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Preface
NSCA’s Essentials of Tactical Strength and Conditioning is the
most comprehensive evidence-based presentation on the scope
of practice as well as the theoretical and applied approaches of
strength and conditioning for exercise professionals working
with tactical athletes—Special Weapons and Tactics (SWAT),
Special Operations Forces, conventional military forces, law
enforcement, and fire and rescue personnel. The Tactical
Strength and Conditioning (TSAC) program offered by the
National Strength and Conditioning Association (NSCA)
continues to experience exponential growth since its inception
in 2005. As such, there is a need for qualified individuals with
high levels of professional competence to work with tactical
athletes. The material presented in this book will serve as a
primary resource for individuals intending to achieve the
NSCA Tactical Strength and Conditioning Facilitator (TSAC-
F) certification.

The TSAC concept was conceptualized, created, and initially
developed by Mark Stephenson. The NSCA’s TSAC program
was developed during the tenure of Jay Hoffman’s NSCA
presidency, as well as during his time as a member of the
NSCA board of directors, and he was a major developer of the
TSAC concept for and on behalf of the NSCA. The NSCA’s
TSAC program continues to grow as a leader in tactical
strength and conditioning.

The authors of this book include professionals who have
served or are currently serving in law enforcement,
firefighting, or military arenas; college and university
professors; physical therapists; strength and conditioning
coaches; athletic trainers; and nutritionists actively conducting
research and engaging in practical application of evidence-
based information. Consequently, the information presented in
this book supports the need for subject matter expertise in the
realm of strength and conditioning for those currently
implementing physical conditioning programs for tactical
athletes.



To work with tactical populations, a foundational
understanding of exercise physiology and biomechanical
movement patterns is necessary. Therefore, three early
chapters overlap with those in other NSCA Essentials texts.
Chapters 2, 3, and 4 discuss fundamental cardiopulmonary and
skeletal muscle function and adaptation to exercise,
biomechanics, and bioenergetics and metabolism. Each
subsequent chapter builds on this foundation to help the reader
toward understanding optimal development and
implementation of population-specific training in tactical
athletes.

A comprehensive training program for tactical athletes must
account for their population-specific nutritional requirements
(chapters 5, 6, and 7); physical fitness testing requirements
(chapter 8); needs concerning exercise selection, technique,
and program design (chapters 9, 10, 11, 12, 13, and 14);
biomechanical, physiological, and metabolic needs (chapters
17, 18, 19, and 20); injury and illness risk (chapter 21); and the
influence of numerous factors including governing
organization over program implementation and administration
(chapter 22). The material presented in this book will help
TSAC Facilitators understand the importance of a needs
analysis for each group of tactical athletes with whom they are
currently working or may work in the future, all with the goal
of ensuring that they can implement a program that will
optimize performance and decrease the risk of injury and
mortality. Examples of such evidence-based guidelines and
programs are presented throughout chapters 9, 10, and 15;
however, these programs will need to be adapted, depending
on the tactical athletes for whom they are being applied. Each
chapter also discusses the scope of practice for the TSAC
Facilitator, including, for example, when to refer a tactical
athlete to a nutritionist (chapters 5 and 6) or an allied
healthcare professional to assist with rehabilitation (chapter
16).

Chapters begin with objectives and include key terms
(boldfaced in text and listed at the end of the chapter),
diagrams, detailed photographs, and key points to help guide
the reader and emphasize important concepts. Sidebars,



sample programs, and case studies are also included to assist
with the application of theoretical concepts to professional
practice.

To assist instructors using this text, a presentation package
including almost 900PowerPoint slides of text, photos, and
artwork from the book has been created. These slides facilitate
discussion and illustrate key concepts found in the book. They
can be used directly in PowerPoint or can be printed to make
transparencies or handouts. Presenters can easily add, modify,
and rearrange the order of the slides as well as search for
slides based on key words.

The presentation package has an image bank that includes all
of the illustrations, artwork, content photos, and tables from
the text, sorted by chapter. The image bank provides flexibility
for presenters creating their own resources, including
customized presentations, handouts, and other resources.

The presentation package plus image bank is free to course
adopters and is available online. For use outside of a college or
university course, this presentation package plus image bank
may be purchased separately. For access and ordering, go to
www.HumanKinetics.com/NSCAsEssentialsOfTacticalStrengt
hAndConditioning.



Chapter 1
Tactical Strength and

Conditioning: An Overview
Brent A. Alvar, PhD, CSCS,*D, RSCC*D, FNSCA

Katie Sell, PhD, CSCS,*D, TSAC-F

Patricia A. Deuster, PhD, MPH, CNS
After completing this chapter, you will be able to

 

describe the NSCA Tactical Strength and Conditioning
Facilitator (TSAC-F) program,
describe what it means to be a tactical athlete,
summarize and explain general concepts related to
tactical strength and conditioning, and
discuss the differences between a tactical athlete and a
sport athlete.

Tactical strength and conditioning is an important emphasis
for the National Strength and Conditioning Association
(NSCA). The roots of conditioning athletes have a far-
reaching history: It can be argued that the ancient Olympic
Games were showcases of how warriors needed to train to
high levels of fitness and athleticism for a tactical advantage.
Today the focus of research and programming for tactical
strength and conditioning is directed toward occupational and
mission preparedness, including the ability to not only excel in
job performance and capability but also minimize injuries and
premature mortality. This chapter introduces the NSCA’s
Tactical Strength and Conditioning Facilitator (TSAC-F)
program as well as key concepts that will be further discussed
throughout the book.



NSCA TSAC Program
The Tactical Strength and Conditioning (TSAC) program
began within the NSCA as an effort to educate professionals
who want to train, direct, and prepare tactical athletes to meet
the physical demands of their occupations. These athletes
include personnel in special weapons and tactics (SWAT),
special operations forces, conventional military forces, law
enforcement, and fire and rescue response.

History of the NSCA TSAC Program
The TSAC program originated in 2005, and since then it has
strived to meet goals through translating cutting-edge research,
applying population-specific training methods and field
experiences, and implementing evidence-based approaches to
reduce injury risk, improve or maintain overall health, and
increase specific areas of fitness (e.g., strength, agility, aerobic
fitness) pertinent to the tactical athlete. In collaboration with
leaders in the tactical communities, academic institutions, and
multiple governmental and nongovernmental first responder
positions, the NSCA developed the TSAC program to
“provide the highest level of physical training possible to those
who serve and protect our country, state, and local
communities” (1).

The TSAC Facilitator (TSAC-F) certification was
developed by the NSCA for people who have an interest in
working with tactical athletes. The certification provides a
standardized credential to people who have the knowledge,
skills, and experiences to apply scientific principles for
training various tactical athlete populations. The certification
also helps establish a high level of professional competence
for those who work with tactical athletes. Anyone certified by
the NSCA for the training of tactical athletes will henceforth
be referred to as a Tactical Strength and Conditioning
Facilitator (TSAC Facilitator).
The TSAC Facilitator is a specialized trainer who uses an
evidence-based approach (evaluating current research and
proven training methodologies) in conjunction with personal



field experience to optimize occupational physical
preparedness and reduce the risk of injury. All TSAC
Facilitators are trained to develop strength and conditioning
programs for tactical athletes based on the athlete’s individual
needs.

Historically, many tactical training protocols focused primarily
on cardiorespiratory fitness without considering occupational
mission or job performance. This book emphasizes the
opportunity to integrate multiple aspects of strength and
conditioning for tactical athletes. It provides guidance and the
scientific underpinnings of the concepts behind evidence-
based tactical strength and conditioning. Chapters 2, 3, 4, and
5 provide an overview of the physiological, anatomical,
biomechanical, metabolic, and nutrition-related information
upon which a TSAC Facilitator should be building population
specific knowledge.

However, training tactical athletes also requires specialized
knowledge, skills, and experiences. The certification process
focuses on understanding the physiological, environmental,
logistical, and cultural factors that influence training as well as
successfully implementing and maintaining programming.

Scope of Practice of a TSAC Facilitator
TSAC Facilitators need to understand and work within their
scope of practice. Acquiring this level of knowledge, skills,
and experience, along with engaging in professional
development and continuing education, should allow the
TSAC Facilitator to work autonomously with a thorough
understanding of when it is appropriate to reach out to other
professionals. Further, TSAC Facilitators must be able to
recognize when issues fall outside their area of expertise (e.g.,
nutritional counseling, injury treatment). TSAC Facilitators
are part of a team of experts working to improve the health,
performance, and longevity of tactical athletes.

In addition, TSAC Facilitators have a duty to provide
appropriate supervision and instruction to meet a reasonable
standard of care and to provide a safe environment for the
tactical athletes under their supervision. Their duties also



involve informing users of risks inherent in their activities and
preventing unreasonable risk or harm resulting from negligent
instruction or supervision (14).

Prerequisites of the TSAC-F Certification
To participate in the TSAC-F certification, applicants must be
at least 18 years of age and have a high school diploma or
equivalent. In addition, applicants must have CPR
(cardiopulmonary resuscitation) and AED (automated external
defibrillator) certification. Although no formal postsecondary
course work is required, candidates are expected to understand
the fundamentals of biomechanics, training adaptations,
anatomy, exercise physiology, program design, and guidelines
that pertain to the unique needs of law enforcement, fire and
rescue, and military or special operations. No other NSCA
certification is required as a prerequisite for the TSAC-F
certification.

Goals of the TSAC Program
The NSCA TSAC-F certification was developed to establish a
level of competence in fundamental knowledge, skills, and
experiences. The intent is to ensure certified individuals can
train tactical athletes to improve the fitness-related attributes
of job performance, promote wellness (chapter 21), and
decrease injury risk across the spectrum of military, fire and
rescue, law enforcement, protective services, and other
emergency personnel.



Duties of a Tactical Athlete
Tactical athletes use their minds and bodies to serve and
protect individuals, communities, states, countries, and
themselves. They may be employees or volunteers for
community, state, or national organizations (governmental or
nongovernmental) whose missions are to protect against
various threats. In addition, they may be the first to respond to
and assist at emergencies, accidents, local and international
natural disasters, and terrorist attacks. A tactical athlete must
be ready to face any and all threats—physical, environmental,
or psychological. Thus, a key requirement for a tactical athlete
is physical fitness. Unless tactical athletes are in top physical
condition, their ability to protect and serve others is limited.

Key Point
The TSAC-F certification was developed by the NSCA to
provide a standardized credential that ensures a high level of
professional competence among individuals with the
knowledge, skills, and experiences to apply scientific
principles to training tactical athletes.

Tactical athletes share several attributes with recreational,
collegiate, professional, and Olympic athletes (e.g., need for
physical fitness, teamwork), but they also differ in many ways.
Table 1.1 presents some of the differences between tactical
athletes and other athletes. These differences will be discussed
in more detail in subsequent chapters. Tactical athletes rarely
have the resources commonly available to elite or professional
sport athletes, and their mission is distinct—surviving and
ensuring the survival of others is key, whereas sport athletes
strive to win sporting events.



Exercise Testing and Prescription
The tactical athlete training program may incorporate periodic
testing for muscular strength and endurance, power, speed,
agility, anaerobic power, and cardiorespiratory components of
fitness. Chapter 8 presents the principles of testing and
evaluating tactical athletes to identify strengths and
weaknesses. The test results must then be analyzed and
appropriate exercises prescribed to promote the requisite
improvements in the fitness and preparedness of tactical
athletes. Chapters 9 and 10 discuss the principles of resistance
training program design as well as how to sequence a
resistance training program to optimize the resultant outcomes
(periodization).

Key Point
The TSAC Facilitator evaluates the physical demands of the
operational tasks and then designs training programs to
address the weaknesses in fitness attributes pertaining to
specific occupational needs.

Occupational Specificity
Following testing, training prescriptions are based on an
occupation-specific training paradigm—that is, occupational
specificity. The TSAC Facilitator needs to consider the



physical demands of the operational and occupational
activities and design the training program accordingly. This
requires an understanding of the principles and concepts that
guide program development and periodization used for
specific training time frames (chapters 9 and 10). However, it
is not sufficient to use a generalized exercise prescription
across tactical populations. Each individual’s occupational
demands should be assessed, and subsequent program
specifications should be guided by the gaps or weaknesses in
fitness attributes that pertain to the specific occupational
needs. Therefore, the TSAC Facilitator must clearly
understand the occupational tasks—what the key tasks are and
what physical attributes are required to perform those tasks.

Using a sport analogy, the training program for a football
player is specific to the skills and demands of the sport
(American football); likewise, the training programs for
baseball, tennis, and soccer need to address the specific
demands of those sports. This holds true for tactical athletes as
well: Law enforcement officers, infantry soldiers, and
firefighters all need to train according to the physical demands
of their occupational profiles, with their specific occupational
tasks forming the foundation for program development (e.g.,
assessment choices, exercise selection). These considerations
are further complicated when taking into account the
differential needs of the athlete in terms of flexibility, mobility,
power, speed, agility, aerobic endurance, and strength and
power needs. These factors (discussed in chapters 12, 13, 14
and 15) are among the components that make up the job
analysis.



Job Analysis of a Tactical Athlete
As noted earlier, one key requirement of a TSAC Facilitator is
job analysis, or analyzing the occupational tasks of interest.
Directly observing tactical athletes performing their job tasks
is essential for obtaining firsthand knowledge about the
physical demands and skills of the occupation. These
observations allow the TSAC Facilitator to quantify the
physical demands and skills for future training and tracking
progress. Specifically, the TSAC Facilitator must analyze
movements, know what energy systems are required for the
movements, and identify what potential injuries might arise
from the biomechanical demands of the occupational tasks.

Movement Analysis
Fundamental movement competency is essential for
occupational performance and mitigation of injury risk (3-5,
10, 11). When conducting a movement analysis, the TSAC
Facilitator must consider the types of movements performed in
the occupation of interest (chapters 17, 18, and 19). For
example, a firefighter might have to breach and pull down a
ceiling, a soldier will have to carry a heavy rucksack while
wearing body armor, and a police officer might have to scale a
wall. Those specific tasks would likely be paired with multiple
other tasks before the mission is finished. A TSAC Facilitator
must be aware of the major movements (symmetry and
balance) and muscle contractions (concentric, eccentric,
isometric, or combination) performed daily in the occupational
tasks. In addition, the types of loads carried in the movements
(e.g., tools, scuba gear, rucksack, body armor) should be
considered. Consequently, a TSAC Facilitator must understand
how the application and distribution of load influence
functional capacity, movement patterns, and gait mechanics
(chapter 20) as well as exercise technique (chapter 11).

Key Point
A TSAC Facilitator must be able to assess the major physical
movements common to occupational tasks, evaluate the types
of equipment and loads carried, and apply this knowledge to



optimize functional capacity, movement patterns, and gait
mechanics.

Energy System Usage
The scientific basis for energy pathways and basic metabolic
pathways will be explored in chapter 2 and then applied in
subsequent chapters, particularly chapter 14. This topic is
critical because the speed, intensity, and duration of
movements and occupational tasks drive energy system
preferences, ensuing fatigue, and the need for rest and
recovery. Understanding and training the energy systems used
during occupational tasks is also important for preventing
injuries, guiding nutritional practices, and optimizing recovery.
See chapters 6 and 7 for nutritional recommendations for
tactical populations and a discussion of common supplements.

Key Point
The TSAC Facilitator must be able to implement programs to
improve cardiorespiratory fitness and minimize the risk of
musculoskeletal injuries and illness in tactical athletes.

Injury and Illness Analysis
Injury prevention relies in part on assessing fundamental
movements and identifying muscle strength asymmetries (left
versus right). A TSAC Facilitator must be knowledgeable
about the screening tools that help identify range of motion
(ROM) or movement deficits that may compromise
performance and lead to injury; injury analysis is part of the
job task analysis. Muscle strength and anaerobic power also
influence performance, and appropriate levels of muscular
strength may be key to preventing musculoskeletal injuries (9,
12). TSAC Facilitators must also be aware of illness and injury
concerns prevalent in specific tactical populations, as well as
the etiology of such conditions and how it might affect
training practices. For example, sudden cardiac death is the
major killer of structural firefighters while in the line of duty
(7). Based on this illness analysis, the TSAC Facilitator can
implement programs to improve fitness and reduce
cardiovascular risk in firefighters by emphasizing aerobic



fitness (2, 8, 13, 15), as described in chapter 17. In addition,
the TSAC Facilitator should be capable of working with other
healthcare providers in the care and rehabilitation process if an
injury should occur (chapter 16).



Assessment of the Individual
The TSAC Facilitator usually plays an integral role in the
design, implementation, and evaluation of physical fitness
testing for tactical athletes. Fitness testing batteries may be
required as part of a department wellness program or
administered independently as a way to evaluate progress
through a physical conditioning program. The TSAC
Facilitator must be aware of the recommendations and
standards for fitness testing put forth by governing
organizations that oversee physical training for tactical athletes
(e.g., National Fire Protection Agency [NFPA], United States
Department of Defense, Ontario Ministry of Community
Safety and Correctional Services), including the standard
procedures for use in specific disciplines (e.g., test selection,
frequency of administration). In addition, the TSAC Facilitator
may be asked to develop a department test battery based on the
fitness needs of the tactical athletes and therefore must
consider the physiological, metabolic, and biomechanical
demands of the occupational tasks, as well as cultural and
motivational factors. These will help guide test selection.
More information can be found in chapters 8, 17, 18, and 19.

Training Status
One aim of fitness testing is to determine the fitness and health
status of a tactical athlete. However, the choice of test may be
influenced by the current training status of the individual and
any additional physical training endeavors the individual or
group may be required to perform in the days before and after
testing. The TSAC Facilitator needs to understand and comply
with prescreening procedures and be aware of any protocols
necessary to clear tactical personnel for participating in
physical testing or training practices. The choice of fitness test
may need to be adjusted based on recommendations of other
allied health care providers (e.g., physicians, physical
therapists), particularly if a tactical athlete is being tested
when returning to training following an injury or illness.

Key Point



The TSAC Facilitator must be able to prescreen tactical
athletes to clear them for participation in physical testing and
training for selection and to screen them for return to training
following an injury or illness.

Individual Versus Group Testing and
Evaluation
Test selection may be influenced by whether testing is
occurring with an individual or a group of tactical athletes, the
time frame available for testing, and the outcomes of the test
itself. Additional logistical considerations include available
equipment, training age of participants, location of available
testing space, and number and intensity of tests to be
administered.

Goal Development
The purpose of physical fitness testing should be clearly
presented to the tactical athletes by the TSAC Facilitator. This
rationale may address multiple areas in need of goal
development, such as improvement or maintenance of physical
fitness or various components of overall health. It is the TSAC
Facilitator’s job to implement tests that quantify current fitness
and health status, and then use the test results to help the
tactical athlete set realistic (and modifiable) goals for a given
time frame. The TSAC Facilitator therefore needs to be aware
of current fitness requirements of tactical populations, as well
as specific illnesses or injuries to which specific tactical
athletes are susceptible, in order to identify health-related
goals attained through improved physical fitness.

Key Point
The TSAC Facilitator must be able to apply program design
variables to the training of tactical athletes and know when to
refer clients to other professionals.



Program Design
Physical training or conditioning (including long-term
periodization programs and acute training sessions) may need
to be adjusted to accommodate the unpredictable occupational
demands facing tactical athletes. For example, if a firefighter
has returned from a long, arduous callout, then a high-intensity
training session may not be appropriate during the same shift,
given the elevated stress level already experienced and the
possibility of another callout during the same shift. The
training session planned for that day may need to be adjusted
to decrease the risk of accumulated stress and fatigue that
affect occupational performance and injury risk (6).

As noted in subsequent chapters, key issues for TSAC
Facilitators relate to the scientific foundation of physical
training and the application of that knowledge. A TSAC
Facilitator should be able to take many of the principles and
training guidelines used for athletic populations and apply
them in a population-specific manner for various tactical
athletes. In particular, a TSAC Facilitator must be able to
determine how the following program design variables apply
to tactical athletes (e.g., year-long periodization program,
isolated six-week predeployment program):

 

Specificity
Progressive overload
Variation
Volume
Frequency
Duration
Intensity

Guidelines for designing training programs for military, law
enforcement, and fire and rescue (emergency services)
personnel are described in chapters 17, 18, 19 and 20.



Conclusion
The professional need for TSAC Facilitators is clear. The
NSCA has committed to being the leader in this ever-evolving
arena. It is our hope that this book will be the touchstone for
people seeking a reference for the knowledge they need to
design and implement safe, effective training programs for
tactical athletes. Whether TSAC Facilitators are working with
military, fire and rescue, law enforcement, protective service,
or other emergency personnel, the principles in this book can
serve as a framework.

Key Terms
 

duration
energy system
frequency
illness analysis
injury analysis
intensity
job analysis
movement analysis
occupational specificity
periodization
progressive overload
scope of practice
specificity
tactical athlete
Tactical Strength and Conditioning Facilitator (TSAC
Facilitator)
TSAC Facilitator (TSAC-F) certification
TSAC program
variation
volume

Study Questions
 



1. The prerequisites to become a certified TSAC Facilitator
include being 18 years or older, having a CPR/AED
certification, and what other component?

1. postsecondary education
2. another NSCA certification
3. high school diploma
4. college coaching experience

2. Which of the following is a component of a tactical
athlete’s lifestyle that must be considered by a TSAC
Facilitator when designing a program?

1. seasonal training
2. unpredictable schedule
3. structured job demands
4. protected environment

3. A TSAC Facilitator observes that a police officer may
have to jump out of a car and hop a barricade to chase a
suspect. Which of the following describes that type of
analysis?

1. holistic
2. injury
3. movement
4. illness

4. The role of a TSAC Facilitator includes all of the
following EXCEPT

1. designing training programs
2. preventing common injuries
3. reinforcing physical preparedness
4. providing nutrition counseling



Chapter 2
Cardiopulmonary and

Endocrine Responses and
Adaptations to Exercise

Denise Smith, PhD
After completing this chapter, you will be able to

 

describe the structure and function of the cardiovascular
and pulmonary systems,
describe the cardiopulmonary responses to exercise,
describe the endocrine responses to exercise, and
discuss the chronic adaptations of the cardiopulmonary
and endocrine systems to exercise and high-stress
situations.

The respiratory system and the cardiovascular system work
together to bring oxygen into the body and deliver it to active
tissues, such as muscle, so that energy in the form of
adenosine triphosphate (ATP) can be produced for cellular
work (figure 2.1). The respiratory system includes the airways
and lungs. The cardiovascular system includes the heart, blood
vessels, and blood. Together, these systems are often referred
to as the cardiopulmonary system because of their closely
entwined functions.



Figure 2.1 Interaction of the respiratory and cardiovascular
systems.

Adapted, by permission, from D.L. Smith and Fernhall, 2011, Advanced
cardiovascular exercise physiology (Champaign, IL: Human Kinetics), 4.



Cardiovascular Structure and
Function

The heart is a hollow muscular pump located in the thoracic
cavity. It is approximately the size of a clenched fist and
weighs 250 to 350 g (<1 lb). The heart beats approximately 70
times per minute at rest, and its contractions provide the force
to pump blood throughout the vascular system.

Key Point
The cardiovascular system pumps blood and provides the
force to perfuse working tissues during physical activity.

Cardiac Structure
The muscular walls of the heart are called myocardium (myo
= muscle; cardium = heart) and are composed primarily of
cardiac muscle cells, or myocytes, that produce the force to
eject blood from the heart. The heart has four chambers: The
two upper chambers are the right and left atria, and the two
lower chambers are the right and left ventricles (figure 2.2).
The atria receive blood from great vessels (inferior and
superior vena cava and pulmonary vein), and the ventricles
eject blood to the body through great vessels (pulmonary
artery and aorta). The heart is functionally separated into the
right side and the left side. The right ventricle pumps
deoxygenated blood to the lungs (pulmonary circulation), and
the left ventricle pumps oxygenated blood to the rest of the
body (systemic circulation). The sides of the heart are
separated physically by the interventricular septum.



Figure 2.2 Heart structure and blood flow through the heart.

The myocytes that compose the myocardium are muscle cells
that contain the contractile proteins actin and myosin.
Adjacent myocytes are structurally and functionally connected
to each other through specialized membrane structures called
intercalated discs. The intercalated discs contain specialized
intracellular junctions (gap junctions) that allow electrical
activity in one cell to pass to the adjacent cell.

As shown in figure 2.2, blood flows through the heart by
passing through one-way valves that separate the atria and
ventricles (atrioventricular [AV] valves) on each side of the
heart and by passing through one-way valves that separate the
ventricles from the aorta and the pulmonary artery. The
tricuspid valve separates the right atrium and ventricle, and the
mitral valve separates the left atrium and ventricle. The
pulmonary semilunar valve and aortic semilunar valve
(semilunar valves) permit blood to flow from the right
ventricle into the pulmonary artery and from the left ventricle
into the aorta, respectively. These valves open and close based
on pressure differences. When pressure in the atria is greater
than pressure in the ventricles, the AV valves are open and the
ventricles fill with blood. When pressure in the ventricles is



greater than in the atria, the AV valves are closed, and when
pressure in the ventricles is greater than in the aorta and
pulmonary artery, the semilunar valves are open and blood is
ejected from the heart.

Cardiac Function
The contraction, or beating, of the heart provides the
contractile force necessary to distribute blood throughout the
circulatory system. The heart beats approximately 70 times per
minute at rest but can increase up to approximately 200
beats/min in young adults during maximal exercise. The
frequency with which the heart beats is often referred to as the
heart rate (HR). The amount of blood pumped from the heart
with each beat is the stroke volume (SV). SV averages
approximately 70 ml per beat in healthy young men and can
increase to about 140 ml with maximal exercise (22, 23, 24).
Cardiac output ( ) is the product of HR × SV and represents
the amount of blood pumped each minute; essentially, it is a
measure of blood flow through the cardiovascular system each
minute. Cardiac output at rest is approximately 5 L/min, but
this increases dramatically during exercise, reaching values of
25 to 30 L/min in healthy young men (22, 23, 24). Cardiac
output can be increased by increasing HR, SV, or a
combination of both. During exercise, both HR and SV
increase to cause a large increase in cardiac output.

Key Point
During prolonged tactical activities, cardiac output must be
increased and then maintained at high levels to supply working
muscle with needed oxygen.

Although it is common to think of the heart as ejecting blood
into the circulatory system when the heart contracts, the ability
to eject blood depends on the heart filling with blood. The
alternating periods of relaxation, or diastole, and contraction,
or systole, allow the heart to fill with blood and then pump the
blood into the circulation. Every heartbeat reflects both
diastole and systole. The amount of blood that returns to the
ventricles at the end of the filling period (diastole) is the end-
diastolic volume (EDV). The amount of blood that remains in



the ventricle after the contraction period (systole) is the end-
systolic volume (ESV). SV is the difference between EDV
and ESV (SV = EDV − ESV). It can be increased by
increasing EDV (such as by increasing venous return),
decreasing ESV (such as by increasing contractility), or both
(24).

Conduction System
The muscle cells in the heart must be electrically stimulated in
order to contract. The heart has a specialized conduction
system that spreads electrical signals rapidly throughout the
entire heart (figure 2.3). The electrical signal flows through the
conduction system as shown in blue in figure 2.3.

 

Sinoatrial (SA) node—initiates electrical impulses. Often
known as the pacemaker of the heart.
Atrioventricular (AV) node—the signal travels from the
SA node to the AV node via the internodal pathway. The
electrical signal is delayed briefly (~0.1 second) at the AV
node before the signal is transmitted to the ventricles.
Atrioventricular (AV) bundle—the only connection for
electrical signals between the atria and ventricles. The AV
bundle is also called the bundle of His.
Left and right bundle branches—carry the signal to the
apex (bottom) of the heart and to the right and left
ventricles.
Purkinje fibers—the final portion of the conduction
system that brings electrical signals to cardiac muscle
cells throughout the ventricles. The Purkinje fibers are
also called the subendocardial conducting network.



Figure 2.3 Conduction system of the heart.

When thinking about how an electrical signal is generated in
the heart, it is important to understand that the conduction
system generates an electrical signal in the SA node (the
pacemaker) that then propagates throughout the conduction
system. But in a healthy person, the SA node is normally
influenced by sympathetic nerve fibers (which increase HR)
and parasympathetic fibers (which decrease HR). Also, once
the electrical signal moves through the conduction system, it
must be rapidly passed from cell to cell within the
myocardium via the intercalated discs to stimulate individual
myocytes to depolarize and then contract. The ability of the
electrical signal to pass from one cardiac cell to the next via
intercalated discs is critical to ensure that the cells contract in a
coordinated way to eject blood from the ventricle. The
intercalated discs create an electrical coupling of the myocytes
that allows the myocardium to function as a single coordinated
unit, or functional syncytium. The atria and ventricles each
contract as a unit, and thus there are two functional syncytia in
the heart.

Key Point
Withdrawal of the parasympathetic nervous system and
activation of the sympathetic nervous system produce rapid
increases in HR during exercise and tactical events.

Electrocardiogram



The electrical currents generated in the heart spread through
the body and can be detected on the surface of the body with
an electrocardiogram (ECG), as shown in figure 2.4. An ECG
is a composite of all the electrical activity in the conduction
system and the contractile cells of the heart. The three most
distinguishable waves of the ECG are the following:

 

1. P wave—reflects depolarization (electrical signal) of the
atria and leads to contraction of the atria.

2. QRS complex—reflects depolarization of the ventricles
and leads to contraction of the ventricles. Atrial
depolarization occurs during the QRS but is not distinctly
seen because of the large changes in amplitude caused by
the wave of depolarization spreading across the
ventricles.

3. T wave—reflects repolarization of the ventricles and
leads to relaxation of the ventricles.



Figure 2.4 ECG tracing.

Reprinted, by permission, from NSCA, 2016, Structure and function of body
systems, N. Travis Triplett, In Essentials of strength training and conditioning, 4th

ed., edited by G. Gregory Haff and N. Travis Triplett (Champaign, IL: Human
Kinetics), 14.

Vascular Structure and Function
Blood vessels are responsible for distributing oxygen and
nutrients to cells throughout the body and removing wastes
and metabolites from active tissues. The vasculature is
composed of arteries, arterioles, capillaries, venules, and veins
(figure 2.5). Each of these vessels has a specific structure that
supports its particular function.



Figure 2.5 Outline of the vascular system.

Arteries are large vessels that carry blood away from the heart
to distal parts of the body. They have elastic muscular walls
that permit them to accommodate the increase in blood volume
and pressure when blood is ejected during systole and to recoil
during diastole.

Arterioles are smaller vessels that distribute the blood to
various organs. The walls of arterioles contain smooth muscle
that causes vasoconstriction (decreased vessel diameter)
when the vessels contract and vasodilation (increased vessel
diameter) when they relax. Because of their ability to
vasoconstrict and vasodilate, arterioles can exquisitely control
blood flow to an organ and match blood flow to energy needs
at any given moment.

Key Point
Blood-flow needs of an organ during physical activity are
achieved through constriction or vasodilatation of arterioles.

Capillaries have the smallest diameter and are the most
abundant vessels. They perform the ultimate function of the
cardiorespiratory system—gas (oxygen and carbon dioxide)
exchange between the blood and the tissue. This function is



made possible by their small size, which allows them to be in
close proximity to most cells of the body, and their thin walls,
which allow gases and nutrients to diffuse through them.

Venules are small vessels of the microcirculation that carry
blood from the capillary beds to the veins. The vessel wall of a
venule contains a small amount of smooth muscle and is
porous so that blood cells and fluids can move easily between
the circulation and interstitial space. Veins are large, compliant
vessels that carry blood back to the heart. They have elastic
walls that permit them to distend and fill with blood more
easily than arteries, and many have valves that prevent
backflow.

As figure 2.5 shows, blood vessels carry blood to various
organs. Furthermore, the circuitry that supplies the organs is in
parallel, meaning that blood travels through the various
circuits simultaneously. The small muscular arteries
(arterioles) that determine the amount of blood supply to the
organs play a vital role in distributing cardiac output to each
organ based on the needs of the system. For example, by
increasing the size of the arterioles for one circuit, blood flow
to the stomach and liver can increase after eating without
increasing blood flow to every organ. Similarly, when there is
a need to dissipate heat, arterioles controlling blood flow to the
skin dilate and thus blood flow to the skin increases. Of
course, the most obvious example of increasing blood flow to
an organ is increasing blood flow to working muscles to
support exercise.

Blood Pressure
Blood pressure is a major homeostatic variable that must be
maintained within limits for the body to function properly. If
blood pressure is too low, then blood flow is not adequate to
provide needed oxygen to tissues, a condition called
hypoperfusion. On the other hand, if blood pressure is too
high, it causes damage to the blood vessels that may result in
accelerated disease progression or even in the rupture of a
vessel (aneurysm).



Blood pressure changes dramatically throughout the vascular
system (figure 2.6). It is greatest in the aorta and major arteries
(such as the brachial artery) because of the force of myocardial
contractions. Blood pressure in these vessels is also pulsatile
because of the ability of the arteries to expand and contract.
Systolic blood pressure (SBP) is the pressure in the arteries
following contraction of the heart (systole), and diastolic
blood pressure (DBP) is the pressure in the arteries following
relaxation of the heart (diastole). DBP in the arteries does not
drop to zero because the elastic recoil of the vessels against the
blood in them creates pressure against the arterial wall. Mean
arterial pressure (MAP) is the weighted average of SBP and
DBP, and it represents the mean driving force of blood through
the vascular system. Mean arterial pressure can be calculated
using the following equation:

MAP = (SBP − DBP) / 3 + DBP

The weighted average takes into account the fact that more
time is spent in diastole than in systole.



Figure 2.6 Pressure in the left ventricle and throughout the
vascular system. Note the marked pressure decrease and

absorption of the pulse amplitudes in the arterioles (resistance
vessels).

Adapted from P-O Åstrand et al, 2003, Textbook of work physiology: Physiological
bases of exercise, 4th ed. (Champaign, IL: Human Kinetics), 141; Adapted from

Folkow and Neil 1971.

Pressure in the arterioles decreases dramatically because of
their thick muscular walls. Blood pressure in the capillaries
must be low in order to avoid damage to the thin-walled
vessels. Blood pressure in the veins is very low because
pressure has dissipated as the blood has traveled from the
heart. In fact, valves in the veins along with muscular action in
the legs are needed to ensure that blood from the lower body
can return to the heart against gravitational force. When
people are forced to stand for a long time without moving their
legs (for example, soldiers), venous return is impaired. This
can lead to a decrease in heart filling (a decrease in EDV),
which decreases cardiac output and leads to low blood
pressure and fainting.

Blood pressure is determined by cardiac output (blood flow)
and resistance to blood flow in the vascular system, or total
peripheral resistance (TPR), as shown in the following
equation. This equation represents the functional relationship
of the primary variables in the cardiovascular system and is
fundamental to understanding cardiovascular dynamics.



MAP =  × TPR



Pulmonary Anatomy and Function
The respiratory (pulmonary) system is responsible for bringing
oxygen into the lungs, where it diffuses into the blood. In
addition, it is responsible for eliminating carbon dioxide.

Respiratory Structures
The anatomy of the respiratory system is depicted in figure
2.7. The upper respiratory system consists of the nasal cavity
and the pharynx, and it serves to filter, warm, and moisten the
air. The lower respiratory system consists of the larynx,
trachea, bronchi and bronchioles, lungs, and tiny air sacs, or
alveoli, within the lungs. The lower respiratory system is
where gas exchange occurs.



Figure 2.7 Structures of the respiratory system.

Air Exchange
Though it is possible to exert volitional control over breathing,
most of the time we breathe without any conscious thought
and with little effort. Breathing brings air into the lungs to
support gas exchange. During exercise, breathing rate and
depth increase to supply the additional oxygen that is needed
for muscular contraction, and the work of breathing increases.
Commonly we think of moving air in and out of the lungs as
breathing; technically this is called ventilation, and the amount
of air we breathe in 1 minute is called minute ventilation.
Minute ventilation is equal to breathing rate multiplied by
tidal volume (amount of air breathed with each breath).

Gas Exchange
Breathing may be the most obvious function of the respiratory
system, but the ultimate function is gas exchange. As shown in
figure 2.1, gas exchange occurs in two places:

 

1. External respiration occurs at the level of the
pulmonary capillaries, where oxygen diffuses from the



alveoli into the blood and carbon dioxide diffuses out of
the blood into the alveoli.

2. Internal respiration occurs at the level of the systemic
capillaries, where oxygen diffuses out of the blood and
into the cells (i.e., muscles) of the body and carbon
dioxide diffuses out of the cells and into the blood.

Key Point
Gas exchange occurs in two locations in the body—the
pulmonary capillaries (where oxygen diffuses from the alveoli
into the blood) and the systemic capillaries (where oxygen
diffuses from the blood into the working tissues, especially
working muscles).

Gas exchange occurs through the process of diffusion, with
each gas moving down its own concentration gradient. The
partial pressure of oxygen in the alveoli (PALVO2 = ~100
mmHg) is greater than the partial pressure of oxygen in the
pulmonary capillaries (~40 mmHg), and hence oxygen
diffuses into the blood as blood passes through the lungs (23).
Venous blood that is then carried to the left side of the heart is
thus fully oxygenated and has a partial pressure of oxygen of
approximately 100 mmHg. Because gas exchange only occurs
at the capillary level, blood flowing through the large vessels
remains at constant partial pressure. Thus, as blood enters the
systemic capillaries it still has a partial pressure of
approximately 100 mmHg. Resting skeletal muscle has a
partial pressure of approximately 40 mmHg, so oxygen
diffuses out of the systemic blood into the cells. During
exercise, as the cells use more oxygen, the partial pressure of
oxygen in the cells decreases (to <15 mmHg) as the cells
consume oxygen to produce energy (23, 26). The lower partial
pressure of oxygen in the cells during exercise causes more
oxygen to diffuse out of the blood and into the cells,
accounting for the increased oxygen consumption seen during
exercise.



Acute Cardiovascular Responses to
Exercise

There are numerous cardiovascular responses to exercise. The
purpose of these responses is to increase oxygen uptake so that
energy can be produced to support contracting muscles.

Oxygen Consumption
The cardiovascular and respiratory systems respond to
exercise in a coordinated way. The hallmark of the
cardiorespiratory response to exercise is to increase the
amount of oxygen that is taken into the body (by the
respiratory system), transported to the cells (by the
cardiovascular system), and used by the cells (through
metabolism). Thus, oxygen consumption serves as an
integrated measure of cardiorespiratory responses to exercise.
And, because the oxygen is being used to produce energy
(ATP) to do muscular work, there is a direct relationship
between work performed and oxygen consumed (figure 2.8).
That is to say, the more work (exercise) is performed, the more
oxygen is consumed. The highest amount of oxygen that can
be taken in, transported, and used during heavy muscular work
is called maximal oxygen consumption ( O2max). O2max
is considered the best measure of cardiorespiratory fitness;
however, it is not always the best predictor of performance
because performance is affected by many factors.

Key Point
The most important indicator of aerobic fitness is maximal
oxygen consumption ( O2max).



Figure 2.8 Relationship between work (exercise) and oxygen
consumption.

Heart Rate
The cardiovascular system is designed to deliver oxygen and
nutrients to the working tissue to remove wastes and
metabolites from the working muscle. Thus, during exercise,
the heart pumps more blood in order to deliver oxygen and
nutrients to working muscles. Most people are aware that HR
increases with exercise. In fact, HR, like oxygen consumption
( O2), generally increases linearly with increasing workload
(6, 23). However, for practical reasons, exercise tests
frequently use stepwise increases in workload for successive
exercise stages rather than a continuously progressive
workload. Thus, during an exercise test there is often a rise in
HR when the workload increases followed by a leveling off of
HR as the stage continues. The increase in HR is due primarily
to an increase in sympathetic nervous activation that causes
the SA node to depolarize more frequently. HR may increase
approximately threefold during maximal exercise, from
approximately 60 to 70 beats/min at rest to around 200
beats/min at maximal exercise (23).

Stroke Volume
SV, the amount of blood pumped with each beat of the heart,
also increases during exercise. The increase in SV during
exercise is caused primarily by two changes:

 



1. Increased venous return due to rhythmical contraction of
skeletal muscle: Increased venous return causes an
increase in EDV, which stretches the ventricles and leads
to a more forceful contraction, as described by the Frank-
Starling law of the heart.

2. Increased force of myocardial contraction due to
sympathetic nervous stimulation: The increased force of
contraction (contractility) results in lower ESV.

SV increases more during aerobic exercise than during
resistance or static exercise because venous return is
augmented during aerobic activities, whereas venous return is
not altered greatly during resistance exercise (23). SV
increases about twofold during maximal aerobic exercise:
from approximately 70 ml/beat to approximately 140 ml/beat
(10, 22, 23, 28). Endurance-trained individuals have a higher
SV at rest, and some research suggests that they can increase
their SV to a greater extent than untrained individuals can
during exercise (10).

Cardiac Output
Cardiac output ( ) is the product of HR and SV, and it
represents the total amount of blood pumped by the heart each
minute. Because both HR and SV increase during exercise,
cardiac output increases greatly during exercise. Cardiac
output increases linearly during exercise, reaching values that
may be five to seven times greater than resting values, from
about 5 L/min at rest to values of about 30 L/min at maximal
exercise (10, 22, 23).

Key Point
HR and SV (and thus cardiac output) increase during aerobic
exercise to meet the demands for increased blood flow.

Blood Pressure
Blood pressure responds to exercise in varying ways
depending upon the type of exercise. Aerobic exercise results
in a relatively modest increase in SBP and little or no change



in DBP in healthy adults. SBP may increase to as high as 240
mmHg during a maximal exercise test (23).

However, during heavy resistance exercise, especially if the
person holds her breath (i.e., performs the Valsalva
maneuver), both systolic and diastolic values may increase
dramatically. Values of >300/180 mmHg have been observed
with heavy resistance exercise (16).

Peripheral Resistance
TPR decreases dramatically during aerobic exercise. The
decrease in peripheral resistance is due to widespread
vasodilation in working muscle that allows more blood to be
distributed to these muscles to support metabolism. Because
resistance in vessels supplying working muscles decreases so
dramatically, blood flow to the working muscles is greatly
increased, TPR drops markedly, and blood pressure only
increases modestly despite a large increase in cardiac output.
On the other hand, TPR during resistance exercise does not
decrease much and may even increase (13, 19). Because TPR
does not drop substantially but cardiac output does increase,
blood pressure is much higher during resistance exercise than
during aerobic exercise.

Key Point
Peripheral resistance decreases during aerobic exercise
because vasodilation increases blood flow to working muscle.

Table 2.1 summarizes the cardiovascular responses to exercise,
emphasizing the interrelatedness of the major variables.





Acute Respiratory Responses to
Exercise

During exercise there is an increase in carbon dioxide
production and an increased need for oxygen. These changes
drive the respiratory responses to exercise. Although multiple
sensors affect pulmonary ventilation, the most important in
regulating the response to exercise are the chemoreceptors.
Chemoreceptors are located in the brain (medulla) and in the
large arteries (aortic body and carotid body). These receptors
are sensitive to increasing amounts of CO2 in the blood and
stimulate increased breathing to help rid the body of CO2. The
receptors also respond to decreasing levels of O2 (23). Minute
ventilation increases greatly during aerobic exercise due to an
increase in breathing rate (frequency) and depth of breathing
(tidal volume). Minute ventilation at rest is approximately 5
L/min, but during maximal aerobic exercise minute ventilation
often exceeds 140 L/min in trained men (23).



Acute Endocrine Responses to
Exercise

The endocrine system plays a central role in hemostasis and is
critical in responding to stressful situations such as exercise
(9). The endocrine system and the nervous system junction
together in a coordinated and complementary way to maintain
homeostatic balance and to respond to homeostatic
disruptions, such as exercise. These two systems function so
closely together that they are sometimes called the
neuroendocrine system.

The direct link between the nervous system and the endocrine
system is evident when considering the effect of sympathetic
nervous stimulation. The sympathetic nerve is part of the
nervous system—specifically the acceleratory nerve of the
autonomic nervous system. When the sympathetic nerve is
stimulated, it causes the adrenal gland to release
catecholamines (epinephrine and norepinephrine). These
hormones reinforce the neurotransmitters (e.g.,
norepinephrine) that are released from the sympathetic nerve
to support the fight-or-flight response associated with
activation of the sympathetic nervous system.

Exercise is an acute stressor; thus, it activates the sympathetic
nervous system. In fact, many of the adjustments that occur in
various systems of the body during exercise are in response to
sympathetic nervous stimulation—that is, many of these
responses are acceleratory and are associated with the fight-or-
flight response. Maximal aerobic exercise results in large
increases in both epinephrine and norepinephrine (9).
Activation of the sympathetic nervous system increases HR,
heart contractility, and breathing rate and helps to maintain
blood pressure by causing vasoconstriction in vessels
supplying nonworking tissue (9). Maximal resistance exercise
also results in large increases in epinephrine and
norepinephrine (8).

Key Point



Activation of the sympathetic nervous system plays a key role
in stimulating many responses to exercise.

The hormonal system responds to exercise in order to do the
following:

 

Regulate metabolism: The hormonal system, along with
the sympathetic nervous system, helps mobilize fuel to
support energy production for the cells and helps
maintain blood glucose levels.
Regulate cardiovascular function: Hormones, along with
the sympathetic nervous system, enhance cardiac
function, help determine blood distribution to tissues, and
help maintain blood pressure.
Regulate adipose, muscle, and connective tissue:
Hormones have a direct effect on adipose tissue and help
make fatty acids available during exercise. Hormonal
changes during and following exercise also play an
important role in muscular adaptations to exercise.

Figure 2.9 depicts the major metabolic hormones and how
they interact with various tissues (adipose, skeletal muscle,
and liver) to help mobilize fuel sources and maintain blood
glucose during exercise (23). This figure highlights the vast
interaction of hormones and the multiple organs that must
respond in a coordinated fashion to support exercise.



Figure 2.9 Principal hormones and their effect on fuel sources.

Reprinted, by permission, from S.A. Plowman and D.L. Smith, 2014, Exercise
Physiology for Health, Fitness, and Performance, 4th ed. (Philadelphia, PA:

Lippincott Williams & Wilkins), 638.



Chronic Adaptations of the
Cardiopulmonary and Endocrine

Systems to Exercise and High-
Stress Situations

Consistent exercise training leads to chronic adaptations that
allow the body to respond to the stress of exercise with less
physiological disruption and to perform more work (exercise).
Aerobic exercise training leads to adaptations related to fuel
availability and metabolic regulation such that a trained person
can use energy stores more effectively to support prolonged
exercise. Resistance training increases muscle mass and
strengthens support structures, resulting in greater strength and
power.

Maximal Oxygen Consumption
The most noted change in cardiorespiratory function with
aerobic exercise training is an increase in maximal oxygen
consumption ( O2max). In fact, changes in maximal oxygen
consumption are considered evidence that training has
improved physical fitness. Because oxygen consumption is an
integrated measure of fitness, improvements in oxygen
consumption reflect adaptations in the cardiovascular and
respiratory systems, although cardiovascular changes are more
prominent (23). Aerobic endurance training typically results in
an increase of 10% to 20% maximal oxygen consumption (1)
in previously untrained people (1, 23). Resistance training
typically results in little or no change in maximal oxygen
consumption, although circuit-type resistance training may
result in modest improvements (1).

Key Point
Aerobic endurance training results in improvements in 
O2max, whereas resistance training has minimal impact on
aerobic endurance.

Heart Structure and Function



Cardiac mass and the dimensions of the ventricles increase
with aerobic endurance training (12, 14). Compared with an
untrained person, an aerobically trained person at rest will
have a lower HR, a higher SV, and a similar cardiac output
(assuming body size has not changed dramatically) (23).
Cardiac output remains constant at rest because the need for
oxygen delivery to the body has not changed. However, the
same cardiac output is achieved by a higher SV and a lower
HR—thus, the cardiovascular system has become more
efficient. Tracking resting HR is a convenient way to monitor
improvements in fitness.

During maximal exercise, an aerobically trained person can
achieve a higher cardiac output to support greater exercise
levels. The increase in maximal cardiac output is achieved by
a higher SV; maximal HR is relatively unchanged with
exercise training (1).

Resistance training results in increased left ventricular wall
and septal thickness (20, 30). Changes in SV and HR are not
consistently found with resistance exercise programs (7, 31).

Vascular Adaptations
Aerobic endurance training results in increased capillary
density that supports oxygen delivery to cells of the body. In
addition, aerobic endurance training leads to increased
diameter of blood vessels (13, 21, 25, 29). Not only does the
resting diameter of the vessel increase, but the ability to
vasodilate also increases. The increased ability to vasodilate
reflects improved endothelial function. The increased
endothelial function that is associated with aerobic endurance
training is an important reason for the decrease in
cardiovascular disease mortality and morbidity that is
associated with exercise training (2, 11, 32).

Resistance training also brings about adaptations in vascular
structure and function, although they are not as well studied as
adaptations to aerobic endurance training. As with aerobic
endurance training, adaptations in vascular function following
resistance exercise are mediated by hemodynamic stimuli that
influence the vessel wall (18). A recent meta-analysis found



that resistance training had a positive effect on flow-mediated
dilation (FMD) similar to that of aerobic endurance training,
increasing FMD by 2% to 2.8%, which translates to a
reduction in cardiovascular disease risk of 26% to 36% (2).
Aerobic endurance training also leads to an increase in blood
volume—20% to 25%—in highly trained individuals (5).
Changes in blood volume occur more quickly than an increase
in red blood cells, but by 1 month of training, red blood cell
numbers also increase (5).

Key Point
Both aerobic and endurance training have beneficial effects on
vascular endothelium that result in improved cardiovascular
health.

Respiratory Adaptations
Relatively few respiratory adaptations are associated with
exercise training. The most notable change is an increase in
maximal minute ventilation that is seen with aerobic
endurance training. At rest, minute ventilation is unchanged,
but it is achieved by a higher tidal volume and a lower
breathing frequency. During maximal exercise, minute
ventilation is higher following an aerobic endurance training
program (33), which supports increased oxygen intake during
higher levels of work. The increased maximal minute
ventilation is achieved primarily by an increased maximal
breathing frequency; tidal volume increases only slightly (17).

Endocrine Adaptations
Many hormones are affected by exercise training. As
mentioned earlier, many of the adaptations that are seen in
other systems (e.g., cardiovascular, metabolic) reflect changes
in the endocrine system. Endocrine responses are greatly
affected by the type of training program. In general, aerobic
endurance training results in an increased sensitivity to
hormones, such that a lower concentration of hormone will
have the same effect after training (9, 23). Aerobic training
results in a blunted exercise response to many hormones
associated with activation of the sympathetic nervous system



and the regulation of metabolism (15). Compared with an
untrained person, an aerobically trained person will have a
smaller increase in catecholamines and cortisol during the
same exercise, reflecting less activation in the sympathetic
nervous system and less overall stress on the system (4, 23).
Other hormones involved in fuel utilization, such as insulin,
glucagon, and growth hormone, are also affected by exercise
training. Again, trained individuals show a dampened response
to exercise compared with untrained individuals, indicating
that training is associated with less physiological disruption
and greater ability to meet the metabolic demands associated
with exercise. Resistance training stimulates the release of
many hormones, and it is thought that these hormones play a
role in mediating the repair and remodeling process in the
muscle that results in increased muscle mass and strength (8).
Circulating levels of anabolic hormones appear to influence
the magnitude of muscular adaptations (27).



Conclusion
Among the most noticeable responses to exercise is an
increase in breathing and HR. However, there are many
cardiorespiratory responses to exercise that result in an
increased ability to take in, transport, and use oxygen in order
to produce energy for muscle contraction. Maximal oxygen
consumption is an integrated variable that reflects the
combined responses of the cardiorespiratory and muscular
systems, and changes in maximal oxygen consumption are the
most common way to describe changes in aerobic fitness that
accompany an aerobic endurance training program. Hormonal
changes during exercise help coordinate many of the body’s
responses to exercise. Hormonal responses to exercise also
provide the signal for many adaptations that occur as a result
of a training program.
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Study Questions
 

1. Which part of the heart conduction system is responsible
for initiating electrical impulses?

1. SA node
2. AV node
3. AV bundle
4. Purkinje fibers

2. What occurs during the T wave on an ECG?
1. atrial depolarization
2. atrial repolarization
3. ventricular depolarization
4. ventricular repolarization

3. A person is performing the Valsalva maneuver while
doing heavy resistance training. Which of the following
acute blood pressure changes is likely to happen?

1. decrease in SBP, increase in DBP
2. increase in SBP, no change in DBP
3. increase in SBP, increase in DBP
4. no change in SBP, increase in DBP

4. A police officer is chasing an armed suspect, and the
fight-or-flight response is activated. What system of the
body is initially affected?

1. cardiovascular
2. circulatory
3. nervous
4. respiratory

5. What system helps regulate metabolism, cardiovascular
function, and adipose tissue?



1. cardiovascular
2. hormonal
3. respiratory
4. nervous

6. Which of the following is the best measure of aerobic
fitness?

1. cardiac output
2. O2max
3. tidal volume
4. heart rate



Chapter 3
Skeletal Muscle Anatomy and

Biomechanics
Michael R. Deschenes, PhD

Raymond W. McCoy, PhD
After completing this chapter, you will be able to

 

describe the components of the neuromuscular and
musculoskeletal systems;
describe the structure and function of skeletal muscle,
bone, and connective tissue;
describe the types of muscle actions (isometric,
concentric, and eccentric);
define the roles that muscles play in movement;
describe the principles of biomechanics;
discuss how biomechanics affect exercise selection and
execution; and
apply biomechanical principles to exercise selection,
exercise execution, and tactical job performance.

Muscle tissue, along with connective, nervous, and epithelial
tissue, is one of the four major types of tissue composing the
human body. Muscle tissue is versatile in its functional
capacity and can be divided into three subtypes: smooth,
cardiac, and skeletal. This chapter focuses on skeletal muscle
tissue.

Skeletal muscle is found throughout the body and accounts for
approximately 40% of the total body mass of an adult male
and approximately 32% of the body mass of an adult female
(10). Such a significant contribution to the body’s weight
indicates the importance of skeletal muscle to a person’s health
and ability to function in daily life, not to mention in sport and
recreational activities. Not only is skeletal muscle involved in



moving the body, it also is essential for digesting food
(chewing, swallowing), breathing (expansion of thoracic
cavity, allowing inhalation), maintaining bone health
(muscular forces applied to bones promote bone density), and
regulating blood glucose levels (excess blood sugar is stored in
muscle as glycogen). Moreover, skeletal muscle works with
other types of tissue to form vital organ systems in the body,
such as the neuromuscular system and the musculoskeletal
system. We will begin our discussion by focusing on the bones
that skeletal muscles attach to in forming the musculoskeletal
system. It is this arrangement between the muscles and bones
that makes it possible for us to move not only our limbs but
our entire body during physical activity.

Key Point
The physical and functional integration of skeletal bones and
muscles make up the musculoskeletal system. This system
enables the human body to move and perform work.



Bones and the Skeleton
Just as skeletal muscle works with the nervous system to form
the neuromuscular system, it works with the skeleton to make
up the equally important musculoskeletal system, allowing
movement of the body and the performance of physical tasks
that are important to tactical athletes. Skeletal muscles are
joined to bones throughout the skeleton predominantly by
tendons. Bones are considered living organs because, in
addition to the mineral deposits that make them hard, they also
contain blood vessels and nervous tissue (note that organs
must be composed of more than one tissue type). In addition to
its 206 bones, which are arranged to both protect vital organs
and allow mobility, the adult skeleton is composed of
cartilage. Unlike bone, cartilage does not feature nervous
tissue or blood vessels (10); rather, it is almost exclusively
made up of chondrocytes (cells that produce collagen) and a
water–carbohydrate matrix. In the adult body, cartilage

 

covers the ends of bones found in joints (articular),
connects the ribs to the sternum of the rib cage (costal),
forms the respiratory tubes carrying inhaled air into the
lungs,
gives rise to the larynx (i.e., voice box),
composes the intervertebral discs of the spinal column,
helps form the nose, and
composes the external ear.

Types of Cartilage
Regardless of its location in the body, all cartilaginous tissue
falls into one of three categories. The first is hyaline cartilage,
which provides a combination of flexibility and support and is
the most abundant type of cartilage in the body. Hyaline
cartilage is found in articular joints, such as the knee, shoulder,
and elbow, as well as the trachea, or windpipe. The second
type is elastic cartilage, which is similar to the hyaline variety
but is designed to withstand regular bending and contortion,



immediately returning to its original shape. Elastic cartilage is
best represented by the external ear. Finally, fibrocartilage is
intended to withstand heavy downward pressure and stress,
and accordingly it is found in the menisci of the knee joint and
in the intervertebral discs of the spine (10). Everyday weight-
bearing activity imparts considerable stress on those joints.

Skeletal Development
During fetal development, the skeleton gradually converts
from mainly cartilage tissue to harder, more supportive bone
tissue. In this process, known as ossification, the living cells
of bone tissue, the osteocytes, secrete large amounts of
extracellular matrix containing minerals such as calcium and
phosphorous. Only 35% of adult bone tissue is organic, or
living, tissue (mainly collagen); the remainder is composed of
inorganic matter in the form of mineral salts, especially
calcium phosphate (10). When secreted, the extracellular
matrix arranges itself around the osteocyte in concentric rings
that appear much like the rings in the trunk of a tree. These
rings are referred to as lamellae, and the lamellae and the
osteocyte combine to form the long, cylindrical osteon (also
called the Haversian system). At the center of the osteon is the
Haversian canal, which contains blood vessels that supply the
osteocyte with nutrients and inorganic minerals. As bone
matures, it adds osteons, thus increasing the circumference of
the bone and strengthening it. The Haversian system is
typically found in long bones and more specifically in the
compact, or cortical, bone type that composes the shaft region,
or diaphysis.

Another type of bone tissue, termed spongy or cancellous, has
a honeycomb appearance and is found at the knobby ends, or
epiphyses, of long bones. This is where red and yellow bone
marrow are located and where red and white blood cells, along
with platelets, are produced. The red marrow synthesizes each
type of blood cell, while the yellow marrow produces a limited
amount of white blood cells. Figure 3.1 shows the compact
and spongy tissue located in long bones.



Figure 3.1 Long bone composed of both compact and spongy
bone tissue.

Categories of Bones
The bones of the skeleton are categorized by shape: long,
short, flat, and irregular. Long bones are cylindrical and are
predominantly located in the limbs and appendages. Short
bones are cuboidal and are most commonly found in the wrist
and ankle. A specialized type of short bone is the sesamoid
bone, and its distinguishing feature is that it is embedded in a
tendon. The patella or kneecap is a sesamoid bone. Flat bones
are generally thin, flat, and curved. They are best exemplified
by the bones that make up the cranium, or skull. Finally,
irregular bones come in various shapes and as a result do not
neatly fall into any of the first three categories. The best
examples of irregular bones are the vertebrae of the spinal
column and hip bones of the pelvis.

Functions of Bones
Bones play a number of important roles that allow the body to
function. They support the body, providing a firm framework
that allows upright posture and resistance to gravity. They also
serve as levers, allowing the body to perform mechanical work
as well as ambulatory movement. In addition, bones protect
vital, delicate tissue by encasing the brain in the skull, the
spinal cord in the spinal column, and the heart and lungs in the



rib cage. Bones also act as a storage depot of important
minerals (e.g., calcium, phosphorous), and they promote blood
cell formation (as discussed, the bone marrow is where red and
white blood cells as well as platelets are produced before
being released into the bloodstream) (17, 21).

Exercise-Related Bone Adaptations
Despite its relatively constant size and shape, bone tissue is
not at all static; rather, it is constantly undergoing remodeling
that is not obvious to the eye. This remodeling is made
possible by the presence of osteoblasts, cells that are
responsible for bone mineral deposition and thus strengthening
the bone, along with osteoclasts, cells that reabsorb bone
tissue, particularly its mineral content. If the activity of the
osteoblasts exceeds that of the osteoclasts, bone build-up
occurs. Conversely, if the activity of osteoclasts is greater than
that of the osteoblasts, skeletal bones become thinner and
weaker. Along with nutrition and the hormonal system,
physical activity is a primary factor determining whether
bones will undergo thickening and strengthening or thinning
and weakening. Resistance exercise (weightlifting) as well as
high-impact sports such as gymnastics are especially effective
in improving bone mineral density and thus bone strength (5).
Resistance training may be of particular value to older adults
who are naturally experiencing thinning and weakening of
their bones. The benefits of resistance training or high-impact
sport are specific to the bones that are involved in those
activities, and adaptations of the musculoskeletal system occur
in unison (i.e., strong muscles lead to strong bones).

Key Point
Similar to muscle tissue, bone tissue adapts to the stresses
placed upon it and becomes stronger when it is used more
frequently.



Skeletal Muscle
Although there are more than 600 muscles within the human
body, all skeletal muscle tissue is characterized by four
defining characteristics: excitability, or the ability of skeletal
muscle to respond to electrical stimuli (i.e., impulses generated
by the nervous system); contractility, or the capacity of
skeletal muscle to shorten and generate force; extensibility, or
the potential of muscle to stretch beyond its normal, resting
length; and elasticity, or the ability of muscle to return to its
resting length after it is stretched. These four traits work
together during dynamic movements of the body. Importantly,
each one can be improved with training, meaning that skeletal
muscle function is enhanced as a result of well-designed
exercise training regimens (6).

Much as there are four defining characteristics of skeletal
muscle tissue, during contraction muscles can play four
distinct roles in the movement of the skeleton and its bony
levers. The muscles serving as the principal movers of the
bones during a movement are agonists, or prime movers.
Muscles that oppose the movement generated by the prime
movers are termed antagonists. In addition, during specific
movements, muscles other than the primary movers may
contribute a smaller amount of force to assist the agonists;
these muscles are categorized as synergists. Finally, muscles
called stabilizers perform the task of securing or stabilizing
one joint so that movement can smoothly occur at another
joint. Depending on the movement involved, any particular
muscle may play any of these roles (i.e., agonist, antagonist,
synergist, stabilizer), and the function played by any one
muscle may differ depending on the movement.

As an example of how these four roles of muscle contraction
come into play during a specific movement, let’s examine the
bench press exercise. During the bench press, the pectoral
muscles act as the agonists, the anterior deltoids and triceps
brachii serve as synergists, the latissimus dorsi muscles of the
upper back are the antagonists, and the biceps brachii muscles
perform the stabilizing function. In contrast, during seated
rows, the latissimus dorsi muscles become the agonists, with



the pectoral muscles acting as antagonists, the trapezius and
biceps brachii muscles becoming synergists, and the gluteus
maximus and lower back muscles (erector spinae) muscles
becoming stabilizers. This illustrates the versatility of
individual muscles when performing various movements or
exercises.

Table 3.1 displays many of the major muscles and their
functions during movement. The function of the muscles
during a concentric (shortening) contraction are listed. These
muscles also control the opposite function listed in the table
during an eccentric (lengthening) contraction. For example,
the quadriceps muscles cause the knee to extend when they are
contracting concentrically, such as raising the body during a
deadlift. They also control the speed of knee flexion during an
eccentric contraction, such as lowering the body during the
deadlift.

Note that skeletal muscles are often considered groups within
the body rather than individual muscles. Throughout the
human body there are 13 major muscle groups, listed here in
alphabetical order:

 

1. Abdominal muscles are located on the stomach and flex
the spine. Specific muscles in this group are the rectus
abdominis and transverse abdominis.

2. Biceps muscles are found on the front of the upper arm
and flex the arm at the elbow joint. Specific muscles
include the biceps brachii and the brachialis.

3. Calf muscles are found at the back of the lower leg. The
specific muscles are the gastrocnemius, plantaris, and
soleus muscles, and they extend the foot at the ankle
joint.

4. Deltoids are present at the top of the shoulder joint. The
three sets, or heads, of fibers that form this muscle group
are the anterior (front), posterior (back), and lateral (side)
heads.

5. Erector spinae muscles are found in the lower back and
are used to extend the spine. Specific muscles are the
iliocostalis, longissimus, and the spinalis.



6. Gluteal muscles—the gluteus maximus, gluteus medius,
and gluteus minimus—make up the buttocks. This muscle
group extends, abducts, and rotates the hip joint.

7. Hamstrings are composed of the biceps femoris,
semitendinosus, and semimembranosus at the back of the
upper leg. This muscle group flexes the leg at the knee
joint.

8. Latissimus dorsi and rhomboid muscles are located in the
middle of the back. The latissimus muscles pull the arms
down to the pelvis, and the rhomboids (major and minor)
pull the shoulder blades together at the back.

9. Oblique muscles (external and internal) are located within
the rib cage on the sides of the body. When contracted,
they assist in respiration by either reducing the thoracic
cavity (internal obliques) during expiration or expanding
the rib cage during inhalation (external obliques).

10. Pectoralis muscles comprise the pectoralis major and
pectoralis minor, which are found in the upper chest. The
pectoralis major helps move the upper arm (flexion,
abduction, rotation). The pectoralis minor helps stabilize
the scapula, or shoulder blade.

11. Quadriceps femoris, the large muscle group at the front of
the upper leg, extends the leg at the knee joint. The four
muscles of the quadriceps are the vastus lateralis, vastus
medialis, vastus intermedius, and rectus femoris.

12. Trapezius muscles span from the middle of the spine to
the base of the skull. Their main function is to move the
scapula.

13. Triceps muscles are located at the back of the upper arm.
When the medial, lateral, and long heads contract, they
extend the arm at the elbow.



Structure of Muscle
To better understand what gives skeletal muscle its remarkable
capacity to do work, we must first appreciate its structure at
the cellular level. Skeletal muscle nicely exemplifies the
biological tenet that form and function are tightly linked. A
whole skeletal muscle comprises groups of fibers packaged
together as fascicles, with each fascicle bound together by a
layer of connective tissue called the perimysium. In turn, the
whole muscle is surrounded by a layer of connective tissue
called the epimysium, and each individual muscle cell is
surrounded by a layer of connective tissue called the
endomysium. The individual cells are called muscle fibers
because they are long and cylindrical. Each muscle fiber
comprises numerous myofibrils that are tightly packed
together in a parallel arrangement extending the full length of



the muscle fibers, which, in turn, typically run the full length
of the whole muscle (17, 19). The relationship between
myofibrils, muscle fibers, and whole muscles is depicted in
figure 3.2.



Figure 3.2 Relationship between the whole muscle, its muscle
fibers, and its myofibrils.

The myofibrils are composed of muscle proteins, collectively
called myofilaments, which are arranged in an overlapping
orientation that, as we will soon see, accounts for the sliding-
filament mechanism of muscle contraction (16, 17, 21). Thick
filaments are composed of the protein myosin, a large protein,
whereas the thin myofilaments feature the smaller protein
known as actin. Upon closer examination, actin is made of
two protein strands wound around each other in a double helix.
Both myosin and actin are contractile filaments. The
regulatory proteins called tropomyosin and troponin
complement the contractile myofilaments and initiate
contraction. The larger tropomyosin filament is bound to the
actin, specifically within the groove resulting from the
interweaving of the two actin strands, whereas troponin
molecules are regularly dispersed along the tropomyosin
filament. The sarcomere, the smallest functional unit of
skeletal muscle, features the overlap of actin and myosin,
which generate force, along with the presence of the necessary
regulatory filaments of tropomyosin and troponin to serve as
the on–off switch of the contractile activity of myosin and
actin (figure 3.3).



Figure 3.3 Sarcomere and its contractile filaments myosin
(thick filament) and actin (thin filament). Note the degree of

overlap between those two myofilaments and that the length of
myosin composes the A-band (or dark band) and the length of

actin determines the I-band (or light band). The H-zone is
where myosin can be found without overlapping with actin.

The M-line is composed of a tough, durable protein that
anchors myosin in position during contraction.

Function of Muscle
The muscle generates force through the sliding-filament
mechanism of contraction. This mechanism demonstrates how
the myofilaments (myosin and actin) interact with each other
to cause a twitch (a single contractile event), resulting in the
muscle fiber shortening and producing force. Under resting
conditions, despite their close proximity to each other, there is
no physical contact between myosin and actin. More
specifically, the crossbridge heads of myosin are unable to
attach to binding sites on the nearby actin filaments. This is
due to the fact that tropomyosin masks, or blocks, those
binding sites under resting conditions. Still, even in this resting
state, the crossbridge heads of myosin are energized and ready
to interact with the actin binding sites when they become
exposed. Thus it is fair to say that under resting conditions, the
crossbridge heads of myosin, which ultimately are responsible
for muscle force production, behave much like a series of



mouse traps that have been set and are ready to release their
stored energy to cause contraction, but only upon the exposure
of binding sites on nearby actin filaments.

Key Point
Muscle shortens when myosin and actin myofilaments slide
over each other; no protein itself actually shortens.

The interaction between myosin and actin is caused by an
increase in cytosolic calcium (see the next section), which
binds to troponin molecules. Recall that troponin is found at
regular intervals along the tropomyosin that winds around the
actin molecule, blocking the binding sites. When its
concentration is elevated, cytosolic calcium binds to troponin,
causing a conformational shift in that molecule, which is
transmitted to the tropomyosin molecule. Tropomyosin then
undergoes its own conformational shift and exposes the
binding sites on actin. With the exposure of the binding sites,
crossbridge heads from myosin are able to attach to actin.
Upon the formation of these actomyosin complexes, the
crossbridge heads of myosin can take advantage of their
energized state to release their stored energy, pulling actin
along the myosin filament via the ratchet-like movement of the
myosin crossbridge heads. This movement, called the power
stroke, shortens the fiber and generates force. The amount of
force generated by a contracting muscle is directly
proportional to the number of actomyosin complexes formed;
they are the functional units responsible for force production.

After this movement, or sliding event, has occurred, the
actomyosin complex remains intact until an ATP molecule
binds to the myosin crossbridge head, terminating the
interaction between the myosin crossbridge head and the actin
binding site. Then, with the presence of ATP on the
crossbridge head, the ATPase enzyme that is always present on
the crossbridge is able to hydrolyze the ATP, providing the
energy needed to move the crossbridge head back to its
original position and energized state. Should any exposed actin
binding site be in proximity, the crossbridge head will interact
with it, causing another power stroke that further shortens the
muscle fiber and produces additional force. This process



repeats until cytosolic calcium levels return to resting
concentrations, allowing tropomyosin to return to its normal
position, where it blocks binding sites along the actin
myofilaments. The sequence of events referred to as
crossbridge cycling is portrayed in figure 3.4.



Figure 3.4 Sequential steps of myosin crossbridge cycling and
the power stroke resulting in contraction and force production.

Initiation of Muscle Contraction
As stated previously, the sliding-filament mechanism
responsible for muscle contraction is elicited by a sudden
increase in cytosolic calcium levels. But what are the events
leading to this dramatic elevation of cytosolic calcium? The
source of this calcium is the sarcoplasmic reticulum, a large,
intracellular organelle that serves as a reservoir of calcium
within the muscle fiber (16, 17). When a neural impulse, or
electrical excitation, is delivered to the muscle fiber’s surface
(i.e., the sarcolemma), it travels along the sarcolemmal
membrane into its T-tubules, which bring the membrane and
its electrical impulse into the fiber without actually entering
the internal region of the fiber (think of plastic wrap following
a crevice made in a potato, following its contours while
remaining on the outside of the potato). However, as the neural
impulse travels into the T-tubule, it excites dihydropyridine
(DHP) receptors within the T-tubular membrane. These DHP
receptors are voltage sensors, and the electrical excitation of
the impulse results in a conformational shift in the DHP
receptors. This shift is then conveyed to the ryanodine
receptors, which are in close proximity but are components of
the membrane of the sarcoplasmic reticulum within the muscle
fiber, making them intracellular in their location. These
ryanodine receptors are calcium channels, and upon



stimulation by neighboring, conformationally altered DHP
receptors, these channels open, resulting in a rapid efflux of
calcium from the sarcoplasmic reticulum into the cytosol of
the muscle fiber. This newly released calcium then binds to
nonryanodine calcium channels on the membrane of the
sarcoplasmic reticulum, causing them to open as well. This
second method of calcium efflux from the sarcoplasmic
reticulum is referred to as calcium-induced calcium release (4,
17).

When its concentration increases, cytosolic calcium binds to
troponin, setting forth a series of events that exposes binding
sites on actin, including the power strokes carried out by
myosin crossbridge heads (i.e., sliding-filament mechanism of
muscle contraction). Crossbridge cycling continues until
neural stimulation of the sarcolemma discontinues, allowing
calcium to be pumped back into the sarcoplasmic reticulum,
thus restoring cytosolic calcium to its resting value. The
process of converting the neural stimulation of the muscle
fiber’s external membrane to the contractile events occurring
within the interior of the fiber is referred to as excitation–
contraction (E–C) coupling, and the DHP and ryanodine
receptors are essential components of this coupling process
(4).

Key Point
E–C coupling enables a neural impulse to trigger a muscle
twitch and force production.

Types of Muscle Action
Although we typically think of skeletal muscle contraction as a
process that is characterized by muscle shortening, there are
actually three types of muscle contractions, all of which result
in force production (9). The first type is referred to as
concentric, and it occurs when the force developed by the
contracting muscle exceeds the load resisting movement.
Accordingly, the muscle shortens and the load moves.
However, when the load resisting the action of the muscle is
greater than the force generated, the muscle lengthens rather
than shortens. This lengthening type of contraction is referred



to as eccentric. Both types of contractions are used in
resistance training. For example, when doing biceps curls, the
movement of the barbell from the starting position up to the
shoulders, with the elbows in a flexed position, results from a
concentric contraction. But when slowly lowering the barbell
back to the starting position, where the elbows are in the
extended position, an eccentric contraction occurs in the
biceps brachii muscle. Finally, if the force produced by the
active muscle equals the load resisting movement, it is said to
be an isometric contraction, meaning there is no change in the
length of the muscle as it exerts force.

Research has shown that, perhaps counterintuitively, the force
produced by a muscle during an eccentric contraction at
maximal effort is greater than that generated during an
isometric contraction, which in turn exceeds that produced
during a maximal concentric contraction (9). So although you
may not be able to move a load in the desired direction, your
muscles develop more force while lowering a weight (load)
than while lifting it. Because a muscle may not shorten while
it is generating force (i.e., eccentric and isometric
contractions), many consider the proper term for muscle
activity to be action rather than contraction, although the
terms are often used interchangeably.



Muscle Mechanics
In addition to the type of contraction a muscle is undergoing,
other factors influence how much force, or tension, is
generated by a maximally contracting muscle. For instance,
how quickly the muscle is moving through its range of motion
(ROM) while contracting has a major impact on how much
force it will produce. This relationship is called the force–
velocity curve. Briefly stated, the faster the rate of movement
during maximal effort contraction, the smaller the amount of
tension generated. Moreover, this relationship is curvilinear
rather than linear; hence the term force–velocity curve. In other
words, if there is a 25% increase in contractile velocity from a
static initial position, there will not be a corresponding 25%
decrease in force production. In fact, there is likely to be a
decline in force far greater than 25% because decrements in
force production are most precipitous when first varying from
a nonmoving isometric contraction, becoming less pronounced
as movement velocity increases (figure 3.5). In large part this
is explained by the fact that as the speed at which the actin and
myosin filaments slide over each other increases, there is a
decreased probability that the myosin crossbridge heads will
be able to bind to the exposed binding sites. (Think of how
much more difficult it is to hit a 90 mph [145 km/h] fastball
than one delivered at 60 mph [97 km/h] in baseball.)
Mechanistically, this is accounted for by the fact that the fewer
actomyosin complexes formed, the less tension generated by
the muscle.



Figure 3.5 Force–velocity curve of muscle contraction. Note
that the decline in force produced is not linear; decreased
production is most dramatic when the rate of movement

initially increases from a stationary position.

Another principle of muscle mechanics is called the length–
tension relationship, shown in figure 3.6. This relationship is
based on the degree of overlap between myosin and actin
filaments. The most force develops when there is optimal
overlap between those two contractile filaments, allowing the
greatest number of actomyosin complexes to develop. Recall
that it is the total number of these complexes that ultimately
determines the tension generated by a contracting muscle.
When the muscle is stretched beyond optimal length—
interestingly, optimal length coincides with natural resting
length—actin pulls away from myosin, limiting the overlap
between these two myofilaments as well the number of
actomyosin complexes that can be established between them.
Yet when a muscle shortens beyond optimal length, there is
also a decrease in the number of actomyosin complexes that
can form and thus force that can be developed (because the
exposed binding sites on actin are not properly aligned with
the crossbridge heads of myosin). When muscle length varies
more than 30% beyond its optimal overlap between actin and
myosin, whether too long or too short, the generated force
drops dramatically (9, 17, 19).



Figure 3.6 Length–tension relationship of muscle contraction.
Note that peak force is produced when there is optimal overlap

of myosin and actin, thus allowing the greatest number of
actomyosin complexes to form.



Neuromuscular Anatomy
Muscles must be stimulated to contract. The only direct
stimulation of skeletal muscle tissue comes from the motor
(somatic) branch of the voluntary nervous system. Thus, on
many accounts it is more accurate to describe the
neuromuscular system of the body and its ability to generate
force. For the sake of simplicity, however, we will address
specific features of skeletal muscle and its innervating motor
neurons separately.

Muscle Fiber Types
A remarkable feature of the human body is its ability to
perform a wide range of physical activities, from brief,
powerful actions such as throwing a grenade to long,
submaximal efforts such as an extended rucksack march.
Although it is the muscles’ total functional capacity that makes
it possible to carry out such diverse activities, the various
muscle fiber types that compose the muscles are specialized to
carry out specific activities.

Several methods are employed to distinguish the fiber types in
human skeletal muscle, but it is generally agreed that there are
three major fiber types (13, 16). For example, if cross-sections
of muscle tissue are stained for the ATPase activity of myosin
crossbridge heads, the three major types of fibers are referred
to as Type I, Type IIA, and Type IIX depending on their staining
intensity. On the other hand, if we distinguish fiber types
according to their contractile and metabolic characteristics, we
identify three major categories, referred to as slow oxidative,
fast oxidative glycolytic, and fast glycolytic. However, the
three categories of fiber types identified by these two
classification schemes clearly coincide with each other. Those
fibers that stain as Type I function in the same way that slow
oxidative fibers do, fibers that stain as Type IIA display the
contractile characteristics of fast oxidative glycolytic fibers,
and fibers that stain as Type IIX show the same contractile
features as fast glycolytic fibers. More recently, antibodies
have been isolated (15, 18) to distinguish individual fiber
types according to the specific isoform of myosin expressed by



the fiber, resulting still in three major categories (Types I, IIA,
and IIX). Again, although the specific variable used for
categorization of fiber types might vary, the fibers themselves
retain their characteristics, resulting in considerable overlap of
the classification systems.

To emphasize an important point, it is the various types of
muscle fibers found in our muscles that permit the body to
perform such a wide array of activities. For instance,
contractile activity during an endurance event is mainly
assigned to the Type I, or slow oxidative, fibers, with some
assistance by Type IIA, or fast oxidative glycolytic, fibers.
During moderate-intensity activity (e.g., 1,500 m [1,640 yd]
run), the Type IIA, or fast oxidative glycolytic, fibers mainly
determine performance. Finally, during brief, maximal-
intensity activities such as the 100 m (109 yd) sprint, the Type
IIX, or fast glycolytic, fibers are primarily responsible for
performance. Table 3.2 presents characteristics of the three
fiber types.



Just as muscle fiber types are specialized to conduct certain
tasks (e.g., high force but short duration, low force but long
duration), whole muscles within the body sometimes have
specialized tasks to perform, and the fiber types in those
muscles reflect the tasks the muscles carry out. For example,
the soleus (a calf muscle) functions primarily as a postural
muscle, enabling us to stand upright for long periods of time,
and the most abundant fiber type in that muscle is Type I,
which is very fatigue resistant. However, most of the larger
muscles, such as the quadriceps (thighs) and deltoids
(shoulders), which take part in a variety of activities, comprise
approximately equal percentages of Type I and II fibers and
thus are more versatile in their activities (13).

Motor Units and Fiber Types
Muscle fibers are unable to contract until they receive an
excitatory impulse from the motor system. Remember that
muscle paralysis typically results from damage to the nervous
system (e.g., spinal cord) rather than to the muscles
themselves. Because there are far more muscle fibers in the
body than there are motor neurons to innervate them, each
motor neuron branches out to form numerous nerve terminal
endings as it reaches the muscle. In this way a single motor
neuron may innervate a multitude of fibers in a muscle (figure
3.7). The motor unit is defined as a single motor neuron and
all the fibers that it innervates (3, 21). In large muscles, which
do not require fine, complex movements, sometimes hundreds
of fibers can be found in a single motor unit. In muscles that
do require fine control over movements (e.g., hand muscles),
perhaps only a dozen fibers form a single motor unit (3).
Regardless of the size of the motor unit, all muscle fibers of



that unit are the same type. In large part this is true because it
is the motor neuron that determines the contractile
characteristics and, by extension, the type of its associated
muscle fibers.



Figure 3.7 A single motor neuron may innervate many muscle
fibers in a muscle via the motor neuron.

Motor neurons also dictate the recruitment patterns of the
motor units found in a given muscle. More specifically, motor
neuron size determines which motor units within a muscle are
most easily recruited and thus which will be the first to be
recruited when performing a task. Smaller motor neurons are
recruited first because they offer less resistance to the neural
impulses generated by the motor system that initiate motor, or
muscle, activity. These smaller motor neurons typically have
fewer branch points and accordingly innervate fewer fibers.
Moreover, the fibers innervated by small motor neurons are
also smaller, generating less force, and are generally Type I, or
slow oxidative, fibers. At the other end of the spectrum, the
largest motor neurons are the most difficult to recruit because
they offer much more resistance to neural stimulation, yet
when they do respond they generate the greatest amount of
force. This is due to the fact that they give rise to a large
number of branch points, thus innervating a greater number of
muscle fibers. In turn, these fibers are Type IIX or fast
glycolytic, are large in size, and are capable of developing
impressive amounts of force. As expected, motor neurons that
are intermediate in size are moderately difficult to recruit and
innervate a moderate number of muscle fibers, which tend to
be intermediate in size and thus contractile strength. So when
voluntary muscle movements are performed, smaller motor
neurons are initially recruited. But if the smaller motor
neurons cannot generate adequate force to perform the task,



progressively larger motor neurons are called into play until
the necessary amount of muscle mass is being recruited to
produce the necessary force. This is known as the size
principle of motor unit recruitment (8).

This technique of motor unit recruitment is not the only way
that we regulate the amount of force our muscles generate.
Another way of progressively increasing muscle force
production is called rate coding. In this method, the speed at
which neural impulses are fired by the individual motor
neuron can be increased, exciting the muscle fibers it
innervates at a faster pace and resulting in greater force
production by way of summation or fusion of individual
twitches (see figure 3.8). In larger muscles featuring a mixed
distribution of fiber types, there is interplay between the two
strategies of rate coding and motor unit recruitment when
trying to exert greater amounts of force (i.e., first rate coding,
then recruitment, and finally a return to rate coding at maximal
effort). But in smaller muscles, which tend to be more
homogeneous in fiber type, it appears that rate coding is the
major player in determining how much force the muscle can
generate (3).



Figure 3.8 Summation of individual muscle twitches (tetanus)
to produce greater muscle force.

Key Point
The neuromuscular system uses two strategies to regulate the
amount of force produced in order to perform a task. One is
motor unit recruitment (i.e., calling into play more motor units
and muscle fibers), and the other is rate coding (i.e., how
rapidly electrical impulses, or action potentials, are fired down
the motor neuron to the muscle fiber it innervates).

Muscle Spindles and Golgi Tendon
Organs
Along with managing rate coding and recruitment patterns,
which are both voluntary strategies, regulation of muscle force
production is influenced by the amount of feedback provided
by neural components in the contracting muscles and
associated tendons. The vast majority of fibers within any
skeletal muscle are categorized as extrafusal and are designed
to contract and develop force; however, all skeletal muscles
also contain a small number of intrafusal fibers, which contain
a capsule known as the muscle spindle and yield sensory
feedback information concerning the amount of stretch
experienced by the muscle. This information is then relayed to
the central nervous system (CNS) so that it can adjust the
amount of tension that the muscle must develop to avoid being
further stretched and possibly damaged. A greater amount of
weight or resistance placed upon the muscle will result in a
greater degree of stretch, triggering a stronger sensory
feedback signal to the CNS. The CNS reacts by eliciting a



more powerful response from the muscle in order to overcome
the resistance.

In addition to muscle spindles, Golgi tendon organs (GTOs)
provide sensory feedback to the CNS so that it can elicit the
proper amount of muscle contractile force to overcome the
resistance placed upon the muscle. GTOs are proprioceptors
that are located in the region of the tendon near the muscle’s
insertion point (see figure 3.9) and are sensitive to the tension
exerted at the musculotendinous junction. They also play an
important protective role by inducing relaxation among
contracting muscle fibers, thus inhibiting excessive force
production by the extrafusal fibers that may result in muscle
damage.



Figure 3.9 Stimulation of the Golgi tendon organ (GTO)
showing muscle inhibition.

Neuromuscular Junction
Recall that each motor unit composing a skeletal muscle
features a single motor neuron and all of the muscle fibers that
the neuron innervates. This implies that a message must be
delivered from the nerve terminals of the neuron to the
surface, or sarcolemma, of each muscle fiber. The highly
specialized synapse that enables nerve-to-muscle
communication is known as the neuromuscular junction
(NMJ). At the NMJ, the presynaptic component features nerve
terminal endings containing the vesicles (sacs) that store the
excitatory neurotransmitter acetylcholine. A specialized region
of the sarcolemma called the end plate acts as the postsynaptic
component of the NMJ. The end plate is a small, swollen
region accounting for less than 0.1% of the sarcolemma’s
entire area surrounding the muscle fiber (1), but, importantly,
it expresses receptors for acetylcholine.

In the structural arrangement of the NMJ, the presynaptic
acetylcholine vesicles and postsynaptic receptors are tightly
coupled, with their locations mirroring each other across the
synaptic cleft. In this way the release sites for acetylcholine



are directly opposite from, and in close proximity to, the
binding sites for that neurotransmitter. This maximizes the
chance that, once released into the synaptic cleft, acetylcholine
will bind to its postsynaptic receptors. Once this binding to the
receptor sites occurs, channels embedded in the muscle fiber’s
membrane are opened, allowing an influx of sodium and an
efflux of potassium. This movement of ions across the
membrane elicits a localized depolarization, or electrical
impulse, termed the end-plate potential. This local electrical
charge of the end-plate region elicits an action potential that
spreads throughout the entire sarcolemma, exciting the whole
muscle fiber. It is this excitation that is carried into the T-
tubules of the fiber, triggering the E–C coupling process
previously described. Thus, it is fair to say that the NMJ serves
as the anchor of the neuromuscular system because it enables
communication between the nervous and muscular branches of
that system. Figure 3.10 illustrates the NMJ.



Figure 3.10 NMJ and its pre- and postsynaptic features.



Neural Responses During Exercise
As might be expected given the tight integration between the
muscles and the motor neurons that form the neuromuscular
system, significant neural responses or adjustments are
generated during exercise. Moreover, due to the differing
demands of endurance and resistance exercise, neural
responses are specific to those modes of training. For example,
during endurance exercise, the nervous system makes
adjustments in an attempt to maintain force production and
offset fatigue. A major neural response occurs by increasing
the number of motor units recruited during extended
submaximal exercise. More specifically, as some muscle fibers
and motor units experience reductions in force production (i.e.,
fatigue), additional motor units, and their constituent muscle
fibers, are recruited to compensate for the decreased force
produced by the initial fibers. Further, as some motor units
display fatigue, the nervous system activates fresh, or
previously unrecruited, motor units to maintain force
production, while fatigued motor units drop out, or are
derecruited (11).

In addition to fatigue-related modifications to motor unit
recruitment, rate coding—or the speed at which motor neurons
fire impulses to muscle fibers—declines during prolonged
activity, accounting for some of the fatigue noted in those
active muscles (7). This change in rate coding observed in
fatigued neuromuscular systems could be related to the
decreased excitability of motor neuron axons that has been
noted during continuous firing of electrical impulses (14). The
excitability of a motor neuron’s axon is related to the capacity
of ATP-dependent sodium-potassium pumps to reestablish
proper separation of charge across the axon’s membrane
between the electrical impulses traveling down the axon.
During repetitive endurance activities, changes in
neuromuscular transmission efficiency are also detected. This
measure of neuromuscular function assesses the efficacy with
which the neural impulse generated by the motor neuron is
able to cross the synapse at the NMJ and excite the membrane
(sarcolemma) of the postsynaptic muscle fiber. During rest, the



efficiency of this nerve-to-muscle communication is about
95%. But following an extensive series of muscle contractions,
this efficiency has been shown to decline to approximately
60% (2).

One particularly important neural response that takes place
during resistance exercise is a great increase in the total
amount of neural drive delivered to the exercising muscle so
that the muscle can produce more total force (12). This permits
the recruitment of a greater number of motor units and thus
muscle fibers. Moreover, the rate of neural impulses delivered
to contracting muscle fibers is amplified, resulting in higher
force production by each muscle fiber recruited (20). Also
assisting in greater force production is an elevated
coordination of the agonist, antagonist, synergist, and
stabilizer muscles recruited during a movement that is
mediated by improved neural communication (12).



Biomechanical Principles
Biomechanics is commonly defined as the study of forces
acting on, and generated within, a body and the effects of
those forces on the tissues, fluid, or materials used for
diagnosis, treatment, or research purposes (6). It is a heavily
quantitative discipline that uses procedures and techniques
also used in physics and engineering. Much of the forces
generated by the human body during physical activities can be
explained with a biomechanical analysis of the movements
involved.

Lever Systems
When muscles pull on bones, they rotate a body segment
around a joint. The rotational effect of the muscle action
depends on the type of lever system involved. A lever system
contains a lever (i.e., a body segment such as the foot, lower
leg, or forearm), an axis of rotation or joint, a muscle force
(generated by muscle contraction), and a resistance force
(usually gravity and an object being lifted). There are three
types of lever systems (figure 3.11): first class, second class,
and third class (6).



Figure 3.11 Lever systems. (a) A first-class lever system has
the joint between the muscle force and the resistance (weight

of the head). (b) A second-class lever system has the joint near
one end and the muscle force farther away from the joint than

the resistance (weight of the body). (c) A third-class lever
system has the joint on one end and the muscle force closer to

the joint than the resistance (weight of the forearm).



 

1. First class: In the first-class lever system, the joint is
located between the muscle force and the resistance force
of gravity. Only a few examples of first-class levers can
be found in the human body, such as the weight of the
head on the anterior side of the cervical joints of the spine
with the posterior neck muscles on the other side of the
cervical joints (figure 3.11a).



2. Second class: In the second-class lever system, the joint
is located near one end of the body segment (e.g., the
arm), with the muscle force exerted farther away from the
joint than the weight, or resistance (figure 3.11b). An
example of the second-class lever system in the human
body would include the body being raised up on the ball
of the foot with the calf muscles and the force they exert
being farther away from the ball of the foot than the
weight of the body. The second-class lever system is a
mechanically advantaged system because the muscle
force produced is less than the weight of the body.

3. Third class: The third-class lever system is the most
common one in the human body. In this system, the joint
is near one end of the body segment, and the force of
muscle contraction is focused at a point closer to the joint
than is the weight, or resistance (figure 3.11c). As an
example, a third-class lever system is used in a biceps
curl because the elbow flexor muscles are closer to the
elbow joint than the weight held in the hand. The third-
class lever system is a mechanically disadvantaged
system because the muscle force must be much greater
than the resistance that must be overcome. This type of
lever system therefore requires large muscle forces to
move body segments.

Muscle Torque Versus Resistive Torque
The term torque refers to the rotational effect of a force around
an axis of rotation (6). When a muscle force pulls on a body
segment, it causes muscle torque. If the torque generated by
the contracting muscle is stronger than the torque related to the
resistance, the body segment will rotate about the joint.
Muscle torque is calculated by multiplying the muscle force
times the torque arm, which is the perpendicular distance
between the joint and the muscle’s line of pull. This distance is
referred to as the moment arm or force arm. In figure 3.12, the
muscle torque is calculated by multiplying the muscle force
(100 lb [445 N]) by the force arm (0.2 ft [0.061 m]) for a
muscle torque of 20 foot-pounds (27 Nm). Therefore, there are
two ways to increase the muscle torque around a joint. The



most common method is to increase the muscle force
produced. The other method is to increase the distance
between the muscle and the joint. Though the second method
is mainly determined by the size of the athlete, it also varies
throughout the ROM due to the changing distance between the
muscle and the joint (6).



Figure 3.12 Muscle torque and resistance torque. Muscle
torque is calculated by multiplying the muscle force by the

force arm, which is the perpendicular distance from the joint to
the muscle force. Similarly, resistance torque is calculated by

multiplying the resistance (weight) by the resistance arm,
which is the perpendicular distance from the joint to the

resistance.

Because the body is made of levers and joints, the resistance at
each joint is calculated as a resistive torque instead of weight
applied in a linear direction. This resistance torque is
calculated similarly to the muscle torque by multiplying the
weight by the perpendicular distance between the resistance
and the involved joint. This distance is often referred to as the
resistance arm. In figure 3.12, the resistance torque is
calculated by multiplying the weight of the dumbbell (10 lb
[44.5 N]) by the resistance arm (1.4 ft [0.43 m]) for a resistive
torque due to the dumbbell of 14 foot-pounds (19 Nm).
However, the resistive torque due to the combined weight of
the arm and hand (8.6 lb [38.3 N] as calculated as a percentage
of the body weight of an average-sized man) must also be
taken into account. This value is multiplied by the distance
between the weight of the forearm and hand to the joint (0.7 ft
[0.21 m]) for a resistive torque of 6 foot-pounds (8 Nm).
Therefore, the total resistive torque would be the resistive
torque due to the weight (14 ft lb [19 Nm]) plus the resistive
torque of the forearm and hand (6 ft lb [8 Nm]) for a total of
20 foot-pounds (27 Nm).



Notice that because the muscle torque is equal to the sum of
resistive torques, the opposing torques offset each other so that
the forearm, hand, and dumbbell are stationary. Also note that
when the arm was balanced, it took 100 pounds (445 N) of
muscle force to balance the 10-pound (44.5 N) dumbbell and
the 8.6 pounds (38.3 N) of the forearm and hand. With the
muscle torque of 20 foot-pounds (27 Nm) and a muscle
moment arm of 0.2 feet (0.061 m), the force produced by
muscle is calculated to be 100 pounds, or 445 N (100 lb = 20
ft lb / 0.2 ft). The large muscle force produced relative to the
smaller resistive forces is due to the fact that the body
typically uses a mechanically disadvantaged third-class lever
system, as previously described.

To lift as much weight as possible, it is necessary to minimize
the resistance torque due to the weight by reducing the
perpendicular distance from the weight to the joint (i.e., the
resistance arm). This explains why first responders must keep
their backpacks as close to the body as possible to minimize
the resistance it presents. For example, if the responder holds
the weight away from the body, the perpendicular distance
from the weight to the body increases, and the resistive torque
increases along with it (figure 3.13a), requiring more muscle
torque to lift the weight. Conversely, when the weight is close
to the body, the resistance arm decreases, so the resistive
torque due the weight also decreases (figure 3.13b). This
would allow the first responder to lift the weight with a lower
muscle torque even though the weight itself is the same (6).



Figure 3.13 Resistive torque during lifting. (a) The resistive
torque is large when the weight is away from the body. (b) The

same weight can have a smaller resistive torque because the
weight is closer to the body.





Types of Muscle-Strengthening
Exercises

Muscles perform many functions during exercise. Sometimes
the muscles are generating force while they are stationary
using isometric muscle contractions. More typically, exercise
involves movements that require both concentric and eccentric
muscle contractions. The following types of strengthening
exercises illustrate the many ways to apply resistance to the
muscles to cause them to adapt and strengthen (6, 17).

Isometric
The word isometric means “same length,” indicating that the
contracting muscle shows no movement. The muscles are
actively generating force without external movement of the
body or its segments. An example of an isometric exercise is
pushing your hands together in front of your chest with no
external movement.

Isometric muscle contraction can be found in a myriad of
occupational activities: Holding a charged fire hose,
maintaining proper body positions in simple tasks such as
sitting or extended standing, and wearing body armor or self-
contained breathing apparatus are all examples in which
isometric muscular strength and endurance are essential for the
tactical athlete. As such, this type of muscle contraction is
utilized constantly by the tactical athlete and therefore should
be considered during exercise selection. The use of planks for
abdominal strengthening and maintaining proper body position
during a squat exercise are examples of isometric contractions
during workouts.

Isotonic
The word isotonic means “same tension,” or force. These
types of exercises include lifting weights whose resistance to
the contracting muscles does not change while moving
through the movement ROM. This is best exemplified by
resistance training with free weights or stacked-plate weight
machines. But use of the term isotonic in these cases can be a



misnomer because even though the weight placed on a barbell
during, for example, a biceps curl does not change during the
movement, the resistance to the contracting muscles does
change throughout the ROM because the perpendicular
distance of the resistance torque varies. Figure 3.14 illustrates
how the resistance torque is low at the start of the movement
because the perpendicular distance is minimized. When the
weight is lifted, however, the forearm becomes horizontal and
the perpendicular distance lengthens, which increases the
resistance torque to the body. Although the term isotonic
means “same tension,” the resistance presented to a muscle
during these contractions varies throughout the ROM. This
varying resistance experienced by the contracting muscles
while lifting free weights, or stacked plates on a conventional
lifting machine, is the reason why variable-resistance weight
machines were developed.

All tactical occupations utilize isotonic muscle contractions
during their everyday activities. Whether lifting an ammo can,
sandbag, or riser pack or just picking something up from the
ground, isotonic muscle contractions are an integral
component for the tactical athlete. Isotonic exercises are the
form of resistance training that should be utilized most with
the tactical athlete, because of specificity of training—that is,
these exercises emulate the type of movements that are most
commonly seen during everyday activities.



Figure 3.14 Resistive torque changes throughout the joint
ROM. The resistance torque is low at the beginning of a

movement (a) and larger when the resistance arm
(perpendicular distance to the joint) increases (b).

Variable Resistance
In variable-resistance exercises, the resistance presented to the
contracting muscles by the weight training machine changes in
an attempt to match the mechanics of the body so that the
muscles may be maximally worked throughout the ROM.
Variable-resistance training equipment can change the
resistance torque that the body must overcome by altering the
perpendicular distance of the resistance. In doing so, it
presents the slightest amount of resistance when the muscles
are at their weakest position mechanically in the ROM, and the
greatest resistance is encountered when the muscles have their
greatest mechanical advantage in the ROM. In this way,
sticking points during repetitions are eliminated. Variable-
resistance machines accomplish this by using a pulley and cam
with an axis of rotation that is not in the center of the pulley.
Figure 3.15 illustrates how the perpendicular distance
increases when the pulley is rotated around the cam to increase
the resistive torque toward the end of the exercise.



This style of training allows (in theory) greater resistance to be
elicited throughout the entire ROM; however, it may not be
practical for optimization of muscular strength. Because of the
many differences between individuals, the design of these
machines may be less than optimal. Regardless, machine
workouts can be quite effective and time efficient and thus
practical for the tactical athlete. Always ensure a proper fit in
every exercise machine to optimize the biomechanics of the
resistance.



Figure 3.15 Variable-resistance exercises. Machines designed
with an asymmetrical cable guide or gear will change the

resistance torque to the body by changing the resistance arm
(perpendicular distance to the axis of rotation). (a) The

resistance arm is small, so the resistance torque is small. (b)
The resistance torque is larger due to the larger resistance arm

even though the weight stays the same.

Isokinetic
The word isokinetic means “same velocity,” referring to the
rate of movement through a ROM that is controlled, not the
resistance on the barbell or standard weight training machine.



Isokinetic exercises vary the resistance to the contracting
muscles in order to maintain a constant speed of movement,
and in doing so they compensate for the natural strong and
weak points that exist in a ROM. Accordingly, these machines
are good at measuring the amount of muscle torque the body
can produce throughout an entire ROM, so they are not limited
to the weakest biomechanical position, or the weak link in the
chain. Examples of isokinetic training devices include the
Biodex, Kin-Com, and Cybex dynamometers that are
commonly used by physical therapists.

Isokinetic dynamometers are cost prohibitive for the typical
strength and conditioning program and therefore not a usual
component of tactical athlete training. And although a training
tool that utilizes “same speed” may be a benefit in terms of
controlling the rate of movement through a ROM, this type of
movement is not typical in everyday activities for the tactical
athlete. Movements and activities will have different speeds
dependent on the joint angle and body positions. Therefore,
the use of isokinetic training may lack transference (of
muscular strength and power) from a biomechanical
perspective. During the rehabilitation process, however, the
tactical athlete might utilize an isokinetic training device
rather than a stand-alone training apparatus.

Key Point
Various kinds of resistance training equipment focus on
specific muscle actions (isometric, isotonic, and isokinetic).
When used properly, each type effectively develops muscle
strength. Considerations of how the different contractions will
transfer to everyday performance of the tactical athlete should
be at the forefront of exercise selection.



Biomechanical Factors Affecting
Muscle Strength

In addition to the action of a muscle, other factors contribute
to the force the muscle produces. Many of the factors that
determine the force generated by skeletal muscles are
biomechanical, or physical, in nature. Some of these are
discussed here.

Momentum
When lifting a weight at a fast speed, have you felt as if the
weight continues on its own at the end of the movement
natural range? This is because you have moved the weight fast
enough to give it kinetic energy (energy of motion), sometimes
referred to as momentum. Momentum is calculated by
multiplying the mass of the object by the velocity of its
movement. The energy of the weight due to this momentum
will cause the weight to continue moving until gravity or
another force stops the movement. It is important to
understand momentum in weightlifting because it will change
the muscle’s activity during the second half of a repetition. For
example, during the power clean exercise, the bar continues to
rise after the initial upward pull due to its momentum, which
provides time for the body to dip down to get under the bar
and catch it in a crouched position. As another example of
how momentum can affect exercise performance, think of
doing a bench press with a light weight while exerting
maximal muscle force at the fastest velocity possible. Toward
the end of the movement, or repetition, the lifter must slow the
momentum of the barbell by relaxing the agonist muscles of
the chest (pectoralis major muscle) and perhaps even
contracting the antagonist muscles of the upper back
(latissimus dorsi).

Work
The mechanical definition of work is the amount of the force
applied to an object multiplied by the distance traveled by that
object. This term is useful in weightlifting when it is important



to quantify the total amount of work performed during a
workout. For example, if a weightlifter moved a 225-pound
(1,001 N) barbell upward 2 feet (0.61 m) during each of 10
repetitions, then the total work completed during that set of 10
reps would be 4,500 foot-pounds (6,106 Nm) (225 × 2 × 10).
This would be the positive work during the set because the
applied force was in the same direction as the upward
movement. But we must also account for the fact that the lifter
also lowered the weight slowly to the original starting
position, and as a result the lifter generated work during the
negative phase of the movement. Negative work occurs when
the movement is in the opposite direction of the applied force.
Therefore, the lifter would have completed 4,500 foot-pounds
(6,106 Nm) of negative work while lowering the weight, and
consequently the total work performed would be 9,000 foot-
pounds (12,212 Nm). Weightlifters usually only calculate the
positive work (weight training volume) when quantifying their
workouts and, in most cases, they do not take into
consideration the distance. This is known as volume load and
would be 2,250 lb (10,010 N) in the previous example (225 lb
(1,001 N) barbell × 10 reps).

Power
The term power is used in many ways in everyday life.
However, mechanical power describes how fast we are able to
complete the work associated with a given task (6). It is
calculated as the amount of work performed per unit of time,
with the units of power expressed in foot-pounds per second
(ft-lb/s). For example, if a 140-pound (623 N) athlete walked
up 12 10-inch (0.25 m) steps, she would have raised her body
weight 120 inches (300 cm) or 10 feet (3 m). Therefore, a total
of 1,400 foot-pounds (1,869 Nm) of work would have been
completed. This work may have been completed in 5 seconds,
thus producing 280 ft-lb/s (374 Nm/s) of power, or this same
amount of work could have been done in 4 seconds, resulting
in 350 ft-lb/s (467 Nm/s) of power. By producing the same
amount of work in less time, more power would be generated.
Alternatively, more power can be generated by doing a greater
amount of work in the same amount of time. It is also possible
to express power in units of horsepower (hp) by dividing the



power quantified in units of foot-pounds per second by 550.
This would convert the power in the previous examples from
280 ft-lb/s (374 Nm/s) to 0.51 hp or 350 ft-lb/s (467 Nm/s) to
0.64 hp. A trained weightlifter can produce about 2.5 hp for a
few seconds, and an aerobically fit cyclist can produce about
0.5 hp for up to an hour.



Conclusion
The musculoskeletal and neuromuscular systems are major
organ systems that account for a substantial portion of the
human body’s total mass. Skeletal muscle fulfills numerous
important roles in the body, in large part by integrating with
the skeletal and nervous systems to form the musculoskeletal
and neuromuscular systems. But the most widely recognized
function of skeletal muscle relates to its ability to contract and
generate force. The broad spectrum of contractile activities
that the same muscle tissue is able to conduct is quite
remarkable. On a daily basis, we may rely on muscle to
produce brief, powerful movements, and just minutes later we
may ask those same muscles to continuously produce only
mild or moderate force for an extended period time. The
capacity to perform such a wide array of tasks is directly
related to the structure and function of the individual muscle
fibers that compose muscle tissue. More specifically, some
types of muscle fibers have structural and metabolic profiles
that are suited for short periods of high force production,
whereas other fiber types have size and metabolic
characteristics that lend themselves to lower force production
for long periods of time. It is truly impressive how these
different types of fibers, with their different functional
capacities, are found together in the same muscles, working
together to maximize the capacity of the body to do physical
work.

In this chapter, we have focused on describing skeletal and
muscle structure and function, along with the principles of
biomechanical analysis of movement. This information should
enable the TSAC Facilitator to design effective training
regimens for people in professions such as the military, law
enforcement, and fire and rescue, where physical strength and
fitness are essential for optimal job performance.

Key Terms
 

actin



antagonist
contractility
elasticity
excitability
excitation–contraction (E–C) coupling
extensibility
Golgi tendon organs (GTOs)
motor unit
muscle spindle
myosin
neuromuscular junction (NMJ)
ossification
osteoblast
osteoclast
prime mover
sarcomere
sarcoplasmic reticulum
size principle
synergist

Study Questions
 

1. During the eccentric movement of the biceps curl
exercise, the triceps brachii acts as what type of mover?

1. agonist
2. antagonist
3. synergist
4. stabilizer

2. Which of the following skeletal muscle tissue
characteristics gives the muscle the ability to stretch
beyond its normal, resting length?

1. excitability
2. contractibility
3. extensibility
4. elasticity

3. The biceps femoris, semitendinosus, and
semimembranosus muscles belong to which of the
following major muscle groups?

1. gluteals



2. hamstrings
3. quadriceps
4. shoulder complex

4. Which of the following are the regulatory proteins of the
myofilaments that are involved in the sliding filament
mechanism?

1. actin and myosin
2. troponin and tropomyosin
3. myosin and troponin
4. actin and tropomyosin



Chapter 4
Physiological Adaptations and

Bioenergetics
Todd Miller, PhD, CSCS,*D, TSAC-F, FNSCA

After completing this chapter, you will be able to

 

identify the characteristics of the primary energy systems,
define the training variables that can affect performance
outcomes,
describe the physiological adaptations to exercise
designed to improve fitness and performance,
discuss the volume and rate of detraining as it relates to
aerobic and anaerobic capacity, and
discuss the training requirements necessary to maintain
training adaptations.

The human body is a remarkable machine, capable of
tremendous feats of strength, endurance, and power. Like
many machines, the body requires fuel to operate, and this fuel
is contained in the food and drink we consume daily. The
breakdown of food into usable energy is called metabolism,
and the transfer of that energy within the body is referred to as
bioenergetics. The bioenergetic pathways discussed in this
chapter include the ATP-PCr system, glycolysis, and the
aerobic pathway. Each of these pathways is operating to
different degrees during exercise, and the capacity of each can
be manipulated through training. These manipulations lead to
changes in strength, endurance, power, speed, and muscle size.
This chapter focuses on the operation of these biochemical
pathways and training strategies for improving their
performance.



Bioenergetics and Metabolism
Through the process of metabolism, chemical energy is
liberated from macronutrients (carbohydrate, fat, and protein)
in the form of the compound ATP (adenosine triphosphate).
ATP provides the energy for all cellular work, and the vast
majority of ATP is consumed by skeletal muscle. Indeed,
skeletal muscle can be thought of as the engine that allows us
to run, jump, climb, carry, drag, lift, and so on, and therefore it
is the tissue where chemical energy is ultimately converted
into mechanical work. Carbohydrate, protein, and fat are the
three macronutrients that make up food. Normally, only
carbohydrate and fat are significant sources of fuel, whereas
protein is used primarily in maintaining and synthesizing
muscle.

ATP-PCr, or Phosphagen, System
The immediate availability of energy to power skeletal muscle
is critical during activities such as vertical jumping, short-
distance sprinting, and maximal lifting. The bioenergetic
pathway responsible for providing ATP during these high-
intensity activities is the ATP-PCr system or phosphagen
system. The ATP-PCr system resides in the skeletal muscle
sarcoplasm (cytoplasm of skeletal muscle) and derives its
name from the biochemical compounds involved in the
chemical reactions that produce energy: ATP and creatine
phosphate (CP), also called phosphocreatine (PCr). Muscle
cells contain a pool of both ATP and PCr in varying
concentrations, with about four to six times more PCr than
ATP (16). When energy demand is high and immediate (e.g., a
40 yd [37 m dash), ATP is rapidly broken down within the
muscle to provide energy for the activity, and the ATP
concentration in the muscle falls. The breakdown of ATP
occurs via the actions of an enzyme called myosin ATPase and
results in the splitting of the ATP molecule into adenosine
diphosphate (ADP) and inorganic phosphate (Pi):



The removal of one Pi from the ATP molecule releases energy,
which is used to power muscular work. The majority of the
remaining ADP is not broken down further and does not
contribute to energy provision. As the activity continues, ATP
concentration within the muscle rapidly falls, and ATP must be
resynthesized for the activity to continue. The cleavage of the
high-energy bond in PCr liberates energy, which is used to
resynthesize ADP and Pi according to the following equation:

If high-intensity exercise continues, PCr is eventually
depleted, and the exercise intensity must decrease. Typically,
the ATP-PCr system can provide energy for short bursts of
maximal activity not greater than approximately 6 seconds.

When attempting to improve performance in activities that use
the ATP-PCr system as the primary energetic pathway, the
principle of exercise specificity applies. High-intensity
exercises should be chosen that require a high degree of power
or force. For example, when improvement of single-effort
power is the goal, as in a maximal lift in the power clean,
loads should be close to maximal and only one to two
repetitions should be executed for three to five sets (1). When
training the ATP-PCr system, rest periods should be 2 to 5
minutes to allow for adequate resynthesis of ATP and PCr (1).

Key Point
The ATP-PCr system is important for the tactical population
due to the high-intensity, short-burst activities that are often
required on the job. Care should be taken to incorporate
exercises, drills, and training protocols that address the ATP-
PCr system.

Glycolysis
The second bioenergetic pathway involved in ATP production
during exercise is glycolysis, also known as the glycolytic
pathway. This pathway acts as the predominant source of
energy during all-out efforts lasting up to about 90 seconds.
Glycolysis consists of a series of chemical reactions that break
down glucose from the blood and glycogen in the muscle. Fat



cannot be broken down via the glycolytic pathway. Similar to
the ATP-PCr system, glycolysis also occurs in the skeletal
muscle sarcoplasm and involves a series of enzymatic
reactions that begin with glucose or glycogen as the starting
compound and end with pyruvate or lactate (figure 4.1).
Glycolysis is often known as anaerobic, fast, or partial,
glycolysis because it is the rapid, partial breakdown of glucose
that occurs without the need for oxygen. The rate at which
glucose is broken down in the muscle determines whether
lactate or pyruvate is the primary end product of glycolysis.
When exercise intensity is high and glucose is rapidly broken
down, lactate is the end product.



Figure 4.1 Glycolysis. The glycolytic pathway involves the
enzymatic breakdown of glucose or glycogen to pyruvate or

lactate.

Reprinted, by permission, from NSCA, 2016, Bioenergetics of exercise and
training, T.J. Herda and J.T. Cramer. In Essentials of strength training and

conditioning, 4th ed., edited by G.G. Haff and N.T. Triplett (Champaign, IL:
Human Kinetics), 47.

Lactate
The breakdown of glucose in the muscle sarcoplasm produces
hydrogen, much of which is shuttled into the mitochondria by
binding to the compound nicotinamide adenine dinucleotide
(NAD+) to form NADH. The rapid breakdown of glucose that
occurs when cellular energy demands are high causes some of
this hydrogen to bind to pyruvate, resulting in the formation of
lactate. Lactate production increases with exercise intensity (7,
20) and appears to depend on muscle fiber phenotype. For



example, fast-twitch fibers have a greater concentration of
glycolytic enzymes (2, 17) and therefore can break down
glucose at a higher rate than slow-twitch fibers can. This is
consistent with the significant lactate accumulation that occurs
during high-intensity exercise, which is when the fast-twitch
fibers are most active. Lactate concentrations in blood are a
function of the rates of lactate production and clearance in the
muscle. During low-intensity exercise, lactate clearance is
equal to its production, resulting in stable levels of blood
lactate. Both aerobic and anaerobic exercise training result in a
greater ability to metabolize lactate following the cessation of
exercise (5, 7), and exercise at approximately 35% of O2max
has been shown to be effective at increasing lactate clearance
(figure 4.2).



Figure 4.2 Blood lactate concentration following maximal
exercise using passive recovery and active recoveries at 35%,
65%, and combination 35% and 65% O2max. The horizontal

white line indicates the blood lactate level produced by
exercise at 65% O2max without previous exercise. The

bottom inset curve depicts the relationship between exercise
intensity and blood lactate removal.

Adapted with permission from S. Dodd, S.K. Powers, T. Callender, E. Brooks.
1984, “Blood lactate disappearance at various intensities of recovery exercise.”

Journal of Applied Physiology, 57(5):1462. Copyright © 1984 the American
Physiological Society.

Historically, lactate was thought to be a waste product of
muscle metabolism that limited exercise performance. In
reality, lactate provides a significant source of energy during
exercise (2, 15, 23), and lactate that is not metabolized during
exercise is converted back into glucose or glycogen in the liver
via a process called the Cori cycle (figure 4.3). As lactate is
produced in muscle, much of it is carried into the bloodstream
and ultimately to the liver. In the liver, lactate undergoes a type
of reverse glycolysis, converting back into glucose. During
exercise, this glucose is typically sent back into the
bloodstream, where it is carried to muscle so it can be used as
fuel. When exercise ends or energy demands are low, lactate in
the liver can be converted to glycogen and stored for later use.



Figure 4.3 Cori cycle.

Exercise that involves a significant contribution from
anaerobic glycolysis often leads to an accumulation of lactate
in the blood. The point at which the rate of lactate production
by the muscles exceeds the rate of lactate clearance is the
lactate threshold (LT). With increasingly higher exercise
intensities, a second inflection point occurs on the lactate
curve. This point is termed the onset of blood lactate
accumulation (OBLA), and it occurs when the blood lactate
concentration reaches 4 mmol/L (12, 21, 22). The LT in
untrained people typically occurs at an exercise intensity
corresponding to 50% to 60% of O2max. Chronic exercise
training results in a rightward shift of the lactate curve (figure
4.4), resulting in an LT that occurs at 70% to 80% of O2max
in trained athletes (3, 4). This shift is likely due to an increased
ability to generate ATP aerobically, which delays the need to
increase the reliance on anaerobic glycolysis for ATP
production.

Key Point
A common goal of training is to increase the exercise intensity
at which the LT occurs. This allows the tactical athlete to
perform more intense work with less muscular fatigue.



Figure 4.4 Lactate threshold and onset of blood lactate
accumulation.

Reprinted, by permission, from NSCA, 2016, Bioenergetics of exercise and
training, T.J. Herda and J.T. Cramer. In Essentials of strength training and

conditioning, 4th ed., edited by G.G. Haff and N.T. Triplett (Champaign, IL:
Human Kinetics), 51.

Increased capacity of the glycolytic pathway is achieved
through multiple-effort, high-intensity lifts, exercises, and
drills. For example, interval sprinting is a popular technique
that is commonly used to improve glycolytic performance.
Improvements in glycolytic metabolism can occur by
manipulating the sprint time or intensity, as well as the length
of the rest intervals, with shorter rest periods resulting in
greater overload of the glycolytic pathway (1).

Aerobic Metabolism
During exercise of lower intensity, pyruvate is the primary end
product of glycolysis. The pyruvate enters the mitochondria,
where it undergoes slow or complete glycolysis, resulting in
the total breakdown of glucose into carbon dioxide and water.
Anaerobic glycolysis only liberates about 5% of the available
energy from a glucose molecule, with the remaining 95%
being liberated in the mitochondria during aerobic
metabolism. The complete breakdown of one glucose
molecule yields 36 ATP, only 4 of which come from anaerobic
glycolysis. The vast majority of ATP produced during exercise
is done so aerobically in the mitochondria of the muscle cells.
Both fat and carbohydrate are metabolized in this manner.
Aerobic metabolism can be viewed as a two-step process. In



step 1, hydrogen atoms are stripped from a compound called
acetyl coenzyme A, or acetyl-CoA. This phase is known as the
citric acid cycle, Krebs cycle, or tricarboxylic acid (TCA)
cycle. In step 2, these hydrogen atoms are combined with
oxygen in the electron transport chain (ETC), which
ultimately produces CO2, H2O, and large amounts of ATP.
Because of the tremendous potential of the aerobic pathway to
provide energy, the ability to supply oxygen to skeletal muscle
is one of the most important factors in human exercise
performance.

Tricarboxylic Acid Cycle
Once glucose has been broken down into pyruvate in the
sarcoplasm during anaerobic glycolysis, it crosses into the
mitochondria and is converted into acetyl-CoA, which is the
starting compound in the TCA cycle. Fat, which is broken
down through a process known as beta-oxidation, also enters
the mitochondria and undergoes conversion to acetyl-CoA.
Once converted to acetyl-CoA, both lipids and glucose are
metabolized identically. The TCA cycle is a series of
enzymatic reactions that break down acetyl-CoA into the
intermediates shown in figure 4.5. The basic operation of the
cycle involves an initial chemical interaction between acetyl-
CoA and oxaloacetate, which forms citrate. Following citrate,
there are nine more intermediates, with the last one ending up
as oxaloacetate. At this point, the cycle begins again. Only one
ATP is generated with each turn of the TCA cycle; the primary
goal of the cycle is to liberate hydrogen atoms from the TCA
intermediates so that they can combine with NAD+ and FAD
to form NADH and FADH2. These hydrogen atoms are then
shuttled from NADH and FADH2 across the inner
mitochondrial membrane, where they enter the ETC.



Figure 4.5 Tricarboxylic acid cycle.

CoA = coenzyme A; FAD2+, FADH, FADH2 = flavin adenine
dinucleotide; GDP = guanine diphosphate; GTP = guanine

triphosphate; NAD+, NADH = nicotinamide adenine
dinucleotide.

Reprinted, by permission, from NSCA, 2016, Bioenergetics of exercise and
training, T.J. Herda and J.T. Cramer. In Essentials of strength training and

conditioning, 4th ed., edited by G.G. Haff and N.T. Triplett (Champaign, IL:
Human Kinetics), 52.

Electron Transport Chain
The ETC is a series of coupled chemical reactions that take
place in the mitochondria. Hydrogen ions that have been
liberated in the TCA cycle act as electron donors, passing
electrons to a progressively more electronegative acceptor
within the inner mitochondrial membrane. The terminal and
most electronegative acceptor in the chain is oxygen, and the
binding of hydrogen to oxygen produces water. The process of
electron transport creates an electrochemical proton gradient
between the inner and outer mitochondrial membranes, which
creates the energy necessary for ATP synthesis. In short, the
ETC frees up the potential energy from hydrogen, thereby
moving hydrogen to a lower state of energy and harnessing
that energy to synthesize ATP (figure 4.6). A popular analogy



used to describe this process is that of a series of waterfalls
that are used to drive paddle wheels in order to produce
energy. As the water moves from a state of high potential
energy to a state of low potential energy, mechanical work is
performed in the form of turning the wheels.



Figure 4.6 The electron transport chain (ETC).

ATP Production From Fat
The typical human being has an enormous volume of energy
stored in the body in the form of fat. For example, a 165-
pound (75 kg) man with a body-fat percentage of 15 would
have 86,625 kcal of energy stored as fat, roughly the
equivalent of 107 sticks of butter. The majority of this fat is
stored as triacylglycerols in cells (adipocytes) that are located
under the skin and around the internal organs. A smaller
amount of fat is stored inside the skeletal muscles. Fat is a
major source of energy at rest and during low-intensity
exercise, when oxygen demands are relatively low. As
exercise intensity increases, the proportion of fat being burned
progressively decreases, and the reliance on carbohydrate as
fuel progressively increases.

Breakdown of fat (lipolysis) occurs under the influence of an
enzyme called hormone-sensitive lipase, which cleaves the
triacylglycerol into fatty acids and glycerol, which are then
released into the bloodstream. Fatty acids then travel into the
skeletal muscle mitochondria, where they are converted to
acetyl-CoA through a process called beta-oxidation. This
acetyl-CoA enters the TCA cycle and ETC as previously
described. Glycerol is also delivered to the skeletal muscle,



where it enters the glycolytic pathway and is converted to
pyruvate. Glycerol can also be used to form glucose during
times of muscle glycogen depletion, which can happen due to
dietary carbohydrate restriction or exhaustive exercise (figure
4.7). Increases in aerobic capacity occur following exercise
training that primarily relies on oxygen for energy production.
Prolonged, low- to moderate-intensity, steady-state exercises
are typically incorporated when the training goal is to increase
aerobic endurance.



Figure 4.7 The metabolism of fat and of carbohydrate and
protein share some common pathways. Note that many are

oxidized to acetyl-CoA and enter the TCA cycle.

Reprinted, by permission, from NSCA, 2016, Bioenergetics of exercise and
training, T.J. Herda and J.T. Cramer. In Essentials of strength training and

conditioning, 4th ed., edited by G.G. Haff and N.T. Triplett (Champaign, IL:
Human Kinetics), 54.



Physiological Adaptations to
Exercise

Physical exercise places a significant amount of stress on the
body, and the body adapts accordingly to meet the increased
physical demands. The SAID (specific adaptation to imposed
demands) principle asserts that in a biological system, the
adaptations that occur following exposure to some stressor
(e.g., physical training) are determined by the mode, intensity,
frequency, and duration of the stressor. For example, heavy
resistance training will increase muscle size and strength,
whereas long-term endurance training will decrease muscle
size and increase the ability to resist fatigue during prolonged
aerobic exercise.

Key Point
Of the four training variables (mode, intensity, frequency, and
duration), improvements in performance are most closely tied
to intensity. Both aerobic and anaerobic activities must be
performed at an intensity that is high enough to bring about the
desired adaptations.

Aerobic Endurance
The ability to function aerobically at a high level relies on the
ability of the cardiorespiratory system to deliver oxygen to the
muscles, coupled with the ability of the muscles to utilize
oxygen to produce ATP. Therefore, we can view the
adaptations to aerobic exercise as those that involve both
central (cardiorespiratory) and peripheral (skeletal muscle)
adaptations. The metric that most often defines aerobic
capacity is O2max, which refers to the maximum amount of
oxygen that the body can use in a given unit of time.
Mathematically, O2max can be calculated according to the
Fick equation:

O2max = max × A O2diff

where  is equal to cardiac output and A O2diff is equal to
the difference in oxygen content between the arterial and



venous blood.

Because the lungs do not show a large degree of adaptation to
aerobic training, we can consider the adaptations of primary
importance to be those that positively affect cardiac output.
Cardiac output is defined as the product of HR and SV:

 = HR × SV

Increases in maximal HR or SV would lead to increases in .
Following long-term aerobic training, maximal HR does not
increase and may even decrease slightly (16). However, SV
has a tremendous capacity for growth, and it is the primary
contributing factor to an increased aerobic capacity following
aerobic training. Indeed, SV has been shown to be twice as
high in endurance athletes when compared with recreationally
active individuals (19). Because of the increased amount of
blood ejected per heartbeat following chronic endurance
training, resting HR is much lower in well-trained endurance
athletes. A lower HR is also seen during submaximal exercise
in well-trained people. This is evident when comparing the
exercise HRs of both a trained and an untrained person who
are exercising at the same absolute submaximal intensity. The
untrained person will generally have a much higher HR than
the trained person, despite having similar cardiac outputs at a
fixed workload (figure 4.8).



Figure 4.8 Training reduces the HR response to submaximal
exercise.

Reprinted, by permission, from E.T. Howley and D.L. Thompson, 2016, Fitness
professional’s handbook, 6th ed. (Champaign, IL: Human Kinetics), 78.

Due to the large increases in cardiac output that occur
following chronic endurance exercise, the ability to deliver
blood to exercising muscle is greatly increased. As such, both
structural and biochemical changes within the muscle must
occur in order for the muscle to allow for increased blood flow
and oxygen extraction. Of the structural changes that occur, an
increase in muscle capillarization is one of the most profound,
with O2max increasing linearly as the number of muscle
capillaries increases (19). In response to the chronically
increased blood flow that occurs with long-term endurance
training, the protein vascular endothelial growth factor
(VEGF) is elevated, which causes new capillaries to form
within the muscle (6). This increase in capillary number
allows for an increase in blood flow through the muscle
without a concomitant increase in the velocity of blood flow,
which in turn allows for adequate oxygen extraction time.

A second important structural adaption to endurance exercise
is a decrease in muscle fiber cross-sectional area (CSA) (1).
This decrease allows for a smaller muscle area to be perfused
by each capillary, and it minimizes the distance oxygen must
travel to get from the capillary to the interior portion of the
muscle cell. Increases in mitochondrial number and volume
also result from long-term aerobic training, leading to a greater
enzymatic capacity of the muscle to utilize oxygen for ATP



production. Adaptations to aerobic exercise are summarized in
table 4.1.







Muscular Endurance
Muscular endurance refers to a muscle’s ability to contract
repeatedly against a submaximal load in a given period of
time, or the ability to sustain a given submaximal force for an
extended period of time. Measuring the maximum number of
push-ups or pull-ups one can do in a limited amount of time is
a common field technique for assessing muscular endurance.
Resistance training programs that are designed to improve
muscular endurance typically involve repeated muscular
contractions against a relatively light load. The generalized
adaptations to resistance training expressed as a function of
training intensity are shown in figure 4.9.

Muscular endurance can be expressed in absolute or relative
terms. An example of a test of relative endurance would be a
bench press test where people complete as many repetitions as
possible with 70% of their 1RM (one repetition maximum). In
contrast, a popular test of absolute endurance is the bench
press test at the National Football League (NFL) Scouting
Combine, where prospective NFL players complete as many
repetitions as possible with a 225-pound (102 kg) barbell.
Absolute endurance correlates well with muscular strength,
but only when the external load being lifted is greater than
25% of the athlete’s 1RM (24). Several morphological and
enzymatic adaptations occur following long-term endurance
training that lead to increased muscular endurance. Increases
in mitochondrial size and number lead to an increased ability
to utilize oxygen, thereby increasing the aerobic production of
ATP at low levels of exercise intensity. Increases in the
glycolytic enzymes lead to increased muscular endurance
against moderate loads and increased capacity to break down
glucose and glycogen. Endurance training with moderate loads
also promotes an increased aerobic capacity of the fast-twitch
muscle fibers, which delays fatigue during high-intensity
endurance exercise.



Figure 4.9 Continuum of RM ranges associated with various
training goals.

*The repetition ranges shown for power in this figure are not
consistent with the %1RM–repetition relationship.

**Although the existing repetition range for hypertrophy
appears most efficacious, there is emerging evidence that some

fiber types, depending on training status, may experience
significant hypertrophy outside this range. It is too early to tell
if these results would be experienced by the larger population.

Reprinted, by permission, from NSCA, 2016, Program design for resistance
training, J.M. Sheppard and N.T Triplett. In Essentials of strength training and
conditioning, 4th ed., edited by G.G. Haff and N.T. Triplett (Champaign, IL:

Human Kinetics), 457.

Strength
Muscular strength can be defined as the maximum amount of
force that a muscle or muscle group can generate at a specific
velocity (14). The ability of a muscle to generate force is a
function of input from the CNS and the physiological and
anatomical properties of the muscle itself. Therefore, training
to increase muscular strength should involve techniques that
cause physical changes to the muscles, as well as enhancement
of the neural pathways that innervate those muscles.

The nerves that innervate skeletal muscle are called motor
neurons, and they are responsible for carrying signals from the
CNS that tell the muscle to contract. Each motor neuron
innervates a specific set of muscle fibers. A motor neuron and
all the fibers that it innervates is called a motor unit. The
number of muscle fibers innervated by a motor unit is
determined by the primary role of the muscle. Relatively large



muscles that are responsible for gross movements, such as
ambulation, typically consist of motor units that innervate
hundreds of fibers per unit, whereas small muscles that require
fine motor control (such as those that move the eyes) can have
motor units that consist of as few as one muscle fiber per
motor neuron. Gradations in strength within a muscle are
accomplished by either increasing the number of active motor
units or increasing the firing frequency of the motor units.

Neural factors are also involved during complex movements
where multiple muscles or muscle groups are firing
simultaneously. This intermuscular coordination is critical for
maximizing strength during complex movements such as the
snatch, clean and jerk, squat, and deadlift. As a general rule,
the greater the complexity of the movement, the greater the
role of neural factors. Therefore, the increases in strength that
novice athletes see early in training are often more a result of
changes in neural factors than physiological changes in the
muscles themselves. This is particularly true of complex
movements.

Muscular strength is often expressed as a repetition maximum
(RM), with 1RM load referring to the maximum amount of
weight a person can lift only once while maintaining proper
form for a given exercise. The adaptations that result from
resistance training are primarily determined by the RM load
used in the training. Figure 4.9 shows the RM continuum and
the related adaptations at each RM range. As one might
expect, maximal strength is most improved by training at low
RM loads. However, because muscle size plays a large role in
strength development, it’s prudent to also incorporate RM
loads into a training program that help increase muscle CSA.
The relationship between muscle strength and muscle CSA is
shown in figure 4.10.

Key Point
Improvements in strength and power result from both neural
and morphological changes. Training programs should be
balanced to appropriately address both muscular and neural
adaptations.



Figure 4.10 Linear relationship between leg strength and
muscle CSA.

Reprinted by permission, from R. Koopman and L.J. van Loon, 2009, “Aging,
exercise, and muscle protein metabolism,” Journal of Applied Physiology 106(6):

2040-2048.

Resistance training programs for increasing strength should
incorporate strategies that target neuromuscular as well as
morphological adaptations. Increasing intramuscular
coordination results in a greater number of motor units that
can be voluntary recruited, thereby leading to greater muscle
force production. Training for the purpose of maximizing
intramuscular coordination should involve lifting near-
maximal loads (1RM-3RM) or lifting moderate loads (10RM-
12RM) to muscular failure. A submaximal load that is not
lifted to failure will not recruit the fastest motor units and will
not maximize intramuscular coordination (24).

The most important morphological adaptation to resistance
training with respect to increased strength is increased muscle
size. This increase occurs when moderate-intensity loads
(6RM-12RM) are lifted to, or nearly to, muscular failure.
Lifting loads of this intensity requires a large volume of
mechanical work, which leads to a high amount of muscle
protein degradation. Muscle adapts to this degradation by
increasing its CSA, which ultimately leads to increases in
strength (24). Type II muscle fibers are the most affected by
resistance training. In fact, the fast-twitch fibers of elite
weightlifters are about 45% larger than those of sedentary
people and endurance athletes (15).

Power



Although muscular strength plays an important role during
certain tasks, muscular power is often a more critical factor.
By definition, power is the rate of doing work. Work is the
product of the force exerted on an object multiplied by the
distance that the object travels. Mathematically, power is
calculated as

power = work / time

or

power = force × velocity

where

work = force × distance

and

velocity = distance / time

The force × velocity relationship is one of the most important
to understand when designing training programs. It is evident
from figure 4.11 that when the load is high, velocity is low,
and thus so is muscular power. Similarly, when movement
velocity is high, the force generated by the muscle is relatively
low, and thus so is the power. Maximal muscle power is
usually produced when training with 30% of the maximum
velocity and 50% of maximum force (24).



Figure 4.11 Velocity as a function of force and resulting
power production and absorption in concentric and eccentric
muscle actions. The greatest forces occur during explosive

eccentric (lengthening) actions. Depending on the movement,
maximum power (Pm) is usually produced at 30% to 50% of

maximum force (Fm) and velocity (Vm).

Reprinted, by permission, from S.S. Plisk, 2008, Speed, agility, and speed-
endurance development. In Essentials of strength training and conditioning, edited
by T.R. Baechle and R.W. Earle (Champaign, IL: Human Kinetics), 460; Adapted,
by permission, from J.A. Faulkner, D.R. Claflin, and K.K. McCully, 1986, Power

output of fast and slow fibers from skeletal muscles. In Human muscle power,
edited by N.L. Jones, N. McCarney, and A.J. McComas (Champaign, IL: Human

Kinetics), 88.

Power can be affected by changing either the force component
or the velocity component, both of which can be manipulated
through training. Programs that focus on heavy resistance
training will increase muscle force production, but heavy
resistance training alone is not effective at maximizing
muscular power. Indeed, elite power athletes are necessarily
strong, but not all elite strength athletes are powerful. As is the
case with training for maximal strength, power is optimally
developed when resistance training is performed with high-
intensity loads. Additionally, training with moderate-intensity
loads at a high velocity is equally important for increasing
muscular power. Increases in muscle size lead to increases in
strength, which result in an increased ability to move a load
quickly, which directly leads to increases in power. Therefore,
some degree of hypertrophy training should be incorporated
when the goal is to maximize muscular power. Rate of force
development (RFD) must also be trained, and this is



accomplished by attempting to move heavy loads as quickly as
possible. While training for RFD, the actual movement
velocity of the load might be low, but the attempt to rapidly
move the load is the key, because this rapidly imparts force
into the implement to be moved (24). Training should also
include plyometric exercises in order to maximize power (see
chapter 13).

Speed
Speed can be used interchangeably with velocity and refers to
the distance a body is traveling per unit of time. Although
speed and power are measured differently and represent
different values, they are related in that a high degree of
muscular power is necessary to reach maximal speed quickly.
Consider a 40-yard (37 m) dash, which is a common measure
of speed. It is more accurate to characterize a 40-yard (37 m)
dash as a test of acceleration because the person’s maximal
running speed may never be reached during the sprint. For
example, the fastest running speed ever recorded was during a
100 m (109 yd) dash by Jamaican runner Usain Bolt in 2009.
Bolt reached a maximal running speed of 27.78 miles per hour
(44.71 km/h), but this speed was reached between the 60th and
80th meter of the run. Therefore, when using a 40-yard (37 m)
dash to measure speed, we are referring to average speed over
the distance, and the magnitude of the speed depends on the
ability to accelerate quickly. The rate of change in velocity per
unit of time defines acceleration, and it is the critical
component of sprinting performance. The ability to accelerate
quickly depends on the ability to rapidly transmit force from
the foot into the ground, and this ability depends on lower
body power. Training protocols that maximize lower body
power thus should be incorporated along with specific speed
training to increase sprinting performance (see chapter 13).
Decreases in body fatness will also have a profound positive
effect on running speed, and decreasing excess body fat is
often the easiest and fastest way to improve running
performance.



Detraining and Retraining
Detraining refers to the decrease in some performance
variable following a cessation in training or a decrease in
volume, frequency, or intensity of training. Performance losses
are specific to the type of training that decreases. For example,
a reduction in aerobic endurance training will result in changes
to the enzymatic and morphological properties of the
musculoskeletal and cardiorespiratory systems that come
about as a result of aerobic exercise. Similarly, a decrease in
resistance training volume, intensity, or frequency will bring
about losses in muscle size, strength, and power. Elite athletes
can experience performance losses in weeks or even days
following cessation of exercise (24). For example, a two-week
cessation in training in male powerlifters resulted in a 12%
loss of isokinetic eccentric strength and 6.4% loss of Type II
muscle fiber area (13). The degree to which these decrements
occur largely depends on the length of the detraining period, or
the magnitude of the decrement in training volume or
intensity. Long breaks in training are unhealthy and serve no
useful purpose in the development of human performance.
Periodization protocols are often used to eliminate long rest
periods, thereby mitigating or eliminating the detraining that
those rest periods often bring about.

Increases in performance that occur during retraining often
occur much faster than they do when a person first begins a
training program. This phenomenon supports the notion of
muscle memory. It is likely that neural factors also play a
major role in the ability to rapidly increase performance during
retraining. The effects of detraining on some key physiological
variables involved in performance are shown in figure 4.12.



Figure 4.12 Relative responses of physiological variables to
training and detraining.

Reprinted, by permission, from S.J. Fleck and W.J. Kraemer, 2014, Designing
resistance training programs, 4th ed. (Champaign, IL: Human Kinetics), 298.

The effects of detraining following cessation of resistance
training are also heavily influenced by the training protocol
done prior to cessation. Gains in strength and performance that
occur over a long training period tend to persist longer after
cessation of training compared with gains that occur rapidly.
In one study, for example, a group whose training lasted less
than 2 weeks lost all strength gains nearly 40 weeks earlier
than a group who trained daily over a longer period of time
(8).

Time Course of Physiological and
Anatomical Changes
The rate and degree to which the body adapts to strength and
endurance training are highly variable and are most influenced



by training intensity, volume, frequency, and initial fitness
level. Sedentary people with no training experience have the
greatest adaptation potential, meaning they possess the
greatest capacity to increase their performance and will likely
show the most rapid gains in strength or aerobic endurance
once they begin an exercise program. Resistance training
programs bring about both central and peripheral adaptations,
with neural changes occurring more rapidly than muscular
ones. In fact, the rapid increase in strength that occurs when
one first undertakes a resistance training program is largely
due to neural adaptations. The act of generating force during
resistance training is a skill that improves as the CNS becomes
better at muscle coordination and motor unit recruitment.
Increases in muscle CSA also make a significant contribution
to muscle force production, and such increases can be seen as
quickly as three weeks after beginning a resistance training
program (16). The relative contributions of both neural and
muscular adaptations to resistance training are shown in figure
4.13.



Figure 4.13 The dynamic interplay of neural and hypertrophic
factors resulting in increased strength during short- and long-

term training periods.

Reprinted, by permission, from S.J. Fleck and W.J. Kraemer, 2014, Designing
resistance training programs, 4th ed. (Champaign, IL: Human Kinetics), 108.

Key Point
Adaptations that occur as a result of training are lost more
quickly than they are gained once the training stops. The
TSAC Facilitator must ensure that training frequency and
intensity are adequate for increasing or maintaining
improvements in performance.

Both neural and peripheral adaptations make an important
contribution to muscle force production. However, the upper
limit of one’s strength is ultimately determined by muscle
CSA.

Skeletal muscle also undergoes profound adaptations to
aerobic endurance training. However, unlike adaptations to
resistance training, adaptations to aerobic endurance training
increase the ability of the muscle to utilize oxygen for ATP
production and delay fatigue during repeated, low-intensity
contractions. Increases in aerobic capacity largely depend on
training intensity, with greater intensities bringing on more
rapid improvement. Hickson, Bomze, and Hollozy
demonstrated that O2max can increase an average of 5% in 1
week after performing 40 minutes of daily high-intensity
aerobic exercise, with an overall increase of 44% following 10
weeks of training (10).



The effects of both strength and aerobic endurance training on
muscle fibers are summarized in table 4.2, and table 4.3 shows
adaptations that occur following aerobic endurance training.





Minimum Training Requirements to
Maintain Adaptations
As is the case with adaptations at the initiation of an exercise
program, the training requirements necessary to maintain a
given fitness level are largely affected by one’s initial fitness
level. In general, well-trained elite athletes require a higher
volume, intensity, and frequency of training in order to
maintain their higher level of fitness. For each individual, a
certain volume of training represents a stimulating load,
retaining (maintaining) load, or detraining load, as shown in
figure 4.14. For people with little experience, a training
volume that results in increased physical fitness likely will not
be adequate to increase fitness in a well-trained person.
Therefore, training prescriptions must be assigned on an
individual basis in order to create an adequate stimulus for
improved performance.

To ensure that a person’s performance is consistently
improving, a program must address the concepts of overload,
duration, and frequency. Overload refers to the fact that one
must be consistently exposed to training volume, frequency,
and intensity at greater-than-habitual levels. Duration refers to
the amount of time spent in a given activity, and frequency
refers to the number of training sessions performed over a
given period of time. The frequency of resistance training
necessary to maintain increases in strength depends on
programmatic factors and individual differences between
people. However, it has been shown that following 12 weeks
of resistance training, male soccer players can maintain their
strength gains with only one bout of resistance training per
week (18). As a general rule, if training frequency, volume, or



duration decrease, intensity should increase in order to
compensate for the decrease in the other training parameters.



Figure 4.14 Relationship between training load (detraining,
retaining, stimulating) and level of physical fitness. Rectangles

indicate the neutral zones (retaining loads) corresponding to
small fluctuations in the training load at which the level of
fitness is basically unchanged. Note the stepladder effect,

showing a change in the adaptation curve with a change in the
training stimulus. A training load that leads to detraining of

high-level athletes may be extremely high for beginners.

Reprinted, by permission, from V. Zatsirosky and W. Kraemer, 2006, The science
and practice of strength training (Champaign, IL: Human Kinetics), 4.

Because improvements in aerobic capacity are also influenced
by factors such as exercise type, duration, frequency, intensity,
and fitness level, it is difficult to pinpoint an exact exercise
prescription for the maintenance of aerobic capacity. In one
study, young adults increased their O2max by 25% over 10
weeks of training. They then reduced their training frequency
for 15 weeks while keeping intensity and duration the same.
The subjects’ previous gains in O2max were maintained with
up to a two-thirds reduction in training frequency (11).
However, if training intensity decreases by as little as one-
third, O2max decreases, even if duration and frequency
remain constant (9). Therefore, it appears that exercise
intensity is critical in maintaining aerobic fitness.



Conclusion
The human body liberates energy from the macronutrients in
food and fluids in the form of ATP. It does this via three main
bioenergetic pathways: the ATP-PCr system, anaerobic
glycolysis, and aerobic metabolism. Of these systems, the
ATP-PCr provides energy the fastest, followed by glycolysis
and then aerobic metabolism. The aerobic pathway is least
susceptible to fatigue, followed by glycolysis and then the
ATP-PCr system. Fat and carbohydrate are the primary sources
of energy during exercise, whereas protein is used mainly for
synthesis of skeletal muscle. Lactate (a by-product of
carbohydrate metabolism) is produced during high-intensity
activity and can be a significant source of fuel during exercise.

Adaptations to exercise include both central and peripheral
changes. The primary structural peripheral changes that
happen in skeletal muscle following chronic aerobic exercise
include an increase in capillary number and a decrease in
muscle CSA. There is also an increase in mitochondrial size
and number, allowing for increased oxygen consumption
during exercise. The most important central adaptation to
endurance exercise is an increase in cardiac SV.

Chronic resistance training leads to increased strength through
an increase in the ability of the CNS to recruit motor units, as
well as through structural changes in the muscle. An increase
in muscle size is the primary adaptation that leads to increased
strength. Early on in a resistance training program, changes in
strength are due mainly to neural adaptations within the CNS.
The main training effects following resistance training are
increases in muscle strength, power, and endurance. Which of
these adaptations predominates is mainly determined by
training intensity. Low RM ranges result in large increases in
strength and power, moderate RM ranges result in muscle
hypertrophy, and high RM ranges result in increases in muscle
endurance. Muscle power is also developed by moving
moderate loads quickly and by incorporating plyometric
training. If intensity remains high, training adaptations can be
maintained with as few as one or two training sessions per



week, depending on the subject’s previous training and fitness
level.
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Study Questions
 

1. What is the primary end product of short-burst, high-
intensity muscular activities?

1. glucose
2. acetyl-CoA
3. triacylglycerol
4. lactate

2. Which bioenergetic pathway provides energy for short
bursts of maximal activity not greater than approximately
6 seconds?

1. Cori
2. glycolytic
3. phosphagen
4. Krebs

3. Which training variable contributes the most to
improvements in performance?

1. mode
2. intensity
3. frequency
4. duration

4. How are velocity and muscular power affected when
heavy loads are lifted?

1. low velocity, low power
2. low velocity, high power
3. high velocity, low power
4. high velocity, high power



Chapter 5
Basic Nutrition for Tactical

Populations
Steve Hertzler, PhD, RD, LD
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After completing this chapter, you will be able to

 

explain the nutritional factors affecting health and
performance,
evaluate the adequacy of a diet,
describe nutritional strategies to optimize body
composition and maximize performance and recovery,
define the TSAC Facilitator’s scope of practice regarding
nutrition, and
explain the concept of interprofessional collaboration.

Tactical athletes face many unique physical challenges as part
of their job requirements. Their tasks can require considerable
strength, endurance, and power. Added to the challenges of
these tasks are demands imposed by factors such as sleep
deprivation, extreme weather conditions, psychological stress,
and extended duration of activity beyond what might be
experienced by many athletes or physically active people.
Maintaining optimal nutritional status is critical to coping with
all of these demands. This chapter reviews nutrition
information and strategies for tactical athletes to maintain the
physical capacity to perform their jobs at a high level.



Guidelines for Dispensing
Nutrition Information

TSAC Facilitators must have working knowledge of nutrition
so they can answer their clients’ questions. However, there are
limitations to their scope of practice, which are discussed in
the following section, as is information regarding referrals to
registered or licensed dietitians for nutrition issues outside
their scope of practice.

The question of who should provide nutrition knowledge to a
tactical athlete is often a debated topic. Many strength and
fitness professionals are knowledgeable about athletes’
physiology, the demands of their specific activities, and the
role nutrition plays in performance; however, they may not be
qualified to deliver detailed nutrition information. The blurred
scope of practice is due to the fact that sports nutrition is a
multidisciplinary field that requires many professionals to
work together. Athletic trainers, strength and conditioning
coaches, dietitians, and even food service providers all must
come together in order to provide the best service,
information, and guidance to the athlete (28).

Scope of Practice for Nutrition
TSAC Facilitators are often asked questions regarding
nutrition, be it meal planning or dietary supplementation.
Though it is important for the facilitator to be educated about
nutrition, there are limitations to their scope of their nutrition
practice. For example, in the United States, 46 states and
territories have enacted laws that regulate dietitians or
nutritionists via licensure, statutory certification, or
registration. Licensure is the most stringent of these and
restricts the practice of dietetics to those meeting state
requirements for licensure. Statutory certification and
registration laws do not restrict the practice of dietetics, but
certification does limit the use of certain titles to those meeting
predetermined criteria. For complete information on which
states have laws regarding dietetics and for links to individual
state licensing boards, visit the website of the Commission on



Dietetic Registration (www.cdrnet.org/state-licensure). In
states with licensure, the RD (registered dietitian) or RDN
(registered dietitian nutritionist) credential is the main
prerequisite (often the additional initials LD or LN indicate
that the RD is also licensed by a particular state). Thus,
nutrition certifications from organizations other than the
Academy of Nutrition and Dietetics (formerly known as the
American Dietetic Association; www.eatright.org) typically
carry no legal recognition by state dietetic licensure boards.
By going to the website of each state’s licensure board, one
can access the specific rules and regulations for the scope of
dietetics practice in that particular state.

The state of Ohio provides some excellent guidance on the
types of nutrition information that people who are not licensed
to provide nutrition services—such as strength coaches,
personal trainers, and TSAC Facilitators—can provide to their
clients. Although these guidelines were created within the
context of the Ohio licensure law, they may be applicable in
other states in which the licensure law is not as clearly spelled
out. The guidelines specify the types of general, nonmedical
nutrition information that can be dispensed by fitness
professionals who are not licensed dietitians. In Ohio, these
include the principles of good nutrition and food preparation,
food to be included in the normal daily diet, essential nutrients
needed by the body, recommended amounts of the essential
nutrients, actions of nutrients on the body, effects of
deficiencies or excesses of nutrients, and foods and
supplements that are good sources of essential nutrients. In
states with licensure, nutrition information that is prescriptive
(e.g., individualized dietary recommendations with specific
calorie and macro- or micronutrient targets and dietary
supplements) is generally considered to be in the purview of
the licensed nutrition professional. It is important to contact
the applicable state licensure boards for more specific
guidance on scope of practice.

Nutrition Professionals
All sports nutrition professionals should be able to answer
basic nutrition questions. However, athletes with complex



nutrition issues should be referred to the appropriate resource
(128).

A sports nutrition coach is a professional who is not a
registered dietitian but has basic training in nutrition and
exercise science. For example, the strength and conditioning
professional can act as a sports nutrition coach, providing
basic nutrition education and suggestions. More complex
situations in which food or nutrition is being used to treat or
manage a medical condition (including a nutrient deficiency)
require medical nutrition therapy and fall under the role of the
sports dietitian. Sports nutrition coaches may obtain additional
education by getting a sports nutrition certification.

A sports nutritionist with an advanced degree is a
professional who works in the sports nutrition industry or
conducts research in the area of sports nutrition and would
therefore be able to discuss the literature on a particular topic.
The sports nutritionist with an advanced degree may also
choose to obtain a sports nutrition certification.

A registered dietitian (RD), also referred to as a registered
dietitian nutritionist (RDN), is a professional who is
credentialed by the Academy of Nutrition and Dietetics. RDs
have met the following academic and professional
requirements:

 

Completion of a bachelor’s degree with coursework
approved by the Commission on Accreditation for
Dietetics Education. Coursework typically includes food
and nutrition sciences, food service systems management,
business, economics, computer science, sociology,
biochemistry, physiology, microbiology, and chemistry
Completion of an accredited supervised practice program
at a health care facility, community agency, or food
service corporation
Passing of a national examination administered by the
Commission on Dietetic Registration
Completion of continuing professional educational
requirements to maintain registration



The RD can design individual diets based on specific nutrient
requirements and can provide behavioral and dietary
counseling. In addition, the RD may manage a food service
operation. The RD is also usually the nutrition specialist for
medical nutrition therapy.

A sports dietitian is an RD with specific education and
experience in sports nutrition. The Board Certified Specialist
in Sports Dietetics (CSSD) certification distinguishes RDs
with expertise in sports nutrition from RDs who specialize in
other areas of nutrition.

In summary, many people with little to no education in
nutrition and exercise science or formal training refer to
themselves as sports nutritionists. TSAC Facilitators should
turn to dietitians or licensed nutritionists when nutritional
advice exceeds their scope of practice.

Key Point
For nutrition information that is prescriptive, TSAC
Facilitators should refer tactical athletes to licensed nutrition
professionals with the right blend of education, experience,
and credentials.

A personalized nutrition program must take into consideration
the demands of the individual. Understanding the individual’s
goals, energy demands, and recovery needs will create a
framework for the nutritional recommendations. For example,
greater energy demands through increased physical activity
result in the need for more calories, carbohydrate, and protein.
Tactical athletes who have lower physical demands will have a
decreased need for calories, carbohydrate, and protein due to
less demand placed on the body. A great way to approach the
nutritional needs of tactical athletes is to use the following
four-step process. This process will guide the remainder of this
chapter.

 

Step 1: Understand the demands of the tactical athlete.
Step 2: Understand basic fueling concepts.



Step 3: Within the scope of practice, create nutritional
guidance for daily, or foundational, nutritional needs.
Step 4: Within the scope of practice, create nutritional
recommendations to support performance and recovery.



Step 1: Understand the Demands
of the Tactical Athlete

The daily energy requirements of tactical personnel are highly
variable, depending on gender, body composition, activities
performed, age, and environmental conditions. When thinking
about the energy requirements of tactical athletes, it is
necessary to have a general understanding of their basal
energy expenditure, the energy demands of their training to
maintain strength and endurance, and the energy demands of
their job-related tasks.

Tactical athletes cannot be lumped into a single group. Just as
there are a variety of positions on a football team and each
player’s demands are based on position, goals, and amount of
time on the field and in practice, each tactical athlete’s
demands are based on incredibly different job functions. The
functions of tactical athletes can range from tasks that require
mental focus but do not have a large physical demand to tasks
with a range of repeated strenuous functions that require
incredible strength and endurance. Therefore, it is important to
treat each athlete as an individual when it comes to thinking
through nutrition needs.

The two main methods for measuring energy requirements are
indirect calorimetry and doubly labeled water, which provide
estimates of oxygen consumption and carbon dioxide
production, respectively. Because these methods require
expensive equipment and often are not practical in field
settings, numerous prediction equations exist for estimating
energy expenditure.

The U.S. Institute of Medicine (now known as the National
Academy of Medicine) developed a set of equations for adult
males and females (72). Table 5.1 provides examples of these
equations for adult males and females. Using the formula in
table 5.1, the estimated energy requirement for a 5-foot, 10-
inch (1.78 m) male who weighs 154 pounds (70 kg), is 19
years old, and is very active would be approximately 3,551
kcal per day. Many other equations are also available, and the



Harris-Benedict Equation is one that has been used for many
years (table 5.1).



Studies in the military indicate that active-duty service
members engaged in a variety of on-the-ground combat
missions or in mountain warfare training may expend 3,500 to
7,000 kcal per day (110). A review of studies on 424 male
military personnel from various units engaged in diverse
missions determined that daily energy expenditures ranged
from 3,109 to 7,131 kcal (mean 4,610 kcal) (135), measured
over an average of 12.2 days. For 77 females studied, daily
energy expenditures ranged from 2,332 to 5,597 kcal (mean
2,850 kcal) over 8.8 days. The highest energy requirements
were in U.S. Marines in mountain warfare training at 2,550 m
(8,366 ft) altitude at −15 °C to 13 °C (5-55 °F). Even the
average daily energy requirements of these tactical athletes are
greatly elevated above those of sedentary people, and meeting
them can present significant challenges, especially when food
availability is low or when time to eat while performing the
mission is limited.

It is important to understand the amount of energy required to
perform elements of specific job functions, which differs
greatly among tactical athletes. Elsner and Kolkhorst (41)
studied 20 firefighters who performed a series of 10 simulated
firefighting tasks in full protective clothing:

 

1. Advancing a 41 kg (90 lb) hose off the back of a fire
engine for 35 m (38 yd) and connecting to a hydrant



2. Carrying a 7.3 m (8.0 yd) extension ladder (33 kg [73 lb])
30 m (33 yd) and extending it to a third-story window

3. Donning a self-contained breathing apparatus (SCBA)
4. Advancing two sections of fire hose (82 kg [181 lb]) from

an engine to a stairwell 20 m (22 yd) away
5. Using a 5 kg (11 lb) sledge to pound on a 75 kg (165 lb)

wood block and move it 50 cm (20 in.) along a concrete
floor

6. Climbing three flights of stairs
7. Pulling two sections of fire hose (82 kg [181 lb]) with a

rope from the ground up to a third-story landing
8. Advancing a fire hose 30 m (33 yd) through a cluttered

area
9. Returning to ground level by the stairs, shoulder loading

an uncharged high-rise fire hose pack (23 kg [51 lb]), and
returning to the third-floor landing

10. Conducting a search and rescue to locate a 75 kg (165 lb)
mannequin and drag it 30 m (33 yd)

Completion of this drill required 11.7 minutes on average. The
mean O2 was 29.1 ml·kg−1·min−1 (8.3 METS, 62% 
O2max), and firefighters reached 95% of predicted maximal
HR. Excluding basal metabolism, this 11.7-minute drill
required approximately 124 kcal of energy. This type of
activity, extrapolated over several hours of firefighting, would
result in significant energy requirements.

In addition to the daily demands of the tactical athlete’s core
job functions, it is also necessary to consider any exercise the
athlete engages in to maintain strength and endurance, as well
as any other extracurricular physical activities. Table 5.2 gives
estimates for the amount of calories burned in 30 minutes from
a variety of activities for adults of three weights.



Key Point
When considering the energy demands of tactical athletes, it is
important to estimate their basal metabolic rate and the
demands of their job function, training (strength and
endurance), leisure activities, and any intermittent acute
changes to their typical activity level.



Step 2: Understand Basic Fueling
Concepts

The tactical athlete’s diet should promote overall health and
maximize both physical performance and recovery. Tactical
athletes may perform a variety of functions with a wide range
of physical and mental demands. When working with tactical
athletes, it is critical to look at them as individuals and create
nutritional recommendations to meet their specific needs and
goals. Although tactical athletes are not playing a sport, using
the evidence-based sports nutrition perspective (1, 6) will
result in holistic nutrition to support a variety of demands and
keep the tactical athletes at their physical and mental best.

Macronutrients
The major classes of nutrients are carbohydrate, protein, fat,
water, vitamins, and minerals. Those required in larger
amounts—such as carbohydrate, protein, and fat—are referred
to as macronutrients, whereas vitamins and minerals are
considered micronutrients. Each major class of nutrients has
important physiological and metabolic aspects that relate to
the health and performance of the tactical athlete.

Carbohydrate
Carbohydrate is the main energy source for high-intensity
physical activity and plays a key role in meeting overall
energy needs. Starch and sugar in the diet are first broken
down into monosaccharides (glucose, fructose, galactose)
during digestion. Then glucose molecules can either be
oxidized for energy immediately or stored in long chains
called glycogen. Glycogen is stored in the liver (75-100 g) and
skeletal muscles (300-400 g) (30). Figure 5.1 shows
carbohydrate and fat usage at varying exercise intensities
(percentage of maximal oxygen consumption). As exercise
intensity increases, the proportion of muscular energy derived
from carbohydrate increases and that from fat decreases.



Figure 5.1 Proportions of carbohydrate and fat used for fuel at
differing exercise intensities.

© 2016 From Musculoskeletal and sports medicine for the primary care
practitioner, 4th ed., by R. Birrer, F.G. O’Connor, and S. Kane (editors), Sports

nutrition and the athlete, J.M. Scott and PA. Deuster. Reproduced by permission of
Taylor and Francis Group, LLC, a division of Informa plc.

Carbohydrate provides more than just energy to the body; it is
also a source of fiber and additional micronutrients. Dietary
fiber is important for digestive health (9, 71, 87, 95). Different
types of dietary fiber have varied physiological effects in the
gastrointestinal tract; therefore, it is important to include a
variety of fiber sources in the diet. Some types of fiber, such as
beta-glucan from oats and pectin, increase viscosity of gut
contents and slow digestion, which improves blood glucose
control, decreases blood lipids, and increases satiety (i.e.,
satisfaction) after eating. Other fibers, like the cellulose in
wheat bran, improve laxation by increasing fecal bulk. Finally,
prebiotic fibers, such as inulin and fructooligosaccharide, are
easily fermented and may selectively increase the population
of healthy, or probiotic, bacteria in the large intestine (e.g.,
bifidobacteria) (120).

The average daily intake of dietary fiber among American
adults is 21 to 23 g for males and 17 to 19 g for women (71,
145). The Institute of Medicine (71) recommends a total daily
fiber AI (Adequate Intake) of 38 g for young adult males (up
to age 50) and 25 g for young adult females (up to age 50).
After age 50, the AI drops to 30 g for males and 21 g for
females. Good sources of fiber include high-fiber cereals (bran
cereals, oatmeal); whole-grain bread, rice, and pasta; fruit with
skin on when applicable (pears, apples, oranges); starchy



legumes (navy beans, pinto beans); vegetables (corn, peas);
and nuts.

When selecting carbohydrate sources, it is important to
consider the nutrient value and the intention of the
carbohydrate: general energy and health or optimal
performance during activity. Different types of carbohydrate
are broken down at different rates, meaning that the type of
carbohydrate will determine the speed at which it is digested
and the corresponding insulin response. The slower the
carbohydrate is broken down, the slower the absorption and
the more gradual the insulin response. The faster a
carbohydrate is broken down, the greater the insulin response
and the faster the absorption. The glycemic index (GI) and the
glycemic load (GL) describe the degree to which the
carbohydrate in a food raises the blood glucose level
(sometimes called blood sugar level). A GI value of 100
indicates that a food raises blood glucose to the same degree as
a glucose solution. A GI value of 70 indicates that a food
increases blood glucose 70% as much as the glucose solution.
Foods can be classified as low GI (GI ≤55), intermediate GI
(GI 56-69), or high GI (GI ≥70) (17).

The GL of food takes into account not only the GI but also the
grams of carbohydrate per serving (GL = GI × g of
carbohydrate per serving / 100) (17), providing a more
accurate depiction of the fate of the carbohydrate in the body
after ingestion. This is important because some foods might
contain only a small amount of carbohydrate, and even if the
GI of that carbohydrate is high, the effect on blood glucose
may still be relatively small. Table 5.3 shows the GI values for
some common foods.



When considering the use of the GI or GL system in meal
planning for exercise performance, there are several factors to



consider. First, the GI is only one piece of information about a
food. For example, a baked potato has a high GI value, but it
also is a nutritious food; a large baked potato (with skin) has
nearly twice the potassium as a banana and is a good source of
vitamin C and vitamin B6 (114). By contrast, ice cream has a
low GI but a high fat content. Moreover, when you combine a
protein or a fat with a carbohydrate, it tends to change the
glycemic effect. Therefore, it is important not to base food
choices on GI or GL alone. The GI and GL are good tools for
discussing the functions and features of carbohydrate but may
be complicated for a tactical athlete to use in practice. Tactical
athletes should get most of their carbohydrate from nutrient-
dense, fiber-rich, minimally processed food, which will
generally have an optimal GI or GL rating.

Protein
Protein is a macronutrient responsible for maintaining and
restoring muscles, keeping blood cells healthy, providing key
enzymes, and strengthening immunity. Protein has also been
shown to help preserve lean muscle mass, aid in weight loss,
and increase strength and endurance.

Protein serves a number of functions that support physical
activity. The main roles of protein involve repairing muscle
tissue that has been damaged via exercise and increasing
muscle protein synthesis, which contributes to increased
muscle mass and strength as an adaptation to resistance
exercise. Protein can be used for energy during prolonged
submaximal exercise, particularly when glycogen stores are
limited, but even under these circumstances, protein only
contributes up to 12% of the energy demands of exercise (42).

Food protein consists of chains of amino acids linked together
via peptide bonds. During digestion, protein, which typically
contains hundreds of amino acid units, is broken down into
individual amino acids and mixtures of small peptides (2-10
amino acid units). Approximately 20 amino acids occur in
food protein. These amino acids can be categorized as
essential amino acids (EAA) (i.e., can’t be synthesized by the
body), nonessential amino acids (i.e., can be synthesized by
the body), or conditionally essential amino acids (CEAA)



(i.e., can’t always be synthesized in amounts sufficient to meet
physiological requirements). Table 5.4 lists the essential,
nonessential, and conditionally essential amino acids for
humans.



For the tactical athlete, maintaining muscle mass, improving
strength, and enhancing recovery are often the primary
considerations when it comes to protein intake. The quality of
a food protein source is an important influence on the ability
of the protein to support growth and development. The most
common standard for protein quality at present is the protein
digestibility-corrected amino acid score (PDCAAS) (124).
A PDCAAS of 1.00 indicates that a protein is highly digestible
and contains all of the essential amino acids in the amounts
required to support human growth and development. Table 5.5
shows the PDCAAS for various proteins. It is also important
to reinforce variety and timing as tactical athletes build their
nutritional day. Research has shown that including protein
with each meal can help maintain lean body mass more
efficiently than less frequent feedings. In addition to providing
amino acids, protein can be a viable source of other
performance- and health-maintaining nutrients. Fish sources
like tuna and salmon are high in omega-3 fatty acids, which
support the ability to manage inflammation. Eggs, besides
being a great source of protein, also provide the body with
choline, an amino acid shown to support brain health.
Therefore, it is important to guide the tactical athlete to a
variety of nutrient-diverse protein sources that are of high
biological value.



Fat
Compared with carbohydrate and protein, the dietary fat
requirements for physically active people typically receive
little attention. However, consuming both the right types and
amounts of fat is critical for physical performance, recovery
from exercise, and cardiovascular health. Recommendations
regarding the amount of fat consumed per day will vary
depending on the type of physical activity, environmental
conditions, bodyweight goals, risk factors for cardiovascular
disease, and overall energy requirements. Fat is more energy
dense, containing 9 kcal/g versus 4 kcal/g for carbohydrate or
protein (30). This property is especially important for tactical
athletes with high energy requirements. The increased energy
density of fat means that it provides a lot of food energy in a
limited volume. This can be significant in situations where
access to food is limited or tactical conditions do not allow
much time to consume meals.

Another way in which fat differs from carbohydrate or protein
is body reserves. Table 5.6 shows body stores of carbohydrate



and fat for a relatively light (60-70 kg [132-154 lb]) person
who is likely untrained; the body stores would be larger for
heavier, trained athletes. Body reserves of carbohydrate are
limited. The available carbohydrate energy from plasma
glucose, liver glycogen, and muscle glycogen stores is only
about 2,000 kcal (96), emphasizing the importance of
consuming enough carbohydrate in the diet. There is no bodily
reserve of protein that can be drawn on without potentially
decreasing functional capacity. Amino acids can be drawn
from muscles when intake is inadequate, but this has an
undesirable effect on muscle mass and performance. Fat, on
the other hand, can be readily stored. Even a reasonably lean
176-pound (80 kg) man with 15% body fat has over 100,000
kcal of stored energy available as plasma fatty acids, plasma
triglycerides, adipose tissue, and intramuscular triglycerides
(96). In the case of exercise performance, the issue is not the
amount of fat available for fuel but rather training the body to
improve the systems necessary for transporting and utilizing
oxygen, which is required to use fat for energy.



Different types of fat provide different nutritional properties.
Monounsaturated fatty acids have one double bond in the
carbon chain. An example of a monounsaturated fatty acid is
oleic acid (18:1), which is found predominantly in olive oil. Its
double bond occurs after the ninth carbon from the omega end,
and so it is referred to as an omega-9 fatty acid (18:1, n-9).
Oleic acid is a key component of the Mediterranean diet and is
generally considered to be a heart-healthy fat (12).

Polyunsaturated fatty acids have more than one double bond
in their carbon chain. The two main types of polyunsaturated
fatty acids have their first double bond at either carbon 6
(omega-6, or n -6) or 3 (omega-3, or n -3) from the omega
end. Omega-6 and omega-3 fatty acids cannot be synthesized
in the body and are therefore essential fatty acids (71). A
common example of an omega-6 fatty acid is linoleic acid
(18:2, n-6). Linoleic acid is found in large concentrations in
many vegetable oils, such as corn oil, safflower oil, and
sunflower oil. Common omega-3 fatty acids include alpha-
linolenic acid (ALA) (18:3, n-3), eicosapentaenoic acid
(EPA) (20:5, n-3), and docosahexaenoic acid (DHA) (22:6,
n-3). Major sources of ALA include flaxseed oil and walnuts.
Like linoleic acid, ALA is an essential fatty acid (71). To
avoid essential fatty acid deficiency or imbalance, 5% to 7%
of a person’s energy intake should be essential fatty acids (71).
Fatty fishes (e.g., salmon, mackerel, and other cold-water,
high-fat fish) are good sources of EPA and DHA. Many people
are familiar with the health benefits associated with omega-3
fat (e.g., lowered triglycerides, decreased heart disease risk). It
is also well known that in the Western diet, the ratio of omega-
6 to omega-3 fat is much higher than is desirable. The
American Heart Association (AHA) recommends at least two
servings of fish high in omega-3 fat (8 oz [227 g] of fish total)



per week (94). The AHA also advises those with documented
coronary heart disease to consume ~1 g of combined EPA and
DHA per day, preferably from fatty fish, although capsules
could be considered in consultation with a physician. For
people with high triglycerides, the AHA recommends 2 to 4 g
of combined EPA and DHA per day under the supervision of a
physician (94). A key concern about the labeling of fish oil
supplements is that the dose on the front of the package is
stated in terms of the amount of fish oil. However, what is
most important is to check the label to see the actual amounts
of EPA and DHA per dose and to verify how many capsules
constitute one dose.

Saturated fatty acids, also known as saturated fat, tend to be
solid at room temperature. Examples of saturated fatty acids
include myristic acid, palmitic acid, and stearic acid. Of these
fatty acids, myristic and palmitic acid tend to increase blood
cholesterol while stearic does not (12, 69, 136). Animal fats,
such as butter, beef tallow, and lard, and some plant fats, such
as coconut oil, are especially rich in saturated fat. In its 2015
scientific report, the U.S. Dietary Guidelines Advisory
Committee (DGAC) reconsidered the evidence supposedly
linking high intakes of saturated fat to increased risk of heart
disease.

These data weaken the case for restricting saturated fat in the
diet, but the DGAC found “strong and consistent evidence
demonstrates that dietary patterns associated with decreased
risk of CVD are characterized by higher consumption of
vegetables, fruits, whole grains, low-fat dairy, and seafood,
and lower consumption of red and processed meat, and lower
intakes of refined grains, and sugar-sweetened foods and
beverages relative to less healthy patterns.” Thus, although the
DGAC lightened up a bit on the scientific evidence regarding
the need to restrict saturated fat, it still acknowledged the
health benefits of diets higher in fruits and vegetables and
lower in saturated fat (146). The committee found strong
evidence that

 



reducing total fat (replacing total fat with carbohydrate)
does not influence cardiovascular disease risk,
higher saturated fat intakes relative to higher
carbohydrate intakes are not associated with
cardiovascular disease risk,
replacing saturated fat with polyunsaturated fat reduces
total and low-density lipoprotein (LDL) cholesterol,
replacing saturated fat with carbohydrate reduces total
and LDL cholesterol but also increases blood
triglycerides and high-density lipoprotein (HDL)
cholesterol, and
replacing saturated fat with polyunsaturated fat reduces
the risk of cardiovascular disease events and coronary
mortality.

It is also important to consider processes that change the
chemical structure of fat. For instance, the hydrogenation
process (adding hydrogen atoms to unsaturated fatty acids) is
used in food processing to increase the solidity of the fat and
make it more resistant to spoilage (i.e., rancidity), resulting in
trans fat. However, the nutritional disadvantages of
hydrogenation include increasing the amount of saturated fat
and converting some of the chemical bonds to the trans
configuration. Trans fat tends to increase the level of LDL
cholesterol in the blood (the bad way to transport cholesterol)
and decrease the level of HDL cholesterol (the good way to
transport cholesterol), which increases the risk of heart disease
(71). Food labels contain information on trans fat content.
There is some disagreement regarding the maximal
recommendation for trans fat intake: The Institute of Medicine
(71) simply recommends keeping trans fat intake as low as
possible, whereas the AHA recommends obtaining <1% of
energy from trans fat (94). Nonetheless, the U.S. Food and
Drug Administration (FDA) no longer classifies trans fat as
generally recognized as safe (GRAS), and as of June 16, 2015,
food manufacturers have three years to remove it from their
foods.

In summary, the differences in the chemical structure of fatty
acids largely influence their biological functions. As our
understanding of the role fat plays in health and performance



continues to evolve, it is important to guide tactical athletes to
choose a variety of fat sources from both plants and animals,
with a focus on minimally processed foods rich in omega-3
fatty acids.

Fluids
Water is a macronutrient and the largest single constituent of
the human body, composing about 60% of body weight. All
bodily fluids are made from it, including the blood, lymph,
cerebrospinal fluid, intracellular fluid, urine, and sweat. Water
absorbs heat from metabolic processes, lubricates joints,
serves as a medium for biochemical reactions, transports
nutrients and oxygen to cells, and removes waste. The fat-free
mass of the body is 70% to 75% water, while the fat mass is
14% to 40% water (74). Thus, the leaner a person is, the
higher the percentage of body weight that comes from water.

Body water balance represents the difference between water
gain and loss. Sources of body water gain are the intake of
water (via drinking water, other beverages, and food) and the
generation of metabolic water that occurs as nutrients are
metabolized for energy. Body water losses include respiratory,
urinary, fecal, and skin losses. For tactical athletes, the
respiratory and insensible or perspiration losses are probably
the most significant because of how greatly they are
influenced by the environment. Respiratory water losses
average 250 to 350 ml (8-12 fl oz) per day for sedentary
people but can increase to 500 to 600 ml (17-20 fl oz) in active
people living in temperate climates at sea level (74). If the
individual is working at high altitude, respiratory water losses
can increase by another 200 ml (7 fl oz) per day (74).
Breathing dry air that is hot or cold contributes still more
respiratory water loss, a total of 120 to 300 ml (4-10 fl oz) per
day (74). Thus, tactical athletes exposed to environmental
extremes while doing heavy work might lose a liter (34 fl oz)
or more of water per day just via the respiratory route.

The Institute of Medicine has established AI values for total
water intake of 3.7 L (125 fl oz) and 2.7 L (91 fl oz) per day
for 19- to 50-year-old males and females, respectively (74).
These values roughly correspond with the minimal water loss



scenarios just described. It is expected that beverage intake
would comprise 3.7 L (125 fl oz) and 2.7 L (91 fl oz) of the
male and female AI values, with the remainder of the intake
coming from water in food and the body’s production of water
from the metabolism of nutrients (i.e., metabolic water
resulting from hydrogen protons joining with oxygen at the
end of the mitochondrial respiratory chain). Table 5.7 shows
the water content of selected foods.







Key Point
When considering fluid intake, it is important to evaluate both
the tactical athlete’s basic needs and needs associated with
exercise and environment.

Based on a comprehensive review of the effects of caffeine on
hydration, the Institute of Medicine concluded that caffeinated
beverages count toward the requirements for total water intake
(74). Its report suggested that caffeine doses >180 mg (equal
to 2-3 cups of coffee) may transiently increase urinary output,
but there was no evidence indicating that this would lead to a
total body water deficit. Thus, it appears that moderate
caffeine intake does not appreciably alter overall fluid balance,
especially if caffeine is consumed in the form of a beverage.
For the tactical athlete, there are also other issues to consider
regarding caffeine, such as effects on physical performance,
HR, blood pressure, sleeping patterns, alertness, and GI
distress and stimulation. In addition, caffeine used with other
ingredients (e.g., ephedra, herbs) may increase the risk of
adverse events (56). These issues may govern whether or not
the athlete should use caffeine, but there is not sufficient
evidence to suggest that athletes should avoid moderate use of
caffeinated beverages due to diuretic effects (11, 37).

With regard to alcoholic beverages, the effects on hydration
and performance are largely dose-related. Shirreffs and
Maughan (127) demonstrated that, in dehydrated subjects (2%
loss of body weight from exercise), solutions containing up to
2% alcohol consumed after exercise did not adversely affect
rehydration, but a 4% solution did. In addition, alcohol may
have other adverse effects on performance, such as CNS
depression, decreased power output and reaction time, and
inhibition of gluconeogenesis (152). Burke et al. (24) reported
that displacing carbohydrate for alcohol in the recovery period
from exercise decreased muscle glycogen storage. However,
the addition of alcohol to carbohydrate resulted in somewhat
lower glycogen levels at 8 hours of recovery (not statistically
significant) and no differences at 24 hours of recovery.

Micronutrients: Vitamins and Minerals



Vitamins and minerals have many essential functions in the
body but are required in much smaller amounts in the diet
compared with macronutrients (i.e., carbohydrate, protein, fat,
and water). Thus, they are termed micronutrients. See tables
5.8 through 5.11 for a summary of vitamins and minerals, their
functions, and food sources. Vitamin and mineral intake is
often a function of overall energy intake. Typically, athletes
consume more food than sedentary people and do not have
significant problems obtaining adequate amounts of most
vitamins and minerals. However, this is not necessarily the
case for athletes in sports involving bodyweight restrictions or
in tactical athletes who are unable to consume enough food
under certain circumstances. Carbohydrate, protein, and fat are
sources of energy (kcal) via their conversion to ATP, the
energy currency of the cell. However, in order for this
conversion to happen, many biochemical reactions must occur.
Vitamins and minerals provide the coenzymes and cofactors
necessary to optimize metabolism. Minerals also play key
roles in regulating fluid balance, providing structural material
for the skeleton, protecting the body from damage caused by
free radicals, and serving other functions. It is beyond the
scope of this chapter to discuss each vitamin and mineral in
detail. However, certain nutrients or groups of nutrients, such
as iron, vitamin D, and antioxidants, warrant special attention
in tactical athletes.

With the ability to look at blood markers to identify
deficiencies and the emergence of supplementation protocols,
athletes can take a food and supplementation approach to
filling any gaps they may have in their dietary intake or
deficiencies that occur as a result of increased workload or
lack of availability. When a tactical athlete needs a
supplement, the TSAC Facilitator should call in a sports
medicine physician or RD with experience in assessing and
treating deficiencies and should support only products that
have gone through third-party testing to ensure truth in
labeling (19).









Iron
Iron is necessary for oxygen transport in the blood via its role
in the oxygen transport protein hemoglobin. Iron is also a
structural component of the myoglobin protein that is
involved in local oxygen transfer in muscle cells.
Unfortunately, iron is often low in the diets of athletes,
particularly women and those who are avoiding meat (a good
iron source) due to concerns about saturated fat or vegetarian
or vegan eating habits. Further, the demands of exercise may
increase iron requirements. Exercise-induced hemolysis can
increase the loss of red blood cells and hemoglobin,
potentially affecting oxygen transport (112). Due to increased
losses of iron in menstrual flow, iron requirements in
premenopausal women (recommended daily allowance [RDA]
= 18 mg) are about double those of the adult male (RDA = 8
mg) (72). Iron intake is generally positively associated with
energy intake, with a typical iron intake of about 6 mg per
1,000 kcal (10). Thus, menstruating women who are restricting
energy intake can have an especially difficult time meeting
iron requirements. Meeting the iron RDA for women (18 mg)
from diet alone would necessitate eating 3,000 kcal per day
with a typical diet. Many female athletes fail to consume that
amount of energy or iron.



There are several factors to consider when attempting to
increase dietary iron intake. The bioavailability of iron from
various food sources is influenced by the form of iron (heme
versus nonheme), presence of vitamin C (for nonheme iron in
particular), whether or not the person is already iron deficient,
and the potential binding of iron by factors such as phytate or
tannic acid (29). Heme iron consists of iron that is still bound
to the hemoglobin and myoglobin proteins when it is ingested.
This is in contrast to nonheme iron that might be present
(e.g., iron in cytochromes, various iron salts). Absorption
efficiency of heme iron from the intestine is about 25%,
whereas nonheme iron is absorbed at about 17% (72). The
absorption of heme iron from meat is constant and unaffected
by other dietary factors. However, nonheme iron absorption is
positively influenced by vitamin C, gastric acidity, and
presence of heme iron (73). It is negatively influenced by iron
binders such as phytate (in legumes, rice, and grains), calcium
(to an extent), and tannic acid (in tea) (73). In many cases, the
presence of iron binders can reduce the absorption of iron to
<5% (73). This is an important consideration for those who
attempt to obtain the majority of their iron from grains and
vegetables. As a point of comparison, a 4-ounce (113 g) sirloin
steak has 3.8 mg of iron in a highly bioavailable form. This
food will provide more iron to the body than 1 cup of spinach
that has 6.4 mg of iron, because the iron bioavailability from
spinach is low due to iron binders (149). (See table 5.11 for
other good food sources of iron.) Thus, it is important for
people to know their iron status, and those who struggle to
meet their iron needs from food should consider iron
supplementation.

Vitamin D
Vitamin D deficiency has become relatively common. Vitamin
D regulates the expression of more than 1,000 genes, is an
important modulator of both inflammation and the immune
response (115), plays a role in hormone production, influences
neural and mental health, and affects cell turnover and
regulation (108).



A recent study of 74 female soldiers (39 non-Hispanic white,
24 non-Hispanic black, and 11 Hispanic white) undergoing
basic training showed that 57% of the soldiers had suboptimal
vitamin D status (serum 25-hydroxyvitamin D level <75
nmol/L or 30 ng/ml) upon entry into basic training (8). By the
end of basic training, 75% of the soldiers were below this
cutoff. This is supported by the 2005-2006 National Health
and Nutrition Examination Survey data indicating that 41.6%
of U.S. adults exhibit vitamin D deficiency: The highest
deficiencies are among blacks (82.1%) and Hispanics (69.2%)
(48), likely due to low dietary intake of vitamin D and reduced
sun exposure. Cannell et al. (27) recommend serum 25-
hydroxyvitamin D levels of 50 ng/ml (125 nmol/L).

A mere 5 to 10 minutes of exposure of the arms and legs to
direct sunlight can produce 3,000 IU vitamin D in the body
(65). Thus, it only takes brief sun exposure to make a
substantial amount of vitamin D in fair-skinned people.
However, this is problematic for those who have darker skin
pigments (vitamin D synthesis from the skin does not occur as
readily); for those who are avoiding sunlight exposure to
reduce the risk of skin cancer; for those who live in climates
with winters, when there is less sun exposure; or for those who
live at higher latitudes (north of the 37th parallel; roughly
equivalent to Richmond, Virginia, or San Francisco,
California) (60).

Tactical athletes should understand their vitamin D status. If a
vitamin D deficiency exists, correct it from a general health
perspective, even if this correction does not improve athletic
performance.

Antioxidants
Antioxidants are important nutrients that defend the cells
from potentially harmful levels of free radicals. Free radicals
are molecules that contain one or more unpaired electrons in
their outer orbital and are thus unstable. They naturally occur
in the cells of the body, and their production increases during
exercise. In order to achieve a more stable configuration, the
free radical steals electrons from neighboring victim
compounds. This alters the biological function of the victim



compound and can convert it to a free radical, initiating a
chain reaction that can progress to the point of causing
significant cell damage. In order to control the activity of free
radicals, the body has developed a number of enzymatic and
nonenzymatic defense systems. These defense systems can
donate electrons to the free radical, stabilizing it. Enzymatic
systems in the cells include enzymes such as superoxide
dismutase, glutathione peroxidase, and catalase. Minerals such
as zinc, copper, manganese, and selenium are important
cofactors for these enzymes. Vitamins such as vitamin E,
vitamin C, and the vitamin A precursor beta-carotene are
mainly involved in nonenzymatic systems. Therefore, several
nutrients play a role in the body’s defense mechanisms.

Powers, Nelson, and Larson-Meyer (115) indicate that dietary
intake and baseline nutritional status are likely to be important
modifiers. Moreover, if a person has suboptimal or deficient
intakes of these nutrients, supplementation could be helpful.
This is a significant point to consider for tactical athletes, who
may be under stressful conditions for an extended period of
time, as opposed to sport athletes, who have more control over
diet, intensity, and duration of training. For example, Wood et
al. (155) fed a nutritional formula containing a blend of
antioxidants, structured lipids, and other nutrients to soldiers
in the Special Forces Assessment and Selection (SFAS) school
who were undergoing rigorous training and sleep deprivation.
The subjects in the control group had a difficult time
maintaining adequate intakes of vitamin E, folate, and
magnesium and experienced a decline in immune status
compared with the specialized formula group. The group who
consumed the specialized nutrition formula saw improvements
in several markers of immune status compared with the control
group during this stressful time.

It is clear from the scientific evidence that diets high in fruits
and vegetables offer numerous health benefits from naturally
occurring antioxidants. It is difficult to mimic the effects of
diets high in fruits and vegetables using supplements due to
the unique combination of nutrients found naturally in food;
however, for athletes with a low intake of vegetables and fruits
(sometimes due to the lack of availability of these foods), it is



important to consider supplementation to fill in the gaps of the
diet. Research has shown that antioxidant supplementation has
performance benefits for those who present deficiencies,
including improved performance due to lessened fatigue,
decreased exercise-associated muscle damage, and improved
immune function. But high-dose supplementation of isolated
antioxidant nutrients is not recommended and could even
impair the adaptation to exercise (115); therefore, a balanced
supplement covering a wide range of nutrients is
recommended. As with all supplementation recommendations,
it is best to leave the recommendations up to the sports
medicine team or RD.

Key Point
Although research indicates certain trends in vitamin and
mineral deficiencies in specific populations, it is important to
think of each tactical athlete as an individual and recommend a
dietary analysis and blood analysis to identify any
micronutrient deficiencies.



Step 3: Provide Nutritional
Guidance

Although it is necessary to understand and respect scope of
practice, it is also critical that TSAC Facilitators understand
general nutrition concepts, provide general nutrition
information, and act as conduits to nutrition professionals
should the need be out of the facilitator’s scope of practice. In
1997, the Institute of Medicine began publishing a series of
reports, known as the Dietary Reference Intakes (DRI), to
establish recommended nutrient intakes. The DRI represent an
extension of the Recommended Dietary Allowance (RDA)
and comprise four categories (72):

 

1. Estimated Average Requirement (EAR): Refers to the
average daily nutrient intake that is estimated to meet the
requirements of half of the healthy individuals in a
particular life stage and gender group.

2. Recommended Dietary Allowance (RDA): Refers to the
average daily nutrient intake that is sufficient to meet the
nutrient requirements of nearly all (97%-98%) healthy
individuals in a particular life stage and gender group.

3. Adequate Intake (AI): Refers to the recommended
average daily intake based on observed or experimentally
determined approximations or estimations of nutrient
intake by a group (or groups) of apparently healthy
people that is assumed to be adequate; used when an
RDA cannot be determined.

4. Tolerable Upper Intake Level (UL): Refers to the highest
average daily nutrient intake level that is likely to pose no
risk of adverse health effects to the general population.
As intake increases above the UL, the potential risk of
adverse effects may increase.

DRI were established for water, vitamins, minerals,
carbohydrate, protein and amino acids, fat and fatty acids,
dietary fiber, and cholesterol. Another concept presented
within the DRI reports for macronutrients (e.g., carbohydrate,



protein, fat) is the Acceptable Macronutrient Distribution
Range (AMDR), which highlights the recommended intakes
of these nutrients as a percentage of daily energy intake. For
adults, the AMDR is 45% to 65% of energy from
carbohydrate, 10% to 35% of energy from protein, and 20% to
35% of energy from fat (72). To determine your DRI for all
the nutrients, go to http://fnic.nal.usda.gov/interactiveDRI.

Military personnel often have different nutrient requirements
than those of the general population. For example, warfighters
may have a high level of physical exertion in either hot or cold
climates and thus have greater needs for energy, fluids,
electrolytes, carbohydrate, fat, and protein compared with a
sedentary person. The same is true for police, firefighters, and
other tactical personnel. As such, the U.S. military has
established a modified version of the DRI. Though similar in
many respects to the DRI, there are important differences,
such as larger energy requirements (depending on duty),
increased protein requirements, elevated sodium and fluid
needs (again, based on environmental conditions), and some
alterations in mineral requirements (e.g., potassium,
magnesium, zinc). The Military Dietary Reference Intakes
(MDRIs) are found in Army Regulation 40-25 (39). Table
5.12 summarizes these requirements. Carbohydrate and fat are
not listed in the summary table but are discussed elsewhere in
the document. The MDRIs are used to determine the nutrient
composition of military rations, in particular the MREs
(Meals, Ready to Eat). Each MRE provides approximately
1,250 kcal (roughly one-third of the energy requirement), 51%
carbohydrate, 13% protein, 36% fat, and one-third of the
MDRIs for vitamins and minerals (143).



Daily Carbohydrate Needs
Daily carbohydrate recommendations vary depending on the
metabolic carbohydrate tolerance of the tactical athlete, the
type of activity associated with the athlete’s job function,
specific exercise requirements, and phase of training. It is
important to match carbohydrate intake with carbohydrate
requirements. Often, the very-high-carbohydrate diets
specified for athletes have been designed with the endurance
athlete in mind. However, those who perform tasks shorter
duration and higher intensity may not be as dependent on
maintaining muscle glycogen stores.

 

Daily carbohydrate needs for strength athletes, for
instance, might range from 1.8 to 3.2 g carbohydrate per
pound of body weight (4-7 g/kg body weight) (25, 131).
This translates into 308 to 539 g carbohydrate per day for
a 170-pound (77 kg) person.
For athletes involved in endurance exercise, carbohydrate
needs are likely to be higher, from 3.6 to 5.5 g per pound
of body weight (8-12 g/kg body weight) (25). This



translates to 616 to 924 g per day for the 170-pound (77
kg) athlete. The high end of the carbohydrate range for
the endurance athlete would probably apply just to short
periods of carbohydrate loading prior to competition,
while the lower end of the range might represent more
typical training intakes.

Table 5.13 shows the carbohydrate content of some common
foods.



Daily Protein Needs
The protein needs of tactical athletes will likely be
considerably higher than those of inactive people. During
exercise, there is increased oxidation of amino acids,
especially branched-chain amino acids, for energy. This is
particularly true when glycogen stores are depleted. Under
these circumstances, up to 12% of the energy cost of activity
can be met by protein (42). Further, extra protein is needed to
repair muscle protein that has been damaged due to exercise.
Finally, tactical athletes must often perform in environments
where access to appropriate amounts of carbohydrate (and
food in general) is limited. When carbohydrate is low in
supply, there is increased gluconeogenesis (i.e., conversion of
amino acids to glucose). Thus, carbohydrate spares protein
(both exogenous and endogenous) from being oxidized for
energy.

The protein requirements for tactical athletes depend on
intensity of workload, overall energy and carbohydrate intake,
and gender. Table 5.14 describes the daily recommended
protein intakes for tactical athletes. During stressful
conditions, protein requirements could be higher than these
numbers, especially if combined with low intake of energy and
carbohydrate. An upper limit to how much protein a tactical
athlete might require is unknown. Somewhat higher intakes
have proven safe and beneficial for some athletes, and protein
requirements should be individualized as much as possible.



It is important for the tactical athlete to consume protein at
frequent intervals throughout the day to ensure adequate levels
of circulating amino acids for muscle repair and growth.
Protein consumed in the postexercise period and before
bedtime could be important for fostering anabolism (21, 90,
119, 148).

In general, safety concerns regarding high-protein diets for
healthy, active people have been largely exaggerated by health
care professionals and the media. One source of confusion
arises regarding the definition of a high-protein diet. For the
purpose of this chapter, a high-protein diet constitutes a daily
protein intake of 2.0 g/kg (0.9 g/lb) body weight or more,
which is over double the present RDA of 0.8 g/kg (0.4 g/lb)
body weight for adults (71). There is no evidence that protein
intake at that level is associated with adverse health effects in
healthy, active people with normal liver and kidney function
(26). In people with some degree of renal compromise or liver
disease, the advice of a health care professional should be
sought regarding the appropriate amount of protein.

Key Point
Given the definition of a high-protein diet as a daily intake of
2.0 g/kg (0.9 g/lb) body weight, there is no evidence that
protein intake at that level is associated with adverse health
effects in healthy, active people with normal liver and kidney
function.

Another concern that has been expressed is that high-protein
diets may reduce bone density. However, there is no evidence
that people on high-protein diets have lower bone mineral
density, reduced bone strength, or accelerated bone loss (57,
93). In fact, protein helps strengthen bone, mainly by
enhancing the collagen portion of bone that helps to increase



its tensile strength (62). Thus, there is no reason to think that
daily protein intakes of up to 2.0 g/kg (0.9 g/lb) body weight
would adversely affect bone health as long as the intake of
calcium and other nutrients important for bone health is
adequate.

The main concern regarding high-protein diets is the increased
water requirement that could result from urinary excretion of
nitrogenous waste (e.g., urea) from oxidation of excess protein
(88). For this reason, it is sensible to avoid greatly exceeding
protein requirements. For most tactical athletes, a daily protein
intake of up to 2.0 g/kg (0.9 g/lb) body weight probably would
not greatly exceed their protein requirements. This concern
also highlights the importance of adequate fluid intake.

Daily Fat Needs
Previously, recommendations for fat intake in athletes, which
correspond well with the MDRI, were that 20% to 35% of
total energy should come from fat (7). In the most recent
guidelines (1), the lower cut point of 20% of energy from fat
was retained, but no upper limit on fat was established. This
may be due to the fact that the nutrient requirements of athletic
activities can vary, and athletes often experiment with dietary
macronutrient compositions to improve performance.
However, people who are less active, have high blood lipids,
are overweight, or have other cardiovascular risk factors may
wish to obtain no more than 30% of energy from fat. Tactical
athletes in cold environments or with food volume restrictions,
however, might want to aim for 35% of energy from fat or
more.

One difficulty with expressing recommendations as a
percentage of energy from fat is that this does not coincide
with how the fat content of food is reported on food labels,
which is in grams per serving. Thus, it is important to be able
to convert between the two systems. For example, for a person
who requires 2,700 kcal per day, how many grams of fat
should be consumed to obtain 30% of energy from fat? To
answer this question, first multiply the 2,700 kcal by 0.30 (the
decimal equivalent of 30%) to get the number of kcal from fat,
which turns out to be 810. Now divide the 810 kcal from fat



by 9 kcal/g (the energy density of fat) to get the number of
grams of fat per day, which comes to 90 g. A shortcut for
determining the fat allowance in grams per day, which only
works when 30% of energy is the desired fat goal, is to simply
divide the overall energy requirement by 30. Translating from
a desired percentage of energy from fat to a recommended
number of grams per day is helpful because food labels will
make more sense. If tactical athletes understand that their daily
fat need is 90 g, it is much easier to see that a food with 30 g
fat per serving (e.g., a fast food burger) will use one-third of
that day’s fat allotment. When it comes to saturated fat, the
AHA recommends less than 7% of energy from saturated fat
(94), although 10% of energy from saturated fat might be a
more realistic goal. Therefore, for people requiring a total
daily fat intake of 90 g, the saturated fat intake should be no
more than 30 g (10% of energy).

A number of books and online resources provide information
on the content of fat and other nutrients in food. One of the
best and most reliable is the USDA Food Composition
Database (www.nal.usda.gov/fnic/foodcomp/search).

In summary, tactical athletes should aim to obtain 20% to 35%
of their energy from fat. They should moderate saturated fat
intake and avoid or keep trans fat intake low. The remainder of
fat should be composed of a variety of healthy
monounsaturated (e.g., olive oil, canola oil) and
polyunsaturated fat, with an emphasis on increasing the ratio
of omega-3 to omega-6 fat. Fish oil supplements may be
advisable for certain people because of their cardiovascular
benefits and less potential for inflammation (see chapter 7).



Step 4: Create Nutritional
Recommendations to Support

Performance and Recovery
One of the most significant sports nutrition discoveries of the
last 25 years or so has been the concept of nutrient timing.
With some understanding of the physiology of exercise and
body systems in general, it becomes possible to learn not just
what to eat but also when for best performance and recovery.
(Again, TSAC Facilitators must stay within their scope of
practice when providing nutrition information.) The pre- and
postexercise periods are especially important for both
performance and recovery.

Considerations for the Preexercise Meal
or Snack
The preexercise or preactivity meal or snack primes the body
with the nutrients it needs. In the preexercise period, there are
several considerations:

 

Gastrointestinal tolerance
Fluids for hydration
Overall energy (kcal) content and carbohydrate
availability
Fat and protein intake
Possible inclusion of caffeine

Gastrointestinal tolerance is a major issue in athletes. Physical
activity tends to divert blood flow from the intestine to the
extremities, so digesting large meals can be difficult during
this time. It is paramount to avoid adverse gastrointestinal
symptoms for obvious reasons.

There are several strategies for designing preexercise meals to
improve tolerance during exercise (2, 16, 30, 123):

 



Avoid large amounts of dietary fiber, and be aware of
foods that are solely fructose based and prepackaged
foods (e.g., bars) that contain sugar alcohols.
Keep the fat content low to avoid slowing gastric
emptying.
Allow a time interval between the meal and the exercise
that is appropriate for digesting the size of the meal.
Include a moderate amount of protein, again to avoid
slowing gastric emptying.
Keep calorie and carbohydrate levels high enough to
provide energy for exercise but low enough to facilitate
gastric emptying.

On the other hand, it has been suggested that a high insulin
response to a preexercise feeding may be detrimental to
performance due to the inhibitory effects of insulin on fat
oxidation. The general consensus is that a lower GI
preexercise feeding (typically 45 minutes to 3 hours before
exercise) is associated with lower blood glucose and insulin
responses and with higher levels of free fatty acids and fat
oxidation during exercise compared with the higher GI feeding
(103). Despite the clear metabolic effects of low versus high
GI preexercise feedings, there is considerable disagreement
among studies regarding improvement of performance. Some
studies have reported benefits in performance with a low
versus high GI preexercise feeding, whereas others have
shown no effects (103). Given the uncertainty in the scientific
literature, tactical athletes should consider what meals are
tolerated best, whether carbohydrate is to be consumed during
exercise, what type of exercise performance is required, the
length of time between eating and exercise, and what food
choices are available in making the best decisions for
preexercise feeding.

Performance Nutrition: Fluid and
Electrolyte Considerations
Preventing dehydration is critical for the tactical athlete
because it can cause deterioration of both cognitive and
physical performance. The Institute of Medicine presented



reviews of the scientific literature on the effects of
dehydration on cognitive and physical performance (mainly
endurance exercise), showing that a 2% loss of body weight or
more in a short time due to fluid loss can significantly impair
performance (74). Although these effects of dehydration have
been recognized for some time, athletes often fail to totally
replace fluid losses even when they have access to water or
other beverages during exercise (53). There are no clear
reasons why athletes stop drinking before fully replacing fluid
losses. The main goal is to prevent any more than a 2% loss in
fluid, but overdrinking (i.e., weight gain during exercise)
should also be avoided in order to prevent hyponatremia, or
excessive dilution of sodium in the plasma. Thirst can serve as
a signal to increase water intake, but the thirst response is not
perfect (3). Therefore, drinking according to a regimen rather
than the thirst response might be helpful in certain
circumstances. A fluid plan that supports most physical
activity is 0.4 to 0.8 L (14-27 fl oz) per hour, although this
should be customized to the environment, tolerance, and
individual sweat rate. Finally, tactical athletes should consider
the temperature of their beverage. Cold beverages have been
shown to help maintain or reduce core temperature, resulting
in improved performance in hot environments (3).

It is important to consider all the factors that influence fluid
losses in a drinking schedule. There have been multiple cases
of ultra-endurance athletes (e.g., 100-mile [161 km] run
participants) who developed life-threatening hyponatremia due
to drinking excessively on a schedule (107). Risk factors for
this type of hyponatremia include

 

slow running speed (i.e., less intensity),
cool and less humid environmental conditions that make
fluid losses considerably less than expected,
overconsumption of beverages (e.g., 50–50 dilution of
soda with water) that have low sodium content, and
inadequate urination due to failure of the fluid regulatory
mechanisms.



Electrolytes are ions in the blood that help regulate fluid
balance (see the section on minerals for more information).
Electrolyte losses through the skin and sweating are highly
variable and depend on physical activity intensity and
duration, heat, humidity, clothing, and acclimatization to
exercise. Insensible perspiration losses are approximately 450
ml (15 fl oz) a day for the average adult (72). With regard to
perceptible skin sweat losses during exercise, water loss can
range from 0.3 to >2 L (10-68 fl oz) per hour (72). Urine
volume typically ranges from 1 to 2 L (34-68 fl oz) per day,
depending on hydration status, and gastrointestinal fluid losses
(i.e., fecal losses) are 100 to 200 ml (3-7 fl oz) a day (72).
Thus, an estimate of total water losses under minimal
conditions (temperate climate, 2 hours of activity at a sweat
rate of 0.5 L [17 fl oz] per hour) might be approximately 3.6 L
(122 fl oz) a day. Under more extreme conditions (hot or cold
air, elevated altitude, 2 hours of exercise at a sweat rate of 1.5
L [51 fl oz] per hour, and 8 hours of activity at a sweat rate of
0.3 L [10 fl oz] per hour), total water losses might be 8.5 L
(287 fl oz) per day or higher. To replace these losses, the
military rule of thumb of about 1 quart (1 L) of fluid intake per
1,000 kcal expended is a good estimate, given that the fluid
losses described here would probably be associated with daily
energy expenditures of 3,600 and 8,500 kcal for minimal and
extreme conditions, respectively. In addition, fluid intake can
come from multiple beverages, not just water. Many people
misinterpret guidelines for overall water intake from all
sources as simply the amount of drinking water needed per
day. However, beverages other than water can provide a
portion of the total water requirement.

Sodium and other electrolytes play a key role in regulating
water balance during exercise. Sweat contains 920 to 1,840 mg
sodium and 1,065 to 2,485 mg chloride per liter (98). Other
electrolytes, such as potassium at 156 to 312 mg per liter, are
much lower in magnitude and relatively easy to replace via the
diet. Because sweat is hypotonic with regard to sodium, blood
sodium levels most often rise during active periods of sweat
loss. As such, there is usually no need to replace sodium in
order to avoid low blood sodium levels (i.e., hyponatremia)
during exercise; however, there are exceptions. Athletes who



have not acclimatized to exercise in the heat often have larger
sodium concentrations in their sweat versus those who have
acclimatized (3). A lack of acclimatization combined with the
presence of clothing and gear that increase the need for
sweating in the heat can rapidly accelerate sodium losses in
tactical athletes. Excessive losses of sodium and fluid could
increase the risk of muscle cramping, hyponatremia, and heat
illness in these circumstances. The same is true for prolonged
endurance events, in which athletes may have difficulty
replacing enough sodium over time or may have entered the
race with poor electrolyte levels. The sodium content of most
commercially available sport drinks generally does not exceed
120 mg per 8 ounces (237 ml), which may be too low to
adequately replace sodium in these individuals (144). It may
be beneficial in these cases to use a beverage with a higher
sodium concentration than a typical sport drink.

Key Point
The sodium content of most commercially available sport
drinks generally does not exceed 120 mg per 8 ounces (237
ml), which may be too low to adequately replace sodium in
people who are salty sweaters, heavy sweaters, or prone to
cramping. Therefore, explore electrolyte-replacement
beverages, powders, or tabs with more than 200 mg sodium
per 8 ounces (237 ml).

As previously mentioned in this chapter, sports nutrition
commonly teaches that athletes should avoid caffeinated
beverages to minimize their diuretic effect. However, a
number of studies have challenged the notion that caffeine
adversely affects water balance or thermoregulation during
exercise (11, 37). The research suggests that doses of caffeine
up to 6 mg/kg (4 mg/lb) body weight do not have a significant
impact on thermoregulatory responses and that the impacts on
urine volume and flow and sweat are not likely to have a
significant effect on 24-hour fluid or electrolyte balance. The
effects of exercise tend to blunt the potential diuretic effect of
caffeine. Therefore, if caffeine has a positive impact on
performance for a particular tactical athlete, it can have an



ergogenic effect in combination with an appropriate fueling
and hydration strategy.

Performance Nutrition: Recovery After
Exercise or Activity
Upon the completion of physical activity, the tactical athlete
should start the recovery process to replenish glycogen
(refuel), stimulate protein synthesis (rebuild), and correct fluid
loss (rehydrate). The immediate postexercise period (within 60
minutes of finishing activity) is a critical window for
delivering nutrients to the body because glucose and amino
acid transporters are upregulated in muscle, insulin sensitivity
of the muscle cells is enhanced, and the inhibitory effects of
exercise on anabolic hormones and muscle protein synthesis
pathways have subsided (75, 76). The more frequently a
tactical athlete is active, the more important the recovery
window becomes. Some research has shown that if athletes are
meeting their macronutrient needs and are only active one time
per day, they may be able to recover through a normal diet;
however, for many tactical athletes, nutrient intake varies.
Therefore, creating a routine around recovery nutrition is a
great strategy to ensure the athlete does not suffer from
underrecovery, which could eventually lead to overtraining
symptoms.

Early (immediately after exercise) versus late (at least 3 hours
after exercise) consumption of carbohydrate and protein
resulted in better protein synthesis (91) and muscle
hypertrophy in response to resistance training (33). It appears
that at least 10 g protein and 8 g carbohydrate postexercise are
needed to stimulate the desired effects on muscle glucose
uptake and muscle protein synthesis (91). However, additional
research suggests that consuming 20 g protein after resistance
exercise results in maximal muscle protein synthesis (104).
Thus, an intake of at least 20 g protein immediately and 2
hours after exercise is recommended.

The ratio of carbohydrate to protein in Ivy et al. (77) was
almost 3:1, whereas the ratio from Cribb and Hayes (33) was
closer to 1:1 (34.4 g carbohydrate and 32 g protein consumed



pre- and postexercise vs. morning and evening). Although
certain products may claim to have the ideal ratio of
carbohydrate to protein, the truth is that the optimal ratio has
yet to be determined, and it may vary depending on whether
maximal muscle glycogen synthesis or muscle protein
synthesis is the primary goal of the athlete. A general approach
is that the greater the intensity of the activity, the greater the
need for glycogen recovery. As for protein, obtaining enough
leucine to stimulate protein synthesis is the core driver for
recovery; 2.0 to 2.5 g of leucine tends to stimulate signaling
pathways that promote muscle building (18).

Recovery Nutrition: Focus on
Carbohydrate Type
Foods with differing GI values may have benefits depending
on when they are consumed relative to exercise. For example,
in the immediate postexercise period it is important to get
nutrients into the muscle cells as soon as possible to promote
protein synthesis and rebuild glycogen stores. High GI
carbohydrate stimulates large blood glucose and insulin
responses (133), and a high level of insulin helps drive amino
acids and glucose into the muscle cells. Given that low muscle
glycogen levels can be a limiting factor for intense physical
activity, ensuring that tactical athletes have enough
carbohydrate both daily and in the recovery period can be
beneficial, especially for those with multiple bouts of physical
activity each day. Moreover, taking into consideration speed of
carbohydrate delivery using higher GI carbohydrates is a
beneficial strategy to achieve glycogen restoration (22).

Recovery Nutrition: Focus on Protein
Type
Similar to the GI concept for carbohydrate, different types of
protein also have different rates of digestion and release of
amino acids into the circulation. Much research has focused on
the two major subfractions of dairy protein—whey and casein.
Whey protein is a soluble and rapidly digested protein,
causing a spike in plasma amino acids within 1 to 2 hours of



digestion that then quickly dissipates (15). Casein protein, on
the other hand, is digested more slowly, and the postprandial
rise in plasma amino acids is more moderate and sustained
than for whey protein (15). Both casein and whey are high-
quality proteins based on their PDCAAS values, but it has
been suggested that their different rates of digestibility may
have implications for the timing of protein ingestion and
effects on muscle protein synthesis and breakdown.

Because of its rapid digestibility and high leucine content,
whey protein stimulates muscle protein synthesis more so than
casein when consumed in the immediate postexercise period
(67, 113, 134, 151). By contrast, casein has a greater impact on
inhibiting protein breakdown (15, 34), probably due to its
slower release of amino acids into the circulation. As the result
of such studies, many strength athletes use isolated protein
sources at different times of day, such as whey protein in the
immediate postexercise period and casein before bedtime.

However, interpreting the research on this issue is complex.
When comparing isolated sources of protein such as whey and
casein, a number of methodological issues with study design
cloud interpretation of the data (15, 35, 86, 118, 140):

 

Standardization based on total amount of protein versus
leucine content of the protein
Differential effects of whey and casein in older versus
younger subjects
Time frame over which muscle protein synthesis is
measured
Whether whole-body versus muscle protein synthesis is
measured
Limitations of measuring muscle protein synthesis alone
versus measuring muscle protein balance (net of protein
synthesis and breakdown)

Recent studies of a blend of 25% whey protein isolate, 25%
soy protein isolate, and 50% sodium caseinate have shown
levels of postexercise muscle protein synthesis equivalent to
that of whey protein alone (116, 117).



Given the uncertain state of the science on protein digestibility
rates and the effects on muscle protein synthesis and balance,
there is no consensus regarding the optimal feeding of an
isolated protein type at a particular time of day (26). At
present, it appears that the more important consideration is to
get adequate amounts of high-quality protein throughout the
day, including the postexercise period, consuming blends of
slow-, intermediate- (e.g., soy), and fast-digesting protein
frequently (111).

During sleep, hormones that increase the potential for muscle
growth (e.g., growth hormone, insulin-like growth factor) are
elevated (36, 51, 105). Thus, protein consumption before
bedtime can help supply amino acids during this important
growth period. A source of casein (e.g., milk, cheese, cottage
cheese, supplemental form) can be helpful during this time
because of its slower digestion and more sustained amino acid
release into the blood. Protein consumed at other times of day
is also important for functions such as preventing hunger and
minimizing protein breakdown, so it is important not to
neglect protein during these times either. A rule of thumb
might be to attempt to consume 0.3 g/kg (0.14 g/lb) high-
quality protein every 3 to 5 hours over multiple meals (1), with
one of those times being the postworkout period. The amount
at each feeding depends on the individual’s protein need. See
table 5.15 for the protein content of various foods.



Key Point
Consistent recovery nutrition is an important part of the
adaptation process. When tactical athletes have more than one
bout of activity per day, it is critical to use a personalized,
targeted recovery approach to ensure glycogen restoration and
muscle recovery.

The sidebar titled “Postexercise Recovery Meals” includes
some ideas for postexercise meals. For a summary of all
recommendations for a male tactical athlete who is 170 pounds
(77 kg), see table 5.16.



Postexercise Recovery Meals

Option 1 (645 calories, 94 g carbohydrate,
25 g protein, 20 g fat, 3.8:1
carbohydrate:protein)

 

1 regular bagel
2 tbsp (32 g) peanut butter
8 oz (237 ml) 1% low-fat chocolate milk
1 oz (30 g) seedless raisins

Option 2 (627 calories, 93 g carbohydrate,
39 g protein, 11 g fat, 2.4:1
carbohydrate:protein)

 

2 cups (473 ml) flavored soy milk plus 3 heaping tsp (30
g) soy protein isolate
4 graham cracker squares
1 medium apple



Option 3 (380-510 calories, 72-76 g
carbohydrate, 21-25 g protein, 3-8 g fat, 2-
3:1 carbohydrate:protein)

 

1 scoop high-quality, third-party-tested 100% whey
protein
Ice cubes (optional)
2 medium bananas

Can be made into a smoothie in a blender.



Providing Guidance on Energy
Balance and Nutrition Tools

The intention of this chapter is to provide TSAC Facilitators
with the background, context, and information to be able to
answer basic questions about nutrition. The facilitator should
point the tactical athlete to a qualified nutrition professional
when a specific, personalized plan is needed.

Nutritional Strategies for Fat Loss and
Lean Mass Gain
Many tactical athletes may determine that they would like to
alter their body composition or that the demands of their
position require some type of adjustment. When guiding a
tactical athlete through this process, ensure that the timing of
this adjustment is thoughtful and that the athlete has the
energy to maintain high levels of performance while achieving
the body composition goals.

Energy Excess: Fat Loss
For people who are above their desirable body weight and
wish to lose excess body fat, it is important to set realistic
goals. The energy content of 1 pound (0.5 kg) of adipose
tissue (i.e., body fat) is approximately 3,500 kcal (149). Thus,
1 pound (0.5 kg) of extra body fat indicates that energy intake
has exceeded energy expenditure by 3,500 kcal. The reduction
of body fat can be achieved by a combination of reducing
energy intake and increasing energy expenditure. In general,
exercise alone is not sufficient to cause significant weight loss
(40); rather, it is most critical in the maintenance of weight
loss that has occurred. With regard to energy intake, the main
concern is finding a level of energy intake that is low enough
to reduce body fat but at the same time is achievable and
practical for the individual. Restricting energy intake too
severely can lead to excessive hunger and relapses of poor
eating behaviors. A reasonable goal is a total negative energy
balance of 500 kcal per day, which would theoretically result
in the loss of 1 pound (0.5 kg) of body fat per week. This



energy deficit of 500 kcal per day could be made up of a
reduced dietary intake of 300 to 400 kcal and 100 to 200 kcal
of physical activity. This strategy might work well for those
who are not very fit to begin with. In most cases, a total daily
energy deficit greater than 1,000 kcal is not recommended
because it is unachievable over the long term.

Another technique that might help with reducing energy intake
is to eat frequent, small meals (five or six per day). Contrary to
popular belief, this type of meal pattern has not been shown to
increase metabolic rate (85). However, it may help to manage
hunger so that the tactical athlete does not eat excessive
amounts of food at a particular time. Finally, it is critical that
tactical athletes preserve their lean body mass while
decreasing their body fat. Maintaining a higher level of protein
intake—2.3 g/kg (1.0 g/lb) versus 1.0 g/kg (0.5 g/lb) body
weight per day—during times of energy restriction helps to
retain muscle mass while losing body fat (102).

Lean Muscle Mass Gain
Some tactical athletes will wish to gain weight. Under most
circumstances, the majority of the weight gain should be from
lean tissue and not fat mass, although there may be times when
gaining some body fat is desirable (e.g., insulation during cold
exposure). In general, some increase in energy intake will be
required, but it is difficult to set an absolute energy target.
Some dietary supplements, such as creatine, can help to
increase muscle mass and yet are noncaloric (20). However,
creatine alone does not increase mass. Creatine provides
metabolic support to short, explosive movements; therefore, it
supports physical adaptation through training. Also, a positive
energy balance of 500 kcal per day (the reverse of the scenario
for weight loss) would lead mainly to a gain of 1 pound (0.5
kg) of body fat per week. It still may be a reasonable target but
needs to be within the context of an exercise program. The
best advice in these situations is multifactorial:

 

Ensure that an appropriate exercise program is in place
for the tactical athlete.



Verify that protein intake is consistently meeting the
established requirements.
Ensure that calorie and protein needs are being met.
Quantity should not overshadow quality. The inclusion of
nutrient- and energy-dense foods will ensure the athlete
maintains health and performance while increasing lean
body mass. Increase the energy density of the diet (i.e.,
more energy in less volume).

More frequent meals (five or six per day) may be
helpful to consume an appropriate amount of food.
As stated previously in this chapter, fat has 9 kcal/g,
whereas protein and carbohydrate each have 4
kcal/g. Thus, fat is more energy dense than
carbohydrate or protein.
Water content also influences the energy density of
food. For example, raisins have an energy density of
3.0 kcal/g, whereas grapes have an energy density of
0.67 kcal/g.
Adding milk powder to casseroles and soups can add
protein and calcium.
Adding 100% whey protein powder or soy protein to
foods like oatmeal or smoothies can help tactical
athletes meet their protein needs.

Opt for a higher ratio of carbohydrate to protein in the
postworkout period (3:1 or 4:1).
Under the guidance of a qualified nutrition professional,
dietary supplements (e.g., creatine) can be helpful during
certain training phases. (See chapter 7 on supplements.)

Low Energy Availability and the Female
Athlete Triad
Energy availability is dietary energy intake minus exercise
energy expenditure (4). Consistent low energy availability has
been shown to result in low energy and underrecovery. A
possible warning sign is if energy intake is less than 30 kcal/kg
fat-free mass (4). Low energy availability is a key component
of the female athlete triad that can lead to impaired bone
health and increased risk of osteoporosis and fractures. Each
component of the female athlete triad exists on a continuum



ranging from the normal or optimal state to a clinical
condition, as shown in figure 5.2.



Figure 5.2 The female athlete triad and energy availability.

Helping Tactical Athletes Evaluate Their
Nutrition
Giving tactical athletes guidance on what the science
recommends is a great step toward helping them reach their
nutritional goals, but many may benefit from exposure to
various tools that will give them some autonomy as they
evaluate their nutritional practices. A number of military-
specific tools have been developed to support and guide the
tactical athlete, with two of the most prominent being the
following:

 

www.health.mil/Military-Health-Topics/Operation-Live-
Well/Focus-Areas/Nutrition
www.navyfitness.org/nutrition

One simple approach to promote nutritional adequacy is to
focus on achieving the recommended number of servings from
the various food groups. The U.S. Department of Agriculture
(USDA), in collaboration with other agencies, has established
the ChooseMyPlate.gov website to provide information on the
number of servings that are recommended from the various
food groups. One convenient feature of this site is the
SuperTracker for calculating the recommended number of
servings per food group based on individual needs. As an
example, the SuperTracker calculated the daily recommended
number of servings for a 25-year-old, 175-pound (79 kg) male
who is 5 feet, 10 inches (1.78 m); engages in more than 60
minutes of physical activity per day; and requires 3,200
calories per day. The results were 10 ounces of grains, 4 cups
of vegetables, 2.5 cups of fruits, 3 cups of dairy, 7 ounces of



protein, and 11 teaspoons of oil. The resulting graphical
printout defines amounts of individual foods that count as a
serving from each food group. This system has replaced the
Food Guide Pyramid, although there are still some links to
older Food Guide Pyramid materials. There are a total of five
food groups on the ChooseMyPlate.gov site (grains, fruits,
vegetables, dairy products, and protein foods), along with
information on oils and empty calories.

Another feature on the site is a search function in which one
can look up combination foods such as tacos or spaghetti and
see how many servings from each food group the combination
food contains. Multiple other tools on the site are helpful as
well, including information for kids, pregnant and breast-
feeding women, and people who want to lose weight. Figure
5.3 illustrates the MyPlate concept.



Figure 5.3 Sample plate with recommended portion sizes from
the food groups.

USDA’s Center for Nutrition Policy and Promotion. choosemyplate.gov

The ChooseMyPlate.gov site encourages people to meet the
recommended number of servings from each food group as a
way to ensure adequate intakes of essential nutrients. The site
also lists a recommended maximum amount of empty calories
to limit the amount consumed per day. This promotes high
nutrient density, in which the diet provides a high level of
nutrients relative to the amount of energy.

Related to the food group concept is the exchange list system
developed by the Academy of Nutrition and Dietetics and the
American Diabetes Association (ADA). In this system, foods
are classified into exchange groups as starches, fruits, milk,
sweets and desserts, nonstarchy vegetables, meats and meat
substitutes, fats, or alcohol. Within each exchange group, the
portion size of each food is standardized to provide the same
macronutrient content. For example, a starch exchange counts
as 15 g carbohydrate, 0 to 3 g protein, 0 to 1 g fat, and 80 kcal.
A starch exchange could be a slice of bread or half of an
English muffin, among many other choices. Booklets (now
titled Choose Your Foods) that detail the types and amounts of
foods and beverages that count as particular exchanges are
available at www.nhlbi.nih.gov/health/educational/lose_wt/eat.
Printed copies of these exchange list booklets can be
purchased at www.eatrightstore.org. For details on how to use
the exchanges, see the previously mentioned website from the
National Heart, Lung, and Blood Institute (NHLBI).



Interprofessional Collaboration
Although it is useful for TSAC Facilitators to enhance their
knowledge of nutrition in order to respond to general nutrition
questions, it is also important to know when to refer a client to
a licensed dietetics professional for more specific advice. This
is especially true when a medical issue such as type 1 diabetes,
celiac disease, or food allergies and intolerances has been
identified. In addition, some RD practitioners have achieved
an additional board certification to practice sports dietetics in
particular, the Certified Specialist in Sports Dietetics (CSSD;
www.cdrnet.org/certifications/board-certification-as-a-
specialist-in-sports-dietetics).

TSAC Facilitators should identify a network of nearby RDs
for referral when necessary. The websites of the Collegiate and
Professional Sports Dietitians Association (CPSDA;
www.sportsrd.org) and the Academy of Nutrition and Dietetics
(www.eatright.org) and its dietetic practice group (SCAN)
dealing with sports, cardiovascular, and wellness nutrition
(www.scandpg.org) all have features to help people locate RDs
in their area.



Conclusion
TSAC Facilitators are often the first, and perhaps only, fitness
professionals their clients consult about nutrition. The
information in this chapter provides a foundation for
answering these types of questions. In addition, the USDA, the
Institute of Medicine, and the Academy of Nutrition and
Dietetics provide a number of online and print resources that
TSAC Facilitators can use to help clients achieve their
nutrition and fitness goals. For complex nutrition questions,
design of prescriptive diets, or clients with significant medical
concerns (e.g., diabetes, food allergies and intolerances),
referral to an RD is advisable for the safety of the client and to
avoid potential liability issues for the fitness professional.

Key Terms
 

Acceptable Macronutrient Distribution Range (AMDR)
adipose tissue
alpha-linolenic acid (ALA)
antioxidants
beta-carotene
casein protein
coenzymes
cofactors
conditionally essential amino acids (CEAA)
dehydration
Dietary Reference Intake (DRI)
docosahexaenoic acid (DHA)
eicosapentaenoic acid (EPA)
electrolytes
essential amino acids (EAA)
exchange list
free radicals
gluconeogenesis
glycemic index
glycemic load
glycogen
heme iron



hemoglobin
hyponatremia
insulin
licensure
macronutrients
metabolism
micronutrients
Military Dietary Reference Intake (MDRI)
monounsaturated fatty acids
myoglobin
nonessential amino acids
nonheme iron
nutrient timing
omega-3 fatty acid (n-3)
omega-6 fatty acid (n-6)
polyunsaturated fatty acids
protein digestibility-corrected amino acid score
(PDCAAS)
Recommended Dietary Allowance (RDA)
registered dietitian (RD), or registered dietitian
nutritionist (RDN)
saturated fatty acid, or saturated fat
sports dietitian
sports nutrition coach
sports nutritionist with an advanced degree
trans fat
whey protein

Study Questions
 

1. Which of the following is the first step to address the
nutritional needs of tactical athletes?

1. Understand basic fueling concepts.
2. Understand the demands of the tactical athlete.
3. Within the scope of practice, create nutritional

guidance for daily, or foundational, nutritional
needs.

4. Within the scope of practice, create nutritional
recommendations to support performance and



recovery.
2. Which of the following activities creates the greatest

energy expenditure?
1. running 10 mph (16 km/h)
2. bicycling 16-19 mph (25.7-31 km/h)
3. soccer (general)
4. boxing (sparring)

3. As exercise intensity increases, how does the proportion
of muscular energy used from carbohydrates and fats
change?

1. decreased carbohydrates, increased fats
2. decreased carbohydrates, decreased fats
3. increased carbohydrates, decreased fats
4. increased carbohydrates, increased fats

4. Which of the following is an essential amino acid?
1. alanine
2. leucine
3. asparagine
4. serine
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After completing this chapter, you will be able to

 

describe nutritional needs in general and the unique
nutritional needs of tactical athletes,
describe nutritional strategies that optimize body
composition and maximize physical performance and
recovery in tactical scenarios,
describe signs, symptoms, behaviors, and performance
variations associated with obesity and altered eating
habits and disorders, and
analyze case-specific and problem-centered scenarios for
tactical fueling.

Fire and rescue personnel, law enforcement officers, military
members, and other tactical athletes have similar fueling needs
dictated by occupational conditions and requirements (68).
Tactical athletes typically must perform demanding physical
tasks while under load, which may include specialized
clothing and personal protective equipment (PPE), such as
body armor or SCBA; while exposed to environmental hazards
(e.g., smoke, fire, combat); and while subjected to
environmental extremes such as heat, cold, altitude, and
arduous terrain. These tasks are often further complicated by
aggravating factors such as energy and sleep deficits, which
can affect both cognitive and physical performance (29, 41,
53). Tactical athletes may be similar to sport athletes in that
they have increased nutritional requirements to support
training and events. However, tactical athletes may not have



the benefit of time to prepare, refuel, and recover, and thus
they may suffer consequences in task performance and
personal risk if plans are not put in place to facilitate recovery.
Performing tasks in such extreme conditions and under load
dramatically affects energy expenditure, and prolonged
operations (e.g., long patrols, military engagements, work–rest
cycles in fighting wildfires) will influence the quantity and
quality of tactical athletes’ nutritional intakes (5, 6).
Furthermore, thought must be given to logistical constraints
that will affect food variety, quantity and quality, and
availability, especially in instances of combat and disaster
relief, where the local infrastructure may be disrupted. The
tactical environment yields unique conditions that affect the
nutritional requirements of people operating in such a setting,
even for short periods of time.



Nutritional Needs of Tactical
Athletes

Guidance for recommended nutritional intakes are provided
for U.S. military members in the Military Dietary Reference
Intakes (MDRI) in joint publication Army Regulation 40-25
on nutrition standards and education (1). This publication
references U.S. Army Research Institute of Environmental
Medicine (USARIEM) Technical Note TN 00/10 (8), which
provides the rationale for MDRIs, using median weights for
males (79 kg [174 lb]) and females (62 kg [137 lb]), based on
the Dietary Reference Intakes (DRIs) (see chapter 5). In turn,
the MDRIs are used to develop the Nutritional Standards for
Operational and Restricted Rations (NSOR), which are
criteria that rations must meet if they are to be the sole source
of nutrition for military personnel for prolonged periods of
time. The NSOR are designed to be used when planning troop
feeding in a field setting (8). However, these reference ranges
are based on coverage for large groups of people, and specific
recommendations should be tailored based on the individual’s
anthropometrics, intensity and duration of workload, and
performance environment.

Currently there are no published recommendations for
nutritional needs specific to tactical athletes outside the
military. The primary goal is meeting the tactical athletes’
overall energy needs and achieving energy balance to
facilitate maintenance of lean body mass. The operational
environment will alter recommendations for specific
micronutrient needs, as discussed later in the chapter. Note
that fire and rescue and law enforcement may have prolonged
periods with no sustained operations, during which
recommendations consistent with their training schedules will
be appropriate. Dietary intake during downtime or between
missions or calls should be similar to the intake of athletes in
the off-season. These off-cycle diets should provide sufficient
energy and protein to maintain a desirable body composition
and support lean mass maintenance or gain, and the majority
of fat should be unsaturated. Recommendations must also



include consuming plenty of fruits, vegetables, and whole
grains from a variety of foods to ensure micronutrient needs
are met. See chapter 5 for general nutrition recommendations,
including ChooseMyPlate.gov. Again, dietary plans should be
individualized based on the athlete’s fitness, performance, and
body composition goals. If the athlete is coming off a
prolonged mission and has lost lean mass, those deficits
should also be addressed with small energy surpluses to
support weight gain. Military tactical athletes may also have
periods of recovery, but these are usually supplemented with
training.

Total daily energy expenditure (TDEE) has been observed
in excess of 4,500 kcal per day in U.S. Army Ranger training
(75), over 5,000 kcal per day during U.S. Army Special Forces
training (43, 45, 75), and over 4,500 kcal per day in
firefighting scenarios (19). Limited data are available for law
enforcement personnel. Energy needs are typically higher
during missions and must be adequate to support training
requirements, but they can vary considerably. Maintenance of
energy balance is necessary for preserving body and muscle
weight, sparing muscle breakdown, maintaining glycogen
stores, and sustaining work and power output and attenuation
of muscle fatigue (4, 9, 83). Energy requirements increase with
intensity of physical activity and in cold and hot versus
temperate environments:

 

Cold: 35 to 68 kcal/kg body weight per day
Hot: 40 to 75 kcal/kg body weight per day
Temperate: 32 to 63 kcal/kg body weight per day

However, energy consumption in arduous environments is
often decreased (6). In addition, as energy needs and intakes
increase, so do requirements for the micronutrients (described
in chapter 5) involved in energy metabolism.



Nutrient Requirements of Tactical
Athletes Under Various Conditions
The human body must maintain homeostasis with regard to
body temperature and hydration, and ideally it should maintain
energy balance as well. For tactical athletes, maintenance of
lean mass and physical and cognitive performance is also
required. All of these factors are tied to both survivability and
performance of tactical tasks under stressful conditions.
Normal core body temperatures range from 36.5 to 37.5 oC
(97.7-99.5 oF) and can rise as high as 41 oC (106 oF) during
extreme physical activity and febrile conditions. Body
temperatures above 40 oC (104 oF) can result in impaired
thermoregulation, which can lead to heat injury and stroke
(13), permanent brain damage, and ultimately death. Likewise,
cold temperatures (depending on percent body fat) can result
in shivering; impaired coordination, speech, and cognition;
loss of consciousness and thermoregulation; and ultimately
death (73). Performing in these conditions, and adapting or
acclimatizing to environmental stressors such as heat, cold,
altitude, and terrain, rely on maintaining optimal nutritional
status and nutrient intake. Optimal nutrition facilitates
maintenance of hydration status, accrual (during training) and
preservation (during prolonged or multiple operations) of lean
mass, and peak cognitive performance, and it mitigates the
balance of inflammatory responses and reduces the risk for
nutritional deficiencies. Without adequate energy, protein, and
micronutrient intakes, tactical athletes who must perform tasks
for prolonged periods may suffer decreased performance in
tactical tasks, which could result in life-threatening situations.

Nutritional intake must meet training and mission needs,
support lean mass accrual, facilitate rapid recovery, and
account for potential imbalances (prolonged unavoidable
energy deficit). Furthermore, many tactical athletes are held to
specific body composition standards (military, law
enforcement) or standards associated with optimal
performance of tactical tasks. Nutrient needs are dictated by



the training and operational environment, mission tasks, and
nutrition products available for consumption.

Key Point
Match the appropriate macronutrient and micronutrient
recommendations to the tactical athlete’s mission.

Nutrient Needs During Environmental
Challenges
The human body can acclimate to environmental stress (heat,
cold, hypoxia) through metabolic and physiological
adaptations (perspiration volume and rate, shivering,
vasodilation and vasoconstriction), but suboptimal nutrition
can affect these responses. A common theme among all
environmental extremes is an increase in energy expenditure.
This increase is secondary to the extremes themselves (heat,
cold, altitude) and to performing work under such conditions.
Hot environments are associated with ambient temperatures
above 30 oC (86 oF), cold environments are below 0 oC (32
oF), and high-altitude environments are above 3,050 meters
(10,000 ft) (5, 6). In hot environments, higher energy
expenditure is a result of increases in ventilation and sweat
gland activity (6). For the tactical athlete, physiological
responses to cold may not be as pertinent because specialized
clothing is usually worn, but the added weight of clothing plus
movement in conditions typical of cold environments (e.g.,
over ice, through snow) increase energy expenditures. At
altitude, decreases in the partial pressure of oxygen and
humidity affect physiological responses; combined with the
likelihood of operating in rugged terrain, they contribute
substantially to energy expenditure (5).

Environmental extremes also increase requirements for fluids
and in some cases micronutrients (30, 34, 37, 48, 55, 60). Also
common in these types of environments are a lack of appetite
and decreased availability and consumption of food and fluids;
coupled with increases in energy and nutrient requirements,
they compound the problem and can create significant energy
deficits (30, 34). If not corrected through appropriate
nutritional intake, this can lead to loss of lean mass, depleted



muscle glycogen, and decreased fine motor coordination,
physical performance, and work capacity (5).

Fluid and Electrolyte Needs
Fluid needs can be estimated based on the body weight and
energy intake of the person (typically 1 ml or 0.03 fl oz per
kcal), therefore accounting for increases in energy
requirements that certain environmental conditions present.
Dry body weight taken before and after events can indicate
weight loss due to fluids and therefore help gauge
replacement. The box “Mission Hydration” summarizes the
recommendations of the Academy of Nutrition and Dietetics
and the American College of Sports Medicine (ACSM) (64).

Mission Hydration
 

Before mission: Consume 5 to 7 ml (0.2-0.24 fl oz) per
kcal of water or sport drink 4 hours before.
During mission: Consume enough fluid to limit
dehydration to <2% loss of body weight.
After mission: Consume at least 450 to 675 ml (15-23 fl
oz) for every 0.45 kg (1 lb) of body weight lost.

Depending on the environment, fluid needs may increase at
rest and during work. In a hot environment, fluid replacement
(as opposed to fuel) is the priority, and adequate intakes are
required to minimize fatigue and prevent heat-related injury.
Failure to replace fluids adequately will compromise
thermoregulation because a reduction in blood volume may
decrease sweat rates and limit evaporative cooling (51, 67).
With acclimatization, sweat rate and plasma volume increase,
the onset of sweating (threshold) begins at a lower core
temperature, and resting and exercising core temperature and
HR are lower (5, 6, 21).



Sodium

The 2015-2020 Dietary Guidelines for Americans
recommends a sodium intake of 2,300 mg for men
and women between 18 and 50 years of age (2). This
equates to 1,000 to 1,300 mg per 1,000 kcal for
those with a relatively sedentary lifestyle. However,
increases in ambient temperature and sweating
increase sodium losses, even with acclimatization,
and thus increase overall needs. As environmental
temperatures and energy expenditures rise, overall
energy intake should increase, including a
corresponding increase in sodium intake. Sodium is
often replaced through fluids, and the recommended
sodium concentration in fluid-replacement
beverages ranges from 20 to 50 mmol/L (46-115
mg/dl) (67, 70). Sometimes this is insufficient, so
eating “small amounts of salty snacks or sodium-
containing foods at meals will help to stimulate
thirst and retain the consumed fluids” (67).

Cold environments also increase fluid needs. However, they
often promote a decreased thirst sensation and cold-induced
diuresis, which can led to inadequate fluid intakes and
excessive fluid losses (39, 44).

Altitude poses similar problems with maintaining fluid
homeostasis. At altitude the humidity is lower, and individuals
will experience fluid losses from hypoxia-induced increases in
ventilation and diuresis, which are further imbalanced by
reduced intakes secondary to poor thirst sensation and possible
decreased availability of fluids (34, 48). Although energy
needs are greatly increased at altitude, given the reduced
oxygen availability and physiological stress placed upon the
body, carbohydrate is preferred over energy-dense fat (30),
which requires oxidative metabolism. The hypoxic
environment will increase lipid peroxidation of unsaturated
fatty acids in cell membranes (including red blood cells), and
adequate polyunsaturated fat and supplementation with
antioxidants, particularly vitamin E, may help offset this free



radical damage (7, 15). Over several days to even weeks, the
body also adapts to hypoxemia with increases in
hematopoiesis to increase hemoglobin concentration and
therefore the oxygen-carrying capacity of the blood; new red
blood cells can be seen within four to five days (37). The
erythropoietic adaptation to altitude depends on iron stores,
and although additional iron may not be necessary in males,
females and those who are iron insufficient or deficient would
benefit from supplemental iron up to four weeks before going
to high-altitude environments.

Protein Needs
Protein intake must be high enough to support rigorous
training, including resistance training. The percentage of
energy provided from protein may be higher during periods of
unavoidable and prolonged energy deficit. Strenuous military
training has shown decreases in whole-body protein balance,
increases in protein flux and breakdown, and large energy
deficits (14, 44, 58). Investigators have also found that
ingesting twice the amount of protein in the daily
Recommended Dietary Allowance (RDA) of 0.8 g/kg body
weight during rigorous training may help preserve lean mass
(14, 57-59). Recommendations for protein in athletes vary
based on the type of training and athletic goals, with aerobic
sports and activities receiving recommendations of 1.2 g/kg
body weight (0.6 g/lb) per day and up to 1.7 g/kg body weight
(0.8 g/lb) per day for strength-based sports (64). These
guidelines are appropriate for tactical athletes, but 2.0 g/kg
body weight (0.9 g/lb) may be needed during periods of
energy deficit to maintain muscle mass and therefore physical
performance (58). (See table 6.1.)



Carbohydrate Needs
Carbohydrate requirements increase concomitantly with
increases in energy needs. Following are guidelines for daily
intake based on activity levels:

 

3 to 5 g/kg body weight (1.4-2.3 g/lb) for light training
<60 minutes per day
5 to 7 g/kg body weight (2.2-3.2 g/lb) for moderate-
intensity training 60 minutes per day
6 to 10 g/kg body weight (2.7-4.5 g/lb) for moderate- to
high-intensity endurance exercise 1 to 3 hours per day
8 to 12 g/kg body weight (3.6-5.5 g/lb) for moderate- to
high-intensity exercise lasting 4 to 5 hours per day (66)

Note that 600 to 650 g may be the most amount of
carbohydrate that can be used for glycogen replacement (18)
and may result in gastrointestinal distress (20), so absolute
amounts need to be considered.

In extreme conditions such as high altitude, increased
carbohydrate intake is recommended. Additional carbohydrate
supplementation has demonstrated ergogenic benefits (55, 60).

Micronutrient Needs
Micronutrient needs are often associated with increases in
oxidative metabolism (see chapter 4). With a balanced diet,
increases in energy intakes result in increases in micronutrient
intakes. However, the tactical environment and prolonged
operations may make increased intakes of nutrients more
difficult. Increased cellular damage from the environment,



stress, and heavy work output may also require modifications
to recommended nutrient intakes, especially when it comes to
antioxidant intakes.

Calcium and Vitamin D
Calcium is required in adequate amounts to reduce risk for
stress fractures during basic military training and other
strenuous tactical training, especially for people who are
unaccustomed to regular physical training. Increased
perspiration during exposure to hot environments (including
when acclimatized) will increase losses of sodium, chloride,
potassium, calcium, magnesium, and iron (79). However, if
nutritional intake is sufficient to meet overall energy needs, a
well-balanced diet should replace these losses.

Vitamin D is a vitamin of particular interest to the tactical
athlete; recent research has demonstrated a high prevalence of
insufficiency and deficiency in this population (23, 77, 82).
Because vitamin D supports bone health (31), and blood levels
of vitamin D have been significantly associated with muscle
mass (25), strength (26), and testosterone (80, 81), sufficient
levels may be needed to optimize performance. To maintain
adequate levels, the Endocrine Society recommends that adults
consume 600 IU per day of vitamin D (33, 65), although 1,500
to 2,000 IU per day may be required to consistently achieve
sufficient levels (32).

Iron
Poor iron status is associated with decrements in both
cognitive and physical performance. Following basic military
training, iron status has been shown to deteriorate in both
males and females, but to a greater extent in females (47, 84).
Iron supplementation in female military trainees showed
attenuation in this decline when compared with
nonsupplemented controls (47, 84).

Female athletes especially are at risk of poor iron status,
primarily due to menstrual losses coupled with lower overall
dietary intakes compared with men. Although iron
supplementation is effective at improving iron status,
supplements may result in gastrointestinal irritation, nausea,



and even constipation (3). Therefore, adequate iron intakes are
best achieved through dietary sources (see the box “Dietary
Sources of Iron”).

Iron is obtained from heme and nonheme sources (78). Plants
and iron-fortified foods contain nonheme iron only, whereas
meat, seafood, and poultry contain both heme and nonheme
iron. Heme iron is the preferred source, and makes up
approximately 40% of the iron present in meat. Nonheme iron
should be consumed with a source of vitamin C (e.g., citrus
fruits, strawberries, peppers, tomato products, potatoes,
cabbage) to improve absorption (74). A mixed diet including
heme iron and vitamin C may be the best method for meeting
daily iron needs. Iron recommendations for military personnel
in high-altitude environments are likely good guidelines for
other tactical athletes operating at altitude, again with the
preferred source being iron-rich foods to prevent iron overload
and gastrointestinal side effects. These high-altitude
recommendations are 15 mg of iron daily for men and 20 mg
for women, whereas the RDA is 8 mg for men and 18 mg for
women (62).

Dietary Sources of Iron
 

Legumes (lima beans, dried beans, kidney beans)
Dried fruit (raisins, prunes, dried apricots)
Eggs (including yolk)
Iron-fortified cereals
Oysters and other shellfish
Poultry and red meat (beef, lamb, pork) (78)

Nutrient Needs During Deployment and
Shift Work



Deployment and shift work are realities for the tactical athlete
and can negatively affect sleep, physical performance,
cognition, and immune function (42). Besides practicing good
sleep, nutritional strategies may help reset the circadian
rhythm (28). Some research has shown consuming a high-
glycemic meal within 4 hours of bedtime may improve sleep-
onset latency compared with a low-glycemic meal (28).
Timing is critical; a high-glycemic meal 1 hour before bed has
been shown to disturb sleep (56). Consuming a high-protein
diet, avoiding a high fat intake, and taking in around 1 g of
tryptophan (the amount found in 10 oz or 284 g of turkey) may
also improve sleep onset and quality (28). Melatonin may
serve as an alternative to pharmaceutical interventions to
promote sleep (17). Employing optimal nutritional strategies
in conjunction with good sleep hygiene can mitigate the
deleterious effects of deployment and shift work on
performance.

Operating on a Caloric Deficit for Prolonged Periods
Nindl and associates have documented the negative
consequences of operating in a prolonged caloric deficit (53).
At the U.S. Army Ranger School, soldiers experiencing 1,000
kcal deficits per day for eight weeks lost 13% body mass, with
6% being fat-free mass (4). The soldiers also experienced a
drop in physical performance, with a 16% decrease in jump
height, 21% decrease in explosive power, and 20% loss in
maximal lift strength (53). Similarly, Sharp and colleagues
(69) reported a 3.5% decrease loss in fat-free mass, 4.5% loss
in O2max, and 4.9% loss in explosive power but no
significant change in vertical jump and lifting strength after a
nine-month Afghanistan deployment (58). Such data are not
available for tactical athletes within the civilian sector, but
similar consequences might be expected.

One of the proven strategies to counter energy restriction and
mitigate the associated lean mass losses and performance
decrements during prolonged tactical operations is to increase
protein intake. The Center Alliance for Dietary Supplement
Research (CADSR) and the U.S. Army Medical Research and
Materiel Command (USAMRMC) consensus statement



recommends a protein intake of 1.5 to 2.0 g/kg body weight
(0.7-0.9 g/lb) per day for periods of substantial exertion with
inadequate caloric intake (57).

Coping With Unpredictable Access to Food and Water
Due to operational demands and unpredictable missions,
tactical athletes need to be prepared to maintain their fueling at
any given moment. One simple way to meet nutritional needs
is to carry a protein-rich bar (19) or other whole foods such as
nut butters or boiled eggs as a snack. Being prepared is
critical. One study of 387 Marines found that a snack bar
consisting of 8 g carbohydrate, 10 g protein, and 3 g fat led to
fewer medical visits and heat exhaustion cases compared with
controls receiving either no snack bar or a snack bar with
identical carbohydrate and fat grams without protein (22).
Having a nutritionally balanced snack available at all times
can mitigate the consequences of missing a meal (59).

Although fat intake is usually not a concern because most
tactical situations requiring restriction are not long enough to
warrant concerns about a deficiency, the type of fat consumed
is important. In particular, linoleic acid and omega-3 fatty
acids are beneficial (27). Omega-3 fatty acids, specifically,
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), are of interest to the tactical athlete because their
availability may be limited in tactical situations and prepared
snacks (62). Several medical and nutrition experts recommend
supplementation as the most efficient means of increasing EPA
and DHA in the tactical athlete (21). Although no
recommendations are yet available for the tactical athlete,
ways to increase EPA and DHA in the diet of the warfighter
are being explored (50). Industry and the military are looking
for ways to increase the availability of foods high in omega-3
fatty acids by enhancing the omega-3 content of various foods,
including chicken, baked goods, milk, and eggs.

Hydration is also a concern during unexpected and unplanned
missions because of the negative effects even mild
dehydration can have on cognitive function, mood, and
marksmanship (24, 76). Given that 1 quart (1 L) of water
weighs 2 pounds (1 kg), the total weight of the load to be



carried by tactical athletes may limit the amount of water
carried. Nolte and colleagues (54) recommended a minimum
volume of 300 ml (10 fl oz) per hour for soldiers undergoing a
16 km (10 mi) rucksack march when the temperature was only
24.6 °C (76.3 °F) (68). Fluid intakes for wildland firefighters
are somewhat higher during work in hot environments (up to
39 °C [102 °F]) and will likely range from 300 to 1,000 ml
(10-34 fl oz) per hour depending on the ambient temperature
(40, 61). See the previous box on mission hydration for
guidance. Planning for extra water via air drops or using
known safe water sources in the area with the appropriate
prophylactics such as iodine tablets are other ways to
circumvent carrying the extra weight.

Key Point
Establish a nutrition and hydration plan before the mission and
an alternative plan in case the mission goes long so the tactical
athlete remains fueled regardless of the situation.

Tips to Help Tactical Athletes Meet Their
Nutrient Requirements
In the sport world, athletes train for competitive events. In the
tactical world, a competitive event would be analogous to an
operation, and thus preparations should be made within this
context. An operation could be any event from chasing a
criminal to responding to an emergency call, patrolling a
crowd on a hot day, or engaging in wildfire suppression.
Considerations should be made for refueling during, between,
and after operations. Tactical athletes should plan for periods
where they can refuel and rehydrate in order to maintain
euhydration and replenish glycogen stores. For example,
military personnel on dismounted patrols should plan for
meals after completing patrols as well as fueling during patrols
as appropriate. Long periods of time with poor access to
nutrition or fluids should be anticipated with planning to
mitigate the effects.

The nutritional goals prior to beginning an event or operation
are primarily to ensure that the tactical athlete is euhydrated
(i.e., a normal state of body water content) and has optimal



fuel stores (muscle and liver glycogen). Glycogen stores
depend on sex, diet, lean mass, and the training status of the
tactical athlete. Typically, 300 to 400 kcal of glycogen are
stored in the liver and 1,200 to 1,600 kcal are stored in the
muscles. Much like exercise, the type, duration, and intensity
of activities performed during an operation will determine
macronutrient needs, but the general recommended
macronutrient content of the diet is

 

45% to 65% carbohydrate,
15% to 35% protein, and
20% to 35% fat (64, 66).

With longer activities, there is greater reliance upon blood
glucose (liver glycogen) and free fatty acids as energy sources,
but short-term, high-intensity activities may be dispersed in
the larger scope of the operation, and these activities will
increase utilization of intramuscular energy stores (glycogen
and intramuscular fat). Following an event or operation, the
nutritional goals are to replenish glycogen stores, provide
adequate protein to repair damaged tissue, and rehydrate.

Before the tactical athlete leaves the police station, firehouse,
or wire for a mission, a meal or a shake containing 40 g
carbohydrate, 20 to 25 g protein, and adequate fluid should be
consumed. For hydration purposes, the tactical athlete should
be weighed before the mission begins. During missions lasting
multiple hours, the tactical athlete should consume 30 to 60 g
carbohydrate per hour in whatever form the athlete prefers
(e.g., gels, bars, beverages, high-carbohydrate foods) along
with fluids. At the end of the mission, the tactical athlete
should reweigh and consume 16 to 20 fluid ounces (473-591
ml) for every pound (0.5 kg) of weight lost (67, 70). The
tactical athlete should consume a meal or supplement
containing 60 to 80 g or more of carbohydrate (depending on
mission length) and 20 to 25 g protein (depending on body
size and composition).

The optimal carbohydrate-to-protein ratio is 1:1 to 4:1.
However, this refers to high-quality carbohydrate and protein



to replenish muscle glycogen rather than an isocaloric high-
carbohydrate drink (69). Protein recommendations are based
on research demonstrating that 20 to 25 g achieves maximal
protein synthesis (52). Carbohydrate recommendations are
based on an estimated oxidation rate of approximately 1 g per
minute (35). Although these recommendations are based on
research, the reality on the ground will dictate fueling
strategies; the goal is to get as close to the recommendations as
possible rather than worrying about precise macronutrient
intake. The strenuous nature of the mission and body
composition of the tactical athlete should also be considered.
The recommendations in table 6.2 are based on vigorous
operations.



Case-Specific Tactical Scenarios
The following case studies illustrate the need to consume
fluids and snacks to sustain physical and cognitive function in
tactical situations. A common scenario is when an operation is
unexpectedly long. Whether it is a military mission that
suddenly is extended, EMS personnel responding quickly to a
mass casualty incident, or police officers in a standoff, tactical
athletes may become nutritionally compromised if they don’t
plan ahead. Other scenarios include environmental challenges
and shift work. Not planning for adequate nutrition can
negatively affect performance. It is imperative that tactical
athletes not only learn how to fuel adequately before the
mission but also have a plan such as a paced snack or extra
fluids in case the mission goes longer than anticipated.

Mission Extended

Case Study

The original mission was supposed to be 6 hours in
Southwest Asia but turned into a 36-hour mission.
The tactical athletes completed a 2 km (1 mi)
movement to target (infiltration) and movement
away from target (exfiltration) in a mix of hilly and
urban terrain. It was 40 °C (104 °F) in the sun and
35°C (95 °F) in the shade. Each tactical athlete was
carrying at least 100 fluid ounces (3 L), one oral
rehydration salt pack, and one MRE ration. When
the mission was extended, air supply dropped an
additional 6 L (203 fl oz), two to three gel packs,



and one MRE per person. The lesson learned is
always plan for a longer mission.

Firefighting in the Heat

Case Study

A firefighter was responding to a house fire in July
in Texas, and the temperature was 38 °C (100 °F).
The TSAC Facilitator had learned early on that
planning for adequate nutrition and hydration was
critical to keep firefighters healthy and mission
ready. Based on the TSAC manual, the facilitator
had established the following plan:

 

Have firefighters monitor their urine color to maintain a
clear to light yellow color while at the firehouse or
coming on shift.
Plan a high-carbohydrate meal with 10 to 20 g protein
and 20% or less calories coming from fat.
Plan for cool beverages and popsicles to aid in hydrating
and lowering core temperature when recovering from
firefighting or cycling in and out of the fire.
Have firefighters weigh themselves when they return to
the firehouse and consume 16 to 24 fluid ounces (473-
710 ml) for every pound (0.5 kg) of fluid lost.

The firefighters followed the TSAC Facilitator’s
advice and remained adequately fed and hydrated
despite the heat.



Nutrition-Related Conditions and
Chronic Diseases of Tactical

Athletes
Tactical athletes face the same nutrition-related chronic
diseases as the general population: obesity, altered eating
habits and disorders, diabetes, and coronary artery disease (10,
38, 63). The good news is that intake of food with a higher
nutritional quality is associated with lower risk for chronic
disease, so strategies to combat these nutrition-related
conditions are available (16). The Nutritional Quality Index
(NQI) is a ranking system that quantifies food’s nutritional
value to calories per serving. The TSAC Facilitator still must
be aware of the signs, symptoms, and performance variations
associated with nutrition-related conditions and chronic
disease, as well as prevalence in each tactical athlete
population, and refer athletes to an RD or a licensed
nutritionist.

Key Point
All nutrition-related conditions and chronic diseases should be
referred to the appropriate medical provider, RD, or RDN.

Obesity
The tactical athlete is not immune to the growing obesity
epidemic. The 2011 Health Related Behaviors Survey of Active
Duty Military Personnel reported an obesity rate of 12.4%
across all U.S. services, with a rate per service of

 

15.8% for the Army,
14.9% for the Navy,
4.9% for the Marine Corps,
9.7% for the Air Force, and
10.5% for the Coast Guard (10).

Obesity rates for police officers—based on abdominal
measurements with ≥102 inches (259 cm) for males and ≥88



inches (224 cm) for females—have been reported at 27.1%
based on a 70-person sample by Baughman and associates (11,
76, 77). High rates of obesity based on body mass index
(BMI) have been reported in firefighting communities (36,
71). This is concerning not only because of performance and
physiological health concerns but also psychological concerns;
obesity is associated with serious psychological distress in
both men and women (72). When BMI is used in conjunction
with either waist circumference or percent body fat, the rates
of obesity change (36).

BMI is an index derived from weight and height or weight in
kilograms divided by height in meters squared. Individuals are
then classified as having a normal BMI (18.5-24.99),
overweight BMI (25.0-29.99), or obese BMI (>30.0) (56).
However, BMI is not appropriate for muscular people because
it will inaccurately label them as overweight or obese. For this
reason, it is best to assess both BMI and waist circumference
or percent body fat to accurately identify tactical athletes who
are obese (36).

Altered Eating Habits and Disorders
A survey of 76,476 U.S. service members reported the overall
rate of eating disorders at 3.1%, with 2.9% in male service
members and 4.3% in female service members (63). Data on
eating disorders in firefighters and police are limited, but
eating disorders should still be considered when working with
all tactical athletes because posttraumatic stress disorder
(PTSD) has been associated with eating disorders (49). Given
the negative impact of altered eating habits and disorders on
the tactical athlete’s health and performance, early
identification of signs and symptoms is imperative. A good
position paper on altered eating habits and disorders in the
tactical athlete is the National Athletic Trainers’ Association
Position Statement: Preventing, Detecting, and Managing
Disordered Eating in Athlet es (12). A TSAC Facilitator
should refer anyone with an eating disorder to a qualified
expert such as a physician, RD, or behavior health specialist.

Some signs, symptoms, behaviors, and performance variations
associated with altered eating habits and disorders are as



follows (12):

 

Dehydration
Muscle cramps
Extreme weight fluctuations
Fatigue beyond what is normally expected from training
Fear of weight gain

Coronary Artery Disease Risk Factors
Associated With Dietary Choices
Coronary artery disease causes 45% of deaths among
firefighters while they are on duty (38). Even more concerning
is that the odds of death from coronary artery disease was
highest (12.1 to 136) during fire suppression (38).
Experiencing a cardiovascular event while subduing a fire not
only puts the firefighter’s life in greater danger but also the
lives of the other firefighters and possibly the people they are
trying to save.

Risk Factors of Coronary Artery
Disease

Look for the following risk factors in tactical
athletes:

 

Age (>40 for men, >45 for women)
Sex (males at higher risk)
Family history of coronary heart disease, smoking,
hypertension, diabetes, obesity, unhealthy cholesterol
levels, low physical activity levels, and accumulation of
abdominal fat (82)



Conclusion
Appropriate fueling and hydration are imperative for the
tactical athlete’s optimal performance. The TSAC Facilitator
must consider the missions, environments, and physiology of
their athletes and make recommendations appropriate to the
setting and within the TSAC Facilitator’s scope of practice.
Most fueling recommendations for tactical athletes are derived
from various sports, so be aware of emerging research using
tactical athletes that either verifies or changes current
practices. The biggest difference in fueling the tactical athlete
versus the typical sport athlete is the unexpectedness variable;
for instance, the end of a game or match is predetermined,
whereas a mission often is not. Although overtime is a
possibility in most sports, it is typically measured in minutes,
whereas for the tactical athlete overtime could be measured in
hours or even days. Thus, it is essential the tactical athlete is
adequately fueled before the mission, that a nutrition plan is in
place to maintain fueling for the duration of the operation even
if that is unknown, and a recovery nutrition plan has been
agreed upon to optimize recovery for the next mission.

Key Terms
 

body composition
body mass index (BMI)
dehydration
docosahexaenoic acid (DHA)
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energy balance
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micronutrient
Military Dietary Reference Intake (MDRI)
Nutritional Standards for Operational and Restricted
Rations (NSOR)
omega-3 fatty acid
personal protective equipment (PPE)
Recommended Dietary Allowance (RDA)
total daily energy expenditure (TDEE)



Study Questions
 

1. Which of the following body temperatures creates the
most potential for impaired thermoregulation?

1. 36.5 °C (97.7 °F)
2. 37.5 °C (99.5 °F)
3. 38.3 °C (101 °F)
4. 40 °C (104 °F)

2. During missions lasting multiple hours, how much
carbohydrate should a tactical athlete consume per hour?

1. 20-25 g
2. 30-60 g
3. 80-120 g
4. 130-150 g

3. A tactical athlete is in strenuous field training in which
prolonged periods of energy deficit occur. Which of the
following is the primary reason a daily protein intake of 2
g/kg body weight (0.9 g/lb) is needed?

1. increase lean muscle mass
2. maintain physical performance
3. decrease body fat percentage
4. improve aerobic capacity

4. At least how much fluid should be consumed by a tactical
athlete for every pound (0.5 kg) of weight lost during a
mission?

1. 10 fl oz (296 ml)
2. 16 fl oz (473 ml)
3. 23 fl oz (680 ml)
4. 32 fl oz (946 ml)
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After completing this chapter, you will be able to

 

describe the limitations of regulating dietary supplements,
identify the approaches to risk stratification of dietary
supplements,
explain the methods of use and potential benefits and
risks of common performance-enhancing supplements,
describe the process for reporting an adverse reaction to a
dietary supplement, and
recognize and discuss the signs and symptoms of
ergogenic aid abuse.

The use of dietary supplements is increasingly common
among sport athletes, tactical athletes, and the general
population, resulting in a multibillion-dollar global supplement
industry. Although some nutritional supplements may offer
benefits for tactical personnel, consumers should be aware of
the regulation, oversight, and effects of supplements and their
manufacturers, packers, and distributors to avoid consuming
products that may have inaccurate labeling or contain banned
or deleterious ingredients.



Regulation of Dietary Supplements
In the United States, the Food and Drug Administration
(FDA) regulates a broad spectrum of products, including food
products, drugs, biologics, and medical devices. The FDA is
also responsible for regulating finished dietary supplements
and dietary ingredients contained in such products. In 1994,
the U.S. Congress passed legislation that defined the term
dietary supplement, with important legal implications for the
regulation of these products. As a result of this legislation,
dietary supplements are viewed as a distinct class of products
under the foods umbrella and are therefore subject to
regulations that differ from those of drugs, conventional foods,
and food additives. The FDA is the agency responsible for
taking action against any adulterated or misbranded dietary
supplements being marketed and sold. The FDA also collates
adverse event reports from all supplements and manufacturers.
A brief review of the legislative history of supplement
regulation helps to clarify the roles and responsibilities of the
FDA.

Legislative History of Supplement
Regulation
The first legislation for dietary supplement regulation in the
United States was the Food, Drug, and Cosmetic Act of 1938.
Under this legislation, dietary supplements were largely
subject to many of the same regulatory standards as other food
products and drugs. In 1973, new regulations were enacted to
clarify the regulation of vitamin and mineral supplements,
with restrictions on the potency and combinations of vitamin
and mineral supplements that could be sold. These regulations
were controversial and ultimately negated by the Proxmire
Amendment in 1976. The Nutrition Labeling and Education
Act of 1990 set new guidelines for the nutrition labeling
requirements for food, which also pertained to dietary
supplements. This legislation established guidelines for
labeling nutrient content, along with establishing guidelines
and procedures relating to health-related label claims. These
guidelines were enacted for food products, but the Dietary



Supplement Act of 1992 delayed the application of many
guidelines to dietary supplements. This delay was intended to
allow Congress and the FDA more time to consider a number
of regulatory issues pertaining to dietary supplements before
enforcing the new guidelines. Two years later, new legislation
largely restructured the regulatory oversight of dietary
supplements and clarified the roles of regulatory agencies.

Dietary Supplement Health and
Education Act
The Dietary Supplement Health and Education Act (DSHEA)
was passed by Congress in 1994. This legislation defined
dietary supplement as a product taken by mouth that contains a
dietary ingredient intended to supplement the diet. Such
dietary ingredients may include vitamins, minerals, herbs or
other botanicals, amino acids, dietary substances used to
supplement the diet (such as enzymes or tissues from organs
or glands), or a concentrate, metabolite, constituent, extract, or
combination of these ingredients. Further, a dietary
supplement is intended to be orally ingested as a pill, capsule,
powder, tablet, or liquid, and it must be clearly labeled as a
dietary supplement rather than a conventional food product.
Prior to DSHEA, dietary supplements were generally
regulated in a manner similar to other food products. This
legislation designates dietary supplements as a distinct
category of foods and distinguishes them from food additives,
which has important implications for how they are regulated.

Current guidelines require that all manufacturers of dietary
supplements register their facilities with the FDA. However,
manufacturers can market and sell a supplement without
notifying the FDA or offering evidence of safety or efficacy,
provided that the supplement contains dietary ingredients that
were sold in a dietary supplement in the United States prior to
October 15, 1994. For supplements containing any new dietary
ingredients, the manufacturer must present sufficient evidence
to the FDA that the new ingredient is reasonably expected to
be safe, unless the ingredient has been recognized as a food
substance that is present in the food supply without chemical
alteration. In the case of new dietary ingredients, this evidence



must be provided at least 75 days before marketing the
product. Current guidelines require all companies that
manufacture, package, label, or store dietary supplements that
are held or distributed in the United States to comply with
Current Good Manufacturing Practices (CGMPs). These
CGMPs are intended to protect consumers by ensuring the
purity, quality, and composition of dietary supplements. In
addition, current guidelines state that supplement
manufacturers and distributors must investigate and report any
serious adverse event reports they receive (figure 7.1). A
serious adverse event results in death, a life-threatening
experience, hospitalization, permanent impairment, or medical
intervention (30).

Key Point
Dietary supplements and dietary ingredients are regulated by
the FDA, but products can be marketed and sold without
notifying the FDA if using ingredients that were sold prior to
1994.



Figure 7.1 Adverse event reporting with dietary supplements
(30).

The Federal Trade Commission (FTC) primarily regulates
supplement advertisement, whereas FDA guidelines regulate
the labeling of dietary supplements. These guidelines state that
companies must label their product in a manner that clearly
designates the product as a dietary supplement and provides
information regarding the net contents and each dietary
ingredient in the supplement. Labels may contain
structure/function claims, which describe how a supplement
may affect the normal structure or function of the human body
and the means by which this structure or function is affected.
Labels can also contain claims pertaining to general well-
being and the prevention of nutrient deficiency, provided that
the label also contains information regarding the prevalence of
that deficiency in the United States. Companies must submit a
notice to the FDA within 30 days of marketing a product with
any of these claims on the label and must be able to
substantiate that the claims are not misleading, but companies
do not need FDA approval to print such claims on product
labels. As such, labels must also bear the following disclaimer:
“This statement has not been evaluated by the Food and Drug
Administration. This product is not intended to diagnose, treat,
cure, or prevent any disease.” Once a dietary supplement hits
the market, the FDA is responsible for taking action against



companies that manufacture or distribute supplements that
violate current guidelines.

Third-Party Review of Supplements
Although the FDA has authority to order product recalls and
take action against noncompliant manufacturers and
distributors of dietary supplements, the FDA is typically not
able to identify noncompliant products until after they have
been marketed and sold. Thus, dietary supplements containing
adulterants or contaminants may be purchased by consumers
before the FDA can demonstrate that a supplement is unsafe or
in violation of federal guidelines to restrict the sale or
consumption of the supplement. Multiple recent studies have
documented cases in which over-the-counter dietary
supplements have been adulterated with banned or unapproved
stimulants (21, 22), anabolic steroids and related compounds
(20), or pharmaceutical drugs (20, 28). As a result, a number
of companies have emerged to perform independent third-
party testing to verify or certify the purity of dietary
supplements. By limiting supplement consumption to products
that have been tested by a third party, tactical athletes can
greatly reduce their risk of adverse events or failed drug
screens as a result of dietary supplementation.

Current supplement certification programs are offered by
companies such as NSF International, Informed-Choice, U.S.
Pharmacopeia, Consumer Lab, and the Banned Substances
Control Group (BSCG). Companies that manufacture and
distribute supplements can voluntarily (and for a cost) submit
their products for independent verification and certification
from these companies; upon approval, these products will bear
a logo on the product label to demonstrate that they passed
inspection. Tactical personnel should be advised to carefully
inspect the label of any potential supplement purchase and
seek out products that bear logos indicating third-party
certification from a reputable company.

Third-party testing can take a number of forms:

 



Certification of manufacturing facilities: This process
generally includes a full (paper or electronic and
physical) audit of the manufacturing facilities, including
personnel, equipment, operating procedures, and records
kept by the facility, to ensure that the facility complies
with CGMPs and is free of contaminants. Facility
certification typically includes return visits, whereby the
certifying body performs periodic visits to ensure that the
manufacturer maintains compliance with CGMPs while
enrolled in the certification program.
Certification of raw ingredients: Companies that
distribute raw ingredients for use in a wide range of
supplements can voluntarily enroll to have their
ingredients certified. This certification generally involves
a third-party company testing the ingredients for identity,
purity, strength, and quality. The testing typically aims to
verify that the ingredient is prepared and handled
according to CGMPS, matches the identity and purity that
are claimed, is free of contaminants, and is free of banned
substances.
Certification of finished dietary supplements: For this
certification, third-party companies generally inspect a
facility to ensure CGMP compliance. They then test the
finished product to ensure that it meets label claims
(including identity and purity of ingredients), is free of
contaminants, and is free of banned substances.

To ensure that compliance is maintained for certified facilities,
raw ingredients, or finished products, companies must
generally agree to periodic follow-up testing for as long as
they remain enrolled in the program and claim to be third-
party certified. Any certification labels should be closely
inspected to determine what types of certification and product
testing were performed. Logos may indicate that the
manufacturer’s facility was voluntarily audited and inspected
to ensure CGMP compliance, that the product was tested for
banned substances and adulterants, or that the product was
tested to verify the contents of listed ingredients. The exact
testing and certification procedures can vary among third-party
testing organizations, but the consumption of certified



products can significantly reduce the risk of consuming
deleterious or banned substances in dietary supplements,
thereby reducing the risks of adverse events and positive drug
screens.



Anti-Doping Agencies and Dietary
Supplement Resources

A number of national and international agencies are charged
with preventing doping in athletics. These agencies often
oversee drug testing programs and provide educational
materials to athletes. Information on dietary supplements is
typically included in these educational materials, which are
largely applicable to sport athletes and tactical athletes alike.

World Anti-Doping Agency
The World Anti-Doping Agency (WADA) is an independent
organization that sets international standards regarding doping
in athletic competition. The WADA prohibited substance list is
recognized and used by various sport federations around the
world (113), including the International Olympic Committee
(IOC). Because many countries lack strict rules governing the
manufacturing and labeling of dietary supplements, WADA
urges athletes to practice caution regarding the use of dietary
supplements. WADA does not offer independent testing of
dietary supplements, nor does it certify manufacturers,
facilities, or products for use in sport.

U.S. Anti-Doping Agency
The U.S. Anti-Doping Agency (USADA) is the national anti-
doping organization in the United States. This organization
also urges consumers to practice caution when considering
dietary supplements, because supplements can reach store
shelves before the FDA is aware of adulterants, undeclared
ingredients, or other compliance issues. Similar to WADA,
USADA does not offer independent testing or certification of
dietary supplements. In addition to providing a list of red flags
indicating that a dietary supplement may be at increased risk
of containing a deleterious or banned ingredient, USADA
maintains a list of high-risk products that can be readily
accessed by interested consumers (107). (See the list of
educational resources near the end of the chapter.)



Government Resources
A number of free government resources are available to help
increase awareness and provide information about dietary
supplements. The Human Performance Resource Center
(HPRC) was established by the U.S. Department of Defense
(DoD) in 2009. The goal of the HPRC is to gather and
disseminate fitness, wellness, and performance-oriented
information to warfighters and their families. The DoD and
HPRC have collaborated on a joint initiative called Operation
Supplement Safety (OPSS), which is an educational
campaign to inform current and retired warfighters and their
families about the benefits and risks of dietary supplements
and how to go about using dietary supplements when
necessary. The OPSS website is a comprehensive resource that
provides information about third-party certification, red flags,
and other ways to evaluate the risks of supplements; military
drug testing; FDA oversight of the supplement industry;
reporting of adverse events; and links to outside resources to
assist in evaluating products and ingredients. Though HPRC
and OPSS are directed toward warfighters, their content
typically applies to a wide range of tactical athletes who face
similar physical demands and drug screenings.

OPSS advises tactical personnel to review dietary supplements
cautiously before consuming them. It provides information
regarding supplement risk stratification, supplements that may
be beneficial to warfighters, and a list of products to avoid (see
the box titled “Educational Resources” toward the end of this
chapter). The HPRC directs consumers seeking unadulterated
dietary supplements to the NSF Certified for Sport list.
Recommendations for supplements to avoid can be found in
the OPSS list of high-risk dietary supplements. Altogether, the
HPRC offers a variety of educational resources across a range
of media platforms to provide tactical athletes with
information to help identify potentially beneficial supplements
and avoid supplements that pose undue risks for adverse health
effects or failed drug screens.

Additional agencies providing beneficial information include
the Office of Dietary Supplements (ODS), Dietary Supplement



Label Database (DSLD), FDA, and National Center for
Complementary and Integrative Health (NCCIH). Specifically,
ODS provides information regarding dietary supplements as
well as an overview of the decision-making process for
supplement use. The DSLD provides an extensive database of
supplements with the facts panel, origin of ingredients, label
claims, and company contact information for each supplement.
The FDA provides information for consumers, as well as
details regarding adverse event reporting. Finally, the NCCIH
provides general information mostly related to herbs and
minerals.



Risk Stratification of Supplements
Dietary supplements should be evaluated based on their risk
stratification. Specifically, the potential benefits and risks
should be identified before using an ingredient or product. A
number of available resources (see the list of educational
resources near the end of this chapter) can be used to help
formulate the risk stratification for each ingredient of interest.

Identifying the Risk
Before purchasing, ingesting, or recommending a dietary
supplement, consumers and practitioners should evaluate the
potential risks and benefits of the supplement. To identify
potentially beneficial supplements, peer-reviewed literature
should be critically reviewed to determine if a given
supplement is likely to yield benefits considering the
characteristics of the individual or population consuming it
and to determine the specific performance or health outcomes.
When benefits are likely, they must be weighed against the
cost and potential risks of supplementation. A number of
common supplements that may benefit tactical personnel are
discussed later in this chapter. Tactical personnel should
certainly avoid any supplements that list banned substances on
the product label. It may also be valuable to identify whether
the product has been tested or verified by a third party (see the
list of educational resources near the end of the chapter). A list
of companies and products with safety concerns is published at
the USADA website: www.supplement411.org. To minimize
the risk of consuming supplements that are contaminated or
contain undeclared banned ingredients, it may also be prudent
to avoid other products from companies that manufacture
supplements with banned ingredients. For general guidelines,
see the box titled “Tips for Avoiding High-Risk Dietary
Supplements.”

Tips for Avoiding High-Risk
Dietary Supplements



To avoid high-risk dietary supplements, do not use
these types of products:

 

Products with vague proprietary blends listed on the label
(a proprietary blend does not list all amounts of
ingredients)
Products that make unrealistic claims, such as “Gain 16
pounds (7 kg) of muscle mass in 12 weeks”
Products that are hormonal (e.g., testosterone boosters,
estrogen blockers, aromatase inhibitors)
Products containing ingredients written in nomenclature
similar to steroids (may contain a series of numbers and
suffixes that end in –ol, –one, or –ene, among others)

The process of risk stratification is complicated by differences
in chemical nomenclature, meaning a single compound can be
identified by numerous names. For example, 1,3-
dimethylbutylamine has multiple names and may be listed on
product labels as DMBA, 2-amino-4-methylpentane citrate, 4-
amino-2-methylpentane citrate, 4-amino methylpentane
citrate, Amperall, AMP, AMP citrate, 4-AMP citrate, or 4-
methyl-2-pentanamine. A recent study identified this
compound in multiple dietary supplements (22), and the FDA
issued a statement that it fits the criteria of a new dietary
ingredient. However, DMBA has not gone through a formal
approval process, and tactical athletes should avoid
supplements containing it. Similarly, beta-
methylphenethylamine (BMPEA) has been identified in
dietary supplements (19) but has not undergone formal
approval as a new dietary ingredient and may be listed as up to
14 different names.

Risk stratification should involve independently determining
the potential risk (low, moderate, or high) of consuming a
supplement, along with the potential for benefit. Any
supplement deemed as high risk should be avoided, regardless
of its potential for benefit. An ideal supplement has high
potential for benefit and low risk; however, in some instances
one might consume a supplement that has moderate potential



for benefit and low risk or high potential for benefit and
moderate risk. When possible, tactical personnel should seek
help from qualified practitioners to assist with risk
stratification and decisions pertaining to the use of certain
dietary supplements.

High-Risk Anabolic Supplements
Orally ingested anabolic compounds have long been
associated with increased risks of adverse events and failed
drug screens. Consumers can typically identify these products
by the way they are marketed—as legal steroid alternatives,
designer steroids, prohormones, steroid precursors or
derivatives, or potent testosterone boosters. In addition, such
products often list ingredients written in steroid-like
nomenclature—they generally include a series of numbers and
suffixes that end in –ol, –one, or –ene, among others. The
fraudulent marketing of oral prohormones and designer
steroids as dietary supplements became so widespread that the
Designer Anabolic Steroid Control Act was signed into law in
December 2014. This legislation demonstrated a focused effort
to ban a number of common ingredients and improve the
enforcement of laws pertaining to this class of banned
substances.

Despite this new legislation, consumers must be proactive in
avoiding banned anabolic substances that may be illegally
present in dietary supplements. As shown by Cohen et al. (20),
banned substances, including steroid-like anabolic compounds,
can be found in dietary supplements purchased online or over
the counter long after they’ve been banned or recalled by the
FDA. The risk of purchasing adulterated supplements could be
even higher when buying from online sources. Web-based
retailers pose additional challenges to the agencies that enforce
U.S. laws regarding supplement sales. These challenges
include jurisdiction issues regarding international transactions,
greater anonymity of online entities, the ability to rapidly
change website content, and challenges identifying the
physical location of online retailers and their inventory. Online
retailers, especially those that are internationally based, may
be less likely to comply with FDA guidelines and CGMPs,



less likely to conduct inspections of manufacturing facilities
that supply their ingredients or products, and more likely to
distribute supplements manufactured by disreputable
companies. These high-risk anabolic products are described in
more detail later in this text.

Key Point
A risk stratification should be performed before using dietary
supplements. This includes evaluating the benefit-to-risk ratio.
A number of resources can be used to evaluate this ratio,
including this chapter and the list of educational resources near
the end of the chapter.



Common Performance-Enhancing
Substances: Potential Benefits,

Risks, and Side Effects
Data suggest that a majority of tactical athletes (85%) report
current supplement use. However, knowledge among this
group is low, with 75% gaining information from popular
press magazines, 55% from friends and colleagues, and 31%
from the Internet (54). Although supplement consumption is
high, popular media do not recognize that a variety of dietary
supplements on the market have yet to be evaluated in human
research, and most ingredients and supplements have failed to
demonstrate positive benefits with low risk. Specifically, a
number of common ingredients do not produce any positive
effects on performance, body composition, cognition, or
overall health. In contrast, only a few ingredients and products
have either demonstrated continual positive benefits in active
populations or have a mix of positive or no effects, providing
potential support for use in a tactical setting. Evaluating the
risk-to-benefit ratio is important when making supplement
choices; with many ingredients, consumption may result in
ergolytic or negative effects on health and performance.
Financial considerations are also important; higher priced
goods are not always associated with greater effects. Common
ingredients consumed by tactical personnel, as well as
ingredients that have ergogenic potential with low risk, have
been outlined in this section and summarized in table 7.1. This
list is not meant to be comprehensive; instead, it provides
information on ingredients that have the best risk-to-benefit
ratio or that are most commonly consumed.



Amino Acids
Supplemental amino acids fall into three categories: nine
essential amino acids (EAA), three branched-chain amino
acids (BCAAs), and eight conditionally essential amino
acids (CEAA). EAAs are amino acids the body cannot
manufacture that must be consumed in the diet. The nine
EAAs are histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophan, and valine. Leucine,
isoleucine, and valine collectively compose approximately



30% of total muscle protein content. BCAAs are found in high
concentration in whey protein (26% BCAA), milk (21%),
meat, fish, eggs, and other quality protein sources. Although
they are readily available in dietary sources, BCAAs are in
high demand as the primary amino acids oxidized during
exercise (especially aerobic exercise), with protein
contributing <20% to the total energy requirements (82).
Amino acids are fundamental for protein synthesis.

CEAAs are typically produced endogenously, but during
severe stress (e.g., illness, burns, injury) their production may
not be sufficient to meet demands. The CEAAs include
arginine, cysteine, glutamine, tyrosine, glycine, ornithine,
proline, and serine. The beta form of the nonessential amino
acid alanine (beta-alanine) has been thoroughly studied as an
ergogenic aid and specifically evaluated in tactical personnel.
It is described in the next section.

Research in typical training environments has demonstrated
that all nine EAAs are required for optimal protein synthesis;
specifically, pre- and postexercise consumption of amino acids
may enhance uptake and availability of amino acids for protein
synthesis. Tipton and colleagues (103) demonstrated a
significant additive effect of combining EAA supplementation
before and after a resistance training bout compared with
resistance training alone, resulting in improved muscle protein
balance over a 24-hour period. Furthermore, combining EAAs
with carbohydrate before an exercise training session has been
shown to improve protein synthesis to a greater extent than
when consumed after exercise (62, 69).

As summarized in table 7.1, research investigating BCAA
supplementation before, during, and after exercise has
demonstrated augmented protein synthesis and reduced protein
degradation, ultimately enhancing recovery time (11, 67).
BCAA doses ranging from 4 to 15 g have demonstrated a
decrease in muscle breakdown and an increase in muscle
building (87). Additionally, BCAA supplementation (7.5 g)
may also enhance central fatigue and mental performance
during prolonged exercise (10). BCAAs may conceivably
enhance performance in endurance athletes by enabling them
to train at higher intensities while maintaining mental focus.



This may be of particular interest for tactical athletes facing
strenuous physical and mental demands.

CEAAs do not directly stimulate muscle protein synthesis, but
two of the most common CEAAs, arginine and glutamine,
may have a beneficial role during periods of stress. Although
these two amino acids are widely used in sport supplements,
their role is minimal during healthy conditions. Specifically,
arginine is the direct precursor to nitric oxide, which is a
potent vasodilator, thereby potentially improving circulation
and blood pressure (7). Arginine is also important for normal
physiological function, and it has been reported to help
maintain lean body mass, improve wound healing, and
stimulate GH when dietary intake is low or metabolic rate is
high (e.g., wounds, injury, surgery) (65, 112). Overall,
although arginine may be an effective vasodilator, it has little
effect on performance in healthy people (7).

Glutamine is the most abundant amino acid in the body and is
found in a number of popular supplements for recovery and
immune function. The glutamine–immune function hypothesis
is based on a decrease in glutamine levels following intense
training, eventually leading to a suppressed immune system.
Although the majority of available studies do not demonstrate
a direct effect of oral glutamine supplementation to improve
immunity, glutamine may play a positive role indirectly (15).
Several independent reviews of the literature have all come to
similar conclusions: glutamine supplementation for various
clinical conditions (e.g., critically ill and septic patients,
multiple-trauma patients, postsurgical patients) may require
high doses (20-30 g per day) for a sustained period of time
(consumed immediately upon injury and continuously
thereafter) to be effective in influencing net protein balance
and immune function (15, 31). However, with exercise studies,
supplementation amounts have ranged from 150 mg (23) to 5
g (71) to >20 g (61). Currently, the appropriate amount for
athletes, and in particular tactical athletes, is uncertain (5, 18).

In summary, for amino acid supplementation, the risk is low
and the benefit is moderate for muscle protein synthesis and
delayed onset muscle soreness (DOMS). Consuming EAAs
before and after training likely assists in stimulating muscle



protein synthesis. Further, consumption of EAAs or BCAAs
during exercise, especially endurance exercise, may result in
reduced soreness and improved recovery, with more support
for the use of EAAs. Based on the available evidence, if EAAs
are used to enhance the effects of training and to improve
recovery, 3 to 20 g per day could be consumed in combination
with carbohydrate 30 minutes preexercise and within 1 hour
postexercise. Of particular note, animal protein sources and
protein powders are excellent sources of EAAs and include
BCAAs, making protein one of the best options for EAAs.
BCAA supplementation is most effective between 7 and 15 g,
with a UL of about 35 g daily for an average-weight male (500
mg/kg body weight ). BCAA and CEAA supplementation is
not likely to produce significantly greater effects compared
with consuming all EAAs.

Beta-Alanine
Beta-alanine is a non-proteinogenic amino acid that is
produced endogenously in the liver. Humans also consume
beta-alanine through foods such as poultry, beef, pork, and
fish. The ergogenic properties of beta-alanine are limited;
however, beta-alanine has been identified as the rate-limiting
precursor to carnosine synthesis (39) and has been consistently
shown to increase levels of carnosine in human skeletal
muscle. Carnosine is a metabolic buffer within skeletal muscle
and plays a direct role in maintaining pH during high-intensity
exercise. Beta-alanine has become a universal ingredient,
found in a variety of sport nutrition products. However, it is
commonly used ineffectively with only one dose. It must be
consumed daily (4-6 g in divided doses) for about four weeks.

Though the science supports beta-alanine as an effective
ingredient for improving performance in a variety of
populations, establishing its benefits requires further research.
Theoretically, increasing skeletal muscle carnosine levels
through chronic training or beta-alanine supplementation
would improve the ability to buffer hydrogen ions and
maintain pH, thereby improving anaerobic performance. In
addition, like creatine, described later, individual responses to
beta-alanine supplementation vary widely. High responders



may increase muscle carnosine by 55% and wash it out at
3.5% per week, with a relatively complete washout at 14.6
weeks (3). In contrast, low responders only increase muscle
carnosine by 15% and washout at 2.5% per week, with a
complete washout in 6.5 weeks. Thus, the impact of beta-
alanine when consumed daily for about four weeks varies from
person to person. Theoretically, increasing skeletal muscle
carnosine levels through chronic training or beta-alanine
supplementation should improve the ability to buffer hydrogen
ions and maintain pH, thereby improving anaerobic
performance.

A variety of studies have evaluated the performance effects of
beta-alanine in a range of athletes, including tactical groups.
Research demonstrates that daily supplementation of 4 to 6 g
of beta-alanine for two to four weeks may improve exercise
performance lasting 1 to 4 minutes (105). Beta-alanine
supplementation may be advantageous in tactical athletes,
potentially attenuating fatigue, enhancing neuromuscular
performance, and reducing oxidative stress (90-93). The use of
beta-alanine has been evaluated in military personnel,
demonstrating improvements in peak power and
marksmanship, as well as a limited and variable response to
cognitive performance (44). On the other hand, an expert panel
that reviewed the use of beta-alanine in military personnel
concluded that there was insufficient evidence to recommend
its use by military personnel (55). More research is needed to
determine which tasks are consistently improved with
supplementation.

Most importantly, the risk of beta-alanine supplementation is
low and the benefit is moderate (105). Paresthesia (tingling),
typically in the face, neck, and back of hands, is the most
widely known side effect of beta-alanine and is commonly
experienced when large single boluses (>800 mg) are
consumed. These larger doses are often found in multi-
ingredient supplements and result in greater excretion rates.
Additionally, using a sustained-release formula, which is now
the most common form of beta-alanine on the market
(CarnoSyn), reduces the tingling side effects. To date, there is
no evidence to suggest that this tingling is harmful. Although



not all individuals will experience paresthesia, it is typically
dose dependent, with higher doses resulting in greater side
effects. Currently, no safety data exist on the long-term use of
beta-alanine (i.e., >1 year).

In conclusion, beta-alanine supplementation (3.2-6.4 g per
day) for at least 28 days appears to significantly elevate
intramuscular carnosine levels and enhance performance in
both trained and untrained people by maintaining the
intramuscular pH. The most recent data suggest that, when
combined with high-intensity training, beta-alanine may
enhance training volume and quality, leading to improvements
in both aerobic and anaerobic performance. More notably,
beta-alanine may help improve marksmanship, peak power, 50
m (55 yd) casualty carry, and lean body mass under periods of
intense training; however, more tactical-specific research is
needed.

Beta-Hydroxy-Beta-Methylbutyrate
Beta-hydroxy-beta-methylbutyrate (HMB) is a natural
metabolite of the essential amino acid leucine and may play an
important role in the prevention of protein breakdown and
upregulation of protein synthesis, especially in stressful
physiologic situations (70, 73). Specifically, HMB may
regulate enzymes responsible for muscle tissue breakdown. A
meta-analysis substantiated the use of HMB as an effective
sport supplement, detailing its effect on improved strength and
lean mass in anaerobic and aerobic training. It was further
reported to spare muscle protein catabolism and to speed
recovery (70, 73).

HMB has demonstrated a positive effect on lean body mass
during resistance training in untrained people, especially under
periods of stress (e.g., untrained, lack of calories, high training
volume) (76, 77). Though HMB has been shown to be an
effective anti-catabolic supplement, its use in trained people
has yet to demonstrate any consistent benefits (58). It has been
proposed that trained people may need a higher dose to
demonstrate the anti-catabolic effect, but more research with
this population is necessary (70). In tactical environments with
high energy expenditure; heat, cold, or altitude exposure; and



low-calorie intake, HMB may provide benefits by reducing
muscle breakdown and augmenting protein synthesis.

In summary, HMB supplementation appears to work best for
those who are untrained or in the process of altering their
training program and want to lessen the associated muscle
soreness and damage. Based on the available evidence, 3 g per
day is recommended for three to five weeks when starting a
new program or under periods of stress (70, 73). To date, there
are no reported side effects from using HMB. However, due to
the cost it would likely not be beneficial for everyday training
in a very fit population. Instead, the risk-to-benefit ratio would
be more appropriate during periods of high volume or high
stress (low sleep, low calories, high training volume). More
work is required in tactical environments.

Caffeine
Caffeine is one of the most widely used supplements in the
world, especially among tactical groups (see the box titled
“Key Points About Caffeine”). It is a central nervous system
(CNS) and metabolic stimulant used to reduce feelings of
fatigue and to restore mental acuity (48). Many studies have
demonstrated the exercise performance–enhancing effects of
caffeine (52). The traditional hypothesis is that caffeine
increases the levels of fight-or-flight chemical messengers,
including epinephrine and norepinephrine, which promote fat
utilization and result in the sparing of intramuscular glycogen.
Furthermore, there are strong data to support the use of
caffeine for enhancing mood, vigilance and focus, energy, and
marksmanship—all important components of tactical
performance (64, 102).

Key Points About Caffeine
 

Doses of 200 mg consumed 30 to 60 minutes before
exercise appear to be most effective for physical and



mental performance (27, 52).
Caffeine may enhance fat oxidation and spare
carbohydrate, which may improve performance.
Evidence suggests that a beneficial effect from caffeine
can be achieved with a dose of 1.4 to 4.0 mg/lb (mg/0.5
kg) body weight. This would equate to 266 to 760 mg for
a 190-pound (86 kg) person.
Overconsumption of caffeine can result in negative side
effects (see table 7.1).
To date, the largest amount of caffeine ingested by
tactical personnel in controlled studies was 800 mg
(consumed in four divided doses of 200 mg) over a 24-
hour period, with no adverse effects in caffeine-naive and
caffeine-habituated Special Forces personnel (51).

The benefits of caffeine have been repeatedly shown,
especially in military personnel. The Committee on Military
Nutrition Research and the Food and Nutrition Board have
accepted that 150 mg of caffeine will increase endurance and
physical performance among military personnel. Additionally,
a dose of 200 mg has been shown to improve focus and
vigilance during a shooting task, despite 72 hours of
continuous sleep deprivation (102). Also, successive caffeine
intake (four 200 mg doses over 24 hours) in the late evening
and early morning aided in maintaining cognitive function
over a three-day period with minimal sleep (51). In addition,
caffeine may help tactical athletes by positively influencing
their psychological state and altering their pain perception.
Research has shown caffeine supplementation to result in
reduced rating of perceived exertion (RPE) during constant
load exercise (27), which may translate to improved training
volume and thresholds during military tasks.

The risk of caffeine at appropriate doses is low, while the
benefits are high. However, it is suggested that athletes take an
initial dose of 3 mg/kg body weight to test for caffeine
sensitivity. The overconsumption of caffeine from a variety of
sources, such as chewing gum with coffee, soda, and blended
supplements, causes adverse effects in tactical personnel, so
care should be taken to assess all caffeine sources. Of interest



to tactical personnel, cycling from high to low (or no) caffeine
intake may increase physiological sensitivity.

Creatine
Creatine is an organic compound that is synthesized in small
amounts within the body from the amino acids arginine,
methionine, and glycine. Creatine can also be obtained
through exogenous sources, from foods that are high in
protein, such as fish and beef (12). Approximately 95% of all
creatine stores in the body are found in skeletal muscle, with
numerous studies demonstrating an increase in intramuscular
creatine concentrations through supplementation (16). The
rationale for augmenting creatine levels is based on initial
energy substrate use during the onset of exercise and because
creatine acts as an energy buffer to help maintain pH. As
previously described (see chapter 4), the ATP-PCr system is
always the first to supply energy during exercise, yet PCr is
depleted at an extremely rapid rate. Creatine supplementation
enhances ATP availability by increasing muscle PCr storage,
improving performance in high-intensity, short-duration
exercise (12).

Creatine is one of the most widely used ingredients among
military personnel, with few to no adverse effects reported
(42). Based on decades of work, creatine monohydrate has
been reported to be one of the most effective ergogenic aids
available in terms of increasing intense exercise performance
and lean body mass when combined with exercise (16).
Additionally, recent literature suggests additional benefits for
preventing traumatic brain injury and injuries, as well as
improving bone health and neuromuscular function (17, 42,
80, 94, 99). Furthermore, despite what the popular press
reports, creatine monohydrate may act as an agent to improve
or maintain hydration and thermoregulation, thereby
preventing muscle cramps and dehydration (95).

Creatine monohydrate is the most commonly studied form of
creatine, and it’s arguably the most bioavailable and effective
(47) in terms of intense exercise performance and lean body
mass when combined with exercise (16). As mentioned,
creatine is also one of the ingredients most widely used by



military personnel. Although few side effects have been noted
(42, 47), one well-known side effect is an increase in body
mass (weight gain). Another less known and less common side
effect is an increase in anterior compartment pressure:
Creatine supplementation (6 days of 20 g per day loading
followed by 28 days of 5 g per day) abnormally increased
compartment pressure in the lower leg both at rest and after 20
minutes of running relative to a placebo (79). Creatine
supplementation should stop immediately if this occurs.

The safest way to use creatine is to take 3 to 5 g per day for 28
to 30 days. Research has shown that it takes approximately 28
days for muscle creatine stores to return to presupplementation
levels after discontinuing the supplement. In contrast, the
quickest method of increasing muscle creatine stores may be
to consume approximately 0.3 g/kg body weight per day of
creatine monohydrate for at least three days, followed by 3 to
5 g per day thereafter to maintain elevated stores. Creatine
loading may be used when there is a quick need to enhance
PCr availability (i.e., quick deployment); however, it is not
necessarily the safest or best way. Although creatine
supplementation has been shown to dramatically increase the
amount of creatine stored in skeletal muscle, people respond
differently to creatine ingestion, and high and low responders
have been reported (24, 35, 101, 106). Marked responses have
been noted in people with normally low muscle creatine stores
(e.g., vegetarians), whereas minimal increases have been noted
in those with high initial levels. However, even if initial
creatine levels are high, a number of other benefits related to
protection against traumatic brain injury (80) and
thermoregulation (95) may result. More importantly, there is
no evidence of detrimental effects of supplementation with
creatine monohydrate (42, 47). To date, the only reported side
effect in some individuals is minor weight gain, which
subsides after one to two days of supplementation.

The addition of carbohydrate or carbohydrate and protein to a
creatine supplement appears to increase muscular retention of
creatine, although the effect on performance may not be
greater than using creatine monohydrate alone (16). Creatine
monohydrate supplementation has a relatively high potential



benefit and a low risk profile when appropriate doses are used.
However, caution should be taken when consuming creatine in
multi-ingredient products; dosing may vary, and initial
evidence suggests creatine combined with caffeine may cause
upset stomach in some people (38).

Multi-Ingredient Workout Blends
Multi-ingredient pre- and postworkout supplements have
become increasingly popular, with formulations that include
various ingredients, such as creatine, caffeine, BCAAs, whey
protein, nitric oxide precursors, and single amino acids (53,
74, 75, 89, 96, 97). A number of these ingredients have been
evaluated individually (reviewed previously in this chapter),
but potential synergistic and combinatory effects should be
evaluated in the multi-ingredient blend. A few packaged
products have been evaluated, but caution should be taken
when choosing or consuming a multi-ingredient preworkout
supplement blend. These supplements may have ingredients
that are efficacious, but they may not be included in
efficacious doses or cannot be taken just one time for an effect.
Also, the use of a multi-ingredient product increases the risk of
consumption of a banned ingredient or an ingredient with
unknown effects.

Of the few multi-ingredient products that have been evaluated
within research, some have been shown to improve muscular
endurance (33, 41), running time to exhaustion (111), and
power output (33). Some studies documented improvements in
subjective feelings of energy and focus (97, 111), whereas
others (33) did not. When taken for four to eight weeks, multi-
ingredient preworkout supplements have been shown to
increase strength (53, 97), power output (74), and lean mass
(75, 96). However, the risk of these products is moderate and
the benefit is moderate. To reduce the risk, blended products
that have been tested by a third party (e.g., NSF International,
Informed-Choice, BSCG) should be chosen over those without
testing. A better approach is to choose single efficacious
ingredients (e.g., creatine, caffeine, beta-alanine, amino acids)
or preworkout blends that have only a few recognizable
ingredients and that have previously been studied in humans.



Common side effects from some pre- and postworkout blends
include increased HR, nausea, diarrhea, and dizziness. These
side effects generally come from consuming unknown doses,
as well as effects from combined ingredients.

Multivitamins
Vitamins and minerals are the most frequently consumed
dietary supplement among tactical personnel (54). Unlike
other supplements, vitamins and certain minerals are
considered essential for their roles in normal physiological
function. Due to the high demands of training and other
physiological demands, supplemental nutrient intake may be
important in this population. The Institute of Medicine
Committee on Optimization of Nutrient Composition of
Military Rations for Short-Term, High-Stress Situations
recommends that nutrients be provided through whole foods
first and then supplemented with fortified foods and dietary
supplements (46). A multivitamin dietary supplement might be
included in this strategy. However, to date, there is little
information on the dose and frequency for these supplements
to be efficacious. Despite the lack of direct data, adverse
effects of multivitamins are low in tactical personnel. The risk-
to-benefit ratio of multivitamin use is low to moderate, with
few risks and moderate benefit. Care should be taken when
individuals are consuming a number of fortified foods with
additional multivitamin intake and blended or multi-ingredient
supplements; often each of these products contains 100% of
the total daily values required. Additionally, the ingestion of
multivitamins with multiple doses throughout the day requires
further evaluation because they typically contain other
unknown ingredients. A once-per-day multivitamin holds little
risk.

Omega-3 Fatty Acids
The potential benefits of long-chain omega-3 fatty acids
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) have continued to gain attention, especially in the
tactical world. EPA and DHA are essential nutrients that can
be synthesized from alpha-linolenic acid (ALA); however,



humans are unable to synthesize ALA, making it necessary to
consume either ALA or EPA and DHA through the diet. Only
fish and fish oils contain EPA and DHA, which are
incorporated into the wall of each cell in the body. Note that
plant-based sources of omega-3 (via ALA) have very low
conversion rates to EPA and DHA, rendering them ineffective
sources of omega-3 fatty acids (72).

The potential benefits of omega-3 fatty acids range from
enhancing neuroprotection, cognition, and mood to reducing
inflammation, cancer, and cardiovascular disease risk (63, 85).
No studies have examined their effect on performance, but it
has been suggested that omega-3 fatty acids might mitigate
DOMS (85). Most relevant for tactical personnel may be the
potential effects of omega-3 fatty acids as an intervention to
reduce the effects of traumatic brain injury.

Omega-3 supplementation is of interest, but food sources
should be the first line of effort. A daily intake of 3 g per day
of omega-3 fatty acids is generally regarded as safe according
to the FDA (30). This serving size has also been suggested
specifically for military personnel (36). Although one side
effect of omega-3 supplementation is antithrombosis or
increased bleeding (6), at doses of 3 g daily, there appears to
be no increased risk for bleeding (6, 19). Tactical personnel
can easily consume the amount needed through food without a
concern for risk.

Key Point
The omega-3 fatty acids EPA and DHA are essential fatty
acids and can only be made by the human body in limited
amounts. Fish and fish oil are the preferred sources of omega-
3 fatty acids; intake of plant-based sources of ALA may not be
sufficient to generate the needed amounts of EPA and DHA.

Protein
Due to the physical demands of military and tactical training,
it is not surprising that protein powders are commonly used
supplements in this population. The use of supplemental
protein in tactical personnel may yield improvements in body
composition, lean body mass, strength, and muscle soreness.



Although protein powders are generally recognized as safe,
there are a variety of protein types and quality levels. Special
attention should be paid to the type of protein because it can
affect digestion, absorption, recovery, and muscle protein
synthesis. Whey protein continues to be one of the better
protein types in terms of bioavailability and effects. There are
various types of whey:

 

Whey protein concentrate (WPC) is found in most
whey protein powders and contains 60% to 70% total
protein by volume, with the remaining 30% to 40% made
up of lactose and lipids. WPC is the most common form
of whey due to its lower cost and added flavor from
carbohydrate and fat.
Whey protein isolate (WPI) contains at least 90% total
protein and very little lactose, making it an ideal choice
for people with lactose sensitivity. Isolates are gaining
popularity because they have zero carbohydrate, they
have an improved taste, and there is a growing literature
on their positive effects on muscle size and recovery (26,
45); however, they are more expensive.
Whey protein hydrolysate (WPH) is partially or
predigested protein that is touted for its faster absorption
rates and more efficient utilization. However, currently
the science supports equal results when comparing WPI
and WHP in humans (45).

A separate class of milk protein is just milk, which has a
growing body of evidence to support its use, especially
postexercise (84). Milk has a unique blend of fast-acting whey
and sustained-releasing casein, providing a prolonged anabolic
response. It contains a number of ingredients that help with
recovery: carbohydrate to help restore muscle glycogen;
electrolytes (sodium, calcium, potassium, and magnesium) to
replenish what’s lost in sweat; B vitamins, which are essential
in metabolism; and vitamin D. People searching for nonmilk
protein may consider rice, pea, and hemp proteins. To date,
evidence shows rice protein has some positive effects in
comparison to whey. However, the amount of leucine seems to



mediate the results: More rice protein (35 g) is needed to
obtain 3 g of leucine (compared with 25 g of whey protein),
which initiates and maintains muscle protein synthesis (26,
49).

Overall, protein powders have a low risk-to-benefit ratio, but
food sources are still preferred when possible (68). However,
the type of protein may make a large difference when it comes
to side effects, such as gas and upset stomach.

Nitric Oxide Stimulators
Nitric oxide stimulators are often used to increase blood flow
and indirectly influence performance (4). Given their
importance in producing nitric oxide, arginine and citrulline
supplements have been investigated in a number of studies (7,
100). The research with arginine has not shown positive
effects on performance. Additionally, although evidence
suggests that L-citrulline does not improve exercise
performance, citrulline malate has been shown to improve
repetitions to fatigue. It is not known if nitric oxide production
is the mechanism underlying these results. Nonetheless, nitric
oxide stimulators may increase blood flow and are found in a
number of preworkout supplements.

More recently, natural sources of dietary nitrate, such as
beetroot and pomegranate extract, have been studied as
precursors of nitric oxide. Beetroot has been shown to improve
performance and reduce the oxygen cost of exercise (7).
Further, the ergogenic effect of beetroot does not appear to
apply exclusively to untrained populations (59). Pomegranate
extract is a highly concentrated source of dietary nitrate and
polyphenols, and it has been shown to enhance blood flow and
high-intensity exercise performance (104). Natural sources of
dietary nitrate have repeatedly yielded more positive effects on
blood flow and performance than arginine or citrulline.
Additionally, few to no side effects have been documented
with these ingredients.

Evidence does not support significant improvements in general
health or performance from citrulline or arginine
supplementation. The risk for arginine and citrulline is low,



but the benefits are also low. Using more natural ingredients,
such as beetroot and pomegranate, to stimulate nitric oxide
also has a low risk but moderate benefit.



Illegal Performance-Enhancing
Substances

A wide range of people, from sport athletes and TSAC
Facilitators to bodybuilders and figure athletes, use
performance-enhancing substances. These substances are
purported to

 

increase metabolism,
mimic hormones,
increase muscular development through protein synthesis,
increase fat loss,
aid in recovery of energy systems, and
enhance immunity (32, 81).

If these substances are not classified as a drug or they are not
making health claims, then they do not require premarket
approval by the FDA. However, that does not mean they will
not trigger a positive test for an illegal substance, putting the
TSAC Facilitator at risk of suspension or loss of employment.
Thus, it is important to outline two classes of these substances:
those that are illegal and those that are banned by
organizations such as the National Collegiate Athletic
Association (NCAA), IOC, and WADA.

Anabolic-Androgenic Steroids
Anabolic-androgenic steroids (AAS) have been used to
enhance athletic performance for decades. These steroids are a
synthetic derivative of the male sex hormone testosterone,
which is responsible for male sex characteristics and increases
in muscle size via increased protein synthesis. Testosterone is
produced in the gonads and derived from cholesterol.

Exogenous or supplemental testosterone has been shown to
have many positive effects that are tempting to athletes of all
kinds. The most prevalent of these is muscular size and
strength. Several studies have demonstrated increases in lean
mass in a variety of populations, including older men (29),



younger men (8), bodybuilders (109), and strength-trained
athletes (50). Although AAS may lead to water retention,
contributing to weight gain, the overall consensus is that it is
due to lean mass accretion. However, the changes in lean mass
are highly dose dependent (88).

The current literature supports the notion that increases in lean
mass will increase performance (40). The most notable of
these performance increases has been seen in markers of
strength. More than two dozen studies have shown AAS to be
effective at increasing strength (8, 29, 40). Others have shown
similar findings in just three to four weeks of administration.
A review of the available literature determined that strength
changes are between 5% and 20% of baseline strength (40).

These strength and body composition changes are desirable for
many athletes. However, the use of AAS is associated with
several significant side effects (9). Although few studies have
evaluated these side effects, the androgenic properties of AAS
are mostly responsible. The androgenic part is what gives
males their primary sex characteristics.

Increases in endogenous testosterone lead to more free
testosterone or estrogen, which causes the following side
effects in men (81):

 

Male pattern baldness
Adult acne
Gynecomastia (growth of breast tissue in men)
Increased blood pressure
Testicular atrophy
Decreased sperm count
Impotence

Female-specific side effects include the following:

 

Menstrual irregularities
Masculinization
Clitoromegaly



Long-term AAS abuse is also associated with liver damage
and psychological changes such as aggression and depression.
The risk associated with unprescribed use of AAS is high, and
the benefits do not outweigh the risk.

Growth Hormone
Growth hormone (GH) or somatotropin is released from the
pituitary gland. Two hormones act in concert to increase or
decrease GH output from the pituitary gland: somatostatin
and growth hormone–releasing hormone (GHRH).
Somatostatin acts on the pituitary to decrease GH output,
whereas GHRH acts on the pituitary to increase GH output.
GH has been shown to respond naturally to most exercise
modalities, including running, resistance exercise, and cycling
(56). GH is paramount for a variety of physiological actions,
including decreased glycogen synthesis, decreased glucose
utilization, increased amino acid transport, increased protein
synthesis, and increased fatty acid utilization. However, the
response of GH to exercise is highly variable. The release of
GH depends on intensity, load, rest, and volume of exercise. It
appears that high- or moderate-intensity activity and short rest
periods elicit the greatest GH response to resistance training
(57). Previous reports suggest that a threshold intensity of
exercise must be reached before a significant increase in GH
can be detected; the type of exercise may also play a role in
GH secretions (98). For example, treadmill running (use of
both arms and legs) has demonstrated a greater GH response
than cycling (legs only).

Little research has been done on the effects of human growth
hormone (HGH) supplementation in athletic populations; most
research suggests there is no athletic advantage to taking
HGH. Although some studies in the last 10 years have
demonstrated an increase in whole-body protein synthesis
(43), other data suggest that combining HGH supplementation
with resistance training does not result in greater benefits than
resistance training alone (114). Clearly, some controversy
exists as to whether HGH is an effective performance-
enhancing substance. The greatest application of HGH
continues to be in children of short stature, not athletes, yet it



remains a common drug in athletic populations (34). It appears
that use of HGH is increasing in athletic populations despite
the uncertainty of its benefits (34). The risk of supplemental
HGH for athletic use is unknown and may not provide any
benefit. Importantly, HGH is on the WADA list, so it is banned
by most major sport and doping organizations.

Erythropoietin
Erythropoietin (EPO) is a hormone secreted by the kidneys
that increases the rate of red blood cell production.
Recombinant EPO is most commonly used by endurance
athletes to increase the oxygen-carrying capacity of the blood
by stimulating red blood cell production. Previous data have
shown increases in hemoglobin from greater red blood cells,
resulting in an increased ability to utilize oxygen during
exercise ( O2max) and improve exercise performance.
Despite the general link between hemoglobin and oxygen
delivery, there is no definitive evidence that increasing
hemoglobin as a result of EPO or varied altitude training will
improve oxygen delivery or performance (78). The side effects
of EPO are consistent, with increases in hematocrit
concomitantly increasing blood viscosity and thus increasing
the risk of thrombosis, which is further exacerbated when
dehydrated. Other reported side effects include hypertension
and headaches (9). EPO is banned by most major sport and
doping organizations.

Testosterone Boosters
A number of so-called dietary supplements on the market are
promoted as testosterone boosters. A testosterone booster
inhibits aromatase, an enzyme involved in the conversion of
testosterone (an androgen) to estradiol (an estrogen) (37). With
this in mind, aromatase inhibition can have two potentially
favorable outcomes in males. First, aromatase inhibition can
decrease the amount of estrogen produced and minimize the
unwanted physiological effects. The second outcome is
increased testosterone (i.e., testosterone booster) because of
decreased estrogen conversion. Aromatase inhibition may also
prevent the development of gynecomastia as a result of AAS



use. Due to the function of blocking estrogen, these agents are
unlikely to have any effects in women. A few over-the-counter
aromatase inhibitors have been evaluated, with results
demonstrating increased bioavailability of testosterone (60,
83).

However, a number of side effects, including increases in
estrogen and decreases in testosterone following cessation of
intake, may arise. Additionally, side effects similar to those of
testosterone and AAS may result. These products should not
be used unless under the direction of a physician. Some over-
the-counter or online supplements may contain varied amounts
of active ingredients, illegal drugs, and fillers, which could
exacerbate the side effects. The risks of using over-the-counter
testosterone boosters greatly outweigh any possible benefit.

Prohormones
Prohormones are precursors to steroids that have been shown
to increase muscle size, strength, and recovery as well as
nitrogen retention and protein synthesis within the muscle.
Prohormones include dehydroepiandrosterone (DHEA),
androstenedione, 4-AD, 1-AD, nordiol, and other analogs.
Selective androgen receptor modulators (SARMS) are also
popular types of prohormones that are used frequently. With
prohormone supplementation, androgen conversion is limited
due to an enzyme-dependent reaction that occurs in the muscle
and liver to facilitate the conversion of prohormones to
anabolic steroids. Furthermore, prohormones are readily
aromatized into estrogen compounds, which likely cause an
increase in fat mass and severely deter natural testosterone
production. Although clinical studies on prohormones are
scarce, one small study with 10 participants showed no
anabolic or ergogenic effects with 344 mg per day of
norandrostenedione (224 mg) and norandrostenediol (120 mg)
over an eight-week period of prohormone supplementation
(108). Most studies indicate that prohormones do not affect
testosterone, and some may actually increase estrogen levels
(13, 37, 81). Although touted anecdotally, prohormones have
little to no application in performance. Prohormones are
steroid-like compounds, so most athletic organizations have



banned their use. Use of dietary supplements that contain
prohormones could result in a positive drug test for anabolic
steroids. The majority of these substances are illegal and are
banned by WADA, the NCAA, the NFL, and most major sport
leagues. The benefits of prohormones are low, and the risks
are moderate to high.

Dehydroepiandrosterone (DHEA)
Dehydroepiandrosterone (DHEA) is a steroid produced
naturally by the adrenal glands that serves as a precursor to the
sex hormones testosterone and estradiol. The conversion of
DHEA to estradiol would not be advantageous for athletes in
light of its anabolic effect on fat cells (i.e., increased fat cell
size). However, the conversion of DHEA to testosterone may
have performance-enhancing effects. Although testosterone is
a potent anabolic hormone that promotes skeletal muscle
protein accrual, DHEA supplementation (100 to 150 mg per
day for up to four weeks) has not shown an effect on
testosterone in young men (14, 25). It appears DHEA may be
more effective for the elderly, who have physiologically low
levels (73, 110). The benefits for the tactical athlete appear to
be low, and because DHEA is on the WADA prohibited list, it
poses a high risk.

DHEA Derivatives
A number of DHEA derivatives are on the market, some of
which include 7-keto-DHEA, 19-nor-DHEA, and others.
Supplement claims include preservation of lean body mass as
well as improvements in bone mineral density, insulin
resistance, liver thermogenesis (which increases calorie
burning), cognition, and immunity. Although rat studies have
shown that supplementation elicits a thermogenic effect, the
limited human studies indicate no anabolic or lipolytic effects
(13). The potential benefit of DHEA derivatives is low and the
risk is high.



Signs and Symptoms of Ergogenic
Aid Abuse

Illegal performance-enhancing substances are associated with
a litany of side effects and problems. As mentioned previously,
most of the signs and symptoms are substance specific. Most
negative effects of AAS, GH, and blood doping (EPO) are
reversible if use is discontinued. However, there may be
permanent ill effects if abuse continues (81).

AAS use is related to a long list of signs and symptoms. Long-
term studies of the effects of AAS on morbidity and mortality
are almost nonexistent, so the literature usually focuses on
acute effects. The signs and symptoms of AAS use fall into six
categories (13, 40, 81):

 

1. Cardiovascular: decreased HDL (good cholesterol),
increased LDL (bad cholesterol), increased blood
pressure, and increased risk of heart attack (2, 32)

2. Musculoskeletal: abscesses, tendon ruptures, and
premature growth plate closure

3. Endocrine: infertility, gynecomastia, testicular atrophy,
enlarged clitoris, male pattern baldness, and excessive
hair growth (66)

4. Psychological: mania, depression, aggression, mood
swings, rage, and delusions

5. Hepatic: liver damage and cancer (1)
6. Skin: acne, fluid retention, and cysts

The use of AAS has been strongly associated with heart
attacks and strokes, although little scientific evidence supports
this report (13). AAS also slows or even stops endogenous
production of testosterone, which leads to testicular atrophy
and requires testosterone replacement therapy. Reports
indicate that AAS abusers may see swings in mood and
aggression (13, 40), and aggressive behavior is one of the
more obvious signs of abuse. Rapid weight gain is another
sign of AAS use. Some types of AAS are associated with



weight gain of 15 to 20 pounds (7-9 kg) in just four to six
weeks. The side effects of GH may be similar; however, its
effectiveness is still in question. It is difficult to identify signs
and symptoms of abuse aside from those mentioned. However,
it is important to be in tune with athletes under training
supervision—asking questions, talking about regimens, and
inquiring about dietary supplement use.

Educational Resources
A variety of educational resources are available to
help evaluate the risks and benefits of dietary
supplements. It is important to consult these
resources due the rapid turnover of new products,
formulas, and companies.

 

U.S. Anti-Doping Agency (USADA) High-Risk Dietary
Supplement List, a highly valuable resource that discloses
ingredients found in specific products that are not listed
on labels: www.supplement411.org
World Anti-Doping Agency (WADA) 2016 Prohibited
List: http://list.wada-ama.org
Informed-Choice registered product search:
www.informed-choice.org
Consumer Lab: www.consumerlab.com/results/index.asp
FDA Safety Alerts and Advisories:
www.fda.gov/Food/RecallsOutbreaksEmergencies/Safety
AlertsAdvisories
Dietary Supplement Labels Database:
www.dsld.nlm.nih.gov/dsld
Human Performance Resource Center (HPRC) Dietary
Supplements Classification System: http://hprc-
online.org/dietary-supplements/dietary-supplement-
classification-system-1
HPRC Operation Supplement Safety (OPSS): http://hprc-
online.org/opss
National Center for Complementary and Integrative
Health (NCCIH): http://nccih.nih.gov/health/atoz.htm



Office of Dietary Supplements (ODS) Dietary
Supplement Fact Sheets:
http://ods.od.nih.gov/factsheets/list-all



Conclusion
Dietary supplementation is a common practice among tactical
athletes, and certain dietary supplements may yield benefits.
Due to the postmarket regulation of dietary supplements,
TSAC Facilitators should be knowledgeable about how to help
tactical athletes perform risk stratifications of supplements
before using them. TSAC Facilitators must also know when to
bring in a performance dietitian. The educational resources
provided in this chapter, and by various anti-doping agencies,
will help tactical athletes to avoid certain red flags or
supplements on high-risk lists and to determine whether
products have undergone independent third-party certification
or verification. Tactical personnel should avoid purchasing or
consuming supplements marketed for weight loss, preworkout,
or bodybuilding (containing prohormones or designer
steroids); some products are marketed as legal steroid
alternatives and contain ingredients with nomenclature very
similar to illegal steroids.
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Study Questions
 

1. Based on its name, which of the following substances is
likely to be a steroid-like compound?

1. anadrol
2. AMP citrate
3. pentanamine
4. methylpentane

2. Which of the following is a branched-chain amino acid?
1. lysine
2. histidine
3. isoleucine
4. threonine

3. Which of the following describes the role of HMB?
1. increase levels of carnosine
2. increase red blood cell concentration
3. improve muscle protein catabolism
4. prevent protein breakdown

4. Which of the following foods contain the lowest amount
of omega-3 fatty acids?

1. flaxseed
2. salmon
3. mackerel



4. peanut butter
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After completing this chapter, you will be able to

 

identify the types of performance tests for evaluating
tactical athletes,
explain the purpose or rationale for selecting performance
tests for tactical athletes,
administer performance test protocols safely and
effectively,
evaluate the results of performance tests, and
describe how to use performance test results for tactical
populations.

Tactical personnel operate in civil crises, emergencies, and
combat—all of which may involve lifting, carrying, dragging,
crawling, jumping, sprinting, and running. Therefore, physical
preparedness is a key priority for tactical athletes. Physical
preparedness can be defined as a state of optimal health and
having the physical ability to perform technical, tactical, and
physically demanding job requirements (52) (figure 8.1).
Appropriate testing tools that quantitatively measure fitness
and work capacity are commonly used to determine job
suitability, and achieving a passing score on a physical



assessment is one of the foremost prerequisites for a tactical
occupation. Assessments should be based on job-specific
physical requirements (identified through job task analyses)
and provide an indication of job suitability. Physical
assessments also measure overall fitness (i.e., muscular
strength and endurance, body composition, aerobic capacity)
and identify health-related risk factors (e.g., cardiovascular
disease, high blood pressure). In short, physical assessments
measure health status, physical preparedness, and job
suitability for employment in tactical occupations.

Key Point
Physical assessments should measure the ability to perform a
specific task and should help determine job suitability.



Figure 8.1 Development of the tactical athlete.

Adapted from Scofield and Kardouni (46).



History of Fitness Testing in
Tactical Occupations

Physical assessments have evolved as a result of developments
in scientific research, equipment loads, operational
environments, and doctrine. Current fitness tests for tactical
populations are summarized in appendix tables 8.1 to 8.6 near
the end of the chapter, and sources for current test protocols
are listed in appendix table 8.7, also near the end of the
chapter.

Military
Over the last century, the U.S. Army’s physical training and
evaluation has undergone numerous revisions aimed at
improving soldiers’ physical preparedness. After World War I,
the Army recognized that fitness tests were necessary to
determine whether soldiers were physically prepared for battle
and that activities such as group games, wrestling, and hand-
to-hand combat were necessary adjuncts to the callisthenic
exercises used at the time (39). As a result, minimum physical
standards were established for a physical fitness test (PFT) that
included the 100-yard (91 m) dash, running broad jump, 8-foot
(2.4 m) fence climb, hand-grenade throw, and obstacle course.
In 1946 the PFT changed to include pull-ups, squat jumps,
push-ups, sit-ups, and a 300-yard (274 m) run (3). Because the
PFT was not mandatory after basic combat training, the
physical achievement test was added in 1957 as a tool for
commanders of combat units to evaluate their unit’s physical
readiness. The physical achievement test consisted of a 75-
yard (69 m) dash, triple jump, 5-second rope climb, 150-yard
(137 m) man carry, and 1-mile (1.6 km) run (4). The 1973
field manual (FM) 21-20 published the Army Physical
Evaluation Test (APET), which consisted of 15 exercises that
were either included or excluded in seven physical evaluations
(5). In 1980, the U.S. Army implemented the APFT, the
current three-event physical fitness test (push-ups, sit-ups, and
2 mi [3 km] run), replacing the APET. Undoubtedly, Army



testing and evaluation will continue to evolve as combat
requirements change.

In addition to the United States, other countries have
remodelled their military fitness testing and evaluation. In
1972 the Canadian Forces (CF; also known as the Canadian
Armed Forces [CAF]), adopted a version of the Cooper
aerobic test (i.e., running 1.5 mi [2.4 km] as fast as possible
for time) (6). The CF also tested muscular endurance by
including push-ups, bent-knee sit-ups, and chin-ups. In 1979
the CF adopted a new fitness test, the CF Exercise Prescription
(EXPRES), that included push-ups, sit-ups, trunk forward
flexion, and handgrip strength. In the late 1980s the CF
EXPRES included minimum physical fitness scores based on
age and gender to reflect research conducted in response to the
Canadian Human Rights Act of 1977 (6, 22). The purpose of
this act was to ensure that federal employers managed all
personnel fairly and indiscriminately. In 2010 a new fitness
assessment concept was proposed, Fitness for Operational
Requirements of CAF Employment (FORCE), to test the
mission readiness of personnel using battle simulation tasks
(41). In 2012, the final FORCE assessment was approved and
consisted of a sandbag lift, an intermittent loaded shuttle run,
20 m (22 yd) rushes, and a sandbag drag. There is ongoing
research to further modify the FORCE protocol so that it
remains operationally relevant and compliant with the
Canadian Human Rights Act (41). Other countries, such as
Australia, Singapore, and New Zealand, have modified their
military fitness testing and evaluation in accordance with
combat requirements (8, 9, 16).

Fire
The 1974 NFPA (National Fire Protection Association)
Standard 1001 published minimum physical fitness
requirements for entrance into fire service (where duties are
primarily structural) (36). This test involved the following:

 

1. Running 1.5 miles (2.4 km) in under 12 minutes
2. Twenty-five bent-knee sit-ups in 90 seconds



3. Five pull-ups
4. Walking a beam (20 ft [6 m] wide by 3-4 in. [8-10 cm])

while carrying 20 pounds (9 kg) of hose without falling
off

5. Ten push-ups
6. Lifting and carrying 125 lb (57 kg) for 100 feet (30 m)

without stopping
7. Lifting and moving a 15-pound (7 kg) weight, alternating

from outside the left foot to the waist to outside the right
foot, 14 times in less than 35 seconds

In 1997, the U.S. Fire Service Joint Labor Management
Wellness-Fitness Initiative developed the Candidate Physical
Ability Test (CPAT) (2) to measure a candidate’s ability to
perform critical firefighting tasks (2). The CPAT continues to
be used by most U.S. firefighting departments. Further review
of physical testing was conducted in 1998 by the U.S. Air
Force to help determine which test battery the Department of
Defense Firefighter Physical Fitness Program should adopt
(37). This comprehensive review provided a list of firefighting
tasks that had been published by previous authors.

In 2015 the NFPA issued an updated version of NFPA 1583,
Standard on Health-Related Fitness Programs for Fire
Department Members, which superseded the 2008 version.
The first edition of this document, published in 2000, provided
a comprehensive health and fitness resource for firefighters
and an adjunct to NFPA 1582, Standard on Comprehensive
Occupational Medical Program for Fire Departments (27). The
NFPA 1583 standard contains recommendations for an annual
physical fitness assessment (PFA) that can be administered to
incumbent firefighters, as well as a prequalification tool before
attempting the physical performance assessment (PPA) (27).
The PFA measures general fitness parameters (aerobic
endurance, muscle endurance, muscle strength, flexibility,
body composition, and anaerobic endurance) and consists of
the following tasks: victim rescue, forcible entry and
ventilation, hose advance, stair climb with load, hoisting, and
carry evolution (27).

Law Enforcement



In 1883, the Pendleton Civil Service Reform Act was
approved by the U.S. Congress, establishing a civil service
commission to develop competitive examinations regarding
the fitness of civil service applicants (1). Although the
Pendleton Act was directed at federal employees, it was the
first law to recognize the utility of fitness assessments in the
candidate selection process. Over the last 40 years, physical
ability testing protocols in the United States and Canada have
had to comply with legislation protecting people from
discriminatory hiring practices (21, 25). As a result, physical
ability tests are required to be objective, to reflect physical
demands observed in the field, and to use nondiscriminatory
minimal standards. An overview of the U.S. Federal Law
Enforcement Physical Efficiency Battery (PEB), a pre-
employment physical fitness test, can be found in appendix
table 8.5 near the end of the chapter.

Occupational task analyses of law enforcement in various
countries have shown many similarities in the work capacity
of occupational tasks (13). Of the various tests that evaluate
occupational fitness, the Physical Abilities Requirement
Evaluation (PARE) developed by the Royal Canadian
Mounted Police is a legally defensible test that directly reflects
activities observed during a task analysis (13). Coupling
occupational fitness with general fitness tests may be ideal to
assess occupational performance and health.



Types of Performance Tests
The physical assessment battery selection process should take
into consideration variables such as the test population, time,
equipment, resources, and the specific information that is to be
gleaned from the tests. When preparing for and administering
performance tests, the intended goals of the testing should be
determined. TSAC Facilitators should know in advance what
population they are interested in and what information they
want to gain from the test. The following sections describe the
types and goals of testing, as well as other considerations for
specific populations.

Goals of Fitness Testing for Tactical
Athletes
Occupational task performance shapes outcomes on the job for
the individual and the team, underscoring the importance of
measuring both general health and fitness and the physical
ability to complete tasks. Components of a fitness assessment
include a health screening, evaluation of general fitness, and
evaluation of the fitness attributes required for occupational
performance. This information will indicate physical
preparedness and appropriate training for improving physical
deficiencies. Periodic fitness assessments thereafter are used to
measure progression, check for recovery status or fit-for-duty
status, recognize achievement, and provide motivation for
future improvement or maintenance. Moreover, fitness tests
may instill positive psychological states through performance
goal setting, fostering personal growth, optimizing physical
performance, reducing anxiety, and increasing motivation and
confidence (20).

Occupational Readiness
Valid fitness tests are best developed after completing a needs
analysis of the tactical occupational specialty. Test selection
should be carefully determined after observing and analyzing
job-specific physical demands (e.g., casualty evacuation,
ladder climb, material handling and lifting). The rationale for
this is that although a general fitness test may provide



information about physical characteristics (e.g., aerobic and
muscular endurance), it does not necessarily predict
occupational readiness (49). For this reason, analyzing job-
specific physical demands is imperative to developing a valid
occupational readiness test. Minimum scores for safe task
execution should also be established during this process. Most
organizations have minimum cutoff scores. It is not the TSAC
Facilitator’s role to establish those scores, but the facilitator
can design training programs for tactical athletes that lead to
improved performance of fitness tests.

General Fitness Assessment
Health-related fitness norms are widely available in most
countries and are often developed for a variety of populations.
Standard scores derived from these tests can be useful and
even provide motivation. For example, the U.S. National
Collegiate Athletic Association (NCAA) or National Football
League (NFL) population norms from various fitness tests can
be used in setting goals for individuals. However, these tests
are developed for specific athlete populations and thus may
not reflect specific occupational physical demands or measure
critical aspects of performance. Nevertheless, a variety of
fitness tests have been developed to measure general health
status, and these can be useful for both an overall health
assessment and to establish personal goals.

As discussed, fitness assessments provide quantitative data
reflective of health status and operational readiness. Testing
should include validated measures of the major components of
physical fitness (i.e., aerobic and muscular endurance,
muscular strength, muscular power, flexibility, agility, and
body composition) that indicate physical health and identify
health-related risk factors (28). Aerobic endurance and body
composition, for example, are strong independent predictors of
chronic disease such as heart disease and diabetes. These tests
can be important screening tools for preventive health care and
career longevity.

Additional fitness components, such as muscular strength and
endurance, have previously been correlated with tactical job
performance. In 2004, Rhea and Alvar (43) reported results



from a study examining the correlation between the
occupational demands of firefighters and physical fitness
measures that could then be used to develop appropriate
physical training programs. They found that firefighting job
performance significantly correlated (p < 0.05) with total
fitness (r = −0.62), bench press strength (r = −0.66), handgrip
strength (r = −0.71), bent row endurance (r = −0.61), bench
press endurance (r = −0.73), shoulder press endurance (r =
−0.71), squat endurance (r = −0.47), and 400 m (437 yd) sprint
time (r = 0.79). In addition, body fat has been found to be one
of the best predictors of physical performance while wearing
versus not wearing body armor among military personnel (44),
and it has been negatively correlated with O2max (r =
−0.44), squat jump (r = −0.45), standing long jump (r =
−0.67), and various sprint tests ranging from 5 to 20 m (5-22
yd) (r = −0.42 to −0.53) (51). Administering an appropriate
battery of physical tests that accurately reflect occupational
physical requirements will provide the quantitative data used
for the development and prescription of the strength and
conditioning program.

Physical Characteristics
Military, law enforcement, and fire and rescue personnel must
be fit for duty and ready to perform a myriad of physically
demanding tasks. The physical requirements often span the
spectrum from aerobic capacity to muscular strength and
power. For example, police on a prolonged foot pursuit will
require optimal aerobic capacity, whereas casualty evacuation
may require muscular power.

In 2013, the NSCA TSAC program sponsored the second Blue
Ribbon Panel on Military Physical Readiness: Military
Physical Performance Testing, which brought together 20
experts on the subject (7). Though not an official military
panel, the experts recommended a number of predictive field
tests to assess physical characteristics in the military. Table 8.1
provides a sample of these recommendations.



Aerobic endurance is the ability to exercise large muscle
groups at a level somewhere between moderate and high
intensity for more than a few minutes. It is typically measured
as the amount of oxygen consumed per kilogram of body
weight in 1 minute (34). An example of this type of activity
might include carrying a loaded rucksack for multiple miles as
quickly as possible. This not only requires the muscles of the
lower extremity to work on moving the body forward, but it
also requires the upper extremity and core muscle groups to
stabilize the load while the arms are swinging. Although
muscular endurance is intimately involved with this task,
providing adequate oxygen to the working muscles also
requires adequate cardiorespiratory function.

The most precise test for measuring aerobic fitness is gas
analysis (using open-circuit spirometry to measure the gas
exchange between oxygen and carbon dioxide in the airway)
during maximal aerobic exercise (e.g., running, biking).
Although this method is accurate, it requires the administrator
to have a high level of technical competence, is best performed
in a controlled environment, requires individualized testing,
and can be cost prohibitive. Other field-expedient methods can
be used to closely predict aerobic fitness, but they must be
performed with maximal physical effort. Running tests of
distances from 1.5 to 3 miles (2.4-4.8 km) continue to be used
by military and paramilitary organizations to predict aerobic
fitness (see appendix table 8.4 near the end of the chapter).

Muscular strength is the maximum amount of force that can
be generated by a muscle or muscle group (34). The most
accurate method of determining muscular strength is
performing a 1RM lift. Although this is the most accurate test
for strength, it can be time consuming and difficult with
untrained participants. A properly performed 1RM includes



multiple warm-up sets with 3- to 5-minute rest periods
between sets. The starting weight of the first set should be
approximately 50% of the predicted 1RM, and subsequent sets
should increase by 4 to 9 kg (9-20 lb) for upper body exercise
and 14 to 18 kg (31-40 lb) for lower body exercise (34).
Alternative methods of predicting muscular strength include
using the handgrip dynamometer (12, 24) and deriving a 1RM
from a multiple RM set (e.g., 3RM). Prediction tables for
specific lifts have been published to help test administrators
determine strength. Tests of muscular strength for tactical
populations are shown in appendix table 8.2 near the end of
the chapter.

Muscular endurance is the ability of a muscle or muscle
group to repetitively perform work for an extended period of
time (34). Most military and paramilitary occupations involve
activities that require muscular endurance. Tasks such as a
repetitive box lift (e.g., loading ammunition containers) and
foot march require muscle endurance (18, 55). To test
muscular endurance, military and paramilitary organizations
generally use tests that measure the maximal number of
repetitions of exercise such as the push-up or sit-up that can be
performed in a standardized length of time (e.g., 2 minutes).
The test ends either when the participant reaches volitional
fatigue or the time for the test has ended (see appendix table
8.1 near the end of the chapter).

Muscular power can be described as the rate of work per unit
of time, making it a function of strength and speed (34).
Whereas muscular strength is the maximal amount of force
generated, muscular power is influenced by the rate at which
strength can be expressed. For example, dragging an injured or
unconscious person to safety as quickly as possible is a
common task in military and paramilitary occupations. This
task not only requires the strength to lift a portion of the
victim’s body weight but also the ability to move the victim
quickly to safety. One method to test muscular power uses an
isokinetic machine (Wingate test), but it can be cost
prohibitive. Field-expedient tests such as the standing broad
jump and medicine ball put have been correlated with lower
body and upper body power, respectively (26).



Flexibility is the ability to move a joint through the entire
ROM (34). Flexibility tests should be performed to assess the
ability to meet specific occupational demands (12, 45). A well-
known example of a lower back and lower extremity
flexibility test is the sit and reach (see appendix table 8.6 near
the end of the chapter). The sit and reach provides a useful
index of flexibility and requires limited equipment, skill, and
instruction (53).

Agility is the ability to change movement speed and direction.
An example of agility is a police officer or soldier moving
laterally while being fired upon. This requires rapid starting
and stopping, as well as body direction and postural changes.
Agility can be tested using predictive field tests such as the
Illinois agility test (see appendix table 8.3 near the end of the
chapter). The Illinois agility test requires the participant to
start in the prone position, rise to stance, and sprint for 10 m
(11 yd) before making the first change of direction. The
subject then sprints another 10 m before running between
cones in a slalom fashion. After running through the cones, the
subject sprints 10 m, changes direction, and finishes with final
sprint of 10 m (11 yd) (11).

Key Point
When designing a job-specific physical assessment, the
components of physical fitness should be considered during
the job task analysis. These include aerobic and muscular
endurance, muscular strength and power, flexibility, and
agility.

Criticality of Physical Attributes
Daily duties may require either frequent or infrequent use of
specific physical characteristics in response to imposed
demands. A deployed foot soldier may frequently carry heavy
loads for long distances. A police officer might have to
conduct a foot pursuit, and a firefighter may have to drag an
incapacitated victim to safety. Although they may only
perform these tasks infrequently over the course of a career, it
is imperative that they be able to do so at any time due to the
critical nature of the task. Because all job-specific tasks are



essential regardless of performance frequency, maintaining the
ability to perform them is critical; this is known as criticality
of physical attributes (38).

Physical Characteristics Versus Skill
When selecting or developing a battery of tests to assess
physical characteristics or predict occupational suitability, the
skill required to complete the test must be considered. It may
not be ideal to use a test that could be influenced by a skill
resulting from repetitive training. For example, repetitively
lifting and loading large rounds of ammunition may
demonstrate muscle endurance, but a certain level of expertise,
technique, and training may be required to effectively handle
these ammunition rounds repetitively. A push-up also
demonstrates upper body muscular endurance, but it requires
less skill than handling large rounds of ammunition and can be
learned after a brief demonstration; therefore, the results of the
test would not be clouded by prior skill level.

Tests Based on Work Demands and
Training Status
Task-simulation tests can be useful tools to assess job
suitability (e.g., CPAT). Task or job simulations tend to have
strong face validity, meaning that participants performing the
test understand the purpose and believe that the test measures
their ability to do the job (29, 38). Predictor tests, such as
push-ups, may not directly measure task performance but may
predict potential to succeed at related tasks (14, 35). The task-
simulation approach requires careful analysis of the method
for determining cutoff scores (minimal standards), which are
discussed later in this chapter. When the task simulations and
their standards are valid predictors of the job, it becomes easy
to assess readiness for the job or address any deficiencies by
targeting areas that seem to be weaker in the task
performances. Task-simulation tests can be resource intensive,
requiring specific equipment and facilities. Additionally, they
may require a certain level of skill or training, as previously
discussed.

Exercise Prescription



Although probably not a primary consideration for
establishing a physical fitness testing program for a group or
an occupation, fitness tests can be used to establish baseline
performance measures, set goals, and develop exercise
prescriptions. Subsequent tests can then serve as a monitoring
system for programming.

Applicants Versus Incumbents
The goal of applicant fitness testing is to select workers with
the physical capacities required to complete specialized
training or to safely complete the major job tasks without
undue risk of injury to self or others. Military and paramilitary
organizations often use standardized physical assessments to
determine an applicant’s physical capacity in relation to the
demands of the occupation. Outcomes from standardized
fitness tests may result in a distinct classification of pass or
fail, or they may be absolute scores that are then used to rank
order. Regardless of the outcome, for legal and ethical reasons,
physical assessments administered to applicants must be
linked to job requirements. Applicant testing may be
composed of fitness tests based on the important fitness
requirements for job performance that utilize similar
movement patterns and demands from job-simulation tests
(JSTs), which replicate important tasks as determined by a
thorough job analysis. If JSTs are used, it is critical that skills
that may be learned during occupational training are not
incorporated in applicant screening. For example, it would be
unfair to administer a test that requires a firefighting applicant
to wear a self-contained breathing apparatus (SCBA) because
it is a skill that an applicant may or may not possess prior to
job training. However, given that wearing SCBA is a job
requirement for firefighting, the test could require carrying a
SCBA to determine if the applicant is able to perform this
aspect of the job. Evidence-based preselection or prescreening
physical training programs can be developed to prepare the
applicant for a fitness test or occupational training.

The goal of incumbent testing is to ensure that personnel
maintain the physical fitness necessary to perform essential
job tasks and that they can perform the tasks safely and



effectively. Incumbent testing may be composed of general
fitness or JSTs. JSTs are the preferred method for evaluating
incumbents because they reduce the potential for errors that
can occur when using results from a general test to predict job
performance. If JSTs are used, it is important to ensure that
incumbents have an opportunity to practice the test, become
familiar with the task order, overcome any learning effect
associated with the test, and determine the best approach for
maximizing performance.

Job-Specific Simulations Versus Fitness Test Batteries
Table 8.2 highlights the main differences between JSTs made
up of task simulations and fitness-component test batteries that
are composed of validated, widely accepted, field-expedient
fitness tests. In some cases, logistical considerations, legal
obligations, or financial constraints might dictate the choice of
test.



Validity and Reliability
The accuracy—that is, the validity and reliability—of testing
protocols needs to be established. Validity may be determined
through construct validation, content validation, or a
combination thereof.

Construct validation involves statistical comparison of the
physiological demands of critical job tasks to the physiological
demands measured during the testing protocol (23). This
comparison ensures that the testing protocol measures what it
claims to be measuring and not other skills or abilities.
Examples of physiological demands may include oxygen
consumption and HR. The assistance of statisticians may be
useful; they can run a variety of statistical tests to determine
the strength of the relationship between the physiological
requirements of a job task and the fitness test performance.

Content validity uses Likert scale ratings provided by
experienced incumbents that compare the likeness of the test
components with the job components (23). Tests with high
content validity replicate the distances moved, weights of
equipment lifted and carried, and heights of lifts and are
performed in gear typically worn on the job.

Fitness testing uses a battery of protocols recognized by the
scientific community as both reliable and valid, and it
measures important fitness constructs such as aerobic
endurance, muscular strength, muscular endurance, power,
agility, flexibility, and balance. The test–retest reliability of



JSTs needs to be determined before implementation. Because
JSTs are a type of physical assessment, physical fitness should
be the only factor influencing performance. Therefore, if
individuals perform the JST on consecutive days, their score
should not significantly change, because their fitness level
should not significantly change unless there is some influence
of fatigue and soreness that results from the testing itself. In
order to ensure the test is valid and reliable, a statistical
comparison of test–retest scores may be completed.

Key Point
Test validity is achieved when the test assesses the desired
physical characteristic. When a test is reliable, one would
expect the participant to achieve similar results on repeated
tests when performed under similar conditions.

Alternative Tests for Injured or
Restricted Individuals
In most instances, applicants must perform an initial screening
exam as it is designed. There are no alternative tests based on
an individual’s specific physical limitations. However, some
organizations allow incumbents to take an alternative physical
assessment because of physical limitations, such as an injury
or illness diagnosed by a medical provider. Under these
circumstances, the medical provider may recommend an
alternative exam. Examples of alternative exams are provided
in the appendix tables near the end of the chapter. Although
these exams are different from the original exams, they test the
same physical characteristic.

For example, let’s say an incumbent is unable to run due to an
injury of the lower extremity. Based on the recommendation of
a medical provider, the incumbent may be asked to perform a
test on a stationary bike in lieu of a test that requires running.
Although both tests evaluate muscular and aerobic endurance,
the stationary bike does not result in the high impacts to the
lower extremities and spine that are associated with running. It
is not the TSAC Facilitator’s responsibility to determine who
should be allowed to take an alternative exam. However, it is
reasonable to expect the TSAC Facilitator to administer the



alternative exam in accordance with the organizational
protocol.



Testing Procedures
Fitness testing and JSTs indicate health status, identify health-
related risk factors, and help predict job performance.
Appendix table 8.7 near the end of the chapter lists resources
that include testing protocols.

Guidelines for Testing Based on Order,
Equipment, Personnel, and Time
Order of testing, equipment, personnel, and time limitations
must be considered when determining the feasibility of a
physical assessment. Following are guidelines for each factor.

Order of Testing
Ideally, each test participant will complete the physical
assessment battery in the same order and environment. If
testing permits, a climate-controlled environment, such as a
gymnasium, may be preferred. This eliminates the potential
influences and variations of weather and testing surfaces. Test
order and rest periods also need to be planned in advance.
Standardization of test order not only eliminates the possibility
of an advantage between participants but can also maximize
performance from a physiological standpoint. The NSCA
recommends the following test order (34):

 

1. Nonfatiguing (e.g., vertical jump, sit and reach)
2. Agility (e.g., T-test)
3. Maximum power and strength (e.g., 1RM bench press)
4. Sprint (e.g., 40 yd [37 m] sprint)
5. Muscular endurance (e.g., push-up)
6. Fatiguing anaerobic capacity (e.g., 300 m [328 yd] run)
7. Aerobic capacity (e.g., 1.5 mi [2.4 km] run)

Equipment Requirements
Although there are many state-of-the art devices that offer
high precision, reliability, and accuracy, the financial burden
or requirement for space may make them prohibitive. Under



conditions of limited resources, field-expedient tests using
equipment that is readily available or portable may be
preferred.

Personnel Requirements and Qualifications
Planning must account for the number of personnel required to
administer the assessment in a safe and professional
environment. The training and capabilities of the test
administrators also should be considered when selecting tests.
A facilitator would not want to select tests that are beyond the
technical capacity of the test administrators because this could
result in erroneous test scores. Additionally, all personnel
conducting the test should be capable of administering it in
similar fashion. Under ideal circumstances, a participant’s test
scores should be reliable and independent of the test
administrator (i.e., scoring and grading should be standardized
with minimal intra- and intergrader variability). This can be
accomplished by selecting tests that are simple to administer,
providing standardized instruction to the test administrators,
and preparing the administrators with training and rehearsals.

Time Requirement
Time limitations can create significant challenges.
Consideration needs to be given to the length of time that each
test requires, number of participants that will be tested, amount
of rest between physical tests, optimal time of day for testing,
and additional work or training requirements in the days
before and after testing. It would not be fair to participants to
conduct physical testing in the immediate days following a
period of physically rigorous work or training.

Safety Considerations
Conducting a risk assessment before the testing day can help
identify safety risks and mitigation measures. Variables such
as temperature (heat or cold), terrain, equipment, supervision,
water, and first aid can factor into testing procedures. To
mitigate potential risks, the facilitator should ensure that
participants are appropriately dressed for the weather, the time
of day of testing is optimal based on anticipated conditions,
testing site selection is considered, equipment is inspected for



proper function, ample water is available, additional personnel
are available for administration and supervision, and
appropriate medical supplies and expertise are available in the
event of an injury.

Health Screening
Most governing bodies for fitness professionals have adopted
some form of health screening questionnaire. The level of
detail varies greatly among questionnaires, and many include
disclaimers about the inherent risks of performing a fitness
assessment that may require participants to exert themselves at
an intensity higher than normal. Some organizations may even
recommend monitoring pre- and posttest vital signs (e.g.,
resting HR, blood pressure) and have adopted industry-
recognized indications that preclude people from being
physically tested until after approval by a physician.

Participant Instructions
Standardized test instructions and demonstrations should be
prepared as a script, and they should be read and demonstrated
to all test participants in a similar fashion. This ensures that
every participant receives the same instructions and
demonstration in an effort to prevent variation and bias
between test participants or testing sessions. Demonstrating
what constitutes completion of the test is recommended. This
demonstration can even be followed by examples of incorrect
performance techniques as long as everything is standardized.

Warm-Up and Cool-Down
All physical fitness assessments should include warm-ups and
cool-downs to optimize results and reduce the risk of injuries.
Warm-ups should be dynamic and progressive, and they
should target muscle groups as well as ROMs that will be
stressed during the fitness evaluation. Not only do warm-up
activities increase HR and blood flow to the muscles in
preparation for testing, but they also allow test administrators
to make an informal assessment of the participants’
proficiency and ease of movement (56). On the other hand,
cool-downs lower HR progressively to prevent potential
consequences of maximal exertion. The cool-down period not



only allows for HR recovery, but it also is an opportunity for
the TSAC Facilitator to observe participants for distress or
injury as opposed to immediately sending them home or back
to their unit lines once the test is complete.

Test Termination Criteria
While performing laboratory physical fitness testing, various
test termination criteria can be used to maximize participant
safety. When conducting testing with large groups, applying
strict test termination criteria is more complicated, but all
administrators should know and follow the criteria. Common
sense must also prevail, and test administrators should use
their judgment to stop people before they injure themselves
either from incorrect technique or from overexerting
themselves to a point where coordination or balance are
affected. It is better to err on the side of caution rather than
allowing participants to incur an injury because they continued
the test. Any physical fitness test protocol should be
accompanied by standard operating procedures that clearly
define the test administrator’s responsibilities with regard to
not only test termination but administration of the entire
protocol.

Key Point
Tests should be terminated if the participant is at risk of injury
due to incorrect technique or overexertion. TSAC Facilitators
should always remain conservative in their judgment to
terminate a test.

Guidelines for Testing Frequency Within
the Training Program
The purpose of testing often dictates the test frequency. If the
physical test is for entrance into a profession or school, it is
likely to be performed one time per participant, but it will have
to be administered as often as the demand requires (e.g.,
testing for selection, testing during a specialized training
course).

If the purpose of testing is to demonstrate maintenance of
fitness or physical preparedness to perform a job, participants



may need to complete the tests quarterly, semiannually, or
annually. This requirement, along with participant availability
and logistical support requirements associated with test
administration, must be considered when planning for testing
over the course of the year. Test administration should also be
synchronized with the operations tempo and the periodization
of physical training. It is not ideal to conduct readiness testing
during peak operations because participants’ scores may not
reflect their optimal ability due to physical fatigue, soreness,
or sleep deprivation (19). Similarly, test administration should
align with ongoing physical training programs. Ideally, testing
is performed to establish baseline fitness levels at the
beginning of periodized training and then again at the
conclusion in an effort to measure program effectiveness and
the participant’s effort (42).

Psychological and Motivational
Techniques
Most tactical athletes share the common trait of wanting to
serve and protect others, but not all have the same beliefs or
motivations regarding their personal fitness or even the need
for fitness at all to do their job. As practitioners in this field,
we encounter the entire spectrum, from the highly fit and
dedicated individuals whom we almost need to hold back, to
the sedentary ones who require convincing to move at least a
few times a week. Self-determination theory (SDT), developed
by Deci and Ryan in 1985 (15), is a broad framework for the
study of human motivation. SDT is a way of framing
motivational studies, a formal theory that defines the roles of
intrinsic and extrinsic motivation in behavior and
performance. Conditions supporting the individual’s
experience of autonomy, competence, and relatedness are said
to lead to the highest levels of motivation and engagement for
activities, including enhanced performance and persistence. To
be sure, some people are intrinsically motivated; they gain
pleasure simply from participating or performing. These
people strongly believe that fitness is important, and they will
exercise no matter what. On the other end, some people
require some level of external motivation in order to adhere to



a training program or attain optimal physical performance
(17).

Deci and Ryan (15) refer to three types of regulation of
extrinsic motivation: external, introjected, and identified. The
first category is the person who is less likely to exercise or
perform on a test unless there is some kind of pressure or
reward unrelated to fitness, such as a financial reward. For
example, some organizations give money or financial credits
for attaining a milestone on their annual fitness test. The
second category will be motivated by a form of social
recognition such as a T-shirt, pin, or medal stating their
achievements on the fitness test. Military organizations around
the world have used this type of reward in one form or another.
Finally, the last category is people who require a valuable
outcome from performing well on the fitness test—a reward
that is directly related to the behavior. In a tactical population
where fitness is valued, a good performance on the annual test
may result in points toward a possible promotion, which is a
reward that is highly valuable and related to the behavior.

In any case, for rewards to be effective, they must be
achievable and meaningful to the targeted population (32, 54).
If rewards benefit only an elite few, they will likely not
produce the desired outcome. Some people simply will not
push themselves to perform at their best because they are so
far from the goal that their chances of achieving it are almost
nonexistent. One way to motivate these individuals is to
ensure that they are part of a group and that their individual
performance, even if marginal, can positively influence the
group’s overall performance. For example, in a fire hall, the
various shifts could be placed in a competitive scenario where
the best group average gets some extra leave or vacation time.
In that case, even those who are least fit are motivated to do
their best because they don’t want their performance to
prevent their group from getting that leave time, and they will
also benefit from the leave time themselves. This approach is
based on the Köhler effect, where individuals work harder
when included in a group than when working alone (30, 31).

The Canadian Armed Forces (CAF) have designed an
incentive program based on many of these principles. When



CAF members take the FORCE evaluation, their performance
is plotted on a graph that compares them with their age and
gender counterparts. Based on how well they performed, they
can achieve a bronze, silver, gold, or platinum level. Each
level has its own reward, ranging from points on their annual
performance appraisal geared toward promotion, to material
rewards such as T-shirts and gym bags, to a performance pin to
wear on their uniform at the platinum level. This pin is given
to 0.1% of the population, so the value of this reward is not
diluted—not just anyone receives it. In addition, the Royal
Canadian Navy, Canadian Army, Royal Canadian Air Force,
and other commands have instituted a group reward system
whereby all individual performances are aggregated into a
group structure unique to the command. The group with the
highest average on the FORCE evaluation is then officially
recognized by the commander (50).



Evaluation of Performance Test
Results

Results from the fitness test or JST should be clearly
documented. They should also be available for appropriate
personnel to review.

Recording Results
Both hard-copy and electronic databases of results should be
maintained by the test administrator. The hard copy is an
efficient and inexpensive way to record results during the
testing, and the electronic database is useful for tracking
averages and temporal changes in test scores among
individuals or the group.

Whether the test results are used for tracking participants’
ability to fulfill the demands of their occupation or simply for
health reasons, all results should be recorded in a database. A
physical performance database can provide departments or
groups with valuable information on the status of their team or
population as well as help to answer recruiting questions,
assess efficacy of fitness programming, look at physical
profiles of successful candidates on certain courses, and
analyze injury rates based on performances on various
components of the fitness test battery. Management of
performance data is discussed in greater detail in chapter 22.

When organizations invest resources in physical fitness
evaluations, they expect the results of those investments to
lead to positive impacts on the workforce and its productivity
or, in the case of tactical populations, operational readiness.
Therefore, organizations must be able to compile fitness
results and report on them in such a way that will satisfy the
leadership of the organization. Fitness reports can address a
multitude of questions, reporting on fitness status,
improvements from one testing cycle to another, fitness levels
related to injuries or sick days, and occupational capabilities.
Reporting to the chain of command or the leadership is also
critical whenever individuals fail to meet the minimum
requirements of the assessment in accordance with



organizational guidelines. Reporting failures ensures visibility
of potential operational liabilities that should be addressed. In
tactical populations, a weak individual quickly becomes the
limiting factor in team effectiveness and in extreme cases can
cause mission failure or loss of life.

Protecting fitness performance data is imperative. This type of
data includes personal and medical information, and it is not
for wide dissemination. In the United States, medical data
obtained during screening and testing may fall under the
Health Insurance Portability and Accountability Act of 1996
(HIPAA), and precautions should be taken to protect this
information. The appropriate personnel may review this data;
any medical information or test results may be subject to
review only by certain people (10). Organizational security
policies should also be enforced in order to protect the
information contained in the database. Individual data are as
important to protect as the aggregate of group data; both can
pose a threat to operational security by providing valuable
information on unit strengths and weaknesses as well as
operational readiness. Reports that are published should be
declassified to mitigate risk to the organization.

Normative and Descriptive Data
A crucial step in implementing a physical fitness test is
establishing a minimally acceptable standard. Setting
standards results in a cutoff score that classifies applicants or
incumbents into two groups: those who meet the standard and
those who do not. Because standards should not be arbitrary,
and given the complexity and legalities associated with setting
standards, professionals in the development of standards
should be consulted. As previously stated, TSAC Facilitators
do not establish minimal standards, but they may be involved
in the process. Additionally, any applicable Equal
Employment Opportunity Commission (EEOC) guidelines
must be considered. Examples of minimally acceptable
standards for fitness tests are provided in appendix tables 8.1
to 8.6 near the end of the chapter.

In the normative reference approach, an incumbent’s
performance is described in relation to a normative sample,



and the standard is set using a statistical procedure. In the
statistical analysis method, the level of acceptability in the
performance of the test item is typically established by setting
the standard at the mean plus 1 standard deviation (1SD)
(68.3% of the population would meet the standard), the mean
plus 2SD (95.4% of the sample would meet the standard), or
the mean plus 3SD (99.7% of the sample would meet the
standard) (38).

In the ratings of performance method, which is typically
used for JSTs, incumbents may be requested to observe the
JST performed at various paces (e.g., mean performance time,
mean + 1SD, mean + 2SD, mean + 3SD) and determine the
minimal acceptable pace for completing the test in a safe,
efficient, and reliable manner (48). Given that the variable of
interest is work capacity, people who complete a JST in the
fastest time are considered to have a greater work capacity
than those who take longer to complete the same JST. It is
therefore possible to rank performance by time taken to
complete a JST. Timed performance tests are often influenced
by technical and systemic variability. Technical variability can
be minimized in the test design by ensuring a consistent
testing location, ambient temperature, time of day, and task
calibration. Variability may be introduced by the participants
and can occur when participants learn the test and develop
pacing strategies. The physical conditions of the individual
participant (e.g., sleep, fatigue, nutrition, hydration) also may
affect JST performance from day to day (34).

Adverse Impact Analysis (Age, Gender,
and Ethnicity)
Using fitness standards to predict occupational readiness may
generate unintentional barriers for an individual, resulting in
either direct or adverse impacts. Adverse impact can be
defined as the circumstance in which a group of differences in
performance relative to common standards results in a
disproportionate failure rate in a subgroup (22). If an adverse
impact is present, the standard must either be justified or
reexamined. The effect of imposing tests and standards on
subgroups of incumbent workers must be considered because



any adverse impact on a minority group may be cause for legal
action and grievance by an employee (47). Testing one’s
ability to perform an occupational task to a standard as
opposed to a predictive removes the possibility of adverse
impact because the occupational task is absolute, meaning
neither gender nor age has bearing on whether the person is
able to complete the task.

Although adverse impact statistics play a critical role, there are
no clear legal guidelines in Canada for determining the
performance of a subgroup as disproportionate and causes of
adverse impact on that subgroup. However, in the United
States, the Uniform Guidelines on Employee Selection
Procedures determine adverse impacts using the four-fifths
rule or the 80% rule (22, 25). If the passing rate for a subgroup
(e.g., females) is less than 80% than the group with the highest
passing rate (e.g., males), then an adverse impact for females
exists. The 80% test is calculated by dividing the passing rate
of a subgroup on a particular standard by the passing rate of
the majority group (highest success rate). Any value less than
80% shows an adverse impact.

Adverse impact does not necessarily equate to discrimination,
and discrimination can only be determined in a legal context.
Typically, adverse impact based on gender can be traced to (a)
male and female differences in aerobic fitness, muscular
strength and endurance, and body composition; (b)
incongruence between current physical fitness levels and job
demands; (c) lack of experience with manual material
handling; and (d) employment in a nontraditional occupation
where training is delivered by males (40). This latter point is
important to keep in mind because males and females may
approach task performance differently. For example, males
performing a forcible entry may swing a sledgehammer like a
baseball bat, with a close grip near the end of the handle,
whereas females may swing the sledgehammer with a choke
grip, with their hands closer to the head of the sledgehammer.
Both techniques are acceptable so long as the standard is met.



Use of Performance Test Results
Performance test results can be used to analyze trends,
strengths, and weaknesses. Relying on a well-structured fitness
performance database allows an organization to analyze results
not only for each testing session or cycle but also over
extended periods of time for the group and individuals.
Tracking trends in performance parameters can generate much
interest from various stakeholders within a group or even
outside the organization. Performance data can demonstrate
what types of training may be more effective than others,
where a group’s strengths lie, and areas where more or
different training may be required to ensure operational
readiness and optimize mission success. In large organizations,
data related to units, formations, location, environmental
conditions (e.g., temperature, altitude, humidity), or trade or
specialty (e.g., military occupation, SWAT, rescue) can lead to
changes in training practices, modalities, or conditions to best
suit the needs of the group. Some trends are difficult to
identify unless the data reveal them in a report or simply in a
telling graph.

Use of Test Results to Design or Modify
Training Programs
Fitness test and JST outcomes can identify physical strengths
and weaknesses, which can then be used for exercise
prescription. Aerobic endurance, muscular strength, muscular
endurance, power, flexibility, and agility exercise can be
emphasized more or less depending on where test scores lie on
a standardized scale. Prescribing appropriate exercise without
this data can overlook specific components of fitness that need
improvement and would benefit from individual program
prescription.

Goal Setting to Optimize Operational
Readiness
One drawback of fitness-component tests (presented in table
8.2 previously) is the fact that people tend to prepare for what



they are tested on. So if the test is a distance run combined
with push-ups or a 1RM bench press, incumbents will dedicate
a significant amount of training time to those tests. At first
glance, it’s what we want; the goal is for them to increase their
physical performance. But training specificity ultimately
disadvantages our operators, police officers, and firefighters if
it does not prepare them for the rigors of their job.
Unfortunately, law enforcement officers, soldiers, firefighters,
and EMS technicians seldom have to run a long distance
completely unloaded or lift a heavy load only once during the
course of a shift. The exercise prescription that is generated
from the fitness test results must address the true demands of
the occupation to avoid developing really fit individuals but
with the wrong function, much like training an offensive
lineman using a triathlon program. In ideal conditions, the
fitness test reflects the occupational rigors.

The concept of the tactical athlete has become more widely
accepted in many organizations, and the principles used with
high-performance athletes have certainly transitioned into the
tactical environment. Nevertheless, there are significant
differences between the tactical athlete and high-performance
athlete in any sport (46). Tactical athletes do not have the
luxury of peaking once or twice during a year. They often have
to maintain an optimal level of operational readiness year-
round because their job requires them to be able to perform on
any given day without knowing how long or how hard the task
will be. Training programs must adequately challenge all of
the physical attributes and energy systems. Knowing that
tactical athletes often work with external loads and require
good mobility and agility, muscular endurance, and core
strength, the test results should provide some indication of the
goals to set for groups or individuals within the group based
on the mission or occupational demands.

Guidelines for Coaching Tactical
Populations to Reach Required
Standards



The most important objective of the TSAC Facilitator is to
ensure personnel are physically prepared to perform
occupational tasks. Physical readiness is often determined by
evaluating metrics calculated from a select battery of fitness
tests. Typically, this is done by comparing an individual’s
fitness test scores with established minimum cutoff scores. For
example, an organization may have a physical requirement to
run a minimum distance in 12 minutes or perform a minimum
number of push-ups in 2 minutes. When personnel fail to meet
physical standards, the TSAC Facilitator must design and
implement physical training programs aimed at the
occupational tests.

Understanding and Addressing Failures
Fitness tests and JSTs are tools to identify personnel fitness
status, job readiness, and suitability. Occasionally, failing part
or all of a test will occur at times, and appropriate personnel
actions are taken. People slip under the standards for
numerous reasons, and understanding the causes of these
failures should influence the training intervention chosen to
get them back in physical condition to meet their job demands.
Being physically active is a behavior that can fluctuate over
time or during various stages of life based on family, work, or
other commitments. Injuries and illnesses may also contribute
to not achieving the desired level of fitness to serve at full
capacity. No matter what the causes are, it is imperative for the
tactical athlete to take action and for TSAC Facilitators to help
the athlete return to full serving capacity.

Scope and Content
Based on the cause of the failure, a remedial program can be
more or less prescriptive. It can also include components other
than regular workouts to address the fitness issue, such as
weight management classes, nutritional counseling, and
smoking cessation clinics. People who fail fitness standards
may not like to be physically active or may have little
motivation to improve. Hence a one-size-fits-all remedial
program may not be effective. Successful remedial programs
tend to be individualized, multifaceted, and inclusive of other
fitness and health professionals.



Supervised Versus Self-Supervised
In military settings, remedial training is often delivered in
group settings and is directly supervised by a qualified
instructor or some other directing staff. In other instances,
personal training options may be offered to tactical athletes
based on their availability, their work schedules, and costs to
the individual and organization. Depending on the cause of the
failure, self-supervised physical training may be the most
appropriate approach. Examples may be when a person is
returning to regular training after a sedentary period due to
injury recovery or when the cause of failure is linked to
something specific. On the other hand, benefits can also be
realized from appropriate supervision. Supervision provides
the opportunity for education and accountability (33).



Conclusion
Physical fitness testing is a valuable tool for assessing health
status, health-related risk factors, job readiness, and suitability.
A job analysis should be completed before selecting the testing
battery to help ensure that the tests are accurately assessing the
intended objectives. Testing can involve general fitness tests,
JSTs, or a combination of the two. The recorded test scores
need to be compared with appropriate standardized cutoff
scores, they should be managed both on paper and
electronically, and they should be secured. Deficiencies
identified from the tests can be used for goal-directed exercise
prescription.
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Study Questions



 

1. As part of a physical fitness battery, a tactical athlete is
tested on the number of push-ups performed in 2 minutes.
What muscular attribute is being assessed?

1. endurance
2. strength
3. power
4. speed

2. Which of the following tests measures muscular strength?
1. 3RM squat
2. vertical jump
3. 300 yard (274 m) shuttle
4. beep test

3. Which of following is the correct order of testing for a
physical fitness battery?

1. 300 m (328 yd) run, 40 yd (37 m) sprint, T-test,
1RM bench press

2. 40 yd (37 m) sprint, 1RM bench press, 300 m (328
yd) run, T-test

3. 1RM bench press, T-test, 300 m (328 yd) run, 40 yd
(37 m) sprint

4. T-test, 1RM bench press, 40 yd (37 m) sprint, 300 m
(328 yd) run

4. What type of extrinsic motivation is driven by receiving
social recognition in the form of a medal or T-shirt stating
the accomplishment?

1. participatory
2. external
3. introjected
4. identified



















Chapter 9
Development of Resistance

Training Programs
Nicholas A. Ratamess, PhD, CSCS,*D, FNSCA

After completing this chapter, you will be able to

 

define general concepts of resistance training program
design;
discuss the various modalities (traditional and new) in
resistance training;
describe the needs analysis process for tactical
populations;
design a resistance training program with the components
of exercise selection, order, intensity, volume, rest
interval, repetition velocity, and frequency;
discuss the rationale for circuit and metabolic training for
tactical populations; and
apply the principles of progressive overload, specificity,
and variation in tactical populations.

Resistance training is a method of conditioning in which an
individual works against a wide range of resistance loads to
enhance health, fitness, and performance (41). Resistance
training is a fundamental modality for military personnel,
SWAT teams, special operations forces, law enforcement
officers, firefighters, and rescue first responders. The
importance of resistance training for tactical athletes has long
been recognized. For example, although basic training by
military personnel improves several fitness components, the
improvements are more comprehensive and substantial when
weight training is included (see table 9.1) (71-73, 90).
Metabolic, neural, muscular, connective tissue, endocrine, and
cardiovascular changes take place that contribute to increases
in muscular strength, power and speed, hypertrophy,



endurance, athletic performance, balance, and coordination
(35, 59).





Tactical strength and conditioning programs prepare the
individual for prescreening fitness testing, basic training and
occupational instruction, and fitness maintenance and
improvement while on the job. Fitness improvements enable
the tactical athlete to perform job-related tasks with superior
precision, efficiency, and outcomes. The U.S. Army’s
approach to strength and conditioning focuses on improving
muscle strength, aerobic and anaerobic endurance, and
mobility (86). Fundamental skills such as sprinting and
running, striking, swimming, rolling, climbing, crawling,
squatting and lunging, pushing and pulling, jumping, landing,
vaulting, throwing, and carrying are emphasized in military
strength and conditioning programs. The goal of such
programs is to prepare soldiers to march long distances with
heavy combat gear; fight effectively in combat; drive vehicles
through rough terrain; employ hand grenades; assault, run, and
crawl for long distances; jump over obstacles and out of
trenches; climb ropes, walls, and other barriers; and lift and
carry heavy objects (including wounded soldiers) for long
periods of time, often in warm temperatures in nutrition- and
sleep-deficient states (86). Improvements in health- and skill-
related components of fitness via resistance training can
improve fighting ability and tolerance of stressful conditions
(36, 50).

Comprehensive training for tactical athletes may include the
integration of resistance training with plyometric, speed,
agility, flexibility, and aerobic training and the training



encountered by participation in the occupation (50). The
precise balance of training modalities is essential to optimize
performance and reduce the risk of overtraining and injury.
Tactical athletes concurrently performing high-intensity
resistance training and aerobic training with high frequency
increase the risk of attenuating muscle strength and power
gains (34). This incompatibility can be alleviated by instituting
appropriate training cycles and allowing more recovery
between training sessions during concurrent training. This has
applications to military personnel, who perform significant
amounts of aerobic and anaerobic training, mostly in the form
of bodyweight exercise and calisthenics (20). The importance
of weight training (resistance training with free weights,
machines, or similar equipment) was noted early on by
DeLorme and Watkins (17), who examined the benefits of
weight training in injured soldiers returning from World War
II. Using weight training to optimize strength gains in tactical
athletes is critical to meeting occupational demands (36).

Key Point
Comprehensive training for tactical athletes may include the
integration of resistance training with plyometric, speed,
agility, flexibility, and aerobic endurance training and the
training encountered by participation in the occupation.

Resistance training includes several exercise modalities
designed to progressively overload the human body. The
source of resistance varies but may include body weight,
manual (self-applied or partner) resistance, water, stretchable
bands or tubing, sport-specific devices, free weights,
machines, medicine balls, suspension devices, balance
equipment, and special implements (59). A resistance training
program consists of variables that, when manipulated, provide
a stimulus for adaptation. The importance of manipulating the
acute program variables for optimal improvements was noted
by Dr. William Kraemer and now serves as the basis for
scientific resistance training program design (36). There are
many ways to design effective resistance training programs
while adhering to general training guidelines. Program design



should be specific to the goals and needs of the tactical athlete
and should first begin with the needs analysis.



Needs Analysis
The needs analysis consists of answering questions based on
the tactical athlete’s goals and desired outcomes, assessments,
limitations on workout frequency and duration, equipment
availability, health and injury status, and occupational
physiological demands. Tactical occupations are physically
demanding. A well-designed, progressive resistance training
program can benefit tactical athletes preparing for basic
training or maintaining physical conditioning for active duty.
The U.S. Army uses a three-phase training system consisting
of initial conditioning, toughening, and sustaining phases
following principles of precision, progression, and integration
(86). During basic training, recruits must be prepared for
calisthenics, sprint and distance running, combat training,
marching, obstacle course navigation (involving climbing and
agility tasks), engagement skills, marksmanship, and load-
carriage tasks (23). Current military personnel are often
required to carry loads that are heavier than those used in the
past (32).

Key Point
The needs analysis consists of answering questions based on
goals and desired outcomes, assessments, limitations on
workout frequency and duration, equipment availability, health
and injury status, and occupational physiological demands. It
is a critical component of designing tactical strength and
conditioning programs.

Law enforcement officers need muscle strength, power,
endurance, flexibility, speed, and agility during hand-to-hand
combat, apprehension and pursuit of suspects, self-defense,
weapons carrying and use, and emergency response. Similar to
military careers, the occupation involves periodic lifting and
handling of heavy objects, dragging, running and sprinting,
climbing, overcoming obstacles, jumping, stair-climbing,
squatting, kneeling, and crawling. In some cases the events
may be prolonged until the situation has been resolved. The
restraining of suspects involves all components of self-
defense, such as grappling, using joint locks, striking,



punching, kicking, blocking, pushing and twisting, using
takedowns and throws, carrying, applying handcuffs, and
using weapons (13). Similarly, corrections officers require
these fitness components to subdue and break up fights
between inmates, escort uncooperative prisoners, lift and carry
prisoners, search cells, and pursue inmates during escapes
(26).

SWAT teams require advanced firearm, physical fitness, and
tactical maneuvering skills and are responsible for extended
law enforcement duties, such as situations involving hostages,
barricaded hostile environments, clearing of dangerous areas,
riots and crowd control, illegal drug operations, and terrorist
situations where deadly force may be needed (13). SWAT
teams typically use tactical gear that adds mass and provides
resistance to motion while they secure perimeters, enter
structures, and assist in moving injured people. One study
showed that SWAT officers ranked high in bench press
strength but displayed a wide range of values for core strength,
power, and aerobic capacity (58). Thus, a tactical strength and
conditioning program targeting muscle strength, power,
endurance, flexibility, and aerobic fitness is needed to meet the
occupational tasks and hazards.

Firefighters require muscular strength and endurance, power,
flexibility, and aerobic endurance. Commons tasks include
carrying equipment; raising ladders; pulling, hoisting, and
climbing stairs with hoses; dragging victims; forcibly entering
buildings with a sledgehammer or axe; performing ceiling
breach and pulls with a pole; and searching for victims (2).
Some of these tasks are short (e.g., forcible entry, raising a
ladder), and some require extensive endurance because they
may be performed for long periods of time (e.g., carrying
loads, hoses, or victims). Protective equipment may range in
mass to up to 25 kg (55 lb) (69). Some firefighting tasks
include lifting and carrying objects up to 36 kg (79 lb) or
more, pulling objects up to 62 kg (137 lb), and working with
objects in front of the body weighing up to 57 kg (126 lb) (44).
Performing firefighting tasks may yield HR values of 150 to
188 beats/min (14) and peak oxygen consumption of 41.5 to
43 ml·kg−1·min−1 (with a mean of 23 ml·kg−1·min−1) (18, 40).



HR values can range between 85% and 100% of the maximum
predicted HR and remain high throughout the course of
fighting the fire (44). Sounding the alarm may increase HR an
average of 47 beats/min, and an increase in HR of at least 30
beats/min may be observed while firefighters are on the truck
(7). Thus, understanding the occupational requirements is
critical to developing a strength and conditioning program for
firefighters.

Testing
Testing and evaluating tactical athletes is a critical component
of the needs analysis and is covered in detail in chapter 8.
Tactical athletes may have to undergo periodic testing and
evaluation of physical and occupational performance. Most
tactical occupations require preemployment fitness screening
tests to determine if the person possesses the necessary
physical attributes to perform the job. Once the tactical athlete
is on the job, testing serves many purposes, including

 

identification of strengths and weaknesses,
evaluation of progress,
identification of training load and intensity, and
assessment of tactical athletic talent.

Military personnel may undergo routine physical testing
involving selected tests of aerobic and local muscle endurance,
power, and agility (23, 50). Resistance training (alone and in
combination with aerobic training) and bodyweight
callisthenic training improve multiple parameters of the APFT
(e.g., push-up, sit-up, and run performance) (16, 37). Each
state has its own physical requirements and fitness criteria for
entry into the police academy. Often, timed push-up, step-up,
sit-up, pull-up, vertical or broad jump, 1.5-mile (2.4 km) run,
sit-and-reach, and bench press tests are included as part of a
fitness testing battery (83). Firefighter ability tests such as the
CPAT consist of assessments such as stair-climbing, dragging
a hose, carrying equipment, raising and extending a ladder,
and performing forcible entry, search and rescue, and ceiling
breach and pulls (83). Other law enforcement and military



branches may use other fitness assessments (e.g., shuttle runs,
sprints, swim tests) as well (83). Body-fat percentage and
specific conditioning traits indicate success rates in passing
physical fitness tests (16). Resistance training programs are
partly designed to correct weaknesses based on evaluation
scores. A properly designed resistance training program can
prepare the tactical athlete to excel during periodic testing.

Injury Prevention
The needs analysis includes evaluating the use of resistance
training for injury prevention. Stress fractures, anterior knee
pain, ankle sprains, plantar fasciitis, and lower back pain are
common overuse injuries encountered during high-volume
running and load carriage (23). Poor physical conditioning and
high body-fat percentage are associated with a higher rate of
injury in military personnel (23). The physical stress of load
carriage has long been associated with reduced performance
and unnecessary injuries or ultimately death (32). The method
of load carriage is important (e.g., backpacks, double packs,
pack frames, hip belts, vests, yokes, placement of loads within
apparatus, travel terrain). Load carriage is associated with
greater risk of blisters, foot pain, lower back pain, lower limb
stress fractures, and knee pain (32). Common injuries in
firefighters are sprains and strains in the shoulders, knees, and
lower back, usually resulting from excessive forces
encountered while operating in awkward body positions or
from overexertion (2). The most common injuries in law
enforcement personnel include sprains, strains, and soft tissue
tears, followed by contusions, lacerations, and to a lesser
extent broken bones, puncture and gunshot wounds, and burns
(12). These injuries mostly occur while arresting subjects,
conducting investigations, and chasing subjects on foot; in
vehicular accidents; and, to a lesser extent, while training and
doing other physical activity (12).



Resistance Training Program
Design

The training of tactical personnel mirrors the training of
athletes in some respects because both professions require
peak physical conditioning for success. The resistance training
program is a composite of several variables: exercise selection
and subsequent muscle actions used, exercise order and
workout structure, intensity, volume, rest intervals between
sets and exercises, repetition velocity, and training frequency.

Key Point
The resistance training program is composed of several
variables, including exercise selection and subsequent muscle
actions used, exercise order and workout structure, intensity,
volume, rest intervals between sets and exercises, repetition
velocity, and training frequency.

Exercise Selection
Exercise selection refers to all of the exercises in the
resistance training program. The selected exercises play a
significant role in the transfer of muscle strength, power, and
endurance from training to job performance. Exercise
selection is affected by several factors, including the targeted
muscle actions, size and number of muscle groups targeted,
goals of the program and of each exercise, equipment
availability, source of resistance, posture and body positioning,
widths of grip and stance, unilateral versus bilateral exercises,
and the intent to isolate muscle groups or target specific
movements with resistance. Thus, a large number of exercises
can be performed.

Key Point
Each exercise variation should be treated as a separate
exercise. Any change in position or equipment will result in a
different direction of stress on the body and amount of weight
lifted and may necessitate a change in the number of
repetitions performed.



Muscle Actions
Fitness gains are specific to the muscle actions performed.
Dynamic motions consist of concentric muscle actions
(muscle-shortening actions) and eccentric muscle actions
(muscle-lengthening actions). Isometric muscle actions
(static contractions) are also important. Strength is greatest
during eccentric muscle actions, and thus strength and
hypertrophy improvements are greatest when eccentric actions
are emphasized; loaded eccentric muscle actions are more
conducive to muscle damage (35). Isometric strength depends
on ROM but is less than maximal eccentric strength and
greater than maximal concentric strength (35).

Isometric muscle actions exist in many forms during resistance
exercise, including stabilizer muscle contraction to maintain
posture and stability, brief pauses between eccentric and
concentric actions, gripping or support tasks, and the primary
contraction type of certain exercises. Tactical athletes need
sufficient isometric strength to perform occupational tasks
such as loading and carrying, gripping, climbing, transporting
victims, handling weapon recoil, restraining subjects during
arrest, and engaging in hand-to-hand combat. Because
concentric force production is lowest of the three muscle
actions, oftentimes resistance training targets loading
appropriate based on maximal concentric strength. Exercises
such as planks and leg lift holds are predominantly isometric
and strengthen core muscles. Exercises such as the farmer’s
walk and sandbag carry require the tactical athlete to
isometrically contract for grip and postural support and are
specific to occupational tasks.

Sufficient eccentric strength is also important. Some tactical
maneuvers involve significant eccentric muscle strength (e.g.,
landing from jumps, grappling, climbing). Heavy eccentric
training can be used in the form of heavy negatives (e.g.,
lowering heavy weights), forced negatives from a partner
during eccentric phases, and unilateral negatives (e.g.,
performing a two-limb machine exercise concentrically but
performing the eccentric phase with one limb). Tactical
athletes have been known to perform exercises such as



negative pull-ups in order to increase strength to augment
regular pull-up performance (83). Note that a higher level of
lifting competency is needed for heavy eccentric training
versus traditional approaches.

Exercise Classifications
Exercises are generally classified as single or multiple joint.
Single-joint exercises target one joint or major muscle group,
whereas multijoint exercises target more than one joint or
major muscle group (81). Single-joint and multijoint exercises
are effective for increasing muscle strength, endurance, and
hypertrophy. Multijoint exercises are more complex and are
most effective for increasing strength and power because of
the greater loading used (35, 59). In addition, multijoint
exercises may have greater transfer of training effects to
tactical performance (10). Some exercises are closed chain
kinetic exercises, where the distal segments are fixed, and
some are open chain kinetic exercises, where the distal
segment freely moves against loading. In comparison,
moderate to high relationships exist between closed chain
multijoint exercises and jump performance (10), indicating a
greater potential role for multijoint exercises in improving
performance.

Multijoint exercises may be classified as basic strength or total
body exercises. Basic strength exercises (squat, bench press)
involve at least two major muscle groups, whereas total body
exercises (Olympic lifts and variations) involve most major
muscle groups of the body and are the most complex exercises
(35). These exercises are effective for increasing power
because they require rapid force production and fast body
movements (81).

Combination exercises are a trend in strength and conditioning
to increase the metabolic response. These exercises involve
combining two or more exercises into one sequential
movement pattern for a series of repetitions. They may be
performed by combining Olympic lifts and variations (clean
from the floor, front squat, and push press to finish) or non-
Olympic lifts (lunge with torso rotation, squat rotational press,
push-up and renegade row, lunge and press, and thruster).



Combination exercises are primarily used to increase muscular
endurance and hypertrophy; strength training effects are
secondary. Exercises that stress large muscle groups increase
the metabolic demands and provide a potent stimulus for
physiological adaptations.

Core and Assistance Exercises
Core exercises recruit one or more large muscle areas, involve
multiple joints, and are a priority when selecting exercises
because of their application to athletics (81). For the tactical
athlete, core exercises consist of large muscle mass, multijoint
exercises that improve strength and power. Often they are
performed early in a workout to optimize performance.
Assistance exercises strengthen smaller muscle groups or
movements secondary to the core exercises (81). Tactical
resistance training programs should consist of both core and
assistance exercises (81).

Corrective Exercises
Some single-joint and multijoint exercises may be considered
corrective. Corrective exercises target muscle groups that are
prone to strength or length imbalances via adaptation or
dysfunction. Imbalances could lead to joint dysfunction and
altered movement patterns, thereby increasing the likelihood
of overuse injuries and pain (52). Some muscles, such as the
pectoralis minor and major, psoas group, hamstrings, and
anterior neck flexor muscles, are more prone to shortening,
whereas the gluteus maximus and medius, rhomboids, mid- to
lower trapezius, and multifidus are more prone to lengthening
(52). The resulting effects have been termed upper cross
syndrome and lower cross syndrome, leading to postural
imbalances such rounded shoulders and anterior pelvic tilt or
hip flexion (52). In addition, weak core, hip abductor and
external rotator, and gluteus maximus muscles are related to
higher incidences of ankle and knee injuries, hamstring strains,
and lower back pain (52). Corrective exercises (plus
myofascial release and flexibility exercises) can help correct
postural deficits, restore neuromuscular function, and correct
imbalances (15). These exercises can be included in warm-
ups, cool-downs, and during the main lifting segment of the



workout. The U.S. Army recommends performing 5 to 10 reps
of some of these exercises for the core, shoulder, and hip
musculature each day directly after warming up for other
conditioning activities (86).

Unilateral and Bilateral Exercise Performance
Another consideration in exercise performance is unilateral
(one arm or leg) versus bilateral (two arms or legs) exercises.
Training unilaterally increases muscle strength in both trained
and untrained limbs (48). Training bilaterally may increase the
ability to produce maximal force simultaneously on both sides,
thereby reducing the bilateral deficit known to exist in lesser-
trained populations (39). Unilateral exercises require greater
balance and stability compared with bilateral exercises.
Performing a unilateral dumbbell exercise (with one dumbbell
using asymmetric loading) requires the trunk muscles to
contract intensely to maintain proper posture in order to offset
the torque produced by unilateral loading. Often tactical
athletes may face occupational situations that involve
asymmetric loading, and the athletes must contract their
muscles intensely to maintain postural control during normal
locomotion (e.g., carrying a heavy load on one side of the
body while walking, running, or ascending or descending steps
or a ladder). Thus, including unilateral exercises and
asymmetric loading in the resistance training program may be
beneficial. Note that when the lifter is supporting a weight on
one side, the next set should stress the opposite side so muscle
balance occurs as both sides are trained equally. Asymmetric
loading can be used bilaterally in multiple ways via
specialized implements and exercises such as partner carries.

Resistance Training Equipment
Exercises may use a variety of resistance training equipment,
such as free weights (barbells, dumbbells, and associated
equipment), body weight, suspension devices, manual (self-
applied, partner) resistance, stretchable bands or tubing and
springs, sport-specific devices, machines, kettlebells, medicine
balls, weighted vests and backpacks, balance equipment
(stability balls, BOSU balls, wobble boards, and balance
discs), implements (chains, sandbags and heavy bags, kegs,



tires, sledgehammers, sleds, pulling ropes and battling ropes,
thick bars, and strength competition equipment such as
farmer’s walk bars, backpacks, logs and log bars, super yokes,
stones and stone-lifting devices), occupational equipment
(ladders, mannequins, and hoses), and water (aquatic
resistance training). Each mode of resistance has unique
qualities.

Body Weight
The human body is the most basic form of resistance for
exercises such as bodyweight squats, lunges, push-ups, pull-
ups, dips, reverse dips, sit-ups, crunches, leg raises, and
hyperextensions. Conditioning drills such as rope and wall
climbing, obstacle navigation, and calisthenics also use body
weight as the main source of resistance. Bodyweight training
is a staple of tactical strength and conditioning (20, 51). Other
conditioning modalities, such as aerobic training, speed,
agility, and plyometric training, also use body weight as a
source of resistance. Control of one’s body is critical to tactical
performance (50), so bodyweight exercises are paramount to
tactical strength and conditioning. A progressive 12-week
bodyweight training program consisting of push-ups, pull-ups,
and sit-ups has been shown to increase lean tissue mass in
addition to improving endurance in each exercise (16).
Bodyweight exercises can be made more difficult by changing
grip and stance width, leverage, or cadence or by using one
versus two arms or legs. For example, adding a lateral crawl to
a push-up can increase metabolic demand and energy
expenditure (64). Performing the burpee exercise yields
oxygen consumption and energy expenditure values in excess
of values for several traditional resistance exercises (64).
These data provide a scientific rationale for inclusion of
several bodyweight exercises in metabolic conditioning
programs. Table 9.2 presents some common bodyweight
exercises in tactical resistance training.



Free Weights and Machines
Training programs also consist of free weight and machine-
based exercises. Free weights require the tactical athlete to
control and move the weight freely in any direction. Several
types of machines (specifically designed for resistance
training) exist, including free-form cable pulley, plate-loaded,
variable-resistance, hydraulic resistance, and pneumatic
resistance machines, that allow for quick and easy change of
loads. Free weights and machines both have several
advantages and disadvantages (59). Free weight exercises may
pose a slightly greater risk of injury because they require the
lifter to maintain body stability and displacement of the
resistance, whereas machines assist in stabilizing the body and
resistance movement. With free weight exercises, the tactical
athlete must control repetition velocity, and the movements are
more similar to occupational movements compared with the
movements of machine-based exercises. It has been suggested
that free weights require greater coordination and muscle



stabilization than machines because free weights must be
controlled through all spatial dimensions whereas machines
generally involve uniplanar control (85). Both free weights
and machines are effective for increasing strength. Free weight
training leads to greater improvements in strength assessed
with free weights, and machine training results in greater
performance on machine tests (11). Several exercises,
including the Olympic lifts and variations, are performed with
free weights and cannot be adequately performed with
machines (85). Some exercises (e.g., leg extension, lat
pulldown) are difficult to perform with free weights, so
machines are a better alternative; in addition, a lifter may not
need assistance from a spotter when performing machine-
based exercises. Free weights allow the desired ROM (and
greater hand and foot placement possibilities), whereas some
machines can be restrictive.

Balls
Medicine balls are weighted (1-30 lb [0.5-14 kg]) rubber or
leather balls of various sizes that are used for general
resistance training, calisthenics, and plyometric exercises.
Rubber medicine balls are useful because they bounce and can
be thrown safely, minimizing the risk of injury and damage.
Stability balls are inflatable and come in many sizes (30-85 cm
[12-33 in.]). They target core musculature because stabilizer
muscles must contract to a greater extent than they would
during a similar movement in a stable environment in order to
keep the trainee from rolling. The loading used with stability
balls is lower compared with stable equipment such as a bench
or the floor due to the positive relationship observed between
body stability and the maximum resultant force applied to a
weight (4, 47). BOSU balls resemble stability balls with the
exception that the bottom is flat. Instability training with
stability and BOSU balls, in addition to other devices such as
wobble boards and balance discs, helps increase balance,
coordination, and activity of stabilizer muscles (8).

Elastic Bands and Chains
Elastic bands provide variable resistance. Resistance increases
as the band stretches further, and different bands provide



different levels of resistance. Bands are light, portable, and can
be added to free weight exercises (such as the bench press,
deadlift, and squat) to create variable resistance. Chains may
be used in a similar manner (19). A segment of the chain rests
on the floor at the low end, so the athlete only has to support
and lift a fraction of the weight. Less chain weight is
supported by the floor during bar ascent, forcing the tactical
athlete to produce more tension. Chains also oscillate, which
increases the stability requirement. They are mostly used for
multijoint exercises such as the squat and bench press. Chains
can be used solely for resistance for certain exercises. For
example, chains can be wrapped around the arms, shoulders,
and neck for resistance during exercises such as push-ups,
dips, and pull-ups and during various running drills.

Strength Implements
Strength implements have increased in popularity and offer
great benefits to the tactical athlete. Implements provide a
different stress than free weights—they are unbalanced, and
gripping may be difficult (19). Kegs are fluid-filled drums that
weigh 9 to 14 kg (20-30 lb) to more than 136 kg (300 lb).
Fluid movement within the keg increases the balance
requirement via asymmetric loading. Kettlebells have handles
that allow them to swing freely. Leverage changes and more
rotation occur, placing greater strength demands on hand and
forearm musculature. Logs or log bars allow weights to be
added to each side and may be filled with water to add
resistance. Large logs can be used for a one-sided clean and
press (where the tactical athlete lifts one side of the log while
the other side remains on the ground). Thick bars can enhance
grip training for pulling exercises because they are usually 2 to
3 inches (5-8 cm) in diameter. Weighted vests or backpacks
can be loaded with weights and used for many drills, including
sprint training, plyometrics, rucking, and specific tactical
maneuvers. Farmer’s walk bars allow the tactical athlete to
grasp a heavy weight and walk or run with it for a specified
distance. A super yoke also allows the tactical athlete to carry
heavy weight during walking, which may resemble an
occupational load-carrying task.



Tires from trucks and heavy equipment are used for end-to-end
flipping. Tires come in a variety of sizes and are often lifted
for multiple repetitions as quickly as possible. The motion
translates to several tactical maneuvers, such as heavy-object
manipulation and hand-to-hand combat. There is also a potent
metabolic effect (21) that assists in improving muscle
endurance. Smaller tires can be used as resistance in running
and carrying drills and can be used in partner grappling drills.
Tires may also serve as a target for sledgehammer training.
Swinging sledgehammers stresses core and grip musculature.
Sledgehammers come in various sizes ranging from 8 to 20
pounds (4-9 kg) and are used for vertical, horizontal, and
diagonal swings. Sandbags range from light to over 100
pounds (45 kg) and provide unbalanced resistance. Heavy bags
(punching bags) are beneficial for combat and rescue training
because they mimic an opponent or victim and can be thrown
or lifted in multiple directions. Stones of various sizes (10-
300+ lb [5-136+ kg]) can be lifted to various heights or used
for carrying tasks and loading medleys.

Ropes are used for multiple purposes, such as climbing,
pulling, and suspension training, and have been important in
tactical resistance training. Battling ropes are around 50 to 100
feet (15- 30 m) long and 1 to 2 inches (2.5 to 5.0 cm) thick and
are used mostly for wave training. The length and diameter of
the ropes, as well as the velocity and amplitude of the waves,
are thought to govern exercise intensity. Waves are generated
via multiple movement patterns as the ropes are anchored at a
fixed point. A large number of exercises can be performed,
such as single- and double-arm waves, and several others can
be performed when using various postures (standing, kneeling,
lunging, squatting) and when integrated with other modalities
such as plyometric drills and footwork agility (e.g., lateral
shuffles, hops). Battling ropes are used to increase strength
and endurance, and they provide potent metabolic and
cardiovascular responses that are greater than those provided
by traditional resistance exercises performed for three sets of
10 repetitions with 2-minute rest intervals (64).

Sleds provide resistance to primarily linear movements and are
loaded with weights for pushing (from low and high body



positions) or pulling (with a harness). Although sleds have
been used extensively for speed training, sleds loaded with
heavier weights have been used to increase strength and power
during horizontal pushing and pulling movements. The
loading depends on several factors, including training goals,
movement velocity, and amount of friction between the sled
and the surface. Maddigan and colleagues (42) compared
maximal sled loading for 10 steps per leg with a 10RM barbell
squat and reported that sleds loaded with 124% of 10RM
loading were equivalent to squat performance. These data
indicate that sleds can be loaded with more weight than can be
used in the squat when strength and metabolic conditioning
(not maximal speed development) are the goals. Sled training
also provides the tactical athlete with a large metabolic
response (21) that could be used for endurance training.

Numerous exercises are beneficial to tactical athletes. Tables
9.2 and 9.3 depict just a few of the exercises that can enhance
strength and power, hypertrophy, endurance, core strength,
tactical occupational performance, and combat skill. Tactical
athletes should include unilateral and bilateral single-joint and
multijoint (free weight, bodyweight, and machine) exercises
into their resistance training programs, with emphasis on
multijoint exercises for maximizing muscle strength, size,
power, and endurance (81). Exercise variation is critical and
can be included in the periodized program design. Most
studies examining resistance training in tactical athletes
included 6 to 10 exercises per workout and more in some cases
when circuit training programs were used (see table 9.1).



Exercises may be altered by changing posture, hand and foot
position and width, unilateral versus bilateral motion, and
direction; adding an isometric component; and using BOSU
balls, DBs, KBs, MBs, SBs, sandbags, bands, chains,
machines, TRX, and other implements and resistance devices.
Muscle groupings are generalized; thus, several exercises may
stress additional muscle groups as well.

Exercise Order Within Workout
Structures
Exercise order refers to the sequence of exercises performed.
Acute lifting performance and rate of strength increases during
resistance training are affected by the sequence of exercises.
Exercises performed early in the workout generate higher
repetition numbers and weight lifted because less fatigue is



present; exercises performed later in the workout may be more
affected by fatigue. Priority may be given to the most goal-
specific structural exercises early in a workout. Often these are
multijoint exercises that stress large muscle groups.
Performance of multijoint exercises declines when these
exercises are performed later in a workout (82) or directly
following exercises that stress similar muscle groups (61).
Although several sequencing strategies can be used, general
recommendations give priority to core exercises during
strength and power training (81). Goals of the training
program, in addition to goals of each exercise, help determine
the appropriate exercise order.

Training Goals and Exercise Order
Common goals of resistance training include improved muscle
strength, power, hypertrophy, muscular endurance, and motor
performance (81). The goals of resistance training reflect the
needs analysis of the tactical athlete. The most stringent
sequencing guidelines are seen when strength and power are
the major training goals. Motor performance (i.e., tactical
athletic skills) sequencing is similar to strength and power
sequencing. The reason for this stringency is that strength and
power are best trained with minimal fatigue. This allows the
tactical athlete to lift maximal loading, perform the maximal
number of repetitions per loading scheme, and utilize the
highest quality of repetition effort (power output), thereby
eliciting several neuromuscular adaptations leading to optimal
strength and power improvements (81).

High-intensity endurance (the ability to maintain high levels of
force production over an extended period of time) and power
endurance (the ability to maintain high power output over
time) are different goals and can be trained with numerous
sequencing strategies. For high-intensity and submaximal local
muscular endurance training, the tactical athlete needs to train,
in part, in a fatigued state. Muscular endurance is enhanced in
several ways, but an effective strategy is training to and
beyond exhaustion coupled with short recovery periods.
Muscle hypertrophy is multifactorial; that is, a tactical athlete
striving to increase muscle hypertrophy needs to target both



mechanical and metabolic factors contributing to growth (75).
Mechanical factors relate to the mechanotransduction of tissue
loading (i.e., high forces and rates of force development,
motor unit recruitment, muscle lengthening and accentuated
eccentric muscle actions, increased activation of protein
synthesis pathways integrated with hormonal responses and
growth factor upregulation) consistent with principles of
strength and power training (75). Metabolic factors relate to
tissue hypoxia and metabolic stress (i.e., increased activation
of protein synthesis pathways via hormonal responses and
growth factor upregulation in response to occluded blood
flow) consistent with principles of muscle endurance training
(75). Thus, many sequencing strategies are effective (81).

Workout Structure
Sequencing guidelines depend upon the structure of each
workout. Workout structures include total body workouts,
upper and lower body split workouts, and muscle group split
routines. Goals, time and frequency of training sessions,
occupational demands, and personal preferences may
determine which structure is optimal for the tactical athlete.

Total Body Workouts
Total body workouts use exercises that work all major
muscle groups. These workouts include traditional and circuit
resistance training. Many sequencing methods can be used
depending on whether the exercises stress a few muscle groups
(where several exercises are used to target the entire body) or
total body exercises. Most studies examining resistance
training in tactical athletes have used total body traditional
(31, 33, 37, 69-73, 90) and circuit (20, 45, 46, 71-73, 90)
resistance training workouts and modified upper and lower
body split workouts (33, 37, 74). Total body workouts tend to
be popular, especially when targeting functional performance,
because many tactical maneuvers involve total body efforts.

For strength and power training, the following sequencing
guidelines are recommended (81):

 



1. Perform large muscle mass core exercises before small
muscle mass exercises.

2. Perform multijoint exercises before single-joint, isolation
exercises.

3. For power training, perform Olympic lifts (sequenced
from most to least complex) before basic strength lifts
(most complex are snatch and related lifts followed by
cleans and presses).

4. Rotation of upper and lower body exercises or opposing
(agonist–antagonist or push–pull) exercises is an option
when a total body workout is used. Exercises targeting
different muscle groups can be staggered between sets of
other exercises to increase time efficiency.

Multijoint exercises are given sequencing priority because
they are most effective for increasing strength and power (81).
Isolated, small muscle mass exercises may promote isolated
muscle fatigue that could limit multijoint exercise
performance. Alternating exercises (agonist–antagonist or
push–pull) appears to help recovery, preserve or augment
performance, and maintain efficiency (6, 61, 81). Large
muscle mass exercises (e.g., squats) have been shown to
augment the metabolic responses to smaller mass exercises
(e.g., bench press) when the small mass exercise follows the
large mass exercise in sequence (63). Thus, a number of
sequencing strategies can be prescribed. Exercise sequencing
can change as exercises are added to or removed from a
training cycle. The aforementioned recommendations attempt
to maximize performance of core exercises, but some
exceptions may exist based on training priorities. For example,
some exceptions include warm-ups and cool-downs where
exercise sequencing is not a primary concern due to the low to
moderate intensity and volume used. In addition, if an exercise
needs to be prioritized, then it can be performed earlier in
sequence.

For muscular endurance and hypertrophy training, fatigue is
critical for inducing adaptations, and a number of sequencing
strategies may be used. These strategies may follow basic
strength/power guidelines previously mentioned for
sequencing or use different strategies (e.g., small before large



muscle mass exercise, single-joint before multijoint exercises)
to improve conditioning. For example, a technique called
preexhaustion requires the lifter to perform a single-joint
exercise first to fatigue a muscle group before performing a
multijoint exercise. Performance decrements may be observed
(less weight and repetitions) (5, 87), so this technique targets
muscular hypertrophy and endurance, with limited strength
training effects. Tactical training to improve occupational
performance appears most effective when strength/power
sequencing strategies are followed (31, 33).

Upper and Lower Body Split Workouts
Upper and lower body split workouts divide upper and
lower body exercises into different workouts. However, some
modified upper and lower body split workouts entail training
certain upper body muscles one workout and lower body
muscles plus some different upper body or core exercises on
another day, or they may entail training upper body muscles
only. This structure is beneficial when traditional resistance
exercises are included. However, it is difficult to use this
structure when tactical athletes include total body and
functional movement exercises in their workouts.

For strength and power training, the following sequencing
guidelines are recommended (81):

 

1. Perform large muscle group exercises before small
muscle group exercises (e.g., squat before bench press).

2. Perform multijoint exercises before single-joint exercises
(e.g., barbell lunge before leg extension).

3. Rotation of opposing exercises (push–pull) may be
performed (e.g., bent-over row paired with bench press).

Some exceptions to these guidelines may exist based on
training priorities. TSAC Facilitators may choose to prioritize
certain exercises or focus on trainee weaknesses; for example,
a small muscle mass exercise may be performed before a large
muscle mass exercise if the small mass exercise is prioritized
to strengthen a weakened area. Numerous sequencing



strategies may be used for muscular endurance and
hypertrophy training, including those recommended for
strength and power training.

Muscle Group Split Routines
Muscle group split routines include exercises for specific
muscle groups during a workout. This type of structure is used
by people who want to maximize muscle hypertrophy, such as
bodybuilders. The rationale is to target only one or two major
muscle groups per workout with several exercises at various
angles using multiple loading and repetition schemes to induce
high levels of fatigue. The relatively long recovery period
between workouts (i.e., muscle groups are not directly trained
again for at least 72 hours) is thought to maximally stimulate
muscle growth (59).

For strength and power training, the following sequencing
guidelines have been recommended for muscle group split
routines (81):

 

1. Perform multijoint exercises before single-joint, isolation
exercises.

2. Perform large muscle mass exercises before smaller
muscle mass exercises (if more than one major muscle
group is trained during the workout).

3. Perform high-intensity exercises before low-intensity
exercises (heaviest to lightest).

Some exceptions may exist based on training priorities and the
goals of each exercise. Likewise, numerous sequencing
strategies may be used for muscular endurance and
hypertrophy training based on the TSAC Facilitator’s priorities
for the athlete.

Intensity
Intensity describes the amount of weight lifted or the
complexity of the exercise and is interdependent on all other
program variables, including volume, rest intervals, frequency,
and repetition velocity. Resistance training intensity can be



increased by using a higher relative percentage of the person’s
1RM, increasing weight within an RM zone, or adding an
absolute amount of weight to an exercise. Increasing relative
percentage is common in periodized training programs,
especially for structural exercises such as the Olympic lifts,
squat, deadlift, and bench press. Training within an RM zone
requires an increase in repetitions with a specific weight until
a target number is reached. Then weight is added while
repetitions are reduced to the starting value (e.g., 8RM-12RM
zone). The most practical way to increase loading is by
increasing the weight in absolute amounts. The tactical
athlete’s maximal strength does not need to be known. Rather,
when the loading becomes easier to lift, an absolute amount is
added for progression. All methods of increasing intensity are
effective for improving fitness and can be used in multiple
ways (depending on the exercise) for tactical resistance
training. However, caution should be used during
simultaneous progression of multiple variables (59).

Strength Training
Gains in muscle strength can be seen with light loads
(45%-50% of 1RM) in novice lifters, but heavier loads
(≥80%-85% of 1RM) are needed to increase maximal strength
in advanced trainees for structural multijoint and several
single-joint exercises (35). Heavy weights are needed to
maximize motor unit recruitment, and optimal recruitment of
fast-twitch motor units is needed to maximize strength (36). A
meta-analysis has shown that 60% of 1RM produces the
largest strength effects in novice lifters, and 80% to 85% of
1RM (for six repetitions or less) produces the largest effects in
trained lifters (66). Light to moderate intensities (60%-80% of
1RM) can be effective for increasing strength in large muscle
groups when accompanied by high lifting velocities (59). Low
to moderate intensities for some corrective exercises may be
preferred, especially when training scapular, rotator cuff, and
spinal muscles, as well as some core muscles. Closed chain
exercises performed on one leg or arm are more intense than
on two legs or arms because a greater percentage of body
weight must be sustained by limited muscle mass. Therefore,
light to moderate loads may be preferred for such exercises.



With heavier weights comes lower repetition number and vice
versa. The number of repetitions performed relative to the
percentage of 1RM depends on the exercise and the level of
muscle mass involvement.

Tactical athletes require a spectrum of intensities for optimal
strength training. The intensity should be based on the training
goals and the specific training phase. Intensity and volume
prescription are most effective when a periodized approach is
used (81). Periodized resistance training is most effective for
increasing muscle strength and tactical occupation
performance (33, 37, 54, 69-73). The tactical athlete should
include specific training cycles within the yearly training plan
that target specific fitness components, although occupational
demands can often be a challenge. For strength training, it is
recommended that tactical athletes train with loads
corresponding to 60% to 70% of 1RM for 8 to 12 repetitions
initially and advanced tactical athletes cycle training loads of
80% to 100% of 1RM to maximize muscular strength (35, 81).
Each exercise should be treated as a specific entity with its
own goal and an intensity that matches the goal. A workout
may consist of varying intensities even if the goal is peak
strength or power. For example, during a strength phase the
tactical athlete may be performing the squat at 90% of 1RM
but may be performing a rotator cuff exercise at a lower
intensity. The inclusion of strength training entails heavy
weightlifting for some exercises.

Power Training
Training for maximal power requires a mixed strategy.
Because peak power is the product of force and velocity, both
components must be trained. This requires a spectrum of
intensities. Moderate to heavy loads are needed to increase
maximal strength (the force component), whereas low to
moderate intensities performed at fast lifting velocities are
needed to maximize rate of force development (35). Peak
power for ballistic exercises such as the jump squat and bench
press throw occurs at intensities ranging from 0% (body
weight) to 30% of 1RM (10, 24) and 70% to 80% of 1RM for
the Olympic lifts (29). Ballistic resistance exercise is different



from traditional resistance exercise because the deceleration
phase during propulsion is eliminated by maximally
accelerating the load via jumping or releasing the weight.
Ballistic resistance training increases maximal strength and
can augment upper body strength gains when added to
traditional resistance training (43). For power training, the
NSCA recommends loads of 80% to 90% of 1RM for single-
effort events (1-2 repetitions) and loads of 75% to 85% for
multiple-effort events (3-5 repetitions) (81). Olympic lifts and
variations are also recommended, using periodized intensities
of 30% to 85% of 1RM (or heavier) depending on the training
goals, phase, and experience of the tactical athlete.
Additionally, the tactical athlete may train for power with
other modalities, including plyometric, speed, agility,
anaerobic interval, and tactical performance drills.

Hypertrophy Training
A positive relationship exists between muscle size and
strength potential (27). Thus, hypertrophy (size) is a
contributing factor to strength, power, and performance
improvements. Heavy loads in combination with moderate and
light loads are effective for increasing muscle hypertrophy.
Heavy loads stress mechanical growth factors, whereas
moderately heavy loads stress metabolic growth factors. The
6RM to 12RM loading zone (67%-85% of 1RM) has generally
been regarded as a hypertrophy zone that elicits an optimal
combination of mechanical and metabolic growth-inducing
responses (35), and it has been frequently targeted by
bodybuilders. However, recent studies have shown similar
muscle hypertrophy gains between this range and heavy
weight training (78). Thus, moderate and heavy loading both
appear to increase muscle size. Lower intensities yielding 12
to 15 repetitions or more can increase muscle hypertrophy,
presumably through metabolic stress (76). Thus, tactical
athletes may require a spectrum of intensities to maximize
hypertrophy in a periodized manner (35, 76). Hypertrophy
training may be viewed as a blend of strength and endurance
training to maximize the mechanical and metabolic stresses
leading to tissue growth. For tactical athletes whose goal is
hypertrophy, the NSCA recommends training with loads



corresponding to 67% to 85% of 1RM for 6 to 12 repetitions
in a periodized manner (81).

Muscular Endurance Training
Local muscular endurance training is a necessity for the
tactical athlete. Several occupational tasks performed by
tactical athletes require high levels of submaximal and
maximal muscular endurance (see the Needs Analysis section
earlier in this chapter). Strategies for endurance training with
traditional resistance training involve performing sets to and
beyond exhaustion, progressively increasing repetition
numbers with a given load, using high-repetition sets, and
reducing rest intervals in between sets (35), but they depend
on scheduled occupational activity as well. For local muscular
endurance training, the NSCA recommends using ≤67% of
1RM for ≥12 repetitions. (81). Set duration may be the
prescription tool for some exercises (e.g., isometric exercises
such as the plank and flexed arm hang, implement drills such
as sledgehammer swings). In this case, the total set duration
can be increased, or intensity can be increased (e.g., using a
weighted vest during the plank, swinging a slightly heavier
hammer) while using a constant set duration for muscle
endurance training. Modern tactical conditioning programs
have used various metabolic training strategies, where
multiple modalities are integrated within each workout,
intensity and volume are moderate to high, rest intervals are
short (circuit training), and each circuit may progressively
decrease time to completion (see discussion later in this
chapter).

Training Volume and Volume Load
Training volume is the number of sets times the number of
repetitions, whereas volume load is calculated by multiplying
the load lifted by the number of sets times the number of
repetitions. Manipulating training volume or volume load is
accomplished by changing the number of exercises per
session, the number of repetitions per set, the number of sets
per exercise, or the loading. There is an inverse relationship
between volume and intensity such that volume should be low
when intensity is high.



Training Volume and Goals
Strength training is synonymous with low to moderate training
volume because a low to moderate number of repetitions is
performed per set for structural exercises. Hypertrophy and
muscle endurance training are synonymous with low,
moderate, and high intensity and moderate to high volume.
Volume load is modestly related to muscle hypertrophy
changes in women and highly related to strength increases in
men and women (55). Training volume may vary considerably.
Current volume recommendations for strength and endurance
training are one to three sets per exercise by novice lifters and
multiple sets with systematic variation of volume and intensity
by intermediate and advanced lifters (81). A dramatic increase
in volume is not recommended when intensity is high. Not all
exercises need to be performed with the same number of sets,
and the emphasis of higher or lower volume is related to
program priorities, training status, and type of modality.

The number of sets performed per exercise and workout
depends on variables such as intensity, frequency, nutritional
intake, and recovery. Most volume training studies compared
single- and multiple-set programs, and they showed that
untrained individuals respond well to either, but advanced
individuals need multiple sets for higher rates of progression
(38). There is great variability in selecting the number of sets
per workout. Often training studies have incorporated 15 to 40
sets per workout (3-6 sets or one to two exercises per muscle
group) for total body workouts (59). A meta-analysis showed
that 4 to 8 sets per muscle group yielded the highest effects in
trained individuals, whereas 4 sets per muscle group produced
the highest effects in untrained individuals (56). Typically, 3 to
6 sets per exercise are common, but more or fewer can be used
depending on the exercise and training goals. If a muscle
group is trained once per week, then a high number of sets can
be performed. However, if a muscle group is trained two to
three times per week (within a total body or upper and lower
body split workout), then fewer sets are performed per
workout (35). The number of sets per workout depends on
whether or not the tactical athlete is integrating resistance



training with sprint, plyometric, agility, or possibly aerobic
training.

Set Structures for Multiple-Set Programs
Set structuring determines the load patterning for multiple-set
programs. The load and repetition number during each set can
increase, decrease, or stay the same. Set structuring is exercise
dependent, and various structures may be used within the same
workout. There are three basic structures (as well as many
integrated systems), and advantages and disadvantages exist
for each. Because all are effective, the chosen structure may be
up to the personal preference of the tactical athlete.

 

1. A constant load and repetition system uses a constant
loading and repetition number across all sets. Most
studies examining training in tactical athletes have used
constant load and repetition systems because they work
well within classic and undulating periodization models
(33, 34, 37). A disadvantage is the lack of variety per
workout in loading and repetitions performed. However,
that may be addressed by manipulating the loading and
repetitions performed within a periodized scheme.

2. A second method is to use a light to heavy system. The
weight increases each set while repetitions remain the
same or decrease (i.e., ascending pyramid when
repetitions are decreased). This offers the advantage of
performing a warm-up progression before lifting the
heaviest weight, especially for the first exercise in the
workout. Ascending pyramids are commonly used for
structural multijoint strength exercises that are performed
for at least three sets. A disadvantage is that the heaviest
set is performed last, and thus fatigue could be present
during the heaviest set.

3. The third set structure is to work from heavy to light by
decreasing the weight with each set and either
maintaining or increasing the repetition number (i.e.,
descending pyramid when repetitions are increased). The
advantage of this approach is that the heaviest set is
performed first, when fatigue is minimal, which may be



beneficial for the tactical athlete working out while on
duty. However, the lifter may not properly be warmed up
for the heaviest set, especially if it is the first exercise in
the sequence and requires heavy loading. This system is
effective when short rest intervals are used and weight
needs to be reduced for subsequent sets.

All systems are effective for increasing strength, power,
hypertrophy, and local muscular endurance (59) and can be
adapted into resistance training programs for tactical athletes.

Rest Intervals
Length of rest intervals between sets and exercises depends on
training intensity, goals, fitness level, and targeted energy
system, and it is affected by the muscle groups trained,
equipment available, and time needed to change weights and
relocate to other equipment. Lifting performance becomes
more difficult with short rest intervals. Fewer repetitions are
performed with rest intervals <2 minutes compared with
intervals >2 minutes (60-63, 80, 88, 89), and total volume for
multiple sets of an exercise is higher with long versus short
rest intervals (62, 84). A continuum exists where the fewest
repetitions are performed with 30-second rest intervals and the
largest numbers of repetitions are performed with 5-minute
rest intervals (62), with a similar pattern of fatigue between
single-joint and multijoint exercises (80). This is the case
when exercises are performed in sequences that stress similar
muscle groups (61). Recent studies have shown that factors
such as gender, aerobic capacity, and muscular strength play
key roles (60, 63). For example, women have been shown to
maintain resistance exercise volume to a greater extent than
men when short (1-minute) rest intervals are used (60, 63). In
addition, men with greater strength may require more time to
rest to maintain resistance exercise volume than men with
lower levels of strength (60). Athletes with higher aerobic
capacity ( O2max) tend to tolerate short rest intervals to a
larger extent, especially during lower body resistance exercise,
than athletes with lower O2max values (63).

Strength and Power



Several studies showed greater strength increases with long
versus short rest intervals between sets (e.g., 2 to 3 minutes
versus ≤1 minute) (57, 70, 77), although some showed similar
strength increases between 1- to 2-minute and 2.5- to 5-minute
intervals (3, 89), and one showed similar strength increases
when rest intervals were gradually reduced from 2 minutes
(compared with a standard 2-minute interval) (84). Thus, a
number of factors must be considered when selecting rest
interval lengths. Training for maximal strength and power
requires the tactical athlete to perform heavy, high-velocity
sets with quality repetitions. This is best accomplished in a
state with minimal fatigue. Thus, greater recovery between
sets and exercises (especially to allow ample time for ATP-PCr
resynthesis and removal of waste and metabolic products) is
needed. For strength and power training, the NSCA
recommends that tactical athletes rest at least 2 to 5 minutes
for core exercises using heavier loads (81). Each exercise may
be prescribed with a specific rest interval length and modified
when necessary based on the goals of that exercise and its
location within the training session.

Hypertrophy Training
Muscle hypertrophy training encompasses a wide range of rest
interval lengths depending on the intensity and volume of the
set and exercise. Long rest intervals benefit tactical athletes
during heavy lifting to increase strength and power (77),
which is part of the muscle hypertrophy continuum targeting
mechano growth-inducing factors. In contrast, short rest
intervals limit recovery between sets, thereby increasing
muscle hypoxia and subsequent metabolic stress. Short rest
intervals are characteristic of endurance training. For
hypertrophy training, the NSCA recommends 30- to 90-second
rest intervals (81).

Local Muscular Endurance Training
Local muscular endurance training is best accomplished when
higher levels of fatigue are induced by the training stimulus.
Thus, limiting recovery between sets is a common method of
local muscular endurance training. In addition, local muscular
endurance training is accomplished using high-repetition sets



where additional recovery between sets may allow more
repetitions to be performed. Thus, multiple strategies may be
used for local muscular endurance training. The NSCA
recommends ≤30 seconds of rest between sets for local
muscular endurance training (81). When circuit training, it is
recommended that rest intervals encompass the time needed to
get to the next station, but the goal should be <30 seconds.
Minimal rest is customary for these muscular endurance
training protocols. Tactical athletes should be cognizant of the
metabolic stress associated with continuous resistance training
programs and modify rest intervals based on conditioning
levels and rates of muscular endurance, strength, power, and
hypertrophy progression (36).

Repetition Velocity
Repetition velocity depends on loading, fatigue, and training
goals (35). Tactical athletes have the ability to control
repetition velocity for a specific exercise up to a certain point;
that is, they can choose to lift the weight at slow, moderate, or
fast velocities (35). Beyond this load, maximal effort is needed
during the lifting of maximal and near-maximal loads, yet the
bar velocity observed is relatively slow based on the muscle
concentric force–velocity relationship. These velocities are
referred to as unintentionally slow lifting velocities. They
occur during the lifting of heavy loads and are paramount to
maximal strength training. For nonmaximal lifts, the intent to
control velocity is critical. Self-selected slow, moderate, and
fast velocities invoke velocity-specific adaptations to
resistance training with some carryover effects (35).
Intentionally super-slow-velocity repetitions (5- to 10-second
concentric phase; 5- to 10-second eccentric phase) are used
with submaximal weights to increase muscular time under
tension. The goal of this approach is to increase fatigue and
potentiate endurance and hypertrophy enhancement. Strength
enhancement is secondary because muscle force produced,
weight lifted, and repetitions performed per workload are
lower compared with moderate and fast velocities (22). Slower
rates of strength increase occur with intentionally slow
velocities (49), and higher rates occur when the weight is
moved rapidly (28).



Strength and Power Training
For strength and power training, the intent to move the weight
as quickly as possible appears to be the critical element (9).
Because force is equal to mass multiplied by acceleration, the
force exerted by the tactical athlete is proportional to the
acceleration of the resistance per given level of mass lifted.
For strength training, slow (2- to 3-second concentric phase; 2-
to 3-second eccentric phase with minimal time between
phases) and moderate (1- to 2-second concentric phase; 1- to
2-second eccentric phase) velocities are recommended for
untrained lifters. This is a starting level while the trainees are
learning proper technique and building a strength base.
However, moderate to fast velocities are recommended for
intermediate and advanced lifters whose technique is
proficient (35). Unintentionally slow velocities that
accompany heavy weightlifting are recommended during
strength training phases. For power training, fast velocities
(≤1-second concentric phase; ≤1-second eccentric phase) are
recommended for power-specific training (35). High
movement velocity is critical to increasing rate of force
development, and this occurs with light to moderate loading.
Because power is the product of force and velocity, strength
training is part of the power training continuum. Thus, velocity
may be moderate to fast for strength training and
unintentionally slow when maximal and near-maximal loads
are lifted (35).

Hypertrophy Training
Hypertrophy training encompasses a spectrum of velocities
depending on intensity and volume. Slow, moderate, and fast
velocities are recommended, which must interact with loading
and repetition number (35). Because hypertrophy training
involves a mixture of strength, power, and endurance training,
tactical athletes can effectively use slow, moderate, and fast
velocities.

Local Muscular Endurance Training
A spectrum of lifting velocities is beneficial for local muscular
endurance training. Lifting velocity appears to interact with



volume load and intensity in a manner that can be congruent to
maximizing each. A slow velocity increases muscle time under
tension to augment duration, but a faster velocity may do the
same because more repetitions can be performed to match the
time (35). Thus, the interaction of several variables, including
velocity, appears critical to maximizing muscle endurance, and
slow, moderate, and fast velocities are recommended for local
muscular endurance training (35). The critical component is
prolonged set duration; it is recommended to use intentionally
slow velocities for a moderate number of repetitions (i.e., 10-
15) and moderate to fast velocities for high-repetition sets (i.e.,
15-25 or more) (35).

Frequency
Frequency refers to the number of training sessions per week
or the number of times muscle groups are trained per week. As
with other variables, frequency depends on several factors,
such as volume, intensity, exercise selection, level of
conditioning, training status, recovery ability, nutritional
intake, and training goals. Two to 3 days per week is an
effective training frequency for untrained individuals (59, 81).
A meta-analysis has shown that 3 days per week produces the
highest effect size in untrained individuals and 2 days per
week produces the highest effect size in trained individuals
(66). Increased training experience does not necessitate a
change in frequency for training each muscle group but may
require alterations in other acute variables such as exercise
selection, volume, and intensity. Increasing the frequency may
enable greater exercise selection and volume per muscle group
per workout (35).

Frequency varies considerably for advanced training.
Advanced strength athletes have benefitted from frequencies
of 4 to 5 days per week (24), and some elite strength and
power athletes train at higher frequencies (more than once per
day) (59). Studies examining resistance training in tactical
athletes have used frequencies of 2 to 4 days per week (20, 37,
69, 74), with most studies targeting 3 days per week (31, 33,
45, 46, 54, 69-73). Thus, this appears to be a recommended
frequency, especially for total body workouts. The U.S. Army



recommends alternating resistance training workouts with
endurance training and mobility workouts every other day
(86). This involves a resistance training frequency of 2 to 3
days per week depending on whether the focus of the training
week is strength or endurance (86). Caution must be used
when determining frequency during integrated training with
sprint, plyometric, agility, and aerobic endurance training.
Because tactical training involves several fitness components,
frequency must be adapted to allow adequate recovery
between workouts to avoid overtraining.

Circuit and Metabolic Training
Circuit training has been a staple of tactical strength and
conditioning for many years. Circuit programs increase
training efficiency, yield substantial metabolic and
cardiovascular responses, and are an excellent modality to
improve anaerobic capacity. Circuit programs have been
examined in firefighters (1, 53) and military personnel (20, 45,
46, 90). For example, firefighters performing two circuits of
12 exercises for 12 repetitions (or more for bodyweight
exercises) plus 3 minutes of treadmill running and stair-
climbing yielded average HRs at ~86% of max HR during the
second circuit and blood lactate levels of ~11.7 mmol/L (1).
The continuity is a stimulus for increasing aerobic capacity.
Often, circuits consist of 6 to 12 exercises at a low to moderate
intensity for 10 to 15 repetitions with <15 seconds between
exercises to primarily improve local muscular endurance (1,
53). Large muscle mass resistance and bodyweight exercises
increase the metabolic response and difficulty of the circuit.
Muscle strength and power can improve with circuit training
when circuits are designed to target each fitness component.
To achieve the goals of strength and power, the intensity needs
to be higher, exercises should be sequenced to allow partial
rest for major muscle groups between exercise performance,
and the repetition number must be lower.

It has become popular to include other modalities of training
(e.g., sprint, agility, tactical, aerobic, and plyometric drills)
within metabolic circuits. Circuit progression can take place
by increasing the load, repetitions, or duration of the drills or



by reducing the total time needed to complete the entire circuit
(e.g., timed circuits). Timed circuits can stress the
combination of speed, quickness, and agility in addition to
muscle strength and power endurance, but correct form must
be enforced. The tactical athlete can perform the entire circuit,
rest 1 to 2 minutes, and repeat the circuit for the desired
number of sets. Circuits depend on equipment availability and
space, and they can be varied by altering the exercise selection
and number per circuit, loading, and volume.

Several popular metabolic training programs have evolved
over the years. Metabolic training is an aggressive form of
circuit training. Structural and compound (large muscle mass)
bodyweight, resistance, aerobic, plyometric, sprint, or agility
exercises are performed with minimal rest between exercises.
The high continuity and large muscle mass involvement (along
with the intensity interaction) provide a strong metabolic
stimulus for cardiovascular and muscular endurance
improvements and body-fat reductions (20, 53). Metabolic
training has become popular among military personnel,
athletes, and general fitness enthusiasts (83). Following is a
sample metabolic circuit workout, designed to decrease body
fat and increase muscle strength, power, muscle and
cardiovascular endurance, mobility, and coordination:

 

1. Conventional barbell deadlift × 10 reps
2. Blast-off push-up × 12 reps
3. Sandbag reverse lunge × 10 reps (alternate sides)
4. Kettlebell swing × 15 reps
5. Burpee × 15 reps
6. Inverted row × 10 reps
7. Plank × 30 seconds
8. Jump rope × 100 reps

The circuit is performed continuously with minimal rest
(depending on conditioning level) between exercises. The
tactical athlete can rest 1 to 3 minutes between circuits and
perform two to four circuits in total.



These workouts can be challenging, so a gradual progression
is needed, perhaps starting with a couple of drills for moderate
duration. Volume can increase and rest can decrease
progressively over time as the trainee becomes more
conditioned. Increasing the workload too quickly or assigning
a novice, deconditioned person to an advanced, competitive
program could result in a greater risk of overuse injuries.
Thus, prudent exercise prescription should be implemented as
well as proper recovery between workouts and adequate
nutritional and fluid intake.

Importance of Progressive Overload,
Specificity, and Variation
There are a multitude of ways to design effective programs for
tactical athletes following the programming guidelines
discussed in this chapter. Three critical components of all
tactical training programs are progressive overload, specificity,
and variation (35, 59). Progressive overload involves the
program gradually becoming more difficult, such as by adding
weight, increasing repetitions with the current workload or
duration of an exercise, adding more complex or challenging
exercises, decreasing rest intervals, or using more advanced
training techniques. Specificity means training adaptations are
specific to the imposed stimulus. Specificity is seen with
muscle groups trained, ROM, energy system targeted, velocity,
muscle actions, and contraction patterns. In addition,
specificity is achieved through exercise selection. The
inclusion of strength and power exercises plus functional
tactical movements (e.g., rope climbing, drags, partner carries)
increases the likelihood that fitness gains can transfer to the
tactical athlete’s occupational movements. Variation entails
altering the training stimulus through training periodization.

Key Point
Three critical components of tactical training programs are
progressive overload, specificity, and variation. A training
program can be highly effective, provided all three
components are included in the design.



Periodization is a logical method of planning training (i.e.,
manipulating program variables) in a sequential and
integrative fashion in order to maximize training-induced
physiological and performance outcomes (see chapter 10).
Although programs can be varied in many ways, a few basic
models of periodization have been studied most frequently.
The classic (linear) model of periodization involves a
gradual increase in intensity and reduction in volume with
each phase usually to peak strength and power following a
period of hypertrophy training (67, 68). Block periodization
involves dividing the training stimulus into highly specialized
mesocycles. Typically, three or four mesocycle blocks two to
four weeks in length are used (25). The focus of blocks can
vary but often targets specific training components. An
undulating (nonlinear) periodization model varies intensity
and volume within each 7- to 10-day cycle by rotating
protocols to emphasize specific fitness components (65, 67,
68). For example, for structural exercises in the workout,
heavy, moderate, and lighter resistances may be rotated over a
week (Monday, Wednesday, Friday), using 3 to 5 repetitions
(with loads ≤3RM-5RM), 8 to 10 repetitions (with loads
≤8RM-10RM), and 12 to 15 repetitions (with loads ≤12RM-
15RM) in the rotation. A variation of this model is the weekly
undulated periodized model, where intensity and volume vary
weekly as opposed to daily. Another model emphasizes
peaking for hypertrophy or muscular endurance and is known
as reverse linear periodization . This model begins with
training phases emphasizing moderate to high intensity and
low training volume, and it progresses to lower intensity,
higher volume training with each successive phase (68).

All periodization models are effective for increasing fitness
and performance, and most studies show periodized training to
be superior to nonperiodized training (65). Reverse linear
periodization produces inferior strength increases but superior
endurance increases compared with linear and undulating
models (68). In contrast, the undulating model is more
effective than the classic model for increasing strength (67).
Most studies involving tactical athletes have examined the
classic and undulating models in military personnel, who
showed substantial fitness and performance improvements (37,



71-73). In firefighters, undulating periodization was shown to
produce more comprehensive improvements in fitness
compared with the classic model (54).



Conclusion
Tactical athletes require sufficient muscular strength,
endurance, flexibility, hypertrophy, and power as well as
cardiorespiratory endurance, speed, agility, and mobility.
Resistance training is a critical modality in the training
programs of tactical athletes. Proper prescription and
manipulation of the acute program variables is the most
effective way to improve performance and reduce the risk of
injury in tactical athletes. Many programming strategies can be
effective as long as progressive overload, specificity, and
variation are included in each training cycle.

Key Terms
 

assistance exercises
basic strength exercises
block periodization
classic (linear) model of periodization
closed chain kinetic exercises
concentric muscle action
core exercises
corrective exercises
eccentric muscle action
exercise order
exercise selection
free weights
isometric muscle action
lower cross syndrome
machines
multijoint exercises
muscle group split routines
needs analysis
open chain kinetic exercises
periodization
progressive overload
resistance training
reverse linear periodization
single-joint exercises



specificity
strength implements
timed circuits
total body exercises
total body workouts
training volume
variation
volume load
weight training
undulating (nonlinear) periodization
upper and lower body split workouts
upper cross syndrome

Study Questions
 

1. Which of the following must be addressed before a
resistance training program can be designed for a tactical
athlete?

1. workout structure
2. exercise selection
3. needs analysis
4. training frequency

2. All of the following are examples of strength implements
EXCEPT

1. kegs
2. sleds
3. dumbbells
4. ropes

3. When programming for a strength or power training
cycle, what is the most appropriate exercise order?

1. squat, plank, power clean, bench press
2. power clean, squat, bench press, plank
3. plank, power clean, bench press, squat
4. bench press, squat, plank, power clean

4. During power training, what is the recommended
percentage of 1RM when performing a single-effort
power exercise?

1. 50%-60%
2. 60%-70%



3. 70%-80%
4. 80%-90%



Chapter 10
Periodization for Tactical

Populations
G. Gregory Haff, PhD, CSCS,*D, FNSCA

After completing this chapter, you will be able to

 

explain the basic concepts of periodization,
discuss the underlying principles that dictate the
effectiveness of a periodized training plan,
explain the basic responses to physical and psychosocial
stress,
describe the goals of a periodized training program,
relate classic periodization theory to tactical missions and
the tactical environment, and
understand the sequencing and integration of training
factors in a tactical periodization program.

One of the key concepts in the preparation of athletes is
periodized training. These training plans are essential when
attempting to optimize the performance of tactical athletes (5,
68). Although periodization is a widely accepted concept,
there is a large degree of confusion in both the scientific (1,
60, 61) and practical literature (17, 44) when trying to
determine what periodization is and how to employ it. At the
center of this confusion is a misinterpretation of the classic
periodization literature, the terminology adopted by some
scientists and practitioners, and the modern trend of isolating
training factors without considering how they are integrated
within a training period or phase (i.e., vertical integration) or
sequenced over time (i.e., horizontal integration) (27-29).

Critical evaluation of the classic literature reveals that a true
periodization model should exhibit nonlinearity, sequential
variation (i.e., horizontal integration), and integration within a
time period (i.e., vertical integration) of all training activities



in order to optimize performance at predetermined time points
related to the operational plan (5, 33, 47, 54, 55). Attention to
these tenets removes training linearity and monotony in order
to maximize the tactical athlete’s development. To accomplish
these goals, consideration must also be given to the logical
application of training stressors so as to minimize any
interference by one training factor on another.

Many classic periodization theorists emphasize that the
training process must contain logical and systematic sequential
or phasic alterations in workload, training focus, and training
tasks in order to ensure that appropriate adaptations are
stimulated to create the desired performance outcomes (2, 3, 6,
7, 34, 48-50, 54-56). Scientific inquiry has supported these
earlier observations by revealing that sequential modeling
results in superior physiological and performance outcomes
(36, 51, 81). It is clear that periodization models used by
tactical athletes must be nonlinear, have integrated training
factors, be sequenced over time, progress loads logically,
avoid random or excessive variation, and target specific
training outcomes as determined by the athlete’s operational
plan.

Although periodization is essential for performance
optimization, it is not a rigid framework. Rather, it should be
seen as a methodology that is easily adaptable to the specific
programming needs of the tactical athlete (68), and its tenets
allow the TSAC Facilitator to carefully craft a training
intervention that targets the specific goals of the tactical
athlete.

In order to develop a periodized training plan for the tactical
athlete, the TSAC Facilitator must understand several central
concepts. Therefore, the aim of this chapter is to define
periodization, discuss its goals, explain its general principles,
present its hierarchical structure, introduce the concept of
integration and sequencing of training, and discuss how to
apply these principles to the preparation of the tactical athlete.



Defining Periodization
The scientific literature contains numerous definitions of
periodization with varying levels of complexity (1, 5, 56, 59).
For example, Nádori (54, 55) and Nádori and Granek (56)
define periodization as the theoretical and methodological
basis for training and planning, while Plisk and Stone (59)
define it as the logical and phasic manipulation of training
factors in order to optimize the training process. Ultimately,
periodization can be defined as a logical method of planning
training interventions (i.e., volume, intensity, training density,
training frequency, training focus, tactical practice, technical
skills acquisition, modalities of training) in a sequential and
integrative fashion in order to maximize training-induced
physiological and performance outcomes (27-29).

Key Point
Periodization is a logical method of planning training
interventions in a sequential and integrative fashion in order to
maximize training-induced physiological and performance
outcomes.

From an applied perspective, periodization contains both
aspects of planning and programming in order to logically and
systematically implement training units to develop the
attributes that are critical to the tactical athlete’s performance.
In a tactical environment, it may be better to consider the
periodized training plan as an operational plan that targets
specific physiological adaptations and performance outcomes
that are in line with the tactical athlete’s operational goals.

Key Point
The periodization plan for tactical athletes should be
considered in the context of an operational plan, in which
mission or operational requirements serve as the foundation
for the training program.



Goals of Periodization
The primary goal of any periodized training intervention is to
provide an adequate training stimulus for the development of
specific physiological attributes that optimize performance at
specific time points (5). This goal must also be balanced with
a secondary goal where overtraining potential, reduced
training monotony and linearity, and long-term athlete
development are managed through the manipulation of the
training stressors contained in the operational plan. It is
important to note that operational goals are different from the
goals of periodization. For example, an operational goal for a
police officer may be to concurrently develop strength and
endurance in order to better prepare him to pursue and subdue
a suspect, whereas the operational goals for a firefighter may
focus on increasing strength so that she may be able to better
move hoses or injured individuals. Conversely, the
periodization goals focus more on how things are planned and
programmed to achieve these operational goals.

Using periodization to address operational goals requires
systematic variation of training interventions that capitalize on
the logical manipulation of training factors, including training
volume, intensity, density, and frequency (27-29).
Additionally, variation should be considered in the context of
the exercise selection, targeted training focus, and overall
mode of training (27-29). Variation should not be limited to an
individual training session but should be included in the period
or phase of training contained within the operational plan.
Although there are limitless training variations, they should
not be excessive or randomly applied because this can result in
a less optimal training stimulus and failure to achieve the
prescribed training outcomes (71).



Principles of Periodization Models
The end product of the training process is the stimulation of
some training or performance outcome. The ability of the
training process to accomplish this goal is tightly linked to the
external load and the internal load, or the tactical athlete’s
characteristics that dictate responsiveness to the training
process (figure 10.1).



Figure 10.1 Training process and interaction of the internal
and external loads.

Adapted from Impellizzeri, Rampinini, and Marcora (38).

The external load is the application of the training stimulus,
which is largely dictated by the periodization model prescribed
for the athlete. This model dictates the organization of the
training interventions, including the integration and
sequencing of training factors, and the quality and quantity of
the training interventions (38). The tactical athlete’s
characteristics, such as genetic predisposition, current training
status, training history, health status, and chronological age, all
affect the internal load that is experienced in response to this
external loading. Therefore, the physiological adaptations and
training outcomes are directly stimulated by the tactical
athlete’s internal load, which is created by the external load
(training stimulus) and the tactical athlete’s individual
characteristics, or adaptive potential. The ability of the
periodized training plan to induce the targeted training
outcomes is therefore based on the ability of the model to
create an external load that balances recovery and adaptation
while capitalizing on the tactical athlete’s ability to tolerate the
prescribed training stimulus.

Regardless of the tactical athlete’s characteristics, three
mechanistic theories are generally associated with the ability



of the periodized plan to stimulate the desired outcomes:
general adaptation syndrome (25, 71), stimulus-fatigue-
recovery-adaptation theory (71), and fitness–fatigue theory
(12, 82).

General Adaptation Syndrome
A core concept underlying the application of periodized
training is the general adaptation syndrome (GAS) (71, 82,
83). The GAS was first theorized by Hans Selye in 1956 (65)
to explain how the body responds to physical and psychosocial
stress (figure 10.2). The basic response to stress appears to be
similar regardless of how that stress is stimulated and may
explain the tactical athlete’s internal loading response to any
applied external loading parameters associated with the
training process (25, 71) or operational engagement.



Figure 10.2 The general adaptive syndrome and its application
to periodization.

Reprinted, by permission, from G.G. Haff and E.E. Haff, 2012, Training integration
and periodization. In NSCA’s guide to program design, edited by J. Hoffman

(Champaign, IL: Human Kinetics), 215.

The initial response to a training stimulus, or the alarm phase,
is marked by a decreased performance capacity in response to
accumulated fatigue, soreness, stiffness, and decreased energy
reserves (71). During the alarm phase, the adaptive responses
that occur in the resistance phase of the GAS are initiated. If
the external load is structured appropriately, the primary
adaptive responses occur during the resistance phase, and
performance returns to baseline or elevates to a higher level
(supercompensation). However, if the external load is
excessive or illogically applied, performance will continue to
decline as a result of the athlete’s inability to tolerate the
training stressors, which would be indicative of an excessive
internal load. If this situation occurs, there is a significantly
higher potential for overtraining (19).

Even though the applied external load greatly influences the
tactical athlete’s internal loading, it is important to remember
that all stressors are additive. Specifically, psychosocial
stressors can significantly affect the tactical athlete’s internal
load (9, 43), resulting in an inability to recover from the
external load and ultimately causing an overtraining response.
This maladaptive response may even occur if the external load
is well planned and appropriate for the tactical athlete (43). In



some instances, excessive psychosocial stress can result in
significant overtraining responses even when the external load
is relatively low and seemingly adequate recovery is provided
(20).

Stimulus-Fatigue-Recovery-Adaptation
Theory
The stimulus-fatigue-recovery-adaptation theory (SFRAT)
is an extension of the GAS theory that attempts to generalize
the response to the external load (71). The initial response to
an external load results in an accumulation of fatigue and a
reduction in both preparedness and performance capacity.
The magnitude of these reductions is largely predicated by the
magnitude and duration of the external load applied by the
periodized training plan (31). As recovery occurs, the
accumulated fatigue dissipates and the individual’s
preparedness and performance capacity increase. Once the
recovery adaptation response is complete, another external
load must be introduced in order to stimulate continued
adaptation. If a long duration of time exists between the
completion of the recovery adaptation process and the
introduction of a new external load, involution will occur,
resulting in reduced preparedness and performance capacity
(figure 10.3).



Figure 10.3 The stimulus-fatigue-recovery-adaptation theory.

Reprinted, by permission, from G.G. Haff and E.E. Haff, 2012, Training integration
and periodization. In NSCA’s guide to program design, edited by J. Hoffman

(Champaign, IL: Human Kinetics), 216.

This response pattern to an external load occurs whenever a
training exercise, unit, session, day, or cycle is engaged. The
ability of the tactical athlete to recover is an integral part of
this process, but complete recovery is not a prerequisite for
undertaking another training bout or session (56). In fact, a
better strategy for modulating fatigue, maximizing fitness, and
inducing recovery is to use light and heavy days of training
(10, 18). Accomplishing these goals is at the core of all sound
periodized training programs where various training factors
are manipulated in a logical and sequential fashion while
considering how the training factors interact with one another.
If the external loads are inappropriately prescribed,
haphazardly applied, or not integrated correctly, the
physiological adaptive responses necessary for performance
gain will be greatly reduced as a result of a mismanagement of
both fatigue and recovery.

Fitness–Fatigue Theory
The third mechanistic theory, the fitness–fatigue theory,
attempts to explain the relationship between a training
stimulus and the training aftereffects of fatigue and fitness
(71, 82, 83). Every training activity, exercise, session, or cycle
stimulates these two aftereffects, which are then summated to
determine the level of preparedness (12, 82). When training
loads are the highest, the greatest increase in fitness occurs,
along with the greatest increase in fatigue. When the fatigue



and fitness aftereffects are then summated, preparedness and
performance capacity are reduced in proportion to the
magnitude of the external load (figure 10.4).



Figure 10.4 Fitness–fatigue paradigm.

Reprinted, by permission, from G.G. Haff and E.E. Haff, 2012, Training integration
and periodization. In NSCA’s guide to program design, edited by J. Hoffman

(Champaign, IL: Human Kinetics), 219.

Because fatigue dissipates at a faster rate than fitness, overall
preparedness and performance capacity increase (5, 71). The
external load must be applied in a structured fashion to
maximize fitness aftereffects while allowing fatigue to
decrease in order to increase overall preparedness.

Figure 10.4 presents the classic fitness–fatigue relationship for
one training factor. However, the fatigue–fitness paradigm
should be viewed as a multifactorial response model; each
training factor has its own fitness, fatigue, and preparedness
aftereffects (figure 10.5).



Figure 10.5 Modified fitness–fatigue paradigm depicting
multiple training aftereffects.

Reprinted, by permission, from G.G. Haff and E.E. Haff, 2012, Training integration
and periodization. In NSCA’s guide to program design, edited by J. Hoffman

(Champaign, IL: Human Kinetics), 219.

The multifactorial fitness–fatigue relationship is a key concept
in sequential periodization models (31) where aftereffects
from one training period modulate the preparedness in
subsequent periods depending on the organization of the
periodized training plan. Central to the sequential model
concept is the idea that the aftereffects of one period of
training can raise the level of preparedness in subsequent
training periods, depending on which periodization model is
followed (31, 36, 81). Additionally, because training
aftereffects exhibit variable rates of decay, they may be
maintained with minimal stimulus or periodic applications of
the training factor (81).

When the GAS, SFART, and fitness–fatigue theory are
examined collectively, it is clear that the ability to direct
adaptive responses and elevate preparedness largely depends
on the application of the external load and the ability to
modulate the development of fitness and the reduction of
cumulative fatigue (27-29, 59). The accomplishment of these
goals is influenced by the ability to employ logical
periodization models that integrate and sequence the external
load in a way that manages the stimulated aftereffects (27).



Structural Components of
Periodized Training

Several planning levels create the backbone of the periodized
training plan (table 10.1 and figure 10.6). Each level must be
considered in the context of the tactical athlete’s long-term and
short-term performance goals. These goals are the foundation
upon which the various training structures are interrelated and
sequenced so that the tactical athlete develops the performance
outcomes required by the individualized or team operational
plan (31). Planning structures range from global or long-term
structures, such as the multiyear or annual training plan, to
individual training units within a training session (27-29, 31).





Figure 10.6 Breakdown of an annual training plan.

Reprinted, by permission, from G.G. Haff and E.E. Haff, 2012, Training integration
and periodization. In NSCA’s guide to program design, edited by J. Hoffman

(Champaign, IL: Human Kinetics), 221.

Eight interrelated planning levels (figure 10.7) can be created
in the hierarchical structure of a periodized plan. These are the
multiyear training plan, annual training plan, macrocycle,
mesocycle, microcycle, training day, training session, and
training unit.



Figure 10.7 Hierarchical structure of a periodized training
plan.

Multiyear Training Plan
A key component of the long-term development of any tactical
athlete is the multiyear training plan. This planning structure
comprises several interlinked annual training plans that
develop tactical athletes in accordance with their long-term
goals (31). Because periodization is typically used with
competitive athletes, the classic multiyear training plan has
been associated with the Olympic cycle, linking four annual
plans, or a quadrennial plan, to bridge between two successive
Olympic Games. Recently, the use of quadrennial planning has
expanded beyond the Olympic cycle and has been used in high
school (42) and collegiate sport. Tactical athletes do not use
the same organized structure for their training due to the
irregular aspects of their job duties, operational plans, and
training programs. Regardless, a key component of any
multiyear training plan is its ability to sequence the athlete’s
training and performance goals in order to facilitate the
physiological, psychological, and performance outcomes
central to the tactical athlete’s overall development (42). The
benefit of the multiyear plan is that it establishes the goals of
each annual training plan in a way that sets the long-term
development path for the tactical athlete.

Annual Training Plan



The annual training plan, sometimes referred to as a
macrocycle (13, 50), outlines all the training targets contained
in one year of training (13, 57, 62) in accordance with the
long-term development path established in the multiyear
training plan. The structure of the annual training plan is
largely dictated by important tactical engagements (5), the
objectives of the multiyear plan (13, 42, 57), and the tactical
athlete’s level of development (5, 39, 40, 57).

Three annual training plan models are classically employed:
the monocycle (one macrocycle), bicycle (two macrocycles),
and tricycle (three macrocycles) (5). Additionally, at least 16
annual training plan variants can be employed when
structuring an annual training plan (6). Because many tactical
athletes don’t have competitive seasons or deployment
periods, it may be difficult to construct annual training plans
for them. In these cases, the TSAC Facilitator can examine the
annual calendar to determine when the most incidents of
tactical operations may occur. For example, when in the
calendar year are the most fires or criminal activity, and when
are the least fires or criminal activity? The annual plan for a
firefighter or police officer can then be constructed around the
periods of increased risk. A similar approach can be taken
when working with the military and ambulance services.

Macrocycle
The macrocycle has been referred to as a year of training (4,
5). This definition of a macrocycle was largely dictated by the
fact that there was only one competitive period and thus only
one macrocycle in the training year (figure 10.8) (13, 50, 70).
This type of macrocycle is probably the most appropriate for
the tactical athlete because the annual plan may be divided
into periods of high and low risk of engagement.



Figure 10.8 Classic annual training plan.

Reprinted, by permission, from G.G. Haff and E.E. Haff, 2012, Training integration
and periodization. In NSCA’s guide to program design, edited by J. Hoffman

(Champaign, IL: Human Kinetics), 223.

An alternative planning approach is to break the annual
training plan into multiple macrocycles to address the needs of
the tactical athlete who has more tactical engagements during
certain times of the year (figure 10.9) (27-29, 31). For
example, there are more health emergencies during major
holidays and other events, such as Thanksgiving, Christmas,
Valentine’s Day, Easter, and the Fourth of July. Therefore, the
annual plan for emergency response personnel would be
broken into three or four macrocycles, with the main periods
of engagement centered on these holidays. In short, it is
probably best to consider the tactical athlete’s macrocycles in
the context of periods of major tactical engagements, similar
to a season in the sporting construct (31), because this allows
the planning structure to prepare the tactical athlete for these
periods of time (5).



Figure 10.9 Sample annual training plan with three
macrocycles.

Reprinted, by permission, from G.G. Haff and E.E. Haff, 2012, Training integration
and periodization. In NSCA’s guide to program design, edited by J. Hoffman

(Champaign, IL: Human Kinetics), 223.

Regardless of the number of macrocycles in the annual
training plan, the load progression is from lower intensity,
higher volume training toward higher intensity, lower volume
training that is more technically oriented (32). This alteration
in training volume, intensity, and technical development
illustrates that the focus of training changes to meet the
athlete’s needs throughout the annual training plan. These
changes in focus can also be seen in the main periods that
structure the macrocycle: the preparatory period, competitive
period, and transition period (5, 50, 62).

Preparatory Period
The preparatory period is the foundation of the macrocycle,
where specific physiological, psychological, and technical
skills are developed (5). This period might be the part of the
annual plan where historically there have been the fewest
tactical events. Depending upon the density of tactical events
within the calendar year and the tactical athlete’s individual
needs, this period may last three to six months (5). People with
shorter training histories tend to spend more time in the
preparatory period, whereas those who are more experienced
spend more time on tactical-specific training. Additionally, the
overall amount of time dedicated to the preparatory period will



be affected by the number of macrocycles, or periods of
increased tactical engagements, contained in the annual
training plan and by the time allocated for preparation in each
macrocycle (5, 27-29). Preparatory activities designed to
develop a training base are emphasized during the early part of
the macrocycle, and tactical performance is emphasized during
the latter part of the macrocycle.

From a structural standpoint, the preparatory period can be
divided into the general preparation and specific preparation
phases (31). The general preparation phase is the earliest
portion of the preparatory period and targets the physical
training base (5). This phase has a large training volume,
lower intensity, and a multifaceted training approach in order
to develop the general motor abilities and skills required by
the tactical athlete (40, 50). It lasts longer for less developed
tactical athletes, who require a much greater focus on
developing a training base.

As tactical athletes progress through the preparatory period,
they move from the general preparation phase to the specific
preparation phase. This progression shifts from overall
development toward more specific motor ability and technical
development, focusing on attributes that are directly related to
the tactical activities required of the athlete (13). This phase
combines higher training loads with periods of high intensity
and targeted technical development. In sport situations, a
central goal of this phase is to strengthen the sport-specific
training base while assisting athletes in their transition into the
competitive period of the macrocycle (13, 27-29, 31). For
tactical athletes, this is a period in which training is more
closely aligned with their tactical requirements. As such, the
training practices in this period are specific to the needs of the
individual tactical athlete or tactical operations team.

In the classic literature on periodization, the trend is to
sequence the general and specific preparation phases (5).
Another approach is to run these two phases concurrently and
modulate the focus of each phase at any given time point (6,
31). This alternative approach of concurrently targeting
general and specific preparation is based on the belief that the
preparatory period should last only long enough to elevate



training status and should not be determined by the constraints
of an annual training plan that contains two or three
macrocycles (6). This alternative may be ideally suited for
tactical athletes, who rarely have defined tactical engagements
and need to be at a higher level of preparedness more
frequently during the calendar year. Concurrently training
these targets can increase the tactical athlete’s ability to
undergo more frequent tactical engagements (39).

Competitive Period
The goal of the competitive period is to elevate the athlete’s
overall preparedness and performance at key competitions or
engagements (5). For the tactical athlete, the competitive
period aligns with the part of the annual plan when historically
the most tactical engagements occur. During this part of the
macrocycle, the physiological and specific skills acquired
during the preparatory period are maintained or slightly
elevated in order to modulate performance capacity (56). The
period is marked by an overall reduction in general physical
conditioning units and an increase in specific training units
that target precise technical and tactical elements related to the
tactical athlete’s engagements. Additionally, the period often
contains activities such as skill-based conditioning units,
which continue to develop the technical and tactical skills
necessary for success while maintaining overall fitness (27-
31).

When compared with the preparatory period, the competive
period is marked by reduced training volume, increased
training intensity, and increased emphasis on technical and
tactical training units (31). Even though this general loading
pattern is exhibited in this period, there will be fluctuations in
training volume, intensity, density, and frequency to account
for the schedule, travel, modulation of recovery, and potential
density of tactical engagements (27-29). In order to better plan
the competitive period and appropriately sequenced training, it
is traditionally recommended to break the period into the
precompetitive phase and main competitive phase (5, 27-
30). For the tactical athlete, the precompetitive phase is the
time period immediately before deployment, and the



competitive phase is the deployment period itself. In other
words, the precompetitive phase occurs before periods of time
when historically there are more tactical events, and the
competitive phase is when the increased density of tactical
events occurs.

The main role of the precompetitive phase is to link the
preparatory period and the main competitive phase of the
competitive period (5, 31). During this crucial phase, the
tactical athlete may undergo simulations of key elements
associated with the operational plan. For example, a firefighter
may practice key aspects related to rescuing someone from a
burning car, whereas a SWAT officer may practice breaching a
building and perform training activities that optimize strength
and speed of movement. Consider these activities as dry runs
that continue to develop physical fitness while practicing
technical and tactical elements related to the engagements
undertaken by the tactical athlete. Additionally, these activities
allow the tactical commander to evaluate the inner workings of
the team as well as determine the effectiveness of certain
technical and tactical elements. These simulations or dry runs
serve only as training tools and tests of operational readiness;
they should not be considered as main objectives (31).

After performance is honed during the precompetitive phase,
the main competitive phase should be initiated. The primary
objective of this phase is to optimize overall preparedness and
performance capacity for specific tactical operations or
common tactical engagements contained in this portion of the
annual training plan (27-29). The length of this phase is
largely dictated by the deployment length or, for nondeployed
tactical athletes, historical data on the typical lengths of the
heightened occurrence of tactical events. A key element of this
phase is a structured modulation of training workloads that are
in balance with both the engagement and travel schedules (27-
30). This is essential in order to maintain or elevate tactical
fitness and skills that have been developed in the previous
training periods.

One key consideration during this phase is that performance
cannot be maintained at its maximum for the duration of the
period. In fact, maximal performance can only last 7 to 14



days when an appropriate taper is employed. If a taper is too
long, involution will occur because of a reduction in overall
fitness that occurs in response to the reduced training volume
and cumulative fatigue associated with competitive schedules
and travel. Thus, tapers are not recommended because the
tactical athlete likely needs to optimize performance over a
period of time longer than two weeks. Instead, the main
competitive period should be designed to maintain
performance over longer amounts of time. The main
competitive phase is probably the most difficult to structure
because travel, known and unknown tactical demands, and
ability to manage recovery and injuries all come into play.

Key Point
The tactical athlete’s annual training plan should be designed
around the historical periods of increased tactical
engagements. For example, the time of year when there is the
greatest risk of fires is the competitive period for the
firefighter, and the period of least risk of fires is the
preparatory period.

Transition Period
The transition period serves as the bridge between multiple
macrocycles or annual training plans (5, 56, 62). This period is
marked by large reductions in training volume and intensity
and an emphasis on maintaining fitness levels (5, 56) and
technical proficiency (56). It occurs during the time of year
when the tactical athlete is given leave or is off duty.
Depending on the location of the transition period within the
overall macrocycle, it generally lasts two to four weeks (5, 15,
46). If the transition period lasts too long, fitness will greatly
decrease, which can have ramifications for subsequent
macrocycles. In some instances an extended transition period
is warranted—when the competitive period, macrocycle, or
annual plan is particularly stressful or the tactical athlete has
an injury, the transition period can be extended to six weeks
(5, 15, 46).

Complete or passive rest is usually avoided, but in certain
instances a complete cessation of training may be warranted



for some portion of the period (56). However, as mentioned, if
the transition period is extended or complete rest occurs, the
athlete’s overall physical capacity will be markedly reduced
(5), and the preparatory period of the next macrocycle must
contain an increased emphasis on the general preparation
phase in order to return fitness to the level obtained in the
previous macrocycle (5). If the transition period is constructed
and employed appropriately, this period will refresh the
tactical athlete both physically and mentally (56) while
allowing them to prepare for the training stress of the next
macrocycle or annual training plan.

Mesocycle
The main building block of all macrocycles is the medium-
sized planning unit known as the mesocycle. Sometimes a
mesocycle is also referred to as a block of training (31) or
summated microcycle (59, 71). The mesocycle lasts two to
six weeks (39, 40, 46, 57, 71, 75, 82, 83), with four weeks
being the most common duration (59, 79, 82, 83). Four weeks
are typically used because asymptotic training effects begin to
occur around this time, and the onset of involution begins to
manifest as either a stagnation or decline in the physiological
adaptive responses and performance gain (79). Manipulating
various training units in the mesocycle in order to alter the
training focus can offset the asymptotic effects so that
continued adaptations and development can occur (27-29, 31,
32).

In the classic literature, there are 8 to 10 potential
classifications (table 10.2) of mesocycles that can be created
based on the target training goal (13, 35, 39, 50, 82). These
blocks of training can then be sequenced and interlinked to
create the training structure (31).



For example, starting in the general preparation phase, one
might sequence the following classic blocks of training to
create the macrocycle that ends with a competitive period:

Preparation  buildup  recovery  competition 

 competitive buildup

For the tactical athlete, mesocycles may start with a
preparatory mesocycle and end with a mesocycle designed to
stabilize the tactical athlete’s engagement-specific fitness and
tactical skills:

Preparation  buildup  recovery  buildup 

stabilization  recovery

The idea behind sequencing mesocycle blocks of training is to
develop training residuals and allow these residuals, or
delayed training effects, to be superimposed across each block
of training (39, 40, 71, 82, 83). In turn, this allows for the
exploitation of the collective training residuals during the
competitive period of the macrocycle (45, 71).



In order to simplify the sequencing process, proponents of
block periodization (7, 39, 40, 77, 82) have divided the
mesocycle classification system into three training blocks: the
accumulation, transmutation, and realization blocks (table
10.3).



Accumulation
One of the foundational mesocycle blocks is the
accumulation (39, 40) or concentrated loading block (59),
where the athlete is exposed to substantial workloads that
target a primary training factor such as muscular strength,
anaerobic endurance, muscular power, aerobic endurance,
technical or tactical ability, or some specified training factor
(31). Regardless of the primary mesocycle target, this block of
training typically lasts two to six weeks depending on the time
necessary to acquire the target ability, the rate of involution,
and the competitive schedule that the block is preparing the
athlete for (27-29, 31).

From a structural standpoint, the stability of the residuals
created by this block of training is proportional to the length of
time used to develop the targeted factor (71, 82). Additionally,
the longer the duration of this block, the longer the training
residual will last, the greater the delayed training effect (i.e.,
time before adaptations are realized as performance gains) will
be, and the greater the time course of involution associated
with the residuals created in response to the mesocycle will be
(39, 40, 59, 71).

As a whole, during accumulation mesocycles, the athlete is
saturated with more intense training that is designed to elevate
performance at a later date (27-29, 31). If planned
appropriately, these blocks serve as the foundation for
subsequent mesocycles.

Transmutation



After the completion of an accumulation block, a
transmutation block (6, 39, 40, 82) or phase potentiation
mesocycle (59, 71) is used. Transmutation blocks are periods
of reduced loading and shifted training focus that capitalize on
the residual training effects established from the accumulation
block, thus leading the tactical athlete to better operational
preparedness. This block can be two to six weeks long but
rarely extends beyond four weeks (27-29). The length of the
transmutation phase is based on the magnitude of the residuals
established and the rate of involution of the residuals created
in response to the accumulation block, the levels of fatigue
generated, and the time course for the appearance of
asymptotic training effects (29). If a longer accumulation
block is used, the time course before involution of the
established training residuals will be extended and a longer
transmutation block can be employed. This longer
transmutation block is necessary in order to dissipate fatigue
and capitalize on the delayed training effects created by the
training residuals. However, if this block is too long (>4 weeks
in most cases), there is a greater potential for involution in
which the training residuals are reduced prior to entering the
realization block. If this scenario occurs, the tactical athlete’s
preparedness and performance will be compromised (27, 29,
31).

Realization
The next block in this structural plan is the realization block,
which is employed before a specified or predetermined tactical
operation or at the end of a series of mesocycles that are
particularly taxing. Regardless of their application, these
blocks are designed to optimize both preparedness and tactical
performance capacity (8, 37, 41, 52, 53) while reducing
accumulated fatigue. Conceptually, the realization block is
similar to a taper and should only be used from the 7 to 14
days leading into a predetermined tactical operation or as a
linkage to another accumulation block of training (27-29, 31).
Typically this block reduces training workload while
maintaining both training frequency and intensity (27) and
increasing focus on tactical training. This structure helps
dissipate accumulated fatigue while elevating preparedness



and tactical performance capacity. The main concept
underlying this block is that a convergence of the residual
training effects is established in the accumulation and
transmutation blocks so that supercompensation occurs at the
end of this block, when the primary tactical operation is
scheduled (27-29, 31).

In a periodized training plan, these three simplified blocks
serve as the foundation for creating a sequential training
model. As interchangeable training structures, these basic
structures can be employed in a repetitive fashion to direct the
tactical athlete toward the engagement-specific performance
goals of the operational plan (39, 40).

Regardless of the mesocycle classification, there are several
methods for manipulating the training load within a
mesocycle. The most common method for modulating the
workload is the 3:1 loading paradigm (3 microcycles of
increasing workload followed by 1 microcycle of decreasing
workload) (5, 22). Other loading structures can be created,
such as 2:1, 2:2, 3:2, 4:1, and 4:2 (figure 10.10). The overall
ratio of loading to recovery across the mesocycle is dictated by
the tactical athlete’s level of development, ability to recover,
and training objectives for the mesocycle.



Figure 10.10 Sample mesocycle loading structures.

Microcycle
Probably the most important and detailed training structure is
the microcycle, which contains the daily training sessions (27,
31, 78). The typical length of a microcycle can range from 2 to
14 days, with the most common duration being 7 days (21, 22,
31, 78). Ultimately, a series of microcycles are linked in order
to create the mesocycle, with each microcycle being
constructed in accordance with the objectives of that
mesocycle (31).

The various mesocycle structures in a periodized training plan
make it obvious that not all microcycles contain the same
content or training objectives (27). The periodization literature
demonstrates that numerous microcycle structures can be used
when developing a training plan (62, 78). These microcycles
can be divided into four broad categories: developmental,
preparation, competition, and restoration microcycles (78).
Because so many microcycles are possible, it is difficult to
give exact microcycle structures that can be used by all tactical
athletes. However, it is widely accepted that the microcycle
should contain heavy and light days so as to maximize both
recovery and adaptation (27-29), be integrated so as to
optimize adaptive potential, and be designed in accordance
with the mesocycle objectives. Typically, microcycles are
structured with both training and recovery sessions or days (5).
Several variations of the microcycle can be created, such as
2+2, 3+1, 5+1, or 5+1+1 (training session + recovery session)
(table 10.4).



Training Day
A training day is structured in accordance with the goals
established for the individual microcycle in which it is
contained. Each training day targets specific goals and
objectives by employing one or more interrelated training
sessions. The density (number) of training sessions in the
training day is often dictated by the tactical athlete’s physical
development, ability to handle training activities, time
allocated for training, and goals of the training phase.

It is widely accepted that spacing multiple training sessions
throughout the day results in significantly greater training
adaptations (6, 34, 47-50, 56, 58, 59, 67, 72-76). Interspersing
training sessions with periods of recovery throughout the
training day increases work capacity while better managing
fatigue (31).

Training Session
The workout, or training session, as it is more appropriately
termed, is a structural unit in a periodized training plan. A
session is a series of training units with <30 minutes of rest
between units (39, 40, 82). Generally, each training day
contains multiple training units designed to target specific
outcomes in accordance with the overall structure of each
cycle of the periodized training plan (40, 82).

Training Unit
The training unit is the smallest planning component of a
periodized training program. It contains focused training
activities that are used to create an individual training session



(27-29). A training session may be composed of several
training units, such as warm-up, plyometric, technical,
strength, and flexibility units. The units in a training session
are dictated by the targeted goals established for the session in
accordance with the overall training plan.



Sequencing and Integrating
Training

A key aspect of periodization is sequencing and integrating
training factors in order to direct training outcomes. Although
this concept is not new (49), recent scientific evidence reveals
the superiority of appropriately sequenced (51, 81) and
integrated training programs (14, 24, 36) when compared with
traditional training models.

From a sequential standpoint, it is important to remember that
the training residuals created in one mesocycle will directly
influence the training outcomes of subsequent mesocycles. If,
for example, the targeted outcome of a series of mesocycles is
the development of muscular power, a horizontally sequenced
series of mesocycles might proceed as follows (81):

Strength endurance  strength  power

In this traditional example, the strength endurance phase
develops the fitness foundation from which strength can then
be maximized. After the athlete’s maximal strength is
increased, the ability to optimize power output with specific
training interventions is maximized as a result of architectural
changes and neuromuscular adaptations of the muscle (51, 81).

Though sequencing of training is a critical aspect of
periodization, it is also important to consider how the
individual training factors integrate. Appropriate integration of
training factors allows for compatible factors (table 10.5) to be
trained simultaneously without creating interference effects
that mute or hinder the targeted performance gain (27-29).
Vertical integration of training factors is important for tactical
athletes, who may need to develop several training outcomes
in preparation for their operational engagement. When the
training plan is appropriately integrated and sequenced, the
ability to manage workloads and enhance tactical performance
is maximized.



A lack of sequencing and integration is most noted in training
programs that address or emphasize all training factors at the
same time (27-29) without consideration for how these factors
interrelate. This lack of sequencing and integration creates the
blender effect (27): excessive accumulated fatigue that makes
it impossible to optimize performance at appropriate times (26,
78), increases the risk of overtraining (69), and increases the
potential for injury (23). These effects are even greater for
tactical athletes than sport athletes because failure to be
prepared for operational engagements can have worse
outcomes (i.e., extreme bodily harm or death).

Conversely, in a well-crafted periodized training program, the
ability to determine when optimal performance occurs is
greatly increased, overtraining potential is reduced, and injury
potential is markedly reduced (27-29). The periodized training
plan is able to accomplish these goals thanks to the vertical
integration and horizontal sequencing of training factors.
Vertical integration involves looking at how the various
training factors interact within a specific mesocycle block,
whereas horizontal sequencing deals with how the factors are
sequenced.



Figure 10.11 presents an example of how several training
factors can be vertically integrated or prioritized in accordance
with their mesocycle block. Additionally, it presents a
horizontal sequential pattern in which the targeted factors vary
in their emphasis in each mesocycle block. For example, in
block 1, the main emphasis is endurance development, with
strength being the secondary emphasis and technique being a
tertiary emphasis. In mesocycle block 2, strength becomes the
primary emphasis and endurance becomes secondary. After
completing block 2, tactical training is the primary emphasis
and tactical employment of techniques is the secondary
emphasis. So for these three mesocycles, the targeted
emphasis progresses from endurance to strength and ends with
tactical performance. Conceptually, vertical integration is a
modulation of emphasis within a block, while horizontal
sequencing is the sequential prioritization of specific training
factors over time.



Figure 10.11 Vertical integration and horizontal sequencing.

The success of the periodized training plan is largely
influenced by the ordering of successive mesocycles in
relationship to the mechanical specificity (5, 59), metabolic
specificity (59, 71), and time course for the involution of
residual training factors (39, 40). Additionally, how the
training factors are vertically integrated will influence the
success of the sequential model. For example, if the targeted
outcome is maximal strength, then including large volumes of
endurance work can result in interference effects that mute the
ability to develop strength (27).



Applying Periodization Theory to
Deployment-Based Tactical

Athletes
Applying periodization theory to deployment-based tactical
athletes may seem daunting. However, this task can be made
simpler by considering periodization in the context of a
mission plan, operational plan, or tactical guide. Operational
plans must be modifiable in order to meet the ever-changing
environment, unit schedules, and mission status of the
deployment-based tactical athlete while staying focused on the
operational objectives or goals. Using periodization modeling
for the tactical athlete is a sound idea and may help prevent
injury, avoid overtraining, and maximize mission
effectiveness. In fact, a major problem with conventional
preparation programs for tactical athletes is overtraining and
injuries that are directly related to physical preparation (64).
Sell (64) recently revealed that 48.5% of the injuries in a
cohort of airborne soldiers occurred to the lower extremity
(62.6% of all injuries) during physical preparation activities,
which may be linked to overtraining. Further, Bullock (11)
revealed that preventing overtraining during the preparation of
the tactical athletes is a high priority because of its large
impact on the tactical athlete’s mission readiness.

Periodization modeling offers an excellent tool for addressing
the issues brought to light by Sell (64) and Bullock (11). To
address the mission readiness of the tactical athlete, Sell and
colleagues (63) developed a periodized strength and
conditioning model (table 10.6). Even though this was a
relatively short intervention (eight weeks), the model had all
the earmarks of a successful periodized training plan (vertical
integration and horizontal sequencing) and revealed that
periodized training can be used in the preparation of tactical
athletes.



When considering periodization modeling for the tactical
athlete, it is important to relate the classic periods of training
with the traditional tactical mission (table 10.7). For example,
the predeployment period should be considered as a
preparation period in which the tactical athlete prepares for
deployment.



The goal of the predeployment period is developing the
physiological attributes necessary for tactical success,
including strength, endurance, high-intensity endurance,
power, speed, agility, and balance. Consider this early portion
of the predeployment period as the general preparation phase
when the foundation is developed with higher volumes and
lower intensities of training. The later stages of the
predeployment period would then bring in higher intensities of
training and reorient focus toward tactical-specific training
activities that better prepare the tactical athlete for
deployment. Deployment should be considered as the
competitive period and should contain both precompetitive
and main competitive phases. The deployment period will
most likely change the means, modes, or methods of training
based on the availability of equipment. However, even though
these items may change, the targeted goals should remain
constant. The challenge of the deployment period is adjusting
the training stressors in accordance with the ever-changing
tactical environment.

Key Point
Periodized training programs for deployment-based tactical
athletes can be based on macrocycles, which have
predeployment, deployment, and postdeployment training
periods. These are similar to the preparatory, competitive, and
transition periods used to prepare sport athletes.

When developing an operational plan, the most important
thing is to establish the training or outcome goals. These goals
are based on the strengths and weaknesses of the tactical
athlete as well as the operational constraints under which that
tactical athlete will operate.



According to the literature, it appears that tactical athletes
should not solely rely on long marching or distance running to
develop their physical preparedness (11, 63). Instead, a more
balanced training approach is warranted that includes muscular
strength, speed, agility, power, and high-intensity exercise
endurance. These elements need to be balanced with technical
and tactical development. An additional item of concern is
developing a lean mass reserve during the predeployment
period (11).

A basic periodization model can be developed to address the
phases of a mission (figure 10.12). In this generic model, the
predeployment period focuses on improving strength, lean
body mass reserve, high-intensity endurance capacity, speed,
agility, and endurance capacity. During this period, tactical
athletes will probably have numerous methods and modes of
training at their disposal, including gym and field-based
activities.



Figure 10.12 Generic periodization model with training foci
for the tactical athlete.

Once tactical athletes are deployed, the main goals are to
manage operational fatigue, maintain strength levels, maintain
or slow the decline in lean body mass associated with
deployment, maintain high-intensity endurance capacity,
maintain overall endurance, and maintain speed and agility.
Because of the ever-changing environment during deployment,
the program must offer flexibility in the modes and methods
for targeting these training goals and often must rely on field-
based training methods.

Upon return from deployment, tactical athletes undergo a
transition phase. This is classified as the postdeployment
period and is designed to transition the tactical athlete from
deployment into the next predeployment training period. This
period also allows tactical athletes to recover from deployment
stressors, deal with any injuries or wounds suffered during
deployment, begin low-level training to prepare for the next
predeployment period, and determine what training factors
must be addressed before the next deployment.

Predeployment Period
The construction of the predeployment period should be
individualized to the tactical athlete or unit. However, a
sample mesocycle model is shown in figures 10.13 through
10.15, which depict a series of mesocycles that vertically
integrate and horizontally sequence training factors that are of
particular interest to the tactical athlete.



Figure 10.13 Sample predeployment period mesocycle 1 with
structures and targets.

Figure 10.13 depicts the first mesocycle of a series that could
be contained in a predeployment period. In block 1 of this
series, the primary emphasis is hypertrophy with a secondary
emphasis on aerobic-anaerobic endurance capacity. These
targets may be addressed with hypertrophy training (high-
volume resistance training with moderate loads) and aerobic-
anaerobic endurance training (high-intensity interval training
of varying distances and time lengths that develops both
aerobic and anaerobic capacities). A microcycle is then
structured that allows for better management of training
stressors. It is important to consider tactical or technical
training as part of the training plan to account for traditional
training activities such as target practices. This first mesocycle
block would generally last around four weeks.

After completing the first mesocycle block, the second block
begins (figure 10.14). This block develops maximal strength
as a primary target; increasing lean body mass in the first
block serves as a foundation from which strength can be
enhanced (51, 81). This block also increases emphasis on
power development and tactical training. Because large
volumes of endurance work interfere with strength
development, this training target is de-emphasized. As with
the first mesocycle block, four weeks is the typical duration.



Figure 10.14 Sample predeployment period mesocycle 2 with
structures and targets.

The final block of this example is presented in figure 10.15. In
this mesocycle block, the emphasis shifts to strength and
power development, tactical and technical work, and speed
and agility. The idea is to enhance performance capacity for
four weeks of training before deployment occurs. However, if
the predeployment period is longer than 12 weeks, the
sequence of mesocycle blocks could be repeated.



Figure 10.15 Sample predeployment period mesocycle 3 with
structures and targets.

Deployment Period
The deployment period would be synonymous with the long
competitive period typically seen in college and professional
sport. Its objective is to maintain the training adaptations
developed in the predeployment period (5). Typically, this is
accomplished using a structured program that keeps intensity
relatively high while modulating training frequency around
major engagements. Because of the ever-changing tactical
environment, this period is probably the hardest to construct a
periodized plan for. Additionally, the modes and methods may
not be set, and the availability of some training tools may be
limited. As a rule of thumb, a strength program should have a
minimum of two nonconsecutive days per week and one to
two days per week of anaerobic-aerobic endurance training.
However, if the tactical engagements require large amounts of
aerobic or anaerobic intervals, this may be reduced because
the tactical engagements may be adequate to maintain these
characteristics. Finally, it is important to keep in mind the
density of tactical engagements because they are
physiologically and psychologically stressful. If there are
many tactical engagements, then additional recovery may be
warranted.



Applying Periodization Theory to
Nondeployed Tactical Athletes

When working with tactical athletes who are not deployment
based, such as firefighters, police officers, and emergency
response personnel, classic periodization modeling becomes
more challenging. Two strategies can be used to create an
annual training plan. The first strategy is to use statistical
analyses to determine times in the calendar year when there is
an increased occurrence of tactical events. If TSAC
Facilitators are able to quantify these time points, they can
follow the same principles for designing a periodized training
program as when they work with deployment-based tactical
athletes. For example, it is well documented that there is a
10% increase in the demand for emergency response services
when the temperature becomes oppressively hot (16).
Additionally, there is an additional increase in emergency
response demand when extreme cold weather occurs (80).
Because temperatures rise during the summer, these months
could be classified as one of the main tactical demand periods
(i.e., a competitive period). Conversely, when the temperature
drops in the winter months, a second main tactical demand
period could be determined. The TSAC Facilitator could
create an annual plan that divides the calendar year into two
macrocycles based on these two key periods (figure 10.16).



Figure 10.16 Sample annual training plan for an EMS
provider.

For example, in figure 10.16 the annual plan is based on
spring, summer, fall, and winter. The preparatory periods are
the spring and fall months, and the competitive periods are the
summer and winter months. The TSAC Facilitator can then
create training targets for each period of training.

Another strategy is to create blocks of training that cycle
through accumulation, transmutation, and realization phases.
For example, police officers may need to use this strategy,
where general physical preparation activities (accumulation)
are undertaken for the first microcycle each month, specific
preparation activities (transmutation) are undertaken during
the second and third microcycles, and peaking of performance
(realization) occurs during the fourth microcycle each month
(figure 10.17).



Figure 10.17 Sample block model of periodization for a police
officer.

Regardless of the type of tactical athlete being trained, the
TSAC Facilitator can manipulate the various periodization
strategies to provide structured training that prepares the
tactical athlete for operational engagements.



Conclusion
Periodization is a well-documented theoretical and practical
paradigm typically associated with the preparation of athletes
at various levels. When adapting periodization theory to the
tactical environment, it is important to consider the paradigm
as a form of operational planning. As such, periodization
should be a central concept in the preparation of tactical
athletes. Regardless of the environment, the application of
periodization is based on a logical integrative sequencing of
training factors in order to optimize performance, reduce
overtraining potential, manage fatigue, and enhance recovery.
Ultimately, periodized training models in the tactical
environment can optimize operational effectiveness and
maintenance of the tactical athlete’s overall well-being.

Key Terms
 

accumulation block
adaptive potential
aerobic-anaerobic endurance training
competitive period
bicycle
blender effect
block
concentrated loading
fatigue
fitness
fitness–fatigue theory
general adaptation syndrome (GAS)
general preparation phase
horizontal integration
macrocycle
main competitive phase
mesocycle
microcycle
monocycle
operational plan
periodization



phase potentiation mesocycle
precompetitive phase
preparatory period
preparedness
realization block
sequential periodization models
specific preparation phase
stimulus-fatigue-recovery-adaptation theory (SFRAT)
summated microcycle
training day
training session
training unit
transition period
transmutation block
tricycle
vertical integration

Study Questions
 

1. What is the primary consideration when designing a
periodization program for a tactical athlete?

1. adaptive potential
2. proper variation
3. peaking season
4. operational plan

2. What level of the periodization hierarchy structure
consists of several hours of training?

1. training day
2. training session
3. training unit
4. microcycle

3. When designing a tactical athlete’s program, which
period of training will typically be planned for when
fewer tactical events are predicted?

1. preparatory
2. precompetitive
3. main competitive
4. transition



4. During which block of training is workload decreased
while frequency and intensity are maintained?

1. accumulation
2. concentrated loading
3. transmutation
4. realization
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After completing this chapter, you will be able to

 

design a warm-up for a resistance training session; and
describe proper exercise technique and instructional cues
for resistance training exercises using free weights,
machines, and alternative modes or equipment.

To perform a resistance training session with proper technique,
the exerciser should perform a warm-up first. Proper
technique, including body posture, stance, and breathing, is
paramount when performing strength and conditioning
exercises. If the tactical athlete is unable to initiate or maintain
proper technique for a given exercise, an exercise regression
should be selected. Tactical athletes within a group should
each be given exercises that are appropriate for their individual
fitness and ability levels, which will ensure they can safely and
effectively complete the exercise. When necessary, exercises
can be performed with alternative implements, provided that
proper exercise technique can be maintained.

Key Point
Tactical athletes should only perform exercises they are able to
successfully complete with the proper technique.



Performing Exercises With
Alternative Implements

It may be necessary to perform the following exercises with
alternative equipment when in the field or when the equipment
described is not available. Choose alternative equipment that
allows the tactical athlete to maintain the proper technique.
For example, if no dumbbells are available for a farmer’s
walk, use an ammo can, a battering ram, or another piece of
equipment that can be safely carried. The objective is to
achieve the same training result intended while ensuring that
the alternative equipment is not damaged.

Key Point
When traditional exercise equipment is not available, use
alternative equipment that allows the tactical athlete to
perform the exercise safely and effectively.



Warm-Up Before Resistance
Training

At the beginning of a resistance training session, a warm-up
should be completed. The warm-up should include both
general and specific components. The purpose of the general
warm-up is to elevate the core temperature and increase blood
flow, which in turn enhances the speed of nerve impulses,
increases nutrient delivery to working muscles and removal of
waste by-products, and facilitates oxygen release from
hemoglobin and myoglobin (4). The general warm-up usually
consists of 5 to 10 minutes of light cardiorespiratory activity at
approximately 50% of maximal heart rate (MHR). The goal is
to work up a light sweat, not to elicit cardiorespiratory
adaptations.

The specific warm-up is designed to enhance neuromuscular
efficiency for an exercise by rehearsing the movement before
it is performed at a high intensity (4). This is believed to
improve performance during training sets. The specific warm-
up should involve movements as similar as possible to those
that will be completed during the training session. Movements
during the specific warm-up should be performed with light
weight or body weight at a controlled speed. The movements
will depend on the equipment and space available.
Additionally, the selected movements should allow the tactical
athlete to go through a full ROM and should increase body
temperature and HR without undue fatigue.



Guidelines on Body Stance and
Alignment, Breathing, and

Spotting
Proper body stance and alignment, breathing, and spotting
when necessary should be implemented in resistance
exercises. Use the following guidelines with primary exercises
as well as when using alternative equipment.

Body Stance and Alignment
Stability during lifting is essential to maximize force
production and ensure safety. To achieve a stable base of
support, exercises performed from a standing position should
generally be executed with feet slightly wider than shoulder-
width apart and feet remaining firmly in contact with the
ground. The spine should remain as upright as possible with
preservation of the natural curves (3). Supine exercises should
be carried out using five points of contact, where the head,
shoulders, upper back, and buttocks are firmly situated on the
bench and both feet are flat on the ground (1).

Breathing
Correct breathing technique facilitates exercise performance.
As a general rule, lifters should exhale during the sticking
point of an exercise (i.e., the most difficult portion of the
concentric action) and inhale during the eccentric component.
In certain cases, particularly structural exercises (movements
that directly place load on the vertebrae) performed with heavy
loads, it can be beneficial to use the Valsalva maneuver as a
breathing strategy. The Valsalva maneuver involves expiring
against a closed glottis, which increases torso stiffness and
thus attenuates compressive forces on the vertebral discs (2).

Spotting
For certain exercises, a spotter can facilitate performance
while ensuring lifter safety. The following are general
guidelines for spotting (1):



 

Exercises performed overhead and with the bar on the
back or front of the shoulders should be carried out in a
power rack with crossbars set to safely allow full ROM.
Spotters should remain close enough to the lifter to be
able to assist if needed.
Barbell exercises performed over the face should be
spotted with an alternating grip (one hand pronated, the
other supinated) to provide maximal safety and leverage.
Over-the-face dumbbell exercises should be spotted by
grasping the lifter’s arm as close to the wrist as possible.
This helps prevent the elbows from collapsing during
performance (which could lead to the weights falling on
the face or torso).
No spotting should be done for power exercises such as
the snatch or clean. Rather, the lifter should be instructed
to push away the bar or drop it and clear the area as
quickly as possible.

RESISTANCE TRAINING EXERCISES
Free Weight Exercises
 

Barbell Deadlift: Primary Exercise
Sumo Deadlift
Barbell Romanian Deadlift: Primary Exercise
Dumbbell Romanian Deadlift: Barbell Romanian Deadlift
Regression
Single-Arm, Single-Leg Romanian Deadlift: Primary
Exercise
Double-Arm, Single-Leg Romanian Deadlift: Primary
Exercise
Shoulders-Elevated Glute Bridge: Primary Exercise
Shoulders-Elevated Single-Leg Glute Bridge: Primary
Exercise
Front Squat: Primary Exercise
Zercher Squat: Field Alternative for Front Squat
Dumbbell Goblet Squat: Front Squat Regression
Double-Arm Dumbbell Walking Lunge: Primary Exercise



Dumbbell Step-Up: Double-Arm Walking Lunge
Regression
Single-Arm Dumbbell Overhead Walking Lunge:
Primary Exercise
Dumbbell Reverse Lunge: Primary Exercise
Dumbbell Farmer’s Walk: Primary Exercise
Double-Arm Arnold Press: Primary Exercise
Single-Arm Arnold Press From Split Stance: Primary
Exercise
Barbell Military Press: Primary Exercise
Barbell Push Press: Primary Exercise
Bent-Over Barbell Row: Primary Exercise
Single-Arm Bent-Over Dumbbell Row: Primary Exercise

Machine-Based Exercises
 

Wide-Grip Pulldown: Wide-Grip Pull-Up Regression
Close-Grip Pulldown: Close-Grip Pull-Up Regression
Reverse-Grip Pulldown: Reverse-Grip Pull-Up
Regression
Single-Arm Pulldown: Primary Exercise
Single-Arm Cable Row From Squat Stance: Primary
Exercise
Seated Machine Row: Primary Exercise

Bodyweight Exercises
 

Back Extension: Primary Exercise
Wide-Grip Pull-Up: Primary Exercise
Close-Grip Pull-Up: Primary Exercise
Reverse-Grip Pull-Up: Primary Exercise
Push-Up: Primary Exercise
Single-Leg Push-Up: Primary Exercise
Inverted Row: Primary Exercise

Alternative Exercises
 



Kettlebell Swing: Primary Exercise
Single-Arm Kettlebell Swing: Primary Exercise
Suspension Squat: Front Squat Regression
Suspension Pistol Squat: Primary Exercise
Suspension Split Squat: Primary Exercise
Medicine Ball Squat to Press: Primary Exercise
Kettlebell Half Get-Up: Primary Exercise
Bottoms-Up Kettlebell Press
Medicine Ball Slam: Primary Exercise
Medicine Ball Chest Pass From Split Stance: Primary
Exercise
Suspension Push-Up: Push-Up Progression
Single-Arm Suspension Row: Inverted Row Progression

Free Weight Exercises

Barbell Deadlift: Primary Exercise

Starting Position

Stand with the feet about hip-width apart. Grasp a
barbell with an overhand or alternating grip and the
arms outside the knees. The barbell should be on the
ground and touching the lower legs at midshin level.
The knees, hips, and ankles should be flexed with
the back in a neutral position at approximately a 45°
angle to the ground.

Upward Movement

Extend the knees and then the hips, keeping the
elbows extended and allowing the barbell to travel
upward in close proximity to the legs. The back
should remain in a neutral position throughout the



exercise. Continue the upward movement until the
knees and hips are extended with the barbell at
midthigh level and the torso perpendicular to the
ground.

Downward Movement

Flex the hips (sit backward), knees, and shoulders
while keeping the elbows extended, allowing the
barbell to travel downward in close proximity to the
legs. The back should remain in a neutral position
throughout the exercise. Continue descending until
the barbell is back in the starting position.

Common Errors
 

Allowing the spine to round forward
Fully extending the knees before starting to extend the
hips
Hyperextending the back at the top of the exercise

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris

Field Alternative

This exercise can be performed in the field with a
weighted piece of equipment (e.g., artillery box or
weighted rucksack) as long as the equipment can be
lifted using safe and effective technique.



Starting position



Top position

Sumo Deadlift

Starting Position

Stand with the feet wider than hip-width apart.
Grasp a barbell with an overhand or alternating grip
with the arms inside the knees. The barbell should
be on the ground and touching the lower legs at mid
shin level. The knees, hips, and ankles should be
flexed with the back in a neutral position at
approximately a 45° angle to the ground.

Upward Movement

Extend the knees and then the hips, keeping the
elbows extended and allowing the barbell to travel
upward in close proximity to the legs. The back
should remain in a neutral position throughout the
exercise. Continue the upward movement until the



knees and hips are extended with the barbell at
midthigh level and the torso perpendicular to the
ground.

Downward Movement

Flex the hips (sit backward), knees, and shoulders
while keeping the elbows extended, allowing the
barbell to travel downward in close proximity to the
legs. The back should remain in a neutral position
throughout the exercise. Continue descending until
the barbell is in the starting position.

Common Errors
 

Allowing the spine to flex or round forward
Fully extending the knees before starting to extend the
hips
Hyperextending the back at the top of the exercise

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris

Field Alternative

This exercise can be performed in the field with a
weighted piece of equipment (e.g., artillery box,
weighted rucksack) as long as the equipment can be
lifted using safe and effective technique.



Starting position



Top position

Barbell Romanian Deadlift:
Primary Exercise

Starting Position

Stand with the feet about hip-width apart. Grasp a
barbell with an overhand grip with the barbell
resting across the front of the thighs. The knees
should be slightly flexed and the back in a neutral
position.

Downward Movement

Flex the hips (sit backward) and the shoulders while
keeping the elbows extended, allowing the barbell to
travel downward in close proximity to the legs. The
back should remain in a neutral position throughout
the exercise. Continue descending as far as the



flexibility of the hamstrings will allow and proper
posture can be maintained.

Upward Movement

Extend the hips to bring the pelvis forward toward
the bar. Continue ascending until the starting
position is achieved while maintaining a slightly
flexed knee.

Common Errors
 

Allowing the shoulders and back to round forward
Allowing the knees to fully extend and lock out
Hyperextending the lower back at the top of the
movement
Allowing the barbell to travel forward away from the legs

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, erector spinae

Field Alternative

Perform using a weighted rucksack or other
equipment.



Starting position



Bottom position

Dumbbell Romanian Deadlift:
Barbell Romanian Deadlift

Regression

Starting Position

Stand with the feet about hip-width apart. Grasp a
dumbbell in each hand with an overhand grip with
the dumbbells resting across the front of the thighs.
The knees should be slightly flexed and the back in a
neutral position.

Downward Movement

Flex the hips (sit backward) and the shoulders while
keeping the elbows extended, allowing the
dumbbells to travel downward in close proximity to
the legs. The back should remain in a neutral



position throughout the exercise. Continue
descending as far as the flexibility of the hamstrings
will allow and proper posture can be maintained.

Upward Movement

Extend the hips to bring the pelvis forward toward
the dumbbells. Continue ascending until the starting
position is achieved while maintaining a slightly
flexed knee.

Common Errors
 

Allowing the shoulders and back to round forward
Allowing the knees to fully extend and lock out
Hyperextending the lower back at the top of the repetition
Allowing the dumbbells to travel forward away from the
legs

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, erector spinae

Field Alternative

Perform using an ammo can or other equipment in
each hand.

Regression

This exercise can be performed using body weight to
accommodate all ability levels.



Starting position



Bottom position

Single-Arm, Single-Leg Romanian
Deadlift: Primary Exercise

Starting Position

Stand with the feet about hip-width apart. Grasp a
dumbbell in one hand with an overhand grip with the
dumbbell resting across the front of the thigh. The
knees should be slightly flexed and the back in a
neutral position.

Downward Movement

This exercise can be performed two ways. One
variation is to hold the dumbbell in the hand
opposite the supporting leg (the leg staying on the
ground). The second variation is to hold the
dumbbell in the hand on the same side as the
supporting leg. Flex the hip of the supporting leg



while keeping the opposite leg extended at the knee
and the hip, allowing the foot to come off the
ground. The arm holding the dumbbell will remain
extended at the elbow while the shoulder flexes,
allowing the dumbbell to move downward. Keep the
hip and knee extended so the leg that comes off the
ground remains in line with the torso. The back
should remain in a neutral position throughout the
exercise. Continue descending until the torso and leg
are parallel to the ground or as far as the flexibility
of the hamstrings will allow and proper posture can
be maintained.

Upward Movement

Extend the hip of the supporting leg to bring the
opposite leg forward. Continue ascending until the
starting position is achieved while maintaining a
slightly flexed knee.

Common Errors
 

Allowing the shoulders and back to round forward
Allowing the knee of the supporting leg to fully extend
and lock out
Allowing the pelvis to tilt to either side during the
movement

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, erector spinae

Field Alternative

Perform using an ammo can, water jug, or other
equipment.

Regression



This exercise can be performed using body weight to
accommodate all ability levels.



Starting position for both movements



Bottom position for each movement: Dumbbell in
hand on the side opposite the support leg and

dumbbell in hand on the same side as the support leg

Double-Arm, Single-Leg
Romanian Deadlift: Primary



Exercise

Starting Position

Stand with the feet about hip-width apart. Grasp a
dumbbell in each hand with an overhand grip with
the dumbbells resting across the front of the thighs.
The knees should be slightly flexed and the back in a
neutral position.

Downward Movement

Flex the hip of the supporting leg (the leg that will
remain on the ground) while keeping the opposite
leg extended at the knee and the hip, allowing the
foot to come off the ground. The arms holding the
dumbbells will remain extended at the elbow while
the shoulders flex, allowing the dumbbells to move
downward. The back should remain in a neutral
position throughout the exercise. Continue
descending until the torso and rear leg are parallel to
the ground or as far as the flexibility of the
hamstrings will allow with proper posture being
maintained.

Upward Movement

Extend the hip of the supporting leg to bring the
opposite leg forward. Continue ascending until the
starting position is achieved while maintaining a
slightly flexed knee.

Common Errors
 

Allowing the shoulders and back to round forward
Allowing the knee of the supporting leg to fully extend
and lock out



Allowing the pelvis to tilt to either side during the
movement

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, erector spinae

Field Alternative

Perform using ammo cans, water jug, or other
equipment.

Regression

This exercise can be performed using body weight to
accommodate all ability levels.



Starting position



Bottom position

Shoulders-Elevated Glute Bridge:
Primary Exercise

Starting Position

Lie supine so that the upper back rests perpendicular
to the length of a bench or similar stable surface,
with the knees flexed 90° and both feet flat on the
ground. The feet should be directly underneath the
knees, with the lower legs perpendicular to the
ground. The torso and upper legs should be aligned
from the knees to the shoulders and should be
parallel to the ground. Position a barbell or dumbbell
at the inguinal fold (approximately at the belt line)
across the pelvis, holding the implement with both
hands. For greater comfort, place a pad across the
pelvis.

Downward Movement



Flex the hips so they descend toward the ground.
The torso should remain extended throughout the
exercise. Continue descending until the hips are just
above the ground. Both feet should remain flat on
the ground throughout the movement.

Upward Movement

Extend the hips so they rise. Continue until the
starting position is achieved.

Spotter

A spotter may be necessary to remove the weight
from the lifter once the exercise is complete.

Common Errors
 

Hyperextending the lower back at the top of the
movement
Allowing the heels to come off the ground
Starting with the feet too far forward or backward

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris

Field Alternative

Perform with a sandbag or other weighted
implement across the pelvis.

Regressions

This exercise can be regressed by performing it
without additional resistance (i.e., using body
weight). It can be regressed further by starting while
lying supine on the ground with both feet flat on the
ground.



Starting position (a dumbbell or other piece of
equipment can be used in place of a barbell)



Top position

Shoulders-Elevated Single-Leg
Glute Bridge: Primary Exercise

Starting Position

Lie supine so that the upper back rests perpendicular
to the length of a bench or similar stable surface,
with one knee flexed 90° and the foot flat on the
ground. The other knee should be extended with the
entire leg parallel to the ground. The up leg should
remain parallel to the ground throughout the
exercise. The foot on the ground should be directly
underneath the knee, with the lower leg
perpendicular to the ground. The torso and upper
legs should be aligned from the knees to the
shoulders and should be parallel to the ground.
Position a dumbbell at the inguinal fold across the
pelvis, holding the implement with both hands. For
greater comfort, place a pad across the pelvis.

Downward Movement



Flex the hips so they descend toward the ground.
The torso should remain extended throughout the
exercise. Continue descending until the hips are just
above the ground. The foot on the ground should
remain flat, while the other leg should remain
parallel to the ground.

Upward Movement

Extend the hips so they rise. Continue until the
starting position is achieved, with the upper legs
parallel to each other and the ground.

Spotter

A spotter may be necessary to remove the weight
from the lifter once the exercise is complete.

Common Errors
 

Hyperextending the lower back at the top of the
movement
Allowing the heel of the foot on the ground to come off
the ground
Allowing the up leg to lose a parallel position with the
ground

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris

Field Alternative

Perform with a sandbag or other weighted
implement across the pelvis.

Regression



This exercise can be regressed by performing it
without additional resistance (i.e., using body
weight). It can be regressed further by starting while
lying supine on the ground with one foot flat on the
ground and the other knee extended to keep the foot
off the ground.



Starting position (a barbell or other piece of
equipment can be used in place of a dumbbell)



Top position

Front Squat: Primary Exercise

Starting Position

Place a barbell across the front of the shoulders, with
the elbows and shoulders flexed and wrists
extended. In this position, the upper arms should be
approximately parallel to the ground with the fingers
supporting the bar and elbows pointing straight
ahead. The feet should be shoulder-width or slightly
wider than shoulder-width apart with a neutral back
position. As an alternative, the lifter can cross the
arms, placing each hand over the barbell on the
opposite shoulder. This can be especially useful if
the lifter has any trouble with wrist mobility.

Downward Movement

Simultaneously flex the hips (sit backward) and
knees to descend in a controlled manner. The knees
should stay positioned over the feet. The torso
should remain erect throughout the movement, and
the head should maintain a neutral position with the



eyes focused either straight ahead or slightly
upward. Continue the downward movement until the
thighs are parallel to the ground or as far as quality
technique can be maintained.

Upward Movement

While keeping the feet flat on the ground,
simultaneously extend the knees and hips to return
to the starting position.

Spotter

The preferred spotting method is with two spotters:
The spotters stand at opposite ends of the bar and
hold the hands 2 to 3 inches (5-8 cm) below the ends
of the bar, thumbs overlapping. If only one spotter is
used, the spotter should be positioned directly
behind the lifter with the arms underneath the upper
arms of the lifter and the hands near the lifter’s torso
just below the lifter’s elbows. The spotter mimics
the motion of the lifter throughout the exercise,
staying a few inches (about 5 cm) away from the
lifter. If help is required, the spotter immediately
places the hands on the lifter’s torso and begins
lifting by extending the hips and knees.

Common Errors
 

Allowing the shoulders and back to round forward
Allowing the knees to move toward each other and lose
alignment over the feet
Allowing the elbows to point downward so that the upper
arms do not maintain a position that is parallel to the
ground

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,



vastus intermedius, vastus medialis, rectus femoris

Field Alternative

The Zercher squat can be performed in the field with
heavy equipment when a squat rack in not available.



Starting position with two spotters



Bottom position with two spotters

Zercher Squat: Field Alternative
for Front Squat

Starting Position

Place a piece of equipment across the antecubital
area (crease of the elbows), with the elbows and
shoulders flexed. In this position, the forearms
should be approximately parallel to the upper torso.
The feet should be shoulder-width or slightly wider
than shoulder-width apart with a neutral back
position.

Downward Movement

Simultaneously flex the hips (sit backward) and
knees to descend in a controlled manner. The knees
should stay positioned over the feet. The torso
should remain erect throughout the movement, and
the head should maintain a neutral position with the
eyes focused either straight ahead or slightly
upward. Continue the downward movement until the



thighs are parallel to the ground or as far as quality
technique can be maintained.

Upward Movement

While keeping the feet flat on the ground,
simultaneously extend the knees and hips to return
to the starting position.

Common Errors
 

Allowing the shoulders and back to round forward
Allowing the knees to move toward each other and lose
alignment over the feet

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris



Starting position



Bottom position

Dumbbell Goblet Squat: Front
Squat Regression

If the exerciser has never performed a front squat or is unable
to perform a front squat properly, or the appropriate equipment
is not available to perform a barbell front squat, a dumbbell (or
other implement) goblet squat can be performed as a
substitute.

Starting Position
Position the dumbbell (or other implement) vertically next to
the sternum, just underneath the chin, holding the dumbbell on
each side with the palms facing in and the forearms against the
side of the dumbbell as much as possible. The upper arms and
elbows should be in contact with the torso. The feet should be
shoulder-width or slightly wider than shoulder-width apart.

Downward Movement
Simultaneously flex the hips (sit backward) and knees to
descend in a controlled manner. The knees should stay aligned



over the feet. The torso should remain erect throughout the
movement, and the head should maintain a neutral position
with the eyes focused either straight ahead or slightly upward.
Continue the downward movement until the thighs are parallel
to the ground or as far as quality technique can be maintained.

Upward Movement
While keeping the feet flat on the ground, simultaneously
extend the knees and hips to return to the starting position.

Common Errors
 

Allowing the shoulders and back to round forward
Allowing the knees to move toward each other and lose
alignment over the feet
Allowing the implement to move forward or away from
the torso

Major Muscles Involved
gluteus maximus, semimembranosus, semitendinosus, biceps
femoris, vastus lateralis, vastus intermedius, vastus medialis,
rectus femoris

Field Alternative
The goblet squat can be performed with any piece of weighted
equipment.



Starting position



Bottom position

Double-Arm Dumbbell Walking
Lunge: Primary Exercise

Starting Position

Grasp a dumbbell in each hand in a standing
position, arms hanging down at the sides of the
body. Maintain a neutral back position.

Downward Movement

Take a step forward with one leg and leave the other
leg in place. Descend by flexing the knee and hip of
the front leg while simultaneously flexing the knee
of the back leg. Continue descending until the knee
of the trail leg is about an inch (2.5 cm) off the
ground, or as low as possible, maintaining good
form. The torso should remain erect throughout the
movement, and the head should maintain a neutral
position with the eyes focused either straight ahead



or slightly upward. At the bottom position, the knee
of the trail leg, the hips, and the shoulders should all
be aligned vertically. The knee of the front leg
should be aligned with the front foot.

Upward Movement

Simultaneously extend the knee and hip of the front
leg while bringing the trail leg forward until it is
alongside the front leg. Repeat this process with the
other leg forward to complete a full repetition.

Common Errors
 

Allowing the shoulders and back to round forward
Allowing the forward knee to move inward and lose
alignment over the front foot
Taking too long of a stride to begin the movement, so the
knee of the trail leg does not stay aligned under the hips
and shoulders

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris,
iliopsoas

Field Alternative

Pushing a sled or vehicle can be used as a field
alternative. Ammo cans, water jugs, or any other
piece of equipment can also be held in each hand to
perform this exercise in the field.



Starting position



Bottom position

Dumbbell Step-Up: Double-Arm
Walking Lunge Regression

If the exerciser has never performed a walking lunge or is
unable to perform a walking lunge properly, a dumbbell (or
other implement) step-up can be performed instead.

Starting Position
Grasp a dumbbell in each hand in a standing position facing a
box (or a solid step). The box or step height should be set so
when the lifter places a foot on the box, the knee is at the same
height or lower than the hip. This exercise can be performed
with body weight or lower steps to accommodate all fitness
levels.

Upward Movement
Flex the knee and hip of one leg to place the foot flat on the
box. Then extend the knee and hip of the front leg, keeping the
trail leg relatively extended to ensure the front leg does the
majority of the work. The torso should remain erect



throughout the movement, and the head should maintain a
neutral position with the eyes focused either straight ahead or
slightly upward. Continue extending the front leg to bring the
trail leg forward until it is alongside the front leg on the box.

Downward Movement
Step backward from the box with the trail leg while
controlling the descent with the front leg, which is still on the
box. Continue descending until the foot of the trail leg reaches
the ground. Return to the starting position by removing the
front leg from the box and returning it to the ground. The torso
should remain erect and the knee of the front leg should be
aligned with the foot throughout the movement. Repeat this
process with the other leg on the box to complete a full
repetition.

Common Errors
 

Allowing the shoulders and back to round forward
Allowing the front knee (of the foot that is on the box) to
move inward and lose alignment over the front foot
Pushing off with the back leg to assist the upward
movement

Major Muscles Involved
gluteus maximus, semimembranosus, semitendinosus, biceps
femoris, vastus lateralis, vastus intermedius, vastus medialis,
rectus femoris

Field Alternative
Pushing a sled or vehicle can be used as a field alternative.
Ammo cans, water jugs or any other piece of equipment can
also be held in each hand to perform this exercise in the field.



Starting position



Top position

Single-Arm Dumbbell Overhead
Walking Lunge: Primary Exercise

Starting Position

In a standing position with a neutral back position,
grasp a dumbbell in one hand and press the
dumbbell directly overhead.

Downward Movement

Take a step forward with one leg while leaving the
other leg in place. Descend by flexing the knee and
hip of the front leg and flexing the knee of the trail
leg so it lowers toward the ground. Continue
descending until the knee of the trail leg is about an
inch (2.5 cm) off the ground, or as low as possible,
maintaining good form. The torso should remain
erect throughout the movement and the dumbbell



held overhead with the elbow fully extended. The
head should maintain a neutral position with the
eyes focused either straight ahead or slightly
upward. At the bottom position, the knee of the trail
leg, the hips, the shoulders, and the dumbbell should
all be aligned vertically. The knee on the front leg
should be aligned with the front foot.

Upward Movement

Simultaneously extend the knee and hip of the front
leg while bringing the trail leg forward until it is
alongside the front leg. Repeat this process with the
other leg to complete a full repetition. Complete an
equal number of repetitions with the dumbbell in
each hand.

Common Errors
 

Allowing the shoulders and back to round forward
Allowing the front knee to move inward and lose
alignment over the front foot
Taking too long of a stride to begin the movement, so the
knee of the trail leg does not stay aligned under the hips
and shoulders

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris,
iliopsoas, anterior and medial deltoids, triceps
brachii

Field Alternative

Perform with a sandbag or other implement instead
of the dumbbell.



Regression

The exercise can be modified to accommodate all
ability levels by removing the implement from the
hand, reducing the ROM during the downward
phase of the movement, or both.



Starting position



Bottom position

Dumbbell Reverse Lunge:
Primary Exercise

Starting Position

Grasp a dumbbell in each hand in a standing position
with a neutral back position.

Downward Movement

Take a step backward with one leg while leaving the
other leg in place. Descend by flexing the knee of
the trail leg while simultaneously flexing the knee
and hip of the front leg. Continue descending until
the knee of the trail leg is about an inch (2.5 cm) off
the ground, or as low as possible, maintaining good
form. The torso should remain erect throughout the
movement, and the head should maintain a neutral
position with the eyes focused either straight ahead



or slightly upward. At the bottom position, the knee
of the trail leg, the hips, and the shoulders should all
be aligned vertically. The knee of the front leg
should be aligned with the front foot.

Upward Movement

Simultaneously extend the knee and hip of the front
leg while bringing the trail leg forward until it is
alongside the front leg. Repeat this process with the
other leg to complete a full repetition.

Common Errors
 

Allowing the shoulders and back to round forward
Allowing the front knee to move inward and lose
alignment over the front foot
Taking too long of a stride backward to begin the
movement so that the knee of the trail leg does not stay
aligned under the hips and shoulders

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris

Field Alternative

Hold equipment or another implement across the
front of the torso with both arms instead of
dumbbells.

Regression

The exercise can be modified to accommodate all
ability levels by removing the dumbbells from the
hands, reducing the ROM during the downward
phase of the movement, or both.



Starting position



Bottom position: Step backward with one leg

Dumbbell Farmer’s Walk:
Primary Exercise

Starting Position

Grasp a dumbbell in each hand in a standing position
with a neutral back position.

Movement

This exercise is completed by performing a walking
motion while carrying a dumbbell or other training
implement in each hand. The torso should remain
upright with the eyes focused forward or slightly
upward and elbows extended throughout the
exercise. This exercise can be performed for a
prescribed number of steps, time, or distance.

Common Errors



 

Allowing the shoulders and back to round forward
Allowing the dumbbells or training implements to fall to
the ground upon completion of the set
Using too much weight, so the lifter is unable to maintain
quality posture
Flexing the elbows during the movement

Major Muscles Involved

forearm flexors, trapezius, and middle deltoids

Field Alternative

Replace the dumbbells with heavy rucksacks or
other pieces of equipment.



Walking position

Double-Arm Arnold Press:
Primary Exercise

Starting Position

Stand with the feet hip-width or slightly wider than
hip-width apart. The knees and hips should be
slightly flexed and remain in this position
throughout the movement. Grasp two dumbbells,
flex at the elbows, and internally rotate the forearms
to bring the dumbbells to a position where they are
directly under the chin, with the palms facing each
other and the head of the dumbbells touching the
sternum.

Upward Movement

Simultaneously extend the elbows while abducting
and flexing the shoulders and externally rotating the



forearms until the dumbbells are overhead with the
palms facing forward and the elbows fully extended.

Downward Movement

Flex the elbows while adducting and extending the
shoulders and rotating the hands so the dumbbells
descend inward. Continue until the starting position
is achieved.

Common Errors
 

Using the lower body to generate momentum to propel
the dumbbells upward
Not fully extending the elbows at the top of each
repetition
Not bringing the dumbbells back underneath the chin at
the bottom of each repetition

Major Muscles Involved

anterior and medial deltoids, triceps brachii

Field Alternative

This exercise can be performed by holding a
sandbag or other implement in each hand.



Starting position



Top position

Single-Arm Arnold Press From
Split Stance: Primary Exercise

Starting Position

Stand with the feet staggered with both feet flat on
the ground. Place the front foot ahead of the hips and
the back foot behind the hips. The more narrowly
aligned the feet are, the more this will challenge the
lifter’s balance. The knees should be slightly flexed
and remain in this position throughout the
movement. Hold a dumbbell in the hand of the arm
on the same side as the trail leg, with the dumbbell
directly under the chin and the palm facing inward.
The head of the dumbbell should lightly touch the
sternum. The arm that does not have a dumbbell
should remain relaxed at the lifter’s side.



Upward Movement

Simultaneously extend the elbow while abducting
and flexing the shoulder and externally rotating the
forearm until the dumbbell is overhead with the
palm facing forward and the elbow fully extended.

Downward Movement

Flex the elbow while adducting and extending the
shoulder and rotating the hand so the dumbbell
descends inward. Continue until the starting position
is achieved. When the desired number of repetitions
is reached, repeat on the opposite side.

Common Errors
 

Placing the opposite hand on the hip to assist with
balance
Not allowing the elbow to fully extend and the shoulder
to fully flex at the top of each repetition
Not bringing the dumbbell back underneath the chin at
the bottom of each repetition

Major Muscles Involved

anterior and medial deltoids, triceps brachii

Field Alternative

This exercise can be performed using a sandbag,
other implement, or other piece of equipment.



Starting position



Top position

Barbell Military Press: Primary
Exercise

Starting Position

Place a barbell across the front of the shoulders. The
elbows should be flexed and directly underneath the
bar with the palms facing forward. The feet should
be shoulder-width or slightly wider than shoulder-
width apart with the knees slightly flexed.

Upward Movement

Simultaneously extend the elbows and flex the
shoulders to press the barbell upward. Continue the
movement until the elbows are fully extended with
the barbell pressed directly overhead.

Downward Movement



Flex the elbows while extending the shoulders so
that the bar travels downward. Continue until the
barbell returns to the starting position. The lower
body and torso should remain in the starting position
throughout the movement.

Spotter

A spotter is needed, but one is not shown in the
photos. If the lifter performs the exercise in a seated
position (such as in a shoulder press bench), the
spotter should stand directly behind the lifter with
the hands just outside the hands of the lifter a few
inches (about 5 cm) below the bar. If the lifter
performs the exercise in a standing position, the
spotter may not be able to spot the bar due to height
differences, especially toward the end of the upward
movement and the beginning of the downward
movement. Thus, it may be necessary to stand on an
elevated stable surface to assist the lifter at the top of
the exercise.

Common Errors
 

Performing the exercise with the barbell moving behind
the head
Using the lower body to generate momentum to drive the
barbell upward
Hyperextending the lower back during the exercise

Major Muscles Involved

anterior and medial deltoids, triceps brachii

Field Alternative

This exercise can be performed with any implement
or piece of equipment that can be pressed overhead
safely.



Starting position



Top position

Barbell Push Press: Primary
Exercise

Starting Position

Place a barbell across the front of the shoulders. The
elbows should be flexed and directly underneath the
bar with the palms facing forward. The feet should
be shoulder-width or slightly wider than shoulder-
width apart with the knees slightly flexed.

First Downward Movement

Flex the knees and hips. Continue descending until
the hips are approximately 6 inches (15 cm) below



the starting position.

Upward Movement

Simultaneously extend the elbows and flex the
shoulders to press the barbell upward while quickly
extending the knees and hips and plantar flexing the
ankles. Continue the upward movement until the
elbows are fully extended and the barbell is pressed
directly overhead in a standing position with the
knees slightly flexed. This movement is performed
quickly to generate momentum to drive the barbell
vertically.

Second Downward Movement

Flex the elbows while extending the shoulders so
that the bar travels downward. Continue until the
barbell returns to the starting position.

Common Errors
 

Performing the exercise with the barbell moving behind
the head
Performing a second downward movement (the same as
the first downward movement) while the barbell is
traveling vertically
Hyperextending the lower back during the exercise

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris,
soleus, gastrocnemius, deltoids, trapezius, triceps
brachii

Field Alternative



This exercise can be performed with any implement
or piece of equipment that can be pressed overhead
safely.



Starting position



Dip



Press

Alternate-Arm Dumbbell Bench Press:
Primary Exercise
Starting Position
Lie supine on a bench with a dumbbell in each hand. Flex the
shoulders and extend the elbows so the arms are perpendicular
to the ground. The head, shoulders, and buttocks should be in
contact with the bench with both feet flat on the ground. These
five points of contact should be maintained throughout the
exercise.

Downward Movement
Flex the elbow and extend the shoulder of one arm so that the
arm achieves a 45° angle from the torso. The other arm should
remain motionless during this motion. Continue the downward
movement until the bottom of the dumbbell is in line with the
top of the chest.

Upward Movement



Simultaneously extend the elbow and flex the shoulder of the
lifting arm. Continue this movement until the dumbbell returns
to the starting position. Repeat this process with the other arm
to complete a full repetition.

Spotter
The spotter should be at the head of the bench with the hands
around, but not touching, the lifter’s wrist. If spotting is
necessary, the spotter should grasp the lifter’s wrist, not lift up
on the lifter’s upper arm or elbow.

Common Errors
 

Failing to keep the uninvolved arm motionless while the
other arm is moving
Arching the low back so the buttocks come off the bench
Lifting the head off the bench

Major Muscles Involved
pectoralis major, anterior deltoids, triceps brachii

Field Alternative
Use the alternate-arm medicine ball (or other implement)
push-up when dumbbells are not available. For this exercise,
the lifter places one hand on the medicine ball while in a push-
up position and then completes a push-up. The hand that is
elevated should be changed with each repetition to mimic the
alternation of the dumbbell bench press.



Starting position



Bottom position

Bent-Over Barbell Row: Primary
Exercise

Starting Position

Stand with the feet hip-width or slightly wider than
hip-width apart with the knees and hips flexed and
the torso approximately parallel to the ground. The
arms should be perpendicular to the ground with the
hands grasping a barbell with an overhand grip. The
barbell should be directly in front of the shins. The
position of the legs and torso should be maintained
throughout the movement.

Upward Movement

Flex the elbows and extend the shoulders to pull the
barbell toward the lower chest. Continue this
movement until the barbell touches the sternum. The



position of the legs and torso should not change, and
only the arms should move.

Downward Movement

Extend the elbows and flex the shoulders to lower
the barbell toward the ground. Continue this
movement until the starting position is achieved.

Common Errors
 

Using the legs or torso to generate momentum to lift the
barbell toward the sternum
Allowing the torso to flex and extend during the
movement

Major Muscles Involved

latissimus dorsi, rhomboid minor and major

Field Alternative

This exercise can be performed with any equipment
that can be lifted safely, such as a weighted rucksack
or ammo can.



Starting position



Top position

Single-Arm Bent-Over Dumbbell
Row: Primary Exercise

Starting Position

Stand with the feet hip-width or slightly wider than
hip-width apart, with the knees and hips flexed and
the torso at a 45° angle from the ground. The arms
should be perpendicular to the ground, with one
hand grasping a dumbbell with an overhand grip.
The dumbbell should be between the feet, in line
with the arches. The position of the legs and torso
should be maintained throughout the movement.

Upward Movement

Flex the elbow and extend the shoulder of the arm
holding the dumbbell to pull the dumbbell toward
the lower chest. As the dumbbell is pulled upward,



the hand should rotate, allowing the palm to face
inward. Continue this movement until the dumbbell
touches the side of the torso with the palm facing
inward. The position of the legs, torso, and other
arm should not change throughout the movement,
and only the arm holding the dumbbell should move.

Downward Movement

Extend the elbow and flex the shoulder of the arm
holding the dumbbell to lower the dumbbell toward
the ground. Continue this movement until the
starting position is achieved. At the end of the set,
repeat the movement with the opposite arm.

Common Errors
 

Using the legs or torso to generate momentum to lift the
dumbbell upward
Allowing the torso to rotate, flex, or extend during the
movement

Major Muscles Involved

latissimus dorsi, teres major, middle trapezius,
rhomboids, posterior deltoids

Field Alternative

This exercise can be performed with any equipment
that can be lifted safely, such as a weighted ammo
can.



Starting position



Top position

Machine-Based Exercises

Wide-Grip Pulldown: Wide-Grip
Pull-Up Regression

Starting Position

From a seated position, grasp the bar of a pulldown
machine slightly wider than shoulder-width with
palms facing forward. The torso should remain
upright with a slight lean backward to allow the bar
to pass in front of the face and with the elbows fully
extended. The eyes should be focused forward or
slightly upward.



Downward Movement

Simultaneously flex both elbows and adduct the
shoulders to pull the bar toward the upper chest. The
torso should remain upright with a slight lean
backward throughout the movement. Continue the
downward movement until the bar crosses below the
chin.

Upward Movement

Extend the elbows and abduct the shoulders,
allowing the bar to rise. Continue the upward
movement until the starting position is achieved.

Common Errors
 

Rocking the torso backward to generate momentum to
bring the bar downward
Not allowing the elbows to fully extend at the end of each
repetition
Not bringing the bar low enough to cross below the chin

Major Muscles Involved

latissimus dorsi, teres major, middle trapezius,
rhomboids, posterior deltoids

Field Alternative

Perform an assisted pull-up from an object that is
strong enough to support the body weight.



Starting position



Bottom position

Close-Grip Pulldown: Close-Grip
Pull-Up Regression

Starting Position

From a seated position, grasp the bar of a pulldown
machine several inches (about 5 cm) apart with
palms facing toward one another. The torso should
remain upright with a slight backward lean and the
elbows fully extended. The eyes should be focused
forward or slightly upward.

Downward Movement

Simultaneously flex the elbows and extend the
shoulders to pull the bar toward the upper chest. The
torso should remain erect with a slight backward
lean throughout the movement. Continue the



downward movement until the bar crosses below the
chin.

Upward Movement

Extend the elbows and flex the shoulders to allow
the bar to rise. Continue the upward movement until
the starting position is achieved.

Common Errors
 

Rocking the torso backward to generate momentum to
bring the bar downward
Not allowing the elbows to fully extend at the end of each
repetition
Not bringing the bar low enough to cross below the chin

Major Muscles Involved

latissimus dorsi, teres major, middle trapezius,
rhomboids, posterior deltoids

Field Alternative

Perform an assisted close-grip pull-up from an
object that is strong enough to support the body
weight.



Starting position



Bottom position

Reverse-Grip Pulldown: Reverse-
Grip Pull-Up Regression

Starting Position

From a seated position, grasp the bar of a pulldown
machine slightly wider than shoulder-width with the
palms facing the body. The torso should remain
upright with a slight backward lean and with the
elbows fully extended. The eyes should be focused
forward or slightly upward.

Downward Movement

Simultaneously flex the elbows and extend the
shoulders to pull the bar toward the upper chest. The
torso should remain erect with a slight backward
lean throughout the movement. Continue the



downward movement until the bar crosses below the
chin.

Upward Movement

Extend the elbows and flex the shoulders to allow
the bar to rise. Continue the upward movement until
the starting position is achieved.

Common Errors
 

Rocking the torso backward to generate momentum to
bring the bar downward
Not allowing the elbows to fully extend at the end of each
repetition
Not bringing the bar low enough to cross below the chin

Major Muscles Involved

latissimus dorsi, teres major, middle trapezius,
rhomboids, posterior deltoids

Field Alternative

Perform an assisted pull-up from an object that is
strong enough to support the body weight.



Starting position



Bottom position

Single-Arm Pulldown: Primary
Exercise

Starting Position

From a seated position, grasp a single-hand
attachment of a pulldown machine with the palm
facing forward. The torso should remain upright
with the elbow of the lifting arm fully extended. The
arm that is not holding the handle should remain
relaxed at the side of the body. The eyes should be
focused forward or slightly upward.

Downward Movement

Simultaneously flex the elbow, extend the shoulder,
and rotate the hand so that the palm faces inward to
pull the handle toward the upper chest. The torso
should remain perpendicular to the ground



throughout the movement. Continue the downward
movement until the bottom of the handle is in line
with the top of the shoulder.

Upward Movement

To allow the handle to rise, extend the elbow and
flex the shoulder while simultaneously rotating the
palm to face forward. Continue the upward
movement until the starting position is achieved.

Common Errors
 

Rocking the torso backward to generate momentum to
bring the handle downward
Not allowing the elbow of the lifting arm to fully extend
at the end of each repetition
Not bringing the handle low enough to complete the
repetition

Major Muscles Involved

latissimus dorsi, teres major, middle trapezius,
rhomboids, posterior deltoids

Field Alternative

Rope climbing is a useful field alternative.



Starting position



Bottom position

Single-Arm Cable Row From
Squat Stance: Primary Exercise

Starting Position

Stand with the feet shoulder-width or slightly wider
than shoulder-width apart, keeping the knees and
hips flexed approximately 90° so the upper leg is
close to parallel to the ground. The torso should be
perpendicular to the ground, slightly more than
arm’s length from a cable machine. One arm should
be relaxed at the lifter’s side, with the other arm in
front of the lifter. The shoulder should be flexed,
allowing the entire arm to achieve a parallel position
to the ground. The hand of the arm that is out front
should be holding a single-handle attachment that is
attached to the cable column, with the palm facing
downward and the elbow fully extended.



Backward Movement

Simultaneously flex the elbow and extend the
shoulder of the arm holding the handle to pull the
handle toward the lower chest. As the hand
approaches the chest, it should rotate so that it faces
inward. Continue this movement until the handle of
the cable column is in line with the torso.

Forward Movement

Extend the elbow, flex the shoulder, and rotate the
palm downward so that the arm moves forward.
Continue this movement until the starting position is
achieved. At the end of the set, repeat the movement
with the opposite arm.

Common Errors
 

Rotating the torso to generate momentum during the
movement
Failing to control the movement during the forward
motion
Allowing the torso to flex and extend during the
movement

Major Muscles Involved

latissimus dorsi, teres major, middle trapezius,
rhomboids, posterior deltoids

Field Alternative

This exercise can be performed with a resistance
band or by tying a rope to a weighted implement and
performing a rope row.

Regression

Perform the same exercise while seated on a bench.



Starting position



Backward position

Seated Machine Row: Primary
Exercise

Starting Position

Sit upright in a seated row machine slightly farther
than arm’s length away from the cable column. The
hips and knees should be flexed, with the feet placed
flat on the foot pedals. Grasp the handle attached to
the cable on the cable column with a neutral grip.
(The type of grip may change based on the type of
attachment or handle of the machine.)

Backward Movement

Simultaneously flex the elbows and extend the
shoulders to pull the handle toward the sternum.
Continue this movement until the handle touches the
sternum. The position of the torso and the lower
body should remain constant during this movement.



Forward Movement

Extend the elbows and flex the shoulders to allow
the handle to travel away from the torso. Continue
this movement until the starting position is achieved.

Common Errors
 

Extending the knees to generate momentum
Using the torso to generate momentum to pull the handle
on the cable column
Allowing the torso to flex and extend during the
movement

Major Muscles Involved

latissimus dorsi, teres major, middle trapezius,
rhomboids, posterior deltoids

Field Alternative

This exercise can be performed by sitting down and
pulling a rope, hose, or cable (tied to a piece of
equipment) inward.



Starting position



Backward position

Bodyweight Exercises

Back Extension: Primary Exercise

Starting Position

Place both feet in a back extension or glute-ham
machine, with the knees slightly flexed and the hips
supported by the machine pads. The body should be
aligned from the heels to the shoulders, either
parallel to the ground or at a 45° angle from the
ground, depending on the machine. The knees
should remain slightly flexed throughout the
exercise.

Downward Movement



Allow the hips to flex so the shoulders lower. The
torso should remain extended throughout the
exercise with the back in a neutral position.
Continue descending until the torso is perpendicular
to the ground, or as low as possible, maintaining
proper form.

Upward Movement

Extend the hips so that the shoulders rise upward
while keeping the knees slightly flexed. Continue
until the starting position is achieved.

Common Errors
 

Allowing the shoulders and back to round forward
Hyperextending the lower back at the top of the
movement
Locking out the knees

Major Muscles Involved

erector spinae, gluteus maximus, semimembranosus,
semitendinosus, biceps femoris

Field Alternative

Perform with body weight or perform a weighted
good morning.

Regression

Increase the angle of the machine so the body is
closer to perpendicular to the ground.



Starting position



Bottom position

Wide-Grip Pull-Up: Primary
Exercise

Starting Position

Grasp a pull-up bar slightly wider than shoulder-
width apart with palms facing forward. Hang from
the bar with the elbows fully extended. The eyes
should be focused forward or slightly upward.

Upward Movement

Simultaneously flex the elbows while adducting the
shoulders so the body rises. The entire body should
remain perpendicular to the ground throughout the
movement. Continue the upward movement until the
chin crosses above the pull-up bar.

Downward Movement

Extend the elbows and abduct the shoulders so that
the body lowers. Continue the downward movement
until the starting position is achieved.



Common Errors
 

Using the lower body to generate momentum to propel
the body upward
Not allowing the elbows to fully extend at the end of each
repetition
Not raising the body enough to allow the chin to cross
above the bar

Major Muscles Involved

latissimus dorsi, teres major, middle trapezius,
rhomboids, posterior deltoids

Field Alternative

This exercise can be performed by hanging from any
structure that is strong enough to support the body
weight.



Starting position



Top position

Close-Grip Pull-Up: Primary
Exercise

Starting Position

Grasp a pull-up bar with the palms facing each other.
Hang from the bar with both arms fully extended.
The eyes should be focused forward or slightly
upward.

Upward Movement

Simultaneously flex the elbows and extend the
shoulders so the body rises. The entire body should
remain perpendicular to the ground throughout the
movement. Continue the upward movement until the
chin crosses above the pull-up bar.



Downward Movement

Extend the elbows and flex the shoulders to lower
the body. Continue the downward movement until
the starting position is achieved.

Common Errors
 

Using the lower body to generate momentum to propel
the body upward
Not allowing the elbow to fully extend at the end of each
repetition
Not raising the body enough to allow the chin to cross
above the bar

Major Muscles Involved

latissimus dorsi, teres major, middle trapezius,
rhomboids, posterior deltoids

Field Alternative

This exercise can be performed by hanging from any
structure that is strong enough to support the body
weight.



Starting position



Top position

Reverse-Grip Pull-Up: Primary
Exercise

Starting Position

Grasp a pull-up bar at a shoulder-width distance
with the palms facing the body. Hang from the bar
with the elbows fully extended. The eyes should be
focused forward or slightly upward.

Upward Movement

Simultaneously flex the elbows and extend the
shoulders so the body rises. The entire body should
remain perpendicular to the ground throughout the
movement. Continue the upward movement until the
chin crosses above the pull-up bar.



Downward Movement

Extend the elbows and flex the shoulders so that the
body lowers. Continue the downward movement
until the starting position is achieved.

Common Errors
 

Using the lower body to generate momentum to propel
the body upward
Not allowing the elbows to fully extend at the end of each
repetition
Not raising the body enough to allow the chin to cross
above the bar

Major Muscles Involved

latissimus dorsi, teres major, middle trapezius,
rhomboids, posterior deltoids

Field Alternative

This exercise can be performed by hanging from any
structure that is strong enough to support the body
weight.



Starting position



Top position

Push-Up: Primary Exercise

Starting Position

Lie prone on the ground with the toes extended so
the bottoms of the toes are flat on the ground. Place
the hands slightly wider than shoulder-width apart,
in line with the shoulders. The hands should be flat
on the ground in a position that allows the upper arm
to achieve a 45° angle from the torso.

Upward Movement

Simultaneously extend the elbows and flex and
adduct the shoulders. The toes should stay flat on the
ground, and the torso and legs should remain in line
throughout the movement. Continue the upward
movement until the elbows are fully extended.



Downward Movement

Flex the elbows and extend and abduct the
shoulders. The torso and legs should remain in line,
and the toes should remain flat on the ground.
Continue the downward movement until the torso is
a few inches (about 5 cm) from the ground.

Common Errors
 

Failing to maintain alignment from the shoulders to the
heels
Failing to fully extend the elbows at the top of the
movement

Major Muscles Involved

pectoralis major, anterior deltoids, triceps brachii

Regression

Elevate the hands on a box or other implement,
leave the knees on the ground during the exercise, or
do both.



Starting position



Upward movement

Single-Leg Push-Up: Primary
Exercise

Starting Position

Lie prone on the ground with the toes of one foot
extended and flat on the ground. Place the hands
slightly wider than shoulder-width apart and in line
with the shoulders. The opposite leg should be
elevated off the ground a few inches (several
centimeters) by slightly extending the hip. The
elevated leg will remain in this position throughout
the movement. The hands should be flat on the
ground in a position that allows the upper arms to
achieve 45° angles from the torso.

Upward Movement

Simultaneously extend the elbows and flex and
adduct the shoulders. The toes of the foot on the
ground should stay flat on the ground, and the torso
and legs should remain in line throughout the
movement. Continue the upward movement until the
elbows are fully extended.



Downward Movement

Flex the elbows and extend and abduct the
shoulders. The torso and legs should remain in line,
and the toes of the foot on the ground should remain
flat on the ground. Continue the downward
movement until the torso is a few inches (about 5
cm) from the ground. Switch the starting position of
the feet by placing the lifted foot on the ground and
then lifting the foot that was on the ground, and then
repeat to complete one repetition.

Common Errors
 

Failing to maintain alignment from the shoulders to the
heels
Failing to fully extend the elbows at the top of the
movement
Allowing the pelvis to lose a parallel position with the
ground

Major Muscles Involved

pectoralis major, anterior deltoids, triceps brachii

Regression

Elevate the hands on a box or other implement.



Upward movement



Bottom position

Inverted Row: Primary Exercise

Starting Position

Stand with the feet flat on the ground and the hands
holding handles attached to straps or another
implement that allows the torso to achieve an angle
of less than 90° from the ground. The shoulders
should be flexed with the arms perpendicular to the
body. The torso should be inclined backward at an
angle that is appropriate for the lifter; the lower the
angle of the torso from the ground, the greater the
difficulty of the movement. The greatest difficulty
will be achieved by elevating the feet slightly so the
entire body is parallel to the ground.

Upward Movement

Flex the elbows and extend the shoulders to pull the
torso toward the strap handles. Continue this
movement until the handles are in line with the front
of the chest. The body should remain in line from
the heels to the shoulders throughout the movement,
and only the arms should move.

Downward Movement



Extend the elbows and flex the shoulders to lower
the body. Continue this movement until the starting
position is achieved.

Common Errors
 

Allowing the hips to flex or extend during the movement
Failing to control the downward motion of the movement
Flexing or extending the neck during the movement
Failing to fully extend the elbows at the bottom of the
movement

Major Muscles Involved

latissimus dorsi, teres major, middle trapezius,
rhomboids, posterior deltoids

Field Alternative

This exercise can be performed with any piece of
equipment that can be grasped and will support the
body weight.



Starting position



Top position

Alternative Exercises

Kettlebell Swing: Primary
Exercise

Starting Position

Stand with the feet approximately hip-width apart.
Grasp a kettlebell with both hands and an overhand
grip with the arms inside the knees. The kettlebell
should be at approximately knee height between the
legs. The knees and hips should be flexed with the
back in a neutral position at approximately a 45°
angle to the ground and the feet flat on the ground.

Upward Movement



Extend the hips and knees, keeping the elbows
extended and allowing the shoulders to passively
flex so that the kettlebell travels up in front of the
body. The back should remain in a neutral position
throughout the exercise. Continue the upward
movement until the knees and hips are extended
with the kettlebell at chest level, with the elbows
extended and the torso perpendicular to the ground.

Downward Movement

Flex the hips (sit backward) and knees and extend
the shoulders while keeping the elbows extended,
allowing the kettlebell to travel downward between
the legs. The back should remain in a neutral
position throughout the exercise. Continue
descending until the kettlebell has traveled between
the legs and is slightly behind the hips.

Common Errors
 

Allowing the spine to flex round forward
Using the upper body rather than the hips to create
momentum
Hyperextending the back at the top of the exercise

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris

Field Alternative

This exercise can be performed in the field with a
weighted piece of equipment (e.g., an ammo can) as
long as the equipment can be lifted using safe and
effective technique.



Downward movement



Top position

Single-Arm Kettlebell Swing:
Primary Exercise

Starting Position

Stand with the feet approximately hip-width apart.
Grasp a kettlebell with an overhand grip with one
hand and the arm inside the knees. The kettlebell
should be at approximately knee height between the
legs. The opposite arm (without the kettlebell)
should remain at the lifter’s side out of the path of
the kettlebell. The knees and hips should be flexed
with the back in a neutral position at approximately
a 45° angle to the ground and the feet flat on the
ground.

Upward Movement



Extend the hips and knees, keeping the elbow
extended and allowing the shoulder to passively flex
so that the kettlebell travels in front of the body. The
back should remain in a neutral position throughout
the exercise. Continue the upward movement until
the knees and hips are extended with the kettlebell at
chest level, with the elbow extended and the torso
perpendicular to the ground.

Downward Movement

Flex the hips (sit backward) and knees and extend
the shoulder while keeping the elbow extended,
allowing the kettlebell to travel downward between
the legs. The back should remain in a neutral
position throughout the exercise. Continue
descending until the kettlebell has traveled between
the legs and is slightly behind the hips.

Common Errors
 

Allowing the spine to flex round forward
Using the upper body rather than the hips to create
momentum for the lift
Hyperextending the back at the top of the exercise

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris

Field Alternative

This exercise can be performed in the field with a
weighted piece of equipment (e.g., an ammo can) as
long as the equipment can be lifted using safe and
effective technique.



Downward movement



Top position

Suspension Squat: Front Squat
Regression

Starting Position

Grasp the handles (one in each hand) of the extended
suspension strap with a closed, neutral grip and
stand approximately arm’s length away with the
upper arms next to the torso and the elbows flexed to
approximately 90°. The feet should be shoulder-
width or slightly wider than shoulder-width apart
with a neutral back position.

Downward Movement

Simultaneously flex the hips (sit backward) and
knees to descend in a controlled manner. The knees
should stay positioned over the feet with the feet flat
on the ground. The torso should remain erect



throughout the movement, and the head should
maintain a neutral position with the eyes focused
either straight ahead or slightly upward. Continue
the downward movement until the thighs are parallel
to the ground or as far as quality technique can be
maintained. Throughout the movement, maintain a
hold on the suspension strap; the shoulders will flex
and the elbows will extend as the body descends.

Upward Movement

Simultaneously extend the knees and hips to return
to the starting position. Keep the knees positioned
over the feet with the feet flat on the ground. Use the
suspension strap as needed to provide assistance
during the upward movement by pulling on the strap
handles while extending the shoulder and flexing the
elbows.

Common Errors
 

Leaning too far backward during the downward phase of
the movement
Allowing the knees to move toward each other and lose
alignment over the feet
Allowing the heels to come off the ground during the
exercise

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris

Field Alternative

This exercise can be performed in the field by
holding onto the bumper of a vehicle or any other
surface that will safely support the body weight.



Starting position



Bottom position

Suspension Pistol Squat: Primary
Exercise

Starting Position

Grasp the handles (one in each hand) of the extended
suspension strap with a closed, neutral grip and
stand approximately arm’s length away with the
upper arms next to the torso and the elbows flexed to
approximately 90°. The foot of one leg (support leg)
should remain in contact with the ground throughout
the movement. The other leg should be flexed at the
hip with the knee extended so the foot is off the
ground and the leg is in front of the body.

Downward Movement

Flex the hip (sit backward) and knee of the support
leg to descend in a controlled manner. The knee



should stay positioned over the foot, and the foot
should remain flat on the ground. The torso should
remain erect throughout the movement, and the head
should maintain a neutral position with the eyes
focused either straight ahead or slightly upward.
Continue the downward movement until the thigh of
the support leg is parallel to the ground or as far as
quality technique can be maintained. Throughout the
movement, maintain a hold on the suspension strap;
the shoulders will flex and the elbows will extend as
the body descends.

Upward Movement

Simultaneously extend the knee and hip of the
support leg to return to the starting position. Keep
the knee of the support leg positioned over the foot,
and keep the foot flat on the ground. Use the
suspension strap as needed to provide assistance
during the upward movement by pulling on the strap
handles while extending the shoulder and flexing the
elbows. At the end of the set, switch the support leg
and the leg in front, and then repeat the movement.

Common Errors
 

Leaning too far backward during the downward phase of
the movement
Allowing the knee of the support leg to lose alignment
over the foot
Allowing the heel of the support leg to come off the
ground during the exercise

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris



Field Alternative

This exercise can be performed in the field by
holding onto the bumper of a vehicle or any other
surface that will safely support the body weight.



Starting position



Bottom position

Suspension Split Squat: Primary
Exercise

Starting Position

Stand with one foot flat on the ground in front of the
body (support leg), with the hip and knee slightly
flexed. The foot of the opposite leg (trail leg) should
be placed in the handle of the suspension strap
behind the body, with the hip extended and the knee
flexed. The torso should be in an upright position
perpendicular to the ground.

Downward Movement

Simultaneously flex the hip and knee of the support
leg and extend the hip and flex the knee of the trail
leg to descend in a controlled manner. The knee of
the support leg should stay aligned with the foot, and



the foot should stay flat on the ground. The torso
should remain erect throughout the movement, and
the head should maintain a neutral position with the
eyes focused either straight ahead or slightly
upward. Continue the downward movement until the
thigh of the support leg is parallel to the ground or as
far as quality technique can be maintained.

Upward Movement

Simultaneously extend the knee and hip of the
support leg to return to the starting position. Keep
the knee of the support leg positioned over the foot,
and keep the foot flat on the ground. The trail leg in
the suspension strap should be used only for support
and should not be used to assist the upward
movement. At the end of the set, switch the support
leg and the trail leg, and then repeat the movement.

Common Errors
 

Leaning forward during the downward phase of the
movement
Allowing the knee of the support leg to lose alignment
over the foot
Using the trail leg to push during the upward phase of the
movement

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris

Field Alternative

This exercise can be performed in the field by
holding onto the bumper of a vehicle or any other
surface that will safely support the body weight.



Starting position



Bottom position

Medicine Ball Squat to Press:
Primary Exercise

Starting Position

Pick up a medicine ball and hold it directly in front
of the chest with the elbows flexed. Place one hand
on each side of the medicine ball with the base of
each palm slightly underneath the medicine ball. The
feet should be shoulder-width or slightly wider than
shoulder-width apart.

Downward Movement

Flex the hips (sit backward) and knees. The knees
should stay aligned over the feet, and the feet should
stay flat on the ground. Continue descending until
the thighs achieve a position parallel to the ground
or as far as quality technique can be maintained. The



medicine ball should remain directly in front of the
chest during the downward movement.

Upward Movement

Simultaneously extend the knees and hips while
flexing the shoulders and extending the elbows to
push the medicine ball upward, allowing it to leave
the hands. This movement should be done as quickly
as possible while maintaining proper technique.
Continue pushing the medicine ball up until the
elbows and knees are fully extended. Allow the
medicine ball to fall to the ground before beginning
the next repetition.

Common Errors
 

Allowing the shoulders and back to round forward or
hyperextend
Allowing the knees to move toward each other and losing
alignment over the feet

Major Muscles Involved

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris,
soleus, gastrocnemius, deltoids, trapezius, triceps
brachii

Field Alternative

This exercise can be performed with a sandbag or
any implement that can be thrown into the air safely
without damaging the surface on which it will land.



Starting position



Top position

Kettlebell Half Get-Up: Primary
Exercise

Starting Position

Lie on the ground in a supine position with a
kettlebell in the right hand. The right arm should be
flexed at the shoulder and extended at the elbow to
hold the kettlebell over the chest. The left arm
should be flat on the ground at approximately a 45°
angle to the torso. The right knee and hip should be
flexed so the right foot is flat on the ground. The left
leg should be extended at the hip and knee so it is
flat on the ground.

Upward Movement



While keeping the eyes focused on the kettlebell,
begin the exercise by pushing up against the
kettlebell. To do so, simultaneously push into the
ground with the right foot to rotate the hips and torso
so that the body is balanced on the left forearm and
left hip. Continue to press up against the kettlebell
and transition from the left forearm to the left hand.
With the right foot still flat on the ground, continue
extending the right hip until the right knee is flexed
approximately 90°. The top position is with the arms
in a straight line nearly perpendicular to the ground
and the kettlebell directly above the shoulders,
elbows, and left hand.

Downward Movement

Begin the downward movement by extending the
hips and shoulder to lower the torso toward the
ground. Continue the downward movement until the
starting position is achieved. At the end of the set,
repeat the movement with the opposite arm.

Common Errors
 

Allowing the arm holding the kettlebell to lose
perpendicular alignment with the ground
Allowing the arm holding the kettlebell to lose alignment
with the torso
Allowing the legs to come off the ground during the
upward movement

Major Muscles

gluteus maximus, semimembranosus,
semitendinosus, biceps femoris, vastus lateralis,
vastus intermedius, vastus medialis, rectus femoris,
anterior deltoid, pectoralis major, triceps brachii,
rectus abdominis



Field Alternatives

This exercise can be performed with any piece of
equipment that can be safely held in the hand during
the movement (e.g., an unloaded weapon, axe, or
shovel).



Starting position



Top position

Bottoms-Up Kettlebell Press

Starting Position

Stand with the feet about shoulder-width apart. The
knees should be slightly flexed and remain in this
position throughout the movement. Hold a kettlebell
in the hand of one arm, with the other arm relaxed at
the side of the torso. The kettlebell should be
gripped with the weighted portion (the bell of the
kettlebell) above the hand and the handle (a tight
grip must be maintained throughout the movement
to keep the kettlebell in this upright position) and the
hand directly under the chin and the palm facing
inward.

Upward Movement

Simultaneously extend the elbow while abducting
and flexing the shoulder and externally rotating the
forearm until the dumbbell is overhead with the
palm facing forward and the elbow fully extended.



Continue the upward movement until the elbow is
fully extended with the palm facing forward.

Downward Movement

Flex the elbow while adducting and extending the
shoulder and rotating the hand so the kettlebell
descends inward. Continue until the starting position
is achieved. After performing the desired number of
repetitions, repeat on the opposite side.

Common Errors
 

Placing the opposite hand on the hip to assist with
balance
Not allowing the elbow to fully extend and the shoulder
to fully flex at the top of each repetition
Not bringing the kettlebell back underneath the chin at
the bottom of each repetition

Major Muscles Involved

anterior and medial deltoids, triceps brachii

Field Alternative

This exercise can be performed using a sandbag,
other implement, or other piece of equipment.



Starting position



Top position

Medicine Ball Slam: Primary
Exercise

Starting Position

Stand with the feet slightly wider than hip-width
apart while holding a medicine ball overhead. The
shoulders should be flexed and the elbows should be
slightly flexed. This exercise should be performed
on a surface that will not be damaged by the
medicine ball and that will not damage the medicine
ball. A medicine ball that does not bounce is
recommended for safety reasons.

Downward Movement



Simultaneously flex the hips and knees while
extending the shoulders to bring the medicine ball in
front of the body toward the ground. The torso
should remain upright throughout the movement
with the eyes focused forward. When the upper arms
are a few inches (about 5 cm) from the torso, extend
the elbows to continue the path of the medicine ball
toward the ground. As the elbows approach full
extension, throw the medicine ball toward the
ground.

Upward Movement

Pick up the medicine ball and return to the starting
position.

Common Errors
 

Allowing the torso to lose a perpendicular position with
the ground
Not allowing the hips to flex during the downward
movement
Not allowing the knees to flex during the downward
movement

Major Muscles Involved

latissimus dorsi, deltoids, triceps brachii, rectus
abdominis

Field Alternative

This exercise can be performed with a sandbag or
any other implement that will not be damaged
during the exercise or cause damage to the surface
on which it will land.

Regression



This exercise can be performed at a very controlled
speed in order to accommodate all ability levels.



Starting position



Bottom position

Medicine Ball Chest Pass From
Split Stance: Primary Exercise

Starting Position

Facing an open area or wall that can withstand the
impact of the medicine ball, assume a staggered
stance with the front foot forward of the hips and the
trail foot behind the hips. Hold a medicine ball
slightly lower than chest level, with the elbows
flexed and one hand on each side of the medicine
ball. The shoulders should be extended so the
forearms are parallel to the ground. Both knees
should be slightly flexed.

Forward Movement



Push off the trail leg by extending the knee and the
hip to propel the body forward. Simultaneously
extend the elbows and flex the shoulders to push the
medicine ball forward. Continue this movement until
the trail foot begins to leave the ground, coming
forward. At this point the elbows should be extended
and the shoulders flexed so the arms are parallel to
the ground. This momentum will allow the medicine
ball to continue forward after leaving the hands.

Recovery Phase

As soon as the medicine ball leaves the hands, the
trail leg will continue to come forward by flexing the
hip and the knee until it crosses the opposite leg
(which started in front and remains on the ground
throughout the movement). At this point, place the
foot on the ground and continue to flex the knee and
the hip to soften the landing. Recover the medicine
ball and repeat with the opposite foot starting
forward to complete one repetition.

Common Errors
 

Starting the exercise with the forearms perpendicular to
the ground
Letting the trail leg return to the ground before the
medicine ball is released
Failing to push with the trail leg while simultaneously
pushing forward with the arms
Rotating the torso to push primarily with one arm

Major Muscles Involved

pectoralis major, anterior deltoids, triceps brachii

Field Alternative



This exercise can be completed with a sandbag or
any other implement that can be thrown safely.



Starting position



Release position

Suspension Push-Up: Push-Up
Progression

Starting Position

Lie prone on the ground with the feet hooked in the
handles of a suspension strap, approximately 1 foot
(30 cm) off the ground. Place the hands slightly
wider than shoulder-width apart, in line with the
shoulders. The hands should be flat on the ground in
a position that allows the upper arm to achieve a 45°
angle from the torso.

Upward Movement

Simultaneously extend the elbows and flex and
adduct the shoulders. The feet should stay together
while hooked in the suspension straps, with the torso
and legs in line throughout the movement. Continue



the upward movement until the elbows are fully
extended.

Downward Movement

Flex the elbows and extend and abduct the
shoulders. The torso and legs should remain in line,
and the feet should remain hooked in the suspension
strap. Continue the downward movement until the
torso is a few inches (about 5 cm) from the ground.

Common Errors
 

Failing to maintain alignment from the shoulders to the
heels
Failing to fully extend the elbows at the top of the
movement
Allowing the feet to separate or sway side to side during
the movement

Major Muscles Involved

pectoralis major, anterior deltoids, triceps brachii



Starting position



Upward movement

Single-Arm Suspension Row:
Inverted Row Progression

Starting Position

Stand with the feet flat on the ground and one hand
holding a handle (or both handles, depending on the
design) of a suspension strap that allows the torso to
achieve an angle of less than 90° from the ground.
The arm that is not holding the suspension handle
should be held at the lifter’s side. The shoulder of
the arm holding the strap should be flexed with the
arm perpendicular to the body. The torso should be
inclined backward at an angle that is appropriate for
the lifter; the lower the angle of the torso from the
ground, the greater the difficulty of the movement.
The greatest difficulty will be achieved by elevating
the feet slightly so the entire body is parallel to the
ground.

Upward Movement

Flex the elbow and extend the shoulder to pull the
torso toward the strap handle. Continue this
movement until the handle is in line with the front of



the chest. The body should remain in line from the
heels to the shoulders throughout the movement, and
the torso should not rotate during any portion of the
movement.

Downward Movement

Extend the elbow and flex the shoulder to lower the
body. Continue this movement until the starting
position is achieved. At the end of the set, repeat the
movement with the opposite arm.

Common Errors
 

Allowing the hips to flex or extend during the movement
Allowing the torso to rotate during the movement
Flexing or extending the neck during the movement

Major Muscles Involved

latissimus dorsi, teres major, middle trapezius,
rhomboids, posterior deltoids

Field Alternative

This exercise can be performed with any piece of
equipment that can be grasped and will support the
body weight.



Starting position



Top position



Conclusion
During any training session, regardless of the setting, it is
imperative to use proper technique during each repetition of
each exercise to reduce injury risk and to achieve the desired
training result. If a tactical athlete is unable to perform the
proper technique for an exercise, use a regression exercise to
allow the athlete to perform the exercise successfully and work
toward the training objective. In a field setting or an
environment where traditional training equipment is not
available, use alternative training implements to perform
alternative exercises.

Key Point
Regardless of the training environment and equipment, tactical
athletes should use proper technique for each repetition of
each exercise to ensure their health is maintained and
performance improved.

Key Terms
 

alternating grip
antecubital area
inguinal fold
neutral back position
regression
sticking point
structural exercise
Valsalva maneuver

Study Questions
 

1. Spotting should be used for safety purposes during all of
the following exercises EXCEPT

1. power snatch
2. back squat
3. dumbbell shoulder press



4. bench press
2. Which of the following is a common error of the barbell

deadlift exercise?
1. extending the knees and hips until the torso is

perpendicular to the ground
2. fully extending the knees before starting to extend

the hips
3. keeping the barbell in close proximity to the legs
4. maintaining a neutral back position throughout the

exercise
3. Which of the following is an exercise regression for an

athlete who is unable to properly perform the front squat?
1. Zercher squat
2. goblet squat
3. back squat
4. single-leg squat

4. Which of following exercises specifically targets the
gluteus maximus, semitendinosus, semimembranosus,
biceps femoris, and erector spinae muscles?

1. step-up
2. push press
3. front squat
4. Romanian deadlift



Chapter 12
Flexibility and Mobility
Exercise Techniques and

Programming
Mark Stephenson, MS, ATC, CSCS,*D, TSAC-F

Daniel J. Dodd, PhD, CSCS
After completing this chapter, you will be able to

 

describe various types of flexibility exercises and
myofascial release (MR) techniques;
describe proper technique and instructional cues for
flexibility and mobility exercises; and
design flexibility and mobility programs based on the
training status, goals, and occupational demands of
tactical athletes.

Increasing the performance of tactical athletes often involves a
focus on the development of muscular strength, muscular
endurance, muscular power, and cardiorespiratory efficiency.
Although these areas are crucial for tactical athletes, mobility
and flexibility are equally significant. Mobility and flexibility
programs contribute to the development of the aforementioned
fitness components, but more importantly, they enhance the
ability of tactical athletes to perform occupational duties. In
addition, including a well-designed mobility and flexibility
program in a strength and conditioning intervention can help
tactical athletes recover so they can repeat their duties over
time.

The demands placed on tactical athletes vary significantly, and
the athlete’s ability to perform optimally depends on a
multitude of factors, such as age, training and injury history,
years of service, and job requirements. Regardless, the ability



to move efficiently and effortlessly remains vital for all
tactical athletes. This chapter addresses the importance of both
mobility and flexibility for the tactical athlete’s performance.
Mobility and flexibility are essential for not only the efficiency
but also the coordination of movement (21), and prescribing
individualized, job-specific mobility and flexibility exercises
will enhance tactical athletes’ ability to meet their
occupational demands while minimizing functional limitations
(39). The purpose of this chapter is to explore mobility and
flexibility, including the various types of each modality;
identify appropriate exercises and technique; and discuss
program design for the tactical athlete.



Comparison of Mobility and
Flexibility

For the purposes of this chapter, mobility refers to the
coordination and efficiency of movement throughout joint
range of motion (ROM). For example, in the forward lunge,
the exerciser takes an exaggerated step forward with one leg to
a position where there is a 90° knee angle in both legs.
Mobility often involves movements using multiple joints and
relies on the activation and coordination of neuromuscular
action along with joint stability to perform a controlled
movement. Flexibility refers to the ability of muscles and
tendons to go through the full ROM about a joint. For
instance, when an exerciser sits with the legs extended and
bends forward as far as possible, the ability to reach the toes
indicates the level of flexibility at the hip joint and lumbar
spine. Flexibility differs from mobility in that it typically
focuses on one joint and measures the capacity to move
throughout the joint ROM. Mobility, on the other hand, is
concerned with how well a person can perform movements
without having to compromise or make an adjustment to
complete the movement. Both mobility and flexibility are key
components for the optimal function of the kinetic chain
during dynamic movements (53).

The daily demands of tactical athletes such as firefighters,
police officers, and military personnel are ever evolving and
thus may result in alterations to the athlete’s physical structure,
particularly over time. To sustain functional performance and
maintain health and physical fitness, it is essential to regularly
assess and address flexibility and mobility, just as one should
for muscular strength, power, and cardiorespiratory endurance
(26).

Mobility
The coordination and efficiency of movement are vital to
tactical athletes, who may find themselves undertaking tasks
such as squatting, kneeling, or crawling for prolonged
durations, sometimes while under load (equipment). By



maintaining appropriate mobility, tactical athletes improve
their ability to successfully complete tasks. In addition, these
athletes often perform unilateral and bilateral movements, and
they need to maintain mobility and prevent imbalances or
alignment issues from decreasing their motor coordination and
movement efficiency. A lack of mobility is closely associated
with faulty alignment and restricted movement due to tight
muscles, or the inability of weaker muscles to move a body
part through its ROM (35).

Aging is one factor that may lead to reduced mobility. Tactical
athletes encompass a wide range of ages and experience, the
youngest being 18 years of age and the oldest beyond 50
years, each with varied years of service and job-specific
demands. The ability to perform at a necessary level becomes
extremely important as one ages. With age, fibrous connective
tissue gradually replaces degenerating muscle tissue, a process
known as fibrosis (3, 15). This new fibrous tissue is not as
pliable as the original tissue, therefore increasing joint
stiffness and limiting flexibility. A gradual decline in
flexibility as a result of muscle and connective tissue
degradation can affect the health and performance of a tactical
athlete. For example, a significant decrease in flexibility is
often accompanied by a decrease in joint mobility, and as
result, it can decrease performance and increase injury risk.
The tactical athlete must be able to move efficiently with
coordinated movement in many positions and environments,
and improving and maintaining mobility is an issue of safety
and effectiveness on the job.

Tactical athletes may also find themselves in a static position
(e.g., sitting) during nontraining hours, which has been shown
to lead to adaptive shortening, a tightness resulting from
muscles remaining in a shortened position (35). Thus, the need
for a structured program becomes even more critical.

Key Point
Flexibility and joint mobility provide the foundation for
movement and are key to developing strength, speed, agility,
power, and endurance. The tactical athlete needs flexibility to



generate movement and mobility to perform well with
negligible limitations.

Factors Affecting Mobility and Flexibility
The ability to develop and sustain mobility and flexibility can
be directly affected by physiological factors (e.g., age,
gender, physical activity level, body composition) and
kinesiological factors (e.g., origin and insertions of muscle
and tendons, joint structure and integrity, muscle CSA). These
distinct factors affect mobility and flexibility in varying ways.
Although some of these factors cannot be altered with training,
others, such as physical activity and body composition, can be
manipulated to develop the necessary mobility and flexibility
for tactical occupations (3, 15).

Physiological Factors
The age, gender, range of physical activity, and body
composition of an individual can all affect mobility and
flexibility. As people age, there appears to be a common
decline in not only function but flexibility, and the level of
decline is associated with both the development of limiting
conditions and a reduction in physical activity (2). Conditions
such as sarcopenia (loss of muscle tissue), fibrosis (increased
muscle stiffness), and arthritis (joint pain and stiffness) have
been shown to decrease flexibility with age. Additionally,
physical inactivity and disuse also lead to a loss of joint
mobility and flexibility (29). In contrast, increased amounts of
exercise, particularly resistance training, have been shown to
decrease the impact of the aforementioned conditions (19, 34),
helping to maintain joint and tissue integrity and thus maintain
movement capabilities.

Body composition, specifically the distribution of body fat and
muscle mass, also influences mobility and flexibility. The size
of a body segment may prevent or greatly reduce ROM around
or about the joint (15), particularly if neighboring tissue or
body segments (whether due to high levels of subcutaneous fat
or muscle mass) hinder the movement. This may limit the
ability to perform certain movements; however, it does not



necessarily indicate a lack of flexibility in the muscles or
joints (29).

Kinesiological Factors
Muscles, tendons, ligaments, and bones are all involved in
movement and ROM. The primary function of muscle and
connective tissue is to produce movement through contraction
and the development of tension. When muscles contract,
tension develops, which is then transmitted to bones by the
attaching tendons, and subsequently movement occurs (2). The
interaction of muscle, tendon, and bone along with the support
of adjoining connective tissue and the individual joint capsule
is where flexibility is needed to promote movement
throughout the body. Each of these elements is integral in not
only allowing muscle shortening but also muscle lengthening,
and it is within these elements that a direct physiological
relationship to levels of mobility and flexibility occurs (2).

Myofibrils are elements of muscles that contract, relax, and
elongate. They are composed of functional units called
sarcomeres, which contain myosin and actin filaments, along
with a connecting filament called titin (2). Myosin and actin
are adjoining contractile elements of muscle, and they are
directly responsible for the shortening of and development of
tension within the muscle. When muscles are stretched, the
myosin and actin filaments begin to separate and the titin
filaments begin to lengthen. As stretching continues, titin
filaments lengthen further until reaching a resting tension, at
which point resistance to the stretch occurs. If stretching
continues, the integrity of the sarcomere may be compromised
or injured. Research has shown that a sarcomere can stretch to
150% of its resting length before injury occurs (62).

Both neurophysiological and mechanical factors are thought to
be responsible for the acute response to the stretching of
muscles. When changes in muscle length occur, neural
receptors detect the extent of change and initiate a response to
prevent overstretching and injury. To prevent injury, skeletal
muscles contain two types of nerve fiber receptors that
monitor when muscle lengthening is occurring: Golgi tendon
organs (GTOs) and muscle spindles. GTOs detect levels of



muscle tension, particularly during muscle contraction, and are
activated during excessive stretching. Muscle spindles
primarily respond to dynamic (length and speed of stretch) and
tonic (length of stretch) response (2). Muscle spindles are also
responsible for initiating the stretch reflex, a neuromuscular
response to sudden increases in muscle length resulting in a
subsequent shortening contraction of the muscle to prevent
further elongation. However, the influence of the stretch reflex
can be somewhat negated through reciprocal inhibition.
When a muscle (agonist) contracts to cause movement,
typically an opposing muscle (antagonist) relaxes to allow
contraction to take place. It is this neural response that can
allow a muscle to become more flexible. When stretching a
muscle (or muscle group), the active contraction of the
opposing muscle allows the stretched muscle to relax and
inhibits the stretch reflex, so the muscle further lengthens. The
goal of flexibility training is to minimize the reflex activity of
a muscle, reducing resistance to the stretch and therefore
increasing joint ROM (38). Understanding these concepts is
helpful for choosing stretching exercises to make the greatest
impact on a person’s flexibility.

Other kinesiological factors, such as the origin and insertion
points of muscle and tendons, joint structure and integrity, and
muscle CSA, all differ among individuals, leading to various
levels of flexibility as well as responses to mobility and
flexibility training. The point of origin and insertion of a
tendon to a bone could largely affect the ROM about a joint.
ROM could depend upon limb lengths and the relationship of
muscle to bone, as well as the corresponding joint structures
and the supporting connective tissue.

The structure of a joint often dictates the ROM that occurs at a
particular segment of the body. Joint structure pertains to the
overall dynamics of a joint, including joint capsule, ligaments,
tendons, and muscle spanning the joint, as well as joint
geometry (29). For example, hip and shoulder joints provide
greater ROM in multiple directions compared with more fixed
joints, such as the elbow, knee, ankle, and wrist, which are
limited by their anatomical structure and have less ROM and
less directional movement.



In addition, the surrounding and supporting connective tissue
is an important component of flexibility. Connective tissue
affects mobility by determining the ROM of the joint. In
particular, two types of connective tissue contribute to
flexibility: collagen and elastic tissue. Because connective
tissue is made up of varying amounts of collagen and elastin
(i.e., elastic tissue), it has a major effect on both mobility and
flexibility (15). Tissue that contains collagen, such as
ligaments and tendons, is rigid and restricts ROM, whereas
elastic tissue allows greater ROM. Connective tissue such as
fascia is composed primarily of elastic tissue (15). This is
particularly important in designing flexibility programs
because incorrect stretching may result in excessive stretching
of the joint. Joint integrity is based predominantly on the
stiffness and stability of the joint and can be explained by the
amount of stiffness of the joint capsule and ligaments (47% of
total joint stiffness), muscle fascia (41%), tendons (10%), and
skin (2%) (33).

The joint capsule, ligaments, and tendons account for the
majority of joint stiffness; however, they contain lower levels
of elastic tissue than muscle fascia, the key to improving
flexibility. The more elastic the muscle fascia, the greater the
flexibility can be obtained and the less resistance to joint
elongation. On the other hand, lack of elasticity in the capsule,
ligament, and tendons may create instability in the joint if they
are overstretched (2). The less stable and less stiff a joint
becomes, the more flexibility it has; however, the more stable
the joint becomes, the less flexible the surrounding muscles
and connective tissue are (35). This is the primary reason why
mobility and flexibility programs should be based on
individual needs and undergo regular assessment.

Key Point
Ideal levels of flexibility and mobility require a balance
between joint stiffness and joint instability, and they are
largely affected by genetic makeup as well as controllable
factors such as physical activity, body composition, and
recovery. Achieving optimal flexibility and mobility depends
on how well these factors are taken into consideration.



Types of Flexibility and Mobility
Exercises

There are many forms of mobility and flexibility, and each
plays a distinct role in the development and sustainment of
optimal performance and health. Stretching the muscles,
tendons, and connective tissue is common among athletes of
all kinds (9, 17, 26). The four main types of stretching are
static, ballistic, dynamic, and proprioceptive neuromuscular
facilitation (PNF). All four types have been shown to improve
ROM within the muscle (25); however, certain types may be
more beneficial depending on the circumstances, goal, or
needs of the individual (40).

Static Stretching
Static stretching involves a slow stretch of the muscle to its
end ROM with a static hold for up to 90 seconds. Historically,
it has been the most common type of flexibility exercise,
especially during warm-ups (5, 15, 54, 55). It requires little
energy, and the slow, controlled movement allows the stretch
to be performed easily and safely (54). The two types of static
stretching are static passive and static active.

 

1. Static passive: The more common of the two, it involves
slowly bringing the muscle to its furthest end ROM and
holding it for 15 to 90 seconds without further movement.

2. Static active: Involves contracting the opposing muscle
group to bring the muscle to its furthest end point and
then holding the limb in position for 15 to 90 seconds.

Static stretching has been widely regarded as an effective
method of increasing flexibility and mobility (54). It is also
thought to decrease the risk of injury, although there is no
conclusive evidence to support this (7, 12, 20, 32, 46, 66).
There is some controversy regarding the effects of static
stretching before exercise (53). Studies have suggested that
static stretching may actually decrease maximal force



production, jump height, and sprint speed, as well as increase
reaction time and impair proprioceptive balance (46, 48, 67).
This effect has been referred to as stretch-induced strength
loss, and it has been linked to a loss of neural activation in the
stretched muscle, an important mechanism for strength, power,
and speed output (40). Rubini et al. (48) also showed
significant reductions in strength due to preexercise static
stretching, and they concluded that for people whose jobs
require strength and power, static stretching prior to activity
may compromise the ability to perform with optimal strength
and power. The long-term effects of static stretching on
performance, however, are unknown (7).

Proprioceptive Neuromuscular
Facilitation (PNF) Stretching
Proprioceptive neuromuscular facilitation (PNF) uses
muscle contractions and relaxation to increase ROM. Usually
done with the assistance of a partner, PNF involves both
passive movement and active muscle contractions (3, 15). The
voluntary action of the agonist muscle causes neural
activation, thereby causing reciprocal inhibition of the
antagonist muscle group and allowing greater ROM (20). It is
commonly believed that PNF stretching is the most effective
technique to increase flexibility (11, 18, 30, 44, 51, 58, 61);
however, there is inconsistent evidence to support this (14,
16). There are three types of PNF techniques: hold-relax (8,
10, 11, 51, 58), contract-relax (8, 11), and hold-relax with
agonist contraction (10, 42). Performing the hold-relax
coupled with an agonist contraction is more effective for
increasing flexibility than using the hold-relax or contract-
relax techniques independently (25).

Hold-Relax
The muscle is passively stretched by the partner to the point of
discomfort and held for 10 seconds. At this point, the exerciser
performs an isometric contraction while the partner resists for
6 seconds before relaxing the stretched muscle. Then the
muscle is passively stretched further, to the new point of



discomfort, and held for 30 seconds. Repeat three to four
times.

Contract-Relax
The muscle is passively stretched to the point of discomfort
and held for 10 seconds. The exerciser then performs a
concentric contraction of the stretched leg while the partner
resists through the full ROM and then relaxes. Then the
muscle is passively stretched further, to the new point of
discomfort, and held for 30 seconds. Repeat three to four
times.

Hold-Relax With Agonist Contraction
As in the hold-relax technique, the muscle is passively
stretched to the point of discomfort and held for 10 seconds
before performing an isometric contraction while the partner
resists for approximately 6 seconds. The exerciser relaxes
before contracting the agonist muscle group while the partner
passively stretches it further, to the new point of discomfort,
and holds for 30 seconds. Repeat three to four times.

Dynamic and Ballistic Stretching
Dynamic stretching uses controlled movements to help
activate the muscles and tendons prior to activity. It typically
involves activity-specific movements and forcefully controlled
movements that extend the muscles to exceed end ROM (3,
12, 15). Dynamic stretching has been shown to negate any
stretch-induced strength loss (28, 31) and to improve sprinting,
jumping, and generating peak force (46). This is perhaps due
to the neuromuscular preparation and activation of the
musculotendinous junctions (60).

Ballistic stretching involves forceful movements such as
bouncing, swinging, or jerking using one’s own body weight
to produce the force, and the end point is not held. This style
of stretching generally exceeds the end ROM, may produce
more pain and microtears to the muscle fibers, and usually
triggers the stretch reflex, which does not allow the muscle to
relax, a key component of increasing flexibility. Ballistic
stretching involves similar movements as static passive



stretching, but in a fast bobbing or jerking motion (14).
Historically, it has been commonly used as a warm-up before
activities involving high-acceleration sprints or jerky
movements, such as in track, dance, or gymnastics (3, 5, 12,
15). However, because it may result in connective tissue
trauma, local muscular soreness, and heightened injury risk, it
is not recommended for tactical athletes. Though tactical
athletes work in environments that require periods of
acceleration and explosive power, such as law enforcement
personnel sprinting after a suspect or military personnel
moving between positions, the potentially negative outcomes
of ballistic stretching may compromise job performance (14,
59).

Key Point
A dynamic warm-up is a general warm-up (5-10 minutes of
aerobic activity) combined with a dynamic flexibility routine.
It is commonly used with athletic populations before practice
and games to elicit physiological and sport-specific responses
in preparation for the activity.

Myofascial Release (MR): Massage and
Foam Rolling
Myofascia or fascia is the connective tissue that covers the
muscles. It can be restricted by injury, disease, inactivity, or
inflammation, and as a result it loses elasticity and begins to
bind together, causing fibrous adhesions (36). These
adhesions may not only become painful but also decrease
ROM, muscle length, strength, endurance, motor coordination,
and soft tissue extensibility (6, 13, 56). Fascia has an
important link to mobility and flexibility due to its elastic
qualities, providing the greatest potential for stretch (15).

Myofascial release (MR) is a manual therapy developed by
Barnes (6) to help relieve and reduce adhesions within the
fascia. It involves massage or trigger-point therapy in which a
health care provider, such as an athletic trainer, physical
therapist, or a licensed massage therapist, provides manual
pressure to the affected area (22). Physiotherapists spend
approximately 45% of their time providing massage therapy to



aid recovery and improve sport performance (22). Massage
therapy is often an underrated and underutilized therapeutic
procedure that improves circulation, promotes muscle
relaxation, loosens scar tissue, stretches tight muscles and
fascia, and relieves muscle spasms (35). It has also been
shown to help HR and DBP recover to preexercise levels after
high-intensity exercise (4) and to reduce exercise-induced
fatigue (42, 44). This is particularly important for tactical
athletes who experience episodes of high cardiovascular
demand, such as firefighters, where the risk of a cardiac event
is significant. Massage therapy may not always be practical
because it requires a third-party therapist. However, self-
myofascial release (SMR), which uses foam rollers or dense
implements such as baseballs or golf balls, can be performed
by an individual without the assistance of others. It is
becoming a more common practice and may provide a suitable
alternative to massage therapy.

Implements such as foam rollers allow the user to manipulate
the soft tissue by applying the sustained pressure needed to
help release fascial adhesions. Individuals are able to use their
own body weight in varying positions to isolate soft tissue
areas and apply pressure to those areas in a manner similar to
massage therapy (27). This pressure helps soften and lengthen
the fascia. The generation of friction between the fascia and
the implement (foam roller) warms the fascia, helping it take
on a fluid form (known as the thixotropic property of fascia);
breaks down scar tissue and adhesions between the skin,
muscle, and bone; and restores soft tissue extensibility (52).
There is limited peer-reviewed research on SMR for
improving mobility and flexibility; however, MacDonald et al.
(36) showed that as little as 2 minutes of slow, undulating
rolling on a high-pressure foam roller enhanced quadriceps
ROM to levels similar to those resulting from static stretching.
The foam rolling had no effect on force output, an argument
commonly used against static stretching (36). The research on
SMR and performance enhancement is also minimal (23, 65),
but there have been studies supporting the use of SMR to
enhance mood and reduce exercise-induced fatigue (27, 39,
63, 64). Healey et al. (27) showed postexercise fatigue to be
significantly less after foam rolling and suggested that the



reduced fatigue might allow participants to extend their acute
workout time and volume and possibly enhance long-term
performance.



Exercise Technique and Cueing
Guidelines

The following section contains exercise technique and cueing
guidelines for the primary types of stretching:

 

Static stretching exercises
PNF stretching exercises
Dynamic stretching exercises, including mobility
exercises (mobility hurdles and a medicine ball circuit),
yoga, and other dynamic stretches
MR exercises, with instructions for foam rolling

As with any exercises—whether resistance exercises, aerobic
training, or stretching—care must be taken by the TSAC
Facilitator to ensure that the given exercises are implemented
at the appropriate time (given the targeted training goals) and
with the optimal technique. Failure to do so may not only
increase risk of injury but also inhibit the likelihood of
optimizing training goals. A TSAC Facilitator cannot assume
that tactical athletes are aware of the correct stretching
techniques or aware of bad habits they are unintentionally
using in their training. An understanding of optimal stretching
technique is a critical component of any training program.

STATIC STRETCHING EXERCISES
The advantage of static stretching lies primarily in the ability
to hold a stretch for a prolonged time, decreasing passive
resistance to the stretch (40). The elastic properties of muscle
allow a stretched muscle to return to its original length once
the stretch has ceased; however, if a stretch is held for a
prolonged time (i.e., 15-90 seconds), muscle compliance
increases (1), thus increasing the time the muscle takes to
return to its original length. If continued, over time it may lead
to changes in the viscoelastic properties of muscle and explain
gains in ROM (13).



An optimal static stretching prescription of intensity,
frequency, and duration to decrease passive resistance has
been indeterminate. Intensity is the subjective assessment of
discomfort by the exerciser and largely depends on individual
pain tolerance (40). Given the differences in individual pain
tolerance, length of stretch-hold time appears to be a more
suitable prescription item. Research has shown that a static
stretching frequency and duration of two to five sets of 15- to
90-second stretches decreases resistance to stretch and
increases acute levels of flexibility (37, 38, 41, 49). Based on
these recommendations, four to five sets of 30- to 60-second
stretches are suggested to decrease resistance and improve
flexibility (24, 40). Note, however, that if both agonist and
antagonist muscles of the major segments of the body are
stretched using these guidelines, it may take 40 to 60 minutes
to complete the exercises (40), certainly a major consideration
in terms of goals, objectives, and priorities in program design.

Quadriceps
 

Standing Quadriceps Stretch
Lying Quadriceps Stretch

Hamstrings
 

Standing Hamstring Stretch
Seated Hamstring Stretch

Adductors (Groin)
 

Seated Adductor Stretch
Lateral Adductor Stretch

Calf
 

Gastrocnemius and Soleus Stretch



Hip and Low Back
 

Pretzel Stretch
Forward Lunge
Knee to Chest

Neck
 

Lateral Neck Flexion
Lateral Neck Rotation

Shoulders and Chest
 

Anterior Shoulder and Chest Stretch
Cross-Arm Stretch

Torso
 

Side Bend

Quadriceps

Standing Quadriceps Stretch
In a standing position, bring one foot toward the hips
and grasp the ankle. Pull the ankle toward the
buttocks and gently push the hip forward. Hold for
30 to 60 seconds per leg, and repeat four to five
times.



Standing quadriceps stretch

Lying Quadriceps Stretch
Lying on one side, flex the knee, bring one foot
toward the hips, and grasp the ankle. Pull the ankle
slightly toward the buttocks and gently push the hip
forward. Hold for 30 to 60 seconds per leg, and
repeat four to five times.



Lying quadriceps stretch

Hamstrings

Standing Hamstring Stretch
In a standing position, step forward with one foot,
keeping the back leg straight and the front leg
slightly bent. Point the toes on the front foot back
toward the shin and bend forward (keeping the spine
neutral) until a stretch is felt in the back of the front
leg. Progress to a slightly straighter front leg if an
increase in stretch is required. Hold for 30 to 60
seconds per leg, and repeat four to five times.



Standing hamstrings stretch

Seated Hamstring Stretch
In a seated position, keeping one leg straight and one
knee flexed (foot of the flexed leg positioned on the
inner thigh of the straight leg), slowly bend forward
along the line of the extended leg until the point of
discomfort is met, and hold for 30 to 60 seconds.
Repeat four to five times per leg.



Seated hamstring stretch

Adductors (Groin)

Seated Adductor Stretch
In a seated position, bring the soles of the feet
together in front of the body. Place a hand on the
inner surface of the lower leg and rest the forearm
across the inner surface of knee of each leg; gently
push down until the point of discomfort is met. Hold
for 30 to 60 seconds, and repeat four to five times.



Seated adductor stretch

Lateral Adductor Stretch
In a wide stance with the feet pointing forward, bend
one knee and slowly lower the body to the same side
while keeping the opposite leg straight until the
point of discomfort is met. Hold for 30 to 60
seconds, and repeat four to five times per leg.



Lateral adductor stretch

Calf

Gastrocnemius and Soleus Stretch
In a staggered stance with one foot forward (knee
bent) and the other foot back (leg straight), lean
forward while maintaining a flat rear foot until the
point of discomfort is met in the rear lower leg. Hold
this position for 30 to 60 seconds per leg, and repeat
four to five times.

Additional progression: Repeat the movement, but
instead of maintaining a straight rear leg, bend the
back knee and lower the body toward the ground
while keeping the back foot flat against the ground.



Gastrocnemius and soleus stretch

Hip and Low Back



Pretzel Stretch
In a supine lying position, bend the right knee so that
the right foot is flat on the floor. Cross the left leg
over the right so that the left ankle rests on the lower
third of the right thigh. Use the hands to grab the left
knee and pull it gently toward the opposite shoulder
until the point of discomfort is met in the hips and
buttocks. Hold for 30 to 60 seconds per leg, and
repeat four to five times.

Adjustment: If unable to raise the leg toward the
chest, perform this stretch in a seated position, as
shown in the second photo.



Pretzel stretch

Forward Lunge
From a standing position, take an extended step
forward and lower the body toward the ground until
the back knee is resting on the ground and the front
leg achieves a 90° angle. While maintaining an
upright torso, gradually move the hips forward until
slight discomfort is felt in the anterior hip of the rear
leg. Hold for 30 to 60 seconds per leg, and repeat
four to five times.



Forward lunge

Knee to Chest
From a supine lying position with one leg extended
and the other knee flexed, grasp the flexed leg with
both hands just below the knee, pulling the knee
toward the chest until the point of discomfort is met.
Hold for 30 to 60 seconds per leg, and repeat four to
five times.



Knee to chest

Neck

Lateral Neck Flexion
From a seated or standing position, laterally flex the
head to one side until the point of discomfort is felt
on the opposing side. Hold for 30 to 60 seconds each
side, and repeat four to five times.



Lateral neck flexion

Lateral Neck Rotation
From a seated or standing position, laterally rotate
the head to one side as if looking over the shoulder
until the point of discomfort is felt on the opposing
side. Hold for 30 to 60 seconds each side, and repeat
four to five times.



Lateral neck rotation

Shoulders and Chest

Anterior Shoulder and Chest
Stretch

From a standing position with arms fully extended
behind the body, clasp the hands and gently move
them upward while pushing the chest forward. Hold
for 30 to 60 seconds, and repeat four to five times.



Anterior shoulder and chest stretch

Cross-Arm Stretch
From a seated or standing position, extend one arm
across the body, keeping the shoulder depressed.
Using the other arm, gently pull the extended arm
until the point of discomfort is felt in the extended
arm. Hold for 30 to 60 seconds per arm, and repeat
four to five times.



Cross-arm stretch

Torso

Side Bend
From a standing position with arms fully extended
overhead, clasp the hands and laterally flex to one
side. Hold for 30 to 60 seconds per side, and repeat
four to five times.



Side bend

PROPRIOCEPTIVE NEUROMUSCULAR
FACILITATION (PNF) STRETCHING EXERCISES
Before undergoing any PNF routine, it is imperative that the
person being stretched and the assisting partner both
understand the proper technique. Both people should have
thorough knowledge of the correct exercises to use, the
appropriate placement of supporting hands or equipment, the
amount of stretch to be performed (to the point of discomfort,
not pain), and the degree of resistance being applied. Failure to
do so may result in injury to the stretched person. As discussed
earlier, three major techniques can be used in PNF stretching:
hold-relax, contract-relax, and hold-relax with agonist
contraction. Descriptions of these techniques and examples of
exercises, including correction positioning, are outlined in this
section.

 

Hold-Relax
Contract-Relax
Hold-Relax With Agonist Contraction
Hamstring Stretch
Calf Stretch
Groin Stretch
Quadriceps and Hip Flexor Stretch
Chest Stretch



Shoulder Stretch

Hold-Relax
Perform a passive stretch of the muscle to the point
of mild discomfort and hold for 10 seconds. Apply
an isometric hold against the PNF partner for 6
seconds before a short relaxation of the stretched
muscle. Finally, perform a second passive stretch to
the point of discomfort for 30 seconds.



Passive stretch



Isometric resist



Passive restretch

Contract-Relax
Passively stretch the muscle to the point of mild
discomfort and hold for 10 seconds. Perform a
concentric muscle action of the stretched muscle
through full ROM while the partner provides gentle
resistance. Temporarily relax before a passive stretch
is applied for 30 seconds to the point of mild
discomfort.



Passive stretch



Concentric contraction with resist



Passive restretch

Hold-Relax With Agonist
Contraction

Perform a passive stretch of the muscle to the point
of mild discomfort and hold for 10 seconds. Apply
an isometric hold against the PNF partner for 6
seconds before a short relaxation of the stretched
muscle. Finally, apply a concentric muscle action of
the muscle (agonist) opposing the stretched muscle
while a passive stretch is performed for 30 seconds.



Passive stretch



Isometric resist



Agonist contraction

Hamstring Stretch
Lie in a supine position with extended legs and
hands by the sides (palms down). One leg will be
passively raised to the point of discomfort. The
assisting partner straddles the grounded leg and
places one hand on the foot and the other on the
thigh (just above the knee) on the stretched leg.
Photos of hamstring PNF stretches using the three
techniques were shown previously.

Calf Stretch
Start in a seated position with the legs extended
straight out. The partner can be positioned at the feet
or raise the extended leg onto his shoulder. The
partner’s hands are placed on the upper third of the
feet.



Calf stretch

Groin Stretch
Sit with both knees flexed and the soles of the feet
together (butterfly position). The partner can be
kneeling and positioned behind the exerciser. The
partner places one hand on the inner portion of each
knee.



Groin stretch

Quadriceps and Hip Flexor
Stretch

Lie in a prone position with both legs extended. The
partner is positioned between the thighs of the
exerciser and places one hand on the lower third of
the stretched thigh.



Quadriceps and hip flexor stretch

Chest Stretch
Sit or kneel with both arms abducted and hands
interlocking behind the head. The partner stands
behind the exerciser with one hand just above each
elbow.



Chest stretch

Shoulder Stretch
Sit or kneel with both arms extended behind the
body. The partner stands behind the exerciser with
one hand grasping each wrist.



Shoulder stretch

DYNAMIC STRETCHING EXERCISES
Dynamic stretching should include exercises with movement
patterns similar to job tasks. Body segments move through
patterns intended to stretch the desired body part or muscle
group. The goal of dynamic stretching is to elongate the
muscle through a desired movement while maintaining blood
flow, increasing body temperature, and promoting
neuromuscular activation, all of which develop and maintain
flexibility for the desired skill. Because this style of stretching
focuses on sport-specific or occupation-specific movement
patterns, it is an appropriate flexibility choice to prepare the
individual for the upcoming physical activity.

Mobility exercises can be included in a warm-up to prepare for
the upcoming session. Movements should progress from low
to high intensity through full ROM. They can also be
performed during the main workout session to address any
deficiencies or maintain mobility for optimal performance
during the session.

Yoga is a blend of static and dynamic movements that improve
both flexibility and mobility. It is an ancient practice that
brings the mind and body together, and it incorporates a
variety of poses that both stretch and strengthen the muscles
and tendons (47). Each pose incorporates a focus on breathing
and requires the exerciser to pay attention to the body’s
alignment during the stretch. Yoga also includes static postures



held for an extended time (i.e., 15-90 seconds). It gently
lengthens the muscles, increases ROM, and relieves muscle
tension and soreness (32).

The exercises in this section are just a few that can be used for
dynamic flexibility. Other exercises may be added to the
warm-up to gradually progress intensity and incorporate
movements similar to those in the workout ahead.

Mobility Exercises
Mobility Hurdles
 

Forward Over and Under
Backward Over and Under
Lateral Over and Under
High Step

Medicine Ball Circuit
 

Rocky Twist
Diagonal Chop to Hip
Diagonal Chop to Knee
Diagonal Chop to Ankle
Wood Chop

Yoga
 

High Lunge
Low Lunge
Warrior I
Extended Side Angle
Dead Pigeon
Modified Pigeon

Dynamic Stretches
 



Low Back Series
Prone Spinal Twist
Forward Lunge
Lunge Progression
Backward Lunge With a Twist
Side Lunge
Sumo Stretch
Leg Cradle
Inverted Hamstring Stretch
Hand Walk (Inchworm)
T Push-Up



MOBILITY EXERCISES

Mobility Hurdles
Mobility hurdles can be used to train mobility and
flexibility. For many of the following exercises, line
up four to six mobility hurdles and place them at
intervals of 2 feet (61 cm). Alternate the heights of
each hurdle, beginning with low (stepping over) and
then high (stepping under). Do not let the knee go to
the side when stepping over. In most cases, set low
hurdles at midthigh height and high hurdles at waist
height.

Forward Over and Under
Standing in front of the low hurdle, raise one knee as
high as possible. Step over the hurdle so the lead
heel moves directly over the hurdle and lands flat on
the ground. Bring the trail leg over the hurdle to
return to a standing position. In one motion, squat to
a height lower than the hurdle, step forward with the
lead leg through the hurdle, and move the body
under the hurdle so the trail leg returns to the start
position. Continue through the hurdle series using
the same lead leg. Change the lead leg and repeat the
hurdle series. Repeat the hurdle series one to two
times per leg.



Stepping over the hurdle



Moving under the hurdle

Backward Over and Under
Standing with the back to the low hurdle, raise one
knee as high as possible. Lean slightly forward and
reach back over the hurdle so the lead heel moves
directly over the hurdle and lands flat on the ground.
Bring the trail leg over the hurdle to return to a
standing position. In one motion, squat to a height
lower than the hurdle, step back with the lead leg
through the hurdle, and move the body under the
hurdle so the trail leg returns to the start position.
Continue through the hurdle series using the same
lead leg. Change the lead leg and repeat the hurdle
series. Repeat the hurdle series one to two times per
leg.



Moving backward over the hurdle



Continuing backward under the hurdle

Lateral Over and Under
Standing to the side of the low hurdle, raise the knee
of the lead leg (the leg next to the low hurdle) as
high as possible. In one motion, abduct the lead leg
and step over the hurdle. Raise the knee of the trail
leg, adduct the leg, and bring it over the hurdle to
return to a standing position. From this position,
descend into a squat where the thighs are parallel to
the hurdle or lower. Take a lateral step with the lead
leg to reach through the high hurdle to the other side
and then move the body under the hurdle to return to
the starting position. Continue through the hurdle
series using the same lead leg. Change the lead leg
and repeat the hurdle series. Repeat the hurdle series
one to two times per leg.



Lead leg going over the first hurdle



Lead leg going under the second hurdle



Trail leg going under the second hurdle

High Step
Line up four to six mobility arches and place them 1
foot (30 cm) apart or end to end. Set the hurdle to
just below groin height. Begin by moving forward,
stepping over the hurdle, and swinging the knee
outward. The trail leg follows through, swinging the
knee outward around the hurdle to return to a
standing position. After completing the series
moving forward, repeat it while moving backward,
with the lead leg stepping back over the hurdle. The
trail leg swings outside the hurdle and returns to a
standing position.



High step

Medicine Ball Circuit
The following exercises can be used in a medicine
ball circuit. All movements begin from an athletic
position (see the photos) where the exerciser is in a
half-squat position with the feet hip-width apart,
shoulders back, and spine neutral. Be sure to follow
the medicine ball with the head throughout the entire
movement. Though these exercises are shown using
a medicine ball, it is possible to use a dumbbell,
kettlebell, or resistance band instead.



Athletic position: front view



Athletic position: side view

Rocky Twist
Extend the arms holding a medicine ball at waist
level. Rotate the arms to one side of the body,
following the medicine ball with the head. Unlock
the hips so they rotate with the arms. The back foot
should also rotate toward the medicine ball. Repeat 5
to 10 times per side.



Starting position



Rotation

Diagonal Chop to Hip
Extend the arms holding a medicine ball over one
shoulder. Swing the extended arms downward
diagonally toward the opposite hip. Return to the
starting position. Repeat 5 to 10 times per side.



Starting position



Diagonal chop to hip

Diagonal Chop to Knee
Extend the arms holding a medicine ball over one
shoulder. Begin by swinging the extended arms
downward diagonally toward the opposite knee.
Return to the starting position. Repeat the movement
5 to 10 times per side.



Starting position



Diagonal chop to knee

Diagonal Chop to Ankle
Extend the arms holding a medicine ball over one
shoulder. Swing the extended arms downward
diagonally toward the opposite ankle. Return to the
starting position. Repeat the movement 5 to 10 times
per side.



Starting position



Diagonal chop to ankle

Wood Chop
Extend the arms holding a medicine ball overhead.
Swing the medicine ball with the extended arms
downward through the legs. Be sure to squat during
the downward motion and bend slightly forward to
allow the medicine ball to pass through the legs.
Maintain a neutral spine throughout the movement
to avoid any rounding of the back.



Starting position



Downward swing



YOGA

High Lunge
Step back with one leg and place the ball of the back
foot flat on the floor. The front knee should be bent
to about 90° with the front foot remaining flat on the
ground. Lean forward, bringing the torso toward the
front thigh. Hold for 30 to 60 seconds. Return to the
starting position and repeat with the opposite leg.
Repeat three to four times.



High lunge

Low Lunge
Step back with one leg to an extended lunge position
and place the instep of the back foot on the floor.
The front knee should be bent and should remain
behind the line of the front toes. Drop the back knee
to the floor, stretching the groin and thigh of the
back leg and reaching up with both arms to elongate
the torso. Hold for 30 to 60 seconds. Return to the
starting position and repeat with the opposite leg.
Repeat three to four times.



Low lunge

Warrior I
Step back with one leg and place the heel of the back
foot on the floor with the toes pointed forward. The
front knee should be slightly bent with the foot flat
on the floor and the toes pointed out at 45°. Reach
up with both arms, elongating the torso. Hold for 30
to 60 seconds. Return to the starting position and
repeat with the opposite leg. Repeat three to four
times.



Warrior I

Extended Side Angle
Get into a lunged position with the heel of the back
foot on the floor. Rotate the torso to face
perpendicular to the front leg. Rotate the back foot
so that the toes face outward the same direction as
the torso. The front knee should be bent to about 90°
with the foot flat on the floor and the toes pointed
forward. Reach up toward the head with the arm
closest to the back leg, leaning the torso toward the
front thigh. Reach down with the opposite arm,
grasping the foot of the front leg. Hold for 30 to 60
seconds. Return to the starting position and repeat
with the opposite leg. Repeat three to four times.



Extended side angle

Dead Pigeon
Lie on the floor in a supine position and bring both
knees toward the chest. Cross one ankle over the
thigh of the opposite leg. Grasp the knee of the leg
with the ankle crossed over it with both hands and
pull the knee gently toward the chest. Hold for 30 to
60 seconds. Repeat with both legs three to four
times.



Dead pigeon

Modified Pigeon
Begin in a quadruped position on both hands and
knees. Bring one leg forward with the knee bent and
place the outside of the knee on the floor with the
foot behind the hand on the opposite side of the
body. Bring the opposite leg straight back with the
knee on the floor behind. Lean the torso forward
gently and hold for 30 to 60 seconds. Repeat with
both legs three to four times.



Modified pigeon



DYNAMIC STRETCHES

Low Back Series
Lie supine on the floor, arms abducted and extended,
hips and knees at 90°, holding the feet off the
ground. Slowly lower the bent knees to one side
toward the floor, raise them back to the starting
position, and repeat to the other side. Repeat 5 to 10
times per side.



Low back: bent knee



Low back: bent knee, knees lowered to floor



Low back: single leg



Low back: double leg

Prone Spinal Twist
Lie prone on the floor, with arms abducted and
extended to the sides, pressed firmly to the floor.
Raise a heel toward the opposing hand by extending
and rotating at the hips. Return to the starting
position. Alternate legs and repeat 5 to 10 times per
side.



Starting position



Stretched position: heel raised, hip rotated and
extended

Forward Lunge
Standing straight, take a large step forward with one
leg to create a 90° angle of flexion in both knees.
Keep the lower leg from touching the ground.
Return to the starting position and alternate lead
legs. Repeat 5 to 10 steps with both legs.



Starting position



Forward lunge

Lunge Progression
Lunge into an elbow-to-instep position and then
move to a knee extension position: Repeat the
forward lunge and then flex forward at the hips to
bring the forearm of the same side as the lead leg
toward the ground. After reaching the end point of
the forward stretch, slowly shift the body weight
backward and extend the lead leg into a hamstring
stretch.



Forward lunge with elbow to instep



Forward lunge with knee extension

Backward Lunge With a Twist
Standing straight, take a large step backward with
one leg to create a 90° angle of flexion in both
knees. Keep the lower leg from touching the ground.
Twist the torso to the same side as the lead leg and
back to the lunge position. Return to the start
position and alternate legs. Repeat 5 to 10 steps with
both legs.



Backward lunge with a twist

Side Lunge
From a standing position, step out to the right and
shift the body weight over the right leg, squatting to
a 90° angle while maintaining a neutral spine and
keeping the left leg straight and both feet flat on the
ground. It is important to sit back, keeping the
weight on the heels and keeping the knees from
reaching over the toes. Return to the starting position
and repeat 5 to 10 steps with both legs.



Side lunge

Sumo Stretch
Stand with the feet slightly wider than shoulder-
width apart. Move into a deep squat, keeping the
hips back and weight over the heels of the feet while
maintaining a neutral spine. Grab the toes and
slowly extend the knees to the point of mild
discomfort while keeping a neutral spine. Return to
the starting position and repeat 5 to 10 times, aiming
for a slightly deeper squat and slightly straighter legs
in extension.



Deep squat



Knees somewhat extended

Leg Cradle
In a standing position, lift one knee as high as
possible and turn it outward. With one hand, grasp
the knee, and with the other, grasp the ankle. Pull the
lower leg up toward the chest and then release to the
starting position. Alternate legs and repeat 5 to 10
times. The leg cradle can be performed in one spot
or walking forward.



Leg cradle

Inverted Hamstring Stretch
In a standing position, while balancing on one foot
and keeping both legs straight, bend forward at the
waist so that the upper body (with neutral spine) and
nonbalancing leg are parallel to the ground. Return
to the starting position and alternate legs. Repeat 5
to 10 times.



Inverted hamstring stretch

Hand Walk (Inchworm)
From a standing position with knees slightly flexed,
bend forward at the waist and place both hands on
the floor. While keeping the legs as straight as
possible, gradually walk the hands out to a push-up
position. From this position, gradually walk the feet
toward the hands with small steps, keeping the legs
as straight as possible (minimal bend in the knees).

Variation: After the initial walk to the push-up
position, return to the starting position with the
hands returning to the feet rather than the feet to the
hands. A push-up can also be added at the midway
point to increase the difficulty of the shoulder
stability in conjunction with the hand walk.



Hips flexed, hands on ground



Push-up position



Feet walking toward hands

T Push-Up
Starting in a push-up position with hands directly
under the shoulders, take one hand off the ground
and rotate the torso 180° until the extended arm is
pointing straight up in the air. Return to the starting
position and change arms. Repeat 5 to 10 times per
arm.

Variation: Include a push-up between alternating
arms.



Starting position



Torso rotated 180°

MYOFASCIAL RELEASE (MR) EXERCISES
SMR devices such as foam rollers are becoming popular, not
only because of their health benefits (4, 43, 45) but also
because they are relatively inexpensive, light and compact,
and portable. Foam rollers come in a variety of shapes and
sizes; however, a denser foam roller provides significantly
more pressure on the soft tissue (12). This should be
considered when selecting an implement. Other considerations
for using foam rollers include the following:

 

Avoid rolling over joints or areas where there is little soft
tissue.
Position the roller directly over or under the area of focus.
Begin by applying gentle pressure above or below the
target area, rolling back and forth, slowly working
through the middle of the selected area toward the end
point before returning to start position.
Roll each area for 15 to 30 seconds. In extremely
sensitive areas, stop at the point of sensitivity and apply
gradual pressure for 30 to 60 seconds before continuing.
Focus on areas with restrictions in ROM or muscles with
soreness or tightness.

Beginners may want to take a day off between sessions until
the fascial adhesions become softer or more tolerable.

 



Gluteal Area
Hamstrings
Quadriceps
Hip Flexors
Hip Adductors (Groin)
IT Band
Calves
Upper Back
Latissimus Dorsi

Gluteal Area
Sit on the floor with the knees bent or legs straight.
Place a foam roller under one side of the buttocks.
Begin by rolling back and forth across the area,
starting in a small area and widening as tolerated.



Gluteal foam roller exercise

Hamstrings
Sit with the legs straight out in front of the body, and
place a foam roller under the posterior thigh of one
leg. Begin by rolling back and forth, using small
motions, migrating from the bottom of the buttocks
to just above the back of the knee.



Posterior thigh (hamstring) foam roller exercise

Quadriceps
Lie facedown and place a foam roller under one
thigh, just below the hip. Begin by rolling back and
forth along the thigh, working small areas, migrating
from just below the hip to just above the knee.



Anterior thigh (quadriceps) foam roller exercise

Hip Flexors
Lie facedown and place a foam roller under the
pelvis, just below the hip but above the thigh. Begin
by rolling back and forth, working small areas, just
at the fold of the hip.



Hip flexor foam roller exercise

Hip Adductors (Groin)
Lie facedown and place a foam roller under the inner
thigh of one leg, just below the groin. Begin by
rolling back and forth, working small areas,
migrating from just below the groin to just above the
knee.



Hip adductor foam roller exercise

IT Band
Lie on one side of the body. Place a foam roller
under the outer thigh of bottom leg, just below the
hip. The top leg can either be stacked on top of the
other leg or shifted to the front to assist with
balance. Begin by rolling back and forth, working
small areas, migrating from just below the hip to just
above the knee.



IT band foam roller exercise

Calves
Sit with the legs straight out in front of the body, and
place a foam roller under the calf of one leg. Begin
by rolling back and forth, using small motions,
migrating from just below the knee to just above the
ankle.



Calf foam roller exercise

Upper Back
Lie in a supine position. Place a foam roller under
the scapulae, perpendicular to the spine. With knees
bent and feet flat on floor, raise the buttocks off the
floor by extending the hips. Roll back and forth from
the top of the shoulder blades to the thoracic region
of the back.



Upper back foam roller exercise

Latissimus Dorsi
Lie on one side of the body with the bottom arm
extended and a foam roller under the axillary region
(armpit). Roll back and forth from the axillary
region to just above the waist.



Latissimus dorsi foam roller exercise



Program Design
The scope of mobility and flexibility has been heavily detailed
throughout this chapter, along with substantial options for
integrating exercises into a tactical training program and daily
life. However, certain considerations need to be addressed in
order to provide a safe and beneficial program.

Training Status and Goals
No single mobility and flexibility program is effective for
everyone. The prescription of any mobility and flexibility
program must focus on the needs of the individual and the goal
of maintaining or improving functioning for health or for
performance in a tactical environment (40). Before adding
mobility and flexibility exercises to a program, the TSAC
Facilitator must become familiar with the types of flexibility
and mobility exercises discussed throughout this chapter.
Failure to do so may put a tactical athlete at risk for injury or
may compromise the athlete’s other training.

The extent to which flexibility and mobility exercises are
implemented into a training program depends on the status and
goals of the tactical athlete, number of training sessions,
available resources, and time available to complete the
exercises. Many people fail to include flexibility or mobility
exercises in a regularly scheduled session or weekly program
because they do not prioritize mobility and flexibility.
However, flexibility and mobility should be addressed the
same as other fitness components such as muscular strength or
power. If incorporated correctly, these exercises not only
improve flexibility and mobility but also improve
preparedness for other task-specific variables, such as field
and job-specific duties (40). To design an appropriate
flexibility and mobility program, it is important to establish
the most suitable position for the previously discussed styles
of flexibility and mobility training.

The intended purpose of stretching before and during an event
or training session is to ensure that the person has sufficient
ROM to perform optimally and to decrease any muscle



stiffness (or increase muscle compliance) to theoretically
decrease the risk of injury (40). The purpose of stretching after
an event or training session (including periods between
sessions) is to maintain or improve flexibility and mobility.

TSAC Facilitators should consider the most suitable styles of
mobility and flexibility training for tactical athletes when
establishing training goals and programs. Though static and
PNF stretching benefit flexibility, they may not benefit
muscular force and power output, and thus they primarily
should be performed in the cool-down or between sessions as
a way to focus on maintaining flexibility levels (if optimal)
and address any identified limitations. Ballistic stretching has
also been shown to increase flexibility; however, due to its
harsh nature and possible increase in injury risk, it has fallen
out of favor (59) and may not be suitable for tactical athletes.

Dynamic stretching is the more suitable presession and in-
session activity because it imitates occupation-specific
movements, thus preparing the tactical athlete for the intended
workout or actions. It also has the advantage of developing
mobility without compromising the integrity of the session
(i.e., decrease in HR, body temperature, circulation, and force
and power output common with static stretching). Finally, the
inclusion of MR through massage therapy or SMR using foam
rollers can decrease fatigue and improve recovery, in addition
to improving pain management and mood state, and as such it
can be used during the session, immediately after the session,
or between sessions.

Demands Specific to Tactical Populations
Mobility and flexibility training should not just be part of the
warm-up or cool-down. It is a workout in its own right and
should be just as much of a priority as strength training for
tactical athletes (21). Achieving whole-body mobility requires
a structured program. As always, the TSAC Facilitator must be
aware of time, equipment, and personnel constraints. For
example, PNF stretching may be more advantageous than
static stretching for increasing flexibility, but it requires a
substantial amount of time per stretch as well as an assisting
partner. Static stretching, on the other hand, still increases



flexibility but is much simpler and takes less time. In addition,
the tactical athlete’s environment may or may not be
conducive to massage therapy or SMR (e.g., lack of time,
limited access to equipment or personnel).

Tactical athletes can use many methods to achieve flexibility
and mobility when under time constraints. For example, a
typical workout may begin with a dynamic warm-up (light
aerobic exercise and dynamic stretches) for 10 to 15 minutes,
followed by the focus of the day (e.g., strength, speed, agility,
cardio). In addition, mobility exercises such as SMR or
corrective exercises for identified areas of concern can be
performed in the main body of the program as isolated
exercises between major movements, during recovery between
sets of major movements, or at the end of the workout as a
complement to the session. Include any static or PNF stretches
targeting flexibility as part of the cool-down. Each workout
session should be followed by a recovery session that includes
flexibility or mobility exercises (e.g., yoga, static stretching,
PNF); four to five sets of 60-second bilateral static stretches of
target muscle groups are the most suitable frequency and
duration to decrease passive resistance and increase flexibility
(40).

The style of mobility or flexibility work must be chosen
carefully to prepare the tactical athlete for a specific exercise
session. In addition, it must consider future exercise sessions
and work schedules. As with other program design
considerations (e.g., training for muscular strength, power,
endurance, or cardiorespiratory gains), the TSAC Facilitator
should complete a needs analysis to structure a program
accordingly. A primary risk factor for injury in tactical athletes
is overuse of training errors (40). By planning a schedule for
work, rest, and training, the facilitator can identify the
frequency, intensity, volume, and modality for recovery,
maintenance or improvement of flexibility and mobility, and,
most importantly, optimal performance. Tactical athletes are
not always able to warm up before an occupational demand
arises, such as an alarm callout for firefighters, a response to
fire for military personnel, or a forced entry for law
enforcement. Flexibility and mobility are essential for tactical



athletes so that they can respond optimally, lower the possible
risk for injury, and recover quickly.

Key Point
A tactical conditioning program must address all key fitness
components; however, the attention paid to each component
depends on the needs analysis. Factors may include current
physical readiness; physical demands of work and life; time,
equipment, and personnel available; and individual health and
performance goals.

Following are guidelines to increase and maintain flexibility
and mobility (29):

 

1. Perform a general warm-up before stretching to increase
body temperature and blood flow to the working muscles.

2. Include all major muscle groups, particularly common
areas such as the low back, hips, quadriceps, hamstrings,
and calves.

3. Follow a logical anatomical order, such as starting with
the lower legs and moving to the upper extremities or
vice versa, to allow exercises to stretch similar muscles.
Stretch through various planes of movement to improve
ROM at each joint.

4. Complete at least two to five repetitions per exercise, and
hold the stretch for 15 to 90 seconds as long as it feels
comfortable. Stretches should never be taken to the point
of pain; they should only cause mild discomfort.

5. Breathe slowly and rhythmically while holding a stretch
to assist in releasing muscle tension and avoid the
Valsalva maneuver and subsequent increase in blood
pressure.

6. Perform a dynamic warm-up before any moderate to
vigorous physical activity, include mobility exercises
within or at the end of the workout to maintain or
improve any areas of concern, and finish with static
stretching during the cool-down to focus on overall
flexibility improvement.



Conclusion
This chapter has discussed mobility and flexibility for tactical
athletes. Mobility and flexibility exercises are one component
of a health and fitness program; however, due to their direct
link to the ability to move, they may have implications for
other program components. The ever-changing theater of
operations for tactical athletes highlights the importance of
flexibility and mobility. Whether a firefighter, police officer,
first responder, or soldier, all tactical athletes need to be supple
and flexible to perform their required tasks. As with any
program, individualization is crucial. To prescribe an efficient,
effective routine, the TSAC Facilitator must consider the
status of and the demands placed on the tactical athlete,
individual and program goals and objectives, and
physiological and kinesiological factors that affect flexibility
and mobility.

Key Terms
 

arthritis
ballistic stretching
collagen
dynamic stretching
elastin
fibrosis
fibrous adhesions
flexibility
Golgi tendon organ (GTO)
kinesiological factors
mobility
muscle spindles
myofascia
myofascial release (MR)
overstretching
physiological factors
proprioceptive neuromuscular facilitation (PNF)
range of motion (ROM)
reciprocal inhibition



sarcopenia
self-myofascial release (SMR)
static stretching
strength-induced strength loss
stretch reflex

Study Questions
 

1. Which of the following is a kinesiological factor that
affects mobility and flexibility?

1. age
2. muscle origin and insertion
3. physical activity level
4. body composition

2. Which of the following structures is responsible for
initiating the stretch reflex?

1. muscle spindle
2. Golgi tendon organ
3. myosin and actin
4. collagen and elastin

3. Which of the following stretching techniques involves
controlled activity-specific movements that extend the
muscles to exceed end ROM?

1. static
2. PNF
3. dynamic
4. ballistic

4. Which of the following guidelines applies to using a foam
roller?

1. Roll each area for 5 to 10 seconds.
2. Go around any extremely sensitive areas.
3. Position the roller 4 in. (10.2 cm) away from the

area of focus.
4. Avoid rolling over joints or areas where there is little

soft tissue.



Chapter 13
Plyometric, Speed, and Agility

Exercise Techniques and
Programming

Mike Barnes, MEd, CSCS, NSCA-CPT

Jay Dawes, PhD, CSCS,*D, NSCA-CPT,*D, FNSCA
After completing this chapter, you will be able to

 

describe the plyometric, speed, and agility training needs
for tactical populations;
describe optimal types of plyometric, speed, and agility
training exercises and drills;
design a warm-up protocol for a plyometric, speed, and
agility training session;
describe proper exercise technique and instructional
cuing for plyometric, speed, and agility exercises; and
design plyometric, speed, and agility training programs
based on the training status, goals, and occupational
demands of tactical athletes.

Tactical athletes are often required to perform physically
demanding tasks as part of their occupational duties.
Depending on the situation, these tasks may range from
routine to potentially life threatening. Regardless, each
situation requires varying degrees of physical abilities. Based
on the physiological demands and stresses of their jobs, it is
evident that tactical athletes may be required to perform feats
of significant power and strength. For example, a law
enforcement officer requires a high degree of neuromuscular
control to maintain speed and balance while navigating uneven
terrain and wearing a utility belt with various tools, and a
military soldier navigating urban warfare needs a high degree



of strength and effective use of the nervous system to execute
the task safely.

This chapter discusses the fundamentals of plyometric, speed,
and agility training. By incorporating these conditioning
methods into a comprehensive strength and conditioning
program, tactical athletes will better be able to accomplish the
physical functions of their occupations.



Plyometric Training
Power is frequently defined as the ability of the body to do
work, or the rate at which work is performed (31). However, in
terms of performance, power may best be defined as the
optimal expression of force and velocity to perform a given
task. One method of developing power is plyometric training.
Plyometric drills consist of hopping, jumping, and bounding
movements that rely heavily on the series elastic components
(SECs) of the muscles and tendons, as well as the stretch–
shortening cycle (SSC), to improve reactive strength (23, 26).

This section provides examples of plyometric drills.
Additionally, guidelines for teaching and cuing drill
techniques will be emphasized to assist the TSAC Facilitator
in refining movement quality. Finally, program design
recommendations—including progressions based on training
status, goals, and demands specific to tactical populations—
will be addressed.

Plyometric drills consist of three major phases. The first is the
eccentric, or loading, phase. During this stage of the
movement, rapid loading of the agonist muscle groups occurs.
As a result, the SECs within the muscles and tendons store
elastic energy. This rapid eccentric muscle action also
activates the muscle spindles, which prevent overstretching of
the agonist muscle by causing muscular contraction. The
eccentric loading of the musculotendinous tissues is then
immediately followed by the amortization phase. This phase
occurs between the end of eccentric muscle action and the
initiation of concentric muscle action (figure 13.1) (40).
During this transitional phase, the Type Ia afferent motor
neurons are stimulated and synapse with the alpha motor
neurons in the spinal cord. When this occurs, the alpha motor
neurons transmit signals to the agonist muscle groups to
initiate a more powerful contraction during the final stage of
the drill, or the concentric phase. However, if the amortization
phase is too long, the majority of energy stored in the SEC
dissipates as heat (40).



Figure 13.1 The long jump and SSC. (a) The eccentric phase
begins at touchdown and continues until the movement ends.
(b) The amortization phase is the transition from eccentric to
concentric phases; it is quick and without movement. (c) The

concentric phase follows the amortization phase and comprises
the entire push-off time, until the athlete’s foot leaves the

surface.

Reprinted, by permission, from NSCA, 2016, Program design and technique for
plyometric training, D.H. Potach and D.A. Chu. In Essentials of strength training

and conditioning, 4th ed. (Champaign, IL: Human Kinetics), 474.

Need for Power Within Tactical
Populations
For tactical athletes, the ability to produce force rapidly is
critical to success in many situations. Due to the physiological
demands and stresses of their jobs, tactical athletes may be
required to perform feats of power and strength similar to
those performed by competitive sport athletes. For example, to
be effective, tactical athletes must be able to sprint to an
objective to avoid gunfire or when in pursuit of an assailant;
lift, carry, push, or drag an object or a victim to safety; jump
and vault over barriers and obstacles of varying sizes; climb
stairs; and perform hand-to-hand combat (14, 39, 47).

Several studies have identified the importance of anaerobic
power for people who work in physically demanding
occupations (38, 46, 48). For example, Sell (45) found a strong



relationship between time to completion on simulated
firefighting task scenarios (SFTS) and vertical jump height.
The study discovered that firefighters with a vertical jump
height of at least 17 inches (43 cm) were more likely to
achieve passing scores on the SFTS. Similarly, Michaelides et
al. (35) found significant correlations between vertical jump
and a simulated rescue using a mannequin. Research
conducted by Dawes et al. (14) found a significant relationship
between direct and indirect measures of power and speed over
5, 10, and 20 m among members of a part-time SWAT team.
Furthermore, Rhea, Alvar, and Gray (41) discovered a
significant relationship between time to completion of a series
of simulated firefighting tasks and sustained anaerobic power
as measured by 400 m run time.

Improving absolute power among tactical athletes should have
a direct impact on occupational performance, especially during
tasks that require sprinting, jumping, vaulting, lifting,
dragging, and carrying. Because improving absolute power
should improve the amount of force the tactical athlete is able
to exert at foot strike (13), training for power may also
contribute to sustained power.

In addition, although there is a paucity of research on the
topic, upper body plyometrics that use body weight and other
forms of light external resistance (e.g., medicine balls,
sandbags) may also be useful for developing power in this
population. The SAID (specific adaptation to imposed
demands) principle, sometimes used interchangeably with
specificity principle, refers to the adaptation that is made to a
specific demand or stimulus (6, 39, 51). For example,
rotational throws and tosses may aid the development of
power in the transverse plane, which may directly relate to
specific tactical tasks such as breaching, throwing, striking,
and using force. For these reasons, developing power should
be a primary consideration when designing a comprehensive
training program for the tactical athlete, and plyometrics
should be considered for developing this attribute.

Types of Plyometric Drills



Plyometric drills are typically classified by their degree of
intensity (2, 3, 40). The intensity of a plyometric drill can vary
drastically based on several factors, such as the height and
distance traveled, the complexity of the drill, the speed at
which the drill is performed, the loading parameters selected
(e.g., bodyweight versus weighted jumps), and the rate of the
SSC (i.e., the transition time between eccentric and concentric
muscle actions and the amplitude of the movements
performed). These factors may be influenced by the
displacement of the center of mass, horizontal speed, body
mass, individual effort, and reactive strength.

Warm-Up
Warm-ups have two components: the general warm-up and the
specific warm-up. The general warm-up increases blood flow,
HR, respiration rate, deep muscle temperature, and
perspiration; decreases viscosity of joint fluids (30); and
improves joint ROM. This phase lasts 5 to 10 minutes and
incorporates low-intensity continuous movements such as
jogging or stationary cycling. As the general warm-up
proceeds, so does the corresponding intensity of the drill;
however, this should produce little to no fatigue.

The second phase is the specific warm-up. This phase
incorporates movements that are more dynamic, require higher
power outputs over larger ROMs, and are similar to the actions
observed in operations or the training to follow. It is
recommended to first use general movement patterns before
performing more specific movements. When training
plyometrics, include both a general and specific warm-up
before skills and drills (40).

The incorporation of dynamic flexibility movements into the
specific warm-up is advised if strength and power capabilities
are required for the activity. Note that warming up and
stretching are not the same thing; stretching is designed to
cause chronic adaptations in muscle tissue extensibility and
joint ROM, whereas the purpose of a warm-up is to
progressively increase muscle temperature, breathing rate,
perspiration rate, and HR in preparation for more vigorous
activity. Additionally, static stretching prior to activity may



quell neural activity and compromise power output (30, 36).
Therefore, for chronic adaptations in muscle tissue
extensibility and joint ROM, postactivity static stretching is
advised (19). This suggests that if improvement in mobility for
immediate use is required, then a dynamic warm-up is
recommended. However, if the individual has limitations in
muscle or joint ROM, then postactivity static stretching to
enhance ROM is advised (19). The TSAC Facilitator should
make an educated decision on which warm-up activities are
most appropriate for the training activity and the tactical
athlete. Training segments specifically focusing on flexibility
can be added to further increase joint ROM.

Dynamic flexibility movements often are multiplanar, are held
briefly, address opposing muscle groups, and replicate
movements similar to the upcoming activity or training.
Depending on the activity or the training that follows, some
warm-up activities, including flexibility, may be more
appropriate than others. For specific warm-up guidelines, refer
to chapter 12.

PLYOMETRIC DRILLS
Landing Drills
 

Drop Squat
Drop Lunge
Drop Freeze
Drop Push-Up

Lower Body Plyometrics
Low Intensity
 

Double-Leg Jump
Skip
Squat Jump
Countermovement Jump

Low to Moderate Intensity



 

Tuck Jump
Cone and Barrier Jump
Box Jump
Box Push-Off
Split Squat Jump

Moderate to High Intensity
 

Broad Jump
Triple Jump
Lateral Cone or Barrier Jump
Single-Leg Hop
Bounds
Depth Jump

Upper Body Plyometrics
Low Intensity
 

Medicine Ball Chest Pass

Moderate Intensity
 

Backward Overhead Medicine Ball (BOMB) Toss
Rotational Toss

Moderate to High Intensity
 

Power Drop
Clap Push-Up
Depth Push-Up
Overhead Forward Throw
Scoop Toss



Landing Drills

Tactical personnel should be taught, and must
demonstrate, appropriate landing technique before
progressing to plyometric drills.

Drop Squat

Purpose

To teach proper landing mechanics

Start

Stand in a tall, upright position with the arms
hanging at the sides of the body, the hips and knees
extended, and the feet slightly narrower than hip-
width apart.

Action

Raise the heels by plantar flexing the ankles. Jump
the feet outward so they are approximately shoulder-
width apart, with the toes pointed slightly outward
and the knees lined up with the second toe on the
same-side foot.

Finish

Land in the universal athletic position, with the chest
up, the shoulder blades retracted and slightly
depressed, and a slight bend in the ankles, knees,
and hips.



Drop Lunge

Purpose

To teach proper landing mechanics, develop
eccentric strength, and emphasize appropriate arm
action for improved change-of-direction speed



Start

Stand in a tall, upright position with the arms
hanging at the sides of the body, the hips and knees
extended, and the feet slightly narrower than hip-
width apart.

Action

Raise the heels by plantar flexing the ankles. Then
jump the feet outward so they are approximately
shoulder-width apart, with the toes pointed slightly
outward and the knees lined up with the second toe
on the same-side foot.

Finish

Quickly split the feet and land in a lunge position.



Drop Freeze

Purpose

To teach proper landing mechanics and develop
eccentric strength

Start

Stand on top of a 12- to 24-inch (30-61 cm)
plyometric box.

Action

Step forward off the box.

Finish

Both feet should contact the ground simultaneously.
Land in the universal athletic position, with the chest
up, the shoulder blades retracted and slightly



depressed, and a slight bend in the ankles, knees,
and hips.

Drop Push-Up

Purpose



To develop eccentric strength in the upper body

Start

Start in a push-up position with the arms extended
and hands placed slightly wider than shoulder-width
apart on a set of 4- to 6-inch (10-15 cm) steps or
risers.

Action

Simultaneously shift the hands inward so they are
approximately shoulder-width apart and land with
both hand in full contact with the ground. Upon
landing, allow the wrists, elbows, and shoulders to
flex slightly in order to absorb the landing. The
trunk should remain rigid upon landing, and the legs
should remain straight.

Finish

Return to the starting position and repeat for the
desired number of repetitions.





LOWER BODY PLYOMETRICS

Low Intensity

When performing plyometric drills, maintaining
proper technique is critical. The TSAC Facilitator
should monitor fatigue during every drill and
repetition. Particular attention should be given to
body alignment and fatigue that may increase risk of
injury. The following section describes a variety of
lower body plyometric drills.

Double-Leg Jump

Purpose

To develop explosive plantar flexion at the ankles,
improve utilization of the SSC, and teach proper
landing mechanics

Start

Stand in the universal athletic position with the feet
approximately hip-width apart and the arms bent at a
90° angle at the elbows.

Action

Rapidly swing the arms backward while maintaining
a 90° bend at the elbows. At the same time, quickly
flex the ankles, knees, and hips. Jump upward, with



primary motion occurring at the ankle joint (similar
to jumping rope).

Finish

Land in the starting position. Immediately repeat this
action for the desired number of repetitions.



Skip

Purpose

To develop rhythm and tempo, as well as improve
triple extension of the drive leg and triple flexion of
the front leg

Start

Begin by lifting one leg to approximately 90° of hip
and knee flexion. Simultaneously lift the opposite
arm.

Action

Extend the ankle, knee, and hip of the stance leg to
skip forward, with the front leg still flexed 90° at the
hip and knee. The arms should remain bent at 90°,
and the arms and legs should act in a reciprocal
manner (i.e., when the left leg is forward, the left
arm swings forward) to counterbalance the rotational
forces of the lower body.

Finish

Return the flexed leg to the ground. Immediately
repeat the skip with the opposite leg.

Note: This drill can also be performed backward as
well as laterally. Additionally, the intensity can be
increased by performing the drill over a longer
distance or attempting to cover a greater distance
without increasing the number of repetitions.



Squat Jump

Purpose

To develop lower body power from a stationary start

Start

Stand in the universal athletic position with the
hands on the hips.

Action



Squat until the tops of the thighs are parallel to the
ground, count to 2, and then jump vertically as high
as possible while keeping the hands on the hips.

Finish

Land in the starting position. Repeat for the desired
number of repetitions.



Countermovement Jump

Purpose

To develop lower body power via rapid prestretching
action (i.e., countermovement)

Start

Stand in the universal athletic position with the
hands on the hips.

Action

Rapidly squat to approximately 110° to 120° of knee
flexion, and then immediately jump upward as high
as possible while keeping the hands on the hips.

Finish

Land in the starting position. Repeat for the desired
number of repetitions.



Low to Moderate Intensity

The following drills are classified as low to
moderate intensity. The low-intensity drills should
be mastered before progressing to the following
drills.

Tuck Jump

Purpose

To develop lower body power and improve dynamic
hip mobility

Start

Stand in the universal athletic position.



Action

Perform a countermovement jump while pulling the
knees to the chest. Quickly touch the knees with
both hands at the peak height of the jump.

Finish

Land in the starting position. Repeat for the desired
number of repetitions.



Cone and Barrier Jump

Purpose

To develop lower body power

Start

Stand in the universal athletic position with the feet
approximately shoulder-width apart.

Action

Perform a countermovement and then jump over a
cone or barrier.

Finish

Land in the starting position. Repeat for the desired
number of repetitions.

Note: The height of the cones or barriers can
increase as the tactical athlete becomes more
proficient at this drill. The height can also be used to
adjust the intensity (i.e., lower cones or barriers =
lower intensity, taller cones or barriers = higher
intensity).





Box Jump

Purpose

To develop lower body power

Start

Stand in the universal athletic position with the feet
approximately hip-width apart facing a box.

Action

Perform a countermovement with arm swing (as
previously described), and then rapidly extend the
ankles, knees, and hips.

Finish

Flex the hips, knees, and ankles and land in the
universal athletic position on top of the box. Step



down from the box. Repeat for the desired number
of repetitions.

Note: Do not jump off the top of the box; this
increases the force one must absorb upon landing.



Box Push-Off

Purpose

To develop lower body power off a single leg

Start

Stand behind a 12- to 24-inch (30-61 cm) plyometric
box. Place one foot on top of the box.

Action

Explode upward by pushing off the lead foot and
rapidly extending the hip, knee, and ankles. The
arms should simultaneously swing upward to help
generate greater total body power.

Finish

Land in the starting position, with the same foot on
top of the box. Upon landing, the foot should be in



full contact with the box. Repeat for the desired
number of repetitions and then switch legs.

Note: Make certain the center of mass remains over
the box throughout the drill. The intensity of this
drill may be increased by performing the movement
in an alternating fashion (i.e., the right leg starts on
top of the box, and then the legs switch at the apex
of the jump and the left foot lands on the box) while
attempting to minimize the time between jumps.
This drill can also be performed laterally off a single
leg or in an alternating fashion (i.e., step-box-
change). As tactical athletes transition over the box,
they will shift their body mass from one side of the
box to the other.



Split Squat Jump

Purpose

To develop lower body power off a single leg

Start

Start in a lunge position with one leg positioned
forward (hip and knee flexed approximately 90°)
and the other behind the midline of the body.

Action

Explosively jump as high as possible while
simultaneously swinging the arms upward. At the
peak of the jump, the legs should be fully extended
and parallel to one another.

Finish



Land in the starting position with the same leg
forward. Repeat for the desired number of
repetitions and then switch legs.

Note: The intensity of this drill may be increased by
performing the movement in an alternating fashion
(i.e., right leg forward and then switch at the apex of
the jump to land with the left leg forward) while
attempting to minimize the time between jumps.



Moderate to High Intensity

The following drills are classified as moderate to
high intensity. The low- and moderate-intensity
drills should be mastered before progressing to the
following drills.

Broad Jump

Purpose

To develop vertical and horizontal lower body power

Start

Stand in the universal athletic position with the feet
approximately shoulder-width apart.

Action

Perform a countermovement arm swing while
simultaneously flexing the hips, knees, and ankles.
Jump horizontally as far as possible, using both arms
to assist.

Finish

Land in the starting position, allow a few seconds to
recover, and then repeat for the desired number of
repetitions.



Triple Jump

Purpose

To develop vertical and horizontal lower body power

Start

Stand in the universal athletic position with the feet
approximately shoulder-width apart.

Action

Bound forward on a single leg. Upon landing,
immediately bound forward off the opposite leg.



Upon landing from the second bound, perform a
broad jump and stick the landing.

Finish

Once the three jumps have been completed, walk
back to the starting line. Repeat for the desired
number of sets.

Lateral Cone or Barrier Jump

Purpose

To develop lower body power in multiple directions



Start

Stand in the universal athletic position with the feet
approximately shoulder-width apart.

Action

Perform a countermovement by rapidly flexing the
ankles, knees, and hips and jumping with both legs
laterally over a cone or barrier.

Finish

Land in the starting position on the opposite side of
the cone or barrier. Immediately repeat the jump to
the starting side.

Note: Intensity of the lateral barrier jump can be
increased from medium to high by progressively
increasing the height of the barrier or by performing
hops with one leg only.



Single-Leg Hop

Purpose

To develop lower body power off a single leg



Start

Stand on a single leg.

Action

While standing on a single leg, perform a
countermovement with arm swing and then jump
vertically as high as possible.

Finish

Land in the starting position, and after balance on
the stance leg has been achieved, repeat the action.

Note: Intensity of this drill can be increased by
performing this action horizontally or by adding
cones or barriers to clear.



Bounds

Purpose

To develop explosive horizontal and vertical power

Start

Jog at a comfortable pace.

Action

Explosively extend the front leg. During push-off,
bring the opposite leg forward by flexing the hip
until the thigh is approximately parallel to the
ground and the knee is bent 90°. During this flight
phase of the drill, reach forward with the arm
opposite the front leg (i.e., if the left leg is forward,
the right arm will be forward). Attempt to cover as
great a distance as possible during each stride.

Finish



Land on the leg that extended, and immediately
repeat the sequence with the other leg. Continue
bounding for the desired distance.

Note: A bound is simply an exaggerated version of a
normal running gait. To increase the intensity of this
drill, perform a double-arm swing (both arms
moving in the same direction at the same time)
rather than a single-arm swing.

Depth Jump

Purpose



To develop lower body power using high eccentric
loading to create more powerful concentric muscle
action upon takeoff

Start

Stand in the universal athletic position on the edge
of a plyometric box with the toes near the edge of
the box.

Action

Step straight out off the box. Upon landing,
immediately jump as high as possible. Immediately
upon landing, try to minimize ground contact time
and jump as high as possible as quickly as possible.

Finish

Land in the universal athletic position, step back
onto the box, and repeat for the desired number of
repetitions.

Note: Intensity may be increased by raising the
height of the box. Begin with a height of 12 inches
(30 cm). This drill may also be performed by
stepping off the box and jumping laterally or by
jumping for maximal horizontal distance rather than
maximal vertical height. Tactical athletes may also
perform this drill by jumping up to another box.





UPPER BODY PLYOMETRICS

Low Intensity

This section features several upper body and total
body plyometric drills. Some of the drills use an
implement such as a medicine ball. Some are
multiplanar and emphasize total body rotational
development. These may be of particular value to
the tactical athlete when training to improve
performance in use-of-force situations where the
upper body or whole body is emphasized. Low-
intensity upper body plyometrics can be used to
improve SSC function of the upper body.

Medicine Ball Chest Pass

Purpose

To improve upper body power

Start

Hold a medicine ball and stand in the universal
athletic position with feet shoulder-width apart
facing a wall or partner approximately 10 feet (3 m)
away.

Action

Raise the medicine ball to chest level with the
elbows flexed. Perform a rapid countermovement by



cocking the arms (i.e., moving the arms slightly
backward before the actual throw, similar to passing
a basketball). Using both arms, throw the ball to the
wall or partner by extending the elbows and wrists.

Finish

When the wall or partner returns the ball, catch it,
return to the starting position, and immediately
repeat the movement.

Note: Intensity may be increased by using a heavier
medicine ball.



Moderate Intensity

The following drills are classified as moderate
intensity. The low-intensity drills should be mastered
before progressing to the following drills.

Backward Overhead Medicine
Ball (BOMB) Toss

Purpose

To develop total body power and emphasize triple
extension of the ankle, knees, and hips

Start

Stand in the universal athletic position with the feet
approximately shoulder-width apart, holding a



medicine ball in the front of the body.

Action

Perform a countermovement by rapidly squatting to
approximately 110° to 120° and swinging the
medicine ball back and downward between the legs.
Immediately perform a vertical jump while
explosively throwing the medicine ball overhead and
backward.

Finish

Land in the universal athletic position, retrieve the
ball, and repeat for the desired number of
repetitions.

Note: Intensity may be increased by using a heavier
medicine ball.



Rotational Toss

Purpose

To improve rotational power

Start

While holding a medicine ball in front of the body
with both hands between chest and navel height,
stand in the universal athletic position with feet
shoulder-width apart and lateral to a wall or partner
approximately 10 feet (3 m) away.

Action

Quickly rotate and bring the ball to the hip farthest
away from the partner or wall. Rapidly rotate the
torso toward the partner or wall while keeping the
arms straight, and toss the ball to the wall or partner.



Finish

Repeat for the desired number of repetitions, and
then repeat on the opposite side.

Note: Intensity may be increased by using a heavier
medicine ball.



Moderate to High Intensity

The following drills are classified as moderate to
high intensity. The low- and moderate-intensity
drills should be mastered before progressing to the
following drills.

Power Drop

Purpose

To develop explosive upper body power

Start

The tactical athlete lies supine on the ground with
the elbows extended and both shoulders at
approximately 90° of flexion; the head should be
near the base of the box. The partner should be on
the box, holding the medicine ball above the tactical
athlete’s arms.

Action

When the partner drops the ball, the tactical athlete
catches it with both hands and throws it back to the
partner.

Finish

The partner catches the ball and then repeats for the
desired number of repetitions.



Clap Push-Up

Purpose

To develop upper body power



Start

Start in a push-up position.

Action

Perform a countermovement by allowing the elbows
to flex and the shoulders to extend. Once the upper
arms are approximately parallel to the ground,
explosively push off the ground and clap the hands.

Finish

Allow the elbows to flex when the hands return to
the floor. Return to the starting position and then
repeat for the desired number of repetitions.

Note: The torso should remain rigid throughout this
drill.



Depth Push-Up

Purpose

To develop explosive upper body power

Start

Start in a push-up position, with the hands on a
medicine ball and elbows extended.

Action

Quickly remove the hands from the medicine ball
slightly wider than shoulder-width apart and drop
down. Contact the ground with the hands slightly
wider than shoulder-width apart and elbows slightly
flexed. Allow the chest to touch the medicine ball by
letting the elbows flex. Then immediately and
explosively push up by fully extending the elbows
and wrists.

Finish

Return to the starting position.

Note: When the upper body is at maximal height
during the upward movement, the hands should be
higher than the medicine ball.



Overhead Forward Throw

Purpose

To improve upper body power

Start

Hold a medicine ball and stand in the universal
athletic position with the feet shoulder-width apart
while facing a wall or partner approximately 10 feet
(3 m) away.

Action



Keep the arms straight and lift the medicine ball
overhead. Simultaneously step forward with one foot
and use both arms to throw the ball forward.

Finish

Repeat the action leading with the opposite foot.

Note: Intensity may be increased by increasing the
weight of the medicine ball.



Scoop Toss

Start

Stand in the universal athletic position with the feet
approximately shoulder-width apart, holding a
medicine ball.

Action

Perform a countermovement by rapidly squatting to
approximately 110° to 120° and swinging the
medicine ball back and downward between the legs.
Immediately perform a vertical jump, and while
keeping the arms straight, explosively throw the
medicine ball forward as far as possible.

Finish

Land in the universal athletic position, retrieve the
ball, and repeat for the desired number of
repetitions.

Note: Intensity may be increased by using a heavier
medicine ball.



Program Design Recommendations
Before implementing plyometric training in the training
program of a tactical athlete, there are several factors to
consider. Addressing these factors will help maximize safety
and ensure that the tactical athlete is physically prepared to
engage in this form of training. Use the following program
design recommendations when designing a plyometric training
program.

General Considerations
Before implementing a plyometric training program, there are
several factors to consider. These include training age and
experience, body weight, injury history and status, strength
requirements, proper technique, landing mechanics, attire,
training surface and equipment, fatigue, and resistance.

Training Age and Experience
Due to the intensity of some plyometric drills and the potential
risk of injury, it is imperative that a tactical athlete have a solid
foundation of muscular strength. Moreover, a tactical athlete
with a low skill level may require additional training at lower
intensities and progressively higher volumes to improve
technical proficiency before advancing to more complex drills.
High-intensity plyometrics should be used with caution for



middle-aged or older adults, who may be more prone to injury
(1, 40).

Body Weight
Drills may need to be modified in order to reduce the amount
of stress on the musculoskeletal system for larger individuals
(>220 lb or 100 kg). This is due to the greater amount of force
people of this size must absorb upon landing, as well as the
high demands placed on the SSC, in relation to their body
mass (2, 40). However, as long as the tactical athlete has an
adequate amount of strength to accommodate these forces,
there is likely no need to make significant adaptations to the
training program. A more prudent strategy is to adjust
intensity and volume based on recovery from training and the
ability to maintain proper form and technique when
performing these drills.

Injury History and Status
Areas of injury associated with lower body plyometrics
typically include the feet, ankles, knees, hips, and lower back.
For upper body plyometric drills, the fingers, wrists, elbows,
and shoulders may be particularly vulnerable, especially if the
tactical athlete has a preexisting injury. For this reason, a
comprehensive physical evaluation should be performed
before initiating plyometric training to determine whether a
person can safely engage in this form of training.

Strength Requirements
For high-intensity lower body plyometric drills (e.g., bound,
depth jump), it is recommended that a tactical athlete be able
to back squat a minimum of one-and-a-half times their body
weight before performing these drills (2, 40). This helps
ensure that tactical athletes have the strength necessary to
control the body when exposed to the high eccentric forces
experienced when landing. An alternative to this
recommendation is to perform five squats in 5 seconds or less
with 60% of the tactical athlete’s total body weight (40, 50).
For example, a tactical athlete weighing 200 pounds (91 kg)
should be able to squat 120 pounds (54 kg) five times in 5
seconds or less. However, these recommendations may be



overly conservative when tactical athletes will be performing
low- to moderate-level plyometrics. If tactical athletes are able
to land properly with good form and technique, they should be
able to safely perform the majority of the low- to moderate-
level plyometric drills (34).

Proper Technique
When performing plyometric drills, proper form and technique
must be maintained at all times. If a tactical athlete is allowed
to perform a drill incorrectly, it may not only interfere with
motor program development but may also increase injury risk.
Tactical athletes who are unable to perform a drill correctly
should be assessed to determine if additional strength training
is required before performing plyometric work.

Landing Mechanics
As mentioned previously, plyometric drills can be intense due
to the high eccentric loads that must be absorbed upon landing
from a jump. Consequently, if the landing mechanics are
improper, the tactical athlete will not be able to use the SSC to
create a more powerful concentric action upon takeoff and
may be more likely to experience an injury due to poor posture
upon landing. Additionally, many times tactical athletes must
absorb high eccentric loads during occupational tasks, such as
when climbing over a fence or stepping off a truck in full kit.
If tactical athletes have not developed sufficient eccentric
strength and cannot support their body weight as well as body
armor and equipment, they may be more likely to become
injured when they experience high eccentric loads. For these
reasons, the landing mechanics should be taught before
incorporating plyometrics into a training program.

Attire
When performing plyometric drills, athletic attire that allows
unrestricted movement should be worn. In most cases,
performing these drills in uniform or tactical gear would be
contraindicated because movement may be impaired,
increasing injury risk. For instance, if an officer were to wear a
full tactical kit weighing 40 to 70 pounds (18-32 kg), the stress
on the musculoskeletal system when performing these drills



would be significantly higher than when wearing normal
exercise attire. Additionally, the gear may shift during
movement, leading to acute and sudden displacement of the
tactical athlete’s center of mass, which may alter body
mechanics and technique. This sudden change may occur too
rapidly for the individual to adjust to, which may lead to
injury. As an advanced progression, it may be more prudent to
use weighted exercise vests; they are typically designed to
hang closer to the body than many tactical vests. Proper
footwear that provides good foot and ankle support, such as a
pair of cross-training shoes, is also recommended to increase
safety when performing lower body plyometric drills. Running
shoes may not be appropriate because they typically have a
narrow sole and offer poor ankle support (2, 40).

Training Surface and Equipment
Plyometric drills should always be performed on a nonslip,
shock-absorbing surface, such as a grass or turf field,
suspended wood flooring, or rubberized gym flooring (2, 40).
Any boxes used for box and depth jumps should also have a
nonslip surface on the top to reduce the risk of slipping and
falling (40).

Fatigue
To maximize the safety and effectiveness of plyometric drills,
they should be performed early in a training session (i.e.,
before aerobic and resistance training) to ensure adequate
recovery, maximum effort during each repetition, and reduced
injury risks (40). Furthermore, plyometric drills should not be
used as a form of metabolic conditioning. The main intent of
these drills is to develop power. As fatigue ensues, an
individual will be unable to perform these drills at maximal
effort and may find it more challenging to maintain proper
technique. This may not only lead to subpar performance gains
but also injury.

Key Point
The TSAC Facilitator must consider the health and training
status as well as overall readiness of the tactical athlete when
selecting plyometric drills for a training session.



Weight Selection for Medicine Ball Drills
Currently, there are no standard recommendations for the
training loads one should use when performing medicine ball
throws and tosses. However, as with many implements used
during plyometric exercise, a medicine ball that allows for
correct form during a drill is a prudent starting point when
determining an appropriate training load (10). In all cases, the
load should be dictated by the desired movement speed and
the ability to perform the drill with proper form.

Key Program Design Variables
When designing a plyometric training program, the four key
variables to consider are frequency, intensity, volume, and rest
(FIVR). By considering these factors, an individualized
plyometric training program can be developed to meet the
specific needs and demands of a tactical athlete.

Frequency
The frequency of training for a plyometric program that
emphasizes a particular body region (e.g., upper body, lower
body, torso) may be performed as many as three days per
week. Ultimately the frequency of plyometric training depends
on the types and intensities of the drills selected, the volume of
work performed, other physical and tactical skills sessions,
travel, and ability to recover from training. For example, given
the same volume, if a tactical athlete performs low-intensity
drills in the plyometric training sessions, then two days of
plyometric training may be better tolerated and easier to
recover from than performing two days of moderate- to high-
intensity plyometrics. Additionally, up to four sessions may be
performed in a week if the upper and lower body plyometrics
alternate between training sessions (e.g., lower body
plyometrics on Monday and Thursday, upper body plyometrics
on Tuesday and Friday). A minimum of 48 hours, depending
on the intensity of the given training session (e.g., low or high
intensity), should be allotted between plyometric training
sessions that stress the same muscles or muscle groups to
allow recovery from the previous sessions (26, 39).

Intensity



The intensity (e.g., one or two hands or feet) of a plyometric
drill depends on the rate of stretch in the SSC (2). This rate of
stretch depends on several variables, such as elevation and
displacement of center of gravity, movement velocity or speed,
body mass, use of a single leg versus both legs, and relative
strength levels (3). Drill intensity should ultimately be based
on the tactical athlete’s current training status and experience,
strength and technique level, physiological age, injury profile,
and specific needs and goals. Table 13.1 displays a framework
for plyometric drill progressions, with drills ranging from low
to high intensities. TSAC Facilitators can use this table to
decide which drills are most appropriate for their tactical
athletes and how to increase the intensity of a plyometric
training session as these individuals progress.



Volume
Training volume of plyometric drills is measured by foot or
hand contacts or by distance traveled (3, 34). For example, if a
tactical athlete performed four sets of 10 squat jumps, the total
volume of training would be 40 contacts. If a tactical athlete
performed a bounding drill over 120 m (131 yd), the total
volume of training would be 120 m (131 yd). Table 13.2
provides guidelines for training volume based on training
experience and time of year. Unlike a sport athlete with a set
competitive season, a tactical athlete can be called upon at any
time to perform. However, it is still prudent to use a periodized
training model when incorporating plyometric drills into the
training program to allow for the reduction of fatigue and
overtraining effects. Periodization of plyometric training may
be based on a personal fitness test, a deployment, other tactical
training commitments (e.g., a block of defensive tactics
training, rucking), travel commitments, or other fitness goals
the tactical athlete may have outside of the occupation (e.g.,
10K run, powerlifting competition).



Rest
Rest can be defined as the amount of time between repetitions,
sets, or training sessions. Rest interval lengths for plyometric
drills are load and goal specific. Longer rest periods for
sufficient recovery between sets are required between drills of
higher intensity in comparison to those of lower intensity.
High-intensity plyometric drills (e.g., depth jumps) require
adequate rest between sets to mitigate fatigue. Although
plyometric drills are commonly conducted with little to no
rest, this method of training is contraindicated because it does
not allow for full recovery of the ATP-PCr energy system. It
may accelerate fatigue, compromise power production, and
increase the risk for injury.



Speed Training
Speed is the time required to cover a given distance and
encompasses the skills and abilities needed to achieve high
movement velocities (16). For the purpose of this text, speed
will be explained in terms of linear running. Note that, in this
chapter, plyometric, speed, and agility training are performed
with an emphasis on neuromuscular and anaerobic
capabilities.

Speed is an essential element for the tactical athlete when
performing most critical job tasks. Whether running to seek
cover from gunfire, running on uneven surfaces, rescuing a
victim from a burning building, or chasing a fleeing assailant,
speed matters. This section discusses running technique and
form, and it features several drills for improving speed. An
endless number of tactical situations could require running
speed. The key for the tactical athlete is to be prepared for the
various physical requirements that may arise.

Need for Speed Training in Tactical
Populations
Many complicated movements take place in a short period of
time during running. The ability of the nervous system to link
the actions of the muscles in the most appropriate sequence
will determine the ability to run fast and with control. In other
words, all other physical capabilities being equal, the limiting
factor in speed production is technique (13). Technique is
important for performance, and it is also important for the
prevention of injuries (4). Poor running technique can place
too much strain on the lower leg, hamstrings, and groin and
lead to injuries in those areas, to name a few. Therefore, a
significant portion of training should use drills that are
designed to develop an ideal running technique (4).

Running Technique
Linear running velocity is often divided into two phases:
support and flight (16). The support phase is when one foot is
in contact with the ground, and the flight phase is when the



body is unsupported by the ground. A more detailed analysis
of these phases of running follows.

Support Phase
The support phase starts when the lead foot makes contact
with the ground, and it ends when the foot breaks contact. The
lead foot should land on the ground slightly ahead of the
body’s center of gravity (16). Overstriding, or placing the foot
farther than necessary in front of the center of mass, results in
unnecessary braking forces that will slow the tactical athlete
down and decrease running efficiency. The foot should be
driven down by the hip extensors, and the hamstrings and
gluteal muscles should perform the majority of the work
during hip extension. The quadriceps are the primary movers
and activate at ground contact in order to keep the knee from
flexing excessively (11). At foot strike, the ankle should be
dorsiflexed, with the big toe extended to help maximize elastic
force production (11). The outside of the forefoot should
contact the ground (11).

The tactical athlete should think about pulling herself over the
foot and should continue exerting force until the center of
gravity passes over and in front of the foot. When the toes
leave the ground, the support phase ends.

Flight Phase
The flight phase starts when the aforementioned foot leaves
the ground and lasts until it makes contact with the ground
again (16). As the tactical athlete enters the flight phase and
the foot leaves the ground, the ankle should immediately be
dorsiflexed, with the big toe pulled up (11, 16). As the foot
leaves the ground, the tactical athlete should flex the knee and
bring the heel up to the hip as quickly as possible. This
movement allows the tactical athlete to swing the recovery leg
faster by shortening the lever and bringing the mass of the leg
and thigh closer to the hip’s axis of rotation. Knee flexion and
hip flexion are executed by the hamstrings and knee flexors,
respectively. As the heel reaches the hip, the leg should swing
forward. The tactical athlete should aim to step over the
opposite knee with the ankle to keep the lever shorter for a



longer period of time. As the tactical athlete steps over the
opposite knee, the knee extends and leg unfolds. The hip and
knee extension is due to a transfer of momentum, not an active
quadriceps contraction. As the leg unfolds, the tactical athlete
aims to drive it down via hip extension, thus returning to the
support phase (16). The swinging of the leg is where many
hamstring injuries occur (12). As the leg swings forward, the
hamstrings activate to keep the leg from unfolding too much
(i.e., to keep the knee from hyperextending). Chumanov,
Heiderscheit, and Thelen (12) found that the force the
hamstrings exert during the unfolding increases as speed
increases. This reinforces the need for tactical athletes to have
well-conditioned hamstrings.

Additional Technique Considerations
While running, the head should remain in natural alignment
with the spine. The shoulders and trunk should remain steady.
Excessive twisting or rotating should be avoided. The exact
angle of the body will depend upon acceleration, but at
maximum speed it should be near vertical. The muscles of the
face, neck, shoulders, arms, and hands should be relaxed.
Tension in these areas may slow down limb speed and shorten
ROM (11).

Arm action during maximum-velocity running is crucial. The
swinging of the arms balances the forces created by the legs
and initiates the actions of the legs (11). According to Bodyen
(7), the total power output during sprinting can be no more
than the latitude allowed by the weakest link. In other words, a
weak and ineffective arm swing may limit maximum running
speed. Therefore, the action of the arms during running is
important to achieving and improving maximum velocity.

The elbow angle should range from 60° when the arm is in the
front of the body to 140° when the arm is behind the body. The
emphasis should be on driving the arm backward as opposed
to forward. If the arm is driven back with enough force, it will
be pushed forward due to the stretch reflex at the shoulder
(11). Once the movement is automatic, the tactical athlete does
not have to think about pushing the arm forward. The



following guidelines will help tactical athletes achieve proper
arm action.

 

The arms should not cross the midline of the body. This
causes the body to rotate, interfering with maximal speed.
If the arm is driven backward properly, the elbow will
extend to 140° on its own.
The hand should travel from the height of the face or
shoulder to the hip.

Finally, a major consideration for running within tactical
populations is the change in technique that occurs due to PPE,
utility belts, equipment, weapons, and so on. With the addition
of this gear and equipment, certain movement constraints may
not allow the tactical athlete to execute flawless running
technique. The athlete must adapt to the gear and
environmental conditions.

Warm-Up
A warm-up (general and specific) similar to that described
previously for plyometric drills is recommended before speed
drills. A further description of stretching approaches can be
found in chapter 12.

SPEED DRILLS
Drills described in this section are designed to break linear
running motion into parts to make mastery of these motions
easier. The drills should be taught in the following order to
ensure a part-to-whole approach is followed:

 

1. Arm swing drills
2. Ankling drills
3. High-knee drills
4. Butt kick drills
5. A-drills
6. B-drills
7. Fast-leg drills



8. Stride-length drills

Numerous starting positions can be incorporated in tactical-
specific speed drills. The following positions are not a
complete list but rather options to consider when performing
acceleration drills.

 

Prone
Supine
Crawling
Seated
Kneeling
Two-point
Three-point
Four-point

Arm Swing Drills
 

Arm Swing Drill—Seated
Arm Swing Drill—Standing
Arm Swing Drill—Walking
Arm Swing Drill—Jogging

Ankling Drills
 

Ankling Drill

High-Knee Drills
 

High-Knee Drill—Walking, One Side
High-Knee Drill—Walking, Alternate Sides
High-Knee Drill—Skipping, One Side
High-Knee Drill—Skipping, Alternate Sides

Butt Kick Drills



 

Butt Kicks

A-Drills
 

A-Drill—Walking, One Side
A-Drill—Walking, Alternating Sides
A-Drill—Skipping, One Side
A-Drill—Skipping, Alternate Sides

B-Drills
 

B-Drill—Walking, One Side
B-Drill—Walking, Alternate Sides
B-Drill—Skipping, One Side
B-Drill—Skipping, Alternate Sides

Fast-Leg Drills
 

Fast-Leg Drill

Acceleration Drills
 

Standing Start
Crouch Start
Push-Up Start
Prone Start
Standing, Back-to-Course Start
Broad Jump + Start
Vertical Jump + Start
Medicine Ball Toss + Start

Arm Swing Drills



Arm swing drills teach the correct arm action during
maximum-velocity running. This section starts with
simple arm swing drills and moves to more complex
ones. Tactical athletes should not progress to more
advanced drills until they have mastered the basic
drills.

Arm Swing Drill—Seated

Purpose

To teach correct arm swing mechanics

Start

Sit down and extend the legs in front of the body.
The torso should be tall, with the shoulders back.
The right elbow should begin at approximately 60°
and should be near the body with the hand located
between the shoulder and the eyes. The left arm
should be positioned behind the body so that the left
hand is next to the left hip, and the elbows should be
at approximately 90° angles.

Action

While seated, drive the right arm backward
aggressively so that the right hand ends up next to
the right hip. At the same time, drive the left arm
forward so that the left hand ends up between the
left shoulder and eye. Maintain a 90° elbow position
throughout the duration of the movement,
understanding that flexion and extension of the
elbow will occur throughout the movement. Repeat
until the desired time has elapsed.

Finish



The drill is completed when the desired time has
elapsed.

Arm Swing Drill—Standing

Purpose

To teach correct arm swing mechanics while
standing

Start

Stand tall with the shoulders back. Keep the hands
loose and flex both elbows. The right elbow should
begin at approximately 60° and should be near the
body, with the hand located between the shoulder
and the eyes. The left arm should be positioned
behind the body at approximately 140° so that the
left hand is next to the left hip.

Action

While standing, drive the right arm backward
aggressively so that the right hand ends up next to
the right hip. At the same time, drive the left arm
forward so that the left hand ends up between the
left shoulder and eye. Maintain a 90° elbow position



throughout the duration of the movement,
understanding that flexion and extension of the
elbow will occur throughout the action. Repeat until
the desired time has elapsed.

Finish

The drill is completed when the desired time has
elapsed.

Arm Swing Drill—Walking

Purpose

To teach correct arm swing mechanics while moving

Start

Stand tall with the shoulders back. Keep the hands
loose and flex both elbows. The right elbow should
begin at approximately 60° and near the body, with
the hand located between the shoulder and the eyes.
The left arm should be positioned behind the body
so that the left hand is next to the left hip. Maintain a



90° elbow position throughout the duration of the
movement, understanding that flexion and extension
of the elbow will occur throughout action.

Action

While walking forward for 10 to 20 yards (or
meters), focus on driving the right arm backward
aggressively so that the right hand ends up next to
the right hip. At the same time, drive the left arm
forward so that the left hand ends up between the
left shoulder and eye. Try to swing the arms faster
than the feet move.

Finish

The drill is completed when the desired distance has
been covered.



Arm Swing Drill—Jogging

Purpose

To teach correct arm swing mechanics while moving

Start

Stand tall with the shoulders back. Flex both elbows
and make loose fists with both hands. The right
elbow should begin at approximately 60° and near
the body with the hand located between the shoulder
and the eyes. The left arm should be positioned
behind the body at approximately 140° so that the
left hand is next to the left hip. Maintain a 90° elbow
position, understanding that flexion and extension of
the elbow will occur throughout the action.

Action

While jogging forward for 10 to 20 yards (or
meters), focus on driving the right arm backward



aggressively so that the right hand ends up next to
the right hip. At the same time, drive the left arm
forward so that the left hand ends up between the
left shoulder and eye. Try to swing the arms faster
than the feet move.

Finish

The drill is completed when the desired distance has
been covered.

Ankling Drills

Ankling drills teach the tactical athlete how to lift
the feet off the ground during maximum-velocity
running. These drills are designed to emphasize



ankle plantar flexion and dorsiflexion. For sprint
work, the dorsiflexed position should be emphasized
throughout the entire movement, with the exception
of the explosive plantar flexion necessary to propel
the body forward immediately after the foot strike.



Plantar flexion



Dorsiflexion

Ankling Drill

Purpose

To teach dorsiflexion of the ankle and proper sprint
mechanics

Start

Stand tall with the shoulders back.

Action

Keeping the legs straight, alternately flex and extend
the ankles to move forward with very short steps.
Emphasize brief, explosive contact with the ball of
the foot with each step while the legs remain
straight. As each leg moves forward, the ankle
should be dorsiflexed. Repeat these quick steps for
the desired distance. Maintain a 90° elbow position,
understanding that flexion and extension of the
elbow will occur throughout the action.

Finish



The drill is completed when the desired distance has
been covered.

High-Knee Drills

High-knee drills teach the tactical athlete to lift the
knees during maximum-velocity running. This



technique is important to master because it results in
a more powerful leg drive by using the gluteus
maximus to help power the motion. High-knee drills
start with a walking motion, focusing on one side at
a time. Eventually, both sides are alternated, and
then skipping is added to increase complexity. At
first, these drills are performed without any
emphasis on the arm motion. As the tactical athlete
becomes more proficient, the arm motion can be
added. High-knee drills are performed for 10 to 20
yards (or meters). The emphasis should be on quality
of movement as opposed to speed.

High-Knee Drill—Walking, One
Side

Purpose

To teach the high-knee motion while focusing on
one side of the body at a time

Start

Stand tall with the shoulders back.

Action

Maintaining a tall posture, lift the right knee as high
as possible. As the right knee is lifted, the right
ankle should be dorsiflexed. Maintaining ankle
dorsiflexion, lower the right foot to the ground and
take a normal step forward with the left leg. The
arms should move at the same rate as the leg, with
minimal to no pausing of arm action between cycles.
Repeat the drill with the right side for the desired
distance, and then switch sides.



Finish

The drill is completed when the desired distance has
been covered with both sides of the body.

High-Knee Drill—Walking,
Alternate Sides

Purpose

To teach the high-knee motion while alternating both
sides of the body

Start

Stand tall with the shoulders back.

Action

Perform the high-knee walking motion with the right
leg with the ankle dorsiflexed. As the right foot
lands on the ground, perform the high-knee walking
motion with the left leg. The arms should move at



the same rate as the leg, with minimal to no pausing
of arm action between cycles. Continue alternating
for the desired distance.

Finish

The drill is completed when the desired distance has
been covered.



High-Knee Drill—Skipping, One
Side

Purpose

To teach the high-knee motion in an explosive
manner while focusing on one side of the body

Start

Stand tall with the shoulders back.

Action

Maintaining a tall posture, perform a forward skip
with the left leg. As the left leg is extended, the right
knee should be lifted high with the right ankle
dorsiflexed. Maintain ankle dorsiflexion as the right
foot lands on the ground. Take a normal step
forward with the left leg and repeat the skip and
high-knee motion of the right leg. The arms should
move at the same rate as the leg, with minimal to no
pausing of arm action between cycles. Repeat the
skips for the desired distance and then switch sides.

Finish

The drill is completed when the desired distance has
been covered with both legs.



High-Knee Drill—Skipping,
Alternate Sides

Purpose

To teach the high-knee motion in an explosive
manner while alternating both sides of the body

Start

Stand tall with the shoulders back.

Action

Perform a skipping motion with the left leg to drive
the high-knee motion of the right leg. As the right
foot lands on the ground, perform the skipping
motion with the right leg to drive the high-knee
motion of the left leg. Repeat the alternated skips for
the desired distance.

Finish



The drill is completed when the desired distance has
been covered.

Butt Kick Drills



Butt Kicks

Purpose

To reinforce ankle dorsiflexion and to teach bringing
the foot to the hip after push-off

Start

Stand tall with the feet directly below the hips.

Action

Lift the right foot off the ground, dorsiflexing the
ankle it as it leaves the ground. Immediately bring
the heel of the right foot to the buttocks, flexing the
right hip somewhat so the knee does not point
straight to the ground. The heel should align
vertically with the hip. The arms should move at the
same rate as the leg, with minimal to no pausing of
arm action between cycles. As the right foot lands
on the ground, repeat this drill with the left side.
Continue alternating until 10 to 20 yards (or meters)
have been covered. Note that this is a technique drill,
not a speed drill.

Finish

The drill is completed when the desired distance has
been covered.



A-Drills

A-drills bring together ankling, high-knee drills, butt
kicks, and arm swing drills. They are performed
faster and more explosively than the basic drills and
are meant to reinforce a tall posture, ankling,
bringing the heel to the hip, high knees, ankle



dorsiflexion, and driving the foot toward the ground.
Like the high-knee drills, A-drills start with a
walking motion, focusing on one side at a time.
Eventually, both sides are alternated, and then
skipping is added to make the movements more
complex. At first, these drills are performed without
any emphasis on the arm motion. As the tactical
athlete becomes more proficient, the arm motion can
be added. A-drills are performed for 10 to 20 yards
(or meters). As with most technique drills, the
emphasis should be on quality of movement as
opposed to speed.

A-Drill—Walking, One Side

Purpose

To begin teaching the sprinting motion by focusing
on one side of the body at a time

Start

Stand tall with the feet directly beneath the hips.

Action

Lift the right heel to the buttocks with the ankle
dorsiflexed. When the heel reaches the buttocks, lift
the right knee. As the knee is lifted, the foot will
separate from the buttocks. The knee should be lifted
high enough so that the right foot steps over the left
knee. The ankle must remain dorsiflexed as this
occurs. Using the hip, drive the leg into the ground
slightly in front of the body’s center of gravity. Use a
pawing motion to pull the body’s center of gravity
over the foot. Take a normal step forward with the
left leg. Repeat until the desired distance is covered.



The arms should move at the same rate as the leg,
with minimal to no pausing of arm action between
cycles.

Finish

The drill is completed when the desired distance has
been covered with both sides of the body.



A-Drill—Walking, Alternating
Sides

Purpose

To begin teaching the sprinting motion by focusing
on alternating both sides of the body

Start

Stand tall with the feet directly beneath the hips.

Action

Perform the walking A-drill with the right side. As
the body is pulled over the foot, lift the left heel to
the buttocks and perform the walking A-drill with
the left leg. Continue alternating legs until the
desired distance has been covered.

Finish

The drill is completed when the desired distance has
been covered.



A-Drill—Skipping, One Side

Purpose

To teach the sprinting motion in an explosive
manner while focusing on one side of the body

Start

Stand tall with the feet directly beneath the hips.

Action

Maintaining a tall posture, perform a skip with the
left leg. As the skip is performed, the right ankle
should be dorsiflexed and the heel should be brought
to the buttocks. The right knee should then be raised
and the foot should be aggressively driven into the
ground in a pawing motion. Step forward with the
left leg. Repeat until the desired distance has been
covered and then switch sides. The arms should



move at the same rate as the leg, with minimal to no
pausing of arm action between cycles.

Finish

The drill is completed when the desired distance has
been covered with both sides of the body.



A-Drill—Skipping, Alternate Sides

Purpose

To teach the sprinting motion in an explosive
manner while focusing on alternating both sides of
the body

Start

Stand tall with the feet positioned directly under the
hips.

Action

Maintaining a tall posture, perform a skip with the
left leg. As the skip is performed, the right ankle
should be dorsiflexed and the heel should be brought
to the buttocks. The right knee should then be raised
and the foot should be aggressively driven into the
ground in a pawing motion. As the right foot makes
contact with the ground, immediately perform a skip
with the right leg and bring the left heel to the
buttocks with the ankle dorsiflexed. Strive to get off
the ground as quickly as possible with each skip.
Repeat until the desired distance has been covered.
The arms should move at the same rate as the leg,
with minimal to no pausing of arm action between
cycles.

Finish

The drill is completed when the desired distance has
been covered.



B-Drills

B-drills build on the skills taught by A-drills and
focus on an active landing with the foot during the
sprinting motion. The landing is important because a
poor foot strike can result in braking, which can
slow the tactical athlete. Like the high-knee and A-



drills, B-drills are performed slowly with one side at
first and gradually progress to a skipping motion
using both sides of the body. Initially, the arm swing
should not be included, but it should be added as the
tactical athlete progresses in proficiency. These drills
are typically performed for 10 to 20 yards (or
meters).

B-Drill—Walking, One Side

Purpose

To teach the active landing during the sprinting
motion while focusing on one side of the body at a
time

Start

Stand tall with the feet directly beneath the hips.

Action

Bring the right heel to the buttocks with the ankle
dorsiflexed. When the heel reaches the buttocks, lift
the right knee. As the knee is lifted, the foot will
separate from the buttocks. The knee should be lifted
high enough so that the right foot steps over the left
knee. Allow the right knee to extend so that the foot
travels out in front of the body. Let this movement
occur naturally as a result of the hip flexion. Do not
force or exaggerate it. The ankle must remain
dorsiflexed as it moves in front of the body. Using
the hip, drive the straight leg downward just in front
of the body’s center of gravity. Use a pawing motion
to pull the body’s center of gravity over the foot.
Take a normal step forward with the left leg. Repeat
until the desired distance is covered and then switch



sides. The arms should move at the same rate as the
leg, with minimal to no pausing of arm action
between cycles.

Finish

The drill is completed when the desired distance has
been covered with both sides of the body.



B-Drill—Walking, Alternate Sides

Purpose

To teach the active landing during the sprinting
motion while focusing on alternating both sides of
the body

Start

Stand tall with the feet directly beneath hips.

Action

This drill is performed with one leg at time. Bring
the right heel to the buttocks with the ankle
dorsiflexed. When the heel reaches the buttocks, lift
the right knee. As the knee is lifted, the foot will
separate from the buttocks. The knee should be lifted
high enough so that the right foot steps over the left
knee. Allow the right knee to extend so that the foot
travels out in front of the body. Let this movement
occur naturally as a result of the hip flexion. Do not
force or exaggerate it. The right ankle must remain
dorsiflexed as it moves in front of the body. Using
the hip, drive the leg downward just in front of the
body’s center of gravity. Use a pawing motion to
pull the body’s center of gravity over the foot. Take
a normal step forward with the left leg. Repeat until
the desired distance is covered and then switch sides.
The arms should move at the same rate as the leg,
with minimal to no pausing of arm action between
cycles.

Finish

The drill is completed when the desired distance has
been covered with both sides of the body.



B-Drill—Skipping, One Side

Purpose

To teach the active landing in an explosive manner,
focusing on one side of the body



Start

Stand tall with the feet directly under the hips.

Action

Maintaining a tall posture, perform a skip with the
left leg. As the skip is performed, the right ankle
should be dorsiflexed and the heel should be brought
to the buttocks. Raise the right knee and then allow
it to extend as the foot travels out and away from the
body. Remember to keep the ankle dorsiflexed
throughout. The knee extension should happen as a
result of the hip flexion. It should not be forced or
exaggerated. From the hip, aggressively drive the
straight leg into the ground just in front of the body’s
center of gravity. Use a pawing motion to pull the
body’s center of gravity over the foot. Take a normal
step forward with the left leg. Repeat until the
desired distance is covered, and then switch sides.
The arms should move at the same rate as the leg,
with minimal to no pausing of arm action between
cycles.

Finish

The drill is completed when the desired distance has
been covered with both sides of the body.



B-Drill—Skipping, Alternate Sides

Purpose

To teach the active landing in an explosive manner,
focusing on alternating both sides of the body



Start

Stand tall with the feet directly beneath the hips.

Action

The mechanics of skipping involve a step-hop
pattern alternating from side to side. Bring the right
heel to the buttocks with the ankle dorsiflexed.
When the heel reaches the buttocks, lift the right
knee. As the knee is lifted, the foot will separate
from the buttocks. The knee should be lifted high
enough so that the right foot steps over the left knee.
Allow the right knee to extend so that the foot
travels out in front of the body. Let this movement
occur naturally as a result of the hip flexion. Do not
force or exaggerate it. The right ankle must remain
dorsiflexed as it moves in front of the body. Using
the hip, drive the leg downward just in front of the
body’s center of gravity. Use a pawing motion to
pull the body’s center of gravity over the foot.
Continue forward using a step-hop pattern,
alternating sides. Continue this action for the desired
distance. The arms should move at the same rate as
the leg, with minimal to no pausing of arm action
between cycles.

Finish

The drill is completed when the desired distance has
been covered with both sides of the body.



Fast-Leg Drills

Fast-leg drills are advanced drills that combine the
qualities of a number of the drills described
previously. Fast-leg drills should only be performed
after the tactical athlete has mastered the more basic
drills.



Fast-Leg Drill

Purpose

To improve stride frequency

Start

Stand tall with the feet positioned approximately
hip-width apart.

Action

Perform a fast ankling motion with straight legs,
dorsiflexing each ankle as it leaves the ground. On
every third step, perform a fast-leg motion by
bringing the heel to the buttocks, cycling the leg
forward (stepping over the opposite leg), lifting the
knee, and allowing the foot to separate from the
buttocks. Using the hip, drive the foot toward the
ground in a pawing motion to pull the body’s center
of gravity over the foot. The ankle should remain
dorsiflexed throughout. This fast-leg motion should
take place as quickly as possible. Immediately take a
normal step with the other foot. Perform the drill for
10 to 20 yards (or meters). A variation of this drill is
to take every left (or right) stride as a fast leg. The
arms should move at the same rate as the leg, with
minimal to no pausing of arm action between cycles.

Finish

The drill is completed when the desired distance has
been covered.



Acceleration Drills

Accelerating includes starting drills from a
stationary or moving start and increasing velocity.
Acceleration drills range from simple to occupation
specific (e.g., running for cover, chasing an
assailant, rushing up a hill):



 

1. Standing
2. Crouching
3. Lying
4. Changing directions
5. Occupation specific

Standing Start

Purpose

To teach the arm action that accompanies the start of
a sprint and to develop acceleration

Start

The nonpower foot begins two foot-lengths behind
the start line. The power foot begins three foot-
lengths behind the start line. The feet are less than
shoulder-width apart, and there is a slight bend in
the ankles, knees, and hips. The head and spine
should be kept neutral. Keep the weight on the balls
of the feet.

Action

Begin acceleration by falling forward and then
stepping with the power foot to break the fall. As the
power foot steps forward, drive the arm on the same
side of the body backward. Run the prescribed
distance.

Finish

The drill is completed when the desired distance has
been covered.



Crouch Start

Purpose

To develop acceleration from a crouched position

Start

Assume a staggered stance with one foot two foot-
lengths behind the start line. The other foot is three
foot-lengths behind the start line.

Action

On command, sprint forward and cover the desired
distance. As the lead foot steps forward, drive the
arm on the same side of the body backward.

Finish



The drill is completed when the desired distance has
been covered.

Push-Up Start

Purpose

To make the starting motion more difficult by
standing up before accelerating (similar to taking
cover or performing a 3- to 5-second rush)

Start

Behind the start line, assume the starting position for
push-ups.

Action



On command, stand up and sprint forward, covering
the desired distance.

Finish

The drill is completed when the desired distance has
been covered.

Prone Start

Purpose

To make the starting motion more difficult by
getting off the ground before accelerating

Start

Behind the start line, lie facedown in a push-up
position.



Action

On command, stand up and sprint forward, covering
the desired distance.

Finish

The drill is completed when the desired distance has
been covered.

Standing, Back-to-Course Start

Purpose

To make the starting motion more difficult by
changing direction before accelerating

Start



Stand with the back to the course.

Action

On command, turn around and sprint forward,
covering the desired distance.

Finish

The drill is completed when the desired distance has
been covered.

Broad Jump + Start

Purpose

To make the starting motion more complex and
more sport specific by combining motions



Start

Stand tall with the feet directly under the hips and
the hands at the sides of the body.

Action

Execute a standing broad jump. Upon landing,
immediately sprint forward and cover the desired
distance.

Finish

The drill is completed when the desired distance has
been covered.

Vertical Jump + Start

Purpose



To make the starting motion more complex and
more sport specific by combining motions

Start

Assume an athletic position with a slight bend in the
ankle, knees, and hips; chest up; and shoulders back.

Action

Execute a vertical jump. Upon landing, immediately
sprint forward and cover the desired distance.

Finish

The drill is completed when the desired distance has
been covered.



Medicine Ball Toss + Start

Purpose

To make the starting motion more complex and
more sport specific by combining motions

Start

Stand tall with the feet directly beneath the hips and
the hands at the sides of the body.

Action

Execute a forward or backward medicine ball toss.
Upon releasing the ball, sprint forward the desired
distance.

Finish

The drill is completed when the desired distance has
been covered.



Program Design Recommendations
The following section discusses several program design
variables. Manipulating these variables is the responsibility of
the TSAC Facilitator. Care should be taken when designing
programs to ensure optimal training adaptations.

Training Goals
The goal of linear, maximum-velocity running is to optimize
stride length, maximize stride frequency, and minimize
braking forces (20). Training for linear speed has three
objectives (21, 32):

 

1. Minimize braking forces at ground contact. This is
accomplished by planting the foot slightly in front of the
center of mass and maximizing the velocity of the leg and
foot at ground contact.

2. Emphasize brief ground-support times as a means of
achieving rapid stride rate. This is achieved by high rates
of force development.

3. Emphasize functional ability of the hamstrings. Because
they simultaneously perform eccentric and concentric
contractions at the hip and knee while running, the knee
flexors are under extreme stress and subject to injury.
Thus, tactical athletes require eccentric knee flexor
strength (20).

Demands Specific to the Tactical Population
Specific speed drills for the tactical athlete will reflect loads,
intensities, operational equipment, and environmental
situations that are observed in the field of operation. Tactical
personnel perform in a multitude of conditions with a variety
of operational equipment and load requirements. The salient
point is to train under field conditions while using the required
clothing, equipment, and gear. Additionally, environmental
conditions, such as temperature, humidity, time of day,
altitude, surface (e.g., sand, mud, snow, water), and terrain,
should be replicated to prepare for occupational conditions.



The TSAC Facilitator should progress, load, assess, and
monitor the tactical athlete to ensure optimal training
adaptations are achieved while overloading the athlete in
simulated conditions. The specific loading parameters should
be predicated on technique mastery and the facilitator’s
discretion.

Additionally, although some linear speed training is warranted
for all tactical athletes, the amount of speed training performed
should be based on the occupational demands of the
individual. For instance, firefighters perform many activities
that are highly physically demanding, but it is their ability to
sustain high power outputs that may be most important, such
as when climbing stairs. Therefore, based on the terrain that
firefighters must maneuver through (e.g., uneven ground, slick
surfaces), maximal sprinting may put the firefighter in grave
danger on the job. However, this does not mean that it cannot
be used as a form of training; metabolic adaptations to sprint
training may allow firefighters to work at a higher percentage
of their overall aerobic capacity while fighting a fire. For law
enforcement officers and military personnel, more sprint work
may be warranted because they are more likely to be in a
situation where a maximal sprint is imperative to safety and
performance (e.g., taking cover from gunfire, chasing a fleeing
assailant) (14).

In general, sprint training should be performed a minimum of
twice per week; however, the volume is based on the tactical
athletes’ goals and how well they are able to recover between
training sessions. Some individuals may benefit from shorter,
more frequent bouts of speed training versus one concentrated
session. For example, incorporating 5 to 10 sprints may
improve or maintain this physical attribute. Furthermore, for
drills that emphasize maximal speed or speed technique, the
drill should last no more than approximately 10 seconds in
order to focus on the development of the ATP-PCr energy
system. This also requires longer rest periods between each
sprint (e.g., 1:10 to 1:20 work:rest ratio). If performing speed
work on the same day as other forms of training, it is best to
perform speed training first, when the neurological system is
less fatigued. If speed endurance is the goal, longer sprints



(>10 seconds) may be warranted. In this case, it may be best to
perform these sprints after a traditional resistance training
session or on a separate day to minimize the interference effect
these types of training regimes may have on one another (27).
As a guideline, maximal or near-maximal speed training
should not exceed a total volume of approximately 600 yards
(or meters) per session.

Key Point
Specific speed drills for the tactical athlete will reflect loads,
intensities, operational equipment, and environmental
situations that are observed in the field of operation.



Agility Training
Agility is the interaction of perceptual motor abilities and
physical abilities, or “the skills and abilities needed to change
direction, velocity, or mode in response to a stimulus” (16).
Historically there has been little to no difference between
agility and change-of-direction training. However, current
research suggests that agility is not only the ability to change
direction but also the ability to change direction in response to
a stimulus (i.e., auditory, kinesthetic, or visual cue) (1, 26, 46).
Strength and conditioning practitioners most often use
predetermined movement patterns to improve agility
performance. However, when implementing an agility training
program for tactical athletes, the specific tactical environment
the athlete is required to perform in should be a consideration.
Similar to most sporting situations, some tactical maneuvers
are preplanned, but others require tactical athletes to respond
to the opposition and their own team members, and some are a
combination of the two. As a result, the TSAC Facilitator
should implement change-of-direction speed drills to develop
the appropriate physical qualities and movement patterns, as
well as context-specific drills that require reaction to stimulus
and decision-making requirements (perceptual-cognitive
ability), to best address agility performance.

Following are seven primary abilities that contribute to agility.

 

1. Dynamic flexibility—the ROM around a joint while
moving. Adequate dynamic flexibility allows the tactical
athlete to place the body in optimal positions to move
rapidly.

2. Multilimb coordination—the ability to coordinate the
movement of multiple limbs simultaneously (22).

3. Power—the time rate of doing work, where work is the
product of force exerted on an object and the distance the
object moves in the direction in which the force is exerted
(33).

4. Dynamic balance—the ability to maintain total body
balance while moving (11).



5. Acceleration—change in velocity per unit of time (33).
6. Stopping ability—the ability to brake or decelerate (11)
7. Strength—the ability to exert force (33).

This is by no means an exhaustive list but rather a starting
point to understand the underlying tenets of agility as a
trainable skill.

Types of Agility Drills and Progression
Agility drills can be performed with a wide variety of patterns
and tools, such as cones, hurdles, and ladders. Furthermore,
the drills can be progressed from closed drills (performed in a
known environment) to open drills (require the tactical athlete
to respond to an auditory, visual, or kinesthetic stimulus or
cue) or semi-open drills (a combination of closed and open
drills).

This chapter features a wide variety of agility patterns and
drills. However, although the patterns of these drills may
differ, there are some fundamental movement skills that are
necessary to execute each drill effectively. Most agility drills
can be classified as serial tasks, or the combination of two or
more discrete tasks. A discrete task is an activity or
movement with a clear beginning and ending. Several discrete
patterns can be combined to create serial agility tasks (43).
Each of these discrete tasks should be mastered before
performing the agility patterns featured later in this chapter.
Mastering these foundational movements will help develop the
requisite movement skills for performing more complex agility
movements. Table 13.3 presents the phases of learning to
provide a framework for the TSAC Facilitator to determine the
tactical athlete’s level of understanding in regard to the
movement skills required to execute an agility task.



When developing an agility program, it is prudent to use a
mastery-based approach, in which each tactical athlete
demonstrates competency in each of the discrete agility
techniques featured in the following section. Furthermore, by
establishing a movement curriculum or checklist for each of
these drills, the TSAC Facilitator can better assess the tactical
athlete’s proficiency and ability to progress to higher intensity
and complexity. A sample movement curriculum for the 90°
agility turn is provided in table 13.4.



Warm-Up
Before agility drills, perform a warm-up (general and specific)
similar to that described previously for plyometric drills. A
further description of stretching approaches can be found in
chapter 12.

AGILITY DRILLS
The fundamental agility skills are discrete tasks that should be
mastered and performed correctly before the athlete performs
the more complex agility patterns.

Fundamental Agility Skills
 

Agility Technique: Acceleration
Agility Technique: Deceleration
Agility Technique: Backpedal
Agility Technique: Rounding Cone
Agility Technique: Shuffle/Cutting
Agility Technique: Open Step
Agility Technique: Crossover Step

Agility Patterns
 

Cone Weave
10 Out, 5 Back
5-10-15
Side Shuffle
Figure Eight



V-Pattern
W-Pattern
T-Drill

Fundamental Agility Skills

Agility Technique: Acceleration

Purpose

To develop linear acceleration ability

Start

There are a number of starting positions to choose
from. The key point is to start from a stationary
position.

Action

Lower the center of mass by bending at the knees
and hips. The spine remains neutral, and the torso
angles forward. The knee and hip of the lead leg are
flexed when the foot is not in contact with the
ground. The support leg extends at the hip, knee, and
ankle. Action at the arms and legs occurs on the
sagittal plane.

Finish

The drill is completed when the desired distance is
covered.



Agility Technique: Deceleration

Purpose

To develop the ability to come to a complete stop
efficiently and quickly

Start

Start at running velocity that can be used to execute
deceleration with desirable biomechanics.

Action

Lower the center of mass by bending at the knees
and hips, placing the feet in front of the center of
mass. This action accentuates eccentric contraction
of the extensors of the hip, knee, and ankle. The
spine remains neutral and the head remains up. The
knee and hip of the lead leg are flexed, and the foot
is in contact with the ground. Action at the arms and
legs occurs on the sagittal plane.

Finish



The drill is completed when the desired number of
repetitions have been achieved.

Agility Technique: Backpedal

Purpose

To develop the ability to backpedal efficiently and
quickly

Start

Start with the back to the direction of movement.
Keep both the knees and hips flexed to the degree
where there is no need to lower the center of mass
before initiating the action.

Action

Keeping the center of gravity low and the shoulders
over the base of support, alternate the feet and move
backward. The lower body movement is from
flexion and extension at the hips, knees, and ankles.



Finish

The drill is completed when the desired number of
repetitions have been achieved over the desired
distance.

Agility Technique: Rounding Cone

Purpose

To develop the ability to decelerate, turn efficiently,
and accelerate

Start

Start by running toward a single cone that serves as
the position to turn.

Action

Begin deceleration by lowering the center of mass
(bending at the knees and hips and placing the feet
in front of the center of mass). This action
accentuates eccentric contraction of the extensors of
the hip, knee, and ankle. The spine remains neutral



and the head remains up. Use short, abbreviated
steps. The knee and hip of the lead leg are flexed,
and the foot is in contact with the ground. Lower the
shoulder closest to the cone, and turn the head
toward the intended direction. Use short steps to
keep close to the cone while turning. The spine
remains neutral while the torso angles forward. The
knee and hip of the lead leg are flexed when the foot
is not in contact with the ground. The support leg
extends at the hip, knee, and ankle. Action at the
arms and legs occurs on the sagittal plane.

Finish

The drill is completed when the desired number of
repetitions have been achieved.

Agility Technique: Shuffle/Cutting

Purpose

To develop the ability to move efficiently laterally



Start

Start in the universal athletic position. Face 90° from
the direction of movement.

Action

Initiate the movement by stepping with the lead foot
laterally in the desired direction. The support leg
extends at the hip, knee, and ankle, pushing the body
laterally. Keep the knees and hips bent and the
center of mass low. Do not cross the feet. The spine
remains neutral and the head remains up. The arms
are at the sides with the elbows bent.

Finish

The drill is completed when the desired number of
repetitions have been achieved over the desired
distance.



Agility Technique: Open Step

Purpose

To develop the ability to transition from a backpedal
to forward running

Start

Start by backpedaling in the desired direction.

Action

Initiate the open step by simultaneously turning the
head, shoulders, and hips 180° in the intended
direction. The hip of the lead leg externally rotates,
pointing the foot and knee in the intended direction.
Once the foot of the lead leg contacts the ground, the
trail leg is lifted and the torso finishes turning in the
intended direction. Keep the knees and hips bent and
the center of mass low. The spine remains neutral
and the head remains up.

Finish

The drill is completed when the desired number of
repetitions have been achieved over the desired
distance.



Agility Technique: Crossover Step

Purpose

To develop the ability to move efficiently laterally
using a crossover step

Start

Start in the universal athletic position. Face 90° from
the direction of movement.

Action

Initiate the movement by stepping across the body
with the trail leg. The support leg extends at the hip,
knee, and ankle, pushing the body laterally. Keep the
knees and hips bent and the center of mass low. The
spine remains neutral and the head remains up. The
arms are at the sides with the elbows bent,
alternating action with the legs. The initial step is
required to turn the body 90° to face the desired



direction. Once the body is turned in the desired
direction, the knee and hip of the lead leg are flexed
when the foot is not in contact with the ground. The
support leg extends at the hip, knee, and ankle.
Action at the arms and legs occurs on the sagittal
plane.

Finish

The drill is completed when the desired number of
repetitions have been achieved over the desired
distance.



Agility Patterns

This section introduces several agility patterns that
can be used when developing an agility program.
However, a wide range of agility patterns and
configurations can be used to make agility drills.
Therefore, when performing any agility patterns, the
basic mechanics previously discussed should be
used to traverse the distance. It is the manner in
which the drill is performed that has the biggest
impact on performance.

Cone Weave

Purpose

To develop controlled running at maximal or near-
maximal running speed



Objectives
 

Incorporate decision making.
Control unnecessary body movements.

Action

Use a rolling start (i.e., a slow to moderate jog). Run
to the first cone, aiming to be at a maximal,
controlled speed when reaching the first cone. Keep
the corners tight when passing the cones. Keep the
elbows relatively close to the sides of the body.

To Increase Complexity or Difficulty
 

Stagger the distance of the cones.
Stagger the width of the cones.
The TSAC Facilitator can direct the tactical athlete in
which direction to run (left or right) at the end of the drill.
Use two identical patterns of cones so tactical athletes can
race each other through the drill.

Work Interval

Varies depending on the distance of the cones and
the ability of the tactical athlete but should be
between 8 and 12 seconds.

Rest Interval

Once the drill has been mastered, the rest interval
can be reduced to 2:1 rest-to-work interval.



Setup for the cone weave drill

10 Out, 5 Back

Purpose

To develop acceleration and stopping ability

Objectives
 

Simulate forward and backward movement patterns.
Incorporate decision making.
Reduce unnecessary body movements.

Action

Start on a yard line or at a cone and sprint forward
10 yards (or meters), backpedal 5, sprint forward 10,
backpedal 5 again, and finish with a sprint forward
to complete the drill. Use a forceful high-knee lift
when initially accelerating. Accelerate with 100%
effort, and optimize the forward lean. Minimize
braking distance by quickly dropping the center of
gravity, and use short, abbreviated steps to minimize
the stopping distance.

To Increase Complexity or Difficulty
 

Have the tactical athlete continue running at the end of
the drill and perform an occupation-specific task (e.g.,
push, pull, drag, carry).



Use two identical patterns of cones so tactical athletes can
race each other through the drill.

Work Interval

Varies depending on the distance of the cones and
the ability of the tactical athlete but should be
between 8 and 12 seconds.

Rest Interval

Once the drill has been mastered, the rest interval
can be reduced to a 2:1 rest-to-work interval.



Setup for the 10 out, 5 back drill

5-10-15

Purpose

To develop acceleration, stopping ability, and body
control

Objectives
 

Simulate forward and backward movement patterns.
Incorporate decision making.
Reduce unnecessary body movements.

Action



Straddle a yard line or a cone and make a crossover
step, moving forward 5 yards (or meters). Turn 180°
and sprint 10 yards. Drop the inside shoulder and
reach toward the ground with the same hand. Then
turn 180° and finish the drill with a 15-yard sprint to
finish. Use a forceful high-knee lift when initially
accelerating. Accelerate with 100% effort, and
optimize the forward lean. Minimize braking
distance by quickly dropping the center of gravity,
and use short, abbreviated steps to minimize the
stopping distance.

To Increase Complexity or Difficulty

The TSAC Facilitator can indicate which direction
the tactical athlete should start.

Work Interval

Varies depending on the distance of the cones and
the ability of the tactical athlete but should be
between 8 and 12 seconds.

Rest Interval

Once the drill has been mastered, the rest interval
can be reduced to a 2:1 rest-to-work interval.



Setup for the 5-10-15 drill

Side Shuffle

Purpose

To develop lateral acceleration, lateral stopping
ability, and body control

Objectives
 

Simulate movement patterns often seen while adjusting to
external stimulus.



Reduce unnecessary body movements.

Action

Begin in the universal athletic position. Side shuffle
through the cone pattern. Do not cross the feet
during the drill. Maintain an athletic position with a
low center of gravity and ankles, knees, and hips
flexed while shuffling. Accelerate with 100% effort.
Lower the center of gravity further when
transitioning from the shuffle to the forward sprint.
Emphasize a forward lean when accelerating toward
the last cone of the drill. Complete the initial series
of cones and sprint toward the last cone in the drill.

To Increase Complexity or Difficulty
 

The TSAC Facilitator can toss a ball to the tactical athlete
while the athlete is shuffling.
Backpedal instead of sprinting forward after completing
the shuffle.
Complete the drill by facing the opposite direction.
Place the last cone of the drill farther away to increase the
sprinting distance.
Set up an identical series of cones so tactical athletes can
race against each other.

Work Interval

Varies depending on the distance of the cones and
the ability of the tactical athlete but should be
between 8 and 12 seconds.

Rest Interval

Once the drill has been mastered, the rest interval
can be reduced to a 2:1 rest-to-work interval.



Setup for the side shuffle drill

Figure Eight

Purpose

To develop lateral acceleration, lateral stopping
ability, and body control

Objectives
 

Reduce unnecessary body movements.
Train coordination of eye, hand, and foot.

Action

Place two cones 6 to 12 yards (or meters) apart. Run
or shuffle in a figure-eight pattern around the cones,
as shown in the diagram. Lower the center of gravity
while moving through cones. Do not cross the feet
while performing the drill. Drop the inside shoulder
and extend the inside arm while turning. Emphasize
a high-knee lift while accelerating off the turns.
Move the feet as quickly as possible while shuffling.

To Increase Complexity or Difficulty
 

The TSAC Facilitator can toss a ball back and forth with
the tactical athlete while shuffling.
Perform an operational-specific task during or at the end
of the drill.



Spread the cones farther apart to emphasize stopping
mechanics while running.
Time the drill for completed cycles through the pattern.
Toss a ball for completed catches if shuffling, which will
dictate the completion of the drill.

Work Interval
 

Varies depending on the distance of the cones and the
ability of the tactical athlete but should be between 8 and
12 seconds.
If the drill is done with shuffling, toss a ball for
completed catches to dictate the completion of the drill.

Rest Interval

Once mastery of the drill has been reached, the rest
interval can be reduced to a 2:1 rest-to-work
interval.



Setup for the figure-eight drill

V-Pattern

Purpose

To develop acceleration, stopping ability, and body
control

Objectives
 

Reduce unnecessary body movements.
Train coordination of eye, hand, and foot.

Action

Place two cones 10 to 15 yards (or meters) away
from a third cone, as depicted in the diagram. Run in
a straight line between the cones in the pattern
illustrated. Lower the center of gravity while
running around the cones. Do not cross the feet
while performing the drill. Drop the inside shoulder
and extend the inside arm while turning. Emphasize
a high-knee lift while accelerating off the turns.

To Increase Complexity or Difficulty
 

The TSAC Facilitator can serve as a starting cone and roll
a medicine ball to the tactical athlete after he has finished
turning around the other cones (the ball should be handed
back to the TSAC Facilitator at the end of the pattern).



The athlete’s hands should be in a ready position to catch
the ball when turning through the cones.
Increasing the distance between cones can emphasize the
acceleration and stopping mechanics.

Work Interval
 

Varies depending on the distance of the cones and the
ability of the tactical athlete but should be between 8 and
12 seconds.
Time the drill for completed cycles through the pattern, or
complete a prescribed number of repetitions.

Rest Interval

Once the drill has been mastered, the rest interval
can be reduced to a 2:1 rest-to-work interval.



Setup for the V-pattern drill

W-Pattern

Purpose

To develop acceleration and stopping ability

Objectives
 

Simulate movement patterns when transitioning from
forward to backward.
Reduce unnecessary body movements.

Action

Place five cones 5 to 10 yards (or meters) apart in a
W pattern. Run forward and backward in the pattern
illustrated. When changing direction, lower the
center of gravity while moving through the pattern.
Do not cross the feet while performing the drill.
Emphasize a high-knee lift while transitioning
directions. Transition from backpedaling to forward
sprinting by slightly opening the hips, using full foot
contact on the ground.

To Increase Complexity or Difficulty



The TSAC Facilitator can roll or throw a ball to the
tactical athlete while the tactical athlete transitions
from the backward to forward direction. The ball is
tossed back to the TSAC Facilitator in each
backward-to-forward direction change.

Increasing the distance from 5 to 10 yards (or
meters) can increase the difficulty of the drill by
emphasizing acceleration and stopping mechanics.

Work Interval

Varies depending on the distance of the cones and
the ability of the tactical athlete but should be
between 8 and 12 seconds.

Rest Interval

Once the drill has been mastered, the rest interval
can be reduced to a 2:1 rest-to-work interval.



Setup for the W-pattern drill

T-Drill

Purpose

To develop acceleration and deceleration mechanics

Objectives

Develop an effective change of direction.

Action

Set cones in a T pattern as shown in the figure.
Sprint forward 10 yards (or meters), touch the center
cone with the right hand, and then shuffle to the left.
Touch the far cone with the left hand and shuffle
right 10 yards (or meters). Touch the cone with the
right hand. Shuffle back to the center and touch the
cone with the left hand. Then backpedal to the
starting cone.

To Increase Complexity or Difficulty
 

The cones can be farther apart to increase the work
interval.
Two identical sets of cones can allow tactical athletes to
compete against each other.



Work Interval

Varies depending on the distance of the cones and
the ability of the tactical athlete but should be
between 8 and 12 seconds.

Rest Interval

Once the drill has been mastered, the rest interval
can be reduced to a 2:1 rest-to-work interval.



Setup for the T-drill

Program Design Recommendations
Many agility patterns are specific to operational practices. The
TSAC Facilitator should be able to identify body mechanics
and their associated criteria that allow for optimal movement.
Jeffreys (29) identifies a three-step, target-based approach to
developing agility that can easily be adapted to tactical
situations:

 

1. Identify and develop target movement patterns: This
step simply identifies, develops, and masters target
movement patterns. For example, a 3- to 5-second rush to
gain cover would require an acceleration pattern when
running from one point to another in a straight line.

2. Identify and development key movement
combinations: This step combines two or more skills and
becomes more task specific. For example, stand from a
prone position, lift a fire hose, and run to another
location.

3. Identify key stimuli and subsequent reactions: This
step incorporates external stimuli and requires the tactical
athlete to react or make a decision based on the situation.
For instance, a law enforcement officer may have to run
to a position, stop, and take a shot at more than one
target. Determining which target to shoot first depends on
the situation.

Agility biomechanics can be broken down into subcategories:
foot position, leg position, trunk or posture, and arm position.
For each of these subcategories, the TSAC Facilitator can
establish criteria that reflect optimal location to execute the



movement. Table 13.4 earlier in the chapter offers a movement
checklist for the 90° agility turn. This same format can be used
for any agility movement and is extremely useful for assessing
movement technique.

Before implementing agility training in the training program
of a tactical athlete, there are several factors to consider.
Addressing these areas will help maximize safety and ensure
that the person is physically prepared to engage in this form of
training. The following considerations and guidelines are
presented to help the TSAC Facilitator when designing an
agility training program.

Training Status
Training status refers to a person’s physical capacity to
perform the agility movements outlined in this chapter. This is
influenced by several factors, including heredity, injury status,
nutritional status, training, and adaptive capabilities (49).

Key Point
Training status is influenced by several factors, including
heredity, injury status, nutritional status, training, and adaptive
capabilities.

Training Age and Experience
Due to the intensity of some agility drills and the potential risk
of injury, an individual must have a solid foundation of
muscular strength, mobility, and speed before engaging in this
form of training. Moreover, people with low motor abilities
may require additional training at lower intensities to develop
sufficient change-of-direction ability and perceptual-cognitive
ability (e.g., pattern recognition) to improve their technical
proficiency before advancing to more complex drills (16).
High-intensity agility training should also be used with caution
for middle-aged or older adults, who may be more prone to
injury because of the aging process.

Body Weight and Body Composition
Excess body fat impairs the ability to execute agility
movements at a high level. Because body fat does not actively



contribute to force production, excessive levels may
significantly impair movement ability and increase overall
movement time. Poor body composition may negatively affect
several areas of performance for the tactical athlete, such as
crawling (e.g., low and high crawling; functioning in crawl
spaces, tunnels, vents, and shafts) and climbing (e.g., fences,
walls, elevator shafts, multiple flights of stairs, ladders, fire
escapes, ropes, poles, trees) to accomplish an objective or gain
a tactical position (14, 35).

History of Injury
Agility training can be intense due to the nature of foot-strike
impacts, demands placed on the neural system, and high-
velocity muscle contractions. Areas of potential injury
associated with the lower body in tactical populations usually
include the ankles, knees, hips, and lower back (8, 24, 25).
TSAC Facilitators should be aware of injury trends in the
specific tactical athletes with whom they are working. The
importance of progressing slowly and objectively monitoring
the tactical athlete cannot be overstated.

Strength Requirements
There is no minimum strength requirement to perform agility
training. The tactical athlete should have the ability to execute
fundamental drills and move through key biomechanical
positions with acceptable competency. To maximize their
speed and agility potential, tactical athletes need to develop
strength and power characteristics across the force–velocity
spectrum (40).

Proper Technique
Proper agility technique cannot be overstated. The tactical
athlete must be skilled in the fundamentals of starting,
accelerating and decelerating, and other agility movements. To
cover distance most effectively, it is desirable to be proficient
at all phases (11).

General Considerations
In addition to training status, the TSAC Facilitator needs to
take into account general considerations when designing an



agility training program. These include attire, tactical gear,
shoes and socks, training surface and equipment, and fatigue.

Attire
When learning agility mechanics, attire needs to be
comfortable—not binding, not excessively loose or overly
tight, and so on. The focus should be on mechanics and the
associated effort for proper execution. A wide range of
clothing is available for a variety of body sizes and shapes.
Attire should be well fitting, breathable, and low in friction.
Synthetic materials may offer some advantages depending on
conditions. Unlike cotton, many synthetic materials do not
hold sweat and actually wick moisture away from the skin.
This may be advantageous in hot or humid environments when
attempting to avoid excessive core temperature elevation (9).

Tactical Gear
Despite the effectiveness of the drills discussed throughout
this chapter in promoting power, speed, and agility, when
tactical personnel are wearing PPE, equipment, or other
occupational attire, their ability to complete such drills and
execute activities that require power, speed, and agility (as
well as other fitness attributes) may be compromised (15, 18).
Furthermore, the increased weight of PPE and carried
equipment may increase fatigue, placing a great
cardiorespiratory and thermoregulatory demand on the
individual (5, 17, 18), and restrictive clothing and the presence
of equipment (e.g., duty belt with weapons or tools) may alter
gait, overall body mechanics, and movement patterns (37, 38).
These factors may increase the rate of fatigue, falls, and injury.
Consequently, if the TSAC Facilitator is inclined to have the
tactical athlete train while wearing PPE, then the PPE should
be introduced gradually and in a progressive manner; the
individual should be acclimated to the training conditions and
have demonstrated sufficient competency in the execution of
the power, speed, and agility drills while not wearing PPE; and
the rationale for doing so should be sound, all in a similar
manner to training athletes wearing equipment during the
preseason (9).



Shoes and Socks
Properly fitting shoes and socks can enhance performance and
reduce the potential for injury (42). It is wise to buy one pair
of shoes that can be worn for both speed and agility training.
Obviously an athletic shoe that fits properly is important.
There are many categories of athletic shoes, including distance
running, biking, aerobic or group drills, walking, various
cleats, court shoes, and cross-trainers. Buying athletic shoes at
a specialty store with an educated staff will most likely be
worth the time, money, and effort. When trying on the shoes, it
is important to wear the type of athletic socks that will be
worn during training. The shoes should be immediately
comfortable after putting them on and require no breaking in.
Feet tend to swell and get bigger at the end of the day, so it is
recommended to try on shoes later in the day for the best fit.

Training Surface and Equipment
It is the responsibility of the TSAC Facilitator to inspect the
training surface and equipment before training and to ensure
the safety of the tactical athletes during training. To this end,
the training surface should not be soft, wet, or slippery. The
surface should be clear of any obstructions, and the training
space should have a buffer area surrounding it that accounts
for decelerations and outside interference (e.g., dogs, Frisbees,
errant game balls, playground equipment, sidewalks, athletic
gear, trees, drainage, parking lots).

Well-maintained natural grass offers training advantages such
as shock-absorbing properties, and natural grass is often the
medium in field operations (16, 28). Regardless, the surface
should be free of any articles or objects that may interfere with
safety and secure foot contact.

Fatigue
The accumulation of fatigue when training agility can be a
rate-limiting factor. The TSAC Facilitator needs to recognize
immediate and chronic accumulation of fatigue and its
implications for speed training. In an effort to mitigate fatigue,
particular attention needs to be paid to additional training (e.g.,
strength training, conditioning, speed training) that contributes



to chronic fatigue and rest interval length that contributes to
immediate or acute fatigue.

Ideally, the tactical athlete should be rested, fueled, hydrated,
and motivated for training. Understanding that often the
training state of the tactical athlete is less than optimal, the
TSAC Facilitator needs to be particularly attentive to poor
training technique. In other words, training for speed in a state
that compromises quality training is most often
counterproductive.

A well-planned agility program is coordinated with other
training methods and cycle volume and intensities in an effort
to optimize training adaptations. Ideally, fatigue is balanced
and managed with the interaction of the individual’s fitness
capabilities and levels (7, 37).

Program Design Components
As with most types of strength training and conditioning, the
program design for agility training should take into account
duration, frequency, intensity, volume, and rest. The TSAC
Facilitator may need to adjust the variables, depending on the
training and operational status of the tactical athlete.

Duration
Program duration refers to the block of time, typically given in
weeks, when the program is implemented. Structuring training
around four weeks (plus or minus two weeks) (45) is advised,
and the programming should vary in volume and intensity.
Once the duration of training has been completed, a short
transition period can be spent performing various training
methods. See chapter 10 for an in-depth discussion of
periodization.

Frequency
The training frequency of an agility development program can
range from one to six times per week. The TSAC Facilitator
should consider several training variables when developing an
agility program and should incorporate training that develops
the physical characteristics that will make tactical athletes as
effective as they can be (i.e., strength, power, speed,



endurance, body composition, coordination) (16). As a matter
of practicality, agility training can be implemented two to
three days per week and combined with additional fitness
methods (11, 16). Because agility is a coordinative ability,
shorter training sessions performed more frequently may be
better tolerated by people unaccustomed to this style of
training. Additionally, shorter, more frequent training bouts
may allow the individual to focus on technique while
minimizing the effects of fatigue. For instance, performing
relatively short practice sessions as part of a dynamic warm-up
may be effective for improving movement quality and agility
technique.

Intensity
Intensity refers to the quality of movement or “the effort with
which a repetition is executed” (20). Using the general
adaptation model as a guide, agility development
programming should begin with low intensity and high
volumes of work. A beginner may not be able to tolerate
relatively high volumes of agility training, so progressing
slowly is reasonable. An introduction to fundamental drills and
quality of movement is a priority.

Volume
Volume of training is “the amount of work (repetitions × sets)
performed in a given training session time period” (20). The
volume of agility work is indicative of the program goals and
should be incorporated into the overall training stressors and
methods.

Rest
Rest is the time between sets and reps (16, 20). For optimal
agility training, fatigue should be minimized. This warrants
longer rest intervals between sets and repetitions. For example,
the recommended work-to-rest ratios for shorter agility drills
that stress the phosphagen system are between 1:12 and 1:20,
whereas drills that target both the phosphagen and glycolytic
pathways may require work-to-rest ratios closer to 1:3 to 1:5
(27), as discussed more thoroughly in chapter 3. How fast the
tactical athlete dissipates fatigue accumulated during the



training session depends on genetics, training tolerance,
experience, and environmental factors, to name a few.

Demands Specific to the Tactical Population
Plyometric, speed, and agility training are well-established
methods that have been proven to enhance physical qualities.
Tactical athletes need fundamental physical capabilities to
support their operational competency. The inclusion and
management of these training methods will ensure a tactical
athlete has the physical requirements that will better prepare
her for the variable, unstable, and demanding situations she
must perform in. Additionally, a well-trained tactical athlete
should have a higher tolerance for operational demands, a
greater capacity to resist injury, and an improved resiliency
returning from injury if she is trained optimally and to her
potential. The TSAC Facilitator should understand how to
manage these training methods in a comprehensive program.
The interaction of strength and conditioning methodologies,
tactical training, stress, restorative capabilities, age, genetics,
nutrition, and how the individual responds to training all play
significant roles. It is the responsibility of the TSAC
Facilitator to monitor and adjust training variables in
organized phases or periods of training to optimize training
and target the desired effect.



Conclusion
Tactical athletes may be placed in situations requiring an array
of physical characteristics, including power, speed, and agility.
Training these physical qualities can be daunting initially. The
deeper the TSAC Facilitator’s understanding of the underlying
mechanisms and scientific principles of plyometric, speed, and
agility training, the greater the opportunity for success of the
tactical athlete and the training program.

Key Terms
 

acceleration
agility
amortization phase
change-of-direction speed
closed drill
deceleration
discrete task
open drill
plyometrics
power
semi-open drill
serial task
series elastic component
speed
stretch–shortening cycle (SSC)

Study Questions
 

1. When does the amortization phase occur?
1. between the end of eccentric muscle action and the

start of concentric muscle action
2. between the start of eccentric muscle action and the

start of concentric muscle action
3. between the end of concentric muscle action and the

start of eccentric muscle action



4. between the start of concentric muscle action and the
start of eccentric muscle action

2. Which of the following jumps is a low-intensity
plyometric exercise?

1. broad
2. lateral
3. squat
4. triple

3. Which of the following drills develops total body power
and emphasizes triple extension?

1. depth jump
2. single-leg bound
3. overhead forward throw
4. backward overhead medicine ball toss

4. Before participating in lower body plyometric exercises,
what is the recommended percentage of body weight that
a tactical athlete should be able to lift when performing
five squats in 5 seconds or less?

1. 50
2. 60
3. 65
4. 70



Chapter 14
Aerobic Endurance Exercise

Techniques and Programming
Matthew R. Rhea, PhD, CSCS,*D

Brent A. Alvar, PhD, CSCS,*D, RSCC*D, FNSCA
After completing this chapter, you will be able to

 

design a warm-up protocol for an aerobic endurance
training session;
describe proper exercise technique and instructional
cueing for machine-based aerobic endurance exercises
and aerobic endurance activities; and
design aerobic endurance training programs based on the
training status, goals, and demands of tactical athletes.

Aerobic endurance is an important fitness component that
fosters health and performance among tactical athletes. The
TSAC Facilitator can provide valuable direction to athletes
seeking to reduce their risk of cardiovascular disease and
improve their ability to execute tactical tasks without undue
fatigue (27). This chapter provides direction for selecting
aerobic endurance training modalities and designing safe,
effective training plans for tactical athletes.



Warming Up Before Aerobic
Endurance Training

Physical preparation for aerobic endurance training is similar
to preparation for resistance training. All of the body systems
respond gradually to applied physical demands. Therefore,
preparation for exercise should be a gradual, progressive
process. The primary goals of a warm-up are to increase body
temperature, enhance pliability of soft tissues, and increase
metabolic productivity. A short bout (3-5 minutes) of physical
activity such as walking or jogging can help stimulate several
of these processes. That activity should be followed by
flexibility exercises to improve ROM and tissue pliability.

Many tasks in tactical occupations are dynamic (2, 3, 21, 25,
29, 38, 53, 62), making dynamic flexibility exercises
important for both exercise preparation and job performance.
The warm-up should prepare the entire body for exertion, but
special attention should be paid to the shoulder and hip
complexes, hip flexors and hamstrings, Achilles tendon, and
low back. Tactical athletes should never skip the warm-up for
the sake of time or to rush into the exercise portion of a
training session.

Key Point
A proper warm-up, including dynamic flexibility exercises, is
an integral part of every exercise session.



Exercise Techniques and Cueing
Guidelines

Much like resistance training, the selection and use of
equipment will affect progress toward training goals. The
TSAC Facilitator must be able to evaluate a tactical athlete
and provide direction related to the various parameters of
aerobic exercise. The knowledgeable facilitator will be able to
help athletes achieve fitness goals by making educated
decisions regarding techniques and training strategies.      

General Considerations for Aerobic
Endurance Training
The greatest benefits of aerobic endurance exercise are
achieved through consistent, long-term participation.
Therefore, it is important that exercisers follow certain steps to
ensure their safety and ability to sustain exercise. Each
workout session should be preceded by a warm-up that
prepares the muscles, joints, and energy systems for exercise.
Wearing proper clothing and footwear is also vital to
sustainability. Clothing that restricts motion should be avoided
so that the body can function properly; however, excessively
loose clothing may get caught in equipment, presenting a
danger to the exerciser. Clothing should allow heat dissipation
in hot and humid environments and provide ample heat
retention when temperatures are cold. Proper footwear should
always be worn for walking, running, hiking, and sport-related
cardiorespiratory exercise. Shoes should provide the
appropriate amount of support to the arches and ankles. As
shoes wear, support diminishes and the risk of overuse injuries
to the feet increases. Footwear should be replaced as soon as
support mechanisms begin to wear out.

Tactical Population–Specific Demands
The metabolic demands of various tactical activities include
moderate- to very-high-intensity tasks, such as forcible entry,
suspect subduing, fire suppression, quick pursuit, close-quarter
combat, and lengthy hikes. These activities can last several



hours and involve aggressive bursts of energy followed by a
period of rest. Body armor, protective clothing, and tactical
gear exacerbate the metabolic demands of these activities by
16% to 63% (45). It is clear that tactical athletes must develop
several metabolic components in order to safely and
effectively perform their duties. The ability to perform
moderate- to high-intensity aerobic tasks for long durations, to
perform very-high-intensity activities for shorter durations,
and to recover quickly between tasks are all characteristics of
highly trained and fit tactical athletes.

A variety of training methods should be used to promote
positive adaptations in each of these three metabolic
components. Varying the training stresses will help promote a
wide range of physiological adaptations that elevate metabolic
performance and decrease the relative intensity of the tasks
demanded of tactical athletes. For tactical athletes, developing
high-level fitness makes their tasks less stressful to perform
due to a relative decrease in the overall intensity of effort as a
percentage of their maximal capacity. When tactical athletes
have a low cardiorespiratory capacity, many of the daily tasks
in these occupations will result in maximal or near-maximal
effort. Therefore, increasing cardiorespiratory fitness is both a
safeguard against cardiovascular injury and a way to improve
performance (4, 12, 22).

Exercise prescription should consider the aforementioned
factors that contribute to occupational specificity (or the
specific adaptation to imposed demands—SAID principle), as
well as the fitness level, training necessities, and goals of the
individual tactical athlete. The SAID principle asserts that
training specificity (e.g., biomechanics, neuromuscular and
energy system utilization) should be considered when
designing the program. The more closely tactical athletes can
mimic the activities of their occupation, the better the
transference from the training program (36). The remainder of
this chapter discusses how to use these steps in designing
cardiorespiratory exercise programs for the tactical athlete.

Designing an aerobic exercise program is a five-step process:
exercise mode (step 1), training frequency (step 2), training
intensity (step 3), exercise duration (step 4), and exercise



progression (step 5) (42). Asking specific questions regarding
the population being trained and the goals of the training
session allows the TSAC Facilitator to determine the
appropriate exercise selection, duration, frequency, intensity,
and progression. Following this five-step process ensures that
appropriate training exercise prescription can be employed and
alterations for fitness and occupational preparedness can be
achieved.



Step 1: Exercise Mode
Aerobic exercises consist of repetitive movements that stress
the oxygen intake, transport, and utilization processes in the
body. Exercise that uses large muscle groups can enhance this
stress and improve the value of the training session. Many
forms of exercise (modes) meet these metabolic conditions,
including both machine-based and field exercise modes. Each
mode requires the body to move somewhat differently,
presenting a unique stress to the muscular and
cardiopulmonary systems. Activities such as running, walking,
hiking, cycling, swimming, rowing, and skiing, as well as
longer interval sports such as tennis, soccer, and basketball,
task the cardiopulmonary system to provide energy in an
effective and efficient fashion.

Machine-based training is an excellent option for aerobic
training because it gives the TSAC Facilitator greater control
of the training environment. Altering training intensity on a
treadmill is more precise than attempting to determine changes
in speed on the road, and maintaining a consistent intensity is
much easier when the exerciser does not have to work around
traffic or other exercisers. Monitoring volume is also more
accurate with constant feedback from the exercise machine.

Although differences in physiological responses to training
exist (34), personal preference should be key when selecting a
training method because it may lead to increased adherence
(7), and a baseline level of fitness is necessary for health and
prevention of premature morbidity and mortality (4). That
said, specificity needs to be a consideration in training design
or recommendations. Many tasks required of tactical athletes
involve ambulation, and therefore a greater amount of running
may be useful during training.

In terms of establishing a base level of fitness, if a tactical
athlete dislikes running, options such as cycling, swimming,
and rowing should be considered to enhance adherence to an
aerobic endurance program. Of these choices, cycling involves
the least amount of muscle mass but involves lower impact
forces compared with running. Swimming and rowing involve



low-impact forces yet are challenging to the cardiopulmonary
system, making them good choices for aerobic endurance
activities. For higher levels of fitness for occupational
preparedness, specificity of training is necessary (e.g., running
to increase running performance and swimming to increase
swimming performance). Varying training modes can reduce
overuse injuries that might result from extended use of a single
modality such as running (26).

Key Point

Choosing the proper exercise mode may lead to increased
adherence, but specificity of training should not be
overlooked.

Machine-Based Aerobic Endurance
Exercises
Aerobic exercise machines provide a convenient, controllable
exercise environment and can be useful for developing aerobic
fitness among tactical athletes. Exercise equipment also
provides many options for introducing movement variations,
which may be helpful in overcoming boredom and avoiding
overuse injuries. The TSAC Facilitator should be familiar with
each mode of training, including how to adjust the machine
and the optimal posture or mechanism for using the apparatus,
to assist individuals in reaching their training goals. Also, the
SAID principle needs to be considered when choosing the
activity mode, as will be shown. The following section
provides guidelines for the setup, initiation, and cessation of
exercise on treadmills, stair-climbers, elliptical machines,
hybrid machines, exercise bikes, and rowing machines (42).

Machine-Based Walking and
Running



Treadmill

Setup
 

Read all of the instructions listed on the console for
operating the treadmill, including how to increase and
decrease the speed and incline as well as how to stop and
start the treadmill belt.
Attach the security clip to your clothing in a way that will
not interfere with your running (arm swing, body
rotation, or leg movement).
Straddle the belt with one leg on either side, but do not
touch the belt.
Start the treadmill and allow it to reach the predetermined
warm-up speed.
Warm up for 3 to 5 minutes to prepare for the exercise
session.

Starting the Exercise
 

Hold onto the handles to support your body weight and
allow one leg to swing freely.
Allow the midfoot to make contact with the treadmill
(pawing the belt) to get a sense of the speed.
Once you are comfortable with the speed, begin walking
or running on the treadmill.
Keep your body centered in the middle of the belt and
toward the front of the machine.
Avoid holding the handles or display console while
running, because it will alter your running gate (backward
lean) and could damage the treadmill.

Ending the Exercise
 

Reduce the speed of the treadmill to allow for a 3- to 5-
minute cool-down. This will prevent blood pooling and



increase circulation once the exercise session ends.
To stop the exercise, step on the platforms on either side
of the belt and press the stop or end exercise button as
indicated in the instructions.

Treadmills offer an indoor exercise environment
with the ability to control and vary walking and
running exercise. In a review of the physiological
responses to aerobic exercise on various pieces of
exercise equipment, Oliveira and colleagues (34)
determined that the highest aerobic demands were
measured during exercise on treadmills versus any
other machine (cycling and elliptical). This makes
the treadmill a desired mode of training when
attempting to reach high levels of exertion, burn
more calories, or stress the cardiopulmonary system.
Variations in speed and incline can change the
exercise stimulus, allowing for unique training
sessions that stress the peripheral muscular
components, the central cardiopulmonary
components, or a combination of the two. In general,
using a treadmill will decrease the hamstring muscle
activation because the treadmill is propelling the leg
backward, and it will increase quadriceps activation
to eccentrically brake the leg and propel the leg
forward concentrically (31). In addition, incline
running simulates hilly terrain and increases muscle
activation in the lower body (such as in the calves
and quadriceps), whereas level-ground running at
consistent, moderate speeds challenges the heart and
lungs with less muscular fatigue in the lower body.
Caution should be taken when starting and stopping
the treadmill to avoid falls, and athletes should
become accustomed to treadmill running before
attempting very high speeds. The tactical athlete
must be capable of staying in the center of the belt
near the front of the treadmill, and safety clips
should always be worn in case of an accident.



Stair-Climbers, Elliptical
Machines, and Hybrid Machines

Stair-Climber

Setup
 

Read all of the instructions listed on the console for
operating the stair-climber, including how to increase and
decrease the speed as well as how to stop and start the
machine (pedals or belt).
Grasp the handrails and step onto the machine with both
feet.
Make sure both feet are completely on the pedals and are
centered.
Start the stair-climber and allow it to reach the
predetermined warm-up speed.
Warm up for 3 to 5 minutes to prepare for the exercise
session.

Starting the Exercise
 

Hold onto the handles and begin stepping.
Make sure the body is upright and not leaning on the
machine or backward. Keep the eyes forward. Take deep
steps (4-8 in. [10-20 cm]).
Make sure steps do not touch the floor (too low) or hit the
upper limit of the machine (too high).
Avoid holding the handrails in a way that supports the
body weight. The handrails should be for balance only. In
addition, the console should not be held while stepping,



because this will cause a backward lean and may damage
the machine.

Ending the Exercise
 

Reduce the speed of the stair-climber to allow for a 3- to
5-minute cool-down. This will prevent blood pooling and
increase circulation once the exercise session ends.
To stop the exercise, step off the machine and press the
stop or end exercise button as indicated in the
instructions.



Proper position on a stair-climber.

Elliptical Trainer

Setup
 

Read all of the instructions listed on the console for
operating the elliptical trainer, including how to increase
and decrease the speed as well as how to stop and start
the elliptical machine (pedals).
Grasp the handrails and step onto the machine with both
feet.
Make sure both feet are completely on the pedals and are
centered, and grasp the two handrails with the body
upright and eyes facing forward.
Make sure the body is upright and shoulders are not
rounded.
The weight of the body should be balanced with all
segments of the body directly in line (upper—head,
shoulders; lower—hips, knees, and feet).



The knees should not move past the toes during the
movement.
The feet should remain in contact with the pedals at all
times.

Starting the Exercise
 

Hold onto the handles and begin peddling.
Increase the peddling rate to get up to the predetermined
warm-up speed.
Warm up for 3 to 5 minutes to prepare for the exercise
session.
Make sure the body is upright and not leaning on the
machine or backward. Keep the eyes forward.
The incline can be increased to more closely simulate
running or increase the intensity.
Using a forward motion will increase the emphasis on the
quadriceps, and using a backward motion will focus more
on the hamstrings.
Avoid holding the handrails in a way that supports the
body weight. The handrails should be for balance only. In
addition, the display console should not be held while
peddling, because this will cause a backward lean and
may damage the elliptical machine.

Ending the Exercise
 

Reduce the speed of the elliptical to allow for a 3- to 5-
minute cool-down. This will prevent blood pooling and
increase circulation once the exercise session ends.
To stop the exercise, slow the pedaling rate until the
pedals stop, and step off the machine. Press the stop or
end exercise button as indicated in the instructions.



Proper position on an elliptical trainer.

Many varieties of stair-climbers, elliptical machines, and
combinations of running and climbing machines (hybrid
machines) have been developed, and all present a slightly
different movement pattern. Though these machines may
reduce the impact forces on the lower body compared with
running, the fixed movement path may not be comfortable for
some athletes. Because limited individual adjustments can be
made on these machines, some exercisers may not feel
comfortable using them. Such machines do, however, offer the
benefit of working the arms and legs simultaneously, provide
an opportunity to reduce impact on the lower body, and
provide the ability to add resistance to increase the training
intensity or load.

Indoor Cycling

Exercise Bike



Setup
 

Read all of the instructions listed on the console for
operating the bike, including how to increase and
decrease the speed as well as how to stop and start the
bike.
Adjust the seat height so that the knee is slightly bent
when the pedal is at the bottom of the rotation.
The foot of the extended knee should be flat against the
pedal (parallel to the floor), and the pedal should contact
the ball of the foot.
Adjust the seat so that the knee is over the center of the
pedal and the hips do not move during the peddling
stroke.
Sit upright and tall, keeping a neutral spine with a slight
forward lean, and keep the eyes looking forward.
Adjust the handlebars so that the elbows are bent slightly
and the upper arms and torso form an approximate 90°
angle.

Starting the Exercise
 

Hold onto the handles and begin peddling to reach the
predetermined warm-up speed.
Make sure the balls of the feet are being used and that
they are in contact with the pedals at all time.
The bullhorn style of handlebars allows for a variety of
hand positions:

Pronated, with palms facing down, which allows a
more upright posture
Neutral, with palms facing the grip on the side of the
handlebars
Racing position, with forearms resting on the
handlebars, creating a forward lean

Warm up for 3 to 5 minutes to prepare for the exercise
session.
Make sure the body is upright and not leaning on the
machine or backward. Keep the eyes forward.



Avoid holding the handles in a way that supports the
body weight. The handles should be for balance only. In
addition, do not hold the display console, because this
will cause a backward lean and may damage the machine.

Ending the Exercise
 

Reduce the speed of the bike to allow for a 3- to 5-minute
cool-down. This will prevent blood pooling and increase
circulation once the exercise session ends.
Reduce the speed of the pedals until they come to a
complete stop, and then dismount the bike (42).



Proper seat height and adjustment: (a) leg straight
with knee locked and heel on pedal; (b) knee slightly
bent with ball of foot on pedal; (c) with pedal at 12
o’clock, knee is about even with hips and parallel

with floor.



Similar to other machines, stationary bikes enable
indoor exercise year round regardless of climate or
location. Machines that allow the addition of
resistance during cycling offer the ability to
dramatically change the exercise stimulus. However,
cycling primarily involves the lower body, which
results in less caloric expenditure and lower oxygen
demands than running (5, 23, 51). The safety of
stationary cycling versus running on a treadmill
should be considered, especially among athletes with
lower body injuries or balance difficulties.

Seat placement is important in cycling. The seat
should be raised to a height that allows for a slight
bend in the knee at the point of greatest knee
extension. Handlebar and handgrip placement
should be in a comfortable position that allows for
exercise sessions that last 30 to 60 minutes. If
upright bikes cause pain at the seat or handlebars,
recumbent bikes may offer a more comfortable
exercise position.

Indoor cycling activities generally include periods of
higher and lower intensity (sprints and recovery) that
mimic many of the HR variations that occur in
tactical athletes’ occupational activities. The
program components of an indoor cycling class can



include any style of cardiorespiratory endurance
intensity (e.g., long, slow distance; interval; high-
intensity interval; and pace/tempo training) and may
involve standing and sprinting, simulated hill
climbing, and periods of high-intensity riding.
Therefore, greater specificity of training is
occurring, which makes indoor cycling a good mode
of activity.

Indoor Rowing

Rowing Machine

Setup
 

Read all of the instructions listed on the console for
operating the rowing machine.
Warm up for 3 to 5 minutes to prepare for the exercise
session.

Starting the Exercise
 

Starting position:
Insert the feet into the straps and tighten them.
Keep the back upright and prevent the shoulders and
back from rounding.
Extend the arms and grasp the handle while flexing
the hips and knees so that the shins are
approximately vertical.

Drive—movement phase:



Extend the hips and knees while simultaneously
pulling the handle to the chest just below the rib
cage.
Adjust the venting system to increase or decrease the
resistance. Opening the vent increases airflow and
decreases resistance, whereas closing it decreases
airflow and increases resistance.
Make sure the body is upright and not leaning
forward or backward during the rowing motion.
Keep the eyes forward.

Finish—ending position:
The legs should be fully extended (without locking
the knees).
The torso should have a slight (not exaggerated)
backward lean.
The handle should be at the rib cage with the elbows
flexed.

Recovery: Move from the finish back to the starting
point.

Ending the Exercise
 

Reduce the speed of the rowing machine to allow for a 3-
to 5-minute cool-down. This will prevent blood pooling
and increase circulation once the exercise session ends.
Reduce the speed until the machine comes to a complete
stop, and then dismount the rowing machine.



Starting position (and catch)



Drive



Finish



Recovery

Rowing machines challenge both the upper and
lower body musculature, placing higher demands on
the cardiopulmonary system compared with exercise
that relies solely on either upper or lower body
musculature (e.g., arm cranks, exercise bicycles).
The rowing motion requires some practice to master,
but once an exerciser is comfortable with the
cadence, it offers a challenging stress that can
stimulate improvements in muscular and
cardiopulmonary adaptations. Athletes should avoid
leaning too far forward, which places greater
repetitive strain on the low back. The trunk should
remain fairly stable throughout the entire cadence,
with only a slight amount of trunk flexion and
extension.

Nonmachine Aerobic Endurance
Activities
Aerobic endurance activities such as running, hiking, and
cycling are often performed in the outdoor environment (i.e.,
natural setting, including temperature, weather, and so on).
They include many modes of training that can be performed in
many locations and environments, often without the need for
equipment, which makes training more accessible. The
environment can influence training (e.g., weather, traffic), but
aerobic exercise in the outdoors may be more enjoyable for
some tactical athletes. Although the TSAC Facilitator may
have less control over the environment during nonmachine



exercise, there are still many ways to assist the tactical athlete
in improving fitness.

Running, Walking, and Hiking
Overground ambulation is a natural movement pattern and
skill, making this form of exercise fairly easy for most tactical
athletes. Generally speaking, walking or running on a
treadmill is similar to walking or running overground (46).
One main difference is the increased oxygen cost of
overground activity. Regardless of the activity mode, overuse
injuries are a common problem among runners, especially in
tactical populations with a high volume of training (40). Pain
in the feet, shins, knees, and hips makes it difficult to perform
sufficient walking, running, or hiking to promote the desired
improvements in fitness. For tactical athletes who are able to
perform this type of exercise without pain, it can be an
effective form of aerobic exercise without the need for
equipment. In addition, this type of training may be used
during occupational training (job training), making it a good
choice for carryover (specificity of training).

Proper footwear must be worn during this type of exercise, and
caution should be taken when walking or running on uneven
surfaces. The type of running shoe that is appropriate for
tactical athletes may differ significantly. Research examining
injury rates among runners in different types of shoes is
inconclusive (33), but if pain arises, a trained professional
should conduct an evaluation to determine what footwear is
most appropriate.

Swimming
Swimming is a challenging, full-body, low-impact form of
exercise. Although it requires a good degree of skill to perform
for long periods of time, the stress it places on the
cardiopulmonary system is very positive. Improvements in
vital capacity (amount of air expelled) and maximal breathing
capacity have been shown to be higher in swimmers versus in
runners or controls (9). For those who lack the skill to sustain
swimming for long periods of time, it may be a good choice
for variety from time to time or when performing high-



intensity intervals of shorter duration. It has been shown be a
good mode of exercise for improving cardiorespiratory fitness,
although to a lesser extent than other forms of
cardiorespiratory training (41, 58).

Some concern about shoulder overuse is warranted, especially
among athletes who have less-than-optimal shoulder mobility
or who are inexperienced (59). As with most exercise modes,
overuse injuries are the most prevalent form of injury for
swimming, primarily from high-volume training and repetitive
strain (specifically in the shoulder) (13). Problems with
exercise technique to look for and correct include the
following (13):

 

The hand crossing the midline when entering the water
The thumb entering the water first
The body rolling asymmetrically from side to side
Breathing only on one side
The arm crossing the midline during the swim stroke

Cycling
Another low-impact form of aerobic endurance exercise is
road cycling. Low-impact forces often enable athletes to
exercise for longer periods of time without resulting in overuse
injuries to the feet and knees. Safety precautions including
wearing a helmet, using reflective devices, and selecting
routes with clearly marked bicycle lanes. It may also be
difficult for highly trained athletes to sustain the riding speeds
necessary to promote continued fitness improvements without
introducing higher risks of injury; using alternating periods of
high versus low training or intervals may be a better
alternative (30).

Although cycling seems to be a simple activity (get on a bike
and ride), certain aspects of technique should be addressed,
including cadence, foot position, hand position, and bike fit.
When getting fitted for a bike, the major concern is trying to
get the bony skeleton, rather than soft tissues (i.e., soft
perineum, blood vessels, nerves, and other sensitive areas), to



support the rider’s body weight. This ensures optimal comfort
and performance, making the feel of the bike disappear.
Following is a brief discussion of bike fitting; however, it is
only an introduction. A bike-fitting expert should be consulted
to ensure the bike fits properly. The 2013 Medicine of Cycling
consensus statement includes recommendations on placement
for the pelvis, hands, and feet and how each component of the
body should be considered for overall fit and comfort (1).

In terms of the foot and cycling, shoe comfort is a critical
starting point. In addition to comfort, shoes should have a
small, cycling-specific insole. Cycling shoes can have a
modicum of adjustment, and minimizing the accommodations
and adjustments is highly recommended. The most common
evaluation is making sure that the feet can remain flat during
pedal rotations and that there is no pain after a ride. An expert
should be consulted for more than minimal adjustments; most
clips allow for approximately 6° of movement, which should
be more than ample for most riders.

Regarding the pelvis, fit concerns include saddle selection,
height, fore–aft position, and tilt. Many types of seats
(saddles) can be used in cycling. To optimize comfort and
reduce restriction, pressure needs to be primarily in the rear of
the seat, resting on the bony pelvis or pubic rami. In terms of
saddle tilt and position, a neutral saddle is the most common;
however, a slight downward nose can reduce pressure on the
front of the seat. Some riders report comfort with a slight
upward tilt, which can keep them from sliding off the front of
the seat, but this is much less common. The tilt should be only
a few degrees if possible. Pain and pressure typically mean
there is too much loading on the middle or front of the seat.
Seat position can also be adjusted forward and backward.
When the seat position is correct, the center point of the knee
is directly over the pedal when the leg is at 90° or the 3
o’clock position (see figure 14.1).



Figure 14.1 Correct bike fit, showing saddle height, fore–aft
position, tilt, and handlebar height and rotation, all of which

result in appropriate knee, elbow, and wrist positioning.

Many seat styles are available (including those with holes), but
trying the seats to find the most comfortable style is probably
the best approach. In addition, the saddle should be in line
with the top tube of the bike. In terms of seat height, while
sitting on the saddle with the pelvis neutral, the heel of the foot
should just touch the pedal when it is at the 6 o’clock position.
When the foot is adjusted so that the ball of the foot is on the
center of the pedal, there should be a slight bend in the knee
(approximately 5°-10°).

Finally, hand position should be considered for comfort and
safety. The handlebar position should allow for a light touch or
grip while also allowing easy access to the shifters and brakes.
In addition, the thumb should always be wrapped around the
bars for safety reasons. The handlebars can be adjusted up and
down as well as fore and aft. Basic alignment will allow an
approximately 15° angle in the elbow and a 90° bend in the
shoulder (based on the forward position of the torso). Also,
handlebar rotation should allow for a neutral wrist (not flexed
or extended) to reduce any impingement. Handlebar height can
be adjusted based on comfort, as previously described.

Many issues arise with an improperly fitting bike, including
foot and knee pain, lower back pain, shoulder and neck pain,
and wrist and hand pain. In addition, suboptimal performance



and muscular fatigue can be related to bike fit. It is highly
recommended to consult a professional for any pain or
discomfort experienced from an improperly fitting bike or
equipment.

Pedaling cadence is another important consideration. Pedaling
cadence determines power output as well as efficiency. In
other words, it determines the speed of the ride as well as how
long the rider can continue the ride (maximizing power and
minimizing fatigue). Research has shown that a pedaling rate
of approximately 80 to 90 revolutions per minute (RPM)
seems to optimize power and efficiency (14). At times cadence
can reach as high as 120 RPM or higher, but this is quite
challenging and typically takes the rider into the LT (lactate
threshold). As such, the cycling program can be altered to
mimic program variables discussed in the remainder of the
chapter.

Aerobic Sporting Activities
Aerobic sporting activities such as soccer, tennis, basketball,
and ultimate Frisbee may be more enjoyable than conventional
aerobic exercises for some tactical athletes and thus may
promote more consistent participation. That being said, the
inability to precisely control the workout stress, along with
some added risk of musculoskeletal injury, makes this a less-
than-optimal exercise mode from a programming perspective.
The playing area (field) should be well maintained, and
officiating is often needed to ensure safety. Sporting activities
are not a replacement for regular cardiorespiratory training
unless they can be performed consistently three to five days
per week.



Step 2: Training Frequency
Training frequency refers to the numbers of sessions per day or
week for a particular component of fitness, such as aerobic
endurance. Interplay of training frequency, duration, and
intensity plus the training status of the tactical athlete will
determine the efficacy of the programming as well as recovery
considerations. The higher the intensity and the longer the
duration of the training session, the less frequently the training
sessions should occur. In addition, highly trained tactical
athletes require less recovery time and therefore may add more
training sessions to optimize occupational preparedness.
However, lesser trained individuals need additional recovery
time to ensure they are prepared for the subsequent workout
and to reduce the risk of overtraining and injury. There is an
art to the science of this type of exercise prescription that takes
time and experience to fully understand, but certain scientific
generalizations can be followed to get started. Too much
training can lead to injury and illness, but not enough training
will fail to optimize the cardiorespiratory training adaptations.

For alterations in cardiorespiratory fitness, it is necessary to
train more than two times per week (16, 61). Most guidelines
for health advocate three days per week. However, training the
same component of fitness more than five times per week can
lead to overtraining and injury (22). To maintain the required
level of fitness, less frequent training may be required.



Step 3: Training Intensity
For years, MHR (maximal heart rate) has been a key
benchmark for identifying appropriate intensity of long, slow
distance (LSD) training. A laboratory exercise test would be
necessary to determine true MHR, so equations have been
developed for predicting it. These include an age-determined
equation (MHR = 220 − age) and the more recent and accurate
Gellish equation (MHR = 207 − 0.7 [age]) (15). MHR
estimation should be used with caution, because the
predictions lack reliability (34, 47, 50). An example of how to
use MHR to calculate training zones can be found in the box
titled “Heart Rate Calculation.”

In addition, heart rate reserve (HRR), which is the difference
between the maximal and resting HRs, can be used to
determine appropriate training zones. Once HRR has been
calculated, the Karvonen method using percentages of MRH
method can be utilized. As an example of training zones, for
LSD training, it has been recommended that training be
conducted at approximately 60% to 80% of MHR (12, 43).
Lower ranges can be used for those who are less fit
(sedentary), whereas higher ranges can be used for people with
a higher level of cardiorespiratory fitness. See the box titled
“Heart Rate Calculation” for a sample calculation using the
Karvonen method.

Heart Rate Calculation

Karvonen Method

Formula
 

Age-predicted maximum heart rate (APMHR)

= 220 − age

Heart rate reserve (HRR)



= APMHR − resting heart rate (RHR)

Target heart rate (THR)

= HRR × exercise intensity + RHR

The calculation should be done twice to determine
the target heart rate range (THRR).

Example

A 30-year-old firefighter with an RHR of 60
beats/min is assigned an exercise intensity of 60% to
80% of functional capacity.

 

APMHR = 220 − 30 = 190 beats/min
RHR = 60 beats/min
HRR = 190 − 60 = 130 beats/min
Lowest number of the athlete’s THRR

= 130 × 0.60 + 60 = 78 + 60

= 138 beats/min

Highest number of the athlete’s THRR

= 130 × 0.80 + 60 = 104 + 60

= 164 beats/min

For ease of use, divide THR by 6 to get a 10-second
pulse interval.

 

138 ÷ 6 = 23
164 ÷ 6 = 27

The athlete’s THRR is 23 to 27 for a 10-second
pulse interval.



Percentage of Maximal Heart Rate Method
Using the Gellish Formula

Formula
 

Age-predicted maximum heart rate (APMHR)

= 207 − 0.7 (age)

Target heart rate (THR)

= APMHR × exercise intensity

The calculation should be done twice to determine
the THRR.

Example

A 30-year-old firefighter with an RHR of 60
beats/min is assigned an exercise intensity of 60% to
80% of functional capacity.

 

APMHR = 207 − 0.7 (age)

= 207 − 0.7(30) = 207 − 21

= 186 beat/min

Lowest number of the athlete’s THRR

= APMHR × exercise intensity

= 186 × 0.60

= 112

Highest number of the athlete’s THRR

= APMHR × exercise intensity



= 186 × 0.80

= 149

For ease of use, divide THR by 6 to get a 10-second
pulse interval.

 

112 ÷ 6 = 19
149 ÷ 6 = 25

The athlete’s THRR is 19 to 25 for a 10-second
pulse interval.

Adapted from (42).

Another means of estimating training zones is the RPE (rating
of perceived exertion) scale (see table 14.1). The RPE has
been shown to be an accurate estimate of how hard the
exerciser perceives the exertion to be during exercise, even in
the tactical environment (6, 19, 54). That stated, there are
some concerns about external influences (e.g., age, training
status, temperature, pain) limiting accuracy (19, 37). RPE is a
scale that uses a number system (from 1-10) to describe how
much effort is perceived by the exercises. After familiarization
with the scale, exercisers use the numeric rating system to rate
how they feel during their exercise session.



Similar to the estimated MHR zone of 60% to 80%, RPE has
recommended training zone for altering cardiorespiratory
fitness: 6 to 8 on the RPE scale (39).

Another alternative for determining training zones is to simply
select a comfortable intensity for LSD. The conversation test
is a good way to gauge whether or not intensity is too high. If
it is not possible to carry on a conversation with a training
partner, the workout intensity is too high for LSD training. The
challenge is getting the intensity high enough to be valuable
without going too high. It might take some trial and error, but
experimenting with various paces can help identify the point at
which breathing is not too heavy to carry on a conversation but
the training is difficult enough to be classified as exercise.



Step 4: Exercise Duration
Most recommendations for continuous cardiorespiratory
exercise for health-related benefits advocate a minimum of 20
minutes of vigorous aerobic activity per session three days per
week or 30 minutes of moderate aerobic activity five days per
week (20). These recommendations also advocate for shorter
bouts of exercise, such as 10- or 15-minute sessions (20).
Exercise duration is often determined by the intensity of the
exercise, especially if the intensity is at or above the LT.
Exercise at a lower intensity can be performed for a much
longer duration (an hour to several hours) (42).



Step 5: Exercise Progression
A number of methods have been developed for promoting
improvements in cardiorespiratory fitness, including LSD
training, pace/tempo training, interval training, and repeated
sprints. These methods can be used regardless of the mode of
exercise.

Long, Slow Distance Training
Long, slow distance training (LSD) involves higher volume
training at a constant pace and can be used to improve general
aerobic endurance. Identifying the intensity of LSD is a
challenge and will be discussed shortly. The volume of
training (e.g., miles or time for a runner, laps for a swimmer)
depends on the athlete’s current fitness level and training
goals. Tactical athletes should start at a volume that is
comfortably challenging but not overbearing. Over time, the
distance or time can be increased in order to progress. A
commonly accepted rule is not more than a 10% increase in
overall time or volume (42), but this is not based on research
evidence. For instance, in week 1 of a training program, a
firefighter completes a 5-mile (8 km) run for an LSD workout.
In week 2, that distance should not be increased more than 0.5
mile (0.8 km), or 10% more than the first week. Injuries often
result from rapid increases in total training volume; therefore,
a gradual progression should be followed that considers the
tactical athlete’s current health and fitness and the rate at
which the athlete is adapting to the physical stress of
conditioning.

Some debate exists regarding how much LSD training should
be performed to improve fitness (24). As part of a well-
rounded training program involving interval, pace/tempo, or
repeated sprints, 30 minutes per training session is a good
starting point. As the total length of time increases to 40 to 120
minutes per session, greater benefits will likely result (32).
Training volumes of 30- to 60-minutes appear to present the
greatest opportunity for adaptation with the lowest risk of
injury (12, 44, 55, 57). Table 14.2 suggests training parameters



for LSD training, and table 14.3 provides a sample training
program using LSD training.





Pace/Tempo Training
Pace/tempo training is similar to LSD in that it is conducted
for a set period of time or distance, but it is performed at a
much higher intensity (10-12). Exercise pace is based on a
certain percentage of a race condition or anaerobic threshold,
with workouts designed to improve anaerobic threshold or
work rate. This method requires participation in a race or event
in order to determine a race pace or the completion of a
metabolic test to determine anaerobic threshold. The most
feasible method for undertaking this training approach is using
a time from a recent event or completing a time trial. Once a
race pace has been identified, the same distance can be
completed at various percentages of that time (ranging from
75% to 105%). Lower percentages will make the session less
intense, and intensities can be altered or progressed over time
to add variation in the training stress.

The keys to pace/tempo training are the selected distance or
time and the ability to maintain the prescribed pace or
intensity. For tactical athletes, this volume should range from
20 to 30 minutes (11). Longer distances and times (i.e., 30
versus 10 minutes) obviously increase the demand of
pace/tempo workouts and make the workouts more
challenging. Monitoring pace is necessary in order to sustain
the appropriate pace throughout the session. Therefore,
performing pace/tempo training sessions on a track, in a pool
with a clock, or on exercise equipment will make it easier to
monitor time, pace, and progress.

As an example, a police officer completes a 10K (6 mi) self-
paced race on a treadmill in 48 minutes. Training may then
include one pace/tempo workout each week for four straight
weeks at 75%, 85%, 95%, and 105%. To calculate the



appropriate pace and time for the 75% workout, calculate 25%
of the total time (12 minutes) and add that to the pace time.
The goal time for the 75% workout then becomes 45:36
minutes. For the 105% workout, subtract 5% from the pace
time, and the workout goal becomes approximately 46:24
minutes. After the four weeks are complete, the officer
completes a new pace test in the same manner, and appropriate
adjustments for each workout are made based on the new pace
time. This might be an appropriate technique for a tactical
athlete training for an upcoming fitness test, given the high
intensity of many physical assessments, or it might simply be a
novel way to increase cardiorespiratory fitness (e.g., LT),
provided the tactical athlete has demonstrated sufficient
aerobic fitness to use this approach effectively. Table 14.2
suggests training parameters for pace/tempo training, and table
14.4 provides a sample program.



Interval Training
Many tactical tasks involve high-intensity effort followed by
active recovery before another effort is required. In these
situations, the ability to recover quickly will have significant
performance effects. If recovery between work efforts is
insufficient, the next effort increases in relative intensity and
may present a risk of cardiovascular injury or poor
performance. Therefore, the goal is to enhance both work
effort and the ability to rapidly recover from the effort. The
length of each work segment should range from 5 seconds to 3
minutes based on the tasks required of the tactical athlete (43,
44).

The ability to sustain high-intensity effort for longer periods of
time and to recover quickly between bouts of high-intensity
work can be developed through interval training (10, 12, 35,
44) . Various methods of interval training exist, including
high-intensity interval training (HIIT) and fartlek training,
which will be discussed later in the chapter. In these methods,
the individual performs a high-intensity work segment
followed by a period of rest before again performing high-
intensity work. This process is repeated for a predetermined
number of repetitions to form the workout session. Intervals
can be performed in any mode of exercise as long as the work-
to-rest ratio can be controlled.

A number of variables can be adjusted to vary interval training
from workout to workout and across time. The length of the
work segment, the length of the rest period, the intensity of the
work segment, and the number of repetitions can all be
adjusted to change the interval workout (42). Longer work
segments, shorter rest breaks, higher work intensities, and
higher numbers of repetitions will each increase the overall



workload and stress of the interval training session. Although
little research has been conducted to identify the most
effective progression in interval training, increases in work
segment time, followed by shorter rest periods, and then a
gradual increase in the total number of repetitions per workout
is a reasonable training progression. Table 14.2 suggests
training parameters for interval training, and table 14.5
provides a sample interval training program.



Repeated Sprints
Repeated sprints are designed to stress both high-intensity
effort and recovery and are similar to interval training except
that for repeated sprints, the intensity during the work segment
is always 100%. Because intensity is always maximal, the
length of time during the sprint and the amount of recovery are
somewhat different than in interval training. To maintain
maximal intensity, sprint distance must remain within ranges
allowing for maximal effort, generally less than 200 meters
(219 yd) or 30 seconds, and recovery periods must be long
enough to enable maximal performance on the next repetition
(43, 60).

The goal of repeated sprint training is to increase speed and
speed endurance in tasks demanding maximal anaerobic effort.
This will enable the tactical athlete to perform better on
maximal-effort tasks lasting less than 30 seconds, which is a
necessary component of job function (21), especially if those
tasks must be repeated. Interval training will address the
metabolic demands of longer tasks. Repeated sprints should,
therefore, be limited to 30 seconds and allow for near-maximal
recovery (1-3 minutes rest) (28). Sprints of less than 30
seconds in duration (e.g., 5-30 seconds) followed by moderate
rest periods (e.g., 1-3 minutes) are a great way for tactical
athletes to build speed endurance and increase
cardiorespiratory fitness (17, 56). For longer sprints, lengthier
rest periods are needed to allow for near-maximal recovery,
whereas sprints of 5 seconds may only require 60 seconds of
rest. The athlete’s fitness level will dictate how much rest is
required. Keep in mind that the goal is not to perform the next
sprint in a fatigued state. Interval training will address the need
to recover quickly and perform while fatigued. Repeated



sprints serve a different purpose—to increase speed and speed
endurance in tasks demanding maximal endurance—and the
best results occur when fatigue is at a minimum. Table 14.2
suggests training parameters for repeated sprint training.

High-Intensity Interval Training
Similar to repeated sprints, high-intensity interval training
(HIIT) involves short bursts of high-intensity activity (greater
than 90% O2max) with periods of rest between repeated
efforts. These sessions can be as short as <30 seconds to as
long 4 minutes. HIIT intervals are an ideal way to tax the
various energy systems (specifically the anaerobic glycolytic
system) and mimic the activities a tactical athlete might
encounter in the occupation. Ample recovery between
intervals is necessary to ensure adequate recovery. If the rest
intervals are too short, the quality of the effort will decrease,
and the subsequent risk for injury will increase. Alternatively,
if the rest periods are too long, the benefits of ongoing
metabolic taxation will likely diminish (42). Table 14.2
suggests training parameters for HIIT, and table 14.6 provides
a sample training HIIT program.



Fartlek Training
Fartlek training originates from the Swedish term for “speed
play.” It is a running style that integrates higher intensity
intervals with periods of active extended recovery. For
example, while out for an LSD training run at 60% O2max,
the runner will sprint the occasional light-pole-to-light-pole
distance at 90% O2 max and then return to the original
training intensity. This can also be accomplished in other
modes of exercise, such as swimming or cycling. It is a great
way to reduce the monotony of elongated training periods and
has the added benefit of increasing O2 max, LT, running
economy, and fuel utilization (42). Table 14.2 suggests
training parameters for fartlek training, and table 14.7 provides
a sample fartlek training program.



Key Point
Fartlek training is a style of interval training that incorporates
bouts of higher intensity work (fast running, swimming, or
cycling) followed by periods of lower intensity work (slow
running, swimming, or cycling). It keeps the training fresh and
fun while improving various components of cardiorespiratory
as well as performance efficiency.



Program Design Recommendations
Variation, progression, and periodization of aerobic endurance
training are vital to long-term adaptation and fitness (8, 48, 49,
52). Variation of training can be quite simple, involving a
rotation of LSD training, intervals, pace/tempo workouts, and
repeated sprints. Four metabolic training sessions per week,
each using a different method of training, is a great starting
point (11). Each week, volume in the four workouts can be
increased slightly (<10%) at the same intensity as the prior
week. After three to four weeks of this gradual increase in
volume, intensity can then be increased at similar rate. Over
time, adding workout sessions, increasing the length of each
session, and increasing the overall intensity can result in
training progression. However, the optimal approach is a
periodized training plan that incorporates low-, moderate-, and
high-intensity workouts each week with a gradual overall
progression in volume and intensity (24). Table 14.8
demonstrates a sample progression and variation of training
for tactical athletes.



It is also important to balance high-stress workouts with low-
stress sessions (22). As athletes become more highly trained,
they are able to safely perform a greater percentage of high-
stress workouts. The beginner should perform fewer high-
stress workouts; as a general rule, beginners should perform
two low-stress workouts for every high-stress session (1:2)
with a frequency that considers the individual’s fitness, work
capacity, and occupational demands (e.g., work schedule). One
or two sessions each week should be high-intensity sessions,
while the other two to four should be a mixture of low- and
moderate-intensity workouts. For highly fit athletes, this ratio
can gradually shift to 2:1 in favor of high-intensity training.

Another key component when implementing an optimal
metabolic training program for tactical athletes is rest and
recovery. As a general rule, for every 12 weeks of training, the
athlete should rest from organized training for 1 week. During
this week, physical activity is encouraged; however, the athlete
should not participate in an organized exercise program and
should avoid high-intensity activity. This week is designed to
allow the body to fully regenerate following 12 weeks of



consistent effort. Over time, this week is important to prevent
overtraining and reduce the risk of overuse injuries. Over the
course of a 12-week training cycle, an average of two days of
rest is recommended for all tactical athletes. Fatigue builds up
over time, with overtraining resulting from months of
excessive training stress and inadequate rest and recovery, so
sufficient recovery must be given.

Training Status and Goals
A common mistake of training programs is to start too quickly,
attempting to improve fitness rapidly by performing high-
intensity, high-volume training following a lengthy period of
inactivity. Tactical athletes who have been inactive should
begin slowly and avoid high-intensity exercise until they have
progressed through a period of low- and moderate-intensity
training. Highly trained athletes who have been consistently
training for many years may be prepared for high-volume,
high-intensity effort, but they may also be at greater risk for
overtraining. Tactical athletes should exercise according to
their individual goals. If the goal is to improve overall aerobic
endurance, more workouts involving LSD and pace/tempo
sessions should be performed. If rapid recovery following
high-intensity exertion is the goal, intervals and repeated
sprints will have the greatest impact. The TSAC Facilitator
should consider both the desired goal and the training status of
the athlete and assign the most appropriate mode of exercise—
along with the proper progression in training volume and
intensity—to ensure safe, effective training.



Conclusion
Tactical athletes must prepare for a variety of metabolic
demands. Proper exercise volume, intensity, progression, and
variation can ensure optimal fitness development while
avoiding overtraining. To ensure well-rounded metabolic
development, tactical athletes should include LSD, interval,
pace/tempo, and repeated sprint training throughout the year.

Key Terms
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aerobic endurance activities
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repeated sprints

Study Questions
 

1. The SAID principle is most closely associated with which
aspect of a training program?

1. specificity
2. variation
3. cueing
4. instruction

2. Which of the following indicates that the seat of an
exercise bike is set at the correct height?

1. The elbows are bent slightly.
2. The knee is over the center of the pedal.
3. The upper arms and torso form an approximate 90°

angle.



4. The knee is slightly bent when the pedal is at the
bottom.

3. Which of following describes the benefits of a rowing
machine?

1. utilizes upper and lower musculature
2. maximizes axial loading
3. allows back to flex and extend through a larger

ROM
4. is simple to master

4. A 35-year-old police officer who has a RHR of 55
beats/min is instructed to perform an exercise session at
70% of his functional capacity. What is the target heart
rate range using the Karvonen method?

1. 130 beats/min
2. 146 beats/min
3. 161 beats/min
4. 170 beats/min
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After completing this chapter, you will be able to

 

evaluate individual needs for strength and power training
to improve tactical performance, and
provide evidence-based rationale for strength and power
training programs to improve tactical performance.

Sports such as volleyball, American football, tennis, and
soccer require strength and power to execute fundamental
movements such as serving, sprinting, jumping, blocking, and
interference. Similarly, tactical athletes must possess the
strength and power necessary to execute occupational tasks
such as negotiating obstacles, evacuating casualties, and
breaching entrances, with the additional burden of wearing
heavy load-bearing and personal protective equipment.
Understandably, muscular strength and power are vital
components of tactical physical preparedness that the TSAC



Facilitator needs to assess, prescribe, and monitor. This
chapter provides an evidence-based approach to muscular
strength and power training aimed at improving tactical
performance. After completing this chapter, the reader will
understand the importance of evaluating job-specific physical
requirements, considering individual needs, and integrating
strength and power exercises into physical training (PT) for
tactical occupations.



Overview of Occupational
Demands

Strength and power training is necessary for tactical athletes.
Tactical occupations commonly encompass tasks that include
repetitive lifting, dragging, pushing and pulling, climbing,
jumping, and carrying loads, all of which require muscular
strength and power (37, 54, 104). The magnitude and
frequency of these tasks vary among occupations (20, 38).
Therefore, it’s important to analyze job tasks (task analysis)
and identify job-specific physical demands—especially those
that place significant mechanical stress on the musculoskeletal
system—to recognize relevant PT outcomes aimed at
improving tactical performance (47) and mitigating injuries
(45). The nexus of the TSAC Facilitator and the physically
prepared tactical athlete is a properly designed PT program
incorporating occupationally relevant strength and power
exercises.

Before discussing strength and power further, it is important to
define the relevant constructs and then explain why these
attributes are meaningful for tactical performance. First,
strength is the ability of the neuromuscular system to produce
force. This definition underscores that neural factors (e.g.,
increased agonist activation, improved motor unit
coordination and synchronization) and muscular factors (e.g.,
hypertrophy) both contribute to improvements in strength
following PT (25, 26, 55, 88). Importantly, changes in neural
factors explain a disproportionate amount of the initial
increase in strength at the onset of PT (25, 26, 55, 64, 88). For
this reason, relatively moderate training strategies can initially
be prescribed for novices. Most often, strength is operationally
defined as one-repetition maximum (1RM) performance
(i.e., the maximal amount of weight that can be lifted through
a full ROM using correct technique for an exercise such as the
bench press).

Power equals the product of force and velocity. In more
practical terms, power is the ability to rapidly express strength.
A vertical jump test illustrates the concept of power:



Achieving a high score on a vertical jump test requires one to
produce large forces in a relatively short time (~0.3 seconds)
(18, 19). Differentially defining strength and power is critical
because they contribute independently and significantly to
occupational tasks (35, 48) and because they are different but
related physical attributes and thus the optimal strategy for
improving each is slightly different. The development of
strength and conditioning programs for tactical personnel
should include an evaluation of job-specific physical demands
that will guide exercise prescription for strength and power
(31). Table 15.1 summarizes the parameters of strength and
power exercise.



Cross-sectional correlational and longitudinal research studies
substantiate the importance of not only aerobic and muscular
endurance but also strength and power training to improve
tactical performance in both men and women (56, 98).
Correlational research indicates that inherent strength and
power capabilities of untrained men and women significantly
predict load carriage performance, or change in the time
required to travel 2 miles (3 km) with a loaded rucksack (r =
−0.27 − −0.48), and repetitive box lifting (RBL) performance
(r = 0.47 − 0.77) (48, 90). As PT progresses, additional
improvements in muscular strength and power correlate with
improvements in RBL performance (r = 0.19 − 0.61) (35, 90).
Kraemer et al. (47) performed a six-month study of the effects
of four PT programs on military task performance in untrained
women. The PT programs were divided into endurance
training (ET), calisthenics training (CT), resistance training
focusing on total body strength/power (TBP), resistance
training focusing on total body strength/hypertrophy (TBH),
resistance training focusing on upper body strength/power
(UBP), and resistance training focusing on upper body
strength/hypertrophy (TBH). Significant improvements (p <
0.05) in load carriage (except for the ET group) and RBL were
observed for all groups of women pre- to posttraining.
However, only the groups that performed resistance training
had posttraining values similar to those of untrained men; the
ET and CT training groups’ posttraining values were
significantly less than those of untrained men (figure 15.1).



Figure 15.1 Effectiveness of strength and power training for
improving military occupational task performance in women.

The bars represent women’s load carriage (a) and RBL (b)
performance before and after six months of PT. Values are
women’s performance compared with the performance of

untrained men.

Based on Kraemer et al. (47).

Injury mitigation is also an important outcome of a tactical
strength and conditioning program, and it can have important
implications for physical preparedness. For example, lower
back pain is common among both the general population and
tactical personnel, and it is associated with lower fitness levels
(36). A study conducted by Mayer et al. (57) sought to
determine whether specific core-strengthening exercises added
to firefighters’ PT would be beneficial. The researchers found
that integrating a 24-week supervised core- and back-
strengthening exercise program (twice a week) into the
firefighters’ (n = 54) PT improved core isometric (12%) and
back muscular endurance (21%) compared with firefighters (n
= 42) who only performed their usual PT programs (57)



(figure 15.2). In summary, research using long-term training
interventions confirms the efficacy of integrating strength and
power training into PT for both men and women. These
improvements are as follows:

 

Tactical athletes who perform strength and power training
achieve greater improvements in tactical performance
than those who do not (90).
Training interventions that combine strength and power
training with aerobic endurance training induce greater
improvements in tactical performance than aerobic
endurance–only training interventions (47, 50).
Strength and power exercise during PT allows women to
achieve similar standards of tactical performance as
untrained men; however, if their training regimen
excludes strength and power training, their tactical
performance lags behind that of their untrained male
counterparts (figure 15.1) (47).
Integrating a 24-week supervised core- and back-
strengthening exercise program (twice a week) into
firefighters’ (n = 54) PT has been shown to improve core
isometric (12%) and back muscular endurance (21%)
over firefighters (n = 42) who only performed standard
PT (57) (figure 15.2).

The evidence summarized in table 15.2 clearly supports the
inclusion of strength and power training in PT.



Figure 15.2 Changes in back and core endurance after 24
weeks of supervised worksite exercise among firefighters.

Based on Mayer et al. (57).



Resistance exercise clearly improves strength, power, and
tactical performance (33, 35, 47, 50). Augmenting resistance
training with plyometric exercise (i.e., jump training) can
further improve maximal power capabilities (7, 9, 12, 19, 22,
23, 101) (table 15.3). For instance, it has been demonstrated
that supplementing resistance training with plyometric
exercises induces significant improvements in
countermovement jump (CMJ) height, power output, and
max rate of force development (RFD), all of which influence
load carriage performance (19). Supplemental plyometric
exercises have also been shown to improve muscular
endurance and running economy, even in highly trained
runners (29, 69, 82, 89, 93, 102). Because plyometric training
improves power (7, 19, 22) and running economy (12, 29, 69,
82, 89, 93, 102), performance of tactical activities would also
be expected to improve. In 2001, Kraemer et al. (47)
demonstrated that six months of ballistic plyometric exercises



(bounding and jumping) combined with partner-resisted
exercises (field exercises) improved squat jump power, bench
throw power, squat endurance, 1RM box lifting, and 2-mile (3
km) loaded run time. Conversely, these indices were
unchanged in the aerobic training–only group. Supplementary
plyometric exercise is thus considered to be a potentially
effective method for improving tactical performance.

Key Point
Reviewing the needs analysis will aid in determining the
plyometric exercise prescription. As with resistance training,
applying the principle of specificity ensures that exercise
reflects training status and occupational physical requirements.
Supervision to ensure plyometric exercises are executed with
the correct technique is highly recommended.



To date, there is sparse research on the most effective
prescription of intensity, volume, and frequency of
plyometric exercise. Further research validating the
effectiveness of this training modality in tactical populations is
needed. See chapter 18 in the NSCA’s general guidelines for
plyometric exercise prescription and associated safety
considerations (77).

PT sessions can combine strength and aerobic exercise in a
single session; this is known as concurrent exercise training.
Although limited research suggests that concurrent training
may cause an interference effect (i.e., aerobic exercise
following resistance exercise will negate strength
improvements) (10), emerging studies suggest that much
depends on nutrition (74, 80). Regardless, concurrent training
has been shown to elicit greater improvements in load carriage
(50) and RBL (35) performance compared with either training
mode performed in isolation. However, factors such as the
specific tasks, task duration, order of training modes, and
length of the intervention will also influence physiological
outcomes (40). A benefit of concurrent training is the ability to
target multiple fitness components (i.e., strength, power,
aerobic and muscular endurance, mobility, speed) during a
single training session while also minimizing the time to
complete the session.

Firefighting
Firefighting is a physically demanding occupation that
includes a myriad of emergency and rescue tasks (e.g.,
climbing ladders, lifting and carrying equipment, rescuing
casualties, moving over slippery and uneven terrain) (83). The
effectiveness of a fire company relies upon the fitness of the



firefighters, who must be physically prepared to conduct
moderate- to high-intensity tasks (often repetitively) while
wearing heat-retaining, heavy turnout gear and carrying heavy
equipment (SCBA, charged hose lines) (5). High aerobic and
anaerobic work capacities combined with strength and power
training in a suitably designed PT program form the
foundation of physical preparedness for firefighters (62).

Law Enforcement
Law enforcement personnel are challenged by unpredictable
physically demanding events that can escalate to the point
where specific physical capabilities are required to effectively
react and respond; physical fitness is therefore an important
component of job safety and performance (13). As first
responders, law enforcement personnel typically are the first to
arrive at emergencies. They protect the public and apprehend
criminals, all of which can entail unpredictable, life-
endangering situations (e.g., domestic incidents, traffic stops,
arrests, foot pursuits) (13). These activities can stress
physiological capacity and require varying degrees of
muscular strength and power (14, 79).

Previous analyses of police tasks observed that the majority of
physical activities were critical and often required brief
periods of near-maximal effort (13). Anderson et al. (8)
reported that police officers in British Columbia were either
constantly or frequently performing the following during work
shifts: stair-climbing, pulling and pushing, bending and
squatting, and lifting and carrying. The officers also performed
occasional running, climbing up and down objects, dragging,
and leaping and jumping at medium to maximum effort.
Additionally, Pryor et al. (79) followed a SWAT team in order
to develop an occupational physical task list as part of a
physical demands analysis. They found four main physical
tasks helped establish physical fitness requirements for SWAT
operators:

 

1. Operations in SWAT gear
2. Operations within the perimeter of approach



3. Tactical entry and maneuvers
4. Man-down drills

Individual physical fitness tests found deficiencies in core
body strength, flexibility, aerobic capacity, and muscular
power (compared with age- and gender-normative data)
among this group of SWAT operators. To remediate these
deficiencies, PT prescription included exercises for improving
core strength, power, and flexibility plus selective aerobic
exercise so that muscular strength could be maintained. These
studies provide evidence for the integration of strength and
power exercise into law enforcement PT.

Military
The modern battlefield is a hostile, volatile environment that
presents many physiological challenges (67). Warfighters must
be physically prepared to conduct military tasks and battle
drills (e.g., dismounted operations involving carrying heavy
loads, negotiating obstacles, reacting to direct or indirect fire,
hand-to-hand combat, and so on) in hostile and austere
environments (3). Physical preparedness for warfighting tasks
thus requires a high level of physical fitness (2). Military
tactical performance can be operationally defined in numerous
ways. Previous studies have assessed occupational abilities
using tests involving load carriage, obstacle courses, repetitive
or maximal box lifting, rushes under fire, and simulated
casualty recovery (33, 35, 47). The isometric handgrip test is
also often used as a simple, expedient surrogate test for upper
limb muscular strength (86, 103). A 5 m (5.5 yd) rope climb
has also been evaluated as an upper body power assessment
for Tunisian commandos (21). For the purposes of this chapter,
military tactical performance is operationally defined as load
carriage and RBL performance because these are
representative occupational tasks common to many of the
studies cited herein.



Optimizing Occupational
Performance

An examination of tactical occupations, specific duty
requirements, and diverse individual physical abilities
illustrates the uniqueness of tactical performance optimization.
It is difficult to address variables such as occupational fitness
requirements, job tasks, and individual fitness status using a
one-size-fits-all PT program (49). Therefore, specific
occupational demands must be analyzed so that the strength
and power exercise prescription translates into improved job
performance. The TSAC Facilitator can accomplish this
analysis by evaluating the physical demands of the occupation.
This assessment, which is part of the needs analysis, generally
includes a movement analysis (body movement patterns and
muscle involvement), physiological analysis (muscular
strength, muscular and aerobic endurance, power, and
hypertrophy), and injury analysis (common sites for
musculoskeletal injury) (91).

Needs Analysis
A needs analysis is a multistep process that includes an
evaluation of the job tasks and physical requirements of the
occupation plus the individual’s fitness status (91). For
example, establishing evidence for occupationally relevant
performance goals and outcomes can be done with a task and
movement analysis of activities such as load carriage, ladder
climbing, forced entry, victim rescue, and reaction to enemy
contact. The analysis will also include the frequency and
intensity of the actions, environmental conditions, clothing,
and equipment load (24). Figure 15.3 provides an example of a
movement analysis that uses a box lift. The box lift is
performed in two phases. During the first phase (figure 15.3a),
the tactical athlete lifts the box from the ground to
approximately waist height. The primary movements are
concentric hip extension, concentric knee extension, and
isometric handgrip exercise. An appropriate exercise to train
phase 1 of the box lift is a deadlift (figure 15.3b), which uses



similar movements and muscle actions. During the second
phase of the box lift (figure 15.3c), the tactical athlete presses
the box onto a platform. The primary movements are
concentric shoulder flexion and concentric elbow extension.
An appropriate exercise to train phase 2 of the box lift is an
incline chest press (either standing or using an inclined bench)
(figure 15.3d). Job-specific physical criterion can be identified
once this process is complete. Chapter 8 further discusses
testing, and chapter 9 covers the needs analysis in greater
detail.



Figure 15.3 Movement analysis of a box lift. (a) Lifting the
box from the ground to waist height. (b) The deadlift trains the
muscles used in the first phase of the lift. (c) Pressing the box

onto a platform. (d) The landmine shoulder press trains the
muscles used in the second phase of the lift.



Physical Fitness Requirements
Research on task analysis has reported that muscular strength
and power are predominant fitness components used during
tactical and emergency operations (e.g., evacuating casualties,
negotiating obstacles, subduing hostile combatants, forcibly
entering buildings) (63, 83, 98). The job-specific physical
criteria established by the needs analysis will determine the
extent and degree to which attributes of muscular strength and
power are required (31, 38). However, strength, power, and
general physical preparedness (GPP) (i.e., overall fitness)
are undoubtedly requisites for all tactical occupations (41, 83,
97). Therefore, fitness testing that assesses overall health
status (e.g., body composition, O2max, flexibility) as well as



job-specific physical criteria may provide a more accurate
interpretation of an individual’s job suitability (98).

Fitness Assessment
Please refer to chapter 8, which covers testing and evaluation
in greater detail. Selection of occupationally relevant fitness
tests should reflect the physical criteria necessary for safe and
effective job performance (31). For example, if job
requirements include tasks such as advancing a charged hose
line or physically subduing and containing combative
suspects, then the testing protocol should include task
simulations that measure muscular strength and power related
to those tasks (15). Job-simulation tasks must

 

incorporate the physically demanding critical aspects of
the occupational task,
be individual rather than team tasks, and
be scored with a continuous grading scale (i.e., not pass–
fail) (72).

Examples include timed load carriage tests (35, 43) and RBL
tests that consist of repetitively lifting loaded boxes onto a
platform within a specified period of time (35).

Relevance and Necessity
Information gleaned from the fitness assessment will indicate
the tactical athlete’s general physical preparedness and ability
to perform job-specific tasks. Appropriately administered JSTs
(job-specific tests) provide greater face validity than general
fitness tests (used for predictive value) and are likely to be
better accepted by the workforce (30). However, general
health screening is important for identifying the health status
and risk factors of personnel (13, 96).

Gaps Identified From the Assessment
Identifying physical performance deficiencies upon review of
the fitness assessment will provide rationale for PT goals and
outcomes (31). As a result, individualized PT programs can be
designed to improve specific fitness components, such as



muscular strength and power, and prepare tactical athletes for
successful completion of testing protocols and the physical
rigors of the occupation (47, 87).

Training Goals
The goal-setting process provides an opportunity to set
physical conditioning benchmarks, as well as identify stressors
that can negatively affect recovery and general physical
preparedness (16, 28, 92). By nature, tactical occupations
present unique challenges (e.g., extended work hours,
inadequate nutrition, sleep deprivation) that may require
periodic modifications to the PT program in order to mitigate
overtraining (49, 92). For these reasons, goals can be a
motivational tool for charting progress toward established
benchmarks, mitigate injury by establishing predetermined
milestones, and encourage adherence to the PT program (81).

PT goals should focus on maximizing physical capacity to
safely and effectively execute job-specific physical tasks and
maintain health (28, 81). Without goal-oriented direction and
supervision, there remains the possibility that PT will diverge
from an optimal to a suboptimal training strategy and increase
the risk of injury (17, 52, 59, 87). Goal setting for physical
performance is especially important for military accession and
attendance at advanced training courses, which often have
stringent criteria for physical fitness (e.g., SWAT, tactical
paramedic) (15, 66). Information regarding physical standards
and normative data of both candidates and incumbent
personnel can be valuable for determining a relevant exercise
prescription (15). By helping to establish occupationally
relevant PT goals, the TSAC Facilitator can improve health,
mitigate injury, maintain occupational relevancy, and prepare
individuals for selection and accession.



Applying Principles of Strength
and Power Training

Resistance exercise improves strength, power, and tactical
performance (35, 47, 50, 59, 87, 90). This has been
demonstrated in exercise programs utilizing multiset exercise
constructs (47, 50, 90, 107). However, the optimal number of
sets per exercise for strength and power development is a point
of contention among scientists (51, 68). The NSCA guidelines
recommend the following multiset principles (table 15.4):

 

2-6 sets for strength
3-5 sets for power
3-6 sets for hypertrophy
2-3 sets for muscular endurance

Ongoing research is aimed at identifying a dose–response
relationship between resistance exercise intensity, volume, and
frequency and improvements in tactical performance (15).



Moderate to heavy training loads (i.e., loads that induce
momentary muscle failure within 3-12 repetitions) have been
shown to improve tactical performance (47, 50, 107).
Previously published movement analysis research (47, 50, 60,
90) suggests that a program with multijoint lower body (e.g.,
deadlift, squat) and upper body (e.g., bench press, pull-up)
resistance exercises (performed before single-joint and small
muscle group exercises) is ideal for this population. For
females, research (47) indicates that upper body–only
resistance training induces improvements similar to total body
resistance training in RBL performance. This implies that
upper body resistance exercises are particularly important for
improving tactical performance in women.

The amount of rest between sets can affect acute exercise
performance (84, 105) and, ultimately, strength gains
following long-term training (76, 85). In general, research
indicates that inter-set rest intervals should be between 2 and 5
minutes for strength and power training (76, 85, 91, 106).
Ultimately, to determine rest intervals the TSAC Facilitator
should consider the load for each set of an exercise rather than
applying general guidelines.

Key Point
Prescribing inter-set rest periods will depend on the percentage
of 1RM being lifted, size of the muscle group (e.g., leg versus
shoulder muscles), number of repetitions, training status of the
tactical athlete, and goal of the exercise (i.e., strength, power,
hypertrophy, or muscular endurance). For example, 12
repetitions of biceps curls (i.e., 67% of 1RM) may only need a
1-minute inter-set rest period, whereas 4 repetitions of squats



(90% of 1RM) may need 4 to 5 minutes of rest (24, 91, 95). In
this example, the volume (12 repetitions) of biceps curls is
assigned for hypertrophy. Thus, the rest intervals are less than
that prescribed for the squat exercise, which is directed at
strength development and uses heavier weight and fewer
repetitions. Moreover, the squat is a multijoint exercise that
uses large muscles and requires longer rest intervals at a given
volume in comparison to the single-joint bicep exercise.

For additional information, see previously published studies
on resistance exercise intervention and tactical performance
(4, 35, 47, 50, 71, 90, 107) and the current NSCA guidelines
on resistance exercise training.

Rationale for Program Design
Tactical athletes require job-specific physical abilities for safe
and effective occupational performance. The PT program
should be designed to improve health and general physical
preparedness, reduce the risk of injury, and, most importantly,
strengthen the physical capacity to perform occupational
duties. These considerations will provide the rationale for
program design.

Firefighters
Firefighters operate in conditions that can significantly burden
physiological capacity. Being prepared to perform physically
demanding tasks (e.g., climbing, crawling, carrying heavy
loads) in austere conditions (e.g., extreme heat, wildland
firefighting, frigid water extraction) wearing protective
firefighting equipment requires a well-designed PT program
(59). Numerous firefighting occupational tasks physiologically
stress the anaerobic energy system, which reinforces the PT
objective to improve anaerobic work capacity (5). As an
example, tasks of moderate to high intensity such as hoisting
and pulling a hose, raising a ladder, forcibly entering
structures, and dragging or carrying victims all require
muscular strength and power (5). Interestingly, absolute
maximal strength has been positively correlated with upper
body muscular endurance, a fitness component required for
many firefighting tasks. Naclerio et al. (65) conducted a study



using 14 firefighter recruits to investigate the influence of
muscular strength and power on muscular endurance. Using
the bench press exercise, the recruits performed a progressive
strength exercise test followed by a maximum-repetition
endurance test. The study found that maximum strength and
absolute power were significantly related to upper body
muscle endurance. This suggests that improving absolute
maximal strength can have a positive impact on muscular
endurance. PT programs that integrate strength and power
exercise should expect coinciding improvements in muscular
endurance.

Firefighters must sustain a high level of general physical
preparedness to meet the physical and environmental
challenges that they confront. Exercise tests need to be valid
representations of the physiological stress incurred during
firefighting tasks and must be reliable in their metrics. Rhea et
al. (83) studied 20 firefighters to determine the correlation of
various exercise tests that measured muscular strength and
endurance, anaerobic endurance, and aerobic capacity with
firefighting occupational tests (hose pull, stair climb,
simulated victim drag, and equipment hoist) (83). Firefighting
task performance was highly correlated with muscular strength
and endurance and with anaerobic endurance.

Two periodization training models are applied to program
design: undulating and traditional. In 2008, a study compared
the physical performance outcomes of firefighters who
performed nine weeks of either an undulating or a traditional
periodized program (75). The standard periodization model
consisted of three-week mesocycles, each dedicated to a
fitness component (e.g. strength, hypertrophy). The undulating
program alternated training variables each session. At the end
of the study, both groups responded well to the training
programs. However, greater improvements in upper and lower
body muscular strength, power, vertical jump, and JSTs
occurred in the undulation training group. Undulating load and
volume, if appropriately periodized, may have fewer
limitations compared with traditional periodization for
firefighters with variable work schedules.



Law Enforcement
Law enforcement personnel engage in a broad range of critical
activities (e.g., making arrests, pursuing suspects on foot,
physically subduing suspects) that necessitate a high level of
physical fitness. Law enforcement agencies use physical
assessments, usually during recruitment and initial training, to
measure physical competencies predictive of job-related task
performance. These tests typically consist of running, jumping
and climbing over obstacles, pushing and pulling implements,
and lifting or dragging a dummy casualty (8). In 2001,
Anderson et al. (8) evaluated the occupational requirements of
police work in the interest of validating a recruit physical
ability test used in British Columbia. The tactics that the
majority of officers routinely used during critical incidents
involved pushing, pulling, controlling or wrestling and
dragging, and lifting below shoulder level. Indubitably, critical
incidents that involve the physical control of a target require
strength and power. Field tasks are important considerations in
program design and need to be included in police physical
ability testing (6, 79).

Military
Improvements in coordination mediated by neural factors are
responsible for the improvements in muscular strength during
the first one to three months of exercise training (25, 26, 55,
64) (figure 15.4). Resistance exercise considerations and
recommendations differ for tactical personnel who do or do
not have previous experience with resistance exercise (i.e.,
trained versus untrained tactical athletes) (tables 15.5 and
15.6). Figure 15.4 represents concepts originally established
by Sale (88) and shows that the rapid improvement in strength
at the onset of training is primarily due to neural factors (e.g.,
increased agonist activation, improved motor unit coordination
and synchronization). Because of this, relatively low-load,
low-volume resistance exercise protocols can induce
substantial improvements in strength among untrained tactical
athletes (1). The relatively modest loads and volume would
theoretically reduce the likelihood of injury as well.



Figure 15.4 The rapid improvement in strength at the onset of
training is primarily due to neural factors. Following two to

three months of training, most of the further strength gains are
due to muscular factors (i.e., hypertrophy). At this point,

heavier loads and greater volumes appear to be required for
further performance improvements (47, 88).

To illustrate this, Harman et al. (33) used previously untrained
men to compare the effectiveness of a calisthenics training
regimen (i.e., the U.S. Army’s Physical Readiness Training
[PRT] regimen, which the Army implemented in 2010) (44)
against a traditional resistance exercise regimen for eight
weeks. At the end of the study, both groups had comparable
improvements in 1RM strength, vertical jump, and load
carriage performance (33). This supports the use of
calisthenics during the initial weeks of a PT program to
improve strength, power, and physical performance.

After this initial period, traditional resistance training with
heavier loads is needed for further improvements in strength,
power, and occupational task performance. This was
demonstrated in a study by Kraemer et al. (47) in which
female volunteers were randomly assigned to one of six
training groups (four resistance exercise groups, one
calisthenics-based exercise group, and one aerobic endurance–
only exercise group) for six months. At the conclusion, the
resistance exercise interventions resulted in greater
improvements in strength, load carriage, and RBL than the
calisthenics or aerobic endurance groups.

Collectively, these data imply the following (33, 47):

 

1. Calisthenics improve strength, power, and physical
performance during the initial stage of training (i.e.,



initial two to three months).
2. Long-term (i.e., greater than two or three months)

improvements in strength, power, and tactical
performance are best achieved using a traditional
resistance exercise program.

Key Point
In untrained tactical athletes or people returning from an
injury, substantial improvements in physical performance can
be achieved through bodyweight resistance and calisthenics
during the initial two to three months of training. Progression
to machine and free weight resistance and power exercise will
be necessary for further improvements.





Program Considerations
PT program design should consider variables such as the size
of the training group, ability level, environment and terrain,
and equipment (60, 73). Teaching complex strength and power
movements is best conducted in small groups for greater
supervision. This will improve the ability to analyze, reinforce,
and modify lifting technique and ensure a greater level of
safety. Space and location (indoor or outdoor) will further
dictate the PT format.

Equipment
Access to traditional fitness equipment is often limited or
nonexistent, especially when conducting PT with large groups
(2). To overcome equipment limitations, task-specific
exercises using occupational equipment (e.g., hoses, sandbags,
flak vests) can be included. For example, a 12-week functional
exercise program performed by firefighters who used available
firehouse equipment improved completion rates of a simulated
fireground test and anthropometric measures (70). Harman et
al. (33) used combat-relevant tests to compare two 8-week
exercise training protocols. One group performed total body
weight-based workouts, running, interval training, agility
training, and progressively loaded 8 km (5 mi) rucksack
marches. The other group followed the U.S. Army’s
standardized PT program (stretching, calisthenics, movement
drills, sprint intervals, shuttle running, and distance runs).
Both groups significantly improved 3.2 km (2.0 mi) loaded (32
kg [71 lb]) run or walk time, 400 m (437 yd) loaded (18 kg [40
lb]) run time, obstacle course with load (18 kg [40 lb]) time,
and casualty (80 kg [176 lb]) rescue time.



Elastic bands have become a popular alternative to free
weights and machines for strength training. Several studies
have evaluated characteristics such as RFD, peak power, force,
and kinematics using elastic bands versus free weights (39, 61,
94) and have reported increased muscle activity, including
power, force, and peak velocities, particularly during eccentric
contraction with band use. Elastic bands are light, portable,
and easily modifiable for a variety of physical abilities and
exercises, making them an effective alternative to free weights.

Safety
Strength and power training is relatively safe to perform (32).
However, untrained or deconditioned people, including those
returning from an injury, are at increased risk for
musculoskeletal injury or reinjury if exercise progression
occurs too rapidly (45, 78). Therefore, measures to mitigate
musculoskeletal injury should be enacted. This can be
accomplished by prescribing two to three months of
calisthenics training (e.g., the U.S. Army PRT regimen,
described in detail at www.armyprt.com) and introducing
relatively light-load, low-volume resistance training before
progressing slowly to heavier loads or higher volume.

Tactical occupations include activities (e.g., field training
exercises, advanced training schools, extended missions) that
can collectively overburden the capacity for recovery and
result in an increased risk of overuse injury and burnout (16,
27, 53, 73). Frequently reviewing mission requirements will
help attenuate any deleterious outcomes from excessive stress
(53). Erring on the side of caution and reducing exercise
intensity or frequency during periods of strenuous tactical-
related responsibilities may be required (49).

Commercialized training programs have grown in popularity
among tactical personnel. These programs are generally
characterized by physically and metabolically demanding
circuit workouts consisting of resistance, plyometric, and
interval running exercise (42). These programs appear to
address real-world demands due to their functional design.
However, when participating in commercialized training
programs, beginners and deconditioned tactical athletes should



use caution and follow the guidelines presented herein and
summarized in tables 15.4 and 15.5. If highly conditioned
individuals choose to participate, they should do so under the
guidance of a TSAC Facilitator or certified fitness
professional.

Oversight
A certified fitness professional or TSAC Facilitator should
ensure safe and appropriate PT that incorporates strength and
power training. This includes teaching and evaluating exercise
technique, intensity, volume, frequency, and exercise
progression (60). Supervised exercise programs have been
shown to enhance long-term improvements in strength and
power compared with unsupervised programs (58). Goal
setting, motivation, and psychological reinforcement are
additional benefits to participation in a supervised exercise
program. Coutts et al. (17) examined the benefits of supervised
resistance training versus unsupervised and observed that after
12 weeks of resistance training, the supervised group had
improved strength and power and had completed significantly
more training sessions than the unsupervised group. It was
suggested that the higher motivation and competitiveness
facilitated by the trainer helped to shape the observed
improvements.

Supervision also improves accountability. This was
demonstrated by improved performance among firefighters
voluntarily participating in a 12-week exercise program in
either a supervised or control group (70). Prior to the program,
the firefighters completed a simulated fireground test, and no
differences in completion rate were observed between the two
groups (supervised: 82%; control group: 78%). After the 12-
week exercise program, the supervised group performed
significantly better on the simulated fireground test than the
control group (100% vs. 56%). This study and others
demonstrate the utility of a supervised PT program for
improved fitness and tactical performance.



Conclusion
Strength and power training improve tactical performance and
may mitigate injuries. The design of the strength and power
training program will depend on factors such as fitness status,
occupational requirements, equipment, and supervision.
Calisthenics-based exercise training (e.g., U.S. Army PRT) or
relatively moderate-load resistance exercise training (i.e.,
loads that allow 8-12 repetitions per set with moderate effort,
one to three sets per exercise, and 2 minutes of rest between
sets) should be conducted for the first two to three months of
training. Progressing to multijoint lower body (e.g., deadlift,
squat) and upper body (e.g., bench press, pull-up) resistance
exercises is recommended for further gains in muscular
strength, power, and endurance (upper body training is
especially important for women). This phase of training is
prescribed as two to three nonconsecutive days a week using
moderate to heavy training loads (i.e., loads that allow 3-12
repetitions per set with maximal effort), two to four sets per
exercise, and 2 minutes of rest between sets for optimal
improvements in tactical performance.

Key Terms
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eccentric
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power
power output
rate of force development (RFD)
repetitive box lifting (RBL)
speed
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Study Questions
 

1. Augmenting resistance training with which of the
following types of training will have the greatest positive
impact on countermovement jump height?

1. plyometric
2. aerobic
3. flexibility
4. mobility

2. Concurrent training could be beneficial for tactical
athletes for what primary reason?

1. targets multiple fitness components
2. maximizes time to complete session
3. separates resistance and aerobic endurance training
4. focuses on a specific fitness component

3. A tactical athlete performs 10 repetitions of an exercise
for 5 sets. What is the training outcome with this rep and
set combination?

1. strength
2. power
3. hypertrophy
4. muscular endurance

4. What type of periodization program might be the most
beneficial for a firefighter with a variable work schedule?

1. traditional
2. undulating
3. triphasic
4. linear



Chapter 16
Care and Rehabilitation of

Injured Tactical Populations
Danny McMillian, PT, DSc, OCS, CSCS, TSAC-F

After completing this chapter, you will be able to

 

discuss how the phases of rehabilitation from an injury
are related to the tissue healing process;
describe a typical return-to-function time frame;
develop a training program for a currently or previously
injured tactical athlete through collaborative discussion
with other allied health professionals;
identify common acute and chronic injuries and risk
factors for injury in fire and rescue, law enforcement, and
military populations;
recognize the signs and symptoms of overtraining and
overtraining-related injury; and
define the scope of practice of the TSAC Facilitator
regarding injury care and rehabilitation.

Timely and effective injury care has long been appreciated in
traditional sport, and such care is no less important in tactical
populations. In fact, the sports medicine model of injury care
(athlete-centered care by a multidisciplinary team) (4) has
been proposed as a means for improving management of the
similar needs of tactical athletes (8, 45). This chapter reviews
what is known about traditional injury care and highlights
factors that are unique to tactical populations.



Common Injury Prevalence and
Risk Factors

Injuries and physical impairments are a fact of life for most
tactical athletes. The varied and rigorous physical nature of
tactical duties, combined with operations that are often
conducted in harsh environments, predisposes the tactical
athlete to injury risk. Once injured, the tactical athlete is
predisposed to subsequent injury unless rehabilitation
restores full functionality. This chapter focuses on
musculoskeletal injuries because they are amenable to the
interventions of the tactical strength and conditioning team.

Injuries have been cited as the biggest health problem of the
military services (31). In 2006, there were 743,547 injuries
among nondeployed military service members in the United
States. To provide some context, for every 1,000 service
members tracked for one year, 628 sustained a
musculoskeletal injury (24). Over 80% of the injuries were
considered overuse. The knee and lower leg (22%), lumbar
spine (20%), and ankle and foot (13%) were leading body
regions. TSAC Facilitators should target the prevention of
such injuries, with the expectation that many can be
eliminated, as has been observed with strategies including
slower progression of running distance, reduced total running
volume, running groups based on ability, and greater variety of
training exercises (e.g., multiaxial, neuromuscular,
proprioceptive, and agility exercises). Those interventions
have reduced the incidence of injuries by 52% in men and
46% in women (35).

More detail on discipline-specific injury prevalence and risk is
provided in other chapters, but it is notable that firefighters are
3.8 times more likely to suffer a musculoskeletal injury than
private-sector workers (62). Just over 50% of fireground
injuries are musculoskeletal and include sprains, strains,
dislocations, and fractures (50, 67). Although many of these
injuries are likely the inevitable consequence of harsh
conditions and extreme movement requirements, optimizing



the tactical athlete’s movement skills and work capacity will
reduce the risk.

Lack of general fitness is also a significant component of
injury risk. In a study of Minnesota police officers, those with
the highest self-reported fitness levels were less likely to
experience sprains, back pain, and chronic pain than those who
considered themselves less fit. Officers who were the most
physically active were about a third as likely to report back
pain and less than half as likely to report chronic pain as those
who engaged in less activity. Officers with a body mass index
(BMI) greater than 35 were three times more likely to report
back pain than those whose BMI fell in the normal range,
defined as 18 to 25 (46).

Studies of military populations have also shown that lower
rates of exercise participation before military service and
decreased performance on fitness assessments are predictive of
injury (31, 34, 35, 36). Fortunately, strength and conditioning
professionals are effective at improving general fitness.
Greater utilization of such professionals by the tactical
professions should reverse the injury trends noted previously.

Finally, previous injury is consistently cited as a risk factor for
future injury (21, 36, 59, 68, 74). Leaders of tactical units
should ensure that individuals are screened for injury risk
factors that are specific to their duties as well as for any past
injuries that might compromise physical performance.
Individuals deemed at risk of injury should be evaluated by the
appropriate medical or rehabilitation experts.

Key Point
Injuries are common in the tactical population and predispose
individuals to subsequent injuries. Members of the tactical
sports medicine team must be aware of past injuries and
provide comprehensive rehabilitation and performance
training to mitigate the risk of future injury.



Phases of Tissue Healing
Injuries may be classified as traumatic or overuse. Both types
have unique tissue characteristics that influence their
management.

Traumatic Injuries
The body’s initial response to physical injury, or trauma, and
the associated tissue damage is to create an inflammatory
response that limits further tissue damage and sets the stage
for healing. Classic signs of inflammation are redness,
swelling, pain, heat, and loss of function. The inflammatory
response, also known as the acute phase or the inflammatory
phase, generally lasts a few days, but signs of inflammation
may persist for weeks depending on numerous factors,
including the severity and location of the injury, effectiveness
of the initial injury management, and individual response. The
acute phase of an injury requires a protection phase of
rehabilitation (33). Treatment objectives during this phase are
to minimize pain and swelling, protect the injured site from
further damage, maintain motion as long as it does not
interfere with tissue healing, and maintain conditioning.

A useful acronym to guide treatment during the inflammatory
phase is PRICEM (protection, rest, ice, compression,
elevation, motion). This acronym is a variation on the
traditional RICE (rest, ice, compression, elevation) method of
treatment and indicates the need for protection and motion (as
indicated) in addition to the other components of RICE.
Although clinicians and researchers acknowledge the scarcity
of quality evidence supporting the use of RICE, its use in
sports medicine is widespread and generally accepted, with the
caveat that clinicians must weigh the risks and benefits for
each individual (4, 40, 70).

Recommendations for early motion after injury are
increasingly supported by quality evidence (22, 29, 32). Such
early motion, appropriately prescribed by medical or
rehabilitation specialists, promotes optimal healing while
preventing atrophy and loss of tissue extensibility. Leaders of



tactical athletes should have systems in place for applying the
PRICEM principles immediately after injury. TSAC
Facilitators should recognize that protection of the injured
tissue and motion of the affected region are potentially
conflicting principles; thus the obligation to coordinate care
with the medical or rehabilitation staff to best apply PRICEM.

TSAC Facilitators should also be aware of the pervasive use of
nonsteroidal anti-inflammatory drugs (NSAIDs) in tactical
populations and the need to communicate with the medical
providers when such use might be contraindicated. Despite the
lack of strong evidence to support their effectiveness, the
short-term (<5 days) use of NSAIDs is widely accepted when
excessive inflammation causes symptoms after injury (22, 60).
However, the use of NSAIDs for chronic conditions and recent
injuries without excessive inflammation likely carries more
risk than benefit (6, 22). Adverse effects of NSAIDs are
usually associated with their prolonged use and most
commonly involve the gastrointestinal, cardiovascular, and
renal systems (22).

Though short-term, low-dose use of NSAIDs does not appear
to delay the healing of soft tissue, their use does inhibit bony
healing (9). Their long-term use is associated with harmful
effects to cell growth and metabolism (22). For tactical
athletes concerned about negative effects of NSAIDs on
performance, it is unlikely that the occasional use of NSAIDs
will negatively affect muscle growth. However, long-term use
might limit muscle growth due to negative effects on satellite
cell activity (60).

Toward the end of the inflammatory response, new cells (such
as fibroblasts, which ultimately produce collagen) move to the
site of soft tissue injury and begin the repair phase. This phase
of healing corresponds with the controlled motion phase of
rehabilitation and generally lasts two to three weeks (32). As
with the inflammatory phase, the length of the repair phase
depends on the severity and location of the injury,
effectiveness of prior rehabilitation, and individual factors (22,
33). During this phase, the objectives are to gradually restore
full motion, begin progressive resistance training, initiate



neuromuscular control exercises, and restore conditioning that
might have been lost during the protection phase (33).

Although the repair phase of healing normally finishes within
a few weeks, injured tissues will continue to remodel for
months (63). The quality of the ultimate outcome depends in
large part on the quality of training during the remodeling
phase. This phase of healing corresponds to the return-to-
function phase of rehabilitation. The primary objective is to
progress all modes of training to a level that is commensurate
with the tactical athlete’s physical requirements. Appropriate
rehabilitation for traumatic injuries based on the stage of
healing is summarized in table 16.1.



During all phases of tissue healing, it is important for the
TSAC Facilitator to closely collaborate with medical and
rehabilitation personnel to ensure that physical training does
not compromise recovery. As discussed later in this chapter, it
is not within the TSAC Facilitator’s scope of practice to
evaluate and manage injuries.

Key Point
Matching the phase of tissue healing to the appropriate phase
of rehabilitation is necessary to avoid excessive stress to
healing tissue and provide the optimal stimulus for repair.

Overuse Injuries
Overuse injuries occur when the cumulative stress applied to
tissues of the body exceeds their ability to adapt to the stress.
Common overuse conditions include tendinopathy, stress
reaction or fracture, and patellofemoral pain syndrome (8).
Such conditions occur frequently among tactical athletes,
especially in the military, where distance running for
conditioning is associated with lower extremity overuse (6).

Two primary factors contribute to the excessive tissue stress
associated with overuse injuries: training errors and
movement impairments (6). Training errors occur when the
volume or intensity of training is excessive for the individual.
The most commonly documented training error has been
excessive frequency and duration of distance running (69). For
example, distance running more than three times a week or for
longer than 30 minutes has been associated with an increase in



overuse injuries (58). Limiting the frequency and duration of
distance running is most likely to benefit novice runners (5).

Movement impairments contribute to overuse injuries when
one or more links in the kinetic chain lack the mobility or
stability required for a given task. The kinetic chain refers to
the linked influence on movement performance that one area
of the body has on another. For example, lack of mobility in
the hips and thoracic spine might require movement of the
lumbar spine beyond its safe zone to perform a lift or complete
a tactically relevant task. Some trainers have used the terms
victim and culprit to describe kinetic chain relationships
associated with injury. In the current example, the lumbar
spine is the victim of the limited mobility of the hips and
thoracic spine (the culprits).

Overuse injuries might affect bones, joints, muscles, tendons,
ligaments, and even skin (e.g., blisters) (4). This section
focuses on tendon and bone overuse injuries because they are
common in tactical populations and their management reflects
the general care for overuse conditions.

Tendinopathy is the broad term to describe tendon problems.
However, distinction should be made between pathology that
is primarily inflammatory (tendinitis) and primarily a matter of
degeneration (tendinosis). Tendinitis usually presents with the
signs of inflammation; therefore, treatment with PRICEM is
indicated. Tendinitis can usually be traced to a recent increase
in training volume or intensity.

Tendinosis is a more difficult condition to treat. It occurs when
degenerative changes are noted within the tendon, and it is
normally associated with more than two months of symptoms.
The rehabilitation professional must correct biomechanical
and training errors that contributed to the tendinosis.
Concurrently, the rehabilitation professional must also
prescribe exercises that promote tendon resiliency (57, 64).
Successful treatment often takes months to restore full
function (63). Unsuccessful treatment leaves the tactical
athlete with chronic pain and impaired performance or
cessation of the provocative activities.



Bone stress injury (BSI) is the other major category of
overuse injury. BSI represents the inability of bone to
withstand repetitive mechanical loading, resulting in structural
fatigue and localized bone pain and tenderness (73). It occurs
when the cumulative effects of weight-bearing activity and
physical training exceed the individual’s capacity to manage
the skeletal stress. BSI is a process that begins with stress
reactions, which can progress to stress fractures and ultimately
fractures. People with low levels of fitness are particularly
vulnerable to BSI when beginning or progressing a fitness
program (28, 36).

The primary symptom of BSI is activity-related pain with a
gradual onset (28). Early in the process, the pain is often mild
and diffuse. Unlike mild tendinopathy, the pain of BSI does
not decrease with a warm-up or continuation of the weight-
bearing activity (73). If such activity continues after the onset
of symptoms, the BSI will progress and symptoms will
become more severe and localized (73). Early in the process of
BSI, symptoms abate when weight bearing ceases. However,
in the later stages, symptoms are often experienced at rest.

Ideally, symptoms and signs of BSI are recognized early and
activity is modified to decrease bone stress. If the weight-
bearing stress is modified appropriately, individuals should be
able to maintain fitness without impeding the healing process
(31, 73). To assist tactical athletes toward this objective,
TSAC Facilitators must plan an exercise prescription that is
carefully coordinated with medical or rehabilitation
professionals.



Causes, Signs, and Symptoms of
Overtraining Syndrome

In addition to traumatic and overuse injuries, tactical athletes
are predisposed to overtraining syndrome due to the
cumulative effects of a demanding work environment and the
physical training required to prepare for work-related tasks.
Those factors might induce positive or negative adaptations.
The following terms and descriptions clarify the range of
adaptations with which the TSAC Facilitator must be familiar:

 

Overreaching, or functional overreaching, occurs when
an athlete undertakes excessive training that leads to
short-term decrements in performance. Recovery from
this condition is normally achieved within a few days or
weeks of rest. Overreaching is often a planned phase of
training that, together with adequate rest, allows for
supercompensation, or positive adaptations that elevate
the athlete’s performance capacity (17).
Nonfunctional overreaching (NFOR) occurs when the
intensification of a training stimulus continues without
adequate recovery and regeneration. NFOR leads to
stagnation and a decrease in performance that continues
for several weeks or months.
Overtraining syndrome (OTS) is a prolonged
maladaptation of the body and several of its biological,
neurochemical, and hormonal regulation mechanisms
(17). Diagnosis requires the exclusion of other potential
medical pathologies and is often made retrospectively,
with full recovery usually requiring months (44).

The physiological markers of overtraining do not always
parallel a decrease in performance (65). Such markers include
increase in resting HR, decrease in maximal or submaximal
exercise capacity, decreases in immunoglobulin A (IgA),
changes in the Profile of Mood States (POMS) questionnaire
responses, and decreases in the testosterone-to-cortisol ratio.
Due to the complexity and diversity of hormonal mechanisms



and complications with their analysis, at present no definitive
physiological markers are capable of defining OTS (44).

Preventing Nonfunctional
Overreaching and Overtraining

Syndrome
Following are recommendations to prevent NFOR
and OTS (3, 30, 44):

 

Use an individualized, periodized program, with
integration of recovery methods into the program.
Monitor the tactical athlete with comprehensive testing
integrated into the program.
Look for early warning signs:

Unusual fatigue
Mood changes
Elevated HR and blood pressure
Diminished quality of sleep
Occurrence of illness or injury
Menstrual changes

Educate the tactical athlete:
Best nutritional practices
Stress management
Best sleep practices
Early warning signs of overtraining

Keep a training log that includes notes on the following:
Training volume and intensity
Duration of training
Weight fluctuation
Rating of well-being
Rating of sleep quality
Comments on training
Illness or injury

The TSAC Facilitator must be prepared to adjust scheduled
training to allow for greater recovery in tactical athletes



exhibiting symptoms and signs of overtraining. The primary
treatment is rest. Because other pathology might mimic
overtraining, early referral for medical evaluation is
recommended.



Maintenance of Training Status
During Rehabilitation and

Reconditioning
To meet individual needs in tactical organizations, physical
readiness training (PRT) events and the level of participation
in those events must be varied. For larger organizations,
separating PRT into two categories allows leaders to provide
the appropriate level of training for individuals at various
levels of physical readiness, including tactical athletes who are
recovering from injury.

As the name implies, the purpose of foundational phase PRT
is to lay the foundation upon which functional (tactical)
physical performance is built. People who are new to the
organization, have physical or medical restrictions, are
returning from physical restrictions, or are chronically unfit
should be in this stage. Foundational PRT should not include
activities with known injury risk, such as obstacle courses,
tactical foot marches, or runs over 30 minutes (6, 31, 34, 35,
36, 56). Additionally, gut-check hybrid workouts that demand
high degrees of power and endurance should be reserved for
the functional phase.

In addition to improving general fitness, foundational PRT
activities are designed to improve movement quality. A study
with firefighters comparing a conventional fitness program
with a movement-guided fitness program found that while
both groups improved fitness, only the movement-guided
group improved motor control of occupational tasks (18).
These findings highlight the importance of optimizing
movement quality along with fitness and the potential impact
on the safety and effectiveness of tactical athletes.

Trainers working with injured individuals in the foundational
phase should be trained by and work closely with rehab
professionals. They must be familiar with appropriate
modifications to traditional exercises (see the later section
Modification of Exercises to Allow Injured Individuals to
Continue Training). Organizationally defined performance



standards should be met before tactical athletes move from this
phase to the functional phase.

Key Point
Restoring optimal movement quality, as well as fitness, is an
important objective after injury.

Functional phase PRT gets the unit fully ready for its
mission-based physical requirements. To ensure readiness for
this phase, TSAC Facilitators should be familiar with the
following return-to-sport guidelines that have been effectively
used with sport athletes (4):

 

Observation of time constraints for soft tissue healing
Pain-free, full ROM
No persistent swelling
Adequate strength and endurance
Good flexibility
Good proprioception and balance
Adequate cardiorespiratory fitness
Skills regained
No persistent biomechanical abnormality
Psychological readiness
Proper training form

Foundational PRT activities will remain a large part of the
functional PRT program. The two groups can train together as
long as there is a check in place to prevent people in the
foundational phase from exposure to training events that
exceed their current capabilities.

Training Objectives for Each Phase of
Rehabilitation
After injury, both physical training and tactical performance
training must be modified so as not to exceed the individual’s
decreased physical capacity (see table 16.1). Awareness of the
stages of healing, as described previously, allows the TSAC
Facilitator to select appropriate physical challenges.



In the initial period after injury, the primary objective is
protecting the injured tissue from further damage. Because the
injured tissue might not tolerate stress, training activities
primarily target adjacent areas with the intent of maintaining
their functionality. For example, a tactical athlete with an acute
ankle sprain will normally tolerate single-leg activities on the
uninjured leg, as well as most trunk and upper extremity
exercises. Cardiorespiratory conditioning is maintained with
activities that reduce or eliminate stress through the injured
ankle (e.g., bicycling, swimming or deep-water running, using
an upper body ergometer). Even in the acute phase of healing,
some motion and loading at the injured site might be indicated
(33). However, during this period of tissue vulnerability, the
decision to move or immobilize is made by medical or
rehabilitation personnel.

After the inflammatory stage of healing, the injured tissues
begin to repair. To optimize function of the repairing tissues,
rehabilitation applies controlled motion stresses. The objective
is to provide a stimulus that aligns new fibers in a manner that
is similar to the tissue in its uninjured state (33). Training
activities should be pain free and the motion well controlled,
either through passive restraint of unwanted motion or the
individual’s ability to stabilize moving segments. Though the
tactical athlete might report stiffness, it should reduce
gradually within the session if the tissue is ready for the load
applied (33).

When novel activities or new levels of ongoing activities are
initiated, both the TSAC Facilitator and the athlete must
monitor the response over the next 48 hours. If pain, swelling,
or stiffness increase during this time, the tissue loading was
excessive, indicating the need to treat those symptoms and
reduce the training load. When progress stops prematurely or a
setback occurs, the TSAC Facilitator should coordinate further
care with the rehabilitation staff.

Even when the tactical athlete appears to tolerate a progressive
training load, rehabilitation staff and the TSAC Facilitator
must cautiously progress activities and tissue stress, sticking
with a scientifically supported progression rather than relying
on the tactical athlete to report problems such as pain (64, 73).



In the controlled motion phase of rehabilitation, it is often wise
to focus on the quality of movement rather than the volume
and intensity of training.

When injured tissues are fully repaired, the next stage involves
a long period of remodeling. The objective of rehabilitation
becomes a return to full function. Normally during this phase a
transition is made from rehabilitation to performance training.
Clear communication between the TSAC Facilitator and the
rehabilitation staff is essential to ensure that the tactical athlete
is ready to begin and progress performance-based training.
When planning progression, consider the following factors in
light of the tactical athlete’s unique performance requirements
(it is generally best to progress only one factor at a time):

 

Excursion: Excursion involves increasing ROM about
the joints of the injured body part. Tactical athletes
commonly encounter tasks that demand controlled
mobility through a large ROM. Increase the excursion of
movements in small increments, ensuring proper form
and pain-free execution throughout.
Speed: During initial rehabilitation, the speed of
movement is often slow in order to ensure adequate
neuromuscular control and technique. However, many
tactically relevant movements require quick reactions.
Such reactions are best trained in a controlled
environment with the supervision of a performance
specialist. If excursion of a movement has been
progressed previously, it is often best to decrease
excursion before adding speed. When control of the new
rate of movement is demonstrated, then excursion can be
added again.
Load: Many tactical athletes encounter significant loads
in their duties. As with speed, traditional rehabilitation
might not progress loads to an occupationally relevant
degree. Therefore, it is incumbent upon the TSAC
Facilitator to optimize the training load in consultation
with medical and rehabilitation specialists. Because
strength deficits and imbalances are commonly cited as



factors that predispose a person to injury (37, 51, 73),
restoring adequate strength is a major concern when
considering readiness to return to duty.
Volume: For resistance and neuromuscular control
training, the volume of training reflects the total number
of repetitions for a given period of time. For endurance
training, mileage or minutes may be used to measure
volume. Increasing the volume of training, along with
increasing strength and movement efficiency, will lead to
a greater work capacity.
Complexity: Many tactical tasks require a high level of
movement skill, meaning that a substantial degree of
neuromuscular control is needed to complete the task.
The tactical athlete becomes better prepared for such
tasks by progressing the complexity of movement during
rehabilitation and performance training. Means of
increasing movement complexity include decreasing the
base of support (e.g., narrowing the stance), moving in
multiple planes and on uneven surfaces, and reacting to a
changing environment. For example, complexity can be
added to a simple agility drill of weaving through cones
in the gym by adding tactical equipment, moving
outdoors to rougher terrain, placing the cones at
asymmetrical intervals, and directing the tactical athlete
to react to sight or sound.

Modification of Exercises to Allow
Injured Individuals to Continue Training
Although the harmful effects of disuse on muscle size and
strength are well documented, recent evidence shows that such
effects begin to occur with as little as five days of disuse (71).
Clearly, it is in the tactical athlete’s interest to continue
training to the extent possible after injury. Mobility is also
frequently compromised after injury; however, the
rehabilitation staff members usually direct restoration of
mobility during the postinjury period. Therefore, the focus of
this section is on preserving strength and motor control after
injury. Though a full discussion of resistance training for the
tactical athlete is covered in other chapters, it is instructive to



note at this point the distinction between isolated and
integrated resistance training.

Following injury, the goal of resistance training is to prepare
tactical athletes to manage all of the loads they will encounter
during tactical and performance training and their duties. Most
often those loads are managed through the coordinated effort
of multiple muscle groups working in more than one plane.
Thus, integrated resistance training must be a prominent
part of a tactical athlete’s strength preparation.

However, isolated resistance training is indicated when a
muscle or muscle group lacks the force production capability
to perform its natural role in the kinetic chain. For example,
when landing on one leg during running, gravity promotes a
collapse of the pelvis on the unsupported side. If the hip-
stabilizing muscles of the stance side (primarily the gluteus
maximus and medius) do not exert adequate force, the stance
knee will be at risk for excessive strain (52, 75). For people
with this problem, isolated training of the gluteal muscles is
likely an important component of their rehabilitation. When
adequate force production of the gluteal muscles is
established, it is time for more complex, integrated exercises
that more closely mimic functional tasks. Isolated resistance
training to restore optimal function of links in the kinetic chain
spans both rehabilitation and performance. Tactical athletes
benefit when personnel in both disciplines (rehabilitation and
tactical training) collaborate to consistently define physical
training objectives and parameters.

In addition to resistance training to preserve muscle mass and
function after injury, the TSAC Facilitator must also promote
optimal motor control and efficiency, especially as training
activities become more integrated. Efficient movement is a
constant give-and-take between mobility and stability, with
each segment of the body and its unique movement
capabilities influencing all the other segments. When mobility
and stability are in balance, and all segments are synchronized,
movement is optimal and potentially powerful. When they are
not, the result is often injury or suboptimal performance. The
discussion that follows will offer suggestions for modifying
PRT for the injured tactical athlete. The specific exercises



presented are just a few examples of possible interventions. As
long as the performance specialist understands tissue stress,
the stage of tissue healing, and the tactical athlete’s physical
demands, many other training interventions may be used.

Region-Specific Exercise Modifications
Exercise modifications for the injured tactical athlete often
require accommodations at multiple body regions. However,
the following section is provided as a starting point for
planning.

Foot and Ankle
Injuries to the foot and ankle often require weight-bearing
restrictions. In addition to the numerous options for open
kinetic chain training to maintain strength and motion in other
regions, there is evidence that closed kinetic chain exercises
involving the uninjured lower extremity might improve
balance and lower extremity function on the injured side (23).
Figure 16.1 shows a simple single-leg rotational exercise,
initially standing on the uninjured leg. To increase the motor
control challenge, vary the direction, excursion, and speed of
the reach. Also include leg reaches and swings, heel raises,
and squats. Ensure adequate control of the trunk and the stance
leg. Later, when the injured side is cleared for weight bearing,
the same exercises are then indicated for both lower
extremities. At that time, another strategy to improve balance
and lower extremity function is to spend time barefooted.
Doing so will likely provide better proprioception for the
CNS, possibly leading to better motor control (43).



Figure 16.1 Single-leg rotational reach.

Injuries to the foot, ankle, and lower leg often compromise
ankle dorsiflexion (10). Consequently, the restricted ankle
joint limits squatting and many other functional exercises (2,
61). Figure 16.2 shows one strategy to accommodate the lack
of ankle dorsiflexion—using a strap so that the tactical athlete
can shift the center of gravity posterior relative to the base of
support. Notice that the tibias are essentially perpendicular to
the ground, reflecting little if any dorsiflexion. Use of the
straps should be modulated to appropriately load the injured or
restricted ankle. This modification also demands less
contribution from muscles crossing the ankle; therefore,
people with muscular strains around the ankle are more likely
to tolerate squatting when it is assisted. Box squats and front
squats also promote posterior displacement of the center of
gravity, thus demanding less of the ankle joint.



Figure 16.2 Strap-assisted squat.

Knee
Injury to the knee has the potential to profoundly affect
function, and many strength and conditioning exercises are
limited accordingly. Modifications are designed to limit knee
forces (usually by restricting flexion in the closed kinetic
chain) while maintaining functionality of segments above and
below the knee. Figure 16.3 shows a single-leg T-stance that
uses assistance from a stick to modulate forces to tolerable
levels. This exercise promotes motor control of much of the
kinetic chain while keeping knee forces low. Note that the
knee is slightly flexed and the trunk is in a neutral alignment.
The assisted squat shown in figure 16.2 and similar variations
are often well tolerated in the controlled motion phase.



Figure 16.3 Single-leg T-stance with assistance.

When the tactical athlete is ready to progress, squats and other
closed chain activities are introduced, though TSAC
Facilitators must consider the mechanical effects (13, 61). If
the knee is vulnerable to increasing compressive loads at the
patellofemoral or tibiofemoral joint, squat depth and knee
flexion must be limited accordingly. Modifying a squat with
130° of knee flexion to 60° reduces tibiofemoral compressive
forces by over 30% (47). This reduction in squat depth might
best serve people with patellofemoral pain, meniscal injury, or
degenerative lesions of the joint.

Shearing forces at the knee are also a consideration, especially
for people with compromised cruciate ligaments. The
reduction in squat depth to 50° to 60° knee flexion is also
indicated for posterior cruciate ligament (PCL) compromise,
with some evidence that the leg press exercise places less
strain on the PCL than squatting (12). Although shearing
forces to the anterior cruciate ligament (ACL) are highest at
15° to 30° of squatting, the compressive forces of weight
bearing and coactivation of the hamstring and quadriceps
muscles prevent significant ACL strain (13, 61). However,
open kinetic chain exercises for the quadriceps, such as the
seated knee extension, create potentially harmful strain to the
ACL, especially from 45° to 0°. Therefore, the exercise is
generally restricted to 90° to 45°, usually beginning eight
weeks after reconstruction (20). The TSAC Facilitator should



continue to coordinate care with the appropriate medical and
rehabilitation staff when training tactical athletes after surgery.

Knee problems are often related to dynamic malalignment.
Most commonly, the knee drifts medially during functional
loading activities, such as running or squatting. Figures 16.4
(facilitated box squat) and 16.5 (facilitated split squat) show
the use of elastic bands to facilitate activation of the lower
extremity muscles (primarily at the hip) that align the knee.



Figure 16.4 Facilitated box squat.



Figure 16.5 Facilitated split squat.

Hip
Injuries to the hip are less common than injuries to the ankle
and knee, but they can be just as debilitating (24). Most
muscle strains around the hip joint resolve with proper
postinjury care and restoration of optimal kinetic chain
function through rehabilitation. Such cases seldom require
ongoing exercise modification. However, a chronic hip
condition that is increasingly recognized in tactical
populations is femoroacetabular impingement (7). Symptoms
usually present when the hip is flexed greater than 90°,
especially if internal rotation is a component motion.
Modifying exercise and occupational activities to avoid those
positions alleviates symptoms in many people (72). The TSAC
Facilitator should modify exercise to limit squat and lunge
depth while ensuring lower extremity alignment. Additionally,
optimizing the posterior chain and stability of the pelvis and
trunk are indicated.

Insufficient hip mobility is a common problem affecting the
kinetic chain. Rotating sufficiently at the hips is a key
component of many tactical tasks (e.g., getting up and down
from the ground, climbing, negotiating obstacles, grappling).
When hip motions are limited, the body will try to complete
the task by finding motion somewhere else—usually the low
back—creating excessive strain (15). The incorporation of
several hip mobility exercises in the daily warm-up routine



should help improve hip mobility. High-value hip mobility
exercises include dynamic stretches of the hip flexors, tensor
fascia latae, and piriformis. If there is pain or a lack of
progress, the TSAC Facilitator should refer the tactical athlete
to medical or rehabilitation professionals.

Spine
Injuries to the spine, as well as lower back pain unrelated to a
known injury, are common in the general and tactical
population (24). Even with a seemingly complete recovery,
recurrence is common (42). Because the spine is involved in
nearly all functional movement, it is critical that tactical
athletes learn to train and protect it.

Although most tactical athletes are familiar with exercises
such as planks and bridges and consider them core exercises,
developing neuromuscular control of the trunk and pelvis is
not just a matter of performing those exercises. When teaching
any lift or movement, TSAC Facilitators should promote
awareness of the core’s role in force transmission. Tactical
athletes should learn to set the trunk in a neutral position (the
low back is neither arched excessively nor flattened but
somewhere in between) and engage the core (cinching up the
trunk and pelvic muscles without losing the neutral position or
inhibiting breathing). They should also learn to modulate
muscular forces to avoid excessive activation, which can not
only limit performance but also create pathological strain to
healing tissues (42).

During the early stages of recovery from a spinal injury,
substituting single-leg activities might provide an effective
stimulus for maintaining lower extremity functionality while
keeping spinal loads light. The single-leg T-stance with
assistance (figure 16.3) is an example that primarily works the
posterior kinetic chain. The wall plank with exercise ball and
alternating leg lift (figure 16.6) shows the use of an unstable
surface to increase trunk muscle activation, primarily targeting
the anterior kinetic chain.



Figure 16.6 Wall plank with exercise ball and alternating leg
lift.

The TSAC Facilitator should be aware that unstable surfaces
are a double-edged sword: Although they might meet the
intent of increasing muscular activation, such activation might
excessively load healing tissues (42). The hanging knee raise
shown in figure 16.7 is often well tolerated by people with
back conditions, perhaps due to the lack of axial loading of the
spine. Note that the neutral position of the spine is maintained.



Figure 16.7 Hanging knee raise.

The wall plank and hanging knee raise (figures 16.6 and 16.7)
target stability primarily in the sagittal plane. To target the
frontal and transverse plane, consider the exercise shown in
figure 16.8, the sidestepping crouch with elastic resistance.
With the elastic band held close to the body, the resistance is
primarily in the frontal plane. When the elbows are extended,
the forces move significantly toward the transverse plane.
Ensure alignment of the spine and lower extremity in all three
planes.



Figure 16.8 Sidestepping crouch with elastic resistance.

Triplanar exercises for the trunk are a natural progression once
the tactical athlete has demonstrated effective exercise
performance and tolerance of uniplanar challenges. Figure
16.9 shows one such exercise, the diagonal plate swing. The
trunk remains aligned, with flexion occurring at the hip and
the rotational component occurring at the hip, thoracic spine,
and shoulder girdle.



Figure 16.9 Diagonal plate swing.

To ensure that the tactical athlete can not only generate
stabilizing force but also modulate muscular activation to
promote skillful movement, consider the medicine ball wall
throw (figure 16.10). Note the alignment of the trunk and left
lower extremity for loading. Muscular activation should be
high near this position and then decrease quickly as weight
shifts to the right lower extremity during the follow-through.
After follow-through, the quick return to the catch position is
associated with increasing muscular tension in preparation for
the load. The tactical athlete should be encouraged to
coordinate this exercise with diaphragmatic inhalation to



increase intra-abdominal pressure for the catch and then
exhale during the throw and follow-through.



Figure 16.10 Rotational medicine ball wall throw.

In the return-to-function phase of rehabilitation, traditional
lifts such as the squat, deadlift, and clean may be resumed,
beginning with relatively light loads and ensuring the natural
curve of the low back is not lost during the lift. For deadlifts,
use the hexagonal bar to keep the load close to the spine (see
figure 16.11), thus reducing stress to that area (66). Do not add
an external load to the squat unless form with bodyweight
squatting is optimal. The TSAC Facilitator should take a
conservative approach to load progression and consider the
front squat (see figure 16.12) as the primary technique in the
return-to-function phase because it is associated with lower
stress to the lumbar spine (19).



Figure 16.11 Deadlift with hexagonal bar.



Figure 16.12 Front squat with kettlebells.

Shoulder
Efficient use of the shoulder demands mobility and stability of
the articulation between the scapula and the thorax. The
scapula serves as the base of support for upper extremity
movement. If it is not in the right place at the right time, or if it
shifts too easily under load, then excessive strain is transmitted
to the shoulder joint.

Although optimizing motion and stability of the scapula is a
rehabilitation concern, TSAC Facilitators should recognize the
role of the scapula and observe for optimal mechanics during
all activities. Once scapular mechanics are sufficient,
traditional upper body exercises may begin. Frequently,
pressing movements must be modified to accommodate
shoulder pathology. Dumbbells or kettlebells are usually
preferable to the barbell in pressing movements because they
allow the movement to occur in the scapular plane rather than
the frontal plane. Note the arm and dumbbell angle in figure
16.13.



Figure 16.13 Starting position for dumbbell press in the
scapular plane.

For people who experience a painful arc of motion during
pressing activities (usually 60°-120° and commonly diagnosed
as impingement [38]), the push press allows the weight to
move through the range with minimal shoulder strain. Once
the weight is overhead and aligned, many tactical athletes with
shoulder conditions tolerate a variety of total body exercises
such as the single-arm overhead split squat, shown in figure
16.14. For such overhead exercises, the elbow is straight and
the head and spine are aligned perpendicular to the ground.
The TSAC Facilitator should also monitor overhead exercises
for excessive elevation of the scapula. Common cues are
“pack the scapula” or “place your shoulder blade in your back
pocket.” However, those cues should not be used until the arm
is fully overhead; otherwise the exerciser might not achieve
sufficient upward rotation of the scapula.



Figure 16.14 Single-arm overhead split squat.

Anterior instability is another common shoulder problem for
tactical athletes (54). The primary precaution is to avoid
horizontal abduction and external rotation (high-five position).
The dumbbell floor press (figure 16.15) uses the floor to limit
horizontal abduction, although bench-pressing with a barrier
on the chest achieves a similar effect. People with anterior
shoulder instability should avoid behind-the-neck presses or
pulldowns; this is a sound precaution for shoulder protection
in general (11, 55).



Figure 16.15 Dumbbell floor press.

Posterior instability of the shoulder is less common (54). The
primary precaution is to prevent forces that drive the arm
posteriorly. Pressing movements require excellent control of
the scapula, which should be trained during rehabilitation.
Initial pressing activities are modified, using only a wide grip
to promote a congruent position of the humerus and scapula.

Using a cable system to train reciprocal push–pull movements
can train rotation of the entire kinetic chain (see figure 16.16).
Note the weight shift and rotation of the hips, pelvis, midback,
and shoulder girdle. Very little motion occurs in the lower
back. This exercise is also effective for training neuromuscular
control of the shoulders. The TSAC Facilitator should cue the
tactical athlete to lead with retraction of the scapula (and
follow with the arm) on the pulling side. On the pushing side,
care is taken to ensure that the hand does not lag behind the
forward rotation of the pelvis, trunk, and shoulder girdle. Note
also in figure 16.16 that adjustment of the pulley height and
direction of the hand movement should be considered in light
of the tactical athlete’s unique needs. For example, some
individuals will better tolerate a lower finishing position of the
pushing arm compared to that shown in figure 16.16.



Figure 16.16 Reciprocal push–pull: (a) starting position; (b)
final position.

The following suggestions are offered to tactical athletes
looking to manage shoulder problems:

 

Carefully consider the volume and intensity of pressing
movements. Although the bench press is a staple of
resistance training in tactical populations, large
compressive and shearing loads are common (14). The
TSAC Facilitator and the tactical athlete must perform a
risk-to-benefit analysis. It is best to train pressing



movements that contribute to function and are modified
to accommodate individual restrictions. Always use strict,
mechanically correct form, and choose a conservative
progression of volume and intensity.
The clean and jerk, snatch, and overhead squat are
commonly performed by tactical athletes, but they come
with some risk to the shoulders and spine (14). Master the
coordination of those lifts with feedback from an exercise
professional and quality reps with a light weight. If the
tactical athlete does not demonstrate effective technique
using a lightweight stick or bar, loaded overhead
movements should not be attempted.
Kettlebell get-ups may be used in the functional phase to
integrate stability of the shoulder, core, and legs. As with
any complex movement, approach the learning process
with the intent of achieving mastery part by part and in
due time, not in minutes. While developing technical
mastery of the exercise, keep the load modest and avoid a
high level of fatigue (27).

Key Point
The skillful use of exercise modifications often allows tactical
athletes to maintain a considerable degree of fitness and
functionality during injury recovery. Collaboration between
the TSAC Facilitator and rehabilitation professionals ensures
that modifications are appropriate.

Common Options for Aerobic Endurance Training
While Injured
Tactical professions vary in their endurance demands.
Wildland firefighters and infantry forces must have a high
level of both aerobic and anaerobic endurance. Police officers
are more likely to need anaerobic endurance. All tactical
professionals benefit from being in optimal condition.
Following an injury or movement impairment, tactical athletes
might be unable to perform their customary fitness activities.
Rehabilitation and performance specialists working with
injured tactical athletes must not only find alternative ways to
maintain fitness while recovering, but they must also guide the



progression of conditioning activities once the tactical athletes
are cleared for return to their normal duties.

Aquatic Training
Aquatic training is effective for maintaining or improving
conditioning while minimizing weight-bearing stress to
healing tissues (16). Swimming is of course an option, but so
is running at various depths, including deep-water running.
For running workouts, the stride rate is reduced by the
resistance of the water. So, running in the water might make
for a stronger stride, but recovery of speed will likely require
speed drills out of the water.

Biking
If sufficient ROM of the hips and knees is available, biking is
an option for maintaining aerobic endurance while weight
bearing is limited. Unlike swimming, biking allows for a rapid
cadence. However, the physiological and biomechanical
aspects of biking might limit its transferability to walking and
running tasks (58).

Stepper and Elliptical Machines
Because there are numerous models of stair-stepper and
elliptical machines, each with different stride characteristics, it
is difficult to make summary recommendations for their use.
The upright posture associated with these machines likely
increases their transferability to walking or running, though to
date no research has tested that theory.

Rowing
Compared with many other endurance activities, rowing offers
more of a stimulus to trunk and upper extremity endurance.
Similar to biking, the seated posture of rowing might limit its
transferability to walking and running tasks.

Varying Aerobic and Anaerobic Endurance
Training
It is important for most tactical athletes to train for full-
spectrum endurance. A common fault among injured tactical
athletes is to perform only steady-pace sessions for their



cardiorespiratory training. Neglecting high-intensity workouts
during recovery from injury compromises anaerobic fitness
and leaves the tactical athlete unprepared for duties that
require repeated bursts of high-intensity effort. The simple
solution is to vary the duration and intensity of conditioning
sessions over the course of five to seven days: an aerobic
session at a steady pace and relatively long duration; an
anaerobic session of repeated short-duration, high-intensity
efforts; and a tempo session of moderate to high intensity at a
steady pace (HR is maintained at about 85% of max). Such
workouts are commonly used by runners and cyclists (see
chapter 14) but can easily be adapted to the injured tactical
athlete training in the pool or on the machines discussed
previously (see the earlier section Common Options for
Aerobic Endurance Training While Injured).

For tactical athletes who must return to running following an
injury, a systematic approach to running progression is
necessary to allow optimal bone and soft tissue responses to
the new stress of running (73). Although numerous such
programs exist, the following guidelines and table 16.2 show a
phased return to running that is commonly used in the military
and is consistent with the principle of progressive tissue stress
(73). The intent is to safely progress running to a common
military run of 30 minutes. Guidance for the tactical athlete is
as follows (73):

 

Begin the program only if able to walk 30 minutes
without symptoms at a moderately challenging pace.
Begin each session with a few minutes of walking or
other form of dynamic warm-up before beginning the
running portion of the workout.
Perform no more frequently than every other day. Do not
run two days in a row. During phases 4, 8, and 12 (noted
with an asterisk in the table), rest at least two to three
days between running sessions.
Perform at a sustainable pace on a level surface.
Stop if experiencing increased pain, swelling, or stiffness.
Such symptoms might not arise until the day after



running. Do not run again until these symptoms are gone,
and then resume running at the last phase in which
running was pain free. Discuss with medical and
rehabilitation professionals when in doubt.
Try each phase at least twice; progress only if there is no
increased pain, swelling, or stiffness. If there are no
setbacks, the program will last about four months.
After phase 14, if greater running distance is desired,
progress gradually by no more than 10% per week.



Monitoring Progress of Injured
Individuals Through Functional
Assessment
Evaluation of the injured tactical athlete is an ongoing process.
Every training session and subsequent recovery period
provides an opportunity to assess whether the physical
stimulus is eliciting the desired response. When rehabilitation
progresses to the return-to-function phase, the TSAC
Facilitator then selects functional assessments that give insight
into the tactical athlete’s readiness for unrestricted duties.
Although there are many such tests, few have strong evidence
to support their use (25, 26).

The single-leg hop for distance shows moderate
responsiveness to changes during rehabilitation and thus might
be used to gauge progress after lower extremity injuries (26).
There is also moderate evidence that the single-leg hop for
distance and the hexagon hop give insight into ankle stability;
therefore those tests should be considered after ankle injury
(25). In the same analysis of the literature on performance
tests, only performance on the Star Excursion Balance Test
(SEBT) performed in three directions (anterior, posteromedial,
and posterolateral) was associated with injury risk (25). The
SEBT is a relatively expedient way to evaluate
multicomponent function of the lower extremities. Value is



likely added when tests such as the SEBT are considered in
conjunction with demographics and injury history (39).

Given the lack of valid and responsive functional assessments,
the TSAC Facilitator must frequently take a practical approach
to assessing function. The varied physical demands of the
tactical professions often require the TSAC Facilitator to go
on-site to observe occupational tasks and evaluate the tactical
athlete’s execution and response to the task in light of previous
injury pathomechanics (53).



Guidelines for Injury Care and
Rehabilitation

When working with injured tactical athletes, TSAC
Facilitators must be keenly aware of the risks associated with
physical training in light of the injury. Because injury
evaluation and management is outside their scope of practice,
TSAC Facilitators must collaborate with rehabilitation
professionals in order to best serve injured tactical athletes.

Scope of Practice of the TSAC Facilitator
TSAC Facilitators might work with injured tactical athletes at
any point during the recovery process. The design and
implementation of strength and conditioning activities for the
injured tactical athlete are guided by the phase of healing and
readiness for tissue stress, as established by medical and
rehabilitation professionals. Rehabilitation objectives and
activities are presented in table 16.1.

During the acute and subacute phases, TSAC Facilitators must
be keenly aware of the vulnerability of injured tissue to
mechanical stress and design activities accordingly. When in
doubt, the TSAC Facilitator communicates directly with
medical or rehabilitation professionals. The strength and
conditioning objectives during these phases are to maintain
general fitness and functionality of uninjured areas. When
injured tissue is ready for mechanical stress, medical or
rehabilitation professionals will prescribe the appropriate
application of stress through an exercise prescription. The
TSAC Facilitator may supervise the execution of the plan.

During the return-to-function phase, the TSAC Facilitator
continues to follow guidance from medical and rehabilitation
professionals. Additionally, the TSAC Facilitator must now
consider directing activities toward the occupational demands
of the tactical athlete.

Scope of Practice of the Physical
Therapist and Allied Health Professionals



Although the term physical therapy is often used to describe a
range of therapeutic measures delivered by a variety of
sources, physical therapy is limited to the care and services
provided by or under the direction and supervision of a
physical therapist. It includes the following (1):

 

Examining individuals with impairment, functional
limitation, disability, or other health-related conditions in
order to determine a diagnosis, prognosis, and
intervention
Alleviating impairment and functional limitation by
designing, implementing, and modifying therapeutic
interventions
Preventing injury, impairment, functional limitation, and
disability, including promoting and maintaining health,
wellness, fitness, and quality of life in all populations
Engaging in consultation, education, and research

In the United States, 50 states and the District of Columbia
(DC) allow physical therapists to evaluate patients without a
physician’s referral, and 48 states and DC allow physical
therapists to evaluate and treat, under certain conditions,
patients without a referral from a physician.

Athletic trainers, under the supervision of a physician, also
provide injury care and rehabilitation. The National Athletic
Trainers’ Association (NATA) Board of Certification requires
that athletic trainers are educated, trained, and evaluated in
five major practice domains (48):

 

1. Prevention
2. Clinical evaluation and diagnosis
3. Immediate and emergency care
4. Treatment and rehabilitation
5. Organization and professional health and well-being

Interprofessional Collaboration



Many factors will determine whether the tactical athlete
recovers fully from injury or experiences a decline in
performance and remains at risk for further injury. Managing
these factors demands a team approach. Ideally, medical
doctors and physician’s assistants manage the medical and
primary care needs; physical therapists and athletic trainers
provide musculoskeletal care and rehabilitation; and strength
and conditioning specialists, including TSAC Facilitators, plan
and direct progressive physical training programs that are best
suited to the unique demands of tactical athletes as they
recover from injury and return to full duties.

Unfortunately, tactical athletes may not have direct access to
each of these professionals, making it imperative that team
members are broadly cross-trained in the other disciplines and
aware of the occasional need for referral. For example,
physical therapists and athletic trainers must be well versed in
the essentials of strength and conditioning, and strength and
conditioning specialists must understand injury management
and rehabilitation principles and refer to the appropriate
professional as needed.

Although the focus of this chapter has been the care of injured
tactical athletes, gaining better control of injury and
overtraining is widely recognized as an important objective for
rehabilitation and performance teams working with tactical
populations. To better control injuries, a 2008 U.S.
Department of Defense injury prevention work group
reviewed the medical literature and presented several
recommendations to the military services (69). Two
recommendations are particularly pertinent for TSAC
Facilitators: Prevent overtraining, and perform multiaxial,
neuromuscular, proprioceptive, and agility training. These
particular recommendations are directed at the military
services; however, their application to other tactical
populations is likely valid. Effective implementation of the
recommendations will often require the interprofessional
collaboration described previously.



Conclusion
The greatest risk factor for injury is a previous injury,
suggesting that rehabilitation of the initial injury is often
inadequate to restore full functionality. Rehabilitation and
performance professionals restore full functionality by
optimizing motion, force production, neuromuscular control,
and muscular and aerobic endurance. Such rehabilitation often
takes months to complete; therefore, tactical athletes are best
served by a long-term approach that is communicated clearly
from the beginning. Throughout the process, the tactical
athlete’s training background, injury history, and job-related
physical requirements must guide the rehabilitation choices.
Frequent and effective communication between members of
the rehabilitation and performance teams ensures that the
tactical athlete hears one message and makes a seamless
transition from injury rehabilitation to peak performance.
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Study Questions
 

1. What is the biggest health problem in the military
services?

1. PTSD
2. injuries
3. diabetes
4. stroke

2. Which stage of healing for traumatic injury rehabilitation
involves low-load ROM and stretching exercises?

1. inflammatory
2. repair
3. remodeling
4. return-to-function

3. Which of the following is NOT a warning sign of
overtraining?

1. mood changes
2. elevated heart rate
3. decreased blood pressure
4. diminished quality of sleep

4. A firefighter has suffered an ankle injury and is currently
undergoing rehabilitation. When the athlete is back to
weight-bearing activities, what exercise will promote
posterior displacement of the center of gravity and
therefore less stress on the ankle joint?

1. lunge
2. front squat
3. heel raise
4. box jump
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After completing this chapter, you will be able to

 

describe the physiological and biomechanical
occupational demands, injury risks, environmental
exposures, and occupational stressors experienced by fire
and rescue personnel;
discuss the fitness requirements and recommendations for
fire and rescue personnel;
design fitness programs by applying training principles
and approaches to improve and maintain fitness in fire
and rescue personnel across disciplines, subdivisions,
professional statuses (cadets versus incumbents), and
fitness levels; and
analyze case-specific and problem-centered scenarios.

Firefighters perform a multitude of duties in diverse
environments. These settings include metropolitan and rural
areas as well as military, public, private, and industrial arenas,
many of which require specialized training. Fire and rescue
personnel may be members of professional, volunteer,
contract, seasonal, or combination departments, responsible
for “providing rescue, fire suppression, emergency medical
services, hazardous materials mitigation, special operations,
and other emergency services” (82). The National Fire
Protection Association (NFPA) estimates that there were
approximately 1,140,750 volunteer and professional
firefighters in the United States in 2013, with approximately



69% considered volunteer (55). According to the U.S. Bureau
of Labor Statistics, the number of paid firefighters is expected
to grow by 19% to approximately 367,900 firefighters by 2018
(126). The NFPA uses the following definitions to describe the
work of structural and wildland firefighters:

 

Structural firefighting encompasses “the activities of
rescue, fire suppression, and property conservation in
buildings or other structures, vehicles, rail cars, marine
vessels, aircraft, or like properties” (82) and involves
professional and volunteer firefighters.
Wildland firefighting covers “the activities of fire
suppression and property conservation in woodlands,
forests, grasslands, brush, prairies, and other such
vegetation, or any combination of vegetation that is
involved in a fire situation but is not within buildings or
structures” (79). It uses Type 1 firefighters (e.g., smoke
jumpers, hotshots, rappellers) and Type 2 firefighters
(e.g., hand crews).



Critical Job Tasks for Firefighters
Firefighting is a physically demanding occupation requiring
optimal physical fitness. In recognition of the importance of
physical fitness and health to fire and rescue personnel, the
governing agencies that oversee fire services have released
guidelines and recommendations for implementing
comprehensive wellness programs for professional and
volunteer firefighters that emphasize regular exercise and
physical conditioning. These include the Joint Labor
Management Wellness-Fitness Initiative of the International
Association of Fire Fighters (IAFF) and International
Association of Fire Chiefs (IAFC) (63), Fitness and Work
Capacity of the National Wildfire Coordinating Group
(NWCG) (110), Health and Wellness Guide for the Volunteer
Fire and Emergency Services of the U.S. Fire Administration
(USFA) (128), and Heart-Healthy Firefighter Program of the
National Volunteer Fire Council (NVFC) (www.healthy-
firefighter.org). Additional resources are presented throughout
this chapter.

Physiological Demands
When designing physical training programs, TSAC
Facilitators must consider which energy systems are stressed
during structural and wildland firefighting tasks. A
comprehensive description of the typical job tasks for
structural and wildland firefighters can be found in NFPA
1582: Standard on Comprehensive Occupational Medical
Program for Fire Departments (81) and the NWCG’s Fitness
and Work Capacity (110). Additional information may be
sought for descriptions of job tasks for specialized teams (79,
80, 84).

Both structural and wildland firefighters perform a variety of
tasks that stress all three energy systems. Table 17.1
summarizes several structural and wildland firefighter job
tasks and the primary energy system that each task utilizes.
Research regarding the cardiorespiratory demands of structural
firefighting indicates that performing fireground tasks results
in oxygen uptake levels that are 63% to 97% of maximum



(122, 129, 132) and HR values between 84% and 100% of
maximum (26, 122, 132). Not only are these physiological
demands present during firefighting tasks, but HR and oxygen
uptake may remain elevated for an extended period of time
following work (often exceeding 30 minutes) (94), consistent
with the established excess postexercise oxygen consumption
effect (49). The minimum aerobic capacity for performing
structural fireground rescue tasks should be 42 ml·kg−1·min−1

or 12 METs (range: 39-45 ml·kg−1·min−1) (15, 51, 82, 91,
122). Peak blood lactate values range from 6 to 13 mmol/L
when performing fireground and rescue tasks (51, 129),
suggesting a high degree of anaerobic stress. The energy
expenditure that occurs during wildland firefighting tasks
varies from approximately 17 ml·kg−1·min−1 (or 2.5 kcal/min)
for light tasks to >30 ml·kg−1·min−1 (or >10 kcal/min) for
highly demanding job requirements (e.g., uphill hiking with a
pack) (29, 110). Wildland firefighters must often sustain these
tasks for prolonged periods of time on consecutive days,
depending on the duration of the wildfire assignment,
suggesting a need for aerobic fitness and LT levels higher than
in the average population (8, 110).



Biomechanical Demands
Common tasks for structural firefighters include carrying
equipment (figure 17.1), advancing and operating hose lines
(figures 17.2-17.4), climbing stairs with equipment (figure
17.5), setting ladders, victim dragging and searching (figure
17.6), forcibly entering spaces (figure 17.8), and doing other
salvage and overhaul tasks (51, 62). Common tasks for
wildland firefighters include building fire lines using various
hand tools such as a Pulaski tool or dust hook (figure 17.9),
packing heavy or light loads, hiking in wildland terrain with
load and in adverse conditions, chainsawing (figure 17.11),
chopping wood, and performing various emergency responses
(e.g., fast escape from fire to safety zone, victim assistance)
(29, 110). Several wildland firefighting tasks may be specific
to certain crews, such as tree–land rappels performed by
smoke jumpers.

A biomechanical analysis of common structural and wildland
firefighting tasks is provided in table 17.2. Many of the tasks
performed by structural and wildland firefighters are
performed in the sagittal plane, use multiple joints, engage
major muscle groups of the upper and lower body, use
dynamic muscle contractions, and involve some degree of
proximal stability. However, many chopping and digging
motions also involve rotation and movement in an oblique (or
diagonal) plane. These tasks may differ across departments or
disciplines within a department depending on primary
responsibilities, equipment used, and geographical location
(73, 95). Physical fitness characteristics associated with



structural and wildland firefighting tasks include upper body
strength and endurance, torso strength and endurance, lower
body power and endurance, flexibility and mobility, and joint
stability (especially ankles, knees, hips, core, and shoulders)
throughout the entire body (8, 26, 77, 84, 101, 110, 113).

Common Tasks for Structural
Firefighters



Figure 17.1 Structural firefighter carrying
equipment.



Figure 17.2 Structural firefighter completing a
kneeling hose pull.



Figure 17.3 Structural firefighter performing a hose
hoist.



Figure 17.4 Structural firefighter performing an
upright hose pull.



Figure 17.5 Structural firefighter performing a stair
climb with a hose bundle.



Figure 17.6 Structural firefighter performing a
victim drag.



Figure 17.7 Structural firefighter gaining access
through a scuttle hatch for roof operations.



Figure 17.8 Structural firefighter performing a
forcible entry using a sledgehammer.

Common Tasks for Wildland
Firefighters



Figure 17.9 Wildland firefighter building a fire line
with a Pulaski hand tool.



Figure 17.10 Wildland firefighter operating a hose
line in arduous conditions.



Figure 17.11 Wildland firefighter chainsawing with
load.



Figure 17.12 Wildland firefighter with pack in
personal protective equipment.



Occupational Demands
Firefighters wear fire-resistant clothing, often called personal
protective equipment (PPE), to help protect the body from the
by-products of combustion (embers, sparks, heat, smoke, and
gases) and radiant heat exposure (60, 81). This PPE may vary
across firefighting disciplines but generally consists of a bunker
coat and pants, boots, helmet, face mask, gloves, face and neck
shroud, and self-contained breathing apparatus (SCBA) (79,
81, 83, 89) (figure 17.1). For structural firefighters, the PPE and
SCBA weigh approximately 22 kg (49 lb). SCBA packs with a
carbon filter typically weigh 9.5 kg or 21 lb, although this may
vary depending on whether a 30-, 45-, or 60-minute cylinder is
used; other PPE weigh approximately 11 kg (24 lb) depending on
differences in design and material (83). Wildland firefighters must
carry their own supplies for the work shift in a gear pack. These



packs typically weigh 10 to 22 kg (22-49 lb) with water, safety
equipment, and any required special items. Along with their
standard pack, wildland firefighters carry chainsaws (11 kg, or 24
lb), extra water (18 kg, or 40 lb), extra fuel (7-22 kg, or 15-49 lb),
and other firing devices (7 kg, or 15 lb). All gear and body weight
for a 20-person crew must be below 2,320 kg (5,115 lb), which
equates to a maximum of 25 kg (55 lb) of gear per person (89).
However, several pieces of equipment that must be lifted or
maneuvered can weigh up to 40 to 45 kg (88-99 lb) (e.g., hose
packs, water bags) (110). The positioning of PPE may also vary
depending on the firefighting discipline.

PPE are designed to protect the wearer from environmental
hazards, but there must be a trade-off with internal hazards,
primarily heat stress produced by the body. An important
consideration that affects the metabolic demands of firefighting
tasks is the weight of the PPE and ventilatory limitations
presented by the SCBA. For instance, Dregar et al. (32) and
Dorman and Havenith (31) demonstrated that oxygen uptake is
significantly higher while working at submaximal intensities in
PPE with an SCBA versus in exercise clothing. In these studies,
aerobic capacity decreased by 17% and 12%, respectively, while
working at maximal levels in PPE with an SCBA versus in
exercise clothing. Although carrying the external load of PPE and
an SCBA increases the metabolic demands of work (42, 115), it
appears that the resistance of breathing through the respirator and
impairment of thoracic excursions caused by the SCBA harness
may also promote decrements in aerobic capacity (32, 34).

In addition, the load carriage associated with the PPE (including
SCBA for structural firefighters) may affect gait mechanics,
balance, mobility, fatigue, movement patterns, and injury risk (58,
92, 117, 118). During a functional balance test (simulating
firefighting movements such as crawling and walking on uneven
ground) of firefighters with an average of five to six years of
experience, wearing PPE decreased balance (especially in the
presence of an overhead obstacle), decreased performance time,
and increased errors during the test (e.g., contacting a rigid
obstacle, placing a hand on the ground to maintain body control)
(60). PPE may affect balance by altering center of gravity
(dynamic shifts in weight during body movement), imposing an
increased and bulky load, and limiting both mobility and
peripheral vision (SCBA face mask) (60, 119).



The heavier boots worn by both structural and wildland
firefighters may negatively influence gait mechanics by
increasing rate of fatigue, restricting foot pronation and normal
foot motion, and increasing flexing resistance and gait instability.
Research suggests that the altered gait performance may increase
risk of movement errors, foot misplacements, slips, trips, and falls
and consequently increase risk of injury (92, 103). The magnitude
of this impact on gait and metabolic cost is influenced by the type
and weight of boot, as well as the weight of the air pack and other
PPE (92, 103, 119). For example, research suggests that
firefighters wearing heavier boots have an increased metabolic
cost (typically 5%-12% greater cost for every 1 kg [2 lb] increase
in boot weight) and are more likely to trip over obstacles (24).

Key Point
Structural and wildland firefighters face different physiological,
biomechanical, and occupational demands that may influence
physical fitness programming.



Environmental, Occupational, and
Exposure Concerns

Many environmental factors may affect firefighter health and
performance, including thermal stress (hot or cold), variable
terrain, noise and air pollution, altitude, and of course fire.
Given that firefighters respond to emergency situations
regardless of the weather, it is important to understand how
these factors affect physiological responses, work efficiency
(e.g., physical training emphasis), and firefighter safety (e.g.,
appropriate recovery).

Thermal Stress
Thermal stress is one of the primary environmental factors that
structural and wildland firefighters experience on a regular
basis. Thermal stress may be created by the increased
metabolic demand of contracting muscles during physical
work, increased heat storage due to PPE, and ambient heat
produced by the fire or weather (116). Not surprisingly, the
magnitude of exercise and thermal strain may also vary
depending on proximity to the fire line and responsibilities
during a fire assignment. Previous research has recommended
an exposure time of no more than 25 minutes when
suppressing fire in temperatures of 100 °C (212 °F) and
thermal radiation limits of 1 kW/m, and further time
limitations have been proposed for temperatures above these
limits (46). In the western United States, the typical fire season
is May to September. The ambient conditions during western
wildland fires may include temperatures above 32 °C (90 °F)
and can be over 100 °C (212 °F) with relative humidity below
20%.

Cold thermal stress can also present physiological challenges
to structural and wildland firefighters. What constitutes
extreme cold ambient temperatures will vary across regions
and may depend on the acclimatization of the firefighters in a
given region. Firefighters are at risk for hypothermia (body
temperature below 95 °F [35 °C]), frostbite, chilblains, and
trench foot when operating in colder ambient temperatures and



wet conditions (54). Cold, dry air also increases the risk of
dyspnea. Given the risk of exposure to hazardous conditions,
firefighters must wear the appropriate PPE during operations,
whether in cold or hot ambient conditions. Although PPE is
designed to protect the firefighter from heat stress, the clothing
may increase the risk of cold stress when wet, especially if the
clothing under the turnout gear is drenched with sweat (54).
Severe hypothermia can increase fatigue, decrease
coordination, and impair judgment (7, 23), which can have
fatal consequences for a firefighter. Physiologically, humans
respond to cold exposure with an increase in heat production
through a shivering response. Additional physiological
responses include vasoconstriction of peripheral blood vessels
to redirect blood flow to internal organs (decreasing blood
flow to the limbs), as well as increases in oxygen
consumption, HR, SV, cardiac output, and blood pressure (23,
134).

Thermal Balance Equation
Heat balance is critical in maintaining physiological function.
During work, over 70% of potential muscle energy is given off
as a heat by-product (19). This exothermic reaction can
produce up to 400 kilocalories of heat per hour during typical
firefighting tasks (110). The storage of heat during physical
work can be examined by the components in the following
thermal balance equation (50):

S (W·m−2) = M ± W − E ± K ± C ± R

where S = heat storage, M = metabolism, W = mechanical
work produced by the body, E = rate of heat loss due to
evaporation, K = conduction, C = convection, and R =
radiation.

Factors Contributing to Thermal Balance
Metabolism appears to have the greatest effect on increasing
body temperature during exercise, whereas evaporation is the
primary method for decreasing body temperature (50). When
thermal balance is achieved, heat storage is zero. This is an
optimal situation because the amount of heat produced is equal
to heat lost. Significant correlations have been found between



percent body fat, metabolic rate, and HR in firefighters
performing physical activity in PPE (8). Increased levels of
body fat increase potential heat storage, especially when
exposed to hot ambient conditions, because body fat serves as
an insulator, impeding heat dissipation (8).

PPE decreases the ability of the body to decrease heat storage
(see the box titled “Effects of Multiple Layers …”). The
addition of clothing PPE can increase heat storage depending
on the physical properties of the clothing material and its
ability to dissipate heat. As important as PPE is as a barrier
between the external environment and the firefighter’s body, it
creates an internal environment in which sweat pools on the
skin and collects on the protective gear, therefore decreasing
the body’s ability to dissipate heat (23, 25). The partial
pressure of water increases when water vapor is not able to
dissipate through clothing (45, 90). This increase in partial
pressure decreases the ability of sweat to evaporate off the skin
and lower skin and body temperature. Skin temperature can
act as a regulator of exercise (106), and therefore allowing
sweat to evaporate from the skin to maintain a moderate
temperature is critical for maintaining performance.

Effects of Multiple Layers of PPE
on Physiological Heat Stress

A study completed at the University of Montana
Human Performance Lab tested the effects of single
versus multiple layers of PPE used in wildfire
suppression. The study reported that after 3 hours of
exercise in a heat chamber (38 °C [100 °F], 30%
relative humidity), there was a significant increase in
body temperature between the two types of single
layers (SL-I, SL-II) and the double (DL) layers.
During the double-layer trial, five out of the nine
subjects had to be removed due to core temperature
reaching 40 °C (104 °F) (28). Firefighters must take



precautions to reduce the impact of heat-related
stress during occupational assignments and training,
including physical training (30).



Figure 17.13 Effects of single and multiple layers of
PPE over time in a heat chamber.

Thermal stress increases the demands placed on the
cardiovascular system. Specifically, there is a competing
demand for blood flow between the contracting skeletal
muscles and through vasodilation of cutaneous blood vessels
attempting to dissipate heat (116). Profuse sweating decreases
blood plasma volume, which decreases venous return and
subsequently SV (116). Likewise, warm thermal stress causes
a redistribution of blood flow to cutaneous vascular beds and
also reduces SV. Thus, perspiration and redistribution of blood
flow—independently or collectively—may decrease SV and
consequently increase HR in order to maintain cardiac output
(116). Increases in core temperature have been noted during
short-term and repeated exposures to fire suppression
activities. Romet and Frim (102) evaluated active firefighters
for 24 minutes in a burning structure and noted a 1.3 °C (2.3
°F) increase in core temperature as well as HRs above 150
beats/min. Horn et al. (59) demonstrated average core
temperature increases of 1.9 °C (3.4 °F) during repeated bouts
of firefighting activity over a 3-hour period, even with breaks
greater than 30 minutes. Negligible increases in core
temperature occur in firefighters working outside the burning
structure (102). If the thermal stress remains and physical
effort continues, the increases in HR to maintain or increase
cardiac output will no longer be sufficient if SV is
compromised. Ultimately, these factors increase
cardiovascular and thermoregulatory strain, which may
increase the risk of hyperthermia (body temperature greater
than 99.9 °F or 37.7 °C) and heat illness, especially in a



hypohydrated state (hypohydration occurs when there is
insufficient water in the body) (86).

Tactical Considerations and Countermeasures
In addition to ambient conditions (e.g., windchill, air
temperature, humidity), research suggests that several factors
increase the risk of both heat and cold stress in firefighters,
including improper attire, exhaustion and fatigue, lack of
physical conditioning, and predisposing factors such as
hypertension, diabetes, and asthma. For example, higher
aerobic fitness levels may attenuate the negative effects of
hypohydration on cardiovascular responses when exercising
(76). Merry et al. (76) demonstrated that aerobically trained
subjects experienced significantly less HR drift than untrained
subjects during a 40-minute cycling bout at 70% of O2peak.
Furthermore, firefighters with higher levels of aerobic fitness
may be able to acquire and sustain the benefits of heat
acclimatization (23). Although different people will adapt at
varying rates of acclimatization, research suggests that most
will acclimatize after 10 to 14 days of consecutive heat
exposure (16). Therefore, it would be beneficial to build in an
acclimatization period before the fire season for wildland
firefighters or following a period away from firefighting. In
addition, given the aforementioned research suggesting that
firefighters with higher aerobic capacity may tolerate
thermoregulatory strain (heat and cold stress) more readily
than firefighters who are less fit, training to improve aerobic
fitness is important in helping to maintain thermal balance.

If firefighters have experienced thermal stress, the TSAC
Facilitator may need to modify or postpone conditioning
practices, because the firefighters’ work capacity may be
reduced and they may need to be monitored for adverse signs
or symptoms. For example, as a result of the physiological
response to cold ambient conditions, power output may be
reduced, and insulation strategies such as layered clothing may
increase energy expenditure. Combined with the increased
need for urination during cold conditions, firefighters may be
at increased risk of fluid loss and dehydration. Consequently,
TSAC Facilitators should be aware of any risk management



plans within the department to reduce the incidence of heat or
cold stress injury, and they should recognize that overall
physical conditioning may need to be reduced until the
firefighters have been cleared to return (22, 54).

Altitude
Altitude provides a unique environmental challenge, especially
to wildland firefighters. The decreased barometric pressure,
particularly the partial pressure of oxygen, reduces the
pressure gradient that aids in the binding of oxygen to
hemoglobin. This produces a decreased saturation of arterial
oxygen levels. As a result, performing tasks at submaximal
levels at altitude, especially over 5,000 feet (1,524 m;
considered low to moderate altitude), increases ventilation rate
and HR while decreasing SV compared with performance at
sea level (75, 110). At high levels of physical exertion,
maximal HR is reduced (11) due to an increase in
parasympathetic activity. After an acclimatization period, red
blood cell production increases (polycythemia) to help offset
the effects of the reduced barometric pressure (133).
Unfortunately, it is not possible to entirely offset the effects of
altitude. Therefore, firefighters should acclimate by gradually
progressing workloads upon exposure to higher altitudes to
avoid decreased performance and risk of altitude-induced
illness (110).

Altitude Illness
Acclimatized firefighters working below 5,000 feet (1,524 m)
most likely will not experience significant decreases in work
capacity. Elevations higher than 5,000 feet (1,524 m),
especially for unacclimatized firefighters, may increase the
rate of fluid loss and reduce work capacity as previously
explained. However, elevations higher than 8,000 feet (2,438
m) may further increase the firefighters’ risk of altitude illness
(110), especially if they ascend too rapidly (insufficient time to
acclimatize) or are inadequately acclimatized prior to ascent.
Illnesses associated with high altitude include acute mountain
sickness (AMS; fatigue, headache, lack of appetite),
pulmonary edema (HAPE; fluid accumulation on the lungs
and brain), cerebral edema (HACE), and retinal hemorrhage



(HARH; causes irreversible visual defects). AMS symptoms
often appear several hours after initial exposure, and rest and
gradual acclimatization to reduce the chances of reoccurrence
is recommended. HAPE, HACE, and HARH are all life
threatening and require immediate descent to a lower altitude,
supplemental oxygen, and medical attention (20, 23).

Tactical Considerations and Countermeasures
Reports suggest that there is an increased risk of death or
injury during physical training when acclimatization is lacking
and instructors or trainers are undertrained (36).
Acclimatization should be built into the program. Research
suggests that acclimatization should follow a rate of one week
of training per every 1,000 feet (305 m) above 5,000 feet
(1,524 m) in elevation (110). Firefighters can accomplish this
by living at similar altitudes in which they may be operating,
sleeping in barometric chambers or tents (“live high, train
low” approach), or using resistive breathing devices to assist
with training (33). People who have increased fitness tend to
acclimatize quicker, have greater tolerance for hot and humid
conditions and physical effort, and thus have decreased risk of
heat illnesses (30). However, depending on whether the
firefighter has been exposed to the working environment (heat,
humidity, altitude), acclimatization may or may not have
occurred (especially if the employment is seasonal or
contractual), which will have implications for the person’s
work capacity in the field and in the training room and should
be accounted for in the program.

Even an acclimatized firefighter who has been operating at
elevated altitude may need more rest before engaging in
further exertion, such as physical conditioning, due to greater
fatigue compared with operating at low altitude. TSAC
Facilitators should also be aware that working at higher
altitudes may influence dietary needs (e.g., higher
carbohydrate intake, increased need for fluids), which may
further influence the timing of any planned physical training
(111). Therefore, physical conditioning should be encouraged
but under the supervision of a TSAC Facilitator, who can help
make any necessary modifications to the program (including



recommending rest) given the status of the individual
firefighter.

Key Point
Acclimatization to the environmental conditions (e.g., altitude,
hot ambient conditions) in which firefighters are operating and
training may influence work capacity.

Uneven and Slippery Terrain
Wildfires are often located in mountainous regions, where the
terrain is unpredictable, may vary across the fire season, and is
frequently steep, uneven, and unstable (18, 110). Firefighters
responding to structural fires may have to navigate difficult
terrain such as narrow passages and uneven surfaces while
carrying or operating equipment (67, 81). Regardless of the
type of firefighter, navigating unpredictable and slippery
terrain may increase the risk of injury. When on fire
assignment, wildland firefighters typically sleep on uneven
ground in either large fire camps with other resources (e.g.,
caterer, shower unit) or in small crews with minimal resources
(usually what is in their pack or vehicles). Sleeping on this
type of terrain may interfere with sleep, which may increase
physiological recovery time from the previous day of work
(110).

Tactical Considerations and Countermeasures
The high number of injuries related to fire suppression
activities (17) supports the concept that exercise movement
patterns should mimic occupational tasks and movement
patterns (2, 47). The majority of strains and sprains
experienced by all firefighters occur in the lower extremity
(17, 66), suggesting that a major emphasis should be placed on
lower extremity movement mechanics, muscular strength, and
stabilization. Table 17.3 provides examples of exercise choices
related to job tasks. Exercises that necessitate stabilization
prior to movement are fundamental to a fitness program
emphasizing movement pattern optimization, ankle stability,
balance, and injury risk reduction. Furthermore, these
exercises help optimize neuromuscular facilitation, movement
efficiency, postural control, and force production through the



entire kinetic chain, and they decrease the risk of
compensatory movement mechanics, thus decreasing the risk
of injury. This may not necessitate an isolated stability or core
training program. Although exercise machines are useful for
developing confidence and generally place less stress on the
body, free weight and closed chain structural exercises may
also bring about increased neuromuscular activation through
the kinetic chain (14). In table 17.3, many of the exercises that
partially or fully resemble common tasks are closed chain
structural exercises requiring some degree of spinal loading
and stabilization.



Hazardous Exposures
In addition to fire suppression, firefighters may be called upon
to respond to emergency situations involving unknown agents,
hazardous or industrial material spills, or conditions with poor
air quality, such as vehicle fire suppression (43, 84, 108).
Despite wearing an SCBA and PPE, firefighters may still be
exposed to “toxic fumes, irritants, particulates, biological
(infectious) and nonbiological hazards, and/or heated gases”
(81). The NFPA estimated that firefighters experienced
approximately 25,700 exposures to hazardous situations in
2010 alone (67). Between 2003 and 2006, smoke inhalation at
structural fires accounted for 5% of the minor injuries and 3%
of the moderate to severe injuries experienced by firefighters
(66). Asphyxiation and smoke inhalation were the cause of
eight deaths in wildland firefighters between 1999 and 2008
(37), and they accounted for approximately 9% of the injuries
experienced at wildfires between 2003 and 2007 (17).

Smoke
Smoke is a by-product of combustion. During complete
combustion, natural wood products break down into carbon



dioxide (CO2) and water. However, complete combustion
rarely occurs. The main health hazards in wood smoke are
carbon monoxide (CO) and particulate matter (PM) (100).
Carbon monoxide competes for the same binding site as
oxygen on hemoglobin (resulting in carboxyhemoglobin, or
COhB, when bound), therefore decreasing the amount of
oxygen available to active tissue (19). The hazard of
carboxyhemoglobin levels above 5% is increased cardiac
output, causing an unnecessary increase in cardiovascular
strain (70). Particulate matter may have cardiovascular and
pulmonary health consequences after long periods of exposure
(10). The levels of exposure during wildfire suppression are
typically below OSHA (Occupational Safety and Health
Administration) permissible exposure levels (PELs), but about
5% of the time, levels of these hazards are above PELs. The
average carbon monoxide exposure during wildfire
suppression is 4 parts per million (ppm) (100). This exposure
is well below the level required to elicit any dramatic increases
in carboxyhemoglobin. However, a recent study of wildland
firefighters in Portugal found exposure to gaseous pollutants
and PM to be much higher than the recommended limits (78),
suggesting that magnitude of exposure may vary from location
to location.

Noise
Depending on location and occupational duties, firefighters
may be subject to potentially hazardous noise. For example,
civilian or active-duty firefighters working in the U.S. Air
Force may be regularly exposed to aircraft noise in addition to
engine and siren noise (57). Further research is needed to
examine the effect of this exposure on hearing loss and work
capacity; current research suggests that siren and equipment
noise levels are not higher than acceptable guidelines (6, 125).

Tactical Considerations and Countermeasures
The TSAC Facilitator should be able to recognize signs and
symptoms of respiratory issues and understand how to modify
or postpone planned exercise sessions until symptoms of
exposure to particulate matter, carbon monoxide, and other
pollutants are no longer present. Acute signs and symptoms



may include reduced exercise capacity, increased shortness of
breath, unusual coughing, chest tightness, burning or teary
eyes, and difficulty breathing during low-intensity activities.
The long-term effects of exposure to these hazards may
include problems such as atherosclerosis, inflammation, and
oxidative stress (87, 112). Acute and long-term effects of
exposure to pollutants may also be exacerbated by exercise or
physical endeavors (such as firefighting without SCBA).
During increased physical exertion, a firefighter demonstrates
increases in ventilation, which may also increase respiratory
uptake of toxins (112). As with many aspects of programming
for firefighters (and other tactical athletes), building a good
rapport, as well as communication and trust, between the
firefighters and the TSAC Facilitator may also promote
willingness on the part of the firefighters to express when they
are feeling diminished respiratory function. Be aware that
these issues may need to be reported to department health and
safety supervisors (87).

Shift Work and Unpredictability of Job
Assignment
Structural firefighters typically work in shifts, usually with one
day on duty and one or more consecutive days off duty. The
on- and off-duty duration (days and hours) may vary across
departments and fire duties, but firefighters typically work
extra hours responding to emergencies. Seasonal firefighters,
such as in some divisions of the U.S. Forest Service (USFS),
may also have schedules that mimic shift work but with
minimal days away from firefighting duties and any days not
in the field spent on base preparing for the next assignment. A
wildland firefighter’s typical work shift is 12 to 16 hours but
can be more than 24 hours during initial attack operations
(when firefighters are first suppressing a fire). During large
fires, wildland firefighters typically work 14 days, but they
may work up to 21 days before having a rest day. The highest
energy expenditures are in the afternoon, when the
environmental conditions are most arduous, requiring these
firefighters to pace themselves throughout the day (56).



For structural firefighters, the unpredictability and complexity
of job assignments also makes it difficult to predict the
duration of each shift. An emergency response may take
several hours or several days. These factors, coupled with the
fact that firefighters respond to an emergency situation
regardless of the time of day, may add up to an irregular work
schedule, disturbance of appetite and digestive processes,
disruption in normal sleep patterns, sleep deprivation, and
fatigue (7, 74).

Circadian Disturbances
Over 24 hours, physiological variables such as HR, rectal
temperature, and oxygen uptake demonstrate rhythmic
fluctuations, known as a circadian rhythm, thought to be
driven by biological clocks (20). Circadian rhythms are
thought to affect physical performance, and unexpected
disruptions to sleep patterns and increased physiological
demands placed on the body during the night as a result of
shift work may consequently affect work capacity and
recovery (110).

Tactical Considerations and Countermeasures
Various governing organizations and departments recommend
that structural firefighters be allowed to exercise while on duty
to help maintain fitness (84). However, the exercise mode,
intensity, duration, and timing should take into consideration
the unpredictability of emergency calls and thus the possible
need to recover prior to a fire or rescue response. It has been
demonstrated that resistance-trained firefighters’ simulated
work efficiency decreased by 9.6% 10 minutes after a bout of
circuit training (five resistance exercises, 10 repetitions per
exercise, two rotations of the circuit) (27). Despite the
negative effects of exercise-induced fatigue, resistance-trained
firefighters still maintained superior work efficiency
postexercise compared with untrained firefighters who were
not fatigued (27). Similarly, it has been reported that a heavy
resistance training session (four working sets of five resistance
training exercises, 5RM loads, 2 minutes of recovery between
sets) decreased simulated firefighter work efficiency by 7% 10



minutes postexercise. Work efficiency returned to baseline
levels by 24 hours postexercise (4).

In summary, resistance training does have a negative impact
on simulated work efficiency immediately after exercise, and
those deleterious effects subside between 10 minutes and 24
hours postexercise. Based on these findings, it seems
reasonable for firefighters to train during low-volume
emergency call times or just before the end of a shift; hydrate
before, during, and after training; and consume adequate
carbohydrate and protein to enhance recovery. Furthermore, to
enhance physical fitness while minimizing the negative effects
of exercise-induced fatigue, firefighters should use the
progression principle and progress conservatively from lower
to higher training intensities and volumes. In addition,
although regular physical activity may help improve immune
function (131), acute strenuous exercise bouts may depress
immune function and require longer recovery time (52).

Given the increased risk of and susceptibility to infections,
potential compromise in work efficiency and recovery times,
and potentially hazardous work environment, this research
suggests that the timing of high-intensity exercise bouts needs
to be carefully selected, and exercise prescriptions need to be
flexible to accommodate reductions in intensity and other
programming variables to complement, not compete with, the
recovery process. For example, high-intensity resistance
training exercise sessions may be more appropriate for off-
duty days. Table 17.4 shows a sample training program for a
structural firefighter on a one- to three-day shift schedule that
attempts to accommodate the potential residual effects of shift-
work fatigue and fluctuations in physical work capacity.





Injury and Illness Risks in
Firefighters

The following section summarizes current research on several
conditions for which firefighters have shown an increased
susceptibility. A comprehensive description of medical
conditions that might interfere with job performance can be
found in chapter 9 of NFPA Standard 1582 (81). As with the
general population, predisposition or vulnerability to these
health issues may be influenced by age, gender, prior health,
presence of associated risk factors, smoking, lifestyle
behaviors, obesity, improper use of PPE (e.g., wearing PPE
designed for structural firefighting in response to a wildfire),
and physical fitness (8, 12, 110). Fire departments with stricter
fitness requirements have a lower incidence of cardiac disease
(37, 128).

Given the physical demands of firefighting, illness and injury
are highly disruptive to job performance. The economic
consequences of injury to firefighters can be numerous and
may include medical costs, insurance costs, absenteeism and
lost productivity, psychological counseling for emotional
distress (for those involved in a traumatic incident), and time
spent investigating safety concerns and the mechanism of
injury.

Cardiovascular Disease or Cardiac Event
Heart attacks have been the leading cause of death in volunteer
and structural firefighters for the past two decades (40, 135).
Although the number of on-duty deaths as a result of sudden
cardiac death decreased in 2013 compared with previous
years, heart attacks accounted for 42% of on-duty deaths from
2009 to 2013 (41). The prevalence of cardiovascular disease
and cardiac events is higher in on-duty volunteer firefighters
relative to their professional counterparts (41, 128). Between
1998 and 2008, sudden cardiac death (due to overexertion,
stress, and related medical issues) accounted for the second
highest proportion of deaths in firefighters responding to
wildfires (i.e., forest, brush, and grass fires) (37). However,



these numbers have decreased since then, with all reported on-
duty wildland firefighter fatalities in 2013 being the result of
other causes (41).

Between 2001 and 2010, 11.3% of all on-duty firefighter
deaths (108 deaths) occurred during training-related activities,
of which 30 of the deaths (27%) occurred during physical
training. Of the 108 training-related deaths, 30 occurred during
physical fitness testing, of which 24 were due to sudden
cardiac death and 3 were due to stroke (39). These cases
included volunteer and professional structural and wildland
firefighters (taking the pack test for wildland firefighting
qualification) (36). Not surprisingly, the relative employment
ratio is much lower for firefighters who have diagnosed heart
disease versus those returning from a shoulder, back, or knee
injury (107).

Stress and overexertion are the risk factors most highly
correlated with both fatal and nonfatal cardiac events in
firefighters across all disciplines (17, 37). As previously
indicated, active firefighting places a high degree of physical
stress on the body (e.g., lifting heavy equipment or light tools
for multiple repetitions; experiencing increases in HR,
adrenaline, and body temperature), and it requires optimal
functioning under stressful situations that involve strategic or
tactical decisions that may affect the safety of others. The
nature of shift work means that firefighters may also need to
respond to an emergency situation from a dormant state (i.e.,
responding to a firehouse alarm while sleeping). Furthermore,
firefighters are often the first professionals on the scene of an
emergency, which makes the stressful physical and emotional
response difficult to avoid and over time may lead to an
accumulation of physiological and psychological stress (e.g.,
posttraumatic stress disorder, or PTSD) if no action is taken to
mediate its effect on overall wellness. These risk factors have
been supported in the literature that has suggested cardiac
events are more likely to occur during engagement in on-duty
strenuous activities versus nonemergency situations (120).
However, firefighters with preexisting hypertension,
cardiovascular disease, left ventricular hypertrophy, obesity,
and adverse lifestyle behaviors (e.g., smoking, poor fitness)



have a higher risk of cardiac incident than firefighters without
these predisposing factors (120, 121, 135).

Overweight and obesity rates in career and volunteer structural
firefighters have been documented as high as 50% to 70% and
19% to 43%, respectively (68, 99). High percent body fat,
body mass index (BMI), and waist circumference, as well as
increasing age, may negatively affect simulated fireground
performance (77), risk of injury, and absenteeism (65, 98). Of
the firefighters suffering sudden cardiac deaths between 1996
and 2012, 63% were obese (135). The odds of filing workers’
compensation claims are nearly three times higher for
firefighters with a BMI over 30 kg/m2 versus those with a
normal BMI (69). Baur et al. (12) found that 68% of a large
cohort of 768 overweight and obese male career firefighters
underestimated their weight categories, a trend that increased
by 24% with each BMI unit. This mismatch between
perceived and actual body weight may influence the readiness
and perceived need to engage in a regular fitness program.

Key Point
Cardiovascular disease risk reduction is an important goal for
many firefighter wellness programs given the prevalence of
cardiac events and disease in professional and volunteer
firefighters.

Heat-Related Illness
As previously indicated, thermoregulation is one of the biggest
issues confronting firefighters across all settings, and it has
influenced policy on PPE and rehydration practices. Studies
have shown that ambient conditions with an elevated heat
index can increase the risk of heat-related illness (heat
cramps, heat exhaustion, and even heatstroke and
rhabdomyolysis) during strenuous occupations. A full
description of the signs and symptoms can be found elsewhere
(86). It is important to remember that heat-related disorders
can occur at any temperature or humidity, especially while
wearing PPE (16) (figure 17.14). During 2013, 2,080 reported
injuries in firefighters were attributed to thermal stress, with
1,385 occurring during fireground assignments and 400



occurring during training (68). It has also been proposed that
other injuries related to overexertion, slips, trips, and falls may
have been influenced by thermal stress coupled with wearing
PPE during occupational tasks (44). Between 1979 and 2011,
the NFPA reported seven deaths from heatstroke in firefighters
working on wildland fires (38); however, 255 cases of heat- or
dehydration-related illness were reported in wildland
firefighters between 2000 and 2011 (86). Furthermore, many
cases demonstrating early possible symptoms of heat-related
illness (e.g., hyperthermia, headaches, nausea) may go
unreported because firefighters believe such symptoms are
part of the job and want to avoid punitive repercussions (86).



Figure 17.14 Heat stress chart.

Adapted from B.J. Sharkey, 1997, Fitness and work capacity, 2nd ed. (Missoula,
MT: National Wildland Fire Coordinating Group NFES 1596), 29.

Heat-related stress is not just a problem during emergency
responses. During 1996 to 2005, 3 deaths during physical
training were the result of heatstroke (36), and of the 30
firefighter fatalities during physical fitness training between
2001 and 2010, 3 cases were due to hyperthermia (39). As
previously indicated, heat intolerance may also increase
cardiovascular strain, placing firefighters at increased risk for
cardiac issues (116). Heat tolerance and recovery time are
affected by multiple modifiable risk factors, such as prior
history, known risk factors, physical fitness, and
acclimatization to environmental conditions and PPE (35,
108).

The National Institute for Occupational Safety and Health
(NIOSH) considers heat-related illness to be a sentinel health
event (85), suggesting it is a preventable condition that
indicates preventative strategies were inadequate (105).
Recovery strategies such as whole-body precooling and hand
and forearm immersion in cold water have been shown to
reduce physiological strain in hot ambient conditions with
elevated thermal stress (8, 9), but many of these approaches
have limited feasibility and take a long time to take effect



(130), which limits their application for firefighters looking to
sustain work capacity.

Infectious Diseases
Firefighting assignments, especially those related to wildland
fires, often necessitate groups of individuals living in close
proximity for multiple days. This close proximity coupled with
the aforementioned environmental stressors (e.g., dietary
changes, physical demands, exposure to toxins) may increase
the risk of infection and disease (74, 81). In 2010, the NFPA
estimated that volunteer and structural firefighters had
approximately 11,200 exposures to infectious diseases (67).

Musculoskeletal Injuries
Injury rates vary depending on departmental responsibilities
and the nature of the emergency response (e.g., fire
suppression versus medical emergency or nonfire response)
(17). However, the NFPA estimates that close to 71,875
firefighter injuries occurred in the line of duty during 2010
(67) and 65,880 in 2013 (68). Often these numbers are based
on survey data that may not include injuries reported to certain
federal or state agencies (66). This section summarizes many
of the injuries that firefighters have shown an increased
susceptibility to during the last few years.

The majority of injuries are minor and may require no or
minimal recovery time; however, firefighters are also
susceptible to debilitating injuries that may require
considerable rehabilitation time (if they are not career ending).
The leading injuries in all firefighters between 2004 and 2006
are sprains, strains, and muscle pain (128), although the
number of injuries has fluctuated over the last 10 years (67).
The primary causes of injury on the fireground are
overexertion; slips, trips, and falls; and contact with (being
struck by) an object (17, 67, 68). However, a significant
number of strains and sprains occur when operating, pulling,
lifting, or carrying equipment. From 2003 to 2006, 52% of all
minor injuries and 51% of all moderate to severe injuries were
related to occupational tasks such as handling hose lines or
using hand tools (66). The most commonly injured areas



between 2003 and 2011 were the leg and foot and the arm and
hand, followed by the trunk (including lower back), shoulder,
and neck (17, 68). The most common sites for sprains and
strains were the lower extremity, followed by the trunk,
shoulder, and neck. The most common sites for dislocations or
fractures were the arm or hand, leg or foot, and head (66),
although these sites may change across firefighting disciplines
(17, 18). These findings suggest that injuries are not isolated to
one region of the body.

Firefighters had a greater predisposition to strains and sprains
(or these conditions were further exacerbated) if they had a
prior related condition (127, 128). These preexisting
conditions are termed cumulative trauma disorders or
ergonomic-related disorders and may include conditions such
as back pain and joint, ligament, or tendon issues such as
tendonitis (127). Other contributory factors include fatigue,
decreased flexibility or mobility, and biomechanical
challenges caused by changes in center of gravity due to PPE
and carrying or operating equipment (44, 67, 74). Firefighters
may also be susceptible to muscular imbalances, especially
those related to strength and mobility (109), possibly as a
result of unilateral occupational tasks. During shifts involving
many hours of moderate to hard work, or multiple-day
assignments involving repetitive fire suppression activities
while wearing PPE, firefighters may experience high levels of
fatigue. As fatigue increases, attention to detail may decrease,
compromising movement patterns and increasing risk of injury
from tripping over obstacles or using equipment improperly
(74). In addition to fatigue, poor visibility, cold ambient
sleeping conditions, and uneven terrain have also affected
injury rates during night hours (66).

A recent study found that over a five-year period (2004-2009),
approximately one-third of injuries experienced by firefighters
and rescue personnel occurred during physical fitness or
exercise-related training (96). In this study, many injuries also
occurred at the beginning of the work shift, possibly due to the
physical training and conditioning that frequently occurred at
that time of the day (96).



Optimizing Functional Fitness
To develop an optimal training program for a structural or
wildland firefighter, the TSAC Facilitator must first conduct a
needs analysis and determine the physical fitness and health
status of the firefighter. Then population-specific training
goals that also address individual needs must be established.

Physical Fitness Requirements and
Testing
Several assessments of physical job-performance competency
are mandatory for firefighters across disciplines, but these are
required for candidates only, municipalities that are using it to
hire applicants (e.g., CPAT), or prior to seasonal work (e.g.,
pack test). A full description along with passing criteria for the
CPAT and the pack test can be found in the box titled
“Physical Fitness Assessments for Firefighters.” It is not
mandatory to reassess performance on these tests following
graduation from the fire academy (for structural firefighters)
or during the fire season (for wildland firefighters) unless
department policy includes a reassessment protocol. For
structural fire departments, the implementation of physical
fitness testing, individualized or group training, or physical
fitness standards is the prerogative of individual departments.
According to the Wellness Fitness Initiative (WFI), a wellness
program is meant to “be a positive individualized program that
is non-punitive” (63). Although definitive fire-specific
recommendations do not exist for all associated physical
fitness attributes, it has been reported that the minimum
aerobic capacity for performing structural fireground rescue
tasks is 38 to 45 ml·kg−1·min−1 (51, 91), which is equivalent to
11:40 to 13:30 minutes for 20- to 29-year-old men or women
on a 1.5-mile (2.4 km) run (5).

Physical Fitness Assessments for
Firefighters



Candidate Physical Ability Test

The Candidate Physical Ability Test (CPAT) was
developed by the IAFC and IAFF in the late 1990s
to ensure that candidates meet the minimal
requirements for occupational-related physical
capability. Tasks in the CPAT include the stair climb,
hose drag, equipment carry, ladder raise and
extension, forcible entry, search, rescue, and ceiling
breach and pull. These tasks are performed in
sequence without rest. A pass–fail time has been
established at 10 minutes and 20 seconds.

Research on the CPAT indicates that it significantly
stresses both aerobic and anaerobic energy systems.
On average, oxygen consumption during the CPAT
was 36.6 and 38.5 ml·kg−1·min−1 for women and
men, respectively (132). The high anaerobic
demands of the CPAT were evident as participants
produced a respiratory exchange ratio (RER =
volume of carbon dioxide produced / volume of
oxygen consumed) of approximately 1.0 (132).
Sheaff and colleagues (113) supported these findings
and reported that absolute O2max and anaerobic
fatigue were the best predictors of CPAT
performance. These findings indicate that people
preparing for the CPAT should progressively
develop aerobic and anaerobic endurance and
muscular strength over a period of weeks to months,
depending on initial fitness status.

Pack Test

The pack test was implemented by fire directors of
federal agencies to evaluate the muscular strength
and aerobic endurance of wildland firefighters in the
field. Although the test does not include all job tasks
of wildland firefighters (e.g., constructing a fire line
with a hand tool, shoveling dirt, throwing dirt,
deploying a fire hose, pulling a charged hose,



packing a load), it requires that firefighters pack a
45-pound (20 kg) load over a distance of 3 miles (5
km) in 45 minutes or less. It was determined that this
single task correlated to the performance of other
wildland firefighting tasks, produced a similar rate
of energy expenditure compared with overall job
tasks (22.5 ml·kg−1·min−1) (111), and predicted a
maximal oxygen consumption rate of approximately
45 ml·kg−1·min−1 when completed in 45 minutes
(123). This value has been used as the fitness
standard for wildland firefighters since 1975 (111).
A progressive periodized training program focused
on aerobic and anaerobic endurance may help
prepare for the pack test.

When structural firefighters are performing an aerobic
capacity test in exercise clothing, the recommended maximal
oxygen consumption may be higher than the minimal
recommended level for completion of firefighting tasks. This
addition accounts for the attenuation in maximal oxygen
uptake due to the PPE and SCBA (32). For wildland
firefighters, more specific physical fitness recommendations
have been generated for specific divisions of wildland
firefighters (110). For example, the third edition of Fitness and
Work Capacity (110) recommends interagency hotshot crews
and rappellers be able to complete the 1.5-mile (2.4 km) run in
10:30 minutes, but smoke jumpers are required to complete
the same test in 11 minutes. These run times indicate maximal
oxygen consumption levels beyond those of the
aforementioned wildland firefighter tasks but promote an
adequate level of sustainable fitness, defined as the workload
that can be maintained throughout the day (104, 110). Smoke
jumpers are also required to perform seven pull-ups, whereas
it is recommended that hotshots and rappellers be able to
complete two and four pull-ups, respectively, during a test to
fatigue. It is also recommended that all three of the
aforementioned crews be able to bench press their body weight
and leg press 2.5 times their body weight (110). TSAC
Facilitators should be aware of the latest fitness requirements
for the firefighting department they are working with (both



recommendations or requirements put forth by governing
bodies such as the IAFF or NWCG and standards and policies
established by individual departments) and keep up to date on
the latest publications of testing protocols that accompany
these standards.

Resources published by governing organizations will help
guide professional practice in working with fire and rescue
personnel, and they may enhance collaboration between the
TSAC Facilitator and union representatives and fire
department administrative personnel. Overall wellness is
beneficial for fire and rescue personnel and is well supported
by virtually every governing agency in the profession of fire
and emergency rescue. The IAFF, IAFC, NVFC, NFPA, and
USFS all suggest that a physical fitness program be
incorporated in a comprehensive wellness program that
includes education on nutritional practices, lifestyle behaviors,
psychological well-being, and so on. This may require
interaction, teamwork, and collaboration between experts in
several disciplines and may include working with or serving as
a health and fitness coordinator or peer fitness trainer if the
department aligns with suggestions in NFPA Standard 1583
and the IAFF-IAFC WFI.

Enhancing Adherence to Fitness-Based
Programs
To promote program adherence, a training program must be
implemented with population-specific considerations in mind.
A comprehensive preparticipation screening should be
conducted to identify any potential obstacles to
implementation, instances when further evaluation (such as by
a physician) may be necessary, and occupational or
motivational factors that may influence the frequency and
composition of the optimal training program for individual
firefighters.

Preparticipation Screening
Preparticipation clearance is imperative in order to address any
medical conditions or diseases that may affect the firefighter’s
ability to safely participate in job-related requirements or a



physical training program. Due to the prevalence of
cardiovascular disease and stressful job demands, all
firefighters should have regular physical checkups (at least
annually) with a physician or medical professional,
particularly if they have a known disease, prior to starting or
significantly changing a physical training program (5, 81). All
personnel should also be encouraged to participate in physical
fitness testing on a periodic basis to help guide program
design, measure progress, and detect changes in health that
may affect work capacity. Note that the confidentiality of all
medical information must be respected by any medical or
training staff, especially given the implications this
information may have for meeting job requirements. Each
department will need to develop its own preparticipation
screening protocols, but examples of preparticipation forms
can be found in the guidelines for implementing the IAFF-
IAFC WFI (63) and in the Fitness and Work Capacity text
(110).

Programming Considerations
Fire and rescue personnel may benefit from different
approaches to physical training, and therefore the TSAC
Facilitator should take a flexible approach to program design
to accommodate individual differences and the combination of
occupational demands and personal responsibilities that may
affect program implementation. Physical fitness programs
should be individualized and developed from the results of
physical fitness tests and health evaluations. Occupational
tasks are multijoint and multiplanar, suggesting the training
program should include the entire body and not be isolated to
one region.

Motivation
A lack of physical fitness standards may present motivational
obstacles to the implementation and continuation of a fitness
program within a fire department. Although it is beyond the
scope of this chapter to comprehensively explore motivational
psychology, note that the operational differences between
firefighters may influence the motivation strategies used to
promote adoption and maintenance of a fitness program. For



example, some settings may have volunteer, career, seasonal,
contract, or even active-duty military-commissioned and
civilian firefighters working together, all of whom may be
motivated to engage in a physical training program for
different reasons. Furthermore, departments may often be
composed of firefighting crews used to working as a large
group (e.g., interagency hotshot crews) or in small groups or
partnerships, and consequently they may feel more
comfortable training in a group exercise setting or using a
teamwork approach to training versus training independently.
Furthermore, firefighters may need to address individual
barriers (e.g., time constraints, personal commitments, lack of
motivation, inexperience in optimal exercise approaches) as
they engage in a functional training program. Although no one
motivational approach will work for all firefighters, goal
setting (discussed in the next section) based on individual and
departmental needs has been recommended as a motivational
tool for firefighters.

Training Considerations
Following the preparticipation screening and fitness
assessment, long- and short-term training goals need to be
established to help drive training program development and
implementation. Training goals will influence, for example,
which areas of muscular fitness are a priority for a given
firefighter and consequently guide the selection of the
appropriate load, volume, and exercise selection.

Training Goals
Physical training for firefighters should reflect health and
fitness goals specific to individual and occupational needs.
The maintenance or improvement of physical fitness in
firefighters may be driven by the following objectives:

 

Optimize efficiency of occupational tasks and minimize
physical strain so that the burden of work does not exceed
the physical work capacity of the individual or create



undue fatigue that negatively affects subsequent
occupational performance.
Decrease risk of injury.
Decrease psychological stress and risk of morbidity and
mortality.
Decrease risk of heat-related stress.
Decrease absenteeism.
Prepare for occupational physical ability or fitness tests
(e.g., CPAT, pack test).
Increase energy, stamina, and work capacity.
Decrease risk of chronic diseases.

Program design and goal setting should be guided by a needs
analysis that identifies the occupational demands (i.e.,
metabolic and biomechanical components), personal health-
related goals, and common injury and illness risks, as well as
any personal, departmental, and environmental considerations
that may influence training objectives and compliance (2).

Key Point
Short- and long-term goals may need to be individualized to
each firefighter, although several goals (e.g., decrease risk of
injury) may apply to everyone. Goal setting helps drive
program development, provide motivation, and improve
program adherence.

Exercise Selection
The physiological, biomechanical, and occupational needs of
firefighters are important to understand when developing
programs to improve the physical well-being of firefighters,
particularly when selecting exercises that have a high degree
of specificity to the job tasks. Table 17.2 suggests exercises
with movement patterns similar to actual occupational tasks
for structural and wildland firefighters. These exercises are
meant to provide a foundation for an appropriate training
program; additional exercises should be included to create a
comprehensive training program and provide a movement
progression dictated by the technical proficiency of each
firefighter. Additionally, recent research supports the use of
common equipment found in a firehouse versus conventional



exercise equipment for resistance-based exercises as part of a
supervised training program—for example, using foam
buckets as resistance during farmer’s walks, placing a bundled
hose line on the shoulder while lunging, or wearing an SCBA
while performing squats, lunges, step-ups, and so on. (93).

Muscle imbalances and lack of muscular strength or endurance
increase the likelihood of injury as a result of compensatory
movement patterns that put additional stress on one or more
muscle groups (3, 64). This may be related to physical fitness
levels, but occupational tasks (such as those in table 17.2) that
necessitate unilateral or bilateral rotational movements
involving disproportionate force generation or stabilization,
heavy loads, or excessive vibration may predispose people to
muscle imbalance or immobility. Muscle instability,
imbalance, or weakness may also be associated with increased
likelihood of acute and chronic muscle-related injury (71).
Long work hours coupled with poor flexibility or weakness in
the hamstrings and low back may further magnify muscle
tightness during the wildfire season (110). Corrective exercises
may help correct imbalances and instabilities, and they may
even be incorporated in a preparatory (prehabilitation) routine
to activate the targeted muscles and patterns of activation
during the warm-up. However, to optimize the benefits of
training using many of these job-specific movements, any
prerequisite competencies must be demonstrated (e.g., ankle,
knee, and hip stability), and correct form must be
demonstrated to avoid increasing the risk of injury.

Work-to-Rest Cycles
Work-to-rest cycles for resistance training or aerobic and
anaerobic conditioning should be influenced by the training
goals and targeted metabolic systems. As discussed previously,
structural and wildland firefighters frequently engage in tasks
that use the phosphagen system (e.g., ladder raise, forcible
entry), glycolysis (e.g., load carriage, victim rescue), and
oxidative phosphorylation (e.g., hose operation, hiking with
load, stair-climbing) (2). Therefore, a training program for
firefighters is likely to include programming that targets each
of these pathways. As discussed in previous chapters, the



training emphasis—along with factors such as the training
status of the firefighter—will influence the recommended
work-to-rest ratios. For example, an activity that is targeting
the anaerobic pathways may be sustained for 15 to 30 seconds
or 1 to 3 minutes, for which a work-to-rest ratio between 1:3
and 1:5 is recommended. On the other hand, activities
sustained for greater than 3 minutes (with a work-to-rest ratio
of 1:1-1:3) will stress the oxidative pathway to a greater extent
(53). The TSAC Facilitator needs to carefully plan a
firefighter’s training program to incorporate approaches that
target the necessary training emphases while also minimizing
an interference effect that results in training decrements in one
area while improving fitness in a second area of metabolic
conditioning or fitness (48, 72) (see discussion later in the
chapter).

Program Progression
As with any training program, the TSAC Facilitator must
ensure that firefighters demonstrate the prerequisite
capabilities before adopting or progressing a training program.
This may include demonstrating specific lifting competencies
(e.g., bench press body weight before engaging in upper body
plyometrics) or simply demonstrating good form on an
exercise before load is increased (53). As with sport athletes,
program progression can be accomplished in many ways, such
as adding load, frequency, volume, or intensity; increasing the
complexity of an exercise (e.g., adding rotation to an exercise
performed previously in the sagittal plane); or decreasing
stability during the exercise (e.g., going from a wide-stance
squat to a split squat) (2). For firefighters, the rate of
progression, as well as the duration and intensity of an
exercise or training session, may need to be modified or
planned based on the unpredictability of job demands. For
example, if structural firefighters are on successive callouts
throughout their 24-hour shift, it may not be wise for them to
conduct a training session during that shift, given the high
levels of fatigue they experience from the job demands. This
may require modification of a training program that had
scheduled the firefighters to exercise that day. Fire department
policy concerning on-duty training may also affect the



frequency of training sessions (2), and the training goals for
both structural and wildland firefighters will influence the
intensity prescribed for aerobic conditioning and resistance
training. These factors should also be individualized to meet
the health and job-related goals of each firefighter. See
chapters 9 and 10 for a full description of how to prescribe
duration and intensity to meet training goals.

Periodization
Periodization may work well for fire or rescue personnel who
have specific goals in mind or are on a seasonal schedule. (A
comprehensive discussion of periodization can be found in
chapter 10.) Figures 17.15, 17.16, and 17.17 outline sample
traditional and block periodization training plans for a
wildland or structural firefighter. Table 17.5 provides a
breakdown of possible microcycles that could be extended
from figures 17.15 and 17.16. Although these would need to
be adapted for specific firefighters or departments, table 17.6
provides a sample weeklong program for a wildland firefighter
(extending from the periodization model in figure 17.16), and
table 17.7 provides the same for a structural firefighter
candidate; both focus on anaerobic endurance. In table 17.6,
the program includes strength training specific to the
occupational demands of firefighting. High-volume (high-
repetition) training is performed after the aerobic endurance
training. High-intensity activities are performed on days that
tax the glycolytic systems. In table 17.7, the days that target
the development of high-intensity anaerobic endurance (i.e.,
glycolytic stress) are followed by low-intensity aerobic work
that is used as a compensation activity. The goal is to develop
the ability to buffer lactic acid production and remove it
quickly, inducing a faster recovery rate. In this example, days
that follow HIIT are always followed by compensation
training days and activity designed to enhance recovery.
Strength and power training days would be incorporated
toward the end of the preparatory phase.









Figure 17.15 Sample annual traditional periodization model
for wildland firefighters.

Provided by Dr. Mark Abel, 2014, Periodization strategies for firefighters.
Available: http://www.nsca.com/videos/periodization-strategies-for-firefighters.



Figure 17.16 Sample annual block periodization model for
wildland firefighters.

Provided by Dr. Mark Abel, 2014, Periodization strategies for firefighters.
Available: http://www.nsca.com/videos/periodization-strategies-for-firefighters.



Figure 17.17 Sample periodization model for structural
firefighters (intermediate or advanced lifters).

Reprinted, by permission, from M.G. Abel, T.G. Palmer, and N. Trubee, 2015,
“Exercise program design for structural firefighters,” Strength and Conditioning

Journal 37(4): 8-19.

Aerobic fitness has important implications for health (e.g., risk
of illness) (13), job performance (e.g., physical work
capacity), and recovery. It also forms a sound foundation from
which to further develop other areas of fitness. As observed in
the sample training programs in figures 17.15 and 17.16,
aerobic endurance is important to establish in the early stages
of a training program. In figure 17.15, aerobic endurance is
developed in the transition and early preparation phases (one
to three months). This can be achieved with uniform and
steady-state methods, such as tempo runs at moderate
intensities emphasizing sustained effort for a set period of time
(e.g., 30, 45, or 60 minutes), or with more challenging
approaches such as interval and LT training. Depending on
training goals and status, specific endurance training may be
necessary. This type of training coincides with the
precompetitive and competitive phases in figure 17.15. The
appropriate training method depends on the bioenergetic
characteristics of the activity and the individual needs of the
tactical athlete. For example, wildland firefighters may



consider hiking on unstable terrain and gradually introducing
load such as carrying weight or tools similar to what they do
during the fire season.

However, firefighting tasks require contributions from
multiple energy systems, both aerobic and anaerobic.
Consequently, circuit and interval training that incorporates
various tasks of different intensities, as well as distance runs or
hikes, may be recommended depending on training goals,
fitness status, and fatigue (from callouts or wildfire
assignments) (1, 94). For example, when working with a large
group of firefighters simultaneously, a circuit-based training
session is a time-efficient approach that provides similar
anaerobic stress and comparable (but slightly lower) aerobic
stress compared with structural fireground tasks (1).

Injury and Illness Risk Reduction
Given firefighters’ increased risk of numerous illnesses, any
physical training program should be combined with a
comprehensive wellness intervention that incorporates an
annual physical screening to identify health-related concerns
and educate the firefighter (and facilitator) about any
modifications that should be made to the physical training
program (see the box titled “Recommendations for Health-
Related Fitness Programs for Firefighters”). Comprehensive
guidelines for preprogramming health evaluations and
clearance can be found in various NSCA texts (53). The
NFPA, NVFC, USFS, and IAFF also outline recommendations
and requirements for preparticipation screening and
firefighter-related evaluations that cover increased areas of
susceptibility during required annual physical exams via
various health and safety standards (e.g., NFPA 1582, 1583,
and 1051; NWCG’s Fitness and Work Capacity). In particular,
physician clearance is required before returning to duty
(including physical training) following an injury or illness that
required medical attention or detrimentally affected work
capacity (81). These guidelines and requirements recognize
the benefits of regular exercise and physical activity for
firefighters beyond occupational performance, as well as
lifestyle modifications that may improve overall wellness



(e.g., smoking cessation, dietary modifications). Physical
fitness has numerous implications for managing the
physiological and psychological demands of the job.

Recent research suggests that physical well-being is higher in
firefighters who have fewer signs or symptoms of depression
(21). Mindfulness and resiliency training interventions that
apply an integrated approach to physical training and mental
toughness may help reduce stress and improve coping in
firefighters (114). Physically fit firefighters may have more
confidence in their ability to handle stressful situations,
decision-making skills, and ability to implement a plan of
action (20, 124), especially given the physical nature of
firefighting tasks. The TSAC Facilitator should be aware of
interventions such as these and the contribution that a
collaborative and integrative wellness program can make to
firefighter health and fitness.

Recommendations for Health-
Related Fitness Programs for

Firefighters

The NFPA 1583: Standard on Health-Related
Fitness Programs for Fire Department Members
(84) suggests that a health-related fitness program
should include the following:

 

1. The assignment of a qualified health and fitness
coordinator

2. A periodic fitness assessment for all members
3. An exercise training program that is available for all

members
4. Education and counseling regarding health promotion for

all members
5. A process for collecting and maintaining health-related

fitness program data



Due to the deleterious effects of hyperthermia on physiological
function, it is important that firefighters practice
countermeasures to decrease the risk of heat illnesses on the
fireground, after a response call, and during physical training,
and stop or modify work (including exercise) if symptoms of
heat-related illness persist (110). For example, firefighters may
work in pairs and rotate crews to perform fireground tasks to
decrease metabolic heat production, an approach that can also
be implemented during training. Firefighters should consume
fluids with appropriate electrolyte concentrations before,
during, and after rehabilitation at the fireground. Reports have
shown an increased risk of death or injury during physical
training when there was insufficient rest, water was not
provided to the exerciser, the trainer failed to recognize the
signs and symptoms of injury or illness, or the firefighter was
improperly prepared for exercise (e.g., wearing clothing that
did not allow sufficient heat dissipation) (36). A TSAC
Facilitator should be aware of the hydration status (see chapter
5) and overall preparedness of firefighters before physical
training or educate them on the necessary steps prior to
training. Wearing proper clothing for training is imperative, as
is training in appropriate locations, such as training in an air-
conditioned area for rehabilitation. The benefits of
acclimatization to thermal stresses and altitude have been
discussed earlier in this chapter.

As previously mentioned, TSAC Facilitators should be able to
recognize the signs and symptoms of common illnesses and
injuries, but they should also be able to identify signs of
overtraining syndrome (see chapter 16) and fatigue. Fire and
rescue personnel cleared to participate in training may harbor
residual effects of various ailments and be susceptible to
reinjury, and trainers may subsequently have to work under the
direction of a physician or medical health professional. Even
though firefighters may be cleared by a physician to rejoin a
training program, the facilitator still needs to discuss with
them any personal limitations, as well as their specific job
requirements, in order to design a safe and functional training
regime. Therefore, each program needs to be individualized to
meet the firefighter’s specific needs. Please refer to chapter 16
for further discussion of this topic.



Regular aerobic exercise may help decrease the risk of
cardiovascular disease (e.g., decreases clotting, slows plaque
accumulation, strengthens cardiac muscle), improve emotional
status, promote a healthy lifestyle, and assist with weight
management (5, 128). Higher levels of aerobic fitness have
been correlated with a decreased incidence of cardiovascular
disease in firefighters, improved lipid profile, and lower blood
pressure regardless of BMI levels, but these may improve
further with reductions in BMI (13). Research also suggests
that firefighters can reduce their risk of injury by up to 14%
for every 1 MET (3.5 ml·kg−1·min−1) improvement in aerobic
fitness (97).

Additionally, recent research highlights the importance of
optimizing aerobic fitness to combat the negative effects of
PPE and SCBA on occupational performance (110). The
impact of PPE on movement patterns and injury risk is
important for the TSAC Facilitator to understand in order to
design a conditioning program that helps decrease the elevated
risk of injury that comes with wearing PPE. Consequently,
facilitators must be aware of changes in PPE use and current
guidelines for all firefighters with whom they may be working,
especially if firefighters have different responsibilities across
changing fire seasons.



Program Design and Sample
Training Approaches

Given the need to individualize training programs, fire and
rescue personnel may benefit from a variety of approaches to
physical training. The TSAC Facilitator should take a flexible
approach to program design to allow for individual differences
and the combination of occupational demands and personal
responsibilities that may affect program implementation.
Physical fitness programs should be developed from the
results of physical fitness tests and health evaluations.
Occupational tasks are multijoint and multiplanar, suggesting
the training program should include the entire body and not be
isolated to one region.

Key Program Variables
As suggested earlier in this chapter, many job tasks vary
across disciplines. In addition, several other differences may
influence the nature of the physical fitness program offered to
fire personnel.

Equipment
Fire departments may show considerable disparity in
accessibility to fitness training resources, such as equipment
and availability of subject experts to help design, implement,
and maintain fitness programs. Some departments may have
training resources at the fire station, whereas other
departments may offer access to a commercial training facility
at a reduced cost (especially if the station size does not allow
for an on-site training facility). However, some firefighters
may not have access to training resources automatically
through their fire department affiliation. Firefighters may be
able to use equipment found within the fire station (e.g.,
sandbags, chains, tools) as weights or loads during exercises
instead of using commercial exercise equipment (e.g.,
dumbbells) (84). The advantages and considerations for each
approach are summarized in the IAFF-IAFC WFI document
(63).



Safety
If training is taking place as part of a department-sanctioned
mandatory or optional wellness or fitness program, the
department leadership and administration should be consulted
to promote communication, collaboration, consistency
regarding departmental policies (e.g., time to work out on
shift), and resource allotment and to highlight leadership’s
support. These dynamic variables are important to
accommodate in order to design a population-specific,
affordable, efficient, safe, and beneficial training program.

Training program supervision or guidance by a trained
exercise professional is imperative for optimal prescreening
evaluation, safe transition through a training program, and
appropriate manipulation of training variables. For example,
the program should incorporate education on training practices
related to safety (e.g., form) and program benefits.

Oversight
Depending on the department size and setting (e.g., urban or
rural, cold or hot climate), as well as the sociological
conditions in which the department operates, job
responsibilities, biomechanical and metabolic demands, and
injury and illness trends may vary considerably. As with many
tactical athletes, firefighters may also have multiple demands
on their time, which are potentially exacerbated by the
recovery time needed following night shifts. Volunteer
firefighters (who compose the majority of U.S. fire
departments), for example, often have a paid job that occupies
a significant amount of their time outside firefighting duties or
training.

Numerous fire departments have adopted the 2008 edition of
the IAFF-IAFC WFI as the foundation of their wellness and
fitness programs, but this is not mandated by either affiliated
organization. Although governing agencies (e.g., IAFF, USFS)
unequivocally support a wellness program of sorts for all
firefighters, the nature of the program is dictated by the
administration or departmental leadership and may be
influenced by factors such as department size and composition



(i.e., seasonal, career, volunteer, or combination) (128).
Consequently, fitness program attributes may vary, such as
time allowed to work out on shift and amount of financial
support for resources (e.g., equipment, education for peer
trainers). Fire departments may also have differences
concerning personnel responsibilities within the department,
call volume and response roles, leadership and management
roles and involvement in training programs, training
requirements, union involvement, and interpersonal dynamics
between coworkers (88). For example, some departments may
have volunteer, career, seasonal, contract, or even active-duty
military-commissioned and civilian firefighters working
together. Furthermore, departments may often comprise
firefighting crews working as a group (e.g., interagency
hotshot crews) or as a partnership (e.g., interagency smoke
jumpers), which may influence their preferred training
environment. These factors will have a significant impact on
the feasibility of a training program, access to equipment,
motivation, and sustainability.

Program Scenarios
A number of challenges must be considered when designing a
training program for structural firefighters. Such challenges
include designing a periodized training program that optimizes
performance throughout the year (because emergency
responses may be unpredictable) yet minimizes risk of
overtraining and enhances multiple competing fitness
attributes (e.g., aerobic endurance versus muscular strength).
Although a traditional periodization scheme may be effective
for untrained firefighters or for wildland firefighters who have
a defined work season (figure 17.15), it may be less effective
for highly trained wildland and structural firefighters or
structural firefighters who must respond to unpredictably
timed emergencies.

Block periodization is one alternative training strategy that
addresses these challenges. Originally designed for Olympic
athletes with sporadic competition schedules, it is structured to
achieve peak performance multiple times throughout an annual
cycle. Block periodization is composed of 5- to 10-week



training cycles that allow for frequent evaluation of
physiological development. A training cycle is composed of
three training blocks, as shown in figure 17.17 (i.e.,
accumulation, transmutation, realization) (61). Each training
block targets a minimal number of fitness attributes to
optimize their development. Block periodization is based on
sequencing training targets according to their training
residuals. Fitness attributes with longer training residuals are
typically stimulated in the accumulation block (e.g., aerobic
endurance and muscular strength; 2- to 6-week training phase),
fitness attributes with moderate residuals are targeted in the
transmutation block (e.g., anaerobic endurance; 2- to 4-week
training phase), and fitness attributes with the shortest
residuals are targeted in the realization block (e.g., speed and
power; 1- to 2-week training phase) (figures 17.16 and 17.17)
(61). Therefore, firefighters may optimize development of a
fitness attribute during a specified block, but due to the
relatively brief block durations, minimal time is spent away
from stimulating a given fitness attribute.

In addition, because firefighters must develop most fitness
attributes (from aerobic endurance to muscular
strength/power) (2), it may be advisable to use complementary
training stimuli to improve aerobic endurance and muscular
strength throughout the training cycle while minimizing the
interference effect. That is, training concurrently for aerobic
endurance and muscular strength outcomes has been shown to
attenuate strength development (72), and therefore
complementary endurance and strength training intensities
should be used to minimize this interference effect (48). It
appears most efficacious to avoid concurrently training with
high aerobic endurance intensities (i.e., >95% of O2max) and
moderate resistance training intensities (i.e., 75%-80% of
1RM) (48). Sample resistance training and conditioning
microcycles for wildland and structural firefighters that
provide suggestions for avoiding the interference effect are
illustrated in tables 17.6 and 17.7.

Sample programs to use as templates for developing functional
and individualized training programs can be found in the
current literature (e.g., 3, 4), NFPA Standard 1583 (84),



chapter 8 and appendixes A and C of the NWCG’s Fitness and
Work Capacity (110), and various NSCA texts (8).



Conclusion
TSAC Facilitators need to educate themselves thoroughly on
the occupational needs of the firefighters for whom they are
designing training programs. This increases the likelihood that
they will implement exercises and training programs that
mimic the movement patterns, train the metabolic needs, and
address the areas of injury risk in this population. The TSAC
Facilitator also has to consider a multitude of factors in
addition to the biomechanical and metabolic needs of
occupational tasks. The TSAC Facilitator must become
familiar with the firehouse culture and develop effective
communication, trust, and collaboration with the firefighters.
Program design and implementation must be adaptable to the
wide variation in training status throughout a department, the
type of training resources that may be available, and the need
to prioritize occupational needs and firefighter health over
physical training preference. By taking these logistical,
sociocultural, and occupational factors into consideration, the
TSAC Facilitator will help firefighters manage the
occupational demands they face each day and “will protect the
most valuable piece of equipment in the Fire Service, the
firefighter” (2).
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Study Questions
 

1. A firefighter must perform activities that use all the
energy systems. Which task primarily uses the glycolytic
system?

1. ladder raise
2. hose hoist
3. stair climb
4. victim drag

2. Which of the following exercises is the most beneficial in
training a firefighter to raise a ladder?

1. Turkish get-up
2. glute-ham raise
3. farmer’s walk
4. good morning

3. Which of the following increases due to warm thermal
stress?

1. heart rate
2. stroke volume
3. blood plasma volume
4. venous return

4. For structural firefighters who must respond to
unpredictably timed emergencies, which periodization
program might be the LEAST effective?

1. nonlinear
2. sport season
3. block
4. traditional
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After completing this chapter, you will be able to

 

describe the physiological and biomechanical
occupational demands, injury risks, environmental
exposures, and occupational stressors experienced by law
enforcement personnel;
discuss the fitness requirements and recommendations for
law enforcement personnel;
design fitness programs by applying training principles
and approaches to improve and maintain fitness in law
enforcement personnel across disciplines, subdivisions,
professional statuses (cadets versus incumbent), and
fitness levels; and
analyze case-specific and problem-centered scenarios.

The physiological demands of law enforcement have been a
polarizing topic for some time. Law enforcement officers are
typically sedentary but perform short periods of high-intensity
activity, often in life-threatening situations. This chapter
addresses physiological issues that TSAC Facilitators should
be aware of when working with law enforcement personnel, as
well as physical training methods to help mitigate these issues.



Critical Job Tasks for Law
Enforcement Personnel

The occupational tasks of law enforcement personnel can be
unpredictable and highly diverse. These tasks can change daily
or even hourly, where, for example, an officer performing desk
work may suddenly be called upon to assist with a riot
situation or an intoxicated offender in the watchhouse. Given
the nature of this work environment, law enforcement
personnel face a variety of occupational, physiological, and
biomechanical demands.

Occupational Demands
Law enforcement work is complex, and occupational tasks can
vary greatly (4, 5, 16, 17, 21, 47, 86, 98). Discrete populations
within law enforcement may include police cadets (94),
general duty officers (4, 5, 7, 94, 98), traffic officers (47),
patrol officers (16, 17, 94), police motorcyclists (47), and
specialist units (99). Given this diversity, officers often
perform an assortment of occupational tasks. One study
investigating the range of tasks officers responded to during
their shifts found great variations in the requirements of
general duty officers. This study found that the most common
occupational tasks completed by 53 police officers were
checking bona fides (29%) and responding to domestic
disputes (15%); the least common tasks were serving
defective-vehicle notices and following up on threatening
phone calls (1%) (101). The duration of these tasks also varied
greatly, from dealing with theft (mean = 41:28 ± 22:50 min)
and persons on premises (mean = 37:13 ± 18:46 min) to
responding to domestic disputes (mean = 10:02 ± 02:33 min),
driving urgently (mean = 7:45 ± 3:21 minutes), and attending
noise complaints (mean = 2:22 ± 2:07 min) (101).

A study investigating officers who spent a long time in their
vehicles looked at the tasks performed within the vehicle (68).
The study found that, in addition to driving, which made up
just over 50% of time in the vehicle, officers also completed
paperwork (20% of time) and used a mobile data terminal



(approximately 13% of time) (68) while seated in their
vehicles.

Within each of these occupational tasks, there is a plethora of
physical subtasks. These physical subtasks can range from
low-intensity activities such as desk work and general driving
to high-intensity activities such as carrying personal
protective equipment (PPE), running, and jumping (4, 5, 7,
16, 17, 47, 98). Other activities reported by officers include
standing, balancing, walking, running, running up stairs,
climbing, bending over, squatting, kneeling, lifting, crawling,
frisking, dragging, gun loading, wrestling, dodging, and
driving urgently (4, 5, 7, 16, 17, 47, 68, 98).

Police officers may typically drive in vehicles and, according
to some research, rarely run more than an average of 87 m (95
yd) (range: 5-350 m or 5-383 yd) (5). Anderson et al. (5)
acknowledged this; however, the researchers also stated that
once the officer gets to the problem, it is necessary to control
and remove the problem. Thus, critical incidents observed in
the research could last up to 29 minutes. Although the average
tasks and requirements of officers are often used as reference,
they should be viewed with caution. Consider the example of a
police officer who chased an offender a considerable distance
on foot across fields and then, when they both became
entangled in a fence, fought to retain his weapon as the
offender struggled to acquire the firearm (62). Law
enforcement officers may be exposed to notable physiological
and biomechanical stresses in the range of tasks and the
variations in physical subtasks.

Physiological Demands
Considering the diversity of occupational tasks and variations
in physical subtasks, it is not surprising that the physiological
demands of law enforcement can range from sedentary to
highly demanding. Furthermore, the dispersion of less to more
demanding physiological tasks may not necessarily be equal.
Law enforcement can be a sedentary occupation in general (5,
86). As an example, one study investigating self-reported
physical activity during duty hours found that the mean
intensity during police shifts equated to the metabolic



equivalent (MET) of 1.6, which is essentially equal to sitting
(86). This is understandable given the nature of common tasks
such as driving a patrol car or doing desk work. However,
officers may also have to rapidly respond to situations with
dramatically increased physiological demands. Anderson and
colleagues (5) suggest that law enforcement work is 80% to
90% sedentary with intermittent points of high-intensity
activity. More direct associations between physical
requirements and physiological demands can also be seen.
When struggling with an uncooperative subject, police officers
have been reported to physically push and pull the offender in
93% of incidences, with over 70% of these instances requiring
medium to maximal effort (5).

Physiological costs of tasks can be further exacerbated by the
external loads law enforcement officers must carry (56). These
external loads can range from 7 kg (15 lb) when wearing a
general duty belt to around 10 kg (22 lb) or greater when
wearing a protective vest (5). This load has been found to
decrease officer maneuverability, acceleration, relative
strength, and balance while increasing HR, RPE, and oxygen
consumption during general and occupational tasks (37).

For specialist police officers, these external loads can be
greater. Tactical operations officers, such as special weapons
and tactics (SWAT) or tactical operations unit (TOU)
personnel, may carry loads of around 22 kg (49 lb) consisting
of primary and secondary weapons systems, body armor, and
communication systems. These loads have been found to
decrease mobility (29, 37) and even marksmanship to some
degree (26).

Key Point
Heavy loads are an integral part of the police officer’s duty
belt and PPE. The TSAC Facilitator needs to consider such
external loads when conducting a needs analysis.

Occasionally, specialist police officers may be required to
perform tasks wearing other forms of PPE, such as chemical,
biological, radiological, and nuclear (CBRN) suits. This
form of specialized protective clothing can weigh over 26 kg
(57 lb) (19). Not only do these loads impart known



physiological loads associated with load carriage, but they also
affect thermoregulation (19). When required to perform tasks
that included unarmed house entries and crowd control, one
study found that not only did HR increase but so did body
temperature, and it was body temperature that was a major
limiting factor in performance (19). Thermal considerations
are discussed later in this chapter.

Although there may be periods of lower intensity or even
sedentary work, law enforcement is one of the most stressful
and difficult occupations (43). On a daily basis, law
enforcement officers experience a broad range of emotionally
harrowing events, make decisions under duress, and encounter
life-threatening situations, all of which can dramatically alter
their physiological state. Examples of situations that may
induce a stress-related physiological response include
shootings, robberies, and severe motor vehicle accidents (63).

In summary, the evidence suggests that the physiological
requirements of law enforcement officers performing daily
tasks can range dramatically. Furthermore, these physiological
requirements may be influenced by other factors such as
stress. Law enforcement officers require the physiological
ability to maintain a given task at a low intensity over a period
of time and to perform explosively or apply maximal force for
short durations.

Biomechanical Demands
One notable concern for the police officer is the need to
sustain a posture for a considerable time, most notably sitting
in a vehicle. Long periods of sitting and driving in a vehicle
are a risk factor for back injuries (13), and the duty belt and
protective vest further impede sitting posture (52). The duty
belt, for example, has equipment to the rear that may press into
the lower back during sitting, causing discomfort and
influencing posture (52). Officers may conform to a seated
posture that they would not typically select if they were not
wearing a duty belt and protective vest (52).

Operating a mobile data terminal within the vehicle (68)
further influences movement mechanics. Typically the



terminals are to the side of the seat and have little
maneuverability (67). Officers have to rotate through their
spinal column, already in a compromised position, as well as
reach across the body with the arm in order to use the console
(67). Although this postural loading may initially be minimal,
research suggests that the discomfort felt by officers
performing tasks on a terminal while seated increases over
time (67).

Key Point
Common activities such as riding in a car can have significant
biomechanical implications that the TSAC Facilitator should
consider.

Load carriage tasks elicit several biomechanical responses
from the body, including changes to the carrier’s posture,
changes to gait kinematics (e.g., stride length, stride
frequency), and changes to ground reaction force (GRF) when
walking (8, 56). The most notable changes to posture include
increases in forward trunk lean, changes to spine curvature
(those who had a small curvature straightened under load,
while those with a greater curvature had an increase in
curvature), spinal compression, and spinal shearing forces (8,
70, 75). Changes to gait induced by load carriage include
changes in the duration of the double-limb support phase,
stride length, and stride frequency (55, 59, 84). Finally, GRF
has been reported to increase significantly in downward,
anteroposterior, and mediolateral directions as the carried load
increases (15, 55, 59, 84). These changes to posture, gait, and
GRF are influenced by the weight of the load and can increase
the potential for injury through increasing spinal and
musculoskeletal loads and the total volume of impact forces
(15).

Research by Rhea has revealed several biomechanical impacts
on task performance when police officers perform specific
duties, such as “restraining subjects, close-quarter hand
combat, forcible entry, lifting objects and rapidly maneuvering
through or around objects” (88). In addition, several
observations in this environment are of note. In one
observation period, officers were required to perform lifting



and dragging movements and physically restrain offenders
under the influence of alcohol and narcotics. These officers
were often in poor postural positions enforced by their
environment, in this case the size of the watchhouse cells. To
maneuver an uncooperative offender through the single-cell
doorway, officers were required to twist and reach across their
bodies. Likewise, to remove restraints within the cell, officers
had to flex forward from the hips with straight legs (the cell
walls were directly behind them), flex their spines, and extend
their arms to reach the ground while wearing protective vests.
Discussions with the officers revealed that going home with an
aching lower back and shoulders following a shift in the
watchhouse was expected. Other observations have found that
officers often have poor posture while carrying protesters who
struggle while suspended or develop increasingly kyphotic
postures when holding riot shields for a protracted period.
With research showing that up to 38% of U.S. police officers
have suffered an injury during use-of-force incidents (3), these
individual anecdotes provide a personalized insight into the
biomechanical stresses placed on police officers completing
occupational tasks. These chronic biomechanical stressors
could also explain the decrease in trunk mobility found in
experienced police officers when compared with younger
recruits (81).

Key Point
Law enforcement personnel experience a high level of
musculoskeletal injury, and special consideration for injury
prevention should focus on use-of-force incidents.



Environmental, Occupational, and
Exposure Concerns

In addition to law enforcement officers’ level of physical
fitness, environmental, occupational, and exposure concerns
can influence the physiological demands on officers.
Environmental conditions can affect fluid balance and the
ability to maintain thermal homeostasis (core body
temperature between 36 °C and 37.5 °C [97 °F and 99.5 °F).
An officer’s PPE, such as load-bearing vests or even
something as simple as gloves, can inhibit convective cooling
during hot days but may be necessary to reduce the risk of
death as well as occupational exposures in the line of duty
(31). Occupational exposures include, for example, contracting
serious illnesses when dealing with infected offenders or
persons of interest (61).

Thermal Concerns
Law enforcement officers are, for the most part, sworn to
protect life and property, and they can be required to perform
their duties in all types of environmental conditions.
Depending on their role, officers may wear a range of PPE
(e.g., ballistic or stab vests, load-bearing vests, helmets,
gloves) as well as their personal weapon systems and
appointments, which, as mentioned earlier in this chapter, can
weigh 8 to 10 kg (18-22 lb) for general duty officers and up to
22 kg (49 lb) for officers on specialist high-risk duty. The
impact of this load carriage has been discussed in
physiological and biomechanical contexts, but the thermal
impact also warrants consideration given that this load can
cover a large percentage of the body.

For example, general duty police officers perform a range of
tasks that could increase their susceptibility to thermal-related
problems. A common task of these officers in Australia is
conducting random breath testing and mobile drug testing on
citizens driving motor vehicles. In summer, ambient
temperatures can reach in excess of 40 °C (104 °F); more
tropical locations may be slightly cooler, around 34 °C (93



°F), but have a humidity level above 80%. Officers are
required to stand on the side of the road wearing PPE,
weapons, and appointments for extended lengths of time. The
radiant heat from the road can be extreme (above 50 °C or 122
°F), especially when the road surface is made of asphalt
(bitumen). Rather than wear a duty belt, many police officers
opt to wear a load-bearing vest that sits over the torso, holds
their equipment, and often also has removable ballistic plates.
This vest can increase the likelihood of thermal strain due to
the reduced ability to cool the torso, especially when the
ballistic plates are in place (69).

Officers in specialist units, such as a SWAT unit, riot unit, or
units that require special equipment to perform their roles
(e.g., CBRN suits), can be at greater risk of heat-related issues
because of the extra equipment they wear (19, 31). SWAT
officers may be required to hold a perimeter for extended
periods during a siege, and riot squad officers may need to
repel a large crowd of civilians to maintain local law and
order. Figure 18.1 shows what a SWAT officer usually wears
during operational duty. No part of the body is left uncovered
in case of, for example, deployment of gas that can affect the
skin, eyes, nose, ears, or mouth. Likewise, officers with CBRN
duties perform tasks with PPE that limits heat transfer from
the body to the environment (19, 31).



Figure 18.1 Operational uniform and appointments of a high-
risk tactical law enforcement officer. Uniform, appointments,
and PPE for this type of officer can weigh around 23 kg (51

lb).

The impact of PPE on the heat-induced thermal stress of the
wearer is important; research has found that thermal stress can
reduce work capability over time. As an example, Snook and
Ciriello (92) reported that the ability to conduct work tasks
over a continuous period (40 min) was significantly reduced in
a hotter environment (27.0 °C [80.6 °F] versus 17.2 °C [63.0
°F]). Research where officers wore CBRN suits highlights this
impact, with officers unable to complete tasks due to heat
stress rather than physiological fatigue (19). Furthermore, with
evaporation being the primary mechanism of heat loss during
physical activity (100) and thus providing the primary
physiological defense against overheating (64), the body loses
fluid and electrolytes as it attempts to return to a thermoneutral
status. An absence of fluid intake, in conjunction with fluid
loss through sweating, can increase the potential for
dehydration, which in itself has been shown to decrease
physical performance (28). Although the focus in this instance
is on reduced occupational performance, this prolonged
exposure to heat and fluid loss not only reduces work
performance but also can lead to heat-related illnesses.



Considerations and Countermeasures
Given law enforcement officers’ tasks and their requirement to
serve and protect citizens, they often cannot simply stop
performing their duties as their heat stress increases, nor can
they stop to rehydrate. As an example, an officer involved in
holding back a riot cannot simply walk away from the shield
wall. Furthermore, prevention is the best method to combat
heat-related illness, but it is not always possible for law
enforcement personnel. Officers cannot choose the
environment, timing, or duration of their tasks. This is not to
suggest that heat stress should be accepted, however. Officers
and their departments should always take appropriate steps to
ensure their own thermal safety whenever possible, such as
staying out of direct sun for prolonged periods, sitting in a car
with air conditioning when in the field, drinking small
amounts of water at regular intervals (400-800 ml [134-27 fl
oz]) (1), and consuming a similar volume of sport drink (e.g.,
Gatorade) interchanged with water when in the sun for over an
hour (1).

Heat-related illness or injury in the hotter months can be
minimized through heat acclimatization. When acclimatized,
an officer’s physiological system becomes more efficient at
maintaining temperature homeostasis in the environment.
Research suggests that heat acclimatization should be
conducted over 10 to 14 days (14), although this will vary
depending on the degree of climate change and individual
factors such as the officer’s health and aerobic fitness. Most
law enforcement officers will achieve some natural
acclimatization through the change of seasons, but
acclimatization becomes important for officers who deploy
into areas much warmer than their home environment. These
officers should try to limit any lengthy exposure to the heat
upon arrival and gradually increase time outside over the next
7 days if possible.

For a planned task, such as random breath testing (i.e., DUI
checkpoints), countermeasures such as ice vests for the torso
or ice scarves for the neck could be used to reduce the
likelihood of thermal strain (65). Officers should be educated



on hydration, especially in regard to achieving euhydration
before these tasks. Weighing oneself at the start and end of a
shift measures the amount of fluid lost during the shift or
activity. Where possible, work:rest tables for working in hot
environments should be available that include planned
hydration breaks to allow regular ingestion of water (duties
permitting) (74). During longer periods, these water breaks
should be interspersed with drinks containing electrolytes in
order to prevent hyponatremia (51).

Ensuring staff are appropriately hydrated before their shift
begins is a simple way to minimize heat illness. Testing
involves each officer producing a small urine sample that can
be analyzed using a test strip or refractometer. Officers’ urine-
specific gravity (USG) should be in the range of 0.005 to
0.015. Urine in this USG range is almost clear or a very light
yellow. Although urine color can be affected by some
medications and foods, the general rule is that the darker urine
is, the less hydrated a person is. A person with a USG reading
of 0.020 or higher is considered dehydrated.

Hazardous Exposure
No one would deny that a law enforcement officer’s job can be
hazardous, but few consider the number and nature of hazards
in terms of exposure. During an arrest or when responding to a
riot, officers can be exposed to a range of bodily fluids,
including saliva and blood that may contain infectious diseases
(such as hepatitis or HIV). When performing tasks at
clandestine drug laboratories, or even at evidence holding
areas, officers can be exposed to a wide range of toxic
chemicals through either airborne or skin-contact exposure.
There is also the chance of exposure to lead when regularly
firing or handling ammunition (60), with continued exposure
known to cause serious problems such as kidney damage (33).
In addition, some locations where an officer is required to
conduct tasks repeatedly (e.g., vital asset protection) may
contain asbestos, which, if disturbed, can cause mesothelioma
(83).

Considerations and Countermeasures



The nature of these hazardous exposures makes them difficult
for officers to avoid. Countermeasures typically involve
administrative policy (e.g., wearing face shields when
attending riots, using protective shields if required to give
CPR, wearing a breathing apparatus and gloves when
attending suspected drug laboratories, reporting and obtaining
blood screening after exposure to bodily fluids such as blood
or saliva). However, the unpredictable nature of tasks means
that adhering to these policies can be difficult. Likewise, it is
often not known whether a building contains asbestos or a
suspect is carrying an infectious disease, and this information
may only become known months or even years later. Duty of
care to take reasonable precautions against the likelihood of
exposure is shared by both the law enforcement agency and
the individual officers.

Shift Work and Unpredictability of Job
Assignment
Law enforcement rosters are usually structured so that officers
work a series of shifts (e.g., two 12-hour day shifts followed
by two 12-hour night shifts) followed by a block of days off.
Night shifts can affect the body’s circadian rhythms because
officers are awake when they would typically be asleep (2).
This change in rhythm can lead to a decrease in performance
during the night shifts or following day shifts depending on
the break between shifts (2, 85). This change in sleep patterns
can significantly increase the likelihood of sleep-related
accidents during the night shift (45). Anecdotally, people with
higher levels of aerobic fitness cope better with the transition
from day to night shifts (50); however, shift work has been
found to have a negative impact on the desire to conduct
physical training (50).

Law enforcement officers generally face a high level of
uncertainty upon arriving at a job. A civil conversation
between an officer and a civilian can quickly descend into
physical violence where nondeadly or deadly force is used. It
is critical for law enforcement officers to maintain situational
awareness at all times, especially when working as a single
unit (e.g., general duty mobile supervisor, highway patrol



officer). It is not uncommon for single units to be involved in
high-stress, high-risk situations where officer safety is
threatened (10). Physiological responses can be heightened to
the point where tunnel vision and the auditory exclusion
effect occur. During high-stress situations, vision can narrow
(tunnel vision) so that the person has no peripheral vision.
Similarly, auditory exclusion is the temporary loss of the
ability to interpret sound. Both effects are caused by
overexcitement of the sympathetic nervous system, or the
fight-or-flight system.

Considerations and Countermeasures
Shift work and law enforcement go hand in hand. Some work
has been done to develop fatigue management policies
whereby officers who are at risk of fatigue (e.g., on-call
officers who have not had a mandatory period of downtime
between shifts, officers with issues outside of work that affect
the ability to stay alert on the job) can be assisted or their roles
adjusted to mitigate fatigue (e.g., offering alternative duties,
giving time to rest on duty, relieving the officer of duty for the
shift) (97).

The TSAC Facilitator can also provide educational
programming on such topics as sleep and understanding the
impact of alterations in shifts. For example, officers can learn
about sleep hygiene, which is a grouping of behaviors,
practices, and conditioning that can be changed to improve
sleep. Avoiding napping, limiting alcohol and caffeine, being
exposed to natural light, and doing certain relaxation activities
right before bed are examples of sleep hygiene (53).

Shift alterations are a common practice in law enforcement
(99). One example is the concept of forward versus reverse
shift rotations. Rotating forward with the clock versus
backward against the clock has a differential effect on
circadian rhythms. Specifically, rotating shifts forward
(moving from day to evening) is easier than backward
(moving from days to midnight) because the body’s circadian
rhythms are predisposed to such a change. It has been
estimated that it takes 4 additional days to adjust to a reverse



shift compared with a forward shift (8 versus 12 days) (46,
73).

The TSAC Facilitator needs to encourage officers to treat
sleep as a safety and performance issue (97) and find ways to
teach officers how to reduce stress, incorporate physical
activity, obtain proper nutrition, and avoid excessive caffeine
and alcohol. These are all associated with quality sleep (46).



Injury and Illness Risks
Every shift, police officers are exposed to factors that can
affect their health and lead to physical injury. It is therefore not
surprising that the number and compensation costs of reported
injuries for police staff covered by workers’ compensation are
well above the average of the public sector (96, 98). In
addition, over a two-year period, more than 50% of officers
who separated from the police force in New South Wales,
Australia, separated as medical retirements (96). These
separations represent a substantial loss of corporate knowledge
and skills in addition to incurring significant financial costs.
Such separations also appear to be age related, meaning that
older officers tend to have more severe injuries or that the
injuries lead to a greater disruption in their ability to work.

In terms of musculoskeletal injuries in police officers, the
most common injury sites are the neck, back, ankle, hamstring,
knee, and rotator cuff (78, 79, 88). This is not unexpected
given the nature of the job tasks. Sitting for long periods in
prolonged and altered postures (52), reaching and rotating
across the body to operate a mobile data terminal (67), and
physically restraining offenders (5) are likely to overstress
these body sites. Furthermore, backs, knees, and shoulders are
known sites of injuries associated with load carriage (76). An
investigation profiling the movement capabilities of new
recruits and veteran officers identified a notable decrease in
performance scores relating to shoulder mobility, trunk
rotational stability, and single-leg movement with age (77). As
such, a potential exists to identify structures at risk of injury
and implement a risk management strategy to mitigate these
concerns. Furthermore, it is possible to retrain injured officers
to a movement standard (most notably at the key injury sites)
before they return to full-time duties (79). Optimizing the
ability of a law enforcement agency to identify an officer’s
potential for injury and return an injured officer to full duties
is vital to capability maintenance.

While musculoskeletal injuries are a regular occurrence in law
enforcement, psychological injuries are fast becoming more
prevalent and may eventually become the top injury to law



enforcement officers. Large numbers of law enforcement
officers, especially police officers, are reporting psychological
injuries as a consequence of being exposed to regular trauma;
extreme situations that officers routinely respond to, such as
deceased persons, motor vehicle accidents, and domestic
incidents, can result in posttraumatic stress disorder (PTSD)
(11). Officers have also developed PTSD as a result of
workplace issues such as stress and job dissatisfaction (27).
Research has shown that maintaining a suitable level of fitness
can build resilience and hopefully reduce the likelihood of
suffering from PTSD (38). Similar to musculoskeletal injuries,
there is an opportunity to identify officers most at risk of
psychological injury in the early stages through basic reporting
and programs that use psychologist and exercise interventions
to assist officers in their recovery. There are now guidelines on
how to best treat and diagnose PTSD in emergency service
workers (18); however, guidelines need to be produced to deal
specifically with the issues faced by law enforcement
personnel.



Optimizing Functional Fitness
Optimization of functional fitness or occupational
preparedness is the primary duty of the TSAC Facilitator. This
requires a strong understanding of the physical fitness
requirements for the occupation and designing or using tests to
measure the fitness level of recruits and officers. The results of
these tests can guide exercise prescription and goal setting to
optimize adherence to and motivation for the program in order
to reduce injury and increase the ability to perform job tasks
(both physically and mentally).

Physical Fitness Requirements and
Testing
Physical job performance capabilities are a necessity for police
officers regardless of job assignment. Unfortunately, many
municipalities only test these fitness requirements for entrance
into the training academies (e.g., POPAT, FLETC battery of
tests) or prior to advancement into a specialized unit such as
SWAT. A full description along with sample criteria for the
POPAT and FLETC tests can be found in the boxes titled
“Peace Officer Physical Aptitude Test (POPAT)” and “Federal
Law Enforcement Training Centers (FLETC) Tests.”
Reassessment of these tests is not typically mandatory after
graduation from the training academy unless individual
departments have specified policies on testing.

Peace Officer Physical Aptitude
Test (POPAT)

The Peace Officer Physical Aptitude Test
(POPAT) consists of five tests. These tests are based
on a job analysis and are meant to simulate the tasks
performed by patrol officers. The tests involve the
following:



 

1. Obstacle course for 99 yards (91 m)—Run a 99-yard (91
m) obstacle course consisting of several sharp turns, a
number of curb-height obstacles, and a 34-inch (86 cm)
obstacle that must be vaulted.

2. Body drag—Lift and drag a 165-pound (75 kg) lifelike
dummy 32 feet (10 m).

3. Chain-link fence—Run 5 yards (5 m) to a 6-foot (2 m)
chain-link fence, climb over the fence, and continue
running another 25 yards (23 m).

4. Solid-fence climb—Run 5 yards (5 m) to a 6-foot (2 m)
solid fence, climb over the fence, and continue running
another 25 yards (23 m).

5. 500-yard (457 m) run—Run 500 yards (457 m),
equivalent to one lap of a standard running track plus 60
yards (55 m).

Points are allotted based on times for each test. The
POPAT is an overall assessment of the candidate’s
potential as a patrol officer. Each test is weighted
based on its importance relative to job occurrence
and specificity (6).

Federal Law Enforcement
Training Centers (FLETC) Tests

The FLETC Physical Efficiency Battery (PEB)
contains five tests to assess candidate fitness: the
three-site skinfold test (body composition), Illinois
agility run (agility), sit and reach (flexibility), bench
press (muscular strength), and 1.5-mile (2.4 km) run
(cardiorespiratory fitness). Scores of 75% or higher
are necessary in all categories (excluding body
composition) to receive a fitness certificate (see the
following tables) (30).





Enhancing Adherence
Enhancing adherence to any program once recruits have
graduated from the academy or training center is difficult. The job
of a police officer is to be on the street enforcing the law, so
allocating time for the officer to undertake physical training on
the job can be difficult. The generally sedentary nature of police
work does not prepare officers for high levels of activity or even
maintain good health.

Education can go a long way toward enhancing adherence to any
program. A TSAC Facilitator can be embedded in law
enforcement departments or specialist units such as SWAT teams
to provide expertise in designing and implementing fitness
programs. TSAC Facilitators can provide ongoing education and
support to the officers regarding the benefits of a healthy lifestyle
for decreasing stress and injuries.

Preparticipation Screening
Before commencing any physical training program, a police
officer should be made aware of the risks of the program. Each
police department should have an in-depth policy and procedures
document that outlines the expectations required of an officer
before undertaking a physical fitness program. This
preparticipation screening helps identify people with a known
disease or signs or symptoms of disease who may be at a higher
risk of an adverse event during physical activity (9).

Programming Considerations
Essential physical tasks have been identified in law enforcement
(12, 32, 88):

 



1. Walking
2. Running short and moderate distances in foot pursuit
3. Climbing stairs and ladders
4. Jumping and dodging obstacles
5. Lifting and carrying objects and people
6. Dragging and pulling objects and people
7. Pushing and pulling heavy objects
8. Bending and reaching
9. Using force of short and moderate duration with subjects

10. Using restraining devices
11. Using restraining and control holds
12. Using hands and feet for self-defense or combat
13. Performing forcible entry

Considering the variations in task requirements, physiological and
biomechanical effects, and risk of injuries discussed earlier,
designing strength and conditioning programs for police officers
poses unique challenges. Programs should show an understanding
of the nature of law enforcement tasks if they are to complement
rather than compete with job requirements.

For an officer, having the physical ability to complete critical
tasks is paramount to operational success even if such tasks occur
infrequently. Most of the time a police officer may not be required
to perform a great deal of physical activity (21). However, with
the example given previously of an officer running an extended
distance and then fighting to retain his firearm, critical tasks that
occur infrequently come with a notable cost of failure.

Conversely, the sedentary nature of the majority of the police
officer’s duties does little to prepare her for levels of high activity
or even maintain physical fitness for the job or general health.
The physical activity required while on duty is too infrequent to
maintain a high level of fitness; hence, regular participation in a
fitness program is essential if officers are to maintain their fitness
(91).

Motivation
Long working hours, family commitments, and shift work can
have a negative impact on an officer’s motivation. This lack of
motivation could lead to making poor choices with regard to food
and drink while at work or at home. In addition, performing
adequate physical activity to maintain health and occupational



preparedness can be difficult if activity is not tracked and assessed
regularly.

Goal setting and motivation are common issues that are
influenced by shift work, and having access to a TSAC Facilitator
at the workplace can help overcome these problems. The TSAC
Facilitator can assist in developing education packages about
creating small, sustainable goals and rewards to increase
motivation and adherence. In addition, the TSAC Facilitator can
work to establish a wellness program that covers all areas of
officer fitness, health, and wellness to ensure an appropriate
system of knowledge, support, and accountability is in place to
support the officers.

Training Considerations
Most physical fitness programs for police officers are provided at
the academy level while the recruit is training to become an
officer. These programs are usually based on military-style, one-
size-fits-all training approaches (34). The TSAC Facilitator
should individualize training programs to take into account age,
previous injury history, and the physical qualities required by the
officer.

Establishing Training Goals
These training programs typically aim to improve the general
physical fitness of the recruit in order to pass fitness tests that are
based on measures such as push-ups and sit-ups, and they do not
usually take into account the job requirements of a police officer.
Once an officer leaves the academy environment, mandatory
physical training is generally no longer required, and officers are
left to their own devices. Program design thus becomes more
difficult for general duty police officers. Unless the department
has a mandatory fitness standard, officers have no official reason
to conduct any form of physical training, and an officer’s drive to
maintain or improve her health, well-being, and fitness stems
from self-motivation or lifestyle choices.

Because of this, it is important that academy training programs
instill proper movement mechanics and fitness components (e.g.,
strength, muscular endurance, metabolic capacity) that help build
the resilience of a police officer for the long term. These programs
should provide officers with the knowledge and skills to be able
to develop and implement programs for themselves in a way that



does not increase the potential for injury. These key factors
highlight the need for experienced TSAC Facilitators.

Academy programs are influenced by a variety of factors, from
the volume of recruits and their demographics to the number of
physical training sessions conducted per week and access to
equipment. As such, there is no one-size-fits-all approach for
academy programming. Training time at police academies is finite
—recruits are required to attend sessions on physical
conditioning, defensive tactics, law, and firearms training all
within the constraints of an academy schedule. Recruits may have
the added incentive to pass a physical fitness standard by the end
of the training program.

Exercise Selection
Law enforcement officers need a training program designed for
their individual needs and circumstances based on a needs
analysis. Proper movement mechanics and a graduated
progression in training loads should be enforced to ensure the
adaptability and long-term benefits of the training program.

Exercise selection should replicate the movement patterns of
critical tasks in law enforcement. This will enhance the likelihood
of exercises in the gym transferring to the operational
environment. In general, critical tasks require officers to exert
force dynamically while stabilizing themselves. Compound free
weight exercises, kettlebells, odd objects, medicine balls, free-
moving cable machines, and bands can all be implemented in a
training program for law enforcement officers. If TSAC
Facilitators do not have access to such equipment, which is not
out of the realm of possibility, especially in an academy, they can
consider incorporating a movement competency program. As
illustrated in the case study, movement competency programs are
designed to provide recruits with physical literacy that ensures
survival at the academy and promotes physical resilience during
active duty (41).

Movement Competency Program at
New South Wales Police Academy



Case Study

The following is an example of a movement
competency program that was successfully
implemented in a large recruit environment. The New
South Wales Police Academy produced an average of
250 new police officers every four months between
2012 and 2014. The rationale behind the program was
fostering resilience while recruits were training to
become police officers. The training aimed to provide a
long-term approach to physical development. Because
the literature showed that poor movement patterns
increase the risk of injuries to personnel (20, 66),
movement competencies were developed (see figure
18.2) to ensure that all recruits could meet the standards
required to progress in training, thereby ensuring
graduating officers were capable of high-quality
movement patterns as applied to exercise examples (see
figure 18.3).



Figure 18.2 Physical competency streams used by
the NSWP Academy.



Figure 18.3 Competency streams with exercise
examples.

Once the movement competency training program is completed,
the recruits are able to move into a strength and power training
program. By incorporating strength training into a training
program for recruits, police are able to increase their muscle
strength and strengthen tendons and ligaments to provide
structural integrity to joints. Many of the critical tasks performed
by police officers require a certain degree of physical contact or a
hands-on approach (e.g., restraining a person, deescalating a



situation) using near-maximal strength. This type of physical
contact can significantly increase acute injuries if police officers
lack strength (22). Though some injuries are unavoidable, others
may be preventable or at least reduced in severity with the
implementation of a prehabilitation program as part of a strength
training program (71). Prehabilitation has been defined as a
systematic approach to identifying common injuries within law
enforcement and designing a series of exercises to minimize their
incidence (71).

Strength training has its benefits, but the ultimate goal for law
enforcement officers should be converting that strength into
power. Strength is the act of overcoming resistance; the greater
the resistance overcome, the greater the strength, and as a
consequence, the slower the movement (102). Stated another
way, strength is the ability to exert force. With no time
constraints, it is a matter of how much force can be applied (44).
Although strength is an asset, police officers need to be powerful;
most of their defensive tactics involve creating distance and
space to enable them to employ a tactical option. The short,
explosive bursts of activity associated with defense require
muscular strength and power (95).

To maximize power training, heavy resistance training needs to
be accompanied by explosive exercises (57). By incorporating
explosive exercises in their strength training, police officers will
be able to produce more force in a shorter time compared with
strength training alone. The ability to exert force quickly and
combine muscular strength and power has a direct impact on
operational success (93).

A resistance training program for officers should develop the
strength and power required to successfully complete their
critical tasks and reduce the risk of injury while doing so. Every
officer should be treated as an individual, and programs with
evidence-based recommendations should be developed based on
the needs analysis of the officer’s occupational role, previous
injury history, and training age.

Rest-Work Cycles
The rest provided between sets in a strength training session
should be a minimum of 2 minutes. Two to 5 minutes of rest
between sets has been shown to allow more repetitions over



multiple sets and to produce greater increases in absolute
strength. This is due to higher intensities and volume of training
as well as higher levels of power in multiple sets with 2 to 5
minutes of rest (42, 48).

A combined strength and power day can be incorporated into a
police officer’s training program. Where complex training or
contrast training is employed, a heavy resistance load is
followed quickly by a biomechanically similar plyometric
exercise in an attempt to enhance explosive power (for example,
a squat followed by a plyometric box jump). This type of training
may be superior to other types of strength and power training, but
it may differ from person to person and needs to be individually
prescribed (39).

The optimum time period between the heavy loading and
subsequent power performance is yet to be determined; however,
the suggested rest period between the resistance exercise and the
explosive exercise is less than 1 minute (49, 89). This rest period
of less than 1 minute was chosen because it most likely replicates
the work capacity needed for critical tasks such as crowd control,
restraint of violent offenders, or self-defense.

Progression, Duration, and Intensity
Any program for a law enforcement officer should be designed
for that individual’s needs and circumstances. Programs should
be based on a needs analysis of the occupational role being
performed, previous injury history, training age, and evidence-
based recommendations. Law enforcement officers with little or
no training experience or even an officer who has not exercised
for a while might be at a beginning level, where the training
program initially consists of one to two sessions a week at a low
training stress with exercises that require minimal skill or
technique, all while attempting to maximize muscular strength
adaptations (48). Such a program could include 6 to 10 resistance
training exercises (1 per muscle group) at approximately 60% of
1RM using one set of 8 to 12 repetitions per exercise. This would
theoretically optimize the strength outcome while minimizing the
duration.

Officers with at least six months of experience might be
considered to be at a moderate training level. Their program
could consist of two to three sessions per week with a medium



training stress and exercises requiring basic skill and technique
(48, 82). This might include the aforementioned beginner’s
training program but with an increased intensity up to 80% of
1RM and increased volume of two to three sets per muscle group
(82).

Officers with extensive training experience, generally more than
1 year, would be considered advanced. Their training program
might consist of three to four training sessions a week with a
high training stress. An officer with an advanced training history
is able to complete more difficult exercises that require more
skill (48, 82). An appropriate progression from the
aforementioned exercise protocol would increase intensity to
upward of 80% to 100%, with concurrent increases in volume of
three or more sets per muscle group (82).

Proper movement mechanics and a graduated progression in
training loads should be enforced to ensure the adaptability and
long-term benefits of the training program. Progression should be
introduced systematically and gradually once technical
requirements of lifts and exercises are met.

Periodization
Periodization involves the manipulation of training variables in a
practical, systematic, and sequential manner to stimulate specific
physiological adaptations that will improve physical performance
(48). See chapter 10 for a more complete discussion of
periodization in tactical settings.

In the academy setting, undulating periodization could be used to
decrease or increase the physiological demands of the session
based on other training being undertaken. For example, if the
defensive tactics training has a high physical demand on a
particular day, then the physical training session can be
manipulated to reduce the total training load for the day. This
would be an example of flexible undulating periodization.

Flexible undulating periodization can also be used by police
officers who have graduated from the academy. Training volumes
and intensities can vary depending on whether the training is
before or after the shift or on a rest day. On work days, training
before a shift might have a power or explosive focus, where
quality rather than quantity is the aim and the program is
designed to stimulate the nervous system. At the conclusion of a



shift, the training session might have a recovery aimed at
physical and mental restoration or a postural reset focus. On days
off, the officer can focus on hypertrophy and the strength phase
of the undulating plan. This ensures that all components of the
periodization plan can be completed around the officer’s shifts
without affecting the ability to perform occupational tasks.

Program Variations
A bodyweight program should be provided if the recruit or police
officer is unable to attend or complete a strength training session
due to job requirements. This program should be implemented
with minimal or no equipment. It should include variations on
basic exercises to reduce the number of repetitions performed
and increase the intensity of the workout.

A medicine ball program is another alternative to the traditional
strength/power training session if, for example, an officer’s
operational requirements make it impossible to attend and
complete a regularly scheduled session. Medicine ball training
can also be used as an adjunct to the regular strength and power
training session. Medicine ball exercises can be performed with
or without releasing the ball (releasing the ball allows for power
movements). Medicine ball throws allow the police officer to
release the ball at the end of the ROM, eliminating the need to
decelerate the ball in order to remain in control of it. This would
be beneficial for police officers, because the ability to exert force
earlier and through a greater portion of the movement plays a
vital role in almost all critical job tasks. These types of
movements are time and force dependent (40).

Prehabilitation and Injury Prevention
The most common nonfatal injuries among police officers are
sprains and strains, with the neck, back, ankle, hamstring, knee,
and rotator cuff all being predominant sites of injury (87). The
training program should account for these types of injuries by
focusing on physical resilience and injury prevention.

Another way to ensure injury prevention is to incorporate a
movement screen. Movement screening has been shown to have
good inter-rater and intra-rater reliability (72, 90). This type of
screening could be used to evaluate the effectiveness of training
protocols and injury prevention programs. A prehabilitation plan



can be provided for officers to follow as they complete their
resistance training. For example, the first two days of the
program could be split into lower and upper body days where the
officers complete upper body strength work and lower body
prehabilitation one day and then lower body strength work and
upper body prehabilitation the next day.

Typically, if a resistance training session targets the upper body,
then lower body and core stabilizer prehabilitation exercises can
be performed during rest periods. Conversely, if the resistance
training session focuses on the lower body or total body
movements (88), then prehabilitation exercises can focus on the
upper body (71).

Energy System Training
Although aerobic fitness has a place in the training of police
officers, it does not supply the bulk of the immediate energy
supply at critical times when officers have to protect themselves
or others from injury. Such critical times usually range from 15
to 20 seconds to less than 2 minutes (88).

To increase the specificity of training, methods involving the
anaerobic energy system, such as interval training, should be
used instead of LSD running. Interval training consists of high-
intensity work followed by a low-intensity recovery or rest. This
training works both the anaerobic and aerobic energy systems,
integrating the energy systems in differing amounts—similar to
what may occur in real life—rather than attempting to use each
energy system in isolation (35).

Interval training improves the ability of the muscular system to
resist fatigue by exposing it repeatedly to bouts of high-intensity
exercise (54). Interval training has also been shown to result in
greater improvements in running speed than long-distance
running alone, especially in sedentary and recreationally active
people (58).

Having the ability to resist fatigue during high-intensity activities
would assist police officers with many of their critical tasks, such
as crowd control, physical restraint, and self-defense. As officers
are able to produce the required effort for a longer time, they
increase their ability to recover more efficiently after performing
the task.



Anaerobic training through high-intensity intervals, strength
training, plyometrics, and agility training can elicit specific
adaptations in the nervous system. These adaptations lead to
greater muscle fiber recruitment, rate of motor unit firing, muscle
synchronization, and muscle function, resulting in increased
strength and power.

Some of the chronic responses to excessive aerobic endurance
training decrease muscle mass, strength, speed, and power, which
may increase the number of injuries suffered by police officers.
To prevent this from happening, the program should focus on
interval running based on the termination velocity of the 30-15
intermittent fitness test (30-15 IFT) (25). The 30-15 IFT
consists of 30-second shuttle runs for 40 m (44 yd) interspersed
with 15-second passive recovery periods. The test commences at
a velocity of 8 km/h (5 mph) for the first 30-second run and
increases by 0.5 km/h (0.3 mi) every 45 seconds thereafter. This
continues until the participant can no longer complete the test
(24).

Research has shown that recruits who start an academy training
program with a lower level of anaerobic and aerobic fitness have
a higher chance of sustaining an injury during training (80), as
shown in figure 18.4. The recruits who sustained an injury (group
1) during training ran an average of 10 fewer shuttles on the
Multi-Stage Fitness Test (MSFT) than those who did not sustain
an injury (group 0). Figure 18.5 shows the dispersion of those
recruits who sustained injuries compared with those who were
not injured. Whereas 83% of participants who did not perform
more than 33 shuttles were injured, only 39% of participants who
performed a minimum of 52 shuttles were injured. At the level of
53 shuttles (level 6.1 or 1,040 m [1,137 yd]), the MSFT was able
to predict 97.5% of injuries with a false negative rate (i.e.,
officers who were predicted to suffer an injury but did not) of
12.5%.



Figure 18.4 Mean ± SD of MSFT results of New South Wales
Police Academy recruits who did not sustain an injury (0)

against those who did (1).



Figure 18.5 MSFT shuttles completed against number of
recruits (0 = no injury; 1 = injured).

The problem TSAC Facilitators face is how to improve the
energy systems without increasing the risk of injury.
Increasing O2 in large tactical groups has previously been
achieved using longer distance intervals or continuous running
(80). These programs are generally one size fits all, aiming at
either the average recruit or the lowest common denominator.
This can lead to overtraining or undertraining a large portion
of the group, as well as increasing the rate of injuries.

A solution to this problem is to implement individualized
running programs or ability-based training (80). As an
example, the 30-15 IFT (figure 18.6) is a prescription test that
allows individual running programs to be implemented based
on termination velocity (23).



Figure 18.6 Frequency versus 30-15 IFT results of New South
Wales Police Academy recruits (0 = no injury; 1 = sustained

an injury).

At the conclusion of the 30-15 IFT, the recruit’s termination
velocity is expressed as kilometers per hour. This number is
divided by 3.6 to provide a figure that is expressed as meters
per second (m/s). This number is then entered into a
spreadsheet where running intervals are derived from the
following formula (80):

Interval distance = running speed in m/s × % of effort ×
duration of interval

Ability-based training programs have been shown to reduce
the incidence of injury and improve O2 measures when
compared to longer intervals and continuous running or
control groups (80). When undertaken in the initial phase of
training, there was no difference in ability-based training
compared to a standardized running program. During this
phase, the recruits participated mainly in classroom activities
and theory lessons. In phase 2 of training, however, the focus
shifted from the classroom to defensive tactics and scenario-
based training. In the final physical test, the recruits who
completed the ability-based training outperformed the recruits
who completed the standardized running programs. This may
be due to the added volume and time spent on the standardized
program that increased the total training load in comparison to
ability-based training (80).



Key Program Variables
Key program variables must be considered when
implementing a successful and safe program. When designing
a program, considerations for equipment, safety, and oversight
should be the primary areas of concern. In addition, a thorough
needs analysis will help the TSAC Facilitator design and
implement a program that has the appropriate level of
specificity and individualization necessary to optimize
performance and minimize injury risk for the tactical athlete.

Equipment
If a TSAC Facilitator is fortunate enough to be provided with
an equipment budget, the purchased equipment should be
suited to the requirements of the officers. Low-cost
programming can be used to justify additional expenditures.
When designing a budget, considerations should include the
number of officers who will be using the equipment. In
addition, the equipment should cater to a wide range of
training experience and necessities. The most important
consideration for equipment is safety and oversight required
by the style of programming and the complexity of the
movement patterns.

Safety
Before using any exercise equipment, all users should be
educated on its safe usage. Departments may have certain
restrictions around access to exercise equipment or policies
that guide use of the equipment. If a policy is provided, it must
be strictly followed. The TSAC Facilitator should work with
the department to craft such policies if they are not in place.

Oversight
If a law enforcement agency has exercise equipment or a gym
facility, a specified person such as the TSAC Facilitator should
ensure that it is run in a safe and organized manner and that it
remains clean and in good working order. If any defects are
noted, the equipment should be repaired or replaced.



Conclusion
Law enforcement officers are paid to perform critical tasks for
the community. If they are unable to complete these tasks, the
results could be disastrous for both the officers and the public.
Law enforcement officers may perform their duties over
careers spanning four decades, and such longevity only
increases the importance of proper conditioning.

Although it is accepted that most professions are at risk of
some type of injury, organizations that do not respond to these
risks and develop a harm minimization policy may find
themselves liable for not providing a safe working
environment. Almost all activities likely to cause injury have a
physical component. Therefore, it is beneficial to help police
officers develop the physical capabilities to compete the
required tasks. Providing an evidence-based strength and
conditioning program for police officers is, in essence, a harm
minimization policy. The downstream effect of this approach
may even provide protection against indirect causes of injury
whereby increased fitness delays fatigue and thus reduces the
potential for fatigue-induced injuries (e.g., motor vehicle
accidents).

Physical training is a requirement for most law enforcement
recruits, yet at the conclusion of the recruit stage, official
physical fitness programs and even mandatory requirements
typically cease. Furthermore, the typical physical fitness
program may not help police officers perform their critical
tasks.

To help officers perform their critical tasks, the TSAC
Facilitator needs to examine the physiological aspects of the
tasks (i.e., needs analysis). By evaluating these tasks, the
facilitator can determine which energy pathways and
physiological attributes are required for operational success.
Then the facilitator can develop a strength and conditioning
program to help officers perform these tasks.

By evaluating these critical tasks and then applying current
research, the TSAC Facilitator may ensure that police officers
have a physical training program that enables them to perform



their duties successfully. Such a program will help minimize
the officers’ risk of injury while enabling them to complete the
required tasks that lead to operational success.
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Study Questions
 

1. The majority of the work performed by law enforcement
officers is at what level of intensity?

1. sedentary
2. low intensity
3. moderate intensity
4. high intensity

2. Which law enforcement unit is expected, at times, to
carry an extra 22 kg (49 lb) of equipment?

1. general duty
2. motorcycle unit
3. police academy
4. SWAT unit

3. When designing a program for law enforcement officers,
what is the guideline regarding exercise selection?



1. replicate the movement patterns of critical tasks
2. minimize the transfer to the operational environment
3. limit the use of a movement competency program
4. focus on the force that is statically used during

training
4. Which of the following training modes is the most

effective when training an officer to perform periodic
anaerobic bouts and resist fatigue?

1. LSD running
2. bodyweight movements
3. interval training
4. heavy resistance exercise
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After completing this chapter, you will be able to

 

describe the physiological and biomechanical
occupational demands, injury risks, environmental
exposures, and occupational stressors experienced by
conventional military and special operations personnel;
discuss the fitness requirements and recommendations for
conventional military and special operations personnel;
design fitness programs by applying training principles
and approaches to improve and maintain fitness in
conventional military and special operations personnel
across disciplines, subdivisions, professional statuses
(cadets versus incumbents), and fitness levels; and
analyze case-specific and problem-centered scenarios.

The diversity of military training and operational situations
and their associated physiological demands is daunting.
Understanding the physiological issues that are relevant for
warfighters can help in the decision-making process when
training these tactical athletes. This chapter provides an
overview of the many issues related to military operational
scenarios, injuries, and physiological demands and the
physical training (PT) programs needed to address them.



Critical Job Tasks for
Conventional Military and Special

Operations Personnel
The modern-day military environment is characterized by
technological innovation and a broad range of challenges to
the warfighter’s health. To be effective in combat, military
personnel must maintain mission readiness year-round.
Readiness is defined as “the ability to meet the physical
demands of any combat or duty position, accomplish the
mission and continue to fight and win” (65). Readiness is the
business of the TSAC Facilitator. It is a multifaceted concept
that includes physical performance, cardiovascular health, and
musculoskeletal health. Optimal PT to prepare warfighters for
critical job tasks lies at the core of readiness. It provides the
foundation for all other types of training and combat
performance. It is a unique concern of military leadership and
unites both the performance and injury facets of the TSAC
Facilitator’s role.

Demands
The demands placed on military personnel are varied and
depend on factors such as the physical requirements of the
warfighter’s military occupational specialty (MOS), the
mission of the warfighter’s unit, and whether the warfighter is
currently deployed. Every service member has a role in the
unit’s mission and must be ready at all times to fulfill that role
during periods of high operational tempo (i.e., frequent
deployments) (45, 71). Today’s military personnel must have
physical fitness capabilities ranging from muscular strength
and power to muscular endurance and aerobic capacity.
Additionally, military tasks frequently require skill-based
capabilities that use flexibility and agility. A thorough
understanding of the physiological, biomechanical, and
occupational requirements of military personnel will aid the
TSAC Facilitator in designing and implementing training
programs to enhance warfighter performance.



Physiological Demands
The modern-day operational environment has been
characterized as an anaerobic battlefield (35, 38). Military
personnel often face anaerobic challenges, such as load
carriage, sprinting, heavy lifting, repetitive lifting, casualty
evacuation, and offensive and defensive maneuvers (16, 24,
38, 39, 66, 68). Many military personnel are required to carry
external loads as part of physical fitness training or as part of
their MOS. Whereas in earlier conflicts, military personnel
often walked long distances carrying much of their equipment,
today’s wars rarely require long-distance load carriage (i.e.,
more than 15 miles [24 km]) (16). However, modern-day
combat operations continue to require military personnel to
carry heavy external loads (38, 49). For most of these
anaerobic challenges, strength and power are the limiting
factors in how well the warfighter is able to perform the task at
hand.

Although the anaerobic challenges faced during combat
operations cannot be understated, military personnel also
require optimal aerobic conditioning, which enables them to
conduct prolonged combat operations at a lower percentage of
maximum exercise capacity (lower percentage of O2max)
(16). Warfighters frequently face varying mission lengths and
operational conditions that necessitate optimal work capacity
and the ability to endure protracted missions. This is especially
critical when occupational tasks are performed successively,
when tasks are performed while carrying external loads, or
when tasks are performed while facing other external
(operational) stressors (49). Therefore, the modern-day
warfighter must not only possess the strength and power
capabilities that are required for anaerobic tasks but must also
have well-developed aerobic fitness. In short, the warfighter
must be a hybrid athlete, possessing a wide range of
physiological capabilities related to occupational demands.

Biomechanical Demands
Despite many technological advancements that have improved
the ergonomics of load carriage, over the past 150 years there
has nonetheless been a sizeable increase in the external loads



that military personnel are required to carry (13, 31, 46, 49).
For example, during recent conflicts in Afghanistan, U.S.
infantry soldiers were routinely required to carry 44 to 46 kg
(97-101 lb) (13, 57). Loads may be carried over difficult
terrain in unpredictable operational conditions that may
require the warfighter to make sudden movements or quickly
change direction (38). The addition of a heavy external load
adds to the instability of movement and increases injury risk
(49, 57, 60). Studies have shown that the majority of injuries
among military personnel during deployments are
musculoskeletal, with the low back being the most commonly
injured body part (57-59).

During deployment, which can last from several months to
over a year, military personnel are frequently required to wear
PPE such as ballistic vests and helmets, which in total weigh
over 14 kg (31 lb) and can be awkward to wear depending on
the individual’s build (49, 57, 58, 60). Protective equipment is
often worn for several hours at a time, in addition to any
firearms and external load carried (49, 58). This greatly adds
to the total stress placed on the body, increases the effort of
locomotion (walking), and increases GRFs exerted on the
body during walking or running. Additionally, military
personnel must wear protective equipment when riding in
military vehicles (i.e., in a seated position or in a cramped
environment), which further strains the spine. Not only is
protective equipment cumbersome, but wearing it for an
extended length of time decreases work capacity. That is,
warfighters must exert more effort to perform the same
amount of work than they could perform without the addition
of protective gear and external loads (49).

Load carriage places a number of biomechanical demands on
the warfighter, particularly relating to the spinal architecture
and supporting musculature. Load carriage exerts large forces
on the lumbar spine as well as the hips, shoulders, and knees
(31, 56, 60), and it is one of the largest contributors to
musculoskeletal injury, which accounts for 78% of medical
discharges from the U.S. military (57, 58). One study found
that 80% of injuries in combat arms units were attributable to
PT and load carriage (55). Other studies have shown that the



majority of injuries during a deployment to Afghanistan could
be attributed to dismounted patrols, lifting, body armor wear,
and reinjury (58, 59). Additionally, load carriage affects the
warfighter’s gait and posture (50). When carrying loads, the
gait is shortened and the individual compensates for the load
by leaning forward (31, 50). This adjustment in posture is
related to limb length and upper body strength, and it may be
more pronounced in military personnel of smaller stature who
have less upper body strength and muscle mass.

In general, larger, more muscular people perform better on
load carriage tasks than smaller, less muscular people (31, 50).
Load carriage places greater stress on smaller people due to
the weight of the external load relative to body mass (16).
However, strength training can offset the relative stress of the
external load by increasing lean muscle mass, improving upper
body strength, and improving the structural foundation
(tendons, ligaments, and bones), resulting in improved load
carriage (35). Studies have demonstrated that strength training
alone can improve performance on military lifting tasks and
load carriage, even when load carriage itself is not
incorporated into the PT protocol (34). This is an important
finding because many units rely on load carriage training as
the predominant mode of training for load carriage. Reducing
the frequency of load carriage training while incorporating
strength- and power-based exercises can mitigate many of the
overuse injuries that occur due to excessive running and road
marching (27).

Key Point
The warfighter needs to have properly designed resistance
training programs that optimize their whole body strength and
power capabilities.

Aside from load carriage, military personnel need a variety of
skill-based physical fitness capabilities to accomplish
occupational tasks (see table 19.1) (45, 65). During military
tasks such as offensive and defensive maneuvers, personnel
may be required to conduct sudden movements while carrying
external loads (38). People who lack agility and flexibility and
are unaccustomed to these movements face an increased



likelihood of injury. Military personnel may also have to
traverse a variety of terrains, such as heavily wooded terrain,
swamps, rocky terrain with poor footing, or desert
environments with loose, sandy soil. All of these terrain types
increase the biomechanical demands of locomotion, which are
exacerbated by wearing heavy equipment (49). Military
personnel therefore must have good balance, agility, and
coordination to be able to withstand these biomechanical
challenges (45, 71).

Key Point
A total conditioning program is needed to integrate all the
performance capabilities associated with a warfighter’s
mission demands.



Additionally, many military tasks require jumping and landing,
which place further biomechanical demands on the body.
Whereas athletes conduct these movements in athletic gear,
military personnel perform these activities in boots that are not
designed for that purpose. Jumping and landing are also
frequently performed while carrying external loads, which
exacerbates the GRF upon impact. Special consideration must
be given to circumstances where military personnel face
additional physical requirements, such as in airborne units.
Jumping and landing from a plane wearing an additional load
places a heavy biomechanical demand on the warfighter.
Additionally, military personnel assigned to these types of
units perform excessive running and road marching, further
increasing the likelihood of overuse injuries sustained from
repeated actions. The prevalence of overuse injuries is high,
particularly when combined with high operational tempo and
demanding predeployment training cycles (55).

Occupational Demands
Many MOS are found within the branches of military service
and have varied physiological demands (3). In general, there
are combat and noncombat occupational specialties (3). All
military personnel are required to meet minimum fitness
standards in order to serve; however, combat occupational
specialties are typically more challenging, requiring extensive
physical preparation and occupation-specific training. The



demands placed on a soldier in a combat-centric occupation
will be much different than those faced by an administrative
specialist. For example, an infantryman must be able to
perform tasks such as ambushes, offensive and defensive
maneuvers, and casualty rescues and must possess the
muscular strength and endurance required for extended load
carriage (38, 66, 68). On the other end of the spectrum, the
military intelligence analyst has few physical demands beyond
semiannual fitness testing and daily unit-level physical fitness
training but nonetheless must be prepared for unexpected
physical challenges when attached to a combat arms team.

Certain units may have additional physical standards that
require a higher level of fitness (e.g., 75th Ranger Regiment,
airborne or air assault units). Military personnel assigned to
these units are expected to obtain airborne or air assault
qualification as part of their training, and they must meet many
other physical performance standards. Special operators—
highly trained personnel who are adaptable, self-reliant, and
able to operate in all environments using unconventional
combat skills and equipment—face even more demanding
requirements. Thus, the occupational specialty, unit of
assignment, and mission dictate which physical capabilities
are required (35).

Key Point
Careful analysis of military training activities and conditioning
programs is needed in order to properly design exercise
programs that can prevent overuse injuries or compromise
strength and power capabilities of the warfighter. These
problems often arise from the excessive use of endurance
training.

Some of the occupational tasks that military personnel may
perform include lifting and carrying objects, conducting a
fireman’s carry, and conducting a casualty evacuation (16, 38).
Other occupational tasks include performing sprint-type
activities (offensive and defensive maneuvers) (38) while
carrying an external load, throwing an object (i.e., grenade) a
specified distance, jumping and landing safely, maneuvering
over terrain and obstacles, low crawling through terrain,



quickly changing direction while maintaining balance, and
accurately firing a firearm from various positions or while
moving (see table 19.2). Firearm weight, upper body strength
and endurance, and prior exercise stress affect the accuracy of
shooting and the length of time a person is able to maintain
correct firing posture; however, these abilities can be
recovered quickly (14).



The addition of a firearm will also affect maneuverability,
flexibility, and agility, particularly when carrying external
loads (49). Certain occupational specialties expose military
personnel to other demands that also have physical
implications, such as excessive vibration, jarring, or sitting in
cramped environments (e.g., armored military vehicles,
watercraft) for extended periods of time.



Environmental, Occupational, and
Exposure Concerns

The warfighter faces short- to long-term exposure to a variety
of mission environments. If given enough time, the body can
acclimatize to heat and altitude by making adjustments to
better tolerate the physiological demands. However, the body
does not acclimatize to cold, and protection is necessary in
such environments (e.g., shelter, clothing). Understanding
environmental challenges can help the TSAC Facilitator
prepare military personnel for them; for instance,
cardiorespiratory fitness and acclimatization to heat can
minimize heat illnesses in training and mission environments
(8). Please see the section on acclimatization later in the
chapter for additional details.

Thermal Stress
Exposure to heat is a common challenge for warfighters in
environments ranging from jungle to desert. Heat exposure can
result in different forms of heat illness that reflect the body’s
inability to adjust to the environment. These illnesses include
heat cramps, syncope, heat exhaustion, and heatstroke. They
are common not only in mission environments but in training
or conditioning scenarios as well (2). Deaths from heat
illnesses can be avoided if proper preparation and emergency
medical procedures are followed (67). This is especially true
for heatstroke, where immediate whole-body cooling in an ice
bath can prevent fatalities (9).

Heat Cramps
Exercise-induced heat cramps are muscle spasms that occur
when a tactical athlete is exposed to heat during PT or in an
operational environment (2, 9, 67). Cramps can be caused by
intense exercise (e.g., road march) and can be painful. Muscle
cramps can occur even at rest after physical conditioning or a
mission. Several factors appear to contribute to heat cramps,
including dehydration, electrolyte imbalances, and
neuromuscular fatigue. The term heat cramps may be a poor



description because heat cramps can occur when core
temperature is in the normal range. Heat cramps are the most
common form of heat illness in the days and weeks of
increased training loads, especially in hot environments (4,
67).

Syncope
Heat syncope occurs when a person who is in the heat or has
just finished an activity feels dizzy or lightheaded or faints (9).
It is common in people who have not acclimatized (i.e., natural
heat) or acclimated (i.e., artificial heat) to heat exposure (2, 4).
Thus, careful exposure to heat in a progressive manner over 7
to 14 days can reduce this common type of heat illness (67).
Numerous causes have been identified, including dehydration
and issues with blood flow (2).

Heat Exhaustion
Heat exhaustion is difficult to distinguish from heatstroke,
which is a medical emergency (9). According to the NATA
position stand, heat exhaustion is “the inability to effectively
exercise in the heat, secondary to a combination of factors,
including cardiovascular insufficiency, hypotension, energy
depletion, and central fatigue” (9). Conversely, heatstroke is
the most severe heat illness. It is characterized by
neuropsychiatric impairment elevation in the body’s core
temperature, usually greater than 40 °C (104 °F) (9, 33). This
condition is a product of both metabolic heat production and
environmental heat load and occurs when the
thermoregulatory system becomes overwhelmed due to
excessive heat production (i.e., metabolic heat production
from the working muscles) or inhibited heat loss (i.e.,
decreased sweating response, decreased ability to evaporate
sweat) or both (9). When in doubt, best practice is to treat all
heat illnesses as heatstroke and implement immediate cooling
practices (e.g., ice bath).

Heat exhaustion during exercise can be due to multiple factors,
such as heavy sweating, dehydration, sodium loss, and energy
depletion (9). It typically occurs in hot and humid
environments. Signs and symptoms include pallor, persistent



muscular cramps, weakness, fainting, dizziness, headache,
hyperventilation, nausea, diarrhea, acute loss of appetite,
decreased urine output, and a core temperature that ranges
between 36 °C (97 °F) and 40 °C (104 °F) (9).

Exertional Heatstroke
A genuine medical emergency, exertional heatstroke (EHS)
needs to be addressed immediately. Deaths related to EHS are
fully preventable; immediate treatment with whole-body
immersion in ice water can eliminate the lethal threat (2, 9).
With intense or long-duration exercise, dysregulation of body
temperature can occur (i.e., the body is unable to get rid of the
heat produced). The heat produced can overwhelm the
thermoregulatory system, causing heatstroke. Signs and
symptoms of heatstroke include rapid HR (tachycardia),
hypotension, sweating (although skin may be dry at the time of
collapse), hyperventilation, altered mental state, diarrhea,
seizure, and coma (2, 9). Heat-loss mechanisms typically shut
down with heatstroke, allowing further elevations in core
temperature, and death can occur at core temperatures in
excess of 43 °C (109.4 °F) (2, 9). Treatment must focus on
rapidly cooling the body—the longer the delay in treatment,
the greater the chance of death. Accurate assessment of core
temperature is key in timely treatment of EHS. Rectal
temperature is the gold standard for assessing core body
temperature; other measures have been shown to be inaccurate
(17).

Fitness level and age can affect susceptibility to heat illness (2,
9). Sex is not a factor when dealing with heat illness, despite
the fact that sweating is triggered at a higher core temperature
in women than in men, which results in a delayed sweat
response when exercising. Acclimatization and acclimation are
vital to mitigating heat stress. Early physiological adaptations
take place in 1 to 5 days with improved regulation and control
of cardiovascular responses (2, 9, 33). In 5 to 8 days, the body
starts to make adaptations that offer partial protection from
lethal hyperthermia (i.e., increase in core temperature). By 14
days, most of the adaptations to the heat stress are complete
(33):



 

Lower core temperature at onset of sweating
Increased heat loss via radiation and convection (skin
blood flow)
Increased plasma volume
Decreased HR at a specific exercise intensity
Decreased core temperature
Decreased skin temperature
Decreased oxygen consumption requirement at a given
exercise intensity
Improved exercise economy (the amount of work that can
be done per unit of oxygen consumed)

Key Point
Heat illness is completely preventable with proper
acclimatization, activity planning (when possible), and
hydration protocols. It is also fully treatable if preparations
have been made. Thus, symptoms of heat illness should be
taken seriously and addressed immediately by cessation of
activity, hydration, and whole body cooling—ideally in an ice
water bath—if heat exhaustion or heat stroke is suspected.

Cold Exposure
Operational readiness is key to coping with cold exposure.
Hypothermia is the major threat to survival in a cold
environment. The normal core temperature is about 37 °C
(98.6 °F). When the body’s temperature drops below 32°C
(89.6 °F), physiological systems start to shut down (33).

Environmental temperature can fluctuate widely in the field,
going from hot during the day to cold at night. As the external
temperature falls, various physiological thermoregulatory
mechanisms are engaged to maintain the body’s internal
temperature. However, although physiological mechanisms
can start the adjustment process to help keep the body warm,
appropriate clothing or shelter is needed. Additionally, during
training and missions, exposure to rain or cold water resulting
in wet clothing can speed up heat loss and threaten the ability
to maintain thermal balance. Interestingly, because metabolic



heat is produced with exercise and protective garments may be
very effective (i.e., protective clothing can create a
microclimate for the body), it is possible to experience heat
illness in the cold (67). Therefore, planning ahead and
understanding the training or mission environment are key to
adequately preparing the warfighter. Again, one cannot
acclimatize to cold environments, so protective garments or
shelter must be part of the training or mission planning (33,
67).

Altitude Exposure
Some military missions may involve terrains at altitude.
Following are the general classifications of elevations above
sea level (44):

 

Moderate altitude = 5,000 to 8,000 feet (1,524-2,438 m)
High altitude = 8,000 to 14,000 feet (2,438-4,267 m)
Very high altitude = 14,000 to 18,000 feet (4,267-5,486
m)
Extreme high altitude = 18,000 to 29,028 feet (5,486-
8,848 m)

If the altitude is high enough, the ability to perform aerobic
activities can be compromised. Again, mission preparation is
crucial for such terrains. Most missions do not involve long-
term exposure to high altitudes; nevertheless, an understanding
of altitude is important for dealing with such environmental
demands if they occur.

A common misbelief is that there is less oxygen with altitude.
The percentage of oxygen (20.93%), as well as other gases
(CO2 = 0.03%, nitrogen = 79.04%), in the air is the same
regardless of the altitude. It is the amount of pressure exerted
on each molecule of gas that is different, and this is related to
the barometric pressure (mmHg). As altitude increases, the
barometric pressure decreases. Less pressure is involved in gas
movement, making it more difficult to extract oxygen from the
air in the lungs and transport it to the body’s tissues. Oxygen
tension, or the partial pressure of oxygen (PO2), is calculated



by multiplying the barometric pressure times the percentage of
oxygen in the air. Thus, at sea level (0 feet; standard sea-level
barometric pressure = 760 mmHg), there are greater partial
pressures in the body helping to move gases from the lungs to
the tissues than at an altitude with a barometric pressure of 596
mmHg (2,000 m or 6,562 ft) (33). When less oxygen is
delivered to body tissues, a hypoxic effect occurs, which is a
major challenge of a high-altitude environment.

Key Point

The altitude at which the mission is performed may present
challenges to the physiological functions of the warfighter.
Prior planning can help prevent potential complications to the
health and performance of the warfighter.

As altitude increases, the temperature decreases. Along with
lower temperatures, the vapor content of the air is also lower,
promoting greater evaporation of sweat from the body, which
increases the potential for dehydration, especially with intense
physical activity (25, 33). Additionally, greater amounts of
solar radiation occur because higher altitudes are a shorter
distance from the electromagnetic waves of the sun, which are
traveling in a thinning atmosphere. Ultraviolet sunblock is
needed to protect exposed skin from the sun’s radiation as
well. Thus, multiple environmental stressors can occur with
increasing altitude, and hydration needs to be monitored.
There is no foolproof method for measuring the hydration
status of an individual at a single time point. However, USG
(urine-specific gravity) or urine color may be used along with
observed changes in body mass to get a sense of hydration
status (10). Care is needed because one-time measures can
produce erroneous results, but catching hypohydration is vital,
along with careful adherence to proper water intake (43).

The reduced partial pressure of oxygen in the air at altitude
can affect performance in the following ways (33):

 

A decrease in the partial pressure of oxygen can reduce
the ability of oxygen to reach the body’s tissues.



Exposure to altitude results in several physiological
adjustments by the body in an attempt to maintain normal
function.
During exercise at altitude, both ventilatory volume and
rate of breathing may increase to help get more oxygen
into the lungs.
At altitude, maximal oxygen consumption, cardiac
output, MHR, and SV all decrease, reducing performance
capacity.
Exposure to altitude causes an increase in hemoglobin
and hematocrit in the blood, improving the ability to
carry oxygen.
Short performances are not hindered, but bending over at
higher altitudes can cause dizziness due to the rapid
change in position and hydrostatic pressure.
Long-duration performances, namely those dependent on
aerobic metabolism, are negatively affected by altitude.

A concern at higher altitudes is the development of altitude
sickness. The three forms of altitude sickness are mild altitude
sickness, high-altitude cerebral edema (HACE), and high-
altitude pulmonary edema (HAPE) (19). The symptoms of
mild altitude sickness, also called acute mountain sickness
(AMS), are highly individual, with some people feeling only
minor effects (including headache, nausea, and fatigue), while
others are downright sick. Nevertheless, AMS is a warning
sign that a person might be risk of more serious conditions. It
is caused by a reduction in the partial pressure of oxygen in
the air and is a pathological condition that requires medical
attention. AMS is of concern because it can lead to HAPE and
HACE, which can be life threatening and require immediate
medical attention (33). HAPE results in a dramatic, dangerous
buildup of fluid in the lungs, which can prevent the lungs from
getting air. This deprives the body of oxygen and can be fatal
in a matter of hours. Additionally, HACE is a severe form of
altitude sickness resulting in increased blood flow to the brain
due to low oxygen levels, causing brain damage and death
within a few hours.

AMS symptoms include nausea, vomiting, lethargy, dizziness,
and poor sleep. HAPE is typically observed after two to three



days at altitudes above 2,500 m (8,202 ft). People with this
form of altitude sickness are more breathless than those around
them, especially on exertion, and exhibit symptoms similar to
those of AMS. Additionally, they may experience chronic
breathlessness (even at rest), fast HR, blue lips, and elevated
body temperature. Symptoms may be confused with a chest
infection; coughing may produce white or pink frothy sputum.
Symptoms of HACE include severe headache, vomiting, and
lethargy that progresses to unsteadiness, confusion,
drowsiness, and ultimately coma. People with HACE may
have difficulty walking heel to toe in a straight line (this can
be used as a test for someone with severe AMS symptoms)
and present irrational or bizarre behavior.

Treatment involves removal from altitude, medical care, and
rest. Dehydration at altitude can result in a misdiagnosis of
altitude sickness, and thus water intake is vital to monitor at
altitude and allows for better toleration. Proper hydration
guidelines must be followed so as not to drink too much water,
which can result hyponatremia, a condition where the
concentration of sodium in the blood is abnormally low. This
important electrolyte is vital to all cell function and is affected
by many factors but can occur with excessively high intakes of
water, as has been observed in endurance athletes in training
and competition (22).

At what point is altitude an issue? The major effects of altitude
are on endurance and appear to emerge at moderate altitudes
(around 2,200 m or 7,218 ft) (33). Exposure to altitude
requires preparation to minimize these negative effects.
Typically, this means the tactical athlete needs to acclimatize
to the altitude at which the operational training or mission is to
take place. For moderate altitudes, typical strategies involve
arriving at the site a week or so before the event or completing
the mission at altitude and then leaving right afterward to
minimize the exposure to altitude and not allow any negative
side effects of altitude to manifest. As noted, care is needed to
monitor symptoms during longer missions at higher altitudes
because altitude sickness can manifest quickly. At higher
altitudes, staging from moderate elevation to allow
acclimatization has been used successfully. Short-term



acclimatization or acclimation is characterized by altitude
exposure of less than one year. Even in shorter periods of three
to six weeks, dramatic changes can take place, and warfighters
can take advantage of these changes to prepare for combat
operations at altitude. (See the U.S. Army Human
Performance Resource Center for more information:
http://hprc-online.org/environment/altitude.)Long-term
acclimatization involves living at altitude for more than three
months (33).

Key Point
Altitude exposure can be associated with other environmental
hazards and conditions from cold, dehydration, and thermal
stressors.

Hazardous Exposure
Hazardous exposure refers to any biological, chemical,
mechanical, or physical agent that is reasonably likely to cause
harm to humans or the environment with sufficient exposure.
While beyond the scope of this chapter, the threat of hazardous
exposure during operational missions has been extensively
examined, and the reader is referred to Joint Publication 3-11
(26). This document outlines the many challenges of
hazardous exposure to the command structure and operational
scenarios.

Each wartime mission has involved different hazardous
exposures, some known and some unknown at the time (e.g.,
Agent Orange in the Vietnam War). Hazardous exposures in
Operation Enduring Freedom in Afghanistan included the
following, according to the U.S. Department of Veterans
Affairs (74):

 

Dust and particulates, tiny airborne matter that can cause
respiratory and other health problems
Nine infectious diseases associated with Southwest Asia
Pits left from toxic embedded fragments of roadside
bombs



Shrapnel and other metals that remain in the body after
injury
Radiation exposure from head scans for traumatic brain
injury caused by explosions
Malaria
Cold injuries from cold, mountainous climate
Burn pits (waste disposal in open-air pits at military sites)
Depleted uranium used in military tank armor, jets, and
some bullets
Blast noise from guns, equipment, and machinery
Rabies (disease transmitted by bite or saliva from an
infected warm-blooded animal)
Heat injuries caused by extremely hot temperatures
Occupational hazards from working with chemicals,
paints, and machinery

Each of these potential exposures can only be mitigated with
precautionary steps for prevention, shielding, and treatment.
Many of these hazardous insults can affect warfighters
throughout their military careers and beyond.

Key Point
A multitude of hazardous exposures accompany various
combat and service missions; these need to be carefully
assessed and protected against with proper planning,
protections, and procedures for avoidance and handling.

Shift Work and Unpredictability of Job
Assignment
Shift work varies by military occupation and military service.
The goal of most shift work is to optimize performance and
reduce chronic fatigue. It is highly related to the MOS skill set,
mission requirements, and physical readiness for tasks under
varying conditions. As previously noted, the unpredictable
nature of mission assignments and demands underscores the
importance of physical readiness for warfighters. The TSAC
Facilitator must be concerned with MOS-related levels of
fitness that can be assessed and quickly attained so that the
tactical athlete can successfully perform rapid occupational



assignments and task demands. Thus, a flexible program for
preparatory activities such as PRT (physical readiness training)
must be used where each conditioning session focuses on the
warfighter’s required physical fitness. Although the TSAC
Facilitator is not involved with the development of work
schedules for the units, it is helpful to understand certain
guidelines that have been set forth (42).

For the tactical athlete, the optimization of each training
session is important. Going through the motions in a workout
is not acceptable. Determining the warfighter’s fatigue level is
also important in order to optimize each training session.
Optimization has been achieved using a flexible nonlinear
training program that allows one to choose the best type of
workout or change the workout in midstream if the quality
markers of performance are not met (e.g., planned rep number
not achieved with prescribed load, running speed not at
expected level, height of maximal jump training not even close
to 90% of personal best) (37, 40, 41). Thus, monitoring
feedback from scales (e.g., session RPE, sleep scales) along
with training logs and training partner interactions are vital to
optimizing the workouts in a program.



Injury and Illness Risks
Injuries are inherent in the military work environment. It is
vital to perform a needs analysis to understand the types of
injuries involved and then attempt to mitigate them by
improving the fitness and anatomical strength of tissues to
withstand forces in the operational environment.

Musculoskeletal Injury Concerns
Military personnel are exposed to wear and tear that can result
in injury if the body is not capable of meeting the demands of
the job. Injuries can not only affect duty performance and
readiness but also have lasting effects on health and increase
the expenses of medical care. As mentioned previously, heavy
load carriage greatly increases the GRF exerted on the body
during locomotion. Due to the biomechanical strain of heavy
load carriage and the frequency of military tasks that require
repetitive lifting, military personnel typically experience
injuries in the lower back and lower extremities (58). Studies
have shown that injuries in both deployed and nondeployed
military personnel are typically musculoskeletal (58).
Exacerbating the problem are PT regimens that focus heavily
on aerobic conditioning (16, 48) while neglecting strength and
power development, which are necessary for optimal load
carriage (35). When the musculature is weak, the spine and
connective tissue bear a larger percentage of the external load
and are therefore more susceptible to injury.

Key Point
Musculoskeletal injury is one of the top reasons for loss of
duty time and for compromises to mission readiness. Proper
prevention with proper design and monitoring of strength and
conditioning programs can help to reduce such occurrences.

A heavy emphasis on running frequently results in overuse
injuries, particularly among basic trainees, who are not used to
high running mileage (16, 48). Injuries typically seen in an
athletic population, such as ACL injuries, are also common
(64). Many injuries in a military population are preventable
with appropriate training and recovery strategies. Stress



fractures, for example, are a common overuse injury that can
be mitigated through progressive increases in running mileage,
adequate rest and recovery, and careful monitoring of the
athlete (16, 28, 29). Likewise, studies have shown that the
incidence of ACL injuries can be reduced by incorporating
training strategies that teach and reinforce proper jumping and
landing movements (64). Additionally, once an injury has
occurred, strengthening of the surrounding musculature is
pivotal in preventing reinjury.

Risk Factors
There are ways to identify and measure risk factors for injury.
Research on these factors in both civilian and military
populations is extensive and tends to categorize risk factors as
either intrinsic or extrinsic, or modifiable or nonmodifiable.
Recent comprehensive discussions of risk factors for injury
have highlighted the following risk factors (3, 18). The TSAC
Facilitator should be adept at identifying and modifying these
risk factors when possible.

 

Prior level of physical activity
Injury history
Smoking or tobacco-use history
Age and sex
Command influence and unit culture
Type of unit and occupational specialty
Training program frequency and intensity
Presence and proper use of safety equipment, shoes, and
clothing
Environment, such as weather and surface (ice, snow,
rain)
Athletic skill
Genetics
Nutrition
Menstrual cycle dysfunction
BMI

Injury Prevention and Treatment



Long-term injury prevention is a top priority for warfighters,
health care providers, and U.S. Department of Defense (DoD)
policymakers. Preventing injuries from physical activity and
occupational task performance is critical in sustaining the
health and welfare of the fighting force during an era of high
operational tempo and fiscal constraints (20, 48). High injury
rates negatively affect combat readiness, and over the long
term they can contribute to rising health care costs for service
members and veterans. For example, over 45% of Rangers are
injured within the first year of training (63), which is similar to
injury rates throughout a warfighter’s physical career (12, 21).
Training and overuse injury rates in other studies of military
populations range from 18% to 52% (1, 23).

The team that mitigates the impact of injuries within each unit
varies across the services. Over the past few years, the Army’s
brigade combat teams (BCTs), for example, have included
active-duty physical therapists. The intent is for these junior
officers to provide both treatment and injury prevention
services. However, many units do not have this level of
musculoskeletal expertise or any organic physical performance
expert. There is currently no MOS for someone who is
certified or licensed in the provision of exercise science or
with a primary duty of physical readiness and injury control.
The TSAC Facilitator may be the only professionally certified
physical trainer in the unit and must be able to lead both small
and large groups in comprehensive physical fitness training.
Involvement of a TSAC Facilitator increases the likelihood
that PT will be effective and can have a major impact on injury
prevention (7).

In the U.S. Navy, a novel approach to injury mitigation has
become part of most Marine installations over the past few
years. Sports medicine training rooms in the Sports Medicine
and Reconditioning Team (SMART) clinic allow faster access
to higher levels of medical expertise for injury treatment,
resulting in reduced attrition and reduced referrals to
orthopedic surgery (6). The SMART program is not an
initiative to prevent injuries; SMART providers engage in
treatment once injury has already occurred. Injuries are treated
in the sports medicine training room, but they happen on the



training field. Placing an expert at the point of injury who can
recognize when it is about to happen and who has both the
authority and command presence to intervene may be the key
to mitigating unintentional injury from PT.

In 2012, the Army relaunched the Master Fitness Trainer
Course (MFTC) with the intent to place one MFTC-certified
active-duty noncommissioned officer (NCO) or officer in
every unit from the company (100+ personnel) to the division
levels (10,000-20,000 personnel) (69). At its inception, the
MFTC provided four weeks of instruction by mobile training
teams to several thousand military personnel. More recently,
the course has converted to a 40-hour online didactic portion
followed by a 93-hour resident, hands-on portion taught over
two weeks. Instructors must have TSAC-F certification, and
many have a NSCA-Certified Personal Trainer (NSCA-
CPT) certification or (if they have an undergraduate college
degree) Certified Strength and Conditioning Specialist
(CSCS) certification. The broadest range of certifications is
encouraged so that MFTC instructors can teach and speak
more authoritatively to a wide range of PT programming.

Master Fitness Trainers (MFTs) can be a vital resource for
TSAC Facilitators, providing the military context for planning
and implementing PT for the warfighter. MFTs are unit-level
experts in the conduct of Army PRT (FM 7-22), and can act as
liaisons between the unit and medical personnel to resolve,
improve, and optimize physical performance in the unit. They
have training in exercise science, anatomy, industrial-scale PT,
Army policy and regulations, injury considerations,
performance nutrition, recovery, and nonstandardized
commercial PT programming. MFTs who are empowered and
encouraged by their commands are the closest equivalent in
the military services to the TSAC Facilitator.

Key Point
Having professionals with appropriate training and education
in a strength and conditioning program can help optimize the
physical training of military personnel.



Optimizing Functional Fitness
As mentioned, optimizing programming for warfighters is
vital to achieve the minimal level of physical fitness needed to
meet MOS demands. These demands are reflected in both
MOS requirements as well as baseline testing, which has
recently been a topic of great debate and changes. Thus, the
TSAC Facilitator must stay up to date on the testing protocols
that are planned for and currently implemented in the various
military services.

Physical Fitness Requirements and
Testing
Each service requires military personnel to meet physical
fitness standards. Resource constraints and DoD policy have
resulted in field-expedient physical fitness tests, although the
tests do not assess preparedness for a variety of demanding
occupational tasks (e.g., lifting and load carriage) (45).
Because fitness scores are a part of the warfighter’s
performance evaluation and can have negative career
consequences, fitness tests have traditionally been a key driver
of military PT programs (30). Specific testing events vary by
service; however, all services test aerobic fitness, muscular
strength, and muscular endurance. Each service conducts a
sustained run, a sustained upper body pushing or pulling event,
and a sustained trunk flexion event (see table 19.3).
Additionally, each service conducts body-fat assessment as
part of physical fitness testing. The Marine Corps has an
additional testing requirement, the Combat Fitness Test (CFT),
which was adopted in 2009. It consists of three anaerobic
events that closely replicate combat-specific physical tasks.
These CFT tasks replicate movement to contact, movements
under fire, and movement away from contact (see table 19.4)
(75).





Physical fitness testing is required at least twice per year;
however, units may conduct testing at the discretion of the unit
commander. Additionally, testing may be a prerequisite for
attendance at various military schools. Generally speaking, in
a nondeployed setting (when military personnel are at home
stations or garrisons), military personnel are expected to meet
physical fitness testing standards several times per year,
barring special circumstances such as injury or surgery.

Additionally, the U.S. Army recently developed and validated
a new test to assess recruits’ physical ability to complete basic
training for their MOS. Called the Occupational Physical
Assessment Test (OPAT), the test consists of criterion
standards for the standing long jump, seated medicine ball
throw, deadlift, and aerobic interval run. OPAT is scheduled to
be fielded as this publication goes to print. In addition, MOS-
specific physical fitness tests are currently being examined.
Thus, the TSAC Facilitator must keep up with fitness test
development for each service and incorporate relevant
elements in training programs (e.g., using a deadlift with a trap
bar or including standing long jumps in power training).

Currently, no U.S. service has a MOS-specific fitness testing
requirement, although the Army, Air Force, and Navy are
conducting studies to determine whether Tier 2 occupational
fitness tests should be incorporated into the physical fitness
assessment for service members (45). Military fitness testing
requirements and the physical requirements of the
occupational specialty are not one and the same. In fact, the
physical fitness tests currently employed by the various
services have been found to be ineffective in assessing the



fitness components required for many combat tasks (45). The
fitness components most needed for job performance are
muscular strength, muscular endurance, and power (45).
Although the physical fitness tests employed by the services
are field-expedient, useful assessments of health status, they
may not accurately assess the muscular strength and power
needed for heavy lifting and load carriage (although these
issues are being examined in MOS-specific tests) (45, 61).

It is important for the TSAC Facilitator to be cognizant of the
differences in MOS physical requirements and general fitness
testing requirements. From extensive discussion with combat
veterans, anecdotal evidence suggests that the requirements of
the job specialty can far exceed the requirements set forth in
baseline physical fitness testing, particularly in the combat
arms branches. Such observations have led the military to
reexamine fitness testing as it relates to MOS demands. For
example, Coast Guard rescue swimmers must pass a variety of
swim tests, such as the 500-yard (457 m) crawl swim, 25 m
(27 yd) underwater rescue swim, and 200-yard (183 m) buddy
tow, as part of regular physical fitness screening (72). Navy
SEALs, special warfare combatant-craft crewmen (SWCC),
explosive ordnance disposal (EOD) technicians, Navy divers,
and aviation rescue swimmers must complete a physical
screening test consisting of a 500-yard (457 m) swim,
maximum push-ups in 2 minutes, maximum curl-ups in 2
minutes, maximum pull-ups in 2 minutes, and a 1.5-mile (2.4
km) run (events are performed consecutively, with 10 minutes
rest between events) (73). The minimum scoring requirements
are outlined in table 19.5. However, in most instances, military
personnel must exceed the minimum performance standards in
order to perform well in these occupations. Additionally, for
many combat-centric occupational specialties, the physical
requirements are not always outlined in a testable standard.



Key Point
Fitness testing in the various service branches are part of an
ongoing effort to evaluate health status as well as minimum
physical fitness needed for military service and occupational
skill sets. The testing varies between branches; each TSAC
Facilitator should be aware of the testing for the service
branch to make sure each warfighter’s conditioning program
addresses the performance factors tested.

Physical Fitness Training
One of the key issues in military PT is a mismatch between the
requirements of the occupational specialty and the manner in
which military personnel conduct physical fitness training.
Again, military veterans and government researchers in the
field have observed that physical fitness training is geared
toward preparing military personnel for semiannual physical
fitness tests, special military schools with physical
prerequisites, and selection and assessment programs for
specialty assignments, typically with a heavy emphasis on
aerobic exercise. Aerobic conditioning is easy to implement
when training large groups, and it builds camaraderie. It can be
used to weed out people for assessment and selection courses,
and it can be used to toughen military personnel. Moreover,
military personnel must have optimal aerobic capacity to be
able to sustain physical performance during prolonged mission
requirements. A foundation of aerobic conditioning is
necessary in developing optimal work capacity in military
personnel and is associated with positive health benefits such
as improved cardiovascular health and decreased body fat
(16). However, aerobic training often becomes the
predominant mode of PT at the expense of strength and power



development (30, 48). This leaves military personnel at a
sizeable disadvantage when it comes to anaerobic tasks that
involve heavy lifting, load carriage, or sprinting.

Many military personnel have inadequate strength and power
to meet the demands of their occupational specialty (e.g.,
repetitive lifting, load carriage). Observation of infantry
soldiers in Afghanistan, for example, routinely found that
soldiers struggled with heavy external loads, despite having a
well-developed foundation of aerobic conditioning prior to
deployment (13). The misconception that aerobic endurance is
the gold standard of fitness training combined with limited
fitness training time propels military personnel to choose
exercise that they can complete relatively quickly (e.g.,
running, HIIT). Though effective, too much volume or
frequency might result in overreaching or overtraining
syndrome with diminishing fitness returns (52). In addition, an
overemphasis on running is detrimental to strength and power
development (16). Running and calisthenics fail to stimulate
the Type II muscle fibers that must be recruited for strength
and power development (35). Even low-load resistance
training performed for high repetitions will not result in the
strength and hypertrophy adaptations that are necessary for
optimal physical performance on anaerobic tasks. Unless
strength and power training using appropriate loading schemes
are incorporated into the PT plan, military personnel will have
underdeveloped strength and power relative to the
occupational tasks they are required to perform.

Key Point
Physical conditioning programs play a vital role in preparing
warfighters for the demands of the missions they are involved
with. Understanding the relationship of the exercise program
to the specific physiological adaptations that result is critical in
understanding exercise prescription.

Physical Fitness Requirements During
Deployment
Physical fitness standards are quite different during
deployment than in a nondeployed setting. Although military



personnel are still required to maintain a baseline level of
fitness, the unit mission and operational requirements take
precedence over PT. PT during deployment is frequently done
on an individual basis, depending on operational constraints,
availability of facilities, and equipment resources. There are
times when the mission demands simply do not allow for
optimal PT, which is why it is critical for military personnel to
train optimally before the deployment.

When developing a periodized training model for the
warfighter, the deployment can be thought of as the in-season
period; the idea is to reach peak performance going into the
deployment. Ideally, military personnel will maintain their
fitness during deployment, but this will be affected by mission
constraints, operational tempo, and available resources.
Physical fitness testing rarely occurs during deployments;
however, once the unit returns home, testing again becomes a
priority, with military personnel typically required to pass a
test shortly after returning home. This highlights an
opportunity for the TSAC Facilitator to implement strength
and conditioning strategies to prepare military personnel for
testing requirements while minimizing injury risk after several
months or more of inconsistent PT schedules during
deployment.

Enhancing Adherence
Enhancing adherence to fitness programming requires careful
attention to the needs of the warfighter (injury status,
movement deficiencies, training goals) and the training cycle
of the unit of assignment. The TSAC Facilitator must design
flexible training programs that can be implemented around
mission training requirements and that factor in the inevitable
scheduling constraints. Command support for PT programs is
critical for furthering the TSAC Facilitator’s efforts in
planning and executing purposeful training; it can make the
difference in securing resources and time for physical fitness
training.

Preparticipation Screening



Screening considerations for the military tactical athlete are
much the same as for any athlete: a full medical history,
including prior injuries, must be taken into account, and the
individual’s goals and motivations must be considered. The
medical officer should be consulted regarding any
contraindications for conditioning activity; as with any athlete,
the military warfighter needs to be cleared for conditioning
activities and training. For example, a service member may be
training for a specific event such as a marathon, an assessment
and selection course (e.g., Special Forces Assessment and
Selection [SFAS]), or a military school (e.g., Airborne, Air
Assault, Sapper School). The requirements of the occupational
specialty must be considered—what tasks must the warfighter
perform as part of the job? Consideration must also be given to
the unit mission—what tasks must the unit perform at home
and, more importantly, during deployment? These tasks dictate
the physical expectations of military personnel and how the
training program should be designed. Identifying any physical
deficiencies related to the individual’s goals and occupational
tasks will assist the TSAC Facilitator in designing a training
strategy.

As part of screening, special attention must be paid to the
tactical athlete’s resistance training history and participation in
sport prior to military service. Within the military, there is
typically a wide range of athletic ability and history of sport
participation. Some military personnel have little to no
experience in the weight room, while others come from a
background of athletics. Additionally, any movement
deficiencies or musculoskeletal imbalances should be
identified. Tools such as movement screens can aid the TSAC
Facilitator in determining the athlete’s functional limitations
(47).

The TSAC Facilitator must also consider the warfighter’s off-
duty activities. Some military personnel participate in sports or
athletic pursuits outside of work, which may increase injury
risk and will certainly influence the efficacy of the strength
and conditioning program prescribed by the TSAC Facilitator.
One of the greatest implications of off-duty sport participation
is its effect on recovery. Without careful planning and



progression, off-duty sport activities can hinder strength and
power development, which is crucial to the performance of
several military tasks. The accumulation of physical stressors
from participating in exercise training programs and intense
recreational activities (e.g., off-duty fitness club training,
hiking, trail bike riding) in addition to unit activities can lead
to overtraining.

These activities are not bad per se; however, the TSAC
Facilitator might carefully monitor workouts and use tests for
power to ensure there is no interference with planned training
goals for physical readiness. This type of overtraining is
termed acute overreaching. In this acute overreaching, a
training variable is emphasized (e.g., more reps, heavier
loading, higher frequency of training) and has an acute
negative effect on performance. Acute overreaching is of
known origin in a training program and used for only a short
period of time (e.g., 1-4 weeks). It is used to stimulate
supercompensation or a rebound in performance after one
removes it and returns to regular training.

When elements are added that are not accounted for (e.g.,
extra training at a fitness club) or mistakes are made in the
program design over a longer time, nonfunctional
overreaching can result. The performance decreases can last
for weeks or months, and if not corrected or understood,
nonfunctional overreaching can lead to overtraining syndrome,
which may suppress performance recovery for months.
Nonfunctional overreaching and overtraining syndrome may
have a negative impact on job performance both before and
during deployment. Not only can off-duty activities limit
performance gains, but they also may have negative effects on
health. For example, excessive alcohol consumption, smoking,
poor diet, and lack of sleep can all increase the likelihood of
injury and affect performance and progress in the weight
room. Where feasible, a better understanding of the
warfighter’s lifestyle will help the TSAC Facilitator
implement training that is best suited to the individual’s needs,
correct conditioning program errors, and recommend other
lifestyle services available to the warfighter.



Key Point
In today’s military, understanding the importance of rest and
recovery and preventing overtraining are vital for recovery
from missions and long-term health.

Programming Considerations
Programming considerations for the tactical athlete should
begin with a needs analysis of the unit mission and the
physical demands of the occupational specialty (35). First and
foremost, the TSAC Facilitator must have a thorough
understanding of the challenges and demands of the tactical
athlete’s occupational specialty. The requirements of the job,
the unit mission, and the individual’s training goals and areas
of weakness, such as prior injury or musculoskeletal
imbalances, provide the basis upon which a strength and
conditioning plan can be developed. Physical fitness
requirements for military personnel exist along a continuum
ranging from strength and power to aerobic endurance
performance. All military athletes must develop each
component of fitness; however, the extent to which the
components are required depends on the occupational
specialty and unit mission.

Other programming considerations include the unit’s training
and deployment cycle. Military personnel face a number of
challenges, the biggest of which is being mission ready year-
round, ready for deployment at any time. This is especially
true for personnel who may deploy frequently throughout the
year. Whereas athletes typically have an in-season and off-
season, this is not the case with tactical athletes. A deployment
can be viewed as the in-season, but military training
requirements while at home also require optimal physical
fitness. For some military personnel (e.g., operators, combat
arms), the demands and stresses of predeployment training
(i.e., off-season) can be as demanding as the deployment itself.
When possible, as the deployment nears, PT should
increasingly mirror the demands during the deployment. For
example, occupational tasks that are conducted in tactical gear
(e.g., PPE) and with external loads should be progressively
included in the PT plan. During the off-season, emphasis can



be placed on strength and hypertrophy to build the foundation
for more skill-specific work as the deployment nears.

Typically, military units have a predetermined training cycle
based on deployment schedules that dictates training
requirements that must be completed during the cycle, which
will affect the tactical athlete’s availability and readiness to
train. Most military training priorities will take precedence
over physical fitness training, particularly during the months
leading up to a deployment. During this time, unit-level PT
will be minimal, and time allocated for unit physical fitness
training will be sacrificed for other training priorities. In these
instances, whether military personnel adhere to a PT program
of any kind depends to a large extent on the individual’s
personal motivation. The TSAC Facilitator can advocate for
physical fitness training outside of the normal times allocated
for unit-level fitness training (typically 6:00-8:00 a.m.). With
command support, it is possible to shift training times to later
in the day or to split training times to allow smaller groups
access to limited strength and conditioning facilities.

As noted earlier, given the unpredictable nature of military
service, programming must be flexible and adaptable to the
tactical athlete’s schedule. Sometimes military personnel will
be unable to adhere to a training plan due to mission
constraints. It is not uncommon for last-minute military
training requirements to disrupt the warfighter’s PT plan. As
an example, infantry units are regularly required to perform
long-distance loaded rucksack marches that compromise
readiness for lower body strength training. In light of these
challenges and the need to be ready for missions year-round,
the flexible nonlinear approach is generally better for the
tactical athlete compared with traditional linear plans (35).
With this approach, as long as the training goals for a given
mesocycle are met, adjustments can be made to the training
schedule as needed (35, 37). This allows the athlete to
maximize training when the military schedule allows. It also
facilitates recovery strategies during periods of increased
operational tempo or intense predeployment training so as not
to push the athlete into an overtrained state, which could



contribute to injury risk and have a negative impact on
readiness.

Motivation
The availability of strength and conditioning resources varies
depending on branch of service and unit of assignment, and
military personnel may not be required to seek out strength
and conditioning resources that are available on military bases.
From our observations over the years, most military personnel
are not mandated to train with the strength and conditioning
professional, but the resources are usually available to those
who seek them out. For the TSAC Facilitator assigned at the
unit level, it is important to establish credibility with military
personnel assigned to the command—this is the most effective
way to motivate military personnel to train. At times, the
TSAC Facilitator may be invited to take part in unit PT events
or workouts. Military personnel follow the principle of leading
by example. Thus, showing warfighters that the TSAC
Facilitator is able to perform the same physical tasks that they
do, and that the TSAC Facilitator is taking the opportunity to
gain an understanding of the military personnel’s training
environment, aids in establishing the TSAC Facilitator’s
credibility as a PT expert.

Within a group of military tactical athletes, a variety of factors
will influence motivation to train. At one end of the spectrum,
military personnel may be minimally motivated to perform
only that exercise which is mandatory, as in physical fitness
training prescribed at the unit level and semiannual fitness
testing requirements. On the other end of the spectrum,
military personnel may be highly motivated to conduct
physical fitness training on their own, beyond what is required
for daily physical fitness training. Some warfighters have
specific training goals, such as participating in off-duty
physical fitness activities, running a marathon, or participating
in another sporting event. Military personnel may also be
motivated to attend assessment and selection courses for
specialty assignments (e.g., Navy SEAL, Army Special
Forces, Air Force Pararescue). Working with many of the elite
military units and on various DoD panels, we have observed



that military personnel who are in or seeking assignment to
specialized units tend to be more invested in maintaining and
improving their fitness when compared with military
personnel assigned to conventional units. This is due to highly
demanding occupational requirements of specialized units.

Key Point
A deeper understanding of the reasons physical training is
important and what is happening to the body with such
programs can be vital for increasing a warfighter’s internal
motivation for improvement.

Training Considerations
At the start of any training program, a facilitator has to
develop an overall plan and approach to the program. This
process includes individualizing training goals and developing
group training programs. This also involves starting with a
yearly calendar to fill in known schedules: possible
deployments, holidays, fitness testing, and vacations. Plans for
environmental acclimatization that might be needed over the
year as well as injury rehabilitation protocols can also be
assessed.

Establishing Training Goals
When working with military personnel, the TSAC Facilitator
will be constrained by missions and deployment timelines. It is
rarely feasible to incorporate a perfectly planned program
given the typical military schedule. At times, military
personnel may only have a month or two to work with the
TSAC Facilitator before a deployment or other training event.
Many military personnel are hesitant to seek assistance from
the TSAC Facilitator due to time constraints or due to
familiarity with or preference for other training methods. The
TSAC Facilitator must be flexible in working with whatever
time frame the individual has available, even if it is less than
optimal. This reinforces the idea that training goals should be
achievable even when working in small windows of time, and
it increases the likelihood that the warfighter will seek out
coaching assistance in the future. Perhaps most importantly,
within small military teams, buy-in mostly occurs at the



grassroots level. Therefore, if the TSAC Facilitator is
successful in helping one or two people, it can motivate other
team members to seek out coaching assistance.

As with any PT program, the TSAC Facilitator should perform
a needs analysis of the warfighter’s MOS and the physical
fitness tests used by the military service. Each MOS may have
different job tasks in the operational environment, but all will
be tested with the specific service’s own physical fitness test.
The program goals need to reflect the needs for each fitness
component (e.g., aerobic conditioning, strength, power,
flexibility) and movement capability required for the MOS.
Then an individual analysis needs to be done to allow the
TSAC Facilitator to focus on specific elements that need
immediate attention due to the short time frame many
warfighters have available. Thus, priority training along with
individualized training programs for short-term, intermediate-
term, and long-term attainment need to be addressed, keeping
in mind that the warfighter’s fitness testing must not be
compromised by a lack of attention to testing specifics (e.g.,
need for power if a standing long jump is used for fitness
assessment).

Training goals might be organized based on the typical
periodization time frame of a microcycle (2-4 weeks),
mesocycle (8-12 weeks), and macrocycle (one year). This
allows the TSAC Facilitator to understand what can be
accomplished and whether a longer time line of contact with
the warfighter is possible so that training goals can be
modified over each cycle, building a macrocycle plan.
Additionally, when soldiers process to a new duty station, it is
important to supply a report of what they have done and the
plan they’ve been using so they can continue training at the
next duty station.

Here are some points to consider when developing training
goals for warfighters and their unit. Ultimately, conditioning
goals are individual processes, with formal military fitness
testing being the group activity. Realistic goals must be set for
conditioning programs; individual genetic potential will
influence every parameter measured. Although units can have
goals for the whole team, everyone should be able to



contribute to unit goal setting. When setting goals, keep the
following factors in mind:

 

The MOS specifies the required tasks beyond general
fitness levels assessed in military testing programs.
Military unit demands and operational missions may
vary.
The more fit a soldier is, the less improvement can be
gained. One might then work on a maintenance program
for some variables.
Various training times are needed to reach a given
physical fitness or body development goal. Some goals,
such as loss of body fat, also involve other interventions,
such as diet behaviors.
Use training logs and internal testing to determine if the
program is working. If not, design changes are needed.
The availability of equipment or program elements is an
important consideration.
Set goals that are attainable based on the individual and
then monitor them. What you measure, you have to
manage!

Exercise Selection
Exercise selection is related to the movements and body
functions that are targeted for improvement with training. In
the weight room, select whole-body exercises that represent
the functional ability of the body to produce force and power
from the standing position or the closed kinetic chain. With
adequate technique training and monitoring, whole-body
exercises such as squats, power cleans, and deadlifts, along
with bench presses and seated rows, can be at the core of the
weight training program. Next, choose exercises for the upper
and lower body with attention to exercising the front and back
of a joint (e.g., front and back of arm, or biceps and triceps).
Whole-body exercises also include running, swimming
(service dependent), cycling, jumping, sprinting, agility
training with breaks in the straightforward movement,
backward running, and balance training. Flexibility training



and movements from functional movement screens can also be
used to improve movement capabilities. Care must be taken
when using novel exercises such as tire flips and other
strongman lifts to make sure technique is clearly understood
and monitored.

Exercise-to-Rest Cycles
The amount of rest needed to optimize workout performance
can be examined from both within and between workouts.
Shorter rest periods within a workout place greater demands
on anaerobic metabolism and can affect the pH and acid-
buffering mechanisms. Workouts with shorter rests are used to
enhance buffering capacities and improve anaerobic tolerance,
but they only need to be performed twice a week. Too many of
these workouts, including HIIT workouts, can lead to
overreaching or overtraining. For resistance training, allow 48
hours between workouts, but 24 hours can be used if the
exercise angles are changed in the workout. Although
endurance training can be done each day, it is necessary to
periodize the intensity and volume of exercise. Again,
exercisers need to be carefully monitored for recovery and
overtraining. From anecdotal observations, many high-
performance warfighters are overtrained but get used to the
feeling of being tired, creating a new normal. With more
advanced blood marker testing (e.g., cortisol and creatine
kinase levels), this can be addressed. Session RPEs and other
scale monitoring for fatigue and sleep can help with program
adjustments and counsel (11).

Progression, Duration, and Intensity
In resistance training, the progression of intensity is based on
the loading range in a program. The goal is to improve
maximal strength and power and the resistance or intensity
over a training cycle that can be used for a given range of
repetitions. With percentages of 1RM, the training weight
increases as strength increases. Thus, the resistance or
intensity used for a 3RM to 5RM training zone should be
heavier in week 12 than it was in week 1, and the resistance
used for 12RM to 15RM is also higher in week 12 than in
week 1. Progress within the training zone or as the 1RM gets



higher. If the 1RM goes up, then, for example, the 80% load
will also go up. If the exerciser can do 7 reps in a set that was
targeted for a 3RM to 5RM zone, increase the weight to allow
only that number of repetitions for the load. Using RM zones
often requires trial and error on each set for an exercise. For
percentages, many use the Epley formula:

1RM = (0.033 × reps × weight lifted) + weight lifted

Each muscle group and exercise will have a ceiling for
absolute gains based on the person’s genetics (e.g., number of
muscle fibers, muscle fiber types, limb lengths, tendon
lengths). The slowing down of gains in a workout log or
strength test often reflects such limits if training program
design is appropriate and the person works hard (15).

Progression in endurance training can follow a periodized
format that varies the integration of tempo training and volume
of distance run (54). Progression involves careful modulation
of the volume of running, pace of runs, and distance covered
based on the individual’s toleration of the training.
Understanding what distances are needed to complement
aerobic function in order to support load carriage and military
testing protocols is vital to setting optimal training goals (36).

Nonlinear Periodization
The objective of periodization is to optimize adaptations
while allowing rest and recovery from the exercise stressors. It
allows for manipulations to enhance both acute and chronic
exercise training adaptations. In short, periodization is a
process of varying workout stressors and allowing recovery to
take place. As mentioned in chapter 10, the origins of
periodization are related to the work of Canadian
endocrinologist Hans Selye, who created the concept of
general adaptation syndrome (GAS). In GAS, if the stressor
is not removed after a given period of time, the organism dies
or, in the case of exercise training, experiences decreased
performance. From this concept and after many years of
modeling successful athletes, the periodized training program
was developed in the Soviet Union and Eastern Bloc countries.
The concept has exploded over the past 50 years, and a host of



periodization models have been developed based on both
theory and science (5, 37, 51).

This chapter will introduce a differential model of
periodization termed nonlinear periodization and more
specifically flexible nonlinear periodization. Each of the
styles or approaches to periodization has its own distinct
advantages, but for military interfaces, flexible nonlinear
periodization offers the greatest flexibility in optimizing each
workout in the short-term training frames typical of military
schooling and duty cycles (8-12 weeks) (37). In this model, a
nonlinear plan is developed for a mesocycle, and then the
ability to do a planned workout is determined at the time of the
workout (daily microcycles). If the workout cannot be
performed at the level of quality prescribed, the exerciser
defaults to another workout or a rest day.

Nonlinear Periodized Model
More recently, nonlinear periodized training programs have
been developed to maintain variation in the training stimulus
(66). Nonlinear periodized training is a way to easily
implement the program around schedule or competitive
demands (37). The nonlinear program allows for variation in
the intensity and volume within each week of the training
program (e.g., 16 weeks). The change in the intensity and
volume of training varies within the week. Following is an
example of a nonlinear periodized training program over a 16-
week mesocycle:

 

Microcycle 1: 5 sets at 60% of 1RM
Microcycle 2: 5 sets at 75% of 1RM
Microcycle 3: 4 sets at 85% of 1RM
Microcycle 4: 5 sets at 90% of 1RM
Microcycle 5: 4 sets at 65% of 1RM
Microcycle 6: 5 sets at 80% of 1RM
Microcycle 7: 4 sets at 85% of 1RM
Microcycle 8: 4 sets at 95% of 1RM
Microcycle 9: 4 sets at 70% of 1RM
Microcycle 10: 5 sets at 80% of 1RM



Microcycle 11: 3 sets at 60% of 1RM
Microcycle 12: 4 sets at 95% of 1RM
Microcycle 13: 3 sets at 75% of 1RM
Microcycle 14: 4 sets at 85% of 1RM
Microcycle 15: 4 sets at 60% of 1RM
Microcycle 16: 3 sets at 100% of 1RM

The nonlinear program can also be organized where a different
style of workout is scheduled for each day and the exerciser
progresses though them. An alternative is to use the flexible
approach mentioned earlier. It is derived from the planned
format, but the workout sequence is not set unless the
individual is capable of doing the assigned workout. Under
extenuating circumstances such as sickness, lack of sleep, or
demanding job tasks, the exerciser defaults to a rest day or a
workout that can be completed in more optimal manner. Thus,
the TSAC Facilitator can better manage the quality of the
training. The flexible approach requires attention to workout
logs, interactions with exercisers on the training day, and
pretests such as a vertical jump test. For example, before a
power day, if warfighters cannot achieve at least 90% of their
personal best on a vertical jump test, a less intense workout is
performed (37). The workouts done successfully are noted as
to how well the individual was able to meet the exercise
training demands so that the target goals of a mesocycle are
met. In other words, the TSAC Facilitator assesses whether the
workouts in the plan can realistically meet the training goals
(e.g., whether there are enough heavy workouts to optimize
strength).

The following protocol uses a four-day rotation with one day
of rest between workouts. A rotational sequence for two days
or three days per week could also be used.

The flexibility comes in when, for example, the warfighter
cannot perform in the 4RM to 6RM training zone with the
same intensity as the prior workout with this RM zone. Then
the workout is changed to a lighter one or a rest day. Optimal
performance of a set is the key factor in a program; going
through the motions is not acceptable for optimal training and
improvement.



The variation in training is much greater within the week. In
the sample protocol listed previously, intensity ranges from
1RM sets to 15RM sets in the week cycle. This span in
training variation appears to be as effective as linear programs.
Typically, power training workouts are done with Olympic-
style lifts with submaximal loading to promote total body
power.

Unlike in traditional periodized programs, the components of
muscle size and strength are both trained within the same
week. Additionally, nonlinear programs attempt to train
different resistance loads within the same week. Thus, the
exerciser is working on two neural activation patterns within
the same 7- to 10-day period of the 16-week mesocycle.

In this program, the nonlinear planned model rotates through
very heavy, heavy, moderate, and light training sessions. If
exercisers miss the Monday workout, they can repeat it and
then continue on. Thus, you may have a group doing all types
of loading programs on a given day. A mesocycle is complete
when a certain number of workouts are completed (e.g., 48)
rather than using training weeks to set the program length.

Again, the primary exercises are typically periodized, but a
two-cycle program can also be used to vary the small muscle
group exercises. For example, with the triceps pushdown, the
exerciser could rotate between the moderate (8RM-10RM
training zone) and the heavy (4RM-6RM training zone) cycle
intensities. This would provide the hypertrophy needed for
such isolated muscles of a joint while also providing the
strength needed to support heavier workouts of the large
muscle groups.

In summary, different approaches can be used to periodize a
training program. Linear and nonlinear programs appear to
accomplish the same effect and are superior to constant
training programs. Flexible nonlinear periodization appears to
be an ideal style of programming for various military
populations. However, the key to any workout programs
success is variation, and different approaches can be used over
the year to meet this training need.

Key Point



Flexible nonlinear periodization uses daily assessments to
determine the appropriateness of the assigned workout. If the
assigned workout cannot be done optimally, the training
defaults to a workout that can be done optimally. For example,
a power workout has been planned for the noon workout, but a
10-mile run was done in the morning; with the residual fatigue
that would accompany such a run, a power workout is not
possible during the workout time.

Acclimatization
It is possible to improve performance in both heat and altitude
from gradual exposure to the environmental stress over time.
However, little if any cold acclimatization occurs, and proper
clothing and shelter are required. Acclimatization refers to
exposure to the natural environment. This is in contrast to
acclimation, which is exposure to an artificial environment
such as a heat or altitude chamber (33).

Heat acclimatization guidelines have been extensively
developed by the U.S. Army (67). According to Fleck and
Kraemer (15), the earliest adaptations to heat occur in 1 to 5
days with improved regulation and control of the
cardiovascular system. This means there is an expanded
plasma volume, reduced HR at a specific exercise intensity,
and improvement in the autonomic nervous system to assist in
the redistribution of blood flow in the capillary beds in the
active musculature. In 5 to 8 days, the crucial regulation of
body temperature improves, which is vital for protection
against lethal hyperthermia. The acclimatization response
depends on the environment; for example, does the
acclimatization take place in a hot, humid environment or a
hot, dry environment? Adaptations include an increased sweat
rate, the onset of sweating at lower elevations in body
temperature, and sweat gland adaptations (more dilute sweat),
depending on the type of environment. Three to nine days is
when conservation of sodium chloride (NaCl) takes place
during heat acclimatization. NaCl losses in the sweat and urine
will decrease, which results in better maintenance of
extracellular fluid volume. By 14 days, most of the changes
are complete, including the following (15):



 

Lower core temperature at the onset of sweating
Increased heat loss via radiation and convection (skin
blood flow)
Increased plasma volume
Decreased HR at a specific workload
Decreased core temperature
Decreased skin temperature
Decreased oxygen consumption at a given workload
Improved exercise economy (amount of exercise
performed per unit of oxygen consumed)

Altitude acclimatization is also possible (70). Short-term
acclimatization to altitude occurs from altitude exposure of
less than one year. Even with three to six weeks of exposure to
altitude, dramatic acclimatization can occur. This appears to
help oxygen utilization (e.g., increased hematocrit) and
performance for endurance activities. Long-term
acclimatization refers to people who were born or have lived
at altitude for longer than a year. Most warfighters must gain
short-term acclimatization in order to perform optimally at
higher altitudes.

Injury Rehabilitation
In some units, the TSAC Facilitator is located with physical
therapists, athletic trainers, or MFTs. TSAC Facilitators must
stay in their lane, so to speak; they are not medical
professionals, and diagnosing or treating injuries or diseases is
outside their scope of practice. However, they are key players
in the medical team of experts and contribute in many ways to
injury prevention and rehabilitation programs. Establishing
good working partnerships with the medical team can be a
sizeable advantage in providing the best care possible and
motivating military personnel to train. This is especially
important when working with people recovering from injury.
Military personnel who have sustained an injury are motivated
to return to full duty in most cases, but they may also be
skeptical about their progress and the ability of the physical
therapist or strength and conditioning professional to help



them achieve their goals. The stronger the treatment team, and
the earlier a working relationship is established with the
warfighter (both before and after injury), the greater the
warfighter’s motivation to train and work with the
rehabilitation or strength and conditioning team when injured.
Military personnel of higher fitness levels may be more
motivated to train once standard rehabilitation exercises are no
longer challenging. Here, the TSAC Facilitator is in a unique
position to provide well-designed programming that
challenges the individual while taking the injuries into
consideration (53). Working with the medical personnel,
physical therapist, or athletic trainer can assist the TSAC
Facilitator in designing a program that further aids the
individual’s recovery without exacerbating existing injuries.

Adherence
Some military personnel will not adhere to the training
protocols designed by the TSAC Facilitator due to their
preference for their own training methods or the
misconception that more is better. The best approach is to be
patient and educate the person over time as to why recovery
and progression, including rest days, are necessary for
performance gains. This will not happen overnight. Once the
tactical athletes begin to see positive effects, they are more
likely to adhere to the training program. At other times,
adherence issues are related to competing military training
requirements. In this situation, the TSAC Facilitator must be
flexible in shifting or redesigning workouts based on the
tactical athlete’s availability and readiness to train. Although
this is not an ideal situation, adjusting training to
accommodate the needs of military personnel will greatly
influence their motivation to train.



Program Design and Sample
Training Approaches

The principle of specificity requires training to mirror the
demands of the occupational specialty. To best prepare for the
physiological demands of load carriage, military personnel
should train using complex, multijoint movements, with an
emphasis on upper body and lower body strength and power
development, in addition to posterior chain development.
Given the heavy emphasis on load carriage and the high
incidence of associated lower back injuries, developing a
strong core and posterior chain is pivotal to improving
performance of military tasks and preventing injury.
Additionally, upper body strength and muscle mass are
contributing factors in load carriage performance (16). Studies
have shown that strength training can greatly improve
performance on military physical tasks (34), and specifically
load carriage, even when load carriage is not incorporated in
the training plan.

Although military tactical athletes have good overall fitness
levels compared with the general population, they may be
lacking an adequate strength and power foundation, and they
may have limited experience training compound, multijoint
movements (e.g., squat, bench press, deadlift) and power
exercises (e.g., power clean). For this reason, the TSAC
Facilitator will likely have to allocate time for teaching and
reinforcing correct technique when implementing resistance
training programs. If military personnel are conducting off-
duty PT on their own or are involved with commercial
programs, the TSAC Facilitator may have to reteach
movement patterns or incorporate exercises to correct
movement deficiencies. Based on anecdotal experiences, it is
thought by military and research professionals that weak
gluteal and hamstring muscles are common in military athletes
due to the heavy emphasis on running combined with tightness
in the hip flexors and quadriceps dominance. These issues
must be addressed because strong gluteal musculature and hip
extension capability (power) are critical to strength and power



development. Furthermore, well-balanced musculature around
all sides of a joint not only improves athletic performance but
also has been observed to reduce injury risk, particularly
overuse injury or injury related to load carriage.

Military physical readiness doctrine outlines the principles of
“train to standard” and “train to fight” (65). Mastery of various
physical tasks enables a warfighter and thus the unit to
perform the mission effectively. Accordingly, training should
be tough, realistic, physically challenging, and safe. The PT
program should focus on the tasks associated with combat—
lifting and loading weapons, reacting to and evading contact,
evacuating casualties, moving under fire, navigating across
uneven terrain from one point to another, performing
individual and team movements, and performing combatives
(see table 19.6). The TSAC Facilitator can refer to these
physical tasks to gain a general understanding of common
warfighter tasks and the physical capabilities needed to
perform them. This will be helpful in developing training
programs to meet the warfighter’s needs.



Key Program Variables
Previous literature has described the acute program variables
that can be manipulated in a strength and conditioning
program to attain various athletic goals (62). In short, exercise
choice, exercise order, amount of load, type of load (e.g.,
accommodating resistance, regular weight), intensity (e.g., sets
and reps, volume), and rest periods all influence the
adaptations to resistance training (35, 62). These variables can
be manipulated to result in the desired outcomes. For example,
optimal strength development requires heavy loading in the
1RM to 3RM range, and within a given strength-based
workout, one must use longer rest periods of 2 minutes or
more to maximize force production. Some experts even
advocate 3 minutes or more (15). A hypertrophy-based
protocol allows for loading in the 6RM to 12RM range
combined with moderate rest periods of 30 to 90 seconds. On
the opposite end of the spectrum, when conducting metabolic
training, shorter rest periods are appropriate. However, loading
must be adjusted because the force needed to lift heavy loads
cannot be maintained with short rests.



Care must be taken with metabolically demanding workouts
because of their taxing nature and the catabolic hormonal
environment that results (35). Cumulative exposure to
catabolic hormones can create a hormonal environment that is
counterproductive to optimal strength and power development.
Two to three metabolic workouts per week are generally
enough to maintain metabolic adaptions to exercise (35).
Incorporating more than that can yield counterproductive
results, particularly when combined with frequent endurance
exercise and other demanding military training.

Manipulation of acute program variables (e.g., exercise choice,
loads, rest periods) ensures that military personnel develop the
necessary strength and power foundation while allowing for
optimal recovery. With military athletes in particular, the
demands of the profession and the need to be mission ready
year-round necessitate optimal recovery from exercise stress.
Varying exercises and loading over the course of the training
program ensures optimal development and maximizes
recovery, thereby reducing the risk of nonfunctional
overreaching, a common occurrence with intense training.
Another factor that influences the choice and order of exercise
is an assessment of the athlete’s strengths and weaknesses.
Weak body parts can be trained early in the workout to
emphasize weak or lagging muscle groups, and manipulation
of the acute program variables can ensure that appropriate
emphasis is placed on lagging areas.

Equipment
Equipment resources and facilities vary from location to
location. This depends to a large extent on which branch of
service TSAC Facilitators are supporting and whether they are
working with a conventional or nonconventional unit.
Typically, conventional units are larger, with fewer resources
available relative to the number of military personnel.
Nonconventional military personnel, assigned to smaller units,
typically have more adequate resources, both in terms of
military personnel relative to the amount of equipment and
funding available for purchasing equipment. In the best-case
scenario, the TSAC Facilitator will have access to a full



weight room, conditioning equipment, indoor turf, and indoor
and outdoor space similar to what would be available at a
collegiate strength and conditioning facility. In situations
where the TSAC Facilitator is working with a team of tactical
athletes, this is typically the case. However, the TSAC
Facilitator may initially have limited equipment and space or
may need to train a number of military personnel at once that
exceeds the space and equipment available. Again, the TSAC
Facilitator must be flexible in working with the resources
available and take advantage of opportunities to advocate for
and influence future equipment purchasing decisions, which
are typically made at the command level.

Effective strength and endurance training is not cheap.
However, units that have effective training understand that
across the career of a service member, the dollar per
warfighter-year cost of the equipment is low. This means, for
example, that if a warfighter uses a $10 kettlebell for 10 years,
the cost of that kettlebell is $1 per warfighter-year. If 10
service members use it throughout those 10 years, the cost is
$0.10 per warfighter-year. If 100 service members use it, the
cost is $0.01. Whether purchasing simple kettlebells or high-
end antigravity treadmills, the cost of equipment and facilities
pales in comparison to the health care costs associated with
improper PT. In spite of this, equipment purchases most likely
will be driven by initial cost.

Safety
The TSAC Facilitator must take certain factors into account to
ensure the safety of the military personnel. First and foremost,
fitness level and injury status will influence how warfighters
should train, including the intensity with which they can safely
exercise, modifications that must be made depending on injury
status or existing movement deficiencies, and the degree of
supervision and coaching that is required for safe progression.
Additionally, the TSAC Facilitator must be aware of outside
factors that can influence safety in the weight room, such as
military training events, particularly in hot, humid weather;
nutrition and hydration status; and auxiliary factors such as
quality of sleep and recovery status. All of these factors will



influence the ability to train safely. Thus, careful attention to
these factors and knowledge of the warfighter’s lifestyle (i.e.,
how well the TSAC Facilitator knows the athlete) will ensure
safe progression of exercise and avoidance of injury.

Additionally, as with all athletes, exercises that are more
technically complex should be performed with light weight
until proper technique is learned, and progression of loading
should be incremental, depending on the skill and strength
level of the athlete. When the warfighter is fatigued from
military training or other operational factors, care should be
taken in implementing technically complex movements that
are centrally fatiguing. At a minimum, coaches should be
certified in first aid, CPR, and AED use, an AED should be on
site, and all coaching staff should be trained in the emergency
procedures of the strength and conditioning facility.

Coaching Resources
There are no full-time coaches to develop and lead physical
fitness programs for military teams. Although military
personnel are considered tactical athletes, they are not required
to train under the guidance of a coaching staff, unlike
professional or collegiate sport athletes. Currently, the delivery
of training is the business of the NCO, who receives guidance,
resourcing, and intent from the commander. To varying
degrees, the services train their NCO leaders in the execution
of PT through professional military education and additional
skill courses, such as the MFTC. There are no requirements
for nationally recognized PT certifications. Only a few
installations support commercial certifications.

At the time of this writing, the TSAC Facilitator has no formal
doctrinal or regulatory support within the U.S. military system.
Those few TSAC Facilitators who are employed by the
military are civilian contractors or government employees.
The TSAC Facilitator certification is much more likely to be
an adjunctive certification earned by a health care
professional, strength and conditioning coach, MFT, or
service-specific equivalent. Therefore, for the time being, the
responsibility for PT and injury control lies with the
command, and associated duties are delegated to medical



personnel. These medical personnel are sometimes organic to
the unit (part of the unit’s personnel structure), but more
typically they work in medical treatment and gyms on the
installation and serve a much broader population than a single
tactical unit.

Program Scenarios
No one-size-fits-all strength and conditioning program exists
that will be appropriate for all service members. As
mentioned, optimal programming must address the physical
requirements of the military personnel’s occupational specialty
and the unit’s mission, and it must factor in constraints such as
competing military training requirements that must be
prioritized in a given training cycle; military personnel’s
availability, readiness, and motivation to train; and special
considerations for the individual’s goals, strengths, and
weaknesses. Personal factors, such as home life or disrupted
sleep schedules, will also affect training outcomes. To
implement a program that is not only effective but is one that
military personnel can adhere to, the TSAC Facilitator should
maintain flexibility in the program design, such as using the
flexible nonlinear approach or short training blocks of three to
four weeks with adequate recovery and deloading periods.
Chapter 10 provides more information on periodization and
sample programs that can be used as a starting point for
developing a training program for a military population, and
other publications also provide examples (35, 37, 38).

A sample training program for a Ranger unit is provided in
table 19.7. This program incorporates a resistance training
schedule using a flexible nonlinear program. The TSAC
Facilitator can then change the programs related to circuit
training, strength, power, endurance, or combat-related
training. The key is to make the program work with the
operational demands and time constraints of the MOS and the
unit in order to train the elements needed for combat readiness,
including anaerobic endurance, cardiorespiratory function, and
strength and power for demanding tasks, as discussed in detail
elsewhere (23, 30). The program shows what might be done
on base and then during predeployment, deployment, and



postdeployment. Using knowledge of program design from
this book and others will allow the TSAC Facilitator to
develop programs in response to individual and unit demands
during these three periods of military service.



Recommended Readings
Due to the vast amount of information available, it is not
possible to provide extensive details on all topics covered in
this chapter. Table 19.8 lists recommended references for the
TSAC Facilitator working with the military.





Conclusion
The military provides an environment of extraordinary
opportunity and challenge for the TSAC Facilitator. The
defense of a nation in a resource-constrained era gives the
skilled facilitator the chance to offer massive value. The TSAC
Facilitator is the unit’s fitness expert. In this role, the TSAC
Facilitator can drive physical readiness through fitness
enhancement and injury mitigation. With command support,
radical improvements in warfighter physical readiness become
possible. Though the training environment of a Navy SEAL
may be very different than that of an infantry soldier, one
constant is the need for flexibility in designing real-world
programs under constraints ranging from the individual’s
readiness to train to the unit’s deployment schedule. A
thorough understanding of the warfighter’s training needs and
goals, occupational requirements, and lifestyle will ensure that
the TSAC Facilitator can provide optimal training support to
the tactical athlete or unit, thereby maximizing physical
performance across a range of tasks and enhancing readiness
for mission demands.

Key Terms
 

acclimatization
acute mountain sickness (AMS)
anaerobic battlefield
block periodization
Certified Strength and Conditioning Specialist (CSCS)
flexible nonlinear periodization
general adaptation syndrome (GAS)
hazardous exposure
heat cramps
heat exhaustion
heatstroke
high-altitude cerebral edema (HACE)
hypoxic effect
Master Fitness Trainer Course (MFTC)
Military Occupational Specialty (MOS)



nonlinear periodization
NSCA-Certified Personal Trainer (NSCA-CPT)
overuse injuries
periodization
readiness
special operators
syncope

Study Questions
 

1. When designing a program for military personnel, the
TSAC Facilitator must consider which of the following
first?

1. injury history
2. unit mission
3. training goals
4. aerobic fitness

2. Which of the following environmental conditions does
the body NOT acclimatize to?

1. hot
2. cold
3. humid
4. dry

3. Which of following is the best procedure to implement
immediately if someone is showing signs of heatstroke?

1. ice bath
2. extra electrolyte intake
3. gradual cool-down session
4. decreased sun exposure

4. As the body adapts to exercising in the heat, which of the
following changes occurs approximately nine days into
training?

1. expanded plasma volume
2. conservation of sodium chloride
3. improvement in the autonomic nervous system
4. reduced heart rate at a specific exercise intensity

5. If a warfighter’s 5RM for the back squat is 250 pounds
(114 kg), what is the estimated 1RM (rounded down to
the nearest pound)?



1. 258 lb (117 kg)
2. 287 lb (130 kg)
3. 291 lb (132 kg)
4. 412 lb (187 kg)
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After completing this chapter, you will be able to

 

describe the history of and current trends in load carriage
for fire and rescue, law enforcement, and military
populations;
discuss the physiological and biomechanical demands
imposed by load carriage; and
design training programs to optimize load carriage.

Tactical athletes are often required to perform a myriad of
physical tasks (e.g., negotiating obstacles, crawling, climbing,
marksmanship) while carrying loads (load carriage) that
weigh 80% or more of their body weight (16, 45). In
comparison to unloaded work, significantly greater demands
will be imposed while performing physical activities such as
patrolling or repetitive material handling with donned tactical
equipment that may include firefighting turnout gear, SCBA,
and ballistic vests (18, 74, 83). Work demands can be further
exacerbated by austere environmental conditions. Strength,
power, and agility are important considerations of mobility
(the ability to move one’s body in a straight line, in multiple
directions, or while negotiating obstacles), reaction time (the



interval of time between a stimulus and response), and
maneuverability—whether on the battlefield, in a foot pursuit,
or at a fire. Injury mitigation is another important aspect of the
PT program: Lost duty days due to injury will negatively
affect a unit’s mission readiness.



Impact of Equipment Load on
Biomechanical Demands

Operating under conditions of load carriage can compromise
safety and increase the risk of musculoskeletal injury during
times of fatigue or inadequate physical conditioning (36, 59,
62, 79). Circumventing adverse outcomes requires knowing
the physiological and biomechanical responses to load carriage
and incorporating appropriate PT program design and
evaluation aimed at the specific requirements of the tactical
athlete. This chapter provides the TSAC Facilitator with
precepts for PT program design aimed at load carriage
optimization.

History of Load Carriage
Modern warfare often requires service members to carry a
considerable amount of equipment and supplies during
dismounted movement. As figure 20.1 shows, the external
loads carried by soldiers of various militaries throughout
history have not always been as heavy as the loads carried by
modern soldiers. Although soldiers have become stronger and
larger than their earlier counterparts (22), their loads have also
progressively increased since the time of the British Crimean
War at the start of the Industrial Revolution (45). Advances in
technology have driven the need for soldiers to carry weapons
and equipment for the purposes of firepower, protection, and
communication, resulting in a linear increase in load carriage
weight over time.

Key Point
Advances in technology have increased the loads that tactical
operators must bear.



Figure 20.1 External loads (kg) carried by U.S. soldiers
throughout major conflicts.

OEF/OIF = Operation Enduring Freedom and Operation Iraqi
Freedom.

Reprinted, by permission, from B.C. Nindl et al., 2013, “Physiological Employment
Standards III: Physiological challenges and consequences encountered during
international military deployments,” European Journal of Applied Physiology

113(11): 2658.

Numerous research efforts throughout history have embarked
on developing strategies to improve soldier mobility. The aim
of this work focused on determining acceptable soldier loads
based on physical capability and operational necessity (3, 5,
14). Previous research also examined the applicability of
specialized load carriage systems (e.g., front-end carriage
system compared with back and shoulder systems) (5, 70, 76).

In 1987, the U.S. Army Development and Employment
Agency (ADEA) proposed five ideas to reduce load weight
and improve soldier mobility (3). One of these
recommendations was the development of PT programs to
enhance soldiers’ physical capability for load carriage. Since
this recommendation, several scientific efforts have
investigated the effects of PT on load carriage.

Recent evidence demonstrates that soldiers are currently
carrying the heaviest loads in history (45). In a landmark study
by Dean (16), the researchers deployed into theater
(Afghanistan) with a light infantry brigade (Task Force Devil,
82nd Airborne Division) and recorded the loads carried in
combat. This research provided invaluable data on actual loads



carried by various duty positions within the infantry. The total
loads carried by soldiers in duty positions of a light infantry
unit are displayed in table 20.1. For example, the average
fighting load, approach march load, and emergency approach
march load for a rifle squad leader were 62.4 lb (28.3 kg), 95.0
lb (43.1 kg), and 128.4 lb (58.2 kg), respectively (16).



Task Analysis for Various Tactical
Populations
An accurate representation of load carriage stress can only be
determined by evaluating occupational physical requirements
and tasks through a needs analysis—a multistep process of
evaluating job tasks and physical requirements plus the
individual’s fitness status (described comprehensively in
previous chapters) (57). A movement task analysis is also
included in this process (56). For example, establishing
evidence for occupationally relevant performance goals and
outcomes can be done with a task and movement analysis of
load carriage and other physically demanding activities (e.g.,



victim rescue, ladder climbing, reacting to enemy contact).
The analysis will note the frequency, intensity, environmental
conditions, clothing, and equipment load common to various
tactical athletes (21). The information gathered from the task
analyses provides a framework for the PT program.

Key Point
A needs analysis is highly recommended to understand the
specific requirements of the tactical operator, thereby allowing
appropriate exercise programming.

Critical Job Tasks Requiring Load
As reported by previous research (67, 80), load carriage
requirements vary among occupations and specific job
requirements. Military tactical performance has previously
been assessed using tests involving load carriage, obstacle
courses, repetitive and maximal box lifting, rushes under fire,
and simulated casualty recovery (30, 31, 46). These
warfighting tasks require the ability to move effectively while
wearing load-bearing equipment. However, job requirements
dictate the frequency and weight of equipment load worn by
warfighters. Combat arms personnel can expect to wear load-
bearing equipment more frequently than those serving in
combat support (32, 71). In general, all service members must
be physically prepared to conduct common warfighter tasks
wearing assigned equipment (1, 34).

Firefighting often requires the wear of PPE while performing
physical tasks. Physical conditioning should be driven to
optimize performance of firefighting tasks in donned field
gear. Firefighting will likely involve moderate- to high-
intensity tasks (e.g., handling charged fire hoses), be
repetitive, and last for extended durations while wearing
turnout gear and SCBA equipment (2). Therefore, a basic
knowledge of load carriage (and its implications on
occupational task performance) is needed. Park et al. (63)
conducted a study using 24 male firefighters to examine the
effect of SCBA size and weight on gait performance.
Equipped with one of four SCBA configurations, the
firefighters completed three conditions (no obstacle, 10 m [11



yd] stationary obstacle, or 30 m [33 yd] stationary obstacle)
while walking at either normal or fast speeds. The study found
that SCBA bottle weight (mass), obstacle height, and walking
speed, but not bottle size, significantly affected gait. In fact,
wearing heavier bottles resulted in 42% of the firefighters
contacting the taller obstacle, thus increasing the risk of
tripping. The heavier bottles also resulted in greater forces in
the anterior–posterior and vertical directions of the trailing leg,
indicating a higher likelihood of slipping. An assessment of
PPE weight, such as SCBA bottles, should be conducted as
part of the risk assessment to mitigate injury.

Police respond to an extensive array of critical incidents (e.g.,
traffic stops, arrests, domestic disputes) that may require the
application of physical force and great physical effort. PT for
law enforcement must aim to improve overall fitness and
optimize the ability to execute physically demanding
occupational tasks identified by the task analysis. In 2001,
Anderson et al. (4) evaluated the occupational requirements of
police in British Columbia and found that the majority of
officers routinely used tactics during critical incidents that
involved pushing, pulling, controlling or wrestling and
dragging, and lifting below shoulder level. Approximately half
of the police officers rated these activities as difficult or
requiring maximum effort. As these tasks are performed,
special consideration should be given to body armor and
ballistic vests, which can weigh on average 10 kg (22 lb).

Load Carriage and Movement Patterns
The success of firefighting, police, and military operations
greatly depends on the mobility of personnel (61). Not only do
units need to deploy quickly, personnel need to overcome
challenges presented by the burdensome loads worn, which
can potentially increase fatigue, reduce mobility, and hinder
effectiveness. As an example, the body armor worn by tactical
athletes can negatively affect body mechanics. Sell et al. (79)
examined differences in postural stability during single-leg
jump landings among 36 subjects, with and without body
armor. They observed that wearing body armor reduced
postural stability, potentially increasing the risk for lower



extremity injury. Based on these findings, the researchers
recommend integrating body armor exercises into the training
program in order to improve dynamic postural stability and
injury mitigation.

The risk assessment should identify hazards such as slipping,
tripping, and falling. The hazards of wearing PPE are further
compounded when operating in environments with limited
visibility, where reliance on proprioception is all that much
more important. A literature review of the impact of load
carriage on mobility was published in 2014 (13). The authors
defined mobility as “the physical movement of a person in a
straight line, multidirectional, or negotiating obstacles over
distance.” All of the studies included in this review found that
as load increased, mobility decreased. As load increased,
decreases in speed were apparent from increases in time to
complete obstacle courses and road marches, even to the
extent that some subjects were unsuccessful in their attempts
to negotiate obstacles. Dempsey et al. (17) also reported
decreased mobility among men wearing stab-resistant body
armor (SRBA) in a series of mobility tasks. Strategies to
optimize occupational task performance while carrying
external loads are PT objectives the TSAC Facilitator will
manage and monitor when working with tactical athletes.

Key Point
The TSAC Facilitator is responsible for prescribing an
appropriately designed and progressive PT program
incorporating load carriage and mobility exercises that reflect
job-specific tasks.

Responses of Bone, Muscle, and
Connective Tissue to Job Tasks Under
Load
Many of the most detailed literature reviews and
epidemiological studies fail to include load carriage variables
as risk factors for injuries (13). It is paramount for medical
units to understand the typical discomforts and injuries



associated with job tasks under load so they can be prepared to
recognize, treat, and even prevent such problems (41).

Previous research demonstrates that the upper limb is
susceptible to short-term injuries, including soft tissue damage
and trapped nerves or blood supplies while conducting load
carriage activities (11). During an acute road march (one hour)
while carrying 24 kg (53 lb), the hip region was rated
significantly more comfortable than any other region, and the
foot was rated significantly less comfortable than any other
region (10). This suggests the foot is an area of concern. This
is in agreement with research on a 100-mile (161 km) road
march over five consecutive days carrying 47 kg (104 lb) (73).
Foot pain was the second most frequent injury and also the
largest single reason for limited duty days in this population.

In addition, shoulder pain has also been associated with load
carriage (11). Shoulder discomfort may begin at the onset of
the load carriage activity, with a gradual increase in pain rating
over the duration of the load carriage activity (11). Based on
subjective perception of discomfort or pain, along with skin
pressure studies, the tolerance of mechanical loads by the
shoulder tissues seems to be a major limiting factor of load
carriage (11). When assessed with other load-bearing sites, the
shoulders were found to be more vulnerable to skin and
subcutaneous soft tissue damage when subjected to sustained
loading (11). In addition, it is suspected that trapped nerves in
the shoulder or reduced blood supply to the arms and hands
may cause sensory loss in the hands and failure to fully abduct
the arms (11). Using open MRI, Hadid and colleagues (27)
were the first to quantify internal soft tissue deformations in
the shoulder during load carriage. Applying their model
reveals that a load of 25 kg (55 lb) under static conditions may
result in compression and tensile strains that are potentially
injurious to the brachial plexus (causing functional decrements
in the arms and hands).



Physiological and Biomechanical
Demands of Load Carriage

Regardless of tactical occupation, executing the mission will
likely require some level of physical exertion while wearing
load-bearing equipment. Austere and dangerous environments
will further compound the difficulty of task performance. A
substantial amount of energy is required to overcome the
additional weight of load-bearing equipment compared to
performing the same tasks in an unloaded condition. Three
energy pathways within the body (phosphagen, glycolytic, and
oxidative pathways) contribute to a tactical athlete’s physical
performance. Both work intensity and duration factor into the
primary energy system contributing to a given occupational
task.

Association Between Aerobic Power and
Load Carried
Previous research has demonstrated that load carriage has a
significant impact on physiological, metabolic, and
performance variables. Quesada et al. (68) demonstrated that
HR and oxygen consumption ( O2) increased linearly with an
increase in loads of 0%, 30%, and 50% of body mass during
simulated road marches, indicating greater physiological stress
as loads get progressively heavier. Beekley et al. (7) showed
similar trends in HR, O2, RER, RPE, and ventilation (VE).
Therefore, they investigated the metabolic responses to
heavier loads of 30%, 50%, and 70% of LBM in a fit
population during simulated road marching (30 minutes of
road marching at 6 km/h [4 mph]) and demonstrated
systematic increases in O2, HR, and VE with increased loads
at the same velocity of road marching. Figure 20.2 shows the
linear increase in the metabolic response of O2 to increasing
loads. These results coupled with previous data suggest that
HR and relative energy cost are fairly linear for 0% graded
marching at 6 km/h (4 mph) (7).



Figure 20.2 Relative oxygen cost to increasing loads on flat
terrain at constant speed.

Adapted, by permission, from M.D. Beekley et al., 2007,
“Effects of heavy load carriage during constant-speed,
simulated, road marching,” Military Medicine 172(6): 593.

Collectively, these studies demonstrate that performing
physical tasks with load carriage increases metabolic and
physiological stress concomitant with decreased performance.

Increases in Energy Expenditure as a
Function of Load Carried
As demonstrated so far in this chapter, humans expend
considerably more effort to walk when carrying a load. There
is a progressive increase in metabolic energy expenditure
concomitant with increases in load weight, body mass,
locomotion speed, percent grade, and terrain (40). Gait
kinematics do not change nearly as much as energy
expenditure, which suggests the energetic cost appears to be
less due to an altered gait pattern than to the effort of
transporting the load itself. As load increases, there is a
pronounced rise in joint moments and forces as well as
electromyography (EMG) activity of muscle in the lower
limbs and trunk (40). EMG is a technique in electrodiagnostic
medicine for evaluating and recording the electrical activity
produced by skeletal muscles.

Energy expenditure increases in a systematic manner with
increases in body mass, load mass, velocity, and grade during
acute bouts of treadmill exercise (9). One study examined the



energy cost (kcal) of treadmill walking during loaded (1 kg [3
lb]) and unloaded conditions (74). Energy expenditure during
the loaded condition was significantly greater than in the
unloaded condition, and moderate pace walking resulted in an
increase in energy expenditure approximately three times (126
kcal/h versus 42 kcal/h) that of slow walking during the loaded
condition. The authors of this study concluded that wearing
body armor increases the potential for physical exhaustion and
impairs the performance of physical tasks during sustained
operations (74).

The effects of military load carriage on energetics have been
studied for almost a century (45). The majority of previous
studies have concluded that absolute energy expenditure
increases linearly as a function of the military load carried (68,
74) up to 70% of soldiers’ LBM (7). It has also been shown
that this linear relationship of load and energy expenditure
exists at the most common military walking speeds (60). Data
presented by Grenier et al. (26) on walking energetics are
consistent with those reported in the nonmilitary literature (6).
The energy expenditure per kilogram of load carried is equal
to the energy expenditure per kilogram of body weight up to
approximately 30 kg (66 lb). When carrying heavier loads,
humans become much less efficient; therefore, the energy
expenditure per kilogram of load increases abruptly (52).

Common Injuries Associated With Load
Carriage
A study conducted by Mullins et al. (55) used 11 untrained
males to determine if prolonged load carriage is associated
with lower limb injury, particularly in new recruits. The men
walked on a motorized treadmill for 120 minutes at 5.5 km/h
(3.4 mph), 0% grade, carrying 22 kg (49 lb) distributed on the
body by a weight vest, combat webbing, and replica firearm.
The study found that although there were increases in
physiological demands, there were no functionally relevant
changes in biomechanics (minor increase in step length). A
study by Huang and Kuo (33) examined body center of mass
and joint work in 8 adults walking at 1.25 m/s (1.37 yd/s) with
varying backpack loads of up to 40% of body weight and



demonstrated that the increase in metabolic cost was
predominantly due to the work about the knee and ankle.
However, this finding may depend on the position and manner
in which the load is carried, as well as individual variances in
load accommodation strategies (35) that affect ground reaction
forces.

Excessive military loads have altered battle tactics and led to
soldier deaths in previous conflicts (53). For example, during
World War II, soldiers drowned due to excessive loads while
conducting the assault on Omaha Beach (53). During the 1983
U.S. invasion of Grenada (Operation Urgent Fury), loads of up
to 120 lb (54 kg) caused such extreme fatigue in soldiers that
10-yard (9 m) rushes were followed by 10- to 15-minute
recovery periods prior to conducting each additional 10-yard
rush (20). Evidence suggests that soldiers are currently
carrying more weight than ever before (45); thus, the
likelihood for injuries and casualties caused by load carriage
may seriously affect mission readiness (58).

Foot blisters are the most common load carriage injuries,
caused by friction between the sock and skin from boot
pressure on the foot (11). Foot blisters can be a limiting factor
if not treated appropriately and can progress to more serious
problems, such as cellulitis or sepsis. Regular PT with loads
causes skin adaptations that reduce the probability of blisters
(44).

Stress fracture, another common injury, occurs from repetitive
overloading of bone tissue. Stress fractures are common in
military recruits (25) and have also been reported in trained
soldiers (37). In fact, 60 stress fracture cases were reported in
one infantry unit during a 483 km (300 mi) road march (19).
The lower extremities (i.e., tibia, tarsals, metatarsals) are the
most common areas affected (12). Again, stress fractures are
more likely to occur with repetitive overloading of the bones
where the bone remodeling balance is upset, causing bone
remodeling to be outpaced by bone stress and fatigue (45).

Knee pain is another common abnormality associated with
fatigue during prolonged marching distances (41). Dalen,
Nilsson, and Thorstensson (15) reported a 15% incidence of



knee pain during their load carriage study. Various disorders
are associated with knee pain, making it difficult to diagnose.
Disorders such as patellofemoral pain syndrome, patellar
tendonitis, bursitis, and ligamentous strain can arise from an
abrupt increase in load carriage intensity or duration (45).

Lower back injuries can present a significant problem during
load carriage and are associated with longer distances (41).
Similar to the knee, lower back injuries are difficult to define
because the pain might result from trauma to an assortment of
structures, including the spinal discs, ligaments connecting the
vertebral bodies, nerve roots, and auxiliary musculature (45).
Heavy loads are a risk factor for back injuries due to changes
in trunk angle, which can stress back muscles (72).

A disabling injury associated with load carriage is rucksack
palsy (8). It is postulated that rucksack palsy occurs from the
shoulder straps of a backpack or the top portion of individual
body armor, which can cause a traction injury of the C5 and
C6 nerve roots of the upper brachial plexus. Symptoms
include numbness, paralysis, cramping, and minor pain in the
shoulder girdle, elbow flexors, and wrist extensors (45).

The monetary cost of injuries that result from excessive load
carriage is only a portion of the total costs incurred by an
organization. Duty days lost due to injury reduce a unit’s
mission readiness and, in some cases, preventable injuries can
deplete medical resources that are limited in certain theaters
(77).



Practical Considerations for
Training Programs to Optimize

Load Carriage
The following section reviews the current literature on
strength and conditioning for load carriage and provides
recommendations for enhancing the tactical athlete’s ability to
maneuver successfully under loaded conditions. Over the last
20 to 25 years, there has been a push to develop optimal PT
strategies aimed at conditioning soldiers to endure load
carriage tasks. Research outcomes have broadened the
knowledge base for imposed physiological demands during
load-bearing work. Two decades of research suggests that a
combination of resistance training, aerobic, and specific load
carriage exercise are most effective for improving load
carriage performance (24, 29, 38, 46, 49, 85, 86).

Current Fitness Level
The operational success of a tactical unit depends on the
physical readiness of tactical athletes within that unit. Within
short notice, tactical athletes may be required to march with
supplies and equipment, often over rugged terrain,
underscoring the need to be physically adapted to the demands
of load carriage tasks. To select the people best suited for
missions with heavy load carriage, it is essential to predict
prolonged load carriage capability using substitute tests. Many
organizations use aerobic fitness tests to predict occupational
fitness, but such tests are not sensitive enough to predict
prolonged load carriage capability (52). Occupational fitness
is the fitness level required for a certain occupation (e.g., swat,
fire and rescue, military).

Past research has clearly shown that non–load-carrying aerobic
fitness tests impose a bias against heavier personnel (81).
Therefore, body mass, body composition, or both may be
important criteria when looking to improve the sensitivity of a
fitness test for load carriage. A high LBM strongly correlates
with absolute maximal oxygen uptake ( O2max) and predicts



load carriage performance. In addition, body fat has been
shown to impair load carriage (28). As load increases and
athletes become less efficient, a high absolute O2 (ml·min−1)
reserve is essential for heavy load carriage tasks (52). Lyons,
Allsopp, and Bilzon (52) demonstrated that expressing body
composition as a ratio of LBM to dead mass (i.e., fat mass +
external load) resulted in strong correlations with the
metabolic demands (% O2max) of a 40 kg (88 lb) load
carriage task. Physiologically, the more LBM a person has that
can carry the dead mass, the lower the relative demands of the
task will be.

Key Point
LBM is crucial for predicting successful load carriage
performance.

Although conducting loaded marches that simulate the
operational tempo are ideal for testing load carriage ability
(84), loaded marches may not always be feasible; thus,
alternative testing methods must be used. Several studies have
examined indices of fitness measures, such as anthropometry
(i.e., study of the measurements and proportions of the human
body), muscle strength, muscle endurance, and aerobic power,
to best predict load carriage performance (23, 39, 47, 84, 87).
Williams and Rayson (84) conducted a study using 148 British
Army recruits to determine if simple anthropometric tests
together with strength and endurance field tests could be used
to predict both load carriage performance at a single point and
training-induced changes in load carriage performance using
loads of 15 kg (33 lb) and 25 kg (55 lb). This research derived
a regression model to predict pretraining load carriage
performance with only a 15 kg (33 lb) load, but it was unable
to predict changes in load carriage performance for either
weight. The predictor variables used in the final regression
model for the 15 kg (33 lb) load were shuttle run time, which
was most often used, followed by fat-free mass (FFM) and
percent body fat. For the pretraining 15 kg (33 lb) load, the
proportion of variance for the prediction model was 81%, and
the change in load carriage performance model was 55% for
men and 80% for women. The prediction models for the 25 kg



(55 lb) load had a proportion of variance of 40% and less than
7% for pretraining and change in performance, respectively.
Based on this research, it may be possible to predict
pretraining load carriage ability with a 15 kg (33 lb) load using
simple anthropometric and physical performance tests, but is
not likely possible with heavier loads such as 25 kg (55 lb).

Kraemer et al. (47) conducted a study using multiple
regression analysis to determine which independent measures
were most predictive for a load-bearing task (i.e., 2 mi [3
km], 34 kg [75 lb] military rucksack carry) in 123 civilian
women. Six variables were included in this study:

 

1. Thigh muscle cross-sectional area
2. 1RM squat, high pull, bench press, and box lift
3. Maximum push-ups
4. Two-mile run
5. Squat endurance test
6. Explosive squat jump lift

The final regression equation for the load-bearing task
included the squat endurance test (SE), 2-mile run (TMR), and
body mass (BM) [1831 − 4.28 (SE) + 0.95 (TMR) − 13.4
(BM)] and explained 53% of the variance (R2 = 0.53). This
demonstrates that both aerobic capacity and local muscular
endurance are vital for load-bearing tasks (47).

Training Programs to Meet Occupational
Demands
Numerous studies have examined the influence of types of
exercise training programs on load carriage (31, 46, 48, 78,
87). One of the most important concepts for improving load
carriage performance is the principle of specificity. Specificity
is training that is relevant and appropriate to the sport or event
for which the individual desires a training effect. Therefore,
load carriage tasks should be included in a conditioning
program designed to improve load carriage ability (45, 87).



Appropriate application of specificity to load carriage PT was
revealed in a study by Patterson et al. (64), who investigated
the effects of a 12-week conditioning program (which included
circuit and resistance training, running, and load carriage
marches) on performance outcomes in soldiers. Although
soldiers increased strength and aerobic capacity during the
study, load carriage performance did not change significantly.
This may be due to two reasons: To minimize any observable
effects of training, load carriage was limited to only two
sessions throughout the study (weeks 3 and 5), and the longest
load carriage march in the study was 30 minutes, which is
much shorter than the 15 km (9 mi or 165 minutes) event
normally used to assess performance in the U.S. Army. A
meta-analysis conducted by Knapik et al. (42) found that the
largest overall improvements in load carriage performance
occurred when once-weekly progressive load carriage was
included in the training regimen (30, 87). This specific training
likely involves the skills, energy systems, and muscle groups
required for performing this task. It is evident that prescribing
progressive load carriage exercise in a strength and
conditioning program will develop the skills to enhance
performance of this task and condition the muscle groups and
energy systems required (69).

Developing strength and conditioning programs to improve
firefighter performance is challenging because firefighters
routinely perform tasks requiring optimal levels of power,
strength, muscular endurance, anaerobic endurance, and
aerobic endurance. Limited data are available to provide
insight on the most appropriate training programs, but there
are a few key findings.

A study conducted by Peterson et al. (65) compared undulated
training to traditional periodization for firefighter trainees. The
traditional model systematically increased intensity over nine
weeks; the program initially focused on improving muscle
endurance and hypertrophy, then basic and functional strength,
and finally RFD and peak power output. In contrast, the
undulated program included daily fluctuations in intensity,
volume, and exercise selection to elicit concurrent
improvements in muscle endurance, hypertrophy, strength,



power, and speed. Both groups improved their 1RM bench
press and squat, power output, and vertical jump. Interestingly,
the undulated group showed greater improvements in the 1RM
bench press and squat, peak power output at 30% 1RM squat,
average peak power output at 60% 1RM for squat, vertical
jump height, and performance on a firefighter-specific job-task
test (65). These findings suggest that over a nine-week training
period, undulated training may be a more effective strategy to
enhance firefighter task-specific performance compared with
linear periodized training.

It is important to use specificity when designing programs for
firefighters. TSAC Facilitators should select multijoint
resistance and cardiorespiratory exercises that mimic the tasks
performed on the fireground. It’s also crucial to use the actual
equipment (i.e., hoses and ladders) used on the fireground.

Key Point
To get better at load carriage, tactical athletes must train under
loaded conditions specific to their respective occupational
tasks.

Approaches to Improving Short-Duration, High-
Intensity Load Bearing
The tactical athlete requires a certain degree of strength and
power for short-duration missions that require high-intensity
(heavy) loads. Strength and power training is best facilitated
by intensity (load), followed by training frequency (sessions
per week) and then by volume (distance). Visser et al. (82)
compared a high-intensity (load), low-volume (distance)
training program with one of a lower intensity (load) and
higher volume (distance) where speed was kept constant. Both
training combinations were reviewed against the effects of
training frequency (number of sessions per week). Results
demonstrated an 18% increase in a load march test in the high-
intensity, low-volume group. Loads were 35% to 55% of body
weight for females and 45% to 67.5% of body weight for
males, and distances were between 4.0 km (2.5 mi) and 5.5 km
(3.4 mi) per session. In addition, the higher frequency
condition (once per week) resulted in enhanced performance



on the load march test compared with the lower frequency
(once every two weeks).

Aerobic Training to Improve Long-Duration, Low-
Intensity Load Bearing
Aerobic training alone has been shown to have smaller and
more variable effects on improving load carriage. For
example, Kraemer et al. (46, 48) examined the influence of
periodized resistance training programs on strength, power,
endurance, and military occupational performance. The study
had six groups of participants: total strength/power resistance
(TP), total strength/hypertrophy resistance (TH), upper
strength/power resistance (UP), upper strength/hypertrophy
resistance (UH), field exercises with minimal equipment
(FLD), and aerobic training (AER). Results demonstrated that
all groups except the AER group improved their performance
on the load carriage task. Additional research (75) supports
this finding by showing that aerobic-only training enhances
aerobic capacity. Only the load-marching group improved
their performance of military tasks. A systematic review of the
effects of PT on load carriage performance showed that
aerobic training alone had smaller and more variable effects on
performance (42).

Strength Training to Improve Mobility During Load
Carriage
The fact that load carriage performance has been enhanced
with concurrent training suggests that combining strength
and cardiorespiratory endurance is optimal for load carriage
improvement (42). As mentioned, Kraemer et al. (46)
examined the influence of periodized resistance training
programs on strength, power, aerobic endurance, and military
occupational performance. The study selected 93 untrained
women who were divided into six groups (TP, TH, UP, UH,
FLD, and AER). The TP, TH, UP, and UH groups emphasized
both resistance training and 25 to 35 minutes of running,
cycling, or stair-climbing for three days a week. The FLD
group emphasized calisthenics, dumbbell- and partner-resisted
exercises, and ballistic plyometrics. The AER group conducted
25 to 30 minutes of running, with cycling and stair-climbing



providing variation for three days a week, and low-volume
resistance band exercises (<5 kg [<11 lb]). The load carriage
task for all groups was a 2-mile (3 km) time-to-completion
event while wearing a 75 lb (34 kg) load. Results revealed that
all groups improved their performance on the load carriage
task except the AER group. The addition of strength training
improved load carriage performance in this study,
underscoring the importance of strength conditioning for
physically demanding tactical occupations. Interestingly, both
studies conducted by Kraemer et al. (46, 48) demonstrated that
programs employing either resistance training or aerobic
training in isolation failed to make significant improvements
in load carriage performance. Therefore, a strength and
conditioning program should include exercise specific to all
three energy systems.

The TSAC Facilitator should consider two factors when
examining studies that suggest load carriage performance can
be improved with a concurrent training program that excludes
a specific load carriage component. First, subjects with lower
initial fitness levels tend to make greater initial gains
regardless of training mode, after which specific training is
needed to make improvements (87). Second, training for
specificity can improve physical performance measures other
than those being measured (58). Rudzki (75) published
findings in support of this concept by demonstrating that both
a run group and load-marching group improved similarly in
measures of aerobic fitness, but only the load-marching group
improved their performance of military tasks. Table 20.2
provides a comprehensive review of published findings on
load carriage performance.



A meta-analysis proposed that periodized resistance training
programs may offer greater improvements in load carriage
performance than linear resistance training programs (42). The
periodized training programs manipulated sets, repetitions, and
exercises either in blocks (mesocycles and microcycles)
lasting several weeks (30, 46) or in an undulating manner with
weekly or even daily alterations in intensity and volume (31).
On some days, higher weight and fewer repetitions were
prescribed to emphasize strength, and on other days, lower
weight and more repetitions were prescribed to emphasize



muscular endurance. In addition, different exercises for
different muscle groups were prescribed on different days. It is
likely that the emphasis on different components of fitness
(strength and muscular endurance) combined with the greater
variety of trained muscle groups may have provided an
advantage in improving load carriage performance (42).
Linear resistance training programs that added resistance (i.e.,
weight) throughout but didn’t change the number of sets and
repetitions and exercised the same muscle groups throughout
the program were more restrictive. Although still effective for
recreationally active men, these programs appeared to result in
somewhat lower performance gains (42).

Frequency of Weight Carried
Visser et al. (82) examined the impact of various training
doses on load carriage capacity, which were analyzed against
the effects of training frequency (number of sessions per
week). The higher frequency (once per week) training groups
made significantly greater improvements in the physical
performance outcome measures than the lower frequency
(twice per month) groups. These findings suggest that
improvement in load carriage performance occurs from at least
one session per week of specific load carriage tasks.

Another study (76) examined two 11-week conditioning
programs for recruits: One group (run) performed endurance
running, load carriage, and other conditioning activities, while
the other group (load marching) replaced all running sessions
with load marching. Both groups made similar gains in aerobic
fitness, but only the load marching group demonstrated
improvements in aerobic fitness together with an increase in
walking speed and loads carried. These results suggest that the
load carriage regimen needs to be at an intensity (load and
speed) that is sufficient to stimulate adaptations necessary for
significant improvements in aerobic fitness and load carriage.
It is evident that when designing strength and conditioning
programs to enhance load carriage performance, the training
intensity (load and speed) of load carriage is a key factor.
Therefore, the TSAC Facilitator should use loads that the
tactical athlete will carry in real-world situations.



Recommendations for Program Design
When designing strength and conditioning programs to
improve load carriage, loaded marching should be conducted
at least two times a month (43, 45), with enhanced
improvements demonstrated when frequency increases to once
a week (42). However, this frequency may vary depending on
training intensity (load, speed) and training volume (time or
distance). To stimulate aerobic adaptations, the intensity (e.g.,
load, speed) of the training must be sufficient enough to elicit
a training response. When prescribing high-intensity load
carriage training, the potential for injury with long-term, high-
intensity load carriage training should not be overlooked (45).

The TSAC Facilitator is responsible for designing strength and
conditioning programs with the specific requirements that
mirror the tactical athlete’s tasks regarding the distance (or
time) of prescribed load carriage tasks against both intensity
and outcome requirements. For example, tactical athletes may
require short-duration, high-intensity sessions to develop
explosive, anaerobic ability (e.g., as needed under direct fire or
climbing a flight of stairs to put out a fire) in addition to PT
sessions that are longer in duration to optimize the physical
and mental endurance needed for dismounted patrols or
fighting long-duration forest fires (58). The tactical athlete will
benefit from strength and conditioning programs that
incorporate upper body strength training and aerobic exercise
along with load carriage training.

TSAC Facilitators are charged with designing effective,
evidence-based strength and conditioning programs that
facilitate all aspects of physical adaptation, including
progressive overload, injury prehabilitation (strength training
to prevent injuries) and mitigation, and recovery. The
following practical guidelines are an evidence-based summary
of research that demonstrates improvements in load carriage
and are to be used when designing and prescribing strength
and conditioning programs to improve load carriage
performance.

 



Once-weekly progressive load carriage (42)
Progressive increase in the intensity of loads to meet
tactical requirements (58)
Progressive increase in load carriage volume (duration or
distance) to meet tactical requirements (58)
Resistance training performed with free weights and
machines at least three days per week, moving from high
repetitions (12+ reps) with less weight (muscular
endurance) to lower repetitions (3-6 reps) with heavier
weight (strength) and working up to three sets per
exercise (46, 48)
Aerobic training with progressive increases in distance
(running 20-30 min based on HR two times per week)
and interval training with progressive decreases in rest
(about once per week) (82)

Table 20.3 provides a sample monthly training template that
TSAC Facilitators can use as a guide when designing strength
and conditioning programs to enhance load carriage
performance by tactical athletes.



The mission success of a unit is based entirely on the
performance of the tactical athletes, who often have to react
and maneuver in austere environments while under loaded
conditions. Firefighters often endure prolonged operations
under stressful environmental conditions and under load, while
law enforcement members must also maneuver and react
quickly under loaded conditions (e.g., SWAT). TSAC
Facilitators have the important task of ensuring that the
strength and conditioning programs they prescribe are based
on sound research and are appropriate for the tactical athletes
they are coaching.



Conclusion
This chapter has provided a historical perspective of load
carriage and an explanation of the types of loads that tactical
personnel may carry. Furthermore, the physiological demands
of load carriage have been discussed to provide a sense of the
metabolic costs and decrements in physical performance that
accompany load carriage tasks. Finally, a review of the
literature examining the most effective methodologies in
strength and conditioning prescription for the purpose of
enhancing load carriage performance will provide the TSAC
Facilitator with a foundation on which to design appropriate,
evidence-based training programs. By applying the principles
and guidelines set forth in this chapter, the TSAC Facilitator
will be able to offer tactical athletes sound guidance in the
development of strength and conditioning programs.
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Study Questions
 

1. As the weight of an externally carried load increases,
which of the following changes the least?



1. gate kinematics
2. total energy expenditure
3. metabolic cost of walking
4. EMG activity of the leg muscles

2. Which of the following is the most common load carriage
injury?

1. knee pain
2. foot blisters
3. rucksack palsy
4. stress fractures

3. Which of the following types of tests is not sensitive
enough to predict prolonged load carriage capability?

1. power
2. strength
3. aerobic fitness
4. body composition

4. Which of the following is the most important principle in
creating the desired training effect for job relevancy?

1. specificity
2. measurability
3. attainability
4. variability

5. What is the minimum number of load carriage training
sessions that must be included in a tactical athlete’s
program to see improvements in load carriage
performance?

1. one time per week
2. one time every two weeks
3. one time every three weeks
4. one time per month



Chapter 21
Wellness Interventions in

Tactical Populations
Robin Orr, PhD, MPhty, BFET, TSAC-F
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After completing this chapter, you will be able to

 

identify common illnesses and diseases found in tactical
populations,
identify wellness strategies and interventions to decrease
the risk and consequences of illness and disease,
describe wellness programs commonly implemented with
tactical populations,
discuss the successes and limitations of wellness
programs for tactical populations, and
describe the role of governing bodies and the TSAC
Facilitator for implementing wellness programs for
tactical populations.

Physical fitness is not health. Although fitness and health are
related, they are not mutually inclusive. More than just the
absence of disease, the concept of health encompasses lifestyle
factors (such as cigarette smoking and alcohol intake), medical
factors (such as risk of cardiovascular disease), and even
mental well-being (including levels of stress and fatigue).
Considering this, physical conditioning can be used to increase
fitness and health. For example, physical training regimens to
improve fitness often have associated health benefits, such as
reducing obesity and the risk of cardiovascular disease.
However, a physical training regimen that is excessive can
actually reduce health. A very fit person suffering from
chronic injury or overtraining may be fit but not healthy. Thus,
fitness and health are related and should complement each
other where possible. Wellness programs to optimize health



have the potential to reduce the risk of illnesses and diseases
found in tactical populations and, in turn, optimize the
conditioning and longevity of tactical athletes.

Key Point
Fitness and health are not mutually inclusive, meaning a
person can be physically fit and still remain unhealthy.



Chronic Illnesses and Diseases
Common in Tactical Populations

TSAC Facilitators focus on ensuring that people employed in
tactical occupations have high levels of physical fitness,
particularly occupational fitness. However, it is easy to forget
that tactical athletes are part of the general population and thus
are susceptible to many of the same health concerns. Cigarette
smoking and excessive alcohol consumption, two known
health detractors, are just as prevalent in tactical populations
as they are in the general population (84), and they may not
only be higher (51) but can increase further during
deployments (101) or following large-scale traumatic events.
In addition, they may be used by tactical athletes as
maladaptive coping behaviors (40).

Even though tactical athletes may have a high level of fitness
compared with the general population, less fit personnel may
be at the same level of fitness or even lower than the general
population (26, 109). One potential reason for this lower level
of fitness is the sedentary nature of certain tactical
occupations. For example, as discussed in chapter 18, law
enforcement officers often spend the majority of their day
performing sedentary tasks. Research suggests that tactical
personnel may actually be more active when they’re off duty
(95). As such, even though tactical professions require a high
level of fitness, maintaining this fitness may be difficult during
work hours. Furthermore, shift work, which is common in
tactical occupations, can reduce the desire to exercise (47).
The downstream effect of this lower level of workday physical
activity can be seen in higher levels of obesity and higher
body mass index (BMI) scores in police officers (104),
firefighters (86), and military personnel (29) in comparison to
the general population. Although BMI as a measure of obesity
should be used with caution, one study on a law enforcement
population suggested that BMI underrepresented rather than
overrepresented the level of obesity in the population (2).

The nature of their occupations may leave tactical athletes at a
greater risk of health disorders than the general population;



however, there is variability within tactical populations
whereby one population may be at a higher risk of a specific
illness than another tactical population. For example,
firefighters may be more exposed to carcinogens and hence
cancer (24), whereas police officers may be at a greater risk of
lead exposure due to ammunition handling (61). Even within
the same tactical profession, there can be differences in health
risks. For example, part-time personnel have been found to be
less fit and have a higher BMI and fat mass than full-time
personnel (25, 64).

Key Point
Tactical populations have a high risk for chronic diseases.
Stress, poor nutrition, sedentary behaviors, cigarette smoking,
alcohol consumption, and shift work all have an additive
effect, leading to a higher potential for chronic diseases.

Obesity
According to the World Health Organization (WHO) (116), a
BMI of ≥30 is considered obese. Based on this measure, the
prevalence of obesity in the general population is increasing
worldwide (5). With tactical personnel drawn from the general
population, it is not unexpected that obesity levels are having a
negative impact on enlistment eligibility. For the U.S. military,
the percentage of ineligible recruits due to excessive BMI has
more than doubled from 2.8% in 1993 to 6.8% in 2006 (103),
with recruits who failed their physicals increasing by 70%
between 1998 and 2008 (20, 105). Similar trends were found
in emergency responder candidates, with a third being obese
on application from June 2004 to June 2007 (110).

Not only does obesity reduce the ability of tactical occupations
to generate future personnel, but it is also negatively
associated with workplace absenteeism following injury (87)
and hence productivity. In addition, recent research has shown
that 42% of police officers are obese and at risk for
cardiovascular disease (15). Another study found 41% of a
police officer sample to be hypertensive, 75% to have
increased cholesterol levels, and 65% to be clinically obese, all
risk factors for cardiovascular disease (108). In a longitudinal



study of U.S. firefighters over several years, obesity levels
increased from 34.9% in 1996 and 1997 to 39.7% in 2001
(105). These figures are slightly lower in military populations.
A study in 2005 of more than 16,000 U.S. military personnel
suggested that, although 60.5% were either overweight or
obese, only 12.9% were obese; however, this figure had
increased by 4.2% since 2002 (103). Obesity is a known risk
factor for cardiovascular disease (83), which is a disease of
particular concern to tactical athletes (22, 110) due to the
strenuous nature of certain tasks and occupational risks (e.g.,
threat of violence) and their associated impacts on health (22,
82).

Cardiovascular Disease
Cardiovascular disease is a leading cause of mortality in the
U.S. population and worldwide (99). Considering law
enforcement officers must go from sedentary activity to
sudden high-intensity responses (see chapter 18), it is not
surprising that they are twice as likely to suffer from
cardiovascular disease as the general population (94). Nor is it
surprising that cardiovascular disease is the leading cause of
mortality among firefighters while on duty, accounting for
nearly half of all mortalities (106). It accounts for only 3% to
6% of all U.S. Department of Defense mortalities, with hostile
actions or motor vehicles (both over 20%) the leading causes
of mortality in this population (97); however, it is still one of
the top five contributors to military deaths (97).

Personal choices regarding diet, exercise, and well-being are
educable by employers but not controllable. Poor choices in
sleep, stress management, meal routine, and circadian cycle
disturbances, for example, can contribute to severe
cardiovascular incidents and death (17, 113). Further risks
come from metabolic syndromes or syndrome X (a grouping
of factors that increase a person’s chance of developing
cardiovascular disease). Thus, the possibility of mortality from
cardiovascular risks significantly increases in tactical
personnel exhibiting these habits (6, 113).

Although stress and shift work may contribute to poor
cardiovascular health and other conditions, the risk of severe



disability or death in firefighting has been attributed to the
increased cardiovascular demand of fire suppression and alarm
response (52). In the general population, deaths from coronary
heart disease are more likely to occur in the morning (46, 97).
In firefighters, however, most cardiovascular events are
thought to occur within 24 hours of physical exertion at work
(52), with research suggesting that 75% of deaths occurred
traveling to or from an incident, at the incident itself, or during
training (46). With the need for tactical personnel to perform
sudden and demanding physical activities, these findings are
not surprising. Note that cardiovascular concerns may not
necessarily present in a short time period. For example, law
enforcement retirees were found to exhibit a greater
prevalence of cardiovascular disease compared with their
peers in the general population (93). These findings
demonstrate a carryover effect of these cardiovascular
concerns beyond service time.

Cancer
Cancer (see table 21.1 for examples) is a concern for many
occupations; however, the degree of risk may vary among
tactical populations. Cancer may be as much as two times
more prevalent in the fire service when compared with the
general population (24, 89); however, a study of U.S. military
personnel found mixed results, with military personnel at
greater risk for some types of cancer (e.g., breast, prostate) but
lower risk for others (e.g., colorectal) (117). Furthermore,
specific tasks may increase the risk of cancer, such as Air
Force aircraft desealing and resealing (21). Working in older
buildings with structural insulation containing asbestos (an
acknowledged cause of cancer) may also increase the risk of
cancer (81), particularly if the building is damaged by combat
or structural fires (24).



With improvements in technology, protection, and practices,
some incidences of cancer, especially respiratory-related ones,
have decreased dramatically in the last 30 years, particularly
when compared to other occupations at high risk of exposure
(11, 18, 24, 89). Some evidence suggests that inadequate PPE,
inadequately cleaned fire gear such as hoods, diesel exhaust on
turnout pants sitting in the bay, and peripheral smoke during
overhaul practices where breathing apparatuses are not worn
are the greatest contributors to these conditions (11, 18, 21).



Risk Factors Requiring Wellness
Interventions

Apart from physical conditioning, there is a need for tactical
occupations to incorporate wellness programs (75, 79).
Wellness programs are known to decrease fiscal costs for
organizations (14), and their importance to tactical athletes
extends to postcareer longevity and health for veterans. In fact,
veterans are known to be at greater risk of illness and disease
(both physical and psychological) (42, 93).

Ameliorating risk factors for chronic illnesses and diseases in
tactical populations should be a key focus of wellness
programs. These risk factors include physical inactivity,
stress, tobacco usage, excessive alcohol consumption, sleep
disruption, and poor nutritional habits, as will be discussed
in this section.

Physical Inactivity
Because fitness is related to morbidity (49), most health
authorities recommend performing three or more weekly
exercise sessions (i.e., sessions that are designed to achieve a
desired outcome and include dedicated training to increase
metabolic demands) (33, 49). Although the need for physical
exercise is well acknowledged within both the general and
tactical populations, tactical athletes face several barriers to
participation. Earlier chapters have noted that some tactical
occupations are quite sedentary. For example, law enforcement
officers and firefighters spend a large amount of time sitting
doing desk work, driving, or waiting for emergency calls, with
only limited (although demanding) tasks requiring physical
activity (3, 67). A further complication is found with older
officers as they increase in rank and take on more strategic
positions that require even less physical activity (104). This
decrease in physical activity associated with occupational role
is not restricted to rank and age, however. For example,
Australian Army personnel working as staff in a training
institution reported that their fitness tended to decrease when
they served in training environments as opposed to in their



operational units due to the logistical and administrative
requirements at the training institution (75).

Other work contexts that affect physical inactivity include
shift work and unexpected daily tasks. Shift work can decrease
sleep quality and in turn increase fatigue (discussed later in
this chapter). In addition, research suggests that shift work has
a negative impact on the desire to exercise (47). Likewise,
tactical personnel may be less inclined to perform physical
exercise at the commencement of a shift if they may be
required to perform optimally at any time within the shift. For
example, a training session that induces leg fatigue could
negatively affect the explosive speed of a tactical officer
seeking cover or a firefighter moving rapidly up a staircase in
a burning structure. At the end of a shift, fatigue, lethargy, and
the allocation of time to other priorities (e.g., family, social
obligations) can reduce the desire to perform physical
exercise. For example, in a study on interventions to reduce
cardiovascular risk in law enforcement officers (94),
comments collected as part of a focus group included a police
officer stating that, given the high daily workload, “All of a
sudden, you are done with your shift and it’s like you don’t
want to do much; you just want to crash.”

Stress
It is not surprising that work stress is notable in tactical
occupations. Firefighters are exposed to the dangers of
fighting unpredictable fires. Soldiers may face an enemy who
operates outside any laws of armed conflict. Law enforcement
officers could be exposed to shootings, robberies, severe
motor vehicle accidents, and, similar to firefighters and
military personnel, deceased bodies. In addition, tactical
athletes may be required to spend extended periods of time
away from their families and personal support systems, which
increases occupational stress (13). One study suggested that
nearly a quarter of military personnel considered time away
from family as causing “a lot” of stress (13). And in a
population of firefighters, decreased numbers of personnel in a
crew or a given shift increased occupational stress (62).



These occupational stresses have far-reaching consequences
for tactical personnel. For example, increased occupational
stress in tactical populations has been associated with an
increased risk of injury (7) and an increased risk of diseases
associated with stress (112). Additionally, maladaptive coping
strategies may include other health detractors, such as smoking
cigarettes and drinking excessive alcohol (40).

Tobacco Use
Smoking cigarettes and chewing tobacco have long been part
of some tactical occupations, notably military and law
enforcement, for a variety of cultural reasons. Rates of
cigarette smoking have been found to increase in these tactical
occupations (92, 101), leading to rates that are higher than in
the general population (37). Rates can also differ among
tactical populations. For example, the smoking rate is higher in
Marines than U.S. Air Force personnel (13). Reasons for this
higher rate may include both maladaptive coping behaviors to
stress (40) and shift work, which is a known risk factor for
smoking in a variety of occupations (53). Even within a given
tactical population, rates of tobacco use may vary, with
research suggesting that lower ranks are more prone to
smoking compared with higher ranks (102).

Because of the widely known health risks of cigarette smoking
and community education about them, this trend in tactical
populations may be changing. For example, in firefighters,
smoking tobacco may now be less common than in the general
population (45). The main reasons firefighters give for
stopping tobacco use are knowing the end result, improving
fitness, and becoming more educated on the risks (85). In
addition, the decrease in smoking rates may be due to policy at
both the state and local levels, such as the restriction of
cigarette smoking as a condition of employment and related
presumption laws (85). However, smokeless tobacco still has a
higher rate in the U.S. firefighter and military populations than
in the civilian population (13, 45). These results may be
restricted to U.S. populations because smokeless tobacco is
less prevalent in other places, such as Australia, where it is
banned (4).



Excessive Alcohol Consumption
Alcohol consumption by tactical athletes can vary from the
national average to well above (13, 16, 92). Furthermore, two
studies noted that although officers may not drink more
frequently than civilians, they tend to consume more drinks in
a single session (92). As with cigarette smoking, serving in a
tactical occupation may increase alcohol consumption (73),
particularly as a coping behavior for stress (40). Also akin to
cigarette smoking, rates of excessive alcohol consumption are
higher in some tactical occupations (e.g., U.S. Marine Corps
and Army personnel) compared with others (e.g., U.S. Navy
and Air Force) (13). For example, the trends in binge drinking
in the U.S. Department of Defense ranged from 39% in Air
Force personnel up to 58% in Marines, while professional
firefighter rates were similarly high at 56% (16).

Sleep Disruption
Although individual needs vary, the majority of adults require
seven to eight hours of sleep per night (96). Insufficient sleep
and an accumulation of sleep loss (or sleep debt) have been
associated with reduced quality of life, impaired cognitive
function (e.g., reduced reaction times, decreased alertness,
impaired concentration), and altered mood states (e.g.,
decreased emotional control, increased anxiety, increased
tension) (43, 96). Furthermore, sleep deprivation can cause
people to perceptually disengage from their environment and
cease to integrate outside information, have diminished
situational awareness, and have impaired judgment (96).
Sustained wakefulness for 17 or more hours has been found to
decrease cognitive performance to a state equivalent to a blood
alcohol content of 0.05% (27). This is concerning given that
tactical personnel may be in high-risk situations following
periods of limited sleep and thus may be performing with
impaired cognitive function. Additionally, research suggests
that sleep loss has a cumulative effect. An in-depth study by
van Dongen et al. (111) showed that less than eight hours of
time in bed led to a progressive increase in sleep debt to the
extent where, after 14 days, the subjects performed cognitive



tasks at a level similar to people who had not slept for 24 to 48
hours.

Sleep disruption does not just refer to getting three hours of
sleep in a night and waking up exhausted. The type of rest
must also be considered, especially if the rest occurs while on
duty; eight hours of sleep under these circumstances are not
the same as eight hours at home. Apart from dozing in a
semialtered state and the impact of communal sleep areas and
incidental noise, waking once per night on a consistent basis is
enough to disrupt the body’s natural cycles (34). Chronic
exposure to these detractors of restful sleep over the course of
a career, especially inconsistent sleep patterns with extra shifts
and changes in call load, assignment, and alarm type, can
desensitize tactical personnel so that they accept chronic
fatigue and its effects as normal (28).

Key Point
Although often overlooked, special attention should be given
to sleep patterns in tactical populations.

When subjects in the study by van Dongen et al. (111) were
asked every two hours how they were feeling, after two days
most stated that they had adapted and were not feeling any
additional fatigue even when the cumulative impact of sleep
loss increased dramatically (as measured by the Stanford
Sleepiness Scale). It appears that people may not be able to
accurately rate their level of fatigue, nor may they consider the
risks associated with fatigue to be important in light of
competing priorities. This lack of insight may contribute to
attitudes toward sleep loss where lack of sleep is not seen as a
risk and rest is not prioritized over competing activities (36).
The consequences of this occupational attitude are highlighted
throughout history. For example, soldiers manning forward
positions have been known to combat their desire to sleep by
pulling pins from grenades and holding down the levers (71).
More recently, a police officer suffered a serious road accident
after driving to court following nearly 35 hours of work (60).
As a final consideration, lack of sleep can affect motivation
(41), which feeds into a negative cycle compounding the lack
of physical activity.



Nutritional Habits
A multitude of factors affect a tactical athlete’s nutritional
intake, including shift work, nutrition availability on
operations, and so on. Although tactical nutrition is discussed
in greater detail in chapters 5 and 6, certain factors related to
health and well-being are worth considering here, particularly
communal eating and skipping meals. Communal eating
increases the transfer of pathogens and subsequent illness.
Dirty cookware and cutlery in communal kitchens or sheds in
a field are prime examples. In training institutions, food
exposure to the elements for extended amounts of time (e.g.,
over a meal period) and cross-contamination (e.g., sharing a
tub of yogurt or carton of milk) can increase the potential for
illness (77).

When it comes to good nutritional habits, the tendency to skip
breakfast is of notable concern. Breakfast is considered a
marker of an appropriate dietary pattern (98) and health
quality (8, 69, 100). Missing breakfast may lead to increased
obesity (63), increased BMI (19), loss of nutrients that is not
regained during the day (69), and reduced mental health (100).
An investigation of an officer training unit found that staff
members were more likely to miss breakfast than the general
population (75). This report also found that, during lunch,
many of the staff ate at their desks. Eating lunch at the
workplace desk has also been associated with negative health
outcomes. For example, sitting at a desk for long periods of
time may reduce the amount of daily physical activity.
Indirectly, sitting at the desk eating lunch could lead to
additional time at the computer, which can increase the risk of
repetitive strain injuries (RSIs) (32) and computer vision
syndrome (10) and decrease quality of life (50). Interestingly,
this culture of eating at the desk may not be related to a lack of
facilities. The author noted that one police station had a new
kitchen with full cooking facilities and even an enclosed
garden that stood empty at lunchtime, with staff eating takeout
at their desks and completing reports (75).

Ultimately, poor nutritional habits are prevalent in tactical
populations (31, 44, 90). Furthermore, simply making sure



healthier food options are available will not lead to optimal
nutritional fitness unless personnel make healthy food choices
(68). A final consideration lies in the traditional focus in
military nutrition on undernutrition. Historically,
investigations into soldier nutrition in the military have mainly
been concerned with the adverse effects of undernutrition (65);
however, an emerging threat to soldier nutrition is
overnutrition or overconsumption, resulting in the increased
weight concerns (e.g., overweight, obesity) discussed earlier in
this chapter (20).

Compounding Effects
Key risk factors associated with chronic illness and disease
common in tactical populations have been presented in
isolation; however, health and well-being result from a
combination of factors. A classic study by Belloc and Breslow
(8) identified seven lifestyle habits as the foundation of good
health:

 

1. Moderate exercise two to three times per week
(significantly less than today’s recommendation of five
days per week at a moderate intensity or three days per
week at a vigorous intensity [49])

2. Three meals a day at regular times with no snacking
3. Breakfast every day
4. Seven to eight hours sleep
5. No smoking
6. No alcohol
7. Moderate weight

Furthermore, Belloc and Breslow (8) considered these lifestyle
habits to be cumulative, meaning that they are related to one
another and compounding in nature. These results are not
surprising, given evidence suggesting that missing meals is
associated with poor sleep quality (1) or that drinking alcohol
and smoking cigarettes are associated with stress (92).
Although the works of Belloc and Breslow (8) have been
criticized for failing to include stress as a measure of health
(114), a paper by Morimoto (70) that includes stress measures



(subjective stress and work for ≤9 hours per day) likewise lists
moderate exercise two or more times per week, seven to eight
hours of sleep per night, and daily breakfast as indicators of
health.

Because these risk factors may be compounding, risk
reduction strategies have the potential to affect multiple risk
factors simultaneously. Thus, the impact of wellness programs
can be far reaching in both the general population (104) and in
tactical populations (82). The SHIELD (Safety and Health
Improvement: Enhancing Law Enforcement Departments)
program for police officers (57) serves as an example. Rather
than targeting a single behavior, the SHIELD curriculum
sessions, conducted for 30 minutes once a week for 12 weeks,
focused on daily exercise and nutrition, sleep, stress, heavy
alcohol consumption, and tobacco usage (57). Improvement in
all of these measures was noted and generally maintained for
24 months, with the multipronged approach considered
instrumental in the longevity of positive outcomes (57).



Operating Wellness Programs for
Tactical Populations

The aforementioned conditions (i.e. obesity, physical
inactivity, smoking) have all been found to affect the health
and wellness of tactical athletes as well as the tactical
organization itself (66). Apart from the impact on mission
readiness and workforce maintenance (66), a substantive cost
is involved (23). As an example, tobacco use, obesity, and
alcohol misuse cost the U.S. Department of Defense around $3
billion in 2006 (23). In terms of force capability, poor health
can lead to increased absenteeism (59, 107). For the tactical
organization, not only does absenteeism (67) have a
substantive financial cost (e.g., overtime costs of replacement
staff [38]), but it can also have an impact on mission readiness
(66). For example, in 1997 it was estimated that due to the
excess body weight of U.S. Air Force personnel, the
organization lost more than 28,000 working days (66). More
recently, in 2005 the U.S. Department of Defense blamed
moderate to heavy smoking for the loss of 386,000 absentee
working days (23, 67).

It is thus not surprising that absenteeism is a leading reason
behind the implementation of health and wellness programs
(80). In the general population, organizational health and
wellness programs have been found to have a positive impact
on absenteeism and even workplace satisfaction (80). Positive
outcomes of health and wellness interventions have been
found in tactical populations as well (91). Examples of
successful fitness, health, and well-being programs in tactical
occupations range from a health and wellness program in a
police force improving fitness and decreasing obesity (48) to a
program in a firefighter population improving diet and dietary
behavior and decreasing weight gain (35). In a military
population, a health and wellness program improved weight
loss, eating attitudes, well-being, and overall quality of life
(12). Health and wellness programs can provide both short-
term and long-term positive effects, such as decreased
incidences associated with excessive alcohol consumption and



decreased rates of cardiovascular disease (23). These
successes are encouraging; however, there are potential
limitations to implementing wellness programs and enhancing
their long-term success that need to be considered.

Limitations and Considerations for
Enhancing Long-Term Success
Numerous limitations can occur across occupations that will
affect the long-term success of fitness, health, and well-being
programs. Key constraints that are often cited are fiscal
constraints (54), cultural challenges (66, 102) and
leadership investment (54, 102).

Fiscal Constraints
One notable barrier to tactical organizations is funding (38).
Not only may budget affect organizational willingness to
participate in a health and wellness program (54), but even
free programs may come with indirect costs, such as the cost
of paying for personnel to attend sessions and train while on
duty (54). However, investing in on-duty exercise programs,
facilities, and equipment may actually be cost effective in
comparison to the costs associated with absenteeism and
medical expenses. In U.S. police officers, an in-service heart
attack, a leading cause of mortality in this population (94),
may cost anywhere from $400,000 to $750,000 (58).

Cultural Challenges
Even though the need to adopt a cultural change to improve
health and well-being may be clear (66), cultural change itself
may be difficult. For example, the majority of military
establishments may have gymnasiums, but a culture of regular
physical activity is needed if optimal outcomes are to be
achieved (66). Another example, discussed earlier in this
chapter, is the new kitchen with an indoor garden at a police
station left empty while police officers eat fast food lunches at
their desks in order to work. Personnel need to see a tangible
benefit (more than just improved cholesterol) if they are to be
engaged in cultural change (9).



Another potential cultural challenge is fear of change. For
example, less fit personnel may not see the benefits of an
exercise program if they have served for many years without it
(54). Resistance to change may have little to no impact on the
effectiveness of a wellness program (54), and further research
in this area is needed. However, although culture may be a
challenge, it can also help empower a health and wellness
program if the culture is already a healthy one (102). For
example, the implementation of a tobacco control program in
the U.S. military was found to have indirect support from the
culture at a base in Guam. The majority of personnel did not
smoke, so the peer pressure of the nonsmoking culture aided
the tobacco control intervention (102).

Leadership Investment
Multiple health and wellness programs for tactical populations
emphasize that senior leadership investment is vital to the
program (54, 74, 102, 115). In fact, strong leadership is often
considered a leading factor in the success (74, 115) or failure
(54) of health and wellness programs as well as a contributor
to sustaining these initiatives (74, 102). In addition, a health
and wellness program may demonstrate to personnel that their
employer values them (80), and it is not unreasonable to think
that the reverse also applies. Furthermore, poor leadership and
leadership change (constant movement of leadership to other
positions) could result in low dissemination of well-being
programs and thus affect the success of the programs (54).

Role of Governing Bodies and the TSAC
Facilitator
Some tactical organizations, like the military, may have formal
health promotion doctrines (30), but others may not. Although
other successful programs cite the need for organizations to
implement these programs (91), governing bodies, particularly
for tactical occupations, typically require organizations to
implement health and well-being programs (72, 92). For
example, following a cardiovascular incident in a firefighter, a
NIOSH report recommended that fire departments phase in



mandatory wellness and fitness programs to reduce risk factors
for cardiovascular disease (72).

It is within the organization’s best interest to implement and
sustain a health and well-being program, given the ability of
such programs to help sustain a workforce (102), decrease
costs associated with poor health (e.g., treatments, overtime)
(38, 102), reduce absenteeism (80), and increase workplace
satisfaction (80). One potential means of circumventing cost
concerns while advocating for a health and wellness program
could be providing examples of cost-saving benefits from
other programs—for instance, the firefighter PHLAME
wellness program showed a return on investment as high as
4.6 to 1 (55)—and projecting the potential cost-saving benefits
of the program for the organization. Given the aforementioned
importance of leadership in program success, TSAC
Facilitators need to actively engage and garner support from
leadership in order to optimize the dissemination, engagement,
and longevity of any proposed programs (55, 59, 79).

Where possible, a health and well-being program should target
multiple risk factors because, as discussed earlier, targeting
multiple behaviors can have the greatest and longest-lasting
impact (57). Multiple approaches could be taken, such as the
following examples from previous tactical fitness, health, and
well-being programs:

 

Awareness programs: Use health surveillance systems
to motivate personnel to make health behavior changes
by showing them progressive changes to their health,
allowing for earlier intervention (88).
Educational sessions: Educational sessions can range
from tobacco cessation and alcohol moderation programs
to stress management and improved sleep programs,
either as single entities or, preferably, in an integrated
fashion (12, 35, 56, 58, 102). These sessions can take
place using currently available websites and helplines
(102) or on-site (57, 102), with the on-site option
assisting in personnel tracking (102). Educational
sessions can be provided not only to operational units and



qualified personnel but also to new personnel or even
during basic training, where new members can learn
about maintaining health and wellness in their new
occupation (66).
Support services: External experts can aid in the
provision of both education and services. Dietitians (12),
physical therapists (12, 78), sport trainers (58), and
strength and conditioning coaches (78) all can contribute
to health and well-being services. Other professional
services that may be of value include those provided by
counselors (35, 39), psychologists, and social workers
(39). In addition, a team-based, small-unit approach can
foster support and accountability within groups (56)
where personnel can motivate and check on each other
when working toward goals (56).
Investing in physical activity: Where possible, there
should be a dedicated investment in increasing physical
activity. For tactical athletes, time (58) and motivation
(94) are critical barriers to participation in physical
activity. An on-duty exercise program not only offers a
solution (58) but was recommended by the leadership of
one police department as the one program that they
unanimously thought should be nationally replicated (58).
In addition to formal activities, incidental activity
(activity associated with activities of daily living) can be
fostered, perhaps even by setting weekly or ongoing
goals, such as walking 10 flights of stairs (12) or 10,000
steps per day (57).

Key Point
To increase efficacy as well as cost effectiveness, wellness
programs should be multifaceted as well as focus on multiple
risk factors. Programs should include education sessions,
support services, and investment in physical activity.

A final consideration is the power of success. Word of mouth
in particular is a powerful tool, with the success of some
individuals having a leading impact (54, 78). Not only is
having members become champions of the cause a leading
factor in a program’s success (54), but implementation in



small teams (e.g., a squad) can encourage involvement and
motivation by generating subtle peer pressure and friendly
competition, which in turn can guide cultural change (58). In
addition, small-unit implementation can make tracking and
accountability more effective (58) and act as a pilot program
that can lead to a larger program (78) once its effectiveness
has been proven. One example of a success story is the
Physical Conditioning Optimization Review carried out at an
Australian military training institution (76), which is
summarized in the case study.

Optimizing Fitness, Health, and
Wellness Through a Dedicated

Optimization Program

Case Study

In 2007, an Australian military training institution
implemented a review to improve the physical
conditioning of officer cadets. This review was
based on the success of a smaller review at another
training institution. Its aim was to investigate lines
of inquiry that could influence the physical
conditioning of new trainees (76). Some of these
lines of investigation included the current physical
training and sport programs, management of injured
trainees, injury surveillance methods, nutritional and
dietary habits, and staff health (76). Following the
review, 81 recommendations were made, of which
66 were endorsed and scheduled for implementation
(76). Recommendations included increasing physical
training sessions provided per week to meet national
guidelines, improving nutritional timing and intake,
creating a coaching development program, and
improving rehabilitation processes.



A noted benefit of the program was continual
support from commanding staff, which led to the
program being extended for four years (2007-2010).
During this time, the project expanded to include a
dedicated focus on the health and well-being of staff
and reserve populations and addressed issues such as
maintaining health and fitness during leave and
improving screening and assessment processes. By
following through with the program, a number of
key benefits were identified, including the ability to
evaluate the impact of recommendations, adapt
findings as required, and explore emerging topics
and trends (76).

The measureable outcomes of this project included a
noticeable increase in trainee fitness, which ranged
from 5% in general trainees to 158% in candidates
preparing to commence training (74). In addition,
there was a reduction in lost fitness over the four-
week Christmas break by up to 102% (meaning
some trainee classes gained rather than lost fitness).
Injury rates during the most intensive field phase
were reduced by 55%, with the number of trainees
failing to complete the training reduced by 50%.
Rates of return-to-training following injury rates
increased by approximately 43%, and medical
discharge rates decreased by approximately 86% (n
= 17). This achievement was recognized with two
safety awards and two safety commendations over
the project period (76). In addition, this program has
been presented internationally and benchmarked in
national strategic documents.



Conclusion
Tactical athletes can suffer a variety of common illnesses or
diseases. Obesity, cardiovascular disease, and cancer are
particularly prevalent in this population. Given the working
environment of tactical occupations, risk factors associated
with these illnesses and diseases can be more prevalent. Risk
factors such as physical inactivity, stress, tobacco usage,
excessive alcohol consumption, sleep disruptions, and poor
nutritional habits can individually have a negative effect on the
health and well-being of tactical personnel. Of greater
concern, these risk factors are often found in combination or
can be attributed to one another, such as cigarette smoking and
excessive alcohol consumption due to workplace stress.

Wellness programs can successfully target these risk factors
with an evidence-based approach. With an appreciation of the
tactical working environment and its structural, managerial,
and cultural factors, TSAC Facilitators can develop,
implement, and sustain wellness programs that may have
greater repercussions than increasing fitness alone.
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Study Questions
 

1. At times, law enforcement officers must quickly
transition from a sedentary, resting condition to a high-
intensity activity. This type of activity change increases
the risk for diseases of which type?

1. CNS
2. thyroid
3. cardiovascular
4. pulmonary

2. Which of the following causes the most significant
decrease in cognitive function among tactical
populations?

1. sleep disruption
2. acute stress
3. tobacco use
4. nutritional habits

3. Which of the following are the key constraints often cited
for limiting long-term success of fitness, health, and well-
being programs in tactical athletes?

1. fiscal constraints, cultural challenges, leadership
investment

2. fiscal constraints, cultural challenges, commitment
issues

3. leadership investment, availability, injuries
4. injuries, cultural challenges, political issues



4. Which of the following should be included in a wellness
program to improve its cost effectiveness?

1. education sessions
2. opt-outs for physical activity
3. injury rehabilitation resources
4. single-focus behavioral change classes
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After completing this chapter, you will be able to

 

identify the components of designing and organizing a
training facility,
describe the policies and procedures of managing a
training facility, and
describe strategies to create a safe training environment
and reduce litigation.

The TSAC Facilitator has many roles and responsibilities. One
of the most important roles is the design, equipping,
management, and maintenance of the training facility. Design
includes new construction, renovation, or the repurposing of
an existing building or facility. Equipping the training facility
requires analysis of the tasks performed by the tactical athlete,
effective utilization of new or existing space, number of
tactical athletes to be trained, funding availability, and
equipment life cycle and replacement. Facility management is
critical in training the tactical athlete. Staff duties, staff
supervision, facility usage guidelines, risk management,
liability, emergency operating procedures, and program data
management are essential tasks of a properly managed training
facility, as are facility and equipment maintenance. Regular
preventive maintenance of the facility and equipment
promotes training optimization, mitigates risk, and ensures a
safe training environment for all tactical athletes.



Design
Building a new training facility or renovating or repurposing
an existing facility is often a multiyear process from concept
to program execution. It is estimated that 800 to 1,000 fitness
facilities open each year in the United States (20). This
multiyear process is divided into four phases: predesign,
design, construction, and preoperation. Timelines are
established based on the complexity of each phase. For
example, location of the training facility in relation to other
training facilities, environmental considerations, ease of access
from main thoroughfares, traffic patterns and road closures on
military installations, and issues related to utilities such as gas,
electricity, water, and waste disposal may all influence the
training programs that can be developed and implemented.

Predesign Phase
In this phase, the design committee focuses on four critical
tasks. These tasks are derived from an understanding of
mission- and job-related tasks performed by the tactical
population, such as SWAT, Special Operations Forces (SOF),
conventional military, law enforcement, and fire and rescue
units.

Key Point
Adding a TSAC Facilitator to the design committee for a
training facility for tactical athletes is recommended due to the
facilitator’s expertise in the subject.

The four critical tasks in the predesign phase are the needs
analysis, feasibility study, training facility master plan, and
selection of an architectural firm (7). The needs analysis
identifies essential information related to current and future
programs used to train tactical athletes. The needs analysis
should answer the following questions:

 

What is the mission of the training facility (e.g., tactical
athlete training, multiuse shared facility)?



What category of tactical athlete will use the training
facility (e.g., SWAT, special operations, conventional
military, law enforcement, fire and rescue personnel)?
What is the number of tactical athletes that the facility
can accommodate per training session, per day, and per
week (e.g., SWAT team, fire company, infantry platoon)?
What is the proximity of the training facility to the user
(e.g., fire academy, police station, fighter wing, assault
amphibian battalion)?
What programs beyond strength and conditioning will be
conducted within the training facility (e.g., physical
therapy, rapid reconditioning, performance nutrition,
weight management, resiliency, mental skills training)?
Who is responsible for operational control, life-cycle
replacement, and maintenance of the training facility?
What are the training facility operating hours (operating
hours dictate facility supervision and staffing
requirements)?
What is the training facility operating budget (e.g.,
facility cost per square foot, manpower costs, utility
costs, equipment and life-cycle replacement costs)?
What is the training facility construction timeline?
When will the training facility be operational?
What is the projected life span of the training facility?

The second critical task is the feasibility study. Once the
needs analysis is complete, the design committee conducts a
feasibility study that focuses on the facility requirements. It
includes such considerations as cost, location, usage, operating
hours, and programs offered. A subcomponent of a feasibility
study is a strengths, weaknesses, opportunities, and threats
(SWOT) analysis. The purpose of a SWOT analysis is to
identify strengths and weaknesses internal to the organization
as well as opportunities and threats that are external to the
organization (15).

The third critical task is development of the master plan
based on the needs analysis, feasibility study, and SWOT
analysis. The purpose of the master plan is to capture the
project goals and identify the processes that will be used to
meet the project goals. The master plan details the mission of



the training facility, strength and conditioning equipment,
assessment equipment, physical therapy and rehabilitation
equipment, office furniture, information technology
equipment, classrooms and classroom equipment, facility care
and maintenance plan, and equipment life-cycle replacement
plan. The master plan may also include details on alternative
uses and expansion of the facility. For example, classrooms
could be used to support community programs when not in
use. Facility expansion is not a requirement within the master
plan but should at least be considered. Consideration should
not be limited to simply making the training facility larger; the
design committee should also think about adjacent outdoor
training areas. Examples include running tracks, rope climbs,
obstacle courses, tactical training lockers, small arms ranges,
and multiuse fields. The TSAC Facilitator must be cognizant
of emerging training techniques and equipment within the
strength and conditioning profession. These changes over time
may affect the current design of the training facility, and
failure to plan may lead to failure in execution.

The fourth critical task is selection of an architectural firm and
architect. The design committee selects the architectural firm
and architect through evaluative and bid processes. The
evaluative process should include a review of credentials,
referrals, completed work on similar facilities, experience, and
projected cost. The bid process is formal and includes all
aspects of the evaluation process. Note that although cost may
seem like one of the most prominent factors, it is only one of
several that should be considered when the design committee
is evaluating bids. Other factors to consider include are the
number of years the architectural firm has been in business,
experience of the architects, ratings from the Better Business
Bureau, and findings from interviews with previous clients and
site visits to facilities constructed by the firm.

Design Phase
Depending on the complexity of the training facility, the
design phase could range from 6 to 12 months. The outcome
of the design phase is a detailed architectural blueprint,



whether digital or hard copy. Blueprints often include the
following (7):

 

Site map
General information
Existing site conditions
Site demolition plan
Site grading and erosion plan
Life safety plan
Architectural details
Plumbing
Fire suppression
Mechanical (HVAC, ducting, and control schematics)
Electrical (power, lighting plan, and information
technology plan)

Input from each member of the design committee is critical to
the success of the design phase. Complex issues that arise
during the design phase that cannot be resolved by the
committee may require assistance from outside consultants or
experts. One method to ensure that the design process adheres
to the established timeline is to conduct periodic reviews with
the architectural firm and architect. For example, the
architectural firm and design committee may agree on design
reviews upon 50% completion, 75% completion, and 100%
completion. This method allows both the architect and design
committee to address issues that arise during the design phase
and allows changes to be made to the blueprints. Examples
include compliance with the Americans with Disabilities Act
(ADA) (1); dedicated, standalone electrical circuits to power
specialized training equipment; classroom Wi-Fi; air
conditioning; large-door access to move equipment in and out
of the facility; break rooms; and expansion of equipment
storage areas. The design phase should also address specific
training areas along with equipment placement and spacing.
Federal, state, and municipal health, safety, fire, and building
codes must also be addressed. Nothing is more frustrating to
the architect and design committee than unintentional
oversights related to these codes. Such oversights often lead to



blueprint revisions and may delay the start of the construction
phase as well as add financial costs.

Construction Phase
The construction phase is the longest phase, typically lasting
12 or more months. The exact length depends on the
complexity of the building site and facility being constructed
(7). The construction phase typically includes the following:

 

Continual review of the master plan to ensure all
objectives and requirements established in the predesign
phase are met
Monitoring of project deadlines to ensure the project is
not delayed or to support project default penalties against
the architectural firm or construction contractor
Periodic planning committee meetings, including key
members of the training facility staff, with the
architectural firm and construction contractor to ensure
proper execution of the design

Preoperation Phase
The preoperation phase focuses on staff recruitment, staff
training, and facility operations (7). During this phase,
standard operating procedures (SOPs) are reviewed and
revised. Staff-related items that should be included in the SOP
are staffing requirements, hiring policies, staff onboarding,
procedures for staff development and in-service training,
continuing education, certification, and staff conduct policies.
Items in the SOP related to training facility operations include
prescreening procedures, risk management, emergency
procedures, security plan, evacuation plan (fire, inclement
weather, mass casualty, and active shooter), equipment
maintenance plan, equipment inspection schedules, and
cleaning and maintenance plan.

The preoperation phase may also include selecting and
ordering office furniture and fixtures (desks, chairs, bookcases,
conference tables, classroom tables, and chairs), locker room



equipment delivery and setup (lockers, benches, and storage
cabinets), and training facility equipment delivery and setup
(cardio machines, free weights, dumbbells, kettlebells,
selectorized resistance machines, racks and platforms, sleds,
and ropes). Some manufacturers may offer staff training
during equipment delivery. This training often includes
equipment operation, preventative maintenance, and cleaning.
In some cases, manufacturers use independent shipping
companies to transport equipment. The TSAC Facilitator
needs to understand who is responsible for delivery, off-
loading, movement into the training facility, and setup. If the
shipping company is only responsible for delivery, facility
staff will have to plan for equipment and personnel to move
the equipment into the facility. If the manufacturer does not
provide an equipment assembly team, the TSAC Facilitator
may be assigned the duty of equipment placement and
assembly. This is also an appropriate time to verify new
equipment serial numbers and validate warranty information in
the SOP. For a new training facility, the TSAC Facilitator
should be included in working the training facility punch list.
The punch list summarizes facility shortfalls and repairs that
the contractor or builder has to complete before the client
accepts the new facility. The punch list may include items such
as repairing loose flooring and marred walls, painting touch-
ups, and keying doors.

Facility Requirements for Military
Training Centers
The U.S. DoD establishes mandatory core standards for
military physical fitness centers through DoD Directives
(DoDD) and DoD Instructions (DoDI). The DoD Physical
Fitness Center Program is the combination of Morale, Welfare,
and Recreation (MWR) facilities, fitness staff members, and
programs on military installations that contribute to
cardiorespiratory, muscular strength, muscular endurance, and
flexibility conditioning (24).

The DoD core standards for facilities, programs, equipment,
and staffing are specified by military installation and facility.



Installation physical fitness centers are expected to meet the
following standards (24):

 

Installation fitness programs will include fitness
assessments, group exercise sessions, equipment
orientations, and intermural sport activities.
Installation fitness centers that meet DoD guidelines will
operate a minimum of 90 hours per week.
Installation fitness programs will include incentive,
award, and feedback programs.
Installation fitness facilities will include a minimum of
one basketball court for quarter court play, a swimming
pool, a running or jogging trail, and courts and fields on
the military installation or within a 15-minute commute.
Separate group exercise space will be established in
accordance with American College of Sports Medicine
(ACSM) guidelines and standards for facility design.
Installation fitness facilities will include a full line of
fitness equipment that supports cardiorespiratory,
muscular strength, muscular endurance, and flexibility
training as determined by military service and industry
standards.
Installation fitness programs will include a preventative
maintenance and repair service for all fitness equipment.
Each installation-level military fitness program will have
a professionally certified fitness director with a minimum
of an undergraduate degree in a health- or fitness-related
field or equivalent professional experience.

The core standards for each fitness facility located on a
military installation are as follows (24):

 

Military fitness facilities will have designated male and
female user locker rooms, restrooms, and showers.
SOPs for military fitness facilities will include an
emergency procedure plan and facility staff training.
Military fitness facility heating, ventilation, and air
conditioning (HVAC) systems should be in accordance



with ACSM guidelines and standards for facility design.
Military fitness facility signage should identify risks
associated with facility use.
Each military service specifies a required user-to-staff
ratio to ensure safety and provide users with instruction
and supervision.
Each military facility will have a minimum staff of two
personnel during operating hours to ensure coverage for
emergency response.
All military facility staff will be certified in first aid,
CPR, and AED.
Each military facility will have a minimum of one staff
member in the training area who is professionally
certified; who is familiar with facility operation, safety,
equipment maintenance, and repair; and whose duty is to
coach, mentor, and supervise.
Each military training facility will have a designated first
aid location.
Each military training facility will have water fountains
or dispensers near exercise areas.

As mentioned, DoDD and DoDI establish fitness facility core
standards by installation and facility. The DoD uses the
Unified Facilities Criteria (UFC) to provide a single service
design criteria for fitness centers. The UFC system is
prescribed by military standard (MIL-STD) 3007 and provides
planning, design, construction, sustainment, restoration, and
modernization criteria applicable to military departments,
defense agencies, and DoD field activities (26). The UFC
acknowledges the program differences in the fitness programs
and testing requirements of the various military services. Each
service then further specifies criteria to meet its needs.

Key Point
In the United States, the DoD establishes core standards for
fitness centers and allows each service to add standards to
meets its needs.

Army Physical Fitness Facilities



The Army standard and Army standard design criteria are
mandatory for military construction. The standards are based
on ACSM guidelines, UFC (UFC 4-740-06, TI 800-01,
appendix H), and the technical criteria for U.S. Army Physical
Fitness Facilities (PFFs) (5).

The Army operates PFFs worldwide. The Army standard for
PFFs was revised to reflect changes in Army PRT (physical
readiness training), physical fitness, and recreation. The
objective is to gain efficiencies through the use of the existing
facilities in order to standardize opportunities across the Army.
The Army uses the installation population percentages
(military, family member, and civilian workforce) to determine
the facility size and total gross square footage. The Army
classifies its PFFs as extra small, small, medium, and large (5).
The Army standard includes square footage allocations for the
following modules: fitness, gym, exercise, structured
activities, lockers, showers, latrines, and support.

Air Force Fitness Centers
The Air Force Services Facilities Design Guide (AFSFDG) for
fitness centers (21) provides planning, design, construction,
sustainment, restoration, and modernization criteria for U.S.
Air Force fitness centers. The Air Force fitness facility should
facilitate the readiness, fitness, and morale of Air Force
members by providing effective, efficient, and pleasant spaces
for individual and group exercise, unit physical training (PT),
team and individual sports, testing, training and education, and
necessary support (22).

Air Force fitness facilities provide dedicated areas to meet
requirements specified in the design guide, including areas for
the following:

 

Fitness equipment
Unit PT and group exercise
Fitness testing
Fitness training
Intramural, extramural, and varsity team and individual
sports



Administration
Support
Health and wellness

The Air Force uses base population percentages (military,
family member, and civilian workforce) to determine physical
fitness and health and wellness center space allowances and
total gross square footage. The Air Force space categories for
physical fitness and health and wellness centers are small,
medium, large, and mega. Air Force Manual 32-1084 provides
tables specifying space allowances for these categories (4).

Navy and Marine Corps Fitness Centers
The Navy and Marine Corps fitness centers facilities criteria
(FC) acknowledge differences between Navy and Marine
Corps fitness and testing programs. For example, the Marine
Corps facilities include space for health promotion and high-
intensity tactical training (HITT) programs. The criteria (FC 4-
740-02N) provide the minimum requirements for evaluating,
planning, programming, and designing Navy and Marine
Corps fitness centers (25).

Both the Navy (FC 4-740-02N) and Marine Corps use six
classifications to determine fitness center size: extra small,
small, medium, large, extra large, and jumbo (25). The Marine
Corps adjusts the size of its facility space by using installation
population figures and a sizing formula for populations above
3,000 service members. This sizing formula adjusts only the
free weight, selectorized resistance equipment, and
cardiorespiratory exercise areas. Multipurpose activity fields
(running tracks, ball fields, multiuse fields, basketball and
tennis courts) may be included as part of the fitness center. FC
4-740-02N (25) offers guidance on the use of an interactive
planning spreadsheet for both Navy and Marine Corps fitness
centers. The interactive planning worksheet provides space
determinations (square footage allocations) for the following
fitness spaces: lobby and reception, gymnasium, unit PT and
group exercise, fitness spaces, structured activities, locker
rooms, support areas, health promotion, and HITT.



Special Operations Human Performance Training
Centers
U.S. Special Operations Command (SOCOM) establishes
training facility guidelines for its Human Performance
Program (HPP), and TSAC Facilitators should make sure they
are following the most recent guidelines. Within SOCOM,
each component is responsible for managing its own mission-
specific program. The component mission-specific programs
are as follows:

 

U.S. Army Special Operations Command (USASOC)—
Tactical Human Optimization, Rapid Rehabilitation, and
Reconditioning Program (THOR3)
Air Force Special Operations Command (AFSOC)—
AFSOC HPP
U.S. Naval Special Warfare Command
(NAVSPECWARCOM)—Tactical Athlete Program
(TAP)
Marine Corps Forces Special Operations Command
(MARSOC)—Performance and Resiliency (PERRES)
program

Facility square footage is based on the number of service
members assigned to a supported unit (9). Examples of facility
sizes are specified here:

 

Small—15,000 square feet (1,394 m2) for units with
fewer than 1,000 service members
Medium—30,000 square feet (2,787 m2) for units with
1,000 to 3,000 service members
Large—40,000 square feet (3,716 m2) for units with more
than 3,000 service members

The differences between conventional military training
facilities and special operations training facilities are
significant. The purpose of special operations training
facilities is to support the HPP to increase physical and



cognitive performance, promote rapid recovery from injuries
sustained in training or combat, and lengthen the life cycle of
service members within special operations (9). These training
facilities support the following:

 

Physical performance development through training areas
for strength, endurance, energy systems, mobility, speed,
agility, power, balance, and stability
Cognitive enhancement through enhanced observation,
mental toughness, intellectual ability, creativity, and
cultural adaptability training
Rapid recovery and reconditioning through dedicated
health care providers, strength and conditioning
specialists, and mental skills specialists
Lengthening the service member’s life cycle through
occupational health and safety programs focused on
surveillance, advanced training, and protective equipment

A special operations training facility with a small footprint
provides the following dedicated areas:

 

Office space
Classroom
Locker room
Sports medicine
Combatives
Performance
Hydrotherapy, rehabilitation, and recovery
Cardio and energy system development
Speed and agility turf

A special operations training facility with a large footprint
provides the following dedicated areas:

 

Office space
Classroom
Locker room



Sports medicine
Combatives
Research laboratory
Hydrotherapy, rehabilitation, and recovery
Performance laboratory
Cardio and energy system development
Speed/agility turf

Equipment Requirements
A key responsibility of a TSAC Facilitator is to evaluate and
provide recommendations for selecting equipment for the
training facility. The evaluation and selection process begins
with a thorough review of the needs analysis. There are three
phases when selecting exercise equipment: equipment
functional criteria development, equipment specifications and
effectiveness, and manufacturer business practices evaluation
(16).

The TSAC Facilitator should also look at other key planning
factors that may assist in the decision-making process (10).
Examples include a scaled floor plan, outdoor scaled plan (if
equipment is placed outdoors), equipment priority list, current
and future budget, and expansion plan. Blueprints are also
helpful and provide room dimensions, hallway and corridor
locations (traffic flow), electrical outlets, water fountains, and
emergency exits.

A scaled floor plan specifies the square footage available by
room or area. This is vital when selecting equipment for
cardiorespiratory, free weight, Olympic lift, selectorized
resistance machine, circuit, bodyweight exercise, stretching,
rehabilitation, climbing wall, and assessment areas. A scaled
floor plan will also assist with equipment placement, ensure
proper traffic flow, and provide safe access between
equipment. The same emphasis must be placed on outdoor
equipment requirements. Examples of outdoor equipment
include training lockers; rope climbs; pegboards; pull-up, dip,
and climbing bars; rock-climbing walls; sleds; and obstacles.

The equipment priority list is a key planning factor. The
needs analysis, budget, and expansion plan for the training



facility will affect what is included in the equipment priority
list. The equipment priority list specifies equipment type,
quantity, manufacturer, warranty, estimated life cycle, and
cost. The equipment priority list can be used in the decision-
making process when TSAC Facilitator encounters space,
budget, or expansion constraints or when additional funding is
available.

Conventional Military Training Facilities
The U.S. DoD Physical Fitness Center Program, DoDI, and
UFC for fitness centers establish mandatory standards for
equipping military physical fitness centers (26). The Air
Force, Army, Navy, and Marine Corps establish minimum
equipment requirements based on training facility size.
Equipment is categorized by the component of fitness trained
and includes cardiorespiratory equipment, selectorized
resistance training equipment, free weight equipment, fitness
assessment equipment (service dependent), functional training
equipment, and structured activity equipment.

 

The standard line of cardiorespiratory training equipment
consists of treadmills, rowers, elliptical machines, cycle
ergometers (recumbent, upright, and arm), stair-climbers,
TreadClimbers, and climbing and ladder machines.
The standard line of selectorized resistance equipment
includes leg press; leg curl; leg extension; standing and
seated leg abduction; standing and seated leg adduction;
standing and seated calf raise; bench press; overhead
press; cable lat pulldown; compound row; pec deck or
chest fly; arm curl; triceps press; abdominal crunch; back
extension; weight-assisted dip; cable crossover; weight-
assisted pull-up, chin-up, and dip; and high and low pull
machines.
The standard line of free weight equipment includes a
power rack; a Smith machine; a pull-up and dip
combination; Olympic, Olympic incline, and Olympic
decline benches; an adjustable incline; an incline leg
press; a preacher curl bench; a calf raise machine; one set
of rubber- or vinyl-coated dumbbells from 5 to 100



pounds (2-45 kg); one set of rubber- or vinyl-coated
dumbbells from 5 to 50 pounds (2-23 kg); twin-tier
dumbbell racks; an E-Z curl bar; 5-foot (152 cm) and 7-
foot (213 cm) Olympic bars; Olympic weight plates up to
45 pounds (20 kg); and one weight tree per two benches.
Fitness assessment equipment does not have a standard
line. Each service uses different assessments. Fitness
assessment equipment may include physician scales with
height measurement capability, circumference tape
measures, sit-and-reach boxes, and functional movement
screen kits.
Functional training equipment is also not defined by a
standard line. Each service determines its own equipment
list.

See tables 22.1 through 22.5 near the end of the chapter for
examples of equipment lists, and see figures 22.1 and 22.2 for
examples of Marine Corps and U.S. Army Physical Fitness
School (USAPFS) floor plans.



Figure 22.1 Sample layout for a 2,000-square-foot (186 m2)
HITT center. This type of facility is required only by the

Marine Corps.

Reprinted from Navy and Marine Corps Fitness Centers Facilities Criteria (FC), FC
4-740-02N, Appendix C, page 119.



Figure 22.2 USAPFS facility rendering.

Reprinted from Sorinex USAPFS Equipment Rendering ICW US Army Sorinex
Equipment Quote No. 4985, Customer No. C01047, November 21, 2014, pages 1-4.

Structured activity equipment is also not defined by a standard
line. Each service determines its equipment list. Structured
activity equipment includes the following:

 

Cycle ergometers (spinning classes)
Combatives training equipment
Stretching equipment and mats (yoga)
Climbing equipment (climbing walls)
Rackets, balls, and eye protection (racquetball and
squash)

Special Operations Training Facilities
SOCOM has established guidelines (baselines) for training
facility equipment to support its HPP. Each service is allowed
to tailor its equipment to its mission and program needs.
Tables 22.6 through 22.11, found near the end of the chapter,
provide examples of equipment for small training facilities (9).

Law Enforcement and Conventional Fire and Rescue
Training Facilities
The International Association of Chiefs of Police (IACP)
Police Facility Planning Guidelines provide a reference for
law enforcement executives, administrators, and consultants in
constructing a new facility, renovating an existing facility, or



adapting another type of facility to police purposes (8).
Municipalities must be in compliance with the National
Incident Management System (NIMS) standards for
coordinated communication and response in order to receive
federal funding.

Because of modern-day issues that require mutual aid—such
as active shootings, terrorism, and natural disasters—police,
fire and rescue, and other first responders must train together
to respond to various situations. Facility design focus is on
building multiuse facilities to accommodate joint training of
police and fire agencies. Public safety training centers provide
integrated training centers for law enforcement, fire and
rescue, and emergency personnel. Both police and fire
academies may operate out of this training center, and
therefore it requires more space and equipment. Following are
examples of training facility sizes:

 

Large—15,000 square feet (1,394 m2) for academies with
more than 60 members
Medium—10,000 square feet (929 m2) for academies
with 35 to 60 members
Small—5,000 square feet (465 m2) for academies with 20
to 34 members
Smallest—2,750 square feet (255 m2) for academies with
19 or fewer members

The size of fitness centers within fire and rescue is determined
by how many people will be occupying the fire station. The
classifications are 1 engine (2-5 people); 1 engine and 1 medic
(4-8 people); and 1 engine, 1 apparatus, and 1 medic (6-15
people).

The population of public safety training centers is based on
enrollment in the local community college and the hiring
needs of the departments. Public safety training centers may
provide dedicated areas to meet specific requirements,
including the following:

 



Administrative offices
Fitness equipment
Medical assessment
Fitness assessment
Fitness training
Candidate evaluation
Offices for medical personnel (physician, registered
dietitian)
Offices for fitness staff, including the TSAC Facilitator
Community outreach programs such as Police Athletic
League (PAL)

The NFPA’s 1500 series of standards provides
recommendations on health and safety issues when designing
a fire station (11). All fire stations in the United States must
adhere to the following:

 

All police and fire department facilities are considered
public buildings and must comply with the ADA (1).
All fire department facilities must comply with all legally
applicable health, safety, building, and fire code
requirements (11).
Fire departments must provide facilities with disinfecting,
cleaning, and storage in accordance with NFPA 1581:
Standard on Fire Department Infection Control Program
(12).
The fire department must prevent exposure of firefighters
to and contamination of living and sleeping areas with
exhaust emissions (11).

Key Point
All tactical athlete training centers (i.e., conventional military,
special operations, police, firefighter, emergency services)
must comply with the American with Disabilities Act (ADA).

The following design components should be considered when
developing a strength and conditioning facility for a fire or
police station (11):

 



Location: ground floor
Ceiling height: 12 to 14 feet (4-5 m) of clearance from
low-hanging items, especially within a self-contained
power area.
Flooring: low-pile carpet or rubberized flooring
Environmental factors: lighting, temperature, air
circulation (12-15 exchanges per hour), appropriate
sounds levels to hear emergency tones and verbal
communication (not to exceed 90 dB).
Mirrors: should be at least 20 inches (51 cm) off the floor
Pathway: 36-inch-wide (91 cm) unobstructed pathway
that bisects the facility is required by federal law (1)
Electrical: grounded 110 V or 220 V
Policies and procedures: guidelines should be effectively
and clearly communicated with all members

It is important to examine the types and volume of space rather
than just raw square footage when evaluating the needs or
considering the adaptive reuse of an existing facility. See
tables 22.12 and 22.13 near the end of the chapter for more
details.



Layout and Organization
Equipment placement and spacing in a new or recently
renovated training facility can be a daunting task. Users of the
training facility rarely think about how strength and
conditioning equipment is placed or spaced. Equipment
placement and spacing is as much a science as it is an art. The
science involves not only an understanding of how the
equipment is used to optimize human performance but also
mathematical calculations for fitting large equipment into
defined spaces. This all must be accomplished while adhering
to nationally recognized safety standards. The art involves
meeting all needs defined in the needs analysis and correctly
placing and spacing equipment to ensure efficient and safe
training of all tactical athletes.

Nearly all conventional military fitness facilities and large
metropolitan law enforcement, fire and rescue, and emergency
service departments place strength and conditioning
equipment in defined activity areas. Defined activity areas
are designed around the component of fitness to be trained
(e.g., muscular strength, muscular endurance, aerobic capacity,
anaerobic power, agility, speed, flexibility, body composition).
Defined activity areas include dedicated space for the
following:

 

Aerobic training machines
Resistance training machines (circuit training)
Free weights
Powerlifting
Olympic lifting
Stretching and flexibility improvement
Warm-ups and cool-downs
Bodyweight exercise
Speed and agility
Structured activities (spinning, yoga, rock climbing)

Guidelines for Placing Equipment



Science, technology, and innovation drive the development of
strength and conditioning equipment. Equipment dimensions,
shape, power requirements, and relationship to other pieces of
equipment; recommended safety areas around the equipment;
and traffic flow must all be considered when placing
equipment in the facility. Efficiency in training and safety of
the tactical athlete and strength and conditioning staff are key
aspects of equipment placement and spacing. Following are
guidelines for placing and spacing equipment (7):

 

Power exercises that require the use of a rack or spotter
should not be placed near high-traffic areas (e.g.,
entrances and exits, water fountains, hallways), windows,
and mirrors in order to prevent damage to the facility and
to avoid contact with other tactical athletes or strength
and conditioning staff.
Tall strength training machines and equipment (e.g., rack,
Smith machine, cable crossover, stand-alone lat
pulldown, horizontal ladder or monkey bars) should be
placed along walls in accordance with safety and standoff
guidelines. When applicable, this equipment should be
secured to the floor or wall according to manufacturer
guidelines. Tall aerobic training machines (e.g.,
treadmills, arm ergometers, steppers, ladders, climbers,
elliptical trainers) should be placed along walls in
accordance with safety and standoff guidelines. Refer to
manufacturer installation and safety recommendations
when placing and spacing equipment.
Dumbbells and kettlebells should be placed in single- or
double-tier racks designed for this purpose. Dumbbell
and kettlebell racks are normally placed along walls in
defined areas or may be used to divide activity areas in
large rooms.
Weight trees can be placed along walls or adjacent to
plate-loaded machines or equipment. If placed near plate-
loaded machines or equipment, a minimum distance of 3
feet (91 cm) should be maintained.
In free weight areas, a distance of 3 feet (91 cm) should
be maintained between bar ends or dumbbells. The intent



is to avoid interference between lifters and spotters.
The bench press, incline bench press, or seated military
press requires an area of 90 to 110 square feet (8-10 m2).
The squat requires an area of 110 to 130 square feet (10-
12 m2). The deadlift is normally performed on a platform.
Size of the training area often dictates the platform size; 8
feet (244 cm) by 12 feet (366 cm) is optimal and
accommodates the rack. A 4-foot (122 cm) perimeter is
recommended on all sides. The total area equates to 144
square feet (13 m2).
A 4-foot (122 cm) perimeter should be maintained around
Olympic platforms.
The minimum distance between equipment and mirrors is
6 inches (15 cm). Mirrors should be placed a minimum of
20 inches (51 cm) above the floor to alleviate contact
with weight plates. If possible, increase this distance to
improve ease of supervision, maintenance, and cleaning.
Selectorized resistance (circuit) training machines are
generally placed in order from large muscle group to
small muscle group. Another accepted method is to place
machines alternating muscle groups (e.g., chest and back,
shoulders and lats).
Multistation machines are often combined with single-
station machines. The minimum distance between
machines is 3 feet (91 cm). If room permits, increase the
distance between machines.
Self-contained power areas (SCPAs) are becoming
popular. They conserve floor space, allow multiple users,
improve supervision, and permit several exercises to be
conducted per rack (10). Typically, each rack is placed on
a thick rubber area that is 8 by 14 feet (244 by 427 cm).
Distance between racks should be 3 to 4 feet (91-122 cm)
or more if space allows. This allows plate removal and
storage on or off the rack or adjacent weight trees without
interfering with lifters in the adjacent rack. If multiple
racks are used, create a center pathway with racks on
each side to promote safety and improve supervision.
Reconditioning equipment such as antigravity treadmills
should be on a dedicated electrical circuit in an area that



allows for close supervision. A minimum perimeter of 3
feet (91 cm) should be maintained.
A minimum perimeter of 3 feet (91 cm) should be
maintained around aerobic training equipment. This
allows for maintenance, supervision, cleaning, and
general safety.
Cycle ergometers and steppers require an area that is 4
feet by 6 feet (122 by 183 cm), or 24 square feet (2.2 m2).
Rowers require 4 feet by 10 feet (122 by 305 cm), or 40
square feet (3.7 m2). Treadmills require an area 5.5 feet
by 8 feet (168 by 244 cm), or 45 square feet (4.2 m2).
An area of 7 feet by 7 feet (213 by 213 cm), or 49 square
feet (4.6 m2), is recommended for an individual warm-up
and cool-down or stretching area. If forward, backward,
or lateral movement is used, additional area is required.
Many training facilities use turf for speed, agility, and
power training. Turf is an excellent multipurpose surface
and can also be used for warm-up, cool-down, and
stretching activities.
Traffic flow within the training facility is key to training
efficiency, supervision, and safety. The minimum width
of walkways around the perimeter or through the training
facility is 3 feet (91 cm). Pathways (traffic flow) need to
be in accordance with local, state, and federal code.
Strength and conditioning equipment should not be
placed in walkways. Entrance, exit, lavatory, and locker
room doors should not open into walkways or equipment
areas. If possible, a walkway should bisect defined
training areas in order to provide unobstructed movement
between defined training areas. See table 22.14 near the
end of the chapter to assist in determining equipment
space requirements, and see figures 22.3 and 22.4 for
examples of equipment placement.



Figure 22.3 Rack placement, spacing, and defined walkways.



Figure 22.4 (a) A walkway should bisect defined training
areas; (b) turf provides an excellent warm-up and cool-down

area.



Policies and Procedures
Optimizing the performance of tactical athletes requires the
right facility, the right equipment, and the right strength and
conditioning staff. Exercise science provides the foundation,
technology provides the innovation, and training provides the
mechanism for success. The TSAC Facilitator must stay in
tune with changes in the strength and conditioning field and
understand the importance of maintaining relevancy and
certification within the profession when addressing training
center policies and procedures. Defining and clearly
communicating the duties and responsibilities of the strength
and conditioning staff is key to the efficient operation,
maintenance, and effectiveness of the training programs
executed in the facility. Policy and procedures should be
developed in coordination with labor union and senior
administration that reflect a proactive program to sustain
longevity. The following resources are available to the TSAC
Facilitator to help establish these policies:

 

NFPA 1582: Standard on Comprehensive Occupational
Medical Program for Fire Departments provides
guidelines for medical testing and screening, which
simplifies the development of this component. All fitness
screenings and medical assessments should be
nonpunitive yet mandatory. The purpose of these
assessments is to perform health screening, not primary
care (13).
NFPA 1583: Standard on Health-Related Fitness
Programs for Fire Department Members provides the
minimum requirements for the development,
implementation, and management of a health-related
fitness program (HRFP) (14). It is not intended to
establish physical performance criteria, and it is
nonpunitive.
Peace Officer Standards and Training (POST) establishes
the educational minimum requirements for law
enforcement in certain regions across the country. For



example, California POST Guidelines for Student Safety
in Certified Courses outline the basic guidelines for
physical fitness within law enforcement (18).

Staffing Duties and Responsibilities at a
Conventional Military Training Facility
The DoD establishes policy, assigns responsibilities, and
prescribes procedures for the staffing of conventional military
(Air Force, Army, Navy, Marine Corps) physical fitness
training centers (23). DoD policy directs that each service
establish MWR programs. MWR categorizes physical fitness
as one of several programs used to support the
accomplishment of the military mission. DoD policy specifies
that the service’s military physical fitness training centers will
be staffed primarily by MWR civilian employees. At times,
military personnel serve as staff at military physical fitness
training centers in accordance with DoD and service policy.
The number of strength and conditioning personnel per
physical fitness training center is derived from the mission and
size of the facility. Following are examples of positions and
job descriptions commonly found at physical fitness training
centers on military installations:

 

Fitness director: This position has oversight of the
physical fitness, sport, and aquatic programs. The fitness
director works for the MWR director, deputy MWR
director, or recreation director. The position requires a
degree in fitness or health or equivalent experience. The
fitness director should be trained and have working
experience in fitness, sport management, and aquatics.
Depending on the military service, this position may also
be referred to as the athletic director.
Fitness coordinator: This position is directly responsible
for the physical fitness program on the installation. The
fitness coordinator works for the fitness director. The
position requires a degree in fitness or health or
equivalent experience. The fitness coordinator generally
works out of the physical fitness training center and is



responsible for the oversight and execution of training
programs, equipment, and staff within the facility.
Depending on the military service, this position may also
be referred to as the fitness center manager or fitness
director.
Sports coordinator: This position is responsible for
adult team and individual sports on the installation. The
sports coordinator works for the fitness director and must
have a degree in sport management or equivalent relevant
experience. The sports coordinator plans and programs
team and individual sporting events and sport clinics;
schedules sport officials; and, when directed, provides
assistance to youth sport programs.
Aquatics coordinator: This position is responsible for
aquatic programs and pool complexes at the installation.
The aquatics coordinator works for the fitness director
and must have a degree or related experience in aquatic
management. The aquatics coordinator supervises pool
operations, aquatic programming, and staff training.
Fitness facility coordinator: This position is responsible
for fitness, sport, and aquatic facility operations. The
fitness facility coordinator works for the fitness director.
This position supervises service staff and is responsible
for facility operations. Responsibilities include equipment
procurement, equipment accountability, supply purchases,
facility maintenance work orders, staff time cards, facility
usage counts, and other administrative requirements
specified by the fitness director. The facility coordinator
allows other facility staff (fitness coordinator, sports
coordinator, aquatics coordinator, and fitness specialist)
to direct their efforts toward training and programming.
Fitness specialist: This position is responsible for
physical fitness training and education on the installation.
The fitness specialist works in the fitness facility under
the fitness director or fitness coordinator. The position
requires a personal trainer certification or degree in
fitness or health. The fitness specialist provides customer-
focused training recommendations and programming and
corrects unsafe training practices.



Fitness specialist or group exercise instructor: This
position is responsible for teaching a variety of group
exercise classes (e.g., yoga, step, spinning). The fitness
specialist works for the fitness director or fitness
coordinator. The position requires a personal trainer
certification or certification for specialized instruction.
This position is often contracted at the installation.
Fitness assistant: This position assists the fitness
specialist and group exercise instructor with fitness
orientations and corrects unsafe training practices on the
facility floor. This position also assists with intramural
sport programs and assists with facility maintenance. The
position requires on-the-job training in fitness principles
and management. The fitness assistant works for the
fitness coordinator or sports coordinator.
Custodial and outdoor maintenance staff: These
positions maintain and clean indoor and outdoor fitness
facilities and complexes. Each installation handles these
services in accordance with installation guidelines and
operating procedures. Staff requirements may be handled
in-house, by contract, or a combination of both. The
number of facilities (gyms, pools, sport complexes) and
size of installation dictate staffing requirements.

In addition to education and professional certification
requirements, fitness training center staffs have additional
training and certification requirements specified by each
service. Examples include first aid, CPR, basic life support
(BLS), AED, handling of potentially hazardous materials
(bodily fluids, bloodborne pathogens), Water Safety Instructor
(WSI), advanced life saving (ALS), and Certified Pool/Spa
Operator (CPO). Within law enforcement and fire and rescue,
additional educational and professional training certifications
include swift water rescue, hazmat, rescue operations, urban
search and rescue (USAR), SWAT, Special Operations
Response Team (SORT), mounted units, and K9.

Staffing Duties and Responsibilities at a
Special Operations Training Facility



Unlike the conventional military fitness programs and
facilities, special operations training programs and facilities
initially leveraged an athletic and sports medicine framework
with customizations for Special Operations Forces (SOF) and
mission-specific requirements. Staffing focuses on three
functional areas of expertise: optimizing human performance,
rehabilitation, and reconditioning (9). In order to meet
program objectives, SOCOM has determined a requirement
for expertise in the following areas: strength and conditioning,
physical therapy, athletic training, performance nutrition,
mental skills enhancement, and resiliency. The SOCOM HPP
determines staffing requirements with input from the units.
Specific staffing duties and responsibilities are based on the
needs of the HPP and the units’ mission-specific requirements.
The HPP includes the following staff positions:

 

Human performance program coordinator or
manager: This position plans, designs, and implements
the strength and conditioning and related programs. The
focus is on improving the functional capacity, mitigating
the injury risk, and extending the operational life cycle of
SOF.
Rehabilitation coordinator or manager: This position
manages a full spectrum of screening, diagnostic, and
sports medicine services. Along with strength and
conditioning professionals, physical therapists, and
athletic trainers, the position focuses on rapid
rehabilitation and reconditioning of SOF.
Physical therapist: This position applies a full spectrum
of screening, diagnostic, and professional physical
therapy services. Along with strength and conditioning
professionals and athletic trainers, physical therapists
focus on rapid rehabilitation and reconditioning of SOF.
Strength and conditioning specialist: This position
plans, designs, and implements strength and conditioning
programs for SOF. The strength and conditioning
specialist also assists the sports medicine staff with the
assessment, rehabilitation, and reconditioning of injured
SOF.



Performance dietitian: This position is responsible for
delivering a comprehensive performance nutrition
program designed to support SOF. The focus is on
improving nutrition and body composition for optimal
performance, rehabilitation, and reconditioning.
Athletic trainer: This position collaborates closely with
all HPP staff members. The athletic trainer focuses on
treatment of acute and chronic medical conditions
involving injuries, functional limitations, and disabilities.
Athletic trainers provide an elite level of care, education,
and training to SOF who require rehabilitation,
reconditioning, or performance improvement.
Mental skills specialist: This position is responsible for
conducting SOF-specific mental skills training, which
includes key mental components such as focus and
concentration, emotional regulation, imagery, pattern
recognition and spatial reasoning, situation awareness,
and high-speed decision making in an effort to help SOF
improve their performance in a wide range of combat
skills.

Common Rules for Using the Facility
Training facility guidelines and policies are established to
provide tactical athletes and facility staff with SOPs and
standards of conduct when using the training facility.
Conventional military and special operations facility
guidelines and policies are governed by DoDD and DoDI and
are typically service specific. Law enforcement, fire and
rescue, and emergency services facility guidelines and policies
are based on state or municipal statutes and operating
procedures. SOPs typically specify operating procedures in
order to maintain appropriate order, discipline, and conduct.
Facility SOPs encompass topics such as the following:

 

Facility hours of operation
Facility scheduling (mass training or instruction)
Facility staff (organizational chart)
Facility floor plan



Facility orientation
Facility usage age requirements (military facilities)
Sign-in or log-in procedures
Prescreening and clearance procedures
Personal conduct (etiquette, language, respect, cell phone
and personal device usage)
Training attire (appropriate nonsuggestive clothing,
closed-toe footwear)
New equipment training
Locker room procedures (storage of personal belongings)
Equipment safety (spotters, collars, racks, bumper plates,
platforms)
Equipment storage and cleaning
Outdoor equipment usage
Food, drink, and supplementation in the facility
Reporting unsafe acts
Revocation of facility privileges
Accident, injury, and incident reporting procedures
Facility evacuation plan (fire, inclement weather, active
shooter, designated accountability rally point)
AED and first aid kit locations
Hazardous waste procedures, disposal of blood-soaked
towels or clothing, and cleanup of bloodborne pathogens
Emergency phone numbers
Visitor procedures

Recommended Insurance Coverage
Conventional military and SOF training facility staff, unlike
civilian personal trainers or strength and conditioning
specialists, fall under federal guidelines related to liability and
indemnification. Law enforcement, fire and rescue, and
emergency service personnel often work for municipalities or
states that self-insure and provide liability coverage to their
employees. However, it is always prudent for facility staff
members to confirm that they are covered for liability and
indemnification. This is especially important for contract
employees. If TSAC Facilitators or facility staff members are
not covered by their employer, they must purchase personal
liability and indemnification insurance to protect against injury



and wrongful death lawsuits. Some certifying organizations
such as the NSCA provide personal liability and
indemnification insurance coverage.

It is important to research the types of coverage. Policies that
provide legal defense and payment for any judgment or
settlement that may arise from legal action within the limits of
the policy are preferred. It is critical to understand the dollar
amount paid per incident along with the aggregate limit within
a designated policy. The aggregate limit is the maximum
dollar amount the insurer will pay to settle a claim within a
given period of time, typically one year. An example is
$1,000,000 per incident and $3,000,000 aggregate limit.
TSAC Facilitators should contact multiple companies for
coverage estimates based on where in the country they are
employed. Coverage costs vary by state and region.

Procedures for Responding to
Emergencies
Conventional military and SOF training facilities have service-
specific policies and procedures for responding to
emergencies. Law enforcement, fire and rescue, and
emergency services have emergency response protocols
(policies and procedures) based on municipal, state, and
federal laws. The training facility SOP provides guidance,
direction, and requirements associated with the execution of
facility emergency procedures. Not all emergency situations
can be prevented, but that does not mean a plan of action
should not be in place for when they do occur. The types of
emergencies to plan for are accident and injury, medical
emergency, fire, mass casualty, inclement weather, and active
shooter. All facility staff members and TSAC Facilitators must
be familiar with emergency policies and procedures,
understand their responsibilities and duties, and receive
emergency response training on a quarterly basis. Two
resources to use when developing emergency procedures are
the NSCA Strength and Conditioning Professional Standards
and Guidelines (19) and ACSM’s Health/Fitness Facility
Standards and Guidelines (17).



Fitness facilities should have written emergency policies and
procedures that are reviewed and practiced on a regular basis
(2). Facility emergency response policies and procedures
should include the following:

 

Preparation for any major emergency situation that may
occur. Among these situations are medical emergencies
that are reasonably foreseeable with participation in
moderate or intense exercise. These include emergencies
related to pulmonary disease, such as asthma; metabolic
syndrome with conditions that include high blood
pressure, high blood sugar, or excessive body fat around
the waist; myocardial infarction; sudden cardiac arrest;
stroke; exertional heat illness; and orthopedic injuries.
Rehearsals to deal with emergencies that involve fire,
mass casualties, inclement weather, and active shooters,
which are less predictable than medical emergencies.
Municipalities and military installations typically conduct
exercises to rehearse for such emergencies and train
military personnel, family members, DoD civilian
employees, law enforcement officers, fire and rescue
personnel, and emergency response personnel.
SOPs that provide detailed instructions on how each
emergency situation will be handled and the roles that
should be played by first, second, and third responders to
an emergency.
Emergency equipment identification through signage and
a schematic identifying locations in the facility.
Contact information for law enforcement, fire and rescue,
and EMS. This information must be easily accessible
during emergency situations. During an emergency
situation, dispatchers will ask for specific information.
The TSAC Facilitator should be prepared to provide
nature of the emergency, facility address, building and
room numbers, and most favorable way for EMS to
access the facility.
Full documentation of the policies and procedures that
address staff training and emergency instruction. Policies
and procedures should be reviewed on a regular basis.



This documentation should include a list of staff
professional and BLS certifications and training.
Emergency and fire evacuation plans. These plans should
be posted at multiple locations in the facility. Evacuation
plans must include clearly identified staff and tactical
athlete assembly and accountability points.
Emergency drills, including medical, fire, mass casualty,
inclement weather, and active shooter drills. These should
be scheduled according to military installation,
municipal, state, or federal requirements and policies.
Clearly marked locations of first aid kits and AEDs.
A directory that identifies the location of key facility
personnel, including facility director or manager, strength
and conditioning specialist, fitness coordinator, physical
therapist, and athletic trainer.

Facilities should have a safety audit that routinely inspects all
areas of the facility to reduce or eliminate hazards that may
cause injury. The safety audit should also address results of
fire, medical emergency, inclement weather, mass casualty,
and active shooter drills.

Key Point
Rehearsals that simulate specific emergency situations provide
realistic training for both staff and facility users.

Procedures for Recording Injuries in the
Facility
Conventional military and SOF training facilities have service-
specific regulations or instructions that specify policies and
procedures for accident, injury, and incident reporting. Law
enforcement, fire and rescue, and emergency services have
protocols (policies and procedures) based on municipal, state,
and federal laws that specify how accidents, injuries, and
incidents should be reported. The facility SOP should clearly
identify who is responsible for creating the report; who is
responsible for capturing all information related to the
accident, injury, or incident; and what offices and agencies the
report is to be filed with. Before a reporting format is adopted,



the facility director or manager should obtain a legal review to
ensure the report does not violate military regulations or
instructions or municipal, state, or federal laws. As part of the
risk management process, the facility director or manager,
specified facility staff, and TSAC Facilitator should conduct a
thorough review of the accident, injury, or incident report.
This process is useful and can identify lessons learned that
may assist in modifying or revising facility policies and
procedures. The TSAC Facilitator and facility staff must be
aware that such reports contain personally identifiable
information (PII). PII must be protected from unauthorized
access or use at all times. Reports should contain the following
information (17):

 

Type of report (accident, injury, incident)
Location (name of facility and room or area where the
event occurred)
Date and time
Name of the individual
Address of the individual
Home or cell phone number
Unit or place of employment
Work phone number
Supervisor’s name and phone number
Facility staff present when the event occurred
Tactical athletes or others who witnessed the event
Summary of the event, including the type, severity, and
mechanism of the accident, injury, or incident
Whether facility staff provided first aid (specify actions
taken)
911 activation and whether law enforcement, fire and
rescue, or emergency services responded
Whether the individual was transported to a medical
treatment facility (MTF) or hospital; if so, record the
name, address, and phone number of the MTF or hospital
Whether the event meets the criteria for a serious incident
report; if so, follow reporting procedures specified in the
facility SOP
Report routing



Key Point
To assist in preventing identity theft, ensure that personally
identifiable information (PII) is protected against unauthorized
access.

Policies for Handling Evaluative and
Performance Data Generated From
Programs
Conventional military training facilities have DoD and
service-specific policies and procedures for handling PII.
Likewise, many states and municipalities also have policies for
handling the collection, storage, and reporting criteria of
evaluative and performance data. SOF HPPs follow SOCOM-
established policies and procedures for the collection and
storage of evaluative and performance data. Law enforcement,
fire and rescue, and emergency services have protocols based
on municipal, state, and federal laws that specify how
performance and evaluative data will be collected, stored, and
reported. Evaluative and performance data are considered
sensitive information because they often include PII. As with
all PII, this information must be protected from unauthorized
access at all times. Specific policies and procedures should
identify who is authorized to collect, handle, store, and report
evaluative and performance data. If this information is stored
on computers, servers, or external drives, it should be
encrypted. If it is stored as a hard copy, it should be kept in a
locked container according to agency security policies. Access
to this information should be granted only to those individuals
who are authorized.



Safe Training Environment
A high-quality facility always provides a safe environment for
its users. It is the responsibility of the TSAC Facilitator and
facility staff to create this safe training environment by
applying foresight, risk assessment, and preparation. The
TSAC Facilitator should be able to respond to any reasonable
emergency situation. Managing risk includes identifying
dangers and implementing effective policies, procedures, and
precautions before the start of a strength and conditioning
program. Information that could lead to a potential risk should
be disclosed before the start of any strength and conditioning
program. Facilities must develop processes to identify and
address these factors.

Preparticipation Screening Requirements
A physical examination is important for all members prior to
participating in strength and conditioning programs. The
TSAC Facilitator should offer a general preactivity screening
(e.g., Par-Q) or specific preactivity screening tool (e.g., health
risk appraisal, health history questionnaire) to all new and
current members. This should include a comprehensive health
and immunization history. These documents can be found in
the NSCA’s Essentials of Strength Training and Conditioning,
Fourth Edition.

All preactivity screening procedures should be quick, simple,
and easy to perform; the process should encourage acceptance
of the opportunity to participate in the screening. General
preactivity screening tools (e.g., Par-Q) help new members
determine their level of risk (e.g., low, moderate, high).
Members who have been identified (either by preactivity
screening or self-disclosure) as having cardiovascular,
metabolic, or pulmonary disease or symptoms or any other
potentially serious medical concern (e.g., orthopedic
problems) and who subsequently fail to consult with a
qualified health care professional should be permitted to sign a
waiver or release that clearly states they assume the risk and
release of liability if they participate in a facility’s offerings. If
such members refuse to sign a waiver or release, they should



be excluded from participation to the extent permitted by law.
The TSAC Facilitator should maintain all documents within a
locked area in the facility, such as a secure filing cabinet, for at
least one year. If the TSAC Facilitator becomes aware that a
member has a known cardiovascular, metabolic, or pulmonary
disease, two or more major risk factors for cardiovascular
disease, or any other self-disclosed medical concern, that
member should be advised to consult with a qualified health
care provider before beginning a physical activity program.

Checklists and Schedules for Facility and
Equipment Maintenance and Cleaning
The TSAC Facilitator is responsible for maximizing the safety,
effectiveness, and efficiency of each training facility or station.
The facility should adopt a written occupational safety and
health policy that identifies specific goals and objectives for
the prevention and elimination of accidents and occupational
injuries, exposures to communicable disease and illness, and
fatalities.

Written policies and procedures should be developed for
equipment selection, purchase, installation, setup,
maintenance, and repair. Safety audits and inspections of
equipment, maintenance, repair, and status reports should be
included. Records should include manufacturer-provided
manuals, warranties, and operating guidelines, as well as other
relevant information (e.g., request for proposals, purchasing,
inspections, serial numbers). Establish a daily, weekly,
monthly, and annual checklist, such as the following:

 

Daily: Inspect and maintain all equipment. Place
everything in the appropriate setting. Clean floors and
mats regularly with industrial-strength products that
eliminate methicillin-resistant Staphylococcus aureus
(MRSA), influenza, H1N1, fungus, and other germs.
Weekly: Clean and disinfect benches with material-safe
disinfectant. Clean walls, mirrors, window exits, storage
areas, and shelves.



Monthly: Lubricate bars, tighten bolts on machines, and
inspect all cardiorespiratory equipment.
Annually: Replace worn upholstery and equipment that
is not used.

See figure 22.5 for an example of a safety checklist for
exercise facility and equipment maintenance.

Key Point
Regular building and equipment maintenance and cleaning are
important aspects of risk management.



Figure 22.5 NSCA’s checklist for exercise facility and
equipment maintenance.







Common Litigation Issues and Scenarios
in the Facility
TSAC Facilitators have a duty to provide an appropriate level
of supervision and instruction to meet a reasonable standard of
care and to provide and maintain a safe environment for
people under their supervision. These duties also involve
informing members of risks related to their activities and
preventing unreasonable risk or harm from negligent
instruction or supervision. The NSCA provides the following



guidelines and recommendations to minimize risk when
designing and operating a facility (19).

Assumption of Risk
Assumption of risk is described as voluntary participation in
activity with knowledge of the inherent risks. Physical
activities, including strength and conditioning, involve certain
risks. Members must be informed of these risks, and it is
recommended to have members sign a statement to that fact.

Standard of Care
Standard of care is described as what a prudent and
reasonable person would do under similar circumstances.
TSAC Facilitators are expected to act according to their
education, training, and certification status. TSAC Facilitators
have a certain degree of care and skill, and they should follow
practices that are customary in the strength and conditioning
industry. For example, providing a health history questionnaire
is a common practice to help identify health risks. If someone
is injured and was not provided these documents, the TSAC
Facilitator could be found negligent.

Negligence
Negligence is the failure to act as a reasonable and prudent
person would under similar circumstances. TSAC Facilitators
are considered negligent if they are proven to have a duty to
act and to have failed to provide the appropriate standard of
care, resulting in injury or damages to another person. An
example of negligence would be having a person perform an
unfamiliar exercise, such as a back squat, without proper
spotting, resulting in an injury.

Required Versus Recommended Procedures and
Guidelines
It is important to distinguish between required and
recommended because each term has different legal
implications (3, 13). A required procedure reflects a duty or
obligation to meet a standard of care. The requirements set
forth in this part may ultimately be recognized as a legal
standard of care to be implemented in the daily operation of



tactical programs and facilities. A recommended operating
procedure is developed to further enhance the quality of
services provided. Recommendations are not intended to be
standards of practice or to give rise to legally defined duties of
care, but in certain circumstances they assist in evaluating and
improving services rendered.

Standards of Practice
Published standards of practice help determine whether a
person is negligent in carrying out duties that are recognized
as widely accepted practices. Some courts examining these
issues in negligence cases have ruled that violations of such
professional standards constitute a breach of duty. Published
standards of practice can minimize liability exposures
associated with negligence and thereby serve as a shield for
those who comply with them. They can also be used against
those who do not comply with them, potentially increasing
liability risks associated with negligence (6).

Methods to Reduce the Risk of Liability
and Enhance Safety
Strength and conditioning programs present some level of risk;
however, the TSAC Facilitator must proactively identify and
mitigate danger. All staff members must be committed to
safety within the training environment by requiring
appropriate clearance to engage in training, providing
adequate instruction, and communicating effectively through
words and actions. To reduce the risk of liability and enhance
safety within the facility, the TSAC Facilitator should always
be aware of the training conditions. It is imperative to develop
a safety audit and conduct it on a routine basis. This inspection
process will reduce or eliminate hazards that may cause injury.
In all cases, records of each inspection or audit should be kept
on file for at least three years. Furthermore, the TSAC
Facilitator should encourage staff, tactical athletes, and
members to proactively identify perceived hazards.

Risk Management



Risk management refers to the practices, procedures, and
systems by which the facility reduces the risk that employees
or users will experience an event that could result in harm.
Procedures and systems should be in place to reduce or limit
exposure to potential liabilities and financial loss. For
example, the U.S. Army manages risk through a process
known as composite risk management. This process involves
five steps:

 

1. Identify hazards: Consider current and future events,
environments, and past situations that posed a treat.

2. Assess the hazards in order to determine risk:
Determine the effect of each hazard based on loss and
cost as associated with probability and severity.

3. Establish controls and make risk decisions: Establish
control measures that alleviate the hazard or reduce the
risk. As control measures are established, risk is
reevaluated until the risk level is at a point where benefits
outweigh costs. The decision rests with the assigned
decision-making authority.

4. Implement controls that reduce or eliminate risk:
Controls must be communicated to all involved.

5. Supervise and evaluate: Measure the effectiveness of
the controls and adjust or revise as required. Use lessons
learned as feedback for future planning.

Risk management levels were developed to assist in the
decision-making process. The three levels of risk management
are time critical, deliberate, and strategic. The time critical
level is used when there is limited time, minimal complexity,
or low risk. The deliberate level is used in many workplace
environments where group experience produces the best
outcomes. The strategic level is used in high-priority situations
where additional hazard and assessment tools are required. It
is often used for complex, high-risk applications and is time
intensive.

The composite risk management process is governed by four
principles that are applied before, during, and after the five-



step process:

 

1. Accept no unnecessary risk.
2. Make decisions at the appropriate management level.
3. Accept risk when benefits outweigh costs.
4. Integrate risk management into planning and training at

all levels.

Figure 22.6 is a deliberate risk assessment worksheet. The
TSAC Facilitator can refer to this form when developing risk
management procedures. Instructions for completing the
worksheet are located on the third page of the document.



Figure 22.6 Deliberate risk assessment worksheet.





Reprinted from Department of Defense, DD FORM 2977, September 2014.
http://www.dtic.mil/whs/directives/forms/eforms/dd2977.pdf.

Orientation, Education, and Supervision
All new and current members should be provided with a
general orientation to the facility, including the following:

 

Basic instruction on the use of the exercise equipment
available
Introduction to a general physical activity regimen that is
offered within the facility



Explanation of the rules and regulations of the facility
Explanation of the potential risks and hazards for injury
Explanation of emergency procedures and the evacuation
plan
Introduction to other resources that will help with
developing a physical activity program

All participants in a strength and conditioning program must
be properly supervised and instructed at all times to ensure
maximum safety. Due to the high level of skill associated with
tactical occupations, many of the activities implemented in a
strength and conditioning program should be coached and
supervised. The following supervision principles are
recommended:

 

Be present at all times.
Be active and hands on.
Be prudent, careful, and prepared.
Be qualified (e.g., accredited degree, TSAC-F credential,
CPR, first aid certification).
Be vigilant.
Inform all members of safety and emergency procedures.
Know members’ health status.
Monitor and enforce rules and regulations.
Monitor and scrutinize the environment.

In addition to the physical presence of the TSAC Facilitator,
effective instruction and supervision involve a range of
practical considerations:

 

A clear view of all areas of the facility and the members
in it
The TSAC Facilitator’s proximity to the groups under
supervision
The number and grouping of members (to make optimal
use of available equipment, space, and time)
Age and experience level
Type of program being conducted



All activities should be planned to meet the recommended
guidelines for minimum average floor space allowance per
participant (100 ft2 [9 m2]), facilitator-to-athlete ratio (1:20),
and number of participants per barbell or training station (up
to 3) (14).

Emergency Response Policy
Facilities should have written emergency response policies and
procedures that are reviewed regularly and rehearsed quarterly.
These policies enable the TSAC Facilitator and facility staff to
respond to first aid situations and emergency events.

Considerations and Strategies for
Training Large Groups
The tactical strength and conditioning program should allow
for the optimal number of qualified staff as well as use of
available equipment, time, and space. Large training groups
are common in tactical populations, and circuit training is
often used. It is recommended that facilities do not exceed a
1:50 facilitator-to-athlete ratio; however, this may not be
feasible and will be based on the TSAC Facilitator’s
experience and resources. Novice or special populations
engaged in strength and conditioning programs require greater
supervision. The following variables should be manipulated by
the TSAC Facilitator when developing a strength and
conditioning program in a large group setting:

 

Exercise or work interval (the duration or distance or
number of repetitions executed)
Exercise order (the sequence in which a set or repetition
is executed)
Exercise work-to-rest ratio (the relief intervals in a set)
Frequency (the number of training sessions performed in
a given time period)
Intensity (the effort with which a repetition is executed)
Recovery interval (the time period between repetitions,
sets, and exercises)



Repetition (the execution of a specific workload
assignment or movement technique)
Series (a group of sets and recovery intervals)
Volume (the amount of work, or repetitions, performed in
a given training session or time period)



Conclusion
The organizational and administrative considerations
associated with a tactical strength and conditioning program
are often viewed as less important than program design and
the actual training of the tactical athlete. However, facility
design; equipment selection, placement, and maintenance; and
facility management provide the foundation for the safe and
efficient execution of any strength and conditioning program.
The four distinct phases of facility design—predesign, design,
construction, and preoperation—provide a standardized
process whether designing a new facility, renovating a current
facility, or repurposing an existing building.

In most cases, the TSAC Facilitator will provide
recommendations on equipment selection, placement, and
spacing. Resources to assist in this process are available from
the federal government, DoD, NFPA, IACP, NSCA, and
ACSM. Efficiency in training and safety of the tactical athlete
and facility staff are key factors in equipment selection, layout,
and organization of the facility.

Training facility guidelines and policies provide SOPs and
standards of conduct when using the facility. The facility SOP
at a minimum should include a facility mission statement or
statements that identify the purpose and guiding principles that
govern day-to-day operations of the facility, staff duty
descriptions, staff certification requirements, operating rules,
risk management procedures, emergency procedures, injury
reporting procedures, data-handling procedures, and standards
of care.

An important responsibility of the TSAC Facilitator is to
ensure the training facility provides an efficient and safe
training environment. One method to ensure a safe training
environment is to include additional operating procedures in
the SOP, such as preparticipation screening requirements;
equipment and facility maintenance schedules; an equipment
life-cycle replacement plan; daily, weekly, and monthly
facility cleaning schedules; a facility safety plan; and a facility
usage plan for small, medium, and large groups. Facility



organization and administration are essential to properly
managing training facilities and enhancing the tactical athlete’s
training experience.

Key Terms
 

Americans with Disabilities Act (ADA)
assumption of risk
construction phase
defined activity areas
design phase
equipment priority list
feasibility study
indemnification
liability
master plan
needs analysis
negligence
personally identifiable information (PII)
preactivity screening
predesign phase
preoperation phase
recommended operating procedure
required procedure
risk management
self-contained power area (SCPA)
standard of care
standard operating procedure (SOP)
standards of practice
strengths, weaknesses, opportunities, and threats (SWOT)
analysis
Unified Facilities Criteria (UFC)

Study Questions
 

1. Which of the following is the correct order of the phases
involved in building, renovating, or repurposing a
training facility?



1. preoperation, predesign, construction, design
2. predesign, design, construction, preoperation
3. construction, preoperation, predesign, design
4. design, construction, preoperation, predesign

2. During which of the following steps in the predesign
phase is a SWOT analysis performed?

1. perform a needs analysis
2. complete a feasibility study
3. select an architectural plan
4. create the training facility master plan

3. Standards for military physical fitness centers are
established by which of the following?

1. U.S. Department of Defense
2. U.S. Air Force Special Operations Command
3. ACSM standards for facility design
4. U.S. Air Force services facilities design guide

4. Which of following is the minimum recommended space
to be maintained around self-contained power areas?

1. 3 feet (91 cm)
2. 4 feet (122 cm)
3. 6 feet (183 cm)
4. 8 feet (244 cm)

5. When cleaning and maintaining a fitness facility, which
of the following tasks should be performed monthly?

1. clean floors
2. lubricate bars
3. disinfect benches
4. replace worn upholstery

































Answers to Study Questions



Chapter 1
1. c, 2. b, 3. c, 4. d



Chapter 2
1. a, 2. d, 3. c, 4. c, 5. b, 6. b



Chapter 3
1. b, 2. c, 3. b, 4. b



Chapter 4
1. d, 2. c, 3. b, 4. a



Chapter 5
1. b, 2. a, 3. c, 4. b



Chapter 6
1. d, 2. b, 3. b, 4. b



Chapter 7
1. a, 2. c, 3. d, 4. d



Chapter 8
1. a, 2. a, 3. d, 4. c



Chapter 9
1. c, 2. a, 3. c, 4. b, 5. d



Chapter 10
1. d, 2. b, 3. a, 4. d



Chapter 11
1. a, 2. b, 3. b, 4. d



Chapter 12
1. b, 2. a, 3. c, 4. d



Chapter 13
1. a, 2. c, 3. d, 4. b



Chapter 14
1. a, 2. d, 3. a, 4. b



Chapter 15
1. a, 2. a, 3. c, 4. b



Chapter 16
1. b, 2. b, 3. c, 4. b



Chapter 17
1. d, 2. a, 3. a, 4. d



Chapter 18
1. a, 2. d, 3. a, 4. c



Chapter 19
1. b, 2. b, 3. a, 4. b, 5. c



Chapter 20
1. a, 2. b, 3. c, 4. a, 5. a



Chapter 21
1. c, 2. a, 3. a, 4. a



Chapter 22
1. b, 2. b, 3. a, 4. a, 5. b
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