone solid red, spillover zone stippled red) of a trigger point 
(X) in the right teres minor muscle. It is common also to find TrPs slightly medial to the location 

of the X as described under Injection. 
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Figure 23.2. Attachments of the teres minor muscle showing location 
and direction of muscle fibers. 

ion. 1 2 The same authors 1 2 confirmed elec-
tromyographically the contribution of the 
teres minor to lateral rotation of the arm. 

Although Gray's Anatomy5 identified 
weak adduction as one action of the teres 
minor muscle, Basmajian and De Luca 3 

make no mention of electromyographic ev
idence, and Duchenne 9 no functional evi
dence, that adduction is a function of this 
muscle. 

5. FUNCTIONAL UNIT 
The teres minor muscle functions in 

parallel with the infraspinatus, to which it 
is a "little brother," having similar attach

ments but a different nerve supply. These 
muscles assist the other rotator cuff mus
cles, the supraspinatus and subscapularis, 
to stabilize the head of the humerus in the 
glenoid cavity during movements of the 
arm. The teres minor is also synergistic 
with the posterior fibers of the deltoid 
muscle. 

The teres minor may act as an antagonist 
to the subscapularis, pectoralis major, and 
anterior deltoid muscles. 

6. SYMPTOMS 
Patients complain more of the posterior 

shoulder pain (Fig. 23.1) than of restricted 
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motion. When the patient presents with 
pain deep in the anterior shoulder, the 
symptom is likely to be due to active TrPs 
in the infraspinatus rather than the teres 
minor. After treatment, with relief of the 
anterior shoulder pain and restoration of 
the normal length of the infraspinatus, the 
patient then becomes aware of the pain 
that is referred to the back of the shoulder 
by the teres minor. Infraspinatus-referred 
pain apparently dominates, and release of 
the infraspinatus tension uncovers the 
pain pattern of the next-tightest line of par
allel muscle fibers, the teres minor. 

Escobar and Ballesteros 1 1 reported 4 pa
tients with isolated active teres minor TrPs. 
All complained primarily of numbness 
and/or tingling of the fourth and fifth fin
gers aggravated by shoulder activity that 
required reaching above shoulder height or 
behind them. These movements also 
caused some pain in three of the patients. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

The teres minor muscle is usually not 
involved as a single-muscle syndrome. Its 
TrPs are activated by much the same over
load stresses-reaching up or reaching out 
and behind the shoulder-that activate TrPs 
in the infraspinatus muscle (see Chapter 
22). Patients have been known to activate 
acute teres minor TrPs in the following 
ways: as the result of a motor vehicle acci
dent (particularly when holding on to 
something such as the steering wheel), by 
loss of balance while lifting a heavy object 
overhead, while working in cramped quar
ters with the arm reaching overhead, and 
while playing volleyball. 1 1 

Teres minor TrPs are perpetuated by 
continued overloading of the muscle when 
reaching up and back, and by systemic per
petuating factors (see Chapter 4). 

8. PATIENT EXAMINATION 
The teres minor is one of the less com

monly involved muscles. About 7% of pa
tients with myofascial pain complaints in 
the shoulder region were found to have 
TrPs in the teres minor. 2 0 Only 3% of 
healthy young adults had what we would 
identify as latent TrPs in the teres minor or 
teres major muscle. 2 1 

The shoulder joint complex should be 
examined for restricted range of motion. 
Where restricted range is found, the joints 
should be examined for restriction of ac
cessory movements, or joint play. 1 6 Joints 
to be examined should include the gleno-
humeral, acromioclavicular, and sterno
clavicular (the latter two especially 
following a motor vehicle accident). Move
ment of the scapula on the chest wall 
should also be examined for restriction. 

Usually, the patient with obvious active 
TrPs in the teres minor muscle shows some 
restricted range of motion in the Hand-to-
shoulder Blade Test (see Fig. 22.3) even af
ter TrPs in the infraspinatus muscle have 
been inactivated by treatment. The Mouth 
Wrap-around Test (see Fig. 18.2) also may 
be restricted. The pain has shifted from the 
front of the shoulder (in the case of infra
spinatus TrPs) to the back of the shoulder 
(pain distribution of teres minor TrPs), and 
palpation reveals evidence of TrP activity 
in the teres minor muscle. 

9. TRIGGER POINT EXAMINATION 
(Fig. 23.3) 

The patient lies on the side opposite the 
involved upper limb, with the uppermost 
(involved) arm resting on a pillow against 
the chest. The operator palpates along the 
lateral edge of the scapula, between the in
fraspinatus above and the teres major mus
cle below, to locate active TrPs in the par
allel fibers of the teres minor muscle. 
Figure 23.3 illustrates these anatomical re
lationships; see also Figure 25.3, which 
shows the palpation of the teres major. The 
teres minor lies immediately superior to 
the teres major, but traverses posteriorly 
and attaches directly to the greater tubercle 
on the posterior side of the humerus, rather 
than joining the latissimus dorsi to attach 
on the front of the humerus, as the teres 
major does (Fig. 23.3). The long head of the 
triceps brachii muscle passes between 
them, and these muscles form three sides 
of the quadrangular space (Fig. 23.3). 1 

The teres minor can be identified by pal
pating the suspected muscle while the pa
tient alternately attempts lateral and me
dial rotation of the arm against minimal 
resistance. It contracts during lateral rota
tion and relaxes during medial rotation. 
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Figure 23.3. Anatomical relations of the teres minor when using pincer palpation. The long head of the tri-
(dark red) to other dorsal scapular muscles (light red), ceps also passes through that space and, with the 
The lateral border of the scapula is usually palpable as teres minor and teres major muscles and the 
an orienting landmark and can be located in the space humerus, helps to define the quadrangular (quadrilat-
between the teres minor and the teres major muscles eral) space. 

10. ENTRAPMENT 
No nerve entrapments are attributed to 

TrP tension in this muscle. 

11. DIFFERENTIAL DIAGNOSIS 
Since the teres minor is one of the rota

tor cuff muscles, rotator cuff lesions should 
be ruled out (see Chapter 21). With teres 
minor TrPs, the patient usually does not 
describe a small arc of severe pain; rather, 
the pain is throughout the movement or at 
the end of the range of movement. 

The quadrilateral space syndrome is 
characterized by shoulder pain and selec
tive atrophy of the teres minor muscle due 
to compression of the axillary nerve by fi
brous bands as the nerve passes through 
the quadrilateral space. This was demon
strated on three patients by magnetic reso
nance imaging.1 5 

As the four case reports of Escobar and 
Ballesteros 1 1 so eloquently demonstrated, 
dysesthesia in the fourth and fifth fingers 
that is caused by active teres minor TrPs 

Latissimus dorsi (cut) 

Teres major 

Tr iceps 
(long head cut) 

Teres 
minor 

Quadrangular 
space 

Infraspinatus 

Supraspinatus 
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can easily be mistaken for an ulnar neu
ropathy or C8 radiculopathy. The neuropa
thy and radiculopathy can be ruled out by 
appropriate electrodiagnostic evaluation. 

Because of the location of the pain and 
tenderness referred by these TrPs, one 
must not assume that these symptoms are 
caused by subdeltoid bursitis, but must 
also examine the teres minor for TrPs that 
can be causing the symptoms. 

In cases of posttraumatic shoulder pain 
(particularly following an automobile acci
dent in which the patient was holding on 
to the steering wheel or reaching the arm 
out for protection), one should rule out 
acromioclavicular separation. 

The infraspinatus is the primary syner
gist of the teres minor and, in our experi
ence, almost always becomes involved 
when there are TrPs in the teres minor. Ad
ditional muscles likely to be involved are 
those presented in Chapter 22, Section 11. 

12. TRIGGER POINT RELEASE 
(Fig. 23.4) 

Scapular mobility and joint play 1 6 

should be restored if indicated. 
If a rotator cuff tear is suspected, non-

stretch treatment techniques should be em
ployed (see Chapter 21, Section 12). Also 
see Chapter 21, section 11 for a discussion 
of rotator cuff lesions. 

For spray and release, when muscle 
lengthening is not contraindicated, the pa
tient lies on the side opposite the involved 
muscle. The operator first applies a few 
sweeps of spray over the muscle while 
flexing the arm to bring it overhead, and far 
enough behind the head to take up the 
slack. With successive applications of 
spray, the operator gradually releases the 
muscle by allowing the arm to drop down 
behind the head and toward the floor (Fig. 
23.4). Parallel sweeps of the vapocoolant 
spray are applied along the line of the mus
cle fibers and over the pain reference zone. 
The treatment is followed by hot packs 
over the muscle. Release is facilitated by 
postisometric relaxation and/or reciprocal 
inhibition (see Chapter 3). See Figure 
22.4A and B for other stretch positions that 
can be utilized to lengthen the teres minor. 

Instead of, or in addition to, this treat
ment, a member of the patient's family can 
be taught to apply gentle trigger point pres-

Figure 23.4. Stretch position and spray pattern (ar
rows) for a trigger point (X) in the teres minor muscle. 
The arm is slowly brought upward and then behind the 
head to take up any slack as it develops in the mus
cle. See Figure 22.4A and B for other stretch positions 
that can be used for lengthening of the teres minor. 

sure release. The patient can apply self-
treatment by lying on a tennis ball and ap
plying gentle pressure to the trigger point 
(TrP) while taking up the slack that develops 
in the relaxed muscle during exhalation. 

13. TRIGGER POINT INJECTION 
(Fig. 23.5) 

The patient lies on the unaffected side, 
with the involved arm in front, resting on a 
pillow. Alternatively, the patient may lie 
prone with the arm medially rotated (palm 
up) and abducted to approximately 45°, 
or less, to take up the slack in the muscle. 
The trigger points (TrPs) in the teres minor 
usually lie near the surface of the muscle 
and are located between the teres major 
and the infraspinatus, near the lateral bor
der of the scapula. For injection, a TrP is 
fixed between the index and middle fingers 

Copyrighted Material



5 7 0 Part 3 / Upper Back, Shoulder, and Arm Pain 

Figure 23.5. Technique for injection of a trigger point in the teres minor muscle. The patient lies on the unaf
fected side with the arm positioned to take up slack in the muscle. The tip of the operator's index finger 

marks the lateral border of the scapula between the teres major and teres minor muscles. 

(Fig. 23.5), using one of the techniques de
scribed for the infraspinatus muscle (see 
Chapter 22). The needle is directed toward 
the scapula. Following injection, the pa
tient makes the movement of the Hand-to-
shoulder Blade Test to stretch the muscle 
while a few sweeps of vapocoolant are ap
plied over it. A hot pack and active range 
of motion complete this treatment. 

The anatomical relations of this muscle 
and the usual location of the TrPs for in
jection are also described and illustrated 
by Rachlin. 1 9 

14. CORRECTIVE ACTIONS 
Corrective actions for the teres minor 

are essentially those described in detail in 
Chapter 22, Section 14. They include 
avoidance of excessive or repetitive load 
on the muscle, correct position of the arm 
to avoid full shortening during sleep, home 
application of hot packs and of TrP pres
sure release, and self-stretch exercises. 

The patient or a member of the patient's 
family can be taught to inactivate the TrP 
by applying digital pressure to it (trigger 
point pressure release) daily for several 
days. Or, the patient can apply self-trigger 
point pressure release (and some deep 

massage) by lying on a tennis ball and 
rolling the TrP over it. A Theracane® can be 
used for this purpose, also. These are simi
lar to the techniques recommended for the 
infraspinatus muscle. 
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CHAPTER 24 
Latissimus Dorsi Muscle 

HIGHLIGHTS: REFERRED PAIN from trigger 
points (TrPs) in the latissimus dorsi is readily mis
judged as resulting from enigmatic intrathoracic 
disease. Pain usually concentrates in the area of 
the inferior angle of the scapula and may extend 
to the back of the shoulder and down the medial 
arm and forearm to the ulnar aspect of the hand, 
including the ring and little fingers. ANATOMI
CAL attachments to the trunk present a fan 
shape. The muscle connects, below, to the spi
nous processes of the lower six thoracic and all 
the lumbar vertebrae, the sacrum, the posterior 
crest of the ilium, and the last three or four ribs. 
Above, the muscle attaches to the intertubercular 
groove of the humerus jointly with the teres ma
jor. FUNCTION includes adduction, extension, 
and medial rotation of the arm at the shoulder 
joint and forceful depression of the shoulder gir
dle. SYMPTOMS are primarily pain, which is 
changed little by muscular activity or change of 
position. ACTIVATION AND PERPETUATION 
OF TRIGGER POINTS result from repetitively 
pulling down with the hands from overhead or 
pushing down with the hand beside the body. 
PATIENT EXAMINATION reveals minimal restric

tion of range of motion. TRIGGER POINT EX
AMINATION requires pincer palpation of the 
latissimus dorsi in the posterior axillary fold at ap
proximately the midscapular level with the arm in 
lateral rotation and abducted approximately 90° 
to take up the slack. DIFFERENTIAL DIAGNO
SIS includes suprascapular nerve entrapment, C7 

radiculopathy, and bicipital tendinitis, as well as 
TrPs in the lower trapezius or rhomboid muscles. 
TRIGGER POINT RELEASE of this muscle is of
ten effective, but one must be careful to get full 
stretch on the muscle and use augmentation 
techniques. The vapocoolant is applied upward 
from the pelvis over the entire muscle and con
tinues over the referred pain pattern to the fin
gers. TRIGGER POINT INJECTION in this mus
cle is performed by grasping the muscle fibers 
within the posterior axillary fold in a pincer grip to 
inject them. Following injection, the patient fully 
flexes and extends the arm slowly three times 
through a full range of motion. CORRECTIVE 
ACTIONS focus on teaching the patient to avoid 
overloading the muscle and to perform release 
exercises regularly. 

1. REFERRED PAIN 
(Fig. 24.1) 

T h e la t iss imus dorsi is a frequently 
over looked myofasc ia l cause of m i d t h o -
rac ic b a c k pain . T h e most c o m m o n m y o 
fascial trigger points (TrPs) respons ib le for 
that pa in are usual ly located in the m i d -
port ion of the most craniad group of fibers 
in the region of the posterior axi l lary fold 
(Fig. 2 4 . 1 A ) . B o n i c a and S o l a 8 i l lustrate 
this TrP locat ion accurate ly in their Figure 
5 8 - 1 0 A . A constant aching pain is referred 
to the infer ior angle of the scapula and the 
surrounding midthorac i c region (Fig. 
2 4 . 1 A ) . 8 , 5 3 Referred pain also m a y ex tend 
to the b a c k of the s h o u l d e r 3 7 and down the 
572 

media l aspect of the arm, forearm and 
h a n d , inc luding the ring and little fingers 
(Fig. 2 4 . 1 A and B ) . In describing the center 
of this pain, the patient has difficulty 
reaching b e h i n d to the lower scapular re
gion but , w h e n asked to draw the pain, is 
apt to mark a sol id c irc le centered on the 
inferior angle of the scapula. 

Th is is a k e y TrP that can be responsible 
for satellite TrPs in musc les located in the 
referred pain zone of the lat iss imus, such as 
the tr iceps brachi i and flexor carpi u lnar i s , 2 9 

the lower trapezius (see Chapter 6) , and the 
i l iocostal is thoracis (see Chapter 48) . 

Figure 24 .1C and D shows a less com
m o n locat ion of a lat iss imus dorsi TrP in 
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Figure 24.1. Referred pain patterns (essential portion 
is solid red, spillover portion is stippled red) referred 
from trigger points (Xs) in the right latissimus dorsi 
muscle. A, back view of the pain pattern from trigger 
points in their most common location within the axil

lary portion of the muscle. B, front view of same. C, 
anatomical view: most common, superior, location of 
trigger points (upper X)and inferior location (lower X). 
D, pain pattern of the inferior trigger point, which may 
also refer pain down the arm. 
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the midregion of the longest , more anterior 
fibers. T h i s TrP locat ion refers pain to the 
front of the shoulder and somet imes over 
the lower lateral aspect of the t runk above 
the i l iac crest . T h e most anterior fibers 
form a series of shorter digitat ions that at
tach to the r ibs. T h e pain patterns from 
TrPs in these digitations have not b e e n 
identi f ied a n d reported. An intermediate 
TrP (not s h o w n here) in the midregion of 
the f ibers at taching to the thoraco lumbar 
region refers pa in loca l ly over the lower 
end of the poster ior axi l lary fold, lateral to 
the scapula , as previously i l lus t ra ted . 5 7 

Inject ion of hypertonic saline into a nor
mal lat issimus dorsi musc le in the area of the 
posterior axil lary fold induces referred pain 
in various parts of the pattern shown in Fig
ure 24 .1A. Kel lgren 3 4 reported that such an 
in ject ion of 6% saline referred pain to the 
arm and forearm. Using 7 . 5 % saline for in
ject ion, we found in a pilot study that the 
vert ical ly oriented, deep fibers next to the 
teres major were more l ikely to refer pain to 
the back in the scapular area, whereas the su
perficial , more horizontal ly oriented f ibers 
were l ikely to refer pain to the upper l i m b . 5 3 

W i n t e r 6 0 attr ibuted some cases o f l o w 
b a c k pain to TrPs in the fascial a t tachments 
of the la t i ss imus dorsi in the lumbosacra l 
area. T h e s e " T r P s " were l ikely trigger areas 
of enthesopathy. 

Sandford and Barry 5 2 described a pa
tient who presented with a sharp stabbing 
pain in the right upper quadrant of the ab
domen, and it radiated to the back. The 
pain was of three months' duration start
ing after playing slot machines for 6 hours 
per day, was progressive, and was similar 
to pain experienced 9 years earlier before 
cholecystectomy. However, rather than 
being associated with eating, her current 
pain was associated with muscular activ
ity. All gastrointestinal and laboratory 
studies were normal. Examination re
vealed a soft abdomen with mild right up
per quadrant tenderness that increased 
with deep pressure. Firm pressure on a 
firm tender area over the latissimus dorsi 
muscle reproduced her abdominal pain. 
This was treated with the TrP therapeutic 
technique of spray and stretch for the 
latissimus dorsi muscle and with a home 
program of ice massage and self-stretch of 

the latissimus dorsi muscle. The patient 
became asymptomatic and remained so 
after six treatments over a 3-week period. 

This case report illustrates an impor
tant characteristic of pain referred from 
TrPs. Where there is previous pain modi
fication of central nervous system path
ways, pain referred from TrPs in that re
gion is prone to appear at the site of the 
previous pain instead of (and occasion
ally in addition to) its usual pattern of re
ferral. Sometimes TrPs from several mus
cles in the region will refer to the same 
site of prior pain, a site that is not within 
their usual pattern of referral. The more 
intense the earlier pain and the more in
tense the emotions associated with it, the 
more likely this phenomenon becomes. 

Dittrich, 1 6 in 1955, described the latis
simus dorsi syndrome in four case reports 
as pain referred to the shoulder and shoul
der-blade region, to the lower part of the 
chest posteriorly, and to the wrist and 
hand. Onset of pain was sudden in every 
case and in three cases related to muscu
lar overload. One patient had tender spots 
in the latissimus dorsi, and all had some 
degree of tenderness in the region of the 
attachment of the latissimus dorsi to the 
lumbodorsal fascia at the level of L2 or L 3 . 
Subcutaneous injection of procaine to the 
level of, but not into, this fascia temporar
ily relieved the pain for days or weeks, but 
the pain always returned. Sustained relief 
followed surgical excision of the strip of 
fascia that was attached to the latissimus 
dorsi and contained the tender spot. Dit
trich considered the tender site a TrP that 
caused the referred pain symptoms. This 
picture would be consistent with the site 
of excised tenderness being a site of en
thesopathy secondary to latissimus dorsi 
TrPs, and it reinforces other observations 
that sites of enthesopathy secondary to 
TrPs can themselves be a source of re
ferred pain characteristic of that muscle. 

2. ANATOMY 
(Fig. 24.2) 

T h i s m u s c l e attaches below to the spi
nous processes of the lower s ix thoracic 
vertebrae and of all the lumbar vertebrae, 
to the sacrum v ia the lumbar aponeurosis , 
and to the posterior part of the crest of the 
i l ium. Bogduk and T w o m e y 7 describe and 
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i l lustrate in detail the fascial a t tachment of 
the lat issimus dorsi to the thoraco lumbar 
fascia. T h e caudal ends of the most vert ical 
f ibers of the musc le are anchored anteriorly 
to the last three or four ribs. Above, the 
lat issimus dorsi curves around the lower 
border of the teres major and at taches to 
the floor of the intertubercular groove of 
the humerus (Fig. 24 .2 ) . T h e tendons of 
these two musc les are partial ly uni ted near 
their a t tachments . 9 

T h e teres major a t tachment ends distal 
and dorsal to that of the lat iss imus dorsi 
(Fig. 24 .2 ) . There the two tendons are cov
ered by the pectoral is major (see Chapter 
42 ) , w h i c h bridges the bic ipi ta l t endon to 
attach to the lateral l ip of the intertubercu
lar groove for the bic ipi ta l tendon. All latis
s imus f ibers twist nearly 180° around the 
teres major m u s c l e . T h e nearly vert ical 
f ibers of the lat iss imus dorsi , w h i c h attach 
to the ribs and the crest of the i l ium, hug 
the teres major in the axi l lary fold and at
tach proximal ly on the humerus . T h e supe
rior, most horizontal f ibers of the la t iss imus 
usually pass over the inferior angle of the 
scapula and either directly or through a fas
cial extension are often adherent to the in
ferior angle . 5 T h e s e uppermost f ibers form 
the free margin of the posterior axi l lary fold 
and attach more distally on the humerus . 
The anatomical relation of the lat iss imus 
dorsi musc le to other shoulder and p e c 
toral girdle musc les appears in Figure 2 6 . 3 . 

An anatomical and functional analysis of 
10 p igs 2 7 showed the latissimus dorsi to be 
divided into three compartments : the lateral, 
oblique and transverse segments of the mus
cle. Each compartment is suppl ied by its 
own neural branch with some overlap of in
nervation, especial ly in the oblique segment 
which is located between the other two. 

Rarely, a variant cal led the axi l lary arch 
musc le crosses the lower axi l lary fossa be
tween the humeral end of the lat iss imus 
dorsi and the costal end of the pectoral is 
major m u s c l e . 9 , 1 9 , 2 8 

SUPPLEMENTAL REFERENCES 

The latissimus dorsi muscle has been 
well-illustrated as seen from behind, 1 , 9 , 1 3 , 

3 6 , 3 9 , 4 7 , 5 4 f rom the s ide , 1 9 , 2 0 and f rom the 
front . 1 1 , 4 0 Cross sections show the muscle 
at the.thoracic level 3 , 4 6 and at the lumbar 
level . 4 , , 1 2 , 5 5 Details of the relationship be

tween the latissimus dorsi and the teres 
major muscles in the axilla and their at
tachment to the humerus are shown from 
behind, 1 4 , 4 8 from below, 5 6 and from in 
front . 2 , 1 0 

3. INNERVATION 
T h e m u s c l e i s suppl ied by the thora

codorsal (long subscapular) nerve through 
the posterior cord and spinal nerves C 6 , C 7 

and C 8 . 9 In p i g s , 2 7 the thoracodorsal nerve 
divides into three branches at the latis
s imus dorsi m u s c l e and separately inner
vates its three compar tments . 

4. FUNCTION 
T h i s extens ive m u s c l e (together wi th its 

fasciae) l inks the upper and lower body in 
a myriad of funct ions . Through its h u m e r a l 
and scapular a t tachments , the la t i ss imus 
dorsi can inf luence the shoulder girdle and 
thus indirect ly, n e c k posture . I t can influ
e n c e trunk and pe lv ic posture and m o v e 
m e n t by its a t tachment to the last s ix tho
rac ic vertebrae and the last three or four 
ribs, and by its a t tachment through the 
lumbodorsa l fascia to the lumbar vertebrae, 
the sacrum, and the i l iac crest . 

T h e latissimus dorsi primari ly acts to ex
tend the arm at the shoulder joint, as w h e n 
swimming the crawl stroke or w h e n chop
ping wood. It adducts and assists medial ro
tation of the a r m , 3 6 , 5 1 and depresses the 
h u m e r u s . 6 , 2 2 T h e combinat ion o f humeral 
depression and extension by the lat issimus, 
acting through the glenohumeral joint, 
adducts the scapula and draws the shoulder 
girdle downward and b a c k w a r d . 3 0 T h e verti
cal fibers of the latissimus dorsi, and to a 
lesser extent the lower f ibers of the pectoralis 
major, lift and support the body weight 
w h e n " c h i n n i n g " onesel f wi th the arms 
overhead and w h e n walking with crutches . 

An e lec tromyographic (EMG) study us
ing b ipolar f ine wire e l e c t r o d e s 3 2 s h o w e d 
marked activity of the la t iss imus dorsi in 
all 8 subjects w h e n depress ion of the 
shoulder was res is ted wi th 30 ki lograms of 
weight . T h e m u s c l e b e c a m e moderate ly ac
tive during arm extens ion and during ad
duct ion in front of the body, but was 
strongly act ivated by arm adduct ion be 
h i n d the body w h i c h added a degree of ex
tens ion also. T h e m u s c l e was si lent during 
horizontal abduct ion a n d a d d u c t i o n . 3 2 Dur-
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Figure 24.2. Attachments of the latissimus dorsi (red), 
and its relation to the teres major muscle, which arises 
from the edge of the scapula. The superior (horizontal) 
fibers of the latissimus dorsi swing around the teres 
major, and the tendons attach near each other (the 

teres major to the medial lip of the intertubercular 
groove of the humerus, and the latissimus dorsi to the 
floor of the groove). Both muscles are elongated by 
flexion and lateral rotation of the humerus. 

Teres 
major 
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ing conica l m o v e m e n t of the a r m 4 5 the 
lat issimus dorsi b e c a m e electromyographi-
cal ly active w h e n the arm was moving 
obliquely downward away from the m i d 
l ine (toward extension) . 

St imulat ion s tudies 1 8 showed that the 
upper one-third (nearly horizontal f ibers) of 
the latissimus dorsi adducted and extended 
the arm whi le strongly retracting the 
scapula. W h e n the musc les contracted bilat
erally, this retraction strongly extended the 
thoracic spine. S t imulat ion of the lowest 
third of the musc le strongly depressed the 
shoulder and extended the arm. Media l ro
tation was produced only w h e n the arm had 
been placed in abduction. T h e tendency of 
strong contraction of the lat issimus dorsi to 
subluxate the glenohumeral joint was coun
tered by the long head of the triceps brachi i 
and the coracobrachial is m u s c l e s . 1 8 

Although the records of 12 subjects were 
highly variable, the average EMG activity 
of the latissimus dorsi during a golf swing 
began at minimal values that quickly in
creased to a maximum response (during 
forward swing) of about 5 0 % of the maxi
mum activity elicited by manual muscle 
strength testing. The activity slowly sub
sided throughout the rest of the swing to 
about 20% of the maximum test value. 
There was no marked bilateral difference. 4 9 

Fine wire EMG recordings of qualitative 
latissimus dorsi activity during aquatic 
swimming in 7 subjects 4 4 showed a pre
dominantly propulsive function. Activity 
started at early pull-through when the arm 
was fully abducted and lateral rotation 
was at its maximum. Activity increased as 
the arm was medially rotated and ad
ducted, progressing to the end of pull-
through. This appeared during freestyle, 
butterfly and breaststroke swimming. 

Monitoring the pitching of 4 profes
sional baseball pitchers with fine wire 
EMG electrodes 3 1 revealed that latissimus 
dorsi activity during the cocking phase 
reach 168% of maximum activity 
recorded during manual muscle testing 
(MMT). During the acceleration phase the 
muscle activity continued to exceed 
100% of MMT by 3 5 % more activity. This 
excessive muscular activity during a coor
dinated, well-learned, meaningful activity 
is even more marked in some other mus

cles. 3 1 This illustrates an important prin
ciple: the EMG activation of a muscle can 
be remarkably different under test condi
tions as compared to EMG activation dur
ing meaningful, well-learned movements. 
This difference in activity during testing 
and during skilled activity can be very 
large in a muscle that is inhibited reflexly 
by active TrPs in a functionally related 
muscle. 2 6 

Comparison of 12 healthy uninjured 
athletes with 15 athletes skilled in throw
ing, who had chronic anterior instability of 
the shoulder that required operative inter
vention, 2 2 revealed marked muscle imbal
ance in the patients. The EMG activity in 
the latissimus dorsi muscles of the patients 
was nearly three times the normal level 
during late cocking phase and roughly one 
third of normal during acceleration. The 
authors postulated that this difference in 
neuromuscular control was a factor in pro
ducing or maintaining the anterior insta
bility. This is the kind of incoordination 
that can be reflexly induced by active TrPs, 
but TrPs were not mentioned as part of the 
examination or as a consideration. 

The latissimus dorsi showed minimal 
EMG activity during simulated automobile 
driving.3 3 As would be expected, typing 
and various sitting postures caused little, 
if any, activation of the latissimus dorsi. 3 8 

In a study of pigs walking up a ramp, 
the three compartments of this muscle 
(the transverse, oblique, and lateral seg
ments) showed progressive delay in onset 
of activity during each stride. Activity in 
the teres major muscle corresponded 
closely to the early onset of activity in the 
transverse segment. 2 7 This illustrates the 
functional compartmentalization of the 
latissimus dorsi muscle. 

5. FUNCTIONAL UNIT 
T h e funct ions of the teres ma jor and the 

long h e a d of the tr iceps brachi i relate in a 
c o m p l e x w a y to those of the la t iss imus 
dorsi; however , only the la t iss imus dorsi 
at taches to the trunk. With the arm at the 
s ide of the body, the la t iss imus dorsi and 
the long head of the tr iceps have antago
nist ic effects on d i sp lacement of the g leno-
humeral joint . In the abducted arm, their 
effect on this d i sp lacement is synergist ic . 
With the scapula stabi l ized, the teres major 
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and the la t iss imus dorsi are strongly syner
gistic in h u m e r a l ex tens ion , adduct ion , 
a n d media l rotat ion b e c a u s e of their com
m o n a t tachment to the h u m e r u s . Through 
the g lenohumera l jo int , the la t iss imus 
dorsi can strongly inf luence posi t ioning of 
the s c a p u l a / s h o u l d e r girdle. 

T h e lower part of the pectoral is major is 
a synergist of the la t iss imus dorsi in shoul
der girdle depress ion. 

T h e thorax-e levat ion funct ion of the sca
lene m u s c l e s a n d the shoulder girdle-
e levat ion funct ion of the upper trapezius 
are antagonist ic to the depressor funct ion 
of the la t i ss imus dorsi. 

Inferiorly, the anterior la t iss imus dorsi 
f ibers interdigitate wi th the f ibers of the lat
eral abdomina l obl ique m u s c l e w h i c h syn-
ergist ical ly f ixes the lower ribs for these 
f ibers of the la t iss imus to funct ion . 

6. SYMPTOMS 
T h e pern ic ious infrascapular midtho-

rac ic b a c k a c h e pro jec ted from lat iss imus 
dorsi TrPs is distressingly unrespons ive to 
stretching m o v e m e n t s or change of posi 
t ion by the pat ient in an effort to obtain re
lief. T h e la t iss imus dorsi is a long s lack 
m u s c l e and, therefore , rarely causes pain 
on m o v e m e n t s that stretch i t on ly partial ly; 
however , i t does refer pa in wi th depressor 
m o v e m e n t s that load it. Referred pain can 
occur w h e n the pat ient stretches upward 
and far out in front of the body to h a n d l e 
something bulky. Pat ients wi th TrPs in the 
la t iss imus usual ly don't c o m p l a i n of re
ferred pain from this m u s c l e unt i l the TrPs 
are suff ic ient ly act ive to cause pain at rest. 
T h e fact that a pat ient is not aware of any 
part icular act ivity that aggravates the m i d -
b a c k pain immedia te ly casts susp ic ion on 
the la t iss imus dorsi m u s c l e . 

T h e pat ient is l ikely to give a long his 
tory of negative diagnost ic procedures , 
s u c h as bronchoscopy , coronary angio
gram, myelogram, or computer ized tomog
raphy, and is l ike ly to give a history of un
success fu l therapy (mistakenly) appl ied to 
the area of referred pain in the b a c k rather 
than to its source . 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

B e c a u s e of its long s lack nature , the 
la t iss imus dorsi is unl ike ly to be act ivated 

by acute trauma or overload. Therefore , 
identi fying the source of insidious activa
t ion requires a careful analysis of activities 
that require forceful shoulder-girdle de
press ion (weight bearing) or repetit ive ex
tens ion , espec ia l ly w h e n c o m b i n e d with 
adduct ion. S y m p t o m s are more l ikely to be 
exper ienced w h e n the musc le i s stretched 
by reaching forward and up rather than 
w h e n its depressor and arm extension 
funct ions are overloaded. 

A few c o m m o n activit ies that can even
tual ly activate these TrPs are reaching over
h e a d to exerc ise by pul l ing heavy weights , 
throwing a basebal l , hanging from a swing 
or rope, and pressing down to twist weeds 
out w h i l e gardening. T h e patient becomes 
aware of an enigmatic persistent back pain 
some t ime after the activity has ended. 

T h e lat issimus dorsi can develop satel
lite TrPs as a result of key TrPs in the serra-
tus posterior superior musc le . Inactivation 
of the key serratus TrPs can inactivate the 
lat iss imus dorsi TrPs without further treat
ment of t h e m . 2 9 Somet imes however, a satel
lite TrP does not c lear up with inactivation 
of the key TrP and must be identif ied and in
activated as usual for that specific muscle . 
Just as frequently, the lat issimus dorsi mus
cle i tself can have key TrPs that are respon
sible for satell ite TrPs in other muscles , 
such as the tr iceps brachi i , the lower tra
pezius , and the i l iocostal is thoracis . 

T h e persistent compress ion of this mus
cle i m p o s e d by a tight brassiere around 
the chest can activate and perpetuate 
TrPs in it. If the excess ive tension of the 
brass ie re -as ev idenced by deep indenta
t ion of the s k i n - i s caused by tight elastic , 
its e last ic i ty can be w e a k e n e d by dampen
ing the elast ic part and heating it with a hot 
iron. 

T h e body pressure of s leeping on the 
side of a lat iss imus TrP can activate it and 
ser iously disturb sleep and disturb func
t ion the next day. O n c e activated, using the 
arm to assist getting up or down from a low 
seat can aggravate TrPs in the more vertical 
la t iss imus f ibers . 

An interesting case report 4 1 was that of 
a 68-year-old professional viola player 
who had developed multiple shoulder-
girdle TrPs that prevented him from per
forming in concert. Initial examination re-
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vealed involvement of the supraspinatus 
muscle including tenderness ("impinge
ment") of its tendinous attachment, 
which cleared in 2 weeks with hold-relax 
treatment of the muscle and phonopho-
retic application of 10% hydrocortisone 
to the tendon attachment. The gleno-
humeral joint now tested normal during 
active and passive range of motion and 
exhibited minimal deficit in muscle 
strength. The patient noted greater ease in 
activities of daily living such as putting 
on his shirt and combing his hair, but 
pain still limited his viola playing and he 
could still only reach the T1 1 level with 
his hand behind his back. Further exami
nation revealed active TrPs in the latis
simus dorsi and teres major muscles and 
none in the pectoralis minor and serratus 
anterior muscles. Treatment of the two in
volved muscles with spray and stretch 
permitted him to resume playing his vi
ola. Treatment included maintenance of 
strength and mobility of the shoulder-
girdle muscular complex. 4 1 The sensitiv
ity of the latissimus dorsi TrPs to the 
stretch position required for playing the 
viola seriously interfered with it. While 
slow stretch with augmentation tech
niques can release TrPs, sustained con
traction to stabilize the scapula and re
peated rapid movements can aggravate 
and perpetuate them. 

8. PATIENT EXAMINATION 
Because of this musc le ' s inf luence on 

the trunk and pelvis through its expans ive 
at tachments , patient examinat ion should 
inc lude an overall assessment of body sym
metry and l imb posture. 

The patient with TrPs in the latissimus 
dorsi muscle is unaware of the slightly re
stricted range of mot ion that is demonstrated 
by the Mouth Wrap-around Test (see Fig. 
18 .2) , by the Triceps Brachi i Test (see Fig. 
32 .4) , and by the Hand-to-shoulder Blade 
Test (see Fig. 22 .3) . To do the Triceps Test, 
the patient abducts the arm and, with the el
bow held straight, brings the arm into firm 
contact with the ear and, i f possible , beh ind 
the ear (see Fig. 32 .4) . Inability to hold the el
bow straight in this test indicates additional 
involvement of the long head of the tr iceps. 

Pain due to lat iss imus dorsi TrPs m a y be 
el ic i ted by reaching far forward and up-
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ward wi th the arm lateral ly rotated (musc le 
s tretched by arm f lexion and be ing 
wrapped around the h u m e r u s ) , or by hav
ing the pat ient press down hard on the i l 
iac crests (musc le act ivated in the short
ened pos i t ion , performing its shoulder 
depressor funct ion) . 

In addit ion to range of m o t i o n test ing, 
the g lenohumera l jo int should be exam
ined for n o r m a l jo int p lay . 4 2 

9. TRIGGER POINT EXAMINATION 
(Fig. 24.3) 

With the pat ient lying supine , the latis
s imus dorsi is put on ha l f stretch by p lac 
ing the h a n d under the h e a d or under the 
p i l low with the arm laterally rotated and 
abducted to about 9 0 ° . T h e examiner 
grasps the la t iss imus dorsi m u s c l e (Fig. 
24 .3) along the free border of the posterior 
axi l lary fold at the m i d s c a p u l a r level 
where the la t iss imus dorsi wraps around 
the teres major m u s c l e , as also s h o w n by 
L a n g e . 3 7 W h i l e l ift ing the m u s c l e off the 
chest wal l , the firm bands and their points 
of m a x i m a l tenderness (TrPs) are rol led be 
tween the f ingers and t h u m b to ident i fy 
them. T h e s e TrPs usual ly l ie a few cen
t imeters (about an inch) b e l o w the top of 
the arch of the poster ior axi l lary fold. 
Snapping palpat ion of one of these bands 
e l ic i ts a strong local twi tch response , 
w h i c h is readi ly seen along the scapular 
margin or over the lower thorac ic and l u m 
bar regions, depending on w h i c h f ibers are 
involved. A large twi t ch response of sev
eral bands contract ing s imul taneous ly m a y 
cause the arm to jerk in a m o v e m e n t that 
can be seen by the examiner . 

T h e rel iabi l i ty wi th w h i c h the phys ica l 
features of TrPs c o u l d be determined was 
evaluated by four e x p e r i e n c e d p h y s i c i a n s , 
w h o , fol lowing a three hour training session 
immedia te ly before the study, e x a m i n e d 
f ive pairs of m u s c l e s for f ive phys ica l 
character is t ics of TrPs in each of 10 sub
j e c t s . 2 1 T h e m u s c l e s e x a m i n e d were the 
infraspinatus , la t iss imus dorsi , upper tra
pezius , extensor digitorum, and sterno
c le idomasto id . Agreement among e x a m i n 
ers for TrP character is t ics of the la t iss imus 
dorsi m u s c l e was high (P< 0 . 001 ) for the de
tect ion of spot tenderness , detect ion of a 
taut band, presence of referred pain and re
product ion of the subject 's s y m p t o m a t i c 
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pain , and for the p r e s e n c e or absence of a lo
cal twi tch response . Agreement was a lmost 
perfect for detect ion of spot tenderness and 
for reproduct ion of the subject 's sympto
mat ic pain . Wi th a few hours of adequate 
training, e x p e r i e n c e d c l in i c ians can learn to 
ident i fy (with a h igh degree of rel iabil i ty) 
TrPs in this eas i ly e x a m i n e d m u s c l e . 

10. ENTRAPMENT 
No nerve ent rapment has b e e n identi 

fied as due to TrP act ivity in this m u s c l e . 

11. DIFFERENTIAL DIAGNOSIS 

Confusingly Similar Conditions 
Differential diagnosis of condi t ions that 

p r o d u c e pain s imi lar to that of la t iss imus 
dorsi TrPs inc ludes entrapment of the 
suprascapular nerve at the sp ine of the 
scapula , C 7 radiculopathy, ulnar neuropa
thy, and b ic ip i ta l tendini t i s . T h e nerve en-
t rapments are dis t inguished by appropriate 
e lectrodiagnost ic examinat ions , and b i c i p 
ital tendini t i s is d is t inguished by tender
ness speci f ica l ly of the b i c eps tendon, 
w h i c h is often assoc ia ted wi th TrPs in the 
long h e a d of that m u s c l e . 

D i t t r i c h 1 7 at tr ibuted l o w b a c k pain in 
m a n y of h is pat ients to tears and fibrous 

t issue pathology of the lumbodorsal fascia 
and subfascial fat, w h i c h he il lustrated. 
Based on operative f indings, he surmised 
that the damage was done by excess ive ten
sion of the lat iss imus dors i . 1 5 Certainly, 
tense TrP bands w o u l d increase the tension 
on that part of the fascia to w h i c h the taut-
b a n d m u s c l e f ibers attach. However, he did 
not report looking for the corresponding 
taut bands and their m i d m u s c l e TrPs. 

Articular Dysfunctions 
Both lat iss imus dorsi and quadratus 

l u m b o r u m TrPs are associated with innom
inate dysfunct ion. In addit ion to being dis
t inguished by dist inct ly different referred 
pain patterns, TrPs in the quadratus lum
b o r u m m u s c l e are associated with sacroil
iac dysfunct ion, whereas TrPs in only the 
la t iss imus dorsi m u s c l e are associated 
wi th an upsl ip of the innominate . There
fore, the seated-flexion test w o u l d be posi
t ive in the case of quadratus lumborum in
volvement , but not in the case of lat issimus 
dorsi involvement . 

Addi t ional articular dysfunct ions typi
cal ly associated wi th TrPs in the lat issimus 
dorsi m u s c l e are group dysfunct ions span
ning several segments from approximately 
T 7 o r T B to L 3 o r L 4 . Wi th these dysfunctions 

Figure 24.3. Pincer palpation of the right latissimus the scapula and including in the pincer grasp only 
dorsi muscle to locate trigger points within the poste- those fibers that are inferior and not attached to the 
rior axillary fold. The latissimus dorsi is distinguished axillary border. 
from the teres major by palpating the axillary border of 

Copyrighted Material



Chapter 24 / Latissimus Dorsi Muscle 581 

there is s idebending of the vertebrae to
ward the involved lat iss imus dorsi and ro
tation away from the involved m u s c l e . 
Rarely, one also may see an ipsi lateral in
nominate upsl ip wi th a concurrent leg 
length discrepancy because of tens ion in 
lat issimus dorsi fibers that attach to the il
iac crest. With this ipsi lateral i n n o m i n a t e 
upsl ip, one finds a posit ive Standing-f lex
ion Tes t 2 3 but a negative Seated-f lexion 
Test 2 4 , w h i c h rules out a primary sacroi l iac 
dysfunction. 

Lat iss imus dorsi TrPs may be associated 
with elevation ( inhalation) les ions of the 
lower four ribs. Th is condi t ion can be 
treated by using myofascia l r e l e a s e 5 9 that is 
coordinated with respirat ion to augment 
relaxation. See also Sec t ion 12 in this 
chapter for lat iss imus dorsi release. 

Uncompensa ted tens ion from the latis
s imus dorsi m u s c l e tends to displace the 
head of the humerus anteriorly in the gle
noid cavity. T h e joint should be tested for 
normal joint p lay . 4 2 

Associated Trigger Points 
The lat issimus dorsi is a m e m b e r of the 

quadrad of musc les responsib le for the 
myofascial pseudothorac ic outlet syn
drome (described in Chapter 18) . T h e re
ferred pain pattern of any one of these 
muscles can suggest the diagnosis of tho
racic outlet syndrome. W h e n at least three 
of these m u s c l e s — i n c l u d i n g the lat iss imus 
dorsi, pectoral is major, teres major, a n d 
subscapularis m u s c l e s — h a v e active TrPs, 
the composi te referred pain exper ienced 
by the patient is strongly suggestive of a 
thoracic outlet syndrome and often is mis 
diagnosed as such. T h e s e m u s c l e s cause no 
compress ion of structures in the thorac ic 
outlet. 

Eventually, the teres major m u s c l e usu
ally develops act ive TrPs in associat ion 
with those in the lat iss imus dorsi , s ince 
these two musc les are anatomical ly and 
funct ional ly c losely related. T h e long head 
of the tr iceps brachi i also tends to develop 
TrPs because of synergistic or antagonist ic 
(depending on arm posit ion) overload, es
pecial ly in chronic cases . 

One should consider other musc les that 
may refer pain to the midback , inc luding 
the scaleni , upper rectus abdominis , sub

scapular is , i l iocostal is , serratus anterior, 
serratus posterior superior and inferior, 
lower trapezius, and the rhomboids . 

12. TRIGGER POINT RELEASE 
(Figs. 24.4 and 24.5) 

Initially, the m u s c l e m a y be stretched 
with the patient supine (Fig. 24 .4 ) . T h e 
vapocoolant spray is appl ied to the trunk in 
a cephalad direct ion, covering the length of 
the m u s c l e and all of the posterior axi l lary 
fold, then down the posterior arm and fore
arm over the region of referred pain, inc lud
ing the fourth and f i f th digits (Fig. 24 .4 ) . T h e 
operator cont inuous ly takes up any s lack 
that develops. T h e full spray pattern is re
peated as the m u s c l e is passively elongated. 

To ensure full s tretch and c o m p l e t e cov
erage of the m u s c l e posteriorly, the pat ient 
should next l ie on the opposi te s ide (Fig. 
2 4 . 5 ) , and the painful arm should be s lowly 
brought overhead and then poster iorly unt i l 
i t reaches t ightly b e h i n d the ear. To re lease 
the m u s c l e t ightness by e longat ion (Fig. 
2 4 . 5 ) , the sweeps of vapocoolant spray start 
in the area of the trigger points (TrPs) and 
cover al l the posterior thorac ic zones of re
ferred pain. Next the spray is directed from 
the TrP area to the f ingertips, covering the 
upper l i m b part of the referred pain pattern. 

W h e n the near ly hor izonta l la t iss imus 
f ibers conta in TrPs, the f ibers can be 
s tretched by plac ing the patient 's arm ante
riorly across the ches t and pul l ing i t into 
adduct ion to fully take up the s lack. T h e 
spray again fo l lows the l ines in Figures 
24 .4 and 2 4 . 5 . T h e spray covers the m u s c l e 
f ibers and the pain re ference pattern, f i rst 
toward the sp ine , and then to the hand . 

See Figure 4 5 . 1 1 of this manual for a 
lower rib release technique that is effective 
also in releasing the lat issimus dorsi musc le . 

An effect ive la t iss imus dorsi re lease 
t echnique that also inc ludes interscapular 
and other shoulder-girdle m u s c l e s is i l lus
trated in Figure 18 .3 . 

B e c a u s e the la t iss imus dorsi is s u c h a 
s lack m u s c l e to begin with , i t is espec ia l ly 
important to m a k e full use of augmentat ion 
procedures w h e n releasing i t wi th stretch 
techniques . S l o w exhalat ion , contract -
re lax , and voluntary ass is tance by having 
the patient contract antagonists (reciprocal 
inhibi t ion) can be effect ive. 
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T h e vapocool ing of this m u s c l e i s fol
l o w e d at o n c e by mois t heat , and then, 
mos t important , by act ive full range of 
mot ion . Severa l authors have reported in
dividual cases of success fu l release of latis
s imus dorsi TrPs using the s tretch-and-
spray t e c h n i q u e . 1 6 4 3 

T h e TrPs in the posterior axil lary fold are 
convenient ly access ib le to trigger point 
pressure release (using pincer palpation) . 

Re lease of k e y la t iss imus TrPs m a y re
lease satel l i te TrPs in other m u s c l e s (e.g., 
the i l iocosta l is thorac is , lower trapezius , 
t r iceps brach i i , f lexor carpi ulnaris) wi th
out speci f ic t reatment to those m u s c l e s . 

For those acquainted wi th osteopathic 
t e c h n i q u e s , the integrated n e u r o m u s c u -
loskeletal and myofasc ia l release tech
n i q u e for the upper l i m b and shoulder 
jo int in the supine posi t ion can be adapted 
for re lease of la t iss imus dorsi T r P s . 5 8 

13. TRIGGER POINT INJECTION 
(Figs. 24.6 and 24.7) 

T h e lat iss imus dorsi trigger points (TrPs) 
wi th in the posterior axil lary fold are readily 
and effect ively in j ec ted . 5 7 In the supine pa
t ient , they are located by p incer palpation, 
as descr ibed in Sec t ion 9. A TrP is fixed be
tween the operator's digits for precise inser
t ion of the needle and is then injected (Figs. 
2 4 . 6 and 24 .7 ) ; a strong local twitch re
sponse is usual ly both seen and felt when 
the needle penetrates a lat issimus dorsi TrP. 
Both the superficial and deep axil lary por
t ions of the m u s c l e should be probed for 
TrPs, w h i c h tend to occur in clusters. 

T h e teres major often also harbors active 
TrPs w h i c h can be in jected through the 
same skin puncture by sl iding the skin into 
posi t ion, wi th the tip of the needle posi
t ioned subcutaneously. T h e teres major 
TrPs can be in jected by reposit ioning the 

Figure 24.4. Supine stretch position, the most com- position can be used also for spraying prior to a two-
mon location of trigger points (X), and vapocoolant handed release of this muscle, stabilizing the pelvis 
spray pattern (arrows) for the latissimus dorsi muscle. with the right hand and using postisometric relaxation 
Any added pressure by the operator should be ap- to release the muscle. 
plied at the distal humerus, proximal to the elbow. This 
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pincer grasp used to in ject la t iss imus dorsi 
TrPs. 

Immediate hemostas is is m a i n t a i n e d by 
the palpating hand both during needle 
probing and after the in ject ion. In ject ions 
are fol lowed by stretch and spray. T h e 
treatment is completed , f i rst wi th hot packs 
to the axil lary region, and then wi th full ac
tive range of mot ion of the m u s c l e in jected. 

R a c h l i n 5 0 describes and i l lustrates in jec
t ion of the m i d m u s c l e TrPs of the latis
s imus dorsi. T h e referred pain from trigger 
areas in the musculo tendinous and apo
neurotic portions of the lumbar-region at
tachment of the lat iss imus dorsi was tem
porarily rel ieved by in ject ing that region 
with p r o c a i n e . 1 5 - 1 7 Dittr ich did not locate 

and treat the pr imary TrPs in m i d m u s c l e ; 
he treated recurrence o f pa in by exc is ing 
the tender area surgically, w h i c h gave 
some pat ients relief . 

14. CORRECTIVE ACTIONS 
T h e pat ient i s instructed, w h e n pul l ing 

down on something, to keep the arm verti
cal (not forward of the abdomen) and the 
e lbow bes ide the body. T h e pat ient also 
should be instructed to step up on a stool if 
n e e d e d to avoid reaching high for a heavy 
object , and at night to keep a p i l l o w in the 
axi l la be tween the e lbow and the ches t to 
prevent prolonged shortening of the m u s 
c le at rest (see Fig. 2 6 . 7 ) . 

Figure 24.5. Sidelying stretch position, the most com
mon location of trigger points (X), and vapocoolant 
spray pattern (arrows) for the latissimus dorsi muscle. 
Postisometric relaxation can release this muscle ef
fectively by having the patient inhale and press the 

humerus lightly against the operator's hand, then ex
hale slowly and relax the muscle. For lengthening the 
more horizontal fibers of the muscle, the patient's arm 
is placed anteriorly across the chest; again, postiso
metric relaxation can be effective. 

Copyrighted Material



5 8 4 Part 3 / Upper Back, Shoulder, and Arm Pain 

Figure 24.6. Cross section view of injection technique for the right latissimus dorsi muscle, using pincer pal
pation. The "X" locates a trigger point being injected. Section is at the level of the seventh thoracic vertebra. 

Figure 24.7. Injection of trigger points at their most common location in the latissimus dorsi muscle. 

Scapula 

Subscapularis 
Teres major 

Latissimus dorsi 

Serratus anterior 
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Home exerc ises to pass ively stretch the 
muscle inc lude the M o u t h Wrap-around 
Test (see Fig. 18 .2) and the upper h a n d po
sition of the In-doorway Stretch Exerc i se 
(see Fig. 42 .9C) . To effect ively stretch the 
lat issimus dorsi whi le doing the latter ex
ercise, the low back must be arched (hy-
perextended) and the h ips swung forward 
through the doorway; the pat ient should 
feel the tension in the lat iss imus dorsi 
musc le . As tension in the m u s c l e releases 
with s low exhalat ion, the patient s l ides the 
hands a l ittle higher in success ive steps. 
Each stretch maneuver should be done 
smoothly, without jerking the m u s c l e for a 
few repetit ions daily unt i l re l ief is ob
tained. T h e effect iveness of the exerc ise is 
increased by fol lowing it wi th mois t heat , 
applied for 15 -20 minutes , espec ia l ly be 
fore retiring. 

G r e e n m a n 2 5 i l lustrates an effective self-
stretch technique for the lat iss imus dorsi 
with the patient in the quadruped posi t ion, 
util izing upper l imb reach and shift ing of 
the pelvis to lengthen the m u s c l e . 

Effective self-treatment for lat iss imus 
dorsi TrPs can be obtained by applying trig
ger point pressure release wi th a tennis ball . 
T h e patient l ies on the affected side with a 
pi l low supporting the head and shoulders , 
and with the arm flexed to take up s lack in 
the lat issimus dorsi musc le . Body posi t ion 
is adjusted over the tennis ball to locate TrP 
tenderness. Gentle nonpainful pressure is 
applied to the TrP whi le the patient alter
nately contracts and relaxes the lat iss imus 
dorsi musc le , exhal ing during each relax
ation phase , unti l tenderness in that TrP 
fades. T h e patient then readjusts posi t ion 
on the tennis ball to find another TrP and re
peats the pressure-release procedure . 

SUPPLEMENTAL REFERENCES, CASE 
REPORTS 

Dr Travell 5 7 reported in detail the man
agement of a patient with latissimus dorsi 
TrPs. Kellgren 3 5 described a patient with 
involvement of the latissimus dorsi and 
other shoulder-girdle muscles. Meador, 4 1 

reported successful treatment of a viola 
player and Nielsen 4 3 reported treatment of 
a dentist who had active latissimus dorsi 
TrPs. 
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CHAPTER 25 

Teres Major Muscle 

HIGHLIGHTS: REFERRED PAIN from trigger 
points (TrPs) in the teres major muscle penetrates 
deeply into the posterior deltoid region. 
ANATOMY: the teres major tendon merges with 
that of the latissimus dorsi for a short distance, 
and then attaches to the medial lip of the intertu-
bercular groove of the humerus. Together, these 
two muscles form the posterior axillary fold. Me
dially, the teres major attaches to the scapula, 
whereas the latissimus dorsi attaches to the 
chest wall. FUNCTION of the teres major in
cludes assistance of adduction, medial rotation, 
and extension of the arm from the flexed position, 
chiefly when these motions are resisted. It is 
strongly activated when adducting the arm 
across the back. SYMPTOMS include primarily 
pain when reaching forward and up, with little re

striction of motion. ACTIVATION AND PERPET
UATION OF TRIGGER POINTS are likely to oc
cur when driving a car that is hard to steer. TRIG
GER POINT EXAMINATION of the midmuscle 
TrP is performed by pincer palpation with the fin
gers surrounding the latissimus dorsi. Examina
tion of the posterior (medial) TrP region is done 
with flat palpation against the scapula. TRIGGER 
POINT RELEASE may be performed by a clini
cian or by the patient and may completely resolve 
acute symptoms. TRIGGER POINT INJECTION 
is often required to inactivate all TrPs located in 
the muscle. CORRECTIVE ACTIONS include 
avoidance of overload, self-stretch exercises, 
and pillow positioning to prevent muscle shorten
ing at night. All corrections may be essential for 
sustained relief. 

1. REFERRED PAIN 
(Fig. 25.1) 

Involvement of the teres major muscle is 
relatively uncommon. The tenderness of 
trigger points (TrPs) in this muscle was 
found in only 3% of the 256 latent TrPs ob
served in the shoulder-girdle muscles of 200 
healthy young adult subjects, 3 1 and in 7% of 
the 126 active TrPs found in the shoulder-
girdle musculature among 80 somewhat 
older patients treated for shoulder pain. 3 0 

Trigger points in the teres major muscle 
refer pain to the posterior deltoid region 
and over the long head of the triceps 
brachii (Fig. 25.1 A), as also observed by 
Kelly.1 5 Teres major TrPs may refer pain 
into the shoulder joint posteriorly and oc
casionally to the dorsal forearm, but rarely, 
if ever, to the scapula or elbow. Trigger ar
eas can occur in the teres major muscle in 
three locations. A midmuscle TrP is lo
cated in the posterior axillary fold, where 
the latissimus dorsi muscle wraps around 
the teres major (Fig. 25.1B). A more medial 

trigger area overlies the posterior surface of 
the scapula, and another trigger area is lo
cated near the lateral musculotendinous 
junction (Fig. 25.1C). 

2. ANATOMY 
(Fig. 25.2) 

The teres major muscle attaches medially 
to an oval area on the dorsum of the scapula 
near its inferior angle, and to the fibrous 
septa shared with the teres minor and infra
spinatus muscles (see Fig. 23.3); laterally it 
attaches to the medial lip of the intertuber-
cular sulcus of the humerus (Fig. 25.2). 4 The 
borders of the teres major and latissimus 
dorsi tendons are joined for a short distance 
near their humeral attachments [see Fig. 
24.2). The two tendons pass between the 
coracobrachialis muscle anterior to them 
and the long head of the triceps brachii mus
cle posterior to them (see Fig. 26.3). 

Supplemental References 

Other authors illustrate the teres major 
muscle from in f ront , 1 , 6 , 2 0 the muscle from 

5 8 7 
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Figure 25.1. Three trigger areas (Xs) in the right teres 
major muscle and their referred pain pattern. Solid red 
shows the essential portion; stippled red areas show 
the spillover portion of the pattern. A, rear view of re

ferred pain pattern. B, front view showing midmuscle 
trigger point and part of the pain pattern. C, location 
of medial and lateral trigger areas near the regions of 
the medial and lateral musculotendinous junctions. 

Figure 25.2. Attachments of the teres major muscle. See Figure 24.2 for its anatomical relation to the latis
simus dorsi muscle, and Figure 26.3 for its relation to other shoulder-girdle muscles. 
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behind, 2 , 4 , 5 , 7 , 1 6 ,1 9 ,2 5 and its anatomic rela
tions in transverse section. 2 6 

3. INNERVATION 
The teres major muscle is innervated 

from spinal roots C5 and C6 via the poste
rior cord through branches of the lower 
subscapular nerve.4 

4. FUNCTION 
This muscle assists medial rotation (act

ing against resistance), is active during re
sisted adduction, and is active during ex
tension of the arm from the flexed position;3 , 

1 2 , 1 6 it assists the latissimus dorsi in the 
wood-chopping movement. Stimulation 
studies8 showed that, alone, the teres major 
only weakly adducted the arm to the side. 
However, when the scapula was stabilized 
by the levator scapulae and rhomboidei to 
fix the inferior angle, stimulation of the teres 
major muscle strongly adducted the arm. 

An early report 1 1 categorically stated 
that the muscle never exhibited activity 
during movement of the arm, but came into 
action only when necessary to maintain a 
static position. This was accepted as fact 2 8 

until Basmajian3 demonstrated that the 
muscle is electromyographically active 
when the arm is medially rotated or ex
tended, but only against resistance. The 
teres major also is activated during the 
backward swing of the arm in walking.3 

Jonsson, et al.14 showed that the teres 
major was moderately activated by exten
sion of the arm, and strongly activated by 
adducting the arm behind the back, but ac
tivated hardly at all when adducting the 
arm across the front of the body. During a 
rotary movement of the arm held in front of 
the body, 2 4 activity of the teres major mus
cle corresponded closely to the degree of 
extension of the arm as the arm was moving 
down, but showed only minor activity in 
this position when the circle was reversed 
and the arm was moving up in flexion. 

An electromyographic (EMG) study of 
typing 1 7 revealed that striking a single 
typewriter key caused moderate activity 
of the teres major muscle in most subjects, 
and that with fatigue, the EMG activity in
creased markedly in amplitude. Writing 
long-hand caused moderate teres major 
activity. Elevation of the typewriter key

board had little influence on EMG activity 
in this muscle. 1 7 The same should be true 
of a computer keyboard. 

In a study of muscular activity when 
driving a car, 1 3 the teres major muscle was 
active when the hand moved the wheel 
downward on the same side as the mus
cle, which is the same finding as the ro
tary-movement experiment noted above. 

5. FUNCTIONAL UNIT 
The latissimus dorsi and the long head 

of the triceps brachii form a myotatic unit 
with the teres major for extension and me
dial rotation of the arm. These muscles 
commonly develop TrPs together. The 
teres major and latissimus dorsi entwine 
and attach side by side on the humerus. 

6. SYMPTOMS 
Pain (Section 1) on motion is the chief 

complaint, particularly while driving a 
heavy car without power steering. Occa
sionally shoulder pain occurs on reaching 
overhead and forward, as in serving a ten
nis ball. Pain at rest is usually mild. Pa
tients compensate for the slight restriction 
in the overhead range of arm motion with
out being aware of it. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

A source of strain that repeatedly has been 
seen to activate teres major TrPs is driving a 
heavy car without power steering. Appar
ently, force exerted from the top of the steer
ing wheel to turn toward the same side is 
most likely to overload the muscle and to ac
tivate its TrPs, especially on the weaker non-
dominant side. For example, one lady drove 
a large car without power steering for several 
years without shoulder trouble until, by er
ror, over-sized steel-belted radial tires were 
placed on the front wheels. This made the 
car much harder to steer and the added stress 
activated left teres major TrPs, which re
solved only with return to normal-sized front 
tires and with local injection of the TrPs. 

8. PATIENT EXAMINATION 
The patient with teres major TrPs has 

difficulty abducting the involved arm fully 
and cannot place it tightly against the ho
molateral ear (see Triceps Test, Fig. 32.4). 
The Mouth Wrap-around Test (see Fig. 
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18.2) is restricted by 3-5 cm (an inch or 
two) when only the teres major muscle is 
involved. Stretching the muscle by pas
sively flexing and laterally rotating the arm 
causes pain, as does loading the muscle by 
resisting active extension and medial rota
tion of the arm at the glenohumeral joint. 1 8 

Involvement of the teres major does not 
"freeze" the shoulder or seriously restrict 
its motion, but it does cause disabling pain 
near the full range. 

When the patient reaches with the arm 
in a forward position, the scapula may evi
dence winging that is not apparent when 
the arm hangs down by the side. The in
creased tension of the shortened teres ma
jor produces this effect and is evidence of 
the overload imposed on the middle 
trapezius, rhomboid, and serratus anterior 
muscles. 

The shoulder pain may also arise from 
dysfunction of the glenohumeral joint or 
the acromioclavicular joint, which can be 
identified by testing them for normal joint 
play. 2 2 

9. TRIGGER POINT EXAMINATION 
(Fig. 25.3) 

Although the teres major muscle was 
not one of the four muscles examined in a 
study by Gerwin, et al.,9 those authors did 
include its sister muscle, the latissimus 
dorsi. For it they reported a high degree of 
agreement (P < 0.001) for detection of a 
taut band, the presence of spot tenderness, 
the presence of referred pain, reproduction 
of the patient's symptomatic pain, and for 
a local twitch response that is seen or felt 
at a distance from the point of stimulation. 
After the teres major has been correctly 
identified, the difficulty and reliability of 
determining the presence or absence of 
TrPs in it by palpation should be compara
ble to that of the latissimus dorsi muscle. 

The TrPs in the axillary portion of the 
teres major muscle lie slightly cephalad to 
the most common location for latissimus 
dorsi TrPs, and they may be palpated by 
having the patient lie supine with the arm 
abducted nearly 9 0 % and laterally rotated 
(Fig. 25.3B). First, the muscle mass of the 
latissimus dorsi is grasped between the 
thumb and fingers; this muscle forms the 

free border of the posterior axillary fold as 
it wraps around the teres major muscle (see 
Fig. 24.2). Deep pincer palpation of the ax
illary fold a few centimeters (about 1 in) 
below the arm locates the axillary border of 
the scapula (Fig. 25.3B). Since this location 
is above the attachment of the teres major 
to the scapula, a groove is palpable be
tween the edge of the scapula and the teres 
major muscle. This groove lies just above 
the point where the teres major extends be
yond the scapula and joins the latissimus 
dorsi (Fig. 25.3A). Axillary TrPs of the teres 
major are found in the muscle just inferior 
to the groove. Below this location, at the 
level of the inferior angle of the scapula, 
only the latissimus dorsi muscle forms the 
axillary fold; therefore, it is the only mus
cle within the pincer grasp when one pal
pates a groove between the lateral lower 
edge of the scapula and the axillary fold. 
At the level of the axillary TrP in the teres 
major, the axillary fold is formed by both 
muscles, which are separated by the palpa
ble groove located between them. 

The teres major is the deeper (medial) 
one of the two muscles. When taut bands 
are present in the teres major, they can be 
readily located and their local twitch re
sponses felt and seen in all but the most 
obese patients. To confirm palpation of the 
teres major muscle, the clinician can in
struct the patient to attempt to rotate the 
arm alternately medially and laterally 
against light resistance. The teres major 
tenses during medial rotation effort and re
laxes with lateral rotation. 

The posterior scapular (medial) trigger 
area is best examined with the patient ly
ing on the uninvolved side and the up
permost arm resting on a pillow against 
the chest to ensure relaxation. The teres 
major is located in the axillary fold as de
scribed above, and the operator's fingers 
then follow the muscle fibers onto the 
scapula. Examination of the muscle by 
flat palpation reveals TrPs close to the lat
eral border of the lower third of the 
scapula. 

10. ENTRAPMENT 
No nerve entrapments by this muscle 

have been observed. 
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active teres major TrPs are also present. 
Conversely, it can be a serious mistake in 
terms of cost and patient misery to ascribe 
symptoms caused by active TrPs to one of 
these other diagnoses and overlook the read
ily treatable TrP cause. 

The teres major is one of the quadrad of 
muscles responsible for the myofascial 
pseudothoracic outlet syndrome which is 
described in Chapter 18. 

Figure 25.3. Examination of the midmuscle trigger tween the teres major and the latissimus dorsi mus-
point in the teres major muscle. In the axilla, the ex- cles is confirmed when the examiner's finger tips can 
aminer's digits must fully encompass the latissimus identify the lateral border of the scapula between the 
dorsi muscle to reach the teres major. The groove be- two muscles. A, patient seated; B, patient supine. 

11. DIFFERENTIAL DIAGNOSIS 
The symptoms produced by a number of 

commonly diagnosed causes of shoulder 
pain can be confusingly similar to those 
caused by teres major TrPs. These condi
tions include subacromial or subdeltoid 
bursitis, supraspinatus tendinitis, C 6-C 7 

radiculopathy, and a thoracic outlet syn
drome. One must be careful not to overlook 
one of these conditions, especially when 

Copyrighted Material



5 9 2 Part 3 / Upper Back, Shoulder, and Arm Pain 

12. TRIGGER POINT RELEASE 
(Fig. 25.4) 

The teres major may be released in the 
supine position (Fig. 25.4A), or with the 
patient lying partly on the uninvolved side 
(Fig. 25.4B); the affected arm is placed in 
abduction with the elbow bent to provide 
control of lateral rotation. After initial ap
plication of vapocoolant or icing, the oper
ator takes up the slack, allowing the arm to 
move into full lateral rotation and abduc
tion by small increments, until the pa
tient's hand can be placed behind the head. 

Postisometric relaxation of the teres 
major facilitates this stretch. Additional re
lease can be obtained by reciprocal inhibi
tion through contraction of the antagonis
tic lateral rotators. The inferior angle of the 
scapula is stabilized by the patient's body 
weight resting on it. Stabilization of the 
scapula is easier in the supine position, but 
reaching the scapular portion of the muscle 
with sweeps of the vapocoolant spray be
comes more difficult. If the patient is 
turned as shown in Figure 25.4B, it is best 
to support the patient's body to maintain 
full muscular relaxation of the patient. 

The skin is rewarmed at once with hot 
packs, and then function is restored by active 
range of motion against gravity. The patient 
should avoid strenuous effort of that muscle 
for several days and should begin a daily 
home program to maintain range of motion. 

The medial trigger point (TrP) area is 
well suited to treatment by local trigger 
point pressure release administered by the 
operator or by the patient, using the Tennis 
Ball Technique (see Chapter 22, Section 14 
or Chapter 3, Section 12). The lateral trigger 
area is within reach of the patient's con
tralateral hand, which the patient can use to 
apply digital trigger point pressure release. 

When joint play is restricted in the 
glenohumeral joint or the acromioclavicu
lar joint, it should be restored to normal 
function as described by Mennell. 2 2 

Nielsen 2 3 presented a case study of a 
dentist that demonstrated the effective use 
of spray and stretch to inactivate teres ma
jor and associated TrPs. 

Related Trigger Points 
The latissimus dorsi muscle and the 

long head of the triceps brachii muscle 

commonly become involved with the teres 
major muscle. Eventually, the posterior 
deltoid, teres minor, and subscapularis 
also may develop associated TrPs, causing 
greatly impaired function and much pain 
in the shoulder region, a condition often 
diagnosed as "frozen shoulder." 

Following successful treatment of teres 
major TrPs, the patient may now be re
lieved of interscapular pain that had been 
due to sustained tension and stretching of 
the rhomboid muscles caused by the abnor
mal TrP-induced tension of the teres major 
muscle. The rhomboids also may develop 
secondary TrPs that defy treatment until 
the teres major TrPs have been inactivated. 
Pectoralis major TrPs very commonly have 
the same effect on the rhomboid muscles. 

A case report 2 1 demonstrates how the 
disability caused by active teres major 
TrPs can be masked by more common and 
obvious TrPs and must be unmasked. A 
68-year-old professional viola player had 
developed multiple shoulder-girdle TrPs 
which prevented him from performing in 
concert. Involvement of the supraspinatus 
muscle included tenderness ("impinge
ment") of its tendinous attachment, which 
cleared in 2 weeks with hold-relax treat
ment of that muscle and phonophoretic 
application of 10% hydrocortisone to the 
tendon attachment. Glenohumeral joint 
testing after treatment revealed normal 
routine testing of active and passive range 
of motion and minimal deficit in muscle 
strength. The patient noted greater ease in 
activities of daily living such as putting on 
his shirt and combing his hair, but pain 
still limited his viola playing, and he was 
able to reach only the T11 level with his 
hand behind his back. Further examina
tion revealed active TrPs in the latissimus 
dorsi and teres major muscles but none in 
the pectoralis minor and serratus anterior 
muscles. The additional treatment of these 
two involved muscles with spray and 
stretch permitted him to resume playing 
his viola. Treatment included mainte
nance of strength and mobility of the 
shoulder-girdle muscular complex. 2 1 It is 
unlikely that the teres major TrPs were ac
tivated by the viola playing, but their sen
sitivity to the stretch position required for 
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that activity seriously interfered with it. 
While slow stretch with augmentation 
techniques can release TrPs, stretch-irrita
tion of them with repeated rapid move
ments can aggravate and perpetuate them. 

13. TRIGGER POINT INJECTION 
(Fig. 25.5) 

The medial trigger area in the teres ma
jor is injected over the posterior aspect of 
the scapula as with trigger points (TrPs) in 
the infraspinatus muscle, but more cau-
dally (Fig. 25.5A). 

The midmuscle TrPs are injected with 
the patient supine and the arm abducted to 
90°; they are approached from the inside, 
or anterior face, of the posterior axillary 
fold (Fig. 25.5B). The TrPs are identified 
within the posterior axillary fold and lo
calized between the thumb and fingers, by 
pincer grasp. Local twitch responses are 
clearly felt when the needle impales a TrP, 
and these twitch responses confirm accu
rate placement of the needle in the TrP.10 

The area is peppered with the needle, 
since a cluster of TrPs is usually present. It 

Figure 25.4. Stretch position and spray pattern (arrows) for a trigger point (X) in the right teres major muscle. 
A, patient supine; B, patient semisupine, turned partly on the uninvolved side. 
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is possible also to inject TrPs in the adja
cent latissimus dorsi through the same skin 
puncture by sliding the skin and needle 
laterally. 

Rachlin 2 7 illustrates injection of teres 
major TrPs in the midfiber region. The loca
tion of central TrPs depends on the location 
of the attachments of the involved fibers as 
to where the midfiber region will be. 

Figure 25.5. Injection of trigger areas in the teres ma- within the posterior axillary fold and approached from 
jor muscle. A, posterior scapular (medial) trigger area, the front with the patient supine. Effective location of 
which is located over the lower scapula and is ap- a trigger point is confirmed when the needle elicits a 
proached from behind with the patient lying on the un- local twitch response. 
involved side. B, midmuscle trigger point, located 

14. CORRECTIVE ACTIONS 
The patient should revise any activity 

that repeatedly stresses the teres major 
muscle, such as avoiding driving a car or 
truck without power steering, and avoiding 
lifting weights overhead. 

The patient learns to stretch the muscle 
gently but firmly, first by placing the 
painful arm behind the head (start of Mouth 
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Wrap-around Test), and then by holding the 
arm with the other hand to release the teres 
major by using the contract-relax tech
nique. Additional release may be obtained 
by using reciprocal inhibition through self-
resisted contraction of the antagonistic lat
eral rotators. The patient should do this 
while seated under a warm shower, with 
the water beating on the skin overlying the 
region of the teres major muscle. 

To prevent full shortening of this muscle 
while sleeping on the affected side, a small 
pillow is placed between the elbow and 
the lateral aspect of the trunk to maintain a 
neutral position of the muscle (see Fig. 
26.7). A pillow support can be used for this 
purpose also when sleeping on the unin-
volved side (see Fig. 22.6A). 

Self-stretch of this muscle is performed 
like that of the latissimus dorsi (see Chap
ter 24); however, for full effectiveness, it is 
important to stabilize the scapula against 
abduction. 

The patient can apply self-trigger point 
pressure release to the medial trigger area 
using a tennis ball under the body weight, 
and to the lateral trigger area using manual 
pressure by the contralateral hand. 

SUPPLEMENTAL REFERENCE, CASE 
REPORT 

Rinzler and Travell reported manage
ment of a patient with teres major TrPs. 2 9 
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CHAPTER 26 

Subscapularis Muscle 

HIGHLIGHTS : Subscapu la r is t r igger po in ts (TrPs) 
are of ten the key to a " f rozen shou lder" syn 
d rome . R E F E R R E D PAIN f rom TrPs in the s u b 
scapular is musc le concent ra tes in the poster ior 
de l to id area and may ex tend medial ly over the 
scapu la , d o w n the poster ior aspec t o f the a rm, 
and then sk ip to a band around the wr is t . This re
ferred pain p roduces a d is t inct ive, easily recog 
nized pa t te rn . A N A T O M Y : medial ly, the s u b 
scapular is musc le a t taches to the inner sur face of 
the scapu la a n d , laterally, to the lesser tuberc le 
on the anter ior aspec t o f t he humerus . F U N C 
T I O N o f the subscapu la r is is chief ly to help se 
cure the head of the humerus in the g leno id fossa 
dur ing a rm movemen ts , part icular ly abduc t i on . I t 
is act ive in media l rotat ion and adduc t i on of the 
a rm a t t he shou lder jo int . The S Y M P T O M S 
caused by subscapu lar is TrPs are pr imari ly p o s 
ter ior shou lder pa in w i th progress ive painful re
s t r ic t ion of abduc t i on and lateral rotat ion of the 
a rm . ACTIVATION A N D P E R P E T U A T I O N O F 
T R I G G E R P O I N T S in th is musc le are of ten 
caused by chron ic muscu la r strain or s u d d e n 
t rauma to the shoulder. PATIENT E X A M I N A T I O N 
ident i f ies invo lvement of th is musc le by a marked 
reciprocal l imi tat ion of ei ther abduc t i on or lateral 
rotat ion of t he a rm at the g lenohumera l jo int and 
an even greater restr ic t ion of the c o m b i n e d 
movemen t . The humera l a t tachment o f the m u s 
cle is of ten tender to pa lpat ion. T R I G G E R P O I N T 

E X A M I N A T I O N is exact ing in its techn ique, but 
reward ing. Abduc t i on of the scapu la is necessary 
to reach many of the TrPs in th is muscle. DIF
FERENTIAL D IAGNOSIS o f subscapular is TrPs 
inc ludes C 7 radiculopathy, thorac ic outlet syn 
d rome, adhesive capsul i t is , and " imp ingement " 
synd rome . The pain and restr icted range of m o 
t ion of a " f rozen shoulder" and of the shoulder of 
a pat ient w i th hemip leg ia are f requent ly caused 
by subscapular is TrPs that have been over
looked . TR IGGER POINT RELEASE o f th is mus 
cle requires that the pat ient 's arm be gradual ly 
a b d u c t e d and laterally rotated whi le the vapo -
coo lan t or ice is app l ied over the lateral chest 
wal l , over the scapu la , and over the pain pattern 
on the back o f the a rm and wrist . TRIGGER 
P O I N T I N J E C T I O N requires ident i f icat ion of the 
TrPs for in ject ion by palpat ion of the subscapu 
laris f ibers against the scapu la and requires a 
longer needle than usual . Wi th proper posi t ioning 
of the pat ient , careful techn ique, and fo l low-up 
s t re tch, inject ion of the TrPs is safe and effective. 
The presence of spast ic i ty and TrPs in pat ients 
w i th hemip leg ia deserves specia l considerat ion. 
C O R R E C T I V E A C T I O N S inc lude avoidance o f 
p ro longed shor ten ing of the musc le bo th at night 
and dur ing t he day t ime, avo idance of a 
" s l u m p e d " fo rward posture, and regular use of 
the In -doorway Stretch Exercise at home. 

1. REFERRED PAIN 
(Fig. 26.1) 

Subscapularis trigger points (TrPs) cause 
severe pain both at rest and on motion of 
the upper limb. The essential zone of the re
ferred pain pattern lies over the posterior 
aspect of the shoulder (Fig. 26.1). Spillover 
reference zones cover the scapula and ex
tend down the posterior aspect of the arm to 
the elbow. A diagnostically useful accent, 
when present, is a strap-like area of referred 
5 9 6 

pain and tenderness around the wrist . 5 5 , 6 1 

The dorsum of the wrist is usually more 
painful and tender than the volar surface. 

2. ANATOMY 
(Fig. 26.2) 

The connection of the subscapularis to 
the humerus is the most anterior attach
ment of the four muscles that form the ro
tator cuff; the others are the supraspinatus, 
infraspinatus and teres minor muscles. 4 
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Medially the subscapularis attaches to 
most of the inner (anterior) surface of the 
scapula, filling the subscapular fossa from 
the vertebral to the axillary border of the 
scapula (Fig. 26.2). Laterally it passes 
across the front of the shoulder joint via a 
tendon that attaches to the lesser tubercle 
on the anterior (ventral) aspect of the 
humerus and to the lower half of the cap
sule of the shoulder joint, blending with 
the capsule. 1 4 The location of this attach
ment to the humerus in relation to the at
tachment of other shoulder-girdle muscles 
is illustrated in this volume (see Fig. 29.4) 
and elsewhere. 1 7 The large subscapular 
bursa, which usually communicates with 
the cavity of the shoulder joint, separates 
the tendon of the subscapularis muscle and 
the underlying joint capsule medially. 1 3 

Supplemental References 

Other authors illustrate the subscapu
laris muscle as seen from the front, but 
partially covered by overlying struc
tures . 2 , 1 6 , 1 8 , 3 4 from the front with an unob
structed v iew, 5 2 , 5 4 from below, 1 from the 
side, 5 3 and in cross section. 3 , 4 3 

3. INNERVATION 
The muscle is innervated by the supe

rior and inferior subscapular nerves, 
through the posterior cord of the brachial 
plexus from spinal nerves C5 and C 6 . 1 5 , 2 6 , 2 9 

The superior subscapular nerves (usually 
two of them) enter the more horizontal, su
perior part of the subscapularis muscle. 
The inferior subscapular nerve enters the 
more distal part of the subscapularis mus
cle and ends in the teres major muscle. 
This innervation pattern suggests that the 
subscapularis muscle is composed of at 
least two compartments, each of which 
would have its individual endplate 
zone-an important point when performing 
motor point blocks 2 4 or injecting TrPs. 

4. FUNCTION 
The subscapularis muscle adds to stabil

ity of the glenohumeral joint by helping to 
maintain the head of the humerus in the 
glenoid fossa. It helps to prevent anterior 
displacement of the humerus. 

Acting alone, the subscapularis medially 
rotates and adducts the arm, 7 , 2 9 and helps to 
hold the head of the humerus in the glenoid 

fossa.7 , 1 4 Because the deltoid muscle at
taches to the proximal portion of the 
humerus, during abduction the vertical vec
tor tends to pull the head of the humerus up
ward out of the glenoid fossa and against the 
acromion. During abduction, the depressor 
action of the subscapularis contributes a 
major force to counteract this upward dis
placement caused by the deltoid. 2 5 This sta
bilizing function of the subscapularis was 
substantiated by electromyographic (EMG) 
activity of the subscapularis that increases 
during abduction from 0° to 90°, plateaus 
from 90° to 130°, and rapidly diminishes 
from there to 180° as the deltoid no longer 
exerts an upward displacement force. 2 5 The 
subscapularis is active in forward swing of 
the arm during walking.4 

Electrical stimulation of the subscapularis 
elicits strong medial rotation of the arm at the 
shoulder.1 9 When a strongly shortened sub
scapularis muscle maintains medial rotation 
of the arm, it is not possible to fully supinate 
the hand of the outstretched upper limb be
cause of the restricted lateral rotation at the 
shoulder.1 9 In this way, subscapularis TrPs 
can indirectly impair function at the hand. 

Although the records of 12 subjects 
throughout a right dominant golf swing 
were highly variable, the mean EMG activ
ity of the right subscapularis muscle began 
at takeaway with only 1 5 % of the maxi
mum activity elicited by manual muscle 
strength testing. The activity increased to 
6 5 % during acceleration, and subsided 
slightly thereafter. The left subscapularis 
muscle maintained a moderate amount of 
activity during the swing, ranging around 
3 0 % of the maximum test activity. 4 4 

A similar study of men and women pro
fessional golfers 2 7 reported a very similar 
pattern bilaterally for women golfers; 
however, the male subjects showed activ
ity on the right side that started with 
mean takeaway activity at only 1 2 % of 
maximum test activity, increased to 8 0 % 
by the time of the acceleration phase, and 
maintained that level of EMG activity 
throughout the remainder of the swing. 
The left subscapularis muscle in men, like 
both sides in women, maintained a mean 
of approximately 4 5 % throughout all 5 
phases of the golf swing. 2 7 
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Figure 26.2. Attachments of the right subscapularis muscle, as seen from the front with the arm laterally ro
tated. Parts of ribs two through five have been removed for clarity. 

Figure 26.1. Referred pain pattern projected from two lateral trigger points and a more medial trigger area 
(Xs) in the right subscapularis muscle. The essential referred pain zone is solid red; the spillover zone is stip

pled red. Portions of the second through the fifth ribs have been removed for clarity. 
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Fine wire EMG recordings of qualita
tive subscapularis muscle activity during 
freestyle swimming in 14 subjects, with a 
painful shoulder,51 were compared with a 
previous study of 12 pain-free shoulders. 
Subjects with painful shoulders showed a 
pattern similar to normal subjects until 
the recovery phase, when average activity 
was only half that of normal values. In 
this phase, the subscapularis puts the 
shoulder in the painful position of medial 
rotation (which is when strong contrac
tion of that muscle would be painful if it 
had active TrPs). The swimmer may be 
avoiding that pain. 

The EMG activity of the subscapularis 
muscle in 15 skilled throwers with shoul
der girdle symptoms and chronic anterior 
instability of the shoulder was compared 
to that of 12 healthy, skilled throwers. 2 2 In 
healthy subjects, during wind up, the sub
scapularis muscle exhibited only 5% of 
the amount of EMG activity recorded dur
ing manual muscle testing, but during late 
cocking it reached a mean value of 147% 
of the test value. Subscapularis activity 
increased to 185% of test value during ac
celeration, and still averaged 97% during 
follow-through. The athletes with painful 
shoulders started out with normal values, 
but reached only one-third of normal val
ues during late cocking and half of normal 
values during acceleration and follow-
through. The authors considered this 
marked difference in neuromuscular con
trol to be a factor in producing or main
taining chronic anterior instability. How
ever, they offered no satisfactory 
explanation for the marked inhibition of 
subscapularis activity and apparently had 
not considered treatable myofascial TrPs 
as a possible major contributor to the 
problem. 

These studies illustrate an important 
principle: The EMG activation of a mus
cle can be remarkably different under test 
conditions compared to meaningful, 
well-learned activity. This effect can be 
very strong in a muscle inhibited reflexly 
by active TrPs in a functionally related 
muscle. 2 3 

5. FUNCTIONAL UNIT 
The teres major most nearly matches the 

functions of the subscapularis muscle and 

is strongly synergistic with it. Both the 
latissimus dorsi and pectoralis major also 
adduct and medially rotate the arm, and 
thus can act synergistically with the sub
scapularis, but these muscles attach to the 
trunk rather than to the scapula. 

The arm-rotation function of the sub
scapularis is opposed primarily by the infra
spinatus and teres minor muscles. However, 
these three muscles work together to hold 
the head of the humerus in the glenoid fossa 
during elevation movements of the arm. 

6. SYMPTOMS 
In the early stage of myofascial involve

ment of the subscapularis, patients can 
reach up and forward, but are unable to 
reach backward with the arm held at shoul
der level, as when starting to throw a ball. 
With progression of TrP activity, abduction 
at the shoulder becomes severely restricted 
to 45° or less. These patients complain of 
pain both at rest and on motion, and of in
ability to reach across to the opposite 
armpit. The patient has often been told that 
he or she has a "frozen shoulder," adhesive 
capsulitis or "pitcher's arm." When asked 
about the wrist, the patient often says that 
it is sore and painful in a strap-like area, 
especially on the dorsum. Because of this 
referred tenderness, the patient may move 
the wristwatch to the opposite wrist. 

Active TrPs are a major source of the 
pain and limited shoulder motion, espe
cially abduction and lateral rotation, in pa
tients with hemiplegia. The TrP shortening 
also contributes to subluxation of the head 
of the humerus. 

7. ACTIVATION AND PERPETUATION 
OF TRIGGER POINTS 

Subscapularis TrPs are activated in the 
following ways: 

1. By unusual repetitive exertion requiring 
forceful medial rotation when the sub
ject is out of condition, as in the over
head stroke of the crawl during swim
ming, or pitching a baseball 

2. Due to repeated forceful overhead lifting 
while exerting strong adduction, as 
when swinging a small child back and 
forth, from between an adult's legs, up 
overhead, and down again 
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3. By the sudden stress overload of reaching 
back at the shoulder level to arrest a fall 

4. When the muscles are stressed by dislo
cation of the shoulder joint 

5. At the time of fracture of the proximal 
humerus, or tear of the shoulder joint 
capsule 

6. By prolonged immobilization of the 
shoulder joint in the adducted and me
dially rotated position. 
These TrPs are perpetuated by repetitive 

movements requiring medial rotation of 
the humerus. A "slumped" forward-head, 
abducted-scapulae posture can perpetuate 
these TrPs by fostering sustained medial 
rotation of the humerus. Refer to Chapter 4 
of this volume for specific systemic and 
mechanical perpetuating factors. 

8. PATIENT EXAMINATION 
Lateral rotation is a prerequisite for full 

elevation (abduction and flexion) of the 
humerus; TrPs in the subscapularis muscle 
restrict lateral rotation. 

When examining a shoulder with re
stricted abduction, one of the first questions 
that should be answered is the freedom of 
scapular mobility as distinguished from 
glenohumeral movement. This difference 
can be detected by placing the hand on the 
scapula to note its movement as the arm is 
abducted. Involvement of only the sub
scapularis muscle restricts glenohumeral 
movement, but does not restrict scapular 
movement on the chest. Restriction also of 
scapular mobility makes one think of addi
tional TrPs in the pectoralis minor, serratus 
anterior, trapezius, and rhomboid muscles. 

When only the subscapularis muscle is 
shortened and taut, abduction and lateral 
rotation at the shoulder are reciprocally 
limited; one movement can be traded for 
the other, which is easily demonstrated. If 
the patient has moderately active sub
scapularis TrPs, abduction of the arm at the 
glenohumeral joint is limited to about 90°, 
and when the forearm hangs down, the 
shortened muscle tends to medially rotate 
the arm. No lateral rotation of the arm at 
the shoulder joint is possible in the ab
ducted position. However, with the arm 
adducted by placing the elbow at the side 
and with the elbow bent at 90° to show 
shoulder joint rotation, the forearm can 
swing outward to nearly 90° of lateral rota

tion of the arm. The arm is medially ro
tated when the hand touches the abdomen 
and performs 90° of lateral rotation of the 
arm at the glenohumeral joint when the 
hand points laterally away from the body. 
Involvement of the teres major, anterior 
deltoid, and lower fibers of the pectoralis 
major also can produce some of this limita
tion of lateral rotation, but not as severely 
or consistently as the subscapularis. A 
lesser degree of subscapularis involvement 
can be detected if the muscle refers pain in 
its characteristic pattern to the back when 
the arm is fully flexed in lateral rotation at 
the shoulder. This referred pain from sub
scapularis TrPs may be encountered when 
the arm is placed in this position to stretch 
and spray the long head of the triceps. 4 7 

The humeral attachment of the sub
scapularis (Fig. 26.2) is often very tender to 
palpation due to secondary enthesopathy 
when there is chronic TrP involvement of 
the muscle. To examine this attachment, 
the arm is placed by the side and laterally 
rotated as the patient tries to bring the el
bow behind the plane of the back. This ro
tates the humeral attachment to the front of 
the shoulder, where it can be more readily 
palpated (Fig. 26.2). 

To eliminate articular dysfunction as a 
contributing cause of the patient's pain, the 
glenohumeral and acromioclavicular joints 
should be examined for restriction of nor
mal joint play, 3 6 and also the wrist articula
tions, if the patient's pain includes that re
gion. If this type of movement restriction is 
present, it should be released. Unrestricted 
range of motion of the arm also requires nor
mal mobility of the sternoclavicular joint. 

9. TRIGGER POINT EXAMINATION 
(Figs. 26.3 and 26.4) 

To determine the most useful diagnostic 
criteria, Gerwin, et al.21 tested the reliabil
ity with which four experienced and 
trained examiners could identify five char
acteristics of TrPs. The four consistently re
liable characteristics were the presence of a 
taut band, the presence of spot tenderness, 
the presence of referred pain that is felt at 
a distance from the point of stimulation, 
and reproduction of the subject's sympto
matic pain. Determination of the presence 
or absence of a local twitch response (LTR), 
although very helpful diagnostically when 
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observed, was reliably identified only in 
the most accessible and readily palpated 
muscles. The subscapularis is one of the 
more difficult muscles to examine reliably 
for LTRs. 

There are two common lateral TrP loca
tions and a medial trigger area in the sub
scapularis muscle (Fig. 26.1) The most ac
cessible lateral TrPs are found in the 
relatively vertical fibers which lie inside 
the lateral border of the scapula on the ven
tral aspect. Lange 3 1 identified only this 
more accessible site. The other lateral TrP 
region lies superior to the first and is more 
difficult to reach. It lies in the nearly hori
zontal bundle of fibers that extend across 
the scapula (Fig. 26.2). The third location 
is the trigger area along the vertebral bor
der of the scapula where the subscapularis 
muscle attaches to the vertebral half of the 
inner (ventral) surface of that bone. A ten
der spot that refers pain from this part of 
the muscle may represent enthesopathy 
secondary to primary midfiber TrPs. 

When the patient has become fully re
laxed, the examiner first abducts the arm of 
the supine patient away from the chest 
wall to the onset of tissue resistance, to 90° 
if possible. Patients with marked shorten
ing of the subscapularis muscle due to very 
active TrPs may not tolerate abduction of 
the arm beyond 20° or 30°. Figure 26.3 
shows the relationship of the subscapularis 
muscle to the scapula, the latissimus dorsi, 
teres major and to other adjacent muscles. 
If the arm cannot be abducted sufficiently 
for examination, sufficient release of the 
subscapularis may be achieved by using 
the hold-relax or the contract-relax tech
nique (see Chapter 3, Section 12). Ade
quate abduction (lateral displacement) of 
the scapula is necessary to bring the ven
tral (inner) surface of the scapula and its 
subscapularis muscle within reach for pal
pation. 

Next, the examiner grasps the latissimus 
dorsi and teres major muscles (Fig. 26.3) in 
a pincer grip (Fig. 26.4A and B) and locates 
the hard edge of the scapula with the tips 
of the digits. Traction must be maintained 
on the humerus to abduct the scapula ade
quately (arrow in Fig. 26.4B shows direc
tion of pull). The phantom finger "C" in 
Figure 26.4B locates the same portion of 
the subscapularis as is being palpated in 

Figure 26.4C, illustrating the increased ac
cessibility of the subscapularis by abduct
ing the scapula. 

To reach the TrPs frequently located 
along and superior to the lateral margin of 
the muscle, the palpating finger slides into 
the space between the serratus anterior, 
which lies against the chest wall along the 
back of the finger, and the subscapularis 
muscle, beneath the finger on the underside 
of the scapula (Fig. 26.3). To reach the su
perior TrP area, the finger is directed cepha-
lad and toward the coracoid process of the 
scapula to locate a large firm band of mus
cle fibers in the TrP area. Sustained, light-
to-moderate pressure on an active sub
scapularis TrP will reproduce the patient's 
posterior shoulder and scapular pain, occa
sionally with a referred twinge in the wrist. 
Local twitch responses are sometimes seen. 
When detected, LTRs are more likely to be 
felt with the palpating finger than seen, and 
they are strongly confirmatory of (but not 
essential for) a TrP diagnosis in this muscle. 

In thin supple patients, more direct con
trol of the scapula is obtained if the exam
iner hooks the fingers of the nonpalpating 
hand directly around the vertebral border 
of the scapula and pulls the scapula later
ally, away from the midline of the body. 

In patients with severe subscapularis in
volvement, deep tenderness in the muscle 
is usually so exquisite that the patients can 
tolerate only very light digital pressure on 
the muscle. Normal subscapularis muscles 
palpated in this way are not tender. How
ever, an inadequately trimmed fingernail 
on the palpating finger will cause confus
ing severe skin pain. The skin should show 
no fingernail marks following palpation. 

Palpation for tenderness in the sub
scapularis trigger area of enthesopathy on 
the ventral aspect of the vertebral border of 
the scapula is complicated by two facts. 
For most examiners and subjects it is un
reachable anterior to the scapula when ap
proached from the lateral border of that 
bone. It is also very unlikely that one can 
palpate the subscapularis muscle along the 
vertebral border of the scapula. The exam
iner must palpate through a relatively thick 
trapezius muscle, the rhomboid muscle 
layer, and the serratus anterior muscle, 
which all attach along that border of the 
scapula and are also subject to enthesopa-
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Figure 26.3. Relation of the subscapularis muscle (dark red) to the surrounding muscles (lighter red) when the 
scapula (shown as a vertical white line) has been pulled away from the chest wall by the examiner (compare 

with Fig. 26.2). 

thy. In this region, tenderness to palpation 
alone does not identify which muscle is re
sponsible for it. 

Related Trigger Points 
When there is moderate TrP involve

ment of the subscapularis muscle, the pa
tient's arm movement may be restricted by 
this muscle alone without associated TrP 

activity in other shoulder-girdle muscles. 
When the subscapularis TrPs become suffi
ciently active, the pain-induced restriction 
of motion at the shoulder joint becomes se
vere. Then, functionally related muscles 
quickly become involved (Section 5), so 
that many, or most, of these muscles de
velop active TrPs. Motion at the shoulder is 
then "frozen." Autonomic trophic changes 
are likely to follow. 

Serratus 
anterior 

Subscapularis 

Teres major 

Latissimus 
dorsi 

Triceps 

Biceps 

Coracobrachialis 
Deltoid 

Pectoralis major 
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Figure 26.4. Examination of the subscapularis mus
cle. A, pincer grasp of the latissimus dorsi and teres 
major muscles demonstrates the inaccessibility of 
the subscapularis with the scapula in its usual rest
ing position. B, same grasp as in Part A, with the 
scapula pulled away from the chest wall (arrow) to 
make the subscapularis muscle more accessible for 
palpation. The dashed line indicates where the 
thumb is pressed against the bony edge of the 
scapula. The phantom finger, "C , " shows how far the 
finger position in Part C extends beyond the edge of 
the scapula to palpate the subscapularis muscle. 
C, direction of the finger movement to reach the 
most cephalad of the two trigger point areas near 
the lateral border of the scapula. 
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The pectoralis major tends to develop 
these additional TrPs early, probably due to 
the restriction of its normal range of mo
tion. The teres major, latissimus dorsi, and 
the long head of the triceps brachii are of
ten next to develop additional TrPs. The 
anterior part of the deltoid soon becomes 
involved. When TrPs occur in all these 
muscles, none reach full length and can se
verely limit all movement at the shoulder. 

10. ENTRAPMENT 
No nerve entrapments have been attrib

uted to this muscle. 

11. DIFFERENTIAL DIAGNOSIS 
Rotator cuff tears, adhesive capsulitis, 

C7 radiculopathy, a thoracic outlet syn
drome, or an impingement syndrome can 
cause shoulder pain that is not due to sub
scapularis TrPs. On the other hand, sub
scapularis TrPs can mimic these conditions 
and must be considered, if any of them are 
suspected. The subscapularis is one of the 
four muscles that contribute to the myofas
cial pseudothoracic outlet syndrome, 
which is considered in Chapter 18 and in 
Chapter 20, Section 11. The major contri
bution of subscapularis TrPs to the pain 
and restricted range of motion of the shoul
der in hemiplegia is often overlooked and 
is discussed in this section. The "frozen 
shoulder" is covered in detail below. 

"Frozen Shoulder" 
The descriptive term "frozen shoulder" 

is not a specific diagnosis and frequently is 
based only on the presence of a painful 
shoulder that exhibits restricted range of 
motion. The term has been identified with 
several categories of disease: neurologic 
(hemiplegia, 4 9 shoulder-hand syndrome 5 7), 
idiopathic (an idiopathic capsul i t i s 2 0 , 5 7 , 5 9 ) , 
rheumatologic (periarthritis or periarticu
lar arthrit is , 1 0 , 3 0 acromioclavicular arthri
t i s 5 , 3 8 ) , and adhesive capsulitis, which has 
characteristic objective f indings 5 , 4 9 of un
known etiology.5 7 The label "frozen shoul
der," when presented as the diagnosis that 
accounts for the patient's symptoms, serves 
as a warning that the patient is in need of a 
more specific diagnosis. 

When so many authors agree that the 
cause of a disease is enigmatic, there is 

good reason to expect that a major etiologic 
factor is being overlooked. The two criteria 
commonly used to diagnose "frozen shoul
der" also identify two key effects of active 
subscapularis muscle TrPs. Unfortunately, 
the available literature indicates that TrPs 
are rarely considered when making the di
agnosis of "frozen shoulder." The same lit
erature and clinical experience suggest that 
TrPs may be a major factor in producing 
the symptoms, which is why the subject is 
reviewed here. To better understand the 
source of "frozen shoulder" symptoms, 
two issues are considered: adhesive cap
sulitis and myofascial TrPs. 

Adhesive Capsulitis. Recent literature 
frequently describes and treats "frozen 
shoulder" as if it were synonymous with 
what is commonly identified as adhesive 
capsulitis. Other authors treat the two 
terms as explicitly synonymous. 4 9 Most pa
tients with "frozen shoulder" will respond 
to nonoperative treatment.4 5 Weber et al. 6 0 

observed that spontaneous recovery usu
ally occurs within 30 months. Other au
thors also found that it usually is self-lim
ited, but approximately 10% of patients 
had long-term problems. 4 0 

Some authors consider arthrographic 
findings to be diagnostic of adhesive cap
sulitis.3 3 , 3 7 , 3 8 The arthrogram contrast 
medium shows that the normally rounded 
outline of the capsule is replaced by a 
squat, square contracted patch. The redun
dant fold at the inferior portion of the 
joint, which normally hangs down like a 
pleat, is obliterated.5 More recently, Rizk et 
al.49 identified restrictions of joint volume, 
serration of the bursal attachments, failure 
to fill the biceps tendon sheath, and partial 
obliteration of subscapular and axillary re
cesses. These findings associate adhesive 
capsulitis with the long head of the biceps 
brachii and the subscapularis muscles. 

The procedures recently reported for 
treatment of the adhesive capsulitis cate
gory of "frozen shoulder" include forceful 
manipulation to release adhesions (usu
ally under general anesthesia, 3 5 , 4 5 , 6 0 some
times with only local anesthesia2 0), force
ful extension (pressurization) of the 
capsule , 2 0 , 4 0 (sometimes to the point of 
rupture 4 9), division of the subscapularis 
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tendon, 4 0 resection of inflammatory syn
ovium between the supraspinatus and 
subscapularis attachments, 4 0 excision of 
the coracohumeral ligament,9 arthro
scopic excision of the rotator interval of 
the capsule 9 or release of the anterior cap
sule.59 The reports by these authors indi
cate that, to them, the source of the irrita
tion that caused the adhesions being 
treated remains enigmatic. 

Many of the above-listed procedures 
implicitly or explicitly identify the bursae 
and or tendons of the supraspinatus and 
subscapularis muscles as being closely as
sociated with the adhesive restriction of 
joint movement. Rizk, et al.49 reported 
treatment of 16 patients with idiopathic 
adhesive capsulitis by arthrographic dis
tention and rupture of the joint capsule. 
Only those patients whose posttreatment 
arthrograms showed iatrogenic capsular 
tears at the subscapular bursa or at the 
subacromial bursa experienced sudden re
lief of pain during the procedure. Among 
the 3 patients not experiencing sudden re
lief of pain, two had a distal bicipital 
sheath rupture, and one had subscapular 
rupture. The coracohumeral ligament also 
has a muscular relationship because it at
taches to the rotator cuff in conjunction 
with the supraspinatus tendon. 13 

When restriction persists after the 
inactivation of TrPs in muscles that 
could be responsible for the restricted 
range of motion, or if there is arthro
graphic evidence of adhesive capsulitis, 
the antifibrotic medication, Potaba® 
(aminobenzoate potassium-a member of 
the B vitamin complex) manufactured by 
Glenwood, Inc. may be administered. Its 
effectiveness is related to adequate 
dosage (12 g/day taken as 0.5 g capsules 
or tablets in divided doses either four or 
six times daily) and to sufficient duration 
of medication (usually a minimum of 3 
months). 

Relation to Trigger Points. The primary 
symptoms of "frozen shoulder"—pain in 
the shoulder region and restricted range of 
motion—are also primary symptoms of ac
tive subscapularis muscle TrPs. Lewit 3 2 

voiced the observation of many clinicians 
skilled at identifying TrPs that "painful 

spasm of the subscapularis, with trigger 
points, accompanies frozen shoulder from 
the outset." The "frozen shoulder" litera
ture often refers to the importance of trying 
conservative therapy first and frequently 
identifies physical therapy or physical 
therapeutic techniques as an essential part 
of that conservative t h e r a p y . 3 5 , 4 5 , 5 7 , 5 9 

The reason the shoulder becomes so 
painful and "frozen" when a patient devel
ops subscapularis TrPs is that so many 
other shoulder-girdle muscles also become 
involved, adding their pain patterns and 
restriction of movement. The other TrPs 
are easier to identify than are subscapularis 
TrPs and are often inactivated with at least 
temporary improvement; but until the pri
mary cause (subscapularis TrP involve
ment) is identified and corrected, symp
toms will persist. 

Specific identification of subscapularis 
TrPs as a focus of therapeutic attention is 
rarely mentioned in the literature, and no 
controlled research studies could be found 
that specifically addressed the TrP compo
nent of "frozen shoulder." Many clinicians 
agree that subscapularis TrPs can be re
sponsible for the symptoms of "frozen 
shoulder" and can be simply and effec
tively treated. 8 , 3 2 However, in the current 
climate of managed health care, clinical 
success is not sufficient; competent re
search substantiation is essential. 

In addition, it is quite likely that TrPs in 
the supraspinatus or subscapularis mus
cles can be a major factor in the develop
ment of adhesive capsulitis. The supra
spinatus muscle, as noted in Chapter 21 , is 
prone to develop enthesopathy or enthesi-
tis. Since the humeral tendinous attach
ment region of the subscapularis is not so 
accessible to direct palpation, its tendency 
to develop enthesitis is not so well recog
nized. The humeral attachment of the sub
scapularis tendon lies in close approxima
tion to the subscapular bursa. As noted 
above, adhesions within the subscapular 
bursa were identified as a major compo
nent of adhesive capsulitis. It is possible 
that a chronic enthesitis of the subscapu
laris muscle adjacent to its bursa could in
duce an inflammatory reaction that could 
then induce fibrosis of the bursa which re
quires forceful manipulation, inflation of 
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the bursa, or arthroscopic surgery to release 
it. In this case, this stage of fibrosis could 
be prevented by prompt recognition of the 
subscapularis TrPs when they first de
velop. Treating these acute TrPs promptly 
and effectively would prevent much subse
quent pain, disability, and expense. 

Similar considerations apply to supra
spinatus TrPs and enthesitis of the supra
spinatus tendon in the region where it 
blends with the joint capsule. Both the 
subacromial bursa and the coracohumeral 
ligament lie in close approximation to this 
region of supraspinatus attachment. 

Well-designed research studies explor
ing the TrP component of "frozen shoul
der" should help improve recognition of 
one important etiology of this condition 
and help to resolve much of the enigma as
sociated with it. 

The Subscapularis Muscle in Hemiplegia 
A very common and distressing problem 

of patients with hemiplegia is pain and 
loss of range of motion at the shoulder, 
which are usually attributed to spasticity, 
but which also are cardinal features of sub
scapularis muscle TrPs. 

One study 2 8 reported an attempt to iden
tify the source of shoulder pain in patients 
with hemiplegia by testing the degree of as
sociation of variables and by injecting 28 
patients with a local anesthetic in the sub
acromial area where they complained of 
pain. The author made no mention of TrPs, 
but reported that patients with better sen
sation tended to have lateral shoulder pain 
with radiation to the arm (Fig. 26.1). The 
pain was related most to loss of motion and 
NOT to spasticity, subluxation, loss of 
strength, or sensation. The subacromial in
jection resulted in moderate to marked re
lief in nearly 50% of cases ("dramatic" re
lief in some cases), suggesting that in those 
cases, the source of pain had been ad
dressed. 2 8 Dramatic relief may have been 
the result of injecting a region of 
supraspinatus enthesopathy, and the fail
ure of relief in other cases may have been 
the result of having overlooked a con
tributing TrP in the subscapularis muscle 
(or in the supraspinatus muscle). 

A pair of s tudies 1 2 , 2 4 reported the suc
cessful use of phenol for motor point block 

of the subscapularis muscle in patients 
with painful hemiplegic shoulders. Range 
of motion improved markedly: 42% for lat
eral rotation and 22% for flexion of the arm 
at the shoulder. All patients indicated less 
pain in the original arc of motion but still 
had pain at the new extremes of range of 
motion. The effect of block lasted 3-5 
months. This treatment would also 
serendipitously inactivate the active loci of 
TrPs in motor endplates that were injected. 

Botulinum A toxin has been success
fully used for treating spasticity in upper 
limb muscles of patients with strokes.6 It 
has several potential advantages over phe
nol. Its toxicity is specific to motor end-
plates, it has no effect on sensory nerves so 
it is not prone to painful sequelae, and it 
should be equally effective for treatment of 
spasticity and TrPs in the subscapularis 
muscle. Most patients with hemiplegia 
who have shoulder pain and restricted 
range of motion suffer spasticity, TrPs, or 
both conditions in the subscapularis mus
cle. Both conditions need therapeutic at
tention and both respond to the same treat
ment. Botulinum A toxin is administered 
by much the same technique as that used 
for phenol block when primarily con
cerned about spasticity, and administered 
by looking for active loci to inject when 
primarily concerned with TrPs. For either 
condition, this toxin is effective only when 
it is injected where endplates are located. 

Although clinicians skilled in the iden
tification of TrPs are impressed with how 
commonly subscapularis TrPs in hemi
plegic patients are a major contributor to 
both their pain and loss of shoulder range 
of motion, no controlled research studies 
of the clinical effectiveness of this thera
peutic approach were found. Research 
studies conducted by experienced clini
cians who are trained in how to identify 
and treat TrPs are urgently needed. 

12. TRIGGER POINT RELEASE 
(Fig. 26.5) 

Joint play should be restored if it is re
stricted in the glenohumeral, acromiocla
vicular, and sternoclavicular joints. 3 6 

To release subscapularis trigger points 
(TrPs) using spray and release, the patient 
lies relaxed in the supine position. The op-
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erator first applies a few initial sweeps of 
spray (Fig. 26.5A) and then abducts the 
arm by taking up slack as it develops, hold
ing the arm in the neutral position between 
medial and lateral rotation. This provides 
an opening in the axilla for entry of the 
spray. The operator continues to laterally 
rotate the arm to the position of Figure 
26.5A as slack develops and then abducts 
it to the position of Figure 26.5B; the 
vapocoolant spray is again swept upward 
over the fold of the axilla (Fig. 26.5B). The 
patient's body weight helps to fix the 
scapula. Further subscapularis range of 
motion is gradually obtained by additional 
abduction and lateral rotation of the arm. 
The operator places the patient's hand suc
cessively under the head, then under the 
pillow, and finally over the head of the bed 
(Fig. 26.5C). To achieve the full effective
ness of the spray in this position, the pa
tient's body is turned and supported suffi
ciently in a relaxed position to sweep the 
vapocoolant over the dorsal surface of the 
scapula, including its vertebral border. 

In cases of severe involvement and 
great sensitivity to muscle activity and 
stretch, it may be necessary to begin re
lease with the shoulder submerged in 
tepid water where the load of gravity is 
removed and small movements are well 
tolerated. 

Other noninvasive techniques for re
lease of taut bands in the subscapularis 
muscle include trigger point pressure re
lease, deep massage to taut bands that can 
be accessed, hold-relax and contract-
relax, 5 6 and other methods of myofascial 
manipulation as described by Cantu and 
Grodin.1 1 Application of vapocoolant or ic
ing can precede any of these techniques. 

Nielsen 3 9 described treatment of sub
scapularis TrPs by using stretch and spray, 
and Lewit 3 2 described release using grav
ity-assisted postisometric relaxation. 

Chironna and Hecht 1 2 reported two 
cases of shoulder pain with restricted 
range of motion that they ascribed only to 
spasticity which they successfully treated 
with motor point block of the subscapu
laris muscle using phenol. They noted that 
their treatment (which incidentally would 
effectively inactivate TrPs in that muscle) 
inexplicably resulted in immediate in

crease in volitional range of motion, but 
they were apparently unaware of TrPs. 

Osteopathic techniques are often ap
plied to release tight muscles in a general 
sense, but are rarely identified for the pur
pose of releasing TrPs in a specific muscle. 
Two techniques could be helpful for re
leasing TrP tension in the subscapularis 
muscle, but likely would be more benefi
cial if they were modified to more effec
tively release the subscapularis muscle. 
One is the Spencer technique as illustrated 
with abduction and lateral rotation, 4 2 and 
the other is the integrated neuromuscu-
loskeletal technique for the upper limb and 
shoulder, subject prone. 5 8 

When other shoulder muscles also are 
involved—especially the teres major, latis
simus dorsi, pectoralis major, and anterior 
deltoid—the full range of abduction and 
lateral rotation at the shoulder may be 
blocked until these other muscles are re
leased. When full lateral rotation is ap
proached during abduction, the unaccus
tomed shortening may cause shortening 
activation (reactive cramping) of the 
supraspinatus muscle, an antagonist of the 
subscapularis. This activation of the 
supraspinatus latent TrPs may cause sud
den, severe pain referred to the shoulder, 
but can be prevented or relieved if the 
supraspinatus muscle is promptly length
ened and sprayed. 

One may think of the release of these 
successively activated muscles as unravel
ling the history of the condition, much as 
one unwinds layers of a bandage, with the 
subscapularis as the initial layer. 

In hemiplegic patients, spray and re
lease are likely to provide only temporary 
benefit in the acute phase, or if there is 
resting spasticity. There is no contraindica
tion to the application of spray and release 
several times a day, and it can provide 
much relief of pain. After several months, 
and with no resting spasticity, TrP release 
can lead to lasting relief of pain and to per
manent improvement in the range of shoul
der motion. 

Spray and release are followed at once 
by hot packs, then by active range of mo
tion exercises, and finally by the middle 
hand-position of the In-doorway Stretch 
Exercise (see Fig. 42.9). 
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Figure 26.5. Stretch position and spray pattern (ar
rows) for trigger points in the subscapularis muscle. 
A, initial stretch position. B, intermediate stretch posi
tion that is reached as the taut bands of the TrPs par
tially release. C, full stretch of the subscapularis mus

cle. The involved side of the chest can be turned up, 
away from the table, sufficiently for the spray to cover 
all of the skin that overlies the subscapularis posteri
orly, but with the body supported in a way that does 
not lose full relaxation of the patient. 
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13. TRIGGER POINT INJECTION 
(Fig. 26.6) 

If trigger point (TrP) tenderness, pain, 
and restriction of movement remain after 
noninvasive treatment by spray and re
lease, precise injection of the active TrPs 
may be effective. The patient lies supine in 
the same position as that used for vapo-
cooling, with the arm abducted. If suffi
cient abduction is not available to provide 
room for performing the injection, TrP re
lease techniques should be applied to pro
vide it. The patient's hand is placed under 
the pillow, or with the wrist at shoulder 
level (Fig. 26.5A), if that is as high as it will 
go. The patient's body weight holds the 
scapula in position after it is pulled later
ally (Fig. 26.4B and C). The active TrP site 
to be injected is located and fixed between 
the fingers. A 6- or 7.5-cm (2 1/2- or 3-
inch), 22-gauge needle is inserted between 
the examiner's fingers into the depth of the 
axillary fossa (Fig. 26.6). The needle is di
rected parallel to the rib cage and cepha-
lad, toward the face of the scapula, directly 
into the TrPs identified by palpation. The 
needle is always inserted through the skin 
caudal to the TrPs being injected and di
rected cephalad to avoid encountering the 
rib cage, which can easily happen in this 
location. A similar injection technique is 
described and illustrated by Rachlin. 4 6 

If pain remains after the inferior TrPs 
along the lateral scapular border have 
been inactivated, the lateral TrP in the supe
rior region shown in Figure 26.1 may be re
sponsible. These TrPs lie in the thick band of 
fibers that arch across the middle of the mus
cle and attach to the vertebral half of the 
scapula. These fibers are shown between the 
posterior cut ends of ribs four and five in Fig
ure 26.2. 

The TrP injection is followed immediately 
by spray and release, and then a hot pack to 
warm the skin over the subscapularis. 

When a patient with hemiplegia has a 
subscapularis muscle with both spasticity 
and active TrPs, this is one valid indication 
for injection of the motor endplate zone with 
botulinum A toxin while looking specifically 
for TrPs (identified by LTRs and/or EMG ac
tivity characteristic of active loci of TrPs as 
described in Chapter 2). This injection 
should be done under EMG guidance with a 
Teflon-coated hypodermic needle specifi
cally made for botulinum A injections. 

The medial trigger area requires special 
consideration for injection. Unequivocal 
determination that subscapular tenderness 
along the vertebral border is caused by en
thesopathy of the subscapularis muscle is 
difficult. The tenderness also could be in 
the middle trapezius, lower trapezius, 
rhomboid, and/or serratus anterior mus
cles through which one must perform the 

Figure 26.6. Injection of trigger points in the subscapularis muscle along the axillary border of the scapula. 
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palpation. Since enthesopathy in each of 
these muscles would most likely be sec
ondary to TrPs in their respective muscle 
bellies, each muscle should be examined 
for TrPs, and if found, they should be inac
tivated. Since it may take some time before 
the attachment area can recover suffi
ciently from the sustained overload to 
become symptom-free, injection of 0.5% 
procaine or lidocaine into the tender at
tachment area expedites recovery. Injec
tion of steroid that could reach the weak
ness-prone lower trapezius and rhomboid 
muscles is not recommended. If one 
wishes to inject the subscapularis trigger 
area along its vertebral margin, one tech
nique 4 1 has the patient forcefully abduct 
the scapula by placing the hand of the in
volved side across the front of the body, 
reaching far back on the uninvolved shoul
der. This causes a degree of winging which 
usually makes it possible to reach the sub
scapularis muscle beneath the scapula. At 
least a 1.5-inch needle is required, but care 
must be taken to stay clear of the rib cage. 

Ormandy 4 1 described this technique as 
the treatment for the scapulocostal syn
drome by infiltrating a TrP in the sub
scapularis region of the medial aspect of 
the scapular spine. The syndrome was di
agnosed by pain deep in the shoulder re
gion and upper back that often radiated 
into the neck and down the posterior as
pect of the upper extremity to the fingers, 
with marked tenderness at the medial end 
of the scapular spine (a pain distribution 
suggesting a composite of TrPs in several 
regional muscles, including the subscapu
laris). The syndrome was generally attrib
uted to altered posture. After injecting 
this subscapular TrP location one to three 
times with lidocaine hydrochloride and 
steroid in 440 patients, all of them re
turned to work. It was not clear what spe
cific structure or structures the author 
thought he had injected with a 1-inch 
needle. Clinical experience suggests that 
steroid and local analgesic may be more 
effective than analgesic alone for more 
rapid resolution of enthesopathy that is 
no longer being exposed to chronic ten
sion. Controlled research studies are 
needed to confirm or refute this clinical 
impression. 

14. CORRECTIVE ACTIONS 
(Fig. 26.7) 
Sleep Position 

When sleeping on the painful side or on 
the back, the patient should keep a small 
pillow between the elbow and side of the 
chest (Fig. 26.7), thus maintaining some 
arm abduction and preventing prolonged 
positioning of the subscapularis muscle in 
a shortened position. When sleeping on the 
pain-free side, the pillow is moved to sup
port the painful arm in front of the body 
( s e e Fig. 22.6). This prevents folding the 
arm across the chest in the fully adducted 
and medially rotated position, which is the 
fully shortened position. 

Correction of Posture Stress 
The patient must learn to avoid a 

"slumped" forward-head, abducted-scapu-
lae posture (avoiding sustained medial ro
tation of the arm). See Chapter 41. 

The patient should hook the thumb in 
the belt or on the hip when standing for 
a long period of time to prevent the arm 
from remaining close to the side. Also, 
when sitting, the patient should move the 
arm frequently to stretch the muscle. As 
a passenger in a car, the patient can 
stretch by resting the arm across the back 
of the seat, or by reaching the arm up 
and back behind the head, or reaching 
upward toward the ceiling. When a pa
tient drives long distances, the subscapu-

Figure 26.7. Use of a pillow when lying on the af
fected side at night to prevent sustained shortening 
of the subscapularis muscle. The pillow should be 
placed between the affected (right) arm and the 
body. 
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laris muscle generates much referred pain 
if it remains in the shortened position 
without movement; a nondominant left 
subscapularis muscle is more vulnerable, 
since a dominant right arm is more ac
tive. Use of an armrest helps to hold the 
arm in some abduction and avoid the 
completely shortened position. 

Home Exercise 
The patient learns to passively lengthen 

the muscle by using the middle and lower 
hand-positions of the In-doorway Stretch 
Exercise [see Fig. 42.9). Three cycles of each 
of these hand positions should be per
formed at least twice daily, preferably after a 
moist hot pack, warm shower, or warm bath. 

Circumduction, or an arm-swinging ex
ercise with the person leaning over and the 
arm hanging down (Codman's exercise), is 
very helpful. A weight may be hung from 
the fingers or wrist to provide slight trac
tion. An attempt should be made to later
ally rotate the arm and make a wide swing. 

Rhythmic stabilization of the subscapu
laris muscle (cyclic resisted abduction and 
lateral rotation at the shoulder to the limit 
of pain) increases the tolerance of the mus
cle to stretch by reflex reciprocal inhibi
tion, thus improving its range of motion. 5 0 

SUPPLEMENTAL REFERENCE, CASE 
REPORTS 

Rinzler and Travell described the man
agement of a patient with TrPs in multiple 
muscles, including the subscapularis. 4 8 
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CHAPTER 27 

Rhomboid Major and Minor 
Muscles 

HIGHLIGHTS: Both of the rhomboid muscles often 
"complain" because of remaining in the stretched 
position for long periods due to latent or active 
myofascial trigger points (TrPs) in the powerful 
pectoralis major muscles. These tense pectoral 
muscles commonly shorten and pull the shoulders 
forward into a round-shouldered posture, over
loading the weaker interscapular muscles. RE
FERRED PAIN from the rhomboid muscles con
centrates medially along the vertebral border of 
the scapula, and between that border and the ver
tebrae. Some of this pain may be enthesopathy 
from sustained stretch due to pectoral muscle ten
sion. ANATOMY: these muscles arise from the 
spinous processes of vertebrae C7 through T 5. 
They attach below and laterally to the vertebral 
border of the scapula. These scapular stabilizers 
FUNCTION primarily to adduct the scapula and 
rotate it medially, turning the glenoid fossa down. 
The FUNCTIONAL UNIT includes the trapezius 
muscle as the chief synergist, and the pectoral 
muscles as antagonists. ACTIVATION AND PER
PETUATION OF TRIGGER POINTS are usually 
caused by poor posture, which often occurs with 
active or latent TrPs in the pectoral muscles. PA

TIENT EXAMINATION reveals little or no restric
tion in the range of motion of the arm or in scapular 
mobility, but often discloses a critically important 
round-shouldered posture. TRIGGER POINT EX
AMINATION by palpation usually discloses multi
ple TrPs between the vertebral column and the 
vertebral border of the scapula. TRIGGER POINT 
RELEASE: This muscle responds well to trigger 
point pressure release and myofascial release 
techniques. Nonstretching techniques are used 
when the rhomboids are weak. Full stretch, when 
using spray and stretch, requires abduction of the 
scapula with upward rotation of the glenoid fossa. 
Vapocoolant spray or icing is applied in a caudal 
direction, parallel to the muscle fibers. TRIGGER 
POINT INJECTION is effective and avoids 
stretching the muscle, but must be done with care 
to avoid intrapleural penetration. CORRECTIVE 
ACTIONS include inactivation of pectoral muscle 
TrPs with full release of tight pectoral musculature, 
correction of round-shouldered posture, correc
tion of functional scoliosis, self-administration of 
TrP pressure release, and home use of the In-door-
way Stretch Exercises to maintain pectoral muscle 
range of motion. 

1. REFERRED PAIN 
(Fig. 27.1) 

Pain referred from trigger points (TrPs) 
in the rhomboid muscles concentrates 
along the vertebral border of the scapula 
between the scapula and the paraspinal 
muscles. 3 , 2 1 It also may spread upward over 
the supraspinous portion of the scapula 
(Fig. 27.1). The pain pattern somewhat re
sembles that of the levator scapulae, but 
without the neck component and without 
restriction of neck rotation. Referred pain 
extending to the arm has not been reported. 

Experimental injection of hypertonic 
saline into normal rhomboid muscles 
caused referred pain felt over the upper lat

eral part of the scapula and extending over 
the acromion. 1 9 

Tenderness in the region of these mus
cles may be local tenderness of their TrPs, 
referred tenderness in the referred pain 
zone of other muscles like the scaleni, 
and/or enthesopathy of these muscles 
caused by sustained muscle tension. 

2. ANATOMY 
(Fig. 27.2) 

The more cephalad and smaller of the 
two rhomboid muscles, the rhomboid minor 
attaches above to the ligamentum nuchae 
and to the spinous processes of the C7 and T1 

vertebrae, and below to the vertebral (me-
613 
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Figure 27.1. Composite referred pain pattern (essential zone solid red, spillover zone stippled red) caused by 
midmuscle trigger points (white Xs) and trigger areas (enthesopathy) of the right rhomboid muscles. 

dial) border of the scapula at the root of its 
spine (Fig. 27.2). The rhomboid major at
taches above to the spinous processes of the 
T2 through T5 vertebrae, and below to the 
medial border of the scapula between its 
spine and inferior angle. 

Supplemental References 

Other authors have illustrated these 
muscles from b e h i n d , 1 , 4 , 5 , 7 , 2 0 , 2 3 , 2 5 , 3 2 from 
the side, 8 and in cross sect ion. 9 , 1 0 , 2 6 

3. INNERVATION 
The rhomboid muscles are innervated 

by the dorsal scapular nerve via the upper 
trunk of the brachial plexus from the C5 

(and occasionally also from the C4) root. 

4. FUNCTION 
Based on anatomical considerations, the 

rhomboid muscles adduct (draw medially) 
and elevate the s c a p u l a . 4 , 1 7 , 2 0 The attach
ment of the rhomboid major fibers to the 
lower vertebral border of the scapula tends 
to rotate the scapula medially, turning the 
glenoid fossa d o w n . 2 , 4 , 1 7 , 2 0 , 2 8 These mus
cles assist forceful adduction and exten
sion of the arm by stabilizing the scapula 
in the retracted position. 2 8 

Electromyographically, these muscles 
were more active during abduction than 
during flexion of the arm at the shoulder 
joint, like the fibers of the middle trape
zius. 2 In a similar study, Ito 1 6 showed that 
the rhomboid muscles exhibited steadily 
increasing activity throughout abduction 
and similarly during flexion, but in the lat
ter case the electromyographic (EMG) ac
tivity reached only about two-thirds of the 
amplitude seen with abduction. In another 
study, the electrical activity of the rhom-
boidei rapidly increased in intensity be
tween 160° and 180° of either move
ment. 1 5 This activity is not predicted by 
any of the anatomically-based actions 
listed above. The stabilization function 
during lightly loaded abduction is appar
ently an additional action that fixes the 
scapula firmly against the paraspinal soft 
tissues. The rhomboid muscles are active 
in both forward and backward swings of 
the arm during walking,2 probably also to 
stabilize the scapula. Although the 
strength of adduction and extension of the 
humerus is diminished by loss of rhom
boid fixation of the scapula, ordinary func
tion of the arm is affected less by loss of 
rhomboid fixation of the scapula than by 
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loss of either the trapezius or the serratus 
anterior.2 0 

No distinction was drawn between the 
functions of the rhomboid major and rhom
boid minor by the authors quoted above. 
Because of the differences in attachments 
of these two muscles to the scapula, the ro

tator effect of the major may be much 
greater than that of the minor. 

Fine wire EMG recordings of qualita
tive rhomboid muscle activity during 
aquatic swimming in 14 subjects with a 
painful shoulder 2 9 were compared with a 

Rhomboid 
major 

Figure 27.2. Attachments of the rhomboid major and rhomboid minor muscles to the vertebral spinous 
processes and to the medial border of the scapula, showing the direction and extent of the muscle fibers. 

Rhomboid 
minor 
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previous study of 12 pain-free shoulders. 
At hand entry EMG activity in painful 
shoulders was only one-fourth that in nor
mal subjects, but during middle pull-
through it was four times that of normal 
and then fell back to less than normal 
throughout early recovery. The initial pat
tern of inhibition could be expected in 
this muscle which is considered to be 
prone to inhibition and weakness. 2 2 How
ever, the subsequent abnormally high 
level of rhomboid muscle activity is sur
prising and is more characteristic of a 
muscle that is strongly compensating for 
the dysfunction of another muscle, such 
as the serratus anterior. Identification of 
which muscles had TrPs that might have 
been causing the shoulder pain and 
which muscles were free of TrPs would be 
invaluable in a study of this type. 

5. FUNCTIONAL UNIT 
The rhomboid muscles act synergisti-

cally with the levator scapulae and with 
the upper trapezius for elevation of the 
scapula. They are synergistic with the leva
tor scapulae 1 7 and latissimus dorsi 2 8 in ro
tation of the scapula, but oppose the upper 
trapezius. Basmajian and DeLuca 2 consider 
the rhomboidei synergistic with the mid
dle trapezius for assisting abduction of the 
arm to 90° and in early flexion of the arm at 
the shoulder joint. 

Scapular adduction by the rhomboid and 
middle trapezius muscles is opposed di
rectly by the serratus anterior and indirectly 
but powerfully by the pectoralis major. 

6. SYMPTOMS 
The rhomboid muscles relatively rarely 

develop myofascial TrPs compared to other 
shoulder-girdle muscles . 3 0 , 3 1 

Pain (Section 1) is rarely identified as 
originating in these muscles until one has 
inactivated TrPs in neighboring involved 
muscles, such as the levator scapulae, 
trapezius, and infraspinatus. The com
plaint is of superficial aching pain at rest, 
not influenced by ordinary movement. 

This pain may arise from TrPs in the 
muscle belly which are aggravated by the 
muscle being placed in the shortened posi
tion for a period of time by lying on the 

side of pain in a way that adducts the 
scapula. The pain also may arise from en
thesopathy aggravated by the sustained 
stretch position imposed by round-shoul
dered posture, by tense, shortened pec
toralis major muscles, or by reaching 
forward or stretching down to reach some
thing. The enthesopathy pain, like stretch 
weakness, 2 0 gradually subsides if the mus
cle remains in a neutral position that nei
ther places it under strain, nor holds it in a 
shortened position. 

Patients reach for, and try to rub, the 
area of pain referred from rhomboid TrPs, 
whereas the pain referred from TrPs in the 
underlying serratus posterior superior feels 
as though it were too deep to be reached by 
surface pressure. 

Snapping and crunching noises during 
movement of the scapula may be due to 
TrPs in the rhomboid muscles. 

7. ACTIVATION AND PERPETUATION 
OF TRIGGER POINTS 

Myofascial TrPs in the rhomboid mus
cles are activated by holding the arm in ab
duction or flexion above 90° for a pro
longed period, as when painting overhead. 
The TrPs can be activated and perpetuated 
by prolonged leaning forward and working 
in a round-shouldered position (as when 
writing or sewing and not leaning back 
against a back support), by prolonged 
stretch due to prominence of the scapula 
on the convex side in upper thoracic sco
liosis (due to idiopathic scoliosis, chest 
surgery, or a limb-length inequality), or by 
sustained tension caused by a shortened 
pectoralis major muscle (from TrPs or other 
causes). Perpetuating factors in addition to 
uncorrected sources of chronic strain in
clude any of the systemic perpetuating fac
tors identified in Chapter 4 of this volume. 

8. PATIENT EXAMINATION 
No obvious restriction of motion is 

caused by myofascial TrPs in the rhomboid 
muscles. However, the examiner should 
note any tendency for round-shouldered 
posture that may indicate shortening and 
tightness of the pectoralis major muscle 
and can put sustained tension on the rhom-
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boid and middle trapezius fibers. Such 
overstretching has given the rhomboid 
muscles the reputation of being prone to 
weakness and inhibition. There is a lack of 
published EMG data to establish whether 
the muscle is inhibited or whether it is con
tracting, but overpowered. Whether it or 
other muscles of its functional unit have de
veloped TrPs could greatly influence its re
sponse. Correction of forward slump or 
round-shouldered posture is absolutely 
necessary to resolve fully an enthesopathic 
component of rhomboid-generated pain. 
Testing the rhomboid muscles for weakness 
in the presence of remaining shoulder-
girdle muscles of near-normal strength is 
difficult since each of its functions is 
provided by more powerful muscles. The 
most reliable clinical indication of rhom
boid major weakness is obtained by palpa
tion of the rhomboid major during adduc
tion and elevation of the scapula with 
downward (medial) rotation (see the fol
lowing section). Otherwise, contraction of 
the overlying trapezius can obscure rhom
boid activation. 

The examiner should test the scapula 
for normal mobility over the chest wall. 2 4 

9. TRIGGER POINT EXAMINATION 
Gerwin et al.12 found the most reliable 

examinations for making the diagnosis of 
myofascial TrPs to be the detection of a taut 
band, the presence of spot tenderness, the 
presence of referred pain, and reproduc
tion of the patient's symptomatic pain. 
Their study did not include the rhomboid 
muscles. The purely objective local twitch 
response is difficult to elicit reliably by 
manual palpation in these muscles because 
of the overlying trapezius muscle. 

The rhomboidei are best examined for 
myofascial TrPs with the patient seated 
and the arms hanging forward to relax the 
muscle and abduct the scapulae, spread
ing them away from the vertebral col
umn. A taut band in a rhomboid muscle 
can be clearly distinguished from the 
overlying trapezius by the direction of its 
fibers. The rhomboid muscle fibers are 
directed obliquely downward and later
ally, away from the vertebrae, and the 
lower trapezius fibers are angled upward 

and laterally. Middle trapezius fibers lie 
in a relatively horizontal direction. Me
dial rotation and adduction of the 
humerus places the scapula in downward 
rotation (medial rotation of the inferior 
angle) and accentuates the rhomboid 
fibers as scapular adduction is attempted. 
The difference in fiber direction of the 
trapezius is accentuated by abducting the 
arm to rotate the scapula upward (assum
ing functioning humeral abductors and 
rotators). 

The rhomboid muscles are palpated for 
taut bands and the midbelly region of each 
taut band is examined for TrP tenderness 
(indicated by Xs in the pain pattern draw
ing on the left side of Fig. 27.1). In addi
tion, palpation along the vertebral (medial) 
border of the scapula may reveal trigger ar
eas near the attachment (indicated by Xs in 
anatomy drawing on the right side of Fig. 
27.1). This tenderness adjacent to the 
scapula often represents enthesopathy sec
ondary to tension from rhomboid TrPs 
and/or from overload produced by tight 
pectoral muscles. 

All but the caudal ends of the lowermost 
fibers of the rhomboid major must be pal
pated through the trapezius. Local twitch 
responses are difficult to elicit, but are a 
valuable diagnostic confirmation when 
present. The referred pain from active TrPs 
is reproduced by deep palpation. 

If the precise borders of these muscles 
are in doubt, the patient to be examined 
should lie prone with his or her hand rest
ing behind the back. The examiner tries to 
place a finger (reinforced with the opposite 
hand, if necessary) deep to the medial bor
der of the scapula. When the patient lifts 
the hand up off the back, the rhomboid 
muscles contract vigorously, pushing the 
examiner's finger out from under the 
scapula. Once the rhomboidei have been 
outlined, deep palpation across the direc
tion of the rhomboid muscle fibers identi
fies the firm "ropy" bands that contain 
TrPs. 

Active TrPs in the upper trapezius mus
cle can act as key TrPs that induce satellite 
TrPs in the rhomboid minor muscle. In that 
case, inactivating the trapezius TrP also 
usually inactivates the satellite rhomboid 
TrP.13 
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10. ENTRAPMENT 
No nerve entrapments have been attrib

uted to these muscles. 

11. DIFFERENTIAL DIAGNOSIS 
Patients with chronic axial pain and 

additional regional complaints that fit the 
diagnosis of fibromyalgia should be ex
amined for the tender point count and 
other requirements for the diagnosis of fi
bromyalgia. 3 4 In one study of 96 subjects, 1 1 

2 0 % of the patients with myofascial pain 
caused by TrPs also had fibromyalgia. 
Treatment of patients with both conditions 
requires special consideration. 

The pain caused by rhomboid TrPs may 
be erroneously diagnosed as scapulocostal 
syndrome if the TrP examination was over
looked or improperly performed. 

Articular Dysfunction 
Articular dysfunction associated with 

rhomboid TrPs can involve any of the 
spinal segments from C7 to T 5 . Usually two 
or more segments are involved. Typically 
one observes a multiple level dysfunction 
with vertebral sidebending in the direction 
of the muscle harboring TrPs and rotation 
away from the involved muscle. Occasion
ally one finds a central dysfunction, usu
ally at approximately T 3 , which includes 
an element of single segment vertebral ex
tension as well as sidebending and rotation 
in the same direction. This usually appears 
as a flattened upper thoracic spine that 
does not flex forward on attempted flexion, 
and there is a concurrent scapular adduc
tion with rhomboid muscle involvement. 
This central segmental dysfunction must 
be recognized and treated. When this artic
ular dysfunction has been corrected, one 
often finds that the rhomboid TrP was in
activated at the same time. 

Related Trigger Points 
Several muscles that refer pain in a sim

ilar pattern to that of the rhomboids are the 
scalene, levator scapulae, middle trape
zius, infraspinatus and latissimus dorsi 
muscles. These muscles should also be ex
amined for TrPs, especially if the thera
peutic response to rhomboid treatment is 
incomplete. 

Active rhomboid TrPs usually become 
obvious only after elimination of TrPs in 
the levator scapulae, trapezius, and infra
spinatus muscles. Patients with rhomboid 
TrPs complain of upper back and scapular 
pain. They are frequently stooped and 
round-shouldered, appear flat-chested, and 
are unable to stand up straight because of 
TrP-induced tautness in either or both the 
pectoralis major and minor. The rhomboid 
and middle trapezius muscles bilaterally 
are then overloaded by having to oppose 
the stronger, shortened pectoral muscles. 
The pectoralis TrPs may be latent and not 
signaling trouble by pain, but they are nev
ertheless overloading their dorsal antago
nists, which do the complaining. Serratus 
anterior TrPs also can contribute to rhom
boid muscle overload. 

12. TRIGGER POINT RELEASE 
(Figs. 27.3 and 27.4) 

Since this muscle is prone to inhibition 
and stretch weakness, 2 0 one must be care
ful not to aggravate its problems with addi
tional overstretching. Relief of the stretch 
weakness depends on relieving the persis
tent tension on the muscle and restoration 
of normal rhomboid muscle function and 
muscle balance. 2 0 

The clinician must clearly distinguish 
myofascial trigger point (TrP) tenderness 
and taut bands from tenderness of enthe
sopathy caused by overstretch. Treatment 
should start anteriorly with inactivation of 
any pectoral muscle TrPs and restoration of 
normal resting length to the pectoralis 
muscles. The serratus anterior muscle (par
ticularly the lower half) also should be 
checked and any TrPs inactivated. The 
rhomboid attachments at the scapular bor
der should be carefully examined for ten
derness indicating enthesopathy secondary 
to TrP tension. If TrP and enthesopathic 
trigger area tenderness are both present, it is 
better to start with trigger point pressure re
lease and deep massage of the taut bands to 
reduce tension on the irritated attachments. 
Correction of slumped round-shouldered 
posture (Chapter 41) is essential for lasting 
relief of rhomboid TrPs or an enthesopathy 
component of rhomboid-generated pain. 

If the clinician determines that muscle 
tension needs to be released, a spray and 
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release technique can be applied to the 
rhomboid TrPs with the patient seated and 
relaxed, the upper thoracic spine flexed, 
and the arms hanging between the knees 
(Fig. 27.3A), or crossed in front of the chest 
(Fig. 27.3B). The patient should "hump" 
the back (flex the thoracic spine) and let 
the weight of the arms pull the shoulder 
blades forward and laterally. The spray is 
applied downward in slow parallel sweeps 
over the rhomboid muscles, in the direc
tion of their muscle fibers (Fig. 27.3B). The 
uppermost sweeps of spray are continued 
across the scapula to cover the lateral ex
tension of the referred pain pattern. Fol
lowing application of the vapocoolant, the 
patient inhales deeply, and then exhales 
slowly to relax the muscles, reaching far
ther across the front of the body to take up 
slack in the rhomboids. 

Several alternative techniques are avail
able that minimize the danger of over
stretching this muscle. Some of the non-
stretching methods are trigger point 
pressure release, deep massage to the taut 
band, hold-relax 3 3 applied to the tense 
muscle, and indirect techniques. 1 8 If TrPs 
and attachment tenderness are present, it is 
important to release the TrPs without ag
gravating the enthesopathy. Figure 27.4 il
lustrates the postisometric relaxation 
(myofascial) release of the right rhomboid 
muscles. The operator lightly resists scapu
lar adduction (retraction) while the patient 
slowly breathes in and looks upward to the 
right. The patient looks downward to the 
left and slowly breathes out, relaxing fully. 
As the muscle releases, the operator's hand 
follows the movement of the scapula into 
abduction [arrow], taking up the slack as 
the patient exhales and concentrates on re
laxing all muscles. 

An alternate position is with the patient 
prone and placing the arm and shoulder 
over the edge of the treatment table. 

The interscapular muscle release and 
scapular mobilization illustrated in Figure 
18.3 is well suited to release of rhomboid 
TrPs. A soft tissue technique for the rhom
boid muscles also is described and illus
trated by Ehrenfeuchter.6 

In a variation of this, the patient is side-
lying with the affected side uppermost. 
The therapist faces the front of the patient, 

Figure 27.3. Stretch position and spray pattern (thin 
arrows) for a trigger point (X) in the right rhomboid ma
jor muscle, position to be used only if the muscle 
shows increased tension. A, optimum position for 
gravity-assisted release of the rhomboid minor. B, op
timum position for gravity-assisted release of the 
rhomboid major and spray pattern for both muscles. 
The operator should not apply additional manual pres
sure against the scapula to increase the stretch be
cause this muscle is readily overstretched. 
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Figure. 27.4. Postisometric relaxation for release of 
right rhomboid muscles (see description in text). 

reaches under the patient's arm and does 
manual release/mobilization simultane
ously of rhomboid fibers and middle 
trapezius fibers in conjunction with the 
postisometric-relaxation technique. 

When the rhomboid muscles need to be 
strengthened, the same position for the pa
tient and the therapist described in the pre
vious paragraph (and illustrated in Fig. 
18.3) can be used. This affords the thera
pist the opportunity to guide the patient's 
scapula and arm with one hand (and pro
vide resistance at a later stage) while using 
the other hand for facilitation of the rhom
boids. Any added progressive resistive ex
ercise program should be monitored and 
guided by the therapist. A biofeedback sys
tem for home use could enable the patient 
to follow a home program without over
stretching a weak muscle. 

Use of spray and release is followed by 
moist heat, and all release techniques are 
followed by having the patient move the 
scapula through two or three repetitions of 
full active range of motion. 

13. TRIGGER POINT INJECTION 
The trigger point (TrP) must be accu

rately located in the midfiber portion of the 
muscle and fixed against the chest wall be
tween the fingers of the palpating hand. 
For injection of the TrP, a 3.8-cm (1 1/2-in) 
needle is directed almost tangential to the 
surface. Injection of 0.5% procaine or 1% 
lidocaine reduces postinjection soreness 
compared to dry needling. 1 4 The needle is 
aimed toward a rib to avoid penetrating an 
intercostal space. The risk of pleural pene
tration by the needle can be essentially 
eliminated by placing the 2nd and 3rd fin
gers into the intercostal spaces above and 
below the site of the TrP injection. 3 A local 
twitch response (LTR) confirms accurate 
penetration of an active locus of a TrP by 
the needle. Injection is much less likely to 
be successful in the absence of an LTR.1 4 

Moist heat is applied to reduce postinjec
tion soreness, and then three cycles of full ac
tive range of motion are performed to restore 
normal muscle function and coordination. 

Rachlin describes and illustrates a simi
lar technique for injecting rhomboid TrPs. 2 7 

Myofascial TrPs in the rhomboid minor 
may be satellites of a key TrP in the upper 
trapezius muscle. In that case, inactivating 
the trapezius TrP usually also inactivates 
the satellite rhomboid minor TrP.13 

14. CORRECTIVE ACTIONS 
Since the rhomboid muscles are prone to 

inhibition and stretch weakness, 2 0 , 2 2 correc
tive actions concentrate on self-adminis
tered manual release techniques and correc
tion of faulty posture rather than stretch 
exercises. The enthesopathy pain from 
rhomboid TrPs, like stretch weakness, grad
ually subsides if the muscle remains in a 
neutral position so that the muscle is neither 
under strain nor shortened. If the patient has 
involvement of the pectoral muscles, daily 
use of the In-doorway Stretch (see Fig. 42.9) 
can be effective following a warm shower, 
bath, or application of moist heat. 

The patient should learn how to apply 
trigger point pressure release to the rhom
boid TrPs by lying on a tennis ball placed 
on the floor (or on a large thin book on the 
bed), or by using a Theracane®. The patient 
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can "press out" the spot tenderness due to 
each rhomboid TrP by rolling a single ten
nis ball along the medial border of the 
scapula. If there is bilateral involvement, a 
cold pair of tennis balls can be used (see 
Fig. 18.4). The pressure is centered on a 
tender spot until the tenderness fades, usu
ally in 20 or 30 seconds but sometimes as 
long as a minute; then the patient can roll 
the ball on to the next tender spot. 

The use of a lumbar pillow or a thora
columbar support helps to correct a round-
shouldered posture, especially while 
working at a desk or driving a car. One 
should avoid any chair that pushes the up
per torso and shoulders forward. Some 
backward slope of the backrest with lum
bar support is needed for a comfortable de
sirable seated posture. 

For a patient who becomes preoccupied 
at a desk and forgets to change position and 
thus relieve the strain on the muscles from 
time to time, an interval timer can be placed 
across the room and set to ring. Then, the 
patient must get up at regular intervals of 
20-30 minutes to turn it off and reset it. This 
need not interrupt the train of thought. 

Any protrusion of the scapula due to 
functional scoliosis that is caused by a 
limb-length inequality or an asymmetrical 
pelvis can be corrected by leveling the 
pelvis and straightening the spine with ap
propriate lifts (see Volume 2, Chapter 4). 

When the clinician determines that the 
muscle has recovered normal function suf
ficiently to be able to tolerate a gentle, aug
mented self-stretch program safely, the pa
tient should be taught how to perform the 
Middle-trapezius Stretch Exercise (see Fig. 
6.15), in conjunction with a postisometric 
relaxation technique. This also releases 
any rhomboid tightness. 
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CHAPTER 28 
Deltoid Muscle 

HIGHLIGHTS: REFERRED PAIN from active trig
ger points (TrPs) in the deltoid muscle is generally 
not referred to a distance as in most muscles, but 
spreads locally in the region of the affected (an
terior, middle, or posterior) part of the muscle. 
The location of the TrPs corresponds to the loca
tion of each endplate zone. ANATOMY: proxi-
mally, the fibers of the anterior, middle, and pos
terior parts attach to the clavicle, acromion, and 
spine of the scapula, respectively. Distally, they 
all attach to the deltoid prominence of the 
humerus. Different fiber arrangements of the mid
dle part of the muscle as compared to the ante
rior and posterior parts result in different arrange
ments of the endplate zones. FUNCTION: the 
anterior part of this superficial muscle, which 
covers the head of the humerus, is primarily a 
flexor of the arm, the middle part is primarily an 
abductor, and the posterior part primarily an ex
tensor of the arm. All three parts assist abduc
tion. The anterior part is antagonistic to the pos
terior part during flexion and extension. Working 
synergistically, the middle, anterior, and posterior 
parts help the supraspinatus muscle abduct the 
arm at the glenohumeral joint. FUNCTIONAL 
UNIT: The anterior part of the deltoid functions 
synergistically with the clavicular section of the 
pectoralis major, the biceps brachii (long head), 
and the coracobrachialis muscles. The posterior 
part acts synergistically with the latissimus dorsi, 
teres major, and the triceps brachii (long head) 

muscles. ACTIVATION AND PERPETUATION 
OF TRIGGER POINTS may result from impact 
trauma in sports or other activities, from over
exertion, or from the hypodermic injection of irri
tant medication where latent TrPs are located. 
The deltoid muscle also may develop satellite 
TrPs from key TrPs in another muscle, especially 
the infraspinatus. PATIENT EXAMINATION: ac
tive TrPs in the anterior deltoid cause painful re
striction of the Back-rub Test and painfully weak
ened abduction of the laterally rotated arm. 
Posterior deltoid TrPs cause painfully weakened 
abduction of the medially rotated arm. DIFFER
ENTIAL DIAGNOSIS includes rotator cuff tears, 
subdeltoid bursitis, impingement syndrome, C 5 

radiculopathy, and TrPs in the supraspinatus and 
infraspinatus muscles, and in the clavicular head 
of the pectoralis major. TRIGGER POINT RE
LEASE by spray and stretch requires specific po
sitioning for anterior, middle, and posterior del
toid TrPs and employs a proximal-to-distal spray 
pattern. This muscle responds well to augmenta
tion of postisometric relaxation. One who does 
TRIGGER POINT INJECTION should take into 
consideration the cephalic vein when injecting 
TrPs in the anterior portion of this muscle. COR
RECTIVE ACTIONS include eliminating perpetu
ating mechanical stresses, identifying and cor
recting systemic perpetuating factors, and doing 
a program of daily stretching exercises to prevent 
TrPs reactivation. 

1. REFERRED PAIN 
(Fig. 28.1) 

The deltoid is one of the muscles that of
ten develops myofascial trigger points 
(TrPs).2 0 When these hyperirritable foci ap
pear in the anterior part of the deltoid (Fig. 
28.1 A), they refer pain to the anterior and 
middle deltoid r e g i o n s . 1 0 , 3 1 , 5 2 , 5 5 , 5 7 Active 
TrPs in the posterior part of the deltoid 
(Fig. 28.1B) refer pain that concentrates 

over the posterior shoulder, sometimes 
spilling into adjacent areas of the arm. 1 0 

Trigger points in the middle deltoid pro
duce pain centered in that region of the 
muscle with some spillover pain to adja
cent areas (Fig. 28.1C). The deltoid muscle 
lacks any distant projection of referred 
pain. Referred pain from this muscle was 
demonstrated experimentally by the injec
tion of hypertonic saline. 5 1 

6 2 3 
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Figure 28.1. Referred pain patterns (dark red) from 
trigger points (Xs) in the right deltoid muscle (light red). 
A, pain pattern from trigger points in anterior part of the 
muscle. B, pain pattern from the posterior part. C, pain 
pattern of trigger points in the middle part of the mus

cle. D, usual location of trigger points in the muscle, 
lateral view. The distribution of trigger points in the an
terior and posterior parts of the deltoid muscle has a 
different pattern than the distribution of trigger points 
in the middle deltoid. Figure 28.3 shows why. 

Copyrighted Material



Chapter 28 / Deltoid Muscle 6 2 5 

Figure 28.1D illustrates where one is 
most likely to find TrPs in deltoid muscu
lature. This figure relates closely to Figure 
28.3 which shows schematically the differ
ence in the location of endplate zones 
(black dots) in the three parts of the deltoid 
muscle. 

2. ANATOMY 
(Figs. 28.2 and 28.3) 

Proximally the anterior part of the del
toid muscle attaches to the lateral one-third 
of the clavicle (Fig. 28.2); the middle part, 
to the acromion; and the posterior part, to 
the lateral portion of the spine of the 

Figure 28.2. Attachments of the right deltoid muscle 
(dark red). Compare the diagonal and complexly inter
woven fibers of the middle part with the simple 
fusiform arrangement in the anterior and posterior 
parts. The schematic of Figure 28.3 shows how, in 
principle, these fiber arrangements affect endplate 
distribution. 

scapula. Distally all fibers converge near 
the midpoint of the lateral aspect of the 
humerus and attach to its deltoid promi
nence. This point appears, in most pa
tients, as a dimple in the skin at the base of 
the "V" formed by the belly of the muscle. 

The anterior and posterior parts of the 
deltoid have a fusiform arrangement of 
long fiber bundles which extend directly 
from one attachment to the other. The mid
dle part is multipennate. Its fibers slant 
obliquely between proximal tendons (usu
ally four) that extend downward from the 
acromion into the substance of the muscle. 
Three interdigitating tendons extend up
ward from the deltoid prominence, as pre
viously described 1 5 and clearly drawn 
schematically.5 Thus, the middle part of 
the muscle, by design, produces more force 
through a shorter distance than do the an
terior and posterior parts of the muscle. 

The true complexity of the middle part 
of the deltoid is more realistically por
trayed in Grant's Atlas of Anatomy2 and in 
Figure 28.2 than in the schematic simplifi
cation of Figure 28.3. This schematic rep
resentation of the location of endplate 
zones in Figure 28.3 reflects the difference 
in endplate distribution within each part of 
the muscle. The location of the TrPs in Fig
ure 28.1 corresponds generally to the loca
tion of the endplate zones in Figure 28.3. 

The location of endplates in the deltoid 
muscle is illustrated schematically in Fig
ure 28.3. An endplate is normally located 
close to the midportion of the muscle fiber 
that it supplies. Thus, the endplate zone in 
a fusiform muscle like the anterior and 
posterior parts of the deltoid (also the bi
ceps brachii) is a single (sometimes irregu
lar) band of motor endplates extending 
across the midportion of the muscle. How
ever, the endplates in the angulated fibers 
of the middle deltoid are more widely dis
tributed throughout the muscle. 1 4 That ex
plains why the TrPs of the anterior and 
posterior parts of the deltoid muscle are 
found close to midmuscle, but TrPs of the 
middle part can be widely distributed. 

A his to log ica l s tudy of 24 b i la tera l del 
to id m u s c l e s 3 0 s h o w e d that 6 0 % o f the 
f ibers w e r e type 1 ( s low t w i t c h , fat igue re 
s is tant) w i t h o u t regard to h a n d d o m i -
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Scapula 

Middle 
deltoid 

Figure 28.3. Schematic of the fiber arrangements and 
the corresponding distribution of endplates (red dots) 
in the three parts of the deltoid muscle. An endplate 
normally is located close to the middle of the muscle 
fiber that it innervates. The anterior and posterior 
parts of the muscle have a fusiform arrangement and 
their fibers are nearly parallel to the long axis of the 
muscle, an arrangement that provides speed at the 
expense of strength and results in a band of endplates 
across the middle of the muscle. The schematic for 
the middle part of the deltoid shows a multipennate 
fiber arrangement, which provides strength at the ex

pense of speed. The schematic shows, in principle, 
the effect of the alternating multipennate arrangement 
seen in Figure 28.2. This schematic shows endplates 
distributed throughout much of the middle part of the 
deltoid. Since trigger points occur in an endplate 
zone, these different endplate arrangements also de
termine where trigger points can develop. This differ
ence in trigger point location is illustrated in Figure 
28.1. (Schematic adapted with permission from An
derson JE: Grant's Atlas of Anatomy. Ed. 7. Williams & 
Wilkins, Baltimore, 1978.) 

Posterior 
deltoid 

Anterior 
deltoid 

Humerus 

Clavicle 
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n a n c e , age, sex , or o c c u p a t i o n of the s u b 
ject . A l t h o u g h not s tated, t h e s e s a m p l e s 
were probably taken f rom the m i d d l e a n d 
not the anter ior or poster ior parts of t h e 
m u s c l e . 

Supplemental References 

T h e de l to id m u s c l e h a s b e e n w e l l i l lus 
trated from the anter ior v i e w , 1 , 3 7 , 4 2 , 4 8 the 
s ide view, 2 , 1 6 , 3 8 , 4 9 the poster ior v iew, 3 , 1 7 , 3 9 , 

4 3 , 5 0 and in cross sect ion. 4 , 4 4 

3. INNERVATION 
This muscle is supplied through the C5 

and C6 spinal roots via a branch of the pos
terior cord known as the axillary nerve. 1 5 

4. FUNCTION 
At one time, it was thought that the del

toid initiated abduction at the shoulder 
and that the supraspinatus completed it. 
However, the electrical activity of both the 
deltoid and supraspinatus muscles in
creases progressively throughout abduc
tion. Activity is greatest in both muscles 
when the arm is elevated between 90° and 
180°. 2 5 

Abduction of the arm normally pro
gresses with smooth coordination of gleno-
humeral joint movement and scapular 
rotation in a constant 2:1 ratio. 2 5 This 
mechanism is called the scapulohumeral 
rhythm. 1 3 Paralysis of either the supra
spinatus or deltoid muscle simply reduces 
the force and endurance of abduction. 1 8 , 1 9 

Patients with multiple deltoid TrPs, how
ever, may show serious impairment of 
strength, or total inability to reach 90° of 
abduction. 

Simultaneous contraction of the ante
rior, middle, and posterior parts of the del
toid abduct the arm. 6 , 1 5 Abduction is per
formed chiefly by the middle fibers with 
glenohumeral joint stabilization provided 
by the anterior and posterior fibers.32 Only 
the most peripheral fibers of both the ante
rior and posterior parts adduct the arm. 2 7 

Otherwise, the anterior and posterior parts 
oppose each other. 

The anterior part of the deltoid flexes 
the arm f o r w a r d , 1 5 , 2 7 , 4 5 as confirmed by 
electromyographic (EMG)6 and electrical 

stimulation 1 9 studies; it also acts in hori
zontal adduction of the arm across the 
chest. 4 5 One study showed that the anterior 
part was recruited most strongly when 
these two movements were combined to 
move the arm obliquely upward inclined 
toward the midline. 4 1 The attachments 
look as if this part of the muscle should 
medially rotate the a r m , 1 5 , 2 7 ' 3 2 but use of 
this action is questioned by electromyogra-
phers. 6 Movement of the hand to the face 
requires adequate function of the anterior 
deltoid and serratus anterior muscles, 1 9 

both of which contribute to the scapulo
humeral rhythm. 

The middle part of the deltoid muscle is 
designed structurally for abduction, during 
which it shows strong EMG response. 6 Dur
ing a cone-shaped hand movement, maxi
mum recruitment of the middle part ap
peared when the arm moved obliquely 
upward inclined away from the midline. 4 1 

The linear increase in EMG activity during 
abduction of the arm indicates a primary 
abduction function of the middle part of 
this muscle. However, during flexion, a 
nonlinear increasing activity of the middle 
part above 60° of arm elevation indicates 
that its flexor action is enhanced as arm el
evation increases. 2 6 

The posterior part of the deltoid ex
tends the a r m ; 6 , 1 5 , 2 7 , 4 5 this function is es
sential in order to reach behind the body 
to the gluteal area and beyond. 1 9 During 
arm movement in cones and planes, the 
posterior fibers were recruited during lat
eral movement along the horizontal. 4 1 

Anatomically, the posterior part should as
sist lateral rotat ion, 1 5 , 2 7 but that function 
has not been substantiated electromyo-
graphically.6 A finding of marked increase 
in the electrical activity of the more hori
zontal, posterior-margin fibers of the del
toid, when the dependent upper limb was 
carrying weight, confirmed the important 
role of these horizontal fibers in helping to 
secure the head of the humerus in the ver
tically oriented, capsule-rimmed glenoid 
cavity. Contraction of these deltoid fibers 
and the supraspinatus muscle helps to 
wedge the head of the humerus solidly 
into the glenoid fossa to prevent down
ward dislocation. 6 
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During sports ac t iv i t ies that require u n 
d e r h a n d , o v e r h a n d , a n d s i d e a r m m o v e 
m e n t s , t h e a m p l i t u d e o f m o t o r u n i t 
ac t iv i ty in the anter ior part o f the de l to id 
w a s c o n s i s t e n t l y greater t h a n in the other 
parts o f the m u s c l e , w i t h o n e e x c e p t i o n : 
dur ing the t e n n i s serve , the m i d d l e part o f 
t h e m u s c l e s h o w e d a strong d o u b l e p e a k 
o f m a x i m u m act iv i ty . 1 1 

R a i s i n g the t y p e w r i t e r keyboard c lear ly 
i n c r e a s e d the c o n t i n u o u s e l e c t r i c a l ac t iv
ity (strain) present in the de l to id m u s c l e . 3 6 

In a s u b s e q u e n t m e t h o d o l o g i c a l study, 
Hagberg a n d J o n s s o n 2 2 s h o w e d that the ac 
t ivi ty load on t h e de l to id i s i n c r e a s e d i f 
t h e w o r k he ight i s e i ther too l o w or too 
h igh , a n d that ac t iv i ty w a s lowes t w h e n 
the e l b o w w a s h e l d a p p r o x i m a t e l y at a 
r ight a n g l e . 2 8 

In a s tudy of t o l e r a n c e for h o l d i n g the 
a r m in t w o e l e v a t e d p o s i t i o n s (one a t 9 0 ° 
o f forward f lex ion a n d the other a t 9 0 ° o f 
a b d u c t i o n ) , 2 1 f ew s u b j e c t s s h o w e d E M G 
signs o f fat igue in t h e m i d d l e part o f the 
de l to id after 5 m i n u t e s in a b d u c t i o n (or 
f lex ion) as c o m p a r e d to t h e fat igue s h o w n 
in the u p p e r t rapez ius , s u p r a s p i n a t u s , in
f raspinatus , a n d the anter ior part o f the 
de l to id m u s c l e . A l t h o u g h the de l to id i s 
rec ru i ted as a p r i m e mover , the m i d d l e 
part i s a p p a r e n t l y m o r e to lerant o f sus
t a i n e d c o n t r a c t i o n than the other m u s c l e s , 
e i ther b e c a u s e it h a s m o r e type 1 f ibers or 
b e c a u s e its m u l t i p e n n a t e s tructure m a k e s 
i t m o r e res is tant to fat igue. 

Driving a car w i t h the h a n d s on top of 
t h e s teer ing w h e e l ac t iva ted chie f ly the 
anterior , a n d to a l esser e x t e n t the m i d d l e , 
part o f the m u s c l e . A c t i v a t i o n o c c u r r e d 
w h e n the driver p u s h e d the s teer ing 
w h e e l t o w a r d t h e s ide o p p o s i t e the m o v 
ing arm, a m o v e m e n t of hor izonta l ad
d u c t i o n . T h e poster ior de l to id w a s rarely 
a c t i v a t e d . 2 9 

During f rees ty le s w i m m i n g , t h e nor 
m a l l y m a r k e d i n c r e a s e i n m i d d l e de l to id 
ac t iv i ty during the b e g i n n i n g a n d e n d o f 
p u l l - t h r o u g h w a s s igni f i cant ly r e d u c e d 
( inhib i ted) i n s u b j e c t s w i t h pa in fu l shoul 
ders . In t h e anter ior de l to id , o n l y the 
m a r k e d ac t iv i ty o f the ear ly pul l - through 
p h a s e w a s s igni f i cant ly a n d strongly in
h i b i t e d . T h e late pul l - through a n d early 
r e c o v e r y p h a s e s h o w e d o n l y m o d e r a t e 

a n d i n c o n s i s t e n t d e c r e m e n t i n the s w i m 
m e r s w i t h a pa inful s h o u l d e r . 4 7 Unfortu
nately , the s t ructures w h i c h were 
r e s p o n s i b l e for the p a i n were not ident i 
f ied in this study. M y o f a s c i a l TrPs c a n 
c a u s e th is k i n d o f m u s c l e inh ib i t ion w h e n 
a p e r s o n per forms a we l l - l earned activity. 

5. FUNCTIONAL UNIT 
The anterior deltoid, coracobrachialis, 

clavicular section of the pectoralis major, 
and the long head of the biceps brachii are 
commonly involved together as a func
tional unit. The pectoralis minor muscle 
also may develop active TrPs in association 
with those in the anterior deltoid. 

Throughout abduction of the arm, the up
per trapezius, supraspinatus, and rhomboid 
muscles show increasing EMG activity syn
ergistically with the middle part of the 
deltoid. During flexion a similar response 
occurs, except that the deltoid and supra
spinatus activity develops more slowly 
(nonlinearly), and the rhomboid muscle is 
less active than during abduction.2 6 

The posterior deltoid forms a myotatic 
unit with the long head of the triceps 
brachii, the latissimus dorsi and teres ma
jor muscles. The teres minor fibers, which 
are aligned with the posterior deltoid only 
in full abduction, are less likely to develop 
associated TrPs. 

Since, as noted in Section 4, the anterior 
and posterior deltoid fibers commonly 
function as antagonists, they may develop 
active TrPs together. 

6. SYMPTOMS 
The patient history may reveal onset of 

symptoms after impact trauma to the del
toid muscle during sports or other activities. 

The patient complains of pain on shoul
der motion and, less frequently, of pain at 
rest deep in the deltoid area (Fig. 28.1). The 
patient with active anterior deltoid TrPs 
has difficulty in raising the arm to the hor
izontal, as in bringing the hand to the 
mouth, and in reaching back at shoulder 
level. Patients with multiple deltoid TrPs 
may show serious impairment of strength, 
or total inability to reach 90° of abduction. 

When the patient complains of an 
acutely painful "catch" at approximately 
15° of elevation in the anterolateral direc-
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tion, it can be due to the combination of an 
area of severely tender enthesopathy at the 
attachment of the supraspinatus tendon 
(secondary to supraspinatus TrPs) and a 
taut band and TrP in the anterior deltoid 
muscle. The increased anterior deltoid TrP 
tension compresses the tender region 
against the acromion, producing an "im
pingement" syndrome which is greatly re
lieved by releasing anterior deltoid TrPs. 
Full function returns as soon as the enthe
sopathy clears following inactivation of the 
supraspinatus TrPs. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Few other muscles are so likely to re
ceive forceful impacts directly against un
derlying bone. Impact trauma may occur 
from a hit by a tennis or golf ball, or from 
falling directly on the muscle. 

The anterior deltoid can be traumatized 
by the repeated recoil of a gun when shoot
ing. Trauma by sudden overload often oc
curs during a loss of balance when going 
down steps and reaching out to a bannister 
or railing to "catch a fall." Overload activa
tion of TrPs by repetitive strain develops 
during prolonged lifting (holding a power 
tool at shoulder height), or episodic 
overexertion (unaccustomed deep sea fish
ing). Sorting mail into shoulder-height 
mailboxes for hours at a time or a similar 
work task can activate TrPs and can perpet
uate them if the task is continued as before. 

Overexercise may activate TrPs in the 
posterior deltoid, such as by excessive pol
ing when skiing. This part of the deltoid 
muscle rarely develops TrPs alone as the 
result of activity, but usually in association 
with TrPs in other muscles. 

Intramuscular injection of locally irri
tant solutions (e.g., B vitamins, penicillin, 
tetanus toxoid, diphtheria or influenza 
vaccine) into a latent TrP is likely to acti
vate it and to cause a persistently painful 
shoulder.5 3 This disability can be avoided 
(1) by preliminary palpation of the injec
tion site for tender spots (latent TrPs) so as 
to avoid them, (2) by adding enough 2% 
procaine solution in the syringe before in
jection to bring it to a 0.5% solution of pro
caine, (3) by peppering the site with 1 ml 
of 0.5% (or stronger) procaine solution im-
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mediately after the injection, if continuing 
pain at the injection site indicates that a 
TrP was activated, (4) by routine stretch 
and spray of the muscle following any in
tramuscular injection, or (5) by selecting 
another injection site, such as the lateral 
thigh. 

The middle part of the deltoid is less 
vulnerable to sustained overload than are 
the anterior and posterior parts of the mus
cle; however, TrPs in the middle part can 
be activated by vigorous (jerky) move
ments into abduction, particularly when 
repetitive. 

The deltoid muscle may develop satel
lite TrPs from key TrPs in another muscle, 
especially the infraspinatus. 

Perpetuating factors described in detail 
in Chapter 4 can cause poor response to 
treatment and persistence of deltoid TrPs. 

8. PATIENT EXAMINATION 
After establishing the event(s) associ

ated with the onset of the pain complaint, 
the clinician should make a detailed dia
gram representing the pain distribution de
scribed by the patient. The drawing should 
be in the style of the pain patterns in this 
volume using a copy of an appropriate 
body form found in Figures 3.2-3.4. 

In order to identify active or latent TrPs 
that may be limiting range of motion and 
thus influencing dysfunction, the examiner 
should: (1) identify limited range of motion 
by performing specific range of motion 
testing for all parts of the deltoid, (2) take 
up slack to the point of tension before 
changing the position, (3) ask the patient 
where he or she feels the tension or where 
it hurts, and (4) search (palpate) there for 
a taut band and TrP. A TrP that is limiting 
range of motion and producing dysfunc
tion has been called a relevant TrP.9 For the 
deltoid specifically, motion should be 
tested by moving the humerus into hori
zontal adduction across the front of the 
chest (and while the arm is in that posi
tion, medially rotate the humerus and then 
laterally rotate it), by moving the humerus 
into horizontal abduction and lateral rota
tion, and finally by moving the humerus 
into extension with adduction behind the 
back. 
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In addition, testing of voluntary con
traction to increase muscle tension can 
be performed by asking the patient to 
straighten the elbow and try to abduct 
the arm to 90°, first with the thumb up 
(palm forward) and then with the thumb 
down (palm backward). The thumb-up 
position is painful when fibers in the an
terior part of the deltoid muscle harbor 
active TrPs; the thumb-down position is 
painful when it loads TrPs in the poste
rior part of the muscle. 

Involvement of the anterior deltoid im
pairs performance of the Back-rub Test 
(see Fig. 29.3). When the patient with ac
tive TrPs in the posterior deltoid attempts 
the Mouth Wrap-around Test [see Fig. 
18.2), the arm can reach over the head, 
but not behind it, because of pain induced 
by forceful contraction of the affected 
posterior deltoid fibers in the shortened 
position. 

The deltoid muscle is tested for weak
ness as described by Kendall, et al.32 The 
deltoid, without distinguishing its parts, 
has been identified as being prone to in
hibition and weakness rather than hyper
activity and tenseness. 3 5 In our experi
ence this is more likely to be 
characteristic of the anterior and posterior 
parts of the muscle than of the middle 
part. Trigger points in either the deltoid 
or in functionally related muscles can 
cause inhibition of a part of the deltoid 
muscle during customary activities but 
may not cause inhibition during an iso
lated test contraction of that part of the 
deltoid. Each part of the deltoid needs to 
be tested electromyographically in re
search studies of this kind of inhibition. 

When the patient has shoulder pain and 
restricted motion suggestive of deltoid 
TrPs, the examiner should test the gleno-
humeral joint for normal joint play, 4 0 and if 
it is restricted, restore it. 

9. TRIGGER POINT EXAMINATION 
The deltoid is a superficial muscle, 

which simplifies detection of its palpable 
bands and vigorous local twitch responses. 
The relaxed muscle is examined by snap
ping palpation across the TrPs with the 

arm positioned in 30° of abduction. If the 
arm is abducted to 90° or more, as is some
times recommended, 3 3 4 9 the taut bands 
and their twitch responses are less evident, 
if detectable at all. 

The palpable bands associated with an
terior deltoid TrPs (Fig. 28.1D) are readily 
palpable. The TrPs are usually located 
close to the cephalic vein, which separates 
the deltoid muscle and the clavicular por
tion of the pectoralis major muscle. 

Trigger points in the middle part of the 
deltoid may develop almost anywhere 
since this middle part of the muscle is mul
tipennate and its motor endplates are 
widely distributed (Figs. 28.1D and 28.3). 
The tenderness of enthesopathy of the 
supraspinatus attachment at the rotator cuff 
(which may be in response to chronic ten
sion from TrPs and taut bands in the 
supraspinatus muscle) can be confused 
with tenderness of deltoid TrPs. When the 
arm is passively abducted to 90° the 
supraspinatus attachment is protected from 
digital pressure beneath the acromion 
while deltoid TrPs remain tender to palpa
tion. With supraspinatus attachment enthe
sopathy, active abduction of the arm to 90° 
or more usually causes shoulder pain. 

The posterior deltoid TrPs (Fig. 28.1D) 
are located along the posterior margin of 
the muscle, slightly more distally than 
those of the anterior part. 5 6 

One rarely finds TrP involvement of the 
deltoid muscle alone. 

10. ENTRAPMENT 
Entrapment of the axillary nerve due to 

TrPs in this muscle has not been observed. 

11. DIFFERENTIAL DIAGNOSIS 
Deltoid TrPs are commonly misdiag

nosed as rotator cuff tears, bicipital ten
dinitis, subdeltoid bursitis, glenohumeral 
joint arthritis, impingement syndrome, or 
C5 radiculopathy. These conditions need to 
be considered in diagnosis. They may 
cause deep shoulder pain and tenderness 
similar to deltoid TrP tenderness and re
ferred pain, but they lack the specific phys
ical signs of palpable bands and local 
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twitch responses in the muscle. Occasion
ally, one of these conditions coexists with 
deltoid TrPs; then both conditions must be 
treated. 

Referred pain from any part of the del
toid muscle can mimic pain arising in the 
glenohumeral joint,4 6 and thus, easily can 
be misdiagnosed as arthritis of that joint. A 
misdiagnosis can lead to the erroneous as
sumption that the joint is the source of pain 
and needs to be injected. Since TrPs in the 
anterior part of the deltoid can lie in the 
path of the anterior approach to the joint, 
these TrPs may be penetrated unintention
ally, and thereby unknowingly inactivated, 
during the joint injection. The relief of pain 
thus obtained would further reinforce an 
incorrect conclusion that inflammation of 
the joint had been responsible for the pain. 
Any myofascial TrPs in the deltoid muscle 
should be inactivated and the response ob
served before deciding to inject the shoul
der joint. Sometimes both the muscle and 
the joint must be treated. 

When attention is directed only to the 
subacromial area of referred pain and ten
derness, and active TrPs in any or all three 
parts of the deltoid muscle are overlooked, 
a diagnosis of "subdeltoid bursitis" is often 
rendered. A normal bursa may then be in
jected, to the neglect of the active deltoid 
TrPs, often resulting in a poor therapeutic 
result. 

The acromioclavicular joint underlies 
the proximal attachment of the anterior 
deltoid muscle. Pain due to sprain, sublux
ation, or complete dislocation or separa
tion of this joint mimics the pain pattern of 
anterior deltoid TrPs, or vice versa. A 
sprain of the acromioclavicular joint pro
duces localized tenderness over the joint, 
rather than TrP tenderness in the deltoid 
muscle, and causes pain on passive mobi
lization of the joint by arm motion which 
rotates or elevates the scapula. Acromio
clavicular subluxation and dislocation are 
more likely during sports activities and fol
lowing an automobile accident in which 
the patient was holding on to the steering 
wheel or stretched the arm out for protec
tion. Subluxation and dislocation are iden
tified by increasing loss of mobility.7 Bilat
eral standing X-ray examination with a 

weight held in each hand for comparison, 
or physical examination of the joint under 
local anesthesia, help to identify the de
pression and forward displacement of the 
clavicle in relation to the acromion. 1 2 For 
this joint problem, either conservative 1 2 or 
surgical7 treatment is recommended. The 
acromioclavicular joint and the deltoid 
muscle may be involved simultaneously, 
both needing attention for complete pain 
relief and return of function. 

Related Trigger Points 

Active TrPs in the anterior part of the 
deltoid muscle are often associated with 
TrPs: (1) in the clavicular section of the 
pectoralis major (adjacent to the anterior 
deltoid); (2) in the biceps brachii; and (3) 
in the antagonistic, posterior part of the 
deltoid. 

When an active TrP is found in the pos
terior deltoid, one should check the proxi
mal third of the long head of the triceps 
brachii, the latissimus dorsi, and the teres 
major muscles for associated TrPs. The 
posterior deltoid is unlikely to be the only 
muscle affected with active TrPs, unless 
latent TrPs were activated by local injec
tion of an irritant solution into the muscle, 
after which the TrP activity tends to be 
self-sustaining. 

Because the deltoid muscle lies in the 
essential pain reference zones of both the 
infraspinatus and supraspinatus muscles, 
it rarely escapes the development of 
satellite TrPs when these two scapular 
muscles harbor active TrPs. Hong 2 3 re
ported that key TrPs in the scaleni or in 
the supraspinatus muscle can induce 
satellite TrPs in the deltoid muscle. The 
increased irritability of motor units in the 
reference zone was demonstrated experi
mentally by motor unit activity (referred 
spasm) in the anterior deltoid in response 
to pressure on an active TrP in the infra
spinatus muscle that caused referred pain 
over the front of the shoulder. At the 
same time, recording needles in the bi
ceps and triceps brachii showed electri
cal si lence. 5 4 

If inactivation of deltoid TrPs restores 
abduction of the arm only to about 90°, 
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then any active supraspinatus TrPs should 
be located and eliminated. This usually re
stores the full range of arm motion in the 
overhead position, unless antagonists to 
abduction are also involved. 

12. TRIGGER POINT RELEASE 
(Figs. 28.4 and 28.5) 

Postisometric relaxation and reciprocal 
inhibition may be applied separately, as de
scribed in Chapter 3, Section 12, or in con
junction with spray and stretch. Lange 3 3 

described deep massage for myogelosis 
(trigger points [TrPs]). We find the more 
gentle trigger point pressure release against 
the bony humerus to be effective for inacti
vating deltoid TrPs. Trigger point pressure 
applied with the deltoid relaxed in a posi
tion of ease (supported at about 45° of ab
duction) can be particularly effective. 

For spray and stretch of the anterior part 
of the deltoid, the patient is seated, and the 
muscle is lengthened to take up its slack by 
horizontally abducting (horizontally ex
tending) the arm and laterally rotating it at 
the shoulder joint (Fig. 28.4A). The vapo-
coolant spray pattern slowly traces the 
course of the muscle fibers distally and 
then covers the area of referred pain as il
lustrated. The operator takes up the slack 
by applying gentle stretch tension (Fig. 
28.4A). 

The posterior part of the deltoid is 
stretched by medially rotating the arm 
and moving it across the chest of the 
seated patient (Fig. 28.4B). Sweeps of the 
spray are directed over the posterior del
toid fibers in a distal direction to cover 
the muscle and include the pain refer
ence zone in the pattern of Figure 28.4B. 
This position also stretches the supra
spinatus and infraspinatus muscles. Both 
of these muscles should be included in 
the spray pattern, particularly if they are 
tender, or if a full range of shoulder mo
tion is not achieved after release of the 
posterior part of the deltoid muscle by 
the spray-and-stretch procedure. 

Two stretch positions and the spray pat
tern for the middle deltoid are shown and 
described in detail in Figure 28.5. In the 
anterior arm position of Figure 28.5A, the 
arm is laterally rotated but still includes 

considerable stretch of the posterior part of 
the deltoid muscle as well as the middle 
part. When stretching the middle deltoid 
in the posterior arm position of Figure 
28.5B, one also may inactivate TrPs in the 
anterior part of the muscle. Since all parts 
of the muscle are stretched to some degree 
in these positions, the spray pattern should 
include the entire muscle. 

Following any deltoid stretch proce
dure, the patient should move the arm 
slowly through three cycles of full active 
range of motion. 

13. TRIGGER POINT INJECTION 
(Fig. 28.6) 

The trigger points (TrPs) in the anterior, 
middle, and posterior parts of the deltoid 
muscle are readily identified by flat palpa
tion, and then localized between the fin
gers and injected as in Figure 28.6. Active 
deltoid TrPs give readily visible or palpa
ble local twitch responses, and they usu
ally produce transient local aching and 
nearby referred pain when impaled by the 
needle. These phenomena indicate that the 
needle has effectively encountered at least 
one active locus of the TrP.24 

Myofascial TrPs in the anterior deltoid 
lie near the midportion of this part of the 
muscle (Fig. 28.1) and often are close to the 
anterior border of the muscle where the 
cephalic vein lies subcutaneously between 
the deltoid and pectoralis major muscles. 
This landmark establishes which muscle 
has the TrP, which otherwise is not easy to 
identify because their fibers have adjacent 
attachments. When injecting these TrPs 
(Fig. 28.6A), one can avoid the vein by 
placing one finger of the palpating hand on 
it, penetrating the skin with the needle 
close to it, and directing the needle away 
from the vein and into the TrP. 

The details of the basic injection tech
nique are presented in Chapter 3, section 13. 

Since the middle deltoid has multiple 
interlaced digitations, its taut bands are 
shorter than in the anterior and posterior 
parts of the muscle, and its TrPs are more 
scattered throughout the muscle. 

Trigger points in the posterior deltoid 
are nearly always found in the midbelly re
gion of the muscle, and those in the longer 
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Figure 28.4. Stretch positions and patterns for appli
cation of intermittent cold (arrows) for trigger points 
(Xs) in the anterior and posterior parts of the right del
toid muscle, patient seated. A, anterior deltoid. While 
the patient leans back in a relaxed position and slowly 
breathes out, the operator applies vapocoolant as in
dicated and picks up slack in the muscle by passively 

moving the arm into horizontal abduction. The pa
tient's elbow is flexed slightly to avoid e x c e s s stretch 
on the long head of the biceps. B, posterior deltoid. 
Rhythm is similar to A, above, except that the arm 
moves into horizontal adduction high across the 
chest. Postisometric relaxation facilitates muscle 
lengthening in these procedures. 

fibers of the posterior margin can some
times be localized for injection using bi
manual palpation. 

Upon completion of injection, counter-
pressure is applied for at least 1 minute to 
ensure hemostasis. Then the patient per
forms three cycles of active full range of 
motion specifically for the part(s) of the 
muscle injected. 

A c a s e r e p o r t 8 d e s c r i b e d a p a t i e n t w i t h 
s h o u l d e r p a i n o f 3 - m o n t h s ' d u r a t i o n a n d 
u n i d e n t i f i e d o n s e t t h a t i m p r o v e d o n l y 
s l ight ly w i t h t r e a t m e n t for s u p r a s p i n a t u s 
t e n d o n i t i s . T h e s h o u l d e r p a i n r e s o l v e d 
1 0 days later , f o l l o w i n g i d e n t i f i c a t i o n 
a n d i n j e c t i o n of a d e l t o i d TrP that re 
s p o n d e d to t h e i n j e c t i o n w i t h a h u g e lo 
ca l t w i t c h . 
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Figure 28.5. Stretch positions and pattern for applica
tion of intermittent cold (arrows) for trigger points (Xs) 
in the middle part of the right deltoid muscle, patient 
seated. A, anterior arm position with patient leaning 
back in a relaxed position against the back support. 
The operator applies vapocoolant or ice in the pattern 
indicated and picks up slack in the muscle by passively 
moving the flexed arm into horizontal adduction as the 
patient slowly breathes out. Sequential application of 

coolant is resumed after the patient has slowly taken 
another deep breath. This cycle continues rhythmically 
until maximum available range is achieved. B, poste
rior arm position. Sequence and rhythm are similar to 
A, above, but the arm is extended behind the back and 
adducted as far as muscle tightness or the body will al
low. Postisometric relaxation and reciprocal inhibition 
may often be included to advantage during these 
lengthening procedures. 

14. CORRECTIVE ACTIONS 
Any TrPs that refer pain to the deltoid re

gion (and are therefore likely to activate 
satellite TrPs in the deltoid muscle) should 
be inactivated. The key muscles most likely 
to refer in this way are noted in Section 11. 

Mechanical stress factors need to be cor
rected. The patient learns to lift heavy ob
jects with the arm rotated so that the thumb 
is turned in the direction that unloads the af
fected part of the deltoid muscle (Section 8). 

Similarly, any systemic perpetuating 
factors (see Chapter 4) should be identified 
and corrected, especially if the patient re
sponds poorly to TrP therapy. 

Activation of latent TrPs by intramuscu
lar injection into the posterior deltoid may 
be avoided as outlined in Section 7. 

The patient should take precautions on 
stairs, and prevent potential deltoid over
load that can result from being forced to 
quickly grab a hand railing. Traversing 
stairs slowly while holding onto railings, 
in addition to visually watching foot place

ment, may prevent a near fall and recur
rence of muscle overload. 

Shooting enthusiasts should place a pad 
in front of the shoulder to minimize the di
rect trauma of gun recoil. 

For continuing relief, daily passive 
stretching of the affected part of the muscle 
may be necessary. To self-stretch the ante
rior part of the deltoid, the patient is taught 
to do the middle- and lower-hand positions 
of the In-doorway Stretch Exercise (see Fig. 
42.10), and the Against- doorjamb Exercise 
(see Fig. 30.7) slowly and without forcing. 
To self-stretch the posterior deltoid, the pa
tient places the arm in the position of Figure 
28.4B, grasps the elbow of the affected arm 
with the other hand and pulls it across the 
chest, while sitting under a warm shower 
with the water directed over the muscle. 

SUPPLEMENTAL CASE REPORTS 

T h e m a n a g e m e n t o f pat ients w i t h del
to id TrPs i s repor ted by Ke l lgren 3 1 and 
L a n g e . 3 4 
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Figure 28.6. Injection of trigger points in the right deltoid muscle. A, anterior deltoid, with the patient supine. 
B, posterior deltoid, with the patient lying on the side opposite the involved muscle. C, middle deltoid, with 

the patient supported partially supine. See text for details. 
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CHAPTER 29 
Coracobrachialis Muscle 

HIGHLIGHTS: Trigger po in ts (TrPs) in the co raco 
brachial is musc le require more skil l for their i den
t i f icat ion and managemen t than those in mos t 
o ther musc les . Involvement o f the c o r a c o 
brachial is musc le usual ly is not apparent unti l TrP 
act iv i ty has been resolved in assoc ia ted musc les , 
such as t he anter ior de l to id , b i ceps brachi i (short 
head) and the t r i ceps brachi i ( long head). R E 
F E R R E D PAIN f rom TrPs in th is musc le appears 
over the anter ior aspec t o f the prox imal humerus 
and in an in ter rupted pat te rn of pain that ex tends 
d o w n the b a c k o f the a rm and d o r s u m o f the fore
arm to the back o f t he hand , but sk ips the e lbow 
and wr is t . A N A T O M Y : A t t achmen ts o f the co ra 
cobrach ia l is are prox imal ly to the co raco id 
p rocess and distal ly to t he m idpor t ion o f the 
humerus . F U N C T I O N i s to assist f lex ion and a d 
duc t i on of the a rm at the g lenohumera l jo int . 
S Y M P T O M S inc lude d isabl ing pain w i th little re
s t r ic t ion in the range of mo t i on . ACTIVATION 
A N D P E R P E T U A T I O N OF T R I G G E R P O I N T S i n 
t he coracobrach ia l i s usual ly occu r in con junc t ion 
w i th t he invo lvement o f assoc ia ted musc les . PA
T I E N T E X A M I N A T I O N reveals a painful Back - rub 
Test, and pain w h e n the pat ient a t tempts to raise 
the a rm into ful l f lex ion at the g lenohumera l jo int 

and then move the a rm beh ind the ear. TRIGGER 
P O I N T E X A M I N A T I O N is by direct palpat ion of 
the coracobrach ia l is musc le deep to the pec-
toral is major musc le and media l and deep to the 
short head of the b iceps brachi i . The tenderness 
of TrPs is more dista l , and shou ld be dist in
gu ished f r om, t r igger areas caused by enthe-
sopathy. E N T R A P M E N T by th is musc le has been 
observed repeatedly, and is of ten at t r ibuted to 
compress ion of the muscu locu taneous nerve by 
a heavily exerc ised, hyper t roph ied coraco
brachial is musc le . A latent TrP origin of the nerve 
compress ion w a s not tes ted . TR IGGER POINT 
RELEASE is pe r fo rmed wi th a st retch and spray 
techn ique similar to that for TrPs in the anterior 
de l to id . W h e n app ly ing TrP pressure release, the 
taut band of a TrP in the musc le must be dist in
gu ished f rom the ad jacent major upper l imb 
nerves. TR IGGER POINT INJECTION in this 
musc le involves an anter ior approach th rough the 
de l to id musc le w i th tact i le gu idance of the needle 
f rom the pa lpat ing hand after ident i f icat ion of the 
ad jacent neurovascular s t ructure. CORRECTIVE 
A C T I O N S inc lude relief of excessive stress from 
l i f t ing, and h o m e use of the In-doorway Stretch 
Exercise. 

1. REFERRED PAIN 
(Fig. 29.1) 

Pain is referred over the anterior deltoid 
area and down the posterior aspect of the 
arm (Fig. 29.1), concentrating over the tri
ceps brachii, the dorsum of the forearm, 
and over the dorsum of the hand but often 
skipping the intervening elbow and wrist 
joints. The line of pain may extend to the 
tip of the middle finger. As in other mus
cles, when the trigger points (TrPs) are 
more active the extent of referred pain is 
greater, the pain is more intense, pain is 
more likely to persist at rest, the TrPs are 
more tender, the taut bands are more tense, 
6 3 8 

and local twitch responses (LTRs) are more 
vigorous. 
2. ANATOMY 
(Fig. 29.2) 

Proximally, the coracobrachialis arises 
from the apex of the coracoid process in 
common with the tendon of the short head 
of the biceps brachii (Fig. 29.2), and from 
the intermuscular septum between the two 
muscles. Distally, the coracobrachialis fas
tens to the medial surface of the humerus 
just proximal to the midpoint along the 
shaft of the bone, between the attachments 
of the triceps and brachialis muscles; 6 dis
tally, the biceps crosses the elbow joint. 
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The brachial neurovascular bundle 
passes deep to (behind) the tendinous at
tachment of the pectoralis minor at the 
coracoid process and continues down the 
arm next to the coracobrachialis muscle. 

Variations include total absence of the 
muscle and extension of its humeral at
tachment to the medial epicondyle. 3 

Supplemental References 

Other authors have illustrated the cora
cobrachialis as seen from the front,7,8,16,19,27 

from the medial aspect,1 including the mus
cle's relation to the brachial neurovascular 
structures, 2 , 2 0 , 2 8 and in cross section. 1 1 , 2 3 

3. INNERVATION 
The coracobrachialis muscle is inner

vated by a branch of the musculocutaneous 
nerve that contains fibers from the sixth 
and seventh cervical nerves and that sepa
rates from the nerve trunk before it pene
trates the muscle. 6 As the musculocuta
neous nerve penetrates the midportion of 
the coracobrachialis muscle, the nerve may 
divide the coracobrachialis into clearly de
fined superficial and deep portions.3 

4. FUNCTION 
The coracobrachialis helps to flex and 

adduct the arm at the glenohumeral joint.3, 

6,13,14,26 When contracted by faradic stimu

lation while the arm was held in the ab
ducted position, the muscle forcefully drew 
the humerus toward the glenoid cavity. 1 0 

This muscle is elongated by both medial 
rotation and lateral rotation, and has been 
reported to assist in returning the arm to the 
neutral position from lateral rotation 3 , 2 6 and 
from medial rotation.2 6 The coracobrachialis 
also has been reported to assist extreme ab
duction.3 , 2 8 Another author proposed that 
the coracobrachialis may supply a part of the 
required adduction stabilization force when 
the humerus is forced into abduction. 2 5 

5. FUNCTIONAL UNIT 
The coracobrachialis acts synergistically 

with the anterior deltoid, the short head of 
the biceps brachii, and the pectoralis major 
in flexion and adduction of the arm. An
tagonists for flexion are the posterior del
toid, latissimus dorsi, teres major, and long 
head of the triceps. 

6. SYMPTOMS 
For coracobrachialis TrPs, the primary 

complaint is upper limb pain, particularly 
in the front of the shoulder and in the arm 
posteriorly. The patient experiences pain 
when reaching behind the body, across the 
low back, as in the Back-rub Test (Fig. 
29.3), which stretches the muscle because 
of the strong medial rotation with exten-

Figure 29.1 . Pain pattern (red) referred from a trigger point (X) in the right coracobrachialis muscle. Trigger 
points are likely to be found as far distally as the middle of the muscle belly. In patients with milder involve

ment, the pain may extend only to the elbow. 
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sion of the arm. When only the coraco
brachialis muscle is involved, reaching the 
arm up in some abduction with the elbow 
bent (as in touching the top of the head) is 
not painful. However, reaching up in full 
flexion and then moving the arm behind 
the ear (and toward the midline of the 
body) causes a painful contraction of the 
coracobrachialis in the shortened position. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Active TrPs in this muscle develop sec
ondarily to active TrPs in related muscles 
of its functional unit, as listed above. 

8. PATIENT EXAMINATION 
(Fig. 29.3) 

After establishing the event(s) associ
ated with the onset of the pain complaint, 
the clinician should make a detailed dia
gram representing the pain described by 
the patient. The drawing should be in the 
style of the pain patterns in this volume, 
using a copy of an appropriate body form 
found in Figures 3.2-3.4. 

The Back-rub Test (Fig. 29.3) reveals re
striction in the range of shoulder motion 
when there are TrPs in the involved coraco
brachialis muscle. This test puts the muscle 
in a painful position due to the extreme me
dial rotation and extension of the arm. 

Figure 29.2. Usual attachments of the coraco-
brachialis muscle (red): proximally to the tip of the 
coracoid process, and distally to a line along the 
humerus extending almost to midshaft. The short 

head of the biceps brachii (which has been cut and 
turned up) arises in common with the coracobrachialis 
at the coracoid process. 
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With coracobrachialis TrPs, the arm can 
be flexed as far as the ear, but not behind it. 
Pain is caused by contracting the muscle in 
the shortened position. 

Flexion of the humerus may be slightly 
weak. To test the strength of the coraco
brachialis, the patient first elevates the arm 
to about 45° of flexion with lateral rotation. 
The patient's elbow should be flexed and 
the forearm fully supinated to minimize bi
ceps assistance. Then the operator applies 
pressure at the distal humerus, pressing 
downward and slightly outward (in the di
rection of extension and slight abduc
tion). 1 4 Inability to adequately resist such 
pressure indicates weakness of the coraco
brachialis. Maximal resistance effort by the 
patient is likely to elicit pain if the coraco
brachialis muscle harbors active TrPs. 

Stretching the involved coracobrachialis 
by passively extending the arm at the 
shoulder joint causes pain (particularly 

Figure 29.3. Back-rub Test for trigger points in the left 
coracobrachialis muscle. Before treatment of the 
coracobrachialis, the patient's knuckles usually can 
reach only to the midline of the back because of 
aching pain in the muscle with full medial rotation of 
the arm in extension. Following successful inactiva-
tion of these trigger points, the wrist can reach across 
the full width of the back (dotted outline). 

when an abduction component is added), 
as does loading the muscle by resisting ac
tive flexion of the arm at the shoulder. 1 7 

When one tests upper limb range of mo
tion and finds what appears to be a soft tissue 
restriction, it can be helpful during the test
ing to ask the patient whether he or she feels 
tightness (or pain) in any particular area and, 
if so, to touch or point to the area of tightness. 
Sometimes, palpation of the indicated area 
of tightness reveals a taut band harboring a 
TrP. A TrP found in this manner has been re
ferred to as a relevant TrP;4 it can produce 
dysfunction and it may be latent (producing 
no pain complaint) rather than active. A rel
evant TrP in the coracobrachialis may be re
vealed by passively moving the humerus 
into simultaneous extension and abduction, 
particularly if lateral rotation is introduced. 
The precise location of the perceived tight
ness can help to distinguish coracobrachialis 
tension from biceps brachii tension. 

When the patient has pain on movement 
of the glenohumeral joint, the joint should 
be tested for normal joint play as described 
by Mennell. 2 1 When there is restricted arm 
movement, it is wise also to examine for 
normal joint play in the acromioclavicular 
joint and in the sternoclavicular joint. 2 1 

9. TRIGGER POINT EXAMINATION 
(Fig. 29.4) 

A TrP may have been discovered by pas
sively moving the arm through a length
ened (stretch) range for the coraco
brachialis muscle, as described in Section 
8 of this chapter. However, involvement of 
the coracobrachialis is usually discovered 
when the patient returns following suc
cessful inactivation of multiple TrPs in 
other shoulder muscles, especially the an
terior deltoid. Although there is no recur
rence of tenderness or detectable LTRs in 
the muscles previously treated, the patient 
complains of severe pain, and deep tender
ness remains in the region of the anterior 
deltoid muscle. Careful examination re
veals tenderness that lies deeper than the 
deltoid. 

Two areas of tenderness may be encoun
tered in this muscle. Central myofascial 
TrP tenderness is located approximately 
midmuscle, and attachment TrP tenderness 
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is located in the region of the proximal 
musculotendinous junction (although it 
also can be distal); the attachment TrP ten
derness most likely represents enthesopa-
thy secondary to sustained tension caused 
by taut bands of the TrP. 

Coracobrachialis central TrPs are found 
when palpating the muscle against the 
humerus by sliding the finger into the axilla 
deep to the deltoid and pectoralis major 
(Fig. 29.4). The tip of the digit encounters 
the adjacent bellies of the short head of the 
biceps brachii and, more posteriorly, the 
coracobrachialis at a level where about half 
of the biceps fibers have become attached to 
their common tendon. The axillary neu
rovascular bundle passes along the coraco
brachialis 2 and must be displaced posteri
orly to permit the digit to explore the fibers 
of the coracobrachialis muscle for taut 
bands by strumming the muscle against the 
humerus. The neurovascular bundle lies 
posterior to the attachment of the muscle on 
the humerus. The central TrPs may be 
found approximately midmuscle, more dis
tal than the location indicated in Figure 
29.1. The location shown in the figure is 
closer to a trigger area produced by enthe-
sopathy. The attachment trigger area also 
may feel indurated and respond to digital 
pressure with referred pain. 

Local twitch responses elicited by snap
ping palpation of the taut band associated 
with the TrP (avoid the neurovascular bun
dle) are generally palpable rather than vis
ible in this deep muscle, and they confirm 
the presence of a TrP. 

10. ENTRAPMENT 
One would expect that TrPs in the cora

cobrachialis muscle could cause entrap
ment of the musculocutaneous nerve as it 
passes through that muscle en route to the 
biceps brachii and brachial is . 6 , 9 ' 2 8 Clinical 
symptoms of this entrapment have been 
well documented in case reports. 

Pecina and Bojanic 2 2 reported on an 
oarsman who practiced 500 press-ups 
daily and who presented with reduced 
size and strength of the biceps brachii 
muscle, absent biceps tendon reflex, re
duced biceps muscle tone, and dimin
ished sensation of the lateral surface of the 
forearm. Electrodiagnostic testing showed 

prolonged distal latencies and decreased 
amplitude of evoked responses in the bi
ceps and brachialis muscles, indicating 
musculocutaneous nerve compression. 
Three months after stopping the daily 
press-ups, muscle mass and strength, and 
sensation in the forearm had returned. 
Electrodiagnostic studies showed im
provement. Since the coracobrachialis 
muscle function was unimpaired, entrap
ment of the musculocutaneous nerve must 
have been distal to the motor branch to the 
coracobrachialis. The entrapped part of 
the nerve was the part that traverses the 
coracobrachialis muscle. 

Additional case reports5 , 1 8 describe 
similar painless loss of musculocuta
neous nerve function distal to the coraco
brachialis muscle following heavy exer
cise (weight lifting, and building a rock 
wall) with functional recovery within a 
few months after cessation of the strenu
ous activity. Exercise-induced hypertro
phy of the coracobrachialis muscle that 
caused pressure compromise of the nerve 
as it penetrated the muscle was assumed 
to be responsible in these cases. No men
tion was made of examining the coraco
brachialis muscle for TrPs. Latent TrPs 
that cause no clinical pain complaint can 
be associated with well developed taut 
bands that produce serious dysfunction. 

Reports of four additional cases 1 2 , 15 

identify different initiating stressors. 
Three of these patients gave a history of 
vigorous extension of the elbow (by re
peatedly throwing a football, vigorous 
backhand playing racquetball, or vigor
ously extending the elbow with the fore
arm in pronation to gesticulate while 
making a speech). The fourth developed 
the problem following packing and carry
ing numerous heavy packages. In her 
case, surgical intervention demonstrated 
marked impingement of the biceps ten
don on the musculocutaneous nerve with 
full elbow extension. Neurolysis and de
compression of the nerve provided relief. 
The others recovered by avoiding further 
vigorous activity. 

11. DIFFERENTIAL DIAGNOSIS 
Entrapment of the musculocutaneous 

nerve by the coracobrachialis muscle can 
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Figure 29.4. Muscular regional anatomy of the right 
shoulder, seen from the front. The coracobrachialis 
muscle (dark red) crosses superficial to the attach
ments of the subscapularis, latissimus dorsi, and teres 
major muscles, but lies deep to the pectoralis major 

and anterior deltoid muscles. For clarity, the serratus 
anterior muscle is not shown. The coracobrachialis lies 
medial to the short head of the biceps, and is palpated 
for trigger points against the humerus in the anterior 
axillary fossa, deep to the pectoralis major muscle. 

be distinguished from a C5 or C6 radicu
lopathy or from a lateral cord lesion of the 
brachial plexus by the sparing of the cora
cobrachialis muscle. 

Three cases of isolated tear of the cora
cobrachialis muscle were reported. 2 9 All 
occurred during forceful extension of the 

arm with the humerus in lateral rotation 
and abduction. 

Diagnoses that can be confusingly simi
lar to coracobrachialis TrPs include C7 

radiculopathy, carpal tunnel syndrome, 
subacromial bursitis, supraspinatus ten
dinitis, and, most commonly, acromiocla-
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vicular joint dysfunction. Tenderness 
elicited slightly inferior to the acromio
clavicular joint could reflect an enthesopa-
thy of the coracobrachialis muscle. If pal
pation is more distal, the tenderness may 
be from coracobrachialis central TrPs in 
the muscle belly. 

An important differential diagnostic pro
cedure to distinguish acromioclavicular 
joint dysfunction is to passively place the 
affected arm in full horizontal adduction. 
This movement compresses the region of 
the acromioclavicular joint. Additional ap
plication of resistance to horizontal abduc
tion in this fully adducted position in
creases the sensitivity of the test. Either or 
both of these maneuvers will elicit pain if 
there is an acromioclavicular joint dysfunc
tion and should not elicit pain if there is 
only a coracobrachialis TrP. 

If pain is severe, one may need to radio-
logically rule out acromioclavicular sepa
ration. 

Since patients rarely present themselves 
with symptoms of TrPs in this muscle 
alone, it appears that coracobrachialis TrPs 
develop in association with TrPs in func
tionally related muscles, such as the ante
rior or posterior deltoid, the biceps brachii 
(short head), the supraspinatus, and the tri
ceps brachii (long head). 

12. TRIGGER POINT RELEASE 
If joint play is restricted in the gleno

humeral, acromioclavicular, or sternocla
vicular joints, it should be restored. 

Stretch and spray are applied in a man
ner similar to that used for trigger points 
(TrPs) in the anterior deltoid (see Fig. 
28.4A) (the same stretch position is used). 
For the coracobrachialis muscle, the spray 
pattern shown for the anterior deltoid is 
carried closer to the axilla, extended over 
the back of the arm and forearm, and over 
the dorsum of the hand to the tip of the 
middle finger. 

Release of coracobrachialis TrPs using 
pressure release or other techniques in
volving local application of pressure re
quires a knowledge of the close relation of 
this muscle to adjacent upper limb nerves 
including the median, ulnar, musculocuta
neous, medial antebrachial cutaneous 

nerves, and the nerve to the coraco
brachialis muscle. 2 2 See the examination 
description in Section 8. These nerves can 
be easily (and painfully) damaged by force
ful compression against the humerus. The 
amount of pressure applied for TrP release 
should be gentle. One can apply light pres
sure to the TrP to encounter resistance, wait 
for release, and then follow the tissue to 
take up slack to encounter the next barrier. 

Another form of stretch is to do local 
manual stretch of the muscle by massaging 
the muscle lengthwise. 

13. TRIGGER POINT INJECTION 
(Fig. 29.5) 

With the patient supine and with the 
arm by the side placed in lateral rotation at 
the shoulder, the tender coracobrachialis 
trigger points (TrPs) may be palpated deep 
in the axilla by reaching beneath the pec
toralis major muscle and pressing against 
the humerus on the dorsal aspect of the 
combined bundle of the short head of the 
biceps and coracobrachialis muscles (Fig. 
29.4). Two areas of tenderness may be en
countered in this muscle. Central myofas
cial TrP tenderness is located approxi
mately midmuscle. The other area of 
tenderness is located in the region of the 
proximal musculotendinous junction or 
proximal attachment point, and most 
likely represents enthesopathy secondary 
to sustained tension caused by taut bands 
of the TrP. The pulsating brachial artery is 
felt in the neurovascular bundle that lies 
dorsal and medial to the coracobrachialis, 
between the coracobrachialis and the at
tachment of the lateral head of the triceps 
to the humerus. The needle must avoid 
this structure which must be clearly iden
tified before proceeding. The needle then is 
inserted through the pectoralis major or the 
anterior deltoid, directed toward the ten
der area that is localized with the opera
tor's other hand. 

Figure 29.5 illustrates injection in the 
trigger area of enthesopathy which, when 
present, should be injected to expedite re
lief of pain and recovery of normal func
tion. When this enthesopathy is present, it 
is essential that midmuscle TrPs in the 
coracobrachialis and/or short head of the 
biceps brachii also be inactivated. When 
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Figure 29.5. Injection of a tender trigger area of en
thesopathy located in the region of the musculotendi
nous junction. The corresponding trigger point is lo
cated more nearly midmuscle and requires essentially 
the same technique. This attachment trigger area in 
the coracobrachialis muscle is injected through the 
anterior deltoid muscle at the level of the greater tu
bercle of the humerus. The central trigger point in the 

midmuscle region is more distal and may be reached 
through the anterior deltoid or the pectoralis major 
muscle. The neurovascular bundle must be identified 
before injection and avoided. A, injection technique. 
B, schematic diagram showing injection of the cora
cobrachialis muscle (dark red) through the deltoid and 
pectoralis major muscles. 
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the needle encounters an active locus of 
the TrP, it usually elicits a confirmatory 
LTR. The patient may feel a brilliant flash 
of referred pain when the needle strikes 
the TrP; this pain may be similar to that 
produced by encountering a nerve with the 
needle. Infiltration of the local anesthetic 
may cause temporary weakness and anes
thesia in the distribution of the musculo
cutaneous nerve with prompt recovery in 
15 or 20 min if 0.5% procaine solution was 
used for injection. Steroids and long acting 
anesthetics are not recommended in this 
location because of the proximity of the 
major neurovascular structures. 

The midmuscle TrP is best injected with 
the fingers of one hand palpating the cora
cobrachialis posterior to the pectoralis ma
jor muscle, taking care not to penetrate the 
finger with the needle. 

Following injection, spray and stretch 
are applied, three cycles of active full 
range of motion for that muscle are per
formed to restore normal function, and a 
moist warm pack is applied. 

Rachlin 2 4 illustrates the same injection 
location as illustrated here, and includes 
the relation of the coracobrachialis muscle 
to the lower brachial plexus and median 
nerve. 

14. CORRECTIVE ACTIONS 
The patient should avoid lifting heavy 

objects with the arms outstretched in front 
and instead should keep the elbows close 
to the body. 

The patient should perform the Against-
door-jamb Exercise (see Fig. 30.7) daily. As 
an additional means of restoring the nor
mal full length of the coracobrachialis 
muscle, daily use of the In-doorway 
Stretch Exercise, lower hand-position, is 
helpful (see Fig. 42.9A). However, one 
should be careful not to overstretch. 

Local application of moist heat to the 
muscle just before, or after, the passive 
stretch exercises reduces postexercise sore
ness. If this soreness is a problem, an alter
nate-day program may be wise, and may 
minimize this reaction. At any rate, the pa
tient should be checked to assure that he or 
she is not stretching too vigorously by us
ing excessive body weight in the stretch. 
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CHAPTER 30 

Biceps Brachii Muscle 

HIGHLIGHTS: REFERRED PAIN from trigger 
points (TrPs) in the biceps brachii is projected 
mainly upward, over the muscle to the front of the 
shoulder with spillover pain patterns in the 
suprascapular region and the antecubital space. 
ANATOMY: Proximally, the attachments are to the 
superior margin of the glenoid cavity (long head) 
and to the coracoid process (short head) of the 
scapula. Distally, the muscle attaches to the 
tuberosity of the radius. The biceps brachii func
tions across three joints: the shoulder (gleno-
humeral), elbow (humeroulnar and humeroradial), 
and the proximal radioulnar (within the elbow joint 
capsule). FUNCTION of this two-headed, multi-
joint muscle is complex. The biceps brachii mus
cle flexes the forearm at the elbow, assists flexion 
of the arm at the shoulder, and may assist abduc
tion of the laterally rotated arm. It powerfully as
sists supination of the forearm when the forearm 
is not fully extended at the elbow. SYMPTOMS 
are restricted motion, superficial aching pain of 
the anterior shoulder, and sometimes soreness to 
pressure over the bicipital tendon and at its gle
noid attachment. ACTIVATION AND PERPETU
ATION OF TRIGGER POINTS occur as the result 
of acute overexertion or of repeated strain of the 
muscle, as a satellite of a key TrP, or due to a pro
longed fixed position as during surgery. Tenosyn
ovitis of the bicipital tendon may develop sec
ondary to TrPs in the belly of the long head of the 
muscle. PATIENT EXAMINATION for range-of-

motion testing can be misleading if the muscle is 
not lengthened simultaneously across all three of 
the joints that it crosses. The Biceps-extension 
Test meets this need. TRIGGER POINT EXAMI
NATION is most effectively performed by pincer 
palpation with optimal adjustment of muscle ten
sion. DIFFERENTIAL DIAGNOSIS: Conditions 
that mimic biceps TrP findings include bicipital 
tendinitis, subdeltoid bursitis, C5 radiculopathy, 
bicipital bursitis, and glenohumeral arthritis. Re
lated TrPs can develop in the brachialis, supinator, 
coracobrachialis, and triceps brachii muscles. 
TRIGGER POINT RELEASE can be accom
plished with several different manual methods. 
Using spray and stretch requires that the biceps 
brachii be passively stretched by abducting the 
arm to 90°, by extending it posteriorly with the arm 
laterally rotated at the shoulder joint, and by ex
tending the forearm at the elbow while pronating 
the forearm. At the same time, the vapocoolant 
spray is applied cephalad over the muscle and its 
zone of referred pain. TRIGGER POINT INJEC
TION inactivates the biceps brachii TrPs, but true 
bicipital tenosynovitis may persist. Injection of the 
tendon area may then relieve the symptoms. 
CORRECTIVE ACTIONS include lifting objects 
with the forearms in pronation to unload the bi
ceps brachii muscle. The Against-door-jamb Ex
ercise with respiratory augmentation can effec
tively stretch the muscle to inactivate and avoid 
recurrence of biceps brachii TrPs. 

1. REFERRED PAIN 
(Fig. 30.1) 

Trigger points (TrPs) in the biceps 
brachii are usually found in the midportion 
of the muscle. They refer pain upward over 
the muscle and over the anterior deltoid re
gion of the shoulder; 1 5 occasionally the 
pain skips to the suprascapular region (Fig. 
30.1). These central TrPs also may initiate 
another additional pattern of milder pain 
downward in the antecubital space. 
6 4 8 

Experimental injection of 6% sodium 
chloride solution into the biceps tendon 
at the antecubital space in 10 healthy 
subjects caused pain that was referred lo
cally and also proximally over the biceps 
muscle (including the acromion in one 
case). Other phenomena that were re
ferred distally to some part of the volar 
forearm and hand included deep tender
ness, erythema, paresthesia, pallor, and a 
feeling of weakness. 3 7 
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2. ANATOMY 
(Fig. 30.2) 

The biceps brachii muscle spans the 
shoulder, elbow, and proximal radioulnar 
joints (Fig. 30.2). 

Proximally the long head of the biceps 
brachii attaches to the superior margin of 
the glenoid cavity of the scapula (Fig. 30.2). 
Its tendon lies in the intertubercular 
groove, passes through the glenohumeral 
joint space over the head of the humerus, 
and attaches to the supraglenoid tubercle at 
the upper margin of the glenoid cavity. The 
tendon of the long head can be palpated 
against the head of the humerus only with 
the arm in lateral rotation. Otherwise, it is 
covered by the acromion. The intracapsular 
portion of the tendon is well visualized by 
glenohumeral joint arthroscopy. The short 
head attaches proximally to the coracoid 
process of the scapula, remaining free of the 
glenohumeral joint capsule. 

Distally the common tendon of both 
heads of the muscle attaches to the tuberos
ity of the radius. The attachment faces the 
ulna when the forearm is supinated,7 but in 

pronation the tendon wraps more than 
halfway around the radius. 3 3 

The median and radial nerves lie, re
spectively, along the medial and lateral 
borders of the distal portion of the biceps 
and brachialis muscles . 9 , 3 0 

The motor endplates in the biceps 
brachii of a stillborn infant were found to 
form a distinct band through the middle of 
the two heads of the muscle. 6 The endplates 
in a mature muscle formed a somewhat 
ragged V-shaped band through the middle 
of the two heads. 2 Postmortem examination 
of 6 biceps brachii muscles for innervation 
and corresponding distribution of motor 
endplates indicated that each head was di
vided into three distinct longitudinal com
partments. 3 5 The endplate zone of the long 
head is located slightly more proximal than 
that of the short head because of the differ
ence in tendon arrangement. The func
tional significance of multiple compart
ments has not yet been established. 

The number of type 1 (slow twitch) 
fibers compared to the number of type 2 
(fast twitch) fibers in normal biceps 

Figure 30.1. Referred pain pattern (essential zone is solid red, spillover zone stippled red) of central trigger 
points (Xs) in the midportion of the right biceps brachii muscle. 
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Figure 30.2. Separate proximal attachments of the 
two heads of the biceps brachii muscle (red), which 
covers most of the brachialis muscle. The two heads 
of the biceps join distally to attach to the tuberosity of 
the radius. The forearm is fully supinated in this figure. 
The biceps tendon wraps more than halfway around 
the radius in pronation. The brachialis muscle has 
been cut for clarity. 

brachii muscle is very nearly equal: 52% 
type 1 fibers in one study,2 2 and 5 5 % type 
2 fibers in another. 1 2 

This muscle rarely has anatomical 
anomalies. A third head is attached at the 
origin of the coracobrachialis muscle on 
the coracoid process in less than 1% of 
cases (2/476). 2 5 

Supplemental References 
Additional illustrations of the biceps 

brachii show the relation of the two heads 
to each other at the shoulder, 8 , 3 6 details of 
its tendinous relations at the shoulder and 
of its tendinous attachment to the ra
dius, 1 , 8 and the relation of the biceps 
brachii to the brachialis. 8 

3. INNERVATION 
The biceps brachii muscle is innervated 

by the musculocutaneous nerve, via the 
lateral cord and by spinal roots C5 and C 6. 7 

4. FUNCTION 
The fact that this muscle has two heads 

which span three joints helps to explain 
the complexity of its functions. In sum
mary, the biceps brachii (1) weakly assists 
flexion of the arm at the shoulder (contri
bution about 7%) , 1 0 (2) assists abduction at 
the shoulder when the arm is laterally ro
tated, (3) flexes the arm at the elbow most 
vigorously when the forearm is supinated 
(palm upward), (4) strongly supinates the 
forearm from the pronated position when 
the elbow is at least partly flexed, but not 
when the elbow is extended, (5) the long 
head of this muscle helps to seat the head 
of the humerus in the glenoid fossa when a 
heavy weight is carried in the hand with 
the arm dependent, and (6) the short head 
assists horizontal adduction of the arm 
across the chest. 

Anatomically, the biceps brachii acts at 
the shoulder joint, elbow joint (humeroul-
nar and humeroradial), and proximal ra
dioulnar articulation (lying within the el
bow joint capsule). It flexes the arm at the 
shoulder, 7 , 1 0 flexes the forearm at the el
b o w , 3 , 7 , 1 0 , 2 0 , 3 3 and assists forceful supina
tion of the forearm more vigorously when 
the elbow is flexed to 90° than when it is 

Brachial is 
(cut) 
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straight. 1 0 , 4 0 The long head of the biceps 
draws the head of the humerus upward 
into the glenoid fossa.7 , 20 , 33 The biceps is in 
a position to assist flexion at the shoulder 
when the arm is medially rotated, and to 
assist abduction of the arm when it is lat
erally rotated. 2 0 

When the distal attachment (forearm) is 
fixed, the biceps brachii flexes the elbow 
by moving the humerus toward the fore
arm, as in pull-up or chinning exercises. 2 4 

The biceps often performs lengthening 
(eccentric) contractions, for example, 
when one is required to lower a load from 
torso level down to the floor. 

long head during abduction at the shoul
der, 3 3 but only when the arm is held in lat
eral rotation with the forearm supinated. 3 

During flexion at the shoulder, the long 
head is electrically more active than the 
short head. 3 

Activity Studies 
In a fatigue-tolerance study of arm ab

duction and flexion to 90° in seven healthy 
subjects, 1 7 evidence of significant fatigue 
appeared more frequently in flexion than 
in abduction when the arm was held at 90° 
of elevation. 

Function Studies 
In studies using electrical stimulation of 

the entire biceps, this muscle strongly 
supinated and flexed the forearm. 1 1 

Supination was markedly weaker if the el
bow was fully extended, or if only the long 
head was stimulated. The effect of the loss 
of biceps function was demonstrated in pa
tients who had selective atrophy of this 
muscle. Forceful flexion of the forearm at 
the elbow was achieved by the brachialis 
and brachioradialis muscles. However, this 
effort in lifting a heavy weight caused a 
painful partial dislocation of the humeral 
head from the glenoid fossa when the ad
ditional support of the biceps was absent. 1 1 

Under this condition of lifting a heavy 
weight, the muscle is needed to keep the 
head of the humerus seated in the glenoid 
cavity. 

The two heads of the biceps brachii, the 
brachialis, and the brachioradialis muscles 
distribute a sustained forearm-flexion load 
among themselves in an irregular and un
predictable manner.3 With the elbow bent, 
motor unit activity in the biceps brachii 
appears during resistance to supination, 
but usually disappears when the forearm is 
then fully extended at the elbow.3 Electri
cal activity is vigorous in the muscle dur
ing flexion at the elbow when the forearm 
is supinated, but is markedly inhibited 
when the forearm is pronated. 3 , 3 9 The bi
ceps is the auxiliary which reinforces fast 
supination or forceful supination against 
resistance. 4 0 Motor units are active in the 

Sports that require throwing with the 
arm strongly activate this muscle. An un
usually vigorous motor-unit response of 
the biceps brachii appears near the end of 
the tennis serve, and also during the bas
ketball spike (a one-leg jump made to 
block the ball), and during lay-up (a 
jumping one-handed shot in basketball 
made off the backboard from close under 
the basket). Minimal motor unit activity 
develops during the tennis forehand 
drive, batting a baseball, and the golf 
drive.4 

The biceps is moderately activated by 
longhand writing and by typing. Typing 
produces a marked increase in amplitude 
of biceps electrical activity as the speed of 
typing increases. 2 7 

During simulated driving of a car on a 
country road, electrical activity occurred 
in the right biceps chiefly when making 
left turns, and in the left biceps when 
making right turns. Occasional short 
bursts of electrical activity were observed 
in the biceps brachii during simulated 
driving on a main road. 2 1 , 5 

5. FUNCTIONAL UNIT 
The biceps functions synergistically 

with the brachialis and brachioradialis 
muscles to flex the forearm at the elbow, 
with the supinator to supinate the 
pronated forearm, with the anterior deltoid 
to flex the arm, and with the middle del
toid and supraspinatus to abduct the arm 
at the shoulder joint. The coracobrachialis 
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and the clavicular head of the pectoralis 
major assist the short head in adduction at 
the shoulder. 

The triceps brachii is its chief antagonist. 

6. SYMPTOMS 
When active TrPs are present in the bi

ceps brachii, the chief complaint is super
ficial anterior shoulder pain, but NOT deep 
pain in the shoulder joint, nor pain in the 
mid-deltoid region. Pain occurs during ele
vation of the arm above the shoulder level 
during flexion and abduction. 1 6 Other 
symptoms of TrPs are tenderness over the 
bicipital tendon, diffuse aching over the 
anterior surface of the arm, but rarely in 
the antecubital space, weakness, as well as 
pain, on raising the hand above the head, 
snapping or grating sounds from the taut 
long-head tendon on abduction of the arm, 
and frequently an associated ache and 
soreness in the upper trapezius region. 

If the patient experiences a sudden 
painful "catch" in the shoulder when ab
ducting the arm in slight extension to 15° 
or 20°, careful examination may reveal ten
derness (enthesopathy) in the region of 
attachment of the tendon of the long head 
of the biceps to the glenoid labrum. In 
these patients, when the tender area of en
thesopathy presses against the acromion 
during elevation of the arm, the patient 
experiences pain that some call an im
pingement syndrome. Inactivation of the 
(long head of the) biceps TrPs that are re
sponsible for the enthesopathy relieves the 
sustained tension responsible for the irrita
tion and permits its spontaneous resolu
tion. Free, full range of motion is thus re
stored. 

In contrast to patients with TrP involve
ment of the infraspinatus muscle, the pa
tient with biceps TrPs can lie comfortably 
on the affected side and can reach behind 
the waistline without pain. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

The biceps shoulder-pain is often acti
vated and perpetuated by overstress during 
activities like a strong backhand tennis 

stroke executed with the elbow straight 
and the forearm supinated to put top-spin 
on the ball. 

Lifting heavy objects with the palm of 
the hand upward (forearm supinated) may 
overload the biceps brachii. Other activat
ing stresses include sudden lifting with the 
arm extended (lifting the hood of a car, or 
lifting boxes at arm's length); an episodic 
elbow-flexion load (using an electric hedge 
clipper); unaccustomed vigorous or re
peated supination (turning a stiff door
knob, using a screwdriver); overexertion 
(shoveling snow); and sudden over-stretch
ing of the muscle (catching a fall with the 
arm by reaching behind to a railing with 
the elbow extended). 

Frequently repeated activities that can 
activate and perpetuate biceps TrPs are 
playing the violin and hard serving in com
petitive tennis. 

The biceps brachii may develop satellite 
TrPs induced by key TrPs in the infraspina
tus muscle. 1 8 Inactivation of the key infra
spinatus TrPs is essential for prolonged bi
ceps relief and may be all that is required 
to inactivate the biceps TrP. 

In one study, biceps brachii TrPs were 
activated by positioning the supine pa
tient in a way that held the biceps in the 
stretched position during a prolonged pe
riod for ureterolithotomy. The TrPs were 
inactivated by deep massage of the TrPs 
and passive stretch, 3 1 and the patient was 
relieved of enigmatic pain. 

8. PATIENT EXAMINATION 
(Fig. 30.3) 

After establishing the event(s) associ
ated with the onset of the pain complaint, 
the clinician should make a detailed dia
gram representing the pain distribution de
scribed by the patient. The drawing should 
be in the style of the pain patterns in this 
volume using a copy of an appropriate 
body form found in Figures 3.2-3.4. 

Restriction of shoulder or elbow motion 
due to TrPs in the biceps is not obvious be
cause the muscle crosses three joints, and 
the muscle must be lengthened across all 
of them at the same time to test for abnor-
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mal tension of its fibers. Limitation of 
stretch length of the long head of this mus
cle is tested using the Biceps-extension 
Test (Fig. 30.3). With the patient seated in 
a low-backed chair and leaning back to sta
bilize the scapula against the backrest, the 
patient's arm is abducted to about 4 5 % . 
The the elbow is then extended fully and 
the forearm pronated to stretch the muscle 
across the elbow region (Fig. 30.3A). Fi
nally, without letting the arm medially ro
tate at the shoulder, the arm is moved pos
teriorly into extension. Normally, the arm 
will extend to the position drawn in black 
(Fig. 30.3B). If the muscle has been short
ened by TrPs, as the stretch increases 
across the shoulder joint the elbow flexes 
to relieve the abnormal tension, assuming 
the position outlined in red (Fig. 30.3B). 
This compensatory flexion of the elbow in

dicates a shortened biceps muscle. We 
find, as Macdonald 2 8 has reported, that 
stretching the involved biceps by passively 
extending the forearm causes pain, as does 
loading the muscle by actively resisting 
flexion of the forearm at the elbow. 

Weakness of the biceps brachii and 
brachialis muscles can be identified by 
testing the strength of elbow flexion in 
supination and then in pronation of the 
forearm while the elbow is extended. This 
change in position has no effect on 
brachialis strength because it attaches to 
the ulna, but the biceps is weakened by 
pronating the forearm if the muscle is al
ready in a lengthened position. 

The shoulder, elbow, and radioulnar 
joints should be examined for normal joint 
play; if restricted, joint play should be re
stored. 2 9 For free movement of the entire 

Figure 30.3. Biceps-extension Test for muscle short- lines show limited extension at the elbow. As the arm 
ening due to myofascial trigger points in the biceps is lowered from abduction and moved into extension 
brachii muscle. A, initial test position with the forearm at the glenohumeral joint, the elbow flexes to com-
pronated, elbow straight, and arm abducted to about pensate for the shortened biceps. 
45°. B, normal end test position is black. Red dashed 
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shoulder complex, normal joint play is 
needed also in the acromioclavicular and 
sternoclavicular joints. 

To distinguish limitation of elbow ex
tension due to contracture of joint connec
tive tissues from limitation caused by in
creased tension or limited extensibility of 
the biceps muscle, the elbow should be ex
tended with the forearm in the pronated 
position and then it should be passively 
supinated, releasing biceps muscle ten
sion. If the biceps muscle was limiting the 
movement, the elbow can extend a bit 
more. If the joint structures limited the 
movement, supination has no effect. 

Range of motion testing for the biceps 
(as described above in this section) screens 
for taut bands with active or latent TrPs. 
While the passive movements of the arm 
and forearm are being performed, the ex
aminer asks the patient where he or she 
feels tension and then palpates there for a 
taut band that may be limiting range of mo
tion and thus producing dysfunction. 

9. TRIGGER POINT EXAMINATION 
(Fig. 30.4) 

The patient lies supine with the scapula 
flat on the examining table, or seated with 
the elbow supported on a well padded sur
face and with the trunk stabilized against 
the back of the chair. To slacken the biceps 
muscle slightly, the elbow is flexed about 
15° and the forearm supinated. Flat palpa
tion is used to screen each head of the bi
ceps for the tense bands that harbor TrPs, 
especially for bands continuing into the 
distal third of the muscle (Fig. 30.4A). 
Deeper palpation may reveal additional 
TrPs in the underlying brachialis muscle; 
they are more likely to refer pain to the 
thumb. 

For pincer palpation, the elbow is flexed 
another 15° to further slacken the biceps 
muscle. Both bellies (both heads) are then 
lifted away from the underlying brachialis 
at midmuscle, and the tension in the muscle 
is adjusted by modifying the degree of el
bow flexion to optimize the distinction be
tween a taut band and the surrounding nor
mal muscle tonus. Then, the biceps fibers 
are rolled between the fingers and thumb to 
accurately localize any firm bands, nodular
ity at the TrP, and its spot tenderness. The 

precise location of the TrP is obtained by 
pressing along the length of a taut band to 
pinpoint the spot of greatest tenderness and 
firmness. Application of pincer palpation 
(Fig. 30.4B) with a strong snapping move
ment across a taut band at its point of maxi
mum tenderness is likely to elicit a visible 
and palpable local twitch response (LTR). 

Gerwin et al.14 found that the most reli
able criteria for making the diagnosis of myo
fascial TrPs were the detection of a taut band, 
the presence of spot tenderness, the presence 
of referred pain, and the reproduction of the 
patient's symptomatic pain. For several mus
cles, agreement on the presence of an LTR 
was poor, but it was high for the latissimus 
dorsi. The biceps brachii should be similarly 
accessible for reliable testing of LTRs by 
properly trained and experienced clinicians. 

10. ENTRAPMENT 
No entrapments of the musculocuta

neous, median, or radial nerves have been 
observed due to TrPs in the biceps brachii 
muscle. 

11. DIFFERENTIAL DIAGNOSIS 
The referred pain and referred deep ten

derness characteristic of biceps TrPs can 
easily lead to a number of commonly mis
taken diagnoses. Conversely, patients sus
pected of biceps TrPs instead may have one 
of these other diagnoses. Some of these in
clude bicipital tendinitis, subdeltoid bursi
tis, C5 radiculopathy, bicipital bursitis, and 
glenohumeral arthritis. 

Deep tenderness to palpation of the 
bicipital tendon in the area of pain referred 
from TrPs in the biceps muscle may be mis
taken for bicipital tendinitis or subdeltoid 
bursitis. Although a positive Yergason's 
sign (pain referred to the proximal aspect of 
the bicipital groove when the patient 
supinates the forearm against resistance) is 
usually interpreted as a sign of bicipital ten
dinitis,1 0 it also can be referred pain elicited 
from biceps TrPs. Similarly, tenderness 
elicited by deep palpation over the deltoid 
muscle but referred from biceps TrPs may 
be misidentified as subdeltoid bursitis. 

The spontaneous biceps referred pain 
pattern fits a C5 radiculopathy, but the pa
tient with pain of myofascial origin has no 
neurological deficits on physical examina-
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tion or electrodiagnostic testing, and does 
have demonstrable TrPs. 

The proximal forearm pain experienced 
when the forearm is flexed at the elbow 
with supination, but not felt during flexion 
with pronation, may be attributed to bursi
tis of the bicipital bursa located at the radial 
attachment of the biceps. In our experience, 
this kind of pain is much more likely to be 
caused by active TrPs in the biceps brachii 
or supinator muscles, although sometimes 
the patient also may have the bursitis. 

Because TrPs in the biceps brachii may 
refer pain and tenderness to the region of the 
glenohumeral joint, these symptoms are eas
ily confused with rheumatic disease of the 
joint unless the biceps muscle is examined 
for TrPs.3 4 The two conditions may coexist. 

The presence of painful biceps tendon 
instability can be established by a palpable 
and painful click as the tendon of the long 
head of the biceps slides over the lesser tu
bercle when the arm (while in full abduc
tion and some lateral rotation) is rotated 
slowly into medial rotation and back into 
lateral rotation. 1 0 Biceps tendon instability 
is unlikely to be related to biceps TrPs. 

Related Trigger Points 
Secondary TrPs commonly develop in 

the synergistic brachialis and supinator 
muscles, and also in the antagonistic tri
ceps brachii muscle. Eventually, usually 
within a matter of weeks, the anterior del
toid, supraspinatus, and upper trapezius 
muscles succumb to the added stress on 
these remaining muscles of the biceps 
brachii's functional unit. Finally, the cora-
cobrachialis may develop secondary TrPs. 

12. TRIGGER POINT RELEASE 
(Fig. 30.5) 

This section presents in detail the spray-
and-stretch approach. Other release tech
niques, as described in Chapter 3, Section 
12, can be used separately or in combina
tion with spray and stretch and include 
trigger point pressure release, use of recip
rocal inhibition, indirect techniques, and 
postisometric relaxation (augmented con
tract-relax). In addition to the general de
scription of postisometric relaxation (PIR) 
in Chapter 3, detailed instructions and an 
illustration by Lewit 2 6 present the PIR tech
nique appropriate for releasing trigger 

Figure 30.4. Examination of the biceps brachii muscle for trigger points with the patient seated. A, flat palpa
tion. The tip of the finger rubs across the fibers. B, pincer palpation, which distinguishes between biceps TrPs 

and underlying brachialis TrPs. 
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Figure 30.5. The stretch position and spray pattern 
(thin arrows) using cephalad sweeps for a trigger point 
(x) in the biceps brachii muscle. The arm is abducted 
to 90° and moved posteriorly with the arm laterally ro
tated, the elbow extended, and the forearm pronated. 
The operator must grasp the elbow firmly to hold the 
elbow in nearly full extension as the arm is moved to
ward horizontal extension (horizontal abduction) to 
take up the slack. A, front view. B, rear view. 

point (TrPs) in the long head of the biceps 
brachii. 

To release biceps brachii TrPs using the 
spray-and-stretch technique, the seated pa
tient leans back in a relaxed position to sta
bilize the thorax against the backrest of the 
chair (Fig. 30.5). The patient's forearm is 
partially extended at the elbow. Following 
lateral rotation of the arm and abduction to 
90°, the forearm is pronated. This position 
fully stretches both the long and short 
heads of the biceps. However, it is difficult 
to hold the position because pronation of 
the forearm tends to release lateral rotation 
at the shoulder joint. It is, therefore, neces

sary to stabilize the patient's elbow with 
the operator's hand (Fig. 30.5A and B). The 
jet stream of vapocoolant spray covers the 
muscle from the elbow cephalad over the 
front of the shoulder (Fig. 30.5A), and then 
continues over the upper trapezius to in
clude all of the pain reference zone (Fig. 
30.5B). The operator takes up slack that de
velops in the muscle by maintaining nearly 
complete elbow extension while moving 
the arm backward in the direction of hori
zontal abduction (horizontal extension), as 
seen in Figure 30.5A. The operator can 
now interpose a cycle of postisometric re
laxation by instructing the patient to press 
upward and forward gently against the op
erator's hand and to breathe in slowly. 
With exhalation, the patient relaxes and 
the operator takes up any more slack that 
develops. Cycles of spray and stretch and 
of postisometric relaxation alternate. The 
operator avoids having the patient inhale 
vapocoolant. Additional downsweeps of 
the spray should start above the TrPs and 
be applied in a distal direction to cover the 
front of the elbow and the upper part of the 
forearm, if that spillover reference region is 
painful. 

To stretch and spray the biceps with the 
patient supine, the laterally rotated arm 
hangs over the padded edge of the treat
ment table; the forearm is pronated. The 
forearm and arm are extended together, 
while the spray is applied in parallel 
sweeps from the elbow upward over the 
muscle and over the zone of referred pain, 
as in Figure 30.5A and B. Again, the diffi
culty of keeping the arm laterally rotated at 
the shoulder joint while pronating the fore
arm requires stabilization of the elbow. 

Before ending the treatment, the syner
gistic brachialis muscle is sprayed and 
stretched by ensuring full extension at the 
elbow while covering the muscle and the 
volar forearm with downsweeps of vapo
coolant (see Chapter 31). Reactive cramping 
of the antagonistic triceps brachii muscle 
should be prevented by likewise spraying 
and stretching it, especially if it has tender 
TrPs on palpation (see Chapter 32). 

Moist heat is applied promptly to re-
warm the cooled skin. The patient then ac
tively moves the shoulder, elbow, and ra-
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dioulnar joints through their combined 
ranges of motion. This fully stretches the 
biceps and triceps muscles. 

Successful inactivation of biceps brachii 
TrPs often results in the relief of pain and 
tenderness that may have been attributed 
to bicipital tendinitis. 

13. TRIGGER POINT INJECTION 
(Fig. 30.6) 

If spray and stretch, trigger point pres
sure release, and/or other release tech
niques have not fully inactivated these bi
ceps trigger points (TrPs) as evidenced by 
palpable locations in the midmuscle region 
that remain tender and refer patient-recog
nized pain, procaine injection of these re
maining active TrPs in the muscle is fre
quently effective. 

For injection, the elbow of the supine pa
tient is flexed to about 45°, and the TrPs pre
cisely located and held firmly in a pincer 
grasp. The TrPs are injected with 0.5% pro
caine solution, and the region within the 
pincer grasp is probed to ensure penetration 
of all active loci that can produce LTRs. 1 9 

Needle penetrations may be aimed nearly 
tangential to the humerus, or may be di
rected perpendicularly toward it, avoiding 
the medial and lateral borders of the muscle. 

This muscle is well suited to the tech
nique of "fast in, fast out" multiple needle 
insertions as described by Hong.18 

Also, the TrPs may be located for injec
tion by using flat palpation and straddling 
them with two fingers of the free hand. The 
TrPs are held against the underlying 
brachialis, as in Figure 30.6. Deeper injec
tion may be required to reach associated 
TrPs in the brachialis muscle (see Chapter 
31). During injection, the operator should 
avoid the median and radial nerves, which 
lie, respectively, along the medial and lat
eral borders of the distal portion of the bi
ceps and brachialis muscles . 9 , 3 0 

The injections are followed by a full 
passive stretching during application of 
vapocoolant and then by a hot pack. Treat
ment is concluded with active alternate 
lengthening and shortening of the biceps. 

Rachlin 3 2 describes and illustrates injec
tion of biceps brachii TrPs in the appropri
ate part of the muscle. 

Figure 30.6. Injection of trigger points in the biceps 
brachii muscle, with the patient supine. The trigger 
points are most likely to be close to midmuscle. 

Additional symptoms, often diagnosed 
as bicipital tendinitis (tenosynovitis), may 
be partly due to myofascial pain and ten
derness referred primarily from the muscu
lar TrPs, and partly due to tension tenosyn
ovitis (enthesopathy) caused secondarily 
by these TrPs, which impose sustained ab
normal tension on these attachment con
nective tissues. In one study, connective 
tissue structures associated with muscles 
showing symptoms of nonarticular rheu
matism (described in terms compatible 
with myofascial TrPs) histologically exhib
ited degenerative changes 1 3 that could ac
count for sensitized nociceptors in these 
tissues. 

A coincidental, primary bicipital tendini
tis may be encountered. It is diagnosed by 
tenderness of the tendon on palpation 3 8 and 
by a positive Yergason's test, in which pain 
is felt over the bicipital groove when the 
forearm is forcibly supinated against resis
tance with the elbow flexed. 5 , 3 8 When signs 
of tendinitis persist after inactivation of any 
biceps brachii TrPs, the synovial space 
around the tendon may be injected with a 
short-acting corticosteroid, using the fan-
wise method of Steinbrocker and Neustadt.3 8 

Copyrighted Material



6 5 8 Part 3 / Upper Back, Shoulder, and Arm Pain 

Figure 30.7. Against-doorjamb Exercise for passive 
stretching of the biceps brachii, anterior deltoid, and 
coracobrachialis muscles. The patient gradually ro
tates the torso (arrow) to passively stretch these mus
cles. Slow exhalation during the stretch phase en
hances the effectiveness of this exercise. To stretch 
the biceps fully, the forearm should be extended and 
pronated with the thumb pointed down, and the arm 
must be laterally rotated at the shoulder so that the 
antecubital space faces forward and as far upward as 
possible. 

Figure 30.8. The correct sleeping position for a pa
tient with active trigger points in the left biceps brachii 
muscle. The pillow is positioned to limit flexion at the 
elbow. 

joint and pronates the forearm to hook the 
fingers, thumb down, against the doorjamb. 
With the hand slightly above shoulder level, 
the patient rotates the torso away from that 
arm, applying gentle traction to the straight
ened elbow, as shown in Figure 30.7. This is 
done to produce a steady passive stretching 
of the muscle without jerking. Slow exhala
tion enhances relaxation and tension release 
in the muscle during the stretch phase. 

The patient with biceps TrP problems 
should learn to lift and carry objects with the 
forearms pronated in order to transfer some 
of the load from the biceps to the brachiora
dialis and supinator muscles (see Fig. 36.3C). 

The patient should avoid sleeping with 
the elbow tightly flexed by placing a small 
pillow in the crook of the elbow (Fig. 30.8). 
This prevents prolonged shortening of the 
muscle. 

SUPPLEMENTAL CASE REPORT 

The treatment of a patient with some
what atypical involvement of the biceps 
brachii is described by Kelly.23 

14. CORRECTIVE ACTIONS 
(Figs. 30.7 and 30.8) 

Following treatment for inactivation of 
TrPs in the biceps brachii, the patient should 
passively and gently stretch both heads of 
the muscle daily by doing the Against-door
jamb Exercise (Fig. 30.7). To do this, the pa
tient laterally rotates the arm at the shoulder 
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CHAPTER 31 
Brachialis Muscle 

HIGHLIGHTS: R E F E R R E D PAIN f rom tr igger 
po in ts (TrPs) in the brachial is musc le is pro jec ted 
chief ly to the base o f the t h u m b and of ten to the 
antecubi ta l region of the e lbow. A N A T O M Y : A t 
t a c h m e n t s are to the humerus , proximal ly, and to 
the ulna, distally. The F U N C T I O N of th is "work
horse" of the e lbow f lexors c o m m o n l y involves 
f lex ion o f the fo rearm toward the humerus . H o w 
ever, w i th the fo rearm f i xed , w h e n th is musc le 
f lexes the e lbow jo int i t rotates the humerus t o 
ward the forearm, as in pu l l -up or chinning exer
c ises. ACTIVATION A N D P E R P E T U A T I O N O F 
T R I G G E R P O I N T S are caused chief ly by acu te 
and repet i t ive st ress over load. PATIENT E X A M I 
NATION reveals aggravat ion o f t h u m b pain by 
pass ive full ex tens ion at the e lbow. T R I G G E R 
P O I N T E X A M I N A T I O N o f the brachial is requires 

that the bulk of the b iceps brachi i musc le be 
pushed aside. E N T R A P M E N T o f the sensory 
b ranch of the radial nerve may be due to TrP ac
t iv i ty o f th is musc le . D IFFERENTIAL D IAGNO
SIS: Related TrPs are likely to be found in the bra-
chioradia l is , supinator, or adduc to r poll icis 
musc les . TR IGGER P O I N T RELEASE by spray 
and s t re tch is pe r fo rmed by ex tend ing the fore
arm at the e lbow whi le apply ing the spray in a 
d o w n - p a t t e r n , ass is ted by post isometr ic relax
at ion and respiratory augmenta t ion . TRIGGER 
P O I N T I N J E C T I O N , to be successfu l , requires an 
apprec ia t ion of the unexpec ted th ickness of this 
musc le . C O R R E C T I V E A C T I O N cal ls for reliev
ing over load of the musc le and for the pat ients to 
learn how to per fo rm self-release of brachialis 
TrPs. 

1. REFERRED PAIN 
(Fig. 31.1) 

Pain is referred from brachialis trigger 
points (TrPs) chiefly to the dorsum of the 
carpometacarpal joint at the base of the 
thumb and to the dorsal web of the thumb 
(Fig. 31.1), as also noted by Kelly. 1 6 The 
most distal trigger area or attachment 
TrP in the pain pattern drawing of Figure 
31.1 is located a few centimeters above 
the antecubital space and most likely rep
resents enthesopathy secondary to the 
midfiber TrPs. Spillover pain from these 
TrPs may cover the antecubital space. The 
pain that occasionally extends upward 
over the deltoid muscle is more likely to 
arise from the most proximal TrPs in the 
brachialis. 

Experimental injection of hypertonic 
saline into this muscle produced referred 
pain in the region of the elbow and over 
the radial aspect of the forearm. The pain 
was associated with referred tenderness 

that matched the pain in distribution, du
ration and severity.1 5 

2. ANATOMY 
(Fig. 31.2) 

Proximally, the brachialis muscle at
taches to the distal half of the shaft of the 
humerus anteriorly and to the medial and 
lateral intermuscular septa. This proximal 
attachment reaches the distal attachment 
of the deltoid muscle (Fig. 31.2). Distally, 
the brachialis attaches to the coronoid 
process on the proximal end of the ulna. 
However, the overlying biceps brachii at
taches distally to the radius (Fig. 31.2). 5 

SUPPLEMENTAL REFERENCES 

Other authors have illustrated the 
brachialis muscle as it is seen from in 
front, 3 , 7 , 2 7 from the medial aspect, 8 from 
the medial aspect with associated neu
rovascular structures,9 , 1 9 , 2 3 from the lat
eral a s p e c t , 1 , 6 , 1 8 , 2 2 and as seen in cross 
sec t ion . 2 , 1 2 , 2 1 
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3. INNERVATION 
The brachialis muscle is supplied by the 

musculocutaneous nerve via the lateral 
cord from the C5 and C6 roots.5 

4. FUNCTION 
Due to its ulnar, rather than radial at

tachment, the brachialis performs only one 
motion, flexion at the elbow j o i n t . 4 , 1 1 , 1 3 , 1 7 , 2 6 

It is the "workhorse" of the elbow flexors. 
Like the deltoid, it shows no activity when 
the dependent arm is heavily loaded with 
weights.4 There is fine interplay between 
the biceps brachii, the brachialis, and the 
brachioradialis muscles during resisted 
forearm flexion. The interplay shows strik
ing variability on repeated trials.4 

When the proximal attachment (hu
merus) is fixed, the brachialis moves the 

forearm toward the humerus. With the dis
tal attachment (ulna) fixed, this muscle 
moves the humerus toward the forearm, as 
in pull-up or chinning exercises. 1 7 The 
brachialis often contracts eccentrically to 
control (decelerate) the lowering of heavy 
objects. 

Tested during the act of driving a car, the 
brachialis generally showed a low level of 
electrical activity that was relatively con
stant, and only occasionally showed short 
bursts of more intense activity.1 4 

5. FUNCTIONAL UNIT 
The brachialis is synergistic with the bi

ceps brachii, the brachioradialis, and with 
that part of the supinator that functions as 
an elbow flexor. 

The brachialis functions as an antago
nist to the triceps brachii. 

Figure 31.1. The pain pattern (essential portion, solid 
red; spillover portion, stippled red) that is referred 
from trigger points (Xs) in the right brachialis muscle. 
Taut bands associated with midmuscle trigger points 

may cause entrapment of the radial nerve. The most 
distal trigger area (attachment trigger point) in the pain 
pattern drawing probably represents enthesopathy 
secondary to the midfiber trigger points. 
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Deltoid 
(cut) 

Biceps brachii 
tendon 

Figure 31.2. Attachments of the right brachialis mus
cle to the humerus above, and ulna below. The cut end 
of the overlying biceps brachii tendon appears below. 
The deltoid, above, also has been cut for clarity. 

6. SYMPTOMS 
Symptoms may be due to referred pain 

and tenderness from brachialis TrPs, or 
secondary to radial nerve entrapment. Re
ferred pain is felt in the base of the thumb 
at rest and often also with use of the 
thumb. Diffuse soreness of the thumb is 
characteristic of its referred tenderness. 

Pain referred over the anterior deltoid re
gion from brachialis TrPs alone does not 
lead to impairment of shoulder motion. 

Symptoms caused by brachialis entrap
ment of the superficial sensory (cutaneous) 
branch of the radial nerve are dysesthesia, 
tingling, and numbness on the dorsum of 
the thumb. The aching of referred TrP pain 
and the symptoms of entrapment are both 
experienced in the thumb and may be re
lieved by inactivating the brachialis TrPs. 

7. ACTIVATION AND PERPETUATION 
OF TRIGGER POINTS 

Brachialis TrPs can be activated and can 
be perpetuated by continuing stress over
load of forearm flexion during heavy lift
ing. Examples of stress overloads are hold
ing a power tool, carrying groceries, 
meticulous ironing, and fingering a violin 
or guitar with the forearm supinated so the 
biceps brachii is shortened and of not much 
help. In "tennis elbow," brachialis involve
ment tends to develop together with that of 
the biceps brachii after initial activation of 
TrPs in the supinator (see Chapter 36). 

Systemic perpetuating factors are con
sidered in Chapter 4. 

8. PATIENT EXAMINATION 
After establishing the event(s) associ

ated with the onset of the pain complaint, 
the clinician should make a detailed dia
gram representing the pain distribution de
scribed by the patient. The drawing should 
be in the style of the pain patterns in this 
volume using a copy of an appropriate 
body form found in Figures 3.2-3.4. 

Pain referred from brachialis TrPs is in
creased by passively extending the elbow 
fully, although limitation of motion is not a 
complaint. The range of elbow extension is 
restricted by only a few degrees, and often 
is detectable only on comparison with the 
other arm, or by improvement after treat
ment. Surprisingly, active motion of the 
thumb in the pain reference zone usually 
hurts, but active movement of the elbow 
does not. 

Weakness of the biceps brachii and 
brachialis muscles can be distinguished by 
testing the strength of elbow flexion in 
supination and then in pronation of the 

Brachialis 
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forearm while the elbow is extended. This 
change in position has no effect on 
brachialis strength because it attaches to 
the ulna, but the biceps is weakened by 
pronating the forearm if the muscle is al
ready in a lengthened position. 

Radial nerve compression is indicated 
when a tingling in the thumb results from 
pressure exerted on the region where the 
nerve exits the musculospiral groove and 
pierces the lateral intermuscular septum 
(see Fig. 32.3). The place to apply pressure 
is about mid arm, just below the dimple 
that marks the apex (distal end) of the tri
angular bulge produced by the deltoid 
muscle. 

The elbow joint should be examined for 
normal joint play, which needs to be re
stored if restricted. 2 0 

9. TRIGGER POINT EXAMINATION 
(Fig. 31.3) 

The patient's elbow is flexed between 
30° and 45° and the forearm is supinated to 
slacken the biceps brachii so the bulk of 
the biceps brachii can be pushed aside, 
medially, to palpate the underlying 
brachialis TrPs (Fig. 31.3). The biceps has 
more slack if the forearm is placed in 
supination and is relaxed. Brachialis TrPs 
can be located in the distal half of the arm 
(Fig. 31.1) and are likely to refer pain to the 
thumb and sometimes to the front of the el
bow. One of these TrPs may be located 

deep to the lateral edge of the undisplaced 
biceps brachii, but others are found toward 
the middle of the brachialis muscle, some
times under the biceps brachii. The more 
proximal TrPs, which refer pain up the 
arm, are covered by the biceps muscle. 

10. ENTRAPMENT 
The symptoms of nerve entrapment in

clude "numbness," hypoesthesia or hyper
esthesia, and dysesthesia (as distinguished 
from the usual deep ache of referred pain). 
These symptoms, like the referred pain, ap
pear over the dorsum of the thumb and its 
adjacent web space. This entrapment of the 
sensory branch of the radial nerve can be 
caused by a TrP, usually in the lateral bor
der of the brachialis muscle, that produces 
a taut band of muscle fibers extending to 
the level where the radial nerve exits the 
musculospiral groove and pierces the lat
eral intermuscular septum (see Fig. 32.3). 

These symptoms of entrapment are re
lieved by injection of the brachialis TrP, 
which feels like an almond in the lateral 
border of the muscle, just proximal to the 
nerve. The resultant resolution of the taut 
band and the relief of nerve-entrapment 
signs and symptoms strongly suggest that 
muscle shortening associated with the TrPs 
produced the nerve compression and 
should be confirmed by sensory nerve con
duction velocities before and after relief by 
treatment. 

Figure 31.3. Examination of the brachialis muscle for trigger points by pushing the biceps brachii aside in a 
medial direction in order to reach under it. The biceps has additional slack if the forearm is supinated rather 

than pronated as shown here. 
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11. DIFFERENTIAL DIAGNOSIS 
Conditions that can produce symptoms 

confusingly similar to active TrPs in the 
brachialis muscle include C5 and/or C6 

radiculopathy, bicipital tendinitis, and 
supraspinatus tendinitis. An additional 
consideration would be carpal tunnel syn
drome when pain is perceived as isolated 
over the thenar eminence. 

The brachialis is likely to be involved 
when the biceps brachii, brachioradialis, 
or supinator muscles harbor active TrPs. 

Pain at the base of the thumb also may be 
referred from TrPs in the supinator, bra
chioradialis, and adductor pollicis muscles. 

12. TRIGGER POINT RELEASE 
(Fig. 31.4) 

Detailed basic instructions for how to 
perform the various trigger point (TrP) re
lease techniques are found in Chapter 3, 
Section 12 of this manual. 

To apply stretch and spray of the 
brachialis, the operator rests the distal end 
of the patient's humerus on a firm support 
(operator's knee, or armrest of the chair 
covered by a pillow), as in Figure 31.4. The 
affected elbow gradually extends as the 
muscle releases while the vapocoolant 
spray is applied over the brachialis down
ward, in the direction of its chief zone of 
referred pain and on to the end of the 
thumb. The spray also is applied upward 
to cover the brachialis again and the ante
rior deltoid region if pain also is felt there. 
Release is augmented (first by postisomet
ric relaxation and then by using reciprocal 
inhibition) if the patient tries to flex the 
arm gently against resistance during slow 
inhalation, and then actively attempts to 
extend the arm gently while slowly exhal
ing. Warm moist heat is applied to the 
muscle to rewarm the skin and further re
lax the muscle. Finally, the patient moves 
the elbow slowly through full range of mo
tion in flexion and extension three times to 
restore normal function and coordination 
of the muscle. 

Trigger point pressure release can be ef
fective when applied with the muscle in 
either a position of slight lengthening or in 
a position of ease (slightly shortened). 

Figure 31.4. Stretch position and spray pattern {ar
rows) for trigger points (Xs) in the brachialis muscle. 
The elbow is extended by applying counter pressure 
with the operator's knee at, or just above, the olecra
non process while the vapocoolant spray is applied 
over the muscle and over the dorsum of the thumb 
and its web. 

13. TRIGGER POINT INJECTION 
(Fig. 31.5) 

The arm is flexed approximately 45° and 
the forearm supinated to slacken the biceps 
brachii, which is pressed aside, medially. 
For injection, the needle should be at least 
3.8 cm (1 1/2 in) long. The brachialis is a sur
prisingly thick muscle and its trigger 
points (TrPs) frequently lie deep, next to 
the humerus. During injection, the operator 
should avoid the median and radial nerves 
which lie along the medial and lateral bor
ders of the brachialis muscle, respec
tively. 1 0 , 2 4 Approaching the muscle from 
the lateral side of the arm (Fig. 31.5), the 
needle is directed medially and upward, 
probing widely to explore the lateral and 
middle portions of the muscle for local 
twitch responses that identify the location 
of TrPs to be injected with 0.5% procaine 
or lidocaine. The needle may lightly con-
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Figure 31.5. Injection of trigger points in the brachialis muscle, with the biceps brachii 
pushed aside in a medial direction. 

tact the humerus, which ensures reaching 
the full depth of the muscle. If bony contact 
bends the needle tip so that it "catches" 
when pulled through the tissue, the needle 
should be replaced immediately. 

After injection, to ensure release of any 
overlooked TrPs, spray and stretch are ap
plied to the muscle followed by moist heat. 
Then, the patient moves the muscle 
through its full range of motion three times 
to help restore normal coordination and 
muscle function. 

Locations for injection of TrPs in the 
brachialis muscle are illustrated by Rach-
lin. 2 5 The most proximal site illustrated in 
his Figure 10-50 is most likely an attach
ment TrP due to enthesopathy rather than a 
central myofascial TrP. 

14. CORRECTIVE ACTIONS 
(Fig. 31.6) 

Stress overload of forearm flexion is 
avoided by lifting only light or moderate 
loads, with the forearms supinated. This 
brings the biceps brachii into play, avoid
ing additional load on the brachialis (see 
Chapter 30). 

The patient learns to place a pillow in 
the angle of the elbow at night (see Fig. 
30.8). The pillow prevents sleeping with 
the arm tightly folded, which is a position 

that immobilizes the brachialis in a short
ened position. Likewise, the elbow should 
not be held sharply flexed during a long 
telephone call. One can switch the handset 
back and forth between hands occasion
ally, or use a headset that frees the hands. 

A purse strap should not hang on the 
forearm with the elbow bent; the purse 
may be held in the fingers with the elbow 
straight, or hung over the opposite shoul
der, or best hung on a belt. 

When one is playing a musical instru
ment, like a violin, the elbow should be al
lowed to hang down straight at every op
portunity. The patient should be taught 
how to keep the brachialis TrPs inactive by 
applying trigger point pressure release or 
the self-release procedure described below. 

The patient learns to release brachialis 
TrPs for himself or herself by supporting 
the humerus just above the elbow, in the 
position illustrated in Figure 31.6, but at 
first using only the force of gravity to assist 
postisometric relaxation without any assis
tance from the other hand. The patient per
forms a series of contract-relax maneuvers 
synchronized with respiration to obtain 
maximum relaxation, as described in Sec
tion 12. After several cycles of postisomet
ric relaxation, additional release and 
lengthening may be achieved by gently as-
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Figure 31.6. Patient performing self-release of 
brachialis trigger points. See text for details. 

sisting gravity with the other hand, as 
shown in Figure 31.6. This process should 
NOT be painful with, at most, just a sense 
of stretch tension. The patient should do 
several such stretches once or twice daily 
after soaking the arm and forearm in warm 
water, or after application of moist heat. 
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CHAPTER 32 

Triceps Brachii Muscle 
(and the Anconeus) 

HIGHLIGHTS: The three heads of the triceps 
brachii may develop trigger points (TrPs) in five 
locations, each with its own referred pain pattern. 
Trigger points occur frequently in this muscle and 
are commonly overlooked. They increase muscle 
tension and cause dysfunction, as well as pain. 
REFERRED PAIN from the muscle's TrPs is pro
jected mostly up and down the posterior aspect 
of the arm and to the lateral epicondyle, more of
ten than to the medial, with spillover pain into the 
fourth and fifth fingers. It may be projected also 
to the upper part of the suprascapular region. 
Trigger points in the long head are a common, but 
often overlooked, source of pain. ANATOMY: the 
medial and lateral heads attach to the humerus 
and to the olecranon process of the ulna, thus 
crossing one joint, unlike the long head which 
spans two joints. Proximally, the long head of the 
triceps brachii attaches to the scapula; distally, it 
forms a two-layer common tendon with all three 
heads. This tendon attaches at the olecranon 
process. FUNCTION of all parts of the triceps 
brachii is related to extension of the forearm at 
the elbow. In addition, the long head adducts, 
and helps to extend the arm at the shoulder joint. 
ACTIVATION AND PERPETUATION OF TRIG

GER POINTS are usually due to overload stress 
of this muscle. PATIENT EXAMINATION to iden
tify restricted range of motion requires simultane
ous flexion of both the elbow and the shoulder 
joints, an awkward unnatural position. TRIGGER 
POINT EXAMINATION of the long head requires 
deep pincer palpation of the muscle adjacent to 
the humerus. Flat palpation may be used for the 
other heads. Central TrPs are distinguished from 
attachment trigger points. ENTRAPMENT of the 
radial nerve may be caused by taut bands in the 
lateral head. An anomalous anconeus epitrochle-
aris muscle can entrap the ulnar nerve. TRIGGER 
POINT RELEASE of the triceps brachii by the 
stretch-and-spray technique requires simultane
ous flexion of both the joints that the long head 
transverses with application of the vapocoolant 
mainly from the proximal to the distal direction. 
TRIGGER POINT INJECTION of this muscle 
may be needed to completely inactivate its TrPs 
and to relieve enthesopathy at attachment TrP4. 
CORRECTIVE ACTIONS call for modification of 
activities and mechanical factors that stress this 
muscle, including the modification of chairs with 
inadequate elbow support. 

1. REFERRED PAIN 
(Figs. 32.1 and 32.2) 

The referred pain patterns of five trig
ger point (TrP) areas in the three heads of 
the triceps brachii are shown in Figure 
32.1. They occur frequently. The TrPs are 
numbered in order of decreasing preva
lence, based on our experience. In this 
muscle, it is important to distinguish cen
tral TrPs (CTrPs) from attachment TrPs 
(ATrPs). 

TrP1-Long Head of Triceps 
(Fig. 32.1A) 

Pain and tenderness referred from the 
long head extends from the central TrP1 re
gion (Fig. 32.1 A, left side) upward over the 
posterior arm to the back of the shoulder, oc
casionally to the base of the neck in the up
per trapezius region, and sometimes down 
the dorsum of the forearm, skipping the el
bow. This trigger point region is located in 
the central portion of the muscle belly. 

6 6 7 
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Figure 32.1 Referred pain patterns (dark red) from 
trigger points (black or white Xs) in the triceps brachii 
muscle (medium red). A, central trigger point region 1 
(TrP1), in left long head; central trigger point region 2 
(TrP2), in the lateral portion of the right medial (deep) 

head. B, central trigger point region 3 (TrP3) in the lat
eral border of the left lateral head; attachment trigger 
point region 4 (TrP4), deep under the tendon in the 
musculotendinous attachment region. 
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TrP2-Medial Head 
(Fig. 32.1A) 

The next most common triceps TrP, cen
tral TrP2, lies midfiber in the lateral por
tion of the medial head (Fig. 32.1A, right 
side), in the distal part of the arm. Referred 
pain and tenderness are projected to the 
lateral epicondyle, and are a common 
component of the "tennis elbow." Pain 
also may extend to the radial aspect of the 
forearm. 

TrP3-Lateral Head 
(Fig. 32.1 B) 

From TrP3 (Fig. 32.1B, left side), pain 
and tenderness are referred over the arm 
posteriorly, sometimes to the dorsum of the 
forearm, and occasionally to the fourth and 
fifth digits. Its taut bands may entrap the 
radial nerve. 

TrP4-Distal Attachment Region 
(Fig. 32.1 B) 

The local tenderness at TrP4 (Fig. 32.1B, 
right side) is most likely an attachment TrP 
secondary to CTrP1, CTrP3, or CTrP5, 
(which is shown in part C of Figure 32.1). 
This TrP4 may refer pain and tenderness 
distally to the olecranon process. 

TrP5-Medial Head (Deep Head) 
(Fig. 32.1 C) 

Most easily located by an anterior ap
proach, this central TrP5 (which is found in 
the medial portion of the medial head) 
refers pain and tenderness to the medial 
epicondyle. Pain may extend to the volar 
surface of the fourth and fifth digits and 
sometimes also to the adjacent palm and 
middle finger. Winter 4 3 also included pain 
along the inner side of the forearm from 
this TrP site. 

Figure 32.1—continued. C, central trigger point region 5 (TrP5) deep in the medial 
border of the right medial (deep) head. 
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Anconeus 
(Fig. 32.2) 

An active TrP in the anconeus muscle 
refers pain and tenderness locally to the 
lateral epicondyle (Fig. 32.2). 

2. ANATOMY 
(Fig. 32.3) 

The three heads of the triceps brachii 
muscle attach distally to the olecranon 
process of the ulna via a common tendon 
(Fig. 32.3), which begins about the middle 
of the muscle and consists of a superficial 
lamina and a deep lamina that join near 
their insertion. Proximally the long head 
arises from the infraglenoid lip of the 
scapula; this head crosses two joints. The 
medial head (sometimes referred to as the 
deep head) arises from the posterior sur
face of the humerus medial and distal to 
the radial nerve, and from the intermuscu

lar septum. This head lies deep against the 
bone, and just above the elbow its attach
ment covers the posterior humerus both 
medially and laterally. Proximally the lat
eral head arises from the posterior surface 
of the humerus lateral and proximal to the 
radial nerve, and from the lateral intermus
cular septum. It bridges the radial nerve 
and covers much of the medial head (Fig. 
32.3C). The medial and lateral heads cross 
only the elbow joint. 1 0 

The distribution of fiber types in the tri
ceps muscle was determined by taking at 
least 13 samples in each of 4 triceps brachii 
muscles post mortem. 1 7 Both the lateral 
head and long head of the triceps had 60% 
fast twitch (Type II) fibers and 4 0 % slow 
twitch (Type I) fibers. However, the medial 
head was composed of a higher (60) per
cent of slow twitch fibers compared to only 
4 0 % fast twitch fibers. Samples taken near 
the surface of the muscle and from deep in 

Figure 32.2. Location of a trigger point (X) in the anconeus muscle (light red) and its referred pain pattern 
(dark red). 
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Figure 32.3 A-B. Attachments of the right triceps A, cross section just proximal to the level where the ra-
brachii muscle (two darker reds) seen from behind and dial nerve penetrates the lateral intermuscular septum, 
in cross section. The medial (deep) head is dark red and B, posterior view of the intact triceps brachii. The hori-
the lateral and long heads are medium red. The biceps zontal double arrow and black lines across the muscle 
brachii, brachialis, and anconeus muscles are light red. indicate the level of cross section in A. 
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Radial nerve 

Lateral head 
(cut) 

Intermuscular 
septum 

Anconeus 

Figure 32.3—continued C, posterior view with the lateral head cut and reflected, showing the course of the 
radial nerve, which separates the humeral attachments of the medial and lateral head of the triceps. 

the triceps muscles showed no significant 
difference in this composition. 

The anconeus muscle appears as an ex
tension of the triceps between the lateral 
epicondyle and the olecranon process (Fig. 
32.3). It attaches above to the lateral epi
condyle and below to the side of the olec

ranon process and to the dorsal surface of 
the ulna. 1 0 

SUPPLEMENTAL REFERENCES 

Other authors have illustrated the tri
ceps brachii as viewed from the medial 

Medial head 

Long head 
Lateral head 

(cut) 
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aspect,1 , 1 4 from the lateral aspect, 4 , 1 1 , 3 4 

from behind,2 ,12 ,29 ,35 ,41 from behind show
ing the lateral head reflected to reveal its 
relation to the radial nerve, 3 , 1 3 and in 
cross section. 5 , 1 8 , 3 3 The anconeus was 
sometimes included. 6 , 1 2 

3. INNERVATION 
All heads of the triceps muscle and the 

anconeus muscle are innervated by 
branches of the radial nerve via the poste
rior cord of the brachial plexus from spinal 
roots C7 and C 8 . 1 0 

4. FUNCTION 
All parts of the triceps brachii extend 

the forearm at the elbow j o i n t . 7 , 1 6 , 2 1 , 2 3 , 3 8 

However, the medial (deep) head is the 
workhorse among elbow extensors. It ex
hibits the earliest and greatest electromyo
graphic (EMG) activity. 7 , 4 2 The long head 
has an additional shoulder-joint function: 
it adducts 7 , 2 1 , 2 3 , 3 8 and is said to extend 2 1 , 2 3 , 

38 the arm at the shoulder joint. On stimu
lation of the long head, adduction ap
peared to be the dominant action. 1 6 

The scapular attachment of the long head 
influences actions at the glenohumeral 
joint. Electrical stimulation studies 1 6 

demonstrated that activation of the long 
head alone, with the arm hanging down, el
evated the head of the humerus toward the 
acromion. Stimulation with the arm ab
ducted to 90° forced the head of the 
humerus into the glenoid cavity. The long 
head of the triceps, the pectoralis major and 
latissimus dorsi all strongly adduct the arm, 
but the long head counteracts the strong 
tendency of the other two muscles to pull 
the head of the humerus downward out of 
the glenoid fossa. 1 6 Duchenne found that 
stimulation of the long head adducted the 
arm at the glenohumeral joint by drawing 
the humerus to the scapula without rotating 
the scapula, whereas stimulating the teres 
major tended to draw the inferior angle of 
the scapula toward the humerus without 
moving the arm. 1 6 This is not surprising 
since these two muscles have reverse long 
and short lever arms resulting in different 
moments of force at the glenohumeral joint. 

The anconeus muscle assists the triceps 
in extension of the forearm at the elbow.7 

The anconeus was thought by Duchenne 1 6 
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to contribute specifically to abduction of 
the ulna during pronation of the forearm. 
Perhaps it serves a stabilizing function. It 
was observed electromyographically to be 
activated by all index finger movements 
and to contribute to stabilization of the 
humeroulnar joint. 4 0 Other EMG evalua
tions of anconeus activity concluded that 
the anconeus, supinator and medial head 
of the triceps brachii work together to sta
bilize the elbow joint during pronation and 
supination of the forearm. 7 , 4 2 

Functional Activities 

Bilateral triceps brachii muscles were 
monitored electromyographically with sur
face electrodes during 13 sports activities 
that included overhand and underhand 
throws, tennis, golf, baseball hits and 1-
foot jumps. Most of the records showed 
briefer, more intense contraction of the 
dominant than of the nondominant triceps 
muscle. The more prolonged activity of the 
nondominant triceps appeared to function 
in counterbalance. Two outstanding excep
tions were batting a baseball and golf 
swings, in which the nondominant triceps 
acted as a prime mover.8 

Electromyographic monitoring during 
typewriting showed minimal activity in 
the triceps, and then only as the subject ap
proached maximum typing speed. 2 5 Tri
ceps activity during driving showed no 
meaningful correlation with deviation of 
the steering wheel. 2 2 

5. FUNCTIONAL UNIT 
The triceps and anconeus muscles are 

synergistic extensors of the forearm at the 
elbow. The long head of the triceps is syn
ergistic with the latissimus dorsi, teres ma
jor and teres minor muscles, all of which 
can act as adductors and extensors of the 
arm at the shoulder joint, and is synergistic 
with the pectoralis major in adduction. 

As antagonists to the triceps, the biceps 
and brachialis muscles are prone to de
velop TrPs (often latent) during chronic 
TrP involvement of the triceps. 

6. SYMPTOMS 
The patient is likely to complain of 

vague, hard-to-localize pain posteriorly in 
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the shoulder and upper arm. Most patients 
are unaware of any restriction of arm or 
forearm motion because of the tendency to 
keep the elbow slightly flexed, out of the 
painful range, and to compensate for the 
slightly reduced reach by additional scapu
lar or body movement. Because of tender
ness referred to the medial epicondyle, the 
elbow may be held away from the side to 
avoid body contact. 

Pain occurs during activity which re
quires forceful extension at the elbow: in 
the dominant arm when playing tennis, 
and in the nondominant arm (elbow held 
straight) when playing golf. Myofascial el
bow pain interferes with either game. As 
the activity of TrP2 increases, it is often an 
important source of pain and loss of func
tion in patients diagnosed as having "ten
nis elbow" (see Chapter 36). 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Activation of TrPs in the triceps brachii 
may occur due to overload from overuse of 
forearm crutches, the stress of a cane that is 
too long (used because of injury to the back 
or leg), short upper arms, strain of the mus
cle in sports (backhand "mis-hit" in ten
nis), overenthusiastic conditioning exer
cises (golf practice or push-ups), excessive 
city driving in a car with manual transmis
sion requiring extensive and repetitive 
manual gear shifting, or from repetitively 
pressing tightly bound books on a photo
copy machine. Surprisingly, the TrPs in the 
long head are likely to be activated by sit
ting for long periods with the elbow held 
forward in front of the plane of the chest or 
abdomen and lacking elbow support (e.g., 
driving a car on a long trip, holding down 
a sheet of paper with the left hand while 
writing with the right, or doing needle
point or other handwork without elbow 
support). Continuation of this stress will 
also perpetuate the TrPs. 

Triceps brachii TrPs were reported to be 
activated by jackknife positioning of a pa
tient during nephrolithotomy in a way that 
held the triceps in the stretched position for 
a prolonged period of time. 3 6 The TrPs were 
inactivated by deep massage of the TrPs 
and passive stretch, and the patient was re
lieved of the previously enigmatic pain. 

8. PATIENT EXAMINATION 
(Fig. 32.4) 

By increasing muscle tension, TrPs can 
produce dysfunction. Both active and pas
sive functional arm and forearm move
ments should be tested. 

When the long head of the triceps is in
volved, the patient is unable to voluntarily 
adduct that arm against the ear with the el
bow held straight (Fig. 32.4); nor can he or 
she simultaneously fully flex the forearm at 
the elbow and fully elevate the arm at the 
shoulder joint, as in the stretch position 
shown on the subject's right side in Figure 
32.6A. This test movement also may be re
stricted by posterior deltoid TrPs. When 
full passive stretch across both joints is at
tempted in this way, the patient may point 
to a specific area that feels tense or painful; 
that area is a good place to palpate for TrPs. 
The patient is unable to fully straighten the 
elbow against a load when either the me
dial or the lateral head is involved. Stretch
ing the involved triceps by passively flex
ing the forearm causes pain, as does 
loading the muscle by resisting active ex
tension of the forearm at the elbow. 2 6 

An epicondyle that is painful because of 
TrPs also is sensitive to tapping because of 
referred tenderness. Pain in the lateral epi
condyle due to activity of triceps TrP2 often 
persists in patients with "tennis elbow" af
ter their supinator, biceps brachii and bra-
chioradialis TrPs have been inactivated. 
Then, residual percussion tenderness of 
the posterior aspect of the epicondyle indi
cates that this triceps TrP is probably ac
tive. 

When the examination suggests the 
presence of triceps TrPs, it is important to 
check the related glenohumeral and elbow 
joints for normal joint play. 3 0 

9. TRIGGER POINT EXAMINATION 
(Fig. 32.5). 

Gerwin, et al.1 9 found that the most reli
able examination criteria for making the di
agnosis of TrPs were the identification of a 
taut band by palpation, the presence of 
spot tenderness in the band, the presence 
of referred pain, and reproduction of the 
patient's symptomatic pain. Identification 
of a local twitch response (LTR) by palpa-
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tion was unreliable in some muscles. The 
triceps was not one of the muscles tested in 
this study, but it is likely to be comparable 
to the sternocleidomastoid muscle in diffi
culty. Examinations of the sternocleido
mastoid muscle showed a high level of in-
terrater reliability. An LTR is a valuable 
objective confirmatory finding when pre
sent but was the least reliable (most skill-
demanding) examination tested. 

Figure 32.4. Positive Triceps Brachii Test. If the long 
head contains active trigger points, the patient cannot 
bring the involved right arm tight against the ear. The 
shortened triceps muscle will not allow full elevation of 
the arm at the shoulder joint. 

To palpate central TrPs in this muscle, 
the muscle is lengthened to the beginning of 
resistance, usually when the elbow is bent 
15° or 20°. The arm should be comfortably 
supported. On the other hand, to examine 
for tenderness of ATrPs the elbow can be 
flexed to the point of discomfort. Increasing 
tension on the region of muscle attachment 
tends to increase the sensitivity of ATrPs. 

Triceps TrP1 

This central TrP1 area lies deep in the 
long head of the triceps at approximately 
mid-muscle (Fig. 32.1A, left side), a few 
centimeters distal to where the long head 
crosses the teres major (see Fig. 23.3). The 
ability of the examiner to locate this TrP is a 
good test of skill using pincer palpation, 
which is usually necessary to find it. The 
fingernails of the examining digits MUST be 
cut very short. If, after palpation, fingernail 
marks remain on the skin, the nails were too 
long. The fingers should encircle the triceps 
muscle (Fig. 32.5) reaching in until they en
counter the humerus (right hand in Fig. 
32.5). The long head can be separated 
slightly from the humerus and its fibers can 
be rolled between the digits. Clusters of TrPs 
are often present and are identified by their 
multiple taut bands, by reproduction of the 
patient's pain complaint, and often by LTRs. 

The tension of the taut bands associated 
with central TrP1 is likely to contribute to 
the tenderness of attachment TrP4. 

Triceps TrP2 

This common contributor to "tennis el
bow" pain lies in the distal lateral portion of 
the medial head of the triceps, 4-6 cm (1 1/2 -
2 1/2 in) above the lateral epicondyle, to 
which it refers pain in association with other 
TrPs contributing to a "tennis elbow" myo
fascial syndrome. This central TrP is found 
by flat palpation. An LTR can sometimes be 
seen in a taut band above and behind the lat
eral epicondyle (Fig. 32.1A, right side). 

Triceps TrP3 

This central TrP feels like a nodule lo
cated by flat palpation at midbelly in the 
lateral border of the lateral head, just above 
the point where the radial nerve exits from 
the musculospiral groove (Figs. 32.1B and 
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Figure 32.5. Pincer palpation of a central trigger point 
1 in the long head of the left triceps brachii muscle. 
The fingers encircle the long head in a pincer grasp, 
separating it from the humerus and the adjacent neu
rovascular bundle. Individual taut bands and their trig

ger points are located by rolling the muscle fibers be
tween the finger tips. A taut band is tested for a local 
twitch response by snapping it between the finger 
tips. 

32.3C). The taut band of TrP3 may entrap 
the sensory fibers of the radial nerve. In 
this case, firm palpation along the lateral 
intermuscular septum, in the region where 
the radial nerve penetrates the septum, is 
likely to set off a tingling sensation in the 
hand. The nodule in the muscle at the TrP 
lies just above this point of nerve hyper
sensitivity. The taut bands of CTrP3 may 
contribute to the enthesopathy of attach
ment TrP4. 

Triceps TrP4 

This attachment TrP4 (Fig. 32.1B, right 
side) is found deep in the distal medial 
head in the region of attachment of the 
three heads of the triceps, just above the 
olecranon, to which it refers pain. The en
thesopathy producing the tenderness of 
this ATrP may be secondary to the tension 
of taut bands associated with triceps TrP 1 ; 

TrP2, TrP3, and/or TrP 5. 

Triceps TrPs 

This central TrP is located deep in the 
medial border of the midfiber region of the 

medial head just above the medial epi
condyle, where it projects its pain and ten
derness (Fig. 32.1C). This TrP is found by 
flat palpation, with the patient lying 
supine and the arm laterally rotated at the 
shoulder joint. It also can contribute to the 
tenderness of attachment TrP4. 

10. ENTRAPMENT 
Lateral Head 

The TrP3 nodule is found in the lateral 
border of the lateral head of the triceps 
brachii (Fig. 32.1B), just proximal to the 
exit of the radial nerve from the muscu-
lospiral (radial) groove (Fig. 32.3C). Activa
tion of this TrP is often associated with 
sensory signs and symptoms of compres
sion of the radial nerve. The patient com
plains of tingling and numbness (dysesthe
sias) over the dorsum of the lower forearm, 
wrist, and hand to the base of the middle 
finger, which lies in the sensory distribu
tion of the radial nerve. By comparison, the 
aching pain referred from TrP3 appears in 
the two "ulnar" (fourth and fifth) digits. 

Symptoms of nerve compression may be 
relieved within minutes to days after an in-
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jection of the TrP that releases the respon
sible taut band of muscle. The local anes
thetic solution may temporarily block the 
radial nerve. This TrP3 responds poorly to 
stretch and spray. 

Clinical and EMG evidence of radial 
nerve neuropraxia indicates that entrap
ment occurred along its passage beneath 
the triceps muscle. Careful dissection of 
cadavers revealed in almost every body an 
accessory part of the lateral head that orig
inated below the spiral groove. The attach
ment of this slip of muscle to the humerus 
forms a fibrotic arch of variable snugness 
over the radial nerve. This arch is distinct 
from the opening of the lateral intermuscu
lar septum. 2 4 A patient with a 3-year his
tory of an atraumatic radial paresis pro
gressing to a paralysis was relieved by 
surgical release of lateral head fibers that 
attached near the radial nerve. 2 7 The TrP3 

fibers may tense this arch, contributing to a 
nerve entrapment. 

Anconeus Epitrochlearis Muscle 

This anomalous muscle has been re
ported to be the cause of ulnar compres
sion neuropathy in four patients. 2 8 They 
were relieved of symptoms by excision of 
the muscle. Two other cases of an anom
alous anconeus epitrochlearis muscle also 
were reported.9 

11. DIFFERENTIAL DIAGNOSIS 
Lateral elbow pain that may mimic re

ferred pain from TrP2 may be caused by en
trapment of the radial nerve by the arcade 
of Frohse or other soft tissues overlying the 
radial head. 3 1 

Related Diagnoses 

Whenever the diagnoses of "tennis el
bow," lateral or medial epicondylitis, 
olecranon bursitis, and thoracic outlet 
syndrome are being seriously considered, 
the possibility that at least some of the 
symptoms are being caused by triceps 
brachii TrPs must be explored. Tennis el
bow (lateral epicondylitis) is discussed in 
detail in Chapter 36, section 11, and tho
racic outlet syndrome in Chapter 20, sec
tion 11. 

Pain referred from the triceps brachii to 
the vicinity of the elbow joint may be mis
takenly attributed to arthritis. 3 9 

Since pain from this muscle may focus 
on the back of the arm and extend into the 
hand, it is sometimes erroneously thought 
to result from a C7 radiculopathy. 3 9 

The cubital tunnel syndrome is more 
likely to cause hypoesthesia of the skin in 
the ulnar distribution of the hand, and 
weakness and clumsiness of the hand, 
rather than pain. 1 5 The cubital tunnel en
trapment syndrome is associated with 
slowing of ulnar nerve conduction through 
the cubital tunnel, whereas the pain from 
myofascial TrPs is not. 

Any of these conditions may exist and 
must be diagnosed and treated appropriately. 

Related Trigger Points 

The synergistic latissimus dorsi, teres 
major and teres minor muscles often ex
hibit associated TrPs. 

If the elbow pain persists in the lateral 
epicondylar area after eliminating TrPs in 
the triceps brachii, then the anconeus, 
supinator, brachioradialis, and extensor 
carpi radialis longus muscles may be har
boring TrPs that also refer pain to that region. 

Key TrPs in the homolateral latissimus 
dorsi muscle or serratus posterior superior 
muscle may cause satellite TrPs in the tri
ceps brachii. 2 0 For lasting release of a satel
lite TrP, its key TrP must be inactivated. 

12. TRIGGER POINT RELEASE 
(Fig. 32.6) 

The stretch and release techniques de
scribed in Chapter 3, Section 12 are pri
marily applicable to triceps central trigger 
points (TrPs). However, many of those di
rect manual medicine techniques may not 
be appropriate for the triceps attachment 
TrP4. The primary therapeutic approach to 
attachment TrPs is inactivation of associ
ated central TrPs. When the examiner finds 
tenderness at the attachment point: (1) he 
or she should palpate from that point back 
along the induration or taut band (toward 
the midfiber region of that portion of mus
cle) to search for a TrP in the more central 
part of the muscle. (2) If a central TrP is 
found (as is generally the case), the muscle 
should be placed in a position of ease (not 
stretched) and the central TrP should be 
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treated by nonstretch techniques, such as 
trigger point pressure release, deep mas
sage, and/or hold-relax, all of which can be 
preceded by vapocoolant or icing. Indirect 
techniques can be effective; stretching that 
places increased tension on the attach
ments is not desirable when there is an at
tachment TrP present. (3) If a midfiber TrP 
is not found, then the attachment itself can 
be treated by ice massage at the attachment 
region with the muscle in a position of 
ease, by indirect myofascial release, by 
phonophoresis to introduce hydrocorti
sone ointment (which can be preceded and 
followed by ice massage), or by injection 
(refer to next section). Injection of attach
ment TrPs can expedite pain relief. 

For inactivation of triceps central TrPs 
using a spray-and-stretch technique, first 
the patient is seated and the forearm 
flexed at the elbow to the point of resis
tance. A few sweeps of spray are applied 
as illustrated (Fig. 32.6). After full flexion 
at the elbow, the long head can be 
stretched further if needed by passively 
flexing the arm at the shoulder joint (Fig. 
32.6A). For releasing TrPs in the medial 
and lateral heads, only elbow flexion is 
necessary because the lateral heads do 
not cross the glenohumeral joint. The 
spray or icing is applied from proximal to 
distal, starting at the latissimus dorsi in 
the posterior axillary fold and continuing 
over the triceps brachii, around the el
bow, and down the forearm to include 
the fourth and fifth fingers (Fig. 32.6A). 
Full flexion at the shoulder joint may be 
limited also by latissimus dorsi TrPs. In 
that case, the latissimus should be re
leased before proceeding with the triceps 
release. 

In the position shown in Figure 32.6A, 
postisometric relaxation (PIR) combined 
with the use of reciprocal inhibition can be 
employed to achieve full lengthening of 
the long head of the muscle. The patient is 
instructed: (1) to gently press the elbow 
forward against the operator's resisting 
hand (isometric contraction phase); (2) to 
breathe in and hold the contraction for 6 
seconds; (3) to breathe out slowly and re
lax; (4) and to move the arm posteriorly (to
ward the operator in Fig. 32.6A). This last 
movement is an active one by the patient, 

utilizing reciprocal inhibition to further re
lax the triceps. 

Nielsen 3 2 describes and illustrates in a 
case report the use of spray and stretch to 
release TrPs in the long head of the triceps 
brachii. 

To obtain a similar stretch of the triceps 
brachii muscle in the supine patient, the 
forearm should be flexed at the elbow and 
the arm flexed at the shoulder joint to place 
the supinated hand beneath the shoulder, 
as in Figure 32.6B. The vapocoolant spray 
is again applied in parallel sweeps, starting 
at the latissimus dorsi adjacent to the 
scapula, covering the triceps distally over 
the arm and over the elbow to the wrist. In 
this supine position, as described for the 
sitting position, PIR can be combined with 
reciprocal inhibition for effective release of 
the muscle. 

13. TRIGGER POINT INJECTION 
(Figs. 32.7-32.10) 

The basic principles for injection are 
covered in Chapter 3, Section 13. Note the 
distinctions between injecting central trig
ger points (CTrPs) and attachment trigger 
points (ATrPs) in that chapter. Refer to Sec
tion 9 in this chapter for precise palpation 
of these TrPs. 

Rachlin 3 7 mentions the injection of TrPs 
in all three heads and illustrates injection 
of TrPs in the lateral and long heads of the 
triceps brachii. 

TrPr-Patient Supine or Sidelying 
(Fig. 32.7) 

To inject this central TrP by approaching 
the medial side of the long head of the tri
ceps, the supine patient laterally rotates 
the arm so that the antecubital space faces 
up and abducts the arm sufficiently to 
place the long head on a slight stretch (Fig. 
32.7A). The operator encircles the long 
head of the muscle in a pincer grasp and 
lifts it away from the underlying bone, 
away from the adjacent major blood vessels 
and nerve, and away from the lateral head 
of the triceps (beneath which the radial 
nerve courses). For injection, the TrP in the 
palpable band is fixed and injected be
tween the tips of the digits. Effective pene
tration of these TrPs by the needle pro
duces LTRs that are easily seen and can be 
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Figure 32.6. Stretch position and spray pattern (ar
rows) for a trigger point (X) in the long head of the tri
ceps brachii. This technique is also effective for the 
other two heads but to stretch them, there is no need 
to elevate the arm. Only elbow flexion is needed. A, 

patient seated. B, patient supine; this position is likely 
to be more effective because the patient relaxes more 
completely. See text for description of release by 
postisometric relaxation combined with reciprocal in
hibition. 
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felt by the encompassing fingers and 
thumb. The occurrence of these LTRs is 
very important because they signal effec
tive placement of the needle. 

If it is a more convenient position, or if 
the TrPs are in the lateral part of the long 
head, this CTrP area can be approached 
from the lateral aspect of the arm. To do 

so, the patient lies on the opposite side 
with the arm to be injected uppermost, 
facing away from the operator (Fig. 
32.7B), permitting the operator to grasp 
the muscle and inject the TrPs as de
scribed above. These TrPs also can be in
jected through the muscle from the ante
rior approach. 

Figure 32.7. Injection of the trigger point 1 region in the long head of the left triceps brachii. A, anterior ap
proach, with the patient supine. B, posterior approach, with the patient lying on the uninvolved side. 
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TrP2-Patient Sidelying 
(Fig. 32.8A) 

The patient lies on the uninvolved side 
with the arm supported on a pillow (Fig. 
32.8A). TrP2 is palpated distally in the lat
eral border of the medial head, adjacent to 
the attachments of the extensor carpi radi-
alis longus and the brachioradialis mus
cles. For injection, the TrP is fixed between 

the fingers by pressing the muscle on both 
sides of the TrP against the humerus (Fig. 
32.8A). 

TrP3-Patient Sidelying 
(Fig. 32.8B) 

For injection of central TrP3, the patient 
is placed in the same position as described 
above for TrP2. The central TrP3 is located 

Figure 32.8. Injection of the trigger point 2 and trigger 
point 3 regions in the left triceps brachii with the pa
tient lying on the right side and the uppermost arm 
resting on a pillow against the chest wall, elbow bent. 
A, The trigger point 2 region lies in the lateral border 
of the medial head, distally in the arm; it refers pain 
and tenderness to the lateral epicondyle. This trigger 

point is located about three or four fingers breadth 
proximal to the lateral epicondyle. B, Injection of cen
tral trigger point 3 in the more distal fibers in the lat
eral border of the lateral head; it refers pain locally 
over the muscle, to the dorsum of the forearm, and to 
the fourth and fifth digits. 
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along the lateral border of the lateral head, 
just above the exit of the radial nerve, 
which courses beside the brachialis and 
then beneath the brachioradialis muscle. 
The needle is inserted tangentially into a 
thin layer of muscle (Fig. 32.8B) and may 
be directed either distally or proximally 
(whichever is more convenient), probing 
for TrPs in a fan-like pattern. 

It is not unusual for some procaine solu
tion to infiltrate the radial nerve and cause 
a temporary partial nerve block. If the di
luted 0.5% procaine solution is used for 
injection, the nerve recovers its function 
within 15-20 minutes. 

Attachment TrP4-Patient Sidelying 

The patient lies on the uninvolved side, 
facing away from the operator, as in Figure 
32.8. This attachment TrP is located only 
by spot tenderness to deep palpation 
through the thick aponeurosis of all three 
heads of the triceps brachii. This TrP area 

is injected deeply, aiming toward the olec
ranon process. Penetration of the TrP by 
the needle is confirmed primarily by the 
patient's report of a local pain response 
and of referred pain. Occasionally, the op
erator feels a local twitch of the muscle 
when the needle strongly stimulates the 
sensitized nociceptors in this attachment 
region. The LTR indicates that the needle is 
in a TrP region that contributes to the local 
tenderness and TrP activity. 

TrPs-Patient Supine 
(Fig. 32.9) 

The patient's laterally rotated and 
partially abducted arm lies on the padded 
lap of the operator (Fig. 32.9). Central TrP5 

lies deep in the distal medial head of the 
muscle and is identified by its spot tender
ness and LTR. The region of the TrP is fixed 
between the fingers to inject it, with the 
needle directed parallel to the muscle 
fibers and usually upward toward the 
shoulder. 

Figure 32.9. Injection of trigger points (central TrP5 region) in the distal medial head of the left triceps brachii 
with the patient supine. The arm is laterally rotated, the forearm supinated, and the slightly flexed elbow is 

supported on a pillow on the operator's lap. 
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This TrP is not especially close to the 
neurovascular bundle, but if one peppers 
and injects the area too widely while in
jecting, one can cause a temporary block of 
the median or ulnar nerve. 

Anconeus 
(Fig. 32.10) 

The arm of the supine patient is sup
ported on a padded surface with the fore
arm flexed about 45° at the elbow and the 
hand pronated (Fig. 32.10). For injection, 
this central TrP is fixed between the fingers 
of the palpating hand. 

14. CORRECTIVE ACTIONS 
When typing, writing, reading, etc., the 

patient should keep the arm vertical, with 
the elbow behind the plane of the chest 
and not projected forward. Whenever pos
sible, an armrest of suitable height should 
support the elbow. 

To correct for short upper arms in rela
tion to the torso height, a writing-board 
with padding glued underneath is used to 
raise the arms, or the height of the armrests 
above the seat is increased directly. 

If forearm crutches are necessary, their 
use should be increased gradually to avoid 
sudden overload of the arm muscles, espe
cially the triceps. 

In tennis, the patient may change to a 
lighter weight racquet or to one not so 
heavy in the head. Also, it may be helpful 
to shorten the grip on the racquet handle, 
which reduces the leverage on this elbow 
extensor muscle. 

Chinning on a bar and push-ups, which 
easily overload the arm muscles, should be 
avoided until after recovery and then re
sumed progressively. 

For a home exercise program, the pa
tient should be taught how to stretch the 
triceps brachii by assuming the patient po-

Figure 32.10. Injection of a central trigger point in the should be localized by the fingers against the ulna, 
midfiber region of the right anconeus muscle of a between the olecranon process and the lateral epi-
supine patient. The patient's elbow is flexed slightly condyle, 
and the forearm pronated. The tender trigger point 
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sition in Figure 32.6A while seated under a 
warm shower with the water streaming 
over the muscle. 
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PART 4 
FOREARM AND HAND PAIN 

CHAPTER 33 
Overview of Forearm and 

Hand Region 

INTRODUCTION TO PART 4 
This fourth part of the Trigger Point Manual in
cludes the forearm and hand muscles, and all 
those that cross the elbow joint, except the an
coneus, biceps, brachialis and triceps. This chap
ter has two sections: Section A presents the Pain 

and Muscle Guide information. Section B pre
sents Diagnostic Considerations applicable to 
this part of the body including the Carpal Tunnel 
Syndrome, Other Differential Diagnoses, and 
Joint Play. 

SECTION A. PAIN AND MUSCLE GUIDE 685 
SECTION B. DIAGNOSTIC CONSIDERATIONS 688 

Carpal Tunnel Syndrome 688 

Other Differential Diagnoses 688 
Articular Dysfunction 688 
Joint Play 688 

SECTION A 
PAIN A N D M U S C L E GUIDE 

This guide lists the muscles that may be 
responsible for pain in the areas shown in 
Figure 33.1. The muscles most likely to re
fer pain to each specific area are listed be
low under the name of that area. The 
names of the pain areas identified in the 
figure are arranged in alphabetical order in 
the guide. One uses this chart by locating 
the name of the area that hurts and then by 
looking under that heading for a listing of 
all the muscles that might cause the pain. 
Then, reference should be made to the in

dividual muscle chapters. The number for 
each chapter is shown in parentheses fol
lowing the muscle name. 

The muscles are listed in such a way 
that the muscle which is a more frequent 
cause of pain in an area is listed higher 
than others. This order is only an approxi
mation; the selection process by which pa
tients reach an examiner greatly influences 
which muscles are most likely to be in
volved. Boldface type indicates that the 
muscle refers an essential pain pattern to 
that pain area. Roman type indicates that 
the muscle refers a spillover pattern to that 
pain area. TrP stands for trigger point. 

6 8 5 
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PAIN GUIDE 
A N T E C U B I T A L PAIN 
Brachialis (31) 
Biceps brachii (30) 

B A S E - O F - T H U M B A N D RADIAL H A N D 
PAIN 

Supinator (36) 
Scaleni (20) 
Brachialis (31) 
Infraspinatus (22) 
Extensor carpi radialis longus (34) 
Brachioradialis (34) 
Opponens pollicis (39) 
Adductor pollicis (39) 
Subclavius (42) 
First dorsal interosseus (40) 
Flexor pollicis longus (38) 

D O R S A L FINGER PAIN 
Extensor digitorum (35) 
Interossei (40) 
Scaleni (20) 
Abductor digiti minimi (40) 
Pectoralis major (42) 
Pectoralis minor (43) 
Latissimus dorsi (24) 
Subclavius (42) 

D O R S A L F O R E A R M PAIN 
Triceps brachii (TrPs 1 - 3) (32) 
Teres Major (25) 
Extensores carpi radialis longus and 

brevis (34) 
Coracobrachialis (29) 
Scalenus minimus (20) 

D O R S A L WRIST A N D H A N D PAIN 

Extensor carpi radialis brevis (34) 
Extensor carpi radialis longus (34) 
Extensor digitorum (35) 
Extensor indicis (35) 
Extensor carpi ulnaris (34) 
Subscapularis (26) 
Coracobrachialis (29) 
Scalenus minimus (20) 
Latissimus dorsi (24) 
Serratus posterior superior (47) 
First dorsal interosseus (40) 

LATERAL EP ICONDYLAR PAIN 

Supinator (36) 
Brachioradialis (34) 
Extensor carpi radialis longus (34) 
Triceps brachii (TrP2) (32) 

Supraspinatus (21) 
Fourth and fifth finger extensors (35) 
Anconeus (32) 

M E D I A L EP ICONDYLAR PAIN 

Triceps brachii (TrP5) (32) 
Pectoralis major (42) 
Pectoralis minor (43) 
Serratus anterior (46) 
Serratus posterior superior (47) 

O L E C R A N O N PAIN 
Triceps brachii (TrP4)(32) 
Serratus posterior superior (47) 

RADIAL F O R E A R M PAIN 

Infraspinatus (22) 
Scaleni (20) 
Brachioradialis (34) 
Supraspinatus (21) 
Subclavius (42) 

ULNAR F O R E A R M PAIN 
Latissimus dorsi (24) 
Pectoralis major (42) 
Pectoralis minor (43) 
Serratus posterior superior (47) 

VOLAR FINGER PAIN 
Flexores digitorum superficialis and 

profundus (38) 
Interossei (40) 
Latissimus dorsi (24) 
Serratus anterior (46) 
Abductor digiti minimi (40) 
Subclavius (42) 

VOLAR F O R E A R M PAIN 

Palmaris longus (37) 
Pronator teres (38) 
Serratus anterior (46) 
Triceps brachii (TrP5) (32) 

VOLAR WRIST A N D PALMAR PAIN 

Flexor carpi radialis (38) 
Flexor carpi ulnaris (38) 
Opponens pollicis (39) 
Pectoralis major (42) 
Pectoralis minor (43) 
Latissimus dorsi (24) 
Palmaris longus (37) 
Pronator teres (38) 
Serratus anterior (46) 
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Figure 33.1. The designated areas within the elbow-to-finger region that may encompass pain referred there 
by myofascial trigger points. 
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SECT ION B 
D IAGNOSTIC CONSIDERATIONS 
Carpal Tunnel Syndrome 

When the median nerve is being com
pressed in its carpal tunnel, the cause 
must be identified and corrected. This 
currently popular diagnosis is an impor
tant differential diagnosis for several 
shoulder girdle and upper limb trigger 
points (TrPs). Previous chapters (e.g., 
scaleni, brachialis) have included this 
syndrome in differential diagnosis. In the 
forearm and hand region as well, there 
are TrP sources that mimic some, if not 
all, of the symptoms of carpal tunnel syn
drome. Examples are the brachioradialis 
and the radial wrist extensors (see Chap
ter 34), the palmaris longus (see Chapter 
37), the flexor carpi radialis and the 
pronator teres (see Chapter 38), and the 
opponens pollicis and adductor pollicis 
(see Chapter 39). Assessment and treat
ment are covered in the individual mus
cle chapters. 

Other Differential Diagnoses 
Trigger points can cause dysfunction 

and can refer patterns of pain that are mis
taken for other conditions. On the other 
hand, other conditions can coexist with 
TrPs or can be the primary problem; these 
conditions must be differentiated and 
treated appropriately. Differential diagno
sis is considered in section 11 of each in
dividual muscle chapter. In addition to 
carpal tunnel syndrome, among the differ
ential diagnoses to be considered for this 
region of the body are radiculopathy (par
ticularly C 5 - 6 , C 7, C 8, T 1 , thoracic outlet 
syndrome, "tennis elbow" (lateral epi
condylitis), osteoarthritis, DeQuervain's 
stenosing tenosynovitis, nerve compres
sion from a variety of causes (radial nerve 
entrapment, ulnar neuropathy, median 
nerve compression), and articular dysfunc
tions (including subluxation). 

Articular Dysfunction 
Trigger points and articular dysfunction 

interact and often coexist. When they co

exist, both must be treated. Complete as
sessment and treatment of articular dys
function are outside the scope of this book. 
However, articular dysfunction must be 
considered in differential diagnosis and is 
discussed in the individual muscle chap
ters of this volume. 

Joint Play 
Joint play and its importance were de

scribed by Mennell . 3 , 4 Since then it has be
come recognized and appreciated by the 
osteopathic profession. 1 , 2 Joint play con
sists of small involuntary movements (usu
ally less than 3 mm or 1/8 inch) within syn
ovial joints; the range depends on the 
shape of the joint surfaces. Joint play 
movements are normally painless acces
sory movements that are essential for 
normal, unrestricted, pain-free, range of 
voluntary movement. Joint play is inde
pendent of voluntary muscle contraction 
and cannot be induced by deliberate mus
cle effort. Therefore, the presence or ab
sence of joint play movements can only be 
determined by passive joint examination. 
Loss of joint play is a form of joint dys
function and is identified by loss of normal 
joint-play range of movement in one direc
tion or another. The dysfunction often can 
be restored to normal with simple, non-
forceful mobilization of the joint by some
one skilled in the appropriate technique 
for that joint. 

Joint play should be considered in as
sessment, and it should be restored if 
lacking. In this forearm and hand region, 
the examiner needs to consider at least 
the following articulations in assessment: 
elbow (humeroulnar, radiohumeral, and 
proximal radioulnar articulations), wrist 
(distal radioulnar, radiocarpal, ulnomenis-
cocarpal, intercarpal), carpometacarpal 
and distal intermetacarpal, metacarpopha
langeal, and interphalangeal. In general, 
any joint that an individual muscle tra
verses should be assessed for normal joint 
play. 

Joint play for this region is described in 
detail by Mennell 4 and by Greenman.1 
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CHAPTER 34 
Hand Extensor and 

Brachioradialis Muscles 

HIGHLIGHTS: The extensor muscles of the 
hand at the wrist are the extensores carpi ra-
dialis longus and brevis, and the extensor carpi 
ulnaris. The "painful weak grip" muscles are pri
marily the extensores carpi radialis longus and 
brevis, and the extensor digitorum. The bra
chioradialis and supinator also may develop 
trigger points (TrPs) in association with the ra
dial hand extensors. The active TrPs of these 
"extensor mass" muscles occur close together 
in the proximal forearm, distal to but near the 
lateral epicondyle. REFERRED PAIN from TrPs 
in the extensores carpi radialis longus and bre
vis appears over the lateral epicondyle, lightly 
over the dorsum of the forearm, and accents 
the dorsum of the hand. The extensor carpi ul
naris refers pain to the dorsal surface of the ul
nar side of the wrist. The brachioradialis refers 
pain chiefly to the lateral epicondyle and down 
over the length of the muscle to the dorsal as
pect of the web of the thumb. ANATOMY: at
tachments of the hand extensors are to the re
gion of the lateral epicondyle at the elbow, and 
distally to various metacarpal bones. The bra
chioradialis attaches to the shaft of the 
humerus above the elbow, and distally to the 
styloid process of the radius. Several variations 
may occur. FUNCTION of the wrist extensors 
is to synergistically prevent wrist flexion while 
the finger flexors are being used for grasp. The 
action of the extensor carpi radialis longus is 
chiefly radial deviation of the hand. The brevis 
chiefly extends the hand while the extensor 
carpi ulnaris primarily deviates the hand toward 
the ulnar side. The brachioradialis primarily as
sists flexion of the forearm at the elbow and 

helps restore the forearm from supination to the 
neutral position when overcoming resistance. 
SYMPTOMS are usually pain as described 
above—often diagnosed as a "tennis elbow" 
syndrome—and an unreliable or weak grip that 
lets objects fall from the patient's hand. ACTI
VATION AND PERPETUATION OF TRIGGER 
POINTS in these muscles arise from abuse of 
combined gripping and twisting motions, as in 
some sports, digging with a trowel in the gar
den, and using a screw driver. PATIENT EX
AMINATION that reveals a painful and weak 
grip when the hand is ulnarly deviated indicates 
involvement of the extensores carpi radialis 
longus and brevis. Epicondyle tenderness is 
commonly present. TRIGGER POINT EXAMI
NATION for a tender nodule in a taut band lo
calizes the active TrPs by pincer palpation of 
the brachioradialis and flat palpation of the 
other forearm muscles. ENTRAPMENT of either 
the motor or sensory branch of the radial nerve 
may be caused by tension of the extensor carpi 
radialis brevis. TRIGGER POINT RELEASE by 
spray and stretch requires that the extensores 
carpi radialis and ulnaris muscles are fully 
lengthened by movement of both the elbow 
and wrist joints. A proximal-to-distal spray pat
tern is used. TRIGGER POINT INJECTION of 
these muscles presents no special difficulty 
when the TrP is accurately located and fixed 
between the fingers. CORRECTIVE ACTIONS 
include eliminating strain of the involved mus
cles, establishing a home program of stretch 
exercises, and the gradual resumption of nor
mal activities after inactivating the TrPs. 
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1. REFERRED PAIN 
(Figs. 34.1 and 34.2) 
Radial Hand Extensors 
(Fig. 34.1) 

Trigger points (TrPs) in the extensor 
carpi radialis longus refer pain and ten
derness to the lateral ep icondyle (Fig. 
34.1C) and to the dorsum of the h a n d in the 
region of the anatomical snuff b o x , w h i c h 
is often descr ibed by the pat ient as " the 
t h u m b . " 7 2 , 7 3 Extensor c a r p i radial is brevis 
TrPs project pain to the b a c k of the h a n d 
and wrist (Fig. 3 4 . I B ) , as originally deter
m i n e d in 45 pa t ients . 7 2 T h i s is one of the 
most c o m m o n myofascia l sources of pa in 
in the back of the wrist . 

Gutste in-Good, 3 3 w h o later wrote as 
G o o d , 3 0 reported a case of " id iopathic myal
gia ," or "muscular r h e u m a t i s m , " in w h i c h 
pain was projected deep in the upper arm 
with dysesthesia (numbness , p ins-and-nee-
dles, and painful vibratory sensations) 
along the forearm to the thumb and index 
f inger . T h e pain was reproduced by pres
sure on tender spots in the extensor carpi ra
dialis muscles . K e l l y 4 2 , 4 3 reported three 
cases of " f ibrosi t is" wi th pain in the elbow, 
radiating down the dorsum of the forearm, 
or to the radial side of the wrist. T h e pain 
originated in a tender spot wi th in the exten
sor musc le mass several cent imeters distal 
to the lateral epicondyle . Th is is where the 
authors f ind TrPs in the extensor carpi radi
alis longus. Bates and Grunwaldt 1 1 reported 
a similar myofascial pain pattern for the ex
tensor carpi radialis musc les in chi ldren. 

Extensor Carpi Ulnaris 
(Fig. 34.1 A) 

T h e extensor carpi ulnaris m u s c l e har
bors TrPs less often than the extensores 
carpi radial is . T h e referred pain pattern of 
the extensor carpi ulnaris inc ludes primar
ily the ulnar side of the b a c k of the wrist 
(Fig. 34 .1A) . Guts te in 3 2 , 3 3 identif ied this 
TrP and pain pattern in a doctor. 

S imi lar pain patterns for these wrist ex
tensor musc les were i l lustrated by B o n i c a 
and S o l a . 1 2 

Brachioradialis 
(Fig. 34.2) 

T h e brachioradial is projects its essent ial 
pain pattern to the wrist and base of the 

t h u m b in the w e b space b e t w e e n the t h u m b 
and i n d e x f inger (Fig. 34 .2 ) . T h e brachiora
dial is , l ike the under ly ing supinator , refers 
pa in also to the lateral ep icondyle as also il
lustrated by B o n i c a and S o l a . 1 2 F o r the 
supinator and brachioradia l i s , this also is 
an essent ia l pa in pattern. Pa in referred to 
the lateral ep icondyle from TrPs in e i ther 
m u s c l e causes the ep icondyle to b e c o m e 
tender to light tapping on its distal face. Re
ferred pain from the brachioradia l is rarely 
extends to the o lecranon process . 

T h e brachioradialis is a thin musc le that 
immediately overlies the extensor carpi radi
alis longus. Using flat palpation, it is usually 
difficult to distinguish w h i c h of these mus
cles is causing the referred pain. K e l l y 4 2 as
cribed to the brachioradialis musc le a pattern 
of pain and tenderness close to the elbow, 
and of diffuse referred pain and tenderness 
across the dorsum of the hand. However, in 
our experience, pain across the back of the 
hand arises chiefly from associated TrPs in 
the extensor carpi radialis brevis or longus. 

Infusion of 0.2 ml of 5% hypertonic 
saline into latent TrPs in 60 brachioradialis 
muscles 3 1 produced referred pain to the 
dorsum of the wrist in 3 5 % of infusions 
and local pain in every test. The area of lo
cal pain was approximately twice as large 
as the area of referred pain. This experi
mental result confirms the clinically ob
served referred pain pattern of this muscle 
and supports the observation that latent 
TrPs often will produce their characteristic 
referred pain pattern when compressed. 3 6 

It would be interesting to see if similar in
jection of active TrPs would result in a 
higher percent of referred pain patterns. 

Injection of 1 cc of 2 0 % saline into 15 
brachioradialis muscles resulted in no 
change in sensory threshold to electrical 
stimulation in the cutaneous, subcuta
neous, or muscular tissues in the painful 
region at the site of injection. 7 4 The au
thors observed a significantly lowered 
pain threshold in a limited ellipsoidal 
area in the skin and subcutaneous tissues 
at the site of injection, and throughout the 
entire area of painful muscle in the vicin
ity of the injection. The local tenderness 
produced by the painful lesion in the bra
chioradialis muscle produced more ex-
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Figure 34.1. Referred pain patterns (dark red) and location of central trigger points (Xs) in the three primary 
hand extensor muscles (medium red) in the right forearm. A, extensor carpi ulnaris. B, extensor carpi radialis 

brevis. C, extensor carpi radialis longus. 
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tensive tenderness in muscle than in more 
superficial tissues. 

2. ANATOMY 
(Figs. 34.3 and 34.4) 
Radial Hand Extensors 
(Fig. 34.3) 

The extensor carpi radialis longus at
taches proximally to the distal third of the 
lateral supracondylar ridge of the humerus , 
between the lateral epicondyle and the at
tachment of the brachioradialis muscle (Fig. 
34.3A). T h e extensor longus attaches distally 
to the base of the second metacarpal bone on 
its dorso-radial aspect. The muscle fibers ex
tend one-third of the length of the forearm, 
and its tendon the remaining two-thirds. 

T h e proximal a t tachments of the exten
sor carpi radial is brevis (Fig. 34 .3B) l ie 
deep to the bel ly of its c o m p a n i o n , the ex
tensor carpi radial is longus. T h e attach
ments of the brevis inc lude the c o m m o n 

Figure 34.2. Referred pain pattern (dark red) and lo
cation of central trigger point (X) in the right brachio
radialis muscle (medium red). 

extensor a t tachment to the lateral epi
condyle , the radial l igament of the e lbow, 
and in termuscular septa b e t w e e n i t a n d ad
jacent m u s c l e s . 1 4 T h e be l ly o f the extensor 
carpi radial is brevis expands to full th ick
ness near the junc t ion of the upper and 
middle thirds of the forearm, as the more 
lateral longus m u s c l e dwindles to a ten
d o n . 1 5 , 5 3 , 5 7 Distally the extensor carpi radi
alis brevis attaches to the base of the third 
metacarpal b o n e on its dorso-radial aspect 
(Fig. 3 4 . 3 B ) . 1 4 

Not always c lear ly descr ibed is the fact 
that prox imal ly the strong aponeuros is of 
the extensor brevis forms a bridge of fascia , 
w h i c h stretches b e t w e e n the lateral epi
condyle and the deep fascia of the dorsal 
forearm. I t m a y b e c o m e t h i c k e n e d 2 9 , 4 5 

where the deep (motor) b r a n c h of the ra
dial nerve passes beneath it to enter the 
supinator m u s c l e (Fig. 34 .3C) . Usual ly , the 
superficial radial nerve has b r a n c h e d off 
before the deep radial nerve dips beneath 
the extensor carpi radial is brevis (Fig. 
34 .3B) . In some cases , however , the nerve 
divides more distal ly (Fig. 34 .3C) , so that 
the superf ic ial b r a n c h must penetrate the 
be l ly of the extensor carpi radial is brevis 
m u s c l e to return to its course beneath the 
brachioradia l is m u s c l e . 4 5 

Extensor Carpi Ulnaris 
(Fig. 34.3A) 

T h e extensor carpi ulnar is m u s c l e at
taches proximally to the c o m m o n extensor 
tendon of the lateral ep icondyle and dis
tally to the ulnar s ide of the base of the 
fifth metacarpal b o n e (Fig. 3 4 . 3 A ) . 

Brachioradialis 
(Fig. 34.4) 

T h e brachioradia l is at taches proximally 
to both the lateral supracondylar ridge of 
the h u m e r u s and to the lateral in termuscu
lar septum, distal to where the radial nerve 
penetrates the septum at mid-arm level 
(Fig. 34 .4 ) . Distally the brachioradia l i s ten
don expands laterally as i t approaches the 
styloid process of the radius and c o n n e c t s 
wi th the neighboring l igaments . 7 I t is then 
anchored by a tendinous a t tachment to the 
styloid p r o c e s s . 7 , 1 4 , 1 8 , 5 0 A variable s l ip m a y 
attach distally to several carpal b o n e s , and 
to the third m e t a c a r p a l . 7 , 1 4 
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Figure 34.3. The relations of the hand extensor muscles and part of the radial nerve in the right forearm. 
A, dorsal view showing the attachments of the extensor carpi radialis longus and brevis, 

and extensor carpi ulnaris muscles. 
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Supplemental References 

The radial hand extensors are well illus
trated by other authors from the dorsal 
v i e w , 4 , 5 4 , 5 7 , 6 8 the lateral v i e w , 1 , 1 5 , 5 3 , 6 7 and in 
cross section. 2 5 , 5 8 The distal attachments at 
the wrist are shown in d e t a i l . 5 , 1 6 , 5 4 , 5 9 

The extensor carpi ulnaris is illustrated 
in the dorsal v i e w , 4 , 5 4 , 5 7 , 6 8 the lateral 
view, 5 3 and in cross sect ion. 2 4 , 5 8 Its distal 
attachment is also shown in detai l . 1 6 , 5 9 

The brachioradialis muscle is depicted 
in the dorsal v i e w , 4 , 5 4 , 5 7 the lateral view,1 , 

15,53,67 the volar v i e w , 3 , 1 9 , 6 6 and in cross 
sect ion. 2 3 , 5 8 Details of its distal attachment 
are s h o w n . 1 7 , 5 4 Other figures show the 
course of the superficial branch of the ra
dial nerve lying beneath this m u s c l e . 2 , 2 0 , 5 5 

Architecture of Muscles 

Studies of archi tectural features have in
c luded m u s c l e length, sarcomere length 
and f iber l e n g t h . 4 8 , 4 9 In these s tudies , m u s 
cle length was measured from the mos t 

Figure 34.3.—continued. B, lateral view showing the 
deep branch of the radial nerve before it passes be
neath the fibrous arch formed by the proximal attach
ments of the extensor carpi radialis brevis (light red), 
and showing the normal course of the superficial (sen

sory) branch. C, variant course of the superficial 
branch of the radial nerve through the (reflected) ex
tensor carpi radialis brevis muscle (Adapted from 
Kopell HP, Thompson WA: Peripheral Entrapment Neu
ropathies. Ed. 2. Williams & Wilkins, Baltimore, 1963.) 
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Figure 34.4. The attachments of the right brachioradi
alis muscle, from the radial view. 

proximal m u s c l e fiber at tachments to the 
most distal m u s c l e f iber at tachments . Sar
c o m e r e length was determined by mea
suring the diffraction angle of the laser 
diffraction pattern. F iber length was deter
m i n e d by measuring a smal l bundle of 
f ibers isolated from the proximal , middle , 
and distal regions of the musc le . Fiber 
length and m u s c l e length were normalized 
to a standard sarcomere length of 2.2 um. 
T h e f iber length of the brachioradial is was 
outstandingly long (121 mm) compared to 
lengths c lose to 50 mm for the other fore
arm m u s c l e s . 

T h e ratios of f iber length to muscle (belly) 
l e n g t h 4 8 , 4 9 are presented in Table 34.1 and 
are useful for c l inical pract ice because they 
give an indicat ion of the orientation of the 
endplate zone in each musc le . T h e ratios 
approaching 1, seen in the extensor carpi ra
dialis longus and brachioradial is muscles , 
indicate that any one fiber must extend 
nearly the entire length of the muscle belly. 
The i r endplate zones would appear trans
versely across the midmusc le region as in 
Figure 2 .10C, E, and F. Muscles with this ar
chi tecture are designed for velocity and 
range of mot ion at the expense of force. The 
smaller ratios of the extensor carpi radialis 
brevis and extensor carpi ulnaris muscles 
indicate that the fibers overlap strongly and 
that their endplate zones wil l tend to run 
the length of the musc le down its middle as 
in Figure 2 .8A. Musc les with this architec
ture are designed for force at the expense of 
veloci ty and range of motion. T h e expected 
locat ion of TrPs corresponds to the location 
of the endplate zones. Competent histologi
cal research studies of the locat ion of end
plate zones are needed in adult muscles that 
are c o m m o n l y treated for TrPs. 

T h e extensor carpi radialis longus 
shows dist inct partitioning.63 Th is muscle 
has a superficial (dorsal) and a deep bel ly 
and two dist inct m u s c l e nerves . T h e f ibers 
of the superficial be l ly attach distally to 
the superficial surface of the tendon, and 
the f ibers of the deep bel ly attach distally 
to the deep surface of the tendon. The 
proximal nerve supplies primari ly the 
deep be l ly and the distal nerve primarily 
the superficial belly. T h e musc le f ibers of 
the superficial bel ly are considerably 
longer than those of the deep belly. The 
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Table 34.1 Fiber Architecture for Five Forearm Muscles 

Fiber Length/ Expected 
Muscle Length Endplate zone 

Ratio' Orientation 

Extensor Carpi Radialis Longus 0.82 Nearly transverse 
Brachioradialis 0.69 Roughly transverse 
Extensor Digitorum Communis 0.42-0.50 Diagonal 
Extensor Carpi Radialis Brevis 0.38 Longitudinal 
Extensor Carpi Ulnaris 0.28 Longitudinal 

"Fiber length/muscle length ratios approaching 1 indicate that every fiber runs practically the full length of the muscle 
belly (parallel arrangement) and that the muscle is designed for speed and large range of motion. 
Data taken from Lieber RL, Fazeli BM. Botte MJ: Architecture of selected wrist flexor and extensor muscles. J Hand Surg 
15A: 244-250, 1990; Lieber RL, Jacobson MD, Fazeli BM, et al: Architecture of selected muscles of the arm and forearm: 
anatomy and implications for tendon transfer. J Hand Surg 17A (5): 787-798, 1992. 

funct ional effect of this part i t ioning needs 
to be determined. 

Anatomical Variations 

Extensor Carpi Radialis Longus Variations 

One of four types of variations of this 
muscle was identified in 3 0 % of 375 up
per limbs. 4 6 The chief variations were in 
the number and arrangement of tendinous 
attachments to the metacarpal bones. A 
few extensor carpi radialis longus and 
brevis muscles were fused. 

3. INNERVATION 
Hand Extensors 

T h e radial nerve suppl ies the extensor 
carpi radialis longus and the brachioradi 
alis musc les as i t passes beneath t h e m , 
proximal to the e lbow joint. T h e nerve also 
usual ly divides into superficial and deep 
branches proximal to this joint . T h e deep 
branch of the radial nerve then suppl ies 
the extensor carpi radialis brevis and the 
supinator musc les before turning dorsal ly 
and entering the supinator m u s c l e through 
the opening that somet imes forms an ar
cade of Frohse . Th is entrance is an arch of 
connect ive t issue in the space b e t w e e n the 
superficial and deep layers of the supinator 
( s e e Fig. 3 6 . 2 B ) . 1 4 T h e deep branch also 
gives off the recurrent (epicondylar) nerve, 
w h i c h exits by again passing beneath the 
archway formed be tween the two proximal 
at tachments of the extensor carpi radial is 
brevis musc le (Fig. 3 4 . 3 B ) . 1 4 

T h e s e m u s c l e s are suppl ied by the ra
dial nerve , w h i c h rece ives f ibers through 
all three posterior divis ions and the poste
rior c o r d . 1 4 F ibers from spinal nerves C 6 

and C 7 supply the extensor carpi radial is 
longus and brevis , and f ibers f rom C 6 , C 7 , 
and C 8 supply the extensor carpi ulnar is 
m u s c l e . 

Brachioradialis 

T h e brachioradia l is m u s c l e i s suppl ied 
by a b r a n c h of the radial nerve from the 
posterior cord, the upper trunk and spinal 
nerves C 5 and C 6 . 

4. FUNCTION 
Hand Extensors 

For effect ive grasp, these wrist extensors 
funct ion synergist ical ly to prevent the 
wrist f lexion that the f inger f lexors w o u l d 
otherwise produce . 

There i s general a g r e e m e n t 6 , 9 , 1 4 , 2 2 , 3 9 , 6 1 

that both the extensores carpi radial is 
longus and brevis part ic ipate in ex tens ion 
and abduct ion (radial deviat ion) of the 
hand, w h i l e the extensor carpi ulnar is ex 
tends and adducts the h a n d (ulnar devia
tion) at the wrist . In addit ion, the ex tensor 
carpi radial is longus assists in f lexion at 
the e l b o w . 4 4 D u c h e n n e 2 2 emphas izes that 
the extensor carpi radial is longus, w h i c h 
at taches to the s e c o n d metacarpal b o n e , 
m a i n l y abducts the hand . T h e extensor 
carpi radial is brevis , w h i c h at taches to the 
third metacarpal , chief ly extends the h a n d , 
and the extensor carpi ulnar is , w h i c h at-
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taches to the u lnar s ide of the fifth 
metacarpal , m a i n l y adducts the hand . T h e 
extensor carpi radial is longus and the ex
tensor carpi ulnar is m u s c l e s , act ing to
gether, can ex tend the h a n d at the wrist , 
but do so only w h e n n e e d e d to exert strong 
f o r c e . 2 2 , 3 9 

Act ivat ion of the h a n d extensors is es
sential to a power g r i p . 6 1 

Electromyographic (EMG) monitoring 
of subjects while they repeatedly pressed 
a typewriter key at a maximal rate, or 
wrote with a pencil, showed moderate ac
tivity of the finger and hand extensors. At 
slow rates of typing, the amplitude of this 
electrical activity dropped to less than 
one-tenth of that at very rapid rates. 5 1 

Bilateral EMG monitoring of the radial 
wrist and finger extensors as a group, and 
of the brachioradialis muscle separately, 
was performed with surface electrodes 
during 13 sports activities. They included 
overhand throws, underhand throws, ten
nis, golf, hitting a baseball and 1-foot 
jumps from the floor. The extensor group 
consistently showed slight to moderate 
activity, bilaterally similar. The brachio
radialis frequently showed an activity 
pattern similar to, but slightly stronger 
than, that of the hand and finger exten
sors, especially on the nondominant side. 
The two exceptions to this relationship 
were batting a baseball and driving a golf 
ball. Then, the extensors on the nondom
inant side showed more electrical activity 
than did the brachioradialis. 1 3 

Brachioradialis 
Reports on the funct ion of this m u s c l e 

began wi th misunders tanding and confu
sion, s o m e of w h i c h sti l l persists . Initially, 
this m u s c l e was n a m e d the " supinator 
l o n g u s , " on the assumpt ion that its pri
mary act ion was supinat ion of the forearm. 
D u c h e n n e demonstrated c lear ly by s t imu
lat ion studies that it funct ioned chief ly as a 
f lexor at the e l b o w , 2 2 w h i c h led to its pre
sent n a m e , brachioradia l i s . He also demon
strated that its s t imulat ion brought the 
forearm to a neutral pos i t ion from ei ther 
supinat ion or pronat ion. 

Authors agree that i t f lexes the forearm 
a t the e l b o w . 7 , 1 4 , 1 8 , 4 4 , 5 0 , 6 5 E lec tromyograph-

ical ly , 8 brachioradial is activity usual ly is 
reserved for speedy m o v e m e n t and the lift
ing of weight by flexing the elbow, espe
c ia l ly i f the forearm is in the neutral posi
t ion. However, n o n e of the e lbow flexors is 
used to counteract gravity w h e n a weight is 
h e l d in the dependent h a n d with the e lbow 
straight. 8 

T h e brachioradial is is also the c lassic 
example of a " shunt m u s c l e : " it is attached 
in s u c h a m a n n e r that its contract ion pre
vents separation of the e lbow joint by cen
trifugal force during rapid e lbow move
ment . In contrast , the b iceps brachi i and 
brachia l i s , "spurt m u s c l e s , " accelerate 
m o v e m e n t at the e lbow without counter
acting distract ion of the e lbow joint. 

In agreement with D u c h e n n e , 2 2 textbooks 
generally state that the brachioradialis re
turns the forearm to mid-position from 
pronation or supination. 7 , 4 4 , , 6 5 However, 
C lemente 1 4 makes no mention of this func
tion, and Lockhart 5 0 states that the brachiora
dialis is never a pronator or supinator of the 
forearm (which is true only w h e n starting in 
the neutral posit ion). In a 1957 study that 
employed bipolar needle electrodes inserted 
into the middle of the muscle , Basmajian 
and Lati f 1 0 reported that the brachioradialis 
could assist either pronation or supination, 
but only w h e n these motions were resisted. 

In an E M G study of two sub jec ts , 6 4 a 
m o n o p o l a r needle e lectrode recorded elec
trical act ivity of the brachioradial is only 
during res is ted pronat ion, and not during 
res is ted supinat ion. T h i s agrees with 
Duchenne ' s early observat ion 2 2 that the 
m u s c l e acted more as a pronator than as a 
supinator, and with Hol l inshead's conc lu
s i o n 3 9 that i t probably provides l imited as
s is tance in pronat ion, but l i tt le, i f any as
s is tance in supinat ion. T h e muscle ' s use for 
supinat ion may vary among individuals be
cause of variat ions in its distal at tachment. 

During typewriting (by subjects who 
demonstrated no resting EMG activity) 
there was no difference in brachioradialis 
electrical activity whether the elbow was 
bent at an acute angle, at a right angle, or 
at an obtuse angle. 5 1 Elevation of the 
typewriter does not create a problem for 
this muscle, but it does for the shoulder 
muscles. 
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During simulated car driving, 4 0 the bra
chioradialis and brachialis muscles 
worked nearly synchronously when most 
subjects turned the steering wheel to the 
side contralateral to the muscles. A few 
subjects apparently did not use these 
muscles when driving. 

The wrist-deviating local twitch re
sponse (LTR) observed during examina
tion of the brachioradialis for TrPs, and 
the kinds of activities that cause TrPs in 
this muscle, indicate that in some indi
viduals the deepest layer may function to 
radially deviate the wrist. This movement 
likely depends upon its variable attach
ment, occasionally, to the scaphoid, na
vicular, or third metacarpal bones. 6 This 
attachment also could make the corre
sponding muscle fibers more vulnerable 
than the rest of the muscle to overload. No 
reference to this action was found in the 
literature. It is difficult to unambiguously 
distinguish by palpation the deep bra
chioradialis fibers from those of the un
derlying extensor carpi radialis longus, 
the primary source of this wrist-deviating 
movement. 

5. FUNCTIONAL UNIT 
Hand Extensors 

For extens ion of the h a n d at the wrist , 
the extensor carpi radialis longus is syner
gistic wi th the extensor carpi radial is bre
vis, the extensor carpi ulnaris , and the fin
ger extensors. 

For radial deviat ion of the h a n d , the ex
tensores carpi radial is m u s c l e s are syner
gistic with the flexor carpi radial is . For ul
nar deviation, the extensor and flexor carpi 
ulnaris musc les are s imilar ly synergist ic . 

During f lexion of the h a n d at the wrist , 
e lectromyographical ly, the extensor carpi 
ulnaris was observed to funct ion as the pri
mary antagonis t . 1 0 

During the grasping of an object , the 
wrist extensors act synergist ical ly to pre
vent the f lexion of the wrist that the extrin
sic f inger f lexors w o u l d otherwise produce . 

Brachioradialis 

Kinesiological ly , synergists w i t h the 
brachioradia l i s m u s c l e are the b i c e p s 
brachi i and brach ia l i s m u s c l e s . However , 

in terms of TrP p h e n o m e n a , the b r a c h i o 
radia l is i s m o r e c l o s e l y assoc ia ted w i t h 
the ex tensores carpi radia l is longus a n d 
brevis , the ex tensor dig i torum, a n d 
supinator m u s c l e s . T h e s e m u s c l e s b e 
c o m e a f u n c t i o n a l uni t during s i m p l e 
grasp or during c o m b i n e d forearm rota
t ion and grasp wi th the wris t c o c k e d (held 
in e x t e n s i o n ) . 

6. SYMPTOMS 
It is difficult to sharply del ineate w h i c h 

symptoms are c a u s e d by the radial h a n d 
extensors and w h i c h are c a u s e d by the bra
chioradial is w h e n more than one m u s c l e i s 
involved. Trigger points in these m u s c l e s 
can produce dysfunct ion in the form of 
l imi ted m o v e m e n t and/or weakness , as 
wel l as pain . 

Pain, as descr ibed in Sec t ion 1, is a major 
complaint . T h e pain is l ikely to appear f irst 
in the lateral epicondyle , and then spread to 
the wrist and hand. T h e epicondylar pain, 
often diagnosed as " tennis e l b o w " or lateral 
epicondyl i t is , is frequently a composi te 
pain that m a y originate in the supinator, the 
extensor carpi radialis longus , 2 1 and/or the 
extensor digitorum musc les . With involve
ment of the latter two musc les , patients 
compla in of pain w h e n they attempt a f irm 
grip wi th the hand in ulnar deviation, such 
as shaking hands to greet someone . Pain is 
more l ikely to be felt i f forceful supination 
or pronation are added to the grasp, as w h e n 
turning a doorknob, or using a screwdriver . 3 3 

Weakness of the grip during these m o v e 
ments m a y be p r o n o u n c e d , so that ob jects 
tend to s l ip out of the h a n d , part icular ly 
w h e n the m o v e m e n t deviates the wrist u l -
narward, further we a ke ning the grip. 
Weakness of the grip results in , for exam
ple , letting the head of the tennis racquet 
drop, loss of control w h e n pouring m i l k or 
ju i ce from a carton, or loss of control w h e n 
drinking coffee just as the cup reaches the 
l ip and is t ipped to drink. T h e m u s c l e s act 
as if the grasp is reflexly inh ib i ted by TrP 
activity in the s imul taneous ly contract ing 
extensors . An auto inhib i t ion of the exten
sors also may occur, l ike that seen w h e n 
TrPs in the vastus media l i s m u s c l e cause 
buckl ing of the knee instead of pain . 
Ivanichev has s h o w n that TrPs in the ex 
tensors can produce loss of coordinat ion 
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and increased fatiguabil i ty during repeti 
t ive h a n d f lexion and e x t e n s i o n . 3 7 Weak
ness of the grip is aggravated w h e n the pa
tient wi th TrPs grasps a large object . 
However , TrPs in these extensor m u s c l e s 
cause no prob lem in using sc issors , 
whereas TrPs in the f inger f lexors do cause 
a problem. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Myofasc ia l TrPs are act ivated in the ex
tensor carpi radial is longus and brevis and 
in the brachioradia l i s m u s c l e s by repeti t ive 
forceful handgrip . T h e larger the ob ject be 
ing grasped, and the greater the u lnar devi
ation of the h a n d , the more l ikely the m u s 
c les are to develop TrP. 

T h e fol lowing examples i l lustrate h o w 
patients have act ivated TrPs in these m u s 
c les : execut ing a o n e - h a n d tennis back
h a n d wi th the h e a d of the tennis racquet 
dropped ( s e e Fig. 3 6 . 6 ) , weeding wi th a 
t rowel , ex tens ive handshaking , scraping 
ice off the w i n d s h i e l d wi th a scraper, 
met i cu lous i roning of c lo thes , frisbee-
throwing over a prolonged per iod, and re
peatedly lifting a heavy large paperweight 
to test for m u s c l e s o r e n e s s . 2 7 T h i s latter ac
tivity provides an e x a m p l e of the t e n d e n c y 
to test a m u s c l e (already sore wi th TrPs) by 
repeatedly activating it. T h i s t e n d e n c y to 
test the m u s c l e c o m e s partly from the h o p e 
that i t is better and w o n ' t hurt anymore , 
a n d part ly from the mis taken idea that ex
ercis ing it in a painful w a y wi l l he lp it to 
recover. T h i s att itude s tems from the " N o 
Pain , No G a i n " phi losophy, w h i c h c lear ly 
does N O T apply to TrPs. Voluntari ly con
tracting m u s c l e s repeatedly to the point of 
pa in tends to h inder recovery, not he lp it. 

T h e s e act ivit ies cause referred e lbow 
pain that is f requently ca l led " t e n n i s el
b o w . " T h e m u s c l e s around the e lbow that 
cause this lateral ep icondylar pa in are 
l ike ly to develop TrPs in approximate ly the 
fol lowing sequence : (1) supinator, (2) bra
chioradia l i s , (3) extensor carpi radial is 
longus , (4) extensor digitorum, (5) t r iceps 
brachi i , (6) the a n c o n e u s , and (7) the bi 
ceps and brachia l i s together. 

Key TrPs in the sca lene m u s c l e s can in
duce satel l i te TrPs in extensor carpi radi

alis or extensor carpi ulnaris musc les . In 
addit ion, key TrPs in the supraspinatus can 
cause satell ite TrPs in the extensor carpi ra
dial is , and key TrPs in the serratus poste
rior superior can induce satellite TrPs in 
the extensor carpi u lnar i s . 3 4 

T h e supinator m u s c l e usual ly becomes 
involved with the brachioradial is , and vice 
versa. O n e patient , whi le paddling a canoe, 
developed lateral epicondylar pain due to 
TrPs in the brachioradial is of the nondom-
inant forearm. There was less severe in
volvement of the extensor carpi radialis 
m u s c l e s , but no involvement of the supina
tor. T h i s was an unusual combinat ion. 

Lange 4 7 observed that "writer's c r a m p " 
due to Myogelosis was more likely to in
volve the brachioradialis and forearm ex
tensor muscles than the antagonistic flexors. 

T h e extensor carpi ulnaris , w h i c h is sel
dom required to support a load against 
gravity, rarely develops TrPs. Its involve
m e n t is usual ly secondary to gross trauma, 
such as fracture of the ulna , or as part of a 
" f rozen s h o u l d e r " syndrome w h e n most of 
the shoulder m u s c l e s and m a n y of the el
b o w musc les develop TrPs. A "frozen 
s h o u l d e r " can fol low dis locat ion of the 
shoulder joint , prolonged immobil izat ion 
of the arm in a cast, or surgery on struc
tures around the shoulder or the elbow 
joint ( s e e Chapter 2 6 , Sec t ion 11) . 

8. PATIENT EXAMINATION 
Range of m o t i o n of the joints crossed 

by these m u s c l e s should be tested in all 
p lanes . During range of mot ion testing, 
the shortening due to TrP tens ion is re
vea led by tens ion or l imitat ion of move
m e n t w h e n the m u s c l e i s lengthened 
through a c o m b i n a t i o n of the stretch posi
t ion of all of the joints that i t crosses . With 
the e l b o w p l a c e d in full ex tens ion and 
wi th the forearm pronated, wrist f lexion 
and ulnar deviat ion of the h a n d may re
veal res tr ic t ion in stretch length due to 
TrP tens ion of the extensor carpi radialis 
longus or brevis. F l e x i o n wi th radial devi
at ion at the wrist can reveal restr ict ion in 
s tretch range of m o t i o n of the (less fre
quent ly involved) extensor carpi ulnaris, 
part icular ly w h e n forearm supinat ion is 
added to the test m o v e m e n t . T h e patient 
wi th TrPs often wi l l point to a part icular 
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area and volunteer the in format ion that i t 
hurts or feels tight there. That area is a 
good locat ion to e x a m i n e for TrPs (spe
cif ic examinat ion is descr ibed in the next 
sect ion) . 

Trigger point invo lvement of the exten
sor group of m u s c l e s in the forearm, 
w h i c h inc ludes the radial and ulnar h a n d 
extensors , the f inger extensors and the 
brachioradia l is , can be tested wi th the 
Handgrip Test as fo l lows: the pat ient first 
posi t ions his h a n d in ex tens ion wi th ra
dial deviat ion at the wrist in the n o r m a l 
hand-shake posi t ion, and then squeezes 
the examiner 's hand . W h e n the h a n d ex
tensors have TrPs, and the pat ient at
tempts to grasp wi th the wrist e x t e n d e d , 
placing the extensors in a shortened posi 
t ion, the effort is painful . At tempts to 
grasp wi th the wrist f lexed also are 
painful , and are even more w e a k e n e d than 
w h e n the wrist is ex tended . 

Ident i f i ca t ion o f the i n v o l v e d m u s c l e 
i s c o n f i r m e d by e l i c i t ing referred pa in 
w h e n the m u s c l e i s pass ive ly s t r e t c h e d 
and w h e n i t i s ac t ive ly l o a d e d in the 
shor tened pos i t ion . M a c d o n a l d 5 2 re
ported that pass ive ly s t re tch ing an in
vo lved ex tensor carpi u lnar i s m u s c l e by 
f lexing and abduct ing the h a n d at the 
wrist c a u s e d pa in , as d id loading the 
m u s c l e by ac t ive ly res is t ing the pat ient ' s 
effort to e x t e n d and a d d u c t the h a n d at 
the wrist . In addi t ion , tes t ing for the 
strongest LTR h e l p s to ident i fy w h i c h 
m u s c l e harbors the mos t ac t ive TrPs. T h e 
pat ient s h o u l d be p o s i t i o n e d so that the 
TrP can be s t imula ted by s n a p p i n g pa lpa
t ion and that a t w i t c h r e s p o n s e c a n t h e n 
be seen or felt. 

T h e TrP origin of the pain is conf i rmed 
by the Compression Test. T h e test is per
formed by strongly and widely compress 
ing the extensor mass of m u s c l e s b e l o w the 
elbow in a p incer grasp w h i l e conduct ing 
the Handgrip Test. Th is pressure often 
el iminates the pain response ; re lease of 
pressure restores the pain during the hand
grip. A similar effect may somet imes be ob
tained by f irmly p inching the skin over the 
musc le mass . 

Tapping the lateral ep icondyle wi th the 
fingertip is l ikely to demonstrate referred 
tenderness over the distal half of the epi

condyle i f act ive TrPs are in the ex tensor 
carpi radial is longus, and/or the brachiora
dial is , and/or the supinator m u s c l e s . A l l o f 
these m u s c l e s are at tached direct ly or indi 
rect ly through fascia to the lateral epi
condyle . Triceps TrPs are located in the 
arm prox imal to the lateral e p i c o n d y l e , and 
w h e n they refer pain and tenderness to it, 
the tenderness appears m a i n l y in the prox
imal half of the lateral ep icondyle . Tender
ness over the e p i c o n d y l e can be due to the 
enthesopathy of a t tachment TrPs. 

Fo l lowing inact ivat ion of the TrPs in 
each of these m u s c l e s by treatment , these 
tests no longer evoke referred pain, deep 
tenderness or LTRs. 

Kendal l , e t a l . 4 4 i l lustrate and descr ibe 
strength testing of the extensor carpi radi
alis m u s c l e s by resist ing the patient 's at
tempt to ho ld the wrist ex tended in the ra
dial direct ion w h i l e a l lowing the f ingers to 
flex. Both m u s c l e s are tested wi th the e lbow 
extended. T h e brevis a lone can be tested 
wi th the e lbow f lexed, a pos i t ion w h i c h 
makes the longus less ef fect ive because i t is 
shortened. T h e extensor carpi ulnar is i s 
tested by the e x a m i n e r resist ing the pa
tient 's at tempt to ho ld the wrist ex tended in 
the ulnar direct ion. In this s i tuation, e lbow 
f lexion is not an issue. 

I f any of the e lbow or wrist art iculat ions 
that are crossed by the m u s c l e under con
siderat ion lack normal jo int play, inact iva
t ion of the TrPs a lone wi l l usual ly not sat
isfactori ly rel ieve the patient 's sym pt o m s . 
Th is c o m m o n type of jo int dysfunct ion can 
be readi ly identi f ied and can be corrected 
as descr ibed by M e n n e l l . 5 6 

9. TRIGGER POINT EXAMINATION 
(Figs. 34.5 and 34.6) 

Gerwin et a l . 2 8 e s tab l i shed that the 
mos t re l iable cr i ter ia for making the diag
nos is of myofasc ia l TrPs are the detec t ion 
of a taut b a n d , the p r e s e n c e of spot ten
derness , the p r e s e n c e of referred pa in , 
and r e p r o d u c t i o n of the pat ient 's sympto
m a t i c pa in . A l t h o u g h agreement on the 
p r e s e n c e of an LTR was not good for s o m e 
m u s c l e s , i t was h igh for the m i d d l e f inger 
extensor ; the m u s c l e s covered in this 
chapter are s imi lar ly superf ic ia l and 
s h o u l d be of s imi lar diff iculty. In addi
t ion, i f the tender region of the TrP feels 
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l ike a n o d u l e in the taut b a n d , that is a di
agnost ic sign of a TrP. 

Hand Extensors 
(Fig. 34.5) 

T h e centra l TrPs in the ex tensor carpi 
radialis longus are found in the forearm at 
near ly the s a m e d is tance from the e l b o w as 
are the TrPs in the brachioradia l i s m u s c l e , 
but in the ex tensor longus they are c loser 
to the u lna . T h e re laxed , suppor ted fore
arm is e x a m i n e d by deep p i n c e r pa lpat ion , 
w i t h the h a n d hanging d o w n over the edge 
of the support surface and the e lbow 
f l exed about 30° (Fig. 3 4 . 5 A ) . An LTR from 
the ex tensor carpi radial is longus m u s c l e 
produces strong radial a b d u c t i o n of the 
h a n d a n d s o m e e x t e n s i o n a t the wrist . A c 
t ive TrPs are f o u n d m o r e often in the ex 
tensor longus than in the brevis . 

Central TrPs in the extensor carpi radi
alis brevis are located in the m u s c l e mass 
on the u lnar s ide of the brachioradia l is 
m u s c l e , distal to those in the longus (Fig. 
3 4 . 5 B ) . T h e s e extensor brevis TrPs l ie 5 or 
6 cm (a full 2 in) distal to the crease at the 
elbow. T h e m u s c l e m a y b e e x a m i n e d b y 
flat palpat ion against the radius and 
snapped transversely to e l ic i t its LTR, 
w h i c h produces h a n d ex tens ion wi th 
slight radial deviat ion at the wrist (Fig. 
3 4 . 5 B ) . Al though LTRs are relat ively easy 
to e l ic i t in these m u s c l e s and are a valuable 
conf i rmat ion sign, they are not cons idered 
an essent ia l f inding to m a k e the diagnosis 
of a TrP. 

T h e extensor carpi ulnaris can be located 
w h e n i t stands out c lear ly from the other 
forearm m u s c l e s as the pat ient vigorously 
spreads the f ingers . T h e TrP tenderness is 
found by flat palpat ion 7 or 8 cm (about 3 
in) distal to the lateral e p i c o n d y l e and 2 or 
3 cm (about 1 in) from the sharp edge of the 
u lna toward the dorsal surface of the fore
arm (Fig. 3 4 . 1 A ) . An LTR e l ic i ted wi th the 
h a n d hanging down, re laxed , causes u lnar 
deviat ion of the h a n d (Fig. 34 .5C) . 

Brachioradialis Muscle 
(Fig. 34.6) 

F o r palpat ion of TrPs in this m u s c l e , the 
pat ient sits comfortably wi th the forearm 
resting on a padded armrest , and with the 

e lbow slightly bent . T h e brachioradial is 
m u s c l e is he ld in a p incer grasp between 
the t h u m b and f ingers (Fig. 34 .6) . For in
jec t ion purposes , it is useful to distinguish 
TrPs that l ie in the deepest brachioradial is 
f ibers (which usual ly have no effect on 
wrist mot ion) from those in the underlying 
extensor carpi radial is longus f ibers , w h i c h 
always radial ly deviate and extend the 
wrist ; the superficial (sensory) branch of 
the radial nerve passes be tween these two 
m u s c l e s . W h e n the patient attempts to flex 
the forearm against res is tance , particularly 
w h e n the e lbow is he ld at 90° of f lexion, 
the brachioradial is stands out. Using pin
cer palpat ion, an examiner frequently can 
enc i rc le the m u s c l e wi th the digits and 
separate it from the underlying extensores 
carpi radial is longus and brevis . TrPs are 
usual ly found only in the deep part of the 
brachioradial is m u s c l e . Compress ion of 
these act ive TrPs often evokes their charac
terist ic referred pain pattern, primari ly to 
the dorsal w e b be tween the thumb and in
dex f inger (Fig. 34 .2 ) . 

10. ENTRAPMENT 
T h e extensor carpi radialis brevis mus

c le may entrap parts of the radial nerve in 
ei ther of two ways (Fig. 3 4 . 3 B and C): 

1 If the bridge of fascia between the proxi
mal attachments of the muscle has devel
oped a th ickened margin, this hard edge 
may impinge on the deep radial nerve 
(forcibly w h e n the forearm is fully 
pronated) , 6 9 as the nerve passes beneath it 
to penetrate the supinator m u s c l e . 2 7 , 2 9 , 3 8 , 4 5 

2 If, as somet imes happens , the sensory 
fibers b r a n c h from the motor fibers dis
tal to this bridge of fascia, the sensory 
branch must penetrate the substance of 
the extensor carpi radial is brevis to re
sume its normal course . 

T h e f irst type of entrapment is less 
l ikely to be due to TrP tautness of the ex
tensor carpi radialis brevis than is the sec
ond. T h e f irst type also is more l ikely to 
cause symptoms during forceful pronation 
by exerting direct pressure on the deep ra
dial nerve. Normally, this f irst entrapment 
produces only motor weakness of the mus
cles innervated by that nerve. T h e s e mus-

Copyrighted Material



Figure 34.5. Examination for trigger points in the hand 
extensor muscles, indicating the effect of local twitch 
responses, which deviate the hand from its rest position 
(dotted lines). A, extensor carpi radialis longus, causing 
radial deviation of the hand. B, extensor carpi radialis 
brevis, producing extension of the hand at the wrist. C, 
extensor carpi ulnaris, evoking ulnar deviation of the 
hand. 
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Figure 34.6. Examination of the trigger point area in 
the brachioradialis muscle. The muscle is held in a 
deep pincer grasp over the radius, approximately 2 
cm (nearly 1 in) distal to the antecubital crease. 

cles i n c l u d e the fol lowing extensors : the 
indic i s , pol l i c i s longus, pol l i c i s brevis , 
carpi ulnar is , digi torum, and digiti m i n i m i ; 
i t also inc ludes the abductor pol l i c i s 
longus. 

T h e s e c o n d m e c h a n i s m entraps only the 
superf ic ial (sensory) b r a n c h of the radial 
nerve w h e n i t penetrates the be l ly of the 
extensor carpi radial is brevis m u s c l e (Fig. 
3 4 . 3 C ) . 4 5 In the presence of this anatomica l 
variat ion, c o m p r e s s i o n of the nerve by taut 
bands assoc ia ted wi th act ive TrPs in the 
extensor carpi radial is brevis can cause 

purely sensory neuropraxia with n u m b 
ness and tingling over the dorsum of the 
t h u m b and h a n d , but no motor symptoms 
unless the f i rs t entrapment m e c h a n i s m is 
also present . T h i s sensory entrapment was 
conf irmed surgical ly in four pat ients . 4 5 

Other m e c h a n i s m s may cause entrap
ment symptoms of the radial nerve (see 
Chapter 36 , Sec t ion 10) . Patients with en
trapment of the deep radial nerve due to 
TrP activity of the supinator musc le as the 
nerve penetrates the m u s c l e can present 
wi th referred pain due to the TrPs and 
with motor weakness due to the nerve 
compress ion . Both are rel ieved by pro
ca ine in jec t ion of the TrPs . 4 3 Tumor en
trapment of the deep radial nerve in this 
region is pain-free and the motor symp
toms are rel ieved by surgical exc is ion of 
the tumor . 2 9 

Parenthet ical ly , entrapment of the recur
rent (epicondylar) branch of the radial 
nerve be tween the extensor brevis musc le 
and the h e a d of the radius, w h i c h is some
t imes b l a m e d for the aching pain of " tennis 
e l b o w , " 4 5 w o u l d be more l ikely to produce 
n u m b n e s s and paresthesias than aching 
pain and deep tenderness , w h i c h is char
acterist ic of myofasc ia l TrP activity. In the 
patients seen by the authors, epicondylar 
pain is most frequently referred from TrPs 
in the surrounding m u s c l e s , and is rarely 
of neuri t ic origin. 

Cubital tunnel syndrome is considered 
the s e c o n d most c o m m o n entrapment neu
ropathy after carpal tunnel s y n d r o m e . 2 6 

T h e tunne l begins distal to the postcondy-
lar groove around w h i c h the ulnar nerve 
courses . T h e roof of the tunnel is an 
aponeurot ic arch (the arcuate l igament or 
h u m e r o u l n a r arcade) that bridges the two 
heads of the f lexor carpi ulnaris musc le . In
creased tens ion of that m u s c l e ( including 
e lbow f lexion) narrows the tunnel by 
pul l ing on the aponeurot ic arch of the 
m u s c l e . 7 1 Compromise of that segment of 
the u lnar nerve can be identif ied electrodi-
agnost ical ly by short segment st imula
t i o n . 4 1 Trigger point tens ion on this attach
m e n t is l ikely a contributor at t imes to 
ulnar nerve compress ion at this locat ion, 
and this source of tens ion is readily cor
rected. T h i s l ike l ihood deserves a com-

Copyrighted Material



Chapter 34 / Hand Extensor and Brachioradialis Muscles 7 0 5 

bined electrodiagnost ic TrP identi f icat ion 
and TrP treatment research study to deter
mine h o w c o m m o n l y TrP tens ion con
tributes to cubital tunnel syndrome. 

11. DIFFERENTIAL DIAGNOSIS 
Differential diagnoses inc lude la teral 

epicondylitis ( tennis e lbow) , C 5 -C 6 radicu
lopathy with TrP involvement of the bra
chioradial is m u s c l e , and C 7 or C 8 radicu
lopathy wi th TrP involvement of the wrist 
extensors. Frequent ly there is c l in ica l mis 
diagnosis and confus ion be tween c a r p a l 
tunnel syndrome and referred pain from 
myofascial TrPs in the h a n d extensor m u s 
cles and brachial is . T h e patient may have 
both condi t ions , and symptoms wil l per
sist until the TrP c o m p o n e n t also is ad
dressed. Electrodiagnost ic testing and ex
aminat ion for TrPs should resolve the 
issue. 

T h e differential diagnosis of lateral epi
condyli t is (tennis elbow) wi th regard to 
TrPs is covered thoroughly in Chapter 3 6 , 
Sect ion 1 1 . 

Articular dysfunctions associated wi th 
wrist extensor TrPs are volar subluxat ion 
of carpal bones and, occasional ly , distal ra
dioulnar joint dysfunct ions . 

T h e pain and tenderness that is referred 
from myofascial TrPs to the dorsum of the 
hand and wrist , especia l ly in the region of 
the base of the t h u m b , may easi ly be mis 
taken for tenosynovitis (de Quervain's dis
ease), w h i c h presents s imilar s y m p t o m s . 7 0 

In both condi t ions , the pain is aggravated 
by either loading or stretching the involved 
tendons and musc les . Palpat ion of the ex
tensores carpi radial is and brachioradia l is 
muscles for TrPs that reproduce the pa
tient's pain largely establ ishes the myofas
cial TrP diagnosis . However, this finding 
does not exc lude the addit ional diagnosis 
of coexisting tenosynovit is unti l myofas
cial treatment has been successful . 

The wrist pain and tenderness arising 
from the hand extensor musc les can be 
mistaken for ar thri t is . 6 2 On the other h a n d , 
arthritic wrist pain may be aggravated by 
referred myofascia l pain from these m u s 
cles ; the cause of the TrP c o m p o n e n t of the 
pain can be e l iminated. T h e osteoarthrit ic 

wear-and-tear changes m a y be only c o i n c i 
dental , and not the cause of the pat ient 's 
pain. 

Related Trigger Points 

Myofasc ia l TrPs frequently occur both 
in the extensores carpi radial is and bra
chioradial is m u s c l e s ; invo lvement of ei
ther is l ikely to be associated wi th TrPs in 
the extensor digitorum and supinator m u s 
c les . Myofasc ia l TrPs are rarely observed in 
the extensor carpi ulnaris wi thout at least 
one TrP in the neighboring paral lel exten
sor digitorum m u s c l e . 

TrPs in the brachioradia l is often de
velop secondary to TrPs in the supinator 
and extensor carpi radial is longus m u s c l e s . 
Involvement then spreads to the long ex
tensors of the f ingers, espec ia l ly to the 
m i d d l e and ring f ingers . T h e distal lateral 
end of the media l h e a d of the tr iceps 
brachi i , prox imal to the lateral e p i c o n d y l e , 
also m a y develop associated TrPs. T h e s e 
TrPs refer pa in to the lateral ep icondyle . 

12. TRIGGER POINT RELEASE 
(Figs. 34.7 and 34.8) 

In addit ion to the spray and stretch tech
n ique descr ibed in detail here , the other 
m a n u a l release t echniques descr ibed in 
Chapter 3 , S e c t i o n 12 are also effect ive. 
Trigger point pressure release is s i m p l e 
and effect ive for these m u s c l e s . I t can be 
per formed with the m u s c l e s in a posi t ion 
of ease (not s tretched) , and can be c o m 
b i n e d wi th other t echniques s u c h as posti
sometr ic re laxat ion and the use of rec ipro
cal inhib i t ion . T h e s e other m a n u a l 
t echniques often can be c o m b i n e d wi th 
spray and stretch by starting wi th a pre-
spray step, or by stroking wi th ice in the 
m a n n e r descr ibed for spray. 

Spray and Stretch 
(Fig. 34.7) 

Hand Extensors. Bo th the extensores 
carpi radial is longus and brevis m u s c l e s 
are s tretched wi th the pat ient e i ther seated 
or supine , wi th the forearm ex tended at the 
elbow, and wi th the h a n d pronated and 
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s lack e l iminated by f lexing the h a n d at the 
wrist (Fig. 3 4 . 7 ) . During this m u s c l e re
lease , the vapocoolant spray is appl ied in 
paral lel sweeps over the m u s c l e from the 
h u m e r u s to the h a n d , covering the epi
condyle and distal referred pain areas in 
the wrist . M u s c l e s wi th associated trigger 
points (TrPs), the brachioradia l i s , f inger ex
tensors and supinator, also must be re

leased and can be inc luded along with this 
spray-and-stretch procedure . 

T h e extensor carpi ulnaris is released by 
flexing the wrist and moving the hand to
ward radial deviat ion without particular 
c o n c e r n for e lbow extension. Sweeps of the 
spray are appl ied in a distal direct ion, cov
ering the m u s c l e from the lateral epi
condyle to the ulnar styloid process , in-

Figure 34.7. Stretch position and spray pattern (arrows) for trigger points (Xs) in the hand extensor muscles. 
The more radial "X" identifies the region of an extensor carpi radialis brevis central trigger point. The ulnar "X" 

locates an extensor carpi ulnaris trigger point near its proximal musculotendinous junction. 
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eluding the reference zone at the wrist . As 
the spray is appl ied, the c l in ic ian takes up 
s lack in the musc le as it develops . 

These musc les can also be lengthened by 
post isometric re laxat ion c o m b i n e d with 
reciprocal inhibi t ion. T h e examiner resists 
the patient 's gentle contract ion of the wrist 
extensors (or it can be resisted by gravity) as 
the patient takes in a deep breath; then as 
the patient s lowly breathes out and relaxes 
completely, the hand is a l lowed to drop 
into f lexion. T h e pat ient then act ively 
flexes the wrist further and deviates i t in the 
direction that wil l take up addit ional s lack 
in the part icular m u s c l e under stretch. 

Moist heat is appl ied to the m u s c l e s be 
ing treated and then the patient moves the 
hand slowly to produce 3 cyc les of full 
range of motion. 

Brachioradialis (Fig. 34.8). T h e pat ient 
is seated comfortably in a re laxed posi t ion 
with the forearm extended at the e lbow 
and the e lbow resting on a padded support . 
The operator holds the patient 's f ingers 
(not hand) so the referred pain zone is ex
posed to vapocoolant . Ful l extens ion of the 
forearm at the e lbow is the primary move
ment to release the brachioradial is . How
ever, pronation of the forearm c o m p a r e d to 
the neutral posi t ion provides addit ional 
stretch by moving the proximal and distal 
at tachments farther apart. T h e spray is ap
pl ied as in Figure 34 .8 . After covering the 
TrP area, the proximal-to-distal spray pat
tern detours to cover the lateral epi
condyle , then sweeps over the forearm to 
cover the dorsum of the h a n d and dorsal 
web between the thumb and the i n d e x f in
ger. Trigger point pressure can be appl ied 
during the stretch. 

13. TRIGGER POINT INJECTION 
(Figs. 34.9 and 34.10) 
Hand Extensors 
(Fig. 34.9) 

For in jec t ion of the h a n d ex tensors , the 
pat ient l ies supine wi th the arm rest ing on 
a pi l low, or other support . S i n c e all three 
h a n d extensor m u s c l e s are re lat ively su
perf ic ia l , palpat ion can prec i se ly loca l ize 
their trigger points (TrPs) for in jec t ion . 
T h e operator f ixes the ex tensor carpi radi
alis longus TrP b e t w e e n the i n d e x and 

Figure 34.8. Stretch position and spray pattern (ar
rows) for a central trigger point (X) in the brachioradi
alis muscle. The forearm is placed in pronation, and 
the elbow is extended against a padded surface to 
avoid medial rotation at the shoulder. Sweeps of the 
vapocoolant cover the muscle in the forearm and its 
referred pain patterns: first, the lateral epicondyle, and 
second, the dorsum of the hand and the web space 
between the thumb and index finger. Refer to text for 
additional details. 

m i d d l e f ingers a n d in jec ts i t as s h o w n in 
F igure 3 4 . 9 A . T h e e n d p l a t e z o n e i s ex 
p e c t e d to cross the m u s c l e a p p r o x i m a t e l y 
m i d b e l l y (Table 3 4 . 1 ) . T h e e x t e n s o r carpi 
radia l is brevis TrP m a y be 3 or 4 cm (about 
1 1 / 2 - in ) m o r e distal than the longus TrP, 
a n d its endpla te z o n e c a n be e x p e c t e d to 
run near ly long i tudina l ly mos t o f the 
length o f the m u s c l e b e l l y (Table 3 4 . 1 ) . 

For in jec t ion of the extensor carpi ul
naris , the patient 's arm is p laced wi th the 
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Figure 34.9. Injection technique for two central trigger points. A, in the extensor carpi radialis 
longus muscle. The brachioradialis muscle is displaced to the radial side by the index 

finger. B, in the extensor carpi ulnaris muscle. 

lateral ep icondyle uppermost (Fig. 3 4 . 9 B ) . 
T h e TrP is located and one f inger p laced 
b e t w e e n the hard edge of the u lna and the 
nodule in the m u s c l e , and the other f inger 
is p laced on the other s ide of the n o d u l e 
stabi l izing its posi t ion for in jec t ion. 

In all three m u s c l e s these TrPs, w h e n 
i m p a l e d by the n e e d l e , general ly respond 
wi th obvious LTRs and character is t ic re
ferred pain patterns. After in jec t ion , 
stretch and spray are appl ied as descr ibed 
above, fo l lowed by a hot pack , and then 
full act ive range of m o v e m e n t is performed 
s lowly three t imes . 

C y r i a x 2 1 descr ibed a s imilar t echnique 
for in ject ing an extensor carpi radial is 
m u s c l e wi th proca ine . R a c h l i n 6 0 i l lustrates 
a loca t ion for the in jec t ion of a central TrP 
in the extensor carpi radial is brevis . He 
also i l lustrated a locat ion for in ject ing an 

a t tachment TrP in the extensor carpi radi
alis longus and one in the extensor carpi 
ulnaris m u s c l e . 

Cl in ica l e x p e r i e n c e 3 5 has shown that 
in ject ing a local anesthet ic ( l idocaine 
wi thout steroid) into the at tachment TrP 
region at the proximal tendinous attach
ment of the extensor carpi radialis longus 
rel ieved not only the lateral epicondyl i t is 
(tennis e lbow) symptoms but also in
act ivated the central TrP in that musc le 
that was responsible for the enthesopa-
thy. Apparent ly there was an important 
neural feedback m e c h a n i s m from the at
tachment TrP that perpetuated the central 
TrP. A wel l -des igned prospect ive research 
study is needed to validate this observa
t ion and explore the nature of the feed
b a c k loop that appears to be involved. 
S y m p t o m s of epicondyl i t i s are a c o m m o n 
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complaint , the etiology of w h i c h is poorly 
established at present. 

Brachioradialis 
(Fig. 34.10) 

T h e forearm of the supine patient is sup
ported slightly f lexed at the e lbow with the 
forearm pronated. T h e m u s c l e may be in
jected by holding the TrP in a p incer grasp 
between the finger and t h u m b , as in Figure 
34 .6 , or by using flat palpat ion, as in Figure 
34 .10 . T h e endplate zone (where TrPs oc
cur) would be expected to run nearly trans
versely across the midbe l ly port ion of the 
musc le (Table 34 .1 ) . 

W h e n referred pain is evoked in the 
base of the t h u m b by a deep in ject ion in 
the proximal forearm, the TrP may l ie ei
ther in the brachioradial is or in the under
lying supinator. T h e fact that the sensory 
branch of the radial nerve may be tem
porarily b locked by the local anesthet ic 
during this procedure should be expla ined 
in advance to the patient . 

Rachl in . 6 0 i l lustrates in ject ion of a cen
tral TrP in the brachioradial is m u s c l e . 

14. CORRECTIVE ACTIONS 
(Fig. 34.11) 

Hand Extensors 
The patient with active TrPs in the radial 

hand extensors should avoid forceful activ
ity with the hand flexed or in ulnar devia
tion at the wrist. It may be helpful to adapt 
certain activities as fol lows: l iquid should 
be poured from a container by rotating the 
arm at the shoulder joint, instead of by devi
ating the hand at the wrist. W h e n playing 
tennis, the head of the tennis racquet should 
be angled up. W h e n greeting others for a pro
longed period in a receiving l ine, the hand 
should be offered with the palm facing up
ward, and the right and left hand alternated 
in shaking hands. If work requires stressful 
twisting motions , a wrist support that pre
vents hand flexion (Fig. 34 .11) can protect 
these extensor muscles from overload dur
ing the course of treatment and recovery. 

T h e patient can easi ly perform self-
stretch of these musc les in the sitting posi
t ion, with the involved forearm supported 
on the chair arm and with the h a n d 
dropped over the edge of the support . In

struct ions can be given to the pat ient for 
performing post isometr ic re laxat ion and 
for applying trigger point pressure re lease . 

Brachioradialis 
T h e pat ient should learn to avoid activ

it ies w h i c h aggravate brachioradia l is TrPs, 
s u c h as digging wi th a t rowel , prolonged 
shaking of h a n d s , and playing tennis wi th 
a racquet that is too heavy. If the activity 
must be pursued, then the pat ient should 
be encouraged to mainta in the wrist 
c o c k e d in extens ion wi th radial deviat ion. 
Th is i s espec ia l ly important w h e n playing 
tennis (see Fig. 3 6 . 6 ) . 

A strap support for the wrist , as s h o w n 
in Figure 3 4 . 1 1 , reminds the pat ient to ro
tate the h a n d from the shoulder and trunk, 
not at the wrist . 

T h e pat ient may be taught to self-stretch 
the brachioradia l is m u s c l e by placing the 

Figure 34.10. Injection of a central trigger point in the 
right brachioradialis muscle. The needle must reach 
the deepest fibers of the muscle to penetrate the tr ig
ger point. Note that the operator's index finger is now 
on the radial side of the brachioradialis muscle as 
compared to the ulnar side in Figure 34.9A. 
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Figure 34.11. The design and application of a wrist 
brace made of leather or heat-moldable plastic. The 
brace supports the bony thenar and hypothenar 
prominences to limit hand flexion at the wrist. This 
brace relieves the hand extensors of strain during 
forceful movements that combine grasp, pronation 
and/or supination by limiting flexion and, to some ex
tent, ulnar deviation at the wrist. It does not limit ex

tension. A, pattern of the brace. The outer strap por
tion is made of flexible leather. The inner piece is 
made of stiff material. B, volar view of the brace 
strapped into position. The dotted circles locate the 
pisiform bone and base of the first metacarpal, which 
must be covered to restrict hand flexion effectively. C, 
side view, demonstrating the limits of flexion and ex
tension permitted by the wrist brace. 

affected e lbow on a support , w h i l e seated 
as in Figure 3 4 . 8 . T h e arm must be h e l d lat
eral ly rotated at the shoulder so that the 
antecubita l space faces up. T h e other hand 
appl ies the external force to pronate the 
forearm on the involved side and to stretch 
the m u s c l e pass ively to reach the same po
si t ion as Figure 3 4 . 8 . 
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CHAPTER 35 

Finger Extensor Muscles: 
Extensor Digitorum and 

Extensor Indicis 

HIGHLIGHTS: REFERRED PAIN from the exten
sor digitorum is projected down the forearm to the 
back of the hand, and often to the fingers that are 
moved by the involved muscle fibers. Pain from 
the extensor indicis is felt most strongly at the 
junction of the wrist and the dorsum of the hand. 
Sometimes tenderness in the lateral epicondyle 
region of the elbow arises from trigger points 
(TrPs) in the extensors of the ring and little fingers. 
The thumb extensors seldom develop TrPs. 
ANATOMY: The tendinous expansions and their 
complicated connections to intrinsic hand mus
cles provide for an unusual interplay for finger 
movements. The interlacing variable fibrous bands 
of the extensor tendons to the fingers limit the 
specificity with which the extensor muscles can 
control individual finger movements. Those indi
vidual movements depend on lumbricals, interos-
sei, and individual finger flexor control. FUNC
TION of these finger extensors includes primarily 
extension of the fingers and of the hand at the 
wrist, and they provide a synergistic function to 
permit specific grasp functions of individual fin
gers. They make an essential contribution to force
ful finger flexion. SYMPTOMS may include, sepa
rately or in combination, pain, weakness, stiffness 
and tenderness of the proximal interphalangeal 
joints. Symptoms appear in the finger that corre

sponds to the involved portion of the extensor 
muscle group. ACTIVATION AND PERPETUA
TION OF TRIGGER POINTS commonly result 
from too forceful gripping activities, or repetitive 
finger movements. PATIENT EXAMINATION re
veals increased muscle tension, muscle weak
ness, and also pain when the patient attempts to 
grip an object strongly. TRIGGER POINT EXAMI
NATION demonstrates deep tenderness with cen
tral TrP characteristics distal to the lateral epi
condyle, in the midfiber portion of the extensor 
muscle mass. DIFFERENTIAL DIAGNOSIS in
cludes consideration of TrPs as the cause of 
symptoms identified as tennis elbow, key TrPs in 
other muscles, and in functionally related muscles 
that include the supinator, brachioradialis and ex
tensor carpi radialis longus muscles. TRIGGER 
POINT RELEASE is most effective if the extensors 
of the hand and fingers are treated as a group. 
Both the wrist and the fingers must be fully flexed, 
as the spray is applied in a proximal-to-distal pat
tern. TRIGGER POINT INJECTION of TrPs in the 
extensor group should employ a needle technique 
that also reaches any TrPs in the underlying 
supinator muscle. CORRECTIVE ACTIONS in
clude avoidance of unnecessary muscular strain 
and the use of a home-exercise program to 
achieve and maintain a full range of motion. 

1. REFERRED PAIN 
(Fig. 35.1) 

Trigger points (TrPs) in these long exten
sors of the fingers pro ject pa in down the 
dorsum of the forearm to the back of the 
hand and often into the f ingers dorsally. 
The pain consis tent ly stops short of the 
ends of the fingers, leaving the last p h a l a n x 

and nai l bed pain-free . (In compar i son , the 
long f l exors of the f ingers pro ject pa in to, 
" a n d b e y o n d , " the f inger tips.) Confirming 
our observat ions , G u t s t e i n 2 0 no ted tender 
spots in the forearm extensors distal to the 
lateral ep icondyle that referred pain from 
the dorsum of the forearm to inc lude the 
m i d d l e and ring f ingers . 
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Extensor Digitorum 
(Figs. 35.1A and B) 

I n v o l v e m e n t o f the m i d d l e f inger e x 
t e n s o r i s e x t r e m e l y c o m m o n . 2 0 T h e pa in , 
w h i c h i s felt m o s t i n t e n s e l y in the h a n d , 
forms a l i n e that e x t e n d s onto the d o r s u m 
o f t h e forearm, wris t a n d h a n d , i n c l u d i n g 
the m e t a c a r p o p h a l a n g e a l (MCP) a n d 
p r o x i m a l i n t e r p h a l a n g e a l (IP) j o in t s of 
the m i d d l e finger. T h e r e a lso m a y o c c a 
s i o n a l l y be an area o f p a i n on the volar 
s i d e o f the wris t (Fig. 3 5 . 1 A ) . Pa t ients 
c o m p l a i n o f p a i n in the h a n d a n d finger, 
a n d o f s t i f fness a n d soreness in the 
p a i n f u l f inger j o i n t s . 2 7 , 5 1 , 5 4 T h e or iginal 
repor t o f th i s pa in pat tern was b a s e d on 
3 8 p a t i e n t s . 5 1 

T h e r ing f inger e x t e n s o r refers pa in 
s i m i l a r l y to the r ing f inger . 5 4 However , 
u n l i k e t h e m i d d l e f inger ex tensor , TrPs in 
t h e r ing a n d l i t t le f inger e x t e n s o r s are 
l i k e l y a lso to p r o j e c t p a i n a n d t e n d e r n e s s 
p r o x i m a l l y i n t o the region o f the lateral 
e p i c o n d y l e (Fig. 3 5 . 1 B ) . W h e n asked 
w h e t h e r the p a i n i s felt m o r e on the top 
or the u n d e r s i d e of the f ingers , t h e pa t ient 
m a y not be sure , b u t i s l ike ly to s h o w the 
l o c a t i o n by rubbing the dorsal sur face o f 
t h e f ingers . 

Other authors descr ibed the f inger ex
tensors as referring pain to the e lbow or lat
eral e p i c o n d y l e , 1 9 , 2 6 t o the f o r e a r m , 1 9 , 2 6 , 2 7 

a n d to the h a n d . 2 6 " T e n n i s e l b o w " pain in 
the region of the lateral ep icondyle was as
soc ia ted wi th signs of TrPs in the f inger ex
t e n s o r s . 2 8 , 2 9 , 5 5 

K e l l g r e n 2 5 in jec ted 0.2 m l o f 6 % sodium 
chlor ide solut ion into the be l ly of a normal 
ex tensor digitorum m u s c l e . Pa in devel
oped in the dorsal forearm and more se
vere ly over the b a c k of the hand . During 
the sensat ion of pain , there was slight ten
derness to deep pressure , definite tender
ness to tapping, but no hypersensi t iv i ty of 
the skin in the painful area. 

Extensor Indicis 
(Fig. 35.1 C) 

Central TrPs are found in the midpor-
t ion of the m u s c l e belly. T h e y refer pa in to
ward the radial s ide of the dorsum of the 
wris t and h a n d , but not into the f ingers 
(Fig. 35 .1C) . 

2. ANATOMY 
(Fig. 35.2) 
Extensor Digitorum 
(Fig. 35.2A) 

This musc le arises proximally from the 
lateral epicondyle of the humerus , from in
termuscular septa, and from the antebrachial 
fascia (Fig. 35 .2A ) . The extensor digitorum 
occupies the space on the dorsal surface of 
the forearm between the extensor carpi radi-
alis brevis and the extensor carpi ulnaris 
musc les . T h e three muscles form a common 
tendon at the lateral epicondyle. The ten
dons of the extensor digitorum pass deep to 
the extensor ret inaculum through a separate 
compartment with the extensor indic is . 7 

T h e tendons of the extensor digitorum 
are uni ted over the back of the hand by 
highly variable obl ique bands that tend to 
l imit independent m o v e m e n t (Fig. 35 .2A ) . 
T h e tendinous sl ips to the index and little 
f ingers are usual ly jo ined by heavier ten
dons from the separate extensor indic is 
and the extensor digiti m i n i m i musc les , re
spectively. M a n y of the extensor digitorum 
f ibers contr ibute to extens ion of the middle 
f inger, direct ly or indirectly, through the 
obl ique b a n d s . 7 

Distally each tendinous sl ip of the ex
tensor digitorum m u s c l e is bound by f i 
brous fasc icul i to the collateral l igaments 
of its metacarpophalangeal joint , as the 
tendon crosses the joint . T h e tendon 
spreads into an aponeurot ic expansion 
(also ca l led the extensor hood) to cover the 
dorsal surface of the proximal phalanx of 
each f inger. Here, i t is jo ined by tendons of 
the lumbrica l and interosseous m u s c l e s . 3 7 

T h i s aponeurosis then divides into an in
termediate and two collateral sl ips; the 
m i d d l e one inserts on the base of the sec
ond p h a l a n x and the collateral slips con
t inue on to unite and insert onto the dorsal 
surface of the distal pha lanx of each f inger . 7 

Extensor Digiti Minimi 
(Fig. 35.2A) 

T h e extensor digiti m i n i m i is not con
s idered separately in this chapter because 
its m u s c l e be l ly is general ly connec ted to 
the adjacent extensor digitorum m u s c l e . 7 

Distally, the extensor digiti m i n i m i joins 
wi th the extensor digitorum tendon and 
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Figure 35.1. Pain patterns (dark red) and location of TrPs (Xs) in three right digital extensor muscles (medium 
red). A, middle finger extensor. B, ring finger extensor. C, extensor indicis, dorsal view. 

Extensor indicis 

Ring finger extensor 

Middle finger extensor 
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716 Part 4 / Forearm and Hand Pain 

Figure 35.2 A-B. Attachments of the right finger ex- extensor indicis tendon with the index finger tendon of 
tensor muscles and dorsal forearm muscles. A, exten- the extensor digitorum muscle. B, extensor indicis 
sor digitorum (red), showing oblique bands that inter- (red), which passes beneath the extensor digitorum 
connect the distal tendons, and the junction of the tendons. 

the ex tensor e x p a n s i o n on the dorsum of 
the prox imal p h a l a n x of the l i t t le f inger . 

Extensor Indicis 
(Fig. 35.2B) 

T h i s m u s c l e arises proximally f rom the 
dorsal and lateral surface of the b o d y of the 

u l n a and from the interosseous membrane . 
T h e tendon passes under the extensor reti
n a c u l u m in the same compartment wi th 
the tendons of the extensor digitorum. Dis-
tally, at the level of the head of the second 
metacarpal b o n e , i t jo ins the ulnar side of 
the s l ip of the extensor digitorum musc le 
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going to the i n d e x f inger and at taches into 
the extensor expans ion . 

Supplemental References 

The extensor digitorum muscle is illus
trated by other authors from the dorsal 
v i e w , 1 , 7 , 8 , 4 9 from the radial aspect , 2 9 , 4 7 and 
retracted to show its innervation and 
blood supply. 1 2 Also shown in detail is 
the arrangement of its tendons on the dor
sum of the hand,3 ,7 ,10 ,13 ,30 ,37 ,48 and its 
tendinous attachments to each finger.4 ,11 

The extensor indicis is seen in the deep
est layer of the dorsal forearm muscles. 1 4 , 

38. 50 

The Type I and Type II fibers in both 
the extensor digitorum communis and the 
extensor pollicis longus muscles were 
evenly distributed, 2 4 as in most skeletal 
muscles. Type 1 fibers ranged between 
4 6 % and 55%, the dominant side consis
tently showing a lower percentage of type 
1, slow twitch fibers than the nondomi-
nant side. 

Anatomical Variations 

The Extensor Digitorum Brevis Manus 
muscle is a relatively rare anatomical 
variation occurring in 38 (1.1%) of 3,304 
hands examined. When present, it is com
monly seriously symptomatic (50% of the 
38 cases). 1 7 It is clinically important be
cause it may become painful when 
overexercised 3 1 and may be misdiagnosed 
as a ganglion cyst or tumor, resulting in 
unnecessary surgery.31 It originates on the 
distal margin of the radius or from the 
dorsal capsule of the wrist joint and in
serts on the dorsal aponeurosis of the in
dex finger.4 6 This muscle frequently ap
pears as a variation of the extensor indicis 
proprius because when the extensor digi
torum brevis manus is present, the exten
sor indicis proprius is usually absent. 1 7 

The variant muscle is best demonstrated 
clinically when the wrist is flexed to 30° 
and the fingers fully extended. 4 0 It appears 
as a prominent mass on the dorsum of the 
hand near the bases of the first and second 
metacarpal bones except in the rare cases 
when it lies deep to the extensor digito
rum communis. The diagnosis of the un
known mass can be made by suspecting it 
and by palpating it for increased tension 

in response to finger extension, and it can 
be confirmed by electromyographic exam
ination. It is supplied by the dorsal in
terosseous nerve. Symptoms are attrib
uted to synovitis caused by constriction of 
the hypertrophic muscle belly by the dis
tal edge of the extensor retinaculum. Sur
gical release of the retinaculum generally 
provides relief. 4 6 The incidence of TrPs in 
this muscle is unknown, but if present 
they could contribute significantly to the 
pain. 

An anomalous extensor digitorum pro
fundus muscle caused pain and swelling 
over the dorsal aspect of the second and 
third metacarpals of the left hand in a gui
tar player. Instead of the muscle belly ter
minating proximal to the extensor 
retinaculum, it continued under it and ex
tended four centimeters distal to it. The 
muscle was biopsied under local anesthe
sia for diagnostic purposes and the pa
tient became asymptomatic. 4 3 

3. INNERVATION 
B o t h the extensor digitorum and exten

sor indic is m u s c l e s are suppl ied by the 
deep radial nerve and the poster ior cord , 
w h i c h is formed from all three poster ior di
vis ions and all three trunks of the brachia l 
p lexus . B o t h m u s c l e s are innervated 
through spinal nerves C 6 , C 7 a n d C 8 . 

4. FUNCTION 
T h e extensor digitorum m u s c l e extends 

all phalanges of the f ingers ( second 
through f i f th digi ts ) , 5 , 7 , 3 0 e spec ia l ly the 
proximal p h a l a n g e s , 1 5 and assists exten
s ion of the h a n d at the w r i s t . 5 , 7 I t assists in 
abduct ing (spreading) the i n d e x , ring, and 
little f ingers away from the m i d d l e 
f inger . 7 , 3 0 Al l o f the extr ins ic h a n d m u s c l e s 
b e c o m e involved in a power grip, in pro
port ion to the strength of the g r i p . 5 , 3 5 T h e 
extensor digitorum acts in c o n j u n c t i o n 
wi th the lumbrica ls and interossei to ex 
tend the middle and distal phalanges of the 
s e c o n d through fifth digits. W h e n the prox
imal phalanges are h e l d in f lexion, the ex
tensor digitorum extends the more distal 
phalanges , but w h e n the prox imal pha
langes and the h a n d are h e l d in extens ion , 
then, its contrac t ion has l i t t le addit ional ef-
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feet on the last two p h a l a n g e s . 3 0 , 4 2 T h e s e 
extensors provide an essent ial synergist ic 
funct ion to permit se lect ive control of in
dividual fingers. 

T h e extensor indic i s , in addit ion to act
ing on the i n d e x f inger in the same way 
that the extensor digitorum a c t s , 4 5 m a y as
sist in adduct ing the i n d e x f inger toward 
the m i d d l e f inger , 1 5 , 3 0 b e c a u s e o f the angu
lat ion of its t endon across the dorsum of 
the h a n d . 

Electromyographic monitoring of the 
hand and finger extensors with surface 
electrodes was performed during 13 
sports, including tennis, golf, baseball, 
overhand throws, and 1-foot jumps from 
the floor. All records showed similar mo
tor unit activity bilaterally. The greatest 
activity appeared in the dominant right 
forearm during a right-handed golf 
swing. 6 

5. FUNCTIONAL UNIT 
Strong agonist-antagonist interact ions 

are n e e d e d b e t w e e n the f lexors and exten
sors of the h a n d and f ingers to produce f in
ger dexteri ty as wel l as to produce forceful 
h a n d grip. Powerful f l ex ion of the distal 
phalanges requires strong activity also of 
the f inger extensors. On the other h a n d , for 
the extensor digitorum to ex tend the inter-
phalangeal jo ints , the lumbrica ls and in-
terossei n e e d to funct ion . 

T h e r ing and l i t t le f inger ex tensors 
form a f u n c t i o n a l uni t w i t h the supina tor 
for twis t ing m o t i o n s , s u c h as o p e n i n g jar 
tops a n d door k n o b s . Unders tandably , 
these three m u s c l e s often deve lop TrPs 
together. 

6. SYMPTOMS 
Pat ients wi th TrPs in the f inger extensor 

m u s c l e s c o m p l a i n of pain, as descr ibed in 
S e c t i o n 1 . I t m a y be identi f ied wi th " ten
nis e lbow, " or wi th arthritis of the f in
g e r s . 2 8 , 2 9 , 5 5 Early in this century in the 
days of long skirts w h e n w o m e n suffered 
e lbow pain from holding the skirts up , the 
pain was ca l led epicondyla lg ia , or 
b r a c h i a l g i a . 3 4 T h e act ivi ty has changed, the 
prob lem has not . T h e pain may awaken 
pat ients at n i g h t . 2 7 If the firm grip that is 
required for shaking h a n d s is distressingly 

painful at the " e l b o w , " TrPs in the exten
sor m u s c l e s of the ring and little f ingers 
are l ikely to be responsible . 

W h e n the middle finger extensor a lone 
is involved, the patient may still compla in 
of w e a k n e s s of the grip, without pa in . 5 3 

T h e finger extensors are essential to a pow
erful grip, and this weak grip presents an
other example of the observation that TrPs 
can inhibi t muscular contrac t ion . 5 3 Mus
cles l e a r n 5 2 and can learn dysfunct ional be
havior but also can be retrained to develop 
funct ional behavior . 2 1 

S y m p t o m s of impaired f inger f l ex ion 
m a y be due to TrPs in the finger extensor 
musc les . Patients may compla in of stiff
ness and tenderness of the proximal inter-
phalangeal jo ints . St i f fness and painful 
cramping of the f ingers prevented one pa
tient from milking his cows unti l tender 
TrPs in his extensor digitorum musc le had 
b e e n inac t iva ted . 2 7 A patient seen by Doc
tor Travell could not type because the ring 
and little f ingers w o u l d "not work sepa
ra te ly" unt i l the TrPs were in jected in the 
extensor f ibers of those f ingers . 

Patients wi th TrPs in the extensor polli
cis c o m p l a i n of difficulty performing 
ski l led h a n d activit ies inc luding working 
in dentistry, writ ing by hand, and operat
ing a keyboard. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Myofasc ia l TrPs in the f inger extensors 
c o m m o n l y occur due to such activities as 
overuse of forceful repeti t ive f inger move
ments by professional mus ic ians (pianists 
in part icular) , carpenters , or m e c h a n i c s , 
and frequently stretching a rubber band 
with the f inger extensors . Local infect ion of 
the ring finger in a seamstress resulted in a 
stiff and painful ring f inger that was re
l ieved m o n t h s later by in ject ion of a TrP in 
the m u s c l e f ibers that extended that f inger . 
Act ivat ion of f inger extensor TrPs by frac
ture of the forearm has been observed by 
the authors and was reported by Kel ly . 2 7 

W h e n a finger extensor tendon loses its 
mooring over the metacarpophalangeal 
joint , the tendon may be said to " j u m p its 
trol ley." Th is is a serious source of muscu
lar strain due to the resultant ulnar devia-
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t ion of the finger, and the tendon displace
ment must be surgical ly repaired for 
restoration of f u n c t i o n . 1 6 

8. PATIENT EXAMINATION 
(Fig. 35.3) 

S ince these finger extensors cross the 
wrist and all joints of the fingers, the ex
aminer needs to passively flex all those 
joints to detect restr icted range of mot ion 
due to TrPs. It is best to fully f lex the fin
gers f irst , then s lowly and gently f lex the 
wrist and f inal ly , move the wrist into ulnar 
deviation to reveal increased m u s c l e ten
sion caused by taut bands . 

Limitat ion of the active range of mot ion 
can be tested wi th the Finger-f lexion Test 
by having the patient f lex the interpha-
langeal joints to bring the tips of the fingers 
against the palmar pads , whi le extending 
the metacarpophalangeal joints (Fig. 3 5 . 3 ) . 
Increased tension of an affected f inger ex
tensor musc le due to a TrP results in that 

Figure 35.3. Positive Finger-flexion Test, illustrating 
involvement of only the middle finger extensor mus
cle. The subject can actively press all of the other fin
ger tips firmly against the palmar pads while the 
metacarpophalangeal joints are held straight, not 
flexed. 

f inger standing out from the others , away 
from the pa lm, s u c h as the m i d d l e f inger 
extensor in Figure 35 .3 . Pass ive f lexion of 
the f inger b e y o n d this point is painful . 

Weakness due to finger extensor TrPs is 
detected in the grip during a h a n d s h a k e by 
testing and compar ing both h a n d s s imulta
neously. T h i s bi lateral Handgrip Test is 
more sensi t ive w h e n the pat ient ho lds the 
hands in ulnar deviat ion and f lexed at the 
wrist . T h i s test may reveal w e a k n e s s with
out pa in w h e n the TrPs are latent. 

Tenderness of the prox imal interpha-
langeal jo int is c o m m o n l y associated wi th 
the f inger st i ffness and " s o r e n e s s " due to 
finger extensor TrPs, somet imes without re
ferred pain in the j o i n t . 5 3 T h i s may be anal
ogous to the tendini t i s associated wi th 
TrPs in the f ibers of the long h e a d of the bi 
ceps brachi i (see Chapter 30 ) . B o t h condi 
t ions may be comple te ly re l ieved by inact i -
vat ion of the myofasc ia l TrPs in the 
respons ib le m u s c l e . 

Al though the extensor pol l i c i s usual ly is 
involved along with other f inger extensors , 
occas iona l ly i t a lone develops TrPs, w h i c h 
can make i t difficult to f ind the source of 
symptoms unless this m u s c l e i s tested 
specif ical ly. To test restr icted m o v e m e n t 
due to TrPs in the extensor pol l i c i s , (1) f lex 
the h a n d passively, (2) pronate the forearm 
fully, (3) adduct the t h u m b pass ively be
neath the i n d e x f inger , (4) pass ively f lex the 
metacarpophalangeal (MCP) jo int , (5) test 
by pass ively f lexing the interphalangeal 
(IP) jo int . W h e n posi t ive , f lexion of the IP 
jo int is l imited and causes pain dorsal to 
the first carpometacarpal jo int and radial to 
the s e c o n d metacarpal b o n e . T h e t h u m b 
wil l tend to m o v e into radial abduct ion as 
the IP jo int is f lexed. W h e n i n v o l v e m e n t is 
severe , this t e n d e n c y for radial abduct ion 
may b e c o m e evident at the end of step 2 . 
T h i s descr ipt ion was suppl ied by S a c h s e . 4 4 

M a c d o n a l d 3 6 also observed that loading an 
involved m u s c l e by act ively resist ing ex
tens ion of the t h u m b caused pain . 

T h e extensor digitorum m u s c l e can be 
tested for weakness by resist ing ex tens ion 
of the metacarpophalangeal joints of the 
s e c o n d through fifth digits wi th the arm 
resting on a table , as i l lustrated by Kendal l , 
et al.30 Weakness of this m u s c l e also weak
ens wrist ex tens ion . 
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Pat ients suspected of having trouble
some TrPs in the f inger extensors should be 
e x a m i n e d for normal jo int play in the el
bow, wrist and hand. I f restr icted, normal 
jo int play should be r e s t o r e d . 3 2 , 3 9 

9. TRIGGER POINT EXAMINATION 
(Fig. 35.4) 

Gerwin , et al.w es tabl ished that among 
e x p e r i e n c e d and trained examiners , rel i 
able cr i ter ia for diagnosing myofasc ia l TrPs 
were the detect ion of a taut b a n d , the pres
e n c e of spot tenderness , the presence of re
ferred pain , and reproduct ion of the pa
t ient 's symptomat ic pain . Al though for 
some m u s c l e s tested, local twi tch re
sponses (LTRs) were not identif ied reliably, 
the extensor digitorum in this s tudy scored 
very high interrater rel iabi l i ty for all exam
inat ions inc luding the LTR. I t is one of the 
easier m u s c l e s to e x a m i n e rel iably for TrPs. 

Nearly all adults have a tender, latent 
TrP in the third finger extensor because it is 
used in a lmost every act ivity of the hand . 
S n a p p i n g palpat ion of this TrP in the m i d 
dle-finger extensor produces one of the 
c o m m o n e s t , mos t easi ly e l ic i ted, and most 
easi ly detected LTRs (Fig. 35 .4 ) . T h i s m u s 
c le provides a c o n v e n i e n t training oppor

tuni ty for pract ice in f inding a nodule and 
taut b a n d and for el ici t ing LTRs. Th is cen
tral TrP is located 3 to 4 cm (about 1 1/ 2 in) 
distal to the head of the radius, w h i c h lies 
2 cm (nearly 1 in) or more distal to the lat
eral ep icondyle (Figs. 3 5 . 1 A and 35 .4) . 
Only w h e n the TrP is active does the pa
tient c o m p l a i n of pain in the middle f inger . 

T h e TrPs in the f ibers of the extensor 
digitorum that supply the ring and little 
fingers are difficult to locate (Fig. 35 .1B) 
because they are deep in the musc le mass 
beneath the aponeurosis of origin, part of 
w h i c h covers the surface of the musc le . 
T h e s e f ibers l ie next to the extensor carpi 
ulnaris , w h i c h is the musc le mass just lat
eral to the palpable border of the ulna, and 
c lose to the underlying supinator musc le . 
On palpat ion, these two f inger extensors 
tend to refer pain distally to the wrist and 
h a n d , and somet imes proximal ly to the lat
eral ep icondyle . Local twi tch responses, 
w h e n obtainable , ex tend the little and ring 
fingers and confirm the presence of a TrP. 

W h e n these central TrPs are present, the 
a t tachment of the taut band fibers in the re
gion of the lateral epicondyle frequently is 
tender to palpat ion. Th is tenderness likely 
identif ies the locat ion of an at tachment TrP 

Figure 35.4. Demonstration of a local twitch response 
produced by snapping palpation of a trigger point 
nodule in the extensor digitorum fibers to the middle 
finger. The response of noticeable movement of the 

middle finger is readily demonstrable in most adults, 
even without pain symptoms, due to the almost uni
versal presence of latent trigger points in this muscle. 
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resulting from the sustained tens ion 
caused by the contract ion knots in the cen
tral TrP. 

An active TrP in the extensor indicis is 
found in the middle sect ion of the m u s c l e 
bel ly (Fig. 35 .1C ) and, w h e n st imulated by 
pressure, this central TrP projects pa in to 
the wrist, rarely to the finger. T h i s TrP is 
se ldom found by itself; w h e n the act ivity 
of other TrPs has been e l iminated and wrist 
pain persists , an extensor indic is TrP is 
l ikely to be the culprit . 

Rarely do any of the t h u m b m u s c l e s in 
the forearm develop TrPs, apparently be
cause the extensor pol l ic is longus and bre
vis are min imal ly involved in grasp activ
ity, and control of the t h u m b involves only 
one, rather than two interphalangeal jo ints . 

10. ENTRAPMENT 
No entrapments have been observed 

due to TrP activity in the finger extensor 
musc les . 

11. DIFFERENTIAL DIAGNOSIS 
Differential diagnoses for TrPs in the fin

ger extensors inc lude lateral epicondyl i t i s 
(tennis e lbow), C 7 radiculopathy (occasion
ally C 6 radiculopathy) , and DeQuervain 's 
stenosing tenosynovit is . Myofasc ia l TrPs in 
the f inger extensors can be associated wi th 
volar subluxat ions of carpal bones , w h i c h 
must be corrected. 

T h e c o m m o n diagnosis o f tennis e lbow 
or epicondyl i t is is frequently caused by 
TrPs in at least one m u s c l e that attaches to 
the lateral epicondyle ; often several of 
them are involved. Usual ly (but by no 
means always) , the supinator b e c o m e s in
volved first, fo l lowed by the brachioradi -
alis and extensor carpi radial is longus 
musc les . With the passage of t ime and 
spread of the involvement to the middle 
and ring f inger extensors , gripping and 
hand-twist ing mot ions b e c o m e painful . At 
this point, the extensor carpi ulnaris also 
may develop secondary TrPs. T h e epi
condyli t is may begin as an enthesopathy 
secondary to the central TrPs, but is often 
not recognized as such, and so the pr imary 
TrP cause of the symptoms goes unrecog
nized and untreated. Tennis e lbow is cov
ered as a separate topic in Chapter 3 6 , S e c 
tion 1 1 . 

In addit ion to these related TrPs, H o n g 2 3 

found that key myofasc ia l TrPs in e i ther 
the sca lene m u s c l e s or the serratus poste
rior superior c o u l d i n d u c e satel l i te TrPs in 
the extensor digitorum. T h e s e satel l i te TrPs 
resolved with inact ivat ion of the key TrPs. 

T h e c l in ica l history of h a n d diff icult ies 
among 1 0 0 m u s i c i a n s 2 2 cor responded to 
the symptoms character is t ic of myofasc ia l 
TrPs in the wrist and f inger extensors , but 
TrPs were not m e n t i o n e d in that paper. T h e 
symptoms were extensor forearm or dorsal 
h a n d pain, loss of facil ity, and rapid onset 
of fatigue on repeti t ive m o v e m e n t . T h e 
usual diagnosis was tendini t is of the f inger 
extensors , w h i c h c o u l d be enthesopathy 
secondary to central TrPs. T h e treatment 
was cessat ion of playing and no use of the 
h a n d for 3 to 6 w e e k s — a stiff penal ty for a 
m u s i c i a n if i t is unnecessary. 

12. TRIGGER POINT RELEASE 
(Fig. 35.5) 

F o r s p r a y and stretch, the pat ient sits in 
a chair wi th suitable armrests so that the el
b o w can be supported in ex tens ion a n d , s i 
mul taneously , the h a n d and f ingers can 
hang fully f lexed over the edge wi th the 
forearm pronated (Fig. 3 5 . 5 ) . Curling only 
the f ingers or bending only the wrist fails to 
stretch the long extensors of the f ingers suf
f iciently to e l iminate their TrPs during 
vapocool ing . Gentle stretching across al l 
f inger and wrist jo ints must be performed 
s imul taneous ly w h i l e paral le l sweeps of 
the spray cover the m u s c l e and its referred 
pain pattern. T h e c l i n i c i a n should avoid 
squeezing the fingers tightly, as doing so 
can hurt the jo ints . W h e n trigger points 
(TrPs) in the ring and little f inger extensor 
m u s c l e s refer pa in over the lateral epi
condyle , an up-sweep (proximal) pattern is 
added to cover that region also. Mois t heat 
is then appl ied over the forearm m u s c l e s , 
fo l lowed by 3 s low c y c l e s of full range of 
mot ion in both f lex ion and extens ion . 

L e w i t 3 2 fully descr ibed and i l lustrated a 
s imilar stretch procedure for the ex tensor 
digitorum c o m m u n i s that e m p l o y e d post
i sometr ic re laxat ion and is also suitable for 
h o m e use . T h e use o f post isometr ic re lax
ation (described in Chapter 3 , S e c t i o n 12) 
is h ighly r e c o m m e n d e d for re lease of TrPs 
in these extensors . 
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Another effect ive form of re lease for 
TrPs in these m u s c l e s is trigger point pres
sure re lease (descr ibed in Chapter 3 , S e c 
t ion 12 ) . T h e pat ient can fo l low the proce
dure wi th act ive f lexion w h i c h uti l izes 
rec iprocal inhib i t ion for addit ional re lease . 

F o l l o w i n g treatment , the pat ient is en
couraged to increase act ivit ies gradually, 
avoiding those that stress the involved 
m u s c l e enough to m a k e i t hurt. S o m e pa
t ients are Spartan and determined to "exer 
c i s e " and " s t r e n g t h e n " the weak m u s c l e ; 
these pat ients m u s t be discouraged from 
purpose ly repeat ing painful act ivi t ies , and 
thus aggravating their condi t ion . 

13. TRIGGER POINT INJECTION 
(Fig. 35.6) 

Other authors have found, as we have , 
that in jec t ion into the site of trigger point 
(TrP) tenderness in the finger extensors is 
ef fect ive in rel ieving the patient 's myofas-

cial signs and s y m p t o m s . 1 9 , 2 6 For in ject ion, 
the pat ient l ies supine with the arm placed 
so that the h a n d and f ingers hang down 
l imply, w h i c h stretches the f inger exten
sors moderately. After in ject ion, the mus
cle should be pass ively stretched to its full 
range of mot ion , usual ly during vapocool-
ing, and moist heat is appl ied for 5 or 10 
minutes . Final ly , the patient slowly f lexes 
and extends the f inger extensors through 
full range of mot ion for three cyc les . 

T h e n , the same activity guidel ines apply 
as after the spray-and-stretch treatment. 

Extensor Digitorum 
T h e TrPs in the middle f inger extensor are 

identified by f lat palpation and injected with 
0 . 5 % procaine solution (Fig. 35 .6A ) . Strong 
LTRs and clear pain patterns, as elicited by 
examinat ion and needle penetration of the 
TrPs, are characteristic of this muscle . 

T h e TrPs in the ring and little finger ex
tensors are located between those in the mid
dle finger extensor fibers and the extensor 
carpi ulnaris muscle . T h e needle is directed 
toward the point of deep tenderness (Fig. 
35 .6B ) . It is not always clear whether the TrP, 
w h i c h is encountered by the needle at con
siderable depth and which refers pain to the 
lateral epicondyle , is in the finger extensor or 
in the underlying supinator muscle . Normal 
grip strength may return immediately after 
el imination of these extensor TrPs. 5 3 

Occasional ly , a deep radial (dorsal in
terosseous) nerve b lock may inadvertently 
be produced during in ject ion of these TrPs. 
T h e patient should be warned beforehand 
of poss ib le temporary extensor-muscle 
weakness , w h i c h resolves in 15 or 20 min
utes w h e n the dilute 0 . 5 % procaine solu
t ion has been in jected. 

T h e endplate zone in the extensor digi
torum m u s c l e should extend diagonally 
across the middle of the musc le bel ly 
based on the f iber length/musc le bel ly 
length ratio of 0 .42 to 0 .50 for the different 
digi tat ions . 3 3 Trigger points can be located 
anywhere in the endplate zone. 

R a c h l i n 4 1 i l lustrates three in ject ion sites 
in the extensor digitorum c o m m u n i s , the 
central TrP site in the middle of the mus
c l e , and the two at tachment TrPs at the 
ends of the m u s c l e belly. T h e sustained 
tens ion of the taut bands caused by the 

Figure 35.5. Stretch position and spray pattern (ar
rows) for the entire extensor digitorum muscle. The 
"X" marks the central trigger point region. The down
ward spray pattern should swing around to include 
the lateral epicondyle, especially when it also exhibits 
referred pain and tenderness. 
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Figure 35.6. Injection of trigger points in the finger ex
tensor muscles. A, middle finger extensor. B, ring and 
little finger extensors. Injection deep into the 4th and 
5th finger extensors sometimes also reaches a trigger 
point in the underlying supinator muscle, which refers 
pain to the lateral epicondyle. C, extensor indicis 
muscle. 
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central TrPs can i n d u c e enthesopathy at 
the a t tachment points of the taut bands . 

Extensor Indicis 
Extensor indic i s TrPs are found by flat 

palpat ion b e t w e e n or through the extensor 
t endons . T h e TrP l ies in the be l ly of the 
m u s c l e approximate ly h a l f w a y b e t w e e n 
the radius and ulna , as the m u s c l e crosses 
the forearm (Fig. 35 .6C ) . 

Extensor Pollicis Longus 
This musc le lies lateral (radial) to the ex

tensor indic is . T h e endplate zone should ex
tend diagonally across and two-thirds the 
length of the extensor pol l ic is longus musc le 
bel ly based on the fiber length/muscle bel ly 
length ratio of 0 . 3 1 . 3 3 Trigger points could 
develop anywhere in this endplate zone. 

14. CORRECTIVE ACTIONS 
(Figs. 35.7-35.11) 
Reduction of Activity Stress 

T h e pat ient s h o u l d learn to avoid over
load of the finger extensors . W h e n gripping 

or twist ing wi th the hand, as in playing 
tennis , the patient should mainta in the 
h a n d sl ightly extended and radially devi
ated (in a cock-up posi t ion of the wrist) , 
rather than f lexed and ulnarly deviated. 
T h e stress of shaking hands repeatedly can 
be r e d u c e d by offering the hand with the 
p a l m up and the h a n d slightly extended, so 
that the other person cannot squeeze 
tightly. T h e patient, thus , uses the b iceps 
brachi i instead of the forearm musc les to 
f lex the e lbow and, if standing in a receiv
ing l ine , can gracefully alternate left and 
right hands be tween guests. External sup
port for the wrist is provided by a leather 
strap, as i l lustrated before in Figure 3 4 . 1 1 . 
It he lps to mainta in the wrist in a neutral 
or ex tended posi t ion and to prevent exces
sive strain on the extensor musc les in the 
forearm. Unfortunately, such a support 
m a y not be c o m m e r c i a l l y available, but 
m a y n e e d to be fabricated. Elastic is not as 
effective as leather for this brace . 

T h e patient should avoid testing painful 
mot ions in order to give the muscles a 
c h a n c e to rest and recover, resuming only 
those act ivit ies that do not precipitate 
pain . A variety of activit ies is desirable, 
wi th gradual resumpt ion of more kinds of 
m o v e m e n t and an increased level of activ
ity as funct ion improves . 

A c o m m o n abuse of finger extensors is 
the grasping of jar l ids in a manner that 
p laces this m u s c l e at a m e c h a n i c a l disad
vantage (Fig. 35 .7B ) . By keeping the wrist 
c o c k e d in extens ion and by using the en
tire arm as a lever (Fig. 35 .7A ) , stress on 
the f inger and h a n d extensors is reduced. 

Exercises 
T h e Artisan's Finger-stretch Exercise 

(Fig. 35 .8) and the Finger-flutter Exercise 
(Fig. 35 .9 ) are especia l ly useful for people 
w h o h o l d their hands in a tense posit ion 
for long periods of t ime or perform repeti
t ive f inger m o v e m e n t s . Examples are those 
w h o do f ine tool work, piano playing, or 
longhand writ ing. 

T h e Artisan's Finger-stretch Exercise be
gins by placing the forearms pronated in 
front of the body with the fingers extended 
and spread apart (Fig. 35 .8A ) . As the fore
arm is s lowly supinated, the fingers are 
f lexed, little f inger f irst (Figs. 3 5 . 8 B and C), 

Figure 35.7. Unscrewing a jar top. A, position of 
strength, with the wrist cocked in extension. B, posi
tion of weakness of the grip, (red X). 
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Figure 35.8. Artisan's Finger-stretch Exercise. A, the 
exercise begins with the forearm pronated and the hand 
open, and the wrist and fingers in full extension. B and 
C, the forearm is supinated and the fingers closed in a 
smooth, continuous movement, starting with the little 
fingers. D, the hand is flexed as the fist is closed force
fully with the thumb overlapping the index finger. 

Figure 35.9. The Finger-flutter Exercise demonstrates relaxed passive flutter of the finger and hand extensors 
by shaking the arm, elbow and forearm. 
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Figure 35.10. Passive Self-stretch Exercise for the 
right extensor digitorum muscle. The right hand and 
fingers are fully flexed simultaneously. 

Figure 35.11. Sleep positions. A, use of a soft splint 
to maintain the correct, neutral positions of the elbow, 
wrist and fingers. B, an incorrect position (red X) that 
must be prevented, if assumed spontaneously in 
sleep. 

to make a fist wi th the forearm fully 
supinated and the hand flexed at the wrist 
(Fig. 35 .8D ) . T h e n the mot ions are reversed 
as the fingers uncurl and the wrists extend 
to begin the cyc le again. T h e Finger-stretch 
Exerc ise has the advantage of stretching and 
activating both flexor and extensor muscles 
of the f ingers , thumb, and hand, in addition 
to the intr insic musc les of the hand. 

T h e Finger-flutter Exerc ise (Fig. 35 .9) is 
done by dropping the hands to the sides of 
the body, complete ly re laxed, and moving 
the arms and elbows to cause passive re
laxed shaking of the hands and f ingers . 

T h e Passive Self-stretch, as i l lustrated in 
Figure 3 5 . 1 0 , enables the patient to rel ieve 
the tens ion of the taut finger extensors . It is 
essent ial for both the wrist and finger joints 
that are crossed by the f inger extensor mus
cles and tendons to be fully f lexed. Addi
t ion of post isometr ic relaxation with a gen
tle contract ion can be helpful . 

Positioning 
Posi t ioning at night is important if the 

patient tends to hold the hand and f ingers 
in a fully flexed posi t ion (Fig. 35 .11B ) . 
T h i s posi t ion places the f inger extensors in 
a s tretched posi t ion for a sustained period 
a n d encourages the development of a 
carpal tunnel syndrome. To avoid this , i t 
may be necessary to have the patient affix a 
smal l p i l low or bath towel to the volar sur
face of the hand and forearm at night in or
der to mainta in a neutral mid-posi t ion (Fig. 
3 5 . 1 1 A ) . 
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CHAPTER 36 

Supinator Muscle 

HIGHLIGHTS: "Tennis Elbow" or "epicondylitis," 
as pain in the lateral epicondyle is often called, is 
frequently of myofascial origin, usually due to 
trigger points (TrPs) in the supinator and extensor 
muscles in the forearm. REFERRED PAIN from 
TrPs in the supinator is projected chiefly to the 
lateral epicondyle, frequently to the dorsal aspect 
of the web and base of the thumb, and some
times to the forearm dorsally. ANATOMY: its at
tachment along the dorsal surface of the ulna at 
the elbow positions the supinator to wrap around 
the lateral surface of the radius lateral to its at
tachment on the volar surface of the radius. The 
radius acts like a windlass that winds up the 
supinator and the biceps brachii tendon when the 
hand is pronated. FUNCTION of the supinator is 
primarily to supinate the forearm, and it secon
darily assists flexion at the elbow. SYMPTOMS 
are mainly elbow pain, both at rest and when the 
arm is used for carrying heavy objects. ACTIVA
TION AND PERPETUATION OF TRIGGER 
POINTS in the supinator may occur due to stress 
overload, as when playing tennis, "flipping" a 
briefcase onto the desk, or turning a stiff door
knob. PATIENT EXAMINATION reveals marked 
referred tenderness to tapping of the lateral epi
condyle on the side of tendinous attachment. 
TRIGGER POINT EXAMINATION proceeds by 
bending the elbow slightly, supinating the fore
arm, pushing the brachioradialis muscle aside, 
and palpating the supinator for TrPs against the 
head and shaft of the radius in the distal antecu-

bital space. ENTRAPMENT of the deep radial 
nerve as it enters the arcade of Frohse may at 
times be caused by tension on the arcade pro
duced by taut bands of supinator TrPs. DIFFER
ENTIAL DIAGNOSIS is primarily concerned with 
the tennis elbow syndrome. In addition to TrPs in 
the supinator muscle, other TrPs contributing to 
the symptoms often are found in the nearby hand 
and finger extensors, the brachioradialis, the dis
tal triceps and occasionally the anconeus mus
cles. The brachialis, biceps and palmaris longus 
muscles also may become involved, but do not 
contribute to the lateral epicondylar pain of tennis 
elbow. For TRIGGER POINT RELEASE of the 
supinator by spray and stretch, the elbow is ex
tended and the forearm pronated, while the 
vapocoolant spray is applied upward and around 
the forearm over the muscle, and then down over 
the dorsal forearm and thumb. Other manual re
lease techniques are also effective. TRIGGER 
POINT INJECTION of central TrPs is begun by 
directing the needle into the tender spot overlying 
the head and neck of the radius in the distal an-
tecubital space. Passive lengthening and active 
range of motion of the supinator follow injection. 
CORRECTIVE ACTIONS include keeping the 
wrist dorsiflexed and the elbow slightly bent to 
prevent strain when playing tennis, applying 
pressure over the TrPs, and carrying packages 
with the forearm supinated to transfer the load 
from the supinator to the biceps brachii and 
brachialis muscles. 

1. REFERRED PAIN 
(Fig. 36.1) 

Trigger points (TrPs) in the supinator 
muscle refer pain primarily to the lateral 
epicondyle and the surrounding lateral as
pect of the elbow. 5 6 They also project 
spillover pain to the dorsal aspect of the 
web of the thumb and, if sufficiently in-
7 2 8 

tense, the pain may include some of the 
dorsal forearm 5 7 (Fig. 36.1). 

Kelly 2 9 reported a patient with tender
ness in the region of the most common 
supinator TrP and in the wrist and finger 
extensors, with numbness in the thumb 
and tingling in the index and ring fingers. 
These symptoms, and additional areas of 
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tenderness in the lower brachialis and in 
the volar aspect of the wrist, disappeared 
when the tender spots in the finger exten
sor group and the supinator were injected 
with a local anesthetic. Two other pa
tients 2 8 had the typical supinator pattern of 
referred pain to the thumb, with relief by 
injection in the area of the supinator TrPs. 

2. ANATOMY 
(Fig. 36.2) 

The supinator is a flat muscle, the 
proximal part of which is divided into 
two layers. The muscle spirals around the 
lateral (outer) side of the radius to attach 
proximally primarily to the dorsal sur
face of the ulna, and also to the lateral 
epicondyle of the humerus, to the lateral 
and ventral ligaments of the radioulnar 
joint, and to the anterior capsule of the 
humeroulnar joint (Fig. 36.2B and C) . 1 0 

Ventrally and distally the fibers form a 
" Y " shaped attachment to the volar sur

face of the radius just distal to the tendon 
of the biceps brachii (Fig. 36.2A). The 
bare bone between the arms of the " Y " 
(Fig. 36.2C) separates the proximal por
tion of the muscle into superficial and 
deep layers . 4 , 5 2 Distally the muscle is un
divided. When the forearm pronates, the 
supinator muscle and the biceps tendon 
wrap around the radius like a windlass 
into the space between the radius and the 
ulna. The deep radial (posterior in
terosseous) nerve enters between the su
perficial and deep layers of the muscle 
beneath a fibrous archway of variable 
thickness formed by the superficial layer 
of the supinator muscle. This archway, es
pecially when thickened, is called the ar
cade of Frohse . 5 1 , 5 2 

"Supinator longus" is an outmoded 
name for the brachioradialis, and does not 
refer to the supinator muscle which was 
called the supinator brevis. The brachiora
dialis has very limited supinator function. 

Figure 36.1. Referred pain pattern (dark red) of a frequent trigger point (X) in the right supinator muscle. 
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Figure 36.2. Attachments of the right supinator mus
cle (red), and its relation to the deep radial nerve. A, 
ventral view of the forearm, hand supinated. In the 
foreground, the muscle attaches to the volar surface 
of the radius. In the background, the muscle crosses 
the interosseous space to its dorsal ulnar attachment. 
A small part of the deep layer is seen through the 
arched opening in the superficial layer. B, lateral view 
of the forearm, hand in neutral position. The deep ra
dial nerve enters the arched opening in the superficial 

layer and continues between the two layers of the 
muscle. C, same view as B, with the superficial layer 
of the muscle reflected to show the deep layer and the 
nerve. The area of the radius that is free of muscle 
fiber attachments is seen just above the nerve. This 
bare bone separates the two layers of muscle and 
provides space for the nerve. The division of the mus
cle into two layers does not extend into its distal half, 
where the nerve tunnels through the undivided muscle 
belly. 

Supplemental References 
Anatomy books illustrate the supinator 

muscle from the medial aspect, 3 3 from in 
front,33,35,55 from in front with the radial 
nerve, 3 from the lateral s ide , 2 , 3 3 from the 
posterior (dorsal) view,9 , 5 4 from the pos
terior view with the deep radial nerve, 1 3 , 3 9 

from the medial view, 5 3 and in cross sec
t ion. 1 8 , 4 0 

3. INNERVATION 

This muscle is supplied primarily by 
the C6, partly by the C 5, and sometimes by 
the C7 spinal nerves, through the posterior 

Ulna Deep layer Deep branch of 
radial nerve 

Radius 
Superficial layer 

Biceps tendon 

Deep layer Deep branch of 
radial nerve 
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Superficial layer 

Biceps tendon 
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Biceps tendon Ulna 
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cord, and finally via the deep (posterior in
terosseous) branch of the radial nerve. 3 0 

The motor branch to the supinator muscle 
comes off the posterior interosseous nerve 
before it enters the muscle." 

4. FUNCTION 
(Fig. 36.3) 

The supinator, as its name implies, is one 
of the two major supinators of the forearm 
at the radioulnar j o i n t . 5 , 1 7 , 2 6 , 4 5 , 5 8 Supinator 
activity predominates over biceps activity 
during unresisted supination of the fore
arm, and "holds" the forearm in supina
tion. 5 , 5 8 The much stronger biceps assist 
supination when the forearm is at least 
slightly flexed at the elbow and when force 
is needed to overcome resistance to supina
tion. 5 8 However, the biceps assists very lit
tle, if at all, when the elbow is straight. 
Forceful supination, therefore, requires at 
least a slight degree of elbow flexion. 

Based on electromyography, forceful el
bow flexion with the forearm pronated, as 
in Figure 36.3C, inhibits contraction of the 
biceps (which is a supinator) and, there

fore, tends to load the supinator, brachiora
dialis and brachialis muscles. Forceful el
bow flexion in the supinated position of 
Figure 36.3A tends to load the biceps and 
to unload the supinator. The supinator also 
assists flexion of the forearm at the elbow 
when the forearm is held intermediate be
tween supination and pronation, 4 9 as in 
Figure 36.3B. 

The supinator fibers that attach to the 
anterior capsule of the humeroulnar joint 
contribute primarily to elbow flexion, 
rather than to supination; they pass be
tween the deep radial nerve and the biceps 
tendon. The epicondylar fibers also may 
contribute to flexion. 

5. FUNCTIONAL UNIT 

Supination is augmented by the biceps 
brachii during increased effort. The 
supinator is synergistic with the forearm 
flexors, as described in Section 4, above. 

The chief antagonist to the supinator is 
the prime pronator, the pronator quadra-
tus; the secondary antagonist is the prona
tor teres. 5 

Figure 36.3. Three hand positions for carrying a heavy 
object with the elbow flexed. A, forearms supinated, 
which loads the biceps brachii and unloads the 
supinator. B, hands in the neutral position, which 

loads both muscles. C, forearms pronated, which 
tends to unload the biceps and to load the brachialis, 
brachioradialis, and the few fibers of the supinator 
that contribute to elbow flexion. 
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6. SYMPTOMS 

Patients with active TrPs in the supina
tor muscle complain of aching pain in ei
ther, or both, the lateral epicondyle and the 
dorsal surface of the web of the thumb. 
Pain is caused by activities like carrying a 
heavy briefcase with the elbow fully ex
tended, playing tennis, and other move
ments listed under Section 7, below. These 
patients also are likely to experience con
tinuing elbow pain at rest following such 
activities. In our experience, nearly every 
patient with lateral epicondylar pain and 
tenderness has an active supinator TrP; the 
supinator is the muscle most frequently 
contributing to the pain of "tennis elbow." 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Symptoms of "tennis elbow" may occur 
when the player mis-hits the ball "off-cen
ter," twisting the racquet with the elbow 
completely extended (more likely in back
hand, than in forehand strokes). During 
full elbow extension the biceps cannot as
sist the supinator to resist the added force. 
Supinator strain may occur when resisting 
unexpected pronation or when executing 
an extremely forceful supination. 

At times, the commonly used term "ten
nis elbow" is really a "briefcase elbow," 
"door-handle elbow," or "dog-walker's el
bow." Any excessively forceful, repetitive, 
or sustained supination of the forearm, es
pecially with the elbow straight, may initi
ate symptoms. So can forceful elbow flex
ion when the forearm is held in pronation 
(Fig. 36.3C). "Briefcase elbow" occurs 
when the briefcase is flipped with the car
rying hand onto the top of a desk, ready to 
open, ending with the forearm in the posi
tion of Figure 36.3C. Also traumatic is car
rying a heavy briefcase with the elbow 
straight when it must be stabilized by the 
supinator with each step, especially if the 
leg bumps the back end of the briefcase 
during ambulation. 

Additional initiating and perpetuating 
stresses include turning stiff doorknobs, 
wringing clothes when doing laundry, 
meticulous ironing, unscrewing a tight jar 
lid by movement only at the wrist, walking 
a large dog pulling on a leash, handshaking 

in long receiving lines at receptions (as by 
politicians), erasing chalk lines on a black
board, washing walls by hand, and raking 
leaves. 

8. PATIENT EXAMINATION 

The examiner should test for supinator 
stretch length by simultaneously pronating 
the forearm and extending it at the elbow. 
This test can, but does not always, show re
striction if the supinator alone harbors 
TrPs. 

Tapping the lateral epicondyle elicits 
the exquisite tenderness of enthesopathy 
caused by taut-band tension of the central 
TrPs. Referred tenderness of the web of the 
thumb also may be present when the web 
is squeezed. The combination of epicondy
lar tenderness and pain at the base of the 
thumb strongly suggests an active supina
tor TrP. Thumb motion is usually not re
stricted and often is not painful. The Hand-
to-shoulder-blade Test (see Fig. 22.3) 
shows slight restriction, and causes pain as 
described in Section 1, above. A hand
shake with a firm grip becomes painful 
when extensor muscles of the wrist and 
fingers have secondarily developed active 
TrPs. 

Gerwin, et al.2 1 established that, among 
experienced and trained examiners, three 
reliable criteria for diagnosing myofascial 
TrPs were the detection of a taut band, the 
presence of spot tenderness, and patient's 
recognition of pain elicited from the tender 
spot in the taut band. In several muscles, 
local twitch responses (LTRs) were not 
identified as reliably. The supinator mus
cle was not one of the muscles tested in 
this study, but based on comparable mus
cles that were tested, the supinator would 
likely be one of the more difficult and skill-
demanding muscles to examine reliably for 
an LTR. 

To test the supinator muscle for strength 
with minimum interfering assistance from 
the biceps brachii, have the supine patient 
extend the elbow along the side of the body 
with the hand and forearm in a neutral po
sition and resist a supination effort by the 
patient. Increased muscle tension due to 
TrPs can be tested by fully supinating the 
forearm against resistance, looking for 
painful limitation of full supination. 
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When a supinator TrP is suspected, the 
radioulnar (proximal and distal), radio-
humeral, and humeroulnar joints should 
each be tested for normal joint play and if 
restricted, normal joint play should be re
stored. 3 1 , 3 4 The first two joints are most 
critical for normal supinator function. 

9. TRIGGER POINT EXAMINATION 

The most frequent location of supinator 
TrPs is close to the attachment of the su
perficial layer of the supinator muscle on 
the ventral aspect of the radius, which, in 
turn, is just lateral and somewhat distal to 
the biceps tendon (Fig. 36.1). The brachio
radialis is slackened by flexing the elbow 
slightly (15° to 30°) and this muscle is 
pushed aside laterally. The forearm is fully 
supinated, otherwise the TrPs may be hid
den by the ulna. In the supinated position, 
the supinator TrPs lie directly over the ra
dius and immediately beneath the skin be
tween the biceps tendon and the brachio
radialis muscle. Both muscular landmarks 
are readily identified by asking the patient 
to flex the forearm against resistance. Snap
ping palpation of very active TrPs may oc
casionally produce a confirmatory supina
tion twitch response of the hand in spite of 
the shortened position of the muscle. 

A second, deeply situated, supinator at
tachment TrP also may be found by press
ing downward against the ulna on the lat
eral side of the forearm close to the radius 
as the muscle approaches its attachment 
where the lateral joint capsule meets the 
ulna. This TrP is evidenced by tenderness 
to deep palpation through the mass of the 
hand extensor muscles, especially through 
the extensor carpi ulnaris longus, 4 or 5 cm 
(nearly 2 in) distal to the lateral epi
condyle, and 1 or 2 cm (about 3/4 in) distal 
to the head of the radius. This second TrP 
is sometimes associated with deep radial 
nerve entrapment. 

10. ENTRAPMENT 

Entrapment of the radial nerve as it tra
verses the supinator muscle may or may 
not produce symptoms often identified as 
tennis elbow. The clinician should note 
that: (1) the painless weakness of muscles 
supplied by the radial nerve is usually 
caused by a tumor, 2 2 (2) a painful tennis el-
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bow without muscular weakness or signs 
of entrapment (usually diagnosed as tennis 
elbow or lateral epicondylitis) is often 
caused by myofascial TrPs without radial 
nerve compromise, and (3) the mixture of 
tennis elbow pain and evidence of radial 
nerve entrapment in the region of the 
supinator muscle suggests the possibility 
of both nerve entrapment and supinator 
TrPs. Tennis elbow is covered in the next 
section, Differential Diagnosis, and the 
painful radial nerve entrapment group is 
considered here. 

Surgical reports of radial nerve entrap
ment make it clear that frequently the 
problem occurs as the deep radial (poste
rior interosseus) nerve enters the supinator 
muscle (Fig. 36.2B and C). An anatomical 
study showed that the proximal edge of the 
superficial layer of muscle fibers formed a 
tendinous thickened border in 30% of 50 
"normal" adult arms. 5 2 Hong, et al.25 found 
a slightly lower percentage, 2 thickened 
borders in 10 arms. This fibrous arch is 
also known as the Arcade of Frohse. The 
thickened arch was much more common in 
patients who received an operation for a 
supinator syndrome than in "normal" arms 
(10 of 12 patients). The nerve enters the ar
cade about 1 cm lateral to the biceps ten
don. Here, the nerve lies against the ante
rior capsule of the radiohumeral joint, 
cushioned slightly by the fibers of the deep 
layer of the supinator muscle as they attach 
to the joint capsule. 

The descriptions of these patients in the 
surgical literature suggest a myofascial TrP 
component of the problem as well as a 
nerve entrapment component. Thirty two 
of forty eight surgical patients had been 
treated previously for lateral epicondyli
tis, 2 4 which is commonly caused by myo
fascial TrPs (see Section 11). Resisted ex
tension of the middle finger with the wrist 
straight and unsupported caused pain at 
the origin of the common extensor tendon 
in all 48 elbows in one study 4 7 and in 21 of 
50 elbows in another study. 2 4 This sign 
could have been from an enthesopathy (at
tachment TrP) of the hand and finger ex
tensor muscles rather than a supinator en
trapment. Resisted supination weakness in 
26 of 50 elbows 2 4 also could fit a supinator 
TrP (the supinator motor nerve branches off 
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before it enters the muscle 1 1). Tenderness 
over the epicondyle in 43 of 50 elbows 2 4 

could be referred from a supinator TrP. 

The most commonly used relatively 
successful surgical procedure was divi
sion of the arcade of Frohse relieving the 
deep radial nerve of any entrapment pres
sure 2 4 , 3 2 , 4 7 plus various additional proce
dures reported by different authors. Relief 
obtained in this way plus the observation 
of nerve indentation by the thickened ar
cade of Frohse in all 33 elbows in one 
study 4 7 and in 34 of 50 elbows in an
other 2 4 confirms that some degree of nerve 
entrapment was occurring at that point. 
Why this particular anatomical configura
tion should develop problems well into 
adulthood after many years without 
symptoms is not so clear. 

This operation should relieve radial 
nerve entrapment by the muscle, but 
would not be likely to inactivate any 
supinator TrPs, which would account for 
incomplete pain relief by the surgical pro
cedure alone. On the other hand, follow
ing surgery, patients have a period of mus
cle rest that could help spontaneous 
recovery and they may be more careful of 
activities involving forceful supination, 
reducing this perpetuating factor. 

One paper analyzed the results of a non
surgical approach. 2 5 Posterior interosseous 
neuropathy was confirmed electrodiagnos-
tically in 15 patients who received uniden
tified conservative therapy. All recovered 
within 5 years without surgery. Another 
author emphasizes that this supinator en
trapment is caused purely by soft tissues 
and does not involve a bony limitation of 
space. 2 7 

Supinator TrPs can cause entrapment of 
the deep radial nerve if those supinator 
fibers that are attached to an arcade with a 
thick tendinous edge are shortened by ac
tivity of the deep supinator attachment TrP 
(described in the previous section) and cre
ate tension on the arcade of Frohse. That 
this TrP lies close to the nerve is evidenced 
by occasional temporary local anesthetic 
block of the nerve when that TrP is injected. 

Clinically we find that inactivation of all 
local myofascial TrPs relieves the pain, and 
inactivation of the supinator TrP on the ul
nar side of the nerve usually relieves the 

deep radial nerve entrapment, without sur
gical intervention. Patients with a well de
veloped arcade may be more vulnerable to 
entrapment of the radial nerve by supina
tor TrPs. 

Not one paper could be located that re
ported systematic examination of patients 
with this entrapment for TrPs and evalu
ated the results of releasing the TrPs. Com
petent research studies of this type are 
sorely needed. 

11. DIFFERENTIAL DIAGNOSIS 

Differential diagnoses of the symptoms 
caused by supinator TrPs include tennis el
bow or lateral epicondylitis, entrapment of 
the posterior interosseous nerve, C5-C6 

radiculopathy, and DeQuervain's stenosing 
tenosynovitis. Tennis elbow is covered in 
detail in this section. 

Frequently, recurring articular dysfunc
tion at the distal radioulnar joint is associ
ated with TrPs in the supinator muscle. 

Arthritis of either articulation at the el
bow is a possible, but unlikely, cause of pain 
localized to the lateral epicondyle. It should 
be diagnosed by radiologic examination. 

Tennis Elbow (Lateral Epicondylitis or 
Radial Epicondylalgia) 

Tennis elbow is a common disease entity 
that plagues a large proportion of the ath
letic population 4 1 and 4 0 % to 50% of recre
ational tennis players. 4 6 It occurs primarily 
in those between 30 and 55 years of age. 2 0 

The literature on this subject omits a con
vincing explanation for the symptoms, 
which suggests that a major cause may have 
been overlooked. The observation that a la
tent TrP is found in the third finger extensor 
in most mature adults may be relevant. 
Recognition of the contribution by myofas
cial TrPs should help greatly to provide the 
missing explanation. It is now generally ac
cepted that the symptoms are caused by 
repetitive microtrauma to the musculo
tendinous unit causing inflammatory and 
degenerative tissue damage.4 3 This descrip
tion fits the enthesopathy of attachment 
TrPs that result from the chronic tension of 
taut bands of central TrPs. 

The symptoms of tennis elbow can 
come from TrPs in the supinator and/or 
hand and finger extensor muscles. As re
viewed above, if the supinator is involved, 

Copyrighted Material



Chapter 36 / Supinator Muscle 7 3 5 

the diagnosis may be entrapment of the ra
dial nerve as it enters that muscle and is 
commonly approached by surgical release 
of the arcade of Frohse and division of the 
superficial portion of the supinator mus
cle. When the extensor muscles attached to 
the lateral condyle are involved, their at
tachment is often severed surgically to re
lieve the TrP tension that often causes the 
lateral condyle enthesopathy. The surgery 
in both situations may be unnecessary if 
the responsible TrPs were identified and 
inactivated. 

Conservative (Nonoperative) Treatment. 
Cyriax15 identified four varieties of "tennis 
elbow." The tenoperiosteal variety was ex
plained as a partial tear at the ligamentous at
tachment of the hand and finger extensor 
muscles to the lateral epicondyle, which pro
duced a painful scar 3 5 and could correspond 
to attachment TrPs of these muscles. This 
was treated with local triamcinolone injec
tion and complete rest of the upper extrem
ity for a week. The muscular variety required 
injection of 0.5% procaine solution precisely 
into the tender point in the "extensor carpi 
radialis" belly, corresponding to central TrPs 
of that muscle. The tendinous variety was 
described as a lesion in the "body of the ten
don," (presumably the common extensor 
tendon) at the level of the head of the radius. 
Surgical exploration of this area with re
moval of tissue revealed microscopic rup
ture of the origin of the extensor carpi radi
alis brevis with abortive regeneration.37 It 
was treated with four to eight sessions of 
massage and could correspond to attach
ment TrPs of that muscle. The supracondylar 
variety displayed a tender point along the 
supracondylar ridge above the lateral epi
condyle at the origin of the extensor carpi ra
dialis longus muscle. It, too, was relieved by 
deep massage and would be compatible with 
attachment TrPs of that muscle. 

In two studies, most of the patients with 
tennis elbow responded well to conserva
tive treatment and did not require surgery 
(82% of 339 patients 1 4 and 96% of 871 pa
tients). 1 9 In the series that identified the 
conservative measures, the authors limited 
use of the hand to avoid painful activities, 
applied a dorsiflexion wrist splint, and 
gave local injections of steroids directly 
into the most tender area over the origin of 
the flexor or extensor muscles. 1 4 

The use of a nonelastic fiber arm band 
that is lined with foam rubber to prevent 
slippage was sufficient to relieve symptoms 
in 12 of 40 patients. The remaining 28 re
quired injection of steroid and local anes
thetic into the tender tissues distal to the 
lateral epicondyle (TrPs not mentioned). 
The band was adjusted to be snug and com
fortable with the forearm muscles relaxed. 1 9 

This technique is useful until the responsi
ble TrPs have been inactivated. The skin 
pressure seems to reduce the intensity of 
TrP activity, similar to the technique de
scribed for the sternocleidomastoid muscle. 

An analysis of 12 reasonably well-
designed studies on corticosteroid injec
tion for lateral epicondylitis, 1 concluded 
that corticoid injections appear to be rela
tively safe and seem to be effective in short 
term (2-6 weeks). The limited time of effec
tiveness can be explained by treatment 
only of the attachment TrPs at the site of 
enthesopathy but neglecting inactivation 
of the responsible central TrPs. The con
trolled study of 109 patients by Solveborn, 
et al.50 is a good example of this short-term 
response to steroid and analgesic injection 
of only the region of enthesopathy. 

Surgical Treatment. Garden 2 0 reported 
good results in 44 of 50 elbows by teno
tomy of the extensor carpi radialis brevis 
or Z-lengthening its tendon. Bosworth 7 re
ported good results in most of 62 patients 
by releasing the common extensor origin at 
the epicondyle in combination with a vari
ety of other procedures. Surgery of varying 
extensiveness for "tennis elbow" is re
ported enthusiastically, including excision 
of the proximal attachment of the extensor 
carpi radialis brevis, 3 7 a medio-lateral inci
sion to the bone in the tender area through 
a stab wound, 3 5 division of the deep fascia 
that covers the extensor group of muscles 
distal to the epicondyle, 4 2 surgical release 
of the common origin of the radial hand ex
tensors, 4 8 and extensive removal of tendi
nous and joint tissue in the painful area. 8 

The common denominator of these sur
gical approaches is release of hand exten
sor, and sometimes finger extensor ten
dons. No research could be found that 
critically examined how frequently the 
surgery for tennis elbow might be unneces
sary if the TrPs responsible for the enthe
sopathy were assessed and inactivated. 

Copyrighted Material



7 3 6 Part 4 / Forearm and Hand Pain 

Etiology. Tennis elbow is commonly 
attributed to microtrauma to the musculo
tendinous unit with degenerative and in
flammatory changes 3 8 at the origin of the 
extensor carpi radialis brevis produced by 
repeated large impact forces created when 
the ball hits the racquet in a backhand 
stroke. 4 6 Mechanical analysis does not sup
port this theory. Rather, this muscle is 
heavily loaded (40%-70% of voluntary 
contraction) throughout active play. 4 6 The 
pathology fits an overload-induced myo
fascial TrP etiology well. This microtrau
matic origin was further substantiated by a 
recent study 4 3 that showed a strong posi
tive correlation between magnetic reso
nance imaging and histopathological 
changes of neovascularization, disruption 
of collagen, and mucoid degeneration 
without inflammation. This histological 
picture is compatible with enthesopathy 
secondary to taut bands of central TrPs in 
forearm muscles. 

Related Trigger Points 

With the "tennis elbow" symptoms of 
pain and tenderness in the region of the 
lateral epicondyle, TrPs are often found 
also in the triceps brachii, in the lower end 
of the lateral margin of its medial head 
(TrP2), in the long extensors of the fingers, 
the extensor carpi radialis longus and bre
vis, and the brachioradialis muscles. When 
all of these TrPs have been eliminated, an 
anconeus TrP may still cause lateral epi-
condylar pain and tenderness to tapping. 

Additional muscles that may become in
volved as part of the supinator's functional 
unit, but which do not refer pain to the lat
eral epicondyle, are the brachialis, biceps 
brachii (TrPs in the distal third of the mus
cle), and sometimes the palmaris longus. 

12. TRIGGER POINT RELEASE 
(Fig. 36.4) 

The stretch and release techniques de
scribed below and in Chapter 3, Section 12 
are applicable to central trigger points 
(TrPs) in the supinator muscle. The pri
mary therapeutic approach to attachment 
TrPs is to inactivate the central TrPs that 
are causing them by treating the muscle in 
a position of ease (not stretched) using TrP 
pressure release, postisometric relaxation, 
and indirect techniques. 

For application of stretch and spray, the 
patient's elbow rests on a padded armrest, or 
over the operator's knee. This support per
mits full elbow extension. As the forearm is 
fully pronated to take up any slack in the 
supinator muscle, the elbow is supported to 
prevent medial rotation at the shoulder. Af
ter several initial sweeps of spray, gentle 
pressure is applied to follow release of mus
cle tension as the vapocoolant spray is again 
swept upward and outward diagonally over 
the forearm following the muscle fibers 
from the TrP area to the region of the lateral 
epicondyle (Fig. 36.4A). Then, downsweeps 
are applied over the dorsum of the forearm 
and web of the thumb (Fig. 36.4B). 

As part of the stretch-and-spray proce
dure, tension should be released in adja
cent muscles likely to have developed asso
ciated TrPs, and which are likely to protest 
painfully after release of the supinator. 
Stretch and spray are applied to the biceps 
and brachialis, brachioradialis, extensor 
carpi radialis, and triceps muscles and to 
any associated TrPs in the finger extensors. 

Trigger point pressure release is applied 
by gently holding TrPs in the taut supinator 
muscle against the underlying radius. It is 
most effective when combined with spray 
and stretch. This procedure is followed by 
three slow cycles of full active supination 
and pronation of the forearm. Moist heat is 
applied promptly to treated regions. 

Following successful treatment, the el
bow should straighten to a degree of exten
sion not obtainable before, and the Hand-
to-shoulder-blade Test (see Fig. 22.3) 
should be normal if no other TrPs are re
stricting it. All tenderness to tapping on 
the lateral epicondyle should be gone. If 
not, residual TrPs may remain in the 
supinator, or in nearby muscles, especially 
the anconeus and triceps. 

Supinator central TrPs respond well to 
postisometric relaxation. This technique 
for the supinator was well described and 
illustrated by Lewit. 3 1 It is also valuable as 
a self-treatment at home. 

For more rapid relief of attachment TrPs, 
iontophoresis or phonophoresis of a 
steroid may be considered, after the central 
TrPs have been inactivated by techniques 
(such as the ones mentioned in the first 
paragraph of this section) that put minimal 
stress on the muscle's attachments. 
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13. TRIGGER POINT INJECTION 
(Fig. 36.5) 

For injection of central trigger points 
(TrPs) in the midfiber part of the muscle 
(Fig. 36.1, right side) the patient is placed 
in the same position as for examination, 
and a 22- to 27-gauge, 3.8-cm (1 1/ 2-in) nee
dle is directed proximally into the TrP just 
lateral to the attachment of the biceps 
brachii tendon, where maximum tender
ness is found in a nodule on palpation (Fig. 
36.5); it is often difficult to see or feel an 
LTR in this muscle except through the nee
dle. When the forearm is supinated, the 
deep radial nerve passes through the mus
cle lateral to this TrP area (Fig. 36.2B and 
C) and, thus, is not usually encountered 
during TrP injection. 

Figure 36.4. Stretch position and spray pattern (ar
rows) for trigger points (Xs) in the supinator. A, the el
bow must be supported to maintain effective elbow 
extension and pronation of the forearm. The operator 
blocks medial rotation at the shoulder by resting the 

Rachlin 4 4 illustrates injection of the cen
tral TrP region in this muscle. 

Injection of attachment TrPs (located at 
the musculotendinous junction close to the 
joint capsule) with analgesic can expedite 
resolution of the local tenderness and the 
return to full function after the correspond
ing central TrPs have been inactivated. 

It is wise to probe the tender area thor
oughly, searching for all of the sensitized 
locations in the TrP. No focal TrP tender
ness should remain after the injection. 

Injection is followed promptly by stretch 
and spray and then by active pronation and 
supination to restore full normal muscle 
length. The elbow area is then rewarmed 
with a hot pack. The injection and stretch 
can be repeated in a few days, if necessary. 

medial epicondyle against the elbow support. The up
sweep spray pattern covers the muscle and lateral 
epicondyle. B, the down-sweep spray pattern covers 
the muscle and its referred pain pattern on the fore
arm and at the base of the thumb, dorsally. 
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Figure 36.5. Injection of trigger points in the right 
supinator muscle, with the brachioradialis pushed 
aside. The fully rendered drawing shows the syringe 
position for injecting the usual trigger point in this 

muscle. The ghosted syringe (dashed lines) shows the 
approach for the more lateral and proximal trigger 
point located nearer the deep radial nerve at about the 
level where the nerve enters the supinator muscle. 

To assess the effect of what solution is 
injected, 95 patients with "tennis elbow" 
were injected in the area of pain and ten
derness (not specifically supinator TrPs) 
in a double-blind experiment with one of 
three solutions. 1 6 Ninety-two percent of 
those injected with 1 ml of methylpred-
nisolone acetonide, 20% of those injected 
with 1% Xylocaine, and 24% of those in
jected with 0.9% saline were either cured 
or improved. 1 6 Thus, the corticosteroid 
was much more effective in this study. 
The most likely site of these injections 
would have been in the region of extensor 
carpi radialis brevis enthesopathy close to 
the condyle (often identified as epi

condylitis). Therefore, very likely, most of 
these injections would have been into at
tachment TrPs and not central TrPs. If so, 
the conclusions would be applicable only 
as a guide for the most effective solution 
to use at attachment TrPs when the re
sponsible central TrP site has not been 
identified and treated. 

In other studies of "tennis elbow," in
jection of the most tender point with cor
ticosteroid and lidocaine together was 
effective in more than half of 202 cases;6 

injection of triamcinolone acetate alone 
afforded relief in 66% of patients.3 6 The 
relatively good immediate results with 
steroid injection would be expected at at-
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tachment TrPs, but the results were short 
in duration1 (which would also be ex
pected if the central TrPs were neglected). 

Effective elimination of central TrP ac
tivity by direct injection with a local anes
thetic or saline requires precise targeting of 
the TrPs so that needle contact elicits a lo
cal twitch response or a pattern of pain rec
ognized as familiar to the patient. With 
needle penetration of central TrPs, we see 
no advantage and some disadvantage to 
adding steroid in the injection solution. 
However, in many cases, the addition of 
steroid may be appropriate for attachment 
TrP injections. 

It is becoming clear that the taut bands 
caused by TrPs in the forearm extensor 
muscles place a chronic strain on their 
tendinous attachments at the lateral epi
condyle, producing enthesopathy that 
eventually could produce the structural 
changes previously described in Section 
11. Inactivation of the responsible TrPs 
would seem to be a simpler initial ap
proach than surgery, and has been found to 
be effective clinically. A well-controlled 
prospective research study of the TrP ori
gin of tennis elbow is urgently needed. 

"Tennis elbow" syndromes also have 
been treated with acupuncture at motor 
points,2 3 The endplate zone of motor points 
is also where central TrPs are located. To the 
extent that the acupuncture needles are used 
to impale TrPs, they should be effective. Dry 
needling of attachment TrPs is probably con
siderably less effective than dry needling of 
central TrPs. The lateral epicondyle would 
be a convenient region in which to critically 
evaluate this important distinction between 
central and attachment TrPs with a well-
controlled, blinded research study and care
ful definition of the diagnostic criteria used. 

14. CORRECTIVE ACTIONS 
(Figs. 36.6 and 36.7) 

Tennis players should keep the wrist 
slightly extended and the elbow slightly 
bent (Fig. 36.6A). Allowing the head of the 
racquet to drop (Fig. 36.6B) reduces grip 
strength. With slight extension and no ul
nar deviation of the hand at the wrist, the 
increase in strength protects the supinator 
from mis-hit overload and is easily demon
strated on a grip-strength meter. Slight ex
tension places the forearm flexors at some 

mechanical advantage. Ulnar deviation 
places the ring and little finger flexors at a 
mechanical disadvantage. The bent elbow 
provides biceps assistance in supination 
and helps to prevent supinator overload. 
The two-handed backhand stroke protects 
the supinator by preventing complete el
bow extension during the stroke. Tennis 
players who use a two-handed backhand 
have much less trouble with tennis elbow. 4 6 

If the player still has difficulty with the 
racket slipping in the hand because the 
grip is weak, the size of the racquet handle 
should be reduced so that the fingers wrap 
fully around it. Otherwise, the extensors, 
especially those of the ring and little fin
gers, which are essential for a strong grip, 
function at a disadvantage. A weak grip 
permits the racquet to turn in the hand 
when the ball is mis-hit off-center, causing 
sudden muscle strain. The additional effort 
required to keep a tight grip on a large han
dle further strains the finger extensors. 

Elbow pain often begins when a person 
gets a new racquet that is too heavy, that 
has a larger handle, or is unbalanced and is 
too heavy at the head end. The position of 
the grip on the racquet may be shortened to 
reduce the length of the lever arm against 
which the forearm muscles must operate. 

Tennis players with this elbow problem 
should not play on consecutive days, but 
should rest the supinator muscle until the 
postexercise soreness from overuse has 
worn off, usually in a day or two. 

A snug figure-8 elastic support may be 
worn that encompasses the muscles just 
above and below the elbow, but leaves an 
opening for the olecranon process. Such a 
support is sold in sporting goods and some 
drug stores, and may be worn during ten
nis, gardening, etc. This provides support
ing counter pressure over the supinator 
and other vulnerable elbow muscles, and 
discourages full elbow extension. A similar 
solution was described by Froimson. 1 9 

A patient with "briefcase elbow" may 
find it better to carry the briefcase tucked 
under the arm with the elbow bent, and 
should avoid flipping the briefcase onto 
the desk; it should be placed there in two 
steps: (1) lift it on top of the desk and (2) 
with two hands, lay it flat for opening. 

For some activities, wrist-rotation stress 
may be avoided temporarily by using the 
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other hand or by using the affected hand 
differently. Instead of wringing washed 
clothes, they may be pressed against the 
bottom of the sink to drain the water from 
them. Raking leaves and walking a large 
dog that pulls on a leash should be discon
tinued. If shaking hands in a receiving line 
is unavoidable, the right and left hands are 
alternated from person to person, reaching 
across with the opposite arm to the next 
guest in line; the hand is presented with 
the palm up to gracefully avoid a friendly 
crushing hand grip. 

The patient with supinator TrPs should 
learn to carry packages with the forearms 
supinated (Fig. 36.3A) rather than 
pronated (Fig. 36.3C); this substitutes the 
biceps for the supinator as an assistant to 
the brachialis to flex the elbow when lift

ing loads. The biceps is much stronger 
than the supinator for this purpose. 

For a strengthening and conditioning 
isotonic exercise, the forearm is alternately 
supinated and pronated, holding a weight 
(Fig. 36.7). A progressive program in
creases the weight of the object as strength 
improves. This exercise is started after the 
elbow pain and soreness due to TrPs have 
subsided. It increases the supinator's toler
ance to future activity. 

15. CASE REPORTS 

Dr. Travell saw a patient who pre
sented with a right "tennis elbow." Six 
months before, the patient had been out 
on skis, using ski poles, and that same 
day he had played several hours of pad
dle tennis, when he noticed elbow pain. 

Figure 36.6. Use and misuse of the tennis racquet elbow is straight and the wrist dropped, which over-
(backhand stroke). A, good position. The elbow is loads the supinator muscle during supination at the 
slightly bent and the wrist cocked in radial extension end of the stroke and weakens the grip, 
to raise the head of the racquet. B, poor position. The 

Good 

Poor 
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Figure 36.7. Isotonic exercise to strengthen and condition the right supinator muscle. The forearm is alter
nately supinated (left) and pronated (right) while holding a weight, which is increased progressively as strength 

improves. 

He had previously received the usual 
treatment and several injections into the 
olecranon bursa. The syndrome was a 
major calamity to the patient, because it 
had "changed his life style." He could 
not play tennis, or swing an axe, or run 
his power saw. He was rapidly learning 
to become left-handed. On examination, 
he had the expected myofascial TrPs: the 
worst was in the supinator, next was the 
brachioradialis, followed by the 3rd and 
4th finger long extensors, and finally, the 
brachialis. The triceps was not involved. 
Trigger points in two muscles referred 
pain directly to the lateral epicondyle: 
the supinator and the 4th finger extensor, 
as was expected. Other muscles had the 
usual TrPs, which Dr. Travell described 
in advance, to the patient's amazement. 
Following injection of TrPs with 0.5% 
procaine, the patient's symptoms and the 
referred tenderness felt on tapping the 
epicondyle were completely eliminated. 
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CHAPTER 37 

Palmaris Longus Muscle 

HIGHLIGHTS: REFERRED PAIN is felt as a dis
tinctive, prickling, needle-like sensation over the 
palm. Tenderness of the palm and the progression 
of contracture are frequently relieved when trigger 
points (TrPs) in the palmaris longus are inacti
vated. ANATOMY: this highly variable muscle at
taches proximally to the medial epicondyle of the 
humerus and distally to the palmar fascia. FUNC
TION is chiefly to cup the palm, and it also can as
sist flexion of the hand at the wrist. SYMPTOMS 
are pain and tenderness in the palm that interfere 
with the use of tools. Contracture of the palmar 
fascia also may be present. ACTIVATION AND 
PERPETUATION OF TRIGGER POINTS occur 

from excessive use of the grasping function of 
the hand. DIFFERENTIAL DIAGNOSIS: trigger 
points in this muscle are identified by their distinc
tive prickling rather than aching pain. TRIGGER 
POINT RELEASE of the muscle is accomplished 
by extending the fingers and the hand at the wrist 
while applying the spray in a distal pattern. This 
treatment can be effectively supplemented with 
trigger point pressure release of the palmaris 
longus TrPs. TRIGGER POINT INJECTION is rel
atively simple using flat palpation to localize the 
TrPs. CORRECTIVE ACTIONS entail avoiding ac
tivities that overload the palmar cupping function 
or that traumatize the palm. 

1. REFERRED PAIN 
(Fig. 37.1) 

Like another muscle, the platysma, 
which also acts primarily on cutaneous tis
sue, the trigger points (TrPs) in the pal
maris longus refer a superficial, needle-like 
prickling pain rather than the deep-tissue 
aching pain of most other muscles. The re
ferred pain pattern centers in the palm 
(Fig. 37.1). It extends to the base of the 
thumb and to the distal crease of the palm, 
but not into the digits. The prickling sensa
tion feels as if it is produced by many fine 
needles. The spillover pattern may extend 
to the distal volar forearm. 

2. ANATOMY 
(Fig. 37.2) 

The palmaris longus arises above 
chiefly from the medial epicondyle of the 
humerus, and inserts below into the trian
gular palmar aponeurosis and the trans
verse carpal ligament (Fig. 37.2). At the 
wrist, its tendon passes superficial to the 
flexor retinaculum. The tendon stands out 
clearly when the hand is actively flexed 

and the palm cupped, because the tendon 
ends in the hand as the palmar aponeuro
sis (see Fig. 37 .3) . 2 2 

Normally, the palmaris longus is a slen
der fusiform muscle with its belly located 
in the proximal half of the forearm between 
the flexor carpi radialis and the flexor carpi 
ulnaris muscles. It overlies the flexor digi-
torum superficialis; however, it is anatomi
cally highly variable. Variations include 
congenital absence (often bilateral), a dis
tally placed muscle belly, a double-bellied 
muscle, and a distally placed anomalous 
muscle that may show a variety of attach
ments. 1 0 , 3 4 The incidence of total absence 
ranges from 1 2 . 7 % - 2 0 . 4 % in studies of 
occidental and black persons, but only 
from 2 . 2 % - 3 . 4 % in Orientals. Bilateral ab
sence is nearly twice as common as the 
absence of just one muscle. Either the right 
or left muscle is equally likely to be miss
ing. 3 4 Absence is slightly more common 
in females than males and in whites 
than blacks. It may be inherited as a sex-
linked dominant trait. 3 4 Anomalies other 
than absence occur in approximately 9% of 
individuals. 

7 4 3 
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The palmar aponeurosis comprises two 
layers. A superficial layer of longitudinal 
fibers extends directly from the palmaris 
longus tendon at the wrist to the fingers. 
There, the fibers fan out in bundles to 
cover the flexor tendons of each finger and 
often of the thumb. Some of the superficial 
fibers attach to the skin of the flexor crease 
at the base of the fingers. Others continue 
into the digits to merge with the digital 
sheaths. The rest of the distal superficial 
fibers arch as bands transversely across the 
underlying tendons and muscles. The deep 

layer, which consists mainly of transverse 
fibers, blends with the transverse meta
carpal and transverse palmar ligaments. 
The fibers of the two layers of aponeurosis 
intertwine. 2 

Two cases of what appeared to be carpal 
tunnel syndrome were found to have a 
variation of the palmaris longus in which 
the tendon passed beneath, rather than 
above, the volar carpal ligament.7 Three 
other cases proved to have anomalous dis
tal bellies of the palmaris longus which 
compressed the median nerve against the 

Figure 37.1. Patterns of the referred prickling sensa
tion (dark red) arising from a central trigger point (X) in 
a right palmaris longus muscle (light red) in its usual 
configuration. The referred sensation is described as a 

superficial painful prickle, rather than an aching pain. 
The belly of this variable muscle, and therefore its trig
ger points, may lie high or low in the forearm. 
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Figure 37.2. Ventral forearm muscles including the usual attachments of the palmaris longus muscle (red). It 
originates at the medial epicondyle, and attaches distally to the palmar aponeurosis. The superficial layer of 

the palmar aponeurosis has fibrous bands that extend into the fingers and often to the thumb. 
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underlying tendons.' All were relieved by 
surgical decompression. Additional exam
ples of nerve entrapment at the wrist by 
variations of the palmaris longus muscle 
are presented in Section 10. 

SUPPLEMENTAL REFERENCES 

A number of authors have illustrated 
the palmaris longus muscle from the volar 
v i e w , 1 0 , 1 , 2 3 , 2 7 , 3 9 , 4 2 and others in cross sec
t i o n . 1 , 8 , 2 9 Some have detailed its palmar 
fascial a t t a c h m e n t s , 1 0 , 1 1 , 2 4 , 2 8 , 4 0 and many 
of its variations. 2 . , 3 4 

3. INNERVATION 
The palmaris longus muscle is supplied 

by a branch of the median nerve from the 
lateral cord, through the anterior divisions, 
the upper and middle trunks of the 
brachial plexus, and either spinal roots C6 

and C 7 , 9 , 3 1 roots C 7 and C 8 (the usual 
arrangement), 1 4 , 1 7 or C 7, C 8 and T 1 . 3 9 Fibers 
from C8 and T1 pass through the inferior 
trunk and the medial cord. The nerve to 
the palmaris longus muscle also is vari
able; it may penetrate the flexor carpi radi-
alis muscle, 1 4 or the superficial fibers of the 
flexor digitorum superficialis muscle. 5 

4. FUNCTION 
The palmaris longus muscle functions 

to flex the hand at the wrist and to tense 
the palmar fascia. It probably assists prona
tion of the hand against resistance and may 
assist flexion of the forearm at the elbow. 

Two authors 1 7 , 3 1 reported that the mus
cle tenses the fascia of the palm, which, 
anatomically, is its distinctive primary 
function. 

Duchenne, 1 2 upon stimulation of the 
palmaris longus, observed only hand flex
ion without pronation or deviation of the 
hand to either side. Authors have consis
tently noted this flexor f u n c t i o n . 5 , 6 , 9 , 1 7 , 3 1 

Beevor 6 observed that the palmaris 
longus contracted with the flexor carpi ra-
dialis as the hand was pronated against 
resistance; others agreed with this prona
tor funct ion . 5 , 1 6 , 1 7 Because of the muscle's 
attachment to the medial epicondyle of 
the humerus, some authors propose a pos
sible weak, flexor action at the elbow. 5 , 1 7 

5. FUNCTIONAL UNIT 
The palmaris longus has no antagonistic 

muscle. The thenar and hypothenar mus
cles are synergistic with it by helping to 
cup the hand but, of these, only the pal
maris brevis also attaches to the subcuta
neous palmar fascia. 

6. SYMPTOMS 
In addition to pain, as described in Sec

tion 1, patients complain of difficulty in 
handling tools because of soreness and ten
derness in the palm and frequently call at
tention to tender nodules there. The pres
sure of working with the handle of a 
screwdriver or trowel in the palm becomes 
intolerably painful. For instance, a sculp
tor was unable to pound his chisel with his 
palm to chip marble. 

Advanced cases may exhibit palmar con
tracture. In 2,278 cases of Dupuytren's con
tracture, over half had contractures in both 
hands, 2 9 % in the right hand only, and 
1 6 % in the left hand only. The maledemale 
prevalence was reported as 6 : 1 3 8 and 8 : 1 . 2 0 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Myofascial TrPs in the palmaris longus 
muscle may develop as satellites of key 
TrPs in the distal medial head of the triceps 
brachii muscle, 1 5 which refer pain to the 
region of the palmaris longus muscle [see 
TrP5, Fig. 32.1C). 

Myofascial TrPs in the palmaris longus 
also may be activated by direct trauma, as 
by a fall on the outstretched hand. Use of a 
tool forcibly pressed or held firmly in the 
cupped palm can aggravate, and may initi
ate, TrP activity in the palmaris longus 
muscle. Examples are gardening and using 
a screwdriver or other carpenter's tool. 
Holding a tennis racquet with the end of the 
handle against the palm, and leaning on a 
cane with an angular, rather than a round, 
handle pressing into the palm also may ac
tivate or perpetuate TrPs in this muscle. 

In our experience, patients with 
Dupuytren's contracture commonly have 
one or more active TrPs in the fibers of the 
palmaris longus muscle, although there are 
no experimental data to tell if the TrPs and 
the contractures are etiologically related. 
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DUPUYTREN'S CONTRACTURE 

Authors agree that heredity is a factor in 
the development of the contracture, but 
have become increasingly negative toward 
repeated trauma as a primary cause. 2 0 , 3 8 Pa
tients, on the other hand, tend to make the 
latter association because of the referred 
palmar tenderness. Contracture is more 
likely to be encountered in those who do 
not perform regular manual labor than in 
those who do. 2 0 The novice worker is apt to 
maintain the palm in the tightly cupped 
position for longer periods when holding a 
tool, while the skilled craftsman does not. 

The prevalence of Dupuytren's contrac
ture is reported to rise sharply in the 4th 
decade; it is higher in patients with alco
holism, epilepsy and diabetes mellitus. 
The condition may be associated with in
creased sympathetic tone, and frequently 
also with the reflex sympathetic dystro
phy of the shoulder-hand syndrome. 3 8 

Initially, tender nodular thickenings 
usually appear on the ulnar side of the 
palm, short of the distal palmar crease. 
The nodules develop within the fibrofatty 
tissue superficial to the palmar aponeuro
sis. 3 8 Next, fibrous bands extend centrifu-
gally from these nodules. 2 0 , 3 8 Finally, the 
palmar aponeurosis develops nontender, 
contracted, dense fibrous bands which 
hold the fingers flexed, crippling the 
hand. These stages usually overlap, and 
progression may stop at any point. 2 1 

8. PATIENT EXAMINATION 
The patient cups the hand vigorously 

(as in Fig. 37.3) to make the tendon stand 
out at the wrist, superficial to the trans
verse carpal ligament. The prominence of 
the tendon depends on the degree of wrist 
flexion or extension. This becomes evident 
when the strongly cupped hand is moved 
slowly from extension to flexion. To the ex
aminer, this tendon, which may disappear 
with hand relaxation, verifies the existence 
of the palmaris longus muscle, and helps 
the patient to see and feel the relationship 
between the fibrotic palmar fascia and the 
palmaris longus muscle. Palpation of the 
muscle during contraction helps to iden
tify variations of the usual structure. 

Central TrPs of the superficial palmaris 
longus are found in the middle of the mus

cle belly, which is usually located in the 
proximal half of the forearm (Fig. 37.1). 
Palpation of a palm that is developing 
Dupuytren's contracture reveals discretely 
tender nodules with a background of dif
fuse referred palmar tenderness, which is 
the usual "soreness" in response to pres
sure. Only the TrP-referred sensation has a 
prickling quality. 

9. TRIGGER POINT EXAMINATION 
(Fig. 37.3) 

An active TrP in this muscle is located in 
a palpable nodule of a taut band that can be 
rolled back and forth between two fingers in 
the midbelly region of the muscle. There is 
also often an attachment TrP as shown in 
Figure 37.3. The tender TrP usually re
sponds with a local twitch response seen as 
a flexion of the hand at the wrist. Stimula
tion of this TrP by pressure often elicits the 
projection of referred prickling pain in the 
pattern described in Section 1. However, if 
intense spontaneous pain is present due to 
maximal hyperactivity of this TrP, its fur
ther stimulation by digital pressure cannot 
increase the already maximum referred 
sensation. In this case, the examiner may 
erroneously assume that the tender spot in 
the palmaris longus is not related to the pa
tient's complaint. This same error also can 
occur in other muscles. 

10. ENTRAPMENT 
No nerve entrapments have been ob

served due to TrPs in this muscle. However, 
anatomical variations are likely to cause me
dian nerve entrapment at the wr i s t 4 , 1 3 , 2 6 , 3 7 or 
ulnar nerve entrapment in the region of the 
ulnar tunnel at the w r i s t . 3 2 , 3 3 , 3 5 Increased 
tension and nodular enlargement character
istic of TrPs in one of these variant muscles 
could aggravate the entrapment symptoms. 

11. DIFFERENTIAL DIAGNOSIS 
The volar wrist and hand pain and ten

derness may tempt some clinicians to diag
nose the symptoms caused by palmaris 
longus TrPs as carpal tunnel syndrome, in 
which case, inactivation of the TrPs will re
lieve the patient's symptoms. When the 
palmaris longus anomalously extends un
der the carpal ligament, TrPs in it can 
cause a genuine carpal tunnel syndrome. 
Active TrPs in such a muscle would in-
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Figure 37.3. The strongly cupped hand illustrates the major function of the palmaris longus muscle. The ac
tive contraction with the wrist neutral makes its superficial tendon stand out at the wrist. A region in the mus

cle that is likely to contain a proximal attachment trigger point lies between the two examining fingers. 
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crease tendon tension and tend to aggra
vate the carpal tunnel symptoms. 

Because of its distinctive prickling pain, 
this TrP syndrome is usually easily distin
guished from other painful conditions of 
the volar wrist and hand such as referred 
pain from TrPs in the flexor carpi radialis, 
pronator teres, and the brachialis muscles. 

Anomalous palmaris longus muscles or 
attachments can cause distal forearm 
pain, 3 6 compression neuropathy,1 8 or a 
"dead feeling." 4 1 

Active TrPs in the palmaris longus are 
frequently associated with TrPs in the 
hand and finger flexors. However, the pal
maris TrPs are rarely associated with TrPs 
in the muscles that refer pain to the elbow, 
as in "tennis elbow." 

Loss of joint play in the wrist articula
tions should be indentified and corrected. 2 5 

12. TRIGGER POINT RELEASE 
(Fig. 37.4) 

In addition to the spray-and-stretch 
technique described here, other techniques 
including postisometric relaxation, recip
rocal inhibition and contract-relax as de
scribed in Chapter 3, Section 12 are also ef
fective for release of central trigger points 
(CTrPs) in the palmaris longus muscle. The 
primary therapeutic approach to attach-
ment TrPs (ATrPs) is to inactivate the CTrPs 
that are causing them. 

To release these TrPs by spray and 
stretch, the patient is seated with the 
forearm of the affected side supported on 
a padded surface. The fingers and hand 
are extended (Fig. 37.4), while parallel 
sweeps of the vapocoolant spray are ap
plied in a distal direction over the mus-

Figure 37.4. Stretch position and spray pattern (arrows) for the palmaris longus muscle. To fully stretch the 
muscle, the operator simultaneously extends the patient's fingers and the hand at the wrist. 
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Figure 37.5. Injection of the proximal attachment trigger point in the palmaris longus muscle with the patient 
supine, the forearm extended and well supported. 

cle and palm. Extending the forearm at 
the elbow normally does not add to the 
passive stretch. 

Applications of the spray-and-stretch 
technique may be alternated with trigger 
point pressure release to inactivate pal
maris longus TrPs. 

After this muscle is stretched and 
sprayed, or its TrPs injected, the entire 
group of forearm flexor muscles, particu
larly the hand and finger flexors, is then 
stretched and sprayed to eliminate any as
sociated TrP involvement of parallel mus

cles. After inactivation of the palmaris 
longus TrPs, mild to moderate contractures 
of the palmar fascia may be stretched by 
firmly and regularly extending the fingers 
and palm under warm water, or while ap
plying 2-3 watts/cm 2 of ultrasound. 3 8 

With inactivation of TrPs in the palmaris 
longus muscle, the referred tenderness of 
the nodules and palm may disappear im
mediately. The further the fibrotic contrac
ture has progressed, the greater the likeli
hood that the fibrosis and local tenderness 
will persist after TrP inactivation. 
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13. TRIGGER POINT INJECTION 
(Fig. 37.5) 

The patient lies supine with the affected 
elbow in extension. After locating any trig
ger points (TrPs) in the palmaris longus by 
palpation (Fig. 37.3), each TrP is probed 
and injected with 0 . 5% procaine solution 
(Fig. 37.5). Immediately after the TrP injec
tion, passive stretching of the muscles is 
carried out, again with the application of 
vapocooling and moist heat. Inactivation of 
the TrPs and restoration of full muscle 
length relieves the prickling palmar pain 
and releases the sustained tension that the 
taut muscle fibers placed on the palmar 
aponeurosis. Full active range of motion 
expedites the return of normal function. 

Rachlin 3 0 illustrates three TrP sites in 
the palmaris longus muscle, one CTrP in 
the middle of the muscle belly, and an 
ATrP at each end of the muscle. 

Troublesome palmar nodules that re
main after inactivation of palmaris longus 
TrPs are likely to resolve more rapidly if 
each is injected with about 0.3 ml of solu
ble steroid, such as dexamethasone sodium 
phosphate diluted with 2% procaine to 
prepare approximately 2 ml of a 0 . 5% solu
tion of steroid. Sigler 3 8 recommended the 
injection of steroid only in the early stages 
of nodule development. 

This treatment may stop the progression 
of fibrosis, but cannot reverse advanced pal
mar contracture. Surgical recommendations 
range from simple cutaneous fasciotomy and 
nodule excision to limited fasciotomy. Radi
cal fasciotomy is rarely, if ever, indicated. 3 8 

14. CORRECTIVE ACTIONS 
The patient must avoid the activities 

listed in Section 7 that activate and perpet
uate TrPs in the palmaris longus muscle. 

Any TrPs in the triceps brachii muscle 
should be inactivated, particularly if they 
refer pain to the medial epicondylar region 
of the palmaris longus muscle. 

The patient should learn to self-stretch 
the palmar fascia and palmaris longus 
muscle in a warm bath or shower, using the 
stretch position shown in Figure 37.4. 
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CHAPTER 38 
Hand and Finger Flexors in the 

Forearm 
Flexores Carpi Radialis and Ulnaris, Flexores 
Digitorum Superficialis and Profundus, Flexor 

Pollicis Longus (and the Pronator Teres) 

HIGHLIGHTS: R E F E R R E D PAIN f rom each f inger 
f lexor is exper ienced th roughout the length of the 
digit wh ich i t f lexes. Pain may be exper ienced 
" b e y o n d " the t ip of the digi t , ex tend ing like l ight
n ing. Trigger po ints (TrPs) in the hand f lexors re
fer pain that centers on the volar wr is t crease. A 
t r igger f inger is an annoy ing, but pain less d y s 
funct ion that appears to be caused by restr ict ion 
of the f lexor t endon and is rel ieved by proca ine 
inject ion into the tender point beneath the t endon 
just prox imal to the cor respond ing metacarpa l 
head. ANATOMY: a t tachments of the f inger f lex
ors are most ly to the medial ep icondy le p rox i -
mally and individual ly to the midd le and terminal 
phalanges of each f inger distally. The f lexors of 
the hand also arise f rom the media l ep icondy le . 
The f lexor carpi ulnaris inserts on the p is i form 
bone, and the f lexor carp i radial is inserts on the 
bases of the second and th i rd metacarpa l bones . 
F U N C T I O N o f the hand f lexors is to f lex and d e 
viate the hand at the wrist . The f inger f lexors help 
to f lex the hand at the wr ist . The f lexor d ig i to rum 
superf icial is select ively f lexes pr imari ly the midd le 
phalanges and the pro fundus f lexes pr imari ly the 
distal phalanges. The F U N C T I O N A L U N I T o f the 
f inger f lexors inc ludes the f inger and hand ex ten 
sors, cont ract ion of wh i ch is required for ef fect ive 
grasp. S Y M P T O M S inc lude pain on forcefu l use 
o f sc issors and w h e n cupp ing and supinat ing the 
hand to receive co ins p laced into it. ACTIVATION 
A N D PERPETUATION O F TR IGGER P O I N T S 

results f r om repet i t ive or p ro longed s t rong g r ip 
p ing , or f r om repeated s t renuous tw is t ing and 
pul l ing movemen ts w i th the f ingers. PATIENT 
E X A M I N A T I O N reveals t igh tness of indiv idual 
musc les and pain pro jec ted to the end o f the f i n 
ger t ips w h e n the hand f lexors are s t re tched and 
w h e n the f inger f lexors are then passively 
s t re tched individual ly. E N T R A P M E N T o f the u l 
nar nerve may be caused by or aggrava ted by 
TrPs in the f lexor carp i ulnaris, in the f lexor d ig i 
t o r u m superf ic ia l is, or in the f lexor d ig i to rum p ro 
fundus musc le . Ent rapment o f the med ian nerve 
may be caused by or aggrava ted by TrPs in the 
pronator teres or f lexor d ig i to rum superf ic ia l is 
musc les . D IFFERENTIAL D I A G N O S I S inc ludes 
media l ep icondyl i t is , ulnar neuropathy, carpa l 
tunnel synd rome, osteoarthr i t is o f the wr is t , and 
cervical rad icu lopath ies. T R I G G E R P O I N T R E 
LEASE by s t re tch and spray is accomp l i shed by 
ful ly ex tend ing the hand and f ingers whi le app ly 
ing the vapocoo lan t in a distal pa t te rn . Other 
techn iques also are ef fect ive. T R I G G E R P O I N T 
I N J E C T I O N is of ten not required for TrPs in t he 
hand and f inger f lexor musc les , but may be re
qui red to relieve a t r igger f inger or t r igger t h u m b . 
C O R R E C T I V E A C T I O N S cal l for avo id ing p ro 
longed, t ight g r ipp ing , and for estab l ish ing g o o d 
fo rearm musc le relaxat ion and se l f -s t re tch habi ts 
by regular use of the Ar t isan 's F inger-s t retch, the 
F inger-extension, the F inger-spreading, and /o r 
the Finger-f lut ter Exercise. 

7 5 3 
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1. REFERRED PAIN 
(Fig. 38.1) 

T h e pain patterns i l lustrated in this 
chapter are based on a local twi tch re
sponse (LTR) to ident i fy the m u s c l e being 
in jec ted and the patient 's report of the dis
tr ibut ion o f pa in i n d u c e d by needle p e n e 
tration of the trigger point (TrP). 

W i n t e r 8 0 descr ibed TrPs in the f lexors of 
the h a n d and f i n g e r s near their c o m m o n 
a t tachment to the media l e p i c o n d y l e as a 
frequent source of referred pain . G o o d 3 4 

depic ted the pain as pro ject ing to the 
volar aspect of the wrist , or to the corre
sponding digit. G o o d 3 6 a lso attr ibuted id
iopath ic myalg ia (descr ipt ions compat ib le 
wi th myofasc ia l TrPs) of the e lbow to re
ferred pa in from loca l ized myalg ic areas, 
s o m e of w h i c h were in the f lexors o f the 
wris t and f ingers . He re l ieved the symp
toms by proca ine in jec t ion of the myalg ic 
spots . 

Hand Flexors 
(Fig. 38.1 A) 

An ac t ive TrP in the f l exor carpi radi 
al is refers pa in a n d t e n d e r n e s s that c e n t e r 
in t h e radia l aspec t o f the volar c rease of 
t h e wr is t , w i t h s o m e sp i l lover into the 
a d j a c e n t forearm a n d p a l m (Fig. 3 8 . 1 A , 
left). 

An act ive TrP in the f lexor carpi ulnaris 
refers pa in and tenderness to the u lnar s ide 
of the volar aspect of the wrist wi th s imi lar 
spi l lover (Fig. 3 8 . 1 A , right). 

Finger Flexors 
(Fig. 38.1 B) 

No dis t inct ion is m a d e b e t w e e n the re
ferred pain patterns of the f lexores digito
r u m superf ic ial is and profundus . A TrP in 
these f ibers refers pa in to the same digit 
that the fibers act ivate. For e x a m p l e , a TrP 
in the f ibers of the m i d d l e f inger f lexor pro
jects pa in through the length of the m i d d l e 
finger (Fig. 3 8 . 1 B , left). S imilar ly , TrPs in 
f ibers that f lex the ring and little f ingers 
pro ject pa in throughout those digits (Fig. 
3 8 . I B , right). Pa in is frequently descr ibed 
as an explos ive pain that " shoots right out 
the end of the f inger , l ike l ightning." T h i s 
pattern differs f rom the pain referred from 
the f inger extensors , w h i c h stops short of 

the end of the digit. W h e n patients with ac
tive TrPs in the flexors are asked whether 
the pain is more on the top or underside of 
the f inger, they are l ikely to rub the volar 
aspect and reply, " I don't k n o w . " T h e 
m o v e m e n t reveals their answer. 

Ke l lgren 4 2 reported that in ject ion of 6% 
salt solut ion into the flexor digitorum pro
fundus m u s c l e produced metacarpopha
langeal (MCP) jo int pa in that was indist in
guishable from the pain caused by 
in ject ing 0.3 ml of the same solution di
rect ly into the same joint space of the op
posite hand . T h e s imilar nature of the joint 
pa in due to these two sources causes con
fusion b e t w e e n the pain of articular dis
ease and that referred from myofascia l TrPs 
in the f inger m u s c l e s . 

Pain referred to the hypothenar eminence 
and the 5th knuckle (MCP joint) , induced by 
in ject ion of 0.2 ml of 6% salt solution into 
the flexor digitorum profundus muscle , per
sisted despite total anesthesia of the painful 
structures by local anesthetic b lock of the 
ulnar nerve at the wris t . 4 2 Th is observation 
is compat ible with the central mediat ion of 
referred pain (by the convergence-projec
t ion m e c h a n i s m 6 4 ) from TrPs as described in 
Chapter 2, Sect ion C. T h e referred pain in 
this exper iment was not dependent on im
pulses arising in the pain reference zone 
and a significant part of the afferent nerve 
discharges caused by the irritant saline so
lution in the musc le , and of those perceived 
as pain from the reference area, must have 
fol lowed a c o m m o n pathway in the central 
nervous system. One might describe this as 
a phantom pain. (The pain referred to the 
hypothenar e m i n e n c e may have been due to 
inadvertent sal ine infiltration of the flexor 
carpi ulnaris musc le as well .) 

Long Thumb Flexor 
(Fig. 38.1 C) 

W h e n the f lexor pol l ic is longus (Fig. 
38 .1C) harbors an act ive TrP, it projects 
pa in throughout the volar aspect of the 
t h u m b to its tip (and " b e y o n d " ) . 

Pronator Teres 
(Fig. 38.1 D) 

T h e pronator teres TrPs refer pain deep 
in the volar radial region of the wrist and 
also of the forearm (Fig. 38 .1D) . 
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Other Authors 

In their i l lustrations of the referred pain 
patterns for all of these flexor m u s c l e s lo
cated in the forearm, B o n i c a and S o l a 1 2 

strongly emphasized local pain in the re
gion of the TrP and m i n i m i z e the pain re
ferred to the wrist and beyond. R a c h l i n , 6 2 

on the other hand, emphas ized the more 
distal pain pattern of the flexor digitorum 
superficialis but did not inc lude the other 
hand and f inger flexors. 

Trigger Finger 

The painless p h e n o m e n o n of a trigger 
finger, a " t r i c k " or " l o c k i n g " finger, consis ts 
of the f inger st icking in the f lexed posi t ion 
until it is extended by an external force. 
This condi t ion responds to in jec t ion of a 
tender spot deep in the fascial sheath, 
w h i c h is apparently responsib le for the 
constr ict ion of the flexor tendon near the 
MCP joint. T h e constr ic t ion may ensnare a 
knot-l ike enlargement of the tendon itself. 
S u c h a fascial band that might a n c h o r the 
tendon is descr ibed just short of the end of 
the distal palmar synovial sheath for digits 
two, three and four. 2 1 T h i s condi t ion may 
also respond to firm pressure appl ied to the 
spot of restrict ion. T h e enlargement may be 
due to a local inf lammatory react ion. 

2. ANATOMY 
(Fig. 38.2) 
Hand Flexors 
(Fig. 38.2A) 

T h e flexor c a r p i radial is m u s c l e is sub
cutaneous and nearly centered on the volar 
side of the forearm between the pronator 
teres, w h i c h crosses the forearm above i t 
on the radial side and the palmaris longus, 
w h i c h tends to overlap it on the ulnar s ide 
(Fig. 38 .2A) . T h i s radial hand flexor at
taches above to the media l ep icondyle via 
the c o m m o n tendon and to intermuscular 
septa. T h e m u s c l e be l ly extends only to the 
mid-forearm. Its tendon attaches below 
mainly onto the base of the s e c o n d 
metacarpal b o n e , with a sl ip extending to 
the base of the third metacarpal bone . 

T h e f lexor carpi ulnaris musc le l ies su
perficially along the volar s ide of the sharp 
edge of the ulna. Proximally it at taches by 
two heads : the humeral head at taches to 

the media l e p i c o n d y l e of the h u m e r u s via 
the c o m m o n tendon and the u lnar h e a d 
fastens to the media l margin of the olecra
n o n and to the prox imal two-thirds of the 
dorsal border of the u l n a through an 
aponeuros is shared in c o m m o n with the 
extensor carpi ulnaris and flexor digitorum 
profundus , a n d to in termuscular septa. 
Distally its t endon at taches to the pis i form 
b o n e . 2 1 

Finger Flexors 
(Figs. 38.2B and C) 

Proximally, the flexor digitorum super
ficialis (subl imis) compr ises three heads : 
humera l , u lnar and radial (Fig. 38 .2B) . T h e 
humera l h e a d attaches to the media l epi
condyle of the h u m e r u s via the c o m m o n 
tendon and to in termuscular septa. T h e ul
nar h e a d at taches to the media l s ide of the 
coronoid process of the u lna , prox imal to 
the a t tachment of the pronator teres, be 
neath the h u m e r a l head and the radial 
head at taches to the obl ique l ine of the ra
dius, be tween the a t tachments of the bi 
ceps brachi i and pronator teres m u s c l e s . 
T h e median nerve passes beneath the f i 
brous archway be tween the a t tachments of 
the ulnar and radial h e a d s . 2 9 T h i s m u s c l e 
covers mos t of the volar forearm, beneath 
the palmaris longus m u s c l e and f lexores 
carpi m u s c l e s (Fig. 3 8 . 2 B ) . 2 1 

T h e tendons at the wrist , and to some 
extent the f ibers of the f lexor digitorum su
perf ic ial is , l ie in a deep and a superf ic ial 
p lane . T h e superf ic ial p lane carries ten
dons to the m i d d l e and ring f ingers , and the 
deep plane to the i n d e x and l itt le f ingers . 

Distally, at the first p h a l a n x , each ten
don of the f lexor digitorum superficialis 
divides to pass around the deep t e n d o n of 
the f lexor profundus , as each superf ic ial is 
t endon at taches to the s ides of a m i d d l e 
pha lanx . 

T h e f ibers of the flexor digitorum pro
fundus (Fig. 38 .2C) ex tend through the 
proximal ha l f on the ulnar s ide of the fore
arm. T h e m u s c l e at taches above to the 
proximal three-fourths of the volar, media l 
and dorsal surfaces of the u lna to an 
aponeuros is shared by the f lexor and ex
tensor carpi ulnaris , to the media l s ide of 
the coronoid process of the u lna , and to 
the ulnar h a l f o f the interosseous m e m -
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Figure 38.1. Composite referred pain patterns (dark flexor carpi radialis and flexor carpi ulnaris. B, flexor 
red) and location of central trigger points (Xs) in the digitorum superficialis and profundus: left—superfi-
right hand and finger flexors (medium red) for all mus- cialis middle finger pattern; right—superficialis 4th 
cles except the flexor pollicis longus. In the flexor pol- and 5th digit patterns and profundus pattern. The in-
licis longus, the X designates an attachment TrP A, dex finger pattern, not shown, is comparable. 

Radial head Humeral head 
Flexor digitorum superficialis and profundus 

Flexor 
carpi radialis 

Flexor 
carpi ulnaris 

Copyrighted Material
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brane. Each tendon fastens below onto the 
base of the terminal pha lanx of the respec
tive f inger. 2 1 

T h e flexor pollicis longus (Fig. 38.2C) 
extends throughout the forearm under 
more superficial m u s c l e s , chiefly on the ra
dial side. It attaches proximally to the ra
dius, the adjacent interosseous m e m b r a n e , 
and by a sl ip to the humerus and distally 
to the base of the distal p h a l a n x of the 
t h u m b . 2 1 T h e bel ly of the f lexor digitorum 
superficialis covers both the deep finger 
flexor and the long t h u m b flexor m u s c l e s . 

T h e pronator teres at taches above and 
medially by two heads. T h e humera l head 
fastens proximal to the media l ep icondyle 
and to adjacent fascia. T h e ulnar head fas
tens to the media l side of the coronoid 
process of the ulna , and the median nerve 
enters the forearm be tween these two 
heads. T h e musc le attaches below and lat
erally to the lateral surface of the radius at 
its midpoint in the forearm. 

Locations and Structure 

The specific location of the muscle bel
lies of the four digitations of the flexor 
digitorum superficialis are described and 
illustrated. 1 1 The muscle bellies for the 
second and fifth digits are relatively distal 
and those of the third and fourth digits 
largely proximal to them. 

The architectural arrangement of fibers 
in the flexor carpi radialis (see below for 
compartmentalization) and in the flexor 
carpi ulnaris 4 8 reveals similar fiber 
lengths (51 and 41 mm). However, the ul
nar muscle is much more pennate (12°) 
than the radial one (3.1°). This is reflected 
in the ratios of fiber length to muscle 
length of .19 and .31 respectively. Exten
sor forearm muscles show a much larger 
range of length ratios. 4 9 The flexor carpi 
ulnaris favors force rather than speed and 
should have an endplate zone that would 
be nearly longitudinal from almost one 
end of the muscle to the other (see 

Flexor pollicis longus Pronator teres 

Figure 38.1—continued. C, flexor pollicis longus. D, pronator teres. 
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Figure 38.2. Volar view of the right upper extremity 
showing the attachments of the hand and finger flex
ors in the forearm. A, flexor carpi radialis and flexor 
carpi ulnaris are dark red, other muscles including the 

pronator teres are medium red. B, flexor digitorum su
p e r f i c i a l (dark red). The ulnar head lies unseen be
neath the humeral head. 
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Figure 38.2—continued. C, flexor digitorum profundus and flexor pollicis longus (dark red) and cut end of 
flexor digitorum superficialis (light red). 
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Fig.2.8A). On the other hand, the flexor 
carpi radialis is structured for speed 
rather than force and would be expected 
to have a diagonal endplate zone that 
would likely be broken by the three sepa
rate compartments of the muscle. 6 6 

The pronator teres has a "strength" ar
chitecture similar to the flexor carpi ul
naris (pennate angle 10° and a short fiber 
length/muscle length ration of 0.28). The 
finger flexors and long thumb flexor have 
intermediate architecture tending toward 
more of the force configuration progres
sively from the flexor digitorum superfi
cialis through the flexor digitorum pro
fundus to the flexor pollicis longus. 

As in most skeletal muscles, the fiber 
type distribution in the flexor carpi radi
alis and flexor pollicis longus was nearly 
evenly distributed between Type I and 
Type II fibers. 4 0 Interestingly, there was 
consistently a lower percentage (about 
6% difference) of type I (slow twitch) 
fibers on the dominant side as compared 
to the nondominant side. 1 2 

The flexor carpi radialis shows evi
dence of three compartments, each inner
vated by a separate branch of the motor 
nerve. Fibers inserting along the midline 
of the tendon are longitudinally oriented. 
A medial and a lateral group of fibers at
tach along the sides of the tendon. 6 6 It is 
characteristic for each of such compart
ments to have a separate endplate zone. 
The functional significance of these sepa
rately innervated compartments is not 
known at this time. 
Variations 

An accessory flexor digitorum profun
dus indicis is not unusual (up to 2 0 % of 
bodies) but rarely causes any trouble. Its 
muscle belly ordinarily is proximal to the 
wrist in close approximation to the nor
mal flexor digitorum profundus muscle. 7 9 

Supplemental References 

The flexor carpi radialis has been well 
illustrated in the volar view, 1 , ' 2 , 2 7 , 5 8 , 6 7 , 7 2 

and in cross s e c t i o n . 4 , 1 6 , 2 4 , 5 9 The flexor 
carpi ulnaris has been shown in the volar 
v iew, 1 , 2 , 2 1 , 2 6 , 2 7 , 5 2 , 5 8 , 6 7 , 7 2 in the lateral view, 2 8 

and in cross sec t ion . 4 , 1 7 , 2 4 , 5 9 

The flexor digitorum sublimis has been 
clearly illustrated in the volar 

view 2 , 5 , 2 2 , 2 6 , 2 7 , 2 9 , 5 4 . 5 8 . 6 1 . 6 B , 7 1 , 7 2 . 7 5 and in cross 
s e c t i o n . 4 , 1 8 , 2 4 , 5 9 The flexor digitorum pro
fundus has been drawn in the volar 
v iew, 3 , 5 , 2 2 , 2 5 , 2 6 , 5 3 , 5 4 , 6 , ' 6 9 , 7 5 and in cross sec
t i o n . 4 1 8 2 5 5 9 The fibrous loop that restrains 
the flexor tendons at the point of con
striction in the trigger finger also has been 
depicted. 3 0 , 3 1 , 5 5 , 6 0 , 7 3 

Other authors have illustrated the 
flexor pollicis longus in the volar 
v i e w , 3 , 2 2 , 2 5 - 2 7 , 5 2 , 5 3 , 5 8 , 6 8 , 6 7 , 7 2 , 7 4 and in cross sec
t i o n . 4 , 1 9 , 2 4 

The pronator teres is portrayed in volar 
v i e w 1 , 2 3 , 2 7 , 5 2 , 5 8 , 6 7 , 6 9 , 7 2 in relation to the me
dian nerve, 2 9 and in cross sect ion. 4 , 5 9 

3. INNERVATION 
Hand and Finger Flexors 

Most of the flexor musc les in the fore
arm, inc luding the flexor carpi radial is , 
f lexor digitorum subl imis and flexor poll i 
c is longus m u s c l e s , are suppl ied by the 
m e d i a n nerve. However, the flexor carpi ul
naris and hal f of the flexor digitorum pro
fundus are suppl ied by the ulnar nerve, 
and the other half, by the median nerve. 

T h e flexor, carpi radialis derives its in
nervat ion from spinal nerves C 6 and C 7 , the 
f lexor digitorum subl imis from C 7 and C 8 , 
and the f lexor carpi ulnaris , flexor digito
r u m profundus and flexor pol l ic is longus 
from C 8 and T 2 . 2 1 T h u s the most caudal o f 
these spinal segments innervate the deep
est f lexor musc les and those on the ulnar 
s ide of the forearm. 

Pronator Teres 

T h e pronator teres is suppl ied by a 
branch of the median nerve through spinal 
nerves C 6 and C 7 . 

4. FUNCTION 
Hand Flexors 

T h e flexor carpi radialis flexes the h a n d 2 1 , 

6 3 and assists abduct ion of the hand at the 
w r i s t . 6 3 T h e flexor carpi ulnaris flexes and 
strongly adducts the h a n d , 2 1 , 6 3 and is active 
during f inger - f lex ion m o v e m e n t s . 6 5 An EMG 
s t u d y 5 1 substantiated these funct ions . 

Finger Flexors 

T h e flexor digitorum superficial is pri
mari ly f lexes the middle pha lanx of each 
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finger, but also f l exes the prox imal pha
lanx, as wel l as the h a n d at the w r i s t . 6 3 

T h e flexor digitorum profundus primar
i ly flexes the terminal p h a l a n x of each fin
ger, and also all the other phalanges and 
the h a n d . 2 1 , 6 3 I t is used not so m u c h for 
wrist f lexion, as for gross c losure of the fist 
at all joints s imultaneously . 8 

Long Thumb Flexor 

T h e flexor pol l ic is longus ini t ia l ly f lexes 
the terminal pha lanx of the t h u m b , then 
the proximal p h a l a n x wi th adduct ion of 
the metacarpal b o n e , 2 1 and eventual ly as
sists in f lexion and abduct ion of the h a n d 
at the wr is t . 6 3 Normal f lexion of this pr ime 
mover requires coordinated activity of four 
other thumb m u s c l e s . 7 

Pronator Teres 

T h e pronator teres assists the pronator 
quadratus, the primary pronator, in fast 
movements and to overcome res is tance . 
T h e pronator teres also assists f lexion at the 
elbow, but only w h e n res is tance is of fered. 9 

Activities 

Motor unit activity of the hand and finger 
flexor muscles was monitored bilaterally 
with surface electrodes during 13 sports ac
tivities that included overhand throws, un
derhand throws, tennis, golf, hitting a 
baseball, and 1-foot jumps in basketball. 
Examination of the records showed moder
ate to strong activity, which was bilaterally 
similar in pattern, but of higher amplitude 
on the dominant right side, especially 
when the hand was gripping a handle. 1 3 . 

Exercise normally produces more stiff
ness (reduction in range of motion) in 
older subjects. 2 0 

Lundervold 5 0 studied the electrical ac
tivity in the muscles of 135 subjects, 63 of 
whom had "occupational myalgia" (signs 
and symptoms including pain and muscle 
tenderness that strongly suggested TrPs). 
He found that the symptomatic subjects 
were much more likely than pain-free 
subjects to show continuous, larger am
plitude motor unit activity when striking 
a typewriter key repetitively with one fin
ger. When muscular tenderness and pain 
involved the flexors in the forearm on one 
side only, typing with the asymptomatic 

arm greatly increased the sustained motor 
unit activity of these flexor muscles on the 
symptomatic side, which were "at rest." 
Subjects with symptoms also were more 
likely than normal subjects to respond to 
needle electrode insertion in the muscle 
with marked motor unit activity (muscle 
tension) that slowly subsided over a 
minute or more; normal subjects usually 
showed little or no such muscle-tension 
response. Symptomatic subjects were 
more likely than were pain-free subjects 
to respond with increased and sustained 
motor unit activity to psychic stress (gruff 
commands), insufficient light, a cold 
draft, and to loud noise. The motor units 
in the involved forearm flexor muscles 
were clearly more excitable, and exhib
ited difficulty relaxing under stress. This 
increased excitability seems to be a char
acteristic of motor units that have active 
loci of trigger points at their endplates. 

5. FUNCTIONAL UNIT 
Hand and Finger Flexors 

All flexion m o v e m e n t s of the fingers in
volve s o m e act ivity of the extensor digito
rum. W h e n the fingers are h e l d in exten
s ion at the interphalangeal jo ints , only the 
interossei and the lumbrica les p r o d u c e 
M C P f lex ion . 8 

During h a n d f lexion at the wrist , the pal
maris longus assists the finger and h a n d 
f lexors. 

For t h u m b f lexion, the f lexor pol l i c i s 
brevis assists the f lexor pol l i c i s longus. 

During f l ex ion of the h a n d at the wris t , 
e l e c t r o m y o g r a p h i c records s h o w e d that 
o n l y the e x t e n s o r carpi radia l i s w a s an 
ac t ive antagonis t . 8 T h e h a n d a n d f inger 
ex tensors f u n c t i o n as d e s c r i b e d in C h a p 
ters 34 a n d 3 5 . 

Pronator Teres 

T h e pronator teres assists the pronator 
quadratus. T h e brachioradia l is m a y assist 
m o v e m e n t toward pronat ion from full 
supinat ion (see Chapter 34) . 

6. SYMPTOMS 
Hand and Finger Flexors 

Pat ients w i t h TrPs in the f lexor m u s c l e s 
of the forearm report d i f f i cul ty in us ing 
sc issors for cut t ing h e a v y c l o t h or for gar-
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dening , or in us ing t in shears . In contrast , 
pat ients w i t h ac t ive TrPs in the e x t e n s o r 
forearm m u s c l e s a n d " t e n n i s e l b o w " re
port no p r o b l e m w i t h the use of sc i ssors . 

Ac t ive TrPs in the finger f lexors interfere 
wi th the p l a c e m e n t of curlers in the hair 
and wi th the p l a c e m e n t of a hair c lasp at 
the b a c k of the head . 

Pat ients wi th act ive TrPs in the pronator 
teres are l ikely to be unab le to supinate the 
c u p p e d h a n d , as w h e n co ins are p l a c e d 
into it. T h e c o m b i n e d mot ion of full 
supinat ion , sl ight ex tens ion and cupping 
o f the h a n d b e c o m e s prohibi t ively painful . 
T h e s e pat ients usual ly c o m p e n s a t e by ro
tating the arm at the shoulder , thus over
loading the shoulder m u s c l e s . 

Trigger Finger 

T h i s p h e n o m e n o n , also ca l led " lock ing 
finger," is a painless but very annoying 
locking of the digit in the f lexed posi t ion, 
despi te a m a x i m u m act ive effort to ex tend 
the f inger ; the digit m u s t be ex tended pas
s ively by an external force. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

A posture or act ivity that act ivates a TrP, 
i f not corrected or i f i t is c o n t i n u e d , can 
also perpetuate the TrP. In addit ion, m a n y 
preexis t ing structural and systemic factors 
(see Chapter 4) can perpetuate a TrP w h e n 
i t has b e e n act ivated by an acute or chronic 
overload. 

Satel l i te TrPs m a y develop in the flexor 
carpi radial is from key TrPs in the pectoral is 
m i n o r m u s c l e . 3 8 Satel l i te TrPs may develop 
in the flexor carpi ulnaris from key TrPs in 
the pectoral is minor , la t iss imus dorsi , or 
serratus posterior superior m u s c l e s . 3 8 

Trigger points in these h a n d and f inger 
flexors are not aggravated by the fine p incer 
m o v e m e n t s that tend to activate TrPs in the 
intr insic hand m u s c l e s , but rather by abuse 
of gross gripping m o v e m e n t s . T h e skier w h o 
grips ski poles hard for long per iods , and 
the carpenter w h o tightly grips smal l -han
dled tools are l ikely to activate these TrPs. 

T h e f inger f lexor m u s c l e s m a y develop 
act ive TrPs as a result of driving a car wi th 
the f ingers t ightly gripping the steering 

w h e e l , espec ia l ly w h e n the h a n d grasps the 
top of the w h e e l so that the hand is f lexed 
at the wrist . S y m p t o m s are especial ly 
l ikely to occur after long, intense driving. 

T h e passive-stretch posi t ion for treat
ment of the finger extensors, that places the 
f ingers and h a n d in full f lexion, can cause 
sudden shortening act ivat ion of latent TrPs 
in the h a n d and f inger flexors. 

Act ivat ion of the f lexor pol l ic is longus 
TrP causes symptoms that have been 
termed "weeder ' s t h u m b . " Th is TrP is acti
vated by forceful rocking, twisting and 
then pul l ing mot ions , all of w h i c h can 
strain this and other t h u m b musc les . 

T h e pronator teres TrP can be activated as 
the result of a fracture at the wrist or elbow. 

T h e locking of a trigger finger appears to 
be due to a nodule in the tendon being 
caught by the constr ic t ion of the annular 
b a n d that anchors the tendon sheath . 1 4 T h e 
prec ise m e c h a n i s m that causes the nodule 
in the tendon is not clear. I t may be caused 
by a TrP in the lumbrica l m u s c l e . One pa
t ient react ivated a trigger finger (middle 
digit) by the cont inuing use of a cane , the 
angled head of w h i c h pressed on the 
trigger-finger sore spot just proximal to the 
h e a d of the third metacarpal bone . 

8. PATIENT EXAMINATION 
(Fig. 38.3) 

W h e n testing for TrP dysfunction, painful 
restrict ion of range of mot ion is more sensi
t ive and more specif ic to TrPs than is weak
ness . All of the hand and f inger flexors can 
be screened for restriction at one t ime by 
fully supinating the forearm with the fingers 
( including the distal phalanges) and hand 
fully extended. T h e long thumb flexor can 
be tested by extending the wrist and thumb. 

T h e Finger-extension Test can screen 
both hands at once by f irst placing the f in
ger t ips of the right and left hand together 
(Fig. 38 .3A) , and then pushing the palms 
tightly against each other whi le bringing 
the forearms into as straight a l ine as pos
sible (Fig. 38 .3B) . Act ive TrPs in the flexor 
m u s c l e s then are revealed by a feeling of 
t ightness in the musc le and pain in the 
pain reference areas specif ic to the in
volved m u s c l e s (Sect ion 1). 

Involvement of individual f inger flexor 
m u s c l e s can be tested by passive extension 
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of each digit first by extending the wrist 
and just the middle pha lanx , and then both 
the middle and distal phalanges for painful 
l imitat ion of extension. 

I f weakness is an issue, individual m u s 
cles can be tested as c lear ly descr ibed and 
il lustrated by Kendal l , et al.43 

T h e wrist art iculat ions and the metacar
pophalangeal and interphalangeal joints 
should be tested for normal joint play and 
i f restricted, they should be r e l e a s e d . 4 7 , 5 6 

9. TRIGGER POINT EXAMINATION 
T h e central TrPs in these f lexor m u s c l e s 

are located in the midf iber port ions of the 
m u s c l e be l l i es , as s h o w n in Figure 3 8 . 1 . 
Both the f lexor carpi radial is a n d ulnar is 
m u s c l e s are suff ic iently superf ic ial for their 
TrPs to be identi f iable by spot tenderness of 
a n o d u l e in a taut b a n d and by el ic i t ing pain 
that is famil iar to the pat ient as the pat ient 's 
pa in c o m p l a i n t . 3 3 To e l ic i t LTRs, the fore
arm is supinated a n d the h a n d m u s t hang 

Figure 38.3. The Finger-extension Test showing some tightness of the hand and finger flexors. A, starting po
sition. B, nearly normal extension. The final position must have the palms together and both forearms in a 

horizontal line for a completely negative, normal test. 
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l imply in the ex tended posi t ion . However , 
the f inger and long t h u m b f lexors are so 
deeply p l a c e d that the examiner m a y be un
able to dis t inguish palpable changes and 
m a y be able only to identi fy a region of deep 
tenderness that reproduces the pat ient 's 
pain c o m p l a i n t wi th f i rm pressure . 

10. ENTRAPMENT 
(Fig. 38.4) 

Myofasc ia l TrPs in the m u s c l e s of this 
chapter can contr ibute to entrapment syn
dromes in both the ulnar and m e d i a n 
nerves . Table 38 . 1 l ists for each nerve 
w h i c h m u s c l e s m a y contr ibute to (or be re
spons ib le for) the symptoms . 

Ulnar Nerve 

Entrapments c a u s e d by m u s c l e in the 
forearm are l ikely to begin immedia te ly dis
tal to the condylar groove (cubital tunnel ) 
w h i c h the nerve f i l l s going around the el
bow. A n y entrapment associated wi th the 
cubita l tunne l is often ca l led a cubital tun
nel syndrome. S y m p t o m s of entrapment 
c o m m o n l y begin wi th disturbed sensat ion 
in the fourth and f i f th digits, inc luding 
dysesthes ia , burning pain and a feel ing of 
n u m b n e s s . Hypoesthes ia m a y be present . 
Motor i n v o l v e m e n t leads to c lumsiness and 
w e a k n e s s of the grip. T h e diagnosis i s con
f i rmed by delayed nerve c o n d u c t i o n ve loc
ity across , a n d to a lesser extent b e y o n d , the 
point of e n t r a p m e n t . 4 1 T h e region of entrap
m e n t usual ly can be identi f ied in this w a y 
as s o m e w h e r e b e y o n d the distal end of the 
condylar groove and w i t h i n the f i rs t third 

of the forearm. Electromyographic determi
nat ion of w h i c h musc les s h o w neuropathic 
changes may further local ize the lesion. 

T h e u lnar nerve exits the upper arm 
through the media l intermuscular septum, 
to pass through a groove beh ind the medial 
ep icondyle (Fig. 38 .4A) . T h e nerve is held 
in this groove by a fibrous expansion of the 
c o m m o n f lexor tendon, w h i c h forms the 
roof of the cubital tunnel . F r o m there, i t en
ters the forearm beneath an aponeurotic 
arch formed by the humeral and ulnar heads 
of the f lexor carpi ulnaris m u s c l e , 2 1 com
m o n l y ca l led the humeroulnar arcade. In 
1 3 0 cadaver e lbows, the arcade lay from 3 to 
20 mm distal to the media l epicondyle and 
the nerve next coursed through the f lexor 
carpi ulnaris m u s c l e for 18 to 70 m m . 1 5 T h e 
ulnar nerve next occupies the triangular 
space b o u n d e d by three f lexor musc les : the 
flexor c a r p i ulnaris covers the space super
f icial ly toward the media l (ulnar) side of the 
forearm, the flexor digitorum superficialis 
l ies superficial and lateral, and the flexor 
digitorum profundus l ies beneath , deep to 
the n e r v e . 1 6 T h e ulnar nerve cont inues 
through the proximal ha l f of the forearm 
s a n d w i c h e d between the f lexor carpi ul
naris above it and the flexor digitorum pro
fundus beneath it (Fig. 38 .4B) . 

T h e musc le in w h i c h TrPs would be most 
l ikely to cause entrapment of the ulnar nerve 
is the flexor carpi ulnaris. First, by taut band 
tension pulling the humeroulnar arcade tight 
against the nerve and second by compressing 
the nerve between taut bands of TrPs in the 
musc le where the nerve penetrates the mus
cle. These muscular entrapments are in ad
dition to the causes of ulnar nerve entrap
ment that are usually enumerated. 4 4 

Clinical ly , TrPs in the flexor digitorum 
profundus at t imes also seem to contribute 
to u lnar nerve entrapment ; h o w is not clear. 
S y m p t o m s due to TrP entrapment are re
l ieved by inact ivat ing all contributing TrPs. 

Harrelson and Newman 3 7 reported a 
case with compression of the ulnar nerve 
in the distal part of the forearm due to hy
pertrophy of the fibers of the flexor carpi 
ulnaris muscle, which attached to the 
deep side of the distal 7 cm (2 3/4-inches) 
of the tendon, before the tendon attached 
to the pisiform bone. Excision of the mus-

Table 38.1 Muscles of the Forearm that 
may Develop TrPs which Cause 
Entrapment of the Ulnar or 
Median Nerve 

ULNAR NERVE 
Flexor carpi ulnaris 
Flexor digitorum superficialis 
Flexor digitorum profundus 

MEDIAN NERVE 
Pronator teres 
Flexor digitorum superficialis 
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cle relieved the patient's symptoms and 
neurological deficits. TrP tension may 
have been contributing to symptoms. In
activating the TrPs would have required 
less drastic treatment. 

A variation of the flexor digiti quinti 
caused ulnar nerve compression. 7 8 

Median Nerve 

Median nerve entrapment be low the el
bow is most likely to cause paresthesias and 
hyperesthesia of the third and fourth digits 
sometimes including additional digits on ei
ther s ide 1 0 and is commonly called the prona
tor teres syndrome.10,32 The nerve normally 
passes between the humeral and ulnar heads 
of the pronator teres beneath the fibrous arch 
between the two heads but sometimes 
pierces the humeral head . 3 2 The nerve then 
passes beneath the aponeurotic arch of the 
flexor digitorum superficialis that bridges be
tween its radial and humeroulnar heads and 
clings to the underside of that musc le . 3 Myo
fascial TrPs might promote entrapment of the 
median nerve in both muscles by myofascial 
taut bands that increased the tension of the 
aponeurotic arch against the nerve and by di
rect compression of the nerve by taut bands of 
TrPs where the nerve penetrates the humeral 
head of the pronator teres. 

Although c l in ica l exper ience indicates 
TrPs can cause some of these entrapments , 
wel l p lanned case studies of the TrPs that 
inc lude full e lectrodiagnost ic documenta 
tion and adequate pre- and post- treatment 
outcome measures are sorely needed. 

T h e presence of an anomalous flexor 
digitorum superficialis indicis m u s c l e 
caused an acute carpal tunne l syndrome 
that was rel ieved by freeing the m u s c l e 
from the median nerve . 7 

Radial Nerve 

T h e p r e s e n c e o f an a n o m a l o u s f lexor 
c a r p i radia l is brevis or iginat ing in the 
prox imal radial aspect o f the forearm a n d 
insert ing at the b a s e of the s e c o n d or th i rd 
metacarpal has b e e n i m p l i c a t e d in ante 
rior in terosseous nerve c o m p r e s s i o n . 4 5 

11. DIFFERENTIAL DIAGNOSIS 
Differential diagnoses that are c o m m o n l y 

identif ied w h e n myofasc ia l TrPs in flexor 

m u s c l e s of the forearm are respons ib le for or 
contr ibute to the symptoms i n c l u d e media l 
epicondyl i t i s , u lnar neuropathy, carpal tun
nel syndrome, osteoarthrit is of the wrist , C 5 

radiculopathy (when there are TrPs in the 
f lexor pol l i c i s longus m u s c l e ) , C 7 radicu
lopathy wi th TrPs in the radial h e a d of the 
f lexor digitorum superf ic ial is , and C 8 or T 1 

radiculopathy wi th TrPs in the h u m e r a l 
head of the f lexor digitorum superf ic ial is 
m u s c l e . T h e r e is also erroneous identi f ica
t ion of thorac ic outlet syndrome wi th act ive 
TrPs in the proximal part of the f lexor digito
rum superf ic ia l is , as some pract i t ioners are 
prone to apply the term thorac ic outlet syn
drome to any dis turbance of the fourth and 
fifth digits in the presence of a normal or 
nonfoca l neurologic examinat ion . 

Art icular dysfunct ions l ikely to be asso
c iated wi th TrPs in this group of m u s c l e s 
inc lude a distal radiocarpal dysfunct ion 
and/or dorsal subluxat ion of the carpal 
b o n e s . 

Medial epicondylitis is bas ica l ly the 
same k ind of prob lem as lateral epi
condyl i t i s d iscussed in Chapter 3 6 , Sec t ion 
11 under Tennis Elbow. However , in this 
case , a different condyle and different m u s 
cles are involved. 

U l n a r neuropathy i s rev iewed in the 
preceding S e c t i o n 10 . 

T h e c a r p a l tunnel s y n d r o m e i s l ike ly to 
be diagnosed w h e n the pat ient has act ive 
TrPs in the pronator teres , f lexor carpi ra
dial is , and/or brachia l i s m u s c l e s . T h e re
ferred pain from even more distant TrPs 
in the s ternoc le idomasto id , infraspinatus 
and subscapular is m u s c l e s have tempted 
some to make the carpal t u n n e l diagnosis . 
A m e d i a n nerve c o n d u c t i o n s tudy and ex
aminat ion of the m u s c l e s for TrPs estab
l ishes i f one or both of the diagnoses are 
appropriate . Rarely, an a n o m a l o u s f lexor 
digitorum superf ic ial is indic i s m u s c l e m a y 
be respons ib le for the s y m p t o m s . 7 , 3 9 

Related Trigger Points 

Trigger points in the parallel flexores dig
i torum and flexores carpi musc les tend to 
develop together. However, TrPs m a y appear 
in the flexor carpi radialis alone fol lowing 
an e lbow fracture, or comparable trauma. 

Act ive TrPs in the f inger f lexors m a y de
velop as satel l i tes to TrPs in m u s c l e s of the 
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Ulna 

Figure 38.4. Dorsal view of the normal relation between the right ulnar nerve and the flexor carpi ulnaris mus
cle (dark red). A, the tendinous arch between the muscle's humeral and ulnar heads, through which the ulnar 

nerve passes, is called the cubital tunnel. 

shoulder and n e c k that refer pa in into the 
volar forearm, espec ia l ly w h e n TrPs in 
these upper m u s c l e s t end also to cause 
nerve entrapment , s u c h as the sca lene or 
pectoral is m i n o r m u s c l e s . 

Myofascia l TrPs in the flexor pol l ic is 
longus tend to develop independent ly of ac
tive TrPs in the other forearm flexor musc les . 

12. TRIGGER POINT RELEASE 
(Fig. 38.5) 

In addit ion to the spray-and-stretch 
t e c h n i q u e descr ibed here , other t echniques 
( inc luding trigger po int pressure re lease , 
rec iproca l inhib i t ion , post isometr ic re lax
at ion, and contract -re lax as descr ibed in 
Chapter 3 , S e c t i o n 12) are also effect ive for 
re lease of central trigger points (CTrPs) of 
the f lexor m u s c l e s in the forearm. T h e pri

mary therapeut ic approach to attachment 
TrPs is to inact ivate the CTrPs that are 
causing them. 

Spray and Stretch 

For treatment of involved flexores digi
torum and flexores carpi radialis and ul
naris m u s c l e s , the pat ient l ies comfortably 
wi th the e lbow resting on a padded surface 
and the forearm supinated. T h e hand 
hangs over the edge of the support , so that 
the h a n d and fingers can be passively ex
tended s imultaneously , as the h a n d is 
pressed into full supinat ion (Fig. 38 .5A) . 
Unless all three posi t ions are established 
together, full s tretch of the flexors is not ob
ta ined. Immediate ly before and whi le the 
m u s c l e s are being stretched, the vapocool-
ant spray is appl ied in parallel sweeps 

Ulnar nerve 

Medial epicondyle 

Olecranon process 
Flexor carpi 

ulnaris 

Triceps brachii 

Lateral epicondyle 

Anconeus 

-Extensor digitorum 

Level of 
section B 
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Figure 38.4—continued. B, cross section showing the relation of the ulnar nerve to the flexor carpi ulnaris 
(dark red), and the flexores digitorum superficialis and profundus muscles (light red). The section is several 

centimeters below the elbow in the region of the trigger points that may cause the nerve entrapment. 

Triceps brachii 

Ulnar nerve 
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Flexor carpi 
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Flexor digitorum 
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Flexor digitorum 
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Figure 38.5. Stretch position and spray pattern (ar
rows) for trigger points (Xs) in muscles of the hand, 
thumb and finger flexors in the forearm. A, flexores 
carpi radialis and ulnaris, and flexores digitorum mus

cles. The patient's hand is supinated, elbow extended, 
and both the hand and fingers are fully extended. The 
patient's fingers are included in the downsweeps of 
spray (clashed line). B, flexor pollicis longus muscle. 

from the media l e p i c o n d y l e to the finger 
t ips over the involved m u s c l e s and their 
referred pain patterns (Fig. 3 8 . 5 A ) . 

To stretch and spray the f lexor pol l ic is 
longus m u s c l e , the h a n d and the t h u m b are 
ex tended similarly, w h i l e the sweeps of 
spray travel from the media l ep icondyle 
d o w n over the radial s ide of the forearm 
a n d the t h u m b (Fig. 3 8 . 5 B ) . Fo l lowing 
three s low cyc les of full act ive range of m o 
t ion, mois t heat is prompt ly appl ied to the 
volar forearm. 

T h e s e pat ients are deeply c o n c e r n e d , 
and somet imes mis in formed, about the 
cause of their pain . Reproduct ion of their 
pa in during e x a m i n a t i o n by pressure on a 
TrP demonstrates that the pain is pr imari ly 
m u s c u l a r in origin, and is therefore reas
suring to t h e m . After treatment , the 
demonstrat ion of f reedom from pain dur
ing a repeat of the Hand-grip Test (see 
Chapter 3 4 , S e c t i o n 8) and the normal iza

t ion of measured grip strength reassures 
the patients that their pain has a myofas
cial source that is amenable to effective 
management . T h e patient must learn an ap
propriate self-stretch technique for h o m e 
use s u c h as post isometr ic relaxation, 
w h i c h is wel l descr ibed and il lustrated by 
L e w i t . 4 7 It involves a gentle contract ion of 
the tight m u s c l e fol lowed by relaxation 
and s low exhalat ion. 

Trigger Finger 

Several techniques are available for non
invasive treatment of trigger finger. The 
locking m e c h a n i s m seems to be less effec
tive w h e n the tendon is loaded (placed un
der tension) . With the finger in the locked 
position, first have the patient flex it a bit 
more, then apply active resistance to place 
tension on the tendon, and then have the pa
tient gradually let the finger extend while 
maintaining the tension. S imply pulling the 
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finger back into normal rest posit ion pas
sively seems, if anything, to aggravate the 
trigger mechanism, but this loading tech
nique seems to facilitate its return to normal . 

Somet imes firm pressure appl ied to the 
tender spot where locking occurs wi l l re
store normal funct ion, as i f the tendon or 
tendon sheath had b e c o m e edematous lo
cal ly and needed some he lp to return to 
normal . 

Tsuyuguchi , et a l . 7 6 descr ibed applying 
to 65 chi ldren a modif ied coi l spring spl int 
which mainta ined the interphalangeal joint 
in neutral extens ion or slight hyperexten-
sion. T h e authors reported comple te heal 
ing in an average period of 9 months . S i n c e 
there were no controls and the period of 
disability before treatment is u n k n o w n , the 
c h a n c e that they w o u l d have recovered 
spontaneously during this long per iod of 
compromised funct ion is u n k n o w n . No 
ment ion was made of a trial of in ject ion. 
Eight of the 65 pat ients required surgery. 

A similar treatment employs a f lexible 
splint placed around the proximal inter
phalangeal joint to restrict f lexor act ion of 
that finger for a period that is long enough 
to significantly reduce the f requency of 
triggering. 7 0 Th is approach also restricts 
function. 

13. TRIGGER POINT INJECTION 
(Fig. 38.6) 

Usually, hand and f inger flexor m u s c l e s 
respond wel l to stretch and spray. T h e i r 
trigger points (TrPs) often do not require 
in ject ion, except TrPs that aggravate an ul
nar nerve entrapment at the elbow, and 
those responsible for trigger fingers. In jec
tion is usually effective unless perpetuat
ing factors have been overlooked. After TrP 
inject ion, residual m u s c l e tens ion m a y be 
released by spray and stretch, and in any 
case must be fol lowed by three s low cyc les 
of full active range of mot ion of the wrist 
and fingers together. 

Hand Flexors 

In ject ion of TrPs in these m u s c l e s also 
has been found effective by o t h e r s . 1 2 , 3 5 To 
inject a TrP in the flexor c a r p i radial is , the 
elbow of the supine patient is ex tended 
and the hand supinated. W h e n the act ive 
TrP has been located by flat palpat ion, it is 
in jected with 0 . 5 % proca ine solut ion (Fig. 

38 .6A) , and then pass ively s tretched before 
the hot pack is appl ied . 

To in ject an act ive TrP in the f lexor c a r p i 
ulnaris m u s c l e , the supine pat ient is asked 
to f lex the e lbow and laterally rotate the 
arm (Fig. 38 .6B) . S i n c e this TrP is quite su
perficial , it , too, is located by f lat palpat ion 
and in jec ted under direct tact i le control . 
An LTR is observed w h e n the needle en
counters an act ive locat ion in the TrP. 

Finger Flexors 

Tender spots in the superficial flexors are 
located by flat palpation and the area of focal 
tenderness is in jected. T h e TrPs in the deep 
f inger f lexor musc les are usual ly located ap
proximately 3 cm (about 1 1/ 2-in) distal to the 
medial epicondyle . These deep TrPs are 
sometimes responsible for entrapment of the 
ulnar nerve, and are in jected as i l lustrated 
for the flexor carpi ulnaris (Fig. 38 .6B) , ex
cept that they l ie deeper and require pene
tration to at least 2 cm (nearly 1 in) ; this 
depth reaches beyond the f lexor carpi ul
naris , into the flexor digitorum subl imis or 
profundus. O n e obtains the impress ion that 
there may be a family of TrPs in several mus
cles . In ridding this muscular region of TrP 
activity, it is not u n c o m m o n to cause a tem
porary b lock of the ulnar nerve; the local 
anesthesia disappears in 15 -20 m i n w h e n 
0 . 5 % procaine solution has been used. 

Every m u s c l e that was in jec ted should 
be ex tended to full range of mot ion at o n c e . 
First passively, usual ly during vapocool -
ing, and then act ively through three s low 
cyc les of full range of mot ion in both direc
t ions. Moist heat is appl ied promptly. 

R a c h l i n 6 2 i l lustrated the in jec t ion of a 
central TrP and the locat ion of an attach
ment TrP in the f lexor digitorum superfi
c ia l i s , and a central TrP locat ion in the 
f lexor carpi radial is longus. 

Despite m u c h c l in ica l and theoret ica l 
ev idence support ing this approach of spe
cific TrP treatment for TrPs in these f lexor 
m u s c l e s , adequately contro l led research 
studies are miss ing and n e e d e d . 

Trigger Finger 

A trigger finger m a y be prompt ly and 
permanent ly rel ieved by in ject ion, but the 
return of full funct ion m a y not occur for 
several days fol lowing treatment . T h e nee
dle tip is al igned with the m i d l i n e of the f in-
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Figure 38.6. Injection technique for trigger points in 
the hand flexors, and for a trigger finger. A, flexor carpi 
radialis, with the elbow straight. B, flexor carpi ulnaris, 
with the forearm flexed and the arm laterally rotated to 

provide convenient access to this muscle. C, injection 
to relieve a trigger finger. The injection apparently re
leases a fibrous ring or swelling of the tendon that en
snares the flexor tendon of the middle finger. 
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ger and is inserted in the center of the ten
der point, apparently deep in the restricting 
f ibrous ring around the flexor tendon, in the 
midl ine , just proximal to the head of the 
metacarpal b o n e (Fig. 38 .6C) . In ject ion of 1-
1.5 ml of 0 . 5 % proca ine solut ion prec ise ly 
into the tender spots suffices. No LTR is ob
served. Th is TrP must be purely fascial , and 
not located wi th in muscular t issue. 

A trigger t h u m b , present in one patient 
for 10 years fol lowing trauma to the upper 
extremity, was immediate ly and perma
nent ly un locked by a single in ject ion. T h i s 
result is an example of Dr. Travell 's experi 
ence . Trigger t h u m b is cons idered in detail 
in Chapter 39 , Sec t ion 8. 

A control led double-bl ind prospect ive 
study of 41 patients wi th trigger f inger or 
trigger thumb of at least 3 m o n t h s ' durat ion 
compared the result o f in ject ing only 1% 
l ignocaine or 20 mg or methylpredniso lone 
acetate wi th l i g n o c a i n e . 4 6 T h e success rate 
was 6 0 % for in ject ion of analgesic wi th 
steroid and 1 6 % without steroid suggesting 
that an inf lammatory c o m p o n e n t con
tributes to the symptom. An uncontro l led 
study of 68 cases of trigger finger s h o w e d a 
similar response rate of 6 0 % to as m a n y as 
three in ject ions of equal parts of be
tamethasone and 0 . 5 % l i d o c a i n e . 5 7 T h e au
thors were c o n c e r n e d about the possibi l i ty 
of tendon rupture wi th mult ip le in jec t ions , 
but did not specif ical ly report any ruptures . 

14. CORRECTIVE ACTIONS 
W h e n prolonged gripping, such as 

tightly holding a ski pole or a steering 
wheel , activates TrPs in the f lexor m u s c l e s , 

the pat ient should learn to re lax the grip 
frequently, to pronate the h a n d rather than 
holding i t supinated, and to stretch the 
musc les at frequent intervals by posi t ively 
re inforc ing the desired behavior . Re lax
at ion is a ided by occas iona l ly doing the 
Artisan's Finger-stretch Exerc i se (see Fig. 
35 .8 ) or the Finger-flutter Exerc i se (see Fig. 
35 .9 ) . Grasping the sides of the steering 
w h e e l hal fway b e t w e e n the top and bot tom 
places the wrist in a more neutral posi t ion. 

If the patient rows on a c r e w or paddles a 
c an oe , he should fully open the f ingers on 
the return stroke w h i l e holding the oax or 
paddle be tween the t h u m b and p a l m in or
der to rel ieve tens ion and to stretch the 
flexor m u s c l e s . For those playing racquet 
games, the wrist should be he ld in a neutral 
or sl ightly " c o c k - u p " posi t ion and should 
not a l low the racquet to droop. A patient 
wi th latent TrPs in the f lexor m u s c l e s 
should learn to keep the h a n d , as we l l as the 
forearm, supported on the armrest w h e n sit
t ing and not to let the h a n d dangle over the 
end , thus avoiding leaving the h a n d and 
finger flexors in a shortened posi t ion. 

W h e n treating the h a n d and finger ex
tensors by stretch and spray, a painful 
shortening act ivat ion of TrPs in the f lexor 
m u s c l e s can be avoided by rout inely ap
plying stretch and spray to t h e m . T h i s ad
dit ional treatment fully re leases m u s c l e 
tens ion from latent TrPs in the f lexor m u s 
cles that are prone to act ivat ion. 

In general , TrP act ivity in the h a n d and 
f inger f lexors can be avoided, or treated, by 
daily use of four different h a n d exerc i ses : 
the F inger-extens ion Exerc i se (Fig. 3 8 . 7 ) , 

Figure 38.7. The Finger-extension Exercise is a self-stretch passive movement for inactivating 
trigger points and relieving tension in the hand and finger flexor muscles. The right 

forearm under stretch is well supported and relaxed. 
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the Artisan's Finger-stretch Exerc i se (see 
Fig. 3 5 . 8 ) , the Finger-flutter Exerc i se (see 
Fig. 3 5 . 9 ) , and the Interosseous-stretch E x 
erc ise (see Fig. 4 0 . 6 ) . 

T h e trigger finger is apparent ly a fascial 
entrapment w h i c h seems not to be influ
e n c e d by musc le -s t re tch exerc ises . Recur
rent heavy pressure on the tender spot 
against the metacarpal head , as by a cane 
or the handle of a tool , should be avoided. 
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CHAPTER 39 

Adductor and Opponens Pollicis 
Muscles (Trigger Thumb) 

HIGHLIGHTS: "Weeder 's t h u m b " is a painful d i s 

abi l i ty o f the t h u m b that is pr imari ly due to act ive 

t r igger po in ts (TrPs) in the a d d u c t o r and o p p o 

nens pol l ic is musc les . The pain pat terns and 

t rea tment a p p r o a c h for the o p p o n e n s pol l ic is are 

similar to those o f t he a b d u c t o r pol l ic is brevis and 

f lexor pol l ic is brevis musc les . The latter t w o m u s 

cles lie part ly over the o p p o n e n s and are dif f icult 

to d is t inguish f rom i t by pa lpat ion . R E F E R R E D 

PAIN f r o m bo th the a d d u c t o r and o p p o n e n s po l 

licis musc les pro jec ts to t he radial and pa lmar as 

pec ts o f the t h u m b ; the o p p o n e n s pol l ic is also 

may refer pain to the radial s ide o f the pa lmar a s 

pec t o f t he wr is t . A N A T O M Y : the media l a t tach 

men t of the ob l ique head of the adductor pollicis 

is to the ca rpometaca rpa l region of the index and 

midd le f ingers. Medial ly, the t ransverse head at

taches to t he shaf t o f the th i rd metacarpa l bone . 

Laterally, bo th heads fasten to the base of the 

prox imal phalanx of t he t h u m b . The opponens 

pollicis ex tends f rom the t rapez ium b o n e of the 

wr is t and the f lexor re t inaculum in the heel of the 

hand to w r a p part ial ly a round and a t tach to the 

first metacarpa l bone . The F U N C T I O N o f the a d 

d u c t o r pol l ic is i s to a d d u c t the t h u m b t o w a r d the 

index finger, whi le t he o p p o n e n s pol l ic is is essen

tial in br ing ing the t h u m b p a d across the pa lm to 

t o u c h the p a d s of the ring or little f ingers (oppo 

sit ion). S Y M P T O M S due to act ive TrPs in these 

musc les are t h u m b pain dur ing act iv i ty a n d , i f se 

vere, at rest, w i th a w k w a r d n e s s of p incer gr ip b e 

t w e e n the t h u m b and f ingers. A C T I V A T I O N A N D 

P E R P E T U A T I O N OF T R I G G E R P O I N T S i n these 

musc les may be caused by s t rong , p ro longed 

p incer g r ipp ing , as w h e n sewing , weed ing , wr i t 

ing longhand , and open ing jar t ops . PATIENT 

E X A M I N A T I O N shou ld inc lude a check for a 

Heberden 's node on the ulnar side of the inter-

phalangeal jo int of the t h u m b , a node that is of

ten assoc ia ted w i th TrPs in the adduc to r poll icis. 

"Trigger t h u m b " usually is caused by a TrP lo

ca ted bes ide, and radial to , the f lexor poll icis 

longus t e n d o n , just prox imal to the first metacar

pophalangeal (MCP) joint . D IFFERENTIAL D I 

A G N O S I S shou ld d ist inguish o p p o n e n s poll icis 

referred pain f rom carpal tunnel syndrome. T R I G 

G E R P O I N T R E L E A S E by spray and stretch re

quires max imal spread o f the t h u m b away f rom 

the index f inger whi le ex tend ing the t h u m b . 

Vapocoo lant spray is swep t radially over the 

thenar eminence and t h u m b , and proximal ly over 

the wr is t . Trigger point pressure release of TrPs in 

the o p p o n e n s poll icis can be helpful . TRIGGER 

P O I N T I N J E C T I O N o f the adduc to r pol l icis e m 

ploys p incer pa lpat ion and digital needle gu id 

ance. The o p p o n e n s pol l ic is requires flat pa lpa

t ion . "Trigger t h u m b " is relieved by injection of the 

tender point just radial to a point of possib le en-

snarement of the f lexor pol l ic is longus tendon by 

the th ickened f lexor sheath at the distal end of 

the first metacarpa l bone. C O R R E C T I V E A C 

T I O N S inc lude h o m e exercises, such as, the 

A d d u c t o r Pol l ic is-st retch, the O p p o n e n s Poll icis-

s t re tch, the Finger-f lutter and the Finger-exten

s ion Exercises. These m o v e m e n t s prov ide impor

tant intermit tent relief dur ing act ivi t ies that require 

susta ined or v igorous cont rac t ion of the t h u m b 

musc les . 

1 . R E F E R R E D P A I N 

(Fig. 39.1) 
Adductor Pollicis 

An act ive trigger point (TrP) in the ad
ductor pol l i c i s m u s c l e causes aching pain 
along the outs ide of the t h u m b and h a n d at 
7 7 4 

the base of the t h u m b distal to the wrist 
crease (Fig. 3 9 . 1 A ) . T h e spi l lover pain area 
hits the palmar surface of the f irst metacar
pophalangeal (MCP) joint , and may include 
most of the t h u m b , thenar e m i n e n c e , and 
dorsal web s p a c e . 3 , 4 1 
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Figure 39.1. Referred pain patterns (dark red) and location of trigger points (Xs) for two thumb muscles 
(medium red), right hand. A, adductor pollicis. B, opponens pollicis. 
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that descr ibed for the tendons of the f inger 
flexors (see Chapter 38) . 

SUPPLEMENTAL REFERENCES 

Other authors have pictured the adduc
tor pollicis from the palmar 
v iew 2 , 3 , 1 2 , 1 6 , 2 6 , 3 5 , 3 6 including nerves and ar
teries, 1 3 from the lateral (radial) aspect, 4 , 1 5 , 

2 7 from the dorsal view including related 
arteries, 2 0 and in cross s e c t i o n . 1 , 1 0 , 1 7 , 3 0 

They also have shown the opponens 
pollicis from the palmar view, 3 , 5 , 1 2 , 1 6 , 3 5 , 3 7 

from the medial aspect , 1 9 , 2 7 and in cross 
s e c t i o n . 1 1 , 1 7 , 3 0 

Others have portrayed the region of the 
flexor pollicis longus tendon where the 
trigger thumb phenomenon o c c u r s . 2 , 1 4 , 1 8 , 2 8 

3. INNERVATION 

Adductor Pollicis 

T h i s m u s c l e is suppl ied by the deep pal
mar branch of the ulnar nerve from the me
dial cord and lower trunk through spinal 
nerve C 8 and T 1 . 

Opponens Pollicis 

T h e opposi te pol l ic is is suppl ied by a 
branch of the median nerve from the lateral 
cord and upper and middle trunks through 
spinal nerves C 6 and C 7 . 

4. FUNCTION 

T h e meaning of terms used to describe the 
direction of movement are specific and 
sometimes uniquely defined for the thumb. 
F lex ion and extension movement at the MCP 
and interphalangeal (IP) joints is perpendic
ular to the thumb nail and in the plane of the 
palm. F lexion is in the ulnar direction. Ab
duction and adduction are movements per
pendicular to the plane of the palm, away 
from, and toward the palm respectively. Op
posit ion brings the palmar surfaces of the 
thumb and small finger in direct contact (not 
just f inger tip c o n t a c t ) . 6 , 1 2 , 2 2 , 2 3 

Adductor Pollicis 

This musc le adducts the thumb. It also as
sists in flexion at the MCP joint of the thumb. 

T h e adductor pol l ic is is act ivated elec-
tromyographical ly during any adduction, 
opposi t ion, and MCP f l ex ion , 4 0 and espe
c ia l ly during forceful opposi t ion of the 
t h u m b , w h i c h rotates the thumb to face the 
other f ingers . 6 

Opponens Pollicis 

Pain is referred from TrPs in this m u s c l e 
to the palmar surface of most of the t h u m b 
and also to a spot on the radial s ide of the 
palmar aspect of the wrist , where the pa
t ient is l ike ly to p lace a finger to locate the 
pa in (Fig. 3 9 . 1 B ) . 

2. ANATOMY 
(Fig. 39.2) 
Adductor Pollicis 

T h e adductor po l l i c i s spans the w e b 
space b e t w e e n the t h u m b and i n d e x f i n 
ger. B o t h the obl ique and transverse heads 
l ie b e n e a t h (dorsal to) the t e n d o n of the 
f lexor po l l i c i s longus and attach laterally 
to the u lnar s ide of the base of the proxi 
mal p h a l a n x of the t h u m b (Fig. 3 9 . 2 A ) , in 
c o m m o n w i t h the f lexor po l l i c i s brevis 
and abductor po l l i c i s brevis m u s c l e s (Fig. 
3 9 . 2 B ) . Medially the obl ique h e a d of the 
adductor po l l i c i s a t taches to the bases of 
the s e c o n d a n d third metacarpals and to 
the capi tate b o n e . T h e transverse h e a d at
taches medially to the distal two-thirds of 
the pa lmar surface of the third metacarpal 
b o n e (Fig. 3 9 . 2 A ) . 1 2 

Opponens Pollicis 

T h e o p p o n e n s pol l ic is at taches medi
ally to a ridge on the t rapezium b o n e of the 
wrist and to the f lexor re t inacu lum, and 
laterally and distally a long the w h o l e 
length of the radial s ide of the f i rs t 
metacarpal b o n e (Fig. 3 9 . 2 A ) . 1 2 

T h i s m u s c l e l ies in part under the ab
ductor pol l i c i s brevis , and be tween the su
perficial and deep heads of the f lexor pol l i 
c is brevis m u s c l e (Fig. 3 9 . 2 B ) . 1 2 I t is not 
easy to dis t inguish from the other two 
m u s c l e s , w h i c h m a y wel l conta in TrPs that 
are attr ibuted to the o p p o n e n s pol l i c i s . 

Trigger Thumb 

Apparent ly , a bulbous enlargement of 
the f lexor pol l i c i s longus tendon b e c o m e s 
ensnared by a restr icted f lexor sheath at the 
head of the first metacarpal b o n e , where 
the t e n d o n b e c o m e s f i rmly at tached to the 
t h u m b after i t has passed over the adductor 
pol l i c i s and b e t w e e n the two heads of the 
f lexor pol l i c i s brevis m u s c l e (Fig. 3 9 . 2 B ) . 1 3 

T h i s triggering p h e n o m e n o n is s imi lar to 
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Opponens Pollicis 

T h e opponens m u s c l e o f the t h u m b 
abducts , 0 f lexes , 6 , 2 2 and rotates the 
metacarpal bone of the t h u m b into a posi 
t ion of o p p o s i t i o n . 6 , 2 1 - 2 3 

Electromyographical ly, the opponens 
was consistent ly act ive during opposi t ion 
of the thumb and, surprisingly, was moder
ately active during extension, and markedly 
active during abduct ion, of the t h u m b . 7 

5. FUNCTIONAL UNIT 

T h e abductor pol l ic is brevis , f lexor pol l i 
cis brevis , and the opponens pol l ic is gener
ally act together synergistically. T h e adduc
tor and extensors of the t h u m b are their 
antagonists. Funct ional ly , this group of ab
ductors and their antagonists act in con
junct ion with the first dorsal interosseous 
and extr insic f inger m u s c l e s for forceful in
dex-finger p inch , and with the opponens 
digiti quinti for forceful opposi t ion. 

6. SYMPTOMS 

In addition to pain (Section 1) , patients 
with active TrPs in these thumb muscles may 
complain that the thumb is " c lumsy. " Their 
handwriting often has become illegible be
cause they "can hardly hold a p e n . " They 
have trouble with the fine manipulat ions 
necessary for buttoning clothing, sewing, 
drafting and painting that require the pre
hensi le pincer grip provided by the thumb. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

A c o m m o n syndrome, "weeder ' s 
t h u m b , " is caused by act ivat ion of TrPs in 
these musc les w h e n the pat ient pul ls wel l -
rooted weeds , l ike dock or plantain. T h e 
trouble arises w h e n the patient repeatedly 
firmly grasps the base of the w e e d in a 
strong pincer grip, twists the w e e d to 
loosen the root, and then exerts an even 
stronger pincer grip to pul l it. Susta ined, 
unrel ieved tens ion wi l l act ivate these TrPs 
w h e n using a fine paintbrush, sewing, or 
writing longhand—espec ia l ly i f writ ing re
quires pressing firmly with a bal l -point pen 
that is held perpendicular to the paper. 

W h e n TrPs result from the stresses on 
muscle that are imposed during the frac

ture of a b o n e in the h a n d , pat ients m a y 
say, " O f course it hurts , I h a d a fracture 
there years ago . " T h e y do not real ize that 
the h a n d should be pain-free w h e n the 
b o n e has hea led . T h e y are unaware that the 
cont inuing pain is probably due to res idual 
myofasc ia l TrPs in the h a n d m u s c l e s . 

8. PATIENT EXAMINATION 
(Fig. 39.3) 

S i n c e deep tenderness in the w e b space 
of the t h u m b may be referred from the sca
lene , brachia l i s , supinator, extensor carpi 
radial is longus, or brachioradia l i s m u s c l e s , 
these should be c h e c k e d f i rs t for act ive 
TrPs. I f these m u s c l e s are involved, they 
should be treated before a t tempting to in
activate TrPs in the t h u m b m u s c l e s ; the 
tenderness in the region of the t h u m b , i f re
ferred, may disappear fo l lowing inact iva-
t ion of TrPs in the distant forearm and arm 
m u s c l e s . In the "weeder ' s t h u m b " syn
drome, TrPs in the first dorsal interosseous 
m u s c l e usual ly respond to treatment im
mediately, leaving the more c o m p l e x 
t h u m b m u s c l e s sti l l causing sym pt o m s . 

F lex ion , adduct ion, and abduct ion 
movements of the t h u m b are weaker on the 
affected side w h e n one of these musc les is 
involved, taking into account differences 
due to right and left hand dominance . T h e 
strength of the adductor pol l ic is is easi ly 
tested by the ability to hold a p iece of paper 
tightly between the thumb and the second 
metacarpal bone . Abduct ion , and especial ly 
extension, of the thumb are often painful . 

Pa in and tenderness referred to the f irst 
MC P joint from TrPs in the adductor pol l i 
c is m u s c l e are easi ly mis taken for ev idence 
of jo int disease i f the myofasc ia l origin of 
the symptoms is not r e c o g n i z e d . 3 2 On the 
other h a n d , pa in and dysfunct ion of the 
MC P and interphalangeal jo ints m a y be 
due to loss of jo int play w h i c h s h o u l d be 
identi f ied and c o r r e c t e d . 2 9 

Heberden's nodes have b e e n observed 
on the ulnar ( inner) s ide of the t h u m b . 
W h e n a n o d e is present there , an associ 
ated TrP is near ly a lways found in the ad
ductor pol l ic is m u s c l e . T h i s m u s c l e 
adducts the t h u m b , m u c h as the palmar in-
terossei adduct the f ingers , and the associ 
at ion wi th the Heberden's node probably 
has a s imilar basis (see Chapter 4 0 ) . 
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Figure 39.2. Attachments of thumb muscles. A, the adductor pollicis and opponens pollicis (dark red) after re

moval of the flexor pollicis brevis and abductor pollicis brevis muscles. 

Trigger Thumb 

(Fig. 39.3) 
T h e p h e n o m e n o n of "trigger t h u m b " i s 

identi f ied by the patient 's inabi l i ty to ex
tend the t h u m b wi thout external ass is tance 
after f lexing it; the t h u m b " l o c k s " in flex
ion. T h e corresponding p h e n o m e n o n , trig
ger f inger, is cons idered in detail in Chap
ter 3 8 , S e c t i o n s 6 and 12 . 

T h e cause o f the p r o b l e m is assoc ia ted 
wi th a tender spot located lateral to the 

t e n d o n of the f lexor po l l i c i s longus, possi
b ly in the f lexor pol l i c i s brevis . To locate 
this TrP, the pat ient supinates the forearm, 
fully extends the M CP joint of the t h u m b , 
a n d then al ternately flexes and extends the 
distal p h a l a n x , w h i l e the examiner identi
f ies the t e n d o n (Fig. 3 9 . 3 ) . To identify the 
tendon of the f lexor pol l i c i s longus, the ex
a m i n e r p laces a finger against the bulge of 
the M C P joint , pressing on the space be
tween the f lexor pol l i c i s brevis and the ad-
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Figure 39.2—continued. B, course of the tendon of the flexor pollicis longus muscle with restraining fascial 
sheath at the head of the first metacarpal close to the metacarpophalangeal joint, and the cut attachments 

of the overlying (light red) flexor pollicis brevis and abductor pollicis brevis muscles. 

ductor pol l i c i s m u s c l e s w h e r e the t e n d o n 
of the flexor pol l ic is longus enters the fas
cial sheath of the t h u m b (Fig. 3 9 . 2 B ) . As 
the patient moves the distal p h a l a n x b a c k 
and forth, the cord of the subcutaneous 
tendon is located proximal to where i t en
ters the anchor ing arch of fibers at the 
head of the f i rs t metacarpal b o n e in the re
gion of the " tr igger" p h e n o m e n o n . T h e TrP 
tenderness usual ly is located several mi l 
l imeters lateral [radial) to the t endon , just 

prox imal to the b o n y bulge of the M C P 
joint . 

Locking of the interphalangeal jo int of 
the t h u m b m a y be caused by a s e s a m o i d 
b o n e of that jo in t . 9 

Of 30 patients present ing wi th trigger 
t h u m b , 25 were fo l lowed to spontaneous 
resolut ion wi thout treatment . F i v e de
m a n d e d treatment . T h e average duration of 
symptoms to spontaneous recovery was 6.8 
m o n t h s (range 2 - 1 5 ) . 3 4 
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Figure 39.3. Technique for palpating the trigger point 
of a "trigger thumb." The distal phalanx is wiggled 
back and forth (as indicated by "ghosting" of it) to help 
identify the flexor pollicis longus tendon. Pressure 
against the head of the metacarpal bone, radial (lat
eral) to the tendon, elicits spot tenderness. Needle in 
Figure 39.5C points to tender spot. 

9. TRIGGER POINT EXAMINATION 

Adductor Pollicis 

W i t h the pat ient seated comfortably and 
the h a n d pronated and re laxed, the web 
space of the t h u m b is e x a m i n e d by p incer 
palpat ion, through the dorsal approach. 
T h e f i r s t dorsal interosseous m u s c l e , w h i c h 
l ies superf ic ial to the transversely or iented 
adductor f ibers , i s p u s h e d aside. T h e nod
ule wi th exquis i te spot tenderness in a taut 
b a n d , referred pain that the pat ient recog
nizes , and (for ski l led examiners ) loca l 
twi t ch responses are e l ic i ted from active 
TrPs of the adductor pol l i c i s m u s c l e . 

Opponens Pollicis 

Act ive TrPs in this musc le are identified 
by flat palpat ion across the direction of the 
m u s c l e f ibers over the thenar e m i n e n c e 
(Fig. 3 9 . 2 A ) . W h e n the TrP is deeply lo
cated, a local twi tch response is more diffi
cult to el ic i t than w h e n the TrP lies in the 
superficial abductor or flexor pol l ic is bre
vis superficial head f ibers (Fig. 39 .2B) . 

10. ENTRAPMENT 

No nerve entrapments are attributed to 
act ive TrPs in these musc les . 

11. DIFFERENTIAL DIAGNOSIS 

T h e symptoms produced by TrPs in 
these t h u m b m u s c l e s are most c o m m o n l y 
mis takenly attributed to carpal tunnel syn
drome, DeQuervain 's stenosing tenosyn
ovitis , and carpometacarpal osteoarthritis . 
T h e s e other condi t ions can exist and must 
be treated in a different way. An accessory 
flexor pol l ic is longus musc le w h e n present 
can cause compress ion neuropathy of the 
anterior interosseous n e r v e . 2 4 

Articular dysfunct ions that can relate 
strongly to TrPs in the adductor pol l ic is 
and opponens pol l ic is musc les are those at 
a carpometacarpal joint , the most l ikely be
ing volar subluxat ion of a metacarpal bone 
on a carpal b o n e , especia l ly at the first car
pometacarpal joint. 

Related Trigger Points 

Act ive TrPs are nearly always found in 
the f i rs t dorsal interosseous musc le w h e n 
they are present in the adductor and oppo
nens pol l i c i s . Repeatedly, one gains the 
impress ion that the t h u m b musc les are in
volved primarily, and the f irst dorsal in
terosseous is affected secondarily, due to 
its synergist ic funct ion. 

T h e flexor pol l ic is brevis and abductor 
pol l ic is brevis musc les eventual ly are also 
l ikely to b e c o m e involved. 

12. TRIGGER POINT RELEASE 
(Fig. 39.4) 

To release trigger point (TrP) involve
ment in the adductor and opponens poll i 
c is m u s c l e s using spray and stretch, the 
forearm is supinated w h i l e resting on a 
support ing surface that permits full thumb 
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extension (Fig. 39 .4) and adduct ion to 
lengthen the opponens , and then the 
thumb is abducted to the onset of resis
tance to lengthen the adductor. T h e vapo-
coolant spray is appl ied in paral lel sweeps 
across the pa lm, toward and over the radial 
surface of the t h u m b , whi le the adductor 
and opponens pol l ic is m u s c l e s are ex
tended to take up the s lack. A proximal 
spray pattern is added across the radial 
side of the wrist to cover the pain pattern 
of the opponens pol l ic is . Three s low full 
cycles of act ive range of mot ion are fol
lowed by appl icat ion of mois t heat . 

Another manual release is to lengthen 
the opponens pol l ic is m u s c l e as i l lustrated 
in Figure 39 .4 , but instead of applying in
termittent co ld , the c l in ic ian applies trigger 
point pressure release on the TrP and c o m 
bines this with contract-relax by having the 
patient contract the m u s c l e during the ap
pl icat ion of pressure and then fully re lax 
whi le the c l in ic ian takes up the slack. T h i s 
step of appl icat ion of pressure wi th volun
tary contract ion, of course , can be alter
nated with appl icat ion of intermittent co ld . 
W h e n properly coordinated this approach 
can be remarkably effective. I t m a y be sev-

Figure 39.4. Stretch position and spray pattern (ar
rows) for a trigger point in either the adductor or op
ponens pollicis muscle. The "X" locates the adductor 
pollicis trigger point. The spray sweeps across the 
palm and thenar eminence to the end of the thumb. 
The up-pattern of spray across the wrist is added 
when the opponens pollicis is involved. 

eral hours before local tenderness begins to 
subside and the next day or two unt i l the 
t h u m b b e c o m e s less symptomat ic . I t m a y 
be necessary to repeat this t reatment every 
day or two for several t imes before the TrP 
is comple te ly inact ivated and painless nor
mal t h u m b funct ion returns. A few pat ients 
are able to learn h o w to do this c o m p l i c a t e d 
but effect ive procedure as sel f - treatment. 
T h i s procedure teaches the person doing i t 
to h i m s e l f or herse l f a lot about h o w TrPs 
respond to this k ind of m a n u a l treatment . I t 
he lps the person to get a " f e e l " for an opti
m a l t reatment t echnique . 

Spray and stretch of these m u s c l e s are 
not a lways as effect ive as TrP in jec t ion. 

Trigger t h u m b is not re leased by spray 
and stretch a lone. S o m e t i m e s appl icat ion 
of trigger point pressure on the tender spot 
at the point of restr ict ion is effect ive. 

13. TRIGGER POINT INJECTION 
(Fig. 39.5) 
Adductor Pollicis 

T h e patient 's pronated h a n d is palpated 
for trigger points (TrPs) in the adductor 
pol l i c i s , as descr ibed in S e c t i o n 9. W h e n a 
TrP has b e e n located by its spot tenderness 
in a nodule of a taut b a n d and somet imes 
conf i rmed by el ic i t ing an LTR, the opera
tor's finger presses against it from the pal
mar s ide to f ix i t and provide guidance 
(Fig. 3 9 . 5 A ) . As the needle is directed to
ward this guiding f inger, i t should pass to 
the radial side of, or perhaps penetrate , the 
f i rs t dorsal interosseous m u s c l e . Fo l lowing 
the in ject ion, the m u s c l e is pass ively 
s tretched w h i l e re lease of the m u s c l e is 
a ided by sweeps of vapocoolant , three s low 
cyc les of full act ive range of m o t i o n and 
fo l lowed by appl icat ion of mois t heat . 

Opponens Pollicis 

W h e n a TrP in this musc le has been lo
cated by flat palpation (Sect ion 9) , i t m a y be 
in jected as i l lustrated in Figure 3 9 . 5 B . This 
in ject ion is also i l lustrated by R a c h l i n . 3 1 T h e 
musc le is then passively stretched during 
vapocoolant applicat ion (Fig. 39 .4 ) , moved 
through full range, and the skin rewarmed. 

Trigger Thumb 

T h e flexor pol l i c i s longus tendon, and 
the tender area apparent ly respons ib le for 
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Figure 39.5. Techniques of trigger point injection. A, dorsal approach for the adductor pollicis muscle. B, pal
mar approach for the opponens pollicis. C, injection for "trigger thumb." 
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its ensnarement are first located by palpa
tion. With the t h u m b fully ex tended as de
scribed in Sec t ion 8, the tender spot is in
jected as i l lustrated in Figure 39 .5C. T h e 
needle probes widely down to the head of 
the first metacarpal b o n e , lateral and deep 
to the tendon, w h i c h usual ly n e e d not be 
in jected to e l iminate the locking m e c h a 
n ism in the thumb. 

14. CORRECTIVE ACTIONS 
(Figs. 39.6 and 39.7) 

T h e pat ient s h o u l d avoid pers is tent , 
vigorous weeding by l imi t ing the t i m e 
spent , by al ternat ing h a n d s in this act iv
ity, or by loosening the dirt w i t h a spad
ing fork before pul l ing the w e e d s out. He 
or she s h o u l d learn to use a soft fel t - t ip 
pen , w h i c h requires m u c h less pressure 
on the paper than does a ba l l -po in t pen , 
espec ia l ly w h e n the latter i s h e l d in the 
up-ended pos i t ion . T h e hours spent do
ing n e e d l e p o i n t c o n t i n u o u s l y s h o u l d be 
l imi ted . 

T h e pat ient can also be taught to do the 
Adductor Pol l i c i s -s t re tch Exerc i se (Fig. 
39 .6 ) by plac ing the h a n d s in a bas in of 
w a r m water, w h i l e pressing the t h u m b s 
and i n d e x fingers of both hands against 
each other, to ach ieve full pass ive abduc
t ion and ex tens ion of the thumbs . 

T h e O p p o n e n s Pol l ic is -s tretch Exerc i se 
(Fig. 39 .7 ) is performed by fully extending 
and then pass ively adduct ing the t h u m b , 
wi th the fingers of the opposi te h a n d pro
viding the external force . A different l ine 
of m u s c l e f ibers (specif ically, the oppo
nens) is s t retched if less ex tens ion is ap
pl ied during the hyperadduct ion stretch. 
T h i s stretch is more effect ive i f done under 
a w a r m shower or wi th the h a n d s in w a r m 
water. 

React ivat ion o f "weeder ' s t h u m b " can b e 
avoided by having the pat ient frequently 
interrupt the gardening act ivity wi th the 
Artisan's Finger-stretch Exerc i se (see Fig. 
35 .8 ) . Art isans w h o use tools that require 
susta ined m u s c u l a r tens ion for f ine f inger 
control also are taught to pause and break 

Figure 39.6. The Adductor Pollicis-stretch Exercise is performed by pressing the thumb and 
index finger apart on each hand, in a basin of warm water. 
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the susta ined act ivity every 10 or 15 m i n by 
a stretch exerc i se , s u c h as the Finger-exten
sion Exerc i se ( s e e Fig. 3 8 . 7 ) . In the Finger-
f lu t ter Exerc i se ( s e e Fig. 3 5 . 9 ) , the pat ient 
drops the h a n d s at the s ide wi th e lbows 
straight and shakes the fingers loosely in a 
l i m p f lu t tery mot ion . T h i s should re lax the 
m u s c l e s and increase their c i rculat ion. 

CASE REPORT 

Bieber 8 described the diagnosis and 
treatment of distressing TrPs in the adduc
tor pollicis and opponens pollicis muscles. 
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CHAPTER 40 
Interosseous Muscles of the 

Hand, Lumbricals, and Abductor 
Digiti Minimi 

HIGHLIGHTS: Heberden's nodes may be associ
ated with trigger points (TrPs) in the interosseous 
musculature of the hand. REFERRED PAIN from 
either the dorsal or palmar interosseous muscles 
extends along the side of the finger to which that 
interosseous muscle attaches and, in the case of 
the first dorsal interosseous, may include the dor
sum of the hand and ulnar side of the little finger. 
Pain from the lumbrical muscles is not distin
guished from that referred by the interossei. The 
FUNCTION of each dorsal interosseous is to 
move a finger away from the midline of the mid
dle finger (abduction). The abductor digiti minimi 
abducts the little finger. The palmar interossei 
adduct each of the other fingers toward the mid
dle finger. A lumbrical muscle inhibits flexion of a 
distal finger phalanx selectively. SYMPTOMS 
caused by active TrPs in the interossei include 
pain, finger stiffness, and awkwardness. These 

TrPs are often associated with a tender nodule on 
the distal interphalangeal (IP) joint. This nodule, a 
Heberden's node, is closely associated with os
teoarthritis of the distal IP joint. ACTIVATION 
AND PERPETUATION OF TRIGGER POINTS in 
the interossei are caused by prolonged or repeti
tive pincer grasp. TRIGGER POINT EXAMINA
TION reveals spot tenderness in the involved 
muscle; referred pain is rarely elicited and local 
twitch responses are not evident. ENTRAPMENT 
of digital nerves by the interossei is seen occa
sionally. TRIGGER POINT INJECTION is usually 
more effective than spray and stretch or trigger 
point pressure release in eliminating these TrPs. 
CORRECTIVE ACTIONS entail a change in daily 
activities and the interruption of sustained mus
cular contraction by the Finger-flutter, Finger-
extension, Adductor Pollicis-stretch, and the 
Interosseous-stretch Exercises, as appropriate. 

1. REFERRED PAIN 
(Fig. 40.1) 

The first dorsal interosseous trigger 
points (TrPs) refer pain strongly down the 
same (radial) side of the index finger and 
deeply in the dorsum and through the 
palm of the hand (Fig. 40.1A). The referred 
pain also may extend along the dorsal and 
ulnar sides of the little finger.56 ,58 Gener
ally, patients experience the most intense 
pain at the distal interphalangeal (IP) joint 
where a Heberden's node may appear. 

The first dorsal interosseous TrPs are the 
second most frequent source of referred 
pain in the palm, exceeded only by TrPs in 
the palmaris longus. Some patients have 
difficulty in deciding whether the pain re-
7 8 6 

ferred from first dorsal interosseous TrPs is 
more severe on the palmar or on the dorsal 
aspect of the hand. 

Myofascial TrPs in the remaining dorsal 
and palmar interossei refer pain along the 
side of the finger to which that interosseous 
muscle attaches (Fig. 40.1C). No distinction 
is made between the patterns of pain re
ferred from the dorsal interossei, the pal
mar interossei, and the lumbrical muscles. 
Pain extends as far as the distal IP joint. The 
exact pain pattern varies somewhat, de
pending on the location of the TrP in the in
terosseous muscle. An active TrP in an in
terosseous muscle may be associated with a 
Heberden's node located within the TrP 
zone of referred pain and tenderness. 
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Abductor digiti 
minimi 

Second dorsal 
interosseous 

Figure 40.1. Referred pain patterns (dark red) and lo
cation of trigger points (Xs) for selected intrinsic mus
cles of the right hand. Essential zones are solid red, 
spillover zones are stippled red. A, the first dorsal in
terosseous (medium red). B, the abductor digiti min
imi (medium red). C, the second dorsal interosseous 
(medium red) and the third and fourth dorsal interos

sei (light red). Trigger points may be found anywhere 
in the interossei, proximally or distally. This is to be ex
pected since the two heads converge in a bipenniform 
manner and have endplate zones running in the shape 
of a horse-shoe the length of the muscles (see Fig. 
2.8B). Note the small Heberden's nodes in the essen
tial pain reference zones. 

First dorsal interosseous 

Heberden's 
nodes 
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Experimental injection of hypertonic 
saline solution into the third dorsal in
terosseous of one subject referred pain to 
the ulnar aspect of both the dorsal and pal
mar surfaces of the hand, 2 7 but apparently 
not to the fingers. 

The abductor digiti minimi similarly 
refers pain along the outer aspect of the 
little finger to which it attaches (Fig. 
40.1B). 

Heberden's nodes, which develop on the 
dorsolateral or dorsomedial aspect of the 
terminal phalanx at its joint, may be an-
noyingly tender, especially soon after they 
appear. With the passage of time, they tend 
to become pain-free. 

The nodes are frequently associated 
with TrPs in the interossei; the TrPs may 
have been latent for years. Heberden de
scribed the nodes as 

"little hard knobs, about the size of a 
small pea, which are frequently seen 
upon the fingers particularly a little below 
the top, near the joint. They have no con
nection with the gout; ...they continue for 
life; and being hardly ever attended with 
pain, are rather unsightly than inconve
nient, though they must be some little 
hindrance to the free use of the fingers." 2 5 

2. ANATOMY 
(Fig. 40.2) 
Interossei 

As the name denotes, the interossei lie 
between adjacent metacarpal bones. Each 
dorsal interosseous muscle arises proxi-
mally by two heads (Fig. 40.2A), which 
apparently have significantly different 
structures which could be important when 
examining for injection of TrPs. The at
tachment of the head on the side nearest 
the middle finger covers nearly three-
fourths of that metacarpal bone, 6 which 
gives it a pennate structure as clearly illus
trated for the first dorsal interosseous mus
cle . 3 6 The other head has a much shorter at
tachment to its metacarpal bone 6 and has a 
much more parallel arrangement of fibers.36 

Figure 2.9 illustrates the difference in these 
fiber arrangements. This indicates that the 
head on the side nearest the middle finger 

(designed for strength) has a long endplate 
zone running nearly the length of the mus
cle belly, whereas the other head (designed 
for speed and large range of motion) has a 
nearly transverse endplate zone near the 
middle of the muscle belly. Each bipennate 
muscle attaches distally at the base of the 
proximal phalanx of the related finger and 
to that finger's extensor aponeurosis. Each 
muscle attaches on the side of the phalanx 
away from the midline of the hand. 1 2 Fig
ure 2.8B illustrates the horseshoe-shaped 
endplate arrangement in muscles with this 
pennate structure. 

The first dorsal interosseous muscle is 
larger than the other interossei, but follows 
the same attachment pattern (Fig. 40.2A). 
One head arises proximally from the ulnar 
border of the metacarpal bone of the 
thumb, and the other head from almost the 
entire length of the radial border of the sec
ond metacarpal bone. Both heads attach 
distally to the proximal phalanx of the in
dex finger on the radial side (and to the ex
tensor aponeurosis). This muscle fills the 
dorsal web space of the thumb. 

Each of the three palmar interossei 
arises proximally from the palmar in
terosseous surface of one metacarpal bone 
(Fig. 40.2B) and lies palmar to the related 
dorsal interosseous muscle (Fig. 40.2C). 
Each then attaches distally to that finger's 
extensor aponeurosis and to the base of the 
proximal phalanx on the side closest to the 
midline of the hand (center of the middle 
finger). 

Lumbricals 
The four lumbricals attach proximally 

to the four tendons of the flexor digitorum 
profundus in mid-palm, and distally to the 
radial side of the extensor aponeurosis on 
each of the four fingers. Strictly speaking, 
the lumbricals are not interosseous mus
cles, but they function similarly. In terms 
of locating and inactivating their TrPs, the 
first and second lumbricals lie palmar to 
the first and second dorsal interossei, but 
with the transverse head of the adductor 
pollicis interposed between these two lum
bricals and the dorsal interossei. The third 
and fourth lumbricals lie palmar and adja
cent to the second and third palmar in
terossei (Fig. 40.2C). 
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Abductor Digiti Minimi 
This muscle provides half of what 

would be the next dorsal interosseous mus
cle, were there a 6th digit, and presents the 
parallel fiber arrangement3 6 that has a 
transverse endplate zone in midmuscle. It 
abducts the 5th digit (light red, Fig. 40.2A 
and B). The muscle arises proximally from 
the pisiform bone, and attaches distally to 
the ulnar side of the base of the first pha
lanx of the little finger and to its associated 
extensor aponeurosis. 

Supplemental References 

Other authors have illustrated the in
terossei of the hand from the dorsal 
v i e w 3 , 1 4 . 1 9 , 2 1 , 2 9 , 3 2 , 3 6 , 4 0 , 4 5 , 5 0 , 5 5 a n d i n r e l a t i o n 
to arteries, 2 3 from the palmar 
v iew j

2 , 1 2 , 2 1 , 2 9 , 3 2 , 3 8 , 4 2 , 4 9 , 5 3 , 5 4 f rom the la tera l 
v i e w , 1 3 , 2 2 , 3 9 and in cross s e c t i o n . 1 , 1 0 , 1 8 , 4 4 

The abductor digiti minimi has been 
similarly portrayed from the dorsal view, 4 0 , 

5 1 from the palmar v i e w , 1 5 , 2 0 , 3 7 , 4 3 , 5 4 from the 
lateral view, 5 , 3 0 and in cross sec t ion . 1 1 , 1 8 , 4 4 

The lumbricals are shown in palmar 
view without 1 5 and with adjacent nerves, 4 

and in cross section. 1 7 

Heberden's Nodes 
Heberden's nodes are often identified 

with osteoarthritis,4 1 , 4 8 particularly with 
the primary idiopathic form, rather than 
the traumatic secondary form.9 The node is 
an enlargement of soft tissue, sometimes 
partly bony, on the dorsal surface on either 
side of the terminal phalanx at the distal IP 
joint (Fig. 40.2D). The patient may even
tually develop a flexion deformity with 
lateral or medial deviation of the distal 
phalanx. 4 1 Similar nodes located at the 
proximal IP joints are called Bouchard's 
nodes, but they are seen in only 25% of in
dividuals with Heberden's nodes. 3 4 

3. INNERVATION 
All of the interosseous and the abductor 

digiti minimi muscles are supplied by 
branches of the ulnar nerve, through the 
medial cord and lower trunk from spinal 
nerves C8 and T 1 . 1 6 The first and second 
lumbrical muscles are supplied by the me
dian nerve and the third and fourth by the 
ulnar nerve. 

4. FUNCTION 

Interossei and Lumbricals 
To understand the actions of these in

trinsic hand muscles, it is important to re
member that the extensor digitorum 
strongly extends the first (proximal) pha
lanx of each finger, but only weakly ex
tends the two distal phalanges. The flexor 
digitorum superficialis attaches to the mid
dle of the second phalanx, flexing the prox
imal and middle phalanges. The flexor dig
itorum profundus attaches to the distal 
phalanx, flexing it and the more proximal 
phalanges. 

The four dorsal and three palmar in
terossei have opposing actions in abduc
tion, adduction and rotation, but both 
groups of interossei plus the lumbricals 
flex the fingers at the metacarpophalangeal 
(MCP) joints and extend the distal pha
l a n g e s . 7 , 1 2 , 2 4 , 2 6 , 2 9 It is the interossei and 
lumbricals that extend the distal two pha
langes when any degree of flexion of the 
proximal phalanx is present. The flexion or 
extension of the latter is controlled by the 
flexor digitorum superficialis and the ex
tensor digitorum working as antagonists. 
The Dorsal interossei abduct (mnemonic— 
DAB), and the palmar interossei adduct 
(mnemonic—PAD) with reference to the 
midline of the middle finger. 7 , 1 2 , 2 4 , 2 6 , 2 9 

Electromyographic studies have shown 
that the interosseous hand muscles act as 
flexors of the MCP joints only when this 
function does not conflict with their exten
sor function at the IP joints. 7 

The flexion-extension function of the in
terosseous muscles requires considerably 
less force than the lateral motions of ab
duction and adduction. Therefore, in dis
ease, the lateral motions are lost earlier, 
and recover more slowly than flexion-
extension. The abduction-adduction func
tions of the interossei must be tested with 
the fingers extended at the MCP joints. 
Spreading the fingers apart is normally se
verely limited when the fingers are flexed 
at the MCP joint. 2 4 

The first dorsal interosseous rotates the 
proximal phalanx to make the index finger 
pad face toward the ulnar side of the hand 
whereas the first palmar interosseous ro
tates it in the opposite direction. The first 
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Figure 40.2. Attachments of the right interossei. A, dorsal view of the dorsal interosseous muscles (dark red), 
which move the fingers away from the midline of the middle finger, and of the abductor digiti minimi (light 

red). B, palmar view of all (the first, second and third) palmar interossei (dark red). 
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Extensor tendons 

First 
lumbrical 

Figure 40.2—continued. C, cross-sectional view 
through the metacarpal bones showing the relation
ship between the dorsal (D1, D2, D3 and D4, dark red) 
and the palmar (P1, P2, and P3, medium red) interos

sei. The lumbricals are the light red muscle masses on 
the radial side of the four flexor digitorum profundus 
tendons. D, appearance of Heberden's nodes on the 
sides of the distal interphalangeal joints. 

dorsal and first palmar interossei counter
balance their rotational movements while 
combining their flexion-extension actions. 
In precision handling of objects, the in
terossei function mainly as abductors and 
adductors of the fingers. In spherical grip, 
their rotational forces were found to posi
tion the proximal phalanges for best finger 
pad contact. 3 3 

The lumbricals are unusual in that they 
anchor not to bone but to the tendons of 

other muscles. Thus, the lumbricals func
tion as the equivalent of an adjustable 
physiological tendon transplant. Contrac
tion of these muscles converts the distal 
phalanx-flexion action of the flexor digito
rum profundus to extension of the distal 
phalanges. The lumbricals specifically per
mit the flexor digitorum superficialis to 
strongly grip with the proximal two pha
langes, yet release the distal phalanx grip 
in the presence of flexor digitorum profun-
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Opponens digiti 
minimi 

Tendons 
flexor digitorum 

profundus Adductor 
pollicis 
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digiti 
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dus activity. The usual test of the intrinsic 
muscles' flexion-extension function, by re
sisting IP joint extension with the MCP 
joint flexed, tests both the interossei and 
the lumbricals. 2 9 The lumbrical function is 
most important when a strong grip is re
quired in the absence of fingertip pressure. 

5. FUNCTIONAL UNIT 
As noted above, the dorsal and palmar 

interossei are synergistic for flexion at the 
metacarpophalangeal joint and extension 
of the two most distal phalanges; they are 
antagonistic for adduction-abduction and 
for rotation of the proximal phalanges. 

The interossei and the lumbricals are 
synergistic. Full effectiveness of these in
trinsic muscles for holding and grasping 
objects also requires the assistance of the 
thumb muscles in the thenar eminence. 

6. SYMPTOMS 
Patients with myofascial TrPs in an in

terosseous muscle characteristically com
plain of "arthritis pain in my finger." They 
have finger stiffness that produces impair
ment of hand functions, such as, buttoning 
a shirt, writing, and grasping. One would 
not expect numbness and paresthesia to be 
associated with activity of these TrPs un
less the muscle also entrapped the digital 
nerve. 

Some patients will complain of the 
Heberden's node as a "sore joint that is 
swollen." Careful examination shows a 
tender Heberden's node but, as a rule, no 
true synovial or bony swelling. The tender
ness may be referred to the joint. In time, 
the Heberden's node becomes less tender. 
Clinically it appears that myofascial TrPs 
in muscles can contribute to joint disease. 4 7 

The arthritis literature dealing with 
Heberden's nodes describes symptoms of 
brief morning st i f fness 3 4 , 4 1 . 5 7 due to in
creased viscosity of periarticular struc
tures. 5 7 Subsequent loss of range of mo
tion was ascribed to muscle spasm and 
contracture, 4 1 which are often simulated 
by the muscle shortening due to myofas
cial TrP activity. Heberden's nodes are 
sometimes, but not always, associated 
with local pain and tenderness. 3 4 , 4 1 A re
lationship of Heberden's nodes to os
teoarthritis in other parts of the body is 

seriously questioned by some, 9 , 5 2 and 
claimed by others . 2 8 , 3 5 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Myofascial TrPs in the interossei are ac
tivated by sustained or repetitive pincer 
grasp, as performed by a seamstress, 
painter, sculptor, mechanic, or a model-
maker who holds small pieces firmly in 
place while the glue sets. A nervous habit 
like fiddling with the cap of a pen while 
writing with the other hand can be the 
cause. Activities requiring sustained force
ful finger movements, such as pulling 
weeds, manipulation of foot muscles by a 
physical therapist, or the retraction of nail 
cuticles by a manicurist, have initiated in
terosseous TrPs. "Golf hands" have been 
found to be due to a constant tight grip on 
the handle of the golf club, especially 
when the handle has a very small diameter. 
Playing the piano, or batting a baseball, 
seem not to activate these TrPs. 

The distal IP joints of the fingers prefer
entially develop Heberden's nodes. This 
evidence of an osteoarthritic process is 
most common in the finger joint that has by 
far the highest load per unit area of joint 
surface and in those individuals who com
monly do activities that particularly load 
that joint. 4 6 The increased strain on the in
terosseous muscles caused by the abnor
mal hand mechanics associated with the 
distorted joint function of arthritis can ac
tivate and perpetuate these TrPs. Vice 
versa, it appears that the myofascial TrPs 
also can contribute to the arthritis.4 7 Inacti
vating the related myofascial TrPs and the 
elimination of their perpetuating factors 
appear to be important parts of early ther
apy to delay or abort the progression of 
some kinds of osteoarthritis. 

8. PATIENT EXAMINATION 
Involvement of the palmar interossei re

stricts voluntary separation of adjacent fin
gers, and involvement of dorsal interossei 
restricts full closure of adjacent fingers. 

Kendall, et al.29 describe and illustrate 
clearly the effect of shortening of the in
terosseous and lumbrical muscles. TrP 
shortening of the palmar interossei which 
produce adduction of the fingers (PAD) 
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compromises the ability to fully spread the 
extended fingers. TrP shortening of the dor
sal interossei which produce abduction of 
the fingers (DAB) interferes with the ability 
to bring the extended fingers close together. 
If the small finger sticks out, the abductor 
digiti minimi is shortened. If the index fin
ger sticks out, it indicates a shortened first 
dorsal interosseous muscle. 

Testing for shortening of the lumbrical 
muscles is a bit more complicated. For ex
ample, holding a hand of cards or holding 
up a newspaper to read i t 3 0 by pressing the 
middle phalanx of the middle finger 
against the thumb but avoiding finger-tip 
pressure overloads the second lumbrical. 
When it becomes shortened (due to TrPs), 
it will tend to hyperextend the distal pha
lanx of the middle finger when the fingers 
are extended, and prevent full closure of 
the middle finger when attempting a claw 
position (fingers flexed with the MCP joint 
extended). The patient example given 3 0 

also had a pain complaint suggestive of un
recognized TrPs in that lumbrical muscle. 

The muscles shortened by TrPs will ex
hibit some weakness, especially when 
tested in a lengthened position. Tests of in
terosseous strength are well described and 
illustrated by Kendall, et al.29 

The presence of Heberden's nodes is a 
common finding in patients with TrPs in 
the interossei. A node is palpable as an ex
crescence on the dorsal margin of the dis
tal phalanx, or the distal end of the middle 
phalanx on either side, always near the dis
tal IP joint (Fig. 40.2D). A Heberden's node 
also may appear on the thumb, usually on 
its ulnar side in conjunction with TrPs in 
the adductor pollicis muscle. Idiopathic 
Heberden's nodes are most commonly seen 
on the index and middle fingers.26 They ap
pear on the side of the finger to which the 
involved interosseous muscle attaches. 

The mechanism by which TrPs in the 
interossei may lead to Heberden's nodes 
is speculative. Myofascial TrPs produce 
bands of taut muscle fibers, which could 
cause a sustained increase of tension on 
the tendon. The question also arises as to 
why, if trauma is a significant factor, dis
tal joints of the fingers are involved, but 

not of the toes. 9 One possible answer is 
that fine manipulation with the fingers 
overloads the hand interossei, but we 
make no such use of the toes. The idio
pathic form may be genetically governed. 
Early cases of idiopathic Heberden's 
nodes, radiographically, may show small 
islands of calcium deposit in the extensor 
tendons near the distal phalanx before the 
condition is apparent clinically. 5 2 

Idiopathic Heberden's nodes have 
sometimes, but not generally, been con
sidered an inherited, autosomal, sex-
influenced trait that is dominant in 
women and recessive in men, with a 
prevalence 10 times greater in women 
than in men. 2 3 , 4 1 The nodes require a 
normal nerve supply to develop. Idio
pathic Heberden's nodes have been 
closely related to menopause; nodes 
were first noted within 3 years of the last 
menstrual period in one-half of 99 
cases. 5 2 

Heberden's nodes may be secondary to 
trophic changes induced by nerve entrap
ment (Section 10) or, more likely, may be 
due to an autonomic component within 
the reference zone of a TrP in the corre
sponding interosseous muscle. 

A well-designed research study is 
needed to resolve to what extent there is a 
relation between myofascial TrPs and 
Heberden's nodes. 

9. TRIGGER POINT EXAMINATION 
Usually only one or two interosseous 

muscles contain active TrPs at one time; 
others may harbor latent TrPs. Myofascial 
TrPs in these muscles are difficult to pal
pate. Separating the fingers widely, which 
moves the metacarpal bones apart, permits 
pincer palpation between the bones. Mean
while, counter-pressure is produced with a 
finger against the palm, beneath the muscle 
to be palpated. One can localize deep ten
derness in the interossei and lumbricals 
but, except for the first dorsal interosseous, 
referred pain and local twitch responses 
are rarely induced until a needle impales 
the TrP. 

When present, Heberden's nodes can 
serve as guides to TrPs in the interossei. 
They are identified as nodules located over 
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Articular dysfunctions including the 
loss of joint play that are associated with 
interosseous TrPs can occur at either the 
level of the carpometacarpal joint or at the 
level of the metacarpophalangeal joint, and 
any of these joint dysfunctions need to be 
treated concurrently with the associated 
interosseous TrPs. 

Related Trigger Points 
When the interosseous muscles are in

volved, one should look for associated TrPs 
in the intrinsic thumb muscles. Other mus
cles that may refer myofascial pain into the 
fingers include the long flexors and exten
sors of the fingers, the latissimus dorsi, the 
pectoralis major, scalene muscles, and ei
ther the lateral or the medial head of the 
triceps brachii. 

12. TRIGGER POINT RELEASE 
(Fig. 40.3) 

With the exception of the first dorsal 
interosseous, spray and stretch are not 
generally effective for the management of 
interosseous trigger points (TrPs), since it 
is difficult to adequately stretch these 
muscles. Their TrPs may or may not be 
accessible for TrP pressure release or 
massage. In our experience, TrP injection 
usually provides the most rapid and 
sustained relief. 

The first dorsal interosseous is stretched 
and sprayed by the operator abducting the 
thumb and adducting the index finger to 
the point of resistance while applying 
down-sweeps of the vapocoolant (Fig. 
40.3). This is followed by three slow cycles 
of full active range of motion of the mus
cles that were treated. 

Spray and stretch are more likely to be 
effective if the TrPs are superficial (dorsal 
interossei), if the fingers and their 
metacarpal bones can be separated widely, 
and if the down-sweep spray pattern is 
used over both the involved musculature 
and its pain pattern (Fig. 40.1A). Spray and 
stretch also are applied to these muscles 
immediately following injection of TrPs. 

13. TRIGGER POINT INJECTION 
(Figs. 40.4 and 40.5) 

Since the precise location of trigger 
points (TrPs) in the palmar interossei and 

the distal IP joints, as seen in Figures 40.1 
and 40.2D. 3 4 Nodes develop dorsally on 
that side of the finger to which the in
terosseous muscle attaches. 

10. ENTRAPMENT 
One may observe cutaneous hypoesthe-

sia along one side of a finger where the 
patient reports a sensation of numbness 
when an active TrP lies in the correspond
ing interosseous muscle. This apparent 
neurological deficit disappears following 
inactivation of the TrP, suggesting that the 
median or ulnar digital nerve had been 
entrapped by the increased tension of the 
involved interosseous muscle. However, 
this could be sensory inhibition caused by 
the TrP. Electrodiagnostic testing would 
be required to establish an entrapment 
component. 

On their way through the palm to the 
digits, the median and ulnar nerves lie 
next to the lumbrical and palmar in
terosseous muscles. The deep (motor) 
branch of the ulnar nerve pierces the oppo-
nens digiti minimi before supplying all in
terossei, the third and fourth lumbricals, 
the adductor pollicis, and the deep head of 
the flexor pollicis brevis. 1 6 Active TrPs in 
the opponens digiti minimi can be respon
sible for weakness of these ulnar-inner-
vated muscles and, if weakness is present, 
the opponens should be examined for TrPs. 

11. DIFFERENTIAL DIAGNOSIS 
The diagnoses most likely to be con

fused with interosseous TrPs include C6 

radiculopathy, ulnar neuropathy, C8 or T1 

radiculopathy, and, when the TrPs are pri
marily of the abductor digiti minimi mus
cle, a thoracic outlet syndrome. Rarely, one 
may see the pain misdiagnosed as an iso
lated digital nerve entrapment when, in 
fact, it is caused by TrPs in one of the dor
sal interosseous muscles. When the TrP is 
inactivated, this finger pain resolves com
pletely. Finger pain and numbness also 
may be due to nerve entrapment of the 
brachial plexus by taut scalene muscles, or 
compression as tbe plexus passes beneath 
the scapular attachment of a taut pectoralis 
minor muscle (see Fig. 43.4B). 

Copyrighted Material



Chapter 40 / Interosseous Muscles of the Hand, Lumbricals, and Abductor Digiti Minimi 7 9 5 

in the lumbricals is difficult to palpate, ad
equate exploration of the area with a 2.5-
cm (1-in), 25-gauge needle is important. 

Interossei 
When the first dorsal interosseous har

bors an active TrP, the patient's index fin
ger is held between the operator's index 
and middle fingers (Fig. 40.4A), with the 
operator's middle finger pressed firmly into 
the web space beneath the first dorsal in
terosseous, so that the muscle is held 
firmly in a pincer grasp; this permits iden
tification and fixation of the TrP for injec
tion (Fig. 40.4A). 

The dorsal interossei each have two 
heads. The one nearest the middle finger is 
pennate in structure, the other has a more 
parallel fiber arrangement the length of the 
muscle. The one nearest the middle finger 
will have a longer endplate zone approach
ing the length of the muscle. The other 
endplate zone will be more transverse at 
midmuscle. Both halves may need to be ex

plored throughout for TrPs. For example, 
to inject the second dorsal interosseus, the 
needle is aligned with the side of the third 
metacarpal bone in the second interosseus 
space and is inserted into the center of the 
tender area (Fig. 40.5). If any tenderness re
mains, the needle is aligned with the sec
ond metacarpal bone on the other side of 
the space and the other head of the muscle 
probed for TrPs. 

To inject the first palmar interosseous 
(Fig. 40.5A), the needle is directed away 
from the third metacarpal bone to reach the 
muscle, which lies beneath the ulnar side 
of the second metacarpal (Fig. 40.5B). 

Following inactivation of TrPs in an in
terosseous muscle, soreness in the related 
distal IP joint and joint stiffness disappear. 
Tenderness of the Heberden's node usually 
disappears at once, whereas it diminishes 
in size with the passage of time. 

Bieber 8 described a patient who re
quired injection of TrPs in a first dorsal in
terosseous muscle for relief of symptoms. 

Figure 40.3. Stretch position and direction of the sweeps of spray (arrows) for a trigger point (X) in the first 
dorsal interosseous muscle. Spray should include the palmar aspect. 
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Lumbricals 
The four lumbricals, unlike the in

terossei, are injected from the palmar 
side of the hand because no major struc
ture lies between them and the palmar 
skin. Each lumbrical muscle is found at 
the radial side of its corresponding 
metacarpal bone, in close association 

with a flexor digitorum profundus tendon 
(Fig. 40.2C). 

Abductor Digiti Minimi 
Either flat or pincer palpation may be 

used to locate TrPs in the abductor digiti 
minimi. To inject a TrP in this muscle, the 
patient turns the hand ulnar side up and 

Figure 40.4. Injection technique for trigger points in the intrinsic hand muscles. A, first dorsal interosseous 
muscle approached from the dorsal aspect. B, the abductor digiti minimi, approached from the ulnar aspect 

of the hand. 
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Figure 40.5. Injection technique for the interossei. A, 
the complete syringe is injecting a trigger point in the 
more ulnar penna of the second dorsal interosseous 
muscle; its corresponding Heberden's node is shown. 
The incomplete syringe is injecting the first palmar in

terosseous, which is reached as the needle penetrates 
deep to the second metacarpal bone. B, cross section 
of C showing relation of the needles to the muscles 
being injected (see also Fig. 40.2C for labels). Dark 
red, dorsal interossei; light red, palmar interossei. 

Level of sect ion B 
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Figure 40.6. Two views of the Interosseous-stretch 
Exercise. Both hand positions are effective. The fore
arms are held in a straight line with the arms ab
ducted. A, an effort is made to firmly oppose the pal
mar aspects of the metacarpal heads and the fingers, 

while the fingers and thumbs are spread apart. B, only 
the finger pads contact each other while the fingers 
and thumbs are spread apart with the uninvolved fin
gers assisting the stretch of the involved interossei. 

rests it on a pillow (Fig. 40.4B). The palpa
ble band and TrP are located and precisely 
injected, using a pincer grasp. 

14. CORRECTIVE ACTIONS 
(Fig. 40.6) 

The patient should learn to reduce the 
force and duration of pincer grip activi
ties in order to lessen strain on the in
terosseous muscles. Patients who use 
ballpoint pens should, if their work per
mits, write with a more freely flowing 
felt-tip pen that needs a much lighter 
touch. 

The patient should interrupt prolonged 
fine manual activity with the Finger-flutter 
Exercise (see Fig. 35.9), the Finger-exten
sion Exercise (see Fig. 38.7), or the Arti

san's Finger- stretch Exercise (see Fig. 35.8) 
to lessen tension of the intrinsic muscles of 
the hand. 

Daily, at home, the patient should per
form the Interosseous-stretch Exercise, il
lustrated in Figure 40.6. In doing this exer
cise, it is important that the forearms form 
a straight line. When active TrPs are pre
sent in the first dorsal interosseous muscle, 
regular use of the Adductor Pollicis-stretch 
Exercise (see Fig. 39.6) also may be neces
sary to ensure continued recovery. 
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PART 5 
TORSO PAIN 

CHAPTER 41 

Overview of Torso Region 

INTRODUCTION TO PART 5 
This fifth part of volume 1 of the TRIGGER POINT 
MANUAL includes those muscles of the chest, 
abdomen, and back that were not previously cov
ered. Excluded are the muscles that attach to the 

scapula and those that cross the glenohumeral 
joint. This chapter is divided into three sections: 
A-the Pain Guide, B-the Enigma of Low Back 
Pain, and C-Postural Considerations: Static and 
Dynamic. 

A. PAIN GUIDE TO INVOLVED MUSCLES 802 
B. ENIGMA OF LOW BACK PAIN 804 

The Problem 804 
Likely Answers 805 

C. POSTURAL CONSIDERATIONS: STATIC AND 
DYNAMIC 809 

Standing 810 
Sitting 812 
Movement Activities 814 
Special Situations 816 

SECTION A 
PAIN GUIDE TO INVOLVED MUSCLES 

T h e Pain Guide of Sec t ion A lists the 
muscles that may be responsible for pain in 
the areas shown in Figure 4 1 . 1 . M u s c l e s 
covered in Volume 2 of the Trigger Point 
Manual are l isted in italics. Volume 2 mus
cles are inc luded because so m a n y of them 
also cause low back pain. It is most impor
tant that these musc les also be cons idered as 
possible sources of the patient 's pain com
plaint. T h e musc les most l ikely to refer pain 
to a given area are l isted be low under the 
name of that area. One uses this chart by lo
cating (on the f igure) the n a m e of the area 
that hurts and then looking under that head

ing for all the m u s c l e s that are l ike ly to cause 
the pain. T h e n , re ference should be made to 
the individual m u s c l e chapters ; the n u m b e r 
for each chapter fol lows in parentheses . 

In a general way, the m u s c l e s are 
l isted in the order of the f requency in 
w h i c h they are l ikely to cause pain in that 
area. T h i s order is only an approximat ion . 
T h e se lect ion process by w h i c h pat ients 
reach an examiner greatly inf luences 
w h i c h of their m u s c l e s are most l ikely to 
be involved. Boldface type indicates that 
the m u s c l e refers an essent ia l pain pattern 
to that pain area. R o m a n type indicates 
that the m u s c l e refers a spi l lover pattern to 
that pain area. 

801 
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GUIDE TO MUSCLES IN VOLUME 1 GUIDE TO MUSCLES IN VOLUME 2 

LOW THORACIC BACK PAIN 
Iliocostalis thorac is (48) 
Multifidi (48) 
Serra tus posterior inferior (47) 
Rectus abdominis (49) 
Intercostals (45) 
Lat i ss imus dorsi (24) 

LUMBAR PAIN 
Longissimus thorac is (48) 
I l iocostal is l u m b o r u m (48) 
I l iocostal is thorac is (48) 
Multifidi (48) 
Rectus abdominis (49) 

SACRAL AND GLUTEAL PAIN 
Longissimus thorac is (48) 
Iliocostalis l u m b o r u m (48) 
Multifidi (48) 

LOW THORACIC BACK PAIN 

Iliopsoas (5) 

SIDE-OF-CHEST PAIN 
Serra tus anter ior (46) 
Intercostals (45) 
Lat i ss imus dorsi (24) 
Diaphragm (45) 

FRONT-OF-CHEST PAIN 
Pectoral is major (42) 
Pectoral is m i n o r (43) 
Scaleni (20) 
Sternocleidomastoid (sternal) (7) 
Sternalis (44) 
Intercostals (45) 
I l iocostal is cervic is (48) 
Subclavius (42) 
External abdomina l obl ique (49) 
Diaphragm (45) 

ABDOMINAL PAIN 
Rectus abdominis (49) 
Abdominal obliques (49) 
Transversus abdominis (49) 
Iliocostalis thorac is (48) 
Mult i f idi (48) 
P y r a m i d a l i s (49) 

LUMBAR PAIN 

Iliopsoas (5) 
Gluteus medius (8) 

SACRAL AND GLUTEAL PAIN 

Quadratus lumborum (4) 
Piriformis (10) 
Gluteus medius (8) 
Gluteus maximus (7) 
Levator ani (6) 
Obturator interims (6) 
Gluteus minimus (9) 
Sphincter ani (6) 
Coccygeus (6) 
Soleus (22) 

SIDE-OF-CHEST PAIN 

FRONT-OF-CHEST PAIN 

ABDOMINAL PAIN 

Quadratus lumborum (4) 
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Figure 41.1. The designated areas within the torso region where the patient may describe pain referred there 
by myofascial trigger points. 

Sacral and gluteal pain 

Lumbar pain 

Abdominal pain 

pain 
Side-of-chest 

Thoracic back pain 

Front-of-chest pain 
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SECTION B 
ENIGMA OF LOW BACK PAIN 
(Figures 41.2 and 41.3) 

This sect ion considers c o m m o n l y over
looked causes of low back pain that help to 
make i t so enigmatic . Other c o m m o n l y rec
ognized but less c o m m o n causes of low back 
pain are identif ied in Chapter 4 8 , Sect ion 11 . 

The Problem 

It is wel l k n o w n that low b a c k pain is a 
c o m m o n affl ict ion and that i t is cost ly to 
the patient 's we l l being, cost ly to industry, 
and cost ly to heal th care providers . For ex
ample , a survey of 3 0 6 e m p l o y e e s 2 1 found 
that in 1 year, 4 1 % of those surveyed h a d 
e x p e r i e n c e d c l in i ca l ly signif icant low b a c k 
pain. A n o t h e r author, de G i r o l a m o , 1 0 no ted 
that up to 7 5 % o f the general populat ion 
has at s o m e t ime suffered from low b a c k 
pain and that the direct and indirect costs 
o f low b a c k pain approach $ 2 4 b i l l ion an
nual ly just in the Uni ted States . He cons id
ered it a severe publ i c heal th problem. 

Kendal l , et al.24 in t roduce their presen
tation of the low b a c k enigma with the fol
lowing statement , " T h e et iology of m a n y 
c o m m o n painful condi t ions remains ob
scure . Low b a c k pain, w h i c h is one of the 
most c o m m o n , cont inues to puzzle the ex
perts. T h e l i terature is replete wi th state
ments about the difficulty of making a de
finitive d iagnos is . " It is a lmost ax iomat ic 
that this s tatement is true because there is 
at least one, if not several over looked diag
noses . T h i s quote by Kendal l , et al. pre
ceded their erudite 11 page review of the 
diagnoses that they cons idered most rele
vant. T h e fact that the rev iew gave no hint 
of the poss ib i l i ty that myofasc ia l trigger 
points (TrPs) m a y make a major contr ibu
t ion to the problem m a y be relevant. 

S imilar ly , another h ighly respected 
b o o k 4 3 on phys ica l therapy of the low b a c k 
presented an outstanding review of the 
anatomy of b a c k m u s c l e s (Chapter 4 ) , and 
a c lass ic chapter on funct ional i m b a l a n c e 
of m u s c l e s and disturbed m o v e m e n t 
patterns (Chapter 10) . No indicat ion c o u l d 
be found in the b o o k that the authors 
cons idered myofasc ia l TrPs a poss ib le con
tributing factor in l o w b a c k pain and its as
soc iated m u s c u l a r dysfunct ion. In the 

back-pain l i terature, this disregard of myo
fascial TrPs is the rule , not the exception. 

Needless to say, there is m u c h contro
versy wi th in the medica l profession con
cerning the appropriate management of low 
b a c k pain. Recently, the Amer ican Acad
emy of Phys ica l M e d i c i n e and Rehabil i ta
t ion dec l ined to endorse the guidel ines for 
low b a c k pain developed by the Agency for 
Health Care Pol icy and Research . 3 

Part of the problem is the c o m m o n posi
t ion that, i f an organic cause can not be 
demonstrated by a laboratory test or an 
imaging technique , there can be no organic 
cause for the pain. T h e frequently over
looked condi t ions that are discussed be low 
have s o m e c o m m o n character is t ics : they 
cannot be diagnosed by a currently avail
able laboratory test or imaging technique , 
they are not apparent on the usual routine 
me d ica l examinat ion , and they require spe
cial skil l and training in what to look for 
and h o w to e x a m i n e for diagnostic f indings. 

Other sources of confusion are some 
false assumptions and misunderstandings 
as to the value of surface e lectromyographic 
measurements as a diagnostic tool for low 
b a c k pain. For nearly a century it has been 
wide ly accepted that musc le spasm caused 
pain and that the pain in turn caused mus
cle spasm. On this basis , the obvious way to 
quanti fy the muscular source of musc le 
pain was to measure the e lectromyographic 
(EMG) activity. M e n s e and S i m o n s 3 1 have 
extens ive ly reviewed the error of this as
sumpt ion that musc le spasm causes pain 
w h i c h in turn causes m u s c l e spasm. Clini
cal research and neuromuscular physiology 
make that assumption untenable . 

T h e tens ion headache special ists recog
n ized the futility of the E M G approach 
nearly 10 years ago. A wel l -designed study 
by M i l l e r 3 2 o f the E M G activity in lumbar 
spinal m u s c l e s of low back pain patients 
and normal controls confirmed that such a 
ref lex-spasm cyc le was not present and 
was not the cause of pain. In another, more 
sophis t icated s tudy, 3 6 other authors con
c luded that the best their c o m p l e x E M G 
equipment and analysis could do was to 
dist inguish patients wi th low back pain 
from normal controls . T h e y had nothing to 
say about what caused the pain or of what 
diagnost ic value the results might be. 
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A c o m m o n mistake is to equate palpably 
increased musc le tens ion with m u s c l e 
spasm. M u s c l e spasm is, by def in i t ion , 3 1 

caused by musc le contract ion associated 
with motor unit act ion potentials that orig
inate in the central nervous system. M u s c l e 
spasm is unambiguously identif iable by 
surface or needle E M G recordings. In addi
tion, power spectral analysis of surface 
E M G detects m u s c l e fa t igue . 4 0 A major 
source of the m u s c l e tens ion observed c l in
ical ly in low back pain patients is due to 
endogenous contracture caused by myofas
cial TrPs (see Chapter 2, Sec t ions B and D) , 
w h i c h is not detected by surface E M G . 
Therefore, surface E M G is unable to detect 
a major source of the m u s c l e tens ion asso
ciated with low b a c k pain. At best , i t pro
vides an incomplete picture of the problem 
and by i tself can be seriously mis leading. 

Low b a c k pain deserves a fresh look at 
some old assumptions . 

Likely Answers 

T h e fol lowing are c o m m o n l y over
looked sources of low b a c k pain w h i c h ac
count for a considerable percentage of the 
patients with this complaint . T h e problem 
is prevalent enough and serious enough 
that the fol lowing l ikely sources deserve 
serious attention by ski l led c l in ica l re
search investigators to c lear ly establ ish the 
role of these sources in low b a c k pain. 

Myofascial Trigger Points. T h e myofas
cial TrP origins of low back pain were pre
sented in some detail and the pain patterns 
of 11 musc les were publ i shed in 1 9 8 3 . 4 1 

Table 4 1 . 1 lists these musc les according to 
w h i c h volume of the Trigger Point Manual 
contains a detailed descr ipt ion of each 
musc le and its TrPs. 

This paper did not call attention to the 
complex situation of m a n y patients w h o 
present with the complaint of low back pain. 
Occasionally only one musc le wi l l be re
sponsible for the pain as presented, 4 1 but it is 
much more c o m m o n for several muscles to 
contribute to overlapping pain patterns. T h e 
composite pattern resulting depends upon 
the extent of musc le involvement. No two 
patients present exactly the same picture. 

Figure 41 .2 i l lustrates an example of a 
composi te pattern produced by TrPs in four 
of the musc les that refer pain to the lum-

Table 41.1 Muscles 
Trigger P 
Cause or 
Back Pah 

Trigger Point Manual 
Volume 1 

That May Harbor 
oints Which Can 
Contribute to Low 
f 

Trigger Point Manual 
Volume 2 

Erector spinae Quadratus lumborum 
longissimus Iliopsoas 
iliocostalis Gluteus Medius 

Multifidi Gluteus Maximus 
Rotatores Levator Ani 
Rectus abdominis Piriformis 

From Simons DG, Travel l JG: Myofascial origins of l o w 
back pa in . Parts 1 , 2 , 3 . Postgrad M e d 73:66-108, 1983. 

bosacral region. T h e chapters concern ing 
these TrPs are found in this v o l u m e except 
for the i l iopsoas , w h i c h is found in Chapter 
5 of vo lume 2. F igure 4 1 . 3 i l lustrates a 
comparable compos i te pattern produced by 
TrPs in four m u s c l e s that refer pain to the 
pe lv ic region. T h e chapters concern ing 
these TrPs are found in Volume 2. 

Other authors also have identi f ied the 
impor tance of TrPs as a cause of low b a c k 
p a i n . 1 5 , 3 4 D e j u n g 1 1 observed that lum
bosacral pain of u n k n o w n origin is fre
quent ly caused by TrPs. B o n i c a and Sola" 
i l lustrated 11 speci f ic TrP syndromes that 
cause low b a c k pain. 

Enigmat ic b a c k pain is somet imes diag
n o s e d as " c h r o n i c intractable benign p a i n . " 
Rosomoff , et al.35 e x a m i n e d 283 pat ients 
w h o qualif ied for this diagnosis because 
they had " n o object ive f indings" on rout ine 
phys ica l examinat ion . Trigger points were 
found in 9 6 . 7 % of those e x a m i n e d for TrPs; 
the authors c o n c l u d e d that the ini t ia l diag
nosis was mis leading, inappropriate , and 
probably nonexis tent . 

A m o n g 18 pat ients wi th "Hexenschuss" 
( lumbago) , D e j u n g 1 2 found that 14 had TrPs 
in the gluteal m u s c l e s , 13 h a d TrPs in the 
abdominal m u s c l e s , and 8 had TrPs in the 
paraspinal m u s c l e s , p lus TrPs in 5 other 
m u s c l e s . Obviously, most of the pat ients 
h a d mul t ip le TrPs. With in a day of TrP in
jec t ion therapy, patients e x p e r i e n c e d a 
7 5 % reduct ion i n s y m p t o m s suggesting, 
but not proving, a re la t ionship . Control led 
research studies cr i t ica l ly examining the 
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Iliocostalis 
lumborum 

Figure 41.2. Individual pain patterns of several trigger 
points that refer pain to the lumbosacral region and 
that may superimpose on each other. The composite 
pain pattern in the central figure represents the sum-
mated pain (red) a patient can experience. It shows 

role of TrPs in low b a c k pain are c o n s p i c u 
ous for their absence and urgently n e e d e d . 

Articular Dysfunctions. Art icular dys
funct ion can be a source of pain from artic
u la t ions throughout the b o d y ( including 
the low back) and is receiving increasing 
recogni t ion. However, a c c e p t a n c e is im
peded by the fact that the origin of the pain 

the sum of pain referred from trigger points (Xs) in the 
regional muscles illustrated: the iliocostalis lumborum, 
iliopsoas, L2 multifidus, and the S1 multifidus. Individ
ual pain patterns are illustrated around the composite 
picture. 

caused by articular dysfunct ions that re
quire mobi l izat ion for rel ief of the pain has 
not been satisfactori ly expla ined. T h e zy-
gapophysial jo ints of the spine as a potent 
source of referred pain is wel l docu
m e n t e d . 5 , 6 , 3 0 However, this still leaves the 
pathophysiology responsible for the pain 
unresolved, and these joints were the 

Composite 

S1 Multifidus L2 Multifidus 

Iliopsoas 
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Composite 

Figure 41.3. Individual pain patterns of several trigger 
points that refer pain to the pelvic region and that may 
superimpose on each other. The composite pain pat
tern in the middle of the figure represents the pain 
(red) that the patient can experience. It shows the sum 

of pain referred from trigger points (Xs) in specific re
gional muscles: the deep fibers of the quadratus lum
borum, TrP 2 of the gluteus maximus, the levator ani, 
and the piriformis. The component pain patterns are 
placed around the composite figure. 

source of the low back pain in less than 
1 0 % o f 4 5 4 patients s t u d i e d . 2 0 

As is also true for TrPs, the nature of the 
examinat ion required to accurately diag
nose these joint dysfunct ions throughout 
the body requires a great deal of training 
and skil l w h i c h is not general ly found 
among medica l pract i t ioners . T h e profes
sionals most l ikely to have these ski l ls are 
osteopaths, physica l therapists , and chiro
practors, but the qual i ty of training re
ceived and the level of skil l achieved is 
highly variable among individuals . Art icu
lar dysfunct ions are a source of m u s c u 

loskeletal pain, inc luding b a c k a c h e , that is 
often overlooked. 

Intervertebral Discs: Surface Damage. 
T h e Saa l brothers , J S a n d J A Saa l , pre
sented a c o n v i n c i n g story at a c o n f e r e n c e 
that appears never to have b e e n p u b l i s h e d 
in a s imi lar c o h e r e n t manner , at least not 
in totality. I t is avai lable as i n d i v i d u a l pa
p e r s 1 4 , 3 7 - 3 9 a n d deserves ser ious c o n s i d e r 
at ion. Unfor tunate ly , the c o n d i t i o n i sn ' t 
revea led by any rout ine laboratory test or 
imaging t e c h n i q u e so i t is not e s p e c i a l l y 
at tract ive to third party payers or to those 
needing ob jec t ive ly c o n f i r m e d diagnoses . 

Piriformis Levator ani 

Deep quadratus 
lumborum 

Gluteus maximus, 
TrP2 
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Basica l ly , the Saal brothers postulated 
that the frequent bouts of acute l o w b a c k 
pain that subside spontaneous ly in a few 
days or weeks wi th cont inued but non-
stressful act ivity (with care to avoid b a c k 
strain) are due to m i c r o s c o p i c tears of the 
surface layers of the annulus f ibrosus of the 
intervertebral disc . If the tears are not too 
deep, they do not ex tend b e y o n d the more 
superf ic ial vascular ized port ion of the an
nulus a n d heal ing takes p lace . T h e Saal 
brothers s h o w e d that the tear i tself is suffi
c ient to re lease substances that can power
ful ly sensi t ize local noc iceptors in the su
perficial annulus . 

Specifically, abundant nerve endings 
with various morphologies are found 
throughout the outer half of the annulus fi
brosus of lumbar vertebrae. 7 These nerves 
refer pain to the back. Stimulation of the 
central annulus (N = 183) and of the cen
tral lateral annulus (N = 144) with a blunt 
instrument or electrical stimulation 2 7 pro
duced back pain in 7 4 % and 7 1 % of sub
jects, respectively. The annulus is most 
vulnerable to injury during rotation in the 
flexed position. Repeated insults produce 
lesions that are circumferential splits be
tween the outer lamellae of the annulus fi
brosus with avulsions, particularly in the 
posterolateral regions of the disc. With re
peated injuries, progressively deeper lam
inae may be disrupted, eventually forming 
a radial fissure. When severe enough, 
these fissures permit disc protrusion, but 
protrusion is not necessary for a pain 
episode. A small initial tear apparently 
can be sufficient to produce pain. 

Saal, et al.39 demonstrated, in interartic-
ular disc material excised at surgery for 
radiculopathy, high levels (up to 100 
times normal) of phospholipase A 2. Phos-
pholipase A2 plays a critical role in the 
genesis of inflammatory mediators such 
as prostaglandins, leukotrienes and plate
let activating factor. Its presence is char
acteristic of familiar inflammatory condi
tions characterized by pain and 
tenderness. A second paper reinforced 
these same observations. 1 4 

In summary, it is likely that a relatively 
minor tear of the annulus (or an extru

sion) can cause release of phospho-
lipase A 2 that sensitizes the nociceptors in 
the peripheral part of the annulus (and 
possibly also adjacent nerve roots) caus
ing back pain that is extremely sensitive 
to movement or compression of that spe
cific disc. Allowing the disc to repair it
self (if the tear is sufficiently superficial) 
requires a delicate balance of enough ac
tivity to provide nutritional support, but 
not enough to aggravate the injury. 3 8 The 
Saal program 3 7 was one apparently suc
cessful approach to achieving this bal
ance. 

Another possible discogenic source of 
b a c k pain is enthesopathy at the junction 
of the disc and the vertebral endplate. 
Six ty-one percent of 67 patients t e s t e d 2 7 ex
per ienced back pain w h e n this area was 
st imulated. Horn, et al.19 found that inser
t ion regions w h i c h had been exposed to 
overload tensi le forces showed the same 
changes as those observed in epicondyl i t is 
in another region of the body. 

Of interest here is the strong possibi l i ty 
that d iscogenic pain from disc tears or disc 
enthesopathy can cause referred pain and 
quite l ikely reflex m u s c l e spasm of func
t ional ly related musc les . T h e pain can 
m i m i c referred pain from TrPs, and the 
spasm is l ikely to be a major activator of 
TrPs in the musc les that are in spasm. 
Note, this does N O T assume that pain is 
coming from the m u s c l e spasm, per se. 
Both the spasm and pain may be present, 
but for different reasons. It is very likely 
that most m u s c l e spasm is of reflex origin 
outside of the musc le in spasm. 

Multiple Interacting Conditions. It is 
not unusual for a patient presenting with 
musculoske le ta l pain to have several or
ganic dysfunct ions contributing to the 
pain. C o m m o n combinat ions inc lude f i 
bromyalgia wi th myofascia l TrPs, and ar
t icular dysfunct ions with related myofas
cial TrPs. Inc idence of the combinat ion of 
surface damage to intervertebral discs or 
disc enthesopathy and myofascial TrPs is 
not as wel l establ ished and needs to be de
termined by research studies. 

A study of lumbar dorsal horn neurons in 
c a t s 1 7 s h o w e d that all 118 of the neurons 
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studied had receptive f ields in deep somat ic 
t issues, and/or regional skin. Seventy- two 
percent of the neurons were "hyperconver -
gent" in that they responded to st imulat ion 
of many different somat ic t issues . Neuro-
logically, the origin of pain can be far more 
complex than is generally appreciated. 
Myofascial TrPs provide a major source of 
nocicept ive input from the musc les . 

More than hal f (in one study it was three-
quarters 1 6 ) of patients with f ibromyalgia 
A L S O have active myofascial TrPs con
tributing to their misery. T h e s e TrPs are 
more amenable to effective treatment than is 
the f ibromyalgia . Apparently these two con
ditions can aggravate each other, and identi
fying them requires different and specif ic di
agnostic procedures. Treatment approaches 
and prognosis also are quite different for the 
two condit ions. F e w c l inic ians are trained 
and skilled in the diagnosis of B O T H condi
tions. Each diagnosis tends to " b e l o n g " to 
separate medical specialt ies , and the educa
tors of many specialt ies fail to train their stu
dents to recognize either condit ion. 

Rarely do pract i t ioners of manual medi 
c ine (who restore restr icted m o v e m e n t of 
joints) relate the joint dysfunct ion being 
addressed to the specif ic muscle(s ) associ 
ated with that dysfunct ion. M a n y practi
t ioners usual ly relate to the musc les only 
in vague and general terms. One of the few 
except ions is Dr. Karel Lewit , w h o for 
years has recognized the c lose re lat ionship 
between the increased tens ion (due to 
TrPs) of specif ic musc les and the associ 
ated articular dysfunct ions . In the case of 
thoracolumbar art icular l e s i o n s 2 8 he identi 
f ies the i l iopsoas musc le , the thoracolum
bar port ions of the erector spinae , the 
quadratus lumborum, and (less frequently) 
the rectus abdominis m u s c l e . 

A number of osteopathic phys ic ians 
w h o were originally wel l t rained in the 
identif ication and correct ion of art icular 
dysfunct ions have also b e c o m e skil l ful in 
identifying and treating TrPs. S o m e physi 
cal therapists have taken the init iat ive to 
learn both skil ls fol lowing graduation. It is 
remarkable h o w m u c h more effect ively 
these dually trained c l in ic ians (when skil l 
ful) can resolve c o m m o n musculoske le ta l 
pain problems. 

SECTION C 

POSTURAL CONSIDERATIONS: STATIC 
AND DYNAMIC 
(Figures 41.4-41.8) 

M u c h is written in various books and ar
t icles about poor posture, but the knowledge 
about its effect is not always transmitted in 
a practical w a y to those w h o need it. As dis
cussed in m a n y of the chapters of this book, 
poor posture in various forms is a powerful 
activator and perpetuator of myofasc ia l 
TrPs. Reference to individual chapters wi l l 
provide the reader wi th details of each mus
c le and its TrPs. It is the intent here to pro
vide practical information that can he lp pa
tients wi th myofascia l pain learn h o w to 
make n e e d e d changes. J o s e p h 2 3 noted that 
posture varies markedly among apparently 
healthy, normal individuals ; however, i f the 
musc les are causing pain, postural strain 
must be identif ied and resolved. 

Excessive forward-head posture (ante
r ior head positioning with posterior rota
tion of the occiput) and " r o u n d e d " for
w a r d shoulders f requently occur together, 
result ing in what is c o m m o n l y referred 
to as round-shouldered, s l u m p e d , or 
s l o u c h e d posture . T h i s posture m a y be ini
t iated from above or from below, that is , 
from the occ iput and cervica l spine down
ward or from the base of support upward. 
T h e pul l of tense , shortened m u s c l e s (e.g., 
the rectus abdominis ) can induce or per
petuate a forward-head posture. Trigger 
points in the upper rectus abdominis m a y 
n e e d to be inact ivated before postural cor
rect ion can be mainta ined . Regardless of 
the init iat ing factor ( inc luding m u s c l e 
weakness w h i c h must be cons idered in 
t reatment) , the resultant misa l ignment of 
body segments leads to increased strain on 
the m u s c l e s a n d support ing structures , 
causing vulnerabi l i ty to in jury and pain. I f 
prolonged, i t can result in overstretching 
and weakening of m u s c l e s and l igaments , 
adaptive shortening of m u s c l e s , act ivat ion 
of TrPs, stretching of some nerves and com
press ion of others, increased pressure on 
discs , decreased lung capacity, and fatigue, 
as wel l as pain and m a n y other problems 
(such as in the t emporomandibular region, 
see Chapters 5 and 8 -11 ) . 
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E x c e s s i v e forward-head posture l imits 
cervica l rotation, indirec t ly l imits h u m e r a l 
range of mot ion (part icularly elevat ion and 
rotat ion) , a n d i t act ivates and perpetuates 
TrPs in the poster ior cervical m u s c l e s ( s e e 
Chapters 1 5 , 16 , a n d 1 7 ) . Other authors 
have e m p h a s i z e d the impor tance of recog
nizing this posture a n d improving it, espe
c ia l ly i f the pat ient has related s y m p t o m s . 9 , 

2 5 , 2 9 R o u n d - s h o u l d e r e d posture is an im
portant m e c h a n i c a l activating and perpetu
ating factor for TrPs in the pectoralis major 
( s e e Chapter 42 ) and the pectoralis minor 
( s e e Chapter 4 3 ) m u s c l e s that then perpet
uate the posture . Adapt ive shortening from 
TrPs in the pectoral is m i n o r m a y lead to 
" c o r a c o i d pressure s y n d r o m e , " 2 4 arm pain, 
and stretch weakness of poster ior scapular 
m u s c l e s s u c h as the lower trapezius. I t is 
s ignif icant that what h a p p e n s in one part 
of the b o d y affects other areas. 

It is important to r e m e m b e r that what 
happens "from the ground up" influences 
head position. T h i s inf luence occurs 
w h e t h e r a person is standing or sitting. T h e 
feet and the pelvis are signif icant support
ing structures , but so are al l the other seg
ments b e t w e e n the base of support and the 
h e a d . T h e pos i t ion o f the lumbar sp ine 
( lordotic or f lattened) and tilt of the pelvis 
inf luence head posi t ion. In sitting, stand
ing, walking, or reaching, a flattened lum
bar spine with loss of normal lordosis and 
excessive posterior pelvic tilt can induce a 
stressful forward-head posture (anterior 
head positioning) with posterior rotation of 
the occiput and rounding forward of the 
shoulders. M u s c l e imba lances , pe lv ic 
asymmetry, lower l imb-length inequali ty, 
and/or an excess ive ly pronated foot are 
among the m a n y factors that can inf luence 
posture , inc luding anterior h ead posit ion
ing. An excess ive ly pronated foot can 
cause genu valgum and media l rotat ion of 
the thigh, w h i c h can lead to postural im
b a l a n c e s in the pelvis , lumbar spine , and 
cervica l spine . T h e s e i m b a l a n c e s can in
duce TrPs in the vastus media l i s , gluteus 
m e d i u s , and other m u s c l e s . T h e base o f 
support , whatever i t is , needs to be as level 
as poss ib le , and the spinal curvature needs 
to approach normal , for " g o o d " posture . 

Posture is d y n a m i c more than stat ic . 
Even in quiet " r e l a x e d " standing, sl ight 

postural sway o c c u r s . 3 3 W h e n sitting or 
standing, a person has a need to shift posi
t ion ei ther for comfort or to maintain bal
ance , or to do a task. Change of position is 
inevitable . Per iodic m o v e m e n t is needed 
in order for l igaments , cartilage, interverte
bral discs , and m u s c l e s to be nourished. 
T h e s e structures respond poorly to being 
in one posi t ion for a prolonged period. 
Daily l iving requires moving about from ly
ing to sitting, sitting to standing, standing 
to walking, and the reverse. 

The assessment of anterior head position 
is discussed in Chapter 5, Sect ion C. Nor
mally, when the cheek bone is aligned in the 
same vertical plane as the sternal notch, the 
head and neck are in an erect position with
out muscular overload. It is important for 
c l in ic ians to help patients b e c o m e aware of 
h o w they usual ly sit, stand, and move, and 
to help patients learn to correct bad postural 
habits and musc le imbalance in dynamic 
situations as wel l as in relatively static ones. 

Pat ients wi th myofascia l pain due to 
TrPs should learn to change position often, 
to reposi t ion to nonstressful " e r e c t " pos
ture, and to perform appropriate stretching 
and other postural exerc ises . Reposit ioning 
to erect posture appl ies not only whi le sit
ting, (for e x a m p l e at a computer desk) , but 
also w h i l e driving a car, whi le walking, 
w h i l e reaching and lifting, and at appro
priate t imes whi le participating in sports 
act ivit ies . In a work setting, unti l good pos
ture and habits are ingrained, these pa
t ients can use a t imer or a c lock alarm as a 
reminder to change posi t ion and to per
form appropriate postural exercises . 

Standing 

W h e n a person stands in a " s l o u c h e d " 
posture , wi th the shoulders and head pro
j ec ted forward, the center of the body 
weight projects sol idly on the b a c k of the 
hee ls (Fig. 4 1 . 4 A ) . W h e n the subject is in
s tructed (erroneously) to " S t a n d up 
stra ight ! , " posture may improve slightly, 
but the l ine of gravity remains on the 
hee ls (Fig. 4 1 . 4 B ) . Mainta in ing this 
straightened posi t ion requires constant 
voluntary effort by the subject . T h e over
loaded m u s c l e s soon fatigue and the per
son b e c o m e s discouraged. 
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Figure 41.4. Improvement of standing and seated pos
ture. A, this stooped, round-shouldered standing pos
ture is aggravated by the increased tension that is 
caused by trigger points in the pectoralis major mus
cle. B, slight improvement in posture by having the pa
tient "Stand up straight and hold the shoulders back!" 
(a position that is fatiguing and difficult to maintain). C, 
marked improvement when the patient shifts the body 
weight from the heels onto the balls of the feet, which 
moves the head backward over the shoulders as a 
counterweight and straightens the lines of weight 
bearing. The arrows mark the shift in the center-of-

gravity line, through the feet. D, the stooped, round-
shouldered seated posture that often results from pec
toralis major trigger points and poorly designed chairs. 
E, addition of a lumbar pillow or roll maintains the nor
mal lumbar curve (lordosis) and produces more erect 
posture. For a chair with this type of reclining back, E 
shows a relatively desirable posture. S o m e other 
chairs may be more adaptable. Refer to Figure 16.4D 
for an example of good sitting posture of a subject writ
ing at a work table. F, forward-shifting posture that ex
aggerates the weight shift shown in panel C and can 
improve walking posture, particularly in fast walking. 
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If, instead, the subject rocks the body 
weight forward toward the bal ls of the feet 
(Fig. 4 1 . 4 C ) , the head shifts b a c k as a coun
terweight and the posture b e c o m e s more 
erect . T h e l ine of gravity m o v e s forward, 
anterior to the ankles , restoring the normal 
cervica l and lumbar curves . T h e chest au
tomat ica l ly elevates and more easi ly ex
pands . T h e subject n o w f inds that the nor
m a l upright, b a l a n c e d posture is easi ly 
m a i n t a i n e d wi thout m u s c u l a r strain. See
ing the i m p r o v e m e n t in a mirror, the pa
t ient enjoys the more erect posture and 
feeling of comfort . 

Essent ia l ly the same postural improve
m e n t can be real ized by act ively reposi
t ioning the head upward, elevating the 
b a c k of the head (e l iminat ing the unde-
sired poster ior rotat ion of the occ iput on 
the at las) . T h e body then fol lows the head 
into good al ignment . T h i s is a b a l a n c e d po
si t ion that does not require c o n s c i o u s effort 
to main ta in it. 

Sitting 

Figure 4 1 . 5 A i l lustrates fairly typica l 
poor posture of a te levis ion watcher or 

s o m e o n e seeing a movie . It shows posterior 
ti lt ing of the pelvis , flattening of the lum
bar spine , excess ive thorac ic kyphosis , 
round-shouldered posture, anterior head 
posi t ioning (forward head) , and a de
pressed chest . Th is posit ion discourages 
diaphragmatic breathing and restricts tho
rac ic expans ion . S u c h a modif ied breathing 
pattern forces recrui tment (and overload) 
of cervical m u s c l e s of accessory respira
tion. W h e n prolonged, such posture in
duces m u s c l e and joint stress and pain. 

Part B of Figure 41 .5 i l lustrates the im
proved posture brought about by the sub
ject changing posi t ion and moving closer 
to the front edge of the chair . W h e n the is
ch ia l tuberosit ies are p laced near the front 
edge of the chair, one foot can be placed 
posteriorly to achieve a relat ively effortless 
ba lanced posi t ion without excess ive ante
rior pe lv ic tilt . In this posi t ion, the lumbar 
and cervical curves approach normal , and 
the thorax and head are erect. A person in 
this posi t ion can mainta in efficient airflow 
and can mainta in a good restful posit ion 
w h i l e working at a keyboard, l istening to a 
lecture, carrying on a conversat ion, watch-

Figure 41.5. Slumped and desirable sitting postures. 
A, slumped, undesirable posture with posterior tilting 
of the pelvis, flattening of the lumbar spine, excessive 
thoracic kyphosis, round-shouldered posture, anterior 
head positioning (forward head), and a depressed 
chest. B, a desirable balanced posture accomplished 

by sliding forward on the chair so that the ischial 
tuberosities are closer to the front edge of the chair 
and one foot is placed more posteriorly. C, An alter
native balanced erect posture accomplished by plac
ing a small wedge under the ischial tuberosities. 
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ing a movie , etc . Th is change of posi t ion 
places the subject near a desk for working, 
or near a dining table for eating. 

W h e n another change in posi t ion is 
needed, one can sit wi th a smal l p a d 
(preferably a sloped or wedge-shaped pad) 
under the ischial tuberosities (not under 
the thighs) , as i l lustrated in Figure 4 1 . 5 C . 
In this posit ion also, a ba lanced posture 
can be mainta ined with little or no m u s c u 
lar effort. Another option is to use an ap
propriately p laced lumbar support w h e n 
sitting back in the chair ; the use of a lum
bar roll is discussed below. 

If there is any one s imple thing that 
makes it easier for a person to develop 
good posture and movement , it is to "think 
tall"—to lengthen oneself . If you move 
your head upward in relat ion to your body 
(away from your body, making yourse l f 
taller) , your body wil l fol low and c o m e 
into good al ignment. Al though it is not 
practical for a person to perform this slight 
movement every minute of the day, the 
more often the m o v e m e n t is performed, 
with every daily m o v e m e n t activity, the 
easier i t b e c o m e s to attain and mainta in 
stress-free ba lanced posture. 

Poor sitting posture unfortunately is en
couraged by the m u c h too c o m m o n prac
tice of constructing chai rs with inadequate 
lumbar suppor t . 4 2 Th i s his tor ic pract ice 
was reinforced by early research that estab
l ished the model for seating des ign . 1 8 T h i s 
study erroneously c o n c l u d e d that there 
was no need to shape the backrest to f i t the 
lumbar curve because the spine c o u l d 
straighten and conform to a flat backrest . 
Neither comfort, normal posture, nor resul
tant muscular strain were cons idered in 
the study. Inadequate lumbar support is a 
major contr ibutory factor in most pat ients 
for w h o m riding in an automobi le aggra
vates back, chest , or n e c k pain. 

Later on, a comprehens ive approach 
provided more real ist ic data for the design 
of comfortable physiologic seat ing . 1 3 S e l e c 
tion of a pain-rel ieving chair requires that 
serious considerat ion be given to the needs 
of the m u s c l e s . 4 2 Figures 4 1 . 4 D and 4 1 . 5 A 
show the result of sitting in a chair wi thout 
lumbar support; the shoulders are 
" r o u n d e d " forward, the head is pro jected 
forward, the pelvis is t i l ted posteriorly, and 

the lumbar curve is f lattened, result ing in a 
s l u m p e d posture . 

A n y one chair, regardless of its design, 
cannot f i t everyone. An individual wi th 
myofasc ia l pain m u s t learn to dist inguish 
b e t w e e n chairs that f i t and promote non-
stressful posture, and those chairs that 
have inadequate support a n d cause stress
ful pa in- inducing posture. T h e patient 
must learn to avoid poorly designed c h a i r s 
if possible and use adaptive correc t ions 
when necessary. 

S o m e of the faults in seating design can 
be corrected by the individual . He or she 
can p lace a small roll behind the l u m b a r 
region at about the height where a belt 
w o u l d normal ly go around the waist (Fig. 
4 1 . 4 E and see Fig. 16 .4D) . T h e roll should 
comfortably support the thoraco lumbar 
junct ion and provide a normal lumbar 
curve . However, s o m e individuals benef i t 
most from a lower support that prevents 
excess ive posterior t i l t ing of the pelvis . 
S i n c e individuals differ in body propor
tion, avai lable c o m m e r c i a l rolls or other 
supports may not f i t some people , and 
seats wi th bui l t - in support m a y not pro
vide adequate support of the body area that 
needs it. 

E i ther a c o m m e r c i a l inflatable p i l l o w or 
a " h o m e m a d e " support m a y be the best 
c h o i c e for some people . F o a m rubber is 
usual ly too soft, but a bath towel , t ightly 
rol led, can provide the desirable c o m b i n a 
t ion of f i rmness and res i l i ence . T h e towel 
can be fo lded to about 30 cm (12 in) wide , 
and enough of i t rol led up to provide the 
n e e d e d lumbar support (usually 7.5 to 10 
cm, or 3 to 4 i n c h e s , in diameter) w h e n 
used wi th any chair or automobi le seat. 
T h e towel can be s l ipped into an attractive 
cover wi th ties that can be put around the 
backrest of the chair to ho ld the roll in 
p lace . T h e roll also m a y be supported by 
two straps thrown over the top of the chair 
backrest , wi th enough lead weight s e w n 
into the end of each strap to provide a 
counterweight and h o l d the roll in p lace . I f 
a lumbar support s l ips out of p lace and 
does not remain in the correct pos i t ion for 
the individual (as often h a p p e n s w h e n a 
person is driving a car or working at a desk 
and moving the l imbs and b o d y segments ) , 
the best solut ion m a y be to t ie the support 
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around the person's waist rather than 
around the chair. Also , for the support to 
be effect ive, the indiv idual must s l ide the 
pelvis and but tocks b a c k to the posterior 
part of the seat. 

T h e c h a i r seat must also be designed 
wi th suff icient h o l l o w or backward s lope at 
the bot tom of the backrest so that the but
tocks are not p u s h e d forward. For comfort 
during reading, talking a n d watching TV 
(but not w h i l e eating meals or working at a 
desk) , the chai r -back should slope 2 5 - 3 0 ° 
poster ior ly from the vert ical so that a per
son can be comfortably re laxed wi thout the 
n e e d to s l ide the h ips forward on the seat. 

T h e cha i r should have a rmres ts a t s u c h 
a height that they support the person's el
b o w s and/or forearms w h i l e a l lowing the 
shoulders to be re laxed in a neutral posi
t ion (not h i k e d up) . If a cha i r does not have 
armrests , or has armrests that are too low, a 
person w h o sits in it (part icularly for a pro
longed period) wi l l l ikely cross the arms in 
front of the ches t in order to be comfort
able . T h i s pos i t ion induces round-shoul 
dered posture and shortens the pectoral 
m u s c l e s and other anterior chest m u s c l e s , 
perpetuat ing their TrPs and tending to pro
duce stretch w e a k n e s s in the interscapular 
m u s c l e s . For prolonged sitting, an individ
ual should avoid a chair wi thout armrests . 
A r m rests that are too low can be made 
more effect ive by the addit ion of pads to 
increase the height . 

F o r sitting at a desk or workstat ion, a 
chair needs to be adjustable and the worker 
must be able to move . A therapeut ic exer
c ise bal l (appropriately sized) can be alter
nated wi th the usual desk chair. An in
cl ined board can encourage heal thy 
posture for a person w h o does a lot of writ
ing at a desk or table (see Fig. 16 .4D) . W h e n 
a desk or table is not avai lable or desirable , 
erect sitting can be promoted by the use of 
a l apboard on a p i l low or resting across the 
cha i r arms. 

U n n e c e s s a r y m u s c u l a r tension should 
be reduced . To achieve relaxat ion, the pa
t ient should focus at tent ion on consciously 
feeling the support provided by various 
parts of the chair (armrests, seat, backrest 
and perhaps headrest ) . T h e same m e t h o d 
of re laxat ion appl ies in bed at night as the 
pat ient concentrates on detect ing the tex

ture of the sheet and mattress wherever it 
supports the body. 

Movement Activities 

F. Matthias Alexander deserves credit 
for his principle of movement that uses the 
c o n s c i o u s m i n d to change subconsc ious 
m u s c l e p a t t e r n s . 1 2 During his observations 
in the early part of the century, he found 
that instead of concerning h imse l f with 
" d o i n g , " he n e e d e d to prevent doing things 
in h is usual w a y (prevent movement habits 
that were causing physica l and emotional 
stress) . For example , in his personal exper
iments he found that instead of al lowing 
tens ion and shortening of posterior neck 
m u s c l e s to move his head backward and 
down, compress ing the spine , he needed to 
re lax those musc les and let his head move 
upward w h e n it moved forward (lengthen
ing the spine instead of arching it) in daily 
m o v e m e n t act ivit ies such as rising to 
standing and walking. (The basic move
ment involves elevating the occ iput with a 
slight anterior rotation of the occ iput on 
the upper spine) . J o n e s 2 2 stated that the sig
nif icant aspect of the technique is not pos
ture, but movement ; the movement pro
duces a k inesthet ic effect of l ightness that 
is pleasurable and thus reinforcing. 

Al though Alexander 's method is an edu
cat ional process that would best begin 
early in l ife wi th a sensory awareness of 
habi tual m o v e m e n t patterns, i t is never too 
late to use the c o n s c i o u s m i n d to adopt 
patterns of movement that lead to maxi
m u m b a l a n c e and coordinat ion with mini 
mal expendi ture of energy. 

Walking Up Stairs. Figure 4 1 . 6 shows 
an undesirable method (part A) and a less 
stressful, more efficient method (seen in 
part B) of walking up stairs. T h e f igure on 
the left shows a person w h o shifts weight 
to the forward foot and then with great ef
fort extends the leg to lift the body weight 
to the next step. It also shows a posteri
orly-rotated occ iput , anterior head posi
t ioning, shortened pectorals , and a de
pressed chest . T h e f igure on the right 
i l lustrates the improvement in movement 
and posture that occurs w h e n the subject 
p laces his forward foot l ightly on the step 
and del iberately elevates his occiput , let-
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ting his head move upward and forward as 
he gradually extends the leg, wi th his body 
following the head. Th is method of move
ment provides good head/neck posi t ion 
and chest elevation, as wel l as ba lanced 
transfer of weight without excess energy 
expenditure . 

Jogging . Figure 4 1 . 7 i l lustrates the 
change that occurs w h e n the head moves 
upward (occiput is raised) as it moves for
ward, and the body fol lows the head , dur
ing jogging. In Figure 4 1 . 7 A , the jogger's 
shoulders are h u n c h e d up and tense , and 
the tense posterior n e c k m u s c l e s are in
ducing a posteriorly-rotated occ iput . T h i s 
jogging style can activate and perpetuate 
TrPs in the suboccipi ta l , sp lenius capit is , 
levator scapulae , and trapezius m u s c l e s . In 
Figure 4 1 . 7 B , the body is lengthened by the 
upward and forward-rocking m o v e m e n t of 
the head, and the shoulders and arms ap
pear more re laxed. 

Figure 4 1 . 4 F i l lustrates one way to at
tain an erect ba lanced posture w h e n walk
ing fast. Dr. Janet Travell r e c o m m e n d e d 

this m e t h o d and referred to i t as the " In
dian L o p e . " T h e individual shifts the 
pelvis and h ips forward, exaggerating the 
shift of weight to the bal ls of the feet, and 
rapidly advances the rear foot to keep from 
falling forward. T h e feet fo l low the body, 
and each step rece ives a vigorous push-of f 
from the ca l f m u s c l e s , making i t eff icient to 
cover long dis tances quickly. 

Letting the he a d m o v e upward in l ine 
wi th the long axis of the b o d y prior to 
weight shift w o u l d a l low the b o d y to fol
low wi th less m u s c u l a r effort. 

Turning, Rising, Eating, Reaching, 
Pulling, Pushing, Lifting. A n y or all of 
these act ivit ies of daily l iving m a y be faci l 
i tated by using the bas i c pr inc ip le of 
" th inking t a l l " or letting the he a d m o v e up
ward and sl ightly forward (preventing pos
terior ti lt ing of the head) w h i l e carrying 
out the m o v e m e n t or activity. 

Of course , other w e l l - k n o w n pr inc ip les 
of body m e c h a n i c s apply as w e l l . In rising 
from a chair , for e xa m ple , one should shift 
the h ips toward the front edge of the cha i r 

Figure 41.6. Undesirable and efficient ways of walking rection with improved head position, head leading the 
up stairs. A, undesirable transfer of weight with ante- body upward, and a more natural elevated chest. (See 
rior head positioning, posteriorly-tilted occiput, short- text for details) (Redrawn from Barker S: The Alexan-
ened pectorals, and depressed chest. B, upward di- der Technique. Bantam Books, New York, 1978.") 
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Figure 41.7. Strained and desirable ways of jogging. 
A, illustration of a compressed, stressful jogging style 
showing a subject with a posteriorly-rotated occiput 
and shoulders that are shrugged up and tense. B, an 
illustration of how lengthening and decompression 

from a head-upward movement can result in good 
head and shoulder position without excessive tension. 
S e e text for details. (Redrawn from Barker S: The 
Alexander Technique. Bantam Books, New York, 
1978. 4 ) 

and spread the feet apart wi th one foot 
p l a c e d poster iorly (to enlarge the base of 
support) , then lean the b o d y forward at the 
hips to m o v e the center of gravity over the 
center of the base of support , and let the 
head move u p w a r d wi th the body fol low
ing the h e a d (upward in l ine wi th the for
ward torso, not upward in relat ion to the 
vert ica l ) . 

An alternative m e t h o d of rising from a 
cha i r involves the same sequence as de
scr ibed above, but wi th the entire b o d y 
turned toward one side of the chair instead 
of facing straight ahead. T h i s latter m e t h o d 
is he lpful w h e n one lower l imb is w e a k or 
painful . T h e stronger or nonpainfu l l imb 
should be c loser to the chair to provide a 
stronger base of support . 

W h e n engaged in pushing or pul l ing an 
object , one n e e d s to keep a w i d e base of 
support for b a l a n c e , wi th the feet spread 
apart in l ine wi th the direct ion of force. 
T h e force should be appl ied near or in l ine 
wi th the center of gravity of the object . 
W h e n lifting an object , one should (in ad
dit ion to mainta in ing a b a l a n c e d stance) 

keep the object c lose to the body and avoid 
lifting above shoulder height. 

Figure 4 1 . 8 B i l lustrates a way of reach
ing forward as r e c o m m e n d e d by Brugger. 9 If 
one h ip is ex tended, placing one foot more 
poster iorly than the other, an individual 
m a y avoid the bent posture wi th a flattened 
lumbar spine and posteriorly-rotated oc
c iput that is seen in part A of this figure. 

Special Situations 

For requirements and adaptations re
lated to sitting in an automobile and sitting 
at a desk (car posture and office habits) , as 
wel l as for addit ional body m e c h a n i c s is
sues, the reader is referred to sect ion 14 in 
Chapter 48 and sect ion C in Chapter 5 of 
this vo lume, and to a comprehens ive chap
ter on ergonomics by Khal i l , e t . a l . 2 6 

In general , one should keep in m i n d : 

• A n y type of seating should a l low for 
b o d y symmetry and support of the nor
m a l spinal curves , in part icular the cer
v ica l lordosis and lumbar lordosis , 
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with a m i n i m u m of m u s c u l a r energy on 
the part of the person. 

• A chair must be adjusted to the individ
ual. No single chair f i ts everyone, nor 
does it fit every situation, even for the 
same person. 

• T h e feet should rest sol idly on the floor 
or on some type of footrest and not dan
gle. 

• F lexib i l i ty and comfort are important . A 
subject at a work station should be able 

B 
Figure 41.8 Undesirable and desirable ways of reach
ing forward. A, reaching forward over a desk in a 
strained manner that produces a flattened lumbar 
spine, upper trunk and hip flexion, and a posteriorly-
rotated occiput. B, the improved posture when the 
subject extends one hip, placing that foot more pos
teriorly than the other. (Adapted from Briigger A: Die 
Erkrankungen des Bewegungsapparates und seines 
Nervensystems. Gustav Fischer Verlag, Stuttgart, New 
York, 1980. [Fig. 337].) 

to change posi t ion as n e e d e d for speci f ic 
tasks and, as n e e d e d , to provide ade
quate c i rculat ion and nutr i t ion to body 
structures. 

• A headset wi l l be benef ic ia l to anyone 
w h o spends a signif icant amount of t ime 
talking or l is tening on the t e l e p h o n e . 

• To avoid twist ing stresses w h e n looking 
toward an object or toward another per
son, one should turn the entire body, 
and not just the head. 

• W h e n a person types from copy, it is im
portant to place the c o p y at eye level 
and as near as poss ib le to the center of 
the l ine of v is ion. 

• It is important to avoid a twist ing move
ment w h i l e bending forward, espec ia l ly 
w h e n lifting, pushing, or pull ing. 

• One should take frequent breaks to 
stand momentar i ly , wa lk a few feet, or 
change the activity. 
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CHAPTER 42 

Pectoralis Major Muscle (and the 
Subclavius) 

HIGHLIGHTS: REFERRED PAIN from pectoralis 
major trigger points (TrPs) may localize subster-
nally, may include the anterior chest and breast, 
and may extend down the ulnar aspect of the arm 
to the fourth and fifth fingers. The region of the 
costal section of the pectoralis major muscle can 
have a somatovisceral TrP that is located medi
ally on the right side. The inactivation of this TrP 
terminates episodes of cardiac arrhythmia. When 
on the left side, pectoralis major TrPs refer pain in 
patterns that are easily mistaken for the pain of 
ischemic heart disease. ANATOMY of the pec
toralis major muscle is complex. It is rarely men
tioned that this muscle consists of multiple over
lapping laminae in a playing-card arrangement. 
The muscle is divided into clavicular, sternal, 
costal, and abdominal sections. Several caudal 
laminae wrap around the lateral border of the 
muscle. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS in the pectoralis major may 
be caused by stress overload of the muscle or by 
referred phenomena associated with a myocar
dial infarction. PATIENT EXAMINATION reveals 
shortening of the pectoralis major muscle by ac

tive or latent TrPs, which often pulls the shoulders 
forward to produce a stooped, round-shouldered, 
head-forward posture. TRIGGER POINT EXAM
INATION is performed by palpating the clavicular, 
sternal and costal sections of the muscle for ten
der nodules within firm bands, which often react 
with highly visible twitch responses. TRIGGER 
POINT RELEASE by spray and stretch is per
formed by abducting and flexing the arm at the 
shoulder while applying the vapocoolant cepha-
lad over the stretched muscle fibers and distally 
over the arm. Other manual techniques can also 
be useful. TRIGGER POINT INJECTION requires 
care when injecting deeper pectoral musculature 
over the thoracic cage. Pincer palpation is used 
whenever possible. CORRECTIVE ACTIONS 
start with convincing the patient (when true) that 
the myofascial chest pain is a treatable pain of 
skeletal muscle, rather than of cardiac origin. 
Correction of poor standing and sitting posture, 
avoiding mechanical overload of this muscle, and 
using the In-doorway Stretch Exercise help to en
sure continued freedom from this source of myo
fascial TrP pain. 

1. REFERRED PAIN 
(Figs. 42.1 and 42.2) 

Edeiken and Wol fe r th , 1 9 in 1 9 3 6 , identi 
fied the "trigger z o n e " as a hypersensi t ive 
spot in the skeletal muscula ture of the 
chest. T h e "trigger z o n e " was responsib le 
for referred chest pain that persisted fol
lowing an acute myocardia l i n f a r c t i o n . 1 9 , 5 2 

Subsequent authors noted that tender spots 
in the left pectoral is major m u s c l e ("pec
toral m y a l g i a " ) 3 0 referred pain to the chest 
in a manner that confusingly s imulated the 
pain of coronary insuff ic iency in persons 
with no history or ev idence of cardiac dis

e a s e . 3 1 , 3 4 , 5 0 , 7 9 , 9 6 Other authors recognized 
the n o n c a r d i a c nature of this pain, but 
were unaware of its trigger point (TrP) ori
g i n . 1 3 , 2 1 , 7 1 L a n g e 5 4 e m p h a s i z e d the shoulder 
and arm c o m p o n e n t s of pain arising from 
the pectoral is major m u s c l e . 

T h i s m u s c l e is l ikely to develop TrPs in 
five areas, each with a dis t inct ive pain ref
erence pattern. Pain and tenderness are re
ferred unilateral ly. 

T h e TrPs located in the clavicular sec
tion (Fig. 4 2 . 1 A ) refer pain over the anterior 
del toid m u s c l e and local ly to the c lavicular 
sect ion of the pectoral is ma jor itself . 

819 
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Figure 42.1. Referred pain patterns (red) and trigger 
points (Xs) in the left pectoralis major muscle. Solid 
red shows essential areas of referred pain, and stip
pled red shows the spillover pain areas. A, the clavic
ular section. B, three central trigger point locations of 

the intermediate sternal section. C, two central trigger 
point locations in the lateral free margin of the pec
toralis major muscle, which includes fibers of the 
costal and abdominal sections that form the anterior 
axillary fold. 
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Active TrPs in the intermediate sternal 
section of the pectoral is major (Fig. 4 2 . 1 B ) 
are l ikely to refer intense pain to the ante
rior c h e s t 4 9 , 5 0 , 6 3 , 9 8 (to the precordium, i f on 
the left side) and down the inner aspect of 
the arm. T h e arm pain accents the media l 
epicondyle . I f suff iciently act ive, these 
TrPs refer pain also to the volar aspect of 
the forearm and ulnar side of the hand. T h e 
hand pain inc ludes the last two, or two and 
one half, digits (more than the one and one 
hal f digits usual ly innervated by the sen
sory f ibers of the ulnar n e r v e ) . 9 5 T h e upper
most of these sternal-sect ion TrPs (Fig. 
42 .1B) l ies at the three-way overlap of the 
c lavicular and manubria l sect ions of the 
pectoral is major and the underlying pec 
toralis minor musc le . Th is TrP locat ion l ies 
in the midfiber region of both sect ions of 
the major and of the minor m u s c l e , and 
TrPs occur frequently in both m u s c l e s . T h e 
three central TrP locat ions i l lustrated in 
Figure 4 2 . I B for the sternal sect ion of the 
musc le demonstrate the pr inc ip le that cen
tral TrPs (CTrPs) may be found anywhere 
in the m i d m u s c l e endplate zone from one 
side of the musc le to the other. 

Active TrPs located in the medial sternal 
section of the pectoralis major refer pain lo
cally and over the sternum without crossing 
the m i d l i n e 4 9 , 6 3 , 9 2 (Fig. 4 2 . 2 A ) . At t imes , 
when injecting TrPs located over the ster
num in the area of a sternalis musc le (see 
Chapter 4 4 ) , one may encounter TrPs in a 
second, deeper layer of musc le , 1.5-2 cm 
( 1 /

2 - 3 / 4 in) beneath the surface. T h e s e TrPs are 
probably located in pectoralis major fibers 
close to their musculotendinous junct ions , 
occasional ly beneath a sternalis musc le . 

In the costal and abdominal section of 
the pectoralis major, TrPs develop in two 
pectoral regions. One of these regions l ies 
along the lateral border of the musc le . 
T h e s e border TrPs (Fig. 4 2 . l C ) cause breast 
tenderness with hypersensi t iv i ty of the 
nipple , intolerance to c lothing, and often 
breast p a i n . 8 9 Complaints of this distress
ing syndrome are made by both w o m e n 
and men, but more often by w o m e n . 

More medial ly, a TrP associated with so-
matovisceral cardiac a r r h y t h m i a s 9 0 is lo
cated on the right s ide between the f i f th and 
sixth ribs, just b e l o w the point where the 
lower border of the fifth rib crosses a verti

cal l ine that l ies m i d w a y b e t w e e n the mar
gin of the s ternum and the n i p p l e (Fig. 
4 2 . 2 B ) . Th i s TrP has b e e n observed only on 
the right s ide, except in situs inversus. T h e 
spot tenderness of this TrP is assoc ia ted 
with ec topic cardiac rhythms , but not wi th 
any pain compla int . T h e r e m a y be nearby 
tender points over or b e t w e e n adjacent ribs 
that are not pert inent to cardiac arrhythmia. 

Subclavius 
(Fig. 42.3) 

T h e subclavius m u s c l e can develop ac
tive TrPs that refer pain into the upper ex
tremity on the same side (Fig. 4 2 . 3 ) . T h e 
pain travels across the front of the shoulder , 
and down the front of the arm and along the 
radial s ide of the forearm, but skips the el
b o w and wrist to reappear on the radial h a l f 
of the hand. In addit ion, the dorsal and 
volar aspects of the thumb, the i n d e x f inger , 
and the middle f inger also may hurt . 

2. ANATOMY 
(Figs. 42.4 and 42.5) 

A n a t o m y books contradic t each other in 
their descr ipt ions of the arrangement of the 
lowest f ibers of the pectoral is major m u s 
c le . T h e y general ly agree that the f ibers of 
the entire m u s c l e attach medially as four 
separate sec t ions : (1) c lav icular f ibers (Fig. 
4 2 . 4 ) to the c lavic le , (2) sternal f ibers to the 
s ternum, (3) costal f ibers to the carti lages of 
the s e c o n d to s ixth or seventh r ibs , and (4) 
abdominal fibers (Fig. 4 2 . 5 ) to the superfi
c ial aponeuroses of the obl iquus externus 
abdominis , and occas iona l ly to the rectus 
abdominis m u s c l e . 3 , 1 0 , 2 0 , 2 2 , 3 9 , 4 5 , 6 1 , 6 3 , 8 1 T h e s e 
are the c o m p o n e n t s of the m u s c l e that au
thors i l lustrate in very near ly all anatomi
cal a t l a s e s . 1 , 2 0 , 2 2 , 3 9 , 4 5 , 6 2 , 7 3 , 8 1 , 8 5 T h e a b d o m i n a l 
sect ion of the pectoral is major is the por
t ion most l ikely to be omit ted and occa
s ional ly fails to d e v e l o p . 1 3 

Anatomis ts , except E i s l e r 2 0 w h o ident i 
fied three layers, agree that the lateral ter
minat ion of the m u s c l e on the h u m e r u s 
compr ises two layers, a ventral and a dor
sal . Al l are a t tached to the crest of the 
greater tuberc le of the h u m e r u s (along the 
lateral l ip of the groove for the b ic ipi ta l 
t e n d o n ) 3 , 1 0 , 2 2 , 3 9 , 4 5 , 6 2 , 6 9 , 7 6 , 8 1 , 8 5 

In 1 9 1 2 , E i s l e r 2 0 descr ibed the bu lk of 
the m u s c l e as strips of f ibers that overlap 
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Figure 42.2. Right pectoralis major muscle trigger-
point phenomena. A, overlapping referred pain pat
terns (red) of two parasternal attachment trigger points 
(Xs) located in the medial sternal section of the muscle. 
B, location of the "cardiac arrhythmia" trigger point (X) 
below the lower border of the fifth rib in the vertical line 
that lies midway between the sternal margin and the 
nipple line. On this line, the sixth rib is found at the level 
of the tip of the xiphoid process (arrow). 

each other l ike the shingles on a roof or the 
leaves of a fan. H o l l i n s h e a d 3 9 c learly de
scr ibed this re la t ionship between the clav
icular and sternocostal sect ions . A few 
other authors recognized the overlap of 
these s e c t i o n s . 3 , 1 0 , 3 9 , 6 2 , 7 6 , 8 1 Many illustra
t ions of the m u s c l e s h o w a variable degree 
o f this o v e r l a p , 1 , 3 , 3 9 , 6 2 , 6 8 , 7 3 , 8 1 , 8 5 whi le others 
d o n o t . 1 , 1 0 , 2 2 

E i s l e r 2 0 descr ibed the lower sternocostal 
f ibers and the abdominal sect ion as folding 
upward beneath the rest of the musc le at its 
lateral end; because of this folding, the low
ermost f ibers had the most proximal attach
m e n t to the humerus . H o l l i n s h e a d 3 9 also 
descr ibed this folding process and il lus
trated i t d iagrammat ica l ly . 3 9 S o m e illustra
t ions of the m u s c l e also portray this fea-
t u r e , 1 , 1 0 , 2 0 , 2 2 , 3 9 , 6 2 , 6 8 , 8 1 , 8 5 but others d o n o t . 1 , 3 , 7 3 

Figures of the m u s c l e wi th and without this 
fold somet imes appear in the same volume. 

Frustrated by these incons is tenc ies , 
A s h l e y 2 d issected 60 adult cadavers and 8 
fetuses to establ ish the facts. He presented 
clear schemat ics of his f indings . T h e 
arrangement of most of the pectoral is major 
f ibers can be seen clearly ONLY from the 
dorsal (under) side of the m u s c l e , a v iew 
not found in anatomy texts . Ashley 's draw
i n g s 2 were fo l lowed c lose ly in the prepara
t ion of Figure 4 2 . 5 , w h i c h is a semi-
schemat i c presentat ion of the muscle ' s f iber 
arrangement. However, his terminology has 
been modif ied to clarify the descript ion. 

Ashley 2 found that the tendinous pec
toralis major attachment laterally to the 
humerus has two layers (Fig. 42 .5 ) , each of 
w h i c h is made up of laminae. The ventral 
layer (named by its attachment at the 
humerus) was described by Eis ler , 2 0 and is 
composed of six or more overlapping lami
nae splayed in the manner of playing cards. 
These s ix laminae attach medially to the 
clavicle , sternum, and ribs. The lower ster
nal and costal laminae of this ventral (super
ficial) layer at the humerus attach medially 
as underlying, but unfolded, deep fibers. 

As seen from the usual ventral view, 
however , these deep lower laminae are 
h idden by a more superficial lamina of 
lower sternal , costal , and abdominal f ibers 
that wrap or fold around the caudal end of 
the deeper laminae to attach on the 
humerus and to comprise most , i f not all, 
of the dorsal (deep) layer at that location. 
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Figure 42.3. Subclavius muscle. A, attachments of the muscle (medium red) and the location (X) of a trigger 
point in this muscle. B, Referred pain pattern (dark red) of a subclavius trigger point (X). 
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Figure 42.4. Attachments of the pectoralis major 
muscle (red), anterior (ventral) view. Fibers of the up
permost clavicular section overlap fibers of the sternal 
section to form part of the ventral layer at the humeral 

attachment. Costal fibers curl around the lateral bor
der (anterior axillary fold) to form most of the dorsal 
layer at the humerus. The variable abdominal fibers 
are not shown here (see Fig. 42.5). 

T h e folded arrangement reverses the order 
o f a t tachment o f these f ibers . T h e y wrap 
around an unfo lded l a m i n a that usual ly at
taches to the s ixth rib, somet imes to the 
fifth and seventh ribs. T h i s pivotal costal 
l a m i n a jo ins the folded l a m i n a to comple te 
the dorsal layer in approximate ly 9 of 10 
bodies . In the rest, the costal l a m i n a jo ins 
the ventral layer, leaving the folded lamina 
to form all of the dorsal layer . 2 

T h e s e m i - s c h e m a t i c vers ion of the usual 
anterior v iew of the undis turbed pectoral is 
ma jor m u s c l e (Fig. 4 2 . 5 A ) c lear ly shows 
the f i rs t two overlapping laminae of the 
ventral layer, w h i c h are the f ibers of the 

c lavicular sect ion and the manubrial por
t ion of the sternal sect ion. T h e remaining 
sternal , costal , and abdominal f ibers visible 
in Figure 4 2 . 5 A are superficial at their me
dial a t tachments , but fold under the ven
tral layer fibers to form the bulk of the dor
sal layer at the humerus . 

A gl impse of the remaining laminae of 
the ventral layer at the humerus is revealed 
in Figure 4 2 . 5 B by retraction of the folded 
lamina. T h e s e remaining laminae are clearly 
seen in the reflected dorsal view of the fibers 
in Figure 42 .5C. These ventral layer f ibers 
attach medially to the sternum and ribs, 
deep to the more superficial folded lamina. 

Costal 

Sternal 
Clavicular 
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Knowledge of this arrangement is im
portant in order to interpret accurate ly the 
direction of the fibers palpated for TrPs and 
the direction of contract ion w h e n a local 
twitch response is e l ic i ted. E a c h l a m i n a 
very l ikely has its own nerve b r a n c h and 
midfiber endplate zone. 

Rarely, all or a port ion of the pectoral is 
major m u s c l e m a y be congeni ta l ly absent ; 
the sternocostal sec t ions are more l ike ly to 
be absent than the c lav icular s e c t i o n . 6 5 An 
axi l lary arch variant of the pectoral is ma jor 
has been i l lus t ra ted . 3 9 T h i s and other vari
at ions have b e e n wel l d e s c r i b e d . 3 , 2 0 T h e 

Clavicular lamina, 
ventral layer Sternal lamina, 

ventral layer 
Clavicular lamina, 

ventral layer 

Sternal and 
costal laminae 

dorsal layer 

Abdominal lamina 
dorsal layer 

Sternal 
lamina, 
ventral 
layer 

Sterna 
and costal 
laminae, 

ventral layer 

Clavicular lamina, 
ventral layer (cut) 

Sternal 
lamina, 

ventral layer 
(cut) 

Sternal and 
costal laminae 
ventral layer 

(cut) 

Figure 42.5. Semischematic drawings of the fiber 
arrangement in the pectoralis major muscle. A, usual 
ventral view. B, ventral view with the superficial dor
sal-layer fibers retracted to show the seldom seen 
deep lamina of the ventral layer (light red). C, muscle 
reflected laterally to show the seldom seen dorsal as

pect that reveals the playing card arrangement of the 
deep lamina of the ventral layer. The dorsal layer (dark 
red) swings around the other fibers to attach on the 
humerus dorsal to them. (Adapted from Ashley GT: 
The manner of insertion of the pectoralis major mus
cle in man. Anat Rec 113 :301-307 , 1952.) 

Clavicular lamina, 
ventral layer (cut) 

Sternal lamina, 
ventral laver 

(cut) 

Deep sternal 
and costal laminae, 
ventral layer (cut) 

Pivotal costal 
fibers (cut) 

Costal laminae 
dorsal layer (cut) 
Abdominal lamina, 
dorsal layer (cut) c 
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degree of congeni ta l absence can be imaged 
using c o m p u t e d tomography . 1 4 

Subclavius Muscle 

T h e subclavius m u s c l e (Fig. 4 2 . 3 A ) l ies 
b e n e a t h the c lav ic le over the f irst rib and at
taches medially by a short th ick tendon to 
the junc t ion of the f irst rib wi th its carti lage. 
T h e m u s c l e at taches laterally in a groove 
on the under s ide of the middle third of the 
c l a v i c l e . 1 1 A n u m b e r of authors have c lear ly 
i l lustrated its a t t a c h m e n t s . 1 1 , 1 2 , 6 9 

3. INNERVATION 
T h e pectoral is major m u s c l e i s inner

vated by the media l and lateral pectoral 
nerves . 

S p i n a l nerves C 5 through C 7 supply the 
lateral pectoral n e r v e . 3 9 T h i s nerve 
b r a n c h e s from, or just above, the lateral 
cord of the brachia l p lexus to supply the 
c lav icular a n d sternal sec t ions of the pec 
toralis ma jor m u s c l e . 1 0 

T h e medial pectoral nerve arises from 
spinal nerves C 8 and T l and passes via the 
media l cord of the brachia l p l ex u s to sup
ply the caudal third, the costal , and ab
dominal sect ions o f the m u s c l e . T h i s nerve 
m a y skirt the lateral border of, but usual ly 
p ierces , the pectoral is minor m u s c l e , 
w h i c h i t suppl ies en r o u t e . 4 5 

T h e innervat ion of the pectoral is major 
f ibers progresses segmental ly from above 
downward . T h e c lavicular sec t ion is sup
pl ied chief ly by spinal segments C 5 and C 6 . 
T h e sternal sect ion is innervated main ly by 
segments C 6 and C 7 . T h e costal sec t ion in
nervat ion is usual ly a transit ion zone be
tween the two nerves by segments C 7 and 
C a . T h e costal and abdominal sect ions are 
suppl ied by segments C e and T a through 
the media l pectoral n e r v e . 2 0 

4. FUNCTION 
W h e n passively stretching the pectoral is 

major, i t is important to r e m e m b e r that the 
m u s c l e inf luences three joints , namely, the 
s ternoclavicular , acromioc lavicular , and 
g lenohumera l . It also spans an area that 
funct ions l ike a jo int to provide the gliding 
m o v e m e n t of the scapula over the r ibs . 

W h e n the thorax is f ixed, the pectoral is 
major as a w h o l e acts to adduct and medi 
al ly rotate the h u m e r u s . In addit ion, the 
upper f ibers f lex the h u m e r u s and the 

lower f ibers can depress the shoulder gir
dle through their pull on the humerus . On 
the other hand, w h e n the humerus is f ixed 
or stabil ized, the pectoral is major can func
t ion to move the sternal and clavicular at
tachments toward the humerus . In its pull 
on the thorax, i t may assist in forced in
halat ion. It also can assist in supporting 
the body weight for crutch-walking and 
parallel-bar w o r k . 5 1 

Electrical st imulation of the entire pec
toralis major muscle medial ly rotates the 
a r m . 1 7 St imulat ion of only the clavicular sec
tion moves the shoulder complex obliquely 
upward and forward. This stimulation also 
moves the arm obliquely upward, forward 
and inward, so as to press it against the tho
rax. St imulat ion of the sternocostal section 
lowers the shoulder complex and extends 
the flexed arm, and strongly adducts i t . 1 7 

All fibers contribute to three movements of 
the arm at the glenohumeral joint: (1) adduc
t ion , 1 0 , 4 5 (2) movement across the c h e s t , 4 5 , 7 6 

and (3) medial r o t a t i o n . 1 0 , 3 9 , 7 6 All f ibers assist 
forced protraction of the shoulder. 4 However, 
electromyographically, only the sternocostal 
fibers are reported as active during adduction 
and the muscle was active during medial ro
tation only against resistance. 

T h e clavicular section assists flexion of 
the glenohumeral joint when the movement 
is started with the arm at the s i d e , 4 1 , 4 2 , 7 6 

draws the arm upward across the chest to
ward the opposite e a r , 1 0 , 4 5 moves the arm 
media l ly along the hor izonta l , 7 2 and medi
ally rotates the shoulder jo in t . 5 1 Electromyo
graphically, throughout f lexion, chiefly the 
c lavicular f ibers were a c t i v e , 4 , , 4 1 with some 
assistance from the sternal f ibers. 4 1 

T h e sternal, costal and abdominal fibers 
extend (lower the arm from an elevated po
s i t i o n ) , 1 0 , 4 5 , 7 6 but do not h y p e r e x t e n d 4 5 the 
arm (to b e h i n d the body) ; they depress the 
arm and shoulder . 1 0 , 6 5 T h e unassisted pec
toralis major cannot bring the arm far 
enough across the chest for the hand to 
touch the opposi te ear, but only to reach 
the opposi te side of the chest ; the unas
sisted anterior deltoid, however, can com
plete the former m o v e m e n t . 4 , 1 7 

Bi la tera l , sur face -e lec t rode e lec t romyo
graphic (EMG) act iv i ty in the c lav icu lar 
a n d sternal sec t ions o f the pectora l i s ma-
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jor m u s c l e s was reported for t h e right-
h a n d e d e x e c u t i o n of sport ski l l s in four 
u n d e r h a n d pat terns , three o v e r h a n d pat
terns , four s idearm pat terns a n d t w o 
k inds of 1-ft j u m p s . 8 General ly , b o t h right 
and left m u s c l e s w e r e s l ight ly- to-moder-
ately act ive and w e r e m o s t ac t ive w h e n 
the subject bat ted a baseba l l . General ly , 
the left c l av icu lar sec t ion r e s p o n d e d m o s t 
v igorously and s h o w e d a pro longed or 
double burst o f act ivity. T h e burs ts o f a c 
t ivity seen in the left pec tora l i s m a j o r 
m u s c l e a p p e a r e d to c o u n t e r b a l a n c e rotary 
m o v e m e n t impar ted t o the b o d y b y a c c e l 
erat ion of the right h a n d ; th is ef fect was 
noteworthy in all b u t the u n d e r h a n d 
throwing p a t t e r n s . 8 

A m o n g 1 3 p r o f e s s i o n a l r i g h t - h a n d e d 
g o l f e r s , 4 6 the greatest p e c t o r a l i s m a j o r ac 
t ivity o c c u r r e d during t h e a c c e l e r a t i o n 
and early fo l low- through p h a s e s o f t h e 
swing. T h e left s ide s h o w e d m o r e ac t iv i ty 
than the right a n d m e n s h o w e d m o r e a c 
t ivity t h a n w o m e n . T h e p o w e r i n t h e 
shoulder for the drive c a m e first f rom t h e 
la t i ss imus dorsi a n d t h e n t h e p e c t o r a l i s 
ma jor w h i c h s h o w e d m o r e ac t iv i ty t h a n 
any o f the other s e v e n m u s c l e s tes ted . 
T h i s act iv i ty p r o v i d e d t h e p o w e r f u l arm 
a d d u c t i o n a n d in terna l ro ta t ion re
q u i r e d . 7 4 

F i f t e e n s k i l l e d p l a y e r s p i t c h i n g a b a s e 
b a l l w i t h a n u n s t a b l e s h o u l d e r w e r e 
c o m p a r e d t o 1 2 n o r m a l p l a y e r s . 2 7 T h e 
p a i n f u l s h o u l d e r s s h o w e d o n l y 6 8 % o f 
the E M G a m p l i t u d e o f n o r m a l p l a y e r s 
dur ing la te c o c k i n g a n d o n l y 4 0 % dur
ing f o l l o w - t h r o u g h . W h e t h e r t h e i n h i b i 
t ion w a s d u e t o p a i n o r w a s o f s o m e 
o ther r e f l e x or ig in w a s not d e t e r m i n e d . 
Trigger p o i n t s c a n p o w e r f u l l y i n h i b i t 
f u n c t i o n a l a c t i v i t y o f m u s c l e s v e r y s e l e c 
t ively . 

During freestyle s w i m m i n g , 7 0 the c lav
icular sect ion of the pec tora l i s ma jor in 
normal subjects w a s act ive during the 
pull - through p h a s e w i t h p e a k s o f ac t iv i ty 
during early and late pul l - through as m e 
dial rotation of the arm progressed. Dur
ing s imulated d r i v i n g , 4 8 the c l a v i c u l a r 
sect ion s h o w e d m o r e act iv i ty b i la tera l ly 
during left turns than during right turns 
and that sec t ion s h o w d m o r e act iv i ty than 
the s ternocosta l sec t ion . 

T h e subclavius m u s c l e assists protrac
t ion of the shoulder indirec t ly by approxi 
mating the c lav ic le and the f i rs t r i b . 1 1 

5. FUNCTIONAL UNIT 
All sec t ions of the pectoral is major mus

cle contract together during strong adduc
t ion of the arm, assisted by the teres major 
and minor, the anterior and poster ior del
toid, the subscapular is , and the long he a d 
of the tr iceps m u s c l e s . For protract ion of 
the shoulder, the serratus anterior, pec 
toralis minor , and subclavius m u s c l e s as
sist those parts of the pectoral is major be
low its c lavicular sect ion. 

Agonist m u s c l e s in paral le l a n d in series , 
w h i c h m a y assist the clavicular sect ion of 
the pectoral is major, inc lude the anterior 
deltoid, coracobrachia l i s , subclavius , 
sca lenus anterior and s ternoc le idomasto id 
m u s c l e s on the same side. T h e c lavicular 
sect ion and the anterior del toid work very 
c lose ly together. T h e y l ie s ide-by-side with 
adjacent a t tachments a n d are separated 
only by the groove of the c e p h a l i c vein. 

T h e more vert ical ly oriented, lower f ibers 
of the costal and abdominal sections of the 
pectoralis major depress the shoulder wi th 
the help of corresponding f ibers of the latis
s imus dorsi, lower trapezius, and lower ser
ratus anterior. T h e s e lower pectoral is major 
f ibers are also assisted by the subclavius and 
the pectoral is minor musc les . T h e pectoral is 
major m u s c l e contracts bilaterally during 
forceful adduct ion of both arms together. 

T h e major antagonists to the sternal sec
t ion of the pectoral is major are the rhom-
boidei and m i d d l e trapezius m u s c l e s . F o r 
adduct ion of the arm at the shoulder , an
tagonists are the supraspinatus and deltoid 
musc les . 

6. SYMPTOMS 
Patients wi th pectoral is major TrPs 

(which produce shortening that protracts 
the shoulder girdle) are l ikely to be as 
aware of their secondary interscapular 
b a c k pain as they are of the pain referred 
by their pectoral TrPs. In fact, the pectoral 
m u s c l e TrPs m a y be pa in less ly latent, but 
potent as the cause of pain-producing over
load of scapular adductors inc luding the 
m i d d l e trapezius and r h o m b o i d m u s c l e s . 
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Trigger point shortening of the c lavicular 
head of the pectoral is major can produce a 
downward and forward pul l on the media l 
part of the c lavic le , putting tens ion on the 
c lavicular port ion of the s ternoc le idomas
toid, activating or perpetuating TrPs in that 
m u s c l e w h i c h , in turn, cause other prob
lems inc luding a u t o n o m i c p h e n o m e n a . 

In addit ion to pain in the front of the 
shoulder and in the subclavicular region 
(Fig. 4 2 . 1 A ) , pat ients wi th act ive TrPs in 
the c lavicular sec t ion of the pectoral is ma
jor m u s c l e may be aware of restr ic ted ab
duct ion , part icular ly hor izonta l abduct ion, 
of the arm at the g lenohumera l jo int . 

Act ive TrPs in the central part of the 
pectoral is major refer pain wide ly over the 
precord ium (if on the left side) and down 
the ulnar aspect of the arm to the fourth 
and fifth f ingers (Fig. 4 2 . 1 B ) , and also may 
cause a sense of chest constr ic t ion that is 
readi ly confused with angina pector is . T h e 
pat ient wi th TrPs in the intermediate f ibers 
of the left sternal sect ion is l ikely to com
plain of intermittent , in tense chest pain 
(Fig. 4 2 . 2 A ) that appears in the precordial 
region with upper l imb activity, and i f the 
TrPs are severe, also at rest. Nocturnal ly 
this pain can disturb s leep. 

Breast pain and diffuse soreness are a 
feature of TrPs in the free margin of the 
costal sect ion, lateral ly (Fig. 4 2 . 1 C ) . T h e 
n i p p l e may be hypersens i t ive making i t 
difficult to wear a bra or shirt. 

Subc lav ius shortening by TrPs can con
tribute to s y m p t o m s of a vascular thorac ic 
outlet syndrome. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

A posture or act ivity that act ivates a TrP, 
i f not corrected or i f cont inued , can also 
perpetuate it. In addit ion, m a n y structural 
and sys temic factors (see Chapter 4) per
petuate TrPs that have been act ivated by an 
acute or c h r o n i c overload. 

Pectoral is major TrPs are act ivated and 
perpetuated by a round-shouldered pos
ture because i t produces susta ined shorten
ing of the pectoral m u s c l e s . T h i s act ivation 
is l ikely to occur during prolonged sitting, 
w h e n reading and writ ing, and w h e n 
standing wi th a s louched , f lat-chested pos

ture. Conversely, TrP shortening in this 
m u s c l e can induce such posture. 

Pectoral is major TrPs may be init iated or 
re-act ivated in m a n y ways : by heavy lifting 
(especial ly w h e n reaching out in front), by 
overuse of arm adduct ion (use of manual 
hedge c l ippers) , by sustained lifting in a 
fixed posi t ion (use of a power saw), by im
mobi l izat ion of the arm in the adducted 
posi t ion (arm in a sling or cast) , by sus
ta ined high levels of anxiety, or by expo
sure of fatigued musc les to cold air (while 
sitting in the shade in a wet suit after a 
swim, or w h e n exposed to the draft from 
an air condi t ioner) . 

In acute myocardia l infarct ion, pain is 
c o m m o n l y referred from the heart to the 
midregion of the pectoral is major and mi
nor musc les . T h e injury to heart musc le 
init iates a v iscerosomat ic process that acti
vates TrPs in the pectoral musc les . Fol low
ing recovery from the acute infarction, 
these self-perpetuating TrPs tend to persist 
in the chest wal l unless w i p e d away like 
dust co l lec ted on a shelf . 

8. PATIENT EXAMINATION 
T h e pat ient should be observed ini

t ial ly for a s tooped, round-shouldered, 
head-forward posture and weak inter
scapular m u s c l e s that are typical of pa
t ients wi th shortened pectoral musc les . 
T h e pectora l is major i s wide ly recognized 
as being prone to shortening due to hyper-
tonic i ty and reflex f a c i l i t a t i o n . 3 3 , 4 3 , 5 7 T h e 
taut bands and reflex effects of latent TrPs 
m a y be respons ib le (see Chapter 2 , Sec t ion 
C). Observing the patient from the rear, the 
e x a m i n e r m a y see abducted scapulae . 

After establ ishing the event(s) associ
ated with the onset of the pain complaint , 
the c l in ic ian should make a detailed dia
gram representing the pain described by 
the patient . T h e drawing should be in the 
style of the pain patterns in this vo lume us
ing a copy of an appropriate body form 
found in Figures 3 .2 -3 .4 . 

T h e TrPs in the pectoral is major, w h e n 
i t is involved a lone , cause m i n i m a l re
s tr ic t ion of m o t i o n at the shoulder, as 
s h o w n by the Hand-to-shoulder-blade Test 
(see Fig. 2 2 . 3 ) . Pectoral is TrPs do not 
cause restr ic t ion of the Finger-f lexion Test 
(see Fig. 20 .6 ) un l ike the si tuation where 
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the s imi lar upper l imb pain pattern is 
caused by TrPs in the sca lene m u s c l e s . 
T h e myofasc ia l TrPs of the pectora l m u s 
c les do restrict scapular adduct ion , w h i c h 
can be tested by having the pat ient p lace 
the b a c k of the ipsi lateral h a n d on the h ip 
and move the e lbow poster ior ly for range 
of backward m o v e m e n t . B i la tera l comp ar 
ison is the most sensi t ive indica tor of re
str ict ion i f m u s c l e i n v o l v e m e n t is uni lat 
eral (which it se ldom is in the pectora ls ) . 
Product ion of in terscapular pa in is an
other indicator of restr ic t ion. 

Weakness can be tested as descr ibed and 
il lustrated by Kendal l , et al.51 by testing the 
c lavicular and sternal port ions for adduc
tion at the g lenohumeral joint wi th the pa
tient supine, the arm held straight up in 
the air, and the opposite shoulder stabi
l ized against the table. T h e costal and ab
dominal sect ions can be s imilar ly tested by 
resisting the patient 's at tempt to adduct the 
elevated arm obl iquely downward toward 
the contralateral i l iac crest. 

I f this s u p i n e pat ient pos i t ion is u s e d 
to test s t retch range of m o t i o n fan-wise in 
the various d i rec t ions of the pec tora l i s 
major m u s c l e f ibers (moving the arm into 
hor izonta l abduct ion , lateral rotat ion, 
and e levat ion s imi lar to F igure 4 2 . 7 ) , a 
sens i t ive operator can feel the res t r i c t ion 
of the invo lved taut b a n d a n d the pat ient 
can feel the i n c r e a s e d t e n s i o n , often as 
loca l pa in , in the i n v o l v e d part of the 
m u s c l e . 

T h e patient with chest pain due to pec
toralis major TrPs is l ikely to suffer addi
t ional referred pain and restr ict ion of 
movement at the shoulder due to associ 
ated myofascia l TrPs in funct ional ly re
lated shoulder-girdle musc les and these 
need to be considered. 

T h e diagnosis of angina pectoris some
t imes is made c l in ica l ly w h e n there is no 
definite evidence that the chest pain is due 
to myocardial i schemia . In m a n y such pa
tients, one can demonstrate that the pain is 
referred from TrPs in the pectoral is major 
m u s c l e . 2 1 T h e patient wi th the diagnosis of 
angina pectoris is natural ly fearful of any 
activity that produces the pain. Th is fear 
inhibits full movement , w h i c h accelerates 
both physical and psychologica l deteriora
tion and perpetuates the myofasc ia l TrPs. 

W h e n a pat ient c o m p l a i n s of breast 
soreness (referred tenderness ) , she or he 
also m a y descr ibe a feeling of congest ion in 
that breast . W h e n c o m p a r e d wi th the other 
s ide, the breast may be sl ightly enlarged 
and feel doughy. T h e s e signs of impaired 
l y m p h drainage, poss ib ly due to entrap
ment or reflex inhib i t ion of peristals is , 
soon disappear after inact ivat ion of the re
sponsible TrPs in the lateral border of the 
tense pectoral is major m u s c l e (Fig. 4 2 . 1 C ) . 

T h e s y m p t o m of sudden acute pain in 
the m u s c l e during s trenuous effort m a y be 
due to rupture of the m u s c l e belly. T h e tear 
is usual ly easi ly recognized by the vis ible 
and palpable d iscont inui ty of the m u s c l e 
be l ly w h e n c o m p a r e d wi th the normal 
s i d e . 6 5 , 1 0 1 

9. TRIGGER POINT EXAMINATION 
(Fig. 42.6) 
Pectoralis Major 

Most of the TrPs found in the clavicular 
section, and all of the TrPs in the parasternal 
section of the musc le are identified by flat 
palpation. T h e TrPs in the intermediate and 
lateral parts of the sternal and costal sect ions 
are best located by pincer palpation (Fig. 
42 .6 ) . T h e muscle is p laced on moderate ten
sion by abducting the arm to approximately 
90° in order to maximize the spot tenderness 
found at a palpable nodule in a taut band. 
Pressure on the tender spot should produce 
sensations recognized by the patient as re
cently experienced symptoms. Local twitch 
responses may be el icited. T h e lateral part of 
the pectoralis major musc le is one of the eas
ier muscles in w h i c h to identify nodules and 
taut bands by pincer palpation. 

Gerwin, et al.25 es tabl ished that, of the 
criteria tested, the most rel iable criteria for 
making the diagnosis of myofasc ia l TrPs 
were the detect ion of a taut band , the pres
e n c e of spot tenderness , the presence of re
ferred pain, and reproduct ion of the pa
tient 's symptomat ic pain. For several 
m u s c l e s , agreement on the presence of a lo
cal twi tch response was lower, but i t was 
high for the la t iss imus dorsi m u s c l e , and 
the pectoral is major should be s imilar ly ac 
cess ib le for rel iable examinat ion . 

To f ind the " card iac ar rhythmia" TrP 
(Fig. 4 2 . 2 B ) , the tip of the x i p h o i d process is 
f irst located. T h e n , at this level on the right 
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side, in a vertical l ine m i d w a y be tween the 
sternal border and the n ipple l ine, the re
gion of the h o l l o w between the f i f th and 
s ixth ribs is e x a m i n e d for a tender spot. Th is 
TrP is found by pressing upward against the 
inferior edge of the f i f th rib and exploring 
for spot tenderness . Th is may be an inter
costal rather than pectoral is major TrP. 

Subclavius Muscle 

S i n c e the subclavius m u s c l e m u s t be 
palpated through the c lavicular divis ion of 
the pectoral is major, local izat ion of its TrPs 
is best a c h i e v e d with the pectoral is major 
p l a c e d on s lack. To do this , the re laxed pa
t ient 's arm is p laced in adduct ion , and m e 
dial rotation. T h e e x a m i n e r can palpate 
subclavius central TrPs at the lateral por
t ion of the media l third of the c lavic le by 
rol l ing the t h u m b underneath the c lavic le , 
deep into the recess and across the tense 
f ibers . Palpat ion of the nodule or taut b a n d 
of a TrP is not re l iable through the pectoral 
m u s c l e (although a different angle) . One 
s h o u l d dist inguish the a t tachment TrP 
(ATrP) tenderness just lateral to and b e l o w 
the cos toc lavicular jo int from the CTrP ten
derness that is found c loser to midc lav ic le . 

10. ENTRAPMENT 
No direct nerve entrapments by the pec 

toralis major have b e e n conf i rmed. 

Shortening of the subclavius musc le be
cause of TrPs wi l l draw the c lavic le down 
toward the subclavian artery and vein as 
they pass over the f irst rib. In some patients 
this pressure can at least contribute to, i f 
not cause , entrapment and the symptoms 
of a vascular thorac ic outlet syndrome. 

Lymphat ic drainage from the breast usu
ally travels in front of, and around, the pec
toralis major m u s c l e to the axil lary lymph 
nodes . A l y m p h vessel from the cephalad 
port ion of the breast may pierce the pec
toralis major m u s c l e and terminate in the 
subclavicular l y m p h n o d e s . 1 0 Entrapment 
of this l y m p h duct by passage between 
tense f ibers of an involved pectoral is major 
m u s c l e , m a y cause edema of the breast. In 
these patients wi th TrPs, the signs of en
trapped lymphat ic drainage and breast ten
derness are rel ieved by inact ivat ion of the 
related pectoral is major TrPs. 

11. DIFFERENTIAL DIAGNOSIS 
Diagnoses based on tenderness and pain 

in the chest that need to be considered in 
addit ion to TrPs—and w h i c h are com
m o n l y made mis takenly w h e n TrPs are the 
cause of the p a i n — i n c l u d e angina pectoris , 
tear of the m u s c l e b e l l y , 1 0 1 b ic ipi tal ten
dini t is , supraspinatus tendini t is , subacro
mial bursi t is , media l epicondyl i t is , lateral 
epicondyl i t i s , C 5 - C 6 radiculopathy, C 7 

Figure 42.6. Pincer palpation used to examine the sternal division of the pectoralis major for TrPs. Local 
twitch responses are best elicited when the muscle is placed on a moderate stretch by abducting the arm. 
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and/or C 8 radiculopathy, intercostal neuri
tis or radiculopathy, irritation of the 
bronchi , pleura, or esophagus; hiatal her
nia with reflux, dis tension of the s tomach 
by gas, mediast inal e m p h y s e m a , 8 0 gaseous 
distension of the splenic f lexure of the 
c o l o n , 1 8 and lung cancer. 

Pectoral tension can be associated with 
lack of mobi l i ty in the midthorac ic region. 
A form of self-treatment is descr ibed in the 
fol lowing sect ion. 

W h e n active TrPs occur in the left pec
toralis major m u s c l e , the referred pain is 
easily confused with that due to coronary 
i n s u f f i c i e n c y . 2 1 , 5 3 , 9 4 Chest pain that persists 
long after an acute myocardia l infarct ion is 
often due to myofasc ia l T r P s . 3 5 , 7 8 , 7 9 , 9 3 

Somet imes tender points cons is tent 
with the f ibromyalgia syndrome occur di
rect ly over the sternocostal junc t ion of the 
second rib. T h e latter diagnosis can also be 
confused with costochondri t i s or can be 
mistaken for an enthesopathy result ing 
from a pectoral is major TrP located in the 
specif ic taut b a n d fibers that at tach at that 
sternocostal junct ion. Conversely, act ive 
TrPs in the subclavius m u s c l e m a y be mis
takenly diagnosed as overlying pectoral is 
major TrPs. 

S o m e of the less c o m m o n noncardiac 
skeletal syndromes that cause pain and ten
derness in the chest inc lude the chest wall 
syndrome, 2 1 Tietze's s y n d r o m e , 4 4 , 5 5 , 8 4 costo
chondrit is , the hypersensit ive x iphoid syn
drome, the precordial catch s y n d r o m e , 9 , 8 2 

the slipping rib s y n d r o m e , 3 8 and the rib-tip 
syndrome. 6 6 Each patient should be care
fully examined to determine if the symp
toms are partially or entirely due to myofas
cial referred pain and tenderness , especial ly 
from TrPs in the pectoralis major musc le . Of 
the above condit ions , each has been re
ported as sometimes rel ieved by inject ion of 
the tender area with a local anesthet ic with
out reference to examinat ion for TrPs. Re l ie f 
by injection is characterist ic of TrPs. 

In a s tudy explor ing the origin of ches t -
wal l pa in o f n o n c a r d i a c origin in 1 0 0 pa
t ients , W i s e , et al." f o u n d that 69 h a d 
ches t -wal l t e n d e r n e s s . Apparent ly , the pa
t ients w e r e not e x a m i n e d spec i f i ca l ly for 
myofasc ia l TrPs a n d a d iagnos is of f i 
bromyalg ia w a s m a d e in 5 pa t ients , t w o of 

w h o m h a d the i r p a i n s y m p t o m s repro
d u c e d w h e n pressure w a s a p p l i e d t o the 
t e n d e r po in t . However , r e c o g n i t i o n o f 
e l i c i t e d pa in w a s o b s e r v e d in a m i n o r i t y 
o f pa t ients , m o s t o f w h o m o n e w o u l d e x 
pec t to h a v e h a d TrPs. To r e p r o d u c e t h e 
TrP p a i n for r e c o g n i t i o n , i t is n e c e s s a r y to 
press p r e c i s e l y on the TrP c a u s i n g t h e 
pa in . W i t h o u t appropr ia te p h y s i c a l e x a m 
inat ion for t h e TrPs , t h e TrPs c o u l d eas i ly 
h a v e b e e n m i s s e d . 

A s imi lar s t u d y 5 6 of 62 adul ts re ferred 
for c o r o n a r y angiography i n c l u d e d an ex
a m i n a t i o n to ident i fy m u s c u l o s k e l e t a l 
sources of the pa in . A m o n g the 7 pa t i en ts 
( 1 1 % ) i n w h o m the c h e s t p a i n w a s repro
d u c e d on p h y s i c a l e x a m i n a t i o n , 5 h a d 
n o r m a l angiograms a n d w e r e d iagnosed 
as nonanginal chest pain. T h e m u s c l e s of 
these pa t i en ts w e r e n o t e x a m i n e d for pal 
pab le TrP c h a r a c t e r i s t i c s , a n d that d iagno
sis w a s a p p a r e n t l y not c o n s i d e r e d . A 
th i rd g r o u p 1 3 e x p r e s s e d c o n c e r n that 
r o u g h l y 2 0 % o f the pa t i en ts e v a l u a t e d b y 
angiography for c h e s t p a i n c a u s i n g m a j o r 
f u n c t i o n a l i m p a i r m e n t h a d n o r m a l coro 
nary arter ies . T h e c a u s e o f the i r p a i n w a s 
e n i g m a t i c a n d h a d n o e x p l a n a t i o n . T h e 
authors w e r e u n a w a r e o f TrPs . 

T h e pat ient w h o presents wi th a painful 
or tender breast , often wi th hypersens i t iv
ity of the n i p p l e to light contact , m a y har
bor respons ib le TrPs in the lateral margin 
o f the pectoral is major m u s c l e 8 9 , 9 5 (Fig. 
4 2 . 1 C ) . Cancer m a y be a ser ious , but unex
pressed fear in pat ients w h o express enor
m o u s re l ie f w h e n they real ize that the pain 
has a benign treatable myofasc ia l cause . 

Distinguishing Pain of Cardiac Origin 

Other authors have noted that pectoral is 
major TrPs can s imulate the s y m p t o m s of 
angina p e c t o r i s 3 6 and have i l lustrated s imi
lar referred pain patterns for pectoral is m a 
jor TrPs in the c lavicular and costal divi
s i o n s , 6 and in the sternal divis ion and 
media l and lateral marg ins . 7 T h e intensity, 
qual i ty and distr ibution of true cardiac 
pain can be reproduced in every detail by 
the pain referred from act ive TrPs in the 
anterior chest m u s c l e s . 5 3 , 7 7 , 9 4 Al though 
these patterns strongly m i m i c cardiac pain, 
myofasc ia l TrP pain shows a m u c h wider 
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variabi l i ty in its response to act ivity from 
day-to-day than does the more cons is tent 
exerc i se response of angina pector is . 

A definite diagnosis of act ive myofasc ia l 
TrPs based on their character is t ic signs and 
s y m p t o m s and a dramatic response to local 
t reatment does N O T exc lude cardiac dis
ease . Adding to this diagnost ic chal lenge is 
the fact that n o n c a r d i a c pain may induce 
transient T-wave changes in the electrocar
d i o g r a m . 2 8 A disorder of the heart m a y co
exis t and m u s t be ruled out by appropriate 
tests of cardiac f u n c t i o n . 8 6 

Compla ints of c i r c u m s c r i b e d areas of 
uni lateral parasternal pain should arouse 
s u s p i c i o n of parasternal TrPs in the pec
toral is major m u s c l e (Fig. 4 2 . 2 A ) . However, 
one should be aware that pain c lear ly of 
cardiac origin can be abol i shed temporar
i ly or permanent ly by the appl icat ion of a 
vapocoolant spray t o , 7 9 , 8 6 , 9 3 o r by infiltra
t ion of proca ine subcutaneous ly into, the 
area o f referred cardiac p a i n 3 2 , 6 1 ; these 
measures also e l iminate pain sole ly of 
myofasc ia l origin. H e n c e , re l ie f o f pain by 
a vapocoolant spray or by local in ject ion 
cannot be used diagnost ica l ly to exc lude 
myocardia l i s c h e m i a as a cause of the 
p a i n . 7 7 

On the other hand , re l ie f of pain by ni
trites does not ensure that the pain is due to 
coronary artery insuff ic iency, because a 
p lacebo somet imes is equal ly effective in 
angina p e c t o r i s . 2 9 Fur thermore , nitri tes di
late the per ipheral , as wel l as the coronary 
arteries and occas iona l ly have re l ieved 
skeletal m u s c l e p a i n . 1 6 , 3 2 , 5 3 Fo ley and col
l e a g u e s 2 3 , 2 4 s h o w e d that, in the pat ient wi th 
Raynaud's disease or the pat ient w h o h a d 
an absent radial pulse due to vasospasm, 
subl ingual ni troglycerin promptly restored 
the pulsat ion of the radial artery. 

T h e pectoral is minor musc le (see Chapter 
43 ) has a s imilar referred pain pattern and a 
c lose anatomical re lat ionship to the pec
toralis major. Act ive TrPs in the scaleni (see 
Chapter 20) also refer pain to the pectoral re
g i o n . 9 5 Tender spots in the deep paraspinal 
musc les to the left of the second to the sixth 
thoracic v e r t e b r a e , 1 0 0 and in the region of the 
left upper rectus abdominis musc le , induce 
chest pain that strongly m i m i c s cardiac dis
e a s e . 4 9 Experimental ly , Lewis and Ke l lgren 6 0 

accurately reproduced the pain of effort 
angina by injecting hypertonic sal ine to the 

l e f t o f t h e i n t e r s p i n o u s l i g a m e n t s b e l o w 
b o t h t h e C 7 a n d T l s p i n o u s p r o c e s s e s . 

Somatovisceral Effects. A c o m m o n 
e x a m p l e of a somatov iscera l r e s p o n s e is 
f o u n d in the pat ient w h o e x p e r i e n c e s 
e p i s o d e s o f supraventr i cu lar tachycardia , 
supraventr i cu lar premature contrac t ions , 
or vent r i cu lar premature cont rac t ions 
w i t h o u t other e v i d e n c e of heart disease . 
T h e pat ient w i t h s u c h a n e c t o p i c r h y t h m 
s h o u l d be c h e c k e d for an act ive TrP in the 
right pectora l region b e t w e e n the fifth and 
s ix th r ibs a t the spec i f i c s i t e 9 0 (Fig. 4 2 . 2 B ) . 
A l t h o u g h th is TrP is tender to palpat ion, 
i t is no t a source of s p o n t a n e o u s pain . In-
ac t ivat ion of the TrP p r o m p t l y restores 
n o r m a l s inus r h y t h m w h e n the TrP i s 
h e l p i n g to c a u s e an e c t o p i c supraventr ic 
ular r h y t h m a n d also can e l iminate recur
r e n c e s of the p a r o x y s m a l ar rhythmia or 
f requent premature c o n t r a c t i o n s for a long 
p e r i o d o f t ime . 

A c o m p a r a b l e somatoviscera l effect is 
the w e l l k n o w n onset o f angina pector is 
appear ing w h e n an anginal pat ient sud
d e n l y brea thes c o l d air through the n o s e . 2 6 

A n o t h e r effect i s the s lowing of the heart 
rate that o c c u r s w h e n the face i s p l a c e d in 
c o l d water, k n o w n as the diving reflex. 

T h e s o m a t i c area o f referred pain exerts 
a strong i n f l u e n c e on the perce ived pain 
or iginat ing in an i s c h e m i c m y o c a r d i u m . 
T h e pa in o f angina pec tor i s was re l ieved 
in three pat ients by infi l trating the painful 
area s u b c u t a n e o u s l y wi th 2 % p r o c a i n e . 9 7 

E v e n the appl i ca t ion o f on ly v a p o c o o l a n t 
spray to the area of c h e s t pain referred 
from a m y o c a r d i a l infarct re l i eved the 
pain at o n c e . 9 0 Chest pain that pers is ted in 
12 pat ients fo l lowing a myocard ia l in
farct, or angina pec tor i s that deve loped 
short ly after a m y o c a r d i a l infarct , was re
l ieved by p r o c a i n e in jec t ion or v a p o c o o l 
ant spray of t h e TrPs in the ches t wal l 
m u s c l e s . 7 9 

A n o t h e r e x a m p l e o f somat ic modula t ion 
of v isceral cardiac pain was observed using 
the in travenous ergonovine test, w h i c h in
d u c e d suff icient myocard ia l i s c h e m i a to 
cause anginal pain a n d depress ion of the 
S - T segment in the normal resting electro
cardiograms of pat ients subject to effort 
angina, but not in pain-free controls . T h i s 
pain and e lec trocardiographic response to 
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intravenous ergonovine is quickly reversed 
by sublingual nitroglycerin, but persists for 
more than 10 minutes when untreated. 

Patients who responded to the er
gonovine test in this manner were 
sprayed with vapocoolant over the so
matic areas of anginal pain that developed 
on effort and after intravenous ergonovine 
injection. 9 0 In no case did the vapocoolant 
delay or modify the electrocardiographic 
ischemic response. However, 10 of 12 pa
tients whose pain areas were sprayed im
mediately following injection obtained 
complete relief of pain, and two patients 
obtained partial relief. More surprisingly, 
when the spray was applied to the areas 
that were known to become painful just 
before the ergonovine injection, 9 of 15 
patients experienced no pain at all, al
though the electrocardiographic effects of 
coronary ischemia developed as before. 
The other 6 patients, who had been pre-
sprayed, experienced a delayed onset or 
attenuation of anginal pain after intra
venous ergonovine. 

Viscerosomatic Effects. An example of 
a myofascial viscerosomatic interaction 
begins with coronary artery insufficiency, 
or other intrathoracic disease, that refers 
pain from these visceral structures to the 
anterior chest wall. As a result, satellite 
TrPs develop in the somatic pectoral mus
cles. Kennard and Haugen 5 2 related the 
presence of palpably tender TrPs in the 
chest muscles to chest and arm pain, and 
to the disease process responsible for the 
pain. They found that 6 1 % of 72 patients 
with cardiac disease, 4 8 % of 35 patients 
with other visceral chest disease, and 
only 2 0 % of 46 patients with pelvic and 
lower extremity disease, had tender TrPs 
in the chest muscles. In the patients with 
chest and arm pain due to cardiac and 
other unilateral intrathoracic disease, ten
der TrPs were strongly lateralized to the 
affected side. 

Additional examples of somatovisceral 
and viscerosomatic effects in relation to the 
abdominal viscera 8 3 are presented in Chap
ter 49, Section 6, where the neurophysiol
ogy of referred visceral pain is summarized. 

Related Trigger Points 

T h e pectoral is major is one of the four 
musc les compris ing the quadrad that can 

produce the myofasc ia l pseudothorac i c 
outlet syndrome (see Chapter 18 , S e c t i o n 
B ) . T h i s m u s c l e and the la t iss imus dorsi , 
teres major, and subscapular is m u s c l e s in
dividually, and espec ia l ly in combinat ion , 
produce referred pain that confus ingly 
m i m i c s a thorac ic outlet syndrome. T h e 
pat ient may, however , have a true entrap
m e n t or compress ive thorac ic outlet syn
drome wi th s imi lar s y m p t o m s , but referred 
from sca lene TrPs. 

Paral le l funct ional uni t m u s c l e s , the an
terior del toid a n d coracobrachia l i s , are 
synergists that substi tute in part for im
paired funct ion of the pectoral is major. T h e 
anterior del toid is espec ia l ly l ike ly to de
velop satell i te TrPs b e c a u s e i t also l ies 
w i t h i n the pain reference zone of the pec 
toralis major. Before long, the subscapu
laris and la t i ss imus m u s c l e s , w h i c h are 
also part of the synergist ic funct ional unit , 
m a y develop act ive TrPs. 

Involvement of the serratus anterior, the 
r h o m b o i d m u s c l e , and m i d d l e trapezius 
antagonists often fo l lows, espec ia l ly in the 
pat ient wi th a round-shouldered posture . 
T h e infraspinatus , teres m i n o r and poste
rior del toid antagonist ic m u s c l e s also m a y 
develop active TrPs, wi th the end result of 
a " f r o z e n " shoulder . 

12. TRIGGER POINT RELEASE 
(Fig. 42.7) 

Correct ion of round-shouldered posture 
and m a i n t e n a n c e of good d y n a m i c posture 
are essent ia l for lasting re l ie f of pectoral 
trigger points (TrPs) (see Chapter 4 1 ) . 

In addi t ion to t h e spray-and-s t re tch 
t e c h n i q u e d e s c r i b e d h e r e , o ther t e c h 
n i q u e s i n c l u d i n g trigger p o i n t pressure 
r e l e a s e , p o s t i s o m e t r i c r e l a x a t i o n a n d c o n 
t rac t - re lax as d e s c r i b e d in Chapter 3 , S e c 
t ion 12 , are a lso e f fec t ive for r e l e a s e of 
central TrPs in the p e c t o r a l i s ma jor m u s 
c l e . T h e p r i m a r y t h e r a p e u t i c a p p r o a c h t o 
attachment TrPs is to inac t iva te t h e cen
tral TrPs that are caus ing t h e m . S o m e 
c l i n i c i a n s f ind i n d i r e c t t e c h n i q u e s 4 7 t o b e 
e f fec t ive for treat ing w h a t u s u a l l y are 
m y o f a s c i a l a t t a c h m e n t TrPs b u t h a v e not 
b e e n r e c o g n i z e d as s u c h . 

F o r s p r a y and stretch, all sections of the 
pectoral is major are usual ly more effec
t ively s tretched wi th the pat ient seated 
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than supine . T h e former posi t ion permits 
greater mot ion of both the scapula and 
arm. T h e freedom is important because this 
m u s c l e m u s t ef fect ively be s tretched across 
three art iculat ions (Sec t ion 4 ) . Therefore , 
t ract ion is appl ied to the arm as part of the 
stretch. T h e object is not only to increase 
the range of m o t i o n at the g lenohumera l 
jo int , but also to adduct the scapula over 
the ches t wal l to ful ly elongate the pectoral 
m u s c l e . 

In any of the three stretch posi t ions de
scr ibed below, but part icular ly w h e n 
stretching the most caudal f ibers , t ightness 
of the subscapular is due to TrPs can l imit 
stretch of the pectoral is major. I f the sub
scapular is is also involved, its spray pat
tern (see Fig. 26 .5C) should be i n c l u d e d al
ternately wi th the pectoral is pattern to 
re lease both m u s c l e s together. 

For passive stretch of the clavicular sec
tion (Fig. 4 2 . 7 A ) , the arm is lateral ly ro
tated and hor izonta l ly ex tended (abducted) 
s l ightly b e l o w 90° at the shoulder to fully 
take up the s lack in the c lavicular f ibers . 
T h e vapocoo lant spray is swept laterally 
f rom the c lav ic le across the m u s c l e and 
then over the shoulder and upper l imb to 
cover the referred pain pattern before and 
w h i l e taking up any s lack that develops . 

To stretch the intermediate sternal 
f ibers , the arm is p laced at approximate ly 
9 0 ° of abduct ion , then lateral ly rotated and 
then m o v e d s lowly toward the b a c k into 
ex tens ion . Just before and w h i l e this posi
t ion is ach ieved , paral le l sweeps of the 
vapocoolant are directed laterally and up
ward across the sternal port ion of the mus
c le , starting at the s ternum and cont inuing 
over the upper l imb to cover all of its re
ferred pain patterns, inc luding the f ingers 
(Figs. 4 2 . 1 B and 4 2 . 7 B ) . TrPs in the ante
rior del toid m u s c l e wi l l also restrict this 
m o v e m e n t , but their spray pattern is al
ready i n c l u d e d in that of the pectoral is ma
jor m u s c l e . 

W h e n inact ivat ing parasternal TrPs, the 
stretch posi t ion of Figure 4 2 . 7 B is used. 
However, the spray is swept media l ly fol
lowing the sternal sec t ion of the m u s c l e 
from its lateral border, over the TrPs and 
pain re ference zone to the m i d l i n e . 

T h e pectoral is major m u s c l e can be 
s t re tched and sprayed wi th the pat ient in 

the supine posi t ion if care is taken not to 
fix the scapula against the table. Figure 
4 2 . 7 C i l lustrates and describes pectoral re
lease in the supine posi t ion for the lower 
sternal and costal sections. 

For stretch of the lowest costal section, 
with the pat ient either seated or supine, 
the arm is f lexed at the shoulder whi le he ld 
in lateral rotation (like the stretch used for 
the pectoral is minor musc le ) . W h e n there 
is no more s lack in the m u s c l e , sweeps of 
spray or ic ing are directed downward and 
media l ly from the humerus over the pas
sively stretched f ibers, also covering the 
tender breast . T h e c l in ic ian takes up any 
s lack that develops . 

It is a lways advisable to c h e c k the con
tralateral pectoral is major s ince both are 
frequently involved in round-shouldered 
posture. If there is bi lateral involvement , 
both s ides should be sprayed and released. 

T h r e e slow cyc les of full act ive range of 
m o t i o n are fo l lowed immedia te ly by ap
pl ica t ion of mois t heat . Afterward any 
res idual TrPs (and TrPs in the subclavius) 
usual ly can be inact ivated by trigger point 
pressure release (see Chapter 3 , Sec t ion 
12) or by in ject ion with 0 . 5 % procaine so
lut ion, fo l lowed again by br ief stretch and 
spray and then moist heat . 

Latent TrPs of the antagonist ic rhom
boid and middle trapezius musc les can be 
act ivated by u n a c c u s t o m e d shortening 
during stretch of the pectoral is major. Also, 
the tense pectoral musc les overload these 
posterior m u s c l e s causing painful stretch 
weakness . In ei ther case , these interscapu
lar m u s c l e s should be released by vapo-
cool ing and non-stretch procedures (such 
as trigger point pressure release, taut band 
massage, or indirect techniques) fol lowed 
by strengthening exerc ises . 

Vapocool ing the skin over the pectoralis 
major m u s c l e in the pattern shown (Fig. 
4 2 . 7 A and B) may rel ieve the pain of true 
cardiac i schemia , as wel l as pain arising 
f rom active myofasc ia l T r P s . 8 7 , 9 5 Thus , the 
cardiac status should be known in every 
pat ient w h o exper iences rel ief of chest 
pain by these s imple measures . 

Myofasc ia l TrP t ightness of the c lavicu
lar port ion of the pectoral is major can exert 
forward and downward traction on the 
c lavic le , increasing tens ion on the c lavicu-
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Figure 42.7. Positions for muscle release and patterns 
for application of intermittent cold (arrows) for trigger 
points (Xs) in the pectoralis major muscle. A, vapo
coolant and stretch for the clavicular section, patient 
seated, relaxed and comfortably leaning against the 
back support. As the patient slowly exhales, the oper
ator applies vapocoolant (or ice) in the pattern indi
cated while gently horizontally abducting the arm. Ap
plication of cold is resumed after the patient has 
slowly taken another deep breath. This cycle contin
ues rhythmically until maximum available range is 
achieved. B, vapocoolant and stretch for the sternal 
and costal sections of the muscle may be applied with 

a sequence and rhythm similar to that in A, above, ex
cept that the arm is placed in flexion above the hori
zontal. C, Using another method, intermittent cold can 
be applied in the same pattern as in B to a supine pa
tient prior to muscle lengthening. Then the trigger 
points of the sternal division may be inactivated and 
their tension relieved by this pain-free and effective 
manual release technique. The operator uses one 
hand to stabilize the sternum and lower part of the 
muscle while slowly exerting countertraction with 
the other hand at the distal humerus, slowly releasing 
the tissues to the point of resistance (barrier). Another 
pectoral release is shown in Figure 12.8A. 
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plete ly (which encourages mobi l izat ion of 
the m i d t h o r a c i c area and also pectoral 
re lease) . 

13. TRIGGER POINT INJECTION 
(Fig. 42.8) 

T h e pat ient l ies supine for all in ject ions 
of trigger points (TrPs) in the pectoralis ma
jor m u s c l e . 

Clavicular Section 

Using flat palpat ion, the c l in ic ian local
izes these TrPs between the fingers for in
ject ion, s imi lar to the m a n n e r shown in Fig
ure 4 2 . 8 A . However, the central TrPs wi l l 
be found more cephalad and more lateral, 
corresponding to a locat ion about ha l f way 
between the Xs in Figure 4 2 . 1 A . The needle 
is a imed cephalad and nearly tangent with 
the chest wall to avoid penetrating an inter
costal space as was also noted by Rinz ler . 7 8 

R a c h l i n 7 5 descr ibes pectoral is major TrP 
in jec t ions and i l lustrates in ject ion of a CTrP 
in the c lavicular division of the musc le . 

Upper Sternal Section 

About ha l f of this most cephalad portion 
of the pectoral is major's sternal sect ion lies 
beneath the c lavicular sect ion (Fig 4 2 . 4 ) . Its 
TrPs are usual ly located by flat palpation 
and in jected, as s h o w n in Figure 4 2 . 8 A , in 
the region of the uppermost X of Figure 
4 2 . 1 B . Occas ional ly , in patients with highly 
mobi le subcutaneous t issue, active TrPs in 
the upper and midsternal sect ions may be 
reached using p incer palpation by inserting 
the f ingers (and the patient 's skin) between 
the unders ide of the pectoral is major and 
the chest wal l . P incer palpat ion permits 
more accurate posit ioning of the needle . 
F ingernai ls must be short to permit a pincer 
grasp, as in Figure 4 2 . 8 C , but with more of 
the m u s c l e be tween the f ingers . To do this , 
the c l in ic ian must s lacken the musc le by 
bringing the arm c lose to the patient 's side. 
F inger pressure adjusts musc le tension. 

W h i c h layer of m u s c l e contains the TrPs 
may be inferred by the depth of the needle 
on contact wi th a TrP and the fiber direc
tion of the local twitch response . 

Mid- and Lower-sternal Sections 

Figure 4 2 . 8 A il lustrates a technique for 
inject ing the central TrPs that frequently 
occur in the midfiber region of the midster-

lar head of the s ternoc le idomasto id mus
c le , w h i c h can i n d u c e TrPs in i t and in
volve a u t o n o m i c c o m p l i c a t i o n s . For relief, 
bo th the tense pectoral f ibers and the ster
n o c l e i d o m a s t o i d TrPs must be r e l e a s e d . 6 4 

Arrhythmia Trigger Points 

Before attempting to inact ivate the ar
r h y t h m i a TrP itself, it is best to inact ivate 
all of the sternal divis ion TrPs. T h e ar
rhythmia TrP and the parasternal TrPs m a y 
require repeated appl icat ion of trigger 
point pressure re lease , stripping massage, 
and, as a last resort, local anesthet ic in jec
t ion. I t is important to teach the pat ient 
wi th arrhythmias the se l f -appl icat ion of 
trigger po int pressure release . With the 
t h u m b of one h a n d on top of the f inger of 
the other h a n d to re inforce it, increasing 
pressure is directed onto the tender TrP 
against the rib for a m i n u t e or more . S o m e 
pat ients can thus learn to abort a paroxys
mal ec top ic tachycardia as soon as the at
tack is recognized. 

Other Release Techniques 

For m a n y pat ients , Postisometric Relax
ation (PIR) is a va luable t e c h n i q u e that 
Lewi t i l lustrated and descr ibed speci f i 
ca l ly for th is m u s c l e wi th the pat ient 
s u p i n e . 5 8 He ident i f ied the i m p o r t a n c e o f 
the pat ient locat ing the direc t ion of ab
duct ion of the arm that p laces uncomfor t 
able t e n s i o n on spec i f i ca l ly the invo lved 
(taut) m u s c l e f ibers . W h e n PIR is at
t e m p t e d wi th the pat ient sitt ing, i t is not 
as ef fect ive in s o m e pat ients w h o have dif
f i cul ty re lax ing during exha la t ion wi th 
the arm ra ised overhead. T h e pat ient must 
be w a r n e d not to contrac t wi th too m u c h 
f o r c e . 6 4 

For pat ients w h o have pectora l is ma jor 
TrPs assoc ia ted wi th lack of mobi l i ty in the 
m i d t h o r a c i c sp ine , a se l f - t reatment s imi lar 
to that descr ibed (for the lower thorac ic 
sp ine) by L e w i t 5 9 can be benef ic ia l . T h e pa
t ient sits facing a wal l , k n e e s touch ing the 
wal l , wi th h a n d s b e h i n d the head , e lbows 
back , a n d b e n d i n g forward at the h ips so 
that the forehead t o u c h e s the wal l . T h e pa
t ient is then ins t ructed to breathe in 
deeply, br inging the air in to a point in the 
m i d t h o r a c i c region (which p r o d u c e s a 
sl ight k y p h o s i s a n d pectora l contrac t ion) 
and to breathe out s lowly, re lax ing com
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nal and lower-sternal sect ions of the pec
toralis major. T h e s e locat ions correspond 
to the locat ions of the middle and lower Xs 
of Figure 4 2 . 1 B . T h e TrPs in these regions 
are in jected with a 3 7 m m (1.5 in) needle by 
directing it upward toward the coracoid 
process , nearly parallel to the thorac ic 
cage. T h e Hong technique for holding the 
syringe (see Chapter 3, Sec t ion 13) is rec
o m m e n d e d in this locat ion. 

Parasternal TrPs in the media l part of the 
sternal sect ion (Xs in Figure 4 2 . 2 A ) are lo
cal ized for in ject ion be tween the f ingers by 
flat palpation and posi t ioned as s h o w n in 
Figure 4 2 . 8 B . Tenderness along the sternal 

Figure 42.8. Injection of trigger points in the pectoralis 
major muscle. A, the trigger points are localized and 
fixed by flat palpation for injection in the central por
tion of the midsternal section of the muscle. If the nee
dle is not directed nearly tangent to the chest wall, be
ware of entering the pleura. B, similar technique for 
injection of parasternal attachment trigger points in 

border in the region of the m u s c u l o t e n d i 
nous a t tachments of the pectoral is major is 
l ikely to be enthesopathy of a t tachment 
TrPs that are secondary to susta ined tens ion 
c a u s e d by taut bands running to corre
sponding central TrPs. Sus ta ined re l ie f of 
this tenderness requires inact ivat ion of cen
tral TrPs in the central port ion of the corre
sponding m u s c l e f ibers . 

Midsternal TrPs can strongly i n d u c e all 
parts of the pectoral is major pain pattern. 

Costal Section 

T h e central TrPs along the lateral border 
of the pectoral is major that are l ikely to 

the midsternal section of the muscle. C, pincer grasp 
illustrated for injection of fibers in the lateral margin of 
the lower costal and abdominal sections of the mus
cle. D, flat palpation for injection of the cardiac ar
rhythmia trigger point by directing the needle upward 
toward the lower margin of the fifth rib, into the spot 
of maximal tenderness. 
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cause breast pain and n i p p l e hypersens i 
t ivity (Fig. 4 2 . 1 C ) usual ly occur in the 
f ibers of the costal sec t ion of the m u s c l e . 

To in ject central TrPs in the lateral mar
gin of the costal a n d abdominal sect ions of 
the pectoral is major, palpate the midfiber 
port ion of the m u s c l e for tender nodules in 
taut bands w h e r e the lower X is located in 
Figure 4 2 . 1 C . T h e m u s c l e i s grasped be
t w e e n the t h u m b and fingers of one hand , 
as in Figure 4 2 . 8 C so that the TrPs can be 
prec ise ly in jected by palpating and local iz
ing the TrP b e t w e e n the f ingers. For this 
TrP, appropriate m u s c l e tens ion is usual ly 
at tained by abduct ing the arm to approxi
mate ly 90° . T h e TrPs in this locat ion can 
usual ly be verif ied by their vigorous local 
twi t ch responses . For TrPs in the most su
perf ic ial f ibers , the needle should enter at 
an acute angle to the fibers; for deep TrPs, 
using p incer palpat ion, the needle may be 
directed perpendicular ly to the skin so it 
can reach a c luster of TrPs in the middle or 
on the far s ide of the fold. Sk in mobi l i ty in 
this area usual ly permits mul t ip le TrP in
jec t ions through one skin penetrat ion. 

Hemostas is i s m a i n t a i n e d by constant 
counterpressure during and after each in
j e c t i o n . 8 9 

Subclavius Muscle 

If, after in jec t ion of TrPs in the c lavicu
lar sect ion, tenderness to deep subc lavicu
lar pressure persists , and part icularly i f 
this pressure el ic i ts pain in the referral pat
tern of the subclavius m u s c l e (Fig. 4 2 . 3 ) , 
that m u s c l e should be explored wi th a nee
dle for TrPs. To do this , the needle is di
rec ted toward the point o f m a x i m u m ten
derness b e n e a t h the c lavic le , usual ly in the 
m i d d l e o f the m u s c l e toward the junc t ion 
of its media l and m i d d l e thirds. Strong re
ferred pain patterns are l ikely to be e l ic i ted 
by needle penetrat ion of these TrPs. 

F o r all parts of the pectoral is major mus
c le , the TrP in ject ion is fo l lowed by 3 s low 
cyc les of act ive full range of mot ion . T h i s 
act ivi ty " r e - e d u c a t e s " the m u s c l e in its 
normal range of m o t i o n . 9 1 I f desired, appl i 
cat ion of mois t heat can be used also. A n y 
res idual TrPs may be inact ivated by trigger 
point pressure re lease and/or by stretch 
and spray. Both procedures seem to be 

more effective during, rather than before or 
after, the duration of the local procaine 
analgesia (about 15 minutes ) . 

Arrhythmia Trigger Point 

After locating the prec ise spot tender
ness of the arrhythmia TrP by flat palpa
t ion, the needle is directed cephalad to
ward the f i f th rib (Fig. 4 2 . 8 D ) . T h e needle 
is a imed nearly tangential to the skin, s ince 
the TrP l ies no deeper than the anterior sur
face of the lower border of the rib. Th is TrP 
is located c lose to the depth of the external 
intercostal musc les . During and after treat
ment , the pat ient breathes in a manner that 
keeps the chest diameter small , using nor
mal , coordinated respiration and not the 
surpris ingly c o m m o n paradoxical breath
ing (see Fig. 2 0 . 1 5 ) . Resolut ion of this TrP 
has b e e n difficult in patients wi th an em
physematous , large-diameter chest with 
hyperinf lated lungs. 

14. CORRECTIVE ACTIONS 
(Fig. 42.9) 
Patient Education 

For patients w h o have no demonstrable 
ev idence of heart disease, but w h o suffer 
from chest pain that they understood to be 
of cardiac origin, their recognit ion of TrPs 
in the pectoral is major m u s c l e as the cause 
of the pain comple te ly changes their out
look on life and level of funct ion. By 
demonstrat ing to these patients that the 
k ind and distr ibution of their pain is re
produced by pressure on the TrPs, and by 
demonstrat ing local twitch responses , the 
patients are c o n v i n c e d that the pain is in
deed myofasc ia l and not of l i fe-threatening 
cardiac origin. A normal , act ive life again 
b e c o m e s poss ib le . Re l ie f of pain by treat
ment of the affl icted musc les reassures the 
pat ient that it is safe to fo l low instruct ions 
and to perform the recondit ioning exercise 
program, w h i c h is often crit ical for restor
ing normal funct ion of the skeletal muscu
lature and the quality of life. 

W h e n coronary artery disease and pec
toralis major TrPs coexist , re l ief of the TrP-
i n d u c e d pain is important for more than 
comfort . Pain i tself may reflexly diminish 
the ca l iber of the coronary arteries and 
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Figure 42.9. Effect of the In-doorway Stretch Exercise on the pectoralis major muscle. A, lower hand-position 
to stretch the clavicular section bilaterally. B, middle hand-position to stretch the sternal section bilaterally. C, 

upper hand-position to stretch the fibers of the costal and abdominal sections. See text for details. 

thereby even further increase myocardia l 
i s c h e m i a . 2 8 , 6 1 , 6 7 

Patients with large heavy breasts not 
only suffer from compress ion of the t issues 
across the shoulders by tight bra straps, but 
they c o m m o n l y have bras that exert con
stricting pressure around the ches t that 

makes deep indentat ions in the skin. T h i s 
can aggravate and perpetuate pectoral is 
major TrPs. In this case , the tens ion around 
the chest must be eased either by adding a 
bra extender b e t w e e n the hooks or by re
leasing some of the e last ic i ty bui l t into the 
bra by using a hot iron. 
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Postural Considerations 

It is essential that patients learn good pos
ture—both static and d y n a m i c — a n d learn to 
mainta in it during changes in posit ion. 

T h e r e c o m m e n d a t i o n s for good standing 
and sitting posture are d iscussed in Chap
ter 4 1 , S e c t i o n C. 

Sleeping Posture 

W h e n sleeping, the pat ient must avoid 
shortening of the pectoral is ma jor m u s c l e , 
as occurs w h e n the arms are folded across 
the chest . T h e corner of the p i l low should 
be tucked b e t w e e n the head and shoulder 
to drop the shoulder backward, nof tucked 
u n d e r the shoulder ( s e e Fig. 7.7A). W h e n 
lying on the pain-free s ide, the pat ient 
should support the uppermost forearm on 
a p i l low to prevent the arm from dropping 
forward to the bed and thus shortening the 
affected pectoral is ma jor ( s e e Fig. 2 2 . 6 A ) . 
W h e n the pat ient l ies on the affected side, 
the p i l l o w f i ts in the axi l la be tween the 
arm and the chest to mainta in some degree 
of pectoral is major stretch ( s e e Fig. 26 .7 ) . 

Stretch Exercises 

T h e In-doorway Stretch Exerc i se i s use
ful to stretch all of the adductors and m e 
dial rotators at the shoulders . To do it, the 
pat ient stands in a narrow doorway wi th 
the forearms flat against the door facings to 
a nchor the forearms, and steps forward 
through the doorway to stretch the m u s 
c les (Fig. 4 2 . 9 ) . T h e pat ient does NOT 
grasp the door jamb and hang on b e c a u s e 
that ser iously interferes wi th the m u s c u l a r 
re laxat ion n e e d e d for this exerc ise to be ef
fect ive . One foot is p laced in front of the 
other, and the forward knee is bent . T h e 
pat ient ho lds the head erect looking 
straight ahead, ne i ther craning the n e c k 
forward, nor looking down at the floor. As 
the forward knee bends and the pat ient 
shifts the b o d y through the doorway, a 
slow, gentle , pass ive stretch is exer ted bi
lateral ly on the pectoral is ma jor m u s c l e 
a n d on its synergist ic m u s c l e s . T h e stretch 
is h e l d briefly, for only a few seconds . T h e 
pat ient pauses , re laxes , and takes a few 
s l o w abdomina l breaths b e t w e e n each cy
c le to e n h a n c e re laxat ion. 

F o r full e f fect iveness of this stretch 
t e c h n i q u e , the pat ient needs to learn the 

c o n c e p t of barrier release. T h e c l in ic ian 
should instruct the patient to stretch the 
m u s c l e to the point of comfortable tension 
( W I T H O U T PAIN) and at that point shift 
forward and ho ld it, producing a traction 
feeling that gradually al lows some release 
of the m u s c l e tens ion and addit ional for
ward movement . 

T h e h a n d posi t ion against the doorjamb 
is adjusted to apply the stretch to different 
taut bands in the musc le . Fibers of the 
c lavicular sect ion are stretched best in the 
lower hand-posi t ion (Fig. 4 2 . 9 A ) . By rais
ing the hands to the middle hand-posi t ion 
with the upper arms horizontal (Fig. 
4 2 . 9 B ) , the sternal sect ion is stretched. 
Moving the hands as high as possible , 
w h i l e keeping the forearms against the 
door jambs (Fig. 42 .9C) , s tretches the costal 
and more vert ical abdominal f ibers that 
form the lateral margin of the musc le . 

W h e n doing this exerc ise , the patient 
should be encouraged to dist inguish the 
different feelings of stretch for each sect ion 
of m u s c l e . T h i s exercise can be combined 
with the pr inc iples of contract-relax and 
rec iprocal inhibi t ion to good advantage. 

If desired, the patient may be told also to 
swing the hips forward through the door
way to stretch the i l iopsoas and the more 
vert ical f ibers of the lat iss imus dorsi mus
cles on the s ide of the rear leg. 

T h e patient can be instructed in self-
re lease of this musc le using trigger point 
pressure release or stripping-type massage 
(described in Chapter 3 , Sec t ion 12) . 

SUPPLEMENTAL REFERENCES, CASE 
REPORTS 

Dr. Travel l has p r e s e n t e d case reports of 
pat ients w i t h m y o f a s c i a l pa in a n d m y o 
cardia l in farc t ion or effort a n g i n a , 7 9 , 8 6 

w i t h p s e u d o a n g i n a , 9 4 and w i t h breast 
pa in a n d soreness due to TrPs in the lat
eral border o f the pectora l i s m a j o r . 8 9 
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CHAPTER 43 
Pectoralis Minor Muscle 

HIGHLIGHTS: When the pectoralis minor muscle 
harbors trigger points (TrPs), its taut fibers are 
likely to entrap the axillary artery and the brachial 
plexus and frequently mimic cervical radiculopa
thy. REFERRED PAIN from a left-sided muscle, 
pectoralis major or minor, may refer pain to the 
precordium that mimics the angina of myocardial 
ischemia. The pectoralis minor refers pain over 
the front of the chest, primarily to the front of the 
shoulder, and sometimes down the ulnar side of 
the arm, forearm and fingers. The ANATOMY of 
this muscle differs from that of the pectoralis ma
jor by connecting the anterior rib cage to the 
coracoid process rather than to the humerus. 
FUNCTION of the pectoralis minor, therefore, in
cludes pulling the scapula and shoulder region 
down and forward, and assisting the upper chest 
muscles in forced inhalation. PATIENT EXAMI
NATION discloses a round-shouldered posture. 
Shoulder motion is somewhat restricted when 
reaching forward and upward, and more re

stricted when reaching backward at shoulder 
level. TRIGGER POINT EXAMINATION pro
ceeds by palpating the pectoralis minor indirectly 
through the pectoralis major, or directly, reaching 
it by sliding the thumb beneath the pectoralis ma
jor, using pincer palpation. ENTRAPMENT symp
toms due to compression of the brachial plexus 
(medial and lateral cords) and of the axillary artery 
by an abnormally taut pectoralis minor muscle 
are accentuated when the arm is fully abducted. 
TRIGGER POINT RELEASE is initiated by apply
ing vapocoolant in upsweeps over the anterior 
chest and shoulder and down the ulnar surface of 
the arm, followed by application of a manual re
lease technique. TRIGGER POINT INJECTION is 
performed by directing the needle nearly parallel 
to the chest wall and not toward the ribs, using 
pincer palpation wherever the patient's anatomy 
permits. CORRECTIVE ACTIONS for long-term 
relief require that a stooped posture or other 
stress overload on the muscle be eliminated. 

1. REFERRED PAIN 
(Fig. 43.1) 

T h e trigger points (TrPs) in the pectoral is 
m i n o r m u s c l e refer pain most strongly over 
the anterior del toid area. With very active 
TrPs, the pain m a y extend upward over the 
subc lavicular area, and somet imes covers 
the entire pectoral region on the same side. 
Spi l lover referred pain extends along the 
u lnar side of the arm, elbow, forearm, and 
palmar h a n d to inc lude the last three f ingers 
(Fig. 4 3 . 1 ) . At this point , no dis t inct ion is 
drawn be tween the pain originating from an 
upper a t tachment TrP (ATrP) or the lower 
central TrP (CTrP) in the pectoral is minor. 

Essent ia l ly the same pattern also is re
ferred from adjacent c lavicular divis ion 
TrPs of the pectoral is major m u s c l e (see 
Fig. 4 2 . 1 A ) . 4 3 

Pain from either pectoral m u s c l e 2 5 , 3 4 and 
speci f ical ly the pectoral is m i n o r , 2 8 can 
c lose ly m i m i c the pain of cardiac i schemia . 

2. ANATOMY 
(Fig. 43.2) 

T h e pectoral is minor musc le attaches 
above to the media l aspect of the tip of the 
coraco id process of the scapula and below 
to the third, fourth and fifth ribs near their 
costal cart i lages 9 (Fig. 4 3 . 2 ) . It also may at
tach as l o w as the sixth rib, or as high as 
the first r ib . 5 

T h e tip of the coracoid process also pro
vides a site of a t tachment for the tendons 
of the coracobrachia l is and short head of 
the b iceps brachi i musc les . A slip of the 
pectoral is minor m a y extend beyond the 
coracoid process in about 1 5 % of bodies to 

8 4 4 
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attach to tendons of adjacent musc les , or to 
the greater tuberosity of the h u m e r u s . 4 , 5 

Two other, relat ively infrequent , ana
tomical variations are d e s c r i b e d . 1 6 T h e pec 
toralis minimus connec ts the first rib carti
lage to the coracoid process , ef fect ively 
extending the thoracic cage inf luence of 
the pectoralis minor m u s c l e c e p h a l a d . 3 3 

T h e pectoral is intermedius may attach 
more media l ly than the pectoral is minor 
onto the third, fourth and fifth rib carti
lages and attach above to the fascia cover
ing the coracobrachial is and b i c e p s brachi i 
musc les . Th is arrangement sandwiches the 
intermedius be tween the pectoral is major 
and minor m u s c l e s . 1 6 

Supplemental References 

Other authors h a v e c lear ly i l lustrated 
the pectora l i s m i n o r m u s c l e as seen f rom 
the f r o n t , , ' , 1 0 , 1 5 , 2 7 , 3 3 , 3 8 , 4 1 f rom in front w i t h 
neurovascu lar s t ruc tures , 2 f rom the s i d e , 3 0 

from the s ide w i t h n e u r o v a s c u l a r s truc
t u r e s , 1 2 f r o m b e l o w w i t h n e u r o v a s c u l a r 

s t r u c t u r e s , 3 1 a n d in cross s e c t i o n . 1 4 , 1 7 In a 
c o m m o n var ia t ion , f i b e r s e x t e n d over the 
c o r a c o i d p r o c e s s to r e in f or ce the c o r a c o -
h u m e r a l l i g a m e n t . 4 

A p p r o x i m a t e l y 4 0 % o f pec tora l i s m i n o r 
f ibers are type II, decreas ing s l ight ly after 
age 6 0 . T h e v o l u m e of t y p e I I f ibers i s sig
n i f i cant ly d e c r e a s e d after that a g e . 3 7 

3. INNERVATION 
T h e pectoral is m i n o r i s innervated by 

the media l pectoral nerve from the media l 
cord, and by f ibers o f roots C 8 and T 1 . 9 

4. FUNCTION 
T h e pectoral is minor draws the scapula 

forward, downward and inward at near ly 
equal a n g l e s . 3 3 Depress ion of the shoulder 
by this m u s c l e 9 , 1 3 , 2 1 s tabi l izes the scapula 
w h e n the arm exerts downward pressure 
against r e s i s t a n c e . 3 3 S i n c e the inward force 
c o m p o n e n t i s b l o c k e d by the c lav ic le w h e n 
this m u s c l e contracts , the resultant force 
draws the g lenoid fossa of the scapula 

Figure 43.1. Referred pain pattern (solid red is the essential portion, stippled red shows the spillover portion), 
and trigger point locations (Xs) in the right pectoralis minor muscle. The upper X identifies the location of an 

attachment trigger point and the lower X a central trigger point location in this muscle. 
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Figure 43.2. Usual attachments of the pectoralis minor muscle (red) to the coracoid process of the scapula 
and to the third, fourth, and fifth ribs. 

obl iquely down and forward . 1 3 At the same 
t ime, this force tends to lift its media l bor
der and inferior angle away from the ribs 
(winging of the s c a p u l a ) . 3 3 

T h e coraco id depress ion by this m u s c l e 
is used to pul l the shoulders forward. T h e 
m u s c l e stabi l izes the scapula for down
ward thrust (crutch walking and driving a 
stake into the g r o u n d ) . 3 9 

W h e n the scapula is f ixed in e levat ion 
by the upper trapezius and levator scapu
lae m u s c l e s , the pectoral is m i n o r b e c o m e s 
act ive during strong inhalat ion efforts that 
involve the upper c h e s t . 1 3 I t thus can serve 

as an accessory respiratory musc le during 
forced i n s p i r a t i o n . 6 , 9 , 3 3 

5. FUNCTIONAL UNIT 
T h e pectoral is minor forms a synergistic 

funct ional unit for addit ional support for 
vigorous inhalat ion from the levator scapu
lae, upper trapezius, and s ternocle idomas
toid in addit ion to the parasternal internal 
intercostals , lateral external intercostals , 
the diaphragm, and the sca lene musc les . 
Electromyographical ly , the pectoral is mi
nor is act ive in forced inspiration, but not 
in quiet breathing. 6 T h e pectoral is minor 

Cut pectoralis major 

Copyrighted Material



assists the pectoral is major in depress ion of 
the shoulder, forward pul l of the scapula , 
and downward rotation of its lateral angle 
(glenoid fossa). It also assists the lat iss imus 
dorsi in depression of the shoulder. 

T h e lower trapezius m u s c l e acts as an 
antagonist to the pectoral is minor in scapu
lar rotation and protraction. 

6. SYMPTOMS 
T h e patient 's c h i e f compla int i s pain 

with no sharp dist inct ion being made be
tween the pain referred from TrPs in the 
pectoral is minor and from TrPs in the over
lying and adjacent port ions of the pec 
toralis major. T h e intensi ty and quality, as 
wel l as the distribution, of cardiac pain 
may be reproduced by this pectoral mus
cle's referred p a i n . 3 4 

T h e patient may be aware of difficulty in 
reaching forward and up, or reaching back
ward with the arm at shoulder level . 

T h e shortened pectoral is minor m a y 
cause dist inct ive neurovascular symptoms 
through entrapment of the neurovascular 
bundle to the upper e x t r e m i t y 3 6 (see S e c 
tion 10 , Fig. 4 3 . 4 ) . 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

A posture or activity that act ivates a TrP, 
i f not corrected or i f cont inued, can also 
perpetuate it. In addit ion, m a n y structural 
and systemic factors (see Chapter 4) wi l l 
perpetuate a TrP that has been act ivated by 
an acute or chronic overload. 

Pectoral is minor TrPs may be act ivated 
as satell ite TrPs due to their presence 
within the zone of pain i n d u c e d by my
ocardial i schemia , as satell i tes of sca lene 
or pectoral is major T r P s , 1 9 by trauma (a 
gunshot w o u n d through the upper chest , or 
fracture of upper r ibs) , by a whip lash type 
motor vehic le a c c i d e n t , 2 0 by strain through 
overuse as a shoulder depressor (unaccus
tomed crutch-walking) , by strain as an ac
cessory musc le of inspirat ion (during 
paroxysms of severe coughing, or to assist 
paradoxical breathing) , by poor seated pos
ture (keeping the m u s c l e chronica l ly short
ened because of a poorly designed chair or 
work environment) , or by prolonged com
pression of the musc le (knapsack wi th a 
tight strap over the front of the shoulder) . 

Chapter 43 / Pectoralis Minor Muscle 8 4 7 

Weakness of the lower trapezius can al
low the scapula to r ide up a n d tilt d o w n 
anteriorly, and m a y lead to adaptive short
ening of the pectoral is minor, act ivating or 
perpetuat ing TrPs in it. 

8. PATIENT EXAMINATION 
After establ ishing the event(s) associ 

ated with the onset of the pain compla in t , 
the c l in i c ian should make a detai led dia
gram represent ing the pain descr ibed by 
the patient . T h e drawing should be in the 
style of the pain patterns in this v o l u m e us
ing a c o p y of an appropriate b o d y form 
found in Figures 3 .2 -3 .4 . 

A pat ient wi th signif icant TrP shortening 
of the pectoral is m i n o r wi l l usual ly demon
strate forward (rounded) shoulders b e c a u s e 
of the forward and d o w n w a r d tilt of the 
coraco id process by the pectoral is minor . 

T h e increased tens ion due to TrPs in the 
pectoral is m i n o r prevents the pat ient f rom 
reaching fully b e h i n d the b a c k at shoulder 
level . T h e anterior depress ion of the cara-
coid and d o w n w a r d rotation of the g lenoid 
fossa that are caused by pectoral is m i n o r 
tens ion l imits full f lexion of the arm at the 
shoulder j o i n t . 2 3 Shortening o f this m u s c l e 
is observable as e levat ion (forward posi
t ion) of the involved shoulder away from 
the table in the supine patient , as i l lus
trated by Kendal l , er a7. 2 3 

Weakness of the pectoral is m i n o r is 
tested by resist ing forward thrust of the 
shoulder wi th the pat ient supine , and wi th 
the subject elevating the h a n d and e lbow off 
the table to avoid assisting the mot ion by 
downward thrust against the table . T h i s is 
descr ibed and i l lustrated by Kendal l , et al.23 

W h e n t h e y are s h o r t e n e d b y TrPs , b o t h 
the pec tora l i s m i n o r a n d s u b s c a p u l a r i s 
m u s c l e s restr ic t the c o m b i n e d m o v e m e n t 
of a b d u c t i o n a n d lateral rota t ion at the 
shoulder . However , s u b s c a p u l a r i s TrPs re
str ict on ly g l e n o h u m e r a l m o t i o n , w h e r e a s 
pec tora l i s m i n o r TrPs restr ic t o n l y s c a p u 
lar m o b i l i t y on the c h e s t w a l l . T h e m o v e 
m e n t o f the s c a p u l a i s p a l p a b l e a n d s o m e 
t i m e s v i s ib le . W i t h the arm a b d u c t e d 
to 9 0 ° , lateral rota t ion is res t r i c ted 
m a r k e d l y b y both m u s c l e s ; w i t h the arm 
at the s ide , only the s u b s c a p u l a r i s ser i 
o u s l y res tr ic ts lateral rotat ion. A l s o , 
w h e n a b d u c t i o n of the arm at the s h o u l 
der is res t r i c ted by pec tora l i s m i n o r taut-
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n e s s , the pat ient m a y be aware o f pul l ing 
on the ribs at the limit of abduction. 
T h e s e observat ions are o f c o n f i r m a t o r y 
va lue . T h e s u b s c a p u l a r i s and pec tora l i s 
m i n o r m u s c l e s h a v e di f ferent referred 
pa in pat terns , w h i c h are not l ike ly to be 
c o n f u s e d . 

9. TRIGGER POINT EXAMINATION 
(Fig. 43.3) 

First , the pectoral is major should be ex
a m i n e d for act ive TrPs that might obscure 
and confuse the loca l izat ion of TrPs in the 
under ly ing pectoral is minor. 

I f the e x a m i n e r is unsure of the posi t ion 
of the pectoral is m i n o r m u s c l e under the 
pectoral is major, i t can be located by pal
pat ion w h e n the pat ient tenses the pec 
toralis minor . To do this , the supine pat ient 
raises the shoulder away from the examin
ing table , w h i l e re laxing the arm and care
fully avoiding downward pressure against 
the table wi th the h a n d . 2 3 In the sitting po
sit ion, the pat ient holds the arm c lose to 
the s ide, a l ittle to the rear to inhibi t the 
pectoral is major, strongly protracts the 
shoulder , and then inhales deeply with the 
c h e s t . 3 3 Bo th maneuvers act ivate the pec 
toralis m i n o r so that i t can be identi f ied. 

In both the supine and seated pos i t ions , 
pectoral is minor TrPs can be loca l ized ei
ther by flat palpat ion through the pec 
toralis major against the chest wal l (Fig. 
4 3 . 3 A ) as also i l lustrated by W e b b e r , 4 4 or 
by p i n c e r palpat ion (Fig. 4 3 . 3 B ) . With ei
ther approach, the pectoral is major is 
s lackened by keeping the patient 's arm to
ward the front of the body and the forearm 
on the abdomen, and the pectoral is minor 
m a y be p laced on the desired degree of 
stretch by adduct ing the scapula toward 
the mil i tary-brace posi t ion. T h e two pec 
toral m u s c l e s m a y be dis t inguished by not
ing the m u s c l e f iber direct ion of palpable 
bands and of local twi tch responses . 

Al though the pat ient achieves better re
laxat ion in the supine than in the seated 
posi t ion, i t is often c o n v e n i e n t and infor
mat ive to screen both pectoral m u s c l e s for 
TrPs using flat palpat ion with the pat ient 
seated. T h e seated posi t ion s impli f ies 
range-of-motion testing and the Irving S. 
Wright hyperabduct ion m a n e u v e r . 4 5 

In the supine posi t ion, and in non-obese 
patients with relatively loose skin, the pec
toralis m i n o r can usual ly be palpated di
rect ly by p incer palpat ion (Fig. 4 3 . 3 B ) . T h e 
pectoral is major may be further s lackened 
by placing the arm in the posit ion de
scr ibed above, and, i f addit ional rel ief is 
necessary, the shoulder is protracted by 
padding p laced under it. T h e operator 
places the thumb (with a wel l - t r immed fin
gernail) in the apex of the axi l la and slides 
i t against the chest wall beneath the pec
toralis major toward the midl ine , until i t 
encounters the m u s c l e mass of the pec
toralis minor . That musc le (and the pec
toralis major above it) are then encom
passed by a p incer grasp between the 
thumb and f ingers (Fig. 4 3 . 3 B ) partially 
separating it from the chest wall . T h e f ibers 
of the pectoral is minor can then be pal
pated direct ly through the skin for a tender 
nodule in a taut band. Identif ication of 
TrPs in the pectoral is minor may be en
h a n c e d by elevating the shoulder cephalad 
to tauten the pectoral is minor, w h i c h in
creases the sensit ivity of its TrPs without 
t ightening the pectoral is major. 

10. ENTRAPMENT 
(Fig. 43.4) 

T h e pectoral is minor is the landmark for 
anatomical ly dividing the axil lary artery 
into three parts; the second part of the 
artery l ies deep to the musc le . Likewise , 
the distal port ion of the brachial plexus 
passes deep to the pectoral is minor musc le 
where the m u s c l e attaches to the coracoid 
process . W h e n the arm is abducted and lat
eral ly rotated at the shoulder, the artery, 
vein , and nerves are bent and stretched 
around the pectoral is minor musc le c lose 
to its a t tachment , and are l ikely to be com
pressed i f the musc le is f i rm and t ightened 
by myofasc ia l TrPs (Fig. 4 3 . 4 B ) . T h e pec
toralis m i n o r tens ion increases the entrap
m e n t potential of the C 7 and C 8 roots that 
hook over the first rib. Kendal l , et al.24 have 
descr ibed in detail this entrapment of mus
cular origin noting that pectoral is minor 
shortening is the most l ikely cause, aggra
vated by tens ion in the b iceps brachi i and 
coracobrachia l i s , and by weakness (or inhi
bi t ion) of the lower trapezius musc le . 
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Figure 43.3. Palpation of trigger points in the pec
toralis minor muscle. The overlying pectoralis major is 
slackened by supporting the arm as shown, or by 
placing the forearm on the abdomen. A, flat palpation 
of the pectoralis minor through the pectoralis major. B, 
pincer palpation around the pectoralis major. The 

thumb contacts the pectoralis minor, through only the 
skin. The fingers grasp it through the pectoralis major. 
Together they can partially separate it from the chest 
wall. The pectoralis minor may be tautened for better 
identification of its trigger points by elevating the 
shoulder. 

T h e entrapment of the axi l lary artery 
can be demonstrated by the Wright m a n e u 
ver , 4 5 w h i c h places the arm in lateral rota
tion and abduct ion at the shoulder (Fig. 
43 .4A) whi le the radial pulse is palpated. 
T h e test is more effective if the patient is 
not a l lowed to elevate the scapula and re

l ieve tens ion on the neurovascular struc
tures. T h i s posi t ion can produce c o m p r e s 
sion of the neurovascular structures by the 
pectoral is m i n o r , 7 , 8 and by c losure o f the 
cos toc lavicular space i f the scapula also is 
adducted. Entrapment s y m p t o m s and 
obli terat ion of the radial pulse by abduc-
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Figure 43.4. Entrapment of the lower brachial plexus and axillary 
artery by the right pectoralis minor during the Wright full-abduc
tion test. A, abduction test position. B, stretch and torsion of the 
brachial plexus and axillary artery can occur as they hook be
neath the pectoralis minor muscle where it attaches to the cora
coid process. The clavicle also may compress these neurovas
cular structures directly against the first rib as the scapula is 
adducted (pulled backward), in the military stance, especially if 
the first rib is elevated. Not shown is the fact that the medial cord 
fibers also hook over the first rib suffering a double entrapment 
in this position. 
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tion of the arm to only 90° at the shoulder 
demonstrates the effect of severe pectoralis 
minor shortening due to TrP involvement. 
Further hyperabduction (Fig. 43.4) in
creases tension on both the pectoralis mi
nor muscle and the neurovascular struc
tures, which may produce demonstrable 
compression in some normal subjects. 

Arterial entrapment is detected by loss 
of the radial pulse at the wrist or by a re
duction of arterial blood flow, which is 
more precisely detected by Doppler ultra
sound. 3 2 If arterial compression in abduc
tion or hyperabduction is primarily due to 
TrP activity of the pectoralis minor, the ra
dial pulse may be restored in the test posi
tion by eliminating hyperirritability of the 
TrPs. When patients with active pectoralis 
minor TrPs were placed in the hyperab-
ducted position to the point of just obliter
ating the radial pulse, pulsation returned 
immediately while vapocooling the skin 
over the stretched pectoralis minor muscle, 
without changing the arm position. 

Symptoms of neurological entrapment 
are similar to those described for the sca
lene muscles in Chapter 20. When the 
Wright maneuver (above) is used to detect 
nerve entrapment beneath the pectoralis 
minor, the test is more effective if the pa
tient is not allowed to elevate the shoul
der to relieve tension on the brachial 
plexus. Entrapment of the medial cord 
(Fig. 43.4B) occurs in two places with 
this arm position, as the nerve hooks un
der the pectoralis minor tendon and again 
as its fibers hook over the first rib. The 
medial cord connects the lower trunk to 
the ulnar nerve. 3 , 1 1 This entrapment 
causes numbness and paraesthesias of the 
fourth and fifth digits, but usually not of 
the thumb and other fingers. The lateral 
cord is more directly compressed (Fig. 
43.4B) than the medial cord and connects 
with the upper and middle trunks proxi-
mally, and the musculocutaneous and 
median nerves distally. 3 , 1 1 This entrap
ment disturbs sensation over the dorsum 
and radial aspects of the forearm and over 
the palmar side of the first three and one-
half digits. 9 Compression of both cords 
disturbs much of the sensation below the 
elbow. 

Entrapment by the taut pectoralis minor 
does not produce the hand edema and 
stiffness of the fingers so characteristic of 
entrapment by the scalenus anterior. 
Scalenus anterior entrapment is more 
likely to impair venous, than arterial, cir
culation by compression of the subclavian 
vein between the clavicle and first rib. This 
occurs because the first rib is elevated by 
shortening of the scalenus anterior muscle. 

Entrapment due to the costoclavicular 
syndrome is caused by compression of ei
ther, or both, the axillary artery and the 
distal brachial plexus between the clavicle 
and the first rib. The effects of this com
pression are demonstrated by having the 
patient hold the military brace position 
(chest elevated and scapulae adducted). 

Two case reports illustrate entrapment 
attributed to the pectoralis minor muscle. 
In both cases, the findings were fully com
patible with TrPs in that muscle being 
responsible, but in neither case was the 
patient examined for them. Hewitt 1 8 re
ported obstruction of the axillary vein es
tablished by a phlebogram that, when ex
plored surgically, revealed no thrombus, 
but revealed compression by a tense ten
don of the pectoralis minor. Surgical divi
sion of the tendon relieved the patient's 
entrapment symptoms. Pasquariello, et 
a l . 2 9 reported a patient with chest pain 
and signs of venous and lower trunk en
trapment and signs of costochondritis of 
the first to sixth ribs. Symptoms resolved 
in 10 days with application of local heat 
and oral salicylates and were attributed to 
spasm of the pectoralis minor muscle sec
ondary to the costochondritis. 

11. DIFFERENTIAL DIAGNOSIS 
Differential diagnosis of symptoms 

caused by TrPs in the pectoralis minor 
muscle includes thoracic outlet syndrome, 
C 7 and C 8 radiculopathy, supraspinatus 
tendinitis, bicipital tendinitis, and medial 
epicondylitis. 

Articular dysfunctions that are likely to 
be associated with pectoralis minor TrPs 
include elevation of the third, fourth, and 
fifth ribs. 
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Related Trigger Points 

O n e rarely, i f ever, f inds act ive TrPs in 
the pectoral is m i n o r wi thout act ive TrPs in 
the pectoral is major. Therefore , the same 
m u s c l e s that are c o m m o n l y associated 
wi th pectoral is major involvement are 
l ike ly to harbor act ive TrPs w h e n the pec 
toral is minor is involved: the anterior del
to id, sca lene , and the s ternoc le idomasto id 
m u s c l e s . 

On the other hand , one may f ind TrPs in 
the pectoral is major wi thout involvement 
of the pectoral is minor , espec ia l ly w h e n 
the TrPs are located in the parasternal sec
t ion and lower lateral border of the costal 
sec t ion of the pectoral is major m u s c l e . 

Connect ive t issue TrPs have b e e n found 
in post traumatic scar t issue in the region of 
the coraco id a t tachment of the pectoral is 
minor. T h e s e TrPs have referred tender
ness , hot burning pain, prickl ing, and 
l ightening-l ike jabs to the pectoral region 
and o lecranon process on the same side. 
In ject ion of these c o n n e c t i v e t issue TrPs 
caused br i l l iant m o m e n t a r y flashes of local 
and referred pain, fo l lowed by relief . 

12. TRIGGER POINT RELEASE 
(Fig. 43.5) 

Of pr imary importance is the correc
t ion of faulty posture , part icular ly round-
shouldered posture, and instruct ions to the 
pat ient for m a i n t e n a n c e of correct posture 
and m o v e m e n t . Refer to Chapter 4 1 , S e c 
t ion C for a d iscuss ion of static and dy
n a m i c postural cons iderat ions . 

Instead of the usual spray-and-stretch 
technique , w h i c h can be used effectively by 
fol lowing the same pr inciples appl ied in 
other chapters , this chapter presents the 
same initial spray fol lowed by manual re
lease of the tense musc le . Other techniques 
that are effective inc lude post isometr ic re
laxat ion and contract-relax as descr ibed in 
Chapter 3 , Sec t ion 12. T h e s e techniques are 
primari ly effective for release of central trig
ger points (CTrPs). T h e primary therapeutic 
approach to attachment TrPs (ATrPs) is to 
inact ivate the CTrPs that are causing them. 

T h e prespray technique for the pec 
toralis m i n o r m u s c l e is descr ibed and i l 
lustrated in Figure 4 3 . 5 A and the manual 
stretch that fol lows is i l lustrated and de

scr ibed in Figure 4 3 . 5 B . A similar myofas
cial release technique is i l lustrated in Fig
ure 1 2 . 8 A that inc ludes release of the cla
vicular and upper sternal port ions of the 
pectoral is major musc le . 

L e w i t 2 6 describes the tenderness of en
thesopathy at the rib at tachments of the 
pectoral is minor m u s c l e and relieves i t by 
applying post isometr ic relaxation for that 
m u s c l e . T h e gent leness of his technique is 
cr i t ical for this appl icat ion because exces
sive stretch force w o u l d tend to irritate the 
enthesopathy and c o m p r o m i s e effective re
lease of the central TrPs causing it. Hard 
stretch of an already tense m u s c l e can also 
aggravate nerve entrapment syndromes. 

13. TRIGGER POINT INJECTION 
(Fig. 43.6) 

In ject ion of pectoral is minor trigger 
points (TrPs) should be done with the pa
tient supine , not seated, to avoid psycho
logical ly i n d u c e d syncope and only after 
TrPs in the pectoral is major have been inac
tivated to avoid recurrence . T h e upper X in 
Figure 4 3 . 1 , an ATrP, is in the region of the 
musculo tendinous junct ion near the cora
co id process and is reached by directing the 
needle toward the coracoid p r o c e s s , 3 4 as il
lustrated in Figures 4 3 . 6 A and C. Whenever 
possible , the hand of the operator locates 
the pectoral is minor underneath the pec
toralis major. Th is requires pincer palpa
t ion as descr ibed in Sec t ion 9, with the fin
gers (or thumb) contact ing the pectoralis 
m i n o r direct ly (Figs. 4 3 . 6 B and C). T h e nee
dle is directed parallel to the rib cage to
ward the coracoid process . 

T h e lower X in Figure 4 3 . 1 is c lose to 
the midregion of musc le f ibers in the 
fourth rib digitation, where central TrPs are 
found in that digitation. Generally, these 
midfiber CTrPs are approached with the 
needle directed caudad, as tangential to the 
plane of the chest wal l as possible (Fig. 
4 3 . 6 B ) , so as to prec lude the needle 's en
tering an intercostal space. T h e Hong tech
n ique (see Chapter 3, Sec t ion 13) is recom
m e n d e d for in ject ion here. 

After in ject ion of TrPs, the patient 
should move the arm and shoulder s lowly 
three t imes through full range of mot ion for 
the pectoral is major, fo l lowed by moist 
heat over the pectoral region. 
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A study of the response of whiplash-
injury patients to repeated in jec t ions of the 
pectoralis minor m u s c l e 2 0 demonstrated 
clearly that the longer the interval be tween 
injury and the start of appropriate TrP ther
apy, the greater the n u m b e r of repeat in jec
tions that were required. Also the effect of 
individual in ject ions did not last as long in 

those wi th delayed onset of treatment . T h e 
same pr inc ip le very l ikely appl ies to other 
m u s c l e s as wel l . 

14. CORRECTIVE ACTIONS 
TrPs should be inact ivated in any mus

c les , s u c h as the sca lene group and pec 
toralis major, that refer pain to the region of 

Figure 43.5. Vapocoolant spray and stretch release of 
the right pectoralis minor muscle. A, Application of 
vapocoolant spray (arrows) for a trigger point (X) in 
the pectoralis minor muscle. The arm is raised diago
nally overhead (slightly abducted and laterally rotated) 
just to the onset of resistance or discomfort. Up
sweeps of the spray cover over the pectoralis minor 
muscle and its pain pattern, which extends distally to 
include the ulnar aspect of the forearm and the three 
ulnar fingers. This position of the arm also lengthens 
the pectoralis major which should be sprayed at the 
same time to avoid aggravating its trigger points. Fre
quently the two pectoral muscles are involved to
gether. B, release of right pectoralis minor trigger 
point tightness by applying pressure (arrow) on the 
shoulder to move the upper part of the scapula pos
teriorly with one hand while stabilizing the costal at
tachments of the muscle with the other. If the lower 
trapezius is weak, it should be strengthened in order 
to provide scapular stabilization. 
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Figure 43.6. Injection of the pectoralis minor muscle 
by a left handed operator. A, injection of the upper, at
tachment area trigger point after its localization by flat 
palpation. B, injection of a midfiber, central trigger 

point from above with the trigger point localized be
tween the digits by pincer palpation. C, injection of the 
upper trigger point from below with the trigger point 
localized by the finger tips in a pincer grasp. 
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the pectoral is minor and thus are l ikely to 
induce satell ite TrPs in it. 

Activity stress due to overuse must be 
avoided by identifying and l imit ing the of
fending activity, such as gardening, work
ing at a desk, and crutch walking. Paradox
ical breathing (see Fig. 2 0 . 1 5 A ) needs 
correction, as descr ibed in Chapter 2 0 . 

Standing and seated posture should be 
improved (Chapter 4 1 , Sec t ion C). A w e a k 
lower trapezius should be strengthened. 

A heavi ly loaded brassiere strap that 
compresses the pectoral is minor should be 
avoided. T h e strap may be p laced on the 
acromion to rel ieve pressure on the m u s c l e 
or padded to distribute the load more 
widely. An elastic vest-type support is also 
effective in helping to ho ld the shoulders 
back without the discomfort of straps un
der the a r m s . 2 2 

T h e patient should learn to mainta in 
full pectoral m u s c l e length by using the In-
doorway Stretch Exerc i se (see Fig. 4 2 . 9 ) or 
by doing a s imilar stretch in the corner of a 
room. However, a manual stretch that ro
tates the shoulder girdle b a c k is the most 
effective stretch but requires another per
son to assist the patient. 

To minimize aggravation of pectoralis mi
nor TrPs when the musc le is p laced in the 
shortened posit ion when sleeping, the pa
tient avoids sleeping "cur led u p " on the side 
with the shoulder forced strongly forward. 3 6 

SUPPLEMENTAL REFERENCES, CASE 
REPORTS 

Examples of the diagnosis and manage
ment of patients with active pectoralis 
minor TrPs were presented by Dr. Trav
e l l . 3 5 , 4 2 
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CHAPTER 44 
Sternalis Muscle 

HIGHLIGHTS: REFERRED PAIN from active trig
ger points (TrPs) in the anomalous sternalis mus
cle produces a deep substernal ache that is un
related to movement. ANATOMY of the sternalis 
muscle is highly variable. The fibers are superfi
cial to the pectoralis major and generally lie par
allel to the margins of the sternum. The muscle 
may be located on one or both sides, running at 
right angles to, and overlying the sternal end of 
the pectoralis major muscle. It is reported to be 
present in approximately 1 of 20 black or white 
adults. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS in this muscle are associated 
with pain referred to the sternum from the heart 

during myocardial ischemia or from the lower end 
of the sternocleidomastoid muscle. TRIGGER 
POINT EXAMINATION for sternalis TrPs is by flat 
palpation of the muscle against underlying bone 
to locate exquisite spot tenderness at a nodule in 
a taut band and to elicit pain that the patient rec
ognizes as familiar. TRIGGER POINT INJEC
TION is directed precisely into a TrP, with the nee
dle aimed toward bone. The TrPs also are readily 
accessible and responsive to trigger point pres
sure release. CORRECTIVE ACTIONS include 
primarily self-application of trigger point pressure 
release by the patient to ensure sustained relief. 

1. REFERRED PAIN 
(Fig. 44.1) 

The referred pain pattern of the sternalis 
usually inc ludes the entire sternal and 
substernal region, and may extend on the 
same side across the upper pectoral area 
and front of the shoulder to the under
arm and to the ulnar aspect of the e lbow 
(Fig. 4 4 . 1 ) . 2 , 1 8 , 2 0 T h i s pattern c lose ly m i m 
ics the substernal ache of myocardia l in
farction or angina pectoris . T h e chest pain 
referred from this musc le has a terrifying 
quality that is remarkably independent of 
body movement . T h e left-sided pattern of 
the sternalis differs from the referred pain 
of the left pectoralis major m u s c l e in that 
the latter is more l ikely to extend b e y o n d 
the elbow into the ulnar aspect of the left 
forearm and hand. Both musc les may con
tribute s imultaneously to the pain reported 
by the patient; this is i l lustrated in case re
p o r t s . 1 5 , 1 7 , 1 8 

Trigger points (TrPs) m a y be located 
anywhere wi thin the sternalis m u s c l e : as 
high as the manubr ium, as low as the 
xiphoid process , and on either or both 

s ides , inc luding the m i d l i n e of the s ternum 
w h e n the m u s c l e fuses across the s ternum. 
Sternal is TrPs usual ly occur over the upper 
two-thirds of the s ternum and are most 
l ikely to be found as central TrPs sl ightly to 
the left of the m i d l i n e at the mid-sternal 
level . Anatomica l ly , a uni lateral m u s c l e is 
as c o m m o n on the right as on the left, but 
act ive TrPs appear to be more c o m m o n on 
the left s ide , probably because of their acti
vat ion as satel l i te TrPs w i t h i n the zone of 
referred pain from the heart . 

Albei t the sternalis m a y be only a smal l 
remnant of m u s c l e , the intens i ty of pain 
arising from TrPs in it (or any other mus
cle) is not related to the size of the m u s c l e , 
but to the degree of irri tabil i ty and size of 
the TrP. 

At t imes , a TrP located at the conf luence 
of the sternal is , pectoral is major and ster
nal divis ion of the s ternoc le idomasto id 
m u s c l e s can be the source of a dry, hack
ing cough. Penetrat ion of this TrP wi th a 
needle , in w h i c h e v e r m u s c l e i t l ies , acti
vates the cough momentar i ly , and then re
l ieves it. 

8 5 7 
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Figure 44.1. A trigger point (X) in the left sternalis muscle gives rise to the referred pain pattern shown in red. 

2. ANATOMY 
(Fig. 44.2) 

T h e a n o m a l o u s sternalis m u s c l e i s 
h ighly variable in presence , symmetry, 
length, bulk , a t tachments and innervat ion. 
I t m a y o c c u r bi lateral ly (Fig. 4 4 . 2 ) , or more 
often unilateral ly, on ei ther s ide of the 
s ternum or, rarely, the two m u s c l e s may 
fuse across the s ternum. I t m a y attach 
above to the s ternum, to the fascia over ei
ther the pectoral is major or s ternocle ido
masto id m u s c l e , or i t m a y form a cont inu
ation of those m u s c l e s . Below i t m a y 
attach to the third through seventh costal 
carti lages, the fascia covering the pec 
toralis major, and/or to the sheath of the 
rectus abdominis m u s c l e . 

T h e sternal is was found in 1 . 7 % to 
1 4 . 3 % (median 4 . 4 % ) o f cases in 13 stud
ies of at least 1 0 , 2 0 0 b o d i e s ; 4 at most , in 
4 8 % o f a n e n c e p h a l i c s p e c i m e n s ; 4 i n 4 . 3 % 
of 2 ,062 cadavers as summar ized by Chris
t ian ; 3 and i n 6 % o f 5 3 5 cadavers according 
to Bar low. 1 E is ler , 4 H o l l i n s h e a d , 8 Grant 7 

a n d T o l d t 1 3 each have i l lustrated the ster
nal is m u s c l e . Chr is t ian 3 i l lustrated two bi
lateral m u s c l e s ; S h e n et al. reported one 
p a i r . 1 2 B a r l o w 1 reported no significant dif
ference in the i n c i d e n c e of the sternalis 

m u s c l e in whi te and b lack Americans . The 
m u s c l e may be as th ick as 2 cm (3/4 in) over 
the s ternum, a depth of sternalis musc le 
through w h i c h it is difficult to palpate the 
features of pectoral is major TrPs (Fig. 4 4 . 2 ) . 

3. INNERVATION 
Based on the innervat ion patterns of 26 

sternalis m u s c l e s in 20 cadavers , 3 the ster
nal is m u s c l e was cons idered a variant of 
ei ther the pectoral is major or the rectus ab
dominis musc le . S ix teen of 26 sternalis 
m u s c l e s ( 6 2 % ) rece ived their innervation 
from intercostal nerves (anterior primary 
divis ions of thorac ic spinal nerves) , and 
were cons idered homologous to the rectus 
abdominis . T h e remaining 3 8 % received 
their innervat ion from the cervical p lexus , 
usual ly via the media l pectoral nerve, 
w h i c h is derived from spinal nerves C„ and 
T 1 , so that these musc les were considered 
homologous with the sternal portion of the 
pectoral is major. Two musc les received a 
dual innervat ion . 3 Whether the sternalis 
m u s c l e has an exact analogue in other 
spec ies , i t has been the subject of unre
solved controversy. Its diverse innervation 
suggests that it may represent variable rem
nants of several musc les . 
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Pectoralis major 

Figure 44.2. Commonly seen attachments of the anatomically variable sternalis muscle (red). It is twice as 
likely to be unilateral as bilateral and equally likely to occur on the right or left sides. 

4. FUNCTION 
No skeletal m o v e m e n t is attr ibuted to 

this musc le . No e lectromyographic data or 
c l in ica l reports of muscular contract ion of 
the sternalis were located; thus, if, w h e n , 
or w h y it contracts is unresolved. 

5. FUNCTIONAL UNIT 
T h e funct ional relat ion of the sternalis 

to other musc les must await determinat ion 
of its funct ion. 

6. SYMPTOMS 
T h e symptoms associated with TrPs in 

this m u s c l e are intense deep substernal 
pain and occasional ly , soreness over the 
sternum. S i n c e the pain arising from this 
m u s c l e is not aggravated by m o v e m e n t , its 
musculoske le ta l origin is easi ly overlooked. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

It is important to real ize that pat ients 
wi th e i ther acute myocardia l infarct ion or 

Sternalis 

Rectus abdominis 
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angina pector is are l ikely to develop act ive 
TrPs in both the sternalis and left pec
toralis major and minor musc les . A ster
nal is TrP that was act ivated by an episode 
of myocardia l i s c h e m i a , as in acute infarc
t ion, is l ikely to persist long after this init i
ating event . 

Right or left sternalis m u s c l e s m a y de
velop satell i te TrPs w h e n the sternalis l ies 
w i t h i n the zone of pain referred downward 
from the lower port ion of the sternal divi
s ion of the s ternoc le idomasto id m u s c l e . 

Act ivat ion of TrPs also may result from 
direct t rauma to the costosternal area. 

8. PATIENT EXAMINATION 
Range-of -mot ion tests are negative, 

s i n c e the pain is ne i ther re l ieved nor ag
gravated by any musculoske le ta l activity, 
s u c h as, m o v e m e n t of the shoulder girdle, 
deep breathing, or stooping. 

9. TRIGGER POINT EXAMINATION 
Sternal is TrPs are found by systematic 

palpat ion against the underlying s ternum 
and costal cart i lages. F i rm pressure el ic i ts 
focal deep tenderness at the TrP and pro
jec t ion of referred pain, but rarely el ic i ts a 
local twi t ch response . On examinat ion , the 
pat ient has difficulty in dist inguishing be
tween the local and the referred pain that 
is e l i c i ted from this m u s c l e , unless the 
pain radiates not only to the s ternum, but 
also to the shoulder or arm. Referred pain 
responses due to needle penetrat ion of the 
TrP are more c lear ly dist inguishable . Ster
nal is central TrPs are most c o m m o n l y 
found to the left of the m i d l i n e at the mid
sternal l e v e l . 1 8 , 1 9 A t t a c h m e n t TrPs some
t imes also are found c lose to the attach
m e n t region at an end of the m u s c l e belly. 

10. ENTRAPMENT 
None are attr ibuted to this m u s c l e . 

11. DIFFERENTIAL DIAGNOSIS 
W h e n m u l t i p l e areas o f spot tender

n e s s are f o u n d over the c o s t o c h o n d r a l 
j u n c t i o n s w i t h o u t the referred pa in fea
ture of s ternal is TrPs, the e x a m i n e r 
s h o u l d c o n s i d e r c o s t o c h o n d r i t i s or Ti-
etze 's s y n d r o m e . 9 T h i s s y n d r o m e i s iden
t i f ied by u p p e r anter ior ches t pa in w i t h 
tender , n o n s u p p u r a t i v e swel l ing in the 

area of the costa l cart i lages or the sterno
c l a v i c u l a r j u n c t i o n s . M u l t i p l e l es ions are 
m o r e f requent than s ingle les ions and 
usua l ly involve ad jacent ar t iculat ions . 
Also , in Tietze 's s y n d r o m e , sys temic 
mani fes ta t ions are absent and radio
graphic and laboratory s tudies are nor
mal , e x c e p t for o c c a s i o n a l reports of in
c reased ca l c i f i ca t ion at af fected s i tes . 9 

T h e i m p o r t a n c e o f d is t inguishing be
t w e e n ches t pain of cardiac origin and 
that of c h e s t wal l origin has recent ly been 
e m p h a s i z e d . 5 

In addit ion to costochondri t i s and car
diac disease, the c l in ic ian should consider 
gastroesophageal reflux, esophagit is , and 
an anginal presentat ion of a C 7 radiculopa
thy. On the other hand , a mistaken diagno
sis of one of these condi t ions is made 
w h e n the symptoms arise from sternalis 
TrPs. 

Related Trigger Points 

One rarely observes sternalis TrPs alone, 
wi thout the presence of act ive TrPs in the 
pectoral is major musc le . T h e possibil i ty 
that a sternalis TrP represents a satell ite of 
a distant key TrP makes it important to ex
amine the lower port ion of the sternal divi
s ion of the s ternocle idomastoid musc le , 
w h i c h may refer pain downward over the 
s ternum. 

12. TRIGGER POINT RELEASE 
Stretch of the sternalis musc le is not 

pract ica l except for myofascia l release, 
however , appl icat ion of vapocoolant spray 
is occas iona l ly effective in the treatment of 
these myofasc ia l trigger points (TrPs). Ap
pl icat ion in a cr isscross pattern whi le the 
pat ient holds a deep b r e a t h 1 7 has been the 
most success ful spray technique for TrPs in 
this m u s c l e . T h e sternalis TrPs are respon
sive, however , to trigger point pressure re
lease against the underlying bone , and the 
TrPs are easi ly in jected. Deep frict ion mas
sage appl ied to the musc le fibers in the re
gion of the TrP is also benef ic ia l . 

Local treatment of the sternalis myofas
cial pain syndrome is not complete unti l 
act ive TrPs in the pectoral is major, or in the 
lower end of the sternal division of the 
s ternoc le idomasto id m u s c l e , have been in
act ivated often by trigger point release (see 
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Chapters 42 and 7, respect ively) . T h e pa
tient is less l ikely to exper ience recurrence 
of pain due to TrPs in the sternalis m u s c l e 
i f these other two musc les are re leased pro-
phylactical ly, even though they contain 
only latent TrPs w h i c h are c l in ica l ly s i lent 
with respect to pain. 

Rel ief of sternal pain by the spray does 
not rule out a cardiac etiology of the p a i n . 1 1 , 1 4 

13. TRIGGER POINT INJECTION 
A trigger point (TrP) in the sternalis is 

identified by flat palpat ion and is then 
f ixed between two f ingers , probed, and pre
cisely infiltrated. W h e n a sternalis TrP is 
encountered by the tip of the needle , the 
patient reports project ion of pain under the 
sternum and somet imes across the upper 
pectoral region and down the ulnar aspect 
of the arm as far as the elbow. In ject ion has 
not usually been observed to induce a local 
twitch response in this musc le . 

Both sides of the s ternum must be 
checked for sternalis TrPs. During in jec
tion, TrPs on the front of the s ternum m a y 
be found as deep as 2 cm (3/4 in) beneath the 
skin surface. S u c h deep TrPs may be at
tachment TrPs of the pectoral is major, 
rather than in sternalis f ibers . Th is possi 
bil i ty is strengthened by the sensat ion that 
the needle somet imes penetrates two lay
ers of m u s c l e , a superficial and then a 
deeper one, either or both of w h i c h may 
contain TrPs. R a c h l i n 1 0 i l lustrated in ject ion 
of this musc le . 

Moist heat is appl ied promptly after in
ject ion of TrPs. Th is m u s c l e cannot be 
stretched except by massage. 

14. CORRECTIVE ACTIONS 
T h e patient should learn to perform trig

ger point pressure release on his or her own 
sternalis TrPs, fo l lowed by appl icat ion of 
moist heat. T h e patient selects a tender 
spot and presses on it steadily wi th one fin
ger to the point of discomfort and holds it 
until i t fully releases . T h i s release is as
sisted by s low re laxed exhalat ion. W h e n 
the previously tender spot of m u s c l e at the 
TrP becomes normosensi t ive , it is no longer 
a source of referred pain. It may remain 
quiescent indefinitely, unless the TrP is re
activated, as by recurring angina p e c t o r i s . 1 6 
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CHAPTER 45 

Intercostal Muscles and 
the Diaphragm 

HIGHLIGHTS: REFERRED PAIN from myofascial 
trigger points (TrPs) in the intercostal muscles is 
primarily local in the region of the TrP, tending to 
extend anteriorly when severe. Pain is referred 
from the diaphragm in two different patterns me
diated by two neural pathways. It is referred to 
the upper border of the ipsilateral shoulder near 
the angle of the neck, or to the region of the 
costal margin. ANATOMY: the external and inter
nal intercostal muscles are located between adja
cent ribs and form a crisscross pattern. The cen
tral tendon of the dome-shaped diaphragm 
separates the thoracic and abdominal cavities. Its 
central tendon is surrounded by muscle fibers 
that are attached to the inferior thoracic outlet pe
ripherally. FUNCTION of the diaphragm is inhala
tion. Function of the intercostal muscles is both 
postural and respiratory. The interosseous inter
costal muscles are mechanically well suited for, 
and are electrically active during rotation of the 
thoracic spine. During normal quiet respiration 
the activity of the interosseous intercostals is 
minimal during exhalation. The driving force is 
supplied primarily by the elasticity of the lungs 
and chest. During quiet inhalation, the di
aphragm, the scalene muscles, some of the up
per and more lateral external intercostals, and the 
parasternal internal intercostals become active. 
With increasingly forced inhalation, successively 
more caudal external intercostals are recruited 
and for a longer period. During forced exhalation, 
when intercostal activity is present, the recruit
ment is progressively upward from the lowest in
tercostals to the highest. SYMPTOMS of inter
costal TrPs are restricted rotation of the thoracic 
spine when twisting to look behind and chest 
pain that is increased by deep respiration, espe
cially coughing or sneezing. Shortness of breath 
can be a symptom of diaphragmatic TrPs. ACTI
VATION AND PERPETUATION OF TRIGGER 
POINTS: Trauma, surgery, or coughing can acti-
8 6 2 

vate TrPs in the intercostal muscles. Chronic 
cough and paradoxical breathing will perpetuate 
TrPs in the diaphragm and the intercostal mus
cles. PATIENT EXAMINATION begins by testing 
for restricted rotation of the thoracic spine and for 
painful deep inhalation caused by intercostal 
TrPs, and proceeds by testing for painful full ex
halation caused by diaphragmatic TrPs. Thoracic 
side bending to the side away from the intercostal 
TrPs tends to be painful. TRIGGER POINT EX
AMINATION for intercostal TrPs starts with ex
amination of the painful segment for narrowed rib 
space and continues with palpation along the full 
length of a suspected rib space for tenderness. 
Diaphragmatic TrPs are not directly palpable and 
tenderness of attachment TrPs inside the costal 
margin is hard to distinguish from transversus ab
dominis muscle tenderness. DIFFERENTIAL DI
AGNOSIS of lower rib articular dysfunctions, in
tercostal muscle spasm, and costochondritis 
should include consideration of TrPs as another 
cause of the symptoms. On the other hand, my
ocardial infarction, tumor, pleural effusion and 
pyothorax need to be ruled out. Patients with her
pes zoster are prone to develop intercostal TrPs 
that can contribute significantly to pain and are 
treatable. Presumptive diagnoses of diaphrag
matic spasm, undiagnosed atypical chest pain, 
and negative studies for symptoms of peptic 
ulcer or gallbladder disease should include myo
fascial TrPs of the diaphragm in the differential di
agnosis. TRIGGER POINT RELEASE of inter
costal muscles can be achieved by direct manual 
methods that involve digital contact with the 
TrPs, by methods which stretch the tense mus
cles, or by indirect techniques using a position of 
ease. Release of diaphragmatic TrPs requires 
stretching the diaphragm, which occurs at the 
end of exhalation and is enhanced by voluntarily 
contracting the abdominal muscles and/or by 
pressing on the abdomen. TRIGGER POINT 
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INJECTION of intercostal muscles can be effec
tive with proper precautions to prevent pneu
mothorax, but should be attempted only by those 
who have already become very skillful in the in
jection of TrPs. Injection of the diaphragm is usu
ally unnecessary, extremely dangerous, requires 
an unusual combination of skills, and probably is 
not very effective because only attachment TrPs 
are within reach. CORRECTIVE ACTIONS start 

with identifying and correcting paradoxical respi
ration which is very common in this group of pa
tients and can be responsible for TrPs. It is un
likely that lasting relief from TrPs of primary 
respiratory muscles, and from TrPs in any active 
accessory muscles of respiration, can be realized 
until normal coordinated respiration has been re
stored. Correction of a head-forward, slumped 
posture is necessary. 

1. REFERRED PAIN 
(Fig. 45.1) 

Intercostal Muscles 

Trigger points (TrPs) in intercostal mus
cles refer pain local ly in the region of the 
TrP and tend to refer pain along that inter
space around toward the front, away from 
the vertebral c o l u m n rather than toward 
the back (Fig. 4 5 . 1 ) . T h e more poster iorly 
the TrP is located, the stronger is its ten
dency to refer pain toward the front. More 
severe TrPs may refer pain that inc ludes in
terspaces above and b e l o w the TrP. 

B o n i c a and S o l a 8 i l lustrated a s imilar lo
cal intercostal pain pattern around the TrP. 

Diaphragm 

During vigorous exerc ise , d iaphragmat ic 
TrPs can produce the pain c o m m o n l y de
scr ibed as a "s t i t ch in the s i d e " that is felt 
deep anterolaterally in the region of the 
lower border of the rib cage. T h e pain 
tends to be aggravated by c o n t i n u e d exer
c ise and re l ieved by rest. 

Pa in arising from st imulat ion of the cen
tral dome port ion of the diaphragm can be 
referred to the upper border of the ipsi lat-
eral shoulder. S t imula t ion of the per iph
eral part is referred as an aching pain to the 
region of the adjacent costal margin. T h e 
dif ference in pain distr ibution depends on 
the innervat ion of the s t imulated s i t e . 2 5 

Figure 45.1. Examples of referred pain patterns (dark farther the pain pattern tends to extend toward the 
red) of myofascial trigger points (Xs) in intercostal sternum. Patterns tend to follow the curvature of the 
muscles (light red). The center of the X locates the ribs. When TrPs are very active, the pain may spread 
trigger point, which can occur in any intercostal mus- over several segments. 
cle. The more dorsally the trigger point is located, the 
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A m o n g a series of 17 pat ients compla in ing 
of chest pain and dyspnea attributed to 
spasm of the d i a p h r a g m , 5 1 9 c o m p l a i n e d of 
pain in the substernal region and 8 located 
their pain in or near the right h y p o c h o n -
drial region, w h i c h suggests that the loca
t ion of the pain also identi f ied the nerve 
supply and identi f ied from w h i c h part of 
the diaphragm the pain originated. T h i s 
pr inc ip le m a y also apply to pain referred 
from diaphragmat ic TrPs. 

F i e l d s 2 5 c a l l e d a t tent ion t o e x p e r i m e n t s 
o f C a p p s 1 2 that i n v o l v e d direct s t imula 
t ion o f t h e p e r i t o n e a l (caudal ) sur face o f 
t h e d iaphragm w i t h a s m o o t h b e a d or the 
rough e n d of a w i r e . In 3 sub jec t s , s t i m u 
la t ion of t h e centra l por t ion of the di
a p h r a g m w i t h the b e a d c a u s e d a sharp ly 
l o c a l i z e d p a i n that w a s i l lustrated as re
ferring to t h e m i d d l e o f the region of t h e 
anter ior b o r d e r o f t h e u p p e r t rapez ius 
m u s c l e about h a l f w a y b e t w e e n t h e 
a c r o m i o n a n d the b a s e o f the n e c k . S t i m 
u la t ion w i t h the rough e n d o f the wire 
p r o d u c e d pa in of great in tens i ty a t the 
s a m e loca t ion . O n e sub jec t d e s c r i b e d the 
s e n s a t i o n as , " t h e w i r e s t i ck ing in to m y 
n e c k , " a n d c o u l d p o i n t to the p r e c i s e spot 
w i t h a f ingert ip . W h e n p r e s s e d , that spot 
w a s a b n o r m a l l y tender . O n t h e o ther 
h a n d , in o n e sub jec t tes ted , s t i m u l a t i o n o f 
the p e r i p h e r a l margin o f t h e d iaphragm 
p r o d u c e d a di f fuse p a i n referred to the 
cos ta l border . T h e pat ient i n d i c a t e d the 
area w i t h h i s h a n d p l a c e d t ransverse ly 
over the l o w e r r ibs a n d over the right 
h y p o c h o n d r i u m . T h e d i f fe rence i n the 
qua l i ty a n d l o c a t i o n o f t h e pa in referred 
from t h e centra l c o m p a r e d to the per iph
eral parts o f the d iaphragm m a y ref lect the 
m a r k e d d i f fe rences in the i r sources o f in
nerva t ion (see S e c t i o n 3 ) . , a n d a differ
e n c e in spat ia l r e s o l u t i o n o f t h e s e t e n d o n 
a n d m u s c l e n i c o c e p t o r s . 

2. ANATOMY 
(Figs. 45.2 - 45.6) 

T h e h ighly c o m p l e x nature o f m a m 
mal ian motor nerve terminals and end-
plates is we l l i l lustrated for the diaphragm 
m u s c l e o f the r a t . 4 2 T h e size and c o m p l e x i t y 
of both the nerve terminals and endplates 

increase progressively from type I fibers 
through type IIa to type IIb fibers as they de
p e n d more strongly on oxidative metabo
l i sm for their energy supply. In one study, 
the distr ibution of f iber types in the h u m a n 
diaphragm was 4 2 % type I , s low twitch, 
f ibers and 5 8 % type II, fast twitch, f ibers . 9 

T h e n u m b e r of m u s c l e spindles per gram 
of respiratory m u s c l e corresponds strongly 
to m u s c l e s character ized by sustained tonic 
(postural) act ivity rather than intermittent 
phas ic (respiratory) activity and to musc les 
c o m p o s e d largely of type I fibers rather than 
type II f ibers. 2 2 T h e diaphragm of the cat has 
pract ical ly no m u s c l e spindles and the in-
terchondral musc les have very few. T h e ex
ternal intercostals have more spindles than 
the internal intercostal musc les , and those 
m u s c l e s in the first seven spaces have a 
higher density of spindles than those in the 
intercostal m u s c l e s in the last f ive s p a c e s . 2 2 

Intercostal Muscles 
(Figs.45.2 - 45.5) 

T h e external and internal intercostal 
m u s c l e s have a cr isscross arrangement, 
crossing each other at nearly a right angle, 
s imilar to the external and internal abdom
inal obl ique musc les (see Chapter 49 ) , and 
in the same direct ions . Th is is the type of 
arrangement that has been used in succes
sive pl ies of an automobi le tire. Each mus
cle spans the distance between two ribs (or 
costal carti lages) . T h e external intercostals 
are considerably thicker than the internal 
intercostal musc les . T h e vessels and 
nerves supplying these musc les run deep 
to the internal intercostal musc les and are 
protected by a slight overhang of the infe
rior margin of the more cephalad rib. 
S o m e t i m e s (in the lower part of the thorax) 
variant subcostal musc les are located deep 
to the vessels and nerve and have a fiber di
rect ion near ly the same as the correspond
ing internal intercostal m u s c l e s . 1 5 

External Intercostal Muscles. The 
e leven external intercostal musc les on 
each side do not extend quite the full 
length of each intercostal space , reaching 
only to the costal cartilage anteriorly, ex
cept be tween the lowest ribs (Fig. 4 5 . 2 ) . 
T h e y do reach the end of the rib posteriorly 
at the tubercle (Fig. 4 5 . 3 ) . Anteriorly, the 
external intercostal has only a fascial ex-
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Sternohyoid (cut) 
Scalenus anterior (cut) 

Scalenus medius (cut) 

Sternocleidomastoid (cut) 

Pectoralis minor 
Subclavius 

Internal 
intercostals 

Example of 
external intercostal 

membrane 

External 
intercostals 

Serratus 
anterior 

Figure 45.2. Exterior of anterior thoracic wall, showing 
the anatomical relations and attachments of inter
costal and related respiratory muscles. The external 
intercostal muscles are darkest red, the internal inter
costal muscles are intermediate red. The external in-

tension, the external intercostal m e m 
brane, that reaches to the s ternum. T h e ex
ternal f ibers are angled obl iquely inferome-
dially as seen from in front (see Fig. 45 .2 
and 45 .9) and obl iquely inferolateral ly as 
seen from behind (Fig. 4 5 . 3 ) . Figure 4 9 . 3 
provides a convenient way of remember ing 
the direction of each m u s c l e . 1 5 

T h e twelve posterior, extra- thoracic lev
ator costae (costarum) m u s c l e s can be con
s idered an extrathoracic nonintercos ta l 
vers ion of the external intercostal m u s c l e s 
(Fig.45.3 left side). T h e y attach above to 
the ends of transverse processes and attach 
below and more laterally to the ad jacent 
rib (levator costae brevis) b e t w e e n the rib's 

tercostal muscles do not extend beyond the costo-
chondral junctions medially, except between the low
est ribs. Other muscles are light red. All but the omo
hyoid muscle attach to the thoracic cage and could 
directly influence respiration. 

Rectus sheath 
(cut) 

External 
oblique 
(cut) 

Rectus abdominis (cut) 

Pectoralis 
major (cut) 

Sterno
thyroid 
(cut) 

Scalenus anterior (cut) 
Scalenus medius (cut) 

Omohyoid (cut) 
Scalenus posterior 
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Posterior scalene 
muscle (cut) 

Serratus posterior 
superior 

Semispinalis 
thoracis 

External 
intercostals 

Levator 
costae brevis 

Levator 
costae longus 

Internal abdominal 
oblique (cut) 

Superior 
costotransverse 
ligament 

Intertransverse 
ligaments 

External 
intercostal 
muscles 

Innermost 
intercostal 
muscle 

Intercostal nerve, 
artery, and vein 

Internal 
intercostal 
muscle 

Internal 
intercostal 
membrane 

Intertransverse 
muscles 

Quadratus 
lumborum 

(cut) 

Serratus posterior 
inferior (cut) 

Multifidi 

Figure 45.3. Exterior of posterior thoracic wall, show
ing anatomical relations and attachments of inter
costal and related respiratory muscles. The external 
intercostal muscles are dark red, the internal inter
costal muscles are intermediate red. Other muscles 
are light red. The posterior scalene (cut), external in
tercostal, and the levator costae longus and brevis are 
primary muscles for inhalation that appear in this fig
ure. The serratus posterior superior muscles help to 
elevate the ribs during forced inhalation. The serratus 
posterior inferior (cut), quadratus lumborum (cut), and 
internal abdominal oblique (cut) muscles shown here 
may assist exhalation. The detailed drawing between 

tuberc le and its angle, or span one rib (lev
ator costae longus) . 

Internal Intercostal Muscles. T h e 
e leven internal intercostal m u s c l e s on each 
side are i n c o m p l e t e poster iorly (Fig. 4 5 . 5 ) 
extending from near the s ternum anteriorly 

ribs 7 and 8 on the right side shows that the internal 
intercostal muscles are absent medial to the region of 
the angle of the ribs, but are represented medially as 
the internal intercostal membrane. The neurovascular 
bundle runs between the internal intercostal muscle or 
membrane, which lies superficial to it, and the inner
most intercostal muscle or membrane which lies deep 
to it. The internal intercostal and innermost intercostal 
muscles have an almost identical fiber direction and 
are usually referred to collectively as the internal inter
costal muscle. The intercostal neurovascular bundle 
actually lies deep to the lower border of the cephalad 
rib and might not be visible from this view. 

to only the angles of the ribs posteriorly, 
where thin aponeuroses , the internal inter
costal membranes , extend to the vertebral 
c o l u m n . T h e internal intercostal f iber di
rect ion is the reverse of the direction of the 
external f ibers; the internal f ibers are an-
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gled obl iquely inferolateral ly in the front of 
the chest (Figs. 4 5 . 2 , 4 5 . 4 and 4 5 . 9 ) . S i n c e 
the musc le has the same f iber direct ion as 
i t cont inues around the chest , the f ibers ap
pear to be angled obl iquely inferomedial ly 
when viewed in the b a c k of the chest (Fig 
4 5 . 5 ) . 1 5 Al though there is no obvious 
anatomical difference in the m u s c l e itself, 
the parasternal internal intercostal f ibers 
that attach to the cart i laginous part of the 

ribs have a dis t inct ly different funct ion 
than the interosseous internal intercostal 
m u s c l e s . 

T h e subcostalis m u s c l e can be c o n s i d 
ered a variat ion of the internal intercostal 
m u s c l e s . T h e subcostal is spans one or two 
ribs instead of attaching to ad jacent r ibs . I t 
has the same f iber direct ion as the internal 
intercostals , and is most fully deve loped in 
the lower part o f the t h o r a x . 1 5 T h e sub-

Anterior scalene 
muscle 

Sternohyoid 
muscle 

Sternothyroid 
muscle 

Diaphragm, 
costal portion 

Subclavian artery 

Brachiocephalic 
(innominate) vein 

Internal thoracic 
(Internal mammary) 
vein and artery 

2nd and 3rd 
intercostal nerves 

Internal 
intercostal 
muscle 

Transversus 
thoracis 
muscle 

6th rib 

7th rib 

8th rib 

Transversus 
abdominis 
muscle 

Diaphragm, 
sternal portion 

Figure 45.4. Interior of anterior thoracic wall. The sub
clavian and internal thoracic arteries are darkest red, 
the diaphragm (shown in part and only on the left side) 
is dark red, the internal intercostal muscles are inter
mediate red, and the remaining muscles are light red. 
Note that, generally, only the internal intercostal mus
cles continue anteriorly as far medially as the sternum 
(completing coverage of the anterior costal inter

spaces) . The external intercostal muscles (not seen in 
this view) stop short at the costochondral junctions. 
The diaphragm is a primary muscle for inhalation. 
Note how it extends downward to lie against the low
est rib. (Reproduced and adapted with permission 
from Agur AM: Grant's Atlas of Anatomy. Ed. 9. 
Williams & Wilkins, Baltimore, 1991.) 
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Anterior scalene muscle 
First rib 
Internal 
intercostal 
muscle 
Aorta 

Fourth rib 
External 
intercostal 
muscle 

Intercostal 
vein 
Intercostal 
artery 

Tenth rib 

Diaphragm 

Quadratus 
lumborum 
muscle 

Psoas major 
muscle 

red, and the arteries are darkest red. Other muscles 
are light red. (Reproduced and adapted with permis
sion from Ferner H, Staubesand J: Sobotta Atlas of 
Human Anatomy, Vol. 2. Urban & Schwarzenberg, Mu
nich 1983.) 

costal is very l ikely funct ions in concer t 
wi th the internal intercostal m u s c l e s of the 
lower thorax. 

T h e t ransversus thorac is i s an interior 
anterior ches t m u s c l e that is not intercostal 
(Figure 4 5 . 4 ) . I t l ies deep to the s ternum 
and the parasternal intercostal m u s c l e s 
and i s c o m p o s e d of t endinous and m u s c u 
lar fibers that at tach in a fan-l ike arrange
ment . T h e upper digitations o f the m u s c l e 
reach from the inner surface of the lower 
s ternum and x i p h o i d process upward (cra-
niad) to the costal carti lages of the s e c o n d 
to s ix th r ibs . T h e lowest f ibers are essen
t ial ly h o r i z o n t a l . 1 5 

Diaphragm 
(Fig. 45.6) 

T h e diaphragm is a dome-shaped mus-
culofibrous structure that separates the 
thorac ic and abdominal cavit ies (Figs. 
4 5 . 4 - 4 5 . 6 ) . T h e dome of the diaphragm is a 
central tendon surrounded by musc le f ibers 
that form an extended " s k i r t " w h i c h at
taches per ipheral ly to the c i rcumference of 
the inferior thoracic out le t . 1 6 T h e musc le is 
divided into a sternal portion anteriorly 
that attaches to the sternum, a costal por
t ion laterally that attaches to the costal mar
gin, and a lumbar portion posteriorly that 
attaches by two muscular crura to the bod-

Azygos vein 

Intercostal 
vein 

Intercostal 
artery 

Intercostal 
nerve 

Sympathetic 
ganglion 

External 
intercostal 

muscle 

Internal 
intercostal 

muscle 
Diaphragm 

Quadratus 
lumborum 

muscle 

Psoas major 
muscle 

Figure 45.5. Interior of posterior chest wall showing 
anatomical relations and attachments of the inter
costal muscles and also major blood vessels. The in
ternal intercostal muscles are intermediate red. The 
diaphragm and external intercostal muscles are dark 
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Viewed from below 

Aorta 
Esoph 

Vena cava 
Central tendon 

Base of pericardium 

Esophagus 
opening 

Aorta 
opening 

Sternal portion 

Costal 
portion 

Lumbar 
portion 

Crura 

Psoas major 
Quad. lumb. 

Lat. 
arcuate 
ligs. 

Med. and 

Abdominal surface, left 
Figure 45.6. Caudal (abdominal) surface of diaphragm gins of the thoracic cage. (Reproduced with permis-
muscle (red), which is the most important muscle for sion from Kendall FR McCreary EK, Provance PG: 
inhalation. A, internal aspect of left hemidiaphragm as Muscles: Testing and Function. Ed. 4. Williams & 
seen from the right side of body; B, diaphragm viewed Wilkins, Baltimore, 1993.) 
from below showing its attachment to the caudal mar-
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ies of the upper lumbar vertebrae. T h e lum
bar portion also attaches to two bilateral ar
cuate l igaments w h i c h span from the verte
brae to the transverse processes and from 
those processes to the 12th rib (Fig. 4 5 . 6 ) . 

T h e diaphragm is penetrated by the 
aorta, vena cava, and esophagus. T h e arcu
ate l igaments provide passage posteriorly 
for the psoas major and quadratus l u m b o 
rum muscles (Figs. 4 5 . 5 and 4 5 . 6 ) . 

3. INNERVATION 
Intercostal Muscles 

Each intercostal m u s c l e is suppl ied by 
several branches of the corresponding in
tercostal n e r v e . 1 5 Th i s arrangement is a 
c lass ic example of segmental innervat ion. 

Diaphragm 

Although the older l i terature suggested 
an intercostal motor innervat ion of some 
portions of the diaphragm, 3 i t is n o w 
clearly establ ished that its only motor sup
ply is through the phrenic nerves , w h i c h in 
hum a n s originate in the third, fourth and 

f i f th cervica l s e g m e n t s . 1 9 T h e older l itera
ture is probably correct wi th regard to sen
sory innervat ion. 

4. FUNCTION 
(Figs. 45.7-45.9) 

R ec ent s tudies have h e l p e d clari fy m u c h 
of the controversy associated with the ac
tivity and role of several respiratory m u s 
c les . To unders tand their funct ion it is 
he lpful to r e m e m b e r bas i c respiratory m e 
c h a n i c s . Inhalat ion is an act ive process re
quiring m u s c u l a r effort. Exhala t ion during 
quiet breathing is largely a passive process 
performed by the elast ic recoi l of the 
l u n g s . 3 7 In that sense , all expiratory m u s 
c les are to some degree accessory m u s c l e s 
of respirat ion recrui ted with increased res
piratory demand. T h e funct ion of the inter
costal m u s c l e s depends on their internal -
external posi t ion, on their anteroposter ior 
posi t ion, and on their transverse locat ion 
on the rib cage. In addit ion, the musc le ' s 
superior- inferior posi t ion on the rib cage 
affects the relat ive order and magni tude of 
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recrui tment . It is unders tandable that there 
has been m u c h confus ion produced by nu
merous contradic tory reports that did not 
cons ider these dis t inct ions . T h e accessory 
m u s c l e s of respirat ion that part ic ipate in 
forced breathing are cons idered in S e c t i o n 
5 of this chapter . 

I t is of fundamenta l impor tance that the 
intercostal m u s c l e s are ta i lor-made for ro
tating the thorac ic spine , a funct ion that is 
f requently overlooked. It is true, however , 
that respiratory d e m a n d takes p r e c e d e n c e 
over postural activity. 

Respiratory Mechanics 
(Figs 45.7-45.9) 

M o v e m e n t of the chest wal l during in
halat ion is a c o m p l e x integrated process 
that requires sophis t ica ted coordinat ion of 
n u m e r o u s m u s c l e s . Lung v o l u m e is con
trol led by three bas i c m o v e m e n t s . Figure 
4 5 . 7 i l lustrates two of the m o v e m e n t s : (1) 
elevation of the sternum (Fig. 4 5 . 7 A ) that 

Figure 45.7. Change of sternum and rib positions with num (vertebrochondral ribs), the movement is upward 
inhalation. A, lateral view of chest showing the upward and lateral, which increases intrathoracic volume. The 
and outward (forward) movement of the anterior rib dashed lines represent the position of the rib during in-
cage during inhalation, which increases intrathoracic halation. The line labeled a-b represents the axis of 
volume. This can be compared to a "pump-handle" movement. This upward and lateral rib movement can 
movement. Position 1, ordinary exhalation; position 2 be compared on each side to the movement of a 
(dotted lines),quiet inhalation; position 3 (dashed lines) bucket handle. (Reprinted with permission from 
deep inhalation. B, View from above showing how, for Clemente CD: Gray's Anatomy. Ed. 30. Lea & Febiger, 
ribs attaching to the costal cartilages below the ster- Philadelphia, 1985.) 

increases the anteroposterior diameter by 
rotating the ribs around the spinal attach
ments , and (2) spreading of the lower ribs 
(Fig. 4 5 . 7 B ) that increases the lateral diam
eter of the thorax by rotating the ribs 
around their sternal a t t a c h m e n t s . 3 5 T h e 
downward piston-l ike motion of the di
aphragm provides the third (Fig. 4 5 . 8 ) . T h e 
sternal e levat ion movement is often com
pared to that of an old-fashioned pump 
handle , and the lateral rib movement to 
that of a bucket handle (one on each side). 

T h e axis of rotation of a rib is defined by 
its art iculat ions wi th the vertebral body 
and the transverse process . S i n c e most ribs 
are i n c l i n e d obl iquely approximately 45° 
to the horizontal , w h e n the rib rotates up
ward it increases the vo lume within the rib 
cage, w h i c h is associated with inhalation. 
T h e upper ribs that are attached to the ster
n u m with short costal cartilages tend to 
move in unison, whereas the lower ribs 
that are at tached with longer costal carti-

1st Rib 

7th Rib 
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Figure 45.8. Schematic of respiration dynamics. A. 
Inhalation. The sagittal section (right figure of A) 
shows how the combination of depression (contrac
tion) of the diaphragm (long down arrow) that is dis
placing the abdominal contents downward and the si
multaneous expansion of the thoracic cage (diagonal 
up arrow) reduce intrathoracic pressure. This sucks air 
into the lungs (short down arrow), inflating them. The 
frontal section (left figure in A) shows the depressed 
diaphragm and inflated lungs. B. Exhalation. The 
sagittal section (right figure in B) shows how depres

sion of the thoracic cage (diagonal down arrow) and 
elevation (relaxation) of the diaphragm (long up arrow) 
tend to increase intrathoracic pressure. During quiet 
respiration the elastic recoil of the lungs and chest 
forces air out of the lungs (short up arrow), deflating 
them. The frontal section (left figure) shows the ele
vated diaphragm and deflated lungs. In forced exhala
tion, the abdominal muscles displace the abdominal 
contents inward and upward and pull the thoracic 
cage downward and inward, accelerating airflow out 
of the lungs. 

lages have more freedom to move indepen
dent of sternal m o t i o n . 1 8 

T h e pump-handle m o v e m e n t o f inhala
tion that elevates the sternum (and pro
duces predominant ly anteroposterior ex
pansion) depends primari ly on the 
intercostal musc les located at the sides of 
the thorax for w h i c h these m u s c l e s are m e 
chanica l ly wel l s i tuated . 3 5 T h e intercostal 
muscles suited to raising the bucket han
dles on each side of the chest (expanding 
the transverse diameter of the rib cage) are 
located nearly midline c lose to the s ternum 
and the spine , especia l ly the parasternal ly 
located internal intercostals and the 
paraspinal ly located levator costae. T h e s e 
relat ionships were identif ied by ca lcula
tions using three d imens ional f inite ele
ment analysis of the h u m a n rib c a g e 3 5 and 
were confirmed exper imenta l ly in d o g s . 3 0 

T h e discrepancy be tween the locat ion of 
the musc les and their effect on rib mot ion 

is contrary to the intui t ive assumpt ions 
made by c l in i c ians and somet imes pro
moted as fact. On first g lance , i t is reason
able to assume that the parasternal inter
costals elevate the s ternum in the 
p u m p - h a n d l e m o t i o n and that the lower 
lateral intercostals e levate the lateral ribs 
in the bucket -handle mot ion . However, the 
reverse is true. T h e techniques descr ibed to 
release tight m u s c l e s in the region of the 
s ternum or lower lateral ribs are appropri 
ate, but m a n y c l in i c ians are not correct ing 
the type of dysfunct ion they somet imes 
c l a i m with these techniques . 

T h e depress ion of the diaphragm by its 
act ivity during inhalat ion and its passive 
e levat ion during exhala t ion are i l lustrated 
in the sagittal sect ions in Figure 4 5 . 8 . T h e 
corresponding effect on lung v o l u m e is 
s h o w n in the f rontal sec t ions in Figure 
4 5 . 8 . Contract ion of the diaphragm tends to 
elevate and spread the lower costal margin 

Inhalation 
Diaphragm Drops 

Exhalation 
Diaphragm Rises 
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Figure 45.9. Schematic of respiratory mechanics illus
trating some of the most important respiratory mus
cles and their actions, (thick black arrows). Abd. m. = 
abdominal muscles, Di = diaphragm, Pab = abdomi

nal pressure, Ppl = pleural pressure. (Reprinted with 
permission from Roussos C: Function and fatigue of 
the respiratory muscle. Chest 88(Suppl):124s-132s, 
1985.) 

and lower ribs w h e n support and resis
tance are suppl ied to the central tendon by 
the abdomina l c o n t e n t s . 3 9 

T h e m u s c l e s largely respons ib le for 
these m o v e m e n t s are i l lustrated in Figure 
4 5 . 9 in greatly s impl i f ied form wi th arrows 
that indicate the force vector produced by 
contrac t ion of the m u s c l e . 

Muscles of Inhalation 

T h e m u s c l e s primari ly responsible for 
inhalat ion are the diaphragm, parasternal 
(intercartilaginous) internal intercostals, 
scaleni, upper and more lateral external 
intercostals, and the levator costae mus
cles . T h e diaphragm, w h i c h is the main 
respiratory m u s c l e in h u m a n s , does not ex-
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Deflating Actions 
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Internal Oblique 
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Insertional 

Action of, 

Di 
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External Intercostals 

Sternocleido 

Mastoid 
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Appositiona I 

Action of 
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pand the entire chest wal l , but just the ab
domen and lower rib cage. E x p a n s i o n of 
the cranial hal f of the rib cage is a c c o m 
pl ished by other inspiratory musc les , in 
particular the sca lene and parasternal in-
tercarti laginous m u s c l e s . 2 1 F r o m their at
tachments to the ribs, the costal f ibers of 
the diaphragm run in the cranial direct ion 
next to (in apposi t ion to) the ribs for some 
d i s t a n c e . 1 0 Th i s is important because con
traction of these f ibers elevates the lower 
ribs w h e n depression of the dome of the di
aphragm is resisted by the abdominal con
t e n t s . 1 7 , 2 0 

During quiet inhalat ion, e lectr ica l ac
tivity of the diaphragm precedes that of 
the external intercostal m u s c l e s ; 4 the di
aphragm produces 7 0 % t o 8 0 % o f the in
halat ion f o r c e . 3 7 Th i s i s w h y paradoxica l 
breathing is such a ser ious dysfunct ion . 
Hyperinflat ion of the lungs due to ob
structive lung disease puts the diaphragm 
at a serious disadvantage, and under some 
c i rcumstances the f lattened diaphragm 
can reverse its effect by pul l ing the costal 
margin in rather than lifting it up and 
o u t . 3 0 

During quiet breathing, the f irst external 
intercostals (between the f i rst and second 
ribs) are always active, the s e c o n d pair of 
muscles are usual ly act ive, and the third, 
occasionally. With increasingly more 
forced respiration, success ive ly more cau
dal external intercostal musc les are re
cruited during inhala t ion . 4 

T h e scalene musc les (anterior sca lene 
monitored) are always active in quiet in
halation (Fig. 45 .9 ) and are l ikely to activate 
shortly before the parasternal internal inter
costal (chondral , not interosseous) musc les 
start to contract . 4 T h e activity of the sca lene 
muscles is needed during inhalat ion to pre
vent the downward suct ion produced by 
the piston act ion of the diaphragm from 
pulling the sternum down and in. A down
ward motion of the sternum tends to reduce 
intrathoracic vo lume rather than increase it. 
The scalene musc les respond increasingly 
vigorously to increasing respiratory effort . 4 

T h e posteriorly located levator costarum 
muscles (Fig. 4 5 . 3 ) , w h i c h also show some 
activity in quiet respirat ion, 4 b e c o m e in
creasingly active with increasing venti la

tory d e m a n d . 3 0 T h e y are a n c h o r e d p r o x i -
mal ly to the vertebral c o l u m n , not to 
another rib. T h e y elevate the rib cage 
with effect ive leverage. A smal l upward 
m o v e m e n t of the ribs so c lose to the verte
bral c o l u m n is greatly magnif ied at the ster
n u m . 

Muscles of Exhalation 

During quiet respirat ion, exhala t ion is 
largely a passive process dependent on the 
elast ic i ty of the lungs. T h e m u s c l e s pri
mari ly respons ib le for exhala t ion during 
periods of increased d e m a n d are the 
abdominal muscles, interosseous internal 
intercostal, transversus thoracis, and sub
costal muscles. T h e lowest (11th) inter
costal pair is most important for exhala
t ion, and an E M G study s h o w e d that, as 
intercostal act ivity deve loped during 
forced exhalat ion, recrui tment progressed 
upward from the 11th pair of m u s c l e s . 
E lec tr ica l act ivity of the transversus tho
racis appeared only during exha la t ion . 4 

W h e n funct ioning as expiratory m u s 
c les , the abdominal m u s c l e s squeeze the 
abdominal contents upward and pul l the 
chest cage downward , thus accelerat ing ex
piratory airflow and emptying the lungs 
more than w o u l d occur wi th pass ive expi 
ration. In this way, these m u s c l e s regulate 
end-expiratory lung v o l u m e and breathing 
ef f ic iency. 5 T h e detai led role of the abdom
inal m u s c l e s is covered in the next sect ion. 

Postural Functions 

Exper imenta l e v i d e n c e 2 2 supports the 
v iew that intercostal m u s c l e s , part icular ly 
the laterally located external intercostal 
musc les in the more c e p h a l i c spaces , are 
m a i n l y involved in postural funct ions . T h e 
opposi te appears to be the case for the in-
tercart i laginous m u s c l e s (ventrally lo
cated) and the levator costae m u s c l e s (dor-
sal ly located) , w h i c h , in all c i r c u m s t a n c e s , 
exhibi t phas ic inspiratory act ivity quite 
s imilar to the d i a p h r a g m . 2 2 

A recent ly verified postural role of the 
intercostal m u s c l e s 3 8 , 5 0 that has not b e e n 
e m p h a s i z e d 1 5 , 3 3 i s rotation of the thorax. 
Respirat ion is e x e c u t e d with bi lateral ly 
synchronized intercostal activity. T h e 
cr isscross pattern of these m u s c l e s makes 
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Inhalation 

T h e diaphragm init iates quiet inhalat ion 
quick ly fo l lowed by activity of other pri
mary m u s c l e s of respirat ion including the 
sca lene m u s c l e s , the parasternal internal 
intercostals , the levator costorum musc les , 
and the upper and more lateral external 
intercostals 

As the vigor of forced respiration in
creases , addit ional (accessory) musc les of 
inhalat ion are recruited. T h e total list of 
m u s c l e s that can contr ibute to labored in
halat ion is long. W h i c h musc les are acti
vated and h o w m u c h they are activated 
depend strongly on the c i rcumstances . 
Therefore , there is considerable diversity 
of op in ion as to the relative roles of mus
c les that may serve as accessory musc les of 
respirat ion. 

Al though the sca lene musc les have been 
classif ied in the past as accessory muscles 
of respirat ion, they serve as primary mus
c les of inhalat ion. With increased venti la
tory demand, the s ternocle idomastoid 
m u s c l e also b e c o m e s active bi lateral ly and 
rapidly increases its level of activity. The 
s ternocle idomastoid appears to be the 
most important accessory m u s c l e . 1 1 Other 
m u s c l e s w h i c h may be recruited inc lude 
the upper trapezius, serratus anterior and 
serratus posterior superior, pectoralis ma
jor and minor, la t iss imus dorsi, thoracic 
erector spinae , s u b c l a v i u s , 1 1 , 3 3 and the 
omohyoid . 

With paradoxical respiration (see Fig. 
2 0 . 1 5 A ) , accessory musc les of inhalat ion 
must carry a major part of the load because 
the respiratory effects of the intercostal 
m u s c l e s and the diaphragm largely cancel 
each other. 

Exhalation 

W h e n the abdominal musc les are used 
during exhalat ion, they increase intra
abdominal pressure, w h i c h elevates the di
aphragm and assists the outflow of air that 
is normal ly a c c o m p l i s h e d primari ly by the 
elast ic recoi l of the lungs. 

During forced exhalat ion, the abdominal 
m u s c l e s are the pr ime movers assisted by 
the internal intercostals (with the excep
t ion of the parasternal internal intercostals , 
w h i c h support inhalat ion) . With increased 

t h e m admirably sui ted to a rotation func
t ion i f the internal intercostals on one side 
contract wi th the external intercostals on 
the opposi te s ide , and vice versa. 
White law, et al.50 reported that the right ex
ternal intercostals were strongly act ivated 
by rotation of the trunk to the left and that 
the r ight internal intercostal m u s c l e s were 
strongly act ivated by rotation of the trunk 
to the right. R immer , et al.38 s h o w e d that 
the ton ic discharge of internal and external 
intercostal m u s c l e s i n d u c e d by holding a 
rotated posi t ion is modula ted by respira
t ion. W h e n the respirat ion and rotation 
funct ions are compat ib le , they re inforce 
the E M G activity. W h e n they are incompat 
ible , respirat ion takes p r e c e d e n c e and in
hibi ts the rotation f u n c t i o n . 3 8 

5. FUNCTIONAL UNIT 
T h e interosseous intercostal m u s c l e s 

serve two major roles : postural and respi
ratory. 

Postural Functions 
T h e external intercosta ls on the left 

s ide and the internal intercosta ls on the 
right s ide both rotate the trunk to the 
right. Conversely , the internal intercosta ls 
on the left s ide a n d external intercosta ls 
on the right s ide rotate the trunk to the 
left. T h e corresponding internal a n d exter
nal a b d o m i n a l obl iques w o u l d augment 
these rotat ions a n d the i l iocosta l i s l u m b o 
rum augments rotat ion toward the s ide on 
w h i c h that m u s c l e l ies . T h e mult i f id i and 
rotatores on the right can he lp to rotate 
the t runk to the left. T h e lateral in
terosseous intercosta ls , the lateral abdom
ina ls , a n d the quadratus l u m b o r u m he lp 
to s ide b e n d the t runk toward the s a m e ip-
si lateral s ide . 

T h e s c a l e n e m u s c l e s , w h i c h are pri
mary in respirat ion, also serve an impor
tant postural role . T h e y stabi l ize the n e c k 
against lateral m o v e m e n t ; unilateral ly, 
they lateral ly f lex the n e c k and bilateral ly, 
they forward flex the neck . Other m u s c l e s 
that are accessory for respirat ion (such as 
the s ternoc le idomasto id and the upper 
trapezius) also f lex the n e c k and rotate the 
head. 
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ventilatory demand the lat iss imus dorsi, 
serratus posterior inferior, quadratus lum
borum, and i l iocostal is l u m b o r u m m a y 
also be recru i ted . 3 3 

Special Functions 

Many c o m p l e x specia l funct ions inc lud
ing coughing, sneezing, vomiting, gasping, 
running, and speech depend on the ab
dominal musc les . 

Both coughing and sneezing are protec
tive reflexes that defend the airways 
against inhaled part ic les and n o x i o u s sub
stances and remove m u c u s by inducing 
high airflow veloci t ies during forced exha
lation. A cough has three phases : inhala
tion, compress ion, and expuls ion . Fo l low
ing reflex inhalat ion, the br ief compress ive 
phase involves cont inued activity of the di
aphragm and activation of ribcage and ab
dominal expiratory musc les against a 
c losed glottis. T h e expuls ive phase begins 
with opening of the glottis as relaxat ion of 
the diaphragm and vigorous reflex expira
tory musc le activity produce high airflow 
ve loc i t ies . 4 1 Repeated coughing can i n d u c e 
enthesopathy in the a t tachments of, and ac
tivate TrPs in, the expiratory m u s c l e s (es
pecial ly the abdominals ) . A coughing spel l 
can b e c o m e excruciat ingly painful for this 
reason. 

T h e neurogenesis for sneezing is some
what different than for coughing. During 
this reflex, there are often intermittent 
pauses during the inspiratory effort, and 
expired air is diverted through the nose in 
addition to the m o u t h . 4 1 S i n c e a prolonged 
series of sneezes is m u c h less l ikely to oc
cur than a protracted period of coughing, 
sneezing is less l ikely to produce m u s c u l a r 
distress. 

T h e inhalat ions and exhalat ions of gasp
ing, w h i c h are induced by severe hypoxia , 
are more sudden in beginning and ending 
compared to the rhythmic respirat ions of 
eupnea (normal breathing) . T h i s u n i q u e 
pattern of autonomic venti latory activity 
differs fundamental ly from eupnea be
cause the neurogenesis of gasping depends 
on a specif ic region of the m e d u l l a . 4 5 

Another reflex respiratory activity, vom
iting, involves violent contract ion of expi
ratory musc les . Vomiting can be i n d u c e d 
by reverse peristalsis of the duodenum, by 

mot ion s i ckness , or by pregnancy. I t is s u c h 
a pr imit ive reflex that it is preserved in de
cerebrate an imal preparat ions and is pro
duced by the thoracoabdomina l respiratory 
musc les . E x p u l s i o n of the gastric bolus by 
vomit ing is usual ly preceded by retching, 
w h i c h involves success ive waves of reflex 
cocontrac t ion of the diaphragm and ab
dominal m u s c l e s that override the respira
tory cyc le . Recurrent attacks of retching are 
feared by c l in i c ians and patients because 
of the severe fatigue they can i n d u c e in res
piratory m u s c l e s , and the attacks have oc
cas ional ly led to rib f rac tures . 2 9 Again, this 
m u s c l e overload can produce severely 
painful enthesopathy and can activate TrPs 
that persist after an attack. 

Most e x p e r i e n c e d condi t ioned runners 
s h o w a tight locomotor-respiratory cou
pling w h i c h is es tabl ished during the f irst 
four or f ive strides of the run. T h e ratio is 
usual ly 2 strides to one respiratory cyc le . 
Inexper ienced runners s h o w litt le or no 
t e n d e n c y for such c o u p l i n g . 4 8 During pro
longed m a x i m a l exerc ise , the b lood flow 
requirements of respiratory m u s c l e s are 
comparable to those of propuls ive l imb 
m u s c l e s . 2 

6. SYMPTOMS 
Intercostal Muscles 

T h e pat ient c o m p l a i n s of aching pain as 
descr ibed in S e c t i o n 1 of this chapter and 
often is unable to l ie in the posi t ion that 
p laces body weight onto the TrP. T h e TrP 
pain is increased by deep inhalat ion (for 
ex amp l e , during demanding exerc ise) and 
either coughing or sneezing may be ex
t remely painful . 

Cardiac arrhythmia inc luding auricular 
f ibr i l la t ion can depend on the arrhythmia 
TrP cons idered in detail in Chapter 4 2 . It 
somet imes seems to be located in inter
costal m u s c l e s on the right s ide. W h e n this 
occurs , cardiac arrhythmia is one s y m p t o m 
of intercostal TrPs. 

Diaphragm 

Seventeen pat ients diagnosed with 
ep isodic spasms of the d i a p h r a g m 5 1 com
pla ined of chest pain, dyspnea and inabi l 
ity to get a full breath. S o m e t i m e s attacks 
were prec ipi tated by anxie ty-producing 
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si tuat ions. Pat ients somet imes had so 
m u c h diff iculty breathing that they feared 
they might die. T h i s demonstrates the im
portance o f the diaphragm. T h e a u t h o r 5 1 

apparent ly did not cons ider TrPs, w h i c h 
c o u l d a c c o u n t for the s y m p t o m s and, i f 
present , w o u l d have b e e n a treatable cause . 

W h e n pat ients have diaphragmatic TrPs, 
they are prone to develop a "s t i t ch in the 
s i d e " w h e n doing exerc ise that requires 
rapid deep breaths . T h e pain is l ike ly to be 
mos t in tense at the end of a full exhalat ion 
w h e n the diaphragm f ibers are s tretched. 
Coughing can be excruciat ingly painful . 

H i c c u p represents a reflex contract ion of 
the diaphragm; the anatomy, physiology, 
and c l in ica l aspects o f h i c c u p were thor
oughly rev iewed by Trave l l . 4 6 Often h i c c u p 
can be re l ieved by m e c h a n i c a l (and cold) 
s t imulat ion of the uvula , suggesting that a 
trigger area in the m u c o s a or muscula ture 
of the uvula can be a major factor in caus
ing h i c c u p . 4 6 Also , TrPs of the diaphragm 
m u s c l e are suggested by the observation 
that exhalat ion tends to re l ieve the h i c c u p s 
and deep inhalat ion (shortening the mus
cle f ibers) tends to aggravate them. How
ever, this respiratory effect may also be an 
e x a m p l e of respiratory s y n k i n e s i s . 3 4 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 
Intercostal Muscles 

A posture or act ivity that activates a TrP, 
i f not corrected or i f cont inued , can also 
perpetuate it. In addit ion, m a n y structural 
and sys temic factors (see Chapter 4) wi l l 
perpetuate a TrP that has b e e n act ivated by 
an acute or c h r o n i c overload. For the inter
costal m u s c l e s , postural cons iderat ions are 
important . 

Intercostal TrPs m a y be act ivated by 
gross or local impac t trauma, excess ive 
coughing, and chest surgery. 8 Chest retrac
tors used during surgery were found l ikely 
to leave painful c lusters of intercostal 
T r P s . 4 4 Open heart surgery that e m p l o y e d 
inc i s ion of the s ternum rather than ribs 
w a s more l ikely to result in TrPs in the pec
toralis major and minor m u s c l e s than in 
the anterior intercostal m u s c l e s . 4 4 Other 
causes for act ivat ion inc lude an attack of 
herpes zos ter , 1 3 fracture of a rib to w h i c h 

the m u s c l e at taches , and possibly a breast 
implant . 

Intercostal TrPs also may b e c o m e active 
in associat ion with intrathoracic les ions, 
such as pneumothorax , pyothorax, and 
pleural effusion (secondary to a tumor) . 
T h e s e associated TrPs are l ikely to involve 
the last three intercostal musc les and a 
compla int of posterolateral low chest pain. 

Signif icant perpetuating factors can be a 
chronic cough, key TrPs in the overlying 
pectoral is major m u s c l e , and paradoxical 
breathing. It is not always clear w h i c h 
comes first as the abnormal respiratory pat
tern and the TrPs seem to reinforce each 
other. 

Diaphragm 

Diaphragmatic TrPs may be activated by 
exerc ise , such as rapid walking or running, 
or by a persistent cough. It is l ikely they 
c o u l d appear fol lowing gastrectomy. To 
date, relat ively few phys ic ians have consid
ered the possibi l i ty that diaphragmatic TrPs 
may be the cause of unexpectedly persis
tent s y m p t o m s related to muscular activity. 

8. PATIENT EXAMINATION 
After establ ishing the event(s) associ

ated wi th the onset of the pain complaint , 
the c l in i c ian should make a detailed dia
gram of the pain pattern descr ibed by the 
patient . More than intercostal and/or di
aphragmatic TrPs may be involved. T h e 
drawing should be in the style of the pain 
patterns in this vo lume using a copy of an 
appropriate body form found in Chapter 3, 
Sec t ion 1 , Figures 3 .2 -3 .4 . 

T h e c l in ic ian should be sure to examine 
the patient for paradoxical breathing (see 
Sec t ion 4 of this chapter and Sect ion 14 of 
Chapter 20 ) . I f paradoxical breathing is 
present , high priority should be given to ef
fect ive correct ion of this abnormal breath
ing pattern, both during init ial therapy and 
at fol low-up visits . 

Intercostal Muscles 

Even with normal coordinated breath
ing, the vital capaci ty of the patients with 
intercostal TrPs is l ikely to be reduced be
cause the TrPs often painful ly restrict deep 
inhalat ion or full exhalat ion. 

Rotat ion of the thoracic spine may be re
stricted in one or both direct ions by inter-
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costal TrPs. Trigger Points in the diagonal 
abdominal musc les , the serratus posterior 
inferior, and the i l iocostal is l u m b o r u m can 
also restrict trunk rotation. 

The patient wi th intercostal TrPs is un
able to raise the arm straight up on the af
fected side because of painful ly restr icted 
rib mobil i ty. With intercostal TrPs, pain is 
usually aggravated by bending the trunk to
ward the side opposite the TrPs, and may be 
somewhat rel ieved by bending toward the 
painful (TrP) side. Careful visual inspec t ion 
of the chest from in front and/or palpat ion 
of the chest for symmetry of expans ion dur
ing respiration is l ikely to s h o w a restr icted 
excurs ion and narrowed rib spaces on the 
side of interosseous intercostal TrPs. 

Diaphragm 

Patients wi th diaphragmatic TrPs are 
l ikely to exper ience pain at the end of a 
maximal exhalat ion. To increase the sensi
tivity of testing, the patient can increase 
stretch tension on the diaphragm near full 
exhalat ion by vigorous contract ion of rea
sonably strong abdominal m u s c l e s . I f the 
abdominal musculature is weak, the pa
tient can apply external pressure to the ab
domen to increase intra-abdominal pres
sure forcing the diaphragm upward and 
stretching it. T h e effect iveness of this effort 
is b locked if the patient c loses the glottis, 
w h i c h is what patients normal ly do w h e n 
contracting the abdominal m u s c l e s to in
crease intra-abdominal pressure. Perform
ing this abdominal maneuver during con
tinued exhalation ensures an open glottis. 
Vigorous coughing at nearly comple te ex
halat ion can also induce pain from di
aphragmatic TrPs. If the TrPs have caused 
appreciable enthesopathy, any vigorous 
cough is l ikely to be painful . 

Among 17 patients wi th episodes that 
were diagnosed as diaphragmatic spasm, 
the a u t h o r 5 1 was able to induce an attack in 
12 of them during f luoroscopic examina
tion. As the patient had increasing diffi
culty taking in a full breath, the diaphragm 
became progressively contracted unti l i t 
was essential ly flat across the a b d o m e n 
and the patient was in serious respiratory 
distress because of inabi l i ty to inhale ade
quately. Episodes were usual ly precipi 
tated by engaging the patients in discus

sion of topics k n o w n to be emot iona l ly 
very stressful to them. T h e diaphragmatic 
spasm (or contracture) e l iminated di
aphragmatic funct ion and was b locking 
both the p u m p - h a n d l e and bucket -handle 
m o v e m e n t s of the t h o r a x . 5 1 Increased di
aphragmatic m u s c l e tens ion c a u s e d by 
TrPs w o u l d produce the same effect to a 
lesser degree and also w o u l d be aggravated 
by emot ional stress. 

9. TRIGGER POINT EXAMINATION 
Intercostal Muscles 

To locate intercostal TrPs, the c l in i c ian 
should e x a m i n e the rib cage for abnor
mal ly narrow rib interspaces that c o u l d in
dicate tense intercostal m u s c l e s . T h e pa
t ient usual ly descr ibes pain along a 
narrowed interspace i f act ive intercostal 
TrPs are responsib le . T h e region of in
creased m u s c l e tens ion and of TrP tender
ness can be found by running the palpating 
f inger b e t w e e n the ribs for the full length of 
the suspected segment. Intercostal TrPs are 
usual ly located anterolateral ly or postero-
laterally and less c o m m o n l y in the extreme 
anterior and posterior port ions of the m u s 
c le . T h e parasternal internal intercostal 
m u s c l e s are an except ion to this f inding 
and should be careful ly invest igated in 
cases of suspected costochondri t i s and Ti-
etze syndrome. T h e s e syndromes m a y be 
caused by TrPs in these work-horse respi
ratory m u s c l e s . Th is poss ib i l i ty needs c l in
ica l research invest igat ion. 

Dr. Travell observed that a TrP in the in
tercostal m u s c l e located poster iorly be
tween ribs 4 and 5, c lose to the r h o m b o i d 
minor m u s c l e , ini t iated a h i c c u p w h e n 
pressed before TrP in ject ion, but not fol
lowing in ject ion. 

Diaphragm 

T h e midfiber central TrPs of the di
aphragm are obviously not access ib le to 
palpat ion. However, the tenderness of at
t a c h m e n t TrPs in the costal port ion of the 
diaphragm is detectable just ins ide the 
lower border of the thorac ic cage. Tender
ness detected in this region c o u l d originate 
in the diaphragm, the external obl ique, in
ternal obl ique, or transversus abdominis 
musc les . T h e obl ique abdominal m u s c l e s 
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c lude myocardial infarction, tumor, pleural 
effusion, and pyothorax. These condit ions 
must be ruled out; when present they also 
can induce and perpetuate TrP activity. 
T h u s , if intercostal TrPs responded poorly to 
treatment, imaging of the chest and a search 
for other condit ions is strongly indicated. 

Intercostal TrPs commonly develop in 
conjunct ion with an attack of herpes zoster. 1 3 

In this study, the neurogenic pain of herpes 
was often described as a shooting pain 
w h i c h was generally responsive to Tegretal 
therapy. Pain from TrPs was described as a 
local ized ache that, in these cases, persisted 
despite Tegretal therapy but responded to 
TrP therapy. 1 3 T h e TrP pain is most likely to 
be prominent in the chronic stage of a herpes 
attack, and may be the only remaining 
source of chest pain. The intercostal TrP 
pain tends to be well localized, most com
monly in the posterolateral part of the chest. 

Related Trigger Points. Spot tender
ness of the chest wal l in locat ions where 
the serratus anterior attaches to ribs may 
appear to be intercostal TrPs, but in fact, 
usual ly represents enthesopathy secondary 
to TrPs of the serratus anterior musc le . A 
taut band palpable be tween the spot ten
derness of the chest wall and a serratus an
terior central TrP helps to identify the ten
derness as belonging to an at tachment TrP 
of the serratus anterior musc le . 

F u l l e levat ion of an upper l imb opens 
up the intercostal spaces on the same side 
and stretches fascial t issues over the chest 
wal l . T h i s m o v e m e n t is painful to patients 
w h o have intercostal TrPs, w h o are recov
ering from thoracotomy, or w h o have her
pes zoster wi th or without intercostal TrPs. 
Pat ients wi th these condi t ions are vulnera
b le to developing a painful myofascial 
" f r o z e n " shoulder because of the pain-
i n d u c e d restr icted range of mot ion at the 
shoulder that encourages the development 
and perpetuat ion of subscapularis TrPs as 
descr ibed in Chapter 26 , Sec t ion 1 1 . 

At t imes , the cardiac arrhythmia TrP as
sociated with the pectoral is major musc le 
(see Chapter 42 ) appears just as l ikely to be 
located in an intercostal musc le . 

Articular Dysfunction. Art icular dys
funct ion associated with intercostal TrPs is 
usual ly isolated to one or two rib levels 
and presents as an exhalat ion or depressed 

attach to the ribs external ly above the 
costal margin (Fig. 4 9 . 4 ) , whereas the 
transversus abdominis m u s c l e attaches to 
the costal margin and interdigitates wi th 
angulated diaphragm fibers (Fig. 4 5 . 4 and 
see Fig. 4 9 . 5 ) . Pa lpat ion of the patient 's ac
t ive abdomina l contract ions and identif ica
t ion of appropriate f iber direct ions can 
h e l p the e x a m i n e r to dist inguish taut 
b a n d s and TrP tenderness in the more su
perficial abdominal m u s c l e s from tender
ness o f the deeper m u s c l e s . 3 6 

T h e ambiguity o f dist inguishing be
t w e e n the a t tachment tenderness of the 
transversus abdominis and the diaphragm 
at the costal margin can be resolved by test
ing sensi t ivi ty to stretch. T h e examiner can 
test whether pain and tenderness are in
creased by stretching the abdominal mus
c les (protruding the abdomen) or by 
stretching the diaphragm (compress ing the 
a b d o m e n near the end of exhala t ion) . 

10. ENTRAPMENT 
No nerve entrapment has been attributed 

to the intercostal or diaphragm musc les , 
nor is one l ikely, consider ing their anatomy. 

11. DIFFERENTIAL DIAGNOSIS 

with contributions by 

Ro ber ta S h a p i r o , D.O. 

Intercostal Muscles 

Differential diagnoses of intercostal TrPs 
inc lude herpes zoster, rib art icular dys
funct ions , f ibromyalgia (when pain is wide
spread) , cardiac diseases (in cases of left 
uni lateral intercostal TrPs) , painful rib syn
drome (which D y e r 2 3 identif ied as often be
ing a m i s n o m e r for abdomina l myofasc ia l 
TrPs) , Tietze syndrome or cos tochondr i t i s 
(diagnoses w h i c h Calabro et al.10 c lear ly 
dif ferentiated) , thorac ic radiculopathy, and 
intercostal m u s c l e spasm (which B l u m e r 6 

cons idered one of the most c o m m o n , gen
eral ly unrecognized, benign causes of chest 
pain in dai ly pract ice) . T h e m u s c l e tens ion 
c a u s e d by TrPs i s c o m m o n l y mis takenly 
identi f ied as s p a s m , 4 3 w h i c h may be the 
case in the B l u m e r 6 paper. 

Ser ious intrathoracic disease that can 
m i m i c the symptoms of intercostal TrPs in
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rib lesion. Th is dysfunct ion is best treated 
by inactivating the TrPs, by r ib-mobil iz ing 
musc le stretch using respirat ion to aug
ment relaxation, or by funct ional ( indirect) 
techniques . 

Diaphragm 

With regard to d iaphragmat ic TrPs, dif
ferential diagnoses i n c l u d e d iaphragmat ic 
s p a s m , 5 1 pept i c ulcer , gastroesophageal 
ref lux, and gal lbladder diseases (in cases 
of r ight-side uni la tera l d iaphragmat ic 
TrPs). 

Atypica l chest pain (which , w h e n in 
the lower sternal area, has also b e e n ca l led 
s l ipping rib syndrome, x iphoidalg ia , or 
precordial ca tch syndrome) was s h o w n in 
one character is t ic e x a m p l e to be due to a 
TrP in the diaphragm m u s c l e . 3 2 C l in ica l 
research studies are n e e d e d to clari fy the 
relat ion b e t w e e n these syndromes and 
TrPs. 

W h e n chest pain is c lose ly associated 
with increased tens ion of the diaphragm it 
must not be assumed that the tens ion is 
caused by spasm. Increased m u s c l e tens ion 
and pain in the absence of spasm are car
dinal features of TrPs. 

In one study, the 17 patients diagnosed 
as suffering from episodes of diaphrag
matic s p a s m 5 1 were not moni tored for E M G 
activity, so i t was not conc lus ive ly s h o w n 
that they all had spasm of the diaphragm; 
some of them may have h a d increased 
musc le tension from TrPs, espec ia l ly some 
of the less typical cases . In some cases , the 
diaphragmatic tens ion c o u l d be re leased 
by an effort at full exhalat ion, w h i c h he lps 
to inactivate diaphragmatic TrPs. One of 
the case reports demonstrated that after the 
diaphragm went into spasm in response to 
psychic distress, i t re laxed upon return of 
emotional equanimity. T h e pat ient learned 
to identify and avoid bui ldup of the emo
tional tens ion that precipi tated attacks. 
T h e crit ical quest ion remained unan
swered as to w h y that patient 's diaphragm 
was so prone to spasm. Here TrPs m a y wel l 
have been playing a cr i t ical ly important 
role, especial ly i f other musc les h a d TrPs 
that were prone to increase markedly the 
excitabil i ty of the motor neuron pool serv
ing the diaphragm. 

Diaphragmatic TrPs can be satel l i tes to 
TrPs in the upper port ion of the rectus ab
dominis m u s c l e on the same side. Athletes 
w h o overexerc ise the rectus abdominis 
m u s c l e by concentrat ing on s i tups (which 
overload the rectus m u s c l e in a shortened 
posi t ion) are l ikely to develop rectus abdo
min is TrPs. In addit ion, the overuse of 
heavy resist ive exerc ises to develop the 
pectoral and b i c e p s m u s c l e s makes de
m a n d s of the abdominal m u s c l e s for stabi
l izat ion. On examinat ion , the tenderness 
of rectus abdominis TrPs is increased by 
stretching that m u s c l e or by asking the 
supine pat ient to raise the feet off of the 
examining table . I f these m o v e m e n t s do 
not increase the TrP sensit ivity, then ten
derness to pressure appl ied ins ide the 
lower border of this region of the rib cage 
most l ike ly indicates diaphragmatic TrP 
involvement . 

Confusion m a y arise b e t w e e n pain f rom 
TrPs in the diaphragm and pain from TrPs 
in the interdigitating transversus abdo
min is m u s c l e . Pain e x p e r i e n c e d on full in
halat ion (abdomen protruded, transversus 
stretched) is more l ikely to c o m e from 
transversus TrPs; pain e x p e r i e n c e d on full 
exhalat ion (abdomen pul led in, diaphragm 
stretched) is more l ike ly to c o m e from di
aphragmatic TrPs. 

Diaphragmat i c TrPs have no recog
n i z e d ar t icular d y s f u n c t i o n s re la ted to 
them. 

12. TRIGGER POINT RELEASE 
(Figs. 45.10-45.12) 

For lasting re lease of trigger points 
(TrPs) in these respiratory m u s c l e s , and for 
lasting re l ie f of pain, the pat ient m u s t be 
instructed to correct paradoxica l breathing, 
i f i t is present [see F igs . 2 0 . 1 5 and 2 0 . 1 6 ) . 
Good posture is also essent ia l for mainte 
n a n c e of m u s c l e length and effect ive respi
ratory patterns [see Chapter 4 1 , S e c t i o n C). 

Intercostal Muscles 

Inact ivat ion of TrPs in these m u s c l e s 
can be a p p r o a c h e d by direct t e c h n i q u e s 
( treatment directed against the barrier) or 
by indirec t t e c h n i q u e s (uti l izing a pos i t ion 
of ease) . A p p l i c a t i o n of direct m a n u a l 
t e c h n i q u e s speci f ica l ly to the m u s c l e , 
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s u c h as TrP pressure re lease and deep 
str ipping massage , is effect ive for essen
t ia l ly al l intercosta l m u s c l e s . Spray a n d 
stretch, and stretch using pos t i sometr ic re
laxat ion e n h a n c e d by coordinated respira
t ion are also effect ive. W h e n m u s c l e en
ergy t e c h n i q u e s are used , as po inted out 
by Goodridge a n d K u c h e r a , 2 7 the tech
n i q u e for re leasing the first rib is different 
from that for ribs 2 -10 , w h i c h is different 
from that for r ibs 11 and 12 , b e c a u s e of the 
di f ferences in their ar t iculat ions . 

T h e use o f vapocoolant e n h a n c e s re lease 
of these TrPs and re l ie f of pain. T h e spray 
is appl ied over the involved m u s c l e s , fully 
covering the TrP area and the entire zone of 
pain and tenderness . 

Upper Thorax. T h e d iscrepancy be
t w e e n the locat ion of the m u s c l e s and their 
effect on rib mot ion is contrary to the intu
it ive assumpt ions that are m a d e by m a n y 
c l i n i c i a n s and then promoted as fact. I t has 
been reasonably a s s u m e d by m a n y that the 
parasternal intercostals elevate the ster
n u m in the p u m p - h a n d l e mot ion and that 
the lower lateral intercostals elevate the 
r ibs laterally in the bucket -handle mot ion. 
T h e reverse is true (see S e c t i o n 4 of this 
chapter ) . However, the manual release 
t e c h n i q u e s descr ibed for myofasc ia l ten
s ion in the region of the s ternum or lower 
lateral ribs are appropriate for releasing 
TrPs in m u s c l e s of these regions. 

An approach for release of upper inter
costal m u s c l e tens ion is i l lustrated and de
scr ibed in Figure 4 5 . 1 0 . Goodridge and 
K u c h e r a 2 7 descr ibe and i l lustrate several 
addit ional appl icat ions of m u s c l e energy. 
G r e e n m a n 2 8 descr ibes funct ional ( indirect) 
t e c h n i q u e s that use a posi t ion of ease to re
lease tens ion in this region. Upledger and 
V r e d e v o o g d 4 7 approach the resultant ster
na l e levat ion direct ly by depressing i t be
t w e e n the hands , assisted by respirat ion. 

In addit ion to releasing the speci f ic 
pa in-producing TrPs, it is he lpful to release 
all tense myofasc ia l t issues in that region. 

Lower Thorax. An effect ive approach 
to re lease TrPs in these lower intercostal 
m u s c l e s is i l lustrated and descr ibed in Fig
ure 4 5 . 1 1 . Goodridge and K u c h e r a 2 7 as wel l 
as G r e e n m a n 2 8 a lso descr ibe and i l lustrate 
the appl ica t ion of other t echniques to the 
lower rib cage. 

Diaphragm 

T h e muscle f ibers of the diaphragm are 
placed on stretch by m a x im um exhalation, 
w h i c h moves the dome of the diaphragm up 
into the chest cavity. T h e fibers are also 
stretched by any compression of the ab
domen at full exhalation. T h e diaphragm is 
inaccessible to direct manual therapy tech
niques, such as TrP release. However, it and 
the lower intercostal TrPs can be released by 
the technique illustrated and described in 
Figure 45 .12 . This manual release can be pre
ceded with application of vapocoolant spray 
to cover the margin of the lower rib cage 
where the costal diaphragm fibers attach. 

An increase in intra-abdominal pressure 
for added stretch to the diaphragm on full 
exhalat ion can be a c c o m p l i s h e d in various 
ways , such as voluntary contract ion of the 
abdominal musc les , appl icat ion of hand or 
arm pressure to the abdomen, and bending 
the body forward on exhalat ion. 

I n g b e r 3 2 identif ied one cause of the com
m o n problem of atypical chest pain to be 
diaphragmatic TrPs. Leaning forward and 
inhal ing aggravated the pain. Applicat ion 
of TrP therapy including TrP pressure re
lease appl ied to the right diaphragm, upper 
thorac ic extens ion using a post isometric 
re laxat ion technique , and h o m e corrective 
exerc ises rendered the patient pain free for 
at least 1 year. 

Upledger and c o w o r k e r 4 7 described and 
i l lustrated anteroposterior compress ion of 
the upper abdomen and lower rib cage by 
placing one hand on the epigastrium and 
the other h a n d under the upper lumbar 
spine . No respiratory maneuver was de
scr ibed. However, the pr inc iple of postiso
metr ic re laxat ion can be appl ied effectively 
wi th the hands in this posi t ion to stretch 
and release tense f ibers of the diaphragm 
m u s c l e . T h e pat ient should take quiet gen
tle breaths wi th the lungs kept as empty as 
possible . Th is can be accompl i shed by the 
operator gently assisting exhalat ion with 
pressure appl ied between the hands , ask
ing the patient to ho ld the exhalat ion for 
several seconds , and then gently resisting 
inhalat ion. T h i s encourages success ively 
smal ler lung volumes with each breath, 
w h i c h means progressive lengthening of 
diaphragm fibers . 
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Figure 45.10. Two positions for release of upper inter
costal muscle tension caused by TrPs. This release 
procedure is also referred to as an upper rib release of 
ribs 2 -4 or 5. A, the clinician places one hand medial 
to the vertebral border of the scapula, contacting the 
appropriate affected ribs posteriorly, and applies pres
sure in a cephalad direction with the fingers. The clin
ician's other hand is positioned anteriorly over the af
fected ribs, applying downward pressure that resists 
rib elevation when the patient inhales and then assists 

rib depression when the patient exhales (utilizing res
piration to augment release of the tense intercostal 
muscles). B, alternate position for the same "upper 
rib" release, with the patient's arm positioned in ele
vation. 

With a variation in the position of the hand ap
plying pressure posteriorly on the scapula, this proce
dure can then be effective for releasing trigger point 
tension in the upper and middle portions of the serra
tus anterior muscle. 

Goodridge and K u c h e r a 2 7 descr ibe a 
muscle energy technique for releasing the 
diaphragm that concentrates on correct ing 
asymmetry of the lower rib cage wi thout 
including any respiratory instruct ions in 
the therapeutic protocol . Th is approach 
may be as effective at releasing TrP tens ion 

in intercostal m u s c l e s of the lower rib cage 
as for releasing tens ion in the diaphragm. 

Al though there is no speci f ic ev idence 
that h i c c u p s are direct ly re lated to di
aphragmatic TrPs, it is interest ing that 
breathing w h i l e in the posi t ion of as full 
exhalat ion as poss ible (which stretches the 
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most effective. All of them affected the po
sit ion of the uvula . 

W h e n a person's body is in the head-
down posi t ion, gravity pushes the abdomi
nal contents toward the chest , producing a 
gravity-assisted stretch of the diaphragm 
that is e n h a n c e d during full exhalat ion. Dr. 
Travell descr ibed the effect iveness of this 
technique appl ied to her chi ldren when 
they h a d h i c c u p s . S h e turned them upside 
down over her lap and tapped over the f i f th 
cervica l vertebra at about one tap per sec
ond. T h e ch i ld could tell her to correct the 
tap rate if it felt too fast or too slow, and 
c o u l d say exact ly where the tapping felt 
best . 

Figure 45.11. Release of lower intercostal muscle ten
sion caused by TrPs. This technique is sometimes 
called "lower rib release" and can also be used to re
lease TrP tension of the latissimus dorsi muscle. Pa
tient is supine with the arm on the affected side posi
tioned upward and reaching over the head. One hand 
of the clinician (the right hand in this figure) is placed so 
as to span the lateral aspect of the patient's lower ribs; 
the other hand is placed in the patient's axillary region 
for stabilization. The patient is then instructed to take a 
deep breath. During the exhalation phase, the clini
cian's right hand applies gentle downward pressure 
(caudally directed) on the patient's lower ribs. As the 
patient inhales, the examiner resists elevation of the 
lower ribs, and as the patient exhales, the examiner's 
downward pressure facilitates depression and release 
of the lower ribs. The patient is instructed to reach 
overhead toward the opposite shoulder during exhala
tion, which accentuates the stretch of the intercostal 
muscles and the latissimus dorsi muscle. The stretch 
cycle is repeated until release is satisfactory. 

diaphragm) tends to reduce h i c c u p act ivity 
and discourage its return, w h i l e taking a 
deep inhala t ion (which shortens di
aphragm m u s c l e f ibers ) can react ivate h i c 
c u p s . 4 6 T h e fact that severance of both 
p h r e n i c nerves m a y not terminate h i c c u p s 
suggests that h i c c u p s can be produced by 
reflex act ivity of the inspiratory chest mus
c les wi thout diaphragmatic contract ion. 
Dr. Travell spent m a n y years exploring 
ways to end persis tent h i c c u p s in chal 
lenging cases , and in 1 9 7 7 4 6 summar ized 
some of the t e c h n i q u e s she h a d found to be 

Figure 45.12. Diaphragm release with the patient 
supine. The clinician stands at the patient's side that 
is opposite to the muscle to be released (i.e., at the 
patient's right side for release of the left part of the di
aphragm), and places both hands anteriorly at the 
lower border of the patient's rib cage. The patient is 
instructed to breathe in normally in a relaxed manner 
and then breathe out slowly. During exhalation, the 
clinician's thumbs follow the diaphragm inward under 
the rib cage and then lift the rib cage anteriorly, which 
is the actual release phase of the procedure. Some 
additional release occurs on subsequent respiratory 
cycles. This procedure is also helpful for releasing 
lower intercostal muscle trigger points. 
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13. TRIGGER POINT INJECTION 
(Fig. 45.13) 

Inject ion of intercostal and diaphrag
mat ic trigger points (TrPs) should be at
tempted only by those with m u c h experi 
ence and skill in needl ing TrPs, and w h o 
have a highly sensit ive " f e e l " for the t issue 
being penetrated by the needle . In ject ion of 
these musc les is not for beginners . In jec
t ion should N O T be cons idered unti l non
invasive techniques (see Sec t ion 12) have 
been exhaust ively explored and proven to 
be unsuccess ful in the hands of skilled 
c l in ic ians . In ject ion of these m u s c l e s 
should not be cons idered unti l sys temic 
and mechanica l perpetuating factors (in
cluding a chronic cough) have been fully 
investigated and corrected. 

Intercostal Muscles 

For injection, the patient should be 
placed in the supine or sidelying posit ion 
depending on the location of the TrP. Pi l 
lows are used as necessary to ensure that the 
patient is C O M F O R T A B L E . T h e c l in ic ian 
doing the injection should be seated com
fortably, should be aware of the patient's res
piratory rhythm, and should encourage the 
patient to take quiet shal low breaths and not 
to hold the breath. Holding the breath could 
result in a sudden unexpected deep breath. 

Palpation of the taut band of an inter
costal TrP may not be poss ible because of 
overlying musc les . W h e n it is necessary to 
palpate through an overlying m u s c l e , s u c h 
as the pectoral is major, the examiner 
should be sure that overlying m u s c l e does 
not have a TrP that has been over looked 
and needs to be inact ivated. 

The guide hand is p laced sol idly on the 
patient's chest with two f ingers straddling 
the TrP by placing them on the adjacent 
ribs (Fig. 4 5 . 1 3 ) . A 27-gauge needle on a 5 
ml syringe loaded with 0.5 % proca ine or 
l idocaine is used for in ject ion. T h e needle 
should be angled c lose to the chest wal l , no 
more than 45° from the skin surface. T h i s 
increases control of the needle depth. T h e 
needle is s lowly advanced toward the spot 
of m a x i m u m TrP tenderness b e t w e e n the 
f ingers . T h e syringe is he ld as s h o w n in 
Figure 4 5 . 1 3 wi th the ulnar side of the in
jecting hand resting sol idly on the patient , 
so that any unexpec ted m o v e m e n t by the 

Figure 45.13. Injection of intercostal muscles using 
Hong's safer method of holding the syringe as com
pared to the traditional method. The Hong technique31 

provides additional protection from unintended ad
vancement of the needle into the pleura due to a sud
den unexpected movement by the patient such as a 
sneeze, cough or startle reaction. The syringe is held 
in such a way that the wrist and ulnar side of the hand 
rest solidly on the patient's rib cage (See text for de
tails). When the location of TrP tenderness has been 
identified, the spot is marked by placing a finger on 
the rib on each side of the TrP. No attempt should be 
made to inject an intercostal muscle until the clinician 
has had considerable experience injecting TrPs in 
other muscles and has developed a fine feel for the 
different textures of the tissues and the depth to which 
the needle is penetrating. It is of paramount impor
tance that the needle not penetrate the epimysium on 
the deep side of the muscle. 

pat ient w o u l d m o v e that h a n d wi th the 
body and prevent u n i n t e n d e d advance
ment of the needle into the pleura. 

W h e n in ject ing, the operator notes the 
res i s tance e n c o u n t e r e d b y the n e e d l e 
w h e n i t r e a c h e s the fasc ia l cover ing of the 
in tercos ta l m u s c l e . I f there is doubt about 
the depth o f that m u s c l e , the n e e d l e can be 
angled to one s ide unt i l i t gent ly e n c o u n 
ters the r ib , and then be red i rec ted . T h e 
m u s c l e s h o u l d be care fu l ly m o n i t o r e d for 
pa lpab le e v i d e n c e of a loca l t w i t c h re
s p o n s e , w h i c h i s impor tant to insure c l in 
ica l e f fec t iveness o f the in jec t ion . S p e c i a l 
care is taken not to p r o c e e d b e y o n d a sec 
o n d barr ier o f fasc ia l r e s i s t a n c e that w o u l d 
represent the i n n e r fasc ia l cover ing of the 
m u s c l e (usual ly less than 5 mm of m u s c l e 
depth b e y o n d the first barr ier ) . 
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If the lung is penetrated producing a 
p n e u m o t h o r a x , the pat ient usual ly be
c o m e s aware of a salty taste in the mouth , 
is l ike ly to cough, and may b e c o m e short of 
breath. Auscul ta t ion reveals a lack of 
breath sounds on the in jected side. T h i s re
quires emergency m e d i c a l treatment . I f 
there are several TrPs along one intercostal 
m u s c l e , the most posterior TrP m a y be a 
key TrP, inact ivat ion of w h i c h c o u l d also 
inact ivate any more anterior satel l i te TrPs. 

In post - thoracotomy pat ients , TrPs in 
the surgical scar t issue m a y have the same 
effect as a key intercostal m u s c l e TrP. E l im
inat ion of key scar tissue TrPs, w h i c h usu
ally requires in ject ion, can then also inac
tivate any satell i te m u s c u l a r TrPs. 

Chen, et al13 reported that pat ients w h o 
developed active intercostal TrPs in associ 
at ion wi th herpes zoster responded to in
j ec t ion o f the TrPs with 0 . 5 % L idoca ine 
with immedia te re l ie f o f ches t pain fol low
ing in ject ion. Pa in re l ie f usual ly lasted 1 or 
2 weeks fol lowing the first in ject ion, wi th 
progressively longer per iods of re l ief (up to 
2 months ) wi th repeated in jec t ions . 

Diaphragm 

Needle penetrat ion in this region is haz
ardous b e c a u s e of the great danger of pro
ducing a p n e u m o t h o r a x . If subcostal spot 
tenderness is c lear ly not from abdominal 
TrPs and i f mobi l iza t ion maneuvers are not 
he lpful , then one w h o is suff iciently 
ski l led and properly equipped can con
sider in jec t ion of attachment TrPs of the 
diaphragm. However, accurate local izat ion 
of a TrP in this m u s c l e is difficult because 
of its locat ion. T h e technique for in ject ing 
a t tachment TrPs at the costal margin is 
s imi lar to that used for making needle 
E M G recordings of diaphragm motor unit 
activity, w h i c h was wel l i l lustrated and de
scr ibed by Saadeh, et al.40 and also was re
ported by Bol ton , et al 7 In fact, the safest 
TrP in ject ion t e c h n i q u e in this locat ion is 
to use an E M G h y p o d e r m i c needle that is 
sold to conf irm a m u s c u l a r site by E M G 
monitor ing for in ject ing B o t u l i n u m Toxin 
A. Only the type of needle is recom
m e n d e d , N O T the toxin. T h i s E M G ensures 
in jec t ion of proca ine or l idoca ine into the 
diaphragm m u s c l e , w h i c h i s identi f ied by 
its act ivity only during inhalat ion . 

It is important to remember that injec
t ion techniques l ike this can only reach at
t a c h m e n t TrPs of the diaphragm. T h e end-
plate zone , where the central TrPs are 
located, is a horseshoe-shaped l ine run
ning m i d w a y be tween the peripheral end 
of each f iber and its a t tachment onto the 
central tendon of the diaphragm (see Fig. 
2 .10D) . For that reason, subcostal in ject ion 
of B o t u l i n u m Toxin A would be essential ly 
useless and is ser iously hazardous. 

14. CORRECTIVE ACTIONS 
(Fig. 45.14) 

Pat ients wi th intercostal TrPs and espe
c ia l ly those with diaphragmatic TrPs are 
l ike ly to exhib i t paradoxica l respirat ion 
that m a y be both a contr ibuting factor to, 
and the result of, the TrPs. It is important 
for full recovery of normal funct ion to re
train these pat ients to use normal coordi
nated respirat ion (see S e c t i o n 4 above, 
Chapter 20 , S e c t i o n 14 , and Figs . 20 .15 
a n d 2 0 . 1 6 ) . One study s h o w e d that sur
face E M G feedback from only inspiratory 
m u s c l e s of the upper thorax was not sig
n i f i cant ly he lpful for this t ra in ing . 2 6 Train
ing is usual ly effect ive w h e n a ski l led 
c l i n i c i a n c o m b i n e s tact i le monitor ing 
wi th appropriate verbal feedback to faci l i 
tate normal breathing patterns . T h e c l in i 
c ian then should he lp the patient to be
c o m e aware of normal lateral lower rib 
m o v e m e n t s . 

Erect posture faci l i tates good respiratory 
patterns. Head-forward, s lumped posture 
needs to be corrected. T h e patient should 
be instructed in pract ical ways to attain 
and mainta in opt imal posture (see Chapter 
4 1 , S e c t i o n C). 

W h e n lower thorac ic intercostal and/or 
diaphragmatic TrPs are identif ied on one 
side, the release technique i l lustrated and 
descr ibed in Figure 4 5 . 1 4 can be used as a 
sel f -applied release. M a x i m u m elevation of 
the diaphragm is achieved in the supine 
posi t ion by letting the breath out com
pletely and then contract ing the abdominal 
m u s c l e s . T h i s places the diaphragm on 
m a x i m u m passive stretch with some addi
t ional he lp from reciprocal inhibi t ion sup
pl ied by the voluntary contract ion of the 
abdominal musc les . T h e importance of po-
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Figure 45.14. Self-release of diaphragm. This self-
stretch procedure is done in the supine position with 
the hips and knees flexed to relax the abdominal mus
culature. The patient hooks his or her fingers under 
the lower ribs of the affected side and then inhales 
deeply in a slow, relaxed manner. During slow exhala
tion, the patient's fingers follow the diaphragm in and 
under the ribs and then apply upward traction on the 
ribs for the actual release. This self-stretch procedure 
also helps to release lower intercostal muscle trigger 
points. 

sition is re inforced by the study of Wanke , 
et al.49 w h i c h showed e lectromyographi-
cally that inhalat ion required more inspira
tory musc le activity w h e n the subject was 
supine than w h e n the subject was upright. 
This helps to expla in the usual c l in ica l ex
per ience that patients in respiratory dis
tress are more comfortable in a near ly up
right posit ion. 

W h e n the patient has a chronic cough, it 
must be control led before one can obtain 
lasting rel ief from TrPs in these respiratory 
musc les . I f the source of the cough cannot 
be e l iminated, the patient can learn h o w to 
suppress a cough and raise the sputum by 
clearing the throat, assisted by a cough 
suppressant, i f necessary. 

Intercostal TrPs are aggravated and per
petuated by restrict ion of rib m o v e m e n t . 
One should avoid using a chest b inder any 
longer than really necessary. If poss ib le , 
the chest b inder should be removed for 5 
minutes or so approximate ly every 3 hours 
to reestablish intercostal m u s c l e funct ion. 
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CHAPTER 46 

Serratus Anterior Muscle 

HIGHLIGHTS: REFERRED PAIN from the serra
tus anterior muscle is projected to the side and 
back of the chest and sometimes down the ulnar 
aspect of the arm. ANATOMY: this muscle has 
three distinct fiber arrangements that run from the 
upper 8 or 9 ribs to the costal surface of the ver
tebral border of the scapula. INNERVATION of 
the serratus anterior muscle is by the long tho
racic nerve. FUNCTION of the muscle includes 
rotation of the scapula to turn the glenoid fossa 
upward, abduction and elevation of the scapula, 
and prevention of winging of the scapula. SYMP
TOMS of trigger points (TrPs) in this muscle are 
pain and sometimes a sense of air hunger with 
short panting respiration. ACTIVATION AND 
PERPETUATION OF TRIGGER POINTS can be 
caused by stressful running, coughing, and by 
psychogenic factors. PATIENT EXAMINATION 
may reveal reduced chest expansion, winging of 

the scapula due to TrP inhibition, and some limi
tation of scapular adduction. TRIGGER POINT 
EXAMINATION locates TrPs along the upper 
two-thirds of the midaxillary line often around the 
fifth or sixth rib. TRIGGER POINT RELEASE by 
spray and stretch requires adduction of the 
scapula with the spray directed first posteriorly, 
then anteriorly, to cover the muscle and all of its 
pain pattern. Other manual techniques can also 
be effective. For TRIGGER POINT INJECTION 
the needle is directed at the TrP fixed between 
the fingers against a rib. CORRECTIVE AC
TIONS include modification of patient activities 
to reduce and eliminate overuse of the muscle, as 
by coughing, paradoxical breathing, push-ups, 
and body-lift exercises. Appropriate self-stretch 
exercises for the home program include the 
Seated Serratus Anterior Stretch and the In-
doorway Stretch Exercises. 

1. REFERRED PAIN 
(Fig. 46.1) 

Referred pain from trigger points (TrPs) 
concentrates anterolateral ly at m i d c h e s t 
l e v e l , 2 9 and in a separate posterior area m e 
dial to the inferior angle of the scapula (Fig. 
4 6 . 1 ) . Pain may also be pro jected down the 
medial aspect of the arm, extending to the 
palm and ring f inger . 1 0 , 4 1 , 5 1 - 5 3 Respiratory 
s y m p t o m s 4 9 are descr ibed under Sec t ion 6 . 

T h e interscapular pain caused by serra
tus anterior TrPs can be part icularly annoy
ing and distressing, partly because it can be 
so persistently intense , partly because it is 
so refractory to posit ional relief , and partly 
because few practi t ioners adequately exam
ine the serratus anterior for TrPs based on 
this pain complaint . As a result , the pat ient 
becomes saddled with the diagnosis of an 
enigmatic , behavioral pain. That misdiag
nosis and the failure to ident i fy and treat 
the TrP cause of the pain often lead to the 
end of the patient 's normal way of l i fe. 

In s o m e pat ients , TrPs in the serratus 
anter ior contr ibute to abnormal breast 
sensit ivi ty , in addi t ion to the TrPs in the 
pectora l is ma jor m u s c l e 4 8 (Fig. 4 2 . 1 C ) that 
are usual ly r e s p o n s i b l e for this breast 
s y m p t o m . 4 9 

Central TrPs can occur in the midfiber 
region of any digitation in this m u s c l e . 
S e c o n d a r y a t tachment TrPs can be found 
anteriorly where each digitation at taches to 
a rib. Poster ior ly these a t tachment TrPs are 
located along the unders ide of the vertebral 
border of the scapula and m a y be one rea
son w h y interscapular pain c a u s e d by this 
m u s c l e is so enigmat ic and pern ic ious . 

2. ANATOMY 
(Fig. 46.2) 

T h e serratus anterior m u s c l e i s com
posed structural ly of three groups of f ibers . 
T h e most superior serration, w h i c h at
taches anteriorly to the first (and some
t imes the second) rib, c o n n e c t s posteriorly 

8 8 7 
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Figure 46.1. Referred pain pattern (essential areas view. Central trigger points can occur in the midfiber 
solid dark red, spillover areas stippled dark red) from a region of any digitation. Trigger points in fibers cover-
trigger point (X) in the right serratus anterior muscle ing the first two ribs can be difficult or nearly impossi-
(medium red), as seen from the back, front, and side ble to reach for examination. 
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to the superior angle of the scapula . 8 T h i s 
bundle of fibers l ies nearly parallel to the 
underlying ribs (Fig. 4 6 . 2 ) . 

T h e next two serrations c o n n e c t anteri
orly to nearly hal f the length of the second 
and third ribs to form a flat sheet of near ly 
parallel fibers, w h i c h attach posteriorly to 
the length of the vertebral border of the 

scapula . T h e s e f ibers l ie snugly against the 
ribs, angling across them at near ly 4 5 ° . 

T h e inferior f ive or s ix serrat ions attach 
anteriorly to the next five or s ix ribs (rib 4 
to rib 8 or 9) . T h i s third group is the 
strongest part of the m u s c l e and forms a 
quarter-circle fan, w h i c h converges poste
riorly on the inferior angle of the s c a p u l a 1 4 

Figure 46.2. Attachments of the right serratus anterior muscle (red). The clavicle has been removed and the 
scapula rotated backward. The fibers of the muscle are divided into three groups and are identified by their 

fiber direction and the rib to which each digitation or segment attaches (see Section 2 of text). 
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(Fig. 4 6 . 2 ) . T h e s e lowest serrations can de
velop central TrPs near the m i d p o i n t of 
each group of m u s c l e f ibers near the mid-
axi l lary l ine . In a s tudy of 8 1 8 c a d a v e r s , 3 4 

the mos t inferior anterior a t tachment in the 
third group of f ibers i n c l u d e d the 6th to 
12th r ibs. T h e most c o m m o n at tachment 
was the 8th rib in males ( 4 2 . 5 % ) and the 
9th rib in females ( 4 3 . 3 % ) . Bi lateral sym
metry was the rule ( 7 0 % ) for both sexes . 

T h e serratus anterior digitations that at
tach to the lower ribs interdigitate anteri
orly wi th the costal a t tachments of the ex
ternal obl ique m u s c l e of the abdomen. 

Supplemental References 

Other authors illustrate this muscle as 
seen from the s i d e , 1 , 1 9 , 4 7 from in f ront , 1 5 , 1 6 

21.45 from behind, 2 , 3 7 and in cross section. 3 , 

12.2o, 36 The serratus anterior also is shown 
in relation to the long thoracic nerve, 
which supplies it. 4 , 5 , 1 7 , 3 8 A drawing of a 
variation of the muscle shows a group of 
interior fibers attaching posteriorly to su
perficial fascia instead of to the scapula. 2 2 

3. INNERVATION 
T h e serratus anterior i s suppl ied by the 

long thorac ic nerve of Be l l , direct ly from 
the anterior rami of the C 5 , C 6 , C 7 and some
t imes C 8 sp inal nerves . T h e f ibers of the up
per port ion of the m u s c l e derive their in
nervat ion m a i n l y from C 5 ; the m i d d l e 
port ion is innervated from C 5 and C 6 , and 
the lower port ion m a i n l y from C 6 and C 7 . 1 4 

T h e long thorac ic nerve l ies superficial to 
the serratus anterior m u s c l e , in the l ine of 
the anterior axi l lary fold, anterior to the 
usual locat ion of TrPs in the m u s c l e . 

4. FUNCTION 
St imula t ion of the long thorac ic nerve to 

the entire serratus anterior m u s c l e causes 
the scapula to m o v e upward, laterally and 
f o r w a r d . 1 8 Trauma to the long thorac ic 
nerve m a y cause paralysis of this m u s c l e , 
w h i c h results in winging of the scapula 
(i.e., the scapula does not remain stabi l ized 
snug against the thorac ic wal l ) . 

T h e serratus anterior i l lustrates a con
fusingly paradoxica l s i tuat ion that some
t imes arises wi th regard to the effect of 
TrPs and their funct ional impl i ca t ions . B e 
cause of the increased tens ion caused by 
the taut bands , one w o u l d not expect wing

ing of the scapula to be a symptom of TrPs 
in the serratus anterior. However, TrPs can 
have potent reflex effects that are largely 
uninvest igated and poorly understood. 
Clinically, winging can sometimes be re
lieved by inactivating serratus anterior 
TrPs. Weakness in this case could reflect a 
combinat ion of reflex facil i tation of antago
nist m u s c l e s and inhibi t ion of the serratus 
anterior musc le . Janda identifies this mus
c le as one prone to weakness and inhibi
t i o n , 2 5 w h i c h is substantiated by two E M G 
s t u d i e s 2 3 4 4 (see be low) . 
T h e f irst f ive of the fol lowing eight re
ported funct ions of the serratus anterior 
m u s c l e have been substantiated by elec
tromyography, the last three were not sub
stantiated in normal subjects : 

1 . T h e serratus anterior supports flexion 
and abduct ion of the arm (because of its 
stabil izing effect on the scapula and its 
contr ibut ion to upward rotat ion) . Con
tract ion of the most caudal f ibers of the 
m u s c l e laterally rotates the scapula so 
that it turns the glenoid fossa to face up
w a r d . 9 , 1 4 , 2 6 , 3 0 , 4 0 T h e s e fibers, when 
st imulated, init ial ly rotate the inferior 
angle of the scapula forward . 1 8 As the 
serratus contracts to move the scapula 
laterally around the chest wall , the dis
p lacement is resisted by the lower f ibers 
of the trapezius (operating to maintain 
the posi t ion of the deltoid tubercle, 
w h i c h b e c o m e s the axis o f r o t a t i o n ) . 2 7 8 

T h e serratus anter ior is not act ive 
during u n l o a d e d e levat ion of the arm 
unt i l e levat ion reaches about 30° . T h e 
m i d d l e t rapezius , r h o m b o i d , and upper 
th i rd of the pectora l is ma jor m u s c l e s 
act i n i t i a l l y . 1 8 , 4 0 T h e lower, tr iangular 
group of serratus anter ior fibers are 
e lec t romyographica l ly more act ive 
than the m i d d l e trapezius fibers during 
f lex ion of the arm, and vice versa dur
ing a b d u c t i o n of the a r m . 9 Partly be
c a u s e of the migrat ion of the instanta
n e o u s center of rotat ion of the s c a p u l a 7 

during e levat ion of the g lenohumera l 
jo int , the lowest , t r iangular group of 
serratus anter ior fibers (with the stabi
l izat ion provided by the lower trapez
ius f ibers) c o n t i n u e to have an effect ive 
lever arm for rotat ion. T h i s m e c h a n i c a l 
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advantage b e c o m e s increas ing ly evi
dent w h e n the e levat ion of the c l a v i c l e 
ends at about 1 4 0 ° of arm e levat ion 
and the remain ing m o t i o n d e p e n d s 
more on increased a c r o m i o c l a v i c u l a r 
jo int m o t i o n . 7 

2. By abducting the scapula , the serratus 
anterior protracts the shoulder girdle, as 
when the individual exerts effort to 
push an object f o r w a r d . 1 4 , 2 6 , 4 0 T h i s also 
is descr ibed as an obl ique lateral mo
t i o n . 4 6 Thus , this m u s c l e helps to stabi
lize the scapula against the posterior 
thorax during forward-pushing efforts. 

3. It he lps to elevate the scapula . S t imula
tion of only the middle port ion (two flat 
sheets of f ibers) elevates the a c r o m i o n . 1 8 

T h e middle portion contr ibutes to eleva
tion of the scapula and is increasingly 
activated as the arm is e l eva ted . 2 4 

4. This musc le holds the media l border of 
the scapula f i rmly against the t h o r a x . 2 6 , 3 0 

5. With the upper l imb fixed against a sur
face, i t displaces the thorax posteriorly 
during a p u s h u p 3 0 from the floor, or dur
ing a push back from the wal l . 

6 . T h e lowest f ibers are said to depress the 
s c a p u l a , 2 6 , 3 0 , 4 6 a l though nei ther direct 
s t imula t ion 1 8 nor e lec t romyography 9 

support this content ion . Th is funct ion is 
quest ionable . 

7. T h e original s t imulat ion studies and ob
servations were made in severely abnor
mal muscular si tuations and indicated 
that the serratus anterior funct ioned to 
support forceful inspi ra t ion . 1 8 T h i s con
c lusion was perpetuated by o t h e r s . 8 , 3 0 

However, an inspiratory funct ion has 
been refuted by mul t ip le e lectromyo
graphic studies in normal sub jec ts . 9 

Clinically, i t assists inhalat ion in some 
demanding or abnormal s i tuations and 
is recognized as an " a c c e s s o r y " m u s c l e 
of inspira t ion . 1 7 a 

8. Motor unit activity of the serratus ante
rior is not needed to support the shoulder 
girdle against gravity, 9 as first repor ted . 2 4 

Electromyographic monitoring of the 
serratus anterior during simulated auto
mobile driving showed activity in almost 
all cases when the top of the steering 
wheel was rotated contralaterally. 2 8 Moni
toring of the serratus anterior during 

freestyle swimming revealed that, during 
most of the pull-through phase of the 
swimming stroke, in subjects with painful 
shoulders 4 4 the EMG activity was less 
than half of that in subjects with pain-free 
shoulders. 

Fine-wire electrode recordings of EMG 
activity of the serratus anterior muscle 
while the subject was pitching a base
bal l 2 3 revealed that the activity in sub
jects with chronic anterior instability of 
the shoulder was markedly reduced com
pared to the muscle's activity in subjects 
with pain-free shoulders. The authors 2 3 

concluded that the neuromuscular im
balance evidenced by the diminished ac
tivity of the muscle may decrease pro
traction of the scapula, causing the 
glenoid fossa to remain behind the for
ward-flexing humerus during the late 
cocking phase. They stated that dimin
ished protraction of the scapula in
creases anterior laxity due to increased 
stress of the humeral head on the ante
rior part of the glenoid labrum and cap
sule. The authors 2 3 never explained what 
caused the neuromuscular imbalance 
and did not examine the subjects for the 
possibility that TrPs were a significant 
factor. 

Electromyographic monitoring of serra
tus anterior activity during 13 sports ac
tivities in normal subjects showed slight 
to moderate motor unit activity of nearly 
equal intensity bilaterally. 1 1 

The serratus anterior deserves special 
emphasis with regard to tennis players. Its 
activity is essential to each of three tennis 
strokes. 4 3 Similarly, it is critically impor
tant when normal subjects pitch fast balls. 
It was the most active of the five muscles 
tested in 4 baseball pitchers and reached 
2 2 5 % of the EMG activity recorded dur
ing a maximal manual muscle test! 2 7 A 
similar analysis of the free-style and but
terfly strokes in swimming 3 5 showed the 
serratus anterior to be active primarily 
during the recovery phase of a stroke. 

5. FUNCTIONAL UNIT 
Synergistic m u s c l e s inc lude the pec 

toralis minor and upper fibers of the pec 
toralis major, w h i c h also act to protract the 
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shoulder girdle. T h e serratus anterior is 
synergist ic wi th the trapezius in upward 
rotat ion of the g lenoid fossa. T h e more ver
t ical f ibers of the levator scapulae assist in 
elevating the scapula as a w h o l e . 

Antagonists for abduction are the more 
hor izonta l f ibers of the la t iss imus dorsi , the 
rhomboide i , a n d the m i d d l e trapezius 
m u s c l e s . Glenoid rotation upward is coun
tered by the more vert ical f ibers of the latis
s imus dorsi , the levator scapulae m u s c l e , 
a n d the pectoral m u s c l e s . 

6. SYMPTOMS 
Chest pain from serratus anterior TrPs 

m a y be present at rest in severe cases . 
W h e n the TrPs are less hyperirr i table , pain 
m a y be prec ipi tated by deep breathing 
(i.e., a " s t i t ch in the s ide" ) w h i l e running. 
S imi lar pain also m a y arise from TrPs in 
the external abdominal obl ique m u s c l e , 
w h i c h interdigitates wi th the lowest group 
of serratus anterior f ibers , or i f the " s t i t c h " 
is a l i t t le lower, it m a y result from di
aphragm TrPs. T h e runner m a y press 
against, or squeeze , the painful area for re
l ie f in order to keep going; taking a few 
s l o w full breaths also m a y he lp . Pat ients 
have diff iculty f inding a comfortable posi
t ion at night a n d often are unable to l ie on 
the affected m u s c l e . S e e S e c t i o n 1 for the 
referred pain distr ibution. 

Pat ients wi th this serratus anterior my
ofascial syndrome m a y report that they are 
"short of b r e a t h , " or that they " c a n ' t take a 
deep breath, i t h u r t s . " T h e y frequently are 
unable to f inish an ordinary sentence with
out s topping to b r e a t h e 4 9 and pat ients f ind 
this espec ia l ly bo thersome w h e n talking on 
the te lephone . Al though these pat ients are 
l ike ly to rece ive a card iopulmonary work
up for dyspnea , at least part of the cause is 
r e d u c e d t idal v o l u m e due to restr ict ion of 
ches t e x p a n s i o n by pa in or by increased ten
sion of the TrP-affl icted serratus anterior. 

Serratus anterior TrPs can contr ibute to 
the pain assoc ia ted wi th myocardia l infarc
t ion. T h e pain has b e e n re l ieved by inact i 
vating pectoral m u s c l e and serratus ante
rior TrPs on the left s i d e . 4 2 

Pain is rarely aggravated by the usual 
tests for range of mot ion at the shoulder, 
but m a y result from a strong effort to pro
tract the shoulder girdle. S c a p u l o h u m e r a l 

rhythm m a y be disrupted by TrPs in the 
serratus anterior. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

Serratus anterior TrPs may be activated 
by musc le strain during excessively fast or 
prolonged running, push-ups, lifting heavy 
weights overhead, or severe coughing due to 
respiratory disease. Serratus anterior TrPs 
appear to be particularly vulnerable to tor
sional s tresses-for example , when an auto
mobi le driver makes an abrupt forceful turn 
of a steering wheel without power steering 
to avoid (or attempt to avoid) an accident or 
w h e n the thorax rotates vigorously whi le the 
upper l imb is in a fixed position. High levels 
of anxiety appear to increase the l ikelihood 
of serratus anterior T r P s . 4 9 

Patients wi th e m p h y s e m a do not seem 
to be espec ia l ly prone to develop these 
TrPs, w h i c h may be accounted for by the 
usual ly over-expanded barrel chest in 
these pat ients . Th is condi t ion would tend 
to stretch the serratus anterior musc le and 
w o u l d prevent leaving it in a shortened po
si t ion for any length of t ime. 

8. PATIENT EXAMINATION 
Round-shouldered posture and promi

n e n c e of the superior border and spine of 
the scapula on the affected side can result 
from abduct ion and rotation of the scapula 
by the tense serratus anterior f ibers . Viewed 
from the back, the scapula stands out. From 
the front, the patient has a unilateral round-
shouldered posture s imilar to that seen 
w h e n the pectoral is major m u s c l e develops 
unilateral act ive TrPs, but the pectoralis 
major m u s c l e is usual ly nearly equally af
fected on both sides of the body. S o m e pa
t ients may show winging of the scapula due 
to TrP inhib i t ion of the serratus anterior 
and faci l i tat ion of its antagonists. 

T h e examiner should observe the pa
tient 's thorac ic m o v e m e n t during respira
t ion. Act ive TrPs in the serratus anterior 
m u s c l e inhibi t expans ion of the lower 
chest . On inspirat ion, the patient can ex
pand the upper thorac ic cage, but measure
m e n t of chest expans ion around the lower 
margin of the rib cage is l ikely to show 
marked restr ict ion. After inact ivation of 
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TrPs in this m u s c l e , there is a smal ler min
imum and a larger m a x i m u m lower chest 
c i rcumference . T h e resultant marked in
crease in volume of t idal air is associated 
with immediate rel ief of respiratory pain 
and dyspnea. Also , in the pat ients w h o ex
per ience a feeling of "a ir h u n g e r " associ 
ated with rapid shal low respirat ions, the 
respiratory cyc les usual ly revert to normal 
depth w h e n all act ive serratus anterior 
TrPs have been inac t iva ted . 4 9 

Before treatment for the serratus anterior 
TrPs, the patient is l ikely to overuse the ac
cessory musc les of respirat ion in the neck , 
and also to make poor use of the di
aphragm. T h e diaphragmatic dysfunct ion 
and the reduced lower chest expans ion ap
pear to represent reflex inhibi tory influ
ences on respiration s ince the serratus an
terior is normal ly an accessory respiratory 
musc le for increased d e m a n d rather than a 
primary musc le of respiration. 

T h e serratus anterior can be tested di
rectly for restricted range of mot ion by plac
ing the patient in the same posi t ion used for 
spray and stretch (see F ig .46 .4A) . As the pa
tient's e lbow is moved posteriorly and low
ered toward the table, the posi t ion of the 
scapula is monitored by palpat ion. Scapu
lar range of adduct ion may be l imited by 
TrPs and the patient is l ikely to exper ience 
pain at the end of available m o v e m e n t , in 

contrast to the greater and pain-free range 
on the contralateral , un invo lved side. 

T h e examiner should stand behind the 
patient and observe scapulohumeral rhythm 
whi le the patient performs arm flexion and 
abduction. Although the range of arm eleva
tion may be within normal l imits, scapulo
humeral rhythm and musc le balance can be 
disrupted by serratus anterior TrPs. 

Kendal l , et al.30 i l lustrate and descr ibe 
ways of testing this m u s c l e for w e a k n e s s . 
However, m u s c l e w e a k n e s s is not as rel i 
able an indicator of TrPs as increased m u s 
cle tens ion, shortening, and painful l imita
t ion of full s tretch range of mot ion . With 
suff iciently active TrPs in the m u s c l e , max
i m u m voluntary effort may evoke pain, es
pec ia l ly in the shortened posi t ion. 

9. TRIGGER POINT EXAMINATION 
(Fig. 46.3) 

T h e TrPs in the serratus anterior m u s c l e 
are usual ly located in the subcutaneous 
port ion of the m u s c l e in the midax i l la ry 
l ine at approximate ly the level of the n ip
ple , over the fifth or s ixth r i b s , 5 0 but occa 
s ional ly they are located higher or lower, 
as was i l lustrated by W e b b e r . 5 2 For exami
nat ion, the r e c u m b e n t pat ient l ies (semi-
supine) turned hal f -way toward the oppo
site s ide wi th the ipsi lateral arm partly 
ex tended (Fig. 4 6 . 3 ) . W h e n the operator ex-

Figure 46.3. Palpation of a trigger point in the right serratus anterior muscle at the level of the sixth rib just 
anterior to the midaxillary line. 
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tends the arm b a c k w a r d to adduct the 
scapula for palpat ion to locate the TrPs, the 
midaxi l lary l ine pro jec ted down the ches t 
appears to be a l igned with the anterior ax
i l lary fold. F lat palpat ion against the ribs 
in this area reveals a tender nodule in a 
palpable b a n d w i t h i n the m u s c l e , just un
der the skin. Pressure on this nodule re
produces the patient 's pain compla int . 
Also , snapping palpat ion at this point of 
exquis i te tenderness can i n d u c e a local 
twi tch response in the palpable taut band . 

10. ENTRAPMENT 
No reports were found or cases observed 

of nerve entrapment by the serratus ante
rior m u s c l e . However, two of the three cer
vical roots that form the long thorac ic 
nerve pass through the sca lenus m e d i u s 
m u s c l e 6 , 1 4 a n d are potent ia l ly vulnerable to 
entrapment by TrP act ivity in that sca lene 
m u s c l e . T h u s , the nerve supply to the ser
ratus anterior m u s c l e may suffer entrap
ment due to TrPs in the sca lenus m e d i u s . 

11. DIFFERENTIAL DIAGNOSIS 
Diagnoses to be dis t inguished from ser

ratus anter ior TrPs inc lude cos tochondr i 
t is , intercostal nerve entrapment , C 7 - C 8 root 
les ions , and herpes zoster. 

T h e chest pain part of the serratus ante
rior pain pattern must be dis t inguished 
from a broken rib and intercostal m u s c l e 
TrPs. In one patient , the stress fracture of a 
rib was attr ibuted to serratus anterior ten
s i o n . 3 3 T h e b a c k pain c o m p o n e n t o f the ser
ratus pain pattern requires cons iderat ion of 
TrPs in the m i d d l e trapezius, r h o m b o i d , and 
paraspinal m u s c l e s . M i d t h o r a c i c art icular 
dysfunct ions can produce s imilar symp
toms. Winging of the scapula due to a neuro
path ic process of the long thorac ic nerve 
m a y not be painful i f predominant ly motor 
nerve fibers are involved. T h u s , painful or 
not, a neurogenic cause for the finding must 
be careful ly c o n s i d e r e d . 1 3 Another cause o f 
winging is a C 7 root l e s i o n . 3 2 Serratus ante
rior w e a k n e s s can result from sca lenus 
m e d i u s entrapment of some of the cervica l 
roots that form the long thorac ic nerve. 

In the presence of act ive serratus ante
rior TrPs, one can somet imes see what 
looks l ike e levat ion or inhalat ion les ions of 

ribs 2 through ribs 8 or 9. However, this 
must be careful ly assessed. Abnormal ten
sion of the serratus anterior alone can 
make it appear as if there is an articular 
dysfunct ion w h e n in fact, the apparent ar
t icular dysfunct ion is s imply the result of 
the increased m u s c l e tension caused by the 
myofasc ia l TrPs. In that case, inact ivation 
of the myofasc ia l TrPs alleviates whatever 
apparent art icular dysfunct ion is present. 

Patients wi th active TrPs in the serratus 
anterior m u s c l e often have involvement of 
only this musc le . T h e y may show no c l ini 
cal involvement of other musc les in its my-
otatic ( functional) unit . On the other hand, 
the serratus anterior can be part of a mult i -
ple-TrP, predominant ly unilateral inter
scapular pain problem that involves TrPs 
in the ipsi lateral upper and midthoracic 
paraspinal musc les , inc luding the rhom
boids , the m i d d l e trapezius, and possibly 
the serratus posterior superior. M u c h like 
the key role that the subscapularis plays in 
a TrP-caused frozen shoulder syndrome, 
this b a c k pain syndrome wil l not clear up 
unti l the serratus anterior TrP component 
has been identif ied and inact ivated. 

T h e other musc les that may b e c o m e 
overloaded due to shortening and reduced 
funct ion of the serratus anterior inc lude 
the lat iss imus dorsi, and surprisingly, neck 
m u s c l e s of inspirat ion, namely, the scalene 
m u s c l e s and the s ternocle idomastoid mus
c le (accessory for inspirat ion) . T h e s e asso
c iated m u s c l e s m a y develop TrPs that re
m a i n latent for a long period of t ime. Other 
m u s c l e s that can produce a "s t i tch in the 
s i d e " (in addit ion to the serratus anterior) 
are the diaphragm and the external abdom
inal obl ique [see Sec t ion 6) . 

12. TRIGGER POINT RELEASE 
(Fig. 46.4) 

If the serratus anterior is primarily 
weak, its trigger points (TrPs) are most ef
fect ively treated by trigger point pressure 
release or by post isometr ic relaxation 
(both descr ibed in Chapter 3 , Sec t ion 12) , 
or in jec t ion performed by a ski l led practi
tioner. T h e reader is referred also to Chap
ter 4 5 , Figure 4 5 . 1 0 for a release procedure 
for upper intercostal musc le tension 
w h i c h , wi th a variation in h a n d posit ion, 
can be effective for releasing TrP tension in 
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the upper and middle port ions of the ser
ratus anterior musc le . 

For spray and stretch, the pat ient l ies 
on the uninvolved side with the b a c k to
ward the operator and the uppermost arm 
drawn backward (Fig. 4 6 . 4 A ) so that the 
weight of the patient 's arm can help to ini
tiate passive stretch of the serratus anterior. 
Before and during release, the c l in i c ian 
sprays the vapocoolant anteroposteriorly 
over the musc le (icing strokes can be used 
instead of spray, as descr ibed in Chapter 3) . 
T h e patient assumes the posi t ion s h o w n in 

Figure 4 6 . 4 B and the c l i n i c i a n moni tors 
the progress of release and assists in taking 
up the s lack wi th the other h a n d as the pa
tient 's arm weight assists the scapular ad
duct ion. T h e patient 's pelvis i s b l o c k e d 
from rotation by the c l in ic ian ' s h ip . During 
this stretch, the pat ient takes a deep breath 
and momentar i ly ho lds i t to enlarge the 
lower rib cage. T h i s further s tretches the 
m u s c l e , w h i l e the vapocoolant spray is ap
pl ied in s low paral lel sweeps as in Figure 
4 6 . 4 A , from the TrP area backward along 
the l ine of the m u s c l e fibers, then over the 

Figure 46.4. Stretch position and spray patterns (ar
rows) for a trigger point (X) of the right serratus ante
rior muscle in the midaxillary line. A, initial side-lying 
position. B, full adduction of the right scapula, which 

effectively stretches the serratus anterior if the opera
tor's hip stabilizes the patient's pelvis to prevent back
ward body rotation. The operator's hand should hold 
the patient's right shoulder to guide the scapula back. 
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posterior pain re ference zone, and finally 
over the anterior pain reference zone (Fig. 
4 6 . 4 B ) . S w e e p s of vapocoolant are ex
t e n d e d down the arm to the pa lm of the 
h a n d in the pat ient w h o exper iences this 
part of the referred pain pattern. T h e oper
ator's h a n d should ho ld the shoulder in
stead of the arm in order to direct ly moni 
tor and have an increased sensi t ivi ty of the 
progressive re lease of the serratus anterior 
m u s c l e . 

T h i s spray and stretch m e t h o d can be 
c o m b i n e d wi th augmentat ion by s low ex
halat ion wi th relaxat ion. With the pat ient 
in the pos i t ion i l lustrated in Figure 4 6 . 4 B , 
wi th the c l in ic ian ' s h a n d stabil izing the 
scapula , post i sometr ic re laxat ion can be 
performed. First the pat ient reaches anteri
orly (toward the ce i l ing) , at tempting to 
abduct the scapula (contract phase) . T h e n 
the pat ient re laxes , s lowly breathing out 
w h i l e a l lowing gravity to assist the arm to 
drop down and the scapula to adduct , 
lengthening the serratus anterior. Lewit de
scr ibed and i l lustrated the use of post iso
metr i c re laxat ion for releasing tens ion (due 

to TrPs) in this m u s c l e . 3 1 He inc luded il
lustration and descr ipt ion of patient self-
stretch using this technique . Addit ion of 
gentle voluntary effort to assist the stretch 
adds the effect of rec iprocal inhibition, 
w h i c h is often helpful for this musc le . 

In addit ion to the spray-and-stretch 
treatment , appl icat ion of trigger point 
pressure release init ial ly to the TrPs in this 
m u s c l e may be quite effective. Th is finger-
pressure t echnique also is useful to "c lean 
u p " any res idual TrPs fol lowing spray and 
stretch or in ject ion. T h e results of treat
ment are c h e c k e d by careful ly palpating for 
res idual TrP tenderness . Another beneficial 
t reatment technique for this region is my
ofascial release of the pectoral , thoracic , 
and lumbodorsa l fascial structures. 

13. TRIGGER POINT INJECTION 
(Fig. 46.5) 

With the pat ient lying on the contralat
eral s ide, as for spray and stretch, a serratus 
anterior trigger point (TrP) is located by flat 
palpat ion and p i n n e d against a rib between 

Figure 46.5. Injection of a trigger point in the serratus moves the landmark of the anterior axillary fold back-
anterior muscle over the sixth rib in the midaxillary ward. The needle is directed toward an underlying rib, 
line. The patient is lying partially on the opposite side, avoiding intercostal spaces . 
Adduction of the scapula and extension of the arm 
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Figure 46.6. Self-stretch of the serratus anterior, pa
tient seated. The patient stabilizes the scapula of the 
involved side by placing the ipsilateral arm behind the 
chair back. After taking in a deep breath, the patient 
exhales slowly and turns the thorax toward the con
tralateral side. In this illustration the patient rotates the 
thorax toward the left (turns the front of the chest to
ward the left) in order to stretch the right serratus an
terior. Some patients learn how to facilitate the mus
cle relaxation and muscle lengthening by including 
postisometric relaxation. 

the f ingers of one hand. T h e needle is di
rected toward the rib, at a shal low angle 
nearly tangential wi th the chest wal l unt i l 
the needle tip encounters the TrP. T h e TrP 
lies in the thin layer of m u s c l e b e t w e e n the 
rib and the skin (Fig. 4 6 . 5 ) . T h e pain reac
tion on needle contact wi th a TrP in this 
muscle is often less intense than the re
sponse from TrPs in m a n y other musc les . 

One should be scrupulously careful to 
replace immediate ly any needle that has 

deve loped a burr on its tip due to contact 
wi th b o n e . 

S i n c e the long thorac ic nerve suppl ies 
e x c l u s i v e l y the serratus anter ior m u s c l e , 
some degree of anes thes ia of this motor 
nerve is to be e x p e c t e d w h e n in ject ing 
an anes the t i c . However , the pat ient is 
not l ike ly to n o t i c e only temporary 
w e a k n e s s of part of the serratus anter ior 
m u s c l e in the a b s e n c e of any c h a n g e in 
skin sensat ion. 

In our exper ience , no pat ient has re
ported s y m p t o m s indicat ing that a nerve 
b lock had resulted from the in jec t ion. 
R a c h l i n 3 9 i l lustrated and descr ibed a s imi 
lar in jec t ion technique . 

14. CORRECTIVE ACTIONS 
Patients must avoid or modi fy act ivi t ies 

that are l ikely to react ivate TrPs in the ser
ratus anterior m u s c l e , part icular ly the 
m u s c u l a r stress that act ivated the TrPs ini
tially. T h e s e pat ients should learn to c lear 
the throat rather than to cough, to use syn
chronized (not paradoxical ) breathing [see 
Chapter 20 , S e c t i o n 14 ) , to avoid push-ups 
and heavy overhead lifting, and to avoid 
hanging from, or ch inning themse lves on, 
a bar. 

Pat ients wi th very irritable TrPs in the 
serratus anterior often are unable to s leep 
on the affected side because of pressure on 
the TrPs, nor are they able to s leep on the 
other s ide i f the arm of the affected side 
falls forward onto the bed and places the 
m u s c l e in a c ramped, shortened posi t ion. 
T h e latter problem is r e m e d i e d by use of a 
p i l low to support the arm, and to keep it 
and the scapula from falling forward, as il
lustrated in Figure 2 2 . 6 . 

T h e seated pat ient can do the Serratus 
Anter ior Sel f -s tretch Exerc i se as descr ibed 
and i l lustrated in Figure 4 6 . 6 . T h e pat ient 
also can do the In-doorway Stre tch Ex
ercise in the lower and m i d d l e h a n d -
posi t ions [see Fig. 4 2 . 9 ) . 

Case Reports 

The management of a patient with ser
ratus anterior TrPs, including injection of 
procaine, is presented by Dr. Travell. 4 9 
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CHAPTER 47 
Serratus Posterior Superior and 

Inferior Muscles 

Section A 
Serratus Posterior Superior 

HIGHLIGHTS: Referred pain from trigger points 
(TrPs) in the serratus posterior superior is a fre
quent source of deep scapular pain. REFERRED 
PAIN from this muscle is strongly felt deep under 
the upper portion of the scapula, often with ex
tension to the back of the shoulder, the upper tri
ceps area, the elbow, ulnar side of the forearm 
and hand, and to the entire little finger. 
ANATOMY: The attachments of the serratus pos
terior superior are to the dorsal midline fascia 
from C 6 through T 2 , above, and to the second 
through fifth ribs, below and laterally. The FUNC
TION established for this muscle is to assist in
spiration. The SYMPTOM of pain may be in
creased by reaching out forward with the hands 
or by sidelying on the ipsilateral side. ACTIVA
TION AND PERPETUATION OF TRIGGER 
POINTS can occur from overloading caused by 

posture and activities or by vigorous respiratory 
effort, as by coughing or paradoxical breathing. 
TRIGGER POINT EXAMINATION requires strong 
abduction of the scapula to uncover the TrPs and 
make the sensitive attachment TrPs accessible to 
palpation against the ribs. TRIGGER POINT RE
LEASE can be performed by prespray and re
lease of the TrPs or by trigger point pressure re
lease. Sometimes injection of serratus posterior 
superior TrPs is necessary because of their rela
tively inaccessible location for manual release 
techniques. For TRIGGER POINT INJECTION 
the needle is directed into the TrP, which is pinned 
down against a rib, taking care not to penetrate 
between ribs. CORRECTIVE ACTIONS include 
learning abdominal breathing and the home ap
plication of trigger point pressure release. 

1A. REFERRED PAIN 
(Fig. 47.1) 

T h e most annoying trigger points (TrPs) 
in the serratus poster ior superior m u s c l e 
are the a t tachment TrPs (ATrPs), one of 
w h i c h i s i l lustrated in Figure 4 7 . l C . T h e 
problem occurs w h e n the b o n y scapula 
squeezes the sensi t ive region of enthesopa
thy against the underlying rib to w h i c h the 
m u s c l e fibers attach. A m o n g 76 painful 
shoulders in 58 pat ients , this m u s c l e was a 
cause o f pain in 9 8 % , and the single source 
o f pain i n 1 0 % . 2 5 

T h e essent ial pain reference of this mus
c le is a deep ache under the upper port ion 
of the scapula (Fig. 4 7 . 1 A ) . W h e n asked to 
point to the painful area, patients usual ly 
reach b a c k with the opposi te arm, but are 
9 0 0 

unable to touch the sore area because the 
shoulder b lade covers it. Th is pain is per
ce ived as deeper than the s imilar upper 
b a c k pain that arises from TrP 5 in the mid
dle trapezius. Pain is also usual ly felt in
tense ly over the posterior border of the del
to id and the long head of the triceps 
brachi i m u s c l e s . 2 4 , 2 6 I t often covers the en
tire t r iceps region with an accent on the 
o lecranon process of the e lbow and occa
s ional ly inc ludes the ulnar side of the fore
arm, hand, and all of the little finger. Ante
riorly, the pectoral region may occasional ly 
be painful (Fig. 4 7 . I B ) 

Not only do these TrPs cause referred 
pain, but they also often refer what the pa
t ient interprets as n u m b n e s s into the C 8 -T 1 

distribution of the h a n d . 1 5 
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Figure 47.1. Referred pain pattern of a trigger point 
(X) in the right serratus posterior superior muscle. Es
sential pain is solid red, spillover pain is stippled red. 
A, back view of pain pattern. B, front view of pain pat

tern. C, scapula abducted, making the attachment 
trigger point (X) accessible to palpation and injection. 
D, scapula in the normal rest position, and the attach
ment trigger point (dashed X) is inaccessible. 

Trigger point 
palpable 

Trigger point 
not palpable 
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2A. ANATOMY 
(Figs. 47.2 and 47.3) 

T h e serratus posterior superior m u s c l e 
at taches above to the dorsal m i d l i n e fascia, 
from C 6 through T 2 or T 3 , l a and below and 
laterally by four digitat ions, to the cranial 
borders of the s e c o n d through the fifth ribs 
(Fig. 4 7 . 2 ) . T h e n u m b e r of digitations is 
var iab le . 5 

T h e fibers of the serratus posterior supe
rior are i n c l i n e d at approximate ly 4 5 ° to 
the hor izontal , l ie i m m e d i a t e l y beneath the 
fibers of the r h o m b o i d m u s c l e s , and are 
near ly paral le l to them (Fig. 4 7 . 3 ) . Both of 
these m u s c l e s l ie beneath the fibers of the 
trapezius m u s c l e , mos t of w h i c h are 
al igned near ly horizontal ly. Paraspinal ly , 
the vert ica l ly al igned f ibers of the longis
s imus thorac is and i l iocosta l is m u s c l e s l ie 
deep to the serratus poster ior superior. 

Supplemental References 

Anatomy atlases present the serratus 
posterior superior as seen from behind, 1 , 

6 , 9 , 1 1 , 1 8 , 2 2 , . 2 3 f rom the s ide , 7 and in cross 
section. 3 

3A. INNERVATION 
T h e serratus posterior superior m u s c l e 

is innervated by the anterior pr imary divi
s ions of spinal nerves T 1 through T 4 . 5 

4A. FUNCTION 
T h e serratus poster ior superior m u s c l e 

raises the ribs to w h i c h it is a t tached, 
thereby expanding the chest and aiding in
h a l a t i o n . 2 , 5 , 1 4 , 2 0 N o e lec t romyographic o r 
s t imulat ion studies were found. 

5A. FUNCTIONAL UNIT 
Presumably, the diaphragm and the in

tercostal , levator costae, and sca lene mus
c les act synergist ical ly wi th the serratus 
poster ior superior for inspirat ion. 

6A. SYMPTOMS 
T h e pat ient c o m p l a i n s of a steady deep 

a c h e at rest, as descr ibed in Sec t ion 1A. 
Litt le or no change in the intens i ty of pain 
occurs wi th un loaded m o v e m e n t s . How
ever, pain may be increased by lifting ob
jects wi th outs tretched hands , or by other 

act ivi t ies or a posture (lying on the same 
side) w h i c h cause the scapula to press 
against a t tachment TrPs in the serratus 
posterior superior musc le . 

7A. ACTIVATION AND PERPETUATION 
OF TRIGGER POINTS 

Like the sca lene musc les , TrPs in the 
serratus posterior superior musc le are acti
vated by overload of the thoracic respira
tory effort because of coughing, as in pneu
monia , as thma or chronic emphysema, and 
by paradoxica l breathing (use of the di
aphragm and abdominal musc les out of 
phase) , w h i c h reduces tidal volume (see 
Fig. 2 0 . 1 5 A ) . 

M o v e m e n t s and postures that stretch 
and overload the serratus posterior supe
rior also appear to activate its TrPs. Those 
causes inc lude sitting for long periods 
writ ing at a high desk or table, w h e n the 
shoulders are elevated and rotated forward 
to permit the arms to reach the high sur
face; repeatedly reaching to the rear of a 
high work surface, as by laboratory techni
c ians , and protrusion of the thorax against 
the scapula by scol ios is . 

8A. PATIENT EXAMINATION 
Patients wi th intrathoracic disease that 

c o m p r o m i s e s venti lat ion, such as emphy
sema, are in double trouble if they also de
velop TrPs in this serratus musc le . These 
people are general ly not round-shouldered 
(as c o m p a r e d with those w h o suffer from 
rhomboid and pectoral musc le involve
ment ) , and they have little or no apparent 
restr ict ion of movement . T h e y often have 
scol ios is , especia l ly the funct ional type 
due to a lower l imb-length inequali ty and 
smal l hemipe lv i s , observed when the pa
tient stands with the feet together (see Fig. 
4 8 . 9 B ) , or sits straight on a flat wood seat 
(see Fig. 4 8 . 1 0 B ) . 

9A. TRIGGER POINT EXAMINATION 
(Fig. 47.4) 

T h e patient sits and leans forward 
slightly, wi th the arm hanging forward and 
down on the side to be examined (Fig. 
4 7 . 4 ) , or wi th the homolateral hand placed 
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in the opposite axil la , to fully abduct the 
s c a p u l a . 2 5 T h e scapula must be abducted 
and pulled laterally to uncover the serratus 
TrPs beneath the scapula (Figs. 4 7 . 1 C and 
47 .4 ) . T h e serratus posterior superior is 
palpated through the trapezius and rhom
boid musc les (Fig. 4 7 . 3 ) , as also i l lustrated 
by Miche le et al.17 Snapping palpat ion may 

Figure 47.2. Attachments of the serratus posterior superior muscle (red) to numbered vertebrae and ribs. 

Rhomboids 

Serratus posterior 
superior 

el ic i t local twi tch responses of TrPs in the 
overlying trapezius f ibers , w h i c h can be 
identi f ied because of the near ly hor izonta l 
or ientat ion of those superf ic ial f ibers . How
ever, local twi tch responses in the deeper, 
obl iquely or iented r h o m b o i d and serratus 
f ibers are not so readi ly perce ived but m a y 
be palpable . 
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Figure 47.3. Anatomical relations of the serratus posterior superior muscle (dark red). The cut trapezius and 
rhomboid muscles (light red) lie over all of the serratus posterior superior, and the iliocostalis and longissimus 

thoracis muscles (not shown) lie beneath part of this muscle. 

Rhomboideus 
major (cut) 

Trapezius 
(cut) 

Trapezius 
(cut) 

Rhomboideus 
minor (cut) ,Serratus posterior 

superior 
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Figure 47.4. Digital examination of the right serratus 
posterior superior muscle. The scapula must be ab
ducted to uncover the exquisitely tender attachment 
trigger point area (see Fig. 47.1 C and D). 

A serratus TrP is identif ied as a spot of 
exquisite deep tenderness w h e n palpated 
against an underlying rib. It is unl ike ly that 
a taut band wil l be palpable through two 
musc les . W h e n pressure on ei ther a central 
TrP or a t tachment TrP induces the charac
teristic serratus referred pain pattern that 
patients recognize as their pain, i t c o n v i n c 
ingly demonstrates to them the relation
ship between this myofasc ia l TrP and the 
pain they are suffering. ' 

10A. ENTRAPMENT 
No nerve entrapment has been attrib

uted to this musc le . 

11 A. DIFFERENTIAL DIAGNOSIS 
Differential diagnoses for this m u s c l e in

c lude thoracic outlet syndrome, C 7 - C 8 

radiculopathy, o lecranon bursi t is , and ul-

nar neuropathy. T h e referred pain pattern 
of this m u s c l e m i m i c s the distr ibution of 
pain caused by eighth cervica l root com
p r e s s i o n 2 1 and this diagnosis m u s t be con
sidered. T h i s confus ion is further aggra
vated by the referred n u m b n e s s into the 
C 8 - T 1 distr ibution of the h a n d 1 5 so that 
phys i c ians c o m m o n l y make the diagnosis 
o f C 8 -T 1 radiculopathy w h e n the s y m p t o m s 
are c a u s e d by TrPs in this m u s c l e . T h e ser
ratus myofasc ia l syndrome causes no pri
mary neurological deficit . A radiculopathy 
per se causes no TrP tenderness , pa lpable 
bands , or referred pain evoked by pressure 
appl ied to the m u s c l e . 

F o u r i e 1 2 descr ibed a scapulocosta l syn
drome associated with f ibrosi t is (old termi
nology that i n c l u d e d myofasc ia l TrPs) . T h e 
pain and tenderness was caused by enthe
sopathy of the lateral a t tachments of the 
serratus posterior superior digitations to 
the r ibs . 

Art icular dysfunct ion associated with 
this m u s c l e usual ly occurs at the T 1 level . 
T h e r e is usual ly exquis i te tenderness di
rect ly over the spinous process of this seg
ment . On inspect ion , this configuration of 
art icular dysfunct ions presents as a re
gional ex tens ion of the upper thorac ic 
spine wi th inabi l i ty to f lex forward across 
the involved segments . 

Related Trigger Points 

Key TrPs in the sca lene m u s c l e s can in
duce satel l i te TrPs in the serratus posterior 
s u p e r i o r " and occas iona l ly the relat ion
ship occurs in the reverse direct ion; the 
serratus posterior superior can be the key. 

T h e TrPs in the serratus posterior superior 
lie within the pain reference zone of the syn
ergistic scalene musc les . T h e scalene TrPs 
may m i m i c , in part, the pain pattern of the 
serratus posterior superior. T h e neck should 
always be examined for scalene TrPs if a TrP 
is found in the serratus posterior superior. 

T h e overlying rhomboid and nearby i l io
costalis , longissimus thoracis , and mult i 
f idus muscles also may have associated TrPs. 

12A. TRIGGER POINT RELEASE 
(Fig. 47.5) 

In addit ion to the m a n u a l spray and re
lease t echnique descr ibed here , other tech
niques inc luding trigger point (TrP) pres
sure re lease of the central TrPs (CTrPs) and 
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Figure 47.5. Application of vapocoolant (arrows) and 
manual release for a trigger point region (X) in the ser
ratus posterior superior muscle. A, patient seated 
comfortably and relaxed with the upper thoracic spine 
flexed, and with the arm supported in a forward posi
tion to swing the scapula laterally. The operator ap
plies sweeps of vapocoolant (or ice) in the pattern in
dicated, preparatory to manual release. B, manual 
release of trigger point tension is accomplished with 

postisometric relaxation, beginning by having the pa
tient look up to the left and breathe in. Then, as the 
patient augments relaxation by looking down and 
slowly breathing out, the operator takes up slack in 
the muscle. One hand (left in this case) stabilizes the 
spinous processes; the other hand applies light 
steady pressure downward and laterally directly on 
the rib cage medial to the scapula, helping to release 
the serratus posterior superior muscle. 

l imi ted iontophoret i c appl icat ion of 
steroids (as descr ibed in Chapter 3 , Sec t ion 
12 for a t tachment TrPs) are also effect ive 
for release of TrPs in the serratus posterior 
superior m u s c l e . T h e pr imary therapeut ic 
approach to attachment TrPs is to inact i 
vate the central TrPs that are causing them. 
T h e CTrPs m a y be diff icult to locate accu
rately in this m u s c l e because they lie un
der two other m u s c l e s or the scapula and 
m a y be s i tuated over soft intercostal mus
c le ins tead of a firm rib. 

T h e spray and release t echnique is per
formed as descr ibed and i l lustrated in Fig
ure 4 7 . 5 . An ini t ia l prespray (Fig. 4 7 . 5 A ) of 
vapocoo lant (or stroking with ice) is ap
pl ied in s low paral le l s w e e p s laterally and 

downward over the course of the musc le 
f ibers and then outward over the shoulder 
and down the arm. Lines of spray should 
cover the referred pain pattern, w h i c h in
c ludes the 5th digit (Figs. 4 7 . 1 A and 4 7 . 5 ) . 
T h e prespray is fol lowed immediate ly by 
manual release (Fig. 4 7 . 5 B ) . 

W h e n the pat ient is in the spray and re
lease posi t ion, trigger point pressure re
lease is easi ly appl ied to any central TrPs 
that l ie direct ly over a rib. Th is finger pres
sure therapy is often helpful and it is most 
effective i f the m u s c l e is on moderate (non-
painful) stretch whi le pressure is appl ied. 

T h e posit ion of placing the arm across 
the chest and the h a n d under the opposite 
axi l la , w h i l e useful for examinat ion of the 
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muscle , should not be used for treatment. 
This extreme posi t ion of the arm tends to el
evate, rather than to lower, the rib cage and 
makes it difficult for the patient to achieve 
full relaxation of chest muscula ture . 

13A. TRIGGER POINT INJECTION 
(Fig. 47.6) 

Even if spray and stretch and trigger 
point pressure release are not effect ive, in
ject ion of the trigger points (TrPs) usual ly 
succeeds , but this carries a signif icant haz
ard of pneumothorax i f performed wi thout 
precautions and adequate skil l . 

With the patient lying on the opposite 
side and the scapula fully abducted (Fig. 
47 .6 ) , a TrP is precisely located and fixed 
with the fingers against an underlying rib. 
The needle is directed nearly tangent to the 
skin and at all t imes is pointed toward a rib, 
not toward an intercostal space, as the oper
ator or the patient might sneeze or unex
pectedly startle and jump. This technique is 
also illustrated by R a c h l i n . 1 9 In this location, 
the Hong method of holding the syringe is 
recommended (see Chapter 3 , Sec t ion 13) . 
Here, the possibil i ty of causing a pneumo
thorax must always be kept in mind . 

Fol lowing TrP in ject ion, the pat ient 
flexes the upper thorax forward during in-

halat ion and takes three slow full- in, full-
out breaths to move this m u s c l e through its 
full range of mot ion . Spray a n d stretch are 
repeated, as above, and mois t heat appl ied 
over the m u s c l e . 

14A. CORRECTIVE ACTIONS 
I t is most important that the pat ient uses 

coordinated ches t and abdomina l breathing 
[see Fig. 2 0 . 1 5 C and D) a n d not paradoxica l 
breathing, to m i n i m i z e overload of the up
per-chest accessory m u s c l e s of inspirat ion. 

T h e patient should maintain normal lum
bar lordosis, both standing and sitting. W h e n 
seated, this is facilitated by placing an ap
propriately sized lumbar pi l low in the small 
of the back, then relaxing and leaning against 
the back of the chair so that the pi l low main
tains both the normal lumbar and thoracic 
curves without musc le strain ( s e e Fig. 41 .4E) . 

W h i l e supine , the pat ient m a y f ind i t 
poss ib le to apply trigger point pressure re
lease by lying on a tennis ba l l p l a c e d under 
the interscapular region [see Chapter 18 
text relating to Fig. 18 .4 and see Chapter 
22 , S e c t i o n 14 ) , if, for this m u s c l e , the 
scapula is abducted sufficiently. As an al
ternate part of the h o m e program, a com
panion m a y be taught to apply trigger point 
pressure re lease to this TrP. 

Figure 47.6. Injection of a trigger point in the serratus 
posterior superior muscle. The scapula must be ab
ducted to reach the tender attachment trigger points 

in this muscle. The needle is directed nearly tangent to 
the chest wall and toward a rib to avoid penetrating an 
intercostal space and causing a pneumothorax. 
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Section B 
Serratus Posterior Inferior 

HIGHLIGHTS: R E F E R R E D PAIN from 
the serratus poster ior inferior m u s c l e is rel
at ively local , near the trigger point (TrP) 
a n d usual ly is ident i f ied as an annoying 
a c h e that remains after the pain from asso
c ia ted paraspinal TrPs has been rel ieved. 
T h e serratus poster ior inferior pain extends 
over and around the m u s c l e . ANATOMY: 
T h e a t tachments o f this m u s c l e anchor, 
above and laterally, to the lowest four ribs. 
B e l o w and medial ly , i t at taches by an 
aponeuros is to the spinous processes of the 
last two thorac ic and the f i rs t two lumbar 
vertebrae. FUNCTION of this m u s c l e is to 
depress the lower ribs, and probably to ro
tate the lower thorax w h e n acting on one 
side and to ex tend it wi th bi lateral activa
t ion. ACTIVATION AND PERPETUATION 
OF T R I G G E R POINTS usual ly results from 
an acute b a c k strain, w h i c h m a y also acti
vate TrPs in the nearby major b a c k m u s c l e s 

at the same t ime. TRIGGER POINT E X A M 
INATION is made by flat palpation across 
the direct ion of the m u s c l e f ibers . Central 
TrPs are dist inguished from attachment 
TrPs. DIFFERENTIAL DIAGNOSES in
c lude renal diseases , lower thoracic radicu
lopathy, and articular dysfunct ion. TRIG
GER POINT R E L E A S E employs a manual 
release t echnique that can inc lude pre
spray. Trigger point pressure release is often 
he lpful . TRIGGER POINT INJECTION of 
this m u s c l e requires that the needle be di
rected toward a rib, not be tween ribs. COR
RECTIVE ACTIONS inc lude rel ief of 
c h r o n i c stresses on the musc le by correct
ing a smal l hemipe lv is or leg-length dis
crepancy, by adding a lumbar support to the 
straight backrest of a chair, by sleeping on a 
nonsagging mattress , and by the normaliza
t ion of paradoxical breathing. 

1B. REFERRED PAIN 
(Fig. 47.7) 

An act ive trigger point (TrP) in the ser
ratus poster ior inferior m u s c l e produces 
aching discomfort over and around the 
m u s c l e (Fig. 4 7 . 7 ) . T h e pain extends across 
the b a c k and over the lower r ibs . Pat ients 
are l ikely to identi fy this annoying ache as 
m u s c u l a r in origin. Occas ional ly , the pain 
is perce ived as extending through the chest 
to the front. 

2B. ANATOMY 
(Fig 47.8) 

T h e serratus pos ter ior in fer ior m u s c l e 
a t taches medially to the t h i n a p o n e u r o s i s 
f rom t h e s p i n o u s p r o c e s s e s o f the last two 
t h o r a c i c a n d the first t w o l u m b a r verte
brae . Laterally i ts four dig i ta t ions a t tach 
to t h e l o w e s t four r ibs jus t m e d i a l to the i r 
a n g l e s 5 (Fig. 4 7 . 8 ) . T h e digi ta t ions t o one 
or m o r e r ibs , e s p e c i a l l y to the n i n t h and 
t w e l f t h r ibs , are s o m e t i m e s m i s s i n g . O c c a 
s i o n a l l y the ent i re m u s c l e i s a b s e n t . 7 

Supplemental References 

Other authors have illustrated the mus
cle clearly as seen from behind, 1 , 6 , 9 , 1 6 , 1 8 , 2 2 

2 3 from the side, 8 , 2 2 and in cross section. 4 

A variation of the muscle is viewed from 
behind. 1 0 

3B. INNERVATION 
T h e serratus posterior inferior is sup

pl ied by branches of the anterior primary di
vis ions of thoracic spinal nerves 9 through 
1 2 . 5 It is not suppl ied by the posterior divi
s ions, as are the paraspinal musc les . 

4B. FUNCTION 
T h i s m u s c l e attaches to the lower ribs 

and has been reported as an e x h a l a t i o n 2 0 

m u s c l e or as a m u s c l e that stabil izes the 
lower ribs against the upward pull of the 
diaphragm. 5 . 1 4 However, an electromyo
graphic study found no respiratory activity 
attributable to the m u s c l e . 2 Unilateral con
tract ion should contribute effectively to 
trunk rotation, and bilateral contract ion to 
extens ion of the lower thorax. 

5B. FUNCTIONAL UNIT 
T h e serratus posterior inferior musc le 

appears to act synergist ical ly wi th the il io
costal is and longiss imus thoracis muscles 
of the same side, uni lateral ly for rotation 
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and bilateral ly for extens ion of the spine . 
As an accessory m u s c l e of exhalat ion, i t 
would l ikely act synergist ical ly wi th the 
quadratus lumborum musc le . 

6B. SYMPTOMS 
After symptoms due to act ive TrPs in as

sociated major musc les of the b a c k have 
been e l iminated, the patient m a y be left 
with a nagging ache in the lower thorac ic 
region. T h e ache is annoying, but not a se
verely threatening pain. Pat ients may re
port that squirming and stretching provide 
some relief. 

Maximal deep inhalat ion and coughing 
usual ly do not evoke pain from the serra
tus posterior inferior, as they may from 
active TrPs in the serratus anterior, 
quadratus lumborum, and deep abdominal 
wall musc les . 

7B. ACTIVATION AND PERPETUATION 
OF TRIGGER POINTS 

This is one of the m a n y b a c k m u s c l e s 
that are suscept ible to strain during the 

c o m b i n e d m o v e m e n t of l ifting, turning a n d 
reaching. Act ive TrPs in the serratus poste
rior inferior develop due to overload strain 
at the same t ime as TrPs in associated mus
c les . S tanding on a ladder wi th the b a c k 
h y p e r e x t e n d e d to reach up and work over
head has act ivated TrPs in this m u s c l e , and 
paradoxica l breathing and unequal leg 
lengths m a y perpetuate them. 

8B. PATIENT EXAMINATION 
Pat ients m a y have slight restr ic t ion of 

thoraco lumbar f lexion and of spinal exten
sion due to pain, and m a y be l imi ted in ro
tating the torso away from the painful s ide. 

9B. TRIGGER POINT EXAMINATION 
A nodule in a taut b a n d in this inferior 

serratus m u s c l e m a y be difficult to palpate 
through or dist inguish from the overlying 
la t iss imus dorsi m u s c l e (for this anatomica l 
re la t ionship see Fig. 4 . 2 5 in Volume 2) . 
However the midfiber spot tenderness of 
central TrPs is usual ly identi f iable . T h e ex
quisite tenderness of a t tachment TrPs at the 

Figure 47.7. Referred pain pattern (essential zone is solid dark red, spillover zone is stippled dark red) of an 
active trigger point (X) in the right serratus posterior inferior muscle (light red). 
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Figure 47.8. Attachments of the serratus posterior inferior muscle laterally to the lowest four ribs and medially 
to the aponeurosis extending from the spinous processes of the T 1 1 t o L 2 vertebrae. 
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lateral end of the m u s c l e c lose to the mus
cle's rib at tachments is usual ly more read
ily located. Local twitch responses are diffi
cult to el icit and detect by palpat ion in this 
musc le but may be felt during TrP in ject ion. 

10B. ENTRAPMENT 
No entrapment of a peripheral nerve is 

attributed to this m u s c l e . 

11B. DIFFERENTIAL DIAGNOSIS 
Differential diagnoses of the s y m p t o m s 

caused by TrPs in this m u s c l e inc lude renal 
diseases (cal iectasis , pyelonephri t i s , or 
ureteral reflux), and a lower thorac ic radicu
lopathy. T h e most c o m m o n articular dys
funct ion associated with serratus posterior 
inferior TrPs is a s imple neutral dysfunct ion 
extending from T 1 0 to L 2 . Occas ional ly , one 

finds a concurrent depress ion or " e x h a l a 
t i o n " dysfunct ion of the lower four ribs. 

Related Trigger Points 

T h i s patch of discomfort is l ike ly to be 
not i ced only after success ful t reatment of 
myofasc ia l s y m p t o m s arising from TrPs in 
associated m u s c l e s . In this case , the associ 
ated m u s c l e s are the ad jacent i l iocosta l is 
and longiss imus thoracis . 

12B. TRIGGER POINT RELEASE 
(Fig. 47.9) 

A m a n u a l release t e c h n i q u e wi th respi
ratory augmentat ion as descr ibed and i l lus
trated in Figure 4 7 . 9 is r e c o m m e n d e d . Its 
ef fect iveness can often be augmented by 
pre l iminary appl ica t ion of serial sweeps of 
vapocoolant spray in the direct ion of the 
m u s c l e f ibers , covering the entire m u s c l e 
and pain zone . T h e patient 's ipsi lateral arm 
is p laced overhead to pul l the rib cage up
ward and the torso rotated toward the op
posi te s ide to take up s lack in the m u s c l e . 

T h i s m u s c l e also responds wel l to trig
ger point (TrP) pressure re lease descr ibed 
in Chapter 3 , S e c t i o n 12 . 

13B. TRIGGER POINT INJECTION 
(Fig. 47.10) 

In ject ion of trigger points (TrPs) in this 
m u s c l e is r e c o m m e n d e d only for those 
w h o are e x p e r i e n c e d and ski l l ful in doing 
TrP in jec t ions . For in jec t ions of the serra
tus poster ior inferior m u s c l e , the pat ient 
l ies on the s ide opposi te the m u s c l e to be 
in jec ted and the act ive TrPs are prec ise ly 
located by palpat ion. T h e needle i s angled 
(Fig. 4 7 . 1 0 ) for in jec t ion of the TrP so that 
its point is a i m e d toward the n inth , tenth, 
e leventh, and/or twelf th rib, depending on 
w h i c h digitat ions are involved. T h i s tech
n ique i s also i l lustrated by R a c h l i n . 1 9 P e n e 
tration be tween the ribs m u s t be avoided. 
In ject ion of the TrPs in this m u s c l e charac 
ter is t ical ly e l ic i ts palpable local twi t ch re
sponses , and affords prompt re l ie f of the 
nagging discomfort . 

After in ject ion, the m u s c l e is s t re tched 
and sprayed, as descr ibed above, and mois t 
heat appl ied. 

14B. CORRECTIVE ACTIONS 
M a n y of the correct ive ac t ions to be con

s idered are covered in other chapters . 

Figure 47.9. Manual release of right serratus posterior 
inferior, patient lying on left side with right arm ele
vated. Release of trigger point tension begins by hav
ing the patient look up to the right and breathe in. 
Then, as the patient looks back down to the left, 
slowly breathes out, and reaches toward the floor 
with the right arm, the operator takes up slack in the 
muscle. One hand of the operator (left in this case) 
stabilizes the lower thoracic and upper lumbar spin
ous processes; the other hand applies light steady 
pressure upward and laterally, directly on the right 
lower rib cage, taking up slack in the muscle as it re
laxes. During this stretch phase, the operator can 
place one finger directly on the trigger point and use 
light pressure (as in pressure release) to facilitate re
lease. Repeat the inhalation-exhalation and the re
lease procedure if needed for complete release of the 
trigger point tension. 
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Figure 47.10. Injection of a central TrP in a digitation 
of the serratus posterior inferior muscle that attaches 
to the ninth rib. The needle is directed toward the 
tenth rib, not between ribs. 

T h e s e inc lude use of lifts to correct the 
compensatory scol ios is caused by a smal l 
h e m i p e l v i s w h e n sitting, or by a lower 
l imb- length d iscrepancy w h e n standing 
(see Chapters 4 and 48 and a more detai led 
d iscuss ion in Chapter 4 of Volume 2) , nor
mal izat ion of paradoxica l breathing (see 
Figs . 2 0 . 1 5 a n d 2 0 . 1 6 ) , sitting in chairs that 
f i t and having adequate lumbar support 
(see Figs . 4 1 . 4 E and 4 1 . 5 B and C), standing 
wi th a n o r m a l lordot ic lumbar curve (see 
Fig. 4 1 . 4 C ) ; and s leeping on a firm mattress 
that does N O T sag. 
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CHAPTER 48 

Thoracolumbar Paraspinal 
Muscles 

HIGHLIGHTS: The paraspinal musculature con
sists of a superficial group of long-fibered lon
gitudinal muscles, and a deep group of short 
diagonal muscles. In the superficial (erector 
spinae) group, the longissimus thoracis, ilio-
costalis thoracis, and iliocostalis lumborum are 
most likely to develop active trigger points 
(TrPs). Patients are likely to call this pain lum
bago. The deep paraspinal group includes, at 
successively deeper levels, the semispinalis, 
multifidus and rotatores. REFERRED PAIN from 
TrPs in the iliocostalis thoracis is projected me
dially toward the spine and may spill over an
teriorly in the abdomen and up toward the back 
of the shoulder. The lumbar iliocostalis TrPs re
fer pain to the mid-buttock. Active TrPs in the 
longissimus thoracis muscle at the low thoracic 
and high lumbar levels also refer pain down
ward to the sacroiliac region and the buttock. 
Pain from the multifidus and rotatores muscles 
centers on the spinous processes at the seg

menta l level of the TrP or, in the lumbar region, 
it may be referred a few segments caudal to 
the TrP. FUNCTIONS of the paraspinal muscles 
are primarily to extend the spine, and to con
tribute to rotation to some extent, particularly 
for stabilization. The superficial fibers are ex
tensors. The successively deeper, shorter and 
more diagonal fibers supply an increasing rota
tional component for fine adjustments. ACTI
VATION AND PERPETUATION OF TRIGGER 
POINTS in the paraspinal muscles is caused by 
either sudden overload, as when lifting objects 
with the back twisted and flexed, or by sus-

tained overload in the stooped posture, or 
when these back muscles are maintained in a 
fully shortened (hyperlordotic) position. PA
TIENT EXAMINATION reveals restricted range 
of back motion especially in flexion or rotation. 
Tightness of the more superficial group of mus
cles can be felt best when the patient is posi
tioned between side-lying and prone. TRIGGER 
POINT EXAMINATION: Identification of the 
deeper paraspinal TrPs is aided by eliciting fo
cal deep tenderness and noting the resulting 
referred pain pattern. ENTRAPMENT of the 
posterior primary rami of both thoracic and 
lumbar spinal nerves may be due to TrPs and 
their tense bands in the paraspinal muscles. 
TRIGGER POINT RELEASE of the long-fibered 
erector spinae muscles is accomplished by 
flexing the spine of the seated patient, while a 
jet stream of vapocoolant is applied in down
ward parallel sweeps. Successively deeper 
muscle layers require progressively more spinal 
rotation as the patient's chest turns further to
ward the affected side. TRIGGER POINT IN
JECTION of the deep paraspinal TrPs may re
quire needle penetration to the depth of the 
laminae of the vertebrae, followed with full 
stretch by thoracic rotation. CORRECTIVE AC
TIONS include relief of postural strain, com
pensation for body asymmetries, modification 
of the patient's daily activities to reduce stress 
on the back muscles, self-administered trigger 
point pressure release of TrPs by use of a ten
nis ball, and graduated stretch and strengthen
ing exercises. 
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1. REFERRED PAIN 
(Figs. 48.1 and 48.2) 

Trigger points (TrPs) are one of the most 
c o m m o n causes o f enigmat ic b a c k pain 
(see Chapter 41 S e c t i o n B ) . A m o n g 283 pa
t ients referred to a c h r o n i c pain treatment 
program w h o fit the diagnosis of c h r o n i c 
intractable benign lumbar pain, 9 6 % had 
tender/trigger p o i n t s . 1 0 8 

T h e referred pain patterns i l lustrated for 
these back musc les at specif ic segmental 
levels are c o m m o n examples , but TrPs may 
develop at any segmental level . Determining 
the depth and muscular length for a deeper-
layer TrP is somet imes difficult but often im
portant for selecting appropriate treatment. 

Pain patterns s imilar to those observed in 
adults were reported from TrPs in the longis
s imus and multif idus musc les of c h i l d r e n . 1 1 

Superficial Paraspinal (Erector Spinae) 
Muscles 
(Fig. 48.1) 

In the m i d d l e and lower back , the two 
m u s c l e s of this group that are most l ikely 
to develop TrPs are the longiss imus tho
racis and the i l iocostal is thoracis . T h e i l io
costal is thorac is refers pain both c e p h a l a d 
and caudad, w h i l e the i l iocostal is lumbo
rum and the longiss imus thoracis refer 
pain m a i n l y c a u d a d . 1 3 4 

T h e pattern of referred pain from TrPs in 
the i l iocosta l is thorac ic at the midthorac ic 
level (Fig. 4 8 . 1 A) is upward toward the 
shoulder a n d laterally to the chest wal l 
w h i c h , on the left s ide, is eas i ly mis taken 
for cardiac a n g i n a , 5 1 , 9 9 or as p leur isy on ei
ther s i d e . 7 0 At the low thorac ic level (Fig. 
4 8 . 1 B ) , i l iocosta l is thorac ic TrPs may refer 
pain upward across the scapula , around to 
the abdomen, and downward over the lum
bar a r e a . 1 5 , 1 3 4 , 1 3 8 T h i s pain referred to the 
a b d o m e n from a b a c k m u s c l e m a y be mis 
taken for visceral p a i n . 5 8 , 9 9 , 1 3 7 T h e s e low il
iocosta l is thorac is TrPs m a y be in the i l io
costal is l u m b o r u m s ince these two 
i l iocosta l i s m u s c l e s overlap in this region. 

F r o m i l iocosta l is l u m b o r u m TrPs at the 
upper lumbar level (Fig. 4 8 . 1 C ) , pain is re
ferred strongly downward , concentrat ing 
on the m i d b u t t o c k , 1 5 , 1 3 2 , 1 3 4 , 1 3 7 and is a fre
quent source of uni lateral posterior hip 
pain. " F i b r o s i t i s " o f the i l iocostal is mus
c les (frequently, the term f ibrosi t is was 

used to identi fy TrPs) is one c o m m o n cause 
for the pain descr ibed as " l u m b a g o . " 8 2 , 1 0 5 

T h e pat ient usual ly draws an up-and-down 
pattern to represent the pain referred from 
i l iocostal is TrPs, but a crosswise pattern in 
the same region of the b a c k to demonstrate 
the pain referred from TrPs in the lower 
rectus abdominis musc le . 

A quadriparetic patient had pain and 
tenderness in the right lower quadrant, 
right flank, and right subcostal area with a 
right subcostal TrP in the iliocostalis lum
borum muscle. Pressure on the TrP repro
duced the patient's pain. The abnormal il
iocostalis muscle tension and the patient's 
pain were relieved by spray and stretch of 
that muscle. 1 1 2 This pain pattern was more 
like what one would expect from a low il
iocostalis thoracis TrP than from a high il
iocostalis lumborum TrP. The spinal cord 
may not make that clear a distinction this 
close to the transition zone, and this pa
tient did not have a normal spinal cord. 

Myofasc ia l TrPs at the low thoracic level 
in the longiss imus thoracis musc le (Fig. 
4 8 . I D , right side) refer pain strongly low in 
the b u t t o c k . 1 5 , 1 3 4 ' 1 3 8 Th i s remote source o f 
but tock pain is easi ly overlooked. Longis
s imus TrPs toward the caudal end of the 
m u s c l e f ibers in the upper lumbar area 
usual ly refer pain several segments cau-
dally, but still wi th in the lumbar reg ion 1 5 , 

1 3 4 , 1 3 8 ( F i g . 4 8 . 1 D , l e f t s i d e ) . T h i s i s a n o t h e r 

muscular source of " l u m b a g o . " 
L a n g e , 7 4 in 1 9 3 1 , identif ied myogelosis 

(complete ly compat ib le with myofascial 
TrPs) of the erector spinae musc les at the 
lumbar level as a frequent cause of " lum
b a g o " and sacral pain. Guts te in 5 7 reported 
n u m e r o u s patients wi th referred pain from 
myalgic spots or muscular rheumatism in 
the erector spinae musc les . 

K e l l g r e n 6 8 m a p p e d exper imental ly in
duced referred pain patterns of the erector 
spinae m u s c l e s by inject ing hypertonic salt 
solut ion into normal musc les . He reported 
that the superficial erector spinae muscles 
at the m i d l u m b a r level referred pain to the 
upper part of the buttock. In a s imilar study, 
hyper tonic sal ine in ject ion of the structures 
along the edge of the interspinous ligament 
at the L 1 l e v e l 6 9 referred pain characterist ic 
of renal co l i c to the loin, inguinal , and scro-
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Iliocostalis thoracis 

lliocostalis thoracis 

Iliocostalis lumborum Longissimus thoracis 

Figure 48.1. Examples of referred pain patterns (es
sential reference zones are solid red, spillover areas 
are stippled red) with their corresponding trigger 
points (Xs), at several levels in the erector spinae (su
perficial paraspinal) muscles. A, the mid-level of the 

right iliocostalis thoracis. B, the caudal portion of the 
right iliocostalis thoracis. C, the upper end of the right 
iliocostalis lumborum. D, the lower thoracic (right) and 
upper lumbar (left) longissimus thoracis. Longissimus 
fibers often reach the upper lumbar region. 
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tal areas, causing retract ion of the test ic le . 
At the T 9 level , the poster iorly in jec ted hy
per tonic sa l ine caused palpable rigidity 
and deep tenderness of the lowest part of 
the abdomina l w a l l . 7 6 

Deep Paraspinal Muscles 
(Fig. 48.2) 

Although the semispina l i s thorac is is 
c lassi f ied anatomica l ly as the outermost 
(most superficial) of the deep paraspinal 
m u s c l e s , we have the impress ion that its 
pain patterns correspond to those of the 
longiss imus f ibers at the same segmental 
level . T h e severe aching " b o n e " pain from 
TrPs in any of this deep group of m u s c l e s is 
persistent , worr i some and disabling. 

T h e n e x t deeper layer of the deep group 
of paraspinal m u s c l e s , the mult i f idi , refer 
pain pr imari ly to the region around the 
spinous process of the vertebra adjacent to 
the TrP (Fig. 4 8 . 2 A ) . Mult i f idus TrPs located 
from to L 5 may also refer pain anteriorly 
to the abdomen, w h i c h is easi ly mis judged 
as v isceral in origin (Fig. 4 8 . 2 B ) . 1 3 4 , 1 3 8 Mult i 
fidus TrPs at the S 1 level project pain down
ward to the c o c c y x (Fig. 4 8 . 2 B ) , and render 
the c o c c y x hypersens i t ive to pressure (re
ferred tenderness ) . T h e condi t ion is often 
identi f ied as coccygodynia . 

Involvement of the deepest paraspinal 
m u s c l e s , the rotatores, throughout the 
length of the thoraco lumbar sp ine pro
duces m i d l i n e pain and referred tenderness 
to tapping on the spinous process ad jacent 
to a TrP. O n l y deep palpat ion of the m u s 
c les can determine from w h i c h side the 
m i d l i n e pain arises. T h i s sp ine tenderness 
is used as an os teopathic sign of articular-
dysfunct ion i n v o l v e m e n t of that vertebra. 

W h e n K e l l g r e n 6 8 in jec ted hyper tonic 
sa l ine exper imenta l ly into n o r m a l deep 
paraspinal m u s c l e s , he c o n c l u d e d that 
these deep m u s c l e s were more l ike ly than 
the superf ic ial group to refer pain ante
riorly to the a b d o m e n . At the L 5 level , 
hyper ton ic sa l ine in jec ted in the deep m u s 
cles also referred pain d o w n the postero
lateral aspect of the thigh and leg. 

2. ANATOMY 
(Figs. 48.3 and 48.4) 

T h e bewi lder ing c o m p l e x i t y o f the 
paraspinal m u s c l e s is s impl i f ied by think

ing of them as two layers, a superficial 
layer of long-fibered extensors (erector 
spinae) , and a deep layer of shorter, more 
diagonal extensor rotators (transver
sospinal m u s c l e s ) . 

Superficial (Erector Spinae) Group 
(Fig. 48.3) 

As a source of TrP pain, the two most im
portant muscles of the superficial group are 
the more medial longissimus thoracis and 
the laterally placed il iocostalis thoracis. 
Both of these muscles span the thoracic 
spine, but usual ly only the i l iocostalis ex
tends to the sacrum beyond the lumbar 
spine. T h e longissimus thoracis continues a 
variable distance across the lumbar region to 
b e c o m e a more or less complete longissimus 
lumborum. T h e third superficial muscle , the 
spinal is , is usually small and has not been 
identif ied separately as a source of TrP pain. 

T h e medial - lying longiss imus thoracis 
has the longest f ibers of the paraspinal 
m u s c l e s (Fig. 4 8 . 3 ) . Above it attaches pri
mari ly to the transverse processes of all the 
thorac ic vertebrae and to the adjacent f irst 
to n in th or tenth ribs; below it attaches to 
the lumbar transverse processes , and to the 
anterior layer of the lumbocosta l aponeuro
sis. Caudally, i t b lends with the i l iocostal is 
and spinal is m u s c l e s . 2 7 

T h e more lateral i l iocostal is thoracis 
(Fig. 4 8 . 3 ) is a cont inuat ion of the il io
costal is cervic is . Its fibers connec t above to 
the transverse process of the seventh cervi
cal vertebra and to the angles of the upper 
s ix ribs; below they attach to the angles of 
the lower s ix r i b s . 2 7 

T h e i l iocostal is lumborum extends 
above from the angles of the lowest six ribs 
and below to the sacrum. 

Deep Paraspinal Muscles 
(Fig. 48.4) 

As the f ibers of the progressively deeper 
m u s c l e s of this group also b e c o m e progres
sively shorter and more horizontal , in
creasingly they rotate the spine rather than 
pr imari ly extending i t . 2 7 Among the deep 
group of paraspinal musc les , the semi
spinal is thoracis extends caudal ly as far at 
T 1 0 , overlying the multif idi (Fig. 4 8 . 4 ) . The 
mult i f idi and rotatores cont inue beyond 
the lumbosacra l junct ion where they f i l l 
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the multi f idus triangle of the s a c r u m 8 1 and 
are covered by the tendinous extens ions of 
the more superficial longiss imus and i l io
costalis musc les . 

The deeper multif idi and rotatores mus
cles attach medially and above near the 
base of a vertebral spinous process . Later
ally and below they attach to a transverse 
process (Fig. 4 8 . 4 ) , spaced as fo l lows: the 
semispinal is thoracis fibers cross at least 
f ive vertebrae and extend caudal ly to the 
tenth thoracic vertebra (Fig. 4 8 . 4 ) . Mult i 
fidus fibers cross 2 to 4 segments through
out the thorac ic and lumbar spine , and 
sometimes extend to S 4 . T h e short rotatores 
attach to adjacent vertebrae. T h e long rota
tores span one segment throughout the 
s p i n e , 2 7 but ordinari ly do not inc lude 
sacral segments. T h e f ibers of the lumbar 

mult i f idus are divided by dist inct c leavage 
planes into f ive segmental bands . E a c h 
b a n d arises from a lumbar spinous process 
and is innervated u n i s e g m e n t a l l y . 8 6 

Supplemental References 

Other authors have clearly illustrated 
the longissimus thoracis, and the ilio
costalis thoracis and lumborum as seen 
from b e h i n d , 1 , 2 8 , 8 8 , 8 9 , 1 0 1 , 1 1 7 , 1 2 7 , 1 2 8 from 
the s ide, 1 3 1 and in cross s e c t i o n . 2 4 , 6 6 , 6 7 The 
semispinalis thoracis has been presented 
as seen from behind,1 ,29 ,42 ,44 ,101 ,118 ,128 and 
in cross section. 2 5 The multifidus has been 
illustrated from behind,29 ,30 .42 .101 ,102 ,119 ,128 , 

1 2 9 from the side, 4 3 and in cross sect ion. 2 , 6 6 , 

6 7 The rotatores have been shown from be-
H I N D 3 , 4 4 , 8 9 , 1 0 1 , 1 0 2 , 1 2 0 a n d f r o m t h e o b l i q u e 
rear view. 1 3 0 

Multifidi and rotatores Multifidi 

Figure 48.2. Referred pain patterns (red), and their 
corresponding trigger points (Xs) in the deep 
paraspinal muscles. Pain referred by the rotatores is 
felt essentially in the midline. A, examples of local pat

terns characteristic of trigger points at the midthoracic 
level and in multifidi at the low sacral level. B, local 
and projected pain patterns of trigger points in these 
muscles at the intermediate L2 and S1 levels. 
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Longissimus capitis 

Iliocostalis cervicis 

Longissimus 
cervicis 

Iliocostalis 
thoracis 

(retracted) 

Longissimus 
thoracis 

Iliocostalis 
lumborum 

Figure 48.3. Attachments of the two most important of the superficial (erector spinae) group of 
paraspinal muscles (red): medially the longissimus thoracis, and laterally the iliocostalis 

thoracis and iliocostalis lumborum. 

C1 

T1 

L1 

S1 
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Semispinalis 
cervicis 

Rotatores 
longi 

Rotatores 
breves 

Semispinalis 
thoracis 

Figure 48.4. Attachments of the deep group of 
paraspinal muscles. Right, The more superficial of 
this group are the semispinalis thoracis at the thoracic 
level (light red), which overlies the multifidi, and the 
multifidi at the thoracic, lumbar and sacral levels (dark 

red). Left, The rotatores form the deepest layer at 
both the thoracic and lumbar levels. The rotatores oc
cur above the sacral level. Only the multifidi extend 
across sacral segments. 

Multifidi 

T1 

C1 

Multifidi 

L1 

S 1 
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3. INNERVATION 
All the paraspinal m u s c l e s are suppl ied 

by branches of the dorsal pr imary divis ions 
of the spinal n e r v e s . 2 7 E a c h dorsal pr imary 
divis ion in the thorac ic and lumbar spine 
has a media l and a lateral branch . T h e m e 
dial b r a n c h innervates the deepest spinal 
m u s c l e s at the level of exi t of the spinal 
nerve, so that in the lower thorac ic and 
lumbar regions, the nerve, the rotator mus
c le , and the tip of the spinous process , 
w h i c h has the same n u m b e r as the nerve, 
are at the same l e v e l . 1 4 T h e lateral b r a n c h 
innervates the longer, more superficial , 
m u s c l e s by running obl iquely in a lateral-
caudal-dorsal d i r e c t i o n . 6 5 I t m a y cross one 
or two segments before terminat ing in mus
c le f ibers . 5 2 , 6 9 

T h e lumbar mult i f idi are arranged so 
that the fibers that m o v e a part icular seg
m e n t are innervated by the nerve of that 
s e g m e n t . 1 4 

4. FUNCTION 
Superficial Paraspinal (Erector Spinae) 
Muscles 

Electr ica l s t imulat ion of the superficial 
lumbar paraspinal musc les produced exten
sion and lateral bending of the spine to the 
same s i d e . 4 0 S o m e a u t h o r i t i e s 6 4 , 6 7 identify 
three funct ions for both major c o m p o n e n t s 
of the erector spinae musc les : acting unilat
erally, the i l iocostal is and longiss imus pro
duce lateral f lexion and rotation to the same 
side, acting bilaterally, they extend the 
spine. T h e i r contr ibut ion to rotation ap
pears to be minor. H o l l i n s h e a d 6 4 states that 
these m u s c l e s funct ion in a checkre in fash
ion to resist gravity in the stooping-forward 
posi t ion. E lectromyographic (EMG) studies 
support a major role for this "paying o u t " 
act ion ( lengthening contract ions for con
trol) during spinal f lexion and s ide-bend
i n g . 1 0 W h e n bending forward, their contrac
t ion is increased in proport ion to the 
amount of f lexion down to an angle of about 
4 5 ° . 7 B e y o n d that angle, increasing l igamen
tous tens ion unloads the erector spinae. 

E lec t romyographic studies have further 
s h o w n that, in persons standing on their 
feet, the erector spinae can ach ieve com
plete re laxat ion: w h e n standing erect, 
w h e n bending forward wi th the spine fully 

f l e x e d , 1 0 , 7 5 and w h e n side bending i f all 
traces of spinal f lexion or extension are 
e l i m i n a t e d . 1 0 0 An earlier author found the 
erector spinae to show a m a x i m u m activity 
during forward f lexion in the standing po
si t ion at about 9 0 ° . 9 6 Calculat ions showed 
that this 90° forward-bent posit ion put 
m a x i m u m strain on the lumbosacral joints 
c o m p a r e d to squatting with the knees 
b e n t . 9 4 However, among 87 back pain pa
t ients , paraspinal E M G activity was abnor
mal ly persistent or increased in all posi
t ions be tween standing and full forward 
f l e x i o n . 1 1 4 

T h e erector spinae musc les contract vig
orously during coughing and w h e n strain
ing to have a bowel m o v e m e n t . 1 0 As mus
c les of respirat ion, the bi lateral i l iocostal is 
l u m b o r u m usual ly b e c o m e active at the 
end of inhalat ion and also during exhala
t ion, if the vent i lat ion rate is c lose to its 
m a x i m u m . 2 3 I t is c lear that the i l iocostal is 
l u m b o r u m can depress the lower ribs. 

Detai led m e c h a n i c a l m e a s u r e m e n t s 8 5 es
tabl i shed that the pr incipal act ion of the 
lumbar mult i f idus m u s c l e is posterior 
sagittal rotation (extension without poste
rior translat ion) . It had no translatory ac
t ion. T h e only axial rotation effect was a 
m i n o r secondary act ion w h i c h must be 
coupled to the extens ion movement . 

Surface electrodes over the lumbar 
sacrospinalis muscles consistently 
showed bilateral activity during 13 sport 
activities. The muscles on the left side 
were clearly more active than those on the 
right when the right hand was used. 1 9 

In a study of seated subjects, the 
paraspinal muscles were more active at 
the thoracic level than at the lumbar 
level. 6 Backward inclination of the chair 
back reduced the activity of these muscles 
more effectively than did contouring of 
the chair to provide lumbar or thoracic 
support. 5 6 However, a radiographic study 
showed that only a lumbar support, not 
the inclination of the backrest, signifi
cantly influenced the lumbar lordosis. 4 

In patients with low back pain and with 
tenderness to palpation of the paraspinal 
muscles, the superficial layer tended to 
show less than a normal amount of EMG 
activity until the test movement became 
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painful . T h e n , these m u s c l e s s h o w e d in
creased m o t o r uni t act ivity, or " s p l i n t 
i n g . " 1 0 3 During 6 m i n of s tanding, the root 
m e a n square a m p l i t u d e of e lec t r i ca l ac t iv
ity of the L 4 a n d L 5 paraspina l m u s c l e s , 
r e c o r d e d from surface e lec t rodes , in
creased in seven pat ients w i t h r e c e n t on
set o f l o w b a c k pain , and d e c r e a s e d in 
four pain-free c o n t r o l s . 6 3 S i n c e the c a u s e 
of the low b a c k pain i s e n i g m a t i c , t h e re l 
e v a n c e of this observat ion to TrPs is c o n 
jectural , but t rapezius m u s c l e s w i t h TrPs 
w e r e m o r e e l e c t r o m y o g r a p h i c a l l y ac t ive 
wi th m o v e m e n t than contra la tera l m u s 
c les wi thout TrPs . 3 8 

Deep Paraspinal Muscles 

Acting bilaterally, the semispinal i s tho
racis , the thoracic and lumbar mult i f idi , 
and the rotatores extend the vertebral col
umn. W h e n these musc les act unilaterally, 
they can rotate the vertebrae to the con
tralateral s i d e . 1 0 , 6 7 , 1 0 0 , 1 0 3 

T h e deep group of musc les is be l ieved 
to funct ion primari ly for fine adjustments 
between vertebrae, rather than for gross 
spinal m o v e m e n t s . 3 9 Based on E M G evi
dence, B a s m a j i a n 9 c o n c l u d e d that the mul 
tifidi are stabil izers rather than pr ime 
movers of the vertebral c o l u m n as a w h o l e . 
Specif ical ly, the deepest t ransversospinal 
(rotatores) musc les act as d y n a m i c liga
ments that adjust smal l m o v e m e n t s be
tween individual vertebrae. T h e abdomi
nal musc les are the primary flexors and 
rotators of the lumbar spine , and the 
quadratus lumborum is the most important 
for side-bending. T h e intercostal m u s c l e s 
are the primary rotators of the thorac ic 
spine (see Chapter 4 5 ) . 

Electromyographical ly , the deep para
spinal musc les were act ivated by rotat ion 
to the opposite s ide, and were act ivated 
in c o m p l e x patterns by f lexion, ex
tension and rotation of the s p i n e . 1 0 R e 
sponses recorded by f ine wire e lec trodes 
were i l lustrated for each of these move
m e n t s . 9 1 

5. FUNCTIONAL UNIT 
Spina l extension by the thorac ic and 

lumbar paraspinal musc les is assisted by 
the serratus posterior inferior and the 
quadratus lumborum musc les , and is op

posed by the rectus abdominis and abdom
inal obl ique m u s c l e s . 

Rotat ion of the lumbar sp ine is provided 
pr imari ly by the obl ique abdomina l m u s 
c les , and is assisted most by the deepest 
paraspinal m u s c l e s . Rotat ion of the tho
rac ic spine is provided primari ly by the in
tercostal m u s c l e s assisted by the mult i f idi . 
Rotat ion also may be assisted in the thora
co lumbar region by the serratus poster ior 
inferior and one group of diagonal deep 
f ibers of the quadratus l u m b o r u m . 

6. SYMPTOMS 
T h e chief complaint caused by active TrPs 

in the thoracolumbar paraspinal muscles is 
pain in the back and sometimes in the but
tock and abdomen as was described in Sec 
tion 1. This pain markedly restricts spinal 
motion and the patient's activity. W h e n the 
longissimus muscles are involved bilaterally, 
often at the L 1 level, the patient has difficulty 
rising from a chair and cl imbing stairs if he or 
she faces forward in the usual manner. 

W h e n the compla in t o f " l u m b a g o " i s 
due to TrPs in the deep lumbar paraspinal 
m u s c l e s , the pain usual ly is a uni lateral , 
ex tremely disagreeable , s teady a c h e deep 
in the spine . I t b e c o m e s bi lateral as the 
m u s c l e s on both s ides b e c o m e involved. 
T h e patient may point to a one-s ided 
bulging of the long m u s c l e s of the l o w 
back. T h e pat ient f inds little re l ie f by 
changing posi t ion, and is often c o n v i n c e d 
by the way it feels that the pain originates 
in the b o n y spine , not in the m u s c l e s . 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

An i l iocostal is thoracis TrP m a y be a 
satel l i te of a key TrP in the la t iss imus dorsi 
(which must be treated effect ively to c lear 
up the i l iocosta l is ) . 

In these b a c k musc les , TrPs m a y be acti
vated by sudden overload (a speci f ic act iv
ity or t raumatic event that is c lear ly re
m e m b e r e d ) , or by susta ined or repeated 
muscular contract ion over a per iod of t ime 
(repetit ive microtrauma) . 

A quick awkward m o v e m e n t that com
bines bending and twist ing of the back, es
pec ia l ly w h e n the m u s c l e s are fatigued or 
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ch i l l ed , is l ikely to activate TrPs in the i l 
iocosta l i s , even though no addit ional load
ing (lifting) is involved; this m a y be 
c a u s e d by disproport ionate loading of one 
group of m u s c l e f ibers as the result of poor 
coordinat ion . 

Trigger points in these m u s c l e s can be 
act ivated or perpetuated by any m e c h a n i 
cal factor that disturbs axial symmetry, 
s u c h as a lower l imb-length inequal i ty (see 
Chapter 4, S e c t i o n B and Chapter 4 of Vol
u m e 2) , a d is turbance of pe lv ic symmetry 
due to structural asymmetr ies , or due to a 
wal le t carr ied in a b a c k p o c k e t . 5 3 T h e rele
v a n c e of structural asymmetr ies as perpet
uating factors is i l lustrated by the study of 
Strong and T h o m a s . 1 2 2 Paraspinal m u s c l e s 
should increase act ivity on the s ide of the 
longer leg, and on the s ide of the concavi ty 
in the p r e s e n c e of spinal curvature. 

L a n g e 7 4 and L i n d s t e d t 7 9 , 8 0 bo th thought 
that flat feet c a u s e d m u s c u l a r strain w h i c h 
act ivated myogelos is or m u s c u l a r rheu
mat i c s y m p t o m s (descr ibed in terms in
dicat ive of TrPs) in m a n y back , h i p , and 
thigh m u s c l e s a n d produced pain patterns 
c o m m o n l y identi f ied as " s c i a t i c a " or " l u m 
b a g o . " T h e authors of this m a n u a l f ind that 
equinus valgus and structural dispropor
t ions , s u c h as leg and pe lv ic asymmetry, 
can overload speci f ic m u s c l e s to perpetu
ate, and somet imes ini t iate , the pain-
producing TrPs. A l m o s t any factor that 
contr ibutes to a signif icant gait deviat ion 
can act ivate TrPs in the i l iocosta l is . 

T h e w h i p l a s h type of acc ident that 
causes sudden acce lerat ion or decelerat ion 
is l ike ly to rapidly stretch protect ively 
st i f fened spinal m u s c l e s w h i c h , in turn, is 
l ike ly to act ivate TrPs in them. 

Prolonged immobili ty, as w h e n sitting for 
hours in an aircraft or automobile with the 
seat belt fastened, may activate TrPs in the 
paraspinal musc les . Substantiating this, an 
E M G study of the thoracic and lumbar erec
tor spinae showed that typists w h o remained 
immobi le in their optimally relaxed posit ion 
(initial electrical s i lence) developed muscu
lar activity in about 1/2 hr or sooner; reposi
t ioning temporari ly quieted this motor unit 
activity at res t . 8 3 It is noteworthy that immo
bil i ty built up musc le tension in everyone 
tested, in some m u c h sooner than in others. 

8. PATIENT EXAMINATION 
Superficial Paraspinal (Erector Spinae) 
Muscles 

W h e n standing, the patient with in
volvement of the superficial (erector 
spinae) m u s c l e s m a y be unable to flex the 
torso more than a few degrees. Palpat ion of 
speci f ic paraspinal musc les is less effective 
wi th the patient standing because of pos
tural m u s c l e tens ion and protect ive splint
ing by normal musc les . T h e examiner must 
obtain re laxat ion of the patient 's back mus
c les so that abnormal ly taut musc le f ibers 
are dist inguishable . W h e n the seated pa
t ient leans forward, dangles the arm be
tween the legs, and relaxes , an involved 
lumbar longiss imus on one side is evident 
and feels l ike a hard rope. For greatest sen
sit ivity to palpat ion, the patient l ies on one 
side and brings the knees toward the chest 
just far enough to take up the s lack in the 
long erector spinae . J a n d a 6 2 identif ied the 
erector spinae as being prone to facil i tation 
and t ightness w h i c h is in accordance with 
E M G studies of referred motor activity 
from lower body TrPs (see Chapter 2, Sec 
t ion B ) . 

After the erector spinae on the painful 
s ide have been passively stretched during 
vapocool ing and the musc les on that side 
have re laxed, mirror-image pain and mus
cular tens ion may appear, so that the oppo
site lumbar longiss imus n o w stands out 
and feels tense . T h e two sides frequently 
funct ion together as a unit and are l ikely to 
develop TrPs together. 

Deep Paraspinal Muscles 

Act ive TrPs in the deep paraspinal mus
c les cause guarded movements and restrict 
s ide bending, rotation, and hyperextension 
of the trunk. Deep lumbar paraspinal TrPs 
are l ikely to occur in patients with either 
an excess ive or absent lumbar lordosis; 
deep thorac ic paraspinal TrPs tend to oc
cur in patients wi th marked thoracic 
kyphos is . 

Act ive TrPs in the deep group of 
paraspinal musc les impair movement be
tween two vertebrae during f lexion or side 
bending of the spine. During flexion, a hol
low or a flat area develops in the smooth 
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curve formed by the spinous processes . 
T h e flattening usual ly spans one to three 
vertebrae. Involvement of a mult i f idus or a 
rotator musc le on either s ide produces 
midl ine tenderness over the adjacent spin
ous process . Th is tenderness is easi ly lo
cated by tapping each spinous process in 
success ion; it disappears after inact ivat ion 
of the responsible TrPs, w h i c h m a y be lo
cated on either or both sides of the spine. 

General 

Local areas of reduced skin res is tance to 
direct current were identif ied as character
istic of the musculoskele ta l and myofasc ia l 
symptoms of b a c k a c h e with l imitat ion of 
spinal m o t i o n . 7 1 , 7 2 

T h e skin overlying involved lumbar 
paraspinal musc les often exhibi ts superfi
cial tenderness and res is tance to skin 
rolling (panniculos is ) , 8 or t r o p h e d e m a , 5 6 

w h i c h disappears after therapeut ic skin 
rolling and inact ivat ion of the underlying 
myofascial TrPs. For patients w h o have a 
marked degree of panniculos i s over low 
thoracic and lumbar paraspinal m u s c l e s 
with myofascial TrPs, the identi f icat ion 
and treatment of both may be cr i t ical to 
their prompt recovery . 8 4 

9. TRIGGER POINT EXAMINATION 
(Fig. 48.5) 
Superficial Paraspinal (Erector Spinae) 
Muscles 

T h e patient l ies on the uninvolved side 
in a comfortable , re laxed posi t ion wi th a 
pi l low under the side of the a b d o m e n for 
semiprone support. T h e full prone posi t ion 
often strains the patient 's n e c k and tends to 
over-slacken the paraspinal musc les for ex
aminat ion. T h e b a c k m u s c l e s must have an 
intermediate degree of stretch, so that the 
taut bands containing the TrPs can be dis
t inguished from the adjacent normal , 
s lackened musc le f ibers . T h e degree of 
stretch is regulated by bringing the pa
tient's knees toward the chest (Fig. 4 8 . 5 ) . 
Flat palpation of the musc les then el ic i ts 
spot tenderness (of a palpable nodule in a 
taut band in superficial musc les ) and often 
el ici ts pat ient-recognized referred pain. 

Deep Paraspinal Muscles 

With the pat ient r e c u m b e n t as above, or 
seated and leaning forward to f lex the sp ine 
slightly, a f lattened region or sl ight h o l l o w 
that extends over one to three vertebrae in
dicates the probable TrP source of t rouble . 
T h e examiner taps or presses on the t ips of 
success ive spinous processes to e l ic i t ten
derness . W h e n a spinous process in the flat 
area is hypersens i t ive , the deep m u s c u l a 
ture on each side of i t is pa lpated by f irm 
pressure in the groove b e t w e e n the process 
and the longiss imus m u s c l e . Deep f inger 
pressure is directed along the s ide of the 
spinous process to exert pressure on the ro
tatores against the underlying laminae to 
locate a spot of m a x i m u m tenderness . If 
two or three spinous processes are tender, 
one expects to f ind adjacent TrPs on at least 
one s ide at each level of tenderness . 

10. ENTRAPMENT 
T h e dorsal primary divisions (rami) of the 

spinal nerves supply skin sensation to the 
back. S ince these dorsal rami pass through 
the paraspinal musc les to reach the skin, it is 
not surprising that m a n y patients wi th active 
TrPs in these musc les , in addition to pain, 
compla in of nerve-entrapment symptoms. In 
the presence of entrapment, symptoms in
c lude hyperesthesia, dysesthesia or hypoes-
thesia of the skin of the back. T h e medial 
branches of these rami supply afferent f ibers 
to the skin for most of the thoracic segments 
above T 8 , where they pass through the semi
spinalis thoracis and longissimus thoracis 
muscles . T h e lateral branches supply most 
of the skin be low T 8 , including the lumbar 
region, and are l ikely to be entrapped by the 
more lateral i l iocostal is m u s c l e . 5 5 , 6 1 

S y m p t o m s in the high lumbar region 
were usual ly due to c o m p r e s s i o n of the 
low thorac ic dorsal rami by bands of tense 
f ibers in the i l iocostal is l u m b o r u m mus
c l e . 1 0 6 R i c h t e r 1 0 6 reported permanent re l ie f 
in 1 4 4 patients by surgical ly exc is ing the 
entrapped nerve or releasing herniated fat. 
Subsequent ly , R i c h t e r 1 0 7 reported 5 0 0 pa
t ients wi th these s y m p t o m s of nerve en
t rapment in w h o m focal TrP tenderness 
was found. Nearly ha l f of the pat ients were 
success fu l ly treated sole ly by in jec t ion of 
the tender area with a local anesthet ic . 
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Figure 48.5. Examination of the right erector spinae muscles for trigger points. The back muscles are 
relaxed by placing the patient on the side, and the slack in the muscles is taken up by 

bringing the knees toward the chest. 

11. DIFFERENTIAL DIAGNOSIS 
S o m e of the most important differential 

diagnoses of s y m p t o m s caused by TrPs in 
thoraco lumbar paraspinal m u s c l e s inc lude 
art icular dysfunct ions , f ibromyalgia , radic
ulopathy, visceral disease, thoraco lumbar 
osteoarthrit is , and fat lobules . Art icular 
dysfunct ion and surface tears of interverte
bral discs were covered in Chapter 4 1 , S e c 
t ion B. Chapter 16 , Sec t ion 11 inc ludes a 
thorough discuss ion of arthrit ic disorders, 
some of w h i c h can affect this region as 
wel l . 

In addit ion one m a y n e e d to cons ider 
strain of spinal l i g a m e n t s , 4 6 renal diseases , 
and gal ls tones in the case of r ight-side uni 
lateral involvement . T h e rupture of an in
tervertebral disc , l igamentous strain, and 
paraspinal m u s c u l a r overload that acti
vates myofasc ia l TrPs are all l ikely to be 
c a u s e d by s imi lar strains. T h e s e strains are 
espec ia l ly l ikely w h e n lifting with the b a c k 
twisted and f lexed, ins tead of erect and 
s tra ight . 9 3 

S o m e addit ional causes o f b a c k pain 
that m a y n e e d to be cons idered are 
metastat ic tumors from the breast , ovaries 
or prostate; re trocecal appendic i t i s ; dis
sect ing aortic aneurysm or saddle throm
bus ; bil iary, renal or ureteral s tones ; tor
sion of the k idney ; pe lv ic inf lammatory 
disease or endometr ios i s ; ankylosing 

spondyl i t i s ; Paget's disease; leukemia with 
enlarged retroperitoneal nodes ; Hodgkin's 
disease; tumors of the kidney; prostatitis 
and seminal v e s i c u l i t i s ; 1 1 5 sacroi l i i t is ; and, 
very rarely, pr imary psychogenic backache . 

Referred pain from lumbar zyga-
pophys ia l (facet) joints overlaps pain re
ferred from multif idi musc les (see Volume 
2, Chapter 3 , Sec t ion 2) . 

Articular Dysfunction 

Segmenta l dysfunct ion associated with 
TrPs in the thoracolumbar paraspinal mus
culature m a y occur anywhere in this re
gion. T h e n u m b e r of segments involved de
pends on the musc les involved. For 
exa m ple , TrPs in the rotatores can induce a 
concurrent single level dysfunct ion. Trig
ger points in the multif idi are more l ikely to 
induce art icular dysfunct ion involving two 
or three adjacent segmental levels . Semi
spinal is TrPs at any level wi l l usual ly be as
sociated with four to s ix segmental levels of 
dysfunct ion. T h e apex segment is often ex
quis i te ly tender to palpation. T h e most su
perficial and longest musc les are the il io
costal is and the longiss imus. The i r TrPs are 
associated with group dysfunct ions . If the 
patient compensates proximal ly to level 
the shoulders , he or she can present with a 
double curve (S curve) that is easi ly misin
terpreted as a primary scol ios is . 
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Trigger points in the i l iocostal is lumbo
rum are also associated c lose ly wi th pelv ic 
obliquity secondary to tens ion appl ied to 
the muscle ' s insert ional aponeurosis onto 
the sacral base . Therefore , this can also 
present as a sacroi l iac dysfunct ion, w h i c h 
is demonstrated by a posi t ive seated-
flexion test. Be aware that the s ide of the 
positive seated-flexion test is not the side 
of the sacroil iac dysfunct ion. Detai led de
scription of the seated-flexion test is found 
in G r e e n m a n . 5 4 

S c h n e i d e r 1 1 1 emphasized that the symp
toms caused by multi f idus TrPs m i m i c 
those of lumbar facet or sacroi l iac syn
dromes and that an L 4 - L 5 lateral disc herni 
ation produces t ightness of the left L 4 - L 5 

multifidus m u s c l e , causing a segmental 
motion block. Referred pain character is t ic 
of lumbar facet joints is i l lustrated in Vol
ume 2, Chapter 3, Figure 3 .2 . 

Manual release t echniques for these 
articular dysfunct ions have been re
v i e w e d . 5 0 , 5 4 

Fibromyalgia 

Any patient wi th c h r o n i c low b a c k 
pain and addit ional w i d e s p r e a d pa in 
should be e x a m i n e d for f ibromyalgia . T h e 
diagnostic cri teria are found in Chapter 2, 
Sect ion B. Pat ients wi th f ibromyalgia fre
quently also have myofasc ia l TrPs and 
each diagnosis requires its o w n therapeu
tic approach. 

Radiculopathy 

Radiculopathy may be caused by pres
sure from a ruptured disc , by encroach
ment within the spinal foramen as from os
teoarthritis, or by a tumor. 

Lumbar radiculopathy usual ly causes 
pain that radiates into the lower extremity; 
paraspinal TrPs a lone do not. However, 
when active TrPs in the back musc les in
duce satellite TrPs in the gluteal musc les , 
the latter TrPs often refer myofasc ia l pain 
down the lateral or posterior aspect of the 
thigh or leg, somet imes extending to the 
f o o t . 1 1 6 , 1 3 2 - 1 3 4 Radiculopathy is character
ized by neurological deficits inc luding de
creased tendon reflexes, impaired cuta
neous sensation, and motor weakness wi th 

atrophy. Myofasc ia l TrPs per se do not 
cause such neurologica l deficits unless the 
TrP tautness of the m u s c l e fibers entraps a 
per ipheral nerve. T h e n u m b e r o f these spe
cif ic musc le -nerve entrapment syndromes 
is l imi ted, and the degree of nerve damage 
is rarely more than neuropraxia . 

T h e m u s c l e s suppl ied by a c o m p r e s s e d 
nerve r o o t 5 5 or any cause of m i l d entrap
ment n e u r o p a t h y 2 6 are l ike ly to develop 
TrPs. T h e pain caused by a myofasc ia l TrP 
m a y be identif ied by the musc le -spec i f i c 
referred pain pattern, by reproduct ion of 
pain that the pat ient recognizes as famil iar 
in response to pressure on the TrP, by the 
phys ica l findings of spot tenderness of a 
nodule in a palpable band , and in superfi
c ia l m u s c l e s by a local twi tch response of 
the band . W h e n radiculopathy act ivates 
TrPs, they m a y persist long after the nerve 
root compress ion has been re l ieved; these 
TrPs produce s y m p t o m s of st i ffness and 
pain s imilar in distr ibution to the radicu
lar pain, and m a y expla in the c o m p l i c a 
t ion k n o w n as the pos t lumbar- laminec-
t o m y pain s y n d r o m e , 1 0 9 or fa i led-back 
syndrome. 

Osteoarthritis 

T h e p r e s e n c e o f os teoar thr i t i s does not 
by i t se l f ident i fy the c a u s e o f the pat ient ' s 
pa in . T h e rad iographic s igns o f degenera
t ive jo in t d isease corre la te p o o r l y w i t h 
the o c c u r r e n c e o f p a i n . 1 2 1 I n the a b s e n c e 
of in terver tebra l d i sc degenera t ion , about 
o n e - t h i r d of a group of industr ia l cases 
w i t h l o w b a c k p a i n w e r e l a b e l e d s i m p l y 
" l o w b a c k s t r a i n . " O n the other h a n d , 
over one- th i rd o f 5 0 a s y m p t o m a t i c c o n 
trol sub jec t s h a d r a d i o g r a p h i c e v i d e n c e 
o f m i n o r degenerat ive c h a n g e s ; one h a d 
sl ight narrowing of the l u m b o s a c r a l d i sc 
s p a c e . 5 5 T h u s , i t c a n n o t b e a s s u m e d that 
these degenerat ive c h a n g e s c a u s e b a c k 
pa in . I n another study, o n l y 4 0 % o f 9 3 6 
s y m p t o m - f r e e A i r F o r c e A c a d e m y o r A i r 
Cadet a p p l i c a n t s b e t w e e n 17 a n d 27 
years of age w e r e free of c o n g e n i t a l varia
t ions a n d other a b n o r m a l i t i e s o f the 
s p i n e . 3 2 M a n y pat ients w i t h t h e s e s p i n a l 
a b n o r m a l i t i e s are c o m p l e t e l y r e l i e v e d o f 
the i r p a i n w h e n the r e s p o n s i b l e TrPs are 
i n a c t i v a t e d . 
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T h e deep paraspinal group is more 
l ikely to s h o w isolated musc le involve
ment , whereas the more superficial 
paraspinal musc les are l ikely to accumu
late associated TrPs in funct ional ly related 
m u s c l e s , espec ia l ly the contralateral super
f i c i a l m u s c l e s . 

W h e n TrPs are active in the longissimus 
and i l iocostal is musc les , the lat iss imus 
dorsi and quadratus lumborum also are of
ten involved, ei ther secondari ly, or by the 
same init iat ing event that activated the 
paraspinal group. Frequently, the i l io
costal is has a TrP that is a satell ite induced 
by a key TrP in the lat iss imus dorsi musc le . 
In this case , the lat iss imus dorsi TrP must 
be treated. T h e serratus posterior inferior, 
and somet imes the serratus posterior supe
rior, also may develop associated TrPs. 

Not u n c o m m o n l y , articular dysfunction 
of the thoracolumbar junct ion wi l l be asso
c iated wi th active TrPs in the adjacent 
erector spinae , psoas musc le , and the 
quadratus l u m b o r u m musc le . Remarkably, 
i f one treats the dysfunct ion of the thora
co lumbar junct ion , or TrPs in one of the 
three musc les , the treatment often relieves 
TrPs in another one of the m u s c l e s . 7 7 

12. TRIGGER POINT RELEASE 
(Figs. 48.6 and 48.7) 

In addit ion to the spray-and-stretch 
technique descr ibed here , other techniques 
inc luding augmented post isometr ic relax
at ion (PIR) and contract re lax as described 
in Chapter 3, Sec t ion 12 are also effective 
for releasing trigger points (TrPs) in m a n y 
of these paraspinal musc les . Trigger-point 
pressure release is most helpful for inacti
vating TrPs in the most superficial layers of 
the erector spinae . A TrP in the i l iocostal is 
thoracis that is refractory to treatment may 
be a satel l i te TrP i n d u c e d by a key TrP in 
the la t iss imus dorsi musc le . T h e n Latis
s imus dorsi then must be released (the TrP 
inact ivated) for full recovery. 

Superficial Paraspinal (Erector Spinae) 
Muscles 
(Fig. 48.6) 

Either of two seated stretch posit ions 
can be used . T h e less strenuous seated po-

Fat Lobules 

Another , less c o m m o n source of low 
b a c k pain is hernia t ion of fat lobules 
through subcutaneous fasc ia . 3 1 , 3 4 Orr, e f 
al.97 reported s imi lar paraspinal fibrolipo
matous nodules a t the T 1 2 through L 2 levels 
that referred pain to the back, abdomen, 
groin and test ic le ; the pain was temporar
i ly re l ieved b y local in jec t ion o f 2 % pro
ca ine solut ion and permanent ly re l ieved 
by surgical exc i s ion . 

D i t t r i c h 3 7 identi f ied f ibrosis of the sub
cutaneous lumbosacra l fascia, presumably 
in response to tears caused by m u s c u l a r 
strain, as a cause of l o w b a c k pain. In 1 0 9 
pat ients , these les ions wi th some attach
m e n t TrP character is t ics referred pain from 
ei ther the midsacra l , midlumbar , or the 
l o w cervica l areas, as judged by the re l ie f 
afforded for days, weeks , or m o n t h s , by the 
in jec t ion of p r o c a i n e . 3 6 Local surgical inter
vent ion re l ieved 14 of 19 p a t i e n t s . 3 5 I t is 
very l ike ly that these f indings frequently 
re lated to the enthesopathy of a t tachment 
TrPs. 

Pa in loca l ized at the posterior port ion of 
one i l iac crest ( i l io lumbar syndrome) was 
frequently re l ieved by in jec t ions of a 
local anes thet ic that penetrated somet imes 
the i l io lumbar l igament , somet imes the 
quadratus l u m b o r u m m u s c l e , and some
t imes b o t h . 6 0 S o m e o f these cases m a y have 
h a d fascial TrPs in the l igaments . 

Fat lobules a n d herniat ions of fat 
through the subcutaneous fascia in the 
lumbosacra l area were identi f ied as the 
source of referred b a c k a c h e 3 1 and were 
cons idered the cause of coccygodynia 
w h e n they were located at the midsacra l 
level , lateral to the m i d l i n e . 3 4 

S w e z e y 1 2 3 observed that lumbar subcu
taneous nodules o c c u r i n 2 5 % o f whi te 
adults , are rarely a cause of b a c k pain, and 
s e l d o m should require biopsy. 

Related Trigger Points 

T h e m u s c l e s that can cause or con
tr ibute to l o w b a c k pa in because of TrPs 
were presented in a 1 9 8 3 r e v i e w 1 1 6 and are 
summar ized in Chapter 4 1 , S e c t i o n B . T h e 
b a c k pain that is referred from TrPs in the 
abdomina l wal l muscula ture is presented 
in more detail in Chapter 4 9 . 
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sit ion (Fig. 4 8 . 6 A ) stretches chief ly the 
long thoracic paraspinal m u s c l e s . T h e 
more strenuous long-sitting posi t ion (Fig. 
4 8 . 6 B ) , in addit ion to strongly stretching 
the thoracic paraspinal musc les , also 
stretches the lumbosacra l , gluteal and 
hamstring musc les . 

To apply the less s trenuous technique , 
the patient sits in a chair wi th the feet 
p laced comfortably on the floor and the 
legs apart. T h e patient leans forward, lets 
the head hang forward, and lets the arms 
drop between the knees (Fig. 4 8 . 6 A ) . After 
a few initial sweeps of spray, the operator 
gradually increases pressure on the upper 
back to guide the patient 's m o v e m e n t as 
the vapocoolant spray is directed over the 
paraspinal musc les bilaterally in long 
downward parallel sweeps . At the same 
t ime, in order to hyperf lex the thorac ic 
spine, the patient is told to take a deep 
breath, to exhale fully, and to curl or 
"Hump the b a c k ! " T h e wrong instruct ion, 

" A r c h your b a c k ! " usual ly causes the pa
t ient to ex tend, rather than to f lex the 
spine . Vapocool ing is fo l lowed prompt ly 
by appl icat ion of mois t heat to rewarm the 
skin, in the r e c u m b e n t posi t ion, and then 
fo l lowed by act ive range of mot ion . 

To obtain greater stretch of the l o w 
paraspinal m u s c l e s , the pat ient assumes 
the long-sitt ing pos i t ion on a flat surface 
wi th the h ips f lexed and the knees straight 
(Fig. 4 8 . 6 B ) . T h e paraspinal and gluteal 
m u s c l e s are then sprayed in paral le l d o w n 
sweeps , as in A for the seated posi t ion, but 
the sweeps cont inue over the but tocks (Fig. 
4 8 . 6 B ) . T h i s posi t ion places a strong stretch 
on the gluteus m a x i m u s and hamstr ing 
m u s c l e s , w h i c h , i f t ight, should f i rs t be re
leased by stretch and spray during straight-
leg raising to permit the full range of flex
ion at the h ips . T h i s t e c h n i q u e is presented 
in detail in Volume 2, Chapters 7 and 16 . 

An effect ive and comfortable w a y to 
lengthen the lumbar paraspinal m u s c l e s 

Figure 48.6. Stretch positions and spray pattern (ar
rows) for release of erector spinae muscles bilaterally. 
Typical locations of trigger points in the longissimus 
thoracis and iliocostalis lumborum muscles are indi
cated by the "Xs." A, stretch of chiefly the thoracic 
segments when the patient is seated with the knees 
bent. B, spray and stretch of the low thoracic and lum
bar paraspinal muscles, plus the gluteal and ham

string muscles, with the patient in the long-sitting po
sition with the knees straight. The posterior spinal 
musculature is stretched bilaterally, and must be 
vapocooled bilaterally. The practitioner guides the pa
tient's movement into flexion, but does not force it. 
(For a more isolated stretch of the lumbar area, see 
Fig. 48.14.) 
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Figure 48.7. The position of stretch and diagonal 
spray pattern (arrows) for the right deep paraspinal 
muscles. Stretching these muscles requires both flex
ion and rotation of the torso, which is assisted by ask
ing the patient to look to the right (toward the side of 
the muscles to be released). The X is an example of a 
trigger point location in the rotatores on the right side. 
A tight left iliocostalis thoracis may need to be re
leased by adding sweeps of spray over that muscle 
(as on the left side of Fig. 48.6) before full release of 
the deeper muscles can be realized. 

ten minutes . In m a n y instances the rel ief is 
immedia te . . . " 

W h e n mult iple trigger points (TrPs) are 
spread throughout the paraspinal muscula
ture, it is usually desirable to start with 
stretch and spray. W h e n only a few refrac
tory TrPs remain, or they lie deep in the 
paraspinal musculature, we find that injec
t ion is best . Injection of TrPs in the 
paraspinal musculature has previously been 
reported e x t e n s i v e l y . 1 2 , 1 3 , 1 8 , 2 0 , 4 5 , 4 8 , 4 9 , 5 9 , 7 3 , 8 1 , 1 1 0 , 1 3 7 

Somet imes injection of TrPs in abdominal 
musc les is required to relieve back p a i n . 1 7 , 1 1 6 

T h e TrP in ject ion is fol lowed at once by 
a repet i t ion of stretch and spray, and then 
by moist heat and active range of motion. 

wi thout excess ive f lexion at higher levels 
is i l lustrated in Chapter 49 (see Fig 4 7 . 7 B ) . 
In the supine posi t ion, wi th the h ips and 
knees f lexed and he ld by the hands , the pa
t ient can augment the low b a c k stretch us
ing PIR. T h e pat ient presses the but tocks 
d o w n w a r d against the bed (contracting the 
lumbar extensors) and then re laxes , 
pul l ing the thighs up toward the chest . A 
s imi lar m e t h o d is i l lustrated later in this 
chapter (see Fig. 4 8 . 1 4 B ) . 

L e w i t 7 8 ful ly descr ibes and i l lustrates 
the use of PIR for re lease of tens ion in the 
erector spinae m u s c l e s that is caused by 
TrPs. 

Deep Paraspinal Muscles 
(Fig. 48.7) 

To stretch the m u l t i f i d u s and rotatores 
m u s c l e s , the seated pat ient ' s sp ine i s 
f l e x e d a n d s i m u l t a n e o u s l y rotated, turn
ing the c h e s t toward the s ide of the in
v o l v e d m u s c l e . After in i t ia l s w e e p s o f 
spray (Fig. 4 8 . 7 ) , the operator takes up the 
s l a c k that deve lops a n d repeats the 
p r o c e s s several t imes as n e e d e d to a c h i e v e 
full n o r m a l range of m o t i o n . To i n c o r p o 
rate PIR, the pat ient looks first toward the 
contra la tera l s ide ( toward the left i f the 
TrPs are on the right) w h i l e the e x a m i n e r 
res is ts any a t tempt to turn the torso , then 
re laxes a n d turns toward the right. Re
lease o f the tense deep paraspina l m u s c l e s 
i s a u g m e n t e d through rec iproca l inh ib i 
t ion i f the pat ient gent ly vo luntar i ly as
sists rota t ion to the right. 

M a n y m a n u a l re lease t echniques di
rec ted toward spinal art icular dysfunct ions 
are as effect ive for releasing the tense deep 
spinal m u s c l e s as they are for releasing re
str icted jo int m o v e m e n t . 1 6 , 3 3 , 8 7 , ' 9 0 , 1 3 5 

13. TRIGGER POINT INJECTION 
(Fig. 48.8) 

T h e pract ice of needl ing tender spots in 
lumbar m u s c l e s for the treatment of low 
b a c k pain is not new. In 1 9 1 2 O s i e r 9 8 wrote , 
" F o r lumbago, acupuncture is , in acute 
cases , the most eff icient treatment . Needles 
of from three to four inches in length (ordi
nary bonnet -needles , steri l ized, wi l l do) 
are thrust into the lumbar m u s c l e s at the 
seat of pain, and wi thdrawn after f ive or 
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Superficial Paraspinal (Erector Spinae) 
Muscles 

The longissimus and i l iocostalis TrPs are 
clearly palpable and readily located for in
ject ion in all but very obese patients. W h e n 
injecting the i l iocostalis thoracis musc le , the 
needle must be directed tangent to, and not 
between, the ribs, to avoid pneumothorax. 

W h e n injecting TrPs in the superf ic ial 
group of musc les at the mid- to low-
thoracic level, needle penetrat ion of TrPs 
located more media l ly in the longiss imus 
thoracis musc le refers pain caudally. T h e 
patient somet imes expresses surprise w h e n 
inject ion of another TrP located 1-2 cm 
(about 3/4 in) more laterally in the i l io
costalis thoracis m u s c l e refers pain upward 
toward the shoulder, instead of downward. 

R a c h l i n 1 0 4 i l lustrates the in ject ion of a 
TrP in the longiss imus thoracis and one in 
the i l iocostal is lumborum. 

Dist inguishing central from a t tachment 
TrPs in the paraspinal m u s c l e s can be dif
f icul t even in the more superf ic ial m u s c l e s . 
T h e presence of a tender n o d u l e wi th a 
taut band extending in e i ther direct ion is 
highly suggestive of a centra l TrP. S o m e 
t imes , the tenderness can be ident i f ied as 
occurring at the a t tachment of the tense 
musc le f ibers . 

Deep Paraspinal Muscles 

T h e TrPs in the deep paraspinal thorac ic 
musc les are in jected by directing the nee
dle caudal ly (not upward) and sl ightly me
dially (Fig. 4 8 . 8 ) . W h e n it is necessary to 
inject the deepest musc les (rotatores), 
w h i c h lie against the laminae of the verte
brae and attach at the base of each spinous 
process , a needle that is at least 5 cm (2 in) 
long is used. It is directed somewhat cau
dally and medially, nearly paral lel to the 
long axis of the spine and toward the base 
of the spinous process , but not between the 
spinous processes . 

Th is angle of the needle , whi le reaching 
the tender spots in the deepest paraspinal 
musc les , e l iminates the possibi l i ty of intro
ducing the needle between the ribs into the 
pleural cavity, or be tween the vertebrae 
into the epidural space. T h e caudal slant of 
the needle is indicated because of the 
shingle-l ike overlap of the laminae . Pene-

tration to a depth greater than the l a m i n a e 
is unnecessary and undes irable . 

14. CORRECTIVE ACTIONS 
(Figs. 48.9-48.14) 

T h e pat ient can reduce the hyperirr i -
tabi l i ty of TrPs in the paraspinal m u s c l e s 
in several ways inc luding sel f -appl icat ion 
of TrP pressure re lease using a tennis bal l 
[see Fig. 18 .4 and related text) , reduct ion of 
the total load on the m u s c l e s by correct ing 
structural inadequac ies (body asymmetry 
and short upper a r m s - s e e Chapter 4 , S e c 
t ion A ) , revis ion of daily act ivi t ies , modif i 
cat ion of the environment , espec ia l ly chair 
design, performing passive stretch exer
c ises for the paraspinal m u s c l e s , and wi th 
graded active strengthening exerc ises for 
the abdominal m u s c l e s . 

Acute ly and severely involved b a c k m u s 
c les may be partial ly rel ieved of stress with
out incapaci tat ing most patients by tempo
rary appl icat ion of a corset or brace for low 
b a c k support , as descr ibed by Cai l l i e t . 2 1 

Trigger Point Pressure Release 

T h e pat ient can apply this re lease ther
apy to TrPs in the superf ic ial b a c k m u s c l e s 
by lying supine on a tennis bal l , e i ther on 
the floor, or on a bed wi th a large, thin 

Figure 48.8. Injection of the right multifidus and rota-
tores muscles at the upper thoracic level. The needle 
is aimed slightly caudad to avoid penetrating between 
the vertebral laminae. 
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b o o k p l a c e d under the bal l . A variat ion is 
to use an i ced tennis bal l (see Fig. 1 8 . 4 ) . 
T h e pat ient moves around unti l the ball 
presses direct ly on the sensi t ive TrP; con
trol led b o d y weight is used to apply grad
ual ly increas ing pressure for a m i n u t e or 
more , unt i l the spot loses its deep tender
ness . T h i s t e c h n i q u e i s espec ia l ly useful 
w h e r e b a c k m u s c l e s overl ie the r ibs , s u c h 
as the i l iocosta l is thoracis , longiss imus 
thoracis , and the serratus poster ior mus
c les . Mois t heat appl ied afterward and full 
range of m o t i o n e n h a n c e the benef ic ia l ef
fects of this self - treatment. 

Correction of Structural Inadequacies 
(Figs. 48.9 and 48.10) 

T h i s subject is presented in more detail 
in Chapter 4 . T h e fol lowing summarizes 
the essent ia l facts . 

A funct ional scol ios is develops in order 
to c o m p e n s a t e for lateral t i l t ing of the 
pelvis that is caused by a short leg w h e n 
standing, or by a smal l h e m i p e l v i s w h e n 
sitting. S u c h b o d y asymmetry i m p o s e s per
sistent m u s c l e strain that perpetuates TrPs 
in the paraspinal and associated m u s c u l a 
ture, and must be corrected. 

Limb Length Inequality. Chapter 4 of 
Volume 2 presents lower l imb-length in
equal i ty and an analysis of its effects on 
spinal curvatures in cons iderably more de
tail . N i c h o l s 9 5 recognized that a lower l imb 
length inequal i ty can make a cr i t ical con
tr ibution to musculoske le ta l pain. Ordinar
ily, a di f ference of as m u c h as 1.3 cm (1/2 in) 
in leg length a lone does not activate TrPs 
and cause pain, but it is a powerful perpet
uating factor that can convert an acute TrP 
problem into a c h r o n i c one. T h e persis tent 
TrP act ivity causes c h r o n i c referred pain. 
In addit ion, focal reduct ion of skin resis
tance over the tender spots in the m u s c l e s 
demonstrates one of their a u t o n o m i c ef
f e c t s . 7 2 T h e funct ional scol ios is (Fig. 4 8 . 9 B 
and see Vo lume 2, Chapter 4) due to the 
short leg a n d t i l ted pelvis requires cont in
uous c o m p e n s a t o r y m u s c u l a r act ivity in 
the upright posi t ion, w h i c h overloads the 
paraspinal m u s c l e s . 

T h e sco l io t ic spine also tilts the shoul
der-girdle axis . Usually, the shoulder sags 
on the s ide of the longer leg (Fig. 4 8 . 9 B ) ; 
but if the disparity in leg length is about 1.3 

cm (1/2 in) or more , the shoulder is l ikely to 
be lower on the shorter s ide. T h e patient of
ten stands on the shorter leg with the longer 
leg in front or to the side (Fig. 4 8 . 9 A ) . 

To ensure lasting rel ief from the myofas
c ia l pain, it is important to correct a leg 
length d iscrepancy of as l ittle as 0.3 cm 
(1/8 in) in a short person. T h e correct ion 
must be worn whenever these patients are 
on their feet, inc luding the use of bedroom 
sl ippers . T h e patient should avoid walk
ing, or jogging, on s lanted ground or a 
s lanted beach . 

To make a funct ional determinat ion of 
the leg length dif ference, the patient stands 
with the feet together, or at most 7.6 cm (3 
in) apart, and is observed from behind. To 
identi fy a short leg, the patient is examined 
(1) for asymmetry of the body si lhouette 
be tween the ribs and the pelvis , (2) for lat
eral tilt of the lumbar spine as it leaves the 
sacrum, (3) for the ensuing lateral scol iosis , 
(4) for a t i l ted shoulder-girdle axis (the 
symmetry of the scapular bulges are more 
rel iable than the l ine of the shoulders , 
w h i c h is easi ly modif ied by trapezius mus
cle involvement , (5) for a low posterior su
perior i l iac spine , by palpat ion or by eye 
for one low dimple , and (6) by palpation 
for a low i l iac crest on one side. 

A sufficient lift (pages of a pad or maga
zine) is p laced under the hee l of the side 
on w h i c h the pelvis is low in order to level 
the pelvis and straighten the spine. Th is 
usual ly corrects the other signs of asymme
try. T h e necess i ty for the correct ion is con
vinc ingly demonstrated to the patient by 
cal l ing attention to the asymmetry seen in 
a full- length mirror, especia l ly w h e n the 
hee l lift is briefly transferred under the 
hee l of the longer leg, doubling the existing 
dif ference. T h e patient feels uncomfortable 
wi th the correct ion on the wrong side, and 
the result ing marked aggravation of the in
dicators of asymmetry confirms the short
ness of the other leg. A difference of 0.5 cm 
(3/16 in) is often a significant source of 
m u s c l e strain that requires correct ion. 

T h e dif ference in leg length is corrected 
temporari ly by insert ing the correct thick
ness of f irm felt ins ide the heel of the shoe, 
or permanent ly by bui lding up the outside 
th ickness of the shoe hee l under the short 
side if the shoe has a low hee l (Fig. 48 .9C) , 
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Figure 48.9. Example of skeletal asymmetry due to a 
relatively short left leg. A, to compensate, the patient 
stands on the shorter left leg, placing the longer right 
leg forward and slightly to the side. This levels the 
pelvis. B, tilted pelvis, functional scoliosis, and tilted 

shoulder-girdle axis when the patient stands with the 
feet nearly together. C, the discrepancy in leg length is 
corrected by adding the precise lift under the shorter 
(left) leg. This levels the pelvis with the feet nearly to
gether. 

or by cutting down the shoe hee l on the 
long side, if it has a high heel . With large 
correct ions of about 1.3 cm (1/2 in) or more , 
it is wise to divide the dif ference by re
moving hal f of the correct ion from the heel 
on the long side and by adding ha l f to the 
other heel . 

Correcting the leg-length discrepancy 
alone may be sufficient to rel ieve the pain 
of muscular o r i g i n . 1 1 3 By removing the per
petuating factors, the active TrPs causing 
the pain may spontaneously revert to latent 
TrPs in a few days or weeks . 

Asymmetrical Pelvis. Usually, the ver
tical dimension of the pelvis is smal ler on 
the side of the shorter leg. Th is tilts the 
pelvis when sitting, just as the l imb-length 
inequality tilts i t w h e n standing, and with 
the same musculoske le ta l effects (Fig. 
4 8 . 1 0 B and see Volume 2, Chapter 4 ) . 

Whi le the patient sits on a flat level 
wood seat, pelvic tilt is es t imated and cor

rected by placing enough pages or sheets of 
paper under the i sch ia l tuberosi ty on the 
shorter s ide to level the pelvis exact ly (Fig. 
4 8 . 1 0 C ) . A hard surface requires less cor
rect ion than a we l l padded seat, s ince the 
softness of the seat a l lows the b o d y to ti lt 
to the short s ide. T h i s shifts more weight to 
that s ide, and increases the pe lv ic tilt (Fig. 
4 8 . 1 0 D ) . T h e patient 's m u s c l e s b e c o m e 
very discr iminat ing as to the size of the 
" b u t t " lift needed , in relat ion to each chair 
seat. S o m e seats are d o m e d and others are 
scooped , as in the bucket seat. 

A pe lv ic tilt also m a y be produced un
witt ingly by sitting on a wal le t in the b a c k 
pocket , causing "back-pocke t s c i a t i c a , " 5 7 or 
by sitting regularly in a t i l ted office chair , 
or on a p iano b e n c h that has two rubber 
feet miss ing at one end or is p laced on a 
s lanted stage. 

T h e pat ient often tries to c o m p e n s a t e for 
a smal l h e m i p e l v i s by crossing one knee 
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Figure 48.10. Effects of skeletal asymmetry due to a 
smaller left hemipelvis are demonstrated by sitting on 
a flat level wood bench. A, crossing the leg on the 
shorter side over the other knee helps to level the 
pelvis. B, the tilted pelvis causes compensatory scol

iosis, which tilts the shoulder-girdle axis. C, a small is
chial lift levels the pelvis on a hard surface. D, on a 
soft cushioned surface, a thicker ischial lift is required 
to provide the same correction as that obtained on a 
hard surface. 
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over the other to cant i lever up the l o w side 
(Fig. 4 8 . 1 0 A ) . 

Modification of Activities 

T h e patient should modify activities that 
induce stress w h e n bending over forward. 
The patient must learn to p ick up any low 
object by broadening the base of support 
and bending the knees whi le keeping the 
back upright, thus transferring the load 
from the back musc les to the hip and knee 
extensors. T i c h a u e r 1 2 4 , 1 2 6 graphical ly i l lus
trated the mechanica l advantage to, and the 
reduction of electrical activity in, the b a c k 
muscles w h e n this method of lifting is used. 
During lifting, as shown in Figure 4 8 . 1 1 A, a 
heavy object must be held close to the body 
with the pelvis " tucked i n , " thus maintain
ing the center of gravity c lose to the h ip 
joints , rather than in front of the b o d y . 2 2 , 1 2 5 

Increasing the base of support both in an an
teroposterior d imens ion and laterally re
duces strain. Contracting the abdominal 

musc les to increase intra-abdominal pres
sure rel ieves some of the compress ive forces 
on the lumbar intervertebral discs . T h e pa
tient should avoid holding his or her breath. 

A part icular ly hazardous m o v e m e n t to 
the lower sp ine is a twist ing turn w h i l e lift
ing or pull ing. It is M U C H safer, w h e n e v e r 
poss ib le , to rotate the b o d y and face the 
load squarely so the force is exerted in the 
body's m i d l i n e and not to one side. T h e 
other poss ibi l i ty is to avoid the c o m b i n e d 
f lexion-twist ing m o t i o n of the t runk by lift
ing the load w h i l e facing it, then pivot wi th 
the feet to redirect w h e r e the load goes. A 
sophis t icated s t u d y 4 7 conf i rmed the greater 
safety of this latter approach in terms of 
b a c k strain. 

By learning the " S i t - t o - s t a n d " and 
" S t a n d - t o - s i t " T e c h n i q u e (Fig. 4 8 . 1 2 B ) , the 
pat ient avoids the usual "bent-over- the-
s i n k " posture (Fig. 4 8 . 1 2 A ) w h e n getting 
into, and out of, a chair. To r ise from the 
chair, the h ips are m o v e d forward to the 

Safe Unsafe 

Figure 48.11. Safe and unsafe ways of lifting. Left 
side, safe position, keeping the object close to the 
body and lifting with the hip and knee extensors. The 
center of gravity falls through the pelvis. Right side, 
unsafe way with the object held out in front of the 

body. Here, the trunk leans forward, which forces the 
paraspinal muscles to lift like a crane, overloading 
them and increasing compressive forces on the lum
bar intervertebral discs. 
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Figure 48.12. The Sit-to-stand and Stand-to-sit Tech
nique is a method for minimizing strain on the low 
back muscles and the intervertebral fibrocartilaginous 
discs while getting up from or sitting down in a chair. 
A, poor, usual method of rising from a chair which 
places the back in a strained "leaning-over" posture. 

B, the better Sit-to-stand Technique (reading from left 
to right) keeps the spine erect throughout, from sitting 
to standing. This movement loads the hip and knee 
extensors instead of the thoracolumbar back mus
cles. The reverse Stand-to-sit technique is illustrated 
by reading from right to left. 

front of the chair seat before starting to r ise ; 
the body and h ips are turned s o m e w h a t to 
the s ide , and one foot is p laced beneath the 
front edge of the chair ; f inally, the torso is 
he ld erect w h i l e the knees and h ips are 
s traightened, l ifting the body. 

T h e process is reversed in Stand-to-si t 
by turning to the s ide and placing one foot 
under the front edge of the chair, keeping 
the torso erect , and a iming the but tocks at 
the front edge of the chair seat rather than 
at the rear of the seat. T h e person then 
s l ides b a c k w a r d on the seat to meet the 
backrest . T h i s procedure again mainta ins 
the b a c k in an erect pos i t ion and transfers 
the load from the paraspinal m u s c l e s to the 
h ip a n d thigh m u s c l e s . 

The patient with myofascial back pain has 
difficulty going upstairs or cl imbing a ladder 
whi le facing the steps or rungs because of the 
tendency to lean forward and flex the spine. 
The pain can be avoided by turning the en
tire body at an angle with the steps, to face 
about 45° toward one side. It may be slower 
cl imbing, and the feet must travel around 
each other, but this position automatically 
straightens the patient's posture, lightens the 
load on the paraspinal muscles , and may en
able the patient to go up and down steps 
without pain. A tension-reducing way to as
cend stairs is illustrated in Figure 4 1 . 6 B . 

Correct ion of faulty body posture when 
standing and sitting, as descr ibed in Chap
ter 4 1 , Sec t ion C, reduces musc le strain 
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and, therefore, the likelihood of recurrence 
of myofascial pain. 

Modification of Environment 

The paraspinal musculature can be re
lieved of much unnecessary stress by mod
ifying the seating to fit the person and the 
task, and by changes of position (see Fig. 
41.5B and C). The backrest of a chair 
should provide enough lumbar support to 
maintain the normal lumbar lordotic curve 
when the muscles relax. The chair, not the 
muscles, should do the work of maintain
ing correct posture. Simply reclining the 
backrest does not affect lumbar lordosis. 4 , 5 

If the seat has a straight back with no for
ward curvature at waist level (a fault of 
many chairs), support for the normal lum
bar lordosis should be supplied by a pad, 
such as a small pillow or a roll of folded 
bath towel (see Figs. 16.4D and 41.4E). It is 
placed at belt level against the back of the 
chair, or auto seat, and adjusted up or 
down for comfort and upright posture. 
Seated posture which completely elimi
nates lumbar lordosis 1 3 6 may be helpful for 
brief periods as a postural variation but 
can, by itself, cause muscle strain if main
tained for a prolonged time, as when dri
ving a car. To relieve tension during pro
longed sitting, the paraspinal muscles 
should be stretched regularly by changing 
position. 

In an extensive study to determine 
what chair design causes minimum mus
cular stress, as measured electromyo
graphically when typing, Lundervold 8 3 

found that the chair should have a back
rest with a backward slope, a seat which is 
slightly hollowed out, no casters, and firm 
upholstery. Seat height should be low 
enough so that the feet rest flat on the floor 
without compression of the thigh by the 
front edge of the seat. A footrest may be 
used to avoid underthigh compression. 
The lower edge of the backrest is posi
tioned to support that part of the lumbar 
spine which flexes the most when bending 
forward. The upper edge of the backrest 
should reach high enough to cover and 
support at least the inferior angles of the 
scapulae. 

The under surface of a keyboard support 
should fit just above the operator's knees, 

keeping the keyboard close to lap-level. 
Short armrests can be helpful, if they are 
the correct height for that person's body 
structure and work set-up. 

A bed that is too soft and sags in the 
middle like a hammock aggravates tension 
in the back muscles. This is remedied by 
placing a plywood bed board, nearly as 
large as the mattress, between the mattress 
and the bed spring. Alternatively, several 
separate boards 1.3 cm (1/2 in) thick and 15-
20 cm (6-8 inches) wide, cut three-quarters 
of the length of the mattress, may be placed 
lengthwise. The separate boards are more 
readily installed under the mattress, and 
also may be transported on a trip. If boards 
or slats are placed crosswise underneath 
the mattress, a sufficient number must be 
used to provide a smooth correction for a 
hammock-like longitudinal sag of the bed. 

When sleeping on the side rather than 
supine in a firm flat bed, the patient with 
myofascial back pain is usually more com
fortable with a pillow placed under the up
permost knee. This prevents the rotary tor
sion of the lumbar spine that occurs when 
the knee drops forward onto the bed. 

Exercises 

The In-bathtub Stretch Exercise (Fig. 
48.13) should be performed in comfortably 
warm water (provided there is no medical 
contraindication to the increased cardio
vascular load caused by the heat). The pa
tient actively leans forward with the knees 
straight, and assists dorsal relaxation by let
ting the head hang forward. The patient 
then walks the fingers down the shins until 
a pull is felt on the stretched paraspinal 
muscles, and then a little further to slight 
discomfort. After holding this degree of 
stretch for several seconds, tautness usually 
slackens. The patient leans back, relaxes, 
and breathes deeply with abdominal respi
ration, then leans forward to take another 
step of the fingers to "take up the slack." 
This re-establishes the previous degree of 
tension on the slightly longer paraspinal 
muscles. This slow, step-wise passive 
stretch helps to recapture the lost range of 
motion of the long back muscles. At the 
same time, the hamstring muscles are pas
sively stretched as the pelvis rotates. The 
patient must be warned that if iliopsoas 
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Figure 48.13. The In-bathtub Stretch Exercise. A, re
laxed position in the bathtub with warm water cover
ing the lower limbs and the lumbosacral area. B, par
tial stretch. A comfortably tolerable forward stretch 
effort is maintained until the erector spinae and/or 
hamstring tightness releases enough to allow another 
progression of the fingertips forward on the shins, an
kles or feet. C, maximum stretch by reaching forward, 
while keeping the neck and back completely limp and 
relaxed. This long-sitting position puts a full stretch on 
both the hamstring and paraspinal muscles (tightness 
of either group of muscles limits this reach). 

TrPs are also present , a forward flexion ef
fort in this seated posi t ion contracts the il
iopsoas musc les in a shortened posit ion 
and can activate any latent TrPs in them. 
T h e s e TrPs should be inact ivated (see Vol
ume 2, Chapter 5) f irst , and the patient 
s h o w n h o w to stretch them in case the bath
tub stretch init iates a reactive cramp due to 
TrPs in the i l iopsoas musc les . If lacking a 
bathtub, a s imilar " d r y - l a n d " stretch per
formed daily can be very helpful . 

Pat ients should be reminded that when
ever a m u s c u l a r problem arises that com
promises their abil i ty to get out of a bath
tub, they should try to roll over on their 
hands and knees and then crawl over the 
s ide of the tub. 

T h e Pelv ic Tilt Exerc ise (see Fig. 4 9 . 1 2 in 
the next chapter) stretches the paraspinal 
m u s c l e s w h i l e strengthening the muscles 
of the abdomen. Further strengthening of 
the abdominals is ach ieved by using the 
Si t -back, Abdominal -cur l , and Sit -up Exer
cises (see Fig. 4 9 . 1 3 A-C). T h e sit-back 
phase should be performed slowly, not 
rapidly. Strong abdominal musc les can pro
vide 3 0 % t o 5 0 % addit ional weight-carry
ing support to the thoracolumbar s p i n e . 4 5 , 9 2 

T h e Low-back Stretching Exercise in the 
supine posit ion begins by drawing one knee 
to the chest with the hands clasped around 
the thigh beh ind the knee. Th is stretches the 
h ip and low back extensors (Fig. 4 8 . 1 4 A ) . 
Next, that lower l imb is returned to the 
straight-leg starting posit ion, and the other 
thigh is f lexed to the chest and returned. Fi
nally, both legs are pul led to the chest (Fig. 

Figure 48.14. Low-back Stretching Exercise. A, first 
phase: flexion of one thigh at a time by rhythmically 
and gently bringing the knee toward the corresponding 
armpit. (Toward the opposite armpit provides a gluteus 

maximus stretch.) B, second phase: flexion of both 
thighs together, brought tight onto the chest. The 
thighs, rather than the knees, are grasped to avoid 
forced knee flexion. (See also Fig. 49.7B.) 
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4 8 . 1 4 B ) . Post isometric relaxation can be in
corporated as described in Sec t ion 12. 

SUPPLEMENTAL REFERENCES, CASE 
REPORTS 

Travell has reported the total manage
ment of patients wi th myofasc ia l TrPs of 
the paraspinal m u s c l e s . 1 3 2 , 1 3 5 
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CHAPTER 49 
Abdominal Muscles 

HIGHLIGHTS: Myofascial trigger point (TrP) phe
nomena of the abdominal musculature show 
strong reciprocal somatovisceral and visceroso
matic interactions and commonly produce 
pseudo-visceral pain that can be diagnostically 
very misleading. REFERRED PAIN from myofas
cial TrPs in the abdominal musculature is likely to 
appear in the same quadrant and, occasionally, in 
any other quadrant of the abdomen, as well as in 
the back. In addition to pain, these TrPs are ca
pable of initiating somatovisceral responses, in
cluding projectile vomiting, anorexia and nausea, 
intestinal colic, diarrhea, urinary bladder and 
sphincter spasm, and dysmenorrhea. When such 
visceral symptoms occur with abdominal pain 
and tenderness, the combination can closely 
mimic acute visceral disease, especially appen
dicitis and cholelithiasis. ANATOMY of the three 
lateral abdominal wall muscles, the internal and 
external obliques, and the transversus abdo
minis, produce a diagonal crisscross and radial 
fiber arrangement like the plies in a tire. The fibers 
of the two medial muscles, the rectus abdominis 
and its pubic appendage, the pyramidalis mus
cle, are aligned vertically. FUNCTIONS of the ab
dominal musculature are chiefly to increase intra
abdominal pressure, and to flex and rotate the 
vertebral column. ACTIVATION AND PERPETU

ATION OF TRIGGER POINTS in the abdominal 
wall musculature secondary to visceral disease 
represents a viscerosomatic response. Examples 
of visceral diseases that can initiate and perpetu
ate TrPs include peptic ulcer, intestinal parasites, 
dysentery, ulcerative colitis, diverticulosis, diverti
culitis, and cholelithiasis. Once activated, TrPs 
may then be perpetuated by emotional stress, 
occupational strain, paradoxical respiration, 
faulty posture, and over-enthusiasm for misdi
rected "fitness" exercises. DIFFERENTIAL DI
AGNOSIS, in addition to the above perpetuating 
factors, includes consideration of articular dys
functions, fibromyalgia, and a misdiagnosis of 
appendicitis. TRIGGER POINT RELEASE of the 
involved abdominal muscles by spray and stretch 
calls for extension of one hip, protrusion of the 
abdomen, and a downsweep spray pattern. 
TRIGGER POINT INJECTION begins with a pin
cer grasp, when possible, and injection proceeds 
with careful attention to the location and depth of 
needle penetration. CORRECTIVE ACTIONS in
clude self-administration of TrP pressure release, 
learning how to breathe with coordinated abdom
inal (diaphragmatic) respiration, and learning to 
do the Pelvic-tilt and the Sit-back Exercises. 
Laughter is good medicine. 

REFERRED PAIN 
(Figs. 49.1 and 49.2) 

A b d o m i n a l trigger points (TrPs) m a y 
cause as m u c h distress from i n d u c e d vis
ceral dysfunct ion or from pain- l imi ted ac
tivity as from referred pain. S y m p t o m s 
referred from these myofasc ia l TrPs com
m o n l y confuse the diagnostic process by 
m i m i c k i n g visceral pathology. Pain pat
terns of TrPs in the abdominal m u s c l e s , es
pec ia l ly the obl iques , are less cons is tent 
from patient to pat ient than are the pat-
9 4 0 

terns for most other musc les . Abdominal 
pain referred from TrPs has little respect 
for the mid l ine ; abdominal TrPs on one 
side frequently cause bilateral pain. Gut-
s t e i n 5 3 observed that the patient is l ikely to 
descr ibe the distress caused by abdominal 
TrPs as " b u r n i n g , " " f u l l n e s s " "b loat ing," 
" s w e l l i n g , " or " g a s , " although objective ev
idence for the symptoms is frequently miss
ing. T h e pain patterns that are presented 
here were repeatedly observed by the au
thors and by others. Each of the abdominal 
musc le wi l l be considered separately. 
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Abdominal Obliques 
(Fig. 49.1) 

The abdominal oblique TrPs have mult i 
ple referred pain patterns that m a y reach up 
into the chest , may travel straight or diago
nally across the abdomen, and may extend 
downward. Whether this variabil ity repre
sents different characterist ics of the succes
sively deeper layers of musc le , or less con
sistency in the patterns of pain referred from 
TrPs in this musculature , is not clear. One 
must palpate the abdomen carefully and 
thoroughly to identify all of the TrPs poten
tially responsible for abdominal symptoms. 

Act ive TrPs in the upper port ion of the 
abdominal external obl ique m u s c l e , w h i c h 
overlies the rib cage anteriorly, are l ikely to 
produce "hear tburn" (Fig. 4 9 . 1 A ) and other 
symptoms c o m m o n l y associated wi th h i 
atal h e r n i a . 9 4 T h e s e " c o s t a l " and "sub
cos ta l " TrPs in abdominal m u s c l e s also 
may produce deep epigastric pain that oc
casional ly extends to other parts of the ab
d o m e n . 9 5 Bonica , et al.14 reported s imi lar 
visceral symptoms and i l lustrated c o m p a 
rable pain patterns from TrPs in the exter
nal obl ique musc le . 

Active TrPs located in the muscula ture 
of the lower lateral abdominal wal l , possi 
bly in any one of the three layers of m u s c l e , 
refer pain into the groin and test ic le , and 
may project fingers of pain to other parts of 
the abdomen (Fig. 4 9 . 1 C ) . T h e exper imen
tal in ject ion of hyper tonic sal ine into the 
external obliques near the anterior superior 
i l iac spine i n d u c e d referred pain over the 
lower portion of that quadrant of the ab
domen, along the inguinal l igament and 
into the t e s t i c l e . 6 9 A left external abdomi
nal oblique TrP in a 10-year-old ch i ld re
ferred severe pain from the left upper 
quadrant to the left inguinal region. 1 

Active TrPs along the upper r im of the 
pubis and the lateral ha l f of the inguinal lig
ament may lie in the lower internal obl ique 
musc le , and poss ibly in the lower rectus ab
dominis . T h e s e TrPs can cause increased ir
ritability and spasm of the detrusor and uri
nary sphincter musc les , producing urinary 
frequency, retention of ur ine and groin 
p a i n ; 4 7 , 9 2 . 1 1 7 they have been associated with 
enuresis in older chi ldren. W h e n needled , 
such TrPs often refer pain to the region of 
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the ur inary bladder. B o n i c a , et a l . 1 4 ob
served s imi lar s y m p t o m s and i l lustrated 
comparable pain patterns from TrPs in the 
lower lateral abdomina l wal l muscula ture . 

M e l n i c k 9 4 , 9 5 identi f ied TrPs in the m u s 
c les of the lower a b d o m e n as sources of 
c h r o n i c diarrhea (Fig. 4 9 . 1 D ) . In our expe
r ience , w h e n TrPs that produce this symp
tom are identi f ied and in jected in a fold of 
the abdomina l wal l b e t w e e n the f ingers , 
they seem to be in the superf ic ial layer of 
the lateral abdominal wal l muscula ture . 

Transversus Abdominis 

Act ive TrPs in the more craniad port ion 
of the transversus abdominis refer pain as 
a b a n d across the upper a b d o m e n b e t w e e n 
the anterior costal margins . S o m e t i m e s the 
distressing pain concentrates on the region 
of the x i p h o i d process . Transversus TrPs in 
f ibers attaching to the lower costal carti lage 
are l ikely to cause marked enthesi t is along 
the inferior costal margin. T h i s can be very 
distressing w h e n coughing. 

"Belch Button" 

T h e " b e l c h b u t t o n " is a TrP that is un
c o m m o n , but may be of cr i t ical impor tance 
to the pat ient w h o has one. I t has not b e e n 
consis tent ly loca l ized to a speci f ic m u s c l e . 
It is a dorsal TrP that may l ie in the posterior 
fringe of a lateral abdominal wal l m u s c l e , 
s u c h as the external obl ique, or it m a y be a 
fascial TrP in the lumbodorsa l fascia . T h e 
pat ient is l ike ly to c o m p l a i n of a " s t o m a c h 
p r o b l e m " with m u c h be lch ing of gas. In our 
exper ience , this TrP is found on the left or 
right side usual ly at, or just below, the angle 
of the twelf th rib. W h e n one locates i t by 
palpat ion, a rib is beneath the finger (Fig. 
4 9 . 1 B ) , and the pat ient b e l c h e s as pressure 
is appl ied to the TrP. W h e n suff ic ient ly ac
t ive, this TrP causes spontaneous be l ch ing 
and in severe cases , pro ject i le vomit ing, 
w h i c h can be deeply embarrassing and a se
r ious postoperat ive compl ica t ion . A l v a r e z 7 

reported that some pat ients b e l c h e d every 
t ime the phys ic ian t o u c h e d a trigger area in 
the back . G u t s t e i n 5 3 reported that 7 pat ients 
responded wi th be lch ing fol lowing in jec 
t ion of f ibrositic spots ( interpreted by us as 
TrPs) in the abdominal muscula ture , and 
that a few pat ients b e l c h e d in response to 
pressure appl ied to tender abdomina l spots . 

Copyrighted Material



Lateral Abdominals 

Figure 49.1. Referred pain patterns (red) and visceral 
symptoms of trigger points (Xs) in the oblique (and 
possibly transverse) abdominal muscles. A, "heart
burn" from an attachment trigger point of the external 
oblique overlying the anterior chest wall. B, projectile 
vomiting and belching from the "belch button," which 
is usually located in the most posterior abdominal wall 

musculature or in connective tissue and may be on ei
ther side. C, groin and/or testicular pain, as well as 
chiefly lower quadrant abdominal pain, referred from 
central trigger points in the lower lateral abdominal 
wall musculature of either side. D, diarrhea from vari
ous trigger-point sites in lower abdominal quadrant 
muscles (after Melnick 9 5). 

External oblique Belch button 

Causes diarrhea 
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Rectus Abdominis 
(Fig. 49.2) 

T h e symptoms caused by TrPs in this 
musc le are varied, but largely dependent 
on the location of the TrPs. S y m p t o m s wi l l 
be considered in three groups, those due to 
TrPs in the upper port ion of the m u s c l e 
(above the umbi l i ca l region) , those caused 
by per iumbi l ica l TrPs, and those from TrPs 
in the lower rectus abdominis . 

Upper Rectus Abdominis. An active 
TrP high in the rectus abdominis m u s c l e 
on either side can refer pain to the mid-
back bilaterally, w h i c h is descr ibed by the 
patient as running horizontal ly across the 
back on both sides at the thoracolumbar 
level (Fig. 4 9 . 2 A ) . 1 0 9 G u t s t e i n 5 3 a lso noted 
that treatment that rel ieved tender spots in 
abdominal wall musc les rel ieved pain in 
the back. Unilateral backache at this level , 
however, more frequently originates in 
TrPs of the lat iss imus dorsi musc le . 

In addit ion to b a c k pain, TrPs high in 
the rectus abdominis can also refer pain to 
the region of the x i p h o i d process s imilar to 
the pain referred to that locat ion by TrPs in 
the upper transversus abdominis musc le . 

Several authors have descr ibed symp
toms of abdominal ful lness , "hear tburn , " 
indigestion and somet imes nausea and 
vomiting due to paraxiphoid TrPs located 
in the upper rectus a b d o m i n i s . 4 7 , 9 2 , 9 4 , 9 5 In 
our exper ience , nausea and epigastric dis
tress occur more often w h e n these upper
most rectus abdominis TrPs are on the left, 
rather than on the right s ide. T h e s e TrPs 
also may refer pain across the upper ab
domen between the costal margins . 

Injection of hyper tonic sal ine into the 
rectus abdominis at about 2.5 cm (1 in) 
above the umbi l i cus caused br ief referred 
pain throughout the same quadrant of the 
abdomen and on the same side in the 
b a c k . 6 9 A TrP in the upper rectus abdo
minis , when located on the left s ide, also 
may produce precordial p a i n . 4 8 , 7 3 , 9 2 W h e n 
it has been establ ished that the chest pain 
is myofascial and not cardiac in origin, it is 
usual ly due to TrPs in the pectoral is or a 
sternalis musc le ; a rectus abdominis 
source of the pain is easi ly overlooked. 

TrPs in the upper rectus abdominis and 
focal tender points character is t ic of TrPs 

were observed to refer pain to the same ab
dominal q u a d r a n t , 4 6 , 7 4 and to s imulate the 
s y m p t o m s of cholecyst i t i s , gynecologica l 
d i s e a s e 9 2 , and pept ic u l c e r . 9 2 , 9 5 

Periumbilical Rectus Abdominis. Lat
eral border, per iumbi l i ca l TrPs are l ike ly to 
p r o d u c e sensat ions o f a b d o m i n a l c ramping 
or c o l i c . 9 4 , 9 5 T h e pat ient often be nd s for
ward for relief . Infants , espec ia l ly neonates 
w h o burp and cry pers is tent ly wi th co l i c , 
may be suffering from these per iumbi l i ca l 
TrPs. T h e i r s y m p t o m s can be re l ieved by 
the appl ica t ion of vapocoolant spray to the 
a b d o m e n . 1 1 Lateral TrPs in the rectus abdo
min is near the u m b i l i c u s m a y evoke dif
fuse abdomina l p a i n 4 7 , 7 4 , 7 6 that i s accentu
ated b y m o v e m e n t . 7 2 , 1 2 4 

Lewis and K e l l g r e n 8 2 demonstrated ex
per imenta l ly that this m u s c l e can generate 
the pain of intest inal co l i c . In ject ion of hy
per tonic sa l ine into normal rectus abdo
min is m u s c l e i n d u c e d a famil iar co l ic - l ike 
pain, w h i c h was m u c h stronger anteriorly 
than toward the b a c k and ex tended dif
fusely over several segments in f ront . 6 9 

Lower Rectus Abdominis. Inact ivat ion 
of TrPs in the lower rectus abdominis , 
about hal f -way be tween the u m b i l i c u s a n d 
the symphys i s pubis (or in the overlying 
skin) , may rel ieve d y s m e n o r r h e a 1 1 7 , 1 1 8 (Fig. 
4 9 . 2 C ) . S e e S e c t i o n 6 for a re levant experi 
m e n t b y T h e o b a l d . 

In the lowest part of the rectus abdo
m i n i s , TrPs m a y refer pain bi lateral ly to the 
sacroi l iac and low b a c k r e g i o n s . 1 0 9 T h e pa
tient portrays this pain with a c rosswise 
mot ion of the h a n d (Fig. 4 9 . 2 A ) , rather 
than the up-and-down pain pattern charac 
terist ic of the i l iocosta l is thoracis and other 
more superf ic ial paraspinal m u s c l e s . 

Several authors have noted that a TrP in 
the lateral border of the right rectus abdo
min is in the region of M c B u r n e y ' s point , 
w h i c h is ha l fway b e t w e e n the anterior su
perior i l iac spine and the u m b i l i c u s (Fig. 
4 9 . 2 B ) , i s l ikely to produce s y m p t o m s 
c lose ly s imulat ing those of acute appen
d i c i t i s . 4 7 , 4 8 , 8 8 , 9 2 T h i s pain pattern w a s re
ported as often occurr ing w h e n the pat ient 
was t ired, worr ied or p r e m e n s t r u a l . 4 7 In 
one case , the myalgic spot for this 
" p s e u d o - a p p e n d i c i t i s " pain w a s reported 
to be located in the rectus abdominis just 
above the level of the u m b i l i c u s . 4 8 
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Rectus abdominis 

McBurney's point 

Figure 49.2. Referred pain patterns (red) and visceral 
symptoms of trigger points (Xs) in the rectus abdo
minis muscle. A, bilateral pain across the back, pre
cordial pain, and/or a feeling of abdominal fullness, 
nausea and vomiting can be caused by a trigger point 
(1) in the right (pictured) or left upper rectus abdo
minis. A similar pattern of bilateral low back pain is re

ferred from what is often an attachment trigger point 
(2) in the caudal end of the rectus muscle on either 
side. B, lower right quadrant pain and tenderness may 
occur in the region of McBurney's point due to a 
nearby trigger point in the lateral border of the rectus 
abdominis. 
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Dysmenorrhea 

Figure 49.2—continued. C, dysmenorrhea may be greatly intensified by trigger points in the lower rectus ab
dominis. D, referred pain pattern of the pyramidalis muscle. 

Other authors also have observed that 
TrPs in the region of McBurney ' s point 
may refer pain to the same lower quad
r a n t , 4 6 , 8 8 throughout the a b d o m e n , 9 3 and to 
the right upper quadrant . 7 4 T h e s e TrPs also 
may refer sharp pain to the i l iac fossa, the 
i l iacus m u s c l e , and to the p e n i s . 4 7 T h e pain 

may s imulate renal c o l i c . 9 2 An act ive TrP 
in the right lower rectus abdominis m a y 
cause d i a r r h e a 4 7 , 9 5 and s y m p t o m s m i m i c k 
ing divert iculosis or gynecologica l dis
e a s e . 9 2 A TrP just above the pubis may 
cause spasm of the detrusor and urinary 
sphincter m u s c l e s . 

Pyramidalis 
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9 4 6 Part 5 / Torso Pain 

Pyramidalis 

T h e pyramidal is refers pain c lose to the 
m i d l i n e b e t w e e n the symphys i s pubis and 
the u m b i l i c u s (Fig. 4 9 . 2 D ) . 

2. ANATOMY 
(Figs. 49.3-49.6) 

T h e external and internal abdominal 
obl ique m u s c l e s , l ike the external and in
ternal intercostals have a diagonal criss
cross arrangement and the two groups of 
m u s c l e s have corresponding orientat ion. 
At t imes , i t is important to k n o w w h i c h 
layer runs in w h i c h direct ion and Figure 
4 9 . 3 i l lustrates a m n e m o n i c for the fiber di
rec t ions . T h e f ingers of the (right) h a n d on 
the left s ide of the a b d o m e n against the 
skin represent the f iber direct ion of the left 
internal abdomina l obl ique (and inter
costals ) , w h i l e the (left) h a n d on top repre-

sents the f iber direct ion of the left external 
abdominal obl ique (and intercostals) . The 
transversus f ibers run radial ly around the 
a b d o m e n as their name impl ies . 

External Oblique 
(Fig. 49.4A) 

T h e f ibers of the external obl ique mus
c le travel diagonally downward and for
ward to jo in the abdominal aponeurosis 
w h i c h attaches anteriorly to the l inea alba 
in the midl ine and to the anterior half of 
the i l iac crest (Fig. 4 9 . 4 A ) . Laterally and 
cephalad the fibers attach to the external 
surfaces and inferior borders of the lower 
eight r ibs . T h e lower three of these rib at
tachments interdigitate wi th the lat iss imus 
dorsi, and the upper f ive, wi th the serratus 
anterior musc le . Al though these three mus
c les appear in anatomy books to be quite 
separate, in dissect ion the external oblique 
may seem to form with the other two an 
unbroken sheet of musc le . T h e fascicul i 
from the lowest two ribs l ie nearly verti
cally, and thus are parallel and adjacent to 
those f ibers of the quadratus lumborum 
that also c o n n e c t the i l iac crest and the 
twelf th r i b . 1 9 

Internal Oblique 
(Fig. 49.4B) 

T h e direct ion of fibers in the fan-shaped 
internal obl ique abdominal musc le in the 
upright body ranges from nearly vertical, 
posteriorly, through a diagonally upward 
and media l direction among its intermedi
ate fibers, to horizontal for the most caudal 
fibers (Fig. 4 9 . 4 B ) . Laterally all fibers con
verge onto the lateral hal f of the inguinal lig
ament , the anterior two-thirds of the i l iac 
crest, and the lower portion of the lumbar 
aponeurosis . Above the nearly vertical 
fibers attach to the cartilages of the last three 
or four ribs. Above and medially diagonal 
fibers attach to the l inea alba through the an
terior and posterior rectus sheath. Medially 
the horizontal f ibers from the inguinal liga
ment attach to the arch of the pubis through 
the con jo ined tendon, w h i c h this muscle 
forms with the transversus abdominis . 

Transversus Abdominis 
(Fig. 49.5) 

T h e s e f ibers run nearly horizontal ly 
across the abdomen and attach anteriorly 

Figure 49.3. Technique for remembering the fiber di
rection of the oblique abdominal muscles. By placing 
one hand (right hand in this illustration) over the lower 
abdomen on the opposite side, the fingers indicate 
the direction of fibers of the internal abdominal 
oblique muscle (left in this illustration). By then placing 
the other hand on top of the first hand, the fingers of 
the top hand now indicate the direction of the fibers of 
the more superficial external abdominal oblique mus
cle. This procedure provides a tactile memory aid that 
also applies to the direction of the intercostal muscles. 
(See Fig. 49.4 for fiber directions.) 
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to the midl ine l inea alba via the rectus 
sheath (Fig. 4 9 . 5 ) , w h i c h surrounds the 
rectus abdominis m u s c l e above the arcuate 
l ine, and attach to the pubis through the 
conjoined tendon. B e l o w that l ine , the 
sheath occurs only anterior to the rectus . 
Laterally the transversus m u s c l e at taches 
to the lateral one-third of the inguinal liga
ment , to the anterior three-quarters of the 
crest of the i l ium, to the thoracolumbar fas
cia, and to the inner surface of the carti
lages of the last s ix ribs, where it interdigi-
tates with f ibers of the d iaphragm. 2 1 

Rectus Abdominis 
(Fig. 49.6) 

T h e rectus abdominis attaches below 
along the crest of the pubic b o n e (Fig. 
4 9 . 6 ) . T h e f ibers of the paired m u s c l e s in

ter lace across the symphys is . Above the 
m u s c l e at taches to the carti lages of the 
f i f th , s ixth, and seventh r ibs. 

T h e f ibers of the rectus abdominis are 
usual ly interrupted by three or four, more or 
less comple te , transverse tendinous in
scr ipt ions . Of the three most constant in
scr ipt ions one is found near the tip of the 
x i p h o i d process , one c lose to the level of the 
umbi l i cus , and one m i d w a y be tween them. 
S o m e t i m e s , there are also one or two partial 
inscr ipt ions b e l o w the u m b i l i c u s . 2 2 In 115 
cadavers, the total n u m b e r of inscr ipt ions 
per m u s c l e ranged from one to four . 9 8 

T h e abdominal sect ion of the pectoral is 
major m u s c l e (see Fig. 4 2 . 5 ) may overlap 
f ibers of the upper rectus abdominis , and 
thus m a y a c c o u n t for the occas iona l refer
e n c e of pain to the anterior chest from TrPs 
in this region. 

Internal 
oblique 

Figure 49.4. Attachments of two lateral abdominal wall muscles. A, external oblique (light red). B, internal 
oblique (dark red); the external oblique (light red) is cut. 

External oblique 
(cut) 

External oblique 
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Sheath of 
rectus abdominis 
posterior lamina 

Transversus 
abdominis 

Thoracolumbar 
fascia 

Figure 49.5. Attachments of the transversus abdominis muscle (red), which lies deep to the obliques. 

Kendal l , et al . 7 8 i l lustrate c lear ly the re
lat ion b e t w e e n the surface anatomy and 
success ive cross-sect ional v iews . T h e loss 
of the dorsal ha l f of the rectus sheath be
l o w the arcuate l ine is c lear as also seen in 
Figure 4 9 . 5 . 

Pyramidalis 
(Fig. 49 .6 ) 

T h e pyramidal is is a variable m u s c l e 
that at taches below to the anterior surface 
of the ramus of the p u b i s , 8 and above to the 
l inea alba approximate ly mid-way b e t w e e n 
the symphys i s and the u m b i l i c u s . I t l ies 
wi th in the anterior rectus s h e a t h . 2 2 , 3 3 

In several studies of 1 0 0 or more bod
i e s , 3 3 the pyramidal is was absent bi later

al ly i n 3 . 3 % o f Japanese , i n 2 5 % o f Scot
t ish, and general ly in 1 5 % - 2 0 % of bodies . 
Also , uni lateral absence was somewhat 
more c o m m o n than bilateral a b s e n c e . 3 3 A 
subsequent study of 4 3 0 sides reported the 
pyramidal is absent in 1 7 . 7 % . 1 2 Anson, e t 
a l . 8 descr ibed the usual and variant 
anatomy of this musc le in great detail . 

Supplemental References 

Other authors have presented clear 
drawings of the external oblique, 2 , 5 , 1 9 , 2 3 , 9 1 

internal o b l i q u e , 4 , 2 0 , 2 4 , 9 1 transversus ab
dominis, 2 1 , 2 5 , 9 1 rectus abdominis, 2 5 , ' 1 0 2 , 1 1 4 , 

1 2 2 and pyramidalis muscles. 2 4 , 3 3 , 1 0 2 , 1 1 4 

The anterior abdominal muscles are 
shown in cross s e c t i o n . 3 , 2 6 , 1 0 2 

Arcuate 
line 

Sheath of 
rectus abdominis 
anterior lamina 
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3. INNERVATION 
T h e three lateral abdominal wal l mus

cles , the external and internal obl iques and 
the transversus abdominis , are innervated 
by branches of the eighth through the 
twelfth intercostal nerves . T h e internal 
oblique and transversus abdominis mus
cles are also suppl ied by branches of the il
iohypogastric and i l io inguinal nerves 
w h i c h stem from the f irst lumbar nerve. 
Segmental innervat ion i s from T 8 - T 1 2 . T h e 
transversus is suppl ied, in addit ion, by the 
seventh intercostal n e r v e . 1 9 - 2 1 

T h e rectus abdominis is innervated by 
the seventh through the twelf th intercostal 
nerves derived from the corresponding 
spinal nerves; usual ly different segmental 

nerves innervate f ibers b e t w e e n different 
tendinous inscr ipt ions , espec ia l ly in the 
upper ha l f o f the m u s c l e . 2 2 

T h e pyramidal is is suppl ied by a b r a n c h 
of the twelf th thorac ic n e r v e . 2 2 

4. FUNCTION 
In advance of act ivat ion of the pr ime 

movers in response to lower l imb move
ments in the standing p o s i t i o n , 5 9 all of the 
abdomina l wal l m u s c l e s a n d some spinal 
m u s c l e s , inc luding the transversus abdo
min is (which always started f i rs t ) , internal 
obl ique, external obl ique, rectus abdo
m i n i s , and the lumbar mult i f idus are acti
vated in a feed-forward manner . T h i s re
sponse was i n d e p e n d e n t of the m o v e m e n t 

Figure 49.6. Attachments of the rectus abdominis muscle (light red), which connects the anterior rib cage to 
the pubic bone close to the symphysis, and attachments of the variable pyramidalis muscle (dark red), which 

lies just above the symphysis pubis within the anterior rectus sheath. 

Rectus 
abdominis 

Pyramidalis 

Inguinal 
ligament 
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and therefore was not a response to reac
tive forces , but w a s l inked to control of sta
b i l i ty of the sp ine against per turbat ions . 5 9 

Spec ia l functions of the abdominal mus
cles , particularly as related to respiratory ac
tivities, are covered in Chapter 4 5 , Sect ion 5. 

Lateral Abdominal Wall Muscles 

T h e internal and external abdominal 
obl ique m u s c l e s funct ion (1) bilaterally, to 
increase intra-abdominal pressure (e.g., for 
mic tur i t ion , defecat ion, emes is , parturi t ion 
and forced exhala t ion) , (2) bi lateral ly, to 
f lex the vertebral c o l u m n , (3) unilateral ly, 
to b e n d the vertebral c o l u m n toward the 
same side, a n d (4) unilateral ly, to assist 
vertebral c o l u m n rotation. T h e external 
obl ique m u s c l e rotates the vertebral col
u m n toward the contralateral s ide; most of 
the internal obl ique f ibers rotate i t toward 
the contract ing m u s c l e , br inging the oppo
site shoulder f o r w a r d . 1 9 , 2 0 Therefore , one 
external obl ique and its contralateral inter
na l obl ique affect t runk rotation in the 
s a m e direct ion. T h e y also can funct ion by 
eccentr i c contract ions to control rotat ion 
(provide a braking act ion) in the opposi te 
direct ion. 

Contract ion of the transversus abdomi
nis increases intra-abdominal p r e s s u r e . 2 1 

St imula t ion exper iments on these lat
eral abdomina l wal l m u s c l e s produced a 
powerful exhala t ion that ser iously com
promised n o r m a l r e s p i r a t i o n . 2 9 T h e ab
d o m i n a l wal l m u s c l e s as a group he lp to 
complete exhala t ion quick ly during rapid 
b r e a t h i n g . 1 0 

Elec t romyographica l ly , 1 0 the external 
and internal obl iques s h o w e d some activ
ity during walking, modula ted by the gait 
cyc le . A l l three lateral wal l m u s c l e s 
s h o w e d marked increase in act ivity wi th a 
sudden or susta ined increase in intra-ab
d o m i n a l pressure . During lateral bending , 
the internal obl iques were more strongly 
act ivated than the external obl iques . T h e 
f ibers of both the transversus and internal 
obl ique m u s c l e s in the region of the in
guinal canal were act ivated cont inuous ly 
during standing. T h e y s h o w e d a further in
crease in motor uni t discharges during ac
t ivit ies that w o u l d increase intra-abdomi
nal pressure . Se lec t ive act ivat ion of the 
internal obl ique and transversus abdomi-

nus m u s c l e s doubles w h e n a curl -back (see 
Fig. 4 9 . 1 3 A ) is performed with the feet un
supported as compared to w h e n the feet are 
supported, w h i c h emphas izes recruitment 
of other m u s c l e s such as the i l iopsoas . 9 7 

Activi ty of the abdominal musc les helps 
to p u m p venous b lood out of the abdomen. 
Relaxat ion of the abdominal wal l during 
inhalat ion increases b lood flow into the ab
dominal veins from the lower extremities . 
As the abdominal wal l musc les contract for 
exhalat ion, the b lood is forced upward to
ward the heart i f the valves of the lower ex
tremity ve ins are competent . 

S u r f a c e e lec t rodes p l a c e d obl iquely 
over e a c h u p p e r quadrant cons i s tent ly 
d i s c l o s e d m o r e " e x t e r n a l o b l i q u e " act iv
i ty on the left than on the right s ide dur
ing m o s t r ight -handed throwing act ivi t ies 
in s p o r t s . 1 5 S i n c e the left in ternal obl ique , 
no t the ex terna l ob l ique , br ings the right 
s h o u l d e r forward, a n d s ince this type o f 
e l ec t rode in th is pos i t ion s h o u l d r e s p o n d 
to b o t h internal a n d external obl ique ac
tivity, o n e interpretat ion is that these re
sults are c o m p a t i b l e w i t h k ines io logy and 
the f indings of o ther authors , p r o v i d e d the 
r e c o r d e d potent ia l s are interpreted as 
c o m i n g from the internal , rather than the 
ex terna l , ob l ique . Sur face e lec trodes in 
th is l o c a t i o n w o u l d not d is t inguish b e 
t w e e n the m o t o r u n i t act ivi ty o f these two 
m u s c l e s . A n o t h e r interpretat ion o f the 
f inding i s that i n d e e d the r e c o r d e d act iv
i ty w a s from the left ex ternal obl ique , a n d 
that the m u s c l e w a s func t ion ing in an ec
centric ( lengthening) cont rac t ion to pre
vent e x c e s s i v e t r u n k rotat ion that other
w i s e m i g h t h a v e b e e n p r o d u c e d by a 
v igorous r ight -handed throw. In n o n e of 
these 13 sport ac t iv i t ies was the rec tus ab
d o m i n i s m u s c l e as ac t ive as the obl ique 
m u s c l e s . U s u a l l y the rec tus a b d o m i n i s 
s h o w e d l i t t le , i f any, act ivi ty ; i t was m o s t 
ac t ive during the t ennis s e r v e . 1 5 D iscus 
throwers deve lop greatly h y p e r t r o p h i e d 
a b d o m i n a l ob l ique m u s c u l a t u r e . 

Rectus Abdominis 

T h e rectus abdominis musc le serves as 
the pr ime mover for spinal f lexion, espe
c ia l ly of the lower thoracic and lumbar 
spine , and it tenses the anterior abdominal 
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wall to increase intra-abdominal pres
s u r e . 2 6 Exper imenta l s t imulat ion of all por
tions of the rectus abdominis produced 
strong forward f lexion of the t r u n k . 2 9 

Electromyographical ly , the rectus ab
dominis is active w h e n a weight is carried 
on the back, but not w h e n the weight is car
ried anterior to the thighs. T h e m u s c l e re
sponds consis tent ly and c lear ly to the gait 
cyc le during walking, but is not general ly 
activated by efforts that increase intra
abdominal pressure, except by vigorous ma
neuvers , such as coughing . 1 0 Th i s m u s c l e is 
consistent ly active as the feet leave the 
ground when jumping, and incons is tent ly 
active during landing from the j u m p . 6 8 

Electromyographical ly , the rectus ab
dominis was essential ly inact ive during 14 
static upright p o s t u r e s . 1 0 1 S i t -ups generated 
m u c h more electr ical act ivity in the rectus 
abdominis than did let-backs ( s i t -backs) . 1 0 , 

3 6 , 4 4 , 1 2 7 T H E M U S C U L A R act ivity was greatest 
during the initial phase of the sit-up be
tween 15° and 4 5 ° , 3 6 or b e t w e e n scapular 
lift and hip lift from the f loor . 4 4 Litt le dif
ference was seen in this musc le ' s e lectr ical 
activity whether the knees were bent to 
65° , or were straight . 3 6 F lex ing the knees 
and anchoring the feet during a sit-up in
creased the activity of the abdominal mus
cles as compared to the rectus femoris , the 
f ibers of w h i c h were said to b e c o m e too 
short to pul l e f fect ively . 4 4 E lec t romyo
graphic recording of four levels of diffi
culty of abdominal musc le testing (elevat
ing progressively more of the weight of the 
lower extremit ies in the supine posi t ion) 
showed that at all levels , the lower ha l f of 
the rectus abdominis was most act ive, fol
lowed by the upper ha l f of that m u s c l e , fol
lowed by the abdominal obl iques . With 
m a x i m u m load, the relative proport ion of 
oblique activity i n c r e a s e d . 4 3 

T h e abdominal musc les are more act ive 
during uphi l l walking than on level 
ground. 

Pyramidalis 

T h e pyramidal is m u s c l e tenses the l inea 
a lba . 2 2 

5. FUNCTIONAL UNIT 
To increase intra-abdominal pressure for 

nonrespiratory reasons, the four musc les of 

the be l ly wal l are synergist ic wi th the 
quadratus l u m b o r u m and wi th the di
aphragm. 

For gross spinal rotation and f lexion, 
anatomical ly , the external abdomina l 
obl ique appears synergist ic wi th the exter
nal intercostals , lower serratus anterior 
(with w h i c h the external obl ique interdigi-
tates) , and also the vert ical costal f ibers of 
the la t iss imus dorsi wi th w h i c h the lower 
part of the external obl ique interdigitates 
and forms a cont inuous l ine of p u l l . 1 9 For 
lumbar spinal rotation, the external 
obl ique m u s c l e on one side is synergist ic 
wi th the deepest (most diagonal) para
spinal m u s c l e s on the same side, and wi th 
the contralateral serratus poster ior inferior 
and internal abdomina l obl ique m u s c l e s . 
For thoraco lumbar spinal rotation, the in
ternal obl ique is synergist ic wi th the inter
nal intercostals . 

For s idebending, the lateral , most verti
cal , f ibers of the external and internal 
obl ique m u s c l e s are synergist ic wi th the 
vert ical fibers of the quadratus l u m b o r u m , 
and with the most lateral of the paraspinal 
m u s c l e s , the i l iocosta l is . 

During f lexion/extension of the verte
bral c o l u m n , the rectus abdominis is antag
onis t ic to the paraspinal group, espec ia l ly 
the longiss imus thorac is m u s c l e , and syn
ergistic wi th the psoas m u s c l e i f the lum
bosacral sp ine is f lexed. F u n c t i o n s of the 
abdominal m u s c l e s as related to respira
t ion are covered in Chapter 4 5 , S e c t i o n s 4 
and 5 . 

6. SYMPTOMS 
A b d o m i n a l s y m p t o m s are c o m m o n l y 

enigmat ic and often a source of diagnost ic 
confus ion . Unders tanding the rec iproca l 
somatovisceral and v iscerosomat ic effects 
of TrPs he lps to unravel some of this un
certainty. Myofasc ia l TrPs in an abdomina l 
m u s c l e m a y produce referred abdomina l 
pain a n d visceral disorders (somatovis
ceral effects) that, together, c lose ly m i m i c 
visceral disease. Conversely, v isceral dis
ease can profoundly inf luence somat ic sen
sory percept ion and can act ivate TrPs in 
somat ic structures that m a y perpetuate 
pain and other s y m p t o m s long after the pa
tient has recovered from the init iat ing vis 
ceral disease. 
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Table 49.1 Freque 
Compla 
with At 

Symptoms Nu 

ncy of Seriou 
tints among i 
idominal Trig 

mber of Patienti 

s 
56 Patients 
ger Points.3 

; Prevalence* 

% 
Pain 40 71 
Pressure 14 25 

and bloating 
Heartburn 6 11 
Vomiting 6 11 
Diarrhea 2 4 

a Adapted from Melnick J: Treatment of trigger mechanisms 
in gastrointestinal disease. NY State J Med 54 :1324-1330 , 
1954 . 
''Percentage and numbers total more than 1 0 0 % because 
some patients had more than one symptom. 

Symptoms Due to Myofascial Trigger 
Points in Abdominal Muscles 

M e l n i c k 9 3 reported the relat ive f re 
q u e n c y of ser ious symptoms arising from 
trigger areas in the abdominal muscula ture 
among 56 pat ients (Table 4 9 . 1 ) . 

L o n g 8 8 d is t inguished the "anter ior ab
d o m i n a l wal l s y n d r o m e " from visceral dis
ease. T h e syndrome was attributed to TrPs 
in the muscula ture of the abdomina l wal l . 
Its dist inguishing feature was near ly con
t inuous pain that might relate to move
ment , but not to the ingest ion of food or to 
evacuat ion. On careful inquiry, some of his 
pat ients loca l ized the pain to the abdomi
nal wal l . 

G o o d 4 6 observed that abdominal pain re
ferred from TrPs in the lateral border of the 
rectus abdominis m u s c l e near mid-ab
d o m e n was typica l ly aggravated by bend
ing over w h e n lifting (an act ivity w h i c h 
shortens and often causes contract ion of 
the rectus abdominis ) . In the e x p e r i e n c e of 
the authors of this manual , prolonged vig
orous act ivity that requires forceful abdom
inal breathing also m a y increase the pain 
referred from abdomina l wal l TrPs. 

K e l l y 7 2 no ted that pat ients wi th myalgic 
les ions (descr ibed l ike TrPs) of the abdom
inal wal l muscula ture were l ikely to com
plain of abdomina l discomfort or distress, 
rather than of pain per se. In the authors ' 
e x p e r i e n c e , act ive TrPs of the abdomina l 
m u s c l e s , espec ia l ly in the rectus abdomi

nis , m a y cause a lax, dis tended abdomen 
wi th excess ive flatus. Contraction of the 
abdominal m u s c l e s is inhibi ted by the TrPs 
so that the pat ient cannot "pul l the stom
ach i n . " Th is apparent distension is readily 
dis t inguished from that due to ascites by 
phys ica l examinat ion . 

Right upper quadrant pain due to TrPs 
in ei ther the obl ique abdominal muscles or 
in the lateral border of the rectus abdomi
n is of the same quadrant is easi ly confused 
wi th the pain of gal lbladder disease. Pain 
s imulat ing appendic i t i s was projected 
from "f ibrosit ic n o d u l e s " (described like 
palpable bands and TrPs) in the region 
covered by the costal portion of the exter
nal o b l i q u e , 1 3 1 and from TrPs in the lateral 
border of the rectus abdominis in the right 
lower q u a d r a n t . 4 8 , 6 4 , 9 2 

Weiss and D a v i s 1 2 8 demonstrated that lo
cal anesthet ic in ject ion of a visceral pain 
reference zone can rel ieve the pain just as 
does infiltrating the area of pain referred 
from a TrP in a m u s c l e . 5 8 7 0 Re l ie f of pain in 
this way does not guarantee that the pain 
site is the site of origin. 

7. ACTIVATION AND PERPETUATION OF 
TRIGGER POINTS 

A posture or activity that activates a TrP, 
i f not corrected or i f cont inued, can also 
perpetuate it. In addit ion, m a n y structural 
and systemic factors ( s e e Chapter 4) wil l 
perpetuate a TrP that has been activated by 
an acute or chronic overload. 

A b d o m i n a l TrPs are l ikely to develop in 
a m u s c l e that is subject to acute or chronic 
overload, or in musc les that l ie within the 
zone of pain referred from a v iscus . In gen
eral , these TrPs may develop in response to 
visceral disease, direct trauma, and to me
chanica l , tox ic or emotional stress. 

Visceral Disease 

As indicated in Sec t ion 1 1 , visceral dis
eases in genera l , 5 3 and specif ical ly pept ic 
u l c e r , 9 3 , 9 5 have been identif ied as often re
sponsible for abdominal myofascial TrPs. 
A b d o m i n a l TrPs are especial ly l ikely to de
velop during an infestat ion with such in
test inal parasites as Entamoeba histolytica, 
and bee f or f ish tapeworm. S u c h an infes
tation can be a potent perpetuator of myo-
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fascial TrPs, and also may activate TrPs, in 
the abdominal musculature . 

Trauma 

Acute t r a u m a 9 5 and chronic occupa
tional s t ra in 5 3 are important activating fac
tors. In the authors ' exper ience , TrPs are 
l ikely to occur c lose to an abdominal scar, 
as after an appendec tomy or hysterectomy; 
the initiating stresses during surgery m a y 
be the combinat ion of excess ive stretch on 
the muscles by retractors and associated is
chemia. Connect ive t issue TrPs wi th in the 
scar t issue i tself also are s e e n . 5 1 T h e skin 
and musc les around an inc i s ion have b e e n 
infiltrated effectively with proca ine at the 
t ime of suturing the w o u n d to prevent the 
development of act ive TrPs fol lowing 
surgery and to reduce postoperat ive inc i 
sional discomfort . 

Rectus abdominis TrPs m a y be ini t iated 
in con junct ion with an abdominal opera
tion and perpetuated by paradoxica l 
breathing that develops as the result of 
postoperative abdominal soreness . T h e 
TrPs also discourage abdominal m u s c l e ac
tivity, w h i c h contributes to paradoxica l 
breathing (see Chapter 20 , Sec t ion 14) . 

Stress 

Several c o m m o n l y encountered stress 
factors may activate abdominal TrPs: total 
body fat igue, 9 5 over-exercise (too m a n y sir
ups or, for activation of rectus abdominis 
TrPs, too m u c h heavy res is tance "cur l -
type" exercises to develop the b iceps and 
pectorals) , emot ional t e n s i o n , 5 3 , 9 5 co ld ex
posure, viral infect ions , straining at stool 
due to const ipat ion, and poor p o s t u r e 5 3 

(such as sitting and leaning forward for 
hours on a bed or at a desk wi th the ab
dominal musc les shortened and tense , 
with the back not supported) . On the other 
hand, forward-head posture or s l u m p e d 
posture (see Chapter 4, Sec t ion C) can 
sometimes be a result of TrP tens ion and 
shortening in the upper rectus abdominis . 
Structural inadequacies , such as a short leg 
or small hemipelv is , m a y add unnecessary 
overload. T h e s e stresses are addit ive. 

The external obl ique is vulnerable to a 
sustained twisted posi t ion (sitting at a 
desk, turned s ideways because of l ighting). 
This musc le also is vulnerable in sports ac-
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t ivit ies that require a vigorous twist ing 
body mot ion (throwing the discus) . 

T h e region of a t tachment of the internal 
obl ique to the costal margin in the region of 
the e leventh rib seems to be vulnerable to 
developing enthesi t is in response to over
load. An example is cont inued coughing. 
E a c h cough can b e c o m e excruciat ingly 
painful . Latent TrPs in that m u s c l e w o u l d 
increase the l ike l ihood of this development . 

8. PATIENT EXAMINATION 
T h e e x a m i n e r should observe the pa

tient 's posture in sitting, standing, walking, 
and reaching (see Chapter 4 1 , S e c t i o n C for 
postural cons iderat ions) . 

After establ ishing the event(s) associ 
ated wi th the onset of the pain compla in t , 
the c l in i c ian should make a detai led dia
gram representing the pain descr ibed by 
the patient . T h e drawing should be in the 
style of the pain patterns in this v o l u m e us
ing a copy of an appropriate body form 
s u c h as those found in Chapter 3 , S e c t i o n 
1 , Figures 3 .2 -3 .4 . 

Several authors have noted the value of 
increasing the abdomina l m u s c l e tens ion 
during e x a m i n a t i o n to help dist inguish the 
pain that is due to m u s c u l a r TrPs from that 
due to underlying visceral disease . To con
duct the A b d o m i n a l Tens ion Test accord
ing to L o n g , 8 8 the sensi t ive area is com
pressed wi th suff icient pressure to cause 
steady pain. W h e n the supine pat ient then 
raises the legs high enough to bring both 
heels a few inches above the examining 
surface, the tensed abdominal m u s c l e s lift 
the palpating f inger away from the viscera , 
w h i l e the digital pressure on the m u s c l e it
sel f is increased. I f the pain increases , that 
indicates that i t originates in the abdomi
na l wal l ; i f the pain decreases , i t more 
l ikely originates ins ide the abdomen. To 
achieve increased abdomina l tens ion, 
L lewel lyn and J o n e s 8 7 r e c o m m e n d e d that 
the pat ient ho ld a partial s i t-up. T h e s imi
lar Carnett t e c h n i q u e (the supine pat ient 
crossed the arms and sat hal f -way forward) 
re l iably dis t inguished abdomina l wal l ten
derness f rom visceral t e n d e r n e s s . 1 1 9 Wi l 
s o n , 1 3 1 l ike L o n g , 8 8 asked the supine pat ient 
to lift bo th hee ls off the bed , w h i l e de-
Valera and R a f t e r y 1 3 4 h a d the pat ient ele
vate both the feet and the head. H u n t e r 6 4 
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a n d K e l s e y 7 7 mere ly requested the pat ient 
to tense the abdomina l m u s c l e s . By having 
pat ients raise only the head and shoulders 
free of the table , the test can be performed 
by those unable to do a sit-up and they can 
conf irm the test for themse lves , assuring 
themse lves of no abdomina l origin of the 
p a i n . 5 4 

T h e e x a m i n e r should observe the dis
p l a c e m e n t of the patient 's u m b i l i c u s dur
ing various m o v e m e n t act ivi t ies w h i l e the 
pat ient is supine (activit ies s u c h as laugh
ing, coughing, raising one leg up from the 
bed, or pressing his h a n d against res is tance 
by the examiner ) . I f there is abdomina l 
m u s c l e imba lance , the u m b i l i c u s wi l l devi
ate away from a weaker (or inhibi ted) mus
c le and toward a stronger (or more hyper
act ive) m u s c l e . S i m p l y observing the 
u m b i l i c u s w h i l e the pat ient rests quiet ly 
m a y reveal a deviat ion toward a m u s c l e 
wi th TrP shortening or away from an ab
d o m i n a l m u s c l e that is inhib i ted by TrPs. 

Abdominal Obliques 

To ensure contract ion of the lateral wal l 
a b d o m i n a l m u s c l e s w h e n performing the 
A b d o m i n a l Tens ion Test, the supine pa
t ient m u s t elevate the hee ls , or elevate the 
h e a d and shoulders high enough to lift 
bo th scapulae off any support . W h e n the 
pat ient elevates only the head , usual ly 
only the rectus abdominis m u s c l e s con
tract, and not the obl iques . 

Rectus Abdominis 

W h e n the pat ient wi th act ive TrPs in the 
rectus abdominis m u s c l e s tands, the ab
d o m e n is l ikely to sag and b e c o m e pendu
lous . Cl inical ly , TrPs in this m u s c l e inhibi t 
its support ive funct ion . J a n d a 6 6 c lassi f ied 
this m u s c l e as prone to inhib i t ion and 
w e a k n e s s , and others a g r e e . 5 0 , 8 4 T h e tense 
palpable b a n d associated wi th an act ive 
TrP w o u l d ex tend through and w o u l d 
shorten only the segment of m u s c l e (be
t w e e n inscr ipt ions) in w h i c h i t l ies . How
ever, the TrP act ivity apparent ly inhibi ts 
contrac t ion of ad jacent segments to reduce 
tens ion on the involved f ibers , thereby 
causing lengthening, rather than shorten
ing, of the m u s c l e as a w h o l e . T h e rectus ab
d o m i n i s has no paral le l m u s c l e , except its 

contralateral mate , that could contract and 
unload it to provide protect ive splinting. 

If asked to take a deep breath, these pa
tients are l ikely to exhibit paradoxical 
breathing (see Chapter 20) . Although during 
quiet respiration, exhalat ion is essential ly 
performed by the elasticity of the lungs and 
requires little muscular assistance, the 
threat of pain due to stretching of the in
volved rectus abdominis apparently sub
consc ious ly inhibits the normal diaphrag
mat ic contract ion on inspiration. This may 
be a rectus abdominus-diaphragmatic reflex 
inhibi t ion. W h e n the patient inhales deeply 
with the diaphragm, thus protruding the ab
domen, referred pain due to rectus abdo
min is TrPs may be exacerbated. 

T h e bi lateral , transverse, midback pain 
referred from TrPs high in the rectus abdom
inis m u s c l e is usual ly aggravated by taking 
a deep breath, especia l ly w h e n the back is 
arched in marked lumbar lordosis , w h i c h 
further stretches the rectus abdominis . B a c k 
pain from paraspinal TrPs is not usual ly in
f luenced by respirat ion. Herniat ion through 
the abdominal musculature is detected in 
some cases only w h e n the patient is stand
ing rather than recumbent . 

9. TRIGGER POINT EXAMINATION 
Gerwin, et al.41 establ ished that the most 

rel iable criteria for making the diagnosis of 
myofasc ia l TrPs were the detect ion of a 
taut band, the presence of spot tenderness , 
the presence of referred pain, and repro
duct ion of the patient 's symptomat ic pain. 
For several musc les , agreement on the 
presence of a local twitch response was 
low. Of the f ive m u s c l e s tested i t was low
est for the upper trapezius and infraspina
tus musc les . Examinat ion of the more su
perficial external obl ique and rectus 
abdominis musc les should be comparable 
in difficulty to those two test musc les . Lo
cal twi tch responses are not a reliable diag
nost ic test for these musc les for most ex
aminers . T h e n e w understanding of the 
nature of TrPs (see Chapter 2) makes it 
c lear that a fundamental palpable charac
terist ic of a TrP is a tender palpable nodule 
in the middle of a taut band. T h e deeper in
ternal obl ique and transversus abdominal 
m u s c l e s are not rel iably access ible for 
these palpable diagnostic f indings. 
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W h e n the abdomen is e x a m i n e d for 
myofascial TrPs, the supine pat ient should 
take a deep breath using diaphragmatic 
(abdominal) breathing and ho ld the breath 
to passively stretch these m u s c l e s (it he lps 
to relax them) and to increase their sensi
tivity to palpation. To opt imize palpat ion 
of lateral abdominal TrPs, the pat ient l ies 
on the contralateral side and holds a s imi
lar deep breath. Guts te in 5 3 warned that a 
few TrPs are more easi ly found w h e n the 
relaxed abdomen is palpated, and repeated 
palpation may be required before TrP ten
derness is definitely establ ished. 

External Oblique 
Attachment TrPs of the external obl ique 

musc le are found along the lower border of 
the rib c a g e 5 3 and along the l ine where this 
musc le attaches to the i l iac c r e s t . 5 3 , 8 0 T h e 
authors of this manual frequently found 
central TrPs in superficial palpable bands 
that extend be tween the tip of the twelf th 
rib and the crest of the i l ium (Fig. 4 9 . 1 C ) . 

In addit ion to examining the a b d o m e n 
of the supine pat ient by flat palpat ion, the 
patient's h ips may be f lexed to s lacken the 
abdominal musc les , so that the abdominal 
wall in the flank area (external , internal 
obliques and transversus musc les ) can be 
grasped between the f ingers and thumb, as 
shown later in Figure 4 9 . 9 A . W h e n the 
most tender part of a palpable b a n d is 
briskly rol led wi th in the p incer grasp, the 
band usual ly responds wi th a vigorous lo
cal twitch response . S o m e thin pat ients 
with lax abdominal muscula ture m a y be 
examined most effect ively wi th their 
thighs extended at the h ip . 

Internal Oblique 
"F ibros i t ic n o d u l e s " (a descr ipt ion that 

was compat ib le wi th a t tachment TrPs) in 
this musc le were located along the inferior 
margins of the tips of the s ix lower r ibs , 
and also c lose to the pubic b o n e . 8 7 In our 
exper ience , to f ind them, the examiner 
must press down against the upper edge of 
the pubic arch, not on the f lat anterior sur
face of the pubis . T h e s e TrPs feel l ike smal l 
buttons, or short bands at the region of at
tachments of the internal obl ique f ibers . 

Rectus Abdominis 

Act ive TrPs in this m u s c l e are com
m o n l y found in the angle b e t w e e n the 
costal arch and the x i p h o i d p r o c e s s , 5 3 or 
b e t w e e n the x i p h o i d process and the um
b i l i cus . In addit ion, they m a y be found in 
the m i d d l e or lower port ions of the rectus 
abdominis , espec ia l ly along its lateral bor
der and at its a t tachment to the p u b i c b o n e . 

10. ENTRAPMENT 
An anterior b r a n c h of a spinal nerve 

m a y b e c o m e entrapped in the rectus abdo
min is m u s c l e or sheath, is frequently re
ferred to as the rectus abdominis syn
drome, and produces lower abdominal and 
pe lv ic pain that can s imulate gynecological 
disease in female pat ients . T h i s syndrome 
was diagnosed by a test in jec t ion of pro
ca ine to b l o c k the nerve; i f the test in jec
t ion afforded relief , the entrapped nerve 
was cauter ized b y in jec t ion o f 0.5 m l o f 6 % 
aqueous p h e n o l s o l u t i o n . 1 3 4 Others in
j ec ted 5 % and 7 % p h e n o l into the lateral 
border o f the rectus s h e a t h . 2 8 , 9 2 S o m e o f 
these " e n t r a p m e n t s " m a y have b e e n unrec 
ognized TrPs receiving unusual ly vigorous 
therapy. 

Two surgeons 5 5 treated 24 patients for 
nerve entrapment in the rectus abdominis 
muscle by treating a site identified as a 
TrP. Eleven patients were cured by Bupi-
vacaine injection of the site with or with
out steroid, 10 by a nerve-destructive 
procedure, and 2 had persistent symp
toms. A neurologist 1 0 7 attributed the rec
tus abdominis syndrome to spinal nerve 
entrapment of enigmatic etiology. A gyne
cologist 4 5 observed temporary relief in 30 
patients of what he called the Ibrahim 
Syndrome by injecting the tender spot in 
the lateral rectus abdominis with Xylo-
caine. Subsequent surgical loosening of 
adhesions and dilation where the spinal 
nerve exits from the lateral part of the rec
tus abdominis muscle produced lasting 
relief in 8 0 % of patients. 

Three internists 7 9 reported 14 cases of 
definite entrapment of the ilioinguinal 
nerve where it pierces in a step-like or 
zig-zag fashion the transversus abdominis 
and internal oblique muscles at a point 3 
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ascar ias is , 6 e p i l e p s y , 1 0 8 and rectus abdomi
nis h e m a t o m a . 5 2 

A b d o m i n a l pain in an upper quadrant 
m a y be attributed to Tietze's syndrome of 
the costal car t i l ages , 1 2 1 reported also as af
fecting the x iphis ternal j o i n t , 6 7 or to abnor
mal mobi l i ty of the lower intercostal joints , 
w h i c h has been variously referred to as the 
"s l ipping rib s y n d r o m e , " 5 6 or the "rib-tip 
s y n d r o m e . " 9 0 Th i s has been diagnosed by 
the "hooking maneuver , " in w h i c h the f in
gers are hooked under the costal margin to 
pull the ribs forward, demonstrating their 
abnormal mobi l i ty and reproducing the 
p a i n . 9 0 Temporary, somet imes permanent , 
re l ie f from this symptom was obtained by 
the local in ject ion of an anesthet ic agent . 9 0 

S o m e patients exper ienced surgical re
moval of the hypermobi le rib segment and 
reported permanent re l ie f . 5 6 There is a 
strong l ike l ihood that m a n y of these pa
t ients were suffering from enthesit is of 
m u s c u l a r a t tachments to the chondral car
t i lages. T h e chondral intercostal musc les , 
pectoral is major, and transverse abdominal 
m u s c l e s are l ikely candidates for central 
TrPs that could be causing the enthesit is . 

A b d o m i n a l pain, particularly in the 
lower quadrant of the abdomen, may be re
ferred from TrPs in the paravertebral mus
c les (see Chapter 4 8 ) . 5 3 , 9 3 , 9 5 , 1 3 3 Gastroin
test inal pain and cramping has been 
reported from TrPs specif ical ly in the erec
tor spinae b i la tera l ly . 3 7 Conversely, TrPs in 
the lower rectus abdominis musc le can 
cause pain in the thoracolumbar r e g i o n 1 0 9 

and s imi lar pain in that region can also be 
caused by an avulsion injury of the lumbar 
mult i f idus and rotator m u s c l e s , 6 1 or from 
apophysia l j o i n t s . 8 9 Also , nausea and 
be lch ing may result from TrP activity in 
the paraspinal m u s c l e s at the upper tho
rac ic l e v e l . 7 , 2 7 T h r e e examples o f abdomi
nal pain were attributed to remote TrPs in 
the skin i t s e l f . 1 1 0 Lower abdominal pain, 
tenderness and m u s c l e spasm may be re
ferred from TrPs located in the vaginal wall 
about 2 .5 -3 .8 cm (1 to 1 1/2-in) inside the in-
troitus, in a region that is normal ly insen
sitive to digital p r e s s u r e . 9 4 

Urinary frequency, urinary urgency and 
" k i d n e y " pain may be referred from TrPs in 
the skin of the lower abdomen, as wel l as 
from TrPs in lower abdominal musc les . In-

cm medial to and slightly below the ante
rior superior iliac spine. They identified 
this point as a typical TrP that referred 
pain to the iliac fossa groin and/or to the 
back. 

W h e n the entrapment is due to tens ion 
from TrP activity in f ibers of the rectus ab
dominis , inact ivat ion of the TrPs by inject
ing them with 0 . 5 % proca ine solut ion pro
vides a s imp le way to rel ieve the 
s y m p t o m s . 

One r e p o r t 8 1 descr ibed neurolys is of an 
i l io inguinal nerve entrapped by f ibers of 
the internal obl ique m u s c l e that permit ted 
the teacher to return to work wi thout 
s y m p t o m s . 

Severa l of these descr ipt ions s o u n d as i f 
the pat ients were exper ienc ing nerve com
promise due to loss of mesoneura l mobi l 
ity. T h i s loss of mobi l i ty is a restr ict ion of 
the normal s l iding m o v e m e n t of the nerve 
in the t issue through w h i c h it passes as de
scr ibed by But ler and J o n e s . 1 6 

11. DIFFERENTIAL DIAGNOSIS 
I t has been recognized s ince the 1 9 2 0 s 

that pers is tent abdomina l pain is as l ikely 
to originate in abdominal -wal l m u s c l e s or 
be referred from chest -wal l m u s c l e s as i t is 
to originate in abdomina l v i s c e r a . 1 8 Trigger 
points in the diaphragm can also cause 
chest p a i n . 6 5 T h e differential diagnosis o f 
diseases that produce s y m p t o m s w h i c h are 
c o m m o n l y caused by or m a y m i m i c the 
pain caused by abdominal m u s c l e TrPs in
c ludes art icular dysfunct ions , f ibromyal 
gia, a p p e n d i c i t i s , 4 8 , 5 3 pept ic u l c e r , 5 3 , 9 5 gall
s tone c o l i c , 5 3 c o l i t i s , 5 3 painful rib 
s y n d r o m e , 3 1 intractable d y s m e n o r r h e a , 1 2 6 

enigmat ic pe lv ic pain syndrome caused by 
abdomina l wal l T r P s , 1 1 2 c h r o n i c pe lv ic 
p a i n , 8 6 and urinary tract d i s e a s e . 6 2 

T h e referred pain patterns of a n u m b e r of 
abdomina l diseases are m i m i c k e d by TrPs 
in abdomina l wal l m u s c l e s . 1 1 3 Addi t ional 
differential diagnost ic cons iderat ions can 
inc lude hiatal hern ia (gastroesophageal re
f lux) , gastric carc inoma, c h r o n i c cho lecys 
titis or ureteral co l i c , inguinal hernia , he
patit is , pancreat i t is , gynecologic pathology 
(such as ovarian cysts ) , divert iculosis , um
bi l i ca l hernia , thorac ic radiculopathy, up
per lumbar radiculopathy, cos tochondr i t i s , 
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ject ion of a TrP in an old a p p e n d e c t o m y 
scar in the right lower quadrant has re
l ieved frequency and urgency, and in
creased the bladder capaci ty from 2 4 0 ml 
to 4 2 0 ml . S imi lar symptoms from a TrP in 
the skin c lose to M c B u r n e y ' s point were re
l ieved for at least 8 months by its in jec t ion 
with a local a n e s t h e t i c . 6 2 

A TrP high in the adductor m u s c l e s of 
the thigh may refer pain upward into the 
groin and to the lower lateral abdominal 
w a l l . 1 2 3 

Feinstein, et al.35 injected hypertonic 
saline into paraspinal musculotendinous 
tissues, 1.3-2.5 cm (1/2 to 1 in) from the 
midline at each segmental level. The ab
dominal pain patterns referred from 
paraspinal muscles at the T 7 to T 1 2 levels 
were similar, but without the precise de
gree of segmental correspondence that 
was suggested earlier by Melnick. 9 4 Clini
cally, these authors found only an approx
imate anterior segmental correspondence. 

Lewis and Kellgren,"2 and later Kell
gren, 7 0 described pain referred to the ab
domen from interspinous ligaments when 
they were injected with hypertonic saline. 
Hockaday and Whitty 5 8 subsequently 
found that pain was referred from these 
ligaments only to dorsal areas. The more 
extensive pain patterns observed by Kell
gren 7 1 may have been due to his injection 
of paraspinal (non-midline) structures, 
which Hockaday and Whitty scrupu
lously avoided. 

An unusual source of cont inuous severe 
lower abdominal pain is h e m a t o m a of the 
rectus abdominis m u s c l e ; 3 2 , 1 0 4 , 1 0 5 , U 1 , 1 1 5 

M u r r a y 1 0 0 reported three such cases in 
5 5 , 9 0 0 pregnancies , and all three h a d b e e n 
coughing heavi ly w h e n the pain began. 

Articular Dysfunctions 

Articular dysfunct ions associated with 
abdominal TrPs inc lude pubic and i n n o m 
inate dysfunct ions, and depressed les ions 
of the lower ha l f of the rib cage on the s ide 
of involvement . M o v e m e n t restr ict ion of 
the thoracolumbar junct ion that responds 
to mobi l izat ion is somet imes associated 
with a shortened rectus abdominis m u s c l e 
with palpable TrPs that respond to post iso
metric relaxation. S imi lar involvement of 
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the psoas and quardatus l u m b o r u m mus
cles are even more c o m m o n l y assoc ia ted 
with this art icular d y s f u n c t i o n . 8 3 

Fibromyalgia 

W h e n e v e r a pat ient w h o c o m p l a i n s of 
abdominal pain and also has widespread 
pain compla ints that have b e e n present for 
at least 3 m o n t h s , they should be e x a m i n e d 
for fibromyalgia (see Chapter 2, S e c t i o n B ) . 
F ibromyalgia and TrPs are different dis
eases that cause pain for different reasons 
and respond to different t reatment ap
p r o a c h e s . 4 0 More than ha l f o f f ibromyalg ia 
pat ients also have TrPs. 

Appendicitis 
Act ive TrPs in the lateral border of the 

rectus abdominis (Fig. 4 9 . 2 B ) m a y i n d u c e 
recurrent pain in the area of M c B u r n e y ' s 
p o i n t , 6 4 or pain in the i l iac f o s s a . 4 8 T h e s e 
TrPs s imulate the s y m p t o m s of appendic i 
t i s , 5 3 , 1 1 6 wi th marked local tenderness and 
rigidity. Surgeons w h o are unaware of the 
c o m m o n myofasc ia l sources of lower right 
quadrant pain are unders tandably frus
trated by the poor correlat ion b e t w e e n the 
patient 's s y m p t o m s and the pathologica l 
state of the exc i sed a p p e n d i x . 4 9 Nearly 
4 0 % o f the appendices r e m o v e d i n one 
large series were n o r m a l . 1 2 9 One w o u l d sus
pect that m a n y of the 2 2 . 4 % of these oper
ated patients w h o obta ined only partial re
lief, and most o f the 8 . 2 % w h o h a d no 
re l ie f from their " a p p e n d i c u l a r " pain by 
surgery , 1 2 9 had act ive TrPs that contr ibuted 
to their symptoms . A more recent s tudy 
found normal appendices i n 1 2 . 4 % o f " a p 
p e n d i c i t i s " p a t i e n t s . 1 3 2 

W h e n the abdomina l pain suggestive of 
appendic i t i s is due to TrPs in the rectus ab
dominis , that m u s c l e shows a palpable 
nodule and ropiness , w h i c h differ from the 
more general ized, board- l ike rigidity of all 
layers of the abdomina l muscula ture found 
in acute appendic i t i s . Tenderness re l ie f by 
the A b d o m i n a l Tension Test (see S e c t i o n 8) 
and posi t ive laboratory f indings indicat ive 
of infect ion favor appendic i t i s . Rovsing's 
sign (pain from pressure on the left s ide of 
the a b d o m e n due to c o l o n i c gas be ing 
p u s h e d to the r i g h t ) , 1 2 0 and r e b o u n d ten
derness are usual ly present only in visceral 
disease. 
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A b n o r m a l sensi t ivi ty of the i l iopsoas or 
obturator internus m u s c l e s to passive 
stretch due to an inf lamed retrocaecal ap
p e n d i x 1 2 0 must be dis t inguished from a 
s imi lar ly r e d u c e d range of mot ion due to 
act ive TrPs in these two pelv ic m u s c l e s . In 
the latter case , i t is speci f ical ly the m u s c l e s 
that are tender to palpat ion. 

T h e l eucocyte count and erythrocyte 
sedimenta t ion rate are normal in the un
c o m p l i c a t e d myofasc ia l pain syndromes , 
but e levated in acute appendic i t i s and 
other acute inf lammatory visceral disease. 

Urinary Tract Symptoms 

Myofasc ia l TrPs also can i n d u c e pain in 
the urinary b l a d d e r , 6 2 wi th associated 
sphinc ter spasm and res idual ur ine . S o m e 
pat ients have rece ived urethral di lat ion 
and urethrotomy wi thout relief . T h e re
ferred TrP sensat ions have b e e n diagnosed 
as c y s t i t i s . 7 7 Ur inary tract symptoms indi
cat ing prostatit is can be and often are 
caused by intrapelvic TrPs. 

Somatovisceral Effects 
Myofasc ia l TrPs can i n d u c e visceral dis

turbances and dysfunct ions . Also , modifi
cat ion of the sensory input to the central 
nervous system in somat ic areas of pain re
ferred from visceral noc icept ive input can 
modi fy the percept ion of pain. 

G o o d 4 7 reported that a myalgic condi 
t ion of the abdominal muscula ture (de
scr ipt ion compat ib le wi th TrPs) often 
caused funct ional dis turbance of an ab
d o m i n a l v i s c u s . 4 7 A b d o m i n a l TrPs m a y in
duce diarrhea, vomit ing, food intoler
a n c e , 5 3 co l i c and dysmenorrhea in adults or 
excess ive burping in an infant. Diarrhea 
m a y be a c o n c o m i t a n t of TrP act ivity in the 
rectus abdominis , but is more l ikely to de
p e n d on TrPs in the lower-quadrant 
obl ique m u s c l e s (Fig. 4 9 . 1 D ) . 

W e i s s a n d D a v i s 1 2 8 d e m o n s t r a t e d an
other s o m a t o v i s c e r a l re la t ionsh ip by 
m o d u l a t i n g the s o m a t i c l imb o f pr imar i ly 
v i scera l pain . T h e y re l i eved the p a i n re
ferred to the a b d o m i n a l w a l l from a 
d i s e a s e d v i s c u s by inf i l t rat ing the pa in 
r e f e r e n c e z o n e s u b c u t a n e o u s l y (not intra
m u s c u l a r l y ) w i t h a loca l a n e s t h e t i c . T h i s 
e f fec t ive ly a n e s t h e t i z e d the skin of the 

pa infu l area, and probably the under ly ing 
superf ic ia l layers o f m u s c l e . T h r e e pa
t ients w e r e tested w h o suffered from 
acute gal lb ladder disease ; one felt pain 
over the epigastr ium, the other two felt 
pain in the right u p p e r quadrant . S u b c u 
taneous inf i l t rat ion of from 1 2 - 3 0 ml of 
2% p r o c a i n e so lut ion into the area o f re
ferred pain provided re l i e f lasting from 30 
m i n to several hours . In one case , fol low
ing the inf i l t rat ion, pain appeared in an 
ad jacent area, and this pain also was re
l i eved by loca l anes thet i c inf i l trat ion. 
O n e pat ient w i t h acute , and another wi th 
c h r o n i c , a p p e n d i c i t i s h a d pain and ten
derness in the right lower quadrant . Sub
c u t a n e o u s inf i l t rat ion of the painful zone 
w i t h 8 a n d 15 ml o f 2% proca ine , respec
t ively, provided c o m p l e t e temporary pain 
re l i e f in both pat ients . S i m i l a r temporary 
resul ts were reported for pain due to 
n e p h r o l i t h i a s i s , sa lpingi t is and carci 
n o m a of the esophagus . 

T h e o b a l d 1 1 8 e lectr ical ly st imulated the 
endometr ium to s imulate dysmenorrhea by 
producing abdominal wal l pain central ly 
over the rectus abdominis musc les midway 
b e t w e e n the umbi l i cus and the pubis . T h e 
visceral-referred uterine pain was el imi
nated somat ica l ly by procaine infiltration 
of the painful skin and subcutaneous tis
sues in the reference zone, suggesting a 
convergence-faci l i tat ion m e c h a n i s m of re
ferred p a i n . 1 0 6 However, referred abdomi
nal pain produced by sufficiently strong 
e lectr ical s t imulat ion of the uterus was not 
b l o c k e d by local anesthet ic infiltration of 
the abdominal reference zone, suggesting a 
central act ivat ion m e c h a n i s m . Clinically, 
comple te rel ief was usually, but not al
ways , obtained w h e n dysmenorrhea was 
treated by procaine infiltration of this 
painful area over the rectus abdominis 
m u s c l e s . 1 1 8 

Lewis and K e l l g r e n 8 2 establ ished experi
menta l ly that the c l in ica l symptom of in
test inal co l i c can be referred from normal 
rectus abdominis m u s c l e by injecting 0.3 
ml of 6% sodium chlor ide solution just be
low, and 2.5 cm (1 in) outside, the navel . 
Th is irritant solution produced cont inuous 
pain for 3-5 min ; the pain was referred 
deeply in the front of the body, and was in
dist inguishable from the pain of co l i c . 
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Viscerosomatic Effects 

A reciprocal inf luence of visceral struc
tures on somatic regions inc luding m u s c l e s 
can be equally important . T h e reflex spasm 
(rigidity) of the abdominal musc les in re
sponse to the inf lammation of acute appen
dicit is i s wel l k n o w n . 9 6 

Pain, w h i c h previously h a d responded 
to medica l therapy for a duodenal ulcer , 
became unresponsive and pers is ted unt i l 
TrPs in the abdominal musculature were 
found and inac t iva ted . 9 5 T h e ulcer appar
ently had activated these abdominal TrPs 
before i t was healed by medica l treatment . 
T h e n the TrPs cont inued to refer pain that 
was s imilar to that previously caused by 
the ulcer. 

In normal subjects , s t imulat ion of the 
splenic flexure of the smal l intest ine by 
acute distention i n d u c e d pain referred to 
the upper a b d o m e n . 3 0 In pat ients wi th an 
irritable colon, this s t imulus pro jected 
pain also to the precordium, left shoulder , 
neck and a r m . 3 0 T h e upper and lower gas
trointestinal tract of 21 patients wi th 
" f u n c t i o n a l " abdominal pain with no or
ganic cause was systematical ly explored 
using an inflatable b a l l o o n . 9 9 T h e authors 
found trigger areas in the esophagus, smal l 
intest ine, and co lon that produced the pa
t ients ' symptoms. T h e trigger areas c o u l d 
refer pain anywhere in the abdomen. Both 
ileal and je junal hypermobi l i ty have b e e n 
found co inc ident wi th abdominal pain in 
these patients . Th is raises the quest ion of 
h o w c o m m o n l y do TrPs of the intest inal 
mucosa cause serious gastrointest inal and 
somatic symptoms. T h i s is an essent ia l ly 
unexplored possibil i ty. 

Specific viscero-rectus abdominis and 
viscero-pannicular reflexes were re
ported in the cat. Pinching the pancreas, 
or the mesentery, or a loop of the duode
num consistently produced a marked 
contraction of the rectus abdominis mus
cle . 8 2 Dilatation of the gallbladder by a 
balloon caused contraction of the subcu
taneous panniculus carnosus muscle 
over the lateral and dorsal thorax of the 
cat. 9 

Giamberardino, et al . 4 2 studied re
sponses to ureteral stone implants in rats 
for as long as 10 days. They observed a di-
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rect linear correlation between severity of 
visceral pain episodes and hyperalgesia 
of the ipsilateral external abdominal 
oblique muscle. The amount of referred 
lumbar muscle hyperalgesia appears to be 
a direct function of the amount of colic 
pain experienced. 

Trinca 1 2 5 demonstrated a viscerosomatic 
reflex when stimulation of the gastric mu
cosa by drinking a cup of hot tea caused 
reddening of epigastric skin that had been 
previously irritated by a rubefacient. 

Related Trigger Points 

Although one f irst th inks of TrPs in the 
abdomina l muscula ture to expla in nonvis -
ceral abdominal pain, there are other TrP 
sites to be cons idered . Epigastr ic pain sug
gestive of a duodenal u lcer m a y arise from 
"f ibrosit ic n o d u l e s " (TrPs) in the region of 
the serratus anterior m u s c l e , and has b e e n 
effect ively treated by digital pressure on 
the n o d u l e s . 1 3 1 

T h e TrPs in the lower lateral abdomina l 
wal l are often associated wi th act ive TrPs 
high in the adductor m u s c l e s of the thigh, 
w h i c h m a y refer pain upward ins ide the 
abdomen. 

G u t s t e i n 5 3 emphas ized , and we agree, 
that i t is important to look for addit ional 
tender points above and b e l o w the inguinal 
l igament on the same side as the pain and, 
i f found, for corresponding points on the 
opposi te s ide. 

12. TRIGGER POINT RELEASE 
(Figs. 49.7 and 49.8) 

In addit ion to the spray-and-stretch 
t e c h n i q u e descr ibed here , other t echniques 
inc luding post i sometr ic r e l a x a t i o n 8 5 and 
contract re lax as descr ibed in Chapter 3 , 
S e c t i o n 12 are also effect ive for re lease of 
central trigger points (TrPs) in all of the ab
dominal m u s c l e s . Trigger point pressure 
re lease is usual ly only appl icable to the su
perficial external obl ique and rectus abdo
min is m u s c l e s . T h e pr imary therapeut ic 
approach to attachment TrPs is to inact i 
vate the central TrPs that are causing them. 

Act ive TrPs in the abdomina l m u s c l e s of 
infants and young ch i ldren are part icular ly 
responsive to stretch and spray. In adults , 
before in ject ing the abdominal TrPs, one 
should f irst look for and inact ivate any TrPs 
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Figure 49.7. Stretch position and spray pattern (ar
rows) for trigger points in abdominal muscles on the 
left side of the body with follow-up full range of motion. 
A, The patient lies supine with the hip joint at the edge 
of the treatment table, and with the lower limbs ex
tending over the end of the table. The hips are padded 
with a pillow. The arms are raised and one lower limb is 
supported on a stool or chair seat. The lower limb on 
the treatment side at first is supported by the stool or 
by the therapist in order to allow gradual stretch. After 
the operator initially applies vapocoolant with sweeps 
in the caudal direction, the patient allows the lower 
limb on the treatment side (left) to hang free and then 
takes a very deep breath, allowing the downward-
moving diaphragm to strongly protrude the relaxed ab
dominal musculature. This is a critical step to stretch 

the abdominal muscles effectively. As the patient com
pletes the inhalation and begins to slowly exhale, 
sweeps of spray are applied in a caudal direction and 
extend to the attachment of the iliopsoas muscle, 
since that muscle (which often has trigger points) also 
is stretched by this procedure. The procedure should 
be repeated for the contralateral abdominal muscles. 
B, bilateral knee-to-chest position that unloads stress 
that might have been placed on the lumbosacral spine. 
The patient assumes this position after release of the 
muscles on both sides of the abdomen. In this posi
tion, the abdominal muscles are fully shortened when 
the patient gently and fully exhales. To restore full func
tional range of motion, the patient should gently alter
nate between the fully stretched and the fully short
ened position three times, one leg at a time. 

in the b a c k m u s c l e s that refer pain to the ab
domen, s ince TrPs in the a b d o m e n m a y be 
satel l i tes of the dorsal TrPs. Satel l i te TrPs 
from the reverse direct ion can also occur. 

To stretch and spray the rectus abdo
m i n i s m u s c l e (Fig. 4 9 . 7 ) , the pat ient l ies 
supine on a p l in th or firm support wi th the 
legs extending over the end, wi th the arms 
pos i t ioned upward over the head , and wi th 

one foot supported on a stool so that ini
t ial ly the thighs are not extended at the 
h ips . T h e procedure is i l lustrated and de
scr ibed in Figure 49 .7 . In the authors ' clin
ical exper ience , an up-pattern of vapocool-
ing, w h i c h was r e c o m m e n d e d by others , 9 3 

is not as effective as the down-pattern (Fig. 
4 9 . 7 ) . Both right and left rectus abdominis 
m u s c l e s should always be treated, s ince 
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they funct ion as a team and usual ly are 
both involved. Range of mot ion through 
flexion and extens ion can be carried out as 
i l lustrated in Figure 4 8 . 1 4 

The patient should be taught h o w to 
self-stretch the rectus abdominis as i l lus
trated and descr ibed in Figure 4 9 . 8 . 

To stretch the more lateral external 
oblique musc le , the patient lies on the con
tralateral side and the uppermost shoulder 
is lowered backward toward the table. 
Th is act ion rotates the thoracolumbar 
spine, as when stretching the serratus an
terior musc le (see Fig. 4 6 . 4 B ) . To release 
the underlying internal obl ique m u s c l e , 
the patient rotates the uppermost hip 
rather than the shoulder backward toward 
the table, turning the thorax in the oppo
site direction. In each posi t ion, the spray 
pattern fol lows the l ine of the m u s c l e 
fibers in a caudal direct ion. 

Starting with the lower l imbs in the po
sition i l lustrated in Figure 4 9 . 7 A, the pa
tient can perform full act ive range of m o 
tion of the obl ique musc les by moving the 
thigh from the fully extended posi t ion to a 
fully flexed posi t ion with the knee moving 

Figure 49.8. Self-stretch of the abdominal muscles. In 
the prone position, the patient does a press-up, 
weight-bearing on the upper limbs to arch the back, 
while being careful to keep the pelvis firmly against 
the base of support. Deep inhalation using diaphrag
matic breathing protrudes the abdomen, which further 
lengthens and releases tight abdominal muscles. See 
text for a more detailed explanation. 

toward the opposi te axi l la and then return
ing to the diagonal ly ex tended posi t ion. 
T h e contralateral m u s c l e s are taken 
through range of mot ion by repeating the 
procedure with the other lower l imb. T h e n , 
mois t heat is appl ied prompt ly over the 
treated m u s c l e s . 

Dysmenorrhea may be re l ieved by di
rect ing paral lel sweeps of vapocoolant 
spray downward over the painful region of 
the a b d o m e n 3 8 for 15 or 20 s e c . 3 4 T h e au
thors of this v o l u m e are careful to avoid 
frost ing the skin, by cont inuous ly moving 
the stream of spray in paral le l l ines . T h e 
pat ients m a y be taught to apply the 
Gebauer Spray and Stre tch Vapocoolant 
themselves , i f repeated appl ica t ions are 
necessary. Ethyl ch lor ide is not recom
m e n d e d for use by pat ients . 

T h e appl icat ion of effect ive TrP pressure 
release to individual TrPs in the abdomina l 
m u s c l e s requires that the m u s c l e be p laced 
on suff icient tens ion. Pressure re lease is 
most success ful for the TrPs c lose to the 
arch of the p u b i c b o n e s , and less success 
ful in patients wi th excess adipose t issue. 

13. TRIGGER POINT INJECTION 
(Figs. 49.9-49.11) 

M e l n i c k 9 5 reported that, in a series of 36 
patients w h o s e epigastric pain had b e c o m e 
refractory to u lcer treatment , 32 responded 
success fu l ly to myofasc ia l trigger point 
(TrP) inact ivat ion and were returned to a 
normal diet wi thout symptoms or n e e d for 
medica t ion . He in jected their abdomina l 
TrPs once or twice w e e k l y unt i l no further 
m u s c u l a r hypersensi t iv i ty w a s present . 
Other a u t h o r s 6 3 w h o appear to be unaware 
of TrPs identi fy rectus abdominis spot ten
derness as rectus abdominis m u s c l e syn
drome w h e n in jec t ion of the spot wi th l i
docaine re l ieved pat ients ' pain. Ling and 
S l o c u m b 8 6 demonstrated the impor tance o f 
identifying and in ject ing abdominal wal l 
TrPs for re l ie f of c h r o n i c pe lv ic pain. 

Most TrPs in abdominal m u s c l e s can be 
reached with a 3 .8 -cm (1 1/2in) needle un
less the pat ient is obese . Bet ter control is 
obtained by insert ing it at a sha l low angle 
than by insert ing i t near ly perpendicular to 
the skin. T h e sha l lower angle makes i t eas
ier to align the shaft of the needle wi th the 
m u s c l e fibers and to feel the changes in 
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t a c h m e n t TrPs depending on their relation 
to the tendinous inscr ipt ions . Guts te in 5 3 

warned of post in ject ion soreness and stiff
ness for 6-12 hr fol lowing in ject ion of the 
upper rectus abdominis . K e l l y 7 5 est imated 
that only one-third of these in ject ions re
l ieved the patient 's pain as compared with 
Meln ick ' s 9 1 % success r a t e ; 9 5 the patients 
were se lected very differently. H u n t e r 6 4 

emphas ized to his patients the importance 
of their emanc ipat ion from the fear of pain. 
Among 21 cases , he reported that 12 ( 5 7 % ) 
were fully rel ieved of pain and 5 ( 2 4 % ) 
were partly re l ieved of pain. Dry needling 
leads to more post in ject ion soreness than 
in ject ion of an a n e s t h e t i c . 6 0 We f ind that 
c lose attention to perpetuating factors is es
sential to a high success rate. 

In ject ion of upper rectus abdominis 
TrPs in the space be tween the costal mar
gin and the x i p h o i d process (Fig. 4 9 . 1 1 A ) 
again requires careful technique with at
tent ion to the depth of needle penetration 
to avoid entering the abdominal cavity, as 
also descr ibed and i l lustrated by Rach
l i n . 1 0 3 Exper ience gained by injecting TrPs 
in other musc les teaches one to recognize 
the dif ference in the feel of the t issue as the 
needle penetrates skin, subcutaneous fat, 
ep imys ium, and then the musc le f ibers of 
the rectus abdominis . Penetrat ion beyond 
the s e c o n d layer of ep imys ium (the poste
rior rectus sheath) is avoided; i t must be re
m e m b e r e d that there is no posterior sheath 
to the rectus abdominis be low the arcuate 
l ine , w h i c h l ies a short distance be low the 
navel . 

In supine subjects w h o are relatively 
thin, the needle can be inserted horizontally 
into the lateral border of the rectus abdo
min is by depressing the abdominal wall lat
eral to the rectus sheath (Fig. 49 .11C) . This 
m u s c l e is l ikely to respond with marked lo
cal twitch responses . In one case, with the 
patient 's h ips and knees flexed, when the 
needle penetrated a rectus abdominis TrP, 
the feet were lifted 10 cm (4 in) off the table 
by the vigor of the local twitch response. 

In ject ion of the f ibers c lose to the pubic 
a t tachment of the rectus abdominis is ac
c o m p l i s h e d by directing the needle toward 
the p u b i c b o n e (Fig. 4 9 . 1 1 B ) . 

In ject ion of TrPs in the pyramidalis 
m u s c l e is a c c o m p l i s h e d by directing the 

c o n s i s t e n c y of fat, fascia, and m u s c l e as the 
n e e d l e penetrates success ive layers . One 
s h o u l d be careful to avoid penetrat ing the 
per i toneal cavity wi th the needle . 

Act ive full range of m o t i o n as descr ibed 
in the previous sect ion, together wi th repe
t i t ion of vapocool ing , should be performed 
s lowly after the TrP in jec t ion and then fol
l o w e d by mois t heat . 

Lateral Abdominal Muscles 
(Figs.49.9 and 49.10) 

In ject ion of TrPs in the part of the exter
nal obl ique m u s c l e overlying the r ibs em
ploys a t e c h n i q u e s imi lar to the in ject ion 
of the serratus anterior or serratus poster ior 
m u s c l e s , wi th precaut ions to avoid pene
trating an intercostal space and the pleura. 

In ject ion of the lateral wal l obl iques is 
preferably done w h e n poss ib le by p inching 
the a b d o m i n a l wal l b e t w e e n the f ingers 
and t h u m b so that no abdomina l contents 
remain w i t h i n the p incer grasp (Fig. 4 9 . 9 A 
and C) . T h e TrP is located by rol l ing the 
muscula ture b e t w e e n the digits to identi fy 
a tender n o d u l e in a palpable band . T h e 
needle is then directed prec ise ly into the 
TrP, w h i c h is f ixed wi th in the operator's 
grasp. 

S u p r a p u b i c a t tachment TrPs are felt as 
l i tt le but tons wi th bands extending into the 
m u s c l e where the muscula ture attaches to 
the upper border of the pubic b o n e (Fig. 
4 9 . 9 B ) . T h e s e are in jected from above, di
rect ing the needle toward the pubis . T h e s e 
a t tachment TrPs m a y be respons ive also to 
TrP pressure release . 

In jec t ion of the transversus abdominis 
a t tachment TrPs along the costal margin 
(Fig. 4 9 . 1 0 ) requires spec ia l care. T h e mus
c le at taches to the unders ide of the costal 
margin where the f ibers interdigitate wi th 
the diaphragm, b e y o n d w h i c h l ies the 
pleura. T h e exact posi t ion of the needle tip 
can be es tabl ished by gently contact ing the 
costal carti lage and walking the needle 
d o w n from there . 

Rectus Abdominis 
(Fig. 49.11) 

Severa l authors have noted the effec
t iveness of in ject ing TrPs in the rectus ab
d o m i n i s m u s c l e for re l ie f of abdomina l 
p a i n . 7 4 , 8 8 , 1 1 7 T h e s e m a y be central o r at
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needle cephalad c lose to the midl ine , away 
from the pubis , rather than toward the 
bone . 

14. CORRECTIVE ACTIONS 
(Figs. 49.12 and 49.13) 
Visceral Disease and Other Causal Factors 

Myofascial TrP activity may persist long 
after the initiating acute visceral disease 

has resolved. However, i f the init iat ing vis
ceral les ion persists (e.g., pept ic ulcer , neo
plasm, or intest inal parasites) , t reatment 
directed only to the TrPs provides mere ly 
transient or partial relief. Causative factors 
must be resolved for lasting r e l i e f . 9 5 , 1 1 7 

Likewise , perpetuating stresses on the 
musc les must be reduced or e l iminated to 
obtain prolonged relief . Inc luded are e m o 
t ional stress, viral infec t ions , and m e c h a n -

Figure 49.9. Injection of the external abdominal 
oblique muscle. A, pinching the abdominal wall per
mits grasping the muscle and its trigger points be
tween the digits without any abdominal contents. B, 
suprapubic attachment trigger points are injected 
against the upper border of the pubic arch. Dashed 

line marks upper border of the pubic bones. C, alter
nate manner of grasping the abdominal wall to avoid 
injecting abdominal contents while injecting myofas
cial trigger points in the oblique or transverse abdom
inal muscles. 
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Figure 4 9 . 1 1 . Injection of trigger points in the right 
rectus abdominis muscle. The dotted line outlines the 
xiphoid process in Parts A, C and D, and in B the dot
ted line outlines the upper border of the inguinal liga
ment and pubis. A, in the para-xiphoid space, with 
close attention to the depth of needle penetration. B, 

in the suprapubic region. The pyramidalis muscle also 
lies in this region, but the needle is directed cephalad 
to inject that muscle. C, along the lateral border of the 
muscle, just above the umbilicus. D, in the lower rec
tus abdominis adjacent to McBurney's point. 
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Figure 49 .10 . Injection of the right transversus abdo
minis muscle for attachment trigger points along the 
costal margin. The needle is directed at the caudal 
border of the rib, not deep to it. 
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Figure 49.12. The Pelvic-tilt Exercise strengthens the 
abdominal muscles and stretches the lumbar spinal 
muscles. Upper Panel, normal relaxed starting posi
tion. Hands (not shown) can be used to monitor pelvic 
position by placing each hand so that a finger is 
touching the anterior superior iliac spine (ASIS) and 
the thumb is touching the lower rib cage (open space 
indicated by clashed lines). Lower Panel, pelvis tilted 
posteriorly: the patient tilts the pelvis to flatten the 
lumbar spine by contracting the lower abdominal 
muscles, pulling the anterior pelvis up while breathing 
out. This contraction brings the symphysis pubis to

ward the xiphoid process, approximating the patient's 
fingers and thumbs by bringing the ASIS closer to the 
rib cage. The lumbar spine remains firmly supported 
on the bed while the distal tip of the buttocks and the 
coccyx are rocked upward, as shown. (This should be 
accomplished by contracting the muscles in the lower 
abdomen, NOT the gluteal muscles [buttocks], and 
not by pushing with the feet.) The patient should hold 
the low back flat for several seconds, breathing nor
mally with the chest, then relax and allow the pelvis to 
return to the starting position in the upper panel. Re
peat the exercise several times. 

ical distortions to compensate for an awk
ward or s tooped sitting posture. T h e pa
tient should use a smal l p i l low for lumbar 
support and should lean against the back
rest of the chair. Th is increases lumbar lor
dosis and raises the thorac ic cage anteri
orly, w h i c h places the more longitudinal 
abdominal musc les on gentle stretch. A 
very tight elast ic belt or girdle may com
press the abdominal musc les , interfering 
with their c irculat ion. 

Exercises 

Helpful exerc i ses for the a b d o m i n a l 
muscula ture i n c l u d e a b d o m i n a l (di
aphragmatic) breathing, the Pelvic - t i l t 
and the Si t -back/Sit -up E x e r c i s e s , a n d 
laughter. 

Abdominal (Diaphragmatic) Breath
ing. T h e most ef fect ive act ive stretch ex
ercise for these m u s c l e s is a b d o m i n a l 

b r e a t h i n g 3 9 ( s e e Chapter 2 0 ) . A b d o m i n a l 
breathing, e s p e c i a l l y w i t h the pat ient 
prone, s t re tches the lateral a b d o m i n a l 
w a l l m u s c l e s . 

Pelvic Tilt. T h e Pelvic- t i l t Exerc i se is a 
gentle and effect ive strengthening move
ment for the lower rectus abdominis . I t is 
i l lustrated as a f lexion exerc ise , by 
W i l l i a m s , 1 3 0 and as " p e l v i c t i l t ing" by Cail
l i e t . 1 7 T h e exerc ise is per formed as i l lus
trated and descr ibed in Figure 4 9 . 1 2 . 

Sit-back/Abdominal-curl/Sit-up. T h e 
Sit-back/ Abdominal -cur l/Si t -up Exerc i se 
is the smooth c o m b i n a t i o n of three exer
c ises (Fig. 4 9 . 1 3 ) . T h i s c o m b i n a t i o n exer
c ise should always begin with the Sit- b a c k 
Exerc i se (Fig. 4 9 . 1 3 A ) , w h i c h i s presented 
by C a i l l i e t 1 7 as a progressive " u n c u r l . " It re
sults in a lengthening, not shortening con
tract ion of the abdominal muscula ture . 
T h e lengthening contract ion of the S i t -back 
places relat ively less load on the involved 
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Figure 49.13. A, The Sit-back Exercise is a progres
sive uncurling that starts in the sitting position and 
ends supine. The initial sitting position is attained with 
the help of the arms (not shown). Knees and hips 
should be bent and the feet fixed. From this initial sit
ting position, the patient leans back slightly. After a 
few degrees of uncurling, the patient returns to the 
starting position. Progressive uncurling, with assisted 
return to the starting position, is repeated until uncurl
ing reaches the full supine position. B, When a full Sit-
back has been achieved, the Abdominal-curl Exercise 

involves rolling up with the patient supine. Progres
sively, the head is raised free of support, then the 
shoulders, and finally the scapulae, while the lumbar 
spine remains firmly supported. C, the Sit-up Exercise 
requires rolling up through an abdominal curl to the full 
sitting position. The strength required to do this exer
cise increases as the hands (not shown) are held, first 
at the level of the hips, next at the abdomen, then at 
the chest and, finally, at the back of the head. The Sit-
up should not be done unless it is pain-free. 

abdomina l m u s c l e s because of the greater 
strength and ef f ic iency of a lengthening, as 
c o m p a r e d with a shortening c o n t r a c t i o n . 5 7 

First , the pat ient pushes h i m s e l f or herse l f 
up into the sit-up posi t ion wi th the arms 
and then does a s low Si t -back (Fig. 
4 9 . 1 3 A ) . T h e cur l -down m o v e m e n t o f the 
S i t -back s h o u l d be m a d e smooth ly and 
slowly, wi thout jerks. 

T h e pause be tween each cyc le of the ex
ercise is as important as the movement , 
and should be equally long. During the 
pause , the m u s c l e has t ime to recharge 
with b lood and to wash out waste prod
ucts . A full inspiration/expiration at the 
end of each Si t -back helps to re-establish 
comple te relaxat ion of the musc les and to 
pace the exerc ise . 
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T h e patient starts by doing the exerc ise 
on alternate days or, if the abdominal mus
culature is still sore, skips two days; then 
the number of S i t -backs is gradually in
creased to a goal of 10 per daily session. 

Only w h e n the S i t -back goal is reached 
does the patient proceed to the A b d o m i n a l -
curl (Fig. 4 9 . 1 3 B ) , w h i c h is a partial S i t -up, 
described by W i l l i a m s 1 3 0 as a f lexion exer
c ise . Th is is done as a " p e e l - u p " wi th the 
spine flexed, so that each success ive verte
bra leaves the floor in turn. 

W h e n the Abdominal -cur l Exerc i se can 
be done comfortably 10 t imes , the patient 
may start the Sit-up Exerc ise (Fig. 4 9 . 1 3 C ) , 
as i l lustrated by W i l l i a m s 1 3 0 and by Cail
l i e t 1 7 as an abdominal f lexion exerc ise . 

Laughter. Laughter is a vigorous iso
metric exercise for all of the abdominal 
musc les and is "p leasant m e d i c i n e . " 

Other Actions 

T h e patient should learn h o w to apply 
trigger point pressure release to individual 
TrPs. W h i l e lying in a tub of w a r m bath wa
ter, the patient locates a tender spot, pro
trudes the abdomen and then appl ies 
steady and increasing pressure direct ly on 
the sore spot unt i l it is no longer sensi t ive 
to the sustained pressure. Subsequent ly , 
that spot should still be nontender , but oth
ers that remain can be s imilar ly inact i 
vated, TrP by TrP. T h i s self- treatment is 
especial ly valuable , be tween menstrual pe
riods, to m i n i m i z e dysmenorrhea . 

Skin-rol l ing for panniculos i s over the af
fected abdominal musc les also may be ef
fect ively performed by the patient , w h i l e 
relaxing in a warm bath. Patients wi th 
paradoxical breathing (asynchrony of the 
chest versus the diaphragm and abdominal 
muscles) must learn proper respiratory m e 
chanics (see Figs . 20 .15 and 2 0 . 1 6 ) . 
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A band, 45, 46 
Abdominal breathing, see Diaphragmatic breathing 
Abdominal external oblique muscle 

referred pain and visceral symptoms due to trig
ger points in, 942 

Abdominal "fullness" feeling, 940, 943, 944, 952 
Abdominal muscles, 9 4 0 - 9 7 0 

activation of trigger points in, 940, 9 5 2 - 9 5 3 
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corrective actions, 533-534, 940 , 9 6 3 - 9 6 7 , 

965-966 
differential diagnosis, 940 , 942, 944, 9 5 6 - 9 5 9 
fiber direction memory aid for, 946 , 946 
function of, 940, 9 4 9 - 9 5 1 
functional unit, 951 
innervation of, 949 
nerve entrapment by, 9 5 5 - 9 5 6 
pain referred from, 9 4 0 - 9 4 6 , 942, 944-945 
patient examination, 97-99, 9 5 3 - 9 5 4 
sequence of activation, 9 4 9 - 9 5 0 
symptoms from, 9 5 1 - 9 5 2 , 952 
trigger point examination, 9 5 4 - 9 5 5 , 960 
trigger point injection, 940 , 961, 963-964 
trigger point release, 940, 9 5 9 - 9 6 1 , 960-961 
trigger points in, and articular dysfunctions, 957 

Abdominal oblique muscles 
anatomy of, 946 , 946-949 
fiber direction in, 946, 946 
pain referred from, 941 , 942 
patient examination, 954 

Abdominal pain 
muscles involved in, 802 , 803 
visceral and muscular sources of, 956 

Abdominal tension test 
for abdominal oblique muscles, 954 
for distinguishing between muscular and visceral 

pain, 953, 957 
Abdominal wall pain 

chronic 
trigger point pain vs., 37 

Abdominal-curl exercise, 966, 967 
Abduction 

definition of, 1 
horizontal 

definition of, 3 

Abductor digiti minimi muscle, 791 
anatomy of, 789 , 790 
innervation of, 789 
pain referred from, 787, 788 
trigger point injection, 7 9 6 - 7 9 8 

Abductor pollicis brevis muscle, 745, 791 
Abductor pollicis longus muscle, 694, 716 
Abductor pollicis stretch exercise, 783 , 783 
Above 

definition of, 102 
Abscessed tooth 

as perpetuating factor, 224 
Accelerated fatiguability of muscles with trigger 

points, 24, 25 
Acceleration-deceleration injury of neck, 437 , 

4 3 9 - 4 4 0 , 4 5 1 - 4 5 2 
longus colli trigger points in, 404 
scalene trigger points in, 511 
trapezius muscle and, 287 

Accessory muscles of respiration, (see Respiratory 
muscles, accessory) 

Accu-Back lumbar support, 265 
Acetylcholine (ACH), 53, 55 

excessive release of 
from dysfunctional motor terminals, 71 , 

7 3 - 7 4 , 74 
receptors for, 55 

Acetylcholine noise, 63 
(see also Spontaneous electrical activity 

(SEA)) 
Acetylcholinesterase, see Cholinesterase 
ACH, see Acetylcholine (ACH) 
Acromioclavicular joint disorders 

deltoid trigger points vs., 631 
teres minor trigger points vs., 5 6 8 - 5 6 9 

Actin, 45 , 46-47 
Activation 

shortening 
definition of, 6 - 7 

of trigger points, 1 1 0 - 1 1 2 
Active myofascial trigger point 

definition of, 1 
Active range of motion 

definition of, 1 
Active trigger points, 1, 12, 78 

971 
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Active trigger po ints—cont inued 
distribution of, 54, 60-61, 64-67, 6 5 - 6 7 
electrical activity recorded at, 6 0 - 6 1 , 61 
identification of, 2 1 , 35, 35 
jump sign and, 119 
symptoms of, 19 

Activities of daily living 
movement and posture in, 8 1 5 - 8 1 6 

Activity goals, 1 6 9 - 1 7 0 
Activity posture, 170 
Acupuncture needles 

for dry needling, 163 
Acupuncture points 

trigger points vs., 41—42 
Acute 

definition of, 1 
Acute pain 

areas of brain involved in, 57 
myofascial trigger point, 267 

Adduction 
definition of, 1 

Adductor pollicis muscle, 7 7 4 - 7 8 5 , 791 
activation of trigger points in, 774, 777 
anatomy of, 774, 776 , 778 
corrective actions, 774, 7 8 3 - 7 8 4 , 783-784 
differential diagnosis, 780 
function of, 774, 776 
functional unit, 777 
innervation of, 776 
pain referred from, 774 , 775 
patient examination, 774, 7 7 7 - 7 7 9 , 780 
symptoms from, 774, 777 
trigger point examination, 774, 780 
trigger point injection, 774, 781 , 782 
trigger point release, 774, 7 8 0 - 7 8 1 , 781 

Adductor pollicis stretch exercise, 774 
for interosseous muscles, 786, 798 

Adenine arabinoside 
for herpetic lesions, 223 

Adenosine diphosphate, 45 
Adenosine triphosphate, 45 , 71 
Adhesive capsulitis, 19 

"frozen shoulder" due to 
myofascial trigger point pain vs., 488 , 

6 0 4 - 6 0 5 
( s e e also Subscapularis muscle) 

Adiposa dolorosa 
panniculosis vs., 115 

Aerobic metabolism 
role of pyridoxine in, 193 

Against-doorjamb exercise 
for biceps brachii , anterior deltoid, and coraco-

brachialis muscles, 658 
for coracobrachialis muscle, 646 
for deltoid muscle, 634 

Agonist 
definition of, 1 

Air hunger serratus anterior trigger point and, 893 
Alcohol 

trigger points and, 149 

Alcohol abuse 
effect on trigger points, 189 
pyridoxine deficiency associated with, 195 
signs and symptoms of, 190 

Algometry, 17, 2 7 - 2 8 
Allergic rhinitis 

as perpetuating factor, 2 2 5 - 2 2 6 
Allodynia 

definition of, 1-2 
Amebiasis 

abdominal trigger points due to, 952 
as perpetuating factor, 225 

Amino acid metabolism 
pyridoxine in, 193 

Amiodarone 
hypothyroidism due to, 217 

Analgesia 
definition of, 2 

Analgesic-rebound headache, 246 
Anatomical position 

definition of, 2 
Anatomy of the Human Body (Gray), 102 
Anconeus epitrochlearis muscle 

compression neuropathy due to, 677 
Anconeus muscle, 694, 716, 766 

anatomy of, 671 , 672 
function of, 671 
functional unit, 6 7 1 - 6 7 3 
innervation of, 671 
pain referred from, 670 , 670 
trigger point injection, 683 , 683 
( s e e also Triceps brachii muscle) 

Anemia 
iron deficiency, 209 
megaloblastic, 1 9 8 - 1 9 9 , 302 
pernicious, 1 9 8 - 1 9 9 , 302 

Angina 
trigger point pain vs., 37, 8 2 9 - 8 3 3 
trigger points due to, 8 5 9 - 8 6 0 

Ankylosing spondylitis, 458 
Annulus fibrosus 

surface tears to 
as source of back pain, 8 0 7 - 8 0 8 

Anorexia 
as pseudo-visceral phenomenon, 940 

Antagonist 
definition of, 2 

Antebrachial fascia, 745, 758 
Antecubital pain 

muscles causing, 686 , 687 
Anterior 

definition of, 2 
"Anterior abdominal wall syndrome," 952 
Anterior digastric test, 405 
Anterior head position 

assessment of, 2 6 1 - 2 6 3 , 262, 810 
rationale for treatment of, 263, 264 

Anterior horn of spinal cord 
connection of muscle motor unit to, 48 

Anterior scalene muscle, 867 
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Anterior scalene syndrome, 5 0 9 - 5 1 0 
first rib involvement in, 5 2 1 - 5 2 2 

Anticonvulsant drugs 
abnormal thyroid function due to, 217 

Antihistamines 
for allergies, 226 
for sleep, 1 4 8 - 1 4 9 

Antitubercular drugs 
as pyridoxine antagonists, 195 

Anxiety, 221 
expressed as muscle tension, 221 

Apoenzyme, 187 
Appendicitis pain 

abdominal muscle trigger points vs., 37, 940, 
943, 944, 952, 9 5 6 - 9 5 8 

local anesthetic infiltration for, 958 
Arcade of Frohse, 733 

surgical release of, 735 
Architectural arrangement of fibers (see Fiber ar-

chetecture) 
Arm band 

for tennis elbow, 735 
Armrests 

design of, 814 
Arm(s) 

abduction of 
definition of, 1 

adduction of 
definition of, 1 

definition of, 2 
pain in 

due to scalene muscle trigger points, 505 
guide to muscles involved in, 486 , 487 

short 
correction for, 2 9 9 - 3 0 1 , 300 
as trigger point perpetuator, 183 

swinging exercise for, 611 
test for abduction and lateral rotation of, 489 , 

489 
Arrhythmia trigger point, see Cardiac arrhythmia 

trigger point 
Arthritis 

cervical, 457, 458 
supraspinatus trigger points vs., 544 

periarticular, 19 
Articular dysfunction 

associated with abdominal muscle trigger points, 
957 

associated with scalene muscle involvement, 
5 1 6 - 5 1 8 , 518 

associated with thoracolumbar trigger points, 924 
C 4 -C 6 

trigger points associated with, 5 1 6 - 5 1 7 
of first rib, 518, 518 
in forearm and hand pain, 688 
of ribs 

intercostal trigger points vs., 878 
of ribs 8 and 9 vs. serratus anterior trigger 

points, 894 
as source of back pain, 8 0 6 - 8 0 7 

as source of head and neck pain, 457 
specific muscles in, 809 
as synergistic pain source, 8 0 8 - 8 0 9 
T 1 0 - L 2 associated with serratus posterior interior 

trigger points, 911 
trapezius trigger points and, 2 9 2 - 2 9 3 
trigger point pain vs., 4 0 - 4 1 

Artisan's finger-stretch exercise, 7 2 4 - 7 2 6 , 725, 771 
for weeder's thumb, 7 8 3 - 7 8 4 

Ascariasis 
abdominal muscle trigger points vs., 956 

Ascorbic acid, 187, 2 0 4 - 2 0 8 
deficiency of, 2 0 4 - 2 0 8 
insufficiency and deficiency of, 2 0 5 - 2 0 6 

treatment for, 2 0 7 - 2 0 8 
laboratory tests for, 206 
megadoses of, 189, 207 
requirements and sources of, 2 0 6 - 2 0 7 

Associated myofascial trigger point 
definition of, 2 

Assymmetrical pelvis 
correction of, 9 3 1 - 9 3 3 , 932 
low back pain and, 9 3 1 - 9 3 3 

Atlantoaxial joint 
arthritis of 

occipital trigger points in, 452 
definition of, 2 
normal range of motion, 475 
subluxation of, 4 5 9 - 5 6 0 

ATP (adenosine triphosphate), 45 , 46 , 71 
ATrP, see Attachment trigger point (ATrP) 
Attachment 

of muscle 
definition of, 102 

Attachment trigger point (ATrP), 70, 122, 123, 124, 
164, 365, 454 , 682 (see also Enthesopathy) 

central trigger point vs., 1 2 6 - 1 2 7 
definition of, 2 
identification of, 159 

Atypical angina 
diaphragmatic trigger point vs., 880 
pectroalis major trigger point vs., 828 
trigger point pain vs., 37 

Atypical facial neuralgia 
trigger point pain vs., 37, 308, 318 

Atypical migraine 
trigger point pain vs., 37 

Augmentation of trigger point release 
eye movement, 144 
respiratory, 1 4 3 - 1 4 4 

Autonomic dysfunction 
associated with active trigger points, 21 

Autonomic modulation of trigger point activity, 
75 

Autonomic phenomena 
referred 

definition of, 6 
Axillary artery, 517 

pectoralis minor and, 8 4 8 - 8 5 1 , 850 
Axillary vein, 517 
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Axon 
connecting spinal cord and muscle motor unit, 

48 
Azygos vein, 868 

Back pain 
chronic intractable benign 

trapezius trigger point pain vs., 292 
due to scalene muscle trigger points, 505 
enigmatic 

prevalence of trigger points in, 805 , 904 
low, 802 , 8 0 4 - 8 0 9 , 805-807 

definition of, 4 
low thoracic, 802 
middle or low 

trigger point pain vs., 37, 914 
midthoracic 

guide to muscles involved in, 4 8 6 , 487 
serratus anterior trigger point and, 894 
upper thoracic 

guide to muscles involved in, 4 8 5 - 4 8 6 , 487 
Backhand tennis stroke, 739, 740 
Backpack 

upper trapezius muscle and, 287 
Backrest, 811-812, 8 1 3 - 8 1 4 
Back-rub test 

for anterior deltoid trigger points, 630 
for coracobrachialis trigger points, 639 , 6 4 0 - 6 4 1 , 

641 
Bacterial infection 

activation of trigger points due to, 224 
Bamboo spine, 458 
Band, taut, see Taut band(s) 
Barohypoacusis 

due to medial pterygoid trigger points, 3 6 5 - 3 6 6 
Barrier-release concept, 1 4 0 - 1 4 1 
Basal metabolic rate test, 214 , 216 
Bauchige Anschwellungen, 68 
Bed 

board for, 265 
elevation of 

for scalene trigger points, 535 
lamp for 

placement of, 325 
Beef tapeworm 

abdominal trigger points due to, 952 
"Belch button" trigger point, 941 , 942 
Below 

definition of, 102 
Benadryl 

for sleep, 148 
Benign cough headache, 242 
Benign exertional headache, 242 
Beriberi, 189 
Biceps brachii muscle, 602, 643, 645, 6 4 8 - 6 5 9 , 672, 

758 
activation of trigger points in, 648 , 652 
anatomy of, 648 , 6 4 9 - 6 5 0 , 650 
corrective actions, 648 , 658 , 658 

cross-sectional area, mean fiber length, and 
weight of, 103 

differential diagnosis, 648, 6 5 4 - 6 5 5 
function of, 648 , 6 5 0 - 6 5 1 
functional unit, 6 5 1 - 6 5 2 
innervation of, 650 
nerve entrapment by, 654 
pain referred from, 648 , 649 
patient examination, 648, 6 5 2 - 6 5 4 , 653, 661-663 
supplemental case report, 658 
symptoms from, 648 , 652 
trigger point examination, 648, 654 , 655 
trigger point injection, 648, 6 5 7 - 6 5 8 , 657 
trigger point release, 648, 6 5 5 - 6 5 7 , 656 

Biceps brachii tendon, 643, 662, 730, 758 
instability of, 655 

Biceps femoris muscle, 79 
Biceps-extension test, 653 , 653 
Bicipital bursitis 

biceps brachii trigger points vs., 655 
Bicipital tendinitis 

biceps brachii trigger points vs., 654 , 657 
deltoid trigger points vs., 630 
infraspinatus or biceps brachii trigger points vs., 

558 
pectoralis major trigger points vs., 830 
pectoralis minor trigger points vs., 851 
trigger point pain vs., 37 

Biofeedback 
for trigger point release, 1 4 4 - 1 4 5 

Biopsy studies of trigger points, 15t, 17, 68 , 69, 
81 

Bipennate muscle fibers, 51 
"Bird-watching" posture, 8 0 9 - 8 1 0 , 811-812 

examination for, 2 6 1 - 2 6 3 , 262, 810 
exercise for, 263 , 264 
rationale for treatment of, 263 , 264 
trigger point pain due to, 436 , 436 

Bleeding 
during trigger point injection 

control of, 1 5 9 - 1 6 0 , 160 
"Bloated" feeling 

from abdominal trigger points, 940, 952 
Blood chemistry profile, 228 
Body asymmetry 

scalene trigger points and, 5 3 2 - 5 3 4 
Body form drawings, 98-100 
Body mechanics 

definition of, 263 
in relation to myofascial trigger points, 263-267 , 

264, 266 
Body system review, 1 0 6 - 1 0 7 
Botulinum toxin A, 75, 80 

for spasticity in upper limb muscles, 606 
for trigger point injection, 1 5 0 - 1 5 1 , 154 -155 , 

884 
Bouchard's nodes, 789 
Brachial artery, 850 
Brachial neuritis 
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supraspinatus trigger points vs., 546 
Brachial plexus 

injury to 
supraspinatus trigger points vs., 544 

lower 
entrapment of, 8 4 8 - 8 5 1 , 850 

Brachial vein, 850 
Brachialgia 

due to finger extensor trigger points, 718 
Brachialis muscle, 643, 6 6 0 - 6 6 6 

activation of trigger points in, 660 , 662 
anatomy of, 660 , 662 
corrective actions, 658, 660, 665 , 665 
cross-sectional area, mean fiber length, and 

weight of, 103 
differential diagnosis, 660 , 663 
function of, 660, 661 
functional unit, 661 
innervation of, 661 
nerve entrapment by, 660, 663 , 663 
pain referred from, 660 , 661 
patient examination, 98-100, 660 , 6 6 2 - 6 6 3 , 

672-673 
symptoms from, 662 
trigger point examination, 660, 661, 663 , 663 
trigger point injection, 660, 6 6 4 - 6 6 5 , 664 
trigger point release, 660 , 6 6 3 - 6 6 4 , 664 

Brachiocephalic vein, 867 
Brachioradialis muscle, 716, 745 

activation of trigger points in, 690 , 700 , 704 
anatomy of, 690, 6 9 3 - 6 9 5 , 696, 758 
corrective actions, 7 0 9 - 7 1 0 , 740 
differential diagnosis, 705 
fiber architecture of, 50, 52, 6 9 5 - 6 9 7 , 697 
function of, 690 , 6 9 8 - 6 9 9 
functional unit, 699 
innervation of, 697 
pain referred from, 690 , 6 9 1 - 6 9 3 , 692 
patient examination, 7 0 0 - 7 0 1 
symptoms from, 690, 6 9 9 - 7 0 0 
trigger point examination, 690, 702 , 704 
trigger point injection, 690, 709 , 709 
trigger point release, 690 , 707, 707 

Brackets 
square 

definition of, 7 
Breasts 

heavy 
pectoralis major muscle and, 839 , 855 
upper trapezius muscle and, 287 

tenderness, 821 , 831 , 887 
Breathing 

diaphragmatic, 532, 533-534 
paradoxical, 533 

definition of, 5 
intercostal trigger points due to, 876 
patient examination for, 876 
rectus abdominis trigger points due to, 954 

"Briefcase elbow," 731, 732 

Bronchi 
irritation of 

pectoralis major trigger points vs., 830 
Bruxism, 186 

definition of, 2 
lateral pterygoid trigger points and, 384 
temporalis trigger points and, 354 
therapy for, 2 6 1 , 362 

Buccinator muscle 
activation of trigger points in, 416 , 421 
anatomy of, 4 1 8 - 4 2 0 , 419 
case report, 4 2 4 - 4 2 5 
corrective action, 416 
differential diagnosis, 422 
function of, 416 , 4 2 0 
functional unit, 4 2 0 
innervation of, 4 2 0 
pain referred from, 416 , 417 
symptoms from, 421 
trigger point examination, 421 
trigger point injection, 424 
trigger point release, 416 , 422 

"Bucket handles" 
in diaphragmatic breathing, 532, 870 , 870, 

877 
Bupivacaine 

for trigger point injection, 154 
Burning pain 

from abdominal trigger points, 940 
Burping 

due to abdominal trigger points, 958 
Bursitis, 19 

of bicipital bursa 
biceps brachii trigger points vs., 655 

of olecranon bursa 
triceps brachii trigger points vs., 677 

subacromial 
pectoralis major trigger points vs., 830 
supraspinatus trigger points vs., 546 
teres major trigger points vs., 591 
trigger point pain vs., 37 

subdeltoid 
biceps brachii trigger points vs., 654 
deltoid trigger points vs., 630 , 631 
supraspinatus trigger points vs., 544, 546 
teres major trigger points vs., 591 
teres minor trigger points vs., 5 6 8 - 5 6 9 

C 0-C 1 (occipitoatlantal) joints 
function of, 475 , 475 

C 4 -C a articular dysfunction 
trigger points associated with, 5 1 6 - 5 1 7 

C 5 radiculopathy 
biceps brachii trigger points vs., 6 5 4 - 6 5 5 
deltoid trigger points vs., 630 

C 5 -C 6 radiculopathy 
hand extensor and brachialis trigger points vs., 

705 
pectoralis major trigger points vs., 830 
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C 5 -C 6 radiculopathy—cont inued 
scalene trigger points vs., 516 
supraspinatus trigger points vs., 544 

C 5 -C 7 radiculopathy 
infraspinatus trigger points vs., 558 

C6 radiculopathy 
trigger point pain vs., 37 

C 6 -C 7 radiculopathy 
finger extensor trigger points vs., 721 
teres major trigger points vs., 591 

C 7 radiculopathy 
pectoralis major trigger points vs., 830 
pectoralis minor trigger points vs., 851 
sternalis trigger points vs., 860 
triceps brachii trigger points vs., 677 

C 7 -C a radiculopathy 
pectoralis major trigger points vs., 830 

C 8 radiculopathy 
pectoralis major trigger points vs., 830 
pectoralis minor trigger points vs., 851 
teres minor trigger points vs., 5 6 8 - 5 6 9 

Caffeine 
trigger point release and, 149 

Calcium, 2 1 0 - 2 1 1 
in energy crisis, 71 
in muscle, 45 , 46-47, 55 
supplemental, 211 

Calcium channels, 53, 73 
Calcium pump, 47, 71 
Calcium release, 47 , 7 3 - 7 4 , 75 
Calf cramps 

due to vitamin deficiencies, 190 
Cane 

fitting of, 287, 302 
levator scapulae trigger points due to, 494 , 

495 
Capitate bone, 775 
Capsulitis 

adhesive, see Adhesive capsulitis 
Car 

sitting posture in, 2 6 5 - 2 6 6 , 266 
Carbamazepine 

abnormal thyroid function due to, 217 
Carbohydrates 

metabolism of, 197 
Cardiac arrhythmia 

as symptom of intercostal trigger points, 875 
Cardiac arrhythmia trigger point, 821 , 822, 829 

intercostal muscles and, 878 
trigger point injection, 837, 838 
trigger point release, 836 

Cardiac disease 
intercostal trigger points vs., 878 

Cardiac pain 
determining causes of, 8 3 1 - 8 3 3 

Carnett technique 
for distinguishing between muscular and visceral 

pain, 9 5 3 - 9 5 4 
Carotid artery, 465 

Carpal bones 
subluxation of 

wrist extensor trigger points and, 705 
Carpal tunnel syndrome (CTS) 

anomalous palmaris longus muscle vs., 744-746 
diagnostic considerations, 488 , 688 
forearm flexor trigger points vs., 765 
hand extensor and brachialis trigger points vs., 

705 
neck or shoulder pain associated with, 459 
palmaris longus trigger point vs., 744 
prevention of, 726, 726 
pyridoxine insufficiency and, 193-194 
scalene trigger points and, 514 

Carrying heavy objects 
hand positions for, 731 

Carsickness 
due to sternocleidomastoid trigger points, 314 

Caudad 
definition of, 2 

Central myofascial trigger point 
definition of, 2 

Central nervous system 
hyperirritability of 

due to vitamin insufficiency, 392 
interaction of with trigger points, 20, 20 

Central pain pattern, 96, 97 
Central trigger point (CTrP), 70, 122, 123-124, 164 

attachment trigger points vs., 126-127 , 355 
definitions of, 5 

Cephalad 
definition of, 2 

Cervical arthritis 
supraspinatus trigger points vs., 544 

Cervical dermatomes, 247, 247 
Cervical lordosis 

measurement of, 262, 262 
Cervical muscles 

anterior 
anatomy of, 3 9 9 - 4 0 1 , 402 
function of, 403 
pain referred from, 3 9 8 - 3 9 9 
spray and release of, 409, 410 

multifidi, see under Multifidus muscles 
posterior, 4 4 6 - 4 7 1 , 447-449, 453, 456, 461-462, 

465-468 
rotatores, see under Rotator muscles 

Cervical nerve 
second 

posterior primary division of, 456 
Cervical neuropathy 

trigger points vs., 459 
Cervical rib 

thoracic outlet syndrome due to, 520 
Cervical spurs 

supraspinatus trigger points vs., 544 
Cervical stretching exercises, 272, 468, 481 
Cervicogenic headache, 242, 2 5 5 - 2 5 6 , 457 

sternocleidomastoid trigger points and, 308 
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suboccipital trigger points vs., 477 
temporalis trigger points and, 357 
upper trapezius and splenius capitis trigger 

points vs., 292 
Chair(s), 811-812, 8 1 3 - 8 1 4 

headrest for, 325 
recommendations for, 817 
rising from, 8 1 5 - 8 1 6 
as trigger point perpetuator, 185 

Checkreining flexion 
of suboccipital muscles 

trigger points due to, 476 
Chest pain 

muscles involved in, 802, 803 
(see also Cardiac pain) 

Chest surgery 
intercostal trigger points due to, 876 

Chest wall syndrome 
pectoralis major trigger points vs., 831 

Chloroprocaine 
for trigger point injection, 152 

Cholelithiasis 
as trigger point perpetuator, 940 

Cholestitis 
abdominal muscle trigger points vs., 956 

Cholinesterase, 53, 55, 78 
Chronic 

definition of, 2 
Chronic intractable benign back pain 

prevalence of trigger points in, 805 
trapezius trigger point pain vs., 292 

Chronic myofascial pain, see under Myofascial trig
ger point pain 

Chronic neuropathic pain 
area of brain involved in, 57 

Chronic paroxysmal hemicrania, 242 
Cigarette smoking 

ascorbic acid deficiency due to, 207 
Circumduction 

for subscapularis trigger points, 611 
Classic Greek foot 

as trigger point perpetuator, 1 8 3 - 1 8 4 
Clavicle, 312, 517, 626 
Click 

temporomandibular, 2 4 9 - 2 5 0 , 251 
palpation for, 2 5 7 - 2 5 8 , 258 

Club-shaped swollen muscle fibers, 77 
Cluster headache, 242, 2 4 4 - 2 4 5 
Coat 

heavy 
upper trapezius muscle and, 287 

Cobalamins, 1 9 6 - 2 0 4 
dependence, 1 9 9 - 2 0 0 
discovery of, 196 
functions of, 1 9 7 - 1 9 8 
insufficiency and deficiency, 1 9 8 - 1 9 9 , 202 

therapy for, 2 0 2 - 2 0 3 
laboratory tests and diagnosis, 2 0 0 - 2 0 1 
practical considerations, 2 0 3 - 2 0 4 

requirement for, 201 
role in myofascial pain syndromes, 1 9 6 - 1 9 7 
sources of, 201 

Corcygodynia multifidus trigger point and, 916 
Codman's exercise 

for subscapularis trigger points, 611 
Coenzyme, 187 
Coffee 

trigger point release and, 149 
Cold 

intolerance to, 216 
for trigger point release, 127, 128, 146 

application of, 170 
Cold tennis-ball technique, 490 , 490 
Cold-stimulus headache, 242, 245 
Colic-like pain 

due to abdominal trigger points, 943 , 958 
as pseudo-visceral phenomenon, 940 

Colitis 
abdominal muscle trigger points vs., 956 
ulcerative 

as trigger point perpetuator, 940 
Collagen, 204 
Colpo di frusta, 439 
Combined self-stretch of lerator scapulae, upper 

trapezius, posterior cervical, and suboccipi
tal muscles, 468 

Compartmentalization of muscle, 53 
(see also partitioning of) 

Composite pain pattern 
definition of, 2 

Compression 
ischemic 

definition of, 4 
in myotherapy, 140 

Compression test, 116, 701 
Computer posture, 266 
Conjunctival injection from trigger points, 309 
Contraceptives 

oral 
pyridoxine insufficiency associated with, 193, 

195 
Contractile mechanism of muscle, 4 5 - 4 7 
Contraction 

muscle 
definition of, 2 

Contraction and release, 1 3 8 - 1 4 0 
Contraction knot, 59, 6 7 - 6 9 , 67-69, 73, 74, 76, 77, 78 
Contract-relax 

definition of, 2 
for trigger point release, 139 

Contracture 
Dupuytren's, 747 

palmaris longus trigger points and, 746 
of muscle 

definition of, 2 
of sarcomeres, 69 , 72, 74 

Coordinated respiration 
definition of, 2 
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Coordinated respirat ion—cont inued 
teaching use of 5 3 1 - 5 3 2 , 533, 534 

Coracobrachialis muscle, 602, 6 3 8 - 6 4 7 
activation of trigger points in, 638 , 640 
anatomy of, 6 3 8 - 6 3 9 , 640 
corrective actions, 638 , 646 , 658, 839 
differential diagnosis, 6 4 2 - 6 4 4 
function of, 638 , 639 
functional unit, 639 
innervation of, 639 
nerve entrapment by, 638 , 642 
pain referred from, 638, 639 
patient examination, 98-100, 638 , 6 4 0 - 6 4 1 , 641 
symptoms from, 6 3 9 - 6 4 0 
trigger point examination, 638 , 6 4 1 - 6 4 2 , 643 
trigger point injection, 638 , 643, 6 4 4 - 6 4 6 , 645 
trigger point release, 633, 638 , 644 

Coracoid pressure syndrome, 522 
diagnostic considerations, 4 8 8 - 4 8 9 , 5 2 2 - 5 2 3 
due to poor posture, 810 

Coronal plane 
definition of, 2 - 3 

Coronary insufficiency 
pectoralis major trigger points vs., 831 

Coronoid process 
of mandible, 376 

Corticosteroids 
as pyridoxine antagonists, 195 
for trigger point injection, 153 

Cost of trigger points, 14 
Costochondritis 

abdominal muscle trigger points vs., 956 
fibromyalgia vs., 831 
intercostal trigger points vs., 878 
pectoralis major trigger points vs., 831 
sternalis trigger points vs., 860 

Costoclavicular syndrome 
thoracic outlet syndrome and, 522 

Costotransverse ligament 
superior, 866 

Cough, 875 
diaphragmatic trigger points activated by, 876 
headache due to, 242 
intercostal trigger points activated by, 876 

Counterstrain tender points, 4 5 8 - 4 5 9 
Coup du lapin (rabbit's blow), 439 
Cramp 

calf 
due to vitamin deficiency, 190 

reactive 
definition of, 6 

Cranial neuralgias, 254, 254-255 
Craniomandibular syndromes 

vitamin insufficiency in, 392 
Cross bridges 

in muscle, 4 5 , 46 
CTrP, see Central trigger point (CTrP) 
CTS, see Carpal tunnel syndrome (CTS) 
Cubital tunnel syndrome, 7 0 4 - 7 0 5 , 764 

Cucularis muscle, 103 
(see also Trapezius muscle) 

Cumulative trauma disorder, 45 (see occupational 
myalgias) 

Curare 
effect on trigger point electromyographic activity, 

81 
Cutaneous signs of myofascial trigger points, 

1 1 5 - 1 1 6 
Cutaneous-I muscles, 4 1 6 - 4 2 6 
Cyanocobalamin, 189 

(see also Cobalamins) 
Cycloserine 

as pyridoxine antagonist, 195 

DAB (dorsal interossei abduct) mnemonic, 789 
Decompression 

suboccipital 
definition of, 7 

Deep 
definition of, 3 

Deep cervical artery, 465 
Deep cervical vein, 465 
Deep friction massage, 142 
Deep palpation, 1 1 8 - 1 1 9 , 158 
Deep stroking massage 

for trigger point release, 1 4 1 - 1 4 3 
Deficiency 

vitamin, 187 
Delayed relaxation of muscles with trigger points, 

24 
Deltoid muscle, 602, 6 2 3 - 6 3 7 , 643, 645, 662 

activation of trigger points in, 623, 629 
anatomy of, 623, 625, 625-626 
corrective actions, 623 , 633, 634 , 658 
cross-sectional area, mean fiber length, and 

weight of, 103 
differential diagnosis, 623 , 6 3 0 - 6 3 2 
function of, 623 , 6 2 7 - 6 2 8 
functional unit, 623, 628 
innervation of, 627 
nerve entrapment by, 630 
pain referred from, 6 2 3 - 6 2 5 , 624 
patient examination, 98-100, 489, 623 , 629 -630 , 

641 
supplemental case reports, 634 
symptoms from, 624, 6 2 8 - 6 2 9 
trigger point examination, 624, 630 
trigger point injection, 623 , 624, 6 3 2 - 6 3 3 , 635 
trigger point release, 623 , 632 , 633-634 

Dental abscess 
sternocleidomastoid trigger points and, 316 

Dental procedures 
long 

preceded by spray and stretch, 345 
Dental prosthesis 

lateral pterygoid syndrome due to 
case report, 3 9 2 - 3 9 3 , 394 

Deoxyribonucleic acid (DNA) 
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synthesis of 
impaired by folate deficiency, 197 

Deoxyuridine suppression test, 2 0 0 - 2 0 1 
Dependence 

vitamin, 188 
Depolarization of postjunctional membrane, 74 
Depression, 221 

in persons with chronic myofascial pain, 110 
pyridoxine insufficiency associated with, 194 

DeQuervain's tenosynovitis 
trigger point pain vs., 705, 721 

Dermatomes 
cervical, 247, 247 

Dermographia 
myofascial trigger points and, 1 1 5 - 1 1 6 

Dermometer 
for locating trigger points, 117 

Desk chair 
design of, 814 

Diagnostic criteria for trigger points, 3 1 - 3 5 , 253 
local twitch response, 3 4 - 3 5 
pain recognition, 34 
palpable taut band, 34 
range of motion restricted by pain, 35 
recommended, 35 
reliability study, 579, 701 
spot tenderness, 3 3 - 3 5 

Diagnostic examination for myofascial trigger 
points, 1 1 7 - 1 2 3 

attachment trigger points, 122, 123, 124 
central trigger points, 122, 123, 124 
key trigger points, 1 2 2 - 1 2 4 , 124, 125 
local twitch response, 118, 1 2 1 - 1 2 2 
satellite trigger points, 1 2 2 - 1 2 3 , 124 
taut band, 1 1 7 - 1 1 9 , 118 
tender nodule, 1 1 7 - 1 1 9 

Diagnostic tests for myofascial trigger points, 
2 2 - 3 0 

algometry, 2 7 - 2 8 
needle electromyography, 2 2 - 2 3 (see also Active 

trigger points) 
surface electromyography, 2 3 - 2 7 
thermography, 2 9 - 3 0 
ultrasound imaging, 2 3 - 2 8 

Diaphragm 
activation of trigger points in, 862, 876 
anatomy of, 862 , 867-869, 8 6 8 - 8 6 9 
corrective actions, 862, 8 8 4 - 8 8 5 , 885 
costal and sternal portions of, 867 
differential diagnosis, 862, 879 
function of, 862 , 870-872, 8 7 0 - 8 7 4 
functional unit, 8 7 4 - 8 7 5 
innervation of, 869 
pain referred from, 862 , 8 6 3 - 8 6 4 
patient examination, 862, 877 
symptoms from, 862, 8 7 5 - 8 7 6 
trigger point examination, 862, 867, 8 7 7 - 8 7 8 , 

947-948 
trigger point injection, 862, 884 

trigger point release, 862 , 8 8 0 - 8 8 2 , 882 
Diaphragmatic breathing, 532, 533-534, 965 

for examination of abdominal trigger points, 955 
Diaphragmatic spasm 

induction of, 877 
trigger points vs., 877, 879 

Diarrhea 
decreased absorption of ascorbic acid in, 206 
due to abdominal trigger points, 9 4 1 , 942, 945 , 

958 
as pseudo-visceral phenomenon, 940 
traveler's 

as perpetuating factor, 2 2 4 - 2 2 5 
Diary 

pain, 271 
Diathesis 

gouty, 220 
Dibucaine 

for trigger point injection, 154 
Diet, 107 

history of, 107 
minerals in, see Minerals 

Differential diagnosis, 3 5 - 4 5 , 37, 38, 39 
acupuncture points and myofascial trigger 

points, 3 9 - 4 0 
articular dysfunctions and myofascial trigger 

points, 4 1 - 4 2 
definition of, 94 
fibromyalgia syndrome and myofascial trigger 

points, 3 9 - 4 0 , 39 
occupational myalgia and myofascial trigger 

points, 41 
periosteal trigger points and myofascial trigger 

points, 4 3 - 4 4 
posttraumatic hyperirritability syndrome and 

myofascial triggger points, 4 4 ^ 5 
scar trigger points and myofascial trigger points, 

43 
skin trigger points and myofascial trigger points, 

4 2 ^ 3 
Digastric muscle, 3 9 7 - 4 1 5 

activation of trigger points in, 397, 4 0 4 - 4 0 5 
anatomy of, 397, 399 , 400 
case reports, 4 1 3 - 4 1 4 
corrective actions, 397, 413 
differential diagnosis, 407 
function of, 397, 403 
functional unit, 397, 4 0 3 - 4 0 4 
innervation of, 4 0 1 - 4 0 2 
nerve entrapment by, 407 
pain referred from, 397, 3 9 7 - 3 9 8 , 398 
patient examination, 4 0 5 - 4 0 6 
symptoms referred from, 404 
trigger point examination, 4 0 6 - 4 0 7 , 406 
trigger point injection, 397, 4 1 0 - 4 1 3 , 412 
trigger point release, 397, 407, 4 1 0 

spray and release, 407 , 408 
trigger point pressure release, 410 , 411 

Digastric trigger point, 125 
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Diphenhydramine hydrochloride 
for sleep, 148, 226 

Directed eye movement 
for trigger point release, 144 

Disability 
functional 

as ancillary feature of fibromyalgia, 38 
Discogenic low back pain, 8 0 7 - 8 0 8 
Disequilibrium from trigger points, 310 
Disorientation 

spatial 
due to myofascial trigger points, 109, 310 

Distal 
definition of, 3 

Diverticulitis 
as trigger point perpetuator, 940 

Diverticulosis 
abdominal muscle trigger points vs., 956 
as trigger point perpetuator, 940 

Diverticulosis-like pain 
due to rectus abdominis trigger points, 945 

Diving reflex, 832 
Dizziness 

postural 
due to sternocleidomastoid trigger points, 314 
possibly due to myofascial trigger points, 109 

"Dog-walker's elbow," 732 
"Door-handle elbow," 732 
Dorsal horn cell , 56 
Dorsal interossei abduct (DAB) mnemonic, 789 
Dramamine 

for sleep, 148, 226 
Driving a car 

without power steering 
teres major trigger points and, 589 

Driving posture 
upper trapezius and levator scapulae strain and, 

302 
Drug therapy 

for pain relief, 1 4 7 - 1 4 9 
Drug-induced refractory headache, 246 
Dry needling, 150, 155, 1 6 2 - 1 6 3 

acupuncture needles for, 163 
injection vs., 1 5 1 - 1 5 2 , 155 

Duodenal ulcer 
residual trigger points after healing of, 959 

Dupuytren's contracture, 747 
palmaris longus trigger points and, 746 

Dysesthesia 
definition of, 3 

Dysfunction 
associated with active trigger points, 21 

Dysfunctional endplates, 62 , 63, 6 5 - 6 7 , 74, 76 
Dysmenorrhea 

abdominal muscle trigger points vs., 956 
as pseudo-visceral phenomenon, 940 
trigger point pain vs., 37 
trigger point release, 961 
trigger points in, 943 , 945 

Dysmetria from trigger points, 311 

Dysphagia 
due to longus capitis and longus colli trigger 

points, 399 
due to medial pterygoid trigger points, 368 

"Eagle syndrome" 
trigger points in, 404—405 

Ear 
stuffiness of 

medial pterygoid trigger points and, 365 
Earache 

due to masseter or sternocleidomastoid trigger 
points, 339 

enigmatic 
as mistaken diagnosis in patients with trigger 

point pain, 37 
Elbow 

"briefcase," 731, 732 
"dog-walker's," 732 
tennis, see Tennis elbow 

Elderly 
at risk for pyridoxine insufficiency, 193 

Electrical activity 
of trigger points, 57 -67 , 58-62, 6 0 - 6 1 , 61, 64-67 
unrelated to muscle pain, 8 0 4 - 8 0 5 

Electrical stimulation 
high-voltage, high-frequency, 1 4 6 - 1 4 7 
for medial pterygoid trigger points, 373 
transcutaneous, 147 

Electrodiagnostic characteristics of trigger points, 
5 7 - 6 7 

Electromyography 
of muscle function (see Section 4 of individual 

muscle chapters) 
of myofascial trigger point(s), 17 
needle, 2 2 - 2 3 , 59, 60 
spikes in, 6 3 - 6 5 
surface, 2 3 - 2 7 , 25 

Elixophyllin-KL 
hypothyroidism due to, 217 

Emphysema 
pectoralis major trigger points vs., 830 

Empty sarcolemmal tube, 77 
Endplate noise, 59, 62, 62, 74 

(see also Spontaneous electrical activity (SEA)) 
Endplate potentials 

normal vs. abnormal, 59, 6 1 - 6 2 , 62, 63, 73 
Endplate spikes, 58, 6 3 - 6 5 
Endplate zone, 49 

of biceps brachii, 649 
of brachioradialis muscle, 696 
of deltoid muscle, 625 , 626 
of extensor carpi radialis brevis muscle, 696 
of extensor carpi radialis longus, 696, 708 
of extensor carpi ulnaris muscle, 696 , 721 
of posterior cervical muscles, 448 , 467 

Endplate(s) 
activity of, 59 
definition of, 4 
distribution of, 67, 67 
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location of, 4 9 - 5 3 , 50-52, 54 
structure of, 55 

Energy crisis hypothesis, 71, 71 -72 , 73, 74 
Entamoeba histolytica infection 

abdominal trigger points due to, 952 
as perpetuating factor, 225 

Enthesitis 
definition of, 3 

Enthesopathy (attachment tenderness) 
cause of, 72, 76 
definition of, 3 
of biceps brachii muscle, 652 , 657 
of coracobrachialis muscle, 644 
of diaphragm, 878, 884 
of extensor carpi radialis longus muscle, 708 
of extensor digitorum, 721 , 733, 739 
of infraspinatus muscle, 554 
of internal oblique muscle, 953 
of pectoralis minor muscle, 852 
of rhomboid muscles, 616, 618, 619 
of serratus anterior muscle, 878, 887 
of serratus posterior superior muscle, 900, 905 , 

906 
of subscapularis muscle, 601 
of supraspinatus muscle, 543, 5 4 9 - 5 5 0 
of transversus abdominis, 878 
of triceps brachii muscle, 676 
injection of, 164 
referred trigger point tenderness vs., 115 
secondary to latissimus dorsi trigger points, 

574 
thickened, 164 
in trigger-point-related diseases 

cause of, 76 
Entleerung einzelner Sarkolemmschlauche, 77 
Entrapment, see Nerve entrapment 
Entrapment neuropathy, see Carpal tunnel syn

drome (CTS); Cubital tunnel syndrome 
Enuresis 

due to abdominal trigger points, 941 
Epicondylalgia 

due to finger extensor trigger points, 718 
radial, see Tennis elbow 

Epicondyles, 766-767 
Epicondylitis, 19 

lateral or medial 
pectoralis major trigger points vs., 830 

medial 
forearm flexor trigger points vs., 765 
pectoralis minor trigger points vs., 851 

trigger point pain vs., 37 
(see also Tennis elbow) 

Epigastric pain 
trigger point injection for, 961 

Epilepsy 
abdominal muscle trigger points vs., 956 

Epinephrine 
myotoxicity of, 154 
not recommended for trigger point injection, 

152 

Equilibrium 
loss of 

due to sternocleidomastoid trigger points, 314 
Erector spinae muscles 

definition of, 3 
Erythrocyte sedimentation rate (ESR), 2 2 7 - 2 2 8 
Esophageal carcinoma pain 

local anesthetic infiltration for, 958 
Esophagitis 

pectoralis major trigger points vs., 830 
sternalis trigger points vs., 860 

ESR (erythrocyte sedimentation rate), 2 2 7 - 2 2 8 
Essential pain zone 

definition of, 3 
Ethyl chloride spray 

for trigger point release, 127 (see also Spray and 
stretch) 

hazard related to, 1 2 8 - 1 2 9 
Examination 

compression test, 116 
cutaneous and subcutaneous signs, 1 1 5 - 1 1 6 
definition of, 94 
joint play, 116 
mobility and posture, 112 
neuromuscular function, 1 1 2 - 1 1 4 
panniculosis, 115 
patient, 1 1 2 - 1 1 6 
referred tenderness, 1 1 4 - 1 1 5 
trigger point 

central and attachment, 122, 123, 124 
diagnostic criteria, 117 
differential diagnosis, 125 
entrapment, 1 2 3 - 1 2 5 , 126 
key and satellite, 1 2 2 - 1 2 3 , 124, 125 
local twitch response, 1 2 1 - 1 2 2 
palpable tender nodule and taut band, 

1 1 7 - 1 1 9 , 118, 120 
referred pain, 1 1 9 - 1 2 1 

Exercise(s), 1 7 1 - 1 7 3 
for abdominal muscles, 940 , 961, 961, 966, 967 
for abductor pollicis muscle, 783 , 783 
for adductor pollicis muscle, 774 
against-doorjamb, 634 , 646 , 658 
for arms, 611 
artisan's, 7 2 4 - 7 2 6 , 725, 771 , 7 8 3 - 7 8 4 
Codman's, 611 
f inger-extension, 774, 784, 786, 798 
finger-flutter, 7 2 4 - 7 2 6 , 725, 771 , 774, 784 
finger-stretch, 726, 726 
"fitness," 940 , 953 
for grip, 725, 771-772, 771, 798 
for hand and finger flexors, 725, 7 7 1 - 7 7 2 , 771 
in-doorway stretch, 535 , 585 , 607, 6 1 1 , 634 , 646 , 

819, 839, 840 
for interosseous muscles, 786, 798, 798 
middle-trapezius stretch, 303, 621 
muscle-lengthening, 1 7 1 - 1 7 2 
muscle-strengthening, 1 7 2 - 1 7 3 
for neck, 272 , 468, 481, 530 , 531 
pelvic-tilt, 940 , 965, 965 
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Exerc ise(s )—cont inued 
for posture, 272 

head, 263 , 264 
shoulder, 263 , 264 

for rectus abdominis m u s c l e , 9 6 1 , 961 
for scalene muscles, 511, 530 
sit-back/abdominal-curl/sit-up, 9 6 5 - 9 6 7 , 966 
sit-up, 966, 967 
for sternocleidomastoid muscle, 326 
for weeder's thumb, 7 8 3 - 7 8 4 

Exertional headache, 242 
Exhalation 

diaphragm movement in, 8 7 1 - 8 7 2 , 871 
dysfunction of lower four ribs serratus posterior 

inferior trigger point associated with, 911 
functional unit, 8 7 4 - 8 7 5 
muscles of, 873 

Extension 
definition of, 3 

Extensor carpi digitorum muscle, 716 
Extensor carpi radialis brevis muscle, 690 , 716 

activation of trigger points in, 690 
fiber architecture of, 50, 52, 6 9 5 - 6 9 7 , 697 
function of, 690 
nerve entrapment by, 690 
pain referred from, 690 , 691, 692 
patient examination, 690 
symptoms from, 690 
trigger point examination, 690 
trigger point injection, 690 
trigger point release, 690 

Extensor carpi radialis longus muscle, 690 , 716 
activation of trigger points in, 690 
anatomy of, 690 , 697 
fiber architecture of, 50, 52, 6 9 5 - 6 9 7 , 697 
function of, 690 
pain referred from, 690 , 691 , 692 
patient examination, 690 
symptoms from, 690 
trigger point examination, 690 
trigger point injection, 690 
trigger point release, 690 

Extensor carpi ulnaris muscle, 690 , 716 
activation of trigger points in, 690 
anatomy of, 690 , 693 , 694-695, 695 
fiber architecture of, 50, 52, 6 9 5 - 6 9 7 , 697 
function of, 690 
pain referred from, 690 , 691 , 692 
symptoms from, 690 
trigger point examination, 690 
trigger point injection, 690 
trigger point release, 690 

Extensor digiti minimi muscle, 694 
anatomy of, 7 1 4 - 7 1 5 , 716 

Extensor digitorum brevis manus muscle, 717 
Extensor digitorum communis muscle 

fiber architecture of, 50, 52, 6 9 5 - 6 9 7 , 697 
Extensor digitorum muscle 

anatomy of, 713, 714, 716 
corrective actions, 710, 7 2 4 - 7 2 6 , 724-726 

differential diagnosis, 721 
function of, 713, 7 1 7 - 7 1 8 
functional unit, 718 
innervation of, 717 
pain referred from, 713, 714 , 715 
patient examination, 7 1 9 - 7 2 0 , 719 
symptoms from, 718 
trigger point examination, 715, 7 2 0 - 7 2 1 , 

720 
trigger point injection, 722, 723 
trigger point release, 7 2 1 - 7 2 2 , 722 

Extensor digitorum profundus muscle, 717 
Extensor indicis muscle, 694, 7 1 6 - 7 1 7 , 716 

anatomy of, 713 
function of, 713, 718 
innervation of, 717 
pain referred from, 713, 714, 715 
patient examination, 7 1 9 - 7 2 0 
trigger point examination, 715, 721 
trigger point injection, 723, 724 

Extensor pollicis brevis muscle, 694, 716 
Extensor pollicis longus muscle, 694, 716 

trigger point injection, 724 
Extensor pollicis muscle 

patient examination, 7 1 9 - 7 2 0 
symptoms from, 718 

External abdominal oblique muscle 
cross-sectional area, mean fiber length, and 

weight of, 103 
functional unit, 951 

External intercostal membrane, 865 
External intercostal muscle, 8 6 4 - 8 6 6 , 865-866, 946 

cross-sectional area, mean fiber length, and 
weight of, 103 

External oblique abdominal muscle 
anatomy of, 946 , 947 
function of, 950 
innervation of, 949 
patient examination, 942, 955, 960 
trigger point injection, 962 , 963 

External oblique muscle, 865 
External rotation, see Lateral rotation 
Eye 

pain "behind" 
due to occipitofrontalis trigger points, 427 

Eye movement augmentation of trigger point 
release, 144 

Facet-joint arthritis 
atlantoaxial 

differential diagnosis, 456 
occipital trigger points in, 452 

Facial pain 
atypical neuralgia vs. trigger point pain, 37 
diagnostic categories for, 239 , 242 
with myofascial trigger point component, 

2 6 7 - 2 7 4 , 269, 270 
referred, 240 

Fascia 
trigger points in, 43 
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Fascicle, 45 , 46 
Fast in, fast out injection technique, 162 
Fasting hypoglycemia, 219 
Fat 

lobules low back pain and, 926 
metabolism of 

cobalamins in, 197 
Feet 

molecular 
in muscle, 47 

Fiber architecture of 
deltoid muscle, 626, 626 
finger flexors, 760 
flexor carpi radialis, 7 5 7 - 7 6 0 
flexor carpi ulnaris, 757 
flexor pollicis longus, 760 
forearm muscles, 697 
pronator teres, 760 

Fiber type distribution in 
biceps brachii muscle, 649 
deltoid muscle, 625 
digastric muscle, 403 
extensor digitorum communis, 717 
extensor pollicis longus, 717 
flexor carpi radialis, 760 
flexor pollicis longus, 760 
intercostal muscles, 864 
lateral pterygoid muscle, 403 
levator labii muscle, 418 
masseter muscle, 332 
medial pterygoid muscle, 368 
orbicularis oris muscle, 418 
platysma muscle, 418 
temporalis muscle, 350 
triceps brachii muscle, 670 
zygomaticus major muscle, 418 

Fibers 
muscle 

anatomy of, 1 0 2 - 1 0 3 , 103 
arrangement of, 49 , 51 

Fibril, 45 , 46 
Fibrocytic nodules 

response to massage, 76 
Fibromyalgia 

abdominal trigger points vs., 940, 956 , 957 
chronic low back pain vs., 925 
clinical criteria, 38 
definition of, 18 
etiology of, 17 
intercostal trigger points vs., 878 
myofascial trigger point pain vs., 39 , 39 
origin of term, 17 
pathogenesis, 3 8 - 3 9 
simultaneous trigger-point pain in, 618 
synergistic with myofascial trigger points, 

8 0 8 - 8 0 9 
Fibromyalgia syndrome (FMS) 

clinical diagnosis, 3 6 - 4 1 , 37, 38, 39 
costochondritis, pectoralis major trigger points 

vs., 831 

Fibrositis, 15 
back pain and, 914 
definition of, 3 
diagnostic criteria, 17 
myoglobin response to massage, 70, 76 
origin and use of term, 1 7 - 1 8 
origin of palpable nodules in, 70, 76 

Fibrositissyndrom, 1 7 - 1 8 
Fibrotic scar tissue hypothesis, 8 1 - 8 2 
Finger 

abduction of 
definition of, 1 

adduction of 
definition of, 1 

dorsal pain of 
muscles causing, 686 , 687 

volar pain of 
muscles causing, 686 , 687 

Finger exercises, 7 2 4 - 7 2 6 , 725-726, 771 , 771 
( s e e also specific muscle) 

Finger extensor muscles, 7 1 3 - 7 2 7 
activation of trigger points in, 713, 7 1 8 - 7 1 9 
anatomy of, 713, 7 1 4 - 7 1 7 , 716 
corrective actions, 710, 713, 7 2 4 - 7 2 6 , 724-726 
differential diagnosis, 721 
functional unit, 718 
function of, 713, 7 1 7 - 7 1 8 
innervation of, 717 
nerve entrapment by, 721 
pain referred from, 7 1 3 - 7 1 4 , 715 
patient examination, 713, 7 1 9 - 7 2 0 , 719 
symptoms from, 713, 718 
trigger point examination, 713, 715, 7 2 0 - 7 2 1 , 

720 
trigger point injection, 713, 7 2 2 - 7 2 4 , 723 
trigger point release, 713, 7 2 1 - 7 2 2 , 722 

Finger flexors, 7 5 3 - 7 7 3 
activation of trigger points in, 753, 762 
anatomy of, 753, 7 5 5 - 7 6 0 , 758-759 
corrective actions, 753, 7 7 1 - 7 7 2 , 771, 772, 798 
differential diagnosis, 753, 7 6 5 - 7 6 6 
function of, 7 6 0 - 7 6 1 
functional unit, 753, 761 
innervation of, 760 
nerve entrapment by, 753, 7 6 4 - 7 6 5 , 764, 766-767 
pain referred from, 753, 754 , 756 
patient examination, 753, 7 6 2 - 7 6 3 , 763 
symptoms from, 753, 7 6 1 - 7 6 2 
trigger point examination, 7 6 3 - 7 6 4 
trigger point injection, 753, 7 6 9 - 7 7 1 , 770 
trigger point release, 753, 7 6 6 - 7 6 9 , 768 

Finger-extension exercises, 7 2 4 - 7 2 6 , 725-726, 771 , 
771 

Finger-extension test, 762, 763 
Finger-flexion test, 113 

for determining range of motion, 719 , 719 
for pectoralis major trigger points, 828 
for trigger points in index finger extensor, 

5 1 2 - 5 1 3 , 513 
Finger-flutter exercise, 7 2 4 - 7 2 6 , 725 
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Fingers 
nighttime positioning of, 726, 726 

Finger-stretch exercise 
artisan's, 7 2 4 - 7 2 6 , 725 

Fish tapeworm 
abdominal trigger points due to, 952 
as perpetuating factor, 224 

Fitness exercise 
abdominal trigger points due to, 953 
as trigger point perpetuator, 940 

Flat palpation, 3, 1 1 8 - 1 1 9 , 120, 158, 159-160 
Flexion 

definition of, 3 
Flexor carpi radialis brevis 

nerve entrapment by, 765 
Flexor carpi radialis muscle, 745 

activation of trigger points in, 762 
anatomy of, 755, 758, 760 
innervation of, 760 
pain referred from, 754 , 756 
trigger point injection, 769, 770 
trigger point release, 7 6 6 - 7 6 8 , 768 

Flexor carpi ulnaris muscle, 745 
activation of trigger points in, 762 
anatomy of, 755 , 758, 760 
nerve entrapment by, 7 6 4 - 7 6 5 , 764, 766 
pain referred from, 754 , 756 
trigger point injection, 769, 770 
trigger point release, 7 6 6 - 7 6 8 , 768 

Flexor digitorum profundus muscle 
accessory, 760 
anatomy of, 7 5 5 - 7 5 7 , 759, 760 
cross-sectional area, mean fiber length, and 

weight of, 103 
function of, 761 
nerve entrapment by, 764, 764, 767 
pain referred from, 754 , 756 

Flexor digitorum profundus tendons, 791 
Flexor digitorum sublimis muscle, see Flexor digi

torum superficialis muscle 
Flexor digitorum superficialis indicis 

nerve entrapment by, 765 
Flexor digitorum superficialis muscle 

anatomy of, 755, 758, 760 
function of, 7 6 0 - 7 6 1 
innervation of, 760 
nerve entrapment by, 764 , 764, 765 , 767 
pain referred from, 754 , 756 

Flexor digitorum superficialis tendons, 791 
Flexor pollicis brevis muscle, 791 

functional unit, 761 
Flexor pollicis longus muscle, 757 , 759 

activation of trigger points in. 762 
anatomy of, 760 
function of, 761 
innervation of, 760 
pain referred from, 754, 757 
trigger point release, 768, 768 

Flexor pollicis longus tendon, 791 
Flexor retinaculum, 758-759 
Fluori-Methane, 1 2 8 - 1 2 9 

FMS, see Fibromyalgia syndrome (FMS) 
Folic acid, 1 9 6 - 2 0 4 

deficiency, 1 9 8 - 1 9 9 
causes of, 202 
therapy for, 203 

dependence, 1 9 9 - 2 0 0 
discovery of, 196 
functions of, 1 9 7 - 1 9 8 
laboratory tests and diagnosis, 2 0 0 - 2 0 1 
practical considerations, 2 0 3 - 2 0 4 
requirement for, 201 
role in myofascial pain syndromes, 188, 

1 9 6 - 1 9 7 
sources of, 201 
toxicity of, 189 

Food intolerance 
due to abdominal trigger points, 958 

Foot 
classic Greek 

as trigger point perpetuator, 1 8 3 - 1 8 4 
rocking, 183 

Forearm 
pain in 

diagnostic considerations, 688 
guide to muscles involved in, 685 -686 , 687 

ventral muscles of, 745 
Forward projection of head, 8 0 9 - 8 1 0 , 811-812 

examination for, 2 6 1 - 2 6 3 , 262, 810 
exercise for, 263 , 264 
splenius cervicis trigger points due to, 436 , 436 
temporalis trigger points due to, 354 
treatment of, 263, 264 

Friction massage, 142 
Frohse 

arcade of, 733 
surgical release of, 735 

Frontal bone, 352 
Frontalis muscle, 429 
"Frozen shoulder," 6 0 4 - 6 0 6 

diagnostic considerations in, 488 
extensor carpi ulnaris and, 700 
intercostal trigger point and, 878 
trigger point pain vs., 37, 546 
(see also Subscapularis muscle) 

Function 
definition of, 3 

Functional disability 
in fibromyalgia, 38 

Functional unit 
definition of, 3, 94 
significance of, 104 

Furniture 
misfitting 

as trigger point perpetuator, 185 
Fusiform muscle fibers, 51 

Gag reflex 
reduction of, 369 

Gain 
primary and secondary 

definition of, 222 
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Gallbladder pain 
abdominal trigger points vs., 952 
local anesthetic infiltration for, 958 

Gallstone colic 
abdominal muscle trigger points vs., 956 

Galvanic stimulation 
for trigger point release, 1 4 6 - 1 4 7 

Gasping, 875 
"Gassy" feeling 

from abdominal trigger points, 940 
Gastric carcinoma 

abdominal muscle trigger points vs., 956 
Gastrocnemius muscle 

fiber arrangement, 53 
Gastroesophageal reflux 

abdominal muscle trigger points vs., 956 
sternalis trigger points vs., 860 

Gebauer Spray and Stretch, 129 
Gelotripsie, 16 
Generalizierte Tendomyopathie, 18 
Geniohyoid muscle 

anatomy of, 399 , 401 
innervation of, 401 

Giardiasis 
as perpetuating factor, 2 2 4 - 2 2 5 

Glenohumeral joint arthritis 
deltoid trigger points vs., 630 , 631 

Glossodynia 
secondary to referred myofascial pain 

case report, 4 1 3 - 4 1 4 
Glucocorticoids 

abnormal thyroid function due to, 218 
Gluteal pain 

muscles involved in, 802, 803 
"Golf hands," 792 
Good, Michael, 15, 16 
"Good sport" syndrome, 221 
Gouty diathesis, 220 
Gray's Anatomy of the Human Body, 102 
Greater occipital nerve, 456 

entrapment of, 456 , 456 
Greek foot 

as trigger point perpetuator, 1 8 3 - 1 8 4 
Grip 

exercises for, 725, 771-772, 771, 798 
muscles involved in, 6 9 9 - 7 0 0 

Groin pain 
due to abdominal trigger points, 9 4 1 , 

942 
Gum chewing 

therapy for, 261 
Gutstein, Michael 

on "myalgic spots," 15, 16 

H band, 47 
Hand 

abduction of 
definition of, 1 

adduction of 
definition of, 1 

cross-section of, 791 

edema of 
due to anterior scalene syndrome, 510 

extensor tendons of, 791 
interosseous muscles of, see under Interosseous 

muscles 
pain in (see also under Forearm) 

guide to muscles involved in, 6 8 5 - 6 8 6 , 687 
Hand extensors, 6 9 0 - 7 1 2 

activation of trigger points in, 690, 700, 704 
anatomy of, 690 , 6 9 3 - 6 9 7 , 694-696 
corrective actions, 690 , 707, 709, 7 0 9 - 7 1 0 , 710, 

740 
differential diagnosis, 705 
function of, 690 , 6 9 7 - 6 9 9 
functional unit, 699 
innervation of, 695, 697 , 730 
nerve entrapment by, 690 , 695, 7 0 2 - 7 0 5 , 703 
pain referred from, 690 , 6 9 1 - 6 9 3 , 692-693 
patient examination, 690 , 7 0 0 - 7 0 1 
radial nerve and, 694-695 
symptoms from, 690 , 6 9 9 - 7 0 0 
trigger point examination, 690 , 692, 7 0 1 - 7 0 2 , 

702, 703-704, 703 
trigger point injection, 690 , 697, 7 0 7 - 7 0 9 , 

708-709, 708 
trigger point release, 690 , 705, 7 0 5 - 7 0 7 , 706-707, 

706 
Hand flexors, 7 5 3 - 7 7 3 

activation of trigger points in, 753, 762 
anatomy of, 753, 755 , 757-759 
corrective actions, 753, 7 7 1 - 7 7 2 , 771 
differential diagnosis, 753, 7 6 5 - 7 6 6 
function of, 753, 760 
functional unit, 753, 761 
innervaton, 760 
nerve entrapment by, 753, 7 6 4 - 7 6 5 , 766 
pain referred from, 753, 754 , 756 
patient examination, 753, 7 6 2 - 7 6 3 , 763 
symptoms from, 753, 7 6 1 - 7 6 2 
trigger point examination, 7 6 3 - 7 6 4 
trigger point injection, 753, 769, 770 
trigger point release, 753 , 7 6 6 - 7 6 9 , 768 

Hand on hip 
for subscapularis trigger points, 610 

Handgrip test, 701 
for tightness of forearm flexor muscles, 768 
for weakness due to finger extensor trigger 

points, 719 
Hands-in-pockets posture 

for relief of upper-trapezius muscle strain, 301 , 
302 

Hand-to-shoulder-blade test 
for infraspinatus trigger points, 5 5 6 - 5 5 7 , 557 
for latissimus dorsi trigger points, 579 
for pectoralis major trigger points, 828 
for supraspinatus trigger points, 542, 5 5 7 
for tennis elbow, 732 
for teres minor trigger points, 567 

Hangover headache 
sternocleidomastoid trigger points and, 316 

Hashimoto's thyroiditis, 215 
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Head 
forward projection of, 8 0 9 - 8 1 0 , 811-812 

examination for, 2 6 1 - 2 6 3 , 262, 810 
exercise for, 263 , 264 
splenius cervicis trigger points due to, 436 , 

436 
temporalis trigger points due to, 354 
treatment of, 263 , 264 

pain drawings, 100 
pain in [see also Headache) 

associated with masticatory, head, and neck 
muscles 
cervicogenic headache, 2 5 5 - 2 5 6 , 457, 

477 
cranial neuralgia, 254, 2 5 4 - 2 5 5 
deafferentation pain, 254 
nerve trunk pain, 254 

associated with organic disorders of extracra
nial structures, 246, 246 

associated with structures in neck, 247, 
2 4 7 - 2 4 8 

associated with substances or their with
drawal, 246 

associated with teeth, jaws, and related struc
tures, 2 4 6 - 2 4 7 

associated with temporomandibular joint, see 
Temporomandibular joint (TMJ) 

chronic paroxysmal hemicrania, 2 4 4 - 2 4 5 
diagnostic categories, 239, 242 
guide to muscles involved in, 2 3 8 - 2 3 9 
referred, 240 

pains not classifiable, 2 5 5 - 2 5 6 
Headache 

as ancillary feature of fibromyalgia, 38 
benign cough or exertional, 245 
cervicogenic, 2 5 5 - 2 5 6 

active trigger points in, 457 
suboccipital trigger points vs., 477 

chronic, with myofascial trigger point compo
nent 

treatment of, 2 6 7 - 2 7 4 , 269, 270 
cluster, 242, 2 4 4 - 2 4 5 
cold stimulus, 245 
due to lateral pterygoid myofascial pain syn

drome, 3 9 3 - 3 9 4 
due to temporalis trigger points, 3 4 9 - 3 5 0 
hangover 

sternocleidomastoid trigger points and, 316 
hurting "all over" 

due to suboccipital trigger points, 4 7 2 - 4 7 3 , 
473 

migraine, 2 4 1 - 2 4 3 , 242, 243, 244 
muscle spasm 

inappropriately attributed to, 78 
occipital 

as mistaken diagnosis in patients with trigger 
point pain, 37 

orgasmic, 245 
posttraumatic, 2 4 5 - 2 4 6 
tension type, see Tension-type headache 

vascular 
pain from sternocleidomastoid trigger points 

vs., 318 
Head-forward posture, 8 0 9 - 8 1 0 , 811-812 

exercise for, 263 , 264 
patient examination, 2 6 1 - 2 6 3 , 262, 810 
splenius cervicis trigger points due to, 436, 436 
treatment for, 263 , 264 

Headrest 
for chair, 325 

Headset telephone, 326, 4 9 1 , 495, 5 0 1 - 5 0 2 
"Heartburn" 

due to abdominal trigger points, 9 4 1 , 942, 943, 
944 

in patients with abdominal trigger points, 952 
Heat 

application of, 170 
moist, 138 
for trigger point release, 127, 146 

Heating pad, 138 
Heavy object 

hand positions for carrying of, 731 
Heberden's nodes, 774 

after trigger point injection of interossei, 795, 798 
anatomy of, 789 , 791 
as guides in trigger point examination of in

terosseous muscles, 7 9 3 - 7 9 4 
interosseous trigger points associated with, 

788 
location of, 786, 787 
osteoarthritis and, 792 
patient examination, 791, 793 
perpetuating factors for, 792 
symptoms from, 792 
trigger points associated with, 777 

Hematologic profile, 2 2 7 - 2 2 8 
Hemipelvis 

small 
correction of, 1 8 2 - 1 8 3 
identification of, 182 
as trigger point perpetuator, 1 8 1 - 1 8 2 

Hemiplegia 
relief from 

trigger point release for, 128 
subscapularis muscle in, 598, 606, 607 

Hemoglobin synthesis 
role of pyridoxine in, 193 

Hemostasis 
during trigger point injection, 1 5 9 - 1 6 0 , 160 

Hepatitis 
abdominal muscle trigger points vs., 956 

Hernia 
umbilical 

abdominal muscle trigger points vs., 956 
Herpes simplex 

as perpetuating factor, 223 
Herpes zoster 

intercostal trigger points due to, 876 
intercostal trigger points vs., 878 , 884 

Hexenschuss, 8 0 5 - 8 0 6 
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Hiatal hernia 
abdominal muscle trigger points vs., 956 
pectoralis major trigger points vs., 830 

Hiccup, 876, 877, 8 8 1 - 8 8 2 
High-voltage galvanic stimulation 

for trigger point release, 1 4 6 - 1 4 7 
for trigger points in masseter muscle, 343 

Historical review of trigger points, 1 4 - 1 8 
History 

patient, 1 0 5 - 1 0 9 
Hoarseness 

due to laryngeal trigger points, 404 
spray and release for, 410 

Hold-relax 
definition of, 3 

Hold-relax trigger point release, 1 3 9 - 1 4 0 
for masseter muscle, 343 

Hong techniques 
fast in, fast out injection technique, 162 
for holding syringe, 1 6 1 - 1 6 2 , 162, 883 

Hooking maneuver 
for abdominal pain diagnosis, 956 

Hopelessness, 2 2 0 - 2 2 1 
Horizontal abduction 

definition of, 3 
Horner's syndrome 

orbicularis oculi trigger points vs., 421 
Hot pack, 138 

for infraspinatus trigger points, 5 6 1 - 5 6 2 
Housework 

activity goals applied to, 1 6 9 - 1 7 0 
Human immune serum immunoglobulin 

for herpetic recurrences, 224 
Humerus, 626 
Humoroulnar arcade 

definition of, 764 
Hydrocollator Steam Pack, 138 
Hyperalgesia 

definition of, 3 - 4 
Hyperesthesia 

definition of, 3 
Hyperextension strain, See Acceleration-decelera

tion injury of neck 
Hyperextension-flexion injury, See Acceleration-de

celeration injury of neck 
Hyperirritability syndrome, 4 4 - 4 5 
Hypermobility syndrome, 149 
Hyperpathia 

definition of, 3 
Hypersensitive xyphoid syndrome 

pectoralis major trigger points vs., 831 
Hyperthyroidism 

increased need for pyridoxine in, 195 
Hypertonic saline research studies of 

anterior scalene muscle, 505 
brachioradialis muscle, 691 
deep paraspinal muscles, 916 
erector spinae, 914 
extensor digitorum, 714 
flexor digitorum profundus, 754 

infraspinatus muscle, 554 
interspinous ligaments, 957 
latissimus dorsi, 574 
masseter muscle, 330 
paraspinal muscles, 957 
rectus abdominis muscle, 943 
suboceipital muscles, 473 
supraspinatus muscle, 539 
temporalis muscle, 350 
third dorsal interosseous muscle, 788 

Hyperuricemia, 220 
Hypervitaminosis A, 189 
Hypoalgesia 

definition of, 4 
Hypocalcemia, 211 
Hypoglycemia, 2 1 9 - 2 2 0 
Hypokalemic periodic paralysis, 2 1 1 - 2 1 2 
Hypometabolism 

cold intolerance in, 216 
confusing symptoms in, 216 
hypothyroidism, see Hypothyroidism 
myofascial pain and, 2 1 4 - 2 1 5 
peripheral resistance to thyroid hormone, 

214 
Hypopharynx, 465 
Hypothesis of trigger point etiology 

fibrotic scar tissue, 81 
Integrated, 6 8 - 7 8 
muscle spindle, 7 8 - 8 1 
neuropathic, 81 
pain-spasm-pain, 78 

Hypothyroidism, 2 1 3 - 2 1 5 
cold intolerance in, 216 
confusing symptoms in, 216 
diagnosis of, 2 1 6 - 2 1 7 
iatrogenic, 2 1 7 - 2 1 8 
mild, 215 
molecular basis of, 216 
thyroiditis, 215 
treatment of, 2 1 8 - 2 1 9 

Hypovitaminosis 
prevalence of, 189 

Hypoxia 
in trigger points, 72 , 73 

I band, 4 5 , 46-47 
Ibrahim syndrome, 955 
Ice massage, 142 
Idoxuridine 

for herpetic lesions, 223 
Immobility 

as trigger point perpetuator, 186 
Impacted tooth 

as perpetuating factor, 224 
Impingement sydrome, 545 
Importance of trigger points, 13 
Incisal path 

definition of, 4 
Inclined board 

for erect sitting, 814 
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Increased responsiveness of muscles with trigger 
points, 24 

Indigestion 
due to rectus abdominis trigger points, 943 , 944 

Indirect trigger point release techniques, 143 
In-doorway stretch exercise 

for coracobrachialis trigger points, 646 
for deltoid trigger points, 634 
for latissimus dorsi trigger points, 585 
for pectoralis major trigger points, 819 , 839, 840 
for rhomboid muscle trigger points, 620 
for scalene trigger points, 535, 839 
for subscapularis trigger points, 607, 611 

Indurations, 1 5 - 1 6 
Inferior 

definition of, 4 
Infrahyoid muscle 

anatomy of, 399 , 401 
function of, 401, 4 0 2 - 4 0 3 
innervation of, 402 
spray and release of, 4 0 7 - 4 0 8 , 409 

Infraspinatus muscle, 540, 5 5 2 - 5 6 3 , 568 
activation of trigger points in, 552, 556 
anatomy of, 552 , 554, 555 
corrective actions, 490, 552, 560, 5 6 1 - 5 6 2 , 562 
cross-sectional area, mean fiber length, and 

weight of, 103 
differential diagnosis, 552, 5 5 8 - 5 5 9 
function of, 552 , 5 5 4 - 5 5 5 
functional unit, 5 5 5 - 5 5 6 
innervation of, 554 
nerve entrapment by, 558 
pain referred from, 552, 5 5 2 - 5 5 4 , 553 
patient examination, 552, 5 5 6 - 5 5 7 , 5 5 7 
supplemental case reports, 562 
symptoms from, 552, 553 , 556 
trigger point examination, 552, 553, 5 5 7 - 5 5 8 
trigger point injection, 552, 5 5 9 - 5 6 1 , 561 
trigger point release, 552, 559, 560 

Inguinal hernia 
abdominal muscle trigger points vs., 956 

Inguinal pain 
due to abdominal trigger points, 9 4 1 , 942 

INH, see Isonicotinic acid hydrazide (INH) 
Inhalation 

functional unit, 533, 874 
movement of diaphragm in, 8 7 1 - 8 7 2 , 871 
muscles of, 866, 8 7 2 - 8 7 3 , 872 

Inhibition referred by trigger points, 2 6 - 2 7 
Injection 

intramuscular 
into deltoid muscle 

trigger point activation due to, 629 
trigger point (see also under Trigger point(s)) 

needling vs., 1 5 1 - 1 5 2 , 155 
Innominate vein, 867 
Inscriptions 

of muscle, 49 , 51 
Insertion 

of muscle, 102 

Insertion tendinosis, 19 
Insufficiency 

vitamin, 187 
factors causing, 188 

Integrated Trigger Point Hypothesis, 57, 6 9 - 7 8 , 71, 
73-74, 77 

research opportunities related to, 78 
Intercisal opening, 259, 2 5 9 - 2 6 0 

clinical estimate of, 3 3 6 - 3 3 7 , 337 
Intercostal artery, 866 
Intercostal membrane 

external, 865 
internal, 866 

Intercostal muscles, 8 6 2 - 8 8 6 
activation of trigger points in, 862, 876 
anatomy of, 862, 8 6 4 - 8 6 8 , 865-868 
corrective actions, 863, 8 8 4 - 8 8 5 , 885 
cross-sectional area, mean fiber length, and 

weight of, 103 
differential diagnosis, 862, 8 7 8 - 8 7 9 
fiber direction memory aid for, 946 
function of, 862 , 8 6 9 - 8 7 4 , 870-872 
functional unit, 8 7 4 - 8 7 5 
innervation of, 869 
pain referred from, 862, 863 , 863 
patient examination, 98-100, 862 , 876 -877 
symptoms from, 862, 875 
trigger point examination, 862, 877 
trigger point injection, 8 6 2 - 8 6 3 , 8 8 3 - 8 8 4 , 883 
trigger point release, 862 , 879, 881-882 

Intercostal nerves, 866-867 
Intercostal neuritis 

pectoralis major trigger points vs., 830 
Intercostal vein, 866, 868 
Internal abdominal oblique muscle, 866 

anatomy of, 946, 947 
cross-sectional area, mean fiber length, and 

weight of, 103 
function of, 950 
functional unit, 951 
innervation of, 949 
nerve entrapment by, 9 5 5 - 9 5 6 
patient examination, 955 

Internal intercostal muscles, 865, 8 6 6 - 8 6 8 , 
866-868, 872 

cross-sectional area, mean fiber length, and 
weight of, 103 

Internal jugular vein, 465 
Internal mammary artery, 867 
Internal mammary vein, 867 
Internal rotation, see Medial rotation 
Internal thoracic artery, 867 
Internal thoracic vein, 867 
Interosseous muscles 

of h a n d , 7 8 6 - 7 9 9 

activation of trigger points in, 786, 792 
anatomy of, 788, 790 
corrective actions, 725, 771, 783, 786, 798, 

798 
differential diagnosis, 794, 849 
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dorsal 
mnemonic for, 789 

function of, 786, 789 -791 
functional unit, 792 
innervation of, 789 
nerve entrapment by, 786, 794 
pain referred from, 786 -788 , 787 
palmar 

mnemonic for, 789 
patient examination, 7 9 2 - 7 9 3 
symptoms from, 786, 792 
trigger point examination, 786, 7 9 3 - 7 9 4 
trigger point injection, 786, 7 9 4 - 7 9 5 , 

796-797 
trigger point release, 787, 794, 795 

Interosseous-stretch exercise, 786, 798, 798 
Inter-rater reliability 

as problem in studying trigger point pain, 3 1 - 3 3 , 
32 

Interscapular muscle release technique, 4 8 9 - 4 9 0 , 
490 

Intertransverse ligaments, 866 
Intertransverse muscles, 866 
Intervertebral discs 

surface damage to 
as source of back pain, 8 0 7 - 8 0 8 

Interview 
patient, 1 0 5 - 1 0 6 

Intestinal colic 
as pseudo-visceral phenomenon, 940 

Intestinal parasites 
abdominal trigger points due to, 952 
as trigger point perpetuator, 940 

Intractable benign pain, 477 
Intramuscular injection 

trigger points due to, 629 
Involved muscle 

definition of, 4 
Inward rotation, see Medial rotation 
Iodine 

hypothyroidism due to, 217 
Iontophoresis 

for steroid application, 736 
for trigger point release, 1 4 5 - 1 4 6 

Iron, 2 0 8 - 2 1 0 
function of, 208 
insufficiency and deficiency of, 2 0 8 - 2 0 9 

causes of, 2 0 9 - 2 1 0 
treatment of, 210 

laboratory tests for, 209 
marking of active locus, 78 
requirements for, 209 
sources of, 209 

Irritable bowel syndrome 
as ancillary feature of fibromyalgia, 38 

Ischemic compression, 140 
definition of, 4 
trigger point pressure release for, 1 4 0 - 1 4 1 

Ischial lift 
for small hemipelvis, 182 

Isolytic contraction method 
for trigger point release, 140 

Isometric contraction method 
for trigger point release, 140 

Isoniazid 
as pyridoxine antagonist, 195 

Isonicotinic acid hydrazide (INH) 
as pyridoxine antagonist, 195 

Isotonic contraction technique 
for trigger point release, 140 

Isotonic saline 
for trigger point injection, 153 

Jar lid 
method for grasping of, 724, 724 

Jaw opening 
restriction of 

due to trigger points in masseter muscle, 
334 

Jerkiness of movement 
as trigger point perpetuator, 186 

Jogging 
movement and posture in, 815 , 816 

Joint capsule trigger points, 43 
Joint dysfunction, see Articular dysfunction 
Joint play 

definition of, 4 
in forearm and hand pain, 688 
in temporomandibular joint, 371 
loss of 

examination for, 116 
medial pterygoid muscle and, 371 

Jolt syndrome, 45 
Jugular vein 

internal, 465 
Jump sign 

clinical usefulness, 33 
definition of, 4, 119 
inter-rater reliability in measurement of, 32 

"Jumpy print" syndrome 
due to orbicularis oculi trigger points, 424 

Kelly, Michael 
on fibrositis, 15, 1 6 - 1 7 

Keulenformige gequollene Muskelfasern, 77 
Key trigger point(s), 1 2 2 - 1 2 3 , 125 

definition of, 4 
muscles observed in, 124, 452 , 572 , 578 , 629 , 

631 , 652 , 700, 746, 762, 879 , 905 , 921 
symptoms of, 19 

"Kidney" pain 
due to skin and muscle trigger points, 9 5 6 - 9 5 7 

Knot, see Contraction knot 
Knotenformig gequollene Muskelfasern, 67 
Kyphosis, 261 

Lacrimation 
excessive 

due to myofascial trigger points, 109, 309 
Lactase, 210 , 224 
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Lactation 
pyridoxine requirement in, 195 

Lactinex 
for small intestinal herpetic lesions, 224 

Lactose intolerance, 210 , 224 
Lapboard 

for erect sitting, 814 
Latent trigger point(s) 

active trigger points vs., 12 
criteria for identification of, 35 
definition of, 4 
eliciting clues to, 108 
symptoms of, 19 

Lateral 
definition of, 4 

Lateral abdominal muscles 
trigger point injection, 962 , 963-964 

"Lateral bel lows" 
in diaphragmatic breathing, 532 

Lateral epicondylar pain 
muscles causing, 686, 687 

Lateral epicondyle, 766-767 
Lateral epicondylitis 

finger extensor trigger points vs., 721 
hand extensor and brachialis trigger points vs., 

705 
pectoralis major trigger points vs., 830 
triceps brachii trigger points vs., 677 
(see also Tennis elbow) 

Lateral pterygoid muscle, 376, 3 7 9 - 3 9 6 
activation of trigger points in, 379, 3 8 3 - 3 8 4 
anatomy of, 379, 3 8 0 - 3 8 1 , 381-382 
case reports, 3 9 2 - 3 9 4 
corrective actions, 379 , 392 
density of muscle spindles in, 382 
differential diagnosis, 387 
function of, 379 , 3 8 1 - 3 8 3 
functional unit, 373 
injection of, 379, 3 8 8 - 3 8 9 

extraoral, 381, 3 8 9 - 3 9 2 , 390-391 
intraoral, 392 

innervation of, 381 
nerve entrapment by, 387 
pain referred from, 379, 3 7 9 - 3 8 0 , 380 
patient examination, 379, 384 
release of trigger points in, 379, 387, 388 
spray and postisometric relaxation of, 3 8 7 - 3 8 8 , 

388 
symptoms from, 379, 383 
trigger point examination, 379, 3 8 4 - 3 8 7 , 386 

Lateral rotation 
definition of, 4 

Latissimus dorsi muscle, 568, 5 7 2 - 5 8 6 , 602, 643 
activation of trigger points in, 572 , 5 7 8 - 5 7 9 
anatomy of, 572, 5 7 4 - 5 7 5 , 576 
corrective actions, 572 , 5 8 3 - 5 8 5 , 610 
differential diagnosis, 572 , 5 8 0 - 5 8 1 
function of, 572 , 5 7 5 - 5 7 7 
functional unit, 5 7 7 - 5 7 8 

innervation of, 575 
nerve entrapment by, 580 
pain referred from, 5 7 2 - 5 7 4 , 573 
patient examination, 489, 557, 572, 579, 675 
supplemental case reports, 585 
symptoms from, 572 , 578 
trigger point examination, 572, 5 7 9 - 5 8 0 , 580 
trigger point injection, 572, 5 8 2 - 5 8 3 , 584 
trigger point release, 572, 5 8 1 - 5 8 2 , 582-583 

Laughter 
for abdominal muscles, 940, 967 

Leg asymmetry, see Lower-limb-length inequality 
(LLLI) 

Levator costae brevis muscle, 866 
Levator costae longus muscle, 866 
Levator costae (costorum) muscles, 8 6 5 - 8 6 6 , 866 
Levator scapulae muscle, 435, 4 9 1 - 5 0 3 , 515 

activation of trigger points in, 4 9 1 , 4 9 4 - 4 9 5 , 495 
anatomy of, 4 9 1 , 4 9 1 - 4 9 2 , 493 
corrective actions, 326, 4 9 1 , 495, 5 0 1 - 5 0 2 
differential diagnosis, 4 9 1 , 498 
function of, 4 9 1 , 4 9 3 - 4 9 4 
functional unit, 4 9 4 
innervation of, 492 
nerve entrapment by, 4 9 7 - 4 9 8 
pain referred from, 4 9 1 , 491, 492 
patient examination, 489, 4 9 1 , 4 9 5 - 4 9 6 , 557 
self-stretch of, 5 0 1 - 5 0 2 
symptoms from, 494 
syndrome, 494 
trigger point examination, 4 9 1 , 4 9 6 - 4 9 7 , 497 
trigger point injection, 4 9 1 , 5 0 0 - 5 0 1 , 500 
trigger point release, 4 9 1 , 4 9 8 - 5 0 0 , 499 

Levator scapulae syndrome, 494 
Levothyroxine (T 4) 

for hypothyroidism, 218 
Lidocaine 

for trigger point injection, 1 5 2 - 1 5 3 
myotoxicity of, 1 5 3 - 1 5 4 

Life events 
in patient history, 105 

Lifting 
body mechanics in, 185 
method for, 816 , 933, 933 
pectoralis trigger points due to, 828 

Ligament(s) 
sprains of 

procaine injection for, 165 
trigger points in, 43 

Limited range of motion 
due to trigger points, 22, 109 

Lithium 
thyroid function and, 217 

Liver disease, 190 
LLLI, see Lower-limb-length inequality (LLLI) 
Local pain pattern, 96 , 97 
Local twitch response (LTR), 118 

clinical demonstration of, 22 
definition of, 4 
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description of, 82 
as a diagnostic criterion, 3 4 - 3 5 
elicitation of, 120, 1 2 1 - 1 2 2 , 702, 703, 720, 720 
origin and propagation of, 8 2 - 8 6 , 84-85 
in rabbits, 82 
spinal cord reflex, 84, 85 
topographic extent of, 82, 83 

Locking 
temporomandibular, 250, 252 

Locking finger, see Trigger finger 
Locomotor-respiratory coupling 

in running, 875 
Locus 

active 
of trigger point 

definition of, 1 
Longissimus capitis muscle, 474 

activation of trigger points in, 445 , 4 5 1 - 4 5 4 , 453 
anatomy of, 448 , 449 
corrective actions, 445 , 4 6 7 - 4 6 9 , 468 
differential diagnosis, 398, 4 5 6 - 4 5 9 , 459, 553 
function of, 445 , 450 
functional unit, 451 
innervation of, 450 
pain referred from, 445 , 446 
patient examination, 454 
symptoms from, 445 , 451 
trigger point examination, 445 , 4 5 5 - 4 5 6 , 456 
trigger point injection, 445 , 4 6 3 - 4 6 5 , 465-467 
trigger point release, 445 , 448, 4 5 9 - 4 6 3 , 461-462 

Longissimus thoracis muscle 
cross-sectional area, mean fiber length, and 

weight of, 103 
Longus capitis muscle 

anatomy of, 3 9 9 - 4 0 1 , 402 
innervation of, 402 
symptoms from, 4 0 4 

Longus colli muscle 
anatomy of, 399, 402 
injection of, 413 
innervation of, 402 
symptoms from, 404 
trigger point injection, 4 1 2 - 4 1 3 

Looking 
method for, 817 

Lordosis, 261 
cervical 

measurement of, 262, 262 
lumbar 

car posture and, 2 6 5 - 2 6 6 , 266 
Low back pain, enigma of, 8 0 4 - 8 0 9 

controversy over causes and management of, 
8 0 4 - 8 0 5 

definition of, 4 
due to articular dysfunction, 8 0 6 - 8 0 7 
due to rectus abdominis trigger points, 943 , 944 
likely answers to enigma, 8 0 5 - 8 0 9 
overlooked causes of 

damaged discs, 8 0 7 - 8 0 8 

multiple conditions, 8 0 8 - 8 0 9 
trigger points, 8 0 5 - 8 0 6 , 805-807 

prevalence of, 804 
Lower rib release, 880 , 882 
Lower-limb-length inequality (LLLI) 

correction of, 181 
identification of, 1 8 0 - 1 8 1 , 9 3 0 - 9 3 1 , 931 
paraspinal trigger point and, 930 
as trigger point perpetuator, 1 7 9 - 1 8 0 

LTR, see Local twitch response (LTR); Twitch re
sponse 

Lumbago 
definition of, 4 
prevalence of trigger points in, 8 0 5 - 8 0 6 

Lumbar lordosis 
car posture and, 2 6 5 - 2 6 6 , 266 

Lumbar pain 
muscles involved in, 802 , 803 

Lumbar pillow, 325 
for rhomboid muscle trigger points, 621 

Lumbar Roll, 265 
Lumbar spine 

positioning of 
head position due to, 810 

Lumbar support 
for driving, 1 8 2 - 1 8 3 , 2 6 5 - 2 6 6 , 266 
for proper sitting posture, 811-812, 8 1 3 - 8 1 4 

Lumbrical muscles 
anatomy of, 788, 791 
corrective actions, 798 , 798 
differential diagnosis, 794 , 849 
function of, 786, 7 9 1 - 7 9 2 
functional unit, 792 
innervation of, 789 
nerve entrapment by, 794 
pain referred from, 786 , 787 
patient examination, 7 9 2 - 7 9 3 
trigger point examination, 7 9 3 - 7 9 4 
trigger point injection, 791, 796 
trigger point release, 787, 794, 795 

Lung cancer 
pectoralis major trigger points vs., 830 

M line 
in muscle, 47 

Magnesium, 212 
Mandible, 352, 381, 391 

range of motion of, 259, 2 5 9 - 2 6 0 
Mandibular condyle, 381 
Manual release of 

diaphragmatic trigger points, 8 8 0 - 8 8 1 , 882 
elevated first rib, 518 , 519 
interscapular muscles, 4 9 0 
lower intercostal muscles, 880 , 882 
serratus posterior inferior trigger points, 9 1 1 , 911 
suboccipital trigger points, 479 , 481 
upper intercostal muscles, 880 , 881 

Massage 
plasma myoglobin levels and, 76 , 77 
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Massage—cont inued 
response of fibrocytic nodules to, 76 
stripping 

definition of, 7 
for trigger point release, 1 4 1 - 1 4 3 

Masseter muscle, 3 2 9 - 3 4 8 , 376, 391 
activation of trigger points in, 329, 3 3 5 - 3 3 6 
anatomy of, 329, 332, 333 
corrective actions for trigger points in, 329, 337, 

3 4 4 - 3 4 6 , 468 
density of muscle spindles in, 382 
function of, 329 , 3 3 2 - 3 3 4 
functional unit, 334 
innervation of, 332 
nerve entrapment by, 338 
pain referred from, 329, 3 3 0 - 3 3 2 , 331 

deep layer, 330 
differential diagnosis of, 310, 329, 3 3 8 - 3 3 9 
experimental studies of, 3 3 0 - 3 3 2 
prevalence of, 330 
superficial layer, 330, 331 

patient examination, 98-100, 329 , 3 3 6 - 3 3 7 , 337 
spasm of, 334 
spray and stretch of, 3 4 0 - 3 4 2 , 341-342 
supplemental case reports, 346 
supplemental references, 332 
symptoms from, 98-100, 243, 329, 3 3 4 - 3 3 5 
trigger point examination, 329, 3 3 7 - 3 3 8 , 337 
trigger point injection, 329, 344 , 345 
trigger point release in, 329, 3 3 9 - 3 4 4 , 341-342 

Masseter trigger point, 125 
Masticatory muscles 

density of muscle spindles in, 382 
McBurney's point 

rectus abdominis trigger point and, 943 , 944, 945 
McGill pain questionnaire, 269, 270 
Medco-sonolator, 146 
Medial 

definition of, 4 
Medial epicondylar pain 

muscles causing, 686 , 687 
Medial epicondyle, 766-767 
Medial epicondylitis 

forearm flexor trigger points vs., 765 
pectoralis major trigger points vs., 830 
pectoralis minor trigger points vs., 851 
triceps brachii trigger points vs., 677 

Medial pterygoid muscle, 3 6 5 - 3 7 8 , 376, 391 
activation of trigger points in, 365, 3 6 8 - 3 6 9 
anatomy of, 365, 3 6 6 - 3 6 8 , 367 
corrective actions, 365, 3 7 4 - 3 7 7 
density of muscle spindles in, 382 
differential diagnosis, 371 
function of, 365 , 368 
functional unit, 368 
innervation of, 368 
nerve entrapment by, 3 7 0 - 3 7 1 
pain referred from, 365, 3 6 5 - 3 6 6 , 366 
patient examination, 365 , 369 

symptoms from, 365, 368 
treatment of, 365, 371, 374 

spray and stretch, 3 7 1 - 3 7 3 , 372 
trigger point injection, 365, 3 7 4 3 7 5 - 3 7 6 

trigger point examination, 365, 3 6 9 - 3 7 0 , 370 
Medial rotation 

definition of, 4 
Median nerve, 517, 850 

entrapment of, 764, 765 
Mediastinal emphysema 

pectoralis major trigger points vs., 830 
Medical events 

in patient history, 105 
Medications 

pain-contingent vs. time-contingent scheduling 
of, 271 

in patient history, 105 
Megadose vitamins, 188 
Megaloblastic anemia 

due to cobalamin deficiency, 1 9 8 - 1 9 9 
treatment for, 302 

Melatonin 
for reestablishing normal sleep-waking cycle, 

1 4 8 - 1 4 9 
Meniere's disease 

sternocleidomastoid trigger point pain vs., 318 
Mepivacaine 

for trigger point injection, 154 
Metabolic inadequacies 

gouty diathesis, 220 
hypoglycemia, 2 1 9 - 2 2 0 
hypometabolism, 2 1 3 - 2 1 9 [see also specific dis

order) 
Metabolism 

role of pyridoxine in, 193 
Metacarpal bones 

cross-section of, 791 
Metatarsal bones 

short first, long second, 1 8 3 - 1 8 4 
Methadone 

thyroid function and, 218 
Microamperage 

for trigger point release, 146 
Middle finger extensor, 714, 715 

[see also Extensor digitorum muscle) 
Middle trapezius stretch exercise, 303 
Migraine headache, 2 4 1 - 2 4 3 , 242, 243, 244 

trigger point pain vs., 37 
Minerals 

calcium, 2 1 0 - 2 1 1 
in muscle, 45 , 46-47, 55 
supplemental, 211 

iron, 2 0 8 - 2 1 0 
magnesium, 212 
potassium, 2 1 1 - 2 1 2 

Miniature endplate potentials, 58, 62, 73, 74 
Misconceptions 

common 
about treatment of trigger point pain, 31 
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Misdiagnoses of trigger points, 37 
Mnemonics 

the dorsal interossei abduct (DAB), 789 
the palmar interossei adduct (PAD), 789 

Mobility and posture 
examination of, 112 
mobilization of scapula, 4 8 9 - 4 9 0 , 490 

Moist heat, 138 
Morphine 

thyroid function and, 218 
Morton, Thomas G. 

neuroma of, 184 
Morton (Dudley J.) foot configuration 

restricted mouth opening due to, 337 
as trigger point perpetuator, 1 8 3 - 1 8 4 

Motoneuron, 47, 48 
Motor dysfunction 

associated with active trigger points, 21 
Motor endplate(s), 48, 4 8 - 1 9 

definition of, 4 
dysfunctional, 62, 63, 65, 66 , 67, 74, 76 
location of, 4 9 - 5 3 , 50-52, 54 
structure of, 53, 54, 55 
zone of, 49 

Motor point, 49 
Motor unit, 4 7 - 4 9 , 48 
Mouse units 

for expression of toxin potency, 1 5 4 - 1 5 5 
Mouth wrap-around test, 489 , 489 

for infraspinatus trigger points, 489, 556 
for latissimus dorsi trigger points, 579 , 585 
for posterior deltoid trigger points, 630 
for teres major trigger points, 5 8 9 - 5 9 0 
for teres minor trigger points, 567 

Movement 
principles of 

Alexander's, 814 
in daily-living activities, 8 1 5 - 8 1 7 , 817 
jogging, 815 , 816 
walking up stairs, 8 1 4 - 8 1 5 , 815 

restriction of 
in persons with active trigger points, 113 

rules for, 1 6 8 - 1 6 9 
Movements of scapula, 284 
MPS, see Myofascial pain syndrome (MPS) 
Multifidus muscles, 866 

cervical 
activation of trigger points in, 445 , 4 5 1 - 4 5 4 
anatomy of, 448-449, 450 
corrective actions, 445 , 453, 4 6 7 - 4 6 9 , 468 
differential diagnosis, 398, 4 5 6 - 4 5 9 , 456 , 

553 
function of, 451 
functional unit, 451 
pain referred from, 445 , 446 , 447 
patient examination, 454 
trigger point examination, 445 , 447, 455 
trigger point injection, 445 , 447, 4 6 3 - 4 6 4 , 465, 

4 6 6 - 4 6 7 

trigger point release, 445 , 445, 448, 4 5 9 - 4 6 3 , 
461-462 

cross-sectional area, mean fiber length, and 
weight of, 103 

thoracic, 449 
Multipennate muscle fibers, 51 
Muscle compartmentalization, 53 
Muscle energy technique, 140 
Muscle fiber 

area and length, 103 
giant round, 68 , 69 

Muscle hardenings, 1 5 - 1 6 
inscriptions, 49 , 51 

Muscle nerve, 48 
Muscle relaxants 

for trigger point release, 148 
Muscle spasm, 8 0 4 - 8 0 5 

erroneous identification of taut trigger point 
bands, 148 

not the cause of headache, 78 
release of, 147 
trigger points vs., 878 

Muscle spindles 
distribution of in muscles, 78, 79 
in digastric muscle, 382, 403 
in intercostal muscles, 864 
in lateral pterygoid muscle, 382, 382 
in masseter muscle, 332, 334 , 382 
in medial pterygoid muscle, 382 
in temporalis muscle, 382 

Muscle structure and function, 4 5 - 5 7 
Muscle weakness due to trigger points, 22 
Muscle-energy technique 

for trigger point release, 140 
Muscle(s) 

abuse of 
trigger point perpetuation and, 1 8 5 - 1 8 6 

architecture of, 45 , 46-47, 49 , 50-52, 6 9 5 - 6 9 7 , 697 
function and, 1 0 2 - 1 0 3 , 103 

constriction of 
trigger point perpetuation and, 186 

exercises for, see Exercise(s) 
gelling of, 115 (see also Myogeloses; Myogelosis) 
involved 

definition of, 4 
overload of 

trigger point activation and, 19 
pain in, see under Pain 
"shunt" and "spurt" types of, 698 
spindles in, 382 
terminology concerning, 102 

Muscle-spindle hypothesis, 58-61, 67, 7 8 - 8 1 , 79 
Muscle-testing 

as trigger point perpetuator, 700 
Muscular firm tension, 115 
Muscular rheumatism 

definition of, 4 
panniculosis associated with, 115 
(see also Muskelrheumatismus) 
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Musculocutaneous nerve entrapment, 642 
Muskel Schwiele, 14 
Muskelharten, 1 5 - 1 6 

definition of, 18 
Muskelhartspann 

panniculosis associated with, 115 
Muskelrheumatismus, 14 

panniculosis associated with, 115 
Myalgia, 16 

definition of, 5 
trigger point pain vs., 41 

Mylohyoid muscle 
anatomy of, 399, 401 
innervation of, 401 
pain referred from, 398 

Myocardial infarction 
intercostal trigger points vs., 878 
pectoral muscle trigger points due to, 828 
sternalis trigger points due to, 8 5 9 - 8 6 0 

Myoedema 
in response to trigger point injections, 214 

"Myofacial pain," 253 
Myofascial pain 

depression and pyridoxine insufficiency associ 
ated with, 194 

prognosis in, 110 
trigger point pain vs., 37 

Myofascial pain dysfunction syndrome, 253 
definition of, 5 

Myofascial pain syndrome (MPS) 
definition of, 5, 18 
low folate levels associated with, 196 
usages of term, 3 5 - 3 6 

Myofascial pseudothoracic outlet syndrome, 
833 

diagnosis of, 4 8 6 - 4 8 8 
thoracic outlet syndrome vs., 522 

Myofascial trigger point pain, 96 , 2 6 7 - 2 6 8 
acute vs. chronic, 2 6 7 - 2 6 8 
aggravating and alleviating factors in, 109 
chronic, 56, 76, 78, 2 6 7 - 2 6 8 
diagnostic terms referring to, 1 8 - 1 9 
fibromyalgia vs., 39, 39 
quantification of, 2 6 8 - 2 6 9 , 269, 270 
treatment program, 2 6 9 - 2 7 4 

Myofascial trigger point(s), 5 
diagnostic criteria, 3 1 - 3 5 , 32-33, 35 
differential diagnosis, 3 5 - 4 5 , 37-39 
electromyography of, 17 
histopathology of, 6 7 - 6 9 , 68-69 
physical f indings , 2 1 - 2 2 
release of, 143 
symptoms of, 1 9 - 2 1 , 20 
as synergistic pain source, 8 0 8 - 8 0 9 
testing for, 2 2 - 3 0 , 23, 25-26 
treatment of, 3 0 - 3 1 
types of 

active, 1 
associated, 2 

central, 2 
key, 4 
latent, 4 
primary, 6 
satellite, 6 

(see also Trigger area; Trigger point(s); Trigger 
zone) 

Myofascitis 
definition of, 18 

Myogelosen, 14, 15 
definition of, 18 
panniculosis associated with, 115 

Myogeloses 
definition of, 18 
panniculosis associated with, 115 

Myogelosis, 14 
back pain and, 914 
definition of, 5 
origin of palpable nodules in, 70, 76 
tissue oxygen saturation in, 73 

Myoglobin levels in plasma 
after deep massage, 76, 77 

Myoglobin response to massage of fibrositic 
nodules 

in trigger-point-related diseases, 77 
cause of, 7 6 - 7 7 

Myosin 
in muscle, 45 , 46-47 

Myotatic unit, see Functional unit 
Myotendinal junction, 164 
Myotherapy, 140 

Nakkesleng, 439 
Nasal secretion 

trigger points and, 109 
Nausea 

due to abdominal trigger points, 943, 944 
as pseudo-visceral phenomenon, 940 

Neck 
acceleration-deceleration injury to, 437, 4 3 9 - 4 4 0 , 

4 5 1 - 4 5 2 
longus colli trigger points in, 404 
scalene trigger points in, 511 
trapezius muscle and, 287 

anterior muscles of 
anatomy of, 3 9 9 - 4 0 1 , 402 
function of, 403 
pain referred from, 3 9 8 - 3 9 9 
spray and release of, 409, 410 

areas to which pain may be referred, 240 
constriction of 

posterior cervical trigger point pain due to, 
4 5 2 - 1 5 3 

cross-section of, 465 
exercises for 

for scalene muscles, 511, 530 
side-bending, 530, 531 
stretching, 272, 468, 481 

pain in, 240 
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chronic, with myofascial trigger point compo
nent 
treatment of, 2 6 7 - 2 7 4 , 269, 270 

chronic intractable benign 
pain referred from trapezius vs., 292 
suboccipital trigger points vs., 4 7 2 - 4 7 3 , 

473, 477 
diagnostic categories for, 239, 242 
guide to muscles involved in, 2 3 8 - 2 3 9 
structures causing, 247, 2 4 7 - 2 4 8 

pillow for, 325 
posterior muscles of, 4 4 6 - 4 7 1 , 447-449, 453, 

456, 461-462, 465-468 
possible trigger point locations in, 467 

rapid hyperextension of, 439 
stiffness, 460 

Needle electromyography, 2 2 - 2 3 
Needle technique, 160, 160-161, 164 

caveats, 163 
dry needling, 1 6 2 - 1 6 3 
failure in, 166 
hemostasis, 1 5 9 - 1 6 0 , 160 
holding syringe, 1 6 1 - 1 6 2 , 162 
needle placement, 120, 1 5 8 - 1 5 9 , 159 
needles for, 156, 1 5 6 - 1 5 7 
number of injections, 1 6 3 - 1 6 5 , 164f 
patient positioning, 1 5 5 - 1 5 6 
postinjection procedures, 1 6 5 - 1 6 6 
precautions, 163 
preinjection blocks, 158 
preinjection considerations 

patient positioning, 1 5 5 - 1 5 6 
skin cleansing, 157 
vitamin C and aspirin, 156 

skin penetration, 157 
Needle(s) 

electromyographic, 59, 60 
for trigger point therapy, 156, 1 5 6 - 1 5 7 , 163 

Needling 
dry 

acupuncture needles for, 163 
injection vs., 1 5 1 - 1 5 2 , 155 

Nephrolithiasis pain 
local anesthetic infiltration for, 958 

Nerve compression, 19 
Nerve entrapment, 1 2 4 - 1 2 5 , 126 

definition of, 94 
as perpetuating factor, 227 
of anterior branches of lower thoracic spinal 

nerves by rectus abdominis muscle, 955 
of brachial plexus by the pectoralis minor, 848, 

850, 851 
of brachial plexus by the scalene muscles, 851 
of cutaneous branch of the radial nerve by the 

brachialis muscle, 662, 663 
of dorsal primary divisions of spinal nerves by 

paraspinal muscles, 923 
of greater occipital nerve by the semispinalis 

capitis and/or trapezius, 455 , 456 

of long thoracic nerve by the scalenus medius, 894 
of median nerve by the pronator teres, 765 
of musculocutaneous nerve by the coraco 

brachialis muscle, 642 
of radial nerve 

by the extensor carpi radialis brevis, 702, 765 
by the flexor carpi ulnaris, 704 
by the supinator, 733, 734 
by the triceps brachii , 676 

of suprascapular nerve at the spinoglenoid 
notch, 558 

of ulnar nerve by the flexor carpi ulnaris, 764 
Neuralgia 

atypical facial 
trigger point pain vs., 37 

occipital 
trigger point pain vs., 18 

paroxysmal cranial, 254, 2 5 4 - 2 5 5 
persistent, 254, 254 
postherpetic 

trigger point pain vs., 37 
Neurologic dysfunction 

due to cobalamin deficiency, 198 
Neuromuscular junction, 5 3 - 5 4 , 54-55 
Neuromyelopathic pain syndrome, 44 
Neuropathic hypothesis, 81 
Neuropathic pain 

chronic 
area of brain involved in, 57 

Neuropathy 
cervical 

trigger points caused by, 452 
trigger points vs., 4 5 9 

peripheral compression 
neck or shoulder pain associated with, 459 

Neuroplastic changes, 56 
Neurotransmitters 

pyridoxine and, 193 
Niacinamide 

for herpes lesions, 223 
Night guard, 362 
Nipple hypersensitivity, 820, 828 , 831 

trigger point injection for, 8 3 7 - 8 3 8 , 837 
Nitrites 

in cardiac pain diagnosis, 832 
"No pain, no gain" philosophy, 700 
Nociceptor 

axon, 54 
sensitization of, 56, 72 
sleeping, 56 

Nodule(s) 
palpable, 70, 76 
tender, 1 6 - 1 7 ( s e e also Trigger point(s)) 

clinical demonstration of, 22 
Nomina Anatomica, 102 
Nonarticular rheumatism, 14, 16 

definition of, 1 8 - 1 9 
Nonmyofascial trigger point pain 

myofascial trigger point pain vs., 4 2 - 4 4 
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Nonsteroidal anti-inflammatory drugs 
for postinjection soreness, 147 

Norepinephrine 
ascorbic acid needed for synthesis of, 205 

Nutritional inadequacies 
ascorbic acid, 2 0 4 - 2 0 8 
calcium, 2 1 0 - 2 1 1 
cobalamins, 1 9 6 - 2 0 4 
folic acid, 1 9 6 - 2 0 4 
iron, 2 0 8 - 2 1 0 
magnesium, 212 
minerals and trace elements, 2 0 8 - 2 1 3 
potassium, 2 1 1 - 2 1 2 
pyridoxine, 1 9 2 - 1 9 6 
thiamine, 1 8 9 - 1 9 2 
treatment of, 2 1 2 - 2 1 3 

OA (occipitoatlantal) joints 
function of, 475 , 475 

Obliquus capitis inferior muscle, 456 
anatomy of, 4 7 4 , 474 
differential diagnosis, 4 7 7 - 4 7 9 
function of, 4 7 5 - 4 7 6 , 475, 480 
functional unit, 476 
trigger point release, 4 7 9 - 4 8 1 , 480 

Obliquus capitis superior muscle, 456 
anatomy of, 4 7 3 - 4 7 4 , 474 
function of, 4 7 5 - 4 7 6 , 475, 480 
trigger point release, 4 7 9 - 4 8 1 , 480 

Occipital bone, 312, 456 
Occipital headache 

trigger point pain vs., 37 
Occipitalis muscle, 429 
Occipitoatlantal joints 

function of, 475 , 475 
normal range of motion of, 475 

Occipitofrontalis muscle, 4 2 7 - 4 3 1 
activation of trigger points in, 427 , 430 
anatomy of, 427, 4 2 7 - 4 2 9 , 428 
corrective action, 427 , 431 
differential diagnosis, 4 3 0 - 4 3 1 
function of, 427, 4 2 9 - 4 3 0 
functional unit, 430 
innervation of, 429 
nerve entrapment by, 427 , 430 
pain referred from, 427 , 428 
patient examination, 430 
symptoms from, 430 
trigger point examination, 427 , 428, 430 
trigger point injection, 431 
trigger point release, 427, 431 

Occipitoneuralgia 
suboccipital trigger point pain vs., 477 
trigger point pain vs., 18 
upper trapezius/splenius capitis trigger point 

pain vs., 292 
Occlusal appliance, 261 
Occlusal disharmony 

definition of, 5 

Occupational myalgia, 761 
abdominal muscle trigger point and, 953 
biceps brachii muscle and, 652 
brachialis muscle and, 665 
deltoid muscle and, 628 , 629 
extensor pollicis and, 718 
finger extensors and, 698 , 718 
hand and finger flexors and, 762 
hand extensors and, 698 , 709 
latissimus dorsi muscle and, 5 7 8 - 5 7 9 
levator scapulae and, 494 
lumbrical muscles and, 792 
lumbar paraspinal muscles and, 924 
palmaris longus muscle and, 746 
posterior cervical muscles and, 452 
scalene muscles and, 535 
splenius cervicis and, 436 
supinator muscle and, 732 
supraspinatus muscle and, 542 
triceps brachii and, 674 
trigger point pain contribution to, 41 

Office habits (postural), 2 6 6 - 2 6 7 
Oil-soluble vitamins, 189 
Olecranon, 694-695, 766-767 
Olecranon bursitis 

triceps brachii trigger points vs., 677 
Olecranon pain 

muscles causing, 686 , 687 
Omohyoid muscle, 515, 865 

anatomy of, 399 , 401, 515 
innervation of, 402 
spray and release of, 410 
symptoms from, 404 
trigger point examination, 406 -407 , 515 

Open-heart surgery 
intercostal trigger points due to, 876 

Opiates 
abnormal thyroid function due to, 218 

Opponens digiti minimi muscle, 791 
Opponens pollicis muscle, 774 -785 

activation of trigger points in, 774, 777 
anatomy of, 774, 776, 778 
corrective actions, 774, 7 8 3 - 7 8 4 , 784 
differential diagnosis, 774, 780 
function of, 774, 777 
functional unit, 777 
innervation of, 776 
pain referred from, 774, 776 
patient examination, 774, 777 -779 , 779 
symptoms from, 774, 777 
trigger point examination, 774, 780 
trigger point injection, 774, 781, 781-782 
trigger point release, 774, 7 8 0 - 7 8 1 , 781 

Oral contraceptives 

pyridoxine insufficiency associated with, 193, 
195 

Orbicularis oculi muscle, 429 
activation of trigger points in, 416 , 421 
anatomy of, 418 , 419 
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corrective action, 416 
differential diagnosis, 422 
function of, 416 , 420 
functional unit, 420 
innervation of, 420 
pain referred from, 416 , 416 , 417 
patient examination, 421 
symptoms from, 421 
trigger point examination, 421 
trigger point injection, 424 
trigger point release, 416 , 422 

Orgasmic headache, 242, 245 
"Origin" 

of muscle, 102 
Orthoses 

intraoral, 261 
Os-Cal, 211 
Osteoarthritis 

low back pain and, 925 
of neck, 458 

Osteochondrosis 
definition of, 19 

Osteopathic technique 
for releasing tender points, 143 
for releasing subscapularis tightness, 607 

Outward rotation, see Lateral rotation 
Ovarian cyst 

abdominal trigger points vs., 956 
Oxidative metabolism 

role of pyridoxine in, 193 
Oxycodone 

abnormal thyroid function due to, 218 

Pad 
for erect sitting posture, 812, 813 

PAD (palmar interossei adduct) mnemonic, 789 
Paddling 

hand technique for, 771 
Pain 

areas of brain involved in, 57 
associated with active trigger points, 2 0 - 2 1 
as contributor to depression, 110 
due to trigger points 

characterization of, 96 
referred, 1 1 4 - 1 1 5 

eliciting information on, 106, 108 
during forceful contractions, 22 
gradual onset, 1 1 1 - 1 1 2 
history of, 9 5 - 9 7 , 97 
measurement of, 32-33, 34 
medication for 

pain-contingent vs. time-contingent schedule 
for, 271 

muscular 
common medical practitioner approach to, 

148 
neurophysiology of, 5 4 - 5 7 , 55 

quantification of, 2 6 8 - 2 6 9 , 269 
sudden onset, 112 

transmission of 
ascorbic acid in, 187 

Pain diary, 271 
Pain pattern(s) 

body forms for, 98-100 
composite 

definition of, 2 
drawing of, 9 7 - 1 0 0 , 98-100 
interpretation of, 1 0 0 - 1 0 2 , 101 

Pain questionnaire 
McGill , 269, 270 

Pain recognition, 22 
diagnostic usefulness of, 34 
inter-rater reliability in measurement of, 32 
relative difficulty in measurement of, 33 
reliability of, 34 

Pain zone 
definition of, 3 

Painful rib syndrome 
trigger points vs., 878 , 956 

Pain-perpetuating movements, 1 6 8 - 1 6 9 
Pain-spasm-pain cycle, 78 
Palliative care 

definition of, 260 
Palm 

pain of, 686 , 687 
due to palmaris longus trigger points, 746 

Palmar aponeurosis, 744, 745 
Palmar interossei adduct (PAD) mnemonic, 789 
Palmaris brevis muscle, 745 
Palmaris longus muscle, 7 4 3 - 7 5 2 , 758 

activation of trigger points in, 669, 743, 7 4 6 - 7 4 7 
anatomy of, 7 4 3 - 7 4 6 , 745 
corrective actions, 743, 749, 751 
differential diagnosis, 743, 7 4 7 - 7 4 9 
function of, 743, 746 
innervation, 746 
nerve entrapment by, 747 
pain referred from, 743 , 744 
patient examination, 747, 748 
symptoms from, 743, 746 
trigger point examinatioin, 747, 748 
trigger point injection, 743, 748, 750, 751 
trigger point release, 743, 7 4 9 - 7 5 0 , 749 

Palmaris longus tendon, 745 
Palpable nodule, 70, 74, 76 
Palpable taut band, 32t, 33, 34 

definition of, 5 
diagnostic usefulness of, 34 
explanation for, 68, 70, 74, 76 

Palpation, 1 1 6 - 1 1 7 
d e e p , 1 5 8 
flat, 3, 158 , 159-160 
kinds of, 1 1 8 - 1 1 9 , 120 
pincer, 5 -6 , 158 
screening, 6 
snapping, 7 

Pancreatitis 
abdominal muscle trigger points vs., 956 
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Panniculosis 
lumbar paraspinal trigger point and, 923 
trigger point activity and, 1 1 5 - 1 1 6 

Pantothenic acid deficiency, 190 
Paradoxical respiration, 5 3 1 - 5 3 2 , 533, 874 

definition of, 5 
intercostal trigger points due to, 876 
intercostal trigger point caused by, 884 
patient examination for, 876 
rectus abdominis trigger points and, 954 

Parallel muscle fibers, 51 
Parasites 

abdominal 
abdominal trigger points due to, 952 
as trigger point perpetuator, 940 

Parasternal trigger points, 822, 832 
trigger point injection, 822, 837 

Paresthesia 
in fibromyalgia, 38 

Parietal bone, 352 
Paroxysmal hemicrania 

chronic, 242 
Partitioning of 

extensor carpi radialis longus muscle, 696 
flexor carpi radialis, 760 
latissimus dorsi, 575 

Passive range of motion 
definition of, 5 

Patient 
activity goals for, 1 6 9 - 1 7 0 
application of heat and cold by, 170 
compliance of, 1 6 6 - 1 6 7 

review of, 271 
examination of, 1 1 2 - 1 1 6 

compression test, 116 
cutaneous and subcutaneous signs, 115 
definition of, 94 
joint play, 116 
mobility and posture, 112 
neuromuscular function, 1 1 2 - 1 1 4 
referred tenderness, 1 1 4 - 1 1 5 
trigger points 

central and attachment, 122 , 123, 124 
diagnostic criteria, 117 
differential diagnosis, 125 
entrapment, 1 2 3 - 1 2 5 , 126 
key and satellite, 1 2 2 - 1 2 3 , 124, 125 
local twitch response, 1 2 1 - 1 2 2 
palpable tender nodule and taut band, 

1 1 7 - 1 1 9 , 118, 120 
referred pain, 1 1 9 - 1 2 1 

exercises recommended for, 1 7 1 - 1 7 3 (see also 
Exercise(s)) 

history of, 1 0 5 - 1 0 9 
interview of, 1 0 5 - 1 0 6 
movement rules for, 1 6 8 - 1 6 9 (see also Move

ment) 
posttreatment activity level for, 168 
posture recommendations, 1 7 0 - 1 7 1 (see also 

Posture; Posture exercises) 

Pauling, Linus, 205 
"Pectoral myalgia," 819 
Pectoralis major muscle, 602, 643, 645, 8 1 9 - 8 4 3 , 

846, 859, 865 
activation of trigger points in, 819 , 828 
anatomy of, 819 , 8 2 1 - 8 2 6 , 824-825 
corrective actions, 819, 8 3 8 - 8 4 0 , 839 
cross-sectional area, mean fiber length, and 

weight of, 103 
differential diagnosis, 8 3 0 - 8 3 3 
fiber arrangement in, 8 2 4 - 8 2 5 , 825 
function of, 8 2 6 - 8 2 7 
functional unit, 827 
innervation of, 826 
nerve entrapment by, 830 
pain referred from, 8 1 9 - 8 2 1 , 820, 822 
patient examination, 98-100, 513, 557, 819, 820, 

8 2 8 - 8 2 9 , 835 
supplemental case reports, 840 
symptoms from, 820, 822, 8 2 7 - 8 2 8 
trigger point examination, 819 , 822, 829, 830 
trigger point injection, 819 , 8 3 6 - 8 3 8 , 837 
trigger point release, 819 , 820, 8 3 3 - 8 3 6 , 835 

Pectoralis minor muscle, 517, 643, 8 4 4 - 8 5 6 , 865 
activation of trigger points in, 847 
anatomy of, 8 4 4 - 8 4 5 , 846 
corrective actions, 844, 8 5 3 - 8 5 5 
differential diagnosis, 8 5 1 - 8 5 2 
function of, 844 , 8 4 5 - 8 4 6 
functional unit, 8 4 6 - 8 4 7 
innervation of, 845 

nerve entrapment by, 844, 8 4 8 - 8 5 1 , 850 
pain referred from, 832 , 844, 845 
patient examination, 98-100, 844, 8 4 7 - 8 4 8 
symptoms from, 847, 850 
trigger point examination, 844, 848 , 849 
trigger point injection, 844, 845, 852 -853 , 854 
trigger point release, 844, 852, 853 

Pelvic obliquity associated with iliocostalis lumbo-
rum trigger points, 925 

Pelvic pain 
abdominal muscle trigger points vs., 956 

Pelvic tilt exercise 
for abdominal muscles, 940, 965 , 965 

Pelvis 
smaller on one side, 1 8 1 - 1 8 2 

Peptic ulcer 
abdominal muscle trigger points vs., 956 
abdominal trigger points due to, 952 
as trigger point perpetuator, 940 

Periarticular arthritis, 19 
Periodontal ligament 

apical inflammmation of, 338 
Periosteal therapy (Periostbehandlung), 1 4 2 - 1 4 3 
Periosteal trigger points, 43—44 
Peripheral compression neuropathy 

neck or shoulder pain associated with, 459 
Peripheral nerve entrapment 

as perpetuating factor, 227 
Peripheral pain pattern, 96, 97 
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Pernicious anemia 
due to cobalamin deficiency, 1 9 8 - 1 9 9 
treatment for, 302 

Perpetuating factors, 1 7 8 - 2 2 8 
abuse of muscles, 1 8 5 - 1 8 6 
allergic rhinitis, 2 2 5 - 2 2 6 
amebiasis, 225 
bacterial infection, 224 
chronic infection and infestations, 2 2 3 - 2 2 5 
clinical importance of, 179 
constriction of muscles, 186 
fish tapeworm, 224 
giardiasis, 2 2 4 - 2 2 5 
immobility, 186 
impaired sleep, 2 2 6 - 2 2 7 
infestations (parasitic), 2 2 4 - 2 2 5 
laboratory tests for, 2 2 7 - 2 2 8 
lower limb length inequality, 1 8 0 - 1 8 1 , 9 2 0 - 9 2 1 , 

921 
mechanical stress, 1 7 9 - 1 8 6 
metabolic and endocrine, 2 1 3 - 2 2 0 
misfit furniture, 186 
nerve impingement, 126, 227 
nutritional inadequacies, 1 8 6 - 2 1 3 
poor posture, 185 
postural stresses, 1 8 4 - 1 8 6 
psychological stress, 2 2 0 - 2 2 3 
short first, long second metatarsal, 1 8 3 - 1 8 4 
short upper arms, 183, 2 9 9 - 3 0 1 , 300 
small hemipelvis, 1 8 1 - 1 8 3 , 9 2 1 - 9 2 3 , 922 
structural inadequacies, 1 7 9 - 1 8 4 
tests for, 2 2 7 - 2 2 8 
viral diseases, 2 2 3 - 2 2 4 

Perpetuation of trigger points, 1 1 0 - 1 1 2 , 1 7 8 - 2 2 8 
Persistent neuralgias, 254, 254 
Phantom limb pain, 505 
Pharyngeal constrictor muscle 

superior, 418 
Phased respiraton 

for trigger point release, 1 4 3 - 1 4 4 
Phenergan 

for sleep, 148, 226 
Phenobarbital 

abnormal thyroid function due to, 217 
Phenoxybenzamine study, 75 
Phentolamine studies, 75 
Phenytoin 

abnormal thyroid function due to, 217 
Phonophoresis 

for topical steroid application, 736 
for trigger point release, 1 4 5 - 1 4 6 

Pillow, 227 
for biceps brachii trigger points, 658 
for brachialis trigger points, 658, 665 
lumbar, 6 2 1 , 8 1 3 - 8 1 4 
for relief of sternocleidomastoid myofascial syn

drome, 325 
for scalene trigger points, 5 3 5 - 5 3 6 
for side sleeping posture, 265 
for teres major trigger points, 562, 595, 610 

Pilomotor activity, 109, 287 
Pincer grasp 

repetitive 
interosseous trigger points due to, 792 

Pincer palpation, 1 1 8 - 1 1 9 , 120, 158 
definition of, 5 - 6 

PIR, see Postisometric relaxation (PIR) 
Pisksnart skada (whiplash), 439 
Plane 

coronal 
definition of, 2 - 3 

sagittal 
definition of, 6 

Plasma myoglobin 
after deep massage, 76, 77 

Platysma muscle 
activation of trigger points in, 416 , 421 
anatomy of, 419, 4 2 0 
corrective actions, 416 , 424 
differential diagnosis, 422 
function of, 416 , 4 2 0 
functional unit, 421 
innervation of, 4 2 0 
pain referred from, 416 , 417 
symptoms from, 421 
trigger point examination, 4 2 1 - 4 2 2 , 422 
trigger point injection, 4 2 4 
trigger point release, 416 , 423, 424 

Pleural effusion 
intercostal trigger points and, 876 , 878 

Pleural irritation 
pectoralis major trigger points vs., 830 

Pneumothorax 
intercostal trigger points due to, 876 
during trigger point injection, 884 

Polymyalgia rheumatica 
temporalis and trapezius trigger point pain vs., 

357 
Position 

anatomical 
definition of, 2 

Positioning to relieve muscle strain, 1 7 0 - 1 7 1 
Posterior 

definition of, 6 
Posterior scalene muscle, 866 
Postherpetic neuralgia, 254, 254 

trigger point pain vs., 37 
Postisometric relaxation (PIR), 1 3 8 - 1 3 9 , 172 

for biceps brachii, 6 5 5 - 6 5 6 
for deltoid trigger points, 632 
for diaphragm, 880 
for hand extensor muscles, 707 
for infraspinatus trigger points, 562 
for levator scapulae trigger points, 501 
for medial pterygoid trigger points, 373 
for pectoralis major muscle, 836 
for teres major trigger points, 592 
for triceps brachii muscle, 678 
of lateral pterygoid muscle, 387, 388 
of pectoralis major muscle, 836 
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Postisometric relaxation (PIR)—cont inued 
of rhomboid muscles, 620 
for scalene muscles, 527, 530 
for suboccipital muscles, 4 8 1 , 481 
for supraspinatus trigger points, 548 
for supinator central trigger points, 736 

Postjunctional membrane, 53 
depolarization of, 54, 73, 74 

Postprandial hypoglycemia, 2 1 9 - 2 2 0 
Posttraumatic headache, 2 4 5 - 2 4 6 
Posttraumatic hyperirritability syndrome, 4 4 - 4 5 
Postural dizziness 

due to sternocleidomastoid trigger points, 314 
possibly due to myofascial trigger points, 109 

Postural stresses 
splenius cervicis cervicis trigger points and, 436 

442 
temporalis trigger points and, 362 

Posture, 1 7 0 - 1 7 1 , 2 6 1 - 2 6 7 , 8 0 9 - 8 1 7 
definition of, 261 
driving, 2 6 5 - 2 6 6 , 266, 302 
hands-in-pockets, 301 , 302 
head and neck, 2 6 1 - 2 6 3 , 262, 264 
head-forward, 8 0 9 - 8 1 0 , 811 
movement postures, 8 1 4 - 8 1 6 , 815, 816 
office habits, 2 6 6 - 2 6 7 
reading, 267 
recommendations for, 1 7 0 - 1 7 1 
sitting, 2 6 6 - 2 6 7 , 452 , 453, 812, 8 1 2 - 8 1 4 
sleeping, 265 , 840 
standing, 8 1 0 - 8 1 2 , 811, 817 
telephoning, 267 
television-viewing, 267 
as trigger point perpetuator, 1 8 4 - 1 8 6 

Posture exercises, 272 
head, 264 
shoulder, 264 

Potassium, 2 1 1 - 2 1 2 
Precordial catch syndrome 

diaphragmatic trigger points vs., 879 
pectoralis major trigger points vs., 831 

Precordial pain 
due to rectus abdominis trigger points, 943 , 944 

Pregnancy 
pyridoxine requirement in, 195 

Preinjection block, 158 
Preinjection sites, 164 
Preisometric-contraction method 

for trigger point release, 139 
Pressure algometry, 17 
Pressure release [see trigger point pressure release) 

definition of, 6 
Prevalence of trigger points, 1 2 - 1 3 
Preventive analgesia, 57 
Prilocaine 

for trigger point injection, 154 
Primary gain 

definition of, 222 
Primary myofascial trigger point 

definition of, 6 

Procaine 
for cardiac pain, 832 
for injection of ligamentous sprains, 165 
for preinjection block, 158 
for trigger point injection, 1 5 2 - 1 5 3 

Prognosis for myofascial pain due to trigger points, 
110 

Projectile vomiting, 9 4 0 - 9 4 1 
Promethazine 

for sleep, 148, 226 
Pronator teres muscle, 745 

activation of trigger points in, 762 
anatomy of, 758, 760, 760 
attachments of, 757 
function of, 761 
functional unit, 761 
innervation of, 760 
nerve entrapment by, 764, 765 
pain referred from, 754 , 757 

Pronator teres syndrome, 765 
Prone 

definition of, 6 
Prone sleeping posture, 265 
Prostatitis 

due to intrapelvic trigger points, 958 
Proximal 

definition of, 6 
"Pseudo-appendicitis" pain, 943, 944 
Pseudothoracic outlet syndrome, 4 8 6 ^ 8 8 , 522, 591 
Pseudo-visceral pain, 940 
Psoas major muscle, 869 , 869 
Psychological factors 

as trigger point perpetuators, 2 2 0 - 2 2 3 
Psychological stress, masseter trigger points and, 

335 
Pterygoid plate, 376, 390, 391 
Ptosis from trigger points, 309 
Pulling 

stance for, 816 
Pulpitis, 338 
"Pump handle" 

in diaphragmatic breathing, 532, 870, 870, 877 
Purse (shoulder) 

carrying of, 302 
Pushing 

stance for, 816 
Pyothorax 

intercostal trigger points and, 876, 878 
Pyramidalis muscle 

anatomy of, 948 , 949 
function of, 951 
innervation of, 949 
pain referred from, 945, 946 
trigger point injection, 9 6 2 - 9 6 3 , 964 

Pyridoxine, 1 9 2 - 1 9 6 
congenital dependence, 194 
deficiency 

causes of, 195 
therapy for, 1 9 5 - 1 9 6 

deficiency of, 1 9 2 - 1 9 6 
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discovery of, 192 
functions of, 1 9 2 - 1 9 3 
insufficiency and deficiency of, 1 9 3 - 1 9 4 
laboratory tests for, 194 
requirements and sources of, 1 9 4 - 1 9 5 
toxicity of, 196 

Quadratus lumborum muscle, 866, 869 , 869 
Quadrilateral space syndrome, 568 

Rabbit's blow, 439 
Racquet games 

wrist position for, 771 
Radial epicondylalgia, see Tennis elbow 
Radial hand extensors 

anatomy of, 693, 694, 695 
pain referred from, 691, 692 

Radial nerve, 517, 672-673 
deep branch of, 730 
entrapment of, 6 7 6 - 6 7 7 , 765 
hand extensors and, 694-695 

Radiculopathy, 37, 227 
cervical 

posterior cervical muscles vs trigger points, 
459 

C 5 

biceps brachii trigger points vs., 6 5 4 - 6 5 5 
deltoid trigger points vs., 630 

hand extensor and brachialis trigger points vs. 
705 

pectoralis major trigger points vs., 830 
scalene trigger points vs., 516 
supraspinatus trigger points vs., 544 

C 5 -C 7 

infraspinatus trigger points vs., 558 
C 6 

trigger point pain vs., 37 
C 6-C 7 

finger extensor trigger points vs., 721 
teres major trigger points vs., 591 

C 7 

pectoralis major trigger points vs., 830 
pectoralis minor trigger points vs., 851 
sternalis trigger points vs., 860 
triceps brachii trigger points vs., 677 

C 7-C 8 

pectoralis major trigger points vs., 830 
C 8 

pectoralis major trigger points vs., 830 
pectoralis minor trigger points vs., 851 
teres minor trigger points vs., 5 6 8 - 5 6 9 

lumbar, vs lumbar paraspinal trigger points, 925 
Radioulnar joint dysfunction 

wrist extensor trigger points and, 705 
Radius, 695, 730, 767 
Ragged red fibers, 73 
Range of motion 

active 
definition of, 1 

inter-rater reliability of, 35 
limited 

due to trigger point pain, 109 
painful restriction of 

as a diagnostic criterion, 35 
passive 

definition of, 5 
Rapid neck hyperextension, 439 
Rapid trigger point injection technique, 162 
Raynaud's phenomenon 

fibromyalgia and, 38 
Reaching forward 

method for, 816 , 817 
Reactive cramp, 149 

definition of, 6 - 7 
Reactive hypoglycemia, 2 1 9 - 2 2 0 
Reading 

in bed, 315, 316 
posture for, 170 , 267 

Reciprocal-inhibition method 
for trigger point release, 139, 343 

Record 
patient, 105 

Rectus abdominis muscle, 859, 865 
anatomy of, 9 4 7 - 9 4 8 , 949 
function of, 9 5 0 - 9 5 1 
functional unit, 951 
hematoma of, 957 
innervation of, 949 
nerve entrapment by, 9 5 5 - 9 5 6 
patient examination, 954 , 955 
symptoms from, 943 , 944 
trigger point injection, 9 6 2 - 9 6 3 , 964 

Rectus abdominis syndrome, 9 5 5 - 9 5 6 
Rectus capitis anterior muscle 

anatomy of, 401 , 402 
Rectus capitis lateralis muscle 

anatomy of, 401 , 402 
Rectus capitis muscles 

innervation of, 402 
Rectus capitis posterior major muscle, 

456 
anatomy of, 473 , 474 
differential diagnosis, 4 7 7 - 4 7 9 , 479 
function of, 4 7 5 - 4 7 6 , 475, 480 
trigger point injection, 466, 4 8 1 - 4 8 2 
trigger point release, 4 7 9 - 4 8 1 , 480-481 

Rectus capitis posterior minor muscle 
anatomy of, 473 , 474 
function of, 4 7 5 - 4 7 6 , 475, 480 
trigger point release, 4 7 9 - 4 8 1 , 480 

Rectus sheath, 865 
Reference zone 

definition of, 8 
Referred autonomic phenomena 

definition of, 6 
dysesthesias, 22 

Referred pain, 1 1 4 - 1 1 5 
cause of, 75 
definition of, 6 
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Referred p a i n — c o n t i n u e d 
measurement of, 32-33 
patient's history of, 9 5 - 9 7 , 97 
recognized referred pain as a diagnostic 

criterion, 34 
source of, 56 
studies of, 350 

Referred pain pattern, 16, 34 
drawing of, 97-100, 9 7 - 1 0 0 
general rules for, 9 6 - 9 7 , 97 
interpretation of, 1 0 0 - 1 0 2 , 101 
use of, 94 

Referred phenomena 
definition of, 6 

Referred tenderness 
enthesopathy vs., 115 

Reflex augmentation of relaxation 
for trigger point release, 139 

Reflexes 
reduced due to trigger points, 114 

Reflex-spasm cycle 
as cause of pain, 8 0 4 - 8 0 5 

Regional muscle pain syndrome, 36 
Relaxation 

postisometric, 172 
suggestions for, 170 

Release 
definition of, 6 

Relevant trigger point 
definition of, 629 

Renal colic type pain 
due to rectus abdominis trigger points, 945 

Repetitive movement 
as trigger point perpetuator, 186 

Repetitive strain 
disorder (see occupational myalgia) 
injury (see occupational myalgia) 

Research opportunities 
causes of tennis elbow, 734 
contribution of low levels of pyridoxine to per

petuation of trigger points, 192 
development of chronic fibrotic changes, 8 1 , 86 , 

1 1 5 - 1 1 6 , 192 
development of taut bands from experimentally 

induced contraction knots, 86 
electromyography as research tool, 2 2 - 2 3 
feedback from attachment to central trigger 

points, 7 0 8 - 7 0 9 
inter-rater reliability of pain-restricted range of 

motion, 35 
reflex inhibition of deltoid muscle, 630 
relationship between dermographia and myofas

cial trigger points, 1 1 5 - 1 1 6 
relationship between Heberden's nodes and myo

fascial trigger points, 793 
relationship between lower-limb-length inequal

ity and perpetuation of trigger points, 160 
relationship between panniculosis and trigger 

point activity, 1 1 5 - 1 1 6 

relationship between surface damage to interver
tebral discs and disc enthesopathy and trig
ger points, 808 

relative advantages of dry needling and injecting 
fluids into region of enthesopathy, 159 

role of thiamine insufficiency in development of 
myofascial trigger points, 190 

surface electromyography as research tool, 
2 3 - 2 7 , 25 

trigger point component of "frozen shoulder," 
606 

trigger point contribution to the cubital tunnel 
syndrome, 7 0 4 - 7 0 5 

ultrasound imaging as research tool, 23, 23 
validation of Integrated Trigger Point Hypothesis 

78 
Respiration 

coordinated 
definition of, 2 

diaphragmatic, 532, 533-534 
for examination of abdominal trigger points, 

955 
modulation of spikes and spontaneous electrical 

activity, 75 
paradoxical, 533, 874 

definition of, 5 
intercostal trigger points due to, 876 
patient examination for, 876 
rectus abdominis trigger points and, 954 

Respiratory augmentation of trigger point release, 
1 4 3 - 1 4 4 

Respiratory mechanics, 8 7 0 - 8 7 2 , 870-872 
Respiratory muscles 

accessory, 8 7 4 - 8 7 5 , 950 
exhalation, 8 7 3 - 8 7 5 
inhalation, 8 7 2 - 8 7 4 
postural functions, 8 7 3 - 8 7 4 
special function, 875 

Responsiveness of involved a-motor neurones, 82 
Rest pain 

treatment for, 171 
Restriction of movement 

in persons with active trigger points, 113 
Rheumatic myalgia, 16 
Rheumatism 

muscular 
definition of, 4 

nonarticular, 14, 16 
definition of, 1 8 - 1 9 

soft-tissue 
definition of, 19 

Rheumatoid arthritis 
of neck, 458 

Rhinitis 
allergic 

as perpetuating factor, 2 2 5 - 2 2 6 
Rhomboid muscles, 6 1 3 - 6 2 2 

activation of trigger points in, 613 , 616 
anatomy of, 6 1 3 - 6 1 4 , 615 
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corrective actions, 303, 490, 613 , 6 2 0 - 6 2 1 , 839 
differential diagnosis, 616 
function of, 613, 6 1 4 - 6 1 6 
functional unit, 613, 616 
innervation of, 614 
nerve entrapment by, 618 
pain referred from, 613, 614 
patient examination, 613, 6 1 6 - 6 1 7 
symptoms from, 616 
trigger point examination, 613 , 614, 617 
trigger point injection, 613 , 620 
trigger point release, 490, 613 , 618, 619-620 

Rib(s) 
articular dysfunctions of 

intercostal trigger points vs., 878 
fracture of 

intercostal trigger points due to, 876 
movements of, 8 7 0 - 8 7 1 , 870 

"Rib-tip syndrome" 
abdominal muscle trigger points vs., 956 
pectoralis major trigger points vs., 831 

Ring finger extensor, 714, 715 
Rising from chair 

body mechanics of, 8 1 5 - 8 1 6 
Rocking foot, 183 
Ropy structure, see Taut band(s) 
Rotation 

lateral 
definition of, 4 

medial 
definition of, 4 

Rotator cuff 
function, 555 
lesions 

deltoid trigger points vs., 630 
diagnostic considerations in, 488 
infraspinatus trigger points vs., 558 
supraspinatus trigger points vs., 544, 545 

muscles, 539, 540 
Rotator muscles 

of neck 
activation of trigger points, 445 , 451—454 
anatomy of, 449, 4 5 0 
corrective actions, 445 , 453, 4 6 7 - 4 6 9 , 468 
differential diagnosis, 398, 4 5 6 - 4 5 9 , 456, 553 
function of, 445 , 451 
functional unit, 451 
innervation of, 450 
pain referred from, 446 
patient examination, 454 
symptoms from, 445 , 451 
trigger point examination, 445 , 447, 455 
trigger point injection, 445 , 447, 456, 4 6 3 - 4 6 4 , 

4 6 6 - 4 6 7 , 466-467 
trigger point release, 445 , 448, 4 5 9 - 4 6 0 , 

461-462 
Rounded shoulders, 8 0 9 - 8 1 0 , 811 

due to pectoralis minor shortening, 847 
due to serratus anterior trigger points, 892 

pectoralis major trigger points and, 828 
(see also Head-forward posture) 

Rovsing's sign 
for distinguishing between visceral and trigger 

point pain, 957 
Rowing 

hand technique for, 771 
Running 

locomotor-respiratory coupling in, 875 
movement and posture in, 815, 816 

Sacral pain 
muscles involved in, 802 , 803 

Sacro-Ease seat insert, 1 8 2 - 1 8 3 , 265 
Sacroiliac pain 

due to rectus abdominis trigger points, 943 , 944 
Sagittal plane 

definition of, 6 
Saline 

for trigger point injection, 153 
Salpingitis pain 

local anesthetic infiltration for, 958 
Sarcolemmal tubes 

emptying of, 77 
Sarcomere, 4 5 , 46—47 

contracture (shortening), 69 , 72, 74, 76 
Sarcoplasmic reticulum (SR), 45 , 46-47, 71 
Satellite trigger point(s), 1 2 2 - 1 2 3 , 124-125 

activation of, 19 
definition of, 6 
development of, 20 
muscles observed in, 124 
(see also key trigger points) 

Scalene exercise, 511, 530 
Scalene muscles, 5 0 4 - 5 3 7 

activation of trigger points in, 504 , 5 1 0 - 5 1 1 
anatomy of, 504, 5 0 5 - 5 0 8 , 507-508 
corrective actions, 504, 5 3 0 - 5 3 6 , 531, 533-534 
differential diagnosis, 504 , 5 1 4 - 5 2 5 , 518-519 
function of, 504 , 509 
functional unit, 509 
innervation of, 5 0 8 - 5 0 9 
nerve entrapment by, 504, 514 
pain referred from, 504, 5 0 5 , 506 
patient examination, 504, 5 1 1 , 511-513 
postural role of, 874 
respiratory function of, 509 
symptoms from, 504, 5 0 9 - 5 1 0 
trigger point examination, 504, 5 1 3 - 5 1 4 , 515-517 
trigger point injection, 504, 5 2 8 - 5 3 0 , 529 
trigger point release, 504 , 5 2 6 - 5 2 8 , 526 

Scalene-cramp test, 113, 5 1 1 - 5 1 2 , 511 
Scalene-relief test, 512 , 512 
Scalenus anterior muscle, 865 

activation of trigger points in, 5 1 0 - 5 1 1 
anatomy of, 5 0 5 , 507 
corrective actions, 530 , 531, 533-534 
differential diagnosis, 5 1 4 - 5 2 5 , 518-519 
function of, 509 
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Scalenus anterior m u s c l e — c o n t i n u e d 
functional unit, 509 
innervation of, 508 
patient examination, 5 1 1 - 5 1 3 , 511-513 
symptoms from, 5 0 9 - 5 1 0 
trigger point injection, 5 2 8 - 5 2 9 , 529 
trigger point release, 5 2 6 - 5 2 7 , 526 

Scalenus anticus syndrome, 5 0 9 - 5 1 0 , 5 0 9 - 5 1 0 
first rib involvement in, 5 2 1 - 5 2 2 

Scalenus medius muscle, 435, 865 
activation of trigger points in, 5 1 0 - 5 1 1 
anatomy of, 505, 507 
corrective actions, 530, 531, 533-534 
differential diagnosis, 5 1 4 - 5 2 5 , 518-519 
function of, 509 
functional unit, 509 
innervation of, 508 
patient examination, 5 1 1 - 5 1 3 , 511-513 
symptoms from, 5 0 9 - 5 1 0 
trigger point injection, 5 2 8 - 5 2 9 , 529 
trigger point release, 506, 526 , 526, 5 2 7 - 5 2 8 

Scalenus minimus muscle 
activation of trigger points in, 5 1 0 - 5 1 1 
anatomy of, 5 0 6 - 5 0 8 , 508 
corrective actions, 530 , 531, 533-534 
differential diagnosis, 5 1 4 - 5 2 5 , 518-519 
function of, 509 
functional unit, 509 
innervation of, 508 
patient examination, 5 1 1 - 5 1 3 , 511-513 
symptoms from, 5 0 9 - 5 1 0 
trigger point injection, 5 2 9 - 5 3 0 , 529 

Scalenus posterior muscle, 435, 850, 865 
activation of trigger points in, 5 1 0 - 5 1 1 
anatomy of, 506 , 507 
corrective actions, 530 , 531, 533-534 
differential diagnosis, 5 1 4 - 5 2 5 , 518-519 
function of, 509 
functional unit, 509 
innervation of, 508 
patient examination, 5 1 1 - 5 1 3 , 511-513 
symptoms from, 5 0 9 - 5 1 0 
trigger point injection, 529, 529 
trigger point release, 506, 526 , 526, 5 2 7 - 5 2 8 

Scales 
for quantification of pain, 2 6 8 - 2 6 9 , 269 

"Scalp tensor" muscle, See Occipitofrontalis mus
cle 

Scapula, 584, 626 
abduction of 

definition of, 1 
adduction of 

definition of, 1 
manual release of, 4 8 9 - 4 9 0 , 490 
medial rotation of 

definition of, 4 
movements of, 284 

Scapular mobility 
test for, 600 

vs. glenohumeral movement, 600 
Scapular mobilization technique, 4 8 9 - 4 9 0 , 490 
Scapulocostal syndrome, 494 

causes of, 498 
rhomboid trigger points vs., 618 
serratus posterior superior trigger points vs., 905 
trigger point pain vs., 18, 37 

Scapulohumeral imbalance, 5 4 5 - 5 4 6 
Scapulohumeral syndrome 

infraspinatus trigger points and, 558 
Scar trigger points, 43 
Schilling test, 201 , 202 
Schleudertrauma, 439 
Sciatic nerve, 79 
Scoliosis 

definition of, 6 
examination for, 181 
rhomboid muscle trigger points and, 621 

Screening palpation 
definition of, 6 

Scurvy, 2 0 5 - 2 0 6 
ascorbate depletion and, 1 8 7 - 1 8 8 

SEA (spontaneous electrical activity) 
of a trigger point, 58-59, 5 8 - 6 3 , 61-62, 69, 78 

Seasickness 
due to sternocleidomastoid trigger points, 

314 
Seating 

design of, 811-812, 8 1 3 - 8 1 4 , 935 
recommendations for, 8 1 6 - 8 1 7 , 935 
thoracolumbar trigger points and, 935 

Second intercostal nerve, 867 
Secondary gain 

definition of, 222 
Secondary trigger point 

definition of, 6 
Segmental dysfunction, (see articular dysfunction) 
Self-spray-and-stretch techniques, (see Section 12 

of each chapter) 
teaching of, 272 

Self-stretch exercise 
combined self-stretch of posterior neck and 

shoulder muscles, 468, 469 
for abdominal muscles, 961, 961 
for adductor pollicis, 783, 783 
for diaphragm, 8 8 4 - 8 8 5 , 885 
for extensor digitorum muscle, 726 , 726 
for interosseous muscles, 772, 798, 798 
for opponens pollicis, 783, 784 
for pectoralis major muscle, 840, 841 
for rectus abdominis muscle, 961 , 961 
for serratus anterior muscle, 897, 897 
for splenii, 443 
for suboccipital muscles, 482 
for thoracolumbar paraspinal muscles, 9 3 5 - 9 3 7 , 

936 
stretch for scalene muscles, 530, 531 
stretch of extensor digitorum muscle, 726, 726 
stretch of supraspinatus muscle, 550 
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stretch of teres major muscle, 595 
stretch to release brachialis trigger points, 665, 665 
stretch to release brachioradialis muscle, 

7 0 9 - 7 1 0 
stretch to relase hand extensor muscles, 709 
stretch to release triceps brachii muscle, 683 

Self-treatment techniques 
adductor pollicis-stretch exercise, 783 
against-doorjamb exercise, 634 , 646, 658 , 658 
artisan's Finger-stretch exercise, 7 2 4 - 2 2 6 , 725, 

772, 798 
cold tennis-ball, 490 , 490 
diaphragmatic (abdominal) breathing exercise, 

965 
finger-extension exercise, 771 , 771, 798 
finger-flutter exercise, 725, 726, 772, 798 
in-bathtub stretch exercise, 9 3 5 - 9 3 6 , 936 
in-doorway stretch, 585, 6 1 1 , 632 , 646 , 

840 , 839 
interosseous stretch exercise, 798, 798 
low-back stretching exercise, 9 3 6 - 9 3 7 , 936 
opponens pollicis-strectch exercise, 784 
pelvic tilt exercise, 936 , 965 , 965 
postisometric relaxation (see postisometric re-

lazation listings) 
reciprocal inhibition resisted jaw opeining for 

medial pterygoid muscle, 373 
sit-back/abdominal curl/sit-up exercise, 9 6 5 - 9 6 7 , 

966 
stretch of temporalis muscle, 359, 360, 361 
strumming (see also trigger point release meth

ods, other) 
trigger point compression (see trigger point re

lease methods, other) 
trigger point pressure release (see also trigger 

point compression), 346, 570 , 585, 6 2 0 - 6 2 1 
yawning, 362 

Semispinalis capitis muscle, 435, 474 
activation of trigger points in, 445 , 4 5 1 - 4 5 4 , 453 
anatomy of, 4 4 6 - 4 4 8 , 448-449 
corrective actions, 445 , 4 6 7 - 4 6 9 , 468 
differential diagnosis, 398, 4 5 6 - 4 5 9 , 456, 553 
function of, 445, 450 
functional unit, 451 
innervation of, 450 
nerve entrapment by, 445 , 4 5 5 - 4 5 6 , 456 
pain referred from, 445 , 446 , 447 
patient examination, 454 
symptoms from, 445 , 451 
trigger point examination, 445 , 447, 4 5 4 
trigger point injection, 445 , 4 6 3 - 4 6 4 , 465-467 
trigger point release, 445 , 448, 4 5 9 - 4 6 3 , 461-462 

Semispinalis cervicis muscle 
activation of trigger points in, 4 5 1 - 4 5 4 , 453 
anatomy of, 448, 449 
corrective actions, 453, 4 6 7 - 4 6 9 , 468 
differential diagnosis, 398, 4 5 6 - 4 5 9 , 456, 553 
function of, 450 
functional unit, 451 

innervation of, 4 5 0 
nerve entrapment by, 4 5 5 - 4 5 6 , 456 
patient examination, 4 5 4 
referred pain from, 4 4 6 , 447 
symptoms from, 451 
trigger point examination, 447, 455 
trigger point injection, 4 6 3 - 4 6 6 , 467 
trigger point release, 448, 4 5 9 , 461-462 

Semispinalis thoracis muscle, 866 
Semitendinosus (ST) muscle 

distribution of muscle spindles in, 79 
Sensitization of nociceptors, 56, 72, 74, 75 
Serotonin 

ascorbic acid and, 205 
fibromyalgia and, 3 8 - 3 9 

Serratus anterior muscle, 584, 602, 865 
cross-sectional area, mean fiber length, and 

weight of, 103 
self-stretch exercise, 897, 897 

Serratus posterior inferior muscle, 866 
Serratus posterior muscle, 866 
Severity of trigger points, 1 3 - 1 4 
Shaking hands, 724 
Shiatzu, 141 
Short arms, 183 

correction for, 2 9 9 - 3 0 1 , 300 
Short leg (see Lower limb length inequality) 
Shortening activation, 19, 149 

definition of, 6 - 7 
Short-limb stance, 180 
Short of breath due to serratus anterior trigger 

points, 892 
Shoulder joint 

definition of, 7 
snapping or clicking of 

due to supraspinatus trigger points, 5 4 2 - 5 4 3 
Shoulder(s) 

carrying purse by, 302 
chronic pain in 

with myofascial trigger point component 
treatment of, 2 6 7 - 2 7 4 , 269, 270 

"frozen," 6 0 4 - 6 0 6 (see also Subscapularis muscle) 
diagnostic considerations in, 488 
extensor carpi ulnaris and, 700 
supraspinatus trigger points vs., 546 
trigger point pain vs., 37 

muscular regional anatomy of, 643 
pain in 

due to scalene muscle trigger points, 505 
guide to muscles involved in, 486 , 487 

posture exercise for, 263 , 264 
rounded, 8 0 9 - 8 1 0 , 811 (see also Head-forward 

posture) 
due to pectoralis minor shortening, 847 
pectoralis major trigger points and, 828 

"Shunt musc le" 
brachioradialis muscle as, 698 

Sick behavior 
definition of, 222 
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Side 
"st i tch" in, 863 

due to diaphragmatic trigger points, 863 , 
876 

Side pillow, 325 
Side sleeping posture 

pillow support for, 265 
Side-bending neck exercise, 530, 531 
"Sinus attack" 

due to active trigger points, 383 
Silent period masseter trigger point effect on, 334 
Sinusitis 

as perpetuating factor, 224 
sternocleidomastoid trigger points and, 316 

Sit-back exercise 
for abdominal muscles, 940 

Sit-back/abdominal-curl/sit-up exercise, 9 6 5 - 9 6 7 , 
966 

Sitting posture, 8 1 2 - 8 1 4 , 812 
at computer, 266 

Sit-to-stand technique, 933 , 934 
Sit-up exercise, 966, 967 
Skeletal muscle 

structure and contractile mechanism of, 45 , 
46-47 

Skiing 
excessive poling in 

posterior deltoid trigger points due to, 629 
Skin 

dry, rough 
in hypometabolic persons, 216 

Skin rolling 
for trigger point release, 144 

Skin testing 
uses of, 226 

Skin trigger points, 4 2 - 4 3 
Skin-rolling 

for panniculosis, 967 
Sleep 

disturbance of 
history of, 110 
treatment for 

in program for treatment of chronic pain, 
272 

drugs for induction of, 1 4 8 - 1 4 9 
impaired 

associated with active trigger points, 21 
as perpetuating factor, 2 2 6 - 2 2 7 
in persons with fibromyalgia, 110 

pattern of 
eliciting from patient, 107 

pillow for 
for relief of sternocleidomastoid myofascial 

syndrome, 325 , 326 
position for, 1 7 0 - 1 7 1 , 265 

for avoidance of pectoralis major shortening, 
326, 562, 610, 840 

for subscapularis trigger points, 610, 610 
Sleeping nociceptors, 56 

Slinging trauma, 439 
Slipping rib syndrome 

abdominal muscle trigger points vs., 956 
diaphragmatic trigger points vs., 879 
pectoralis major trigger points vs., 831 

Slouched posture, 809 
pectoralis major trigger points and, 828 
sitting, 8 1 2 - 8 1 4 , 812 
standing, 8 1 0 - 8 1 2 , 811 
[see also Head-forward posture) 

Somatovisceral effects, 8 3 2 - 8 3 3 , 958 
Small hemipelvis, 1 8 1 - 1 8 2 
Smoking 

as cause of ascorbic acid deficiency, 207 
Snapping palpation 

definition of, 7 
for eliciting local twitch response, 120, 1 2 1 - 1 2 2 

Sneezing, 875 
Sodium channels 

in neuromuscular junction, 55 
Soft-tissue rheumatism, 14 

definition of, 19 
Soleus muscle 

distribution of muscle spindles in, 79 
Somatic dysfunction, (see articular dysfunction) 
Spasm (see also Muscle spasm) 

definition of, 7 
diaphragmatic vs. trigger points, 879 
musculoskeletal 

often due to taut trigger point bands, 148 
referred by trigger points, 2 4 - 2 6 

Spasmodic torticollis, 440 
Spatial disorientation 

possibly due to myofascial trigger points, 109 
Sphenoid bone, 381 
Spikes 

autonomic modulation of, 75 
electromyographic, 6 3 - 6 5 
endplate, 58 
propagation of, 80 

Spillover pain zone (area) 
definition of, 7 

Spinal canal 
needle penetration of, 4 6 3 - 4 6 4 

Spinal cord, 20 
Spinal nerve, 48, 517 
Spinal tap headache 

due to activation of sternocleidomastoid trigger 
points, 316 

Spine 
bamboo, 458 

Spine positioning 
head positioning resulting from, 810 

Spinous processes 
cervical and thoracic 

attachments of rhomboid muscles to, 615 
Spiral muscle fibers, 51 
Splenius capitis muscle, 431-442, 4 3 2 - 4 4 4 , 433, 

435, 474, 515 
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activation of trigger points in, 432 , 4 3 6 - 4 3 7 , 436 
anatomy of, 432 , 434 , 435 
corrective actions, 432 , 4 4 2 - 4 4 3 , 441, 468 
differential diagnosis, 432 , 4 3 9 - 4 4 0 
function of, 432 , 436 
functional unit, 436 
innervation of, 434 
pain referred from, 432 , 4 3 2 - 4 3 4 , 433 
patient examination, 432 , 438 
symptoms from, 432 , 436 
trigger point examination, 432 , 4 3 8 - 4 3 9 , 438 
trigger point injection, 432 , 441 , 442 
trigger point release, 432 , 440 , 441 

Splenius cervicis muscle, 4 3 2 - 4 4 4 , 433, 435, 
441-442 

activation of trigger points in, 432 , 4 3 6 - 4 3 7 
anatomy of, 432 , 434 , 435 
corrective actions, 432 , 441, 4 4 2 - 4 4 3 , 468 
differential diagnosis, 432 , 4 3 9 - 4 4 0 
function of, 432 , 434 
functional unit, 436 
innervation of, 434 
pain referred from, 4 3 2 - 4 3 4 , 433 
patient examination, 432 , 437 
symptoms from, 432 , 436 
trigger point examination, 283, 432 , 4 3 7 - 4 3 8 , 

515 
trigger point injection, 432 , 4 4 0 - 4 4 1 , 442 
trigger point release, 432 , 440 , 441 

Spontaneous electrical activity (SEA) 
of a trigger point, 58-59, 5 8 - 6 3 , 61-62, 69, 76 

location of, 65, 66 
Spot tenderness 

inter-rater reliability in measurement of, 32 
relative difficulty in measurement of, 33 
in trigger-point-related diseases 

cause of, 76 
usefulness as a diagnostic criterion, 3 3 - 3 5 

Sprains 
ligamentous 

procaine injection for, 165 
Spray and pressure release 

for medial-pterygoid trigger points, 372, 373 
Spray and stretch, 1 2 7 - 1 3 8 

development of, 1 2 7 - 1 2 8 
patient preparation for, 1 2 9 - 1 3 0 
poststretch procedures, 1 3 7 - 1 3 8 
preceding long dental procedures, 345 
rationale for, 1 3 2 - 1 3 4 , 135 
spray procedure, 129, 130, 1 3 0 - 1 3 2 , 132-133 
stretch procedure, 1 3 5 - 1 3 6 

object of, 1 3 6 - 1 3 7 
teaching of, 272 
vapocoolants used in, see Vapocoolants 

"Spurt muscles" 
biceps brachii and brachialis muscles as, 698 

Square brackets 
definition of, 7 

SR, see Sarcoplasmic reticulum (SR) 

ST (semitendinosus) muscle 
distribution of muscle spindles in, 79 

Stairs 
ascending 

movement and posture in, 8 1 4 - 8 1 5 , 815 
Stand-to-sit technique, 934 , 934 
Stenosing tenosynovitis 

DeQuervain's 
finger extensor trigger points vs., 721 

Sternalis muscle, 8 5 7 - 8 6 1 , 858-859 
activation of trigger points in, 857, 8 5 9 - 8 6 0 
anatomy of, 857, 858 , 859 
corrective actions, 857, 861 
differential diagnosis, 860 
function of, 859 
functional unit, 859 
innervation of, 858 
pain referred from, 857 , 858 
patient examination, 860 
symptoms from, 859 
trigger point examination, 857, 860 
trigger point injection, 857, 861 
trigger point release, 8 6 0 - 8 6 1 

Sternoclavicular joint arthritis 
pain from sternocleidomastoid trigger points vs., 

318 
Sternocleidomastoid compression test, 317 
Sternocleidomastoid muscle, 3 0 8 - 3 2 6 , 515, 865 

anatomy of, 311 , 312 
supplemental references, 311 

attachments of, 311 , 312 
conjunctival injection from, 309 
disequilibrium from, 310 
distribution of muscle spindles in, 79 
dysmetria from, 311 
excessive lacrimation from, 309 
function of, 3 1 2 - 3 1 3 
functional unit of, 313 
functions of, 3 1 2 - 3 1 3 
headache from, 3 1 6 - 3 1 8 
innervation of, 3 1 1 - 3 1 2 
nerve entrapment by, 317 
pain referred from, 308 , 3 0 8 - 3 1 1 , 310 
patient examination, 3 1 6 - 3 1 7 
ptosis from, 309 
spatial disorientation from, 310 
stiff neck from, 319 
supplemental case reports, 326 
symptoms from, 3 1 3 - 3 1 4 
trigger points in, 125 

activation and perpetuation of, 3 1 4 - 3 1 6 , 315 
corrective actions for, 308, 3 2 4 - 3 2 6 , 326 
differential diagnosis of, 3 1 7 - 3 1 9 
examination for, 317 , 318 
exercise for, 326 
injection of, 308 , 3 2 2 - 3 2 4 , 323 
spray-and-stretch release of, 3 2 0 - 3 2 2 , 321 
trigger points related to, 3 1 9 - 3 2 0 

visual disturbances from, 309 
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Sternohyoid muscle, 865, 867 
anatomy of, 399 , 401 
innervation of, 402 

Sternothyroid muscle, 865, 867 
anatomy of, 399, 401 
innervation of, 402 

Sternum, 312 
movements of, 870 , 870 

Stiff neck 
differential diagnosis of, 440 
levator scapulae in, 494 

Stiff-neck syndrome, 460 , 494 , 498 
sternocleidomastoid component of, 313 , 319 

"S t i t ch" in side 
due to diaphragmatic trigger points, 863 , 876 , 892 
due to serratus anterior trigger points, 892 

Stomach 
distension of 

pectoralis major trigger points and, 830 
Stooped posture 

shortened pectoralis major muscles and, 828 
Strain 

definition of, 7 
Strain-and-counterstrain 

for trigger point release, 143 
Strengthening exercises, 1 7 2 - 1 7 3 
Stress 

abdominal trigger points due to, 953 
definition of, 7 
psychological, 38 
response to 

ascorbic acid in, 205 
Stress-hyperactivity-stress theory, 78 
Stretch 

definition of, 7 
postinjection, 1 6 5 - 1 6 6 

Stretch and spray, see Spray and stretch 
Stretch release 

Combined temporalis, masseter, medial ptery
goid, and platgsma, 340 , 341 

of masseter, 342, 342 
Stretching exercises, 1 7 1 - 1 7 2 

for abductor pollicis muscle, 783 , 783 
for adductor pollicis muscle, 774 
for fingers, 726, 726 
in-doorway stretch, 535, 839 
for middle-trapezius muscle, 303, 621 
for neck, 272 

Striated muscle 
structure and contractile mechanism of, 4 5 , 46-47 

Stripping massage 
definition of, 7 

Stroke management 
trigger point release in, 128 

Stroking massage 
for trigger point release, 1 4 1 - 1 4 3 
(see also Stripping massage) 

Structural inadequacies 
as trigger point perpetuators, 1 7 9 - 1 8 6 

Strumming trigger point release, 142 
for masseter muscle, 3 4 2 - 3 4 3 
for medial pterygoid muscle, 373 

sTSH assay, 2 1 6 - 2 1 7 
Stylohyoid muscle 

anatomy of, 399 , 401 
innervation of, 4 0 1 - 4 0 2 
pain referred from, 3 9 8 - 3 9 9 

Subacromial bursitis 
pectoralis major trigger points vs., 830 
subacromial trigger points vs., 546 
teres major trigger points vs., 591 
trigger point pain vs., 37 

Subclavian artery, 508, 867 
Subclavian vein, 850 
Subclavius muscle, 865 

anatomy of, 823, 826 
function of, 827 
nerve entrapment by, 830 
pain referred from, 821, 823 
trigger point examination, 830 
trigger point injection, 838 

Subcostalis muscle, 867 
Subcutaneous trigger point signs, 1 1 5 - 1 1 6 
Subdeltoid bursitis 

biceps brachii trigger points vs., 654 
deltoid trigger points vs., 630, 631 
supraspinatus trigger points vs., 544, 546 
teres major trigger points vs., 591 
teres minor trigger points vs., 5 6 8 - 5 6 9 

Suboccipital decompression 
definition of, 7 

Suboccipital muscles, 4 7 2 - 4 8 3 
activation of trigger points in, 472 , 476 
anatomy of, 472 , 4 7 3 - 4 7 4 , 474 
corrective actions, 472 , 481, 4 8 2 - 4 8 3 
differential diagnosis, 472 , 4 7 7 - 4 7 9 , 479 
function of, 472 , 4 7 5 - 4 7 6 , 475, 480 
functional unit, 476 
innervation of, 475 
nerve entrapment by, 477 
pain referred from, 472 , 4 7 2 - 4 7 3 , 473 
patient examination, 472 , 477, 478-479 
symptoms from, 476 
trigger point examination, 472 , 477 
trigger point injection, 466, 472 , 4 8 1 - 4 8 2 
trigger point release, 472 , 4 7 9 - 4 8 1 , 480-481 

Suboccipital triangle 
anatomy of, 456, 474 , 474 

Subscapularis muscle, 540, 584, 5 9 6 - 6 1 2 , 643 
activation of trigger points in, 596, 5 9 9 - 6 0 0 
anatomy of, 5 9 6 - 5 9 7 , 598, 643 
corrective actions, 596, 6 1 0 - 6 1 1 , 610 
differential diagnosis, 596, 6 0 4 - 6 0 6 
function of, 596, 5 9 7 - 5 9 9 
functional unit, 599 
innervation of, 597 
nerve entrapment by, 604 
pain referred from, 596, 596, 598 
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patient examination, 596, 598, 600 
short head of 

cross-sectional area, mean fiber length, and 
weight of, 103 

supplemental case reports, 611 
symptoms from, 596, 599 
trigger point examination, 596, 598, 6 0 0 - 6 0 4 , 

602-603 
trigger point injection, 596, 598, 603, 608-609, 

6 0 9 - 6 1 0 
trigger point release, 596, 6 0 6 - 6 0 7 , 608 

Subscapularis tendon, 643 
Superficial 

definition of, 7 
Superior costotransverse ligament, 866 
Superior pharyngeal constrictor muscle, 418 
Supination 

definition of, 7 
Supinator longus muscle, See Brachioradialis mus

cle 
Supinator muscle, 695, 7 2 8 - 7 4 2 

activation of trigger points in, 728, 731, 732 
anatomy of, 728, 7 2 9 - 7 3 0 , 730 
case report, 740 -741 
corrective actions, 728, 731, 7 3 9 - 7 4 0 , 740-741 
differential diagnosis, 728, 7 3 4 - 7 3 6 
function of, 728, 731 , 731 
functional unit, 731 
innervation of, 730-731 
nerve entrapment by, 728, 730, 7 3 3 - 7 3 4 
pain referred from, 7 2 8 - 7 2 9 , 729 
patient examination, 557, 728, 7 3 2 - 7 3 3 
symptoms from, 728, 732 
trigger point examination, 728, 729, 733 
trigger point injection, 728, 729-730, 7 3 7 - 7 3 9 , 

738 
trigger point release, 557, 728, 736, 737 

Supine 
definition of, 7 

Supine sleeping posture, 265 
Suprahyoid muscles 

anatomy of, 399 , 401 
function of, 401, 402 
spray and release of, 4 0 7 - 4 0 8 , 409 

Suprascapular nerve 
entrapment of, 5 4 4 - 5 4 5 

infraspinatus trigger points vs., 558 
Supraspinatus muscle, 5 3 8 - 5 5 1 , 568 

activation of trigger points in, 538, 542 
anatomy of, 538, 5 3 9 - 5 4 1 , 540 
corrective actions, 538, 550 
differential diagnosis, 538, 5 4 4 - 5 4 6 
function of, 538, 541 
functional unit, 538, 5 4 1 - 5 4 2 
innervation of, 541 
nerve entrapment by, 544 
pain referred from, 538, 5 3 8 - 5 3 9 , 539 
patient examination, 538, 5 4 2 - 5 4 3 
symptoms from, 538, 542 

trigger point examination, 538, 5 4 3 - 5 4 4 , 543 
trigger point injection, 538, 548-549, 5 4 8 - 5 5 0 
trigger point release, 538, 5 4 6 - 5 4 8 , 547 

Supraspinatus tendinitis 
pectoralis major trigger points vs., 830 
pectoralis minor trigger points vs., 851 
supraspinatus trigger points vs., 546 
teres major trigger points vs., 591 
versus enthesopathy 

Surface anesthesia, 127 
(see also Spray and stretch) 

Surface electromyography, 2 3 - 2 7 , 25 
Swallowing 

difficulty in 
due to active trigger points in medial ptery

goid muscle, 368 
due to longus capitis and longus colli trigger 

points, 399 
Sweat pattern 

changes in 
possibly due to myofascial trigger points, 109 

"Swol len" feeling 
due to abdominal trigger points, 940 
in fibromyalgia, 38 

Swollen muscle fibers 
club-shaped, 77 
knotlike, 67 

Synaptic cleft, 55 
Synergistic muscles 

definition of, 7 
Syringe 

safer method for holding, 1 6 1 - 1 6 2 , 162 
Szent-Gybrgyi, Albert, 204 

T tubule, 47, 73 
T 4 (levothyroxine) 

for hypothyroidism, 218 
Tapeworm 

abdominal trigger points due to, 952 
as perpetuating factor, 224 

Taut band(s), 70, 85, 86 
cause of, 70, 74, 76 
clinical demonstration of, 2 1 - 2 2 
definition of, 7 
explanation for, 68 , 70, 74, 76 
locating, 1 1 7 - 1 1 9 , 118, 120 
palpating, 120 
tender, hard, 164 
(see also Palpable taut band) 

Teeth 
abscess or impaction of 

as perpetuating factor, 224 
headache associated with, 2 4 6 - 2 4 7 

Telephoning posture, 267 
headset for, 502 , 817 
upper trapezius muscle and, 287 

Television-viewing posture, 267 
Temporal artery, 361 
Temporal bone, 312, 333, 352 
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Temporal tendinitis, 357 
Temporalis muscle, 3 4 9 - 3 6 4 , 376 

activation of trigger points in, 349 , 3 5 4 - 3 5 5 
anatomy of, 349, 350, 352 
corrective actions for trigger points in, 326, 349, 

359, 3 6 0 - 3 6 2 , 468 
density of muscle spindles in, 382 
differential diagnosis, 3 5 6 - 3 5 7 
function of, 349, 3 5 2 - 3 5 3 
functional unit, 354 
innervation of, 3 5 0 - 3 5 2 
pain referred from, 349 , 3 4 9 - 3 5 0 , 351 

experimental studies on, 350 
patient examination, 337, 349 , 355 
supplemental case report, 362 
symptoms from, 349, 3 5 3 - 3 5 4 
trigger point examination, 349, 3 5 5 - 3 5 6 , 356 
trigger point release, 341, 357, 358, 359 

spray-and-stretch, 337, 349, 3 5 7 - 3 6 0 , 358 
trigger point injection, 349 , 356, 360 , 361 

Temporalis trigger point, 125 
Temporomandibular joint pain-dysfunction syn

drome 
temporalis muscle and, 349 

Temporomandibular joint (TMJ) 
anatomy of, 248, 248 
biomechanics of, 2 4 8 - 2 4 9 , 249 
capsule tenderness, 2 5 6 - 2 5 7 
internal derangements of, 2 4 9 - 2 5 0 , 250, 251-252, 

2 5 6 - 2 6 1 
myofascial trigger points and, 2 5 0 - 2 5 2 
rationale for treatment of, 2 6 0 - 2 6 1 
screening examination for, 2 5 6 - 2 6 0 , 257-259 
trigger point pain vs., 37 

mandibular range of motion, 2 5 9 - 2 6 0 
sounds, 2 5 6 - 2 5 9 

Temporoparietalis muscle, 429 
Tender nodule 

clinical demonstration of, 22 , 1 1 7 - 1 1 9 
Tender point 

counterstrain, 4 5 8 - 4 5 9 
Tender spot, see Trigger point(s) 
Tenderness 

due to trigger points 
referred, 1 1 4 - 1 1 5 

enthesopathy vs., 115 
muscular 

in mild hypothyroidism, 214 
Tenderness pattern 

use of, 94 
Tendinitis 

bicipital, see Bicipital tendinitis 
Tendinosis 

insertion, 19 
Tendomyopathie, generalizierte, 18 
Tendomyopathy 

definition of, 19 
Tennis ball(s) 

for trigger point compression, 490 , 490 

Tennis elbow, 19, 728, 7 3 4 - 7 3 6 
activation of trigger points in, 662, 700, 721 , 728, 

731, 732 
case report, 7 4 0 - 7 4 1 
cause of, 736 
as composite pain, 6 9 9 - 7 0 0 
corrective actions, 728, 7 3 9 - 7 4 0 , 740-741 
corticosteroid injection for, 153 
differential diagnosis, 728, 733, 7 3 4 - 7 3 6 
entrapment in, 728, 730, 7 3 3 - 7 3 4 
myofascial component of, 728 
patient examination, 557, 728, 7 3 2 - 7 3 3 
referred pain in, 7 2 8 - 7 2 9 , 729 
symptoms of, 728, 732, 732 
treatment of, 735 
triceps brachii trigger points vs., 675 , 677 
trigger point examination, 728 , 729, 733 
trigger point injection, 728, 7 3 7 - 7 3 9 , 738, 739 
trigger point pain vs., 37, 721 
trigger point release, 728, 734, 736 
trigger points in hand extensors and brachialis 

vs., 705 
trigger points related to, 736 
as unrecognized myofascial trigger point pain, 18 
varieties of, 735 

Tennis players 
Serratus anterior trigger points and, 891 

Tennis racquet 
use and misuse of, 739, 740 

Tenosynovitis 
myofascial trigger point pain vs., 705, 721 

TENS (transcutaneous electrical nerve stimulation), 
147 

Tension, 221 
as perpetuating factor, 221 

Tension-type headache, 2 4 1 - 2 4 3 , 242, 243 
due to occipitofrontalis trigger points, 4 3 0 - 4 3 1 
due to sternocleidomastoid trigger points, 308, 

3 1 3 - 3 1 4 
EMG activity vs, 3 3 1 - 3 3 2 
example of trigger-point origin, 101 
facial muscle trigger point pain vs., 422 
masticatory and neck muscle trigger point pain 

vs., 292 
pain pattern in, 101, 101 
reflex-spasm cycle and, 804 
suboccipital trigger points vs., 477 
temporalis trigger points and, 357 
trigger point pain vs., 37 
as unrecognized myofascial trigger point pain, 18 
upper trapezius muscle in, 279, 279 

Teres major muscle, 584, 5 8 7 - 5 9 5 , 602, 643 
activation of trigger points in, 587, 589 
anatomy of, 568, 576, 5 8 7 - 5 8 9 , 588, 602 
corrective actions, 562, 587, 5 9 4 - 5 9 5 , 610 
differential diagnosis, 591 
function of, 587, 589 
functional unit, 589 
innervation of, 589 
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nerve entrapment by, 590 
pain referred from, 587, 588 
patient examination, 489, 5 8 9 - 5 9 0 , 675 
supplementary case report, 595 
symptoms from, 587, 589 
trigger point examination, 576, 587, 590, 591 
trigger point injection, 587, 5 9 3 - 5 9 4 , 594 
trigger point release, 587, 5 9 2 - 5 9 3 , 593 

Teres minor muscle, 540, 5 6 4 - 5 7 1 
activation of trigger points in, 564, 567 
anatomy of, 5 6 4 - 5 6 5 , 566 
corrective actions, 564, 570 
differential diagnosis, 564, 5 6 8 - 5 6 9 
function of, 564, 5 6 5 - 5 6 6 , 565 
functional unit, 566 
innervation of, 564, 565 
nerve entrapment by, 568 
pain referred from, 564, 565 
patient examination, 564, 567 
symptoms from, 564, 565, 5 6 6 - 5 6 7 
trigger point examination, 567, 568 
trigger point injection, 564, 5 6 9 - 5 7 0 , 570 
trigger point release, 564, 569, 569 

Terminal cisternae, 47 
Test 

anterior digastric, 405 
back-rub, 630 , 6 3 9 - 6 4 0 , 641 
biceps-extension, 653 , 653 
compression, 116, 701 
finger-extension, 7 6 2 - 7 6 3 , 763 
finger-flexion, 5 1 2 - 5 1 3 , 513, 719, 719 
handgrip, 701 
hand-to-shoulder blade, 556 -557 , 557, 567, 736 
loose two-knuckle, 336 -337 , 337, 355 
mouth wrap-around, 489 , 489, 556 
scalene-cramp, 5 1 1 - 5 1 2 , 511 
scalene-relief, 512, 512 
three-knucle, 3 3 6 - 3 3 7 
triceps brachii, 674, 675 

Testicular pain 
due to abdominal trigger points, 9 4 1 , 942 

Tests 
diagnostic for trigger points, 2 2 - 3 0 

Tetracaine 
for trigger point injection, 154 

Theracane, 550 
for rhomboid muscle trigger points, 6 2 0 - 6 2 1 
for teres minor trigger points, 570 

Thermography 
in study of trigger point pain, 2 9 - 3 0 

Thiamine, 189 -192 
deficiency of, 190 
discovery of, 1 8 9 - 1 9 0 
functions of, 190 
insufficiency of, 190 

causes of, 191 
tests for, 1 9 0 - 1 9 1 
therapy for, 1 9 1 - 1 9 2 

laboratory tests for, 1 9 0 - 1 9 1 

oral 
nontoxicity of, 189, 191 

requirement for, 191 
sources of, 191 

Thinking tall, 813, 815 
Thoracic back pain 

low 
muscles involved in, 802 , 803 

Thoracic outlet 
definition of, 7 

Thoracic outlet syndrome (TOS), 5 1 8 - 5 2 5 
conservative treatment of, 525 
coracoid pressure syndrome and, 522 
costoclavicular syndrome and, 522 
definition of, 520 
developmental anomalies in, 5 2 0 - 5 2 1 
diagnosis of, 486 , 5 2 2 - 5 2 4 

as mistaken diagnosis in patients with trigg 
point pain, 37 

pectoralis minor trigger points vs., 851 
pseudothoracic outlet syndrome vs., 522 
scalenus anticus syndrome and, 5 2 1 - 5 2 2 
surgical approach to, 5 2 4 - 5 2 5 
teres major trigger points vs., 591 
triceps brachii trigger points vs., 677 
trigger points in, 525 

Thoracic radiculopathy 
abdominal muscle trigger points vs., 956 
intercostal trigger points vs., 878 

Thoracic wall 
anterior, 865 

interior of, 867 
posterior, 866 

Thoracolumbar support 
for rhomboid muscle trigger points, 621 

Three-knuckle test 
for determining intercisal opening, 3 3 6 - 3 3 7 

Thumb 
abduction of 

definition of, 1 
adduction of 

definition of, 1 
in belt 

for subscapularis trigger points, 610 
pain at base of 

muscles causing, 686, 687 
trigger 

trigger point injection of, 771 
weeder's, 762 

Thumb flexor 
long, See Flexor pollicis longus muscle 

Thyrohyoid muscle 
anatomy of, 399, 401 
innervation of, 402 

Thyroid function test, 2 1 6 - 2 1 7 , 228 
Thyroid supplementation, 271 
Thyrotropin assay 

for measurement of thyroid function, 2 1 6 - 2 1 7 
Tibial nerve, 79 
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Tic douloureux, 319 
lateral pterygoid trigger point pain vs., 387 

case report, 393, 394 
Tietze's syndrome 

abdominal muscle trigger points vs., 956 
intercostal trigger points vs., 878 
as mistaken diagnosis in patients with trigger 

point pain, 37 
pectoralis major trigger points vs., 831 
sternalis trigger points vs., 860 

Tinel's sign, 459 
Tinnitus 

due to lateral pterygoid trigger points, 383 
due to masseter trigger points, 3 3 4 - 3 3 5 
vitamin therapy for, 190 

Tissue oxygen saturation 
in normal muscle vs. patients with myogelosis, 

72, 73 
Tobacco 

trigger points and, 149 
Tools 

difficulty in handling of 
due to soreness of palmaris longus muscle, 746 

Tooth 
abscess or impaction of 

as perpetuating factor, 224 
headache associated with, 2 4 6 - 2 4 7 

Torso 
pain in 

guide to muscles involved in, 8 0 1 - 8 0 2 , 803 
low-back, 8 0 4 - 8 0 9 , 805-807 
postural considerations in, 8 0 9 - 8 1 7 

movement activities, 8 1 4 - 8 1 7 , 815-817 
sitting, 8 1 2 - 8 1 4 , 812 
standing, 8 1 0 - 8 1 2 , 811 

Torticollis 
spasmodic, 440 
pain referred from sternocleidomastoid trigger 

points vs., 319 , 440 
TOS (thoracic outlet syndrome} 

diagnostic considerations in, 486 
Transcutaneous electrical nerve stimulation 

(TENS), 147 
Transverse plane 

definition of, 7 
Transverse thoracic muscle, 867 
Transversus abdominis muscle, 867 

anatomy of, 9 4 6 - 9 4 7 , 948 
function of, 9 4 9 - 9 5 0 
innervation of, 949 
pain referred from, 941 , 942 
trigger point injection, 962 , 964 

Transversus thoracis muscle, 867, 868 
Trapezium bone, 775 
Trapezius muscle, 2 7 8 - 3 0 4 , 456, 515 

activation of trigger points in, 278 , 2 8 7 - 2 8 8 
anatomy of, 278, 282-283, 2 8 2 - 2 8 3 
articular functions related to, 2 9 2 - 2 9 3 
constriction of, 302 

corrective actions, 278, 2 9 9 - 3 0 4 , 300, 302-303 
cross-sectional area, mean fiber length, and 

weight of, 103 
differential diagnosis, 278, 292 
exercises for, 3 0 2 - 3 0 4 , 303 
function of, 284, 2 8 4 - 2 8 6 
functional unit, 286 
innervation of, 278 , 2 8 3 - 2 8 4 
nerve entrapment by, 291 
pain referred from, 279, 279-281 
patient examination, 2 8 8 - 2 9 1 , 290 
postural and activity stress 

relief from, 301 , 302, 302 
short upper arms and, 2 9 9 - 3 0 1 , 300 
supplemental case reports, 304 
symptoms from, 2 8 6 - 2 8 7 
trigger point injection, 278, 2 9 6 - 2 9 9 , 297-298 
trigger point release, 2 9 3 - 2 9 6 , 294, 295, 297 

Trauma 

abdominal trigger points and, 953 
to head 

headache associated with, 2 4 5 - 2 4 6 
hyperirritability syndrome due to, 4 4 - 4 5 
slinging, 439 

Trauma disorder 
cumulative, 45 

Traveler's diarrhea 
as perpetuating factor, 2 2 4 - 2 2 5 

Triceps brachii muscle, 643, 645, 667 -684 , 766-767 
activation of trigger points in, 667, 674, 
anatomy of, 667, 6 7 0 - 6 7 1 , 672-673 
corrective actions, 667, 679, 6 8 3 - 6 8 4 , 
function of, 667, 671 
functional unit, 6 7 1 - 6 7 3 
innervaton, 671 
nerve entrapment by, 667, 668-669, 676 -677 
pain referred from, 6 6 7 - 6 7 0 , 668-670 
patient examination, 667, 675, 674 
short head of 

cross-sectional area, mean fiber length, and 
weight of, 103 

symptoms from, 6 7 3 - 6 7 4 
trigger point examination, 667, 668-669, 

6 7 4 - 6 7 6 , 676, 
trigger point injection, 667, 678, 680-683 
trigger point release, 667, 6 7 7 - 6 7 8 , 679 

Triceps brachii test, 674 , 675 
for latissimus dorsi trigger points, 579 
for teres major trigger points, 589 

Trigeminal neuralgia 
sternocleidomastoid trigger points vs., 318 

Trigger area 
definition of, 8 
(see also Myofascial trigger point(s); Trigger 

point(s); Trigger zone) 
Trigger finger, 753, 755 

locking of, 762 
symptoms of, 762 
trigger point injection for, 769 -771 , 770 
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trigger point release for, 7 6 8 - 7 6 9 
Trigger point characteristics 

electrodiagnostic, 5 7 - 6 7 
histopathological, 6 7 - 6 9 

Trigger point complex, 68, 70 
Trigger point etiology, 6 9 - 7 8 
Trigger point examination 

definition of, 94 
description of, 1 1 6 - 1 2 3 

Trigger Point Flip Charts, 96 
Trigger Point Hypothesis 

Integrated, 6 9 - 7 8 , 71, 73-74, 77 
Trigger point temperature, 7 2 - 7 3 
Trigger point tenderness, 75 
Trigger Point Wall Charts, 96 
Trigger point(s), 164 

activation of, 20 
gradual, 1 1 1 - 1 1 2 
sudden, 1 1 0 - 1 1 1 

aggravated hy, 109 
attachment, 70, 122, 123, 124, 164 

central trigger point vs., 1 2 6 - 1 2 7 
definition of, 2 
identification of, 159 

central (CTrP), 70, 122, 123, 124, 164 
attachment trigger point vs., 1 2 6 - 1 2 7 
definitions of, 5 

central nervous system interactions, 20 
in children, 21, 959 
cost of, 14 

cross-section of, 6 3 - 6 5 , 64, 66 
diagnostic criteria for, 31-35, 117 
diagnostic tests for, 2 2 - 3 0 
digital palpation for 

method for, 1 1 6 - 1 1 7 
electrical activity recorded at, 6 0 - 6 1 , 61 
electrodiagnostic characteristics of, 57 -67 , 58-62, 

64-67 
erroneous referral diagnoses, 37 
examination for, 1 1 6 - 1 2 3 

central and attachment, 122, 123, 124 
diagnostic criteria, 117 
differential diagnosis, 125 
entrapment, 1 2 3 - 1 2 5 , 126 
key and satellite, 122 -123 , 124, 125 
local twitch response, 1 2 1 - 1 2 2 
palpable tender nodule and taut band, 

117 -119 , 118, 120 
referred pain, 1 1 9 - 1 2 1 

functional disturbances in, 21 
gradual onset of, 1 1 1 - 1 1 2 
historical review of, 1 4 - 1 8 
importance of, 13 
inhibition referred by, 2 6 - 2 7 
Integrated Hypothesis concerning nature of, 57, 

6 9 - 7 8 , 74 
locating, 120, 1 5 8 - 1 5 9 , 159 
nature of, 5 7 - 8 6 
pain due to 

characterization of, 20, 96 
importance of, 1 3 - 1 4 
myofascial vs. nonmyofascial, 4 2 - 4 4 
prevalence of, 1 2 - 1 3 , 13 
review of studies on, 1 4 - 1 8 , 15-16 

palpation of, 1 1 6 - 1 1 7 
physical findings due to, 2 1 - 2 2 
prevalence of, 1 2 - 1 3 

in masseter muscle 
pressure release (see trigger point release 

methods, other methods) 
prognosis for, 110 
relevant 

definition of, 629 
severity of, 1 3 - 1 4 
sleep disturbance due to, 21 
spasm referred by, 2 4 - 2 6 
sudden onset of, 1 1 0 - 1 1 1 
treatment of, 3 0 - 3 1 , 1 2 6 - 1 6 6 
trigger point release methods 

injection, 1 5 0 - 1 6 6 
contraindications to, 163 
dry needling vs., 1 5 1 - 1 5 2 , 155 
flat, 160 
indications for, 151 
for ligamentous sprains, 165 
method for, 9 4 - 9 5 , 1 5 5 - 1 6 3 , 156, 159-162 
number of, 1 6 3 - 1 6 5 , 164 
reasons for failure of, 166 
stretch after, 1 6 5 - 1 6 6 
substances for, 1 5 1 - 1 5 5 

other methods, 1 2 6 - 1 5 0 
biofeedback, 1 4 4 - 1 4 5 
cold-tennis-ball technique, 490 , 490 
compression, 490 (see also pressure release), 

562 
contraction and release, 1 3 8 - 1 4 0 
directed eye movement, 144 
drug therapy, 1 4 7 - 1 4 8 
electrical stimulation, 373 
galvanic stimulation, 1 4 6 - 1 4 7 , 368 
heat and cold, 146 
hold-relax, 343 
iontophoresis, 1 4 5 - 1 4 6 
manual release, 479 
massage, 1 4 1 - 1 4 3 
microamperage, 146 
muscle relaxants, 1 4 8 - 1 4 9 
myofascial release, 143 
osteopathic, 607 
phased respiraton, 1 4 3 - 1 4 4 
phonophoresis, 1 4 5 - 1 4 6 
postisometric relaxation [see Postisometric 

relaxation listings) 
pressure release, 8, 1 4 0 - 1 4 1 , 342, 410 , 413, 

527, 550, (see also trigger point compres
sion), 644, 880, 896, 9 2 9 - 9 3 0 , 967 

reciprocal inhibition, 346, 632 
resisted jaw opening, 373 
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Trigger point (s )—cont inued 
trigger point release methods—cont inued 

other methods—cont inued 
skin rolling, 144 
sleep, 148 
spray and stretch, see Spray and stretch 
strain-and-counterstrain technique, 143 
stretch release, 853 
strumming, 346 , 
teaching of, 272 
transcutaneous electrical nerve stimulation, 

147 
ultrasound, 146 , 373 

(see also Myofascial trigger point(s); Trigger 
area; Trigger zone) 

Trigger thumb, 776, 779 
corrective actions for, 7 8 3 - 7 8 4 , 783-784 
patient examination, 774, 7 7 8 - 7 7 9 , 779-780 
trigger point injection for, 771 , 774, 7 8 1 - 7 8 3 , 782 
trigger point release for, 7 8 0 - 7 8 1 , 781 

Trigger zone 
of Edeiken and Wolferth, 819 

Trismus 
definition of, 338 

TSH assay 
for measurement of thyroid function, 2 1 6 - 2 1 7 

Twin-Rest cushion, 182 
Twisting movements, 817 
Twitch response, 21 

inter-rater reliability in measurement of, 32 
relative difficulty in measurement of, 33 
as specific clinical trigger point test, 3 4 - 3 5 
[see also Local twitch response (LTR)) 

Two-knuckle test 
for determining intercisal opening, 3 3 6 - 3 3 7 , 337 

Typing 
copy level for, 817 

Ulcer 
of colon 

as trigger point perpetuator, 940 
duodenal 

residual trigger points after healing of, 959 
peptic 

abdominal muscle trigger points vs., 956 
abdominal trigger points due to, 952 

Ulna, 695, 730, 767 
Ulnar nerve, 517, 850 

entrapment of, 753, 764 -765 , 764 
relation to forearm flexors, 766-767 

Ulnar neuropathy 
due to anconeus epitrochlearis entrapment, 677 
forearm flexor trigger points vs., 765 
teres minor trigger points vs., 5 6 8 - 5 6 9 

Ultrasound imaging 
for visualizing local twitch response, 23 

Ultrasound therapy, 146 
for longus capitis/longus colli trigger points, 410 
for medial pterygoid trigger points, 3 7 3 - 3 7 4 

Umbilical hernia 
abdominal muscle trigger points vs., 956 

Unipennate muscle fibers, 51 
Upper arms 

short, 183 
correction for, 2 9 9 - 3 0 1 , 300 

Upper trapezius muscle (attachment), 474 
Upper trapezius trigger point, 26, 125 
Uremia 

pyridoxine deficiency associated with, 195 
Urinary tract disease 

abdominal muscle trigger points vs., 956 
Urinary tract infection 

as perpetuating factor, 224 
Urinary tract symptoms 

due to abdominal trigger points, 941 , 945, 958 
due to skin and muscle trigger points, 9 5 6 - 9 5 7 , 

958 
as pseudo-visceral phenomenon, 940 

Vapocoolants 
ice, 1 3 2 - 1 3 3 
vapocoolant spray 

cardiac pain and, 8 3 2 - 8 3 3 
commercially available sprays, 1 2 8 - 1 2 9 
for ischemic muscle contraction pain, 1 3 4 - 1 3 5 
for joint sprains, 134 
for pain from bee stings, 135 
for pain relief in acute myocardial infarction, 

134 
for postherpetic neuralgia, 135 
for trigger point injections, 134, 157 (see also 

under Trigger point(s)) 
for trigger point release (see also Spray and 

stretch) 
patient preparation, 1 2 9 - 1 3 0 
rationale for, 1 3 3 - 1 3 4 , 135 
spray procedure, 129, 130, 1 3 0 - 1 3 2 , 

132-133 
veterinary uses of, 135 

Vascular headache 
sternocleidomastoid trigger points vs., 318 

Vegetables 
canned 

loss of thiamine in, 191 
Vertebrae 

cervical and thoracic, 517 
Vertebral artery, 456, 465, 474 

needle penetration of, 4 6 3 - 4 6 4 
Viral disease 

activity of trigger points in, 2 2 3 - 2 2 4 
Visceral disease 

abdominal trigger points due to, 952 
Visceral tenderness 

palpation of, 119 
Viscerosomatic effects, 959 
Visual analog scales 

for quantification of pain, 2 6 8 - 2 6 9 , 269 
Visual disturbance from trigger points, 309 
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Vitamin determination, 228 
Vitamin(s) 

A, 189 
B1, see Thiamine 
B6, see Pyridoxine 
B 1 2 , see Cobalamins 
C, see Ascorbic acid 
D, 189 
definition of, 187 
folic acid, see Folic acid 
insufficiency of, 1 8 8 - 1 8 9 
levels of need for, 1 8 7 - 1 8 8 
supplementation of, 271 

Vomiting, 875 
due to abdominal trigger points, 9 4 1 , 943, 944, 

952, 958 
as pseudo-visceral phenomenon, 940 

Walking 
fitting of cane for, 287, 302 
up stairs 

movement and posture in, 8 1 4 - 8 1 5 , 815 
Water-soluble vitamins 

nontoxicity of, 189 
Weakness 

associated with active trigger points, 22, 109 
detection of, 114 

Weeder's thumb, 762, 774, 777 
corrective actions for, 725, 7 8 3 - 7 8 4 

Weichteilrheumatismus, 14 
definition of, 1 8 - 1 9 

Weight perception 
distortion of, 109, 114 

Whiplash, see Acceleration-deceleration injury of 
neck 

Work situation 
eliciting from patient, 1 0 7 - 1 0 8 

Workstation, 817 
chair for, 814 

Wright maneuver, 849 , 850, 851 
Wrist 

brace for, 709, 710 
nighttime splint for, 726, 726 
pain in 

differential diagnosis of, 705 
muscles causing, 686, 687 

in racquet games, 771 
"Writer's cramp," 700 
Wry neck 

myofascial trigger point pain vs., 440 
sternocleidomastoid trigger points in, 

498 

Xiphoidalgia 
diaphragmatic trigger points and, 879 

Yergason's sign, 654 

Z line, 45 , 46-47, 78 
Zone of reference 

definition of, 8 
Zovirax 

for herpetic lesions, 223 
Zygapophyseal joint dysfunction, 498 
Zygomatic arch, 333, 390 
Zygomatic bone, 333 
Zygomaticus major muscle 

activation of trigger points in, 416 , 421 
anatomy of, 419, 420 
corrective action, 416 
differential diagnosis, 422 
function of, 416 , 4 2 0 
functional unit, 420-421 
innervation of, 4 2 0 
pain referred from, 416 , 417 
trigger point examination, 421 
trigger point injection, 424 , 425 
trigger point release, 416 , 422 , 423 
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With a few exceptions, an anatomical structure is 
listed according to the descriptive adjective that 
identifies it instead of collectively according to the 
noun category. Thus the iliopsoas muscle will be 
found under I, iliopsoas, not under M, muscle. 

The page numbers of the definitive presentation 
on a topic are set in bold face type. A page number 
that refers to an illustration or table is italicized. 

Abduction, definition of, 1 
Abductor digiti minimi brevis muscle, see superfi

cial intrinsic foot muscles 
Abductor hallucis muscle, see superficial intrinsic 

foot muscles 
Accessory abductor hallucis muscle, 505 
Accessory soleus muscle, 4 3 2 - 4 3 3 
Achilles tendinitis, soleus trigger points and, 

4 4 1 - 4 4 2 
Achilles tendon, 399, 400, 430 , 431, 432, 433 

reflex and gastrocnemius muscle, 412 
reflex and soleus muscle, 445—446, 446 
soleus fibers and, 432 , 434 , 434 

Action, definition of, 1 
Active myofascial trigger point 

chronic myofascial pain syndrome, in, 5 4 1 - 5 4 2 , 
544 

definition of, 1 
Active range of motion, definition of, 1 
Acute, definition of, 1 
Adduction, definition of, 1 
Adductor brevis muscle, see adductor group of 

muscles 
Adductor (Hunter's) canal 

adductor magnus and, 334 
anatomy of, 307 
cross section of, 321 
sartorius muscle and, 226 

Adductor group of muscles 
absence of, 299 
activation and perpetuation of trigger points in, 

302 
associated trigger points of, 307 
attachments of 

adductor brevis and adductor longus, 242, 
271, 289, 2 9 1 - 2 9 2 , 294, 295 

adductor magnus, 242, 271, 289, 2 9 3 - 2 9 5 , 294, 
295, 296, 329 

adductor minimus, 293, 294, 295, 296 
corrective actions for trigger points in, 290 , 

3 1 2 - 3 1 3 

corrective posture and activities, 312 
home therapeutic program, 3 1 2 - 3 1 3 

cross section of 
adductor brevis, 321 
adductor longus, 258, 321 
adductor magnus, 258, 321 

differential diagnosis of trigger points in, 
3 0 0 - 3 0 1 

adductor insertion avulsion syndrome, 301 
articular dysfunction, 302 
nerve entrapment, 302 
pubic stress fracture, 301 
pubic stress symphysitis, 301 

entrapments by the adductor magnus, 3 0 5 - 3 0 6 
exercises for stretching 

standing adductor stretch, 313 
swimming pool adductor stretch, 313 

function of, 289, 2 9 8 - 2 9 9 
actions, 299 
functions, 299 

functional unit of, 2 9 9 - 3 0 0 
injection and stretch of, 290 

adductor brevis and adductor longus, 3 0 9 - 3 1 1 , 
310 

adductor magnus, 3 1 1 - 3 1 2 , 311 
innervation of, 289, 2 9 7 - 2 9 8 
intermittent cold with stretch of, 290 

adductor brevis and adductor longus, 3 0 7 - 3 0 8 , 
309 

adductor magnus, 307 , 308 
pain referred from 

adductor brevis and adductor longus, 289 , 
290, 291 

adductor magnus, 289, 2 9 0 - 2 9 1 , 292 
patient examination 

adductor brevis and adductor longus, 3 0 2 - 3 0 3 , 
303 

adductor magnus, 3 0 3 - 3 0 4 , 304 
symptoms from, 289 

adductor brevis and adductor longus, 300 
adductor magnus, 300 
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Adductor group of musc les— cont inued 
trigger points, examination of, 289 

adductor brevis and adductor longus, 304 , 
305, 306 

adductor magnus, 3 0 4 - 3 0 5 , 306 
Adductor hallucis muscle, see deep intrinsic foot 

muscles 
Adductor hiatus, see tendinous hiatus 
Adductor insertion avulsion syndrome, 301 
Adductor minimus, see adductor group of muscles 
Agonists, definition of, 1 
Algometers, 1 1 - 1 2 

applications of, 12 
spring-operated, 1 1 - 1 2 
strain gauge, 12 

Alternative treatment techniques, 9 - 1 1 
Ambulation, see walking 
Anal hiatus, 114 
Anal sphincter, see sphincter ani 
Anatomical position, definition of, 1 
Ankle sprain, peroneal muscles and, 379 
Anococcygeal body, 113, 113 

examination of, 123 
Antagonists, definition of, 1 
Antalgic gait, definition of, 1 
Anterior tibial 

artery 
cross section of, 469 
extensor hallus longus muscle injection and, 

484 , 485 
tibialis anterior muscle and, 366 

muscle, see tibialis anterior muscle 
vessels, cross section of, 358 

Anterior tilt (of the pelvis), definition of, 1 
Anus, 113 
Apophysial joints, see zygapophysial joints 
Arachnoiditis and pain following spinal surgery, 

155 
Arachnoradiculitis and gastrocnemius trigger 

points, 406 
Arch support by 

abductor hallucis, 508 
flexor digitorum brevis, 508 
tibialis anterior muscle, 359 
tibialis posterior muscle, 463 

Arcuate popliteal ligament, 340, 341 
Articular dysfunction 

adductor muscle group and, 302 
chronic myofascial pain syndrome and, 542, 547, 

549 
deep intrinsic foot muscles and, 531 
gluteus minimus muscle, and sacroiliac joint 

dysfunction, 174, 175 
hamstring muscles and, 325 
iliacus muscle and, 105 
iliopsoas muscle, associated with, 9 6 - 9 7 , 105 
lumbosacral junction, 105 
pelvic floor muscles and, 121 
piriformis muscle and, 193 

psoas major muscle and, 105 
quadratus lumborum muscle and, 39, 68 
quadriceps femoris group of muscles and, 274, 

275 
thoracolumbar, 39 
thoracolumbar junction, 6 8 - 6 9 , 105 

Articularis genu muscle, 256, 257 
Ascorbic acid, 

gastrocnemius muscle injection and, 416 
injection and, 181 
postexercise stiffness and, 553 

Associated myofascial trigger point, definition of, 1 
Avulsion fracture, extensor digitorum brevis muscle 

and, 510 
Axis of rotation and the pectineus muscle, 239, 239 

Babinski response, extensor hallucis longus muscle 
and, 478 

Back pain caused by 
fracture of lumbar transverse process, 39 
dysfunction of sacroiliac joint, 16, 193 
piriformis syndrome, 1 9 2 - 1 9 3 
trigger points in the 

gluteus medius muscle, 1 5 0 - 1 5 1 , 155 
hamstring muscle tension, 331 
iliopsoas muscle, 90, 97 
piriformis muscle, 187, 1 9 2 - 1 9 3 
quadratus lumborum muscle, 3 0 - 3 1 , 38 
soleus muscle, 429 , 429 

Back pocket sciatica, 139, 147, 175, 182 
Baker's cyst, see popliteal cyst 
Ballet dancers 

iliopsoas trigger points and, 95 
Bed board, use of, 79 
Bed rest, hamstring trigger points and, 327 
"Bent-knee troublemaker" (popliteus muscle), 

339 
Biceps femoris muscle, see hamstring muscles 
Bicycle 

ergometry, postexercise soreness and, 5 5 2 - 5 5 3 
exercise, 165, 165 

Bicycling 
gastrocnemius muscular activity and, 404 
gluteus maximus muscular activity and, 136 
gluteus medius muscular activity and, 154, 165, 

165 
quadriceps femoris muscular activity and, 

2 6 0 - 2 6 1 
soleus muscular activity and, 437 
tibialis anterior muscular activity and, 360 

Bones of the foot, 354 
Bonnet's sign of piriformis tightness, 196 
Breakaway weakness 

long flexor muscles of the toes and, 495 
peroneal muscles and, 381 

Buckling hip syndrome, 262 
"Buckling knee muscle" (vastus medialis), 250 
Buckling knee syndrome, 2 6 2 - 2 6 3 , 264, 270, 

2 8 2 - 2 8 3 

Copyrighted Material



Index 1019 

Bulbospongiosus muscle, see pelvic floor muscles 
(superficial perineal muscles) 

attachments of, 113, 1 1 5 - 1 1 6 
examination for trigger points in, 126 

Bunions 
hallux valgus and, 510 
peroneal muscles and, 3 7 9 - 3 8 0 

Bursa 
calcaneal subtendinous, 400 
deep infrapatellar, 256 
lateral gastrocnemius, 400 
popliteus, 341 
prepatellar, 256 
semimembranosus muscle, of the, 320 
subcutaneous infrapatellar, 256 
subgluteus maximus, 138 
subgluteus medius, 155 
subtendinous, of obturator internus muscle, 190 
superior bursa of the biceps femoris, 319 
suprapatellar, 256 
trochanteric, 135 

gluteus medius muscle, of the, 152 
gluteus minimus muscle, of the, 170 

Bursitis 
anserine bursa, 325 
bursa of the semimembranosus muscle, 325 
deep infrapatellar, 264 
iliopsoas muscle and, 96 
subacute trochanteric, 138 
subgluteus medius, 155 
superior biceps femoris, 325 
trochanteric, 138, 174, 218, 221, 263 

Calcaneus, 354, 357, 373, 400, 431, 432, 433, 462, 
491, 526 

Calf compression, soleus muscle and, 445 , 455 
"Calf cramp muscle" (gastrocnemius), 397 
Calf cramps, 4 0 7 - 4 0 9 

etiology of, 4 0 8 - 4 0 9 
gastrocnemius muscle and, 407, 408 , 409, 420 
myofascial trigger points and, 408, 409 
treatment of, 4 2 0 - 4 2 2 , 421 

Calluses 
Morton foot structure and, 3 8 2 - 3 8 3 , 382 
peroneus longus trigger points and, 380 

Case reports of trigger points in the pectineus mus
cle, 246 

peroneal muscles, 393 
"Chair-seat victims" (hamstring muscles), 315 
Chondromalacia patellae, 264 
Chronic 

definition of, 2 
fatigue (syndrome), 14 
myalgia, 1 4 - 1 5 
myofascial pain, 15 
myofascial pain syndrome, 5 4 1 - 5 4 9 
regional myofascial pain, 542 

"Clawtoe muscles" (long flexor muscles of toes), 
488 

Clawtoes, 479 , 493 
Cluneal nerves 

entrapment by gluteus maximus muscle, 141 
Coccygeus muscle, see pelvic floor muscles 

attachments of, 113, 114, 114, 200 
pain referred from, 111, 112 
trigger point, examination of, 1 2 4 - 1 2 5 

Coccygodynia, 119 
gluteus maximus and, 133, 135 
piriformis syndrome and, 194 
treatment of, 1 2 8 - 1 2 9 

Coccyx 
examination of (for range of motion), 123 
gluteus maximus muscle and, 135, 140 
painful, 119, 125 
tenderness of, 122 
treatment of levator ani and gluteus maximus 

trigger points, 128 
Common peroneal nerve 

compression by pneumatic stocking, 385 
entrapment of, 3 7 7 - 3 7 8 
palpation of, 384, 388 
peroneus longus muscle and, 378, 386, 388 

Compartment syndromes 
anterior 

tibialis anterior muscle and, 3 6 1 - 3 6 2 
calcaneal and the quadratus plantae muscle, 531 
foot, of the, 510 
posterior, 407 

deep, 444 
flexor digitorum longus muscle and, 494 
soleus bridge over, 431 
tibialis posterior muscle and, 464 

superficial, 4 4 3 - 4 4 4 
Composite pain pattern, definition of, 2 
Compression test for buckling knee syndrome, 270 
Concentric (contraction), definition of, 2 
Constriction of circulation 

gastrocnemius trigger points and, 418 
Contract-relax 

adductor group of muscles and, 308 
description of, 9 - 1 0 

Contracture, definition of, 2 
Coronal plane, definition of, 2 
Crawl stroke 

gastrocnemius trigger points and, 417 
gluteus maximus trigger points and, 148 
hamstring tightness and, 335 

Cross sections of 
diaphragm, 65 
external (abdominal) oblique muscle, 65, 75 
iliocostalis lumborum muscle, 65, 75 
internal (abdominal) oblique muscle, 65, 75 
intertransversarius muscle, 65 
latissimus dorsi muscle, 65, 75 
longissimus dorsi muscle, 65, 75 
multifidus muscle, 65, 75 
psoas major muscle, 65, 75 
quadratus lumborum muscle, 65, 75 
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Cross sections o f — c o n t i n u e d 
serratus posterior inferior muscle, 65 
transversus abdominis muscle, 65, 75 

Crossed reflex effect 
gastrocnemius release and the, 415 
hamstring tightness and the, 3 2 7 - 3 2 8 , 332, 335 

Cuboid bone, 354, 357, 373, 462, 526, 526 
sesamoid of peroneus longus tendon and, 372 

Cumulative trauma disorder, 545 
Cuneiform, 

intermediate, 354 
lateral, 354 
medial, 354, 462 

Deep intrinsic foot muscles 
activation and perpetuation of trigger points in, 

532 
associated trigger points of, 5 3 4 - 5 3 5 
attachments of, 522 

adductor hallucis, 5 2 5 - 5 2 6 , 526 
flexor digiti minimi brevis, 525, 526 
flexor hallucis brevis, 526, 526 
interossei of the feet, 5 2 6 - 5 2 7 , 527 
lumbricals, 525 , 526 
opponens digiti minimi, 525 
opponens hallucis, 526 
quadratus plantae, 5 2 4 - 5 2 5 , 526 

corrective actions for trigger points in, 523, 
5 3 7 - 5 3 8 

cross section of 
adductor hallucis, 538 
flexor digiti minimi brevis, 538 
flexor hallucis brevis, 538 
interossei, 538 

differential diagnosis 
articular dysfunction, 531 
compartment syndrome, calcaneal, 531 
entrapment of lateral plantar nerve, 531 
hallux valgus, 531 
other myofascial pain syndromes, 5 3 0 - 5 3 1 
sesamoid bone in flexor hallucis brevis ten

don, 5 3 1 - 5 3 2 
stress fractures of bones in the foot, 531 
traumatic rupture of second interosseous ten

don, 532 
function of, 522, 528 

actions, 5 2 8 - 5 2 9 
functions, 529 

functional unit of, 530 
injection and stretch of, 523 , 5 3 6 - 5 3 7 , 537-538 

adductor hallucis, 536, 537 
flexor digiti minimi brevis, 536 
flexor hallucis brevis, 536 , 537 
interossei of the feet, 5 3 6 - 5 3 7 , 537, 538 
quadratus plantae, 536 , 537 

innervation of, 528 
intermittent cold with stretch of, 523, 5 3 5 - 5 3 6 , 

535 
adductor hallucis, 535 

flexor digiti minimi brevis, 535 
flexor hallucis brevis, 535 , 535 
interossei of the feet, 535 
quadratus plantae, 535 

pain referred from, 522 
adductor hallucis, 523, 524 
flexor hallucis brevis, 523 , 524 
interossei of the feet, 524, 525 
quadratus plantae, 523, 523 

patient examination, 523, 5 3 2 - 5 3 3 
symptoms from, 5 2 2 - 5 2 3 , 530 
trigger points, examination of, 5 3 3 - 5 3 4 , 534 

adductor hallucis, 533, 534 
flexor digiti minimi brevis, 534 
flexor hallucis brevis, 533 , 534 
interossei of the feet, 5 3 3 - 5 3 4 , 534, 538 
quadratus plantae, 533, 534 

variations in 
adductor hallucis, 526 
flexor digiti minimi brevis, 525 
interossei of the feet, 5 2 7 - 5 2 8 
quadratus plantae, 525 

Deep peroneal nerve 
compression of by pneumatic stocking, 385 
cross section of, 358, 469 
entrapment of, by extensor digitorum longus 

muscle, 385, 478 
extensor hallucis longus, caution on injection of, 

4 8 4 - 4 8 5 
Desmin and postexercise soreness, 555 
Diaphragm, 65 
Diathermy, short wave, for treatment of piriformis 

muscle, 207 
D.J. Morton foot, see Morton foot structure 
Dorsal aponeurosis of the toe, 527 
Dorsiflexion, definition of, 2 
"Double devil" (piriformis and other short lateral 

rotators), 186 
Dragging of toes 

tibialis anterior muscle and, 359 
Dressing safely, 163, 163 

Eccentric (contraction) 
definition of, 2 
postexercise soreness and, 555 

Elastic knee support for popliteus trigger points, 
349 

Electrical stimulation treatment, 10 
Electromyographic 

activity in 
adductor 

longus, 299 
magnus, 299 

biceps femoris muscle, 3 2 2 - 3 2 3 
calf cramps, 421 
erector spinae muscle, 57, 58 
gastrocnemius muscle, 4 0 2 - 4 0 3 , 413 
gluteus maximus muscle, 57, 58, 1 3 6 - 1 3 7 
gluteus medius muscle, 1 5 3 - 1 5 4 
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gluteus minimus muscle, 172 
gracilis muscle, 299 
hamstring muscles, 3 2 2 - 3 2 3 
iliacus muscle, 94 
interosseous muscles of the foot, 529 
intrinsic muscles of the foot, 528 
ischiocavernosus muscle, 118 
lower limb-length inequality, 5 7 - 5 8 
pectineus muscle, 239 
peroneal muscles, 376 
piriformis syndrome, 194 
popliteus muscle, 343 
psoas muscle, 93, 94 
quadriceps femoris muscles, 2 5 8 - 2 6 0 
sartorius muscle, 228 
semimembranosus muscle, 3 2 2 - 3 2 3 
semitendinosus muscle, 3 2 2 - 3 2 3 
soleus muscle, 436 , 437 
sphincter ani muscle, 117 
tensor fasciae latae muscle, 2 2 0 - 2 2 1 
tibialis anterior muscle, 358 , 359, 360, 365 
tibialis posterior muscle, 463 
triceps surae muscles, 57, 58 

findings with regard to piriformis syndrome, 
1 9 9 - 2 0 1 

EMG, see electromyographic 
Entrapment by 

abductor hallucis muscle, 512 
adductor magnus muscle, 305 
extensor digitorum longus muscle, 386, 482 
gastrocnemius muscle, 414 
gluteus maximus muscle, 141 
iliopsoas muscle, 101 
obturator 

externus muscle, 203 
hernia, 302 
internus muscle, 127 

peroneus longus muscle, 385, 386 
piriformis muscle, 187, 193, 2 0 2 - 2 0 3 
plantaris muscle, 448 
quadratus plantae muscle, 531 
soleus muscle, 448 

Entrapment of 
cluneal nerves, 141 
common peroneal nerve, 385 , 386 
deep peroneal nerve, 385, 386, 482 
femoral vessels, 305 
gemelli muscles, nerve to, 191 , 202 
genitofemoral nerve, 302 
inferior gluteal nerve, 191 , 202 , 203 
lateral femoral cutaneous nerve, 101 
lateral plantar nerve, 531 
obturator internus muscle, nerve to, 191 , 202 
obturator nerve, 203, 240, 302 
popliteal artery, 414 , 448 
posterior tibial artery, 448 
pudendal nerve and vessels, 127, 191 , 202 
quadratus femoris muscle, nerve to, 191 , 202 
sciatic nerve, 191 , 201, 2 0 2 - 2 0 3 

superficial peroneal nerve, 385 , 386 
superior gluteal nerve and blood vessels, 191 , 

202 
tibial nerve, 448 

Episacroiliac lipoma, piriformis syndrome and, 194 
Essential pain zone (area), definition of, 2 
Ethyl chloride spray, 9 
Eversion, definition of, 2 
Exercises 

adductor stretch 
standing, 313 
swimming pool, 313 

chair twist for quadratus lumborum, 74 
gastrocnemius self-stretch 

long sitting, 419 , 420 
standing, 4 1 8 , 419 

gluteus maximus passive self-stretch 
seated, 147, 147, 336 
supine, 146, 147 

gluteus minimus, self-stretch of 
anterior part, 183, 184 
posterior part, 184 

golf ball technique, 518, 538 
long seated reach, 336 , 336 
patellar self-mobilization, 268, 285 
pectineus self-stretch, 244, 246 
pedal, 367, 4 1 8 ,418, 452, 4 5 3 , 4 8 6 
peroneal self-stretch, 392, 393 
piriformis self-stretch, 211 , 211 
popliteus self-stretch, 349 
quadratus lumborum 

hip hike, 82, 84 , 84 
standing self-stretch, 82 
supine self-stretch, 82, 83, 83 

quadriceps femoris strengthening, 285 
rectus femoris self-stretch, 284, 285 
rolling pin technique, 518, 538 
soleus pedal, 452, 453 
soleus self-spray and self-stretch, 455, 456 
tennis ball technique for ischemic compression 

of 
gluteus medius and gluteus minimus trigger 

points, 164, 164 
vastus lateralis trigger points, 286 , 286 

tensor fasciae latae muscle, self-stretch of, 226 
tibialis anterior self-stretch, 367 
toe flexor self-stretch, 538 

Extensor coccygeus lateralis muscle, 135 
Extensor coccygeus medialis muscle, 135 
Extensor digitorum brevis muscle, see superficial 

intrinsic foot muscles 
Extensor digitorum longus muscle, see long exten

sor muscles of toes 
Extensor hallucis brevis muscle, see superficial in

trinsic foot muscles, short extensors of the 
toes 

Extensor hallucis longus muscle, see long extensor 
muscles of toes 

Extensor ossis metarsi hallucis, 476 
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Extensor retinaculum, 357 
Extensor substitution 

extensor digitorum longus and, 4 7 9 - 4 8 0 
lumbrical muscles and, 4 7 9 - 4 8 0 

External iliac artery and vein, 242 
External (abdominal) oblique muscle, 67, 67 

cross section of, 65, 75, 171 
Extrinsic foot muscles, definition of, 2 
Eye movement augmentation of postisometric re

laxation, 11 

Fabella, 400 
Facet joints, see zygapophysial joints 
Facet syndrome, piriformis syndrome and, 195 
False pelvis, definition of, 2 
Fan sign of gluteus medius muscle, 154 
Fatigability of soleus muscle, 436 
Femoral artery, 242, 244, 309, 310, 321, 334 
Femoral nerve, 230, 242, 257 
Femoral (Scarpa's) triangle, 99, 237, 242, 244 
Femoral vessels, 230 

cross section of, 258 
Fiber types of 

gastrocnemius muscle, 400 
gluteus maximus muscle, 135 
gluteus medius muscle, 152 
hamstring muscle group, 323 
levator ani muscle, 117 
quadriceps femoris group of muscles, 258, 261 
soleus muscle, 4 3 3 - 4 3 4 , 436 
tibialis anterior muscle, 360 

Fibromyalgia 
definition of, 2 
description of, 15, 542, 5 4 5 - 5 4 6 
relation to chronic myofascial pain, 5 4 5 - 5 4 6 

Fibrositic lesion in the 
flexor hallucis brevis muscle, 523 
gastrocnemius muscle, 398 

Fibrositis 
current usage of, 545 
definition of, 2 

Fibular collateral ligament, 341, 342 
popliteus muscle and, 346 
trigger point in, 252, 254 

Fibulotibialis muscle, 341 
Fifth metatarsal, 354, 373, 526 
First metatarsal, 354, 357, 373, 526 

correction for short, 3 8 9 - 3 9 2 , 390, 391 
First ray, definition of, 2 
Flat palpation, definition of, 2 
Flexor accessorius longus digitorum muscle, 490 
Flexor digiti minimi brevis, see deep intrinsic foot 

muscles 
Flexor digitorum brevis muscle, see superficial in

trinsic foot muscles 
Flexor digitorum longus muscle, see long flexor 

muscles of toes 
Flexor hallucis brevis muscle, see deep intrinsic 

foot muscles 

Flexor hallucis longus muscle, see long flexor mus
cles of toes 

Flexor retinaculum, 432, 433 
Fluori-methane spray, 8, 205 

alternative treatment techniques, 9 -11 
substitutes for, 8 -9 
use of, 8 

Flying Dutchman shoe correction, 163, 391, 391 
Foot-drop, tibialis anterior muscle and, 363 
"Foot-drop muscle" (tibialis anterior), 355 
Foot lift, see heel lift 
Foot pain, 5 3 0 - 5 3 2 
Foot slap 

extensor digitorum longus muscle and, 478 
tibialis anterior muscle and, 359, 363 

Foramen, see name of foramen 
Forefoot, definition of, 2 
"Four-faced troublemaker" (quadriceps femoris 

group of muscles), 248 
"Fourth adductor" (pectineus muscle), 236 
Fourth metatarsal, 354, 462 
Freiberg's sign of piriformis tightness, 196 
"Frustrator muscle" (vastus intermedius), 250 
Function, definition of, 2 

Gait, see walking 
Gait cycle, definition of, 2 
Gastrocnemius muscle 

absence of, 4 0 4 - 4 0 5 
activation and perpetuation of trigger points in, 

397, 4 1 0 - 4 1 1 
associated trigger points of, 397, 414 
attachments of, 397, 3 9 8 - 1 0 1 , 400, 431, 432, 433 
corrective actions for trigger points in, 397 -398 , 

4 1 7 ^ 2 2 , 418, 419, 420, 421 
cross section of, 469 
differential diagnosis of trigger points in, 

4 0 6 - 4 1 0 
calf cramps 4 0 7 - 4 0 9 

etiology of, 4 0 8 - 4 0 9 
relation to trigger points, 409 
trigger points as a cause of, 408 

intermittent claudication, 4 0 9 - 4 1 0 
phlebitis, 407 
popliteal cyst, 407 
posterior compartment syndrome, 407 
tennis leg, 407 

entrapments by, 397, 414 
exercises for stretching gastrocnemius muscle 

pedal exercise, 418 , 418 
seated self-stretch, 419, 420 
standing self-stretch, 418, 419 

fiber types, 405 
function of, 397, 401 

actions, 4 0 1 - 4 0 2 
functions, 4 0 2 - 4 0 5 

bicycling, 404 
jumping, 404 
running, 404 
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sports activities, 404 
stair climbing, 4 0 3 - 4 0 4 
standing, 4 0 2 - 4 0 3 
walking, 403 

functional unit of, 397, 4 0 5 - 4 0 6 
injection and stretch of, 397, 4 1 5 - 4 1 7 , 415, 416 
innervation of, 397, 401 
intermittent cold with stretch of, 397, 4 1 4 - 4 1 5 , 

414 
pain referred from, 397, 398, 399 
patient examination, 397, 412 
symptoms from, 397, 406 
trigger points, examination of, 397, 4 1 2 - 4 1 4 , 412, 

413 
variations of, 400 

Gemelli muscles, inferior and superior, see piri
formis 

Generalized tendomyopathy, 15 
Gluteus maximus muscle 

absence of, 137 
activation and perpetuation of trigger points in, 

1 3 2 , 1 3 9 - 1 4 0 
associated trigger points of, 141 
attachments of, 132 1 3 4 - 1 3 5 , 134, 151 , 152, 158, 

159, 170, 190, 219 , 219, 329 
coccygeus muscle and, 124 
corrective actions for trigger points in, 132, 

144-148 , 146,147 
cross section of, 321 
differential diagnosis of trigger points in, 

137-138 
entrapment of cluneal nerves, 141 
evolution of, 134 
exercises to release, 1 4 7 - 1 4 8 

passive self-stretch 
sitting, 147 
supine, 146 

fiber types in, 135 
function of, 132, 1 3 6 - 1 3 7 

actions, 136 
functions, 1 3 6 - 1 3 7 

functional unit of, 137 
injection and stretch of, 132, 144, 145 
innervation of, 132, 135 
intermittent cold with stretch of, 132, 1 4 1 - 1 4 4 , 

143 
levator ani muscle and, 128 
pain referred from, 132, 1 3 3 - 1 3 4 , 133 
patient examination, 132, 140 
perpetuating factors, mechanical , 1 4 4 - 1 4 7 
postisometric relaxation of, 1 4 3 - 1 4 4 , 147 
reactive cramp and, 1 4 7 - 1 4 8 
symptoms from, 1 3 2 , 1 3 7 
trigger points, examination of, 132, 140, 141, 142 

Gluteus medius muscle 
absence of, 154 
activation and perpetuation of trigger points in, 

1 5 5 - 1 5 6 , 156 
associated trigger points of, 150, 1 5 8 - 1 5 9 

attachments of, 134, 150, 1 5 1 - 1 5 3 , 152, 158, 159, 
170, 190 

corrective actions for trigger points in, 150, 
1 6 3 - 1 6 5 , 163, 164, 165 

cross section of, 171 
differential diagnosis of trigger points in, 

1 5 4 - 1 5 5 
evolution of, 153 
exercises for, 1 6 4 - 1 6 5 

abductor self-stretch, 160, 164 
bicycle, 165, 165 
ischemic compression (tennis ball), 164, 164 

fan sign of, 154 
fiber types of, 152 
function of, 150 , 1 5 3 - 1 5 4 

actions, 153 
functions, 1 5 3 - 1 5 4 

functional unit of, 154 
injection and stretch of, 150, 1 6 1 - 1 6 2 , 162 
innervation of,150, 153 
intermittent cold with stretch of, 150, 1 5 9 - 1 6 1 , 

160 
pain referred from, 150, 1 5 0 - 1 5 1 , 151 
patient examination, 150, 1 5 6 - 1 5 7 
postisometric relaxation, treatment using, 161 
reactive cramp from treatment of, 161 
symptoms from, 150, 154 
trigger points, examination of, 150, 1 5 7 - 1 5 8 , 157, 

159 
Gluteus minimus muscle 

activation and perpetuation of trigger points in, 
168, 175 

alternate methods of treatment, 1 7 9 - 1 8 0 
associated trigger points of, 168, 1 7 7 - 1 7 8 
attachments of, 151 , 152, 168, 1 7 0 - 1 7 2 , 170, 

190 
corrective actions for trigger points in, 168 , 

1 8 2 - 1 8 4 , 183 
cross section of, 171 
differential diagnosis of trigger points in, 

1 7 3 - 1 7 5 
articular dysfunction, 174 
bursitis, 174 
other myofascial syndromes, 173 
radiculopathy, 1 7 3 - 1 7 4 
sciatica, 1 7 4 - 1 7 5 

entrapments by, 177 
evolution of, 173 
exercises for, 1 8 3 - 1 8 4 

self-stretch of anterior fibers, 183, 183, 184 
self-stretch of posterior fibers, 178, 184 
tennis ball for ischemic compression, 164, 

1 8 3 - 1 8 4 
function of, 168 , 1 7 2 - 1 7 3 

actions, 172 
functions, 1 7 2 - 1 7 3 

functional unit of, 173 
injection and stretch of, 168, 1 8 0 - 1 8 2 , 181 
innervation of, 172 
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Gluteus minimus m u s c l e — c o n t i n u e d 
intermittent cold with stretch of, 168, 1 7 8 - 1 8 0 , 

178 
pain referred from, 168, 1 6 8 - 1 6 9 , 169 
patient examination, 1 7 5 - 1 7 6 
symptoms from, 168, 173 
trigger points, examination of, 168, 1 7 6 - 1 7 7 , 176 

Goals in treatment of chronic myofascial pain syn
drome, 547 

Gonadal shield, 55 
Gracilis muscle 

associated trigger points of, 307 
attachments of, 242, 271, 289, 2 9 5 - 2 9 6 , 298, 329 
corrective actions for trigger points in, 3 1 2 - 3 1 3 
cross section of, 258, 321 
differential diagnosis of trigger points in, 301 
function of, 289, 298, 299 
functional unit of, 300 
injection and stretch of, 290 , 312 
innervation of, 298 
intermittent cold with stretch of, 304, 309 
pain referred from, 289 , 291 , 293 
patient examination, 304 
symptoms from, 300 
trigger points, examination of, 289 , 305 

Greater pelvis, definition of, 2 
Greater sciatic foramen, 114, 188, 189, 190, 199, 

200, 2 0 1 , 202 , 208 
Greater trochanter, 159, 200 , 242 
Groin 

definition of, 2 
pain, 2 9 0 - 2 9 1 , 300 

Hallux valgus 
cause of, 531 
definition of, 3 

Hallux varus, definition of, 3 
Hammer toes 

definition of, 3 
dorsal interosseous muscles and, 530 
manifestation of, 479 

Hamstring muscles 
activation and perpetuation of trigger points in, 

315 , 3 2 6 - 3 2 7 , 326 
associated trigger points of, 331 
attachments of, 315 , 3 1 6 - 3 1 7 

biceps femoris, 3 1 8 - 3 1 9 , 318, 319, 320, 329 
semimembranosus and semitendinosus, 

3 1 7 - 3 1 8 , 318, 319, 320, 329 
corrective actions for trigger points in, 316, 

3 3 5 - 3 3 7 , 336 
home exercise program, 3 3 6 - 3 3 7 , 336 
posture and activities, 3 3 5 - 3 3 6 

cross section of 
biceps femoris, 258, 321 
semimembranosus, 258, 321 
semitendinosus, 258, 321 

differential diagnosis of 
articular dysfunction, 325 

bursitis, 325 
hamstring syndrome, 325 
myofascial syndromes, other, 3 2 4 - 3 2 5 
rupture of muscle, 325 
semimembranosus 

insertion syndrome, 325 
tenosynovitis, 325 

snapping 
bottom, 325 
semitendinosus tendon, 325 

entrapments by, 330 
exercises for, 3 3 6 - 3 3 7 
function of 315, 3 2 1 - 3 2 2 

actions, 322 
functions 

ergometer cycling, 323 
posture and postural activities, 322 
running, jumping, and sports activities, 323 
walking, 3 2 2 - 3 2 3 

functional unit of, 3 2 3 - 3 2 4 
injection and stretch of, 316, 3 3 4 - 3 3 5 , 334 
innervation of, 315, 321 
intermittent cold with stretch of, 3 1 5 - 3 1 6 , 

3 3 1 - 3 3 4 , 333 
pain referred from, 315, 316, 317 
patient examination, 315, 3 2 7 - 3 2 8 , 328 
symptoms from, 315, 324 
trigger points, examination of, 315, 328 -330 , 329, 

330, 331 
variations of, 319 

Hamstring syndrome, 325, 330 
Head-forward posture, 20 

chronic myofascial pain and, 548 
gluteus maximus muscle and, 139, 147 

Heel lift 
lower limb-length inequality and, 47, 48, 49, 54, 

7 7 - 7 8 
quadratus lumborum muscle and, 45, 4 7 - 4 9 
tibialis anterior muscle and, 359 

Heel spur, soleus muscle and, 441 
Hematoma of the iliacus muscle, 96 
Herniated invertebral disc, piriformis syndrome 

and, 194 
Herniation of 

tibialis anterior muscle, 3 6 2 - 3 6 3 
"Hidden prankster" (iliopsoas muscle), 89 
High heels 

gastrocnemius muscle and, 402 , 417 
peroneal trigger points and, 380, 392 
quadriceps femoris muscular activity and, 260 
soleus muscular activity and, 439 
soleus trigger points and, 445 , 453 

Hindfoot, definition of, 3 
Hunter's canal, see adductor canal 
Hypermobility syndrome 

description of, 1 8 - 1 9 
gluteus medius and, 161 

Hyperpronation of the foot 
piriformis trigger points and, 196 
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tibialis posterior and, 466 
vastus medialis trigger points and, 266 

Ice stroking, 9 
Iliacus muscle, see also iliopsoas muscle 

attachments of, 242 
cross section of, 171 

Ilial rotation 
hamstring muscles and, 325 
pectineus muscle and, 245 

Iliocostalis lumborum muscle, 65, 67 
cross section of, 171 

Iliolumbar ligament, 31, 34 , 200 
Iliopsoas muscle 

activation and perpetuation of trigger points in, 
89, 96 -97 

associated trigger points of, 1 0 1 - 1 0 2 
attachments of, 89, 9 1 - 9 2 , 91, 230 
corrective actions for trigger points in, 90, 

105-108 , 106, 107 
cross section of, 171 
differential diagnosis of trigger points in, 89 , 96 
entrapments by, 89, 101 
exercise to strengthen muscle, 107, 108 
exercises to release tight muscle 

hip extension, 106, 106 
in-door stretch, 107 
postisometric relaxation, 98, 1 0 6 - 1 0 7 
side of chair seat, 1 0 7 - 1 0 8 

function of, 9 3 - 9 4 
actions, 9 3 - 9 4 
functions, 94 

functional unit of, 9 4 - 9 5 
injection and stretch of, 90, 1 0 3 - 1 0 5 , 104 
innervation of, 9 2 - 9 3 
intermittent cold with stretch of, 8 9 - 9 0 , 

102-103 , 103 
pain referred from, 89, 9 0 - 9 1 , 90 
patient examination, 89, 9 7 - 9 9 , 98 
symptoms from, 89, 95 
trigger points, examination of, 89 , 9 9 - 1 0 1 , 100 

Iliotibial tract (band), 219 
friction syndrome, 221 
gluteus maximus and, 1 3 4 - 1 3 5 , 219 
tensor fasciae latae and, 2 1 8 - 2 1 9 
tightness of, 222 

Inferior extensor retinaculum, 373, 374, 475, 476 
Inferior peroneal retinaculum, 373, 374 
Inguinal ligament, 228 
Injection technique, alternative, 19, 19 
Innominate upslip, definition of, 3 

low back pain and, 121 
pectineus muscle and, 240 
sacroiliac joint dysfunction and, 39 

Inscriptions in 
gracilis muscle, 296 
rectus abdominis muscle, 227 
sartorius muscle, 2 2 6 - 2 2 7 
semitendinosus muscle, 227 

Instability of the knee, anteromedial and posterolat
eral, 3 4 4 - 3 4 5 

Integumentary trigger points, 121 
Intermediate cuneiform, 354 
Intermediate dorsal cutaneous nerve, 386 
Intermittent claudication 

gastrocnemius trigger points and, 409—410 
gluteus medius muscle and, 155 

Intermittent cold, 9 
ice technique, 9 

Internal (abdominal) oblique muscle, 67 
cross section of, 65, 75, 171 

Interossei of the foot, see deep intrinsic foot mus
cles 

Interosseous membrane of the leg 
cross section of, 358, 469 

Intertransversarius muscle, 65 
Intrinsic foot muscles, definition of, 3 
Inversion, definition of, 3 
IP joint, definition of, 3 
Ischemia from contraction of 

gastrocnemius muscle, 405 
rectus femoris muscle, 262 

Ischemic compression see also (tennis ball tech
nique) 

definition of, 3 
description of, 9 
treatment of 

gluteus maximus muscle, 148 
gluteus medius muscle, 164, 164 
gluteus minimus muscle, 164, 180 
piriformis muscle, 205 , 206 
popliteus mucle, 348 
sartorius muscle, 233 
vastus lateralis muscle, 286 

Ischial spine, 114 
examination of, 123 

Ischial tuberosity. 113. 190 
gluteus maximus muscle and, 135 

Ischiocavernosus muscle 
attachments of, 113, 115 -116 
examination for trigger points in, 125 

"Jogger's hee l " (soleus) muscle, 427 
"Joker of low back pain" (quadratus lumborum 

muscle), 28 
Jolt syndrome, 545 
Jump sign, definition of, 3 
Jumper's knee, 264 
Jumping 

extensor digitorum longus muscle and, 477 
gastrocnemius muscular activity and, 404 

Large pelvis, definition of, 2 
LaSegue's sign (maneuver) 

definition of, 3 
gastrocnemiius muscle tightness and, 328, 412 
hamstring muscle tightness and, 327 , 328 
soleus muscle and, 447 
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Latent myofascial trigger points 
chronic myofascial syndrome and, 5 4 1 - 5 4 2 , 544 
definition of, 3 

Lateral compartment syndrome, peroneal muscles 
and, 379 

Lateral cuneiform, 354 
Lateral femoral cutaneous nerve, 230 

anatomy of, 2 3 1 - 2 3 2 
entrapment of, 230, 2 3 1 - 2 3 2 

Lateral patellar retinaculum, 218 , 219, 342 
Lateral rotation, definition of, 3 
Lateral rotator muscles, see piriformis and short 
lateral rotator muscles 
Lateral tibial tubercle, 219 
Lateral tilt {of the pelvis), definition of, 3 
Latissimus dorsi muscle, 65, 67, 75 
Leg, definition of, 3 
Lesser pelvis, definition of, 3 
Lesser sciatic foramen, 114, 115, 190, 200 

relation to the obturator internus muscle, 125, 
190, 190 

Lesser trochanter, 91, 92 , 237, 238 
Levator ani muscle, (see also pelvic floor muscles), 

1 1 2 - 1 1 4 
attachments of, 1 1 2 - 1 1 4 , 113-114, 200 
pain referred from, 111, 112 
tendinous arch of, 110, 113, 114, 200 

examination of, 123 
relation to obturator internus, 125 

trigger points, examination of, 124 
Lewit technique (see also, postisometric relaxation) 

1 0 - 1 1 
definition of, 3 
eye movement, augmentation by, 11 
gluteus maximus muscle, application to, 146 
postisometric relaxation, 1 0 - 1 1 
relaxation during exhalation, 10 
respiration, augmentation by, 11 

Ligaments, see name of ligament 
LLLI 

definition of, 3 
radiographic assessment of, 50, 5 9 - 6 3 , 61 

Local twitch response 
adductor 

brevis and, 304 
longus and, 304, 309 
magnus and, 312 

definition of, 3 
gluteus maximus muscle and, 140 
gluteus medius muscle and, 158, 1 6 1 - 1 6 2 
gluteus minimus muscle and, 176 
iliopsoas muscle and, 99 , 105 
interosseous muscles and, 534 
long extensors of the toes, 482 
peroneus longus and brevis muscles, 384, 384, 

389 
popliteus muscle and, 348 
quadratus lumborum muscle and, 66 , 75 
sartorius muscle and, 229 

semitendinosus muscle and, 330 
tensor fasciae latae muscle and, 225 
tibialis anterior muscle and, 363, 364 
vastus medialis muscle and, 270 

Locked patella syndrome, 262, 272 
Long extensor of the first phalanx of the great toe, 

476 
Long extensor muscles of toes 

activation and perpetuation of trigger points in, 
473 , 4 8 0 - 4 8 1 

associated trigger points of, 483 
attachments of 

extensor digitorum longus, 473, 4 7 5 - 4 7 6 , 475 
extensor hallucis longus, 473 , 475, 476 

corrective actions for trigger points in, 474, 
4 8 5 - 4 8 6 

cross section of 
extensor digitorum longus, 358, 469, 538 
extensor hallucis longus, 358, 469 

differential diagnosis of trigger points in, 
4 7 8 - 1 8 0 

claw toes, 4 7 9 - 4 8 0 
hammer toes, 4 7 9 - 4 8 0 
other myofascial pain syndromes, 479 
rupture of extensor digitorum longus tendon, 

480 
shin splints, 480 
tendinitis of extensor hallucis longus, 480 

entrapments by, 473 , 4 8 2 - 1 8 3 
exercises for, 486 
function of, 473 , 4 7 7 - 4 7 8 

actions, 477 
functions 

ambulation, 477 
Babinski reflex response, 478 
jumping, 477 
sports activities, 478 
standing, 477 
weakness, 478 

functional unit of, 478 
injection and stretch of, 474 , 4 8 4 - 4 8 5 , 484 
innervation of, 477 
intermittent cold with stretch of, 473—474, 

4 8 3 - 1 8 4 , 483 
pain referred from, 473 , 4 7 4 - 4 7 5 , 474 
patient examination, 473 , 481 
symptoms from, 473 , 478 
trigger points, examination of, 473 , 4 8 1 - 4 8 2 , 482 
variations of, 476 

Long flexor muscles of the toes 
activation and perpetuation of trigger points in, 

488 , 494 
associated trigger points of, 496 
attachments of, 488 , 4 9 0 - 4 9 1 , 491 

flexor digitorum longus, 432, 433, 434, 491, 
526 

flexor hallucis longus, 432, 433, 434, 491 
corrective actions for trigger points in, 489 , 

4 9 8 - 4 9 9 
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cross section of 
flexor digitorum longus, 358, 469, 538 
flexor hallucis longus, 358, 538 

differential diagnosis of trigger points in, 
4 9 2 - 4 9 4 

claw toes, 493 
compartment syndrome, posterior, 494 
hallux valgus, 4 9 3 - 4 3 4 
hammer toes, 493 
other myofascial pain syndromes, 492—493 
shin splints, posteromedial, 494 
tendon rupture, 494 

function of, 488, 4 9 1 - 1 9 2 
functional unit of, 492 
injection and stretch of, 4 8 8 - 4 8 9 , 4 9 7 - 4 9 8 , 497 
innervation of, 488, 491 
intermittent cold with stretch of, 488, 4 9 6 - 4 9 7 , 

496 
pain referred from, 488 , 489 , 489 
patient examination, 488, 4 9 4 - 4 9 5 
symptoms from, 488, 492 
trigger points, examination of, 488, 4 9 5 - 4 9 6 , 495 
variations of, 490 

Long plantar ligament, 526 
Long sitting position, definition of, 4 
Longissimus dorsi muscle, 65, 75 

see also longissimus thoracis, 67 
Lordosis, definition of, 4 
Lotus position, definition of, 4 
Low back pain, see back pain 
Lower limb-length inequality, 5 5 - 5 9 

arthritic changes and, 58 
effects of, 5 6 - 5 9 
electromyographic activity in, 5 7 - 5 8 
examination for, 4 5 - 4 8 , 47, 48, 50, 51, 5 5 - 5 9 
gluteus maximus muscle and, 1 4 4 - 1 4 5 
kinesiologic effects and, 58 
muscle imbalance and, 5 7 - 5 8 
pectineus trigger points and, 2 4 0 - 2 4 1 , 245 
pelvic torsion and, 5 8 - 5 9 
piriformis muscle and, 197 
prevalence of, 56 
quadratus lumborum muscle and, 5 1 - 5 2 , 55 
radiographic assessment of, 50, 55, 5 9 - 6 3 , 61 

equal weight on feet, 60, 61 
foot positioning, 60, 61 
horizontal reference, 59, 60, 61 
knees straight, 60 
pelvic rotation, 61 
side sway of pelvis, 60, 62 
tube positioning, 62 

sartorius muscle and, 233 
Lumbago, definition of, 4 
"Lumbago muscle" (gluteus medius muscle), 150 
Lumbar scoliosis 

compensatory, 5 1 - 5 5 , 52, 54 
contributory skeletal asymmetries, 5 2 - 5 5 
radiographic assessment of 

accuracy of, 59 

indications for, 59 
patient protection during, 59 

tilted sacral base, 5 3 - 5 5 , 54 
Lumbosacral fascia 

fibrosis of, 138 

Magnetic resonance 
imaging in postexercise soreness, 556 
spectroscopy 

in postexercise soreness, 556 
usefulness of, 14 

Massage, deep-stroking (stripping) 
definition of, 6 
description of, 9 
treatment of 

coccygeus muscle, 127 
levator ani muscle, 127 
piriformis muscle, 206 
popliteus muscle, 348 
sartorius muscle, 233 
tibialis anterior muscle, 365 

Medial cuneiform, 354, 357, 373 
Medial dorsal cutaneous nerve, 386 
Medial rotation, definition of, 4 
Meralgia paresthetica, 230, 2 3 0 - 2 3 2 
Metatarsal bones, 354 
(xV, definition of, 6 
Morton foot structure, 3 8 0 - 3 8 3 , 381, 382 

correction for, 3 8 9 - 3 9 2 , 390-391 
gluteus maximus muscle and, 139 
gluteus medius muscle and, 1 5 5 - 1 5 6 , 156, 163 
intrinsic foot muscles and, 532 
piriformis muscle and, 196, 210 
peroneal muscles and, 3 7 8 - 3 8 0 
tibialis anterior muscle and, 366 
tibialis posterior and, 466 
vastus medialis trigger points and, 266 

Motor vehicle accidents and trigger points in the 
gastrocnemius muscle, 411 

MP (MTP) joint, definition of, 4 
Multifidus muscle 

cross section of, 65, 75, 171 
Muscle 

energy technique, 10 
lengthening exercises, see exercises 

"Muscles of classic hammer toes" (long extensors 
of toes), 473 

Muscular rheumatism, definition of, 4 
Musculotendinous junction, tenderness of gluteus 

maximus muscle and, 140 
Myalgia, definition of, 4 
Myalgic spots, 398 
Myofascial pain modulation disorder, 5 4 4 - 5 4 5 
Myofascial pain syndrome 

acute-onset, 541, 546 
chronic, 5 4 1 - 5 4 9 

associated problems in, 543 
consequences of, 542 
contributing factors in, 543 

Copyrighted Material



1028 Index 

Myofascial pain syndrome—cont inued 
chronic—con tinued 

description of, 542 
diagnosis of, 5 4 1 , 5 4 2 - 5 4 4 

history required to make, 542 , 543 
differential diagnosis of, 541 , 5 4 4 - 5 4 7 

articular dysfunction, 547 
fibromyalgia, 5 4 5 - 5 4 6 
myofascial pain modulation disorder, 

5 4 4 - 5 4 5 
post-traumatic hyperirritability syndrome, 

545 
litigation and, 543 
overview of, 5 4 1 , 5 4 1 - 5 4 2 
patient orientation (function or pain) in, 543 
perpetuating factors in, 5 4 2 - 5 4 3 , 544 
physical examination required for diagnosis 

of, 5 4 3 - 5 4 4 
active and latent trigger points, 544 
mechanical perpetuating factors, 544 

treatment of, 541 , 5 4 7 - 5 4 9 
goals in, 547 
mechanical perpetuating factors, 5 4 7 - 5 4 8 
psychological aspects, 549 
systemic perpetuating factors, 5 4 8 - 5 4 9 

definition of, 4 
Myofascial release, 10, 205 
Myofascial syndrome, definition of, 4 
Myofascial trigger point, definition of, 4 

active, definition of, 1 
associated, definition of, 1 
latent, definition of, 3 
primary, definition of, 5 
satellite, definition of, 5 
secondary, definition of, 6 

Myofasciitis, see myofascitis 
Myofascitis, definition of, 4 
Myogelosis 

definition of, 4 
gastrocnemius muscle and, 413 
hamstring muscles and, 330 

Myoneural junctions, arrangement in gastrocne
mius muscle, 4 0 0 - 4 0 1 

Myotatic unit, definition of, 4 

Navicular bone, 354, 357, 462 
Nerve entrapment, see entrapment by, or entrap

ment of 
Neuromyelopathic pain syndrome, 15, 545 
Night cramps of the long extensors of the toes, 

478 
Nocturnal calf cramps, see calf cramps 
Nonarticular rheumatism, 15 

Ober's sign (test) 
definition of, 4 
iliotibial band tightness and, 222 

Oblique popliteal ligament, 341 
Obturator canal, 114 

Obturator externus muscle, see piriformis and other 
short lateral rotator muscles 

Obturator foramen, 189 
Obturator internus muscle, see pelvic floor muscles 

and piriformis muscle 
attachments of, pelvic, 1 1 4 - 1 1 5 , 114, 200 
pain referred from, 111 , 112 
trigger points, examination of, 124 

"Obvious problem-makers" (adductor muscles), 289 
Opponens digiti minimi muscle, 525 
Opponens hallucis muscle, 526 
Orthosis, definition of, 5 
Os peroneum, 372 

peroneus longus tendon and, 379 
Osteochondrosis, 15 

gastrocnemius muscle and, 413 
Overuse syndrome, 15 
Overview of chronic myofascial pain syndrome, 

5 4 1 , 5 4 1 - 5 4 2 

Pace abduction test of piriformis tightness, 196 
Pain guide, (see also inside of front cover) 

abdominal pain, 24, 25 
ankle pain 

anterior, 352, 352 
lateral, 352, 353 
medial, 352, 353 
posterior, 352, 353 

buttock pain, 24, 25 
forefoot pain, dosal, 352, 352 
heel pain, 352, 352 
iliosacral pain, 24, 25 
knee pain 

anterior, 215, 216 
anteromedian 215 , 216 
lateral, 216 , 226 
posterior, 216, 216 

leg pain 
anterior, 352, 352 
lateral, 352, 353 
posterior, 352, 353 

lumbar pain, 24 , 25 
metatarsal head pain, 352, 353 
midfoot pain, plantar, 352, 353 
pelvic pain, 24, 25 
thigh and hip pain, lateral, 216, 216 
thigh pain 

anterior, 215, 216 
medial, 216, 216 
posterior, 216 , 216 

toe pain 
dorsal great, 352, 352 
dorsal lesser, 352, 352 
plantar great, 352, 353 
plantar lesser, 352, 353 

"Pain in the rear" (pelvic floor muscles), 110 
Pain pattern, see individual muscle listing 

composite, definition of, 2 
zygapophysial joint, referred from, 2 6 - 2 7 , 26 
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Palpable band, definition of, 5 
Palpation 

flat, definition of, 2 
Passive range of motion, definition of, 5 
Patellar ligament, 242, 248, 255, 257, 271, 342 
Patellar mobility, examination for, 268 
Patellar retinaculum 

lateral, 242, 255, 257 
medial, 228, 242, 255, 257 

Patellofemoral dysfunction, 264 
Pectineus muscle 

activation and perpetuation of trigger points in, 
236, 2 4 0 - 2 4 1 

associated trigger points of, 236, 241 
attachments and anatomy of, 236, 2 3 6 - 2 3 7 , 238, 

271, 291 , 294, 295 
case report, 246 
corrective actions for trigger points in, 236, 

245-246 
differential diagnosis of trigger points in, 240 
function of, 236, 2 3 8 - 2 4 0 , 239 
functional unit of, 240 
injection and stretch of, 236, 2 4 4 - 2 4 5 , 245 
innervation of, 238 
intermittent cold with stretch of, 236 , 2 4 1 - 2 4 4 , 

244 
pain referred from, 236, 237 
patient examination, 241 
symptoms from, 236, 240 
trigger points, examination of, 236, 241 , 242, 243 
variations of, 237 

Pelvic floor muscles 
activation and perpetuation of trigger points in, 

121-122 
associated trigger points of, 127 
attachments and anatomy of, 110, 1 1 1 - 1 1 6 , 113, 

114 
coccygeus muscle, 113, 114, 114, 200 
levator ani muscle, 1 1 2 - 1 1 4 , 113, 114, 200 
obturator internus muscle, pelvic portion, 

114-115 , 114, 200 
sacrococcygeus ventralis muscle, 116 
sphincter ani muscle, 1 1 1 - 1 1 2 , 113 
superficial perineal muscles, 113, 1 1 5 - 1 1 6 

corrective actions for trigger points in, 111 , 129 
differential diagnosis of trigger points in 

articular dysfunction, 121 
coccygodynia, 119 
levator ani syndromes, 1 1 9 - 1 2 0 
pelvic floor syndromes, 1 1 9 - 1 2 0 
proctalgia fugax, 120 
tension myalgia of the pelvic floor, 1 2 0 - 1 2 1 
vaginal wall trigger points, 121 

function of, 110, 1 1 7 - 1 1 8 
coccygeus muscle, 1 1 7 - 1 1 8 
levator ani muscle, 117 
obturator internus muscle, 118 
sphincter ani muscle, 117 
superficial perineal muscles, 118 

functional unit of, 118 
injection of, 111 , 129 
innervation of, 1 1 0 , 1 1 7 
pain referred from, 110, 111 , 112 
patient examination, 1 1 0 - 1 1 1 , 122 
symptoms from, 110, 1 1 8 - 1 1 9 
treatment by 

high voltage pulsed galvanic stimulation, 
128 

intermittent cold with stretch, 127 
massage, 127 
postisometric relaxation, 128 
seated posture, 1 2 8 - 1 2 9 
stretch, 1 2 7 - 1 2 8 
ultrasound, 128 

trigger points, examination of, 111 
pelvic floor muscles, 1 2 2 - 1 2 5 
pelvic wall muscles, 1 2 5 - 1 2 6 
perineal muscles, 126 

Pelvis major, definition of, 2 
Pelvis minor, definition of, 3 
Percussion and stretch, 10 

treatment of quadratus lumborum, 73 
Perineal body, 113 , 113, 115 
Peroneal artery, 432, 433 

cross section of, 469 
Peroneal muscles 

activation and perpetuation of trigger points in, 
3 7 0 , 3 7 9 - 3 8 0 

associated trigger points of, 3 8 5 - 3 8 6 
attachments of, 370 , 3 7 1 - 3 7 5 , 373, 374, 386 
case reports, 3 9 3 - 3 9 4 
corrective actions for trigger points in, 3 7 1 , 

3 8 9 - 3 9 3 , 390, 391, 393 
cross section of 

peroneus brevis, 358, 469 
peroneus longus, 358, 469 
peroneus tertius, 358 

differential diagnosis of trigger points in, 370 , 
3 7 7 - 3 7 9 

ankle sprain, 379 
compartment syndrome, lateral, 379 
entrapment syndromes, 3 7 7 - 3 7 9 
myofascial syndromes, other, 377 
rupture of muscle or tendon, 379 

entrapments by, 371 , 385 , 386 
exercise for, peroneal self-stretch, 392 , 393 
function of, 370, 375 

actions, 375 
functions 

sports activities, 376 
standing, 376 
walking, 376 

functional unit of, 377 
injection and stretch of, 371 , 3 8 8 - 3 8 9 , 388 
innervation of, 370, 375 
intermittent cold with stretch of, 371 , 3 8 6 - 3 8 8 , 

387 
pain referred from, 370, 371 , 372 
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Peroneal musc les— con t inued 
patient examination, 370, 3 8 0 - 3 8 3 , 381, 382 

Morton foot structure, 3 8 1 - 3 8 3 , 381, 382 
shoe examination, 383 

symptoms from, 370, 377 
trigger points, examination of, 3 7 0 - 3 7 1 , 3 8 3 - 3 8 4 , 

384 
variations of, 374 

Peroneocalcaneus internus muscle, 490 
Peroneotibialis muscle, 341 
Perpetuating factors, mechanical , see individual 

muscle chronic myofascial pain syndrome, 
in, 5 4 7 - 5 4 8 

Perpetuating factors, systemic, in chronic myofas
cial pain syndrome, 5 4 8 - 5 4 9 

Pes anserinus 
definition of, 5 
gracilis muscle and, 298 , 298 
sartorius muscle and, 226 
semitendinosus muscle, and, 317 

Phalanges of the toes, 354 
Phantom limb pain and quadriceps femoris trigger 

points, 263 
Phlebitis 

gastrocnemius trigger points and, 407 
Pincer palpation, definition of, 5 
Piriformis and other short lateral rotator muscles 

activation and perpetuation of trigger points in, 
1 8 6 , 1 9 5 - 1 9 6 

alternative methods of treatment, 2 0 5 - 2 0 7 
associated trigger points of, 2 0 3 - 2 0 4 
attachments of 

gemelli, 186, 190 , 190 
obturator externus, 186, 1 9 0 - 1 9 1 , 190 
obturator internus, 114, 186, 190 , 190 
piriformis, 152, 158, 159, 186, 1 8 8 - 1 8 9 , 189, 

190 
quadratus femoris, 186, 190, 190 

Corrective actions for trigger points in, 187, 
2 1 0 - 2 1 2 , 210, 211 

cross section of, 171 
differential diagnosis of trigger points in, 

1 9 4 - 1 9 5 
electromyography of, 192, 1 9 9 - 2 0 0 
entrapments by piriformis muscle 

gemelli muscles, nerve to, 191 , 194, 202 
inferior gluteal nerve, 191 , 194, 202 
obturator internus muscle, nerve to, 191 , 194, 

202 
posterior femoral cutaneous nerve, 191 , 194, 

202 
pudendal nerve and vein, 191 , 194, 202 
quadratus femoris, nerve to, 1 9 1 , 194, 202 
sciatic nerve, 191 , 194 , 201, 202 
superior gluteal nerve and blood vessels, 191 , 

194 , 202 
exercises for 

ischemic compression, 187, 211 
"loosening," 11 

piriformis self-stretch, 211 , 211 
reconditioning, 2 1 1 - 2 1 2 

function of, 192 
functional unit of, 192 
injection and stretch of, 

other short lateral rotators, 2 0 9 - 2 1 0 
piriformis, 187, 2 0 7 - 2 0 9 , 207 

innervation of, 186, 1 9 1 - 1 9 2 
intermittent cold with stretch of, 187, 204 -207 , 

204, 206 
line, 158, 159, 173, 177, 1 9 8 - 1 9 9 
pain referred from, 1 8 6 , 1 8 7 - 1 8 8 , 188 
patient examination, 1 8 6 - 1 8 7 , 1 9 6 - 1 9 8 
piriformis syndrome, 1 9 2 - 1 9 5 , 1 9 7 - 1 9 8 , 201 
symptoms from, 186, 1 9 2 - 1 9 4 
trigger points, examination of, 187, 1 9 8 - 2 0 1 , 198, 

200 
Piriformis line, 158, 159, 173 , 177, 1 9 8 - 1 9 9 
Plantar fasciitis, 509 
Plantar flexion, definition of, 5 
Plantaris muscle 

attachments of, 427 , 431, 432, 4 3 4 - 4 3 5 
entrapments by, 428 , 448 
function of, 427 , 439 
injection and stretch of, 452 
intermittent cold with stretch of, 4 5 0 - 4 5 1 
pain referred from, 427, 4 2 9 - 4 3 0 , 430 
symptoms from, 440 , 441 
taut bands, palpation of, 448 

Popliteal artery 
anatomical relations, 432, 433 
entrapment of, by plantaris, 448 
gastrocnemius injection and, 4 1 6 - 4 1 7 

Popliteal (Baker's) cyst, 344 
gastrocnemius muscle and, 407 
soleus muscle and, 442 

Popliteus bursa, 341 
Popliteus minor muscle, 341 
Popliteus muscle 

activation and perpetuation of trigger points in, 
339, 345 

associated trigger points of, 347 
attachments of, 339, 3 4 0 - 3 4 2 , 341, 342, 432 
corrective actions for trigger points in, 339, 349 
cross section of, 469 
differential diagnosis of trigger points in, 

3 4 3 - 3 4 5 
function of, 339, 3 4 2 - 3 4 3 
functional unit of, 343 
injection and stretch of, 339, 348 -349 , 348 
innervation of, 342 
intermittent cold with stretch of, 339, 347 -348 , 

347 
pain referred from, 339, 340 , 340 
patient examination, 339, 3 4 5 - 3 4 6 
symptoms from, 339, 343, 
trigger points, examination of, 339, 346-347 , 346 
variations of, 341 

Popliteus tendon, avulsion of, 345 
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Popliteus trigger points and tear of plantaris mus
cle, 347 

Posterior compartment syndrome, 407 
deep, 444 
superficial, 4 4 3 - 4 4 4 

Posterior tibial artery, 432, 433 
cross section of, 469 

Posterior tilt (of the pelvis), definition of, 5 
Postexercise muscle soreness and myofascial pain 

syndrome, 4 4 2 ^ 4 3 , 5 5 2 - 5 5 6 
blood chemistry changes, 554 
histological differences, 5 5 5 - 5 5 6 
location of pain and tenderness, 553 
magnetic resonance findings, 556 
muscle shortening following vigorous eccentric 

exercise, 552 
response to treatment, 553, 554 
resting electromyographic activity following ex

ercise, 553 
swelling following exercise, 5 5 4 - 5 5 5 
time course of soreness, 5 5 3 - 5 5 4 

Postinjection soreness 
alleviated by moist heat, 182 
gastrocnemius muscle and, 4 1 5 - 4 1 6 
hamstring muscles and, 335 
soleus muscle and, 452 
tensor fasciae latae muscle and, 225 

Postisometric relaxation (see Lewit technique), 
10 -11 

adductor magnus muscle and, 307 
effectiveness of, on soleus muscle, 450 
eye movement, augmentation by, 11 
relaxation during exhalation, 10 
respiration, augmentation by, 11 
treatment for 

gastrocnemius muscle, 419, 420 
gluteus maximus muscle, 128, 1 4 3 - 1 4 4 , 146, 

147 
gluteus medius muscle, 161 
hamstring muscles, 147, 334 
iliopsoas muscle, 102, 106 
levator ani muscle, 128 
peroneus longus and brevis muscles, 3 9 2 - 3 9 3 
peroneus tertius muscle, 387 
popliteus muscle, 347 
quadratus lumborum muscle, 7 3 - 7 4 
soleus muscle, 450 
tibialis anterior muscle, 364, 367 
tibialis posterior muscle, 468, 469 , 470 
vastus intermedius muscle, 278 

Postlaminectomy syndrome 
gastrocnemius muscle and, 406 
hamstring muscles and, 324 
piriformis syndrome and, 194 

Post-traumatic hyperirritability syndrome, 545 
Postural asymmetries 

examination for, 45 , 4 7 - 5 1 , 47-50 
heights of greater trochanters, 51 
heights of iliac crests, 49, 51 

lumbar scoliosis, 49 
stance asymmetries, 4 8 - 4 9 

Posture 
head forward, 20, 548 
seated, 44, 45, 46, 80, 81, 81, 548 
scoliotic, 4 9 - 5 5 , 50, 52, 54 
standing, 47, 47, 48, 48, 548 
training, 548 

Pressure-for-relief method, (see also compression 
test) 

downward pressure for unloading quadratus 
lumborum, 38 

wrapping for gluteus medius trigger points, 161 
Primary myofascial trigger point, definition of, 5 
Proctalgia fugax, 120 
Pronation, definition of, 5 
Pseudoradicular syndromes, gluteus minimus and, 

173 
Pseudosciatica, 174 
"Pseudo-sciatica" (gluteus minimus muscle), 168 
Pseudotrochanteric bursitis, 218 
"Pseudotrochanteric bursitis" (tensor fasciae latae 

muscle), 217 
Psoas major muscle, see also iliopsoas muscle 

cross section of, 65, 75, 171 
Psoas minor, see also iliopsoas muscle 

syndrome, 95 
Psychological disturbance and chronic myofascial 

pain, 542, 549 
Pubic 

stress fracture, 301 
stress symphysitis, 301 
tubercle, 2 3 6 - 2 3 7 , 238 

pectineus muscle and, 241 

Quadratus femoris muscle, see piriformis and other 
short lateral rotator muscles 

Quadratus lumborum muscle 
activation and perpetuation of trigger points in, 

28, 4 0 - 4 1 , 40 
associated trigger points of, 28, 6 8 - 6 9 
attachments and anatomy of, 28, 3 1 - 3 5 , 31, 33, 

34, 67 
Quadratus lumborum muscle 

corrective actions for trigger points in, 29, 7 6 - 8 4 , 
79, 81 

cross section of, 65, 75 
differential diagnosis of trigger points in, 3 9 - 4 0 
exercises for, 74, 8 2 - 8 4 , 83, 84 

chair-twist, 74 
hip-hike 82, 84, 84 
Lewit standing self-stretch, 82 
Supine self-stretch, 82, 83 
Zohn's self-stretch, 82 

function of, 28, 3 5 - 3 7 , 36, 37 
actions, 35, 36, 37 
functions, 36 

functional unit of, 37 
inhibition of, 261 
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Quadratus lumborum muscle—cont inued 
injection and stretch of, 2 8 - 2 9 , 74 -66 , 74, 75 
innervation of, 28, 35 
intermittent cold with stretch of, 28, 6 9 - 6 3 , 

69-61 
lower limb-length inequality, and trigger points 

in, 5 1 - 5 2 , 55 
pain referred from, 28, 2 9 - 3 1 , 30 
pain relief, 38, 38 
patient examination, 28, 4 1 - 4 3 , 4 1 - 6 3 , 42 
perpetuating factors, mechanical, 7 6 - 6 9 
symptoms from, 28, 3 7 - 3 9 
thermography of, 43, 43 
treatment of, non-invasive, 7 3 - 6 4 
trigger points, examination of, 28, 6 3 - 6 8 , 64-67 

Quadratus plantae muscle, see deep intrinsic foot 
muscles 

Quadriceps femoris muscle 
activation and perpetuation of trigger points in, 

2 4 8 - 2 4 9 , 265 
rectus femoris, 2 6 5 - 2 6 6 
vastus intermedius, 266 
vastus lateralis, 266 
vastus medialis, 266 

associated trigger points of, 2 7 2 - 2 7 4 
rectus femoris, 272 
vastus intermedius, 274 
vastus lateralis, 274 
vastus medialis, 2 7 2 - 2 7 3 

attachments of, 254 
articularis genu muscle, 256 
rectus femoris, 242, 248, 254, 255, 259, 271 
vastus intermedius, 248, 256 , 257 
vastus lateralis, 242, 248, 255, 256 , 257, 259, 

271, 329 
vastus medialis, 242, 248, 2 5 4 - 2 5 5 , 255, 257, 

271 
oblique, 255 

corrective actions for trigger points in, 249, 
2 8 2 - 2 8 6 

avoid 
overload, 283 
prolonged immobilization, 2 8 3 - 2 8 4 

patellar mobilization, 268, 285 
reduce structural stress, 284 

cross section of, 258 
rectus femoris, 258, 321 
vastus intermedius, 258, 321 
vastus lateralis, 258, 321 
vastus medialis, 258, 321 

differential diagnosis of trigger points in, 
2 6 3 - 2 6 5 

knee pain, 2 6 4 - 2 6 5 
exercises for, 249 

rectus femoris, 284, 285 
strengthening, 285 

function of, 248, 2 5 7 - 2 5 9 
actions, 2 5 8 - 2 5 9 

rectus femoris, 258 

vastus lateralis, 258 
vastus medialis, 258 
vastus medialis oblique, 259 

functions, 2 5 9 - 2 6 2 
ergometer cycling, 2 6 0 - 2 6 1 
fiber types and performance, 2 6 1 - 2 6 2 
lifting, 260 
sports and jumping, 260 
standing and positioning, 2 5 9 - 2 6 0 
two-joint interactions, 261 
walking, 260 

functional unit of, 248, 262 
injection and stretch of, 279 

rectus femoris, 2 7 9 - 2 8 0 
vastus intermedius, 249, 2 8 0 - 2 8 1 , 281 
vastus lateralis, 249, 2 8 1 - 2 8 2 , 282 
vastus medialis, 249, 280, 281 

innervation of, 2 5 6 - 2 5 7 
articularis genu, 257 

intermittent cold with stretch of, 249, 2 7 4 - 2 7 5 
rectus femoris, 249, 275, 276 
vastus intermedius, 249, 278, 278 
vastus lateralis, 249, 279, 279 
vastus medialis, 249, 2 7 5 - 2 7 8 , 277 

pain referred from, 248 
ligamentous trigger point, 252, 254 
rectus femoris, 248, 2 4 9 - 2 5 0 , 250 
vastus intermedius, 248, 250 -251 , 252 
vastus lateralis, 248, 2 5 1 - 2 5 2 , 253 
vastus medialis, 248, 250, 251 

patient examination, 249, 2 6 6 - 2 6 7 
patella, 267, 268 
rectus femoris, 267, 269 
vasti, 267, 270 

surgical excision of, 262 
symptoms from, 248, 262 

rectus femoris, 248, 262 
vastus intermedius, 263 
vastus lateralis, 248, 263 
vastus medialis, 248, 2 6 2 - 2 6 3 

trigger points, examination of, 249, 2 6 7 - 2 7 2 
rectus femoris, 249, 269, 272 
vastus intermedius, 249, 2 7 0 - 2 7 1 , 273 
vastus lateralis, 249, 2 7 1 - 2 7 2 , 274 
vastus medialis, 249, 2 6 9 - 2 7 0 , 273 

variations of, 254 
Quinine sulfate, treatment for calf cramps, 422 

Radiculopathy 
gastrocnemius trigger points and, 406 
tibialis anterior muscle and, 361 

Radiographic 
assessment of 

lower limb-length inequality, 6 2 - 6 3 
plane of sacral base, 63 

interpretation of 
lower limb-length inequality, 6 2 - 6 3 
plane of the sacral base, 63 
rotation of the pelvis, 63 
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technique, 50, 55, 5 9 - 6 2 , 61 
Range of motion 

active, definition of, 1 
passive, definition of, 5 

Reactive cramp, see shortening activation 
Rearfoot, see hindfoot 
Reciprocal inhibition, 10 

effectiveness on soleus muscle, 450 
treatment of 

peroneus longus and brevis muscles, 393 
piriformis muscle, 205 
soleus muscle, 450 
superficial intrinsic foot muscles, 518 
tibialis anterior muscle, 367 

Rectus abdominis muscle 
cross section of, 171 

Rectus femoris muscle, see quadriceps femoris 
muscle 

Reference zone, see zone of reference 
Referred autonomic phenomena, definition of, 5 
Referred (trigger point) pain, definition of, 5 
Reflex heating of lower limbs, 275, 279 

gastrocnemius trigger points and, 4 1 4 - 4 1 5 
Regional anatomy of 

hamstring muscles, 329 
piriformis muscle, 190 
quadratus lumborum muscle, 67 
quadriceps femoris group of muscles, 271 

Regional myofascial pain, 15 
Repetitive strain injury, 15 
Respiration augmentation of postisometric relax

ation, 11 
Rocking chair, use of, 163, 187, 210, 418 
Rotation (of the pelvis), definition of, 5 
Running and activity in the 

adductor muscles, 299 
flexor digitorum longus muscle, 492 
gastrocnemius muscle, 404 
iliacus, 94 
tibialis anterior muscle, 360 

Rupture of 
extensor digitorum longus tendon, 480 
gastrocnemius muscle, 407 
hamstring muscles, 325 
peroneal muscles or tendons, 379 
plantaris muscle, 441 
second interosseus tendon, 532 
tibialis posterior tendon, 463 , 465 

Sacrococcygeal joint, 114 
Sacrococcygeus dorsalis muscle, 135 
Sacrococcygeus ventralis muscle 

attachments of, 116 
trigger points, examination of, 125 

Sacroiliac (SI) joint 
cross section of, 171 
displacement of, diagnosis of, 1 6 - 1 7 
dysfunction of, 39 
function of, 16 

gluteus maximus muscle and, 138 
gluteus minimus muscle and, 174, 175 
low back pain and, 121 
manipulation of, 1 7 - 1 8 , 17 
piriformis muscle and, 193, 205, 210 

Sacroiliitis 
piriformis syndrome and, 195 
tensor fasciae latae and, 221 

Sacrospinous ligament, 114, 115, 123, 125, 127, 
189, 189, 200 

Sacrotuberous ligament, 113, 115, 125, 127, 
1 8 8 - 1 8 9 , 200 

Safe lifting 
quadriceps femoris muscles and, 283, 283 
soleus muscle and, 454, 456 

Sagittal plane, definition of, 5 
Sartorius muscle 

activation and perpetuation of trigger points in, 
229 

associated trigger points of, 232 
attachments of, 217, 2 2 6 - 2 2 7 , 228, 242, 271 
corrective actions for trigger points in, 233 
cross section of, 258 
differential diagnosis of trigger points in, 229 
entrapment of lateral femoral cutaneous nerve, 

218, 230, 2 3 0 - 2 3 2 
function of, 217, 2 2 7 - 2 2 8 
functional unit of, 229 
injection and stretch of, 218, 233 
innervation of, 227 
intermittent cold with stretch of, 218, 2 3 2 - 2 3 3 
pain referred from, 217, 226 , 227 
patient examination, 229 
symptoms from, 229 
trigger points, examination of, 2 1 7 - 2 1 8 , 2 2 9 - 2 3 0 
variations of, 227 

Satellite myofascial trigger point 
definition of, 5 
chronic myofascial pain, in, 542 
gastrocnemius muscle, to, 414 
gluteus medius muscle, to, 158 
gluteus minimus muscle, from, 177, 414, 445 
gluteus minimus muscle, to, 178 
quadratus lumborum muscle, from, 29, 68, 178 
soleus, to, 445 
vastus lateralis, to, 177 

Saudek test of piriformis tightness, 197 
Scarpa's triangle, see femoral triangle 
Sciatic nerve, 200, 200, 201, 201 

adductor magnus and, 312 
cross section of, 258, 321 
hamstring muscles, and, 320, 321, 321 

Sciatica 
back pocket, 139, 147, 175 
credit-card-wallet, 156 
gluteus maximus muscle and, 134 
gluteus minimus muscle and, 174 
hamstring muscles and, 316, 324 
piriformis syndrome and, 195 
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Scoliosis 
definition of, 6 
evaluation of, 63 
lumbar, see lumbar scoliosis 

Screening palpation, definition of, 6 
Seating, see also sitting position 

gastrocnemius muscle and, 411 
Second metatarsal, 354, 462 
Secondary myofascial trigger points 

chronic myofascial pain syndrome, in, 542 
definition of, 6 
gluteus maximus muscle, from, 141 
gluteus minimus muscle, from, 177 
piriformis muscle, 203 
quadratus lumborum muscle, from, 68 

Self-stretch exercises, see exercises 
Semimembranosus 

bursa, 320 
insertion syndrome, 325 
muscle, see hamstring muscles 
semimembranous tenosynovitis, 325 

Semitendinosus muscle, see hamstring muscles 
Serratus posterior inferior muscle, 65, 67 
Sesamoid bones 

beneath first metatarsal, 354 
flexor hallucis brevis tendon, in, 526, 5 3 1 - 5 3 2 
flexor hallucis longus tendon, in, 4 9 0 

Shin splints, 4 4 3 - 4 4 4 
anterior 

extensor digitorum longus muscle and, 480 
tibialis anterior muscle and, 362 

posteromedial 
flexor digitorum longus and, 494 
tibialis posterior muscle and, 464 

Shoes 
examination of, 383 
fit of, 517 
selection of, 538 

Short extensors of toes, see superficial intrinsic foot 
muscles 

Short lateral rotators, see piriformis and other short 
lateral rotator muscles 

Short upper arms, examination for, 44 , 46 
Shortening activation 

definition of, 6 
description of, 19 
from treatment of 

adductor group of muscles, 308 
deep intrinsic foot muscles, 535 
gluteus maximus muscle, 1 4 7 - 1 4 8 
gluteus medius muscle, 161 
peroneus longus and brevis muscles, 387 
quadriceps femoris, 275 

occurring in 
extensor digitorum brevis muscle, 535 
extensor hallucis brevis muscle, 535 
gluteus medius muscle, 308 
hamstrings, 275 
iliopsoas muscle, 1 4 7 - 1 4 8 

rectus abdominis muscle, 1 4 7 - 1 4 8 
tibialis anterior muscle, 387 

SI, definition of, 6 
SI joint, see sacroiliac joint 
Signs, see name of sign 
Single-heel-rise test, 465 , 466 
Sit ups, iliopsoas muscle and, 94 
Sitting position, see also posture, seated 

adductor group of muscles and, 312 
coccygodynia and, 1 2 8 - 1 2 9 
gluteus maximus muscle and, 1 4 5 - 1 4 6 
gluteus minimus muscle and, 182 
iliopsoas muscle and, 1 0 5 - 1 0 6 
levator ani trigger points and, 121 
quadriceps femoris trigger points and, 265, 283, 

284 
sartorius muscle and, 233 
soleus muscle and, 445 , 453 
tensor fasciae latae trigger points and, 226 

Sleep position 
adductor magnus and, 300 
calf cramps, prevention of, 421 , 421 
gluteus maximus muscle and, 1 4 6 - 1 4 7 
gluteus medius muscle and, 154, 156, 163 
gluteus minimus muscle and, 182 
iliopsoas muscle and, 106 
long extensors of the toes and, 485 
peroneal muscles and, 380 
piriformis muscle and, 210, 210 
quadratus lumborum and, 7 9 - 8 0 , 79 
sartorius muscle and, 233 
soleus trigger points and, 452 
vastus lateralis muscle and, 284 
vastus medialis muscle and, 284 

Small hemipelvis, 4 3 - 4 4 , 45 
examination for, 

seated, 44 , 45 
supine, 44 , 45 

gluteus maximus muscle and, 1 3 9 - 1 4 0 
gluteus minimus muscle and, 182 
hamstring muscles and, 3 2 6 - 3 2 7 
pectineus trigger points and, 241 

Small pelvis, definition of, 3 
Snapping 

bottom, 325 
palpation, definition of, 6 

Soleus arch, 432 
Soleus bridge, 431 
Soleus canal, 4 3 1 , 431, 432 , 433, 448 
Soleus muscle 

absence of, 439 
activation and perpetuation of trigger points in, 

4 2 7 - 4 2 8 , 4 4 4 - 4 4 5 
associated trigger points of, 4 4 8 - 4 4 9 
attachments of, 427, 4 3 0 - 4 3 4 , 431, 432, 433, 

434 
corrective actions for trigger points in, 428 , 

4 5 2 - 4 5 6 , 452 , 453, 454, 455 
cross section of, 358, 469 
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differential diagnosis of trigger points in, 
4 4 0 - 1 4 2 

Achilles tendinitis, 4 4 1 - 4 4 2 
heel spur, 441 
popliteal cyst, 442 
postexercise muscle soreness, 4 4 2 - 4 4 3 , 

5 5 2 - 5 5 7 
rupture of muscle, 441 
shin splints 

compartment syndrome, 4 4 3 - 4 4 4 
definitions of, 443 
soleus syndrome, 443 
stress fracture, 443 

thrombophlebitis, 442 
entrapments by, 428 , 448 
exercises 

soleus pedal exercise, 452, 453 
standing self-spray and self-stretch, 455, 456 

function of, 427, 4 3 5 - 4 3 6 
actions, 436 
functions, 4 3 6 - 4 3 9 

bicycling, 437 
sports, 437 
standing, 4 3 8 - 4 3 9 
venous pump, 4 3 7 - 4 3 8 
walking, 437 

functional unit of, 427, 439 
injection and stretch of, 428 , 4 5 1 - 4 5 2 , 451 
innervation of, 435 
intermittent cold with stretch of, 428 , 4 4 9 - 4 5 0 , 

449 
pain referred from, 427, 4 2 8 - 4 2 9 , 429, 430 
patient examination, 428 , 4 4 5 - 4 4 7 , 446 
symptoms from 

accesory soleus, 440 
soleus, 427, 4 3 9 - 4 4 0 

trigger points, examination of, 428 , 447, 4 4 7 - 4 4 8 
variations of, 4 3 2 - 4 3 3 

Soleus syndrome, 443 
Sore foot, complaint of, 503 
"Sore foot muscles" (superficial intrinsic foot mus

cles), 501 
Spasm 

definition of, 6 
postexercise soreness and, 553 

Sphincter ani muscle 
attachments of, 1 1 1 - 1 1 2 , 113 
pain referred from, 111, 112 
trigger points, examination of, 123 

Spillover pain zone (area), definition of, 6 
Spine of the ischium, see ischial spine 
Sports activities 

extensor digitorum longus muscular activity and, 
4 7 7 - 4 7 8 

flexor digitorum longus muscular activity and, 
492 

gastrocnemius muscular activity and, 404 
gluteus maximus muscular activity and, 1 3 6 - 1 3 7 
gracilis muscular activity and, 299 

peroneal muscular activity and, 376 
quadriceps femoris muscular activity and, 260 
soleus muscular activity and, 437 
tensor fasciae latae muscular activity and, 220 
tibialis anterior muscular activity and, 360 

Square brackets, use of, 6 
Stair climbing 

gastrocnemius muscular activity and, 4 0 3 - 4 0 4 
gluteus maximus muscular activity and, 137 
quadriceps femoris muscular activity and, 260 
soleus trigger points and, 454, 4 5 5 - 4 5 6 

Stance phase (of gait), definition of, 6 
Standing 

extensor hallucis longus muscular activity and, 
477 

flexor hallucis longus function and, 492 
iliopsoas muscular activity and, 93 , 94 
peroneal muscular activity and, 376 
quadriceps femoris muscular activity and, 

2 5 9 - 2 6 0 
soleus muscular activity and, 4 3 8 - 4 3 9 
superficial foot muscular activity and, 508 

Steroid injection, avoidance of 
soleus muscle, 451 

Straight leg raising test, 327, 328 
hamstring tightness and, 327, 328 
piriformis restriction and, 196 

Strengthening exercise, see exercises 
Stress fracture, 443 , 531 
Stretching exercises, see exercises 
Stripping massage, see a/so massage 

definition of, 6 
description of, 9 

Stuck patella 
examination of, 267, 268 
vastus lateralis trigger points and, 266 

"Stuck patella muscle" (vastus lateralis), 251 
Subluxation of the patella, 264 
Superficial intrinsic foot muscles 

activation and perpetuation of trigger points in, 
5 1 0 - 5 1 1 

associated trigger points of, 513 
attachments of, 5 0 1 , 5 0 3 - 5 0 7 , 506 

abductor digiti minimi, 505, 506 
abductor hallucis, 504, 506 
accessory abductor hallucis, 505 
extensor digitorum brevis, 5 0 3 - 5 0 4 , 506 
extensor hallucis brevis, 5 0 3 - 5 0 4 , 506 
flexor digitorum brevis, 505 , 506 

corrective actions for trigger points in, 502, 
5 1 7 - 5 1 9 , 518 

cross section of 
abductor digiti minimi, 538 
abductor hallucis, 538 
extensor digitorum brevis, 538 
flexor digitorum brevis, 538 

differential diagnosis 
avulsion fracture and extensor digitorum bre

vis muscle, 510 
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Superficial intrinsic foot musc les— cont inued 
differential diagnosis—cont inued 

bunions, 510 
compartment syndromes, 510 
congenital hypertrophy of abductor digiti min

imi, 510 
flat feet, 510 
other myofascial pain syndromes, 5 0 8 - 5 0 9 
plantar fasciitis, 5 0 9 - 5 1 0 

entrapments by, 
abductor hallucis, 502, 5 1 2 - 5 1 3 
accessory abductor hallucis, 513 

exercises for superficial intrinsic foot muscles, 
5 1 7 - 5 1 9 

function of, 501, 507 
actions, 5 0 7 - 5 0 8 
functions, 508 

functional unit of, 508 
injection and stretch of, 502, 5 1 5 - 5 1 7 , 516 

abductors of the toes, 5 1 6 - 5 1 7 , 516 
preparation for injection, 515 
short extensors of the toes, 516, 516 

intermittent cold with stretch of, 502, 513-r515, 
514 

abductors of the toes, 514, 515 
short extensors of the toes, 5 1 4 - 5 1 5 , 514 
short flexors of the toes, 514, 515 

pain referred from, 501, 5 0 2 - 5 0 3 , 503, 504, 505 
abductor digiti minimi, 5 0 2 - 5 0 3 , 505 
abductor hallucis, 502, 504 
flexor digitorum brevis, 503, 505 
short extensors of the toes, 502, 503 

patient examination, 5 0 1 - 5 0 2 , 511 
symptoms from, 501, 508 
trigger points, examination of, 5 1 1 - 5 1 2 , 512 
variations in 

abductor hallucis, 505 
extensor digitorum brevis, 504 
f lexor digitorum brevis, 5 0 5 - 5 0 6 

Superficial perineal muscles 
attachments of, 1 1 5 - 1 1 6 

Superficial peroneal nerve 
injection of peroneus tertius and, 389 

Superior bursa of the biceps femoris muscle, 
3 1 9 - 3 2 0 

Superior peroneal retinaculum, 373, 373, 374 
Supination, definition of, 6 
"Surreptitious accomplice" (Sartorius muscle), 217 
"Swimmer's nemesis" (Gluteus maximus muscle), 132 
Swing phase (of gait), definition of, 6 
Symphysitis, pubic stress, 240 
Syncope, soleus muscle and, 453 
Syndromes, see also name of syndrome 

levator ani, 119 
levator ani spasm, 119 
levator spasm, 119 
levator syndrome, 119 
pelvic floor, 1 1 9 - 1 2 0 
piriformis, 1 9 2 - 1 9 5 , 198 

diagnosis of, 1 9 2 - 1 9 3 , 2 0 1 - 2 0 2 
differential diagnosis of, 1 9 4 - 1 9 5 
origin of symptoms in, 194 
prevalence of, 193 
three components of, 193 

post-lumbar laminectomy, 175 
Synergistic muscles, definition of, 6 

Talus, 354, 432, 433 
Tarsal tunnel syndrome 

abductor hallucus, 512 
flexor digitorum longus trigger points and, 492 

Taut band, see palpable band 
Tendinitis of 

extensor hallucis longus tendon, 480 
patellar ligament, 264 
quadriceps tendon, 264 

Tendinous arch of the levator ani, see under levator 
ani 

Tendinous (adductor) hiatus, 293, 294, 295, 296, 
297, 305 

Tendinous inscriptions of 
semitendinosus muscle, 3 1 7 - 3 1 8 , 318, 320 

Tendo Achilles, see Achilles tendon 
Tennis ball for ischemic compression, 164, 164, 

180, 1 8 3 - 1 8 4 , 286, 286 
Tennis leg, gastrocnemius muscle and, 407 
Tenosynovitis of tibialis posterior, 465 
Tension myalgia, 16 

of the pelvic floor, 1 2 0 - 1 2 1 
Tensor fasciae latae muscle 

absence of, 221 
activation and perpetuation of trigger points in, 

2 2 1 - 2 2 2 
associated trigger points of, 217, 223 
attachments of, 159, 217, 2 1 8 - 2 2 0 , 219 
corrective actions for trigger points in, 217, 

2 2 5 - 2 2 6 
cross section of, 171 
differential diagnosis of trigger points in, 221 
exercise, tensor fasciae latae self-stretch, 226 
function of, 217, 2 2 0 - 2 2 1 
functional unit of, 221 
injection and stretch of, 225, 225 
innervation of, 220 
intermittent cold with stretch of, 160, 161, 217, 

2 2 3 - 2 2 4 , 224 
pain referred from, 217, 218, 218 
patient examination, 217, 222 
symptoms from, 217, 221 
trigger points, examination of, 217, 2 2 2 - 2 2 3 , 223 
variations in, 219 

Tests, see name of test 
Thermography, 13 -14 , 43 

of quadratus lumborum, 43, 43 
Third metatarsal, 354, 462 
Thrombophlebitis, soleus trigger points and, 442 
Tibial nerve and vessels 

anatomical relations of, 432, 433 
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cross section of, 358, 469 
superficial intrinsic foot muscle injection and, 

517 
Tibial tuberosity, 248, 255, 257 
Tibialis anterior muscle 

activation and perpetuation of trigger points in, 
355, 363 

associated trigger points of, 363 
attachments of, 355, 3 5 6 - 3 5 8 , 357, 386 
corrective actions for trigger points in, 355, 

366-367 
cross section of, 358, 469 
differential diagnosis of trigger points in, 355, 

361-363 
anterior compartment syndrome, 3 6 1 - 3 6 2 
herniation of muscle, 3 6 2 - 3 6 3 
myofascial syndromes, other, 361 
radiculopathy, 361 

fiber types, 360 
function of, 355, 358 

actions, 359 
functions, 3 5 9 - 3 6 0 

functional unit of, 3 6 0 - 3 6 1 
injection and stretch of, 355, 366, 366 
innervation of, 358 
intermittent cold with stretch of, 355, 3 6 4 - 3 6 5 , 

365 
pain referred from, 355, 356, 356 
patient examination, 355, 363 
symptoms from, 355, 361 
trigger points, examination of, 355, 363, 364 
variations of, 356 

Tibialis posterior muscle 
absence of, 463 
activation and perpetuation of trigger points in, 

460, 4 6 5 - 4 6 6 
associated trigger points of, 460 , 467—468 
attachments of, 432, 433, 434, 460 , 4 6 1 - 4 6 2 , 462 
corrective actions for trigger points in, 460 , 470 
cross section of, 358, 469 
differential diagnosis of trigger points in, 

464-465 
deep posterior compartment syndrome, 464 
rupture of tendon, 465 
shin splints, 464 
tibialis posterior tendon dysfunction, 465 

function of, 460, 4 6 2 - 4 6 3 
functional unit of, 4 6 3 - 4 6 4 
injection and stretch of, 460 , 4 6 9 - 4 7 0 
intermittent cold with stretch of, 460 , 468, 

4 6 8 - 4 6 9 
pain referred from, 460 , 461 
patient examination, 460 , 466 
symptoms from, 460 , 464 
trigger points, examination of, 4 6 6 - 4 6 7 , 467 
variations of, 461 

Tibialis posterior tendon dysfunction, 465 
Tissue compliance measurement, 13 

gastrocnemius muscle, 413 

Toe (of shoes), definition of, 6 
Transcutaneous electrical nerve stimulation 

soleus muscle, treatment of, 450 
Transversus abdominis muscle, 67 

cross section of, 65, 75, 171 
Transversus perinei muscles 

attachments of, 113, 1 1 5 - 1 1 6 
examination for trigger points in, 126 

Triceps surae, definition of, 6 
Trigger area, see trigger point 
Trigger point, definition of, 6 

integumentary, 121 
ligamentous, 252, 254 

Trigger spot, see trigger point 
Trigger zone, see trigger point 
Trochanteric bursae, see bursa, trochanteric 
Trochanteric bursitis, see bursitis, trochanteric 
TrP, definition of, 6 
TrPs, definition of, 6 
True pelvis, definition of, 3 
"Two-jointed puzzler" (rectus femoris muscle) , 249 
Two-part screening test (of Lewit), 5 3 2 - 5 3 3 
Types of fibers, see fiber types 

Ultrasound treatment, 10 
piriformis muscle, of, 2 0 6 - 2 0 7 
tibialis posterior muscle, of, 469 

Underthigh compression 
chairs and, 326 , 326, 327, 335 
children and, 326 
correction of, 3 3 5 - 3 3 6 
patio furniture and, 326 
soleus muscle and, 445 

Upslip, see innominate upslip 
Urethra, 113 
Urogenital hiatus, 114 

Vagina, 113 
Vaginal 

examination of pelvic floor muscles, 1 2 5 - 1 2 6 
wall trigger points, 121 

Valgus, definition of, 6 
Vamp, definition of, 7 
Varus, definition of, 7 
Vastus intermedius muscle, see quadriceps femoris 

muscle 
Vastus lateralis muscle, see quadriceps femoris 

muscle 
Vastus medialis, see quadriceps femoris muscle 

oblique muscle, 255 , 259 
Venous pump of soleus muscle, 4 3 7 - 4 3 8 
"Vipers' nest" (deep intrinsic foot muscles), 522 
Vitamin C, see ascorbic acid 
Vitamin E, treatment for calf cramps, 422 

Walking 
abductor hallucis muscular activity and, 508 
adductor muscular activity and, 299 
deep intrinsic foot muscle trigger points and, 532 
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Walking—con tin ued 

extensor digitorum and hallucis longus muscular 

activity and, 477 flexor digitorum brevis muscular 

activity and, 

508 

flexor digitorum longus muscular activity and, 492 

flexor hallucis longus muscular activity and, 492 

gastrocnemius muscular activity and, 403, 411 gluteus 

maximus muscular activity and, 136 gluteus medius 

muscular activity and, 153‐154 hamstring muscular activity 

and, 322 iliopsoas muscular activity and, 94 peroneal 

muscular activity and, 376 quadratus lumborum muscular 

activity and, 36 quadriceps femoris muscular activity and, 

260 slanted surfaces, on, 444 soleus muscular activity and, 

437 

tibialis anterior muscular activity and, 359 

tibialis posterior muscular activity and, 463 ʺWeak 

ankleʺ (peroneal) muscles, 370 Weak ankles, peroneal 

muscles and, 376, 377 Weakness 

extensor digitorum longus, of, 478 

postexercise soreness and, 554 

quadriceps femoris, of, 261 

tibialis anterior, of, 361, 363 

Weichteilrheumatismus, 16 

Zone of reference, definition of, 7 Zygapophysial 

joints, 24‐27 innervation of, 26 

non‐pain phenomena referred from, 27 pain referred 

from, 26‐27, 26 

diagnosis of, 24‐25 

treatment of, 27 
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