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PREFACE

In 1994, the first edition of Essentials of Strength Train-
ing and Conditioning was published. After a second 
edition (in 2000) and sales of over 100,000 books, an 
expanded and updated third edition was published in 
2008. This newest edition continues the tradition as the 
most comprehensive reference available for strength 
and conditioning professionals. In this text, 30 expert 
contributors further explore the scientific principles, 
concepts, and theories of strength training and condi-
tioning and their applications to athletic performance.

The first edition grew out of an awareness that there 
was not a book about strength training and condition-
ing that captured the views of leading professionals in 
anatomy, biochemistry, biomechanics, endocrinology, 
nutrition, exercise physiology, psychology, and the 
other sciences and that related the principles from these 
disciplines to the design of safe and effective training 
programs. Also, the lack of relevant and well-conducted 
research studies had hindered earlier efforts to create an 
all-inclusive resource. Once it was finally developed, 
Essentials of Strength Training and Conditioning quickly 
became the definitive textbook on the subject.

The second edition, released six years later, was 
more than a simple freshening of the content; it was an 
overhaul of the scope and application of the first edi-
tion. Throughout the text and in the additional 100-plus 
pages, the chapter contributors used updated, relevant, 
and conclusive research and concepts to turn scientific 
information into information on performance. Many 
learning tools were added, such as chapter objectives, 
key points, application boxes, and sample resistance 
training programs for three different sports. These 
enhancements, plus the addition of a full-color interior 
and hundreds of color photographs, made the second 
edition truly exceptional.

The third edition, released eight years after the second 
edition, offered restructured chapters and expansions 
of other chapters complete with new photographs and 
updated terminology. In addition, the artwork was mod-
ernized and instructor and student resources were created 
to help keep this text the primary resource for the study 
and instruction of strength and conditioning.

Updates to the Fourth Edition
This fourth edition expands on the earlier editions and 
applies the most current research and information in 
a logical format that reaffirms Essentials of Strength 
Training and Conditioning as the most prominent 
resource for students preparing for careers in strength 
and conditioning and for sport science professionals 
involved in training athletes. The primary enhancements 
are as follows:

• Online videos featuring 21 resistance training 
exercises demonstrate proper exercise form for 
classroom and practical use.

• Updated research—specifically in the areas of 
high-intensity interval training, overtraining, 
agility and change of direction, nutrition for 
health and performance, and periodization—helps 
readers better understand these popular trends in 
the industry.

• A new chapter with instructions and photos pres-
ents techniques for exercises using alternative 
modes and nontraditional implements.

• Ten additional tests, including tests for maximum 
strength, power, and aerobic capacity, along with 
new flexibility exercises, resistance training exer-
cises, plyometric exercises, and speed and agility 
drills, help professionals design programs that 
reflect current guidelines.

These enhancements, plus an expanded ancillary 
package for instructors including a new, robust collec-
tion of more than 60 instructor videos demonstrating 
resistance training, plyometric exercises, and alter-
native mode exercises, brings practical content to the 
classroom. Working along with the instructor guide and 
presentation package, a test package has been added to 
assist instructors in evaluating students’ understanding 
of key concepts.

Each chapter begins with objectives and includes key 
points to guide the reader along the way. Key terms are 
boldfaced and listed at the end of the chapter. Chapters 
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include sidebars that apply the content, and later chap-
ters include sample resistance training programs for 
three different sports. Detailed instructions and photos 
are provided for testing, stretching, resistance training, 
alternative modes, plyometrics, agility training, and 
aerobic endurance exercise. Finally, chapters end with 
multiple-choice study questions, with an answer key at 
the end of the book.

Instructor Resources
In addition to the updated content, this edition includes 
newly created instructor resources:

• Instructor Video. The instructor video includes
video of correct technique for 61 resistance
training, alternative, and plyometric exercises.
These can be used for demonstration, lecture,
and discussion.

• Instructor Guide. The instructor guide contains a
course description, a sample semester schedule,
chapter objectives, chapter outlines, key terms
with definitions, and application questions with
answers.

• Presentation Package and Image Bank. This
comprehensive resource, delivered in Microsoft
PowerPoint, offers instructors a presentation
package containing over 1,300 slides to help aug-
ment lectures and class discussions. In addition
to outlines and key points, the resource contains
more than 600 figures, tables, and photos from the 
textbook, which can be used as an image bank by
instructors who need to customize their presen-
tations. Easy-to-follow instructions help guide
instructors on how to reuse the images within
their own PowerPoint templates.

• Test Package. The test package includes a bank
of 240 multiple-choice questions, from which
instructors can make their own tests and quizzes.
Instructors can download Respondus or RTF files 
or files formatted for use in a learning manage-
ment system.

These instructor resources can be found at www.Human 
Kinetics.com/EssentialsOfStrengthTrainingAnd 
Conditioning.
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double helix. The myosin crossbridge now attaches much 
more rapidly to the actin filament, allowing force to be 
produced as the actin filaments are pulled toward the 
center of the sarcomere (1). It is important to understand 
that the amount of force produced by a muscle at any 
instant in time is directly related to the number of myosin 
crossbridges bound to actin filaments cross-sectionally 
at that instant in time (1).

▶ The number of crossbridges that are formed 
between actin and myosin at any instant 
in time dictates the force production of a 
muscle.

Contraction Phase The energy for pulling action, 
or power stroke, comes from hydrolysis (breakdown) 
of adenosine triphosphate (ATP) to adenosine diphos-
phate (ADP) and phosphate, a reaction catalyzed by the 
enzyme myosin adenosine triphosphatase (ATPase). 
Another molecule of ATP must replace the ADP on the 
myosin crossbridge globular head in order for the head to 
detach from the active actin site and return to its original 
position. This allows the contraction process to continue 
(if calcium is available to bind to troponin) or relaxation 
to occur (if calcium is not available). It may be noted 
that calcium plays a role in regulating a large number 
of events in skeletal muscle besides contraction. These 
include glycolytic and oxidative energy metabolism, as 
well as protein synthesis and degradation (10).

▶ Calcium and ATP are necessary for cross-
bridge cycling with actin and myosin fila-
ments.

Recharge Phase Measurable muscle shortening 
transpires only when this sequence of events—binding 
of calcium to troponin, coupling of the myosin cross-
bridge with actin, power stroke, dissociation of actin and 

myosin, and resetting of the myosin head position—is 
repeated over and over again throughout the muscle 
fiber. This occurs as long as calcium is available in the 
myofibril, ATP is available to assist in uncoupling the 
myosin from the actin, and sufficient active myosin 
ATPase is available for catalyzing the breakdown of ATP.

Relaxation Phase Relaxation occurs when the stim-
ulation of the motor nerve stops. Calcium is pumped 
back into the sarcoplasmic reticulum, which prevents the 
link between the actin and myosin filaments. Relaxation 
is brought about by the return of the actin and myosin 
filaments to their unbound state.

Neuromuscular System
Muscle fibers are innervated by motor neurons that trans-
mit impulses in the form of electrochemical signals from 
the spinal cord to muscle. A motor neuron generally has 
numerous terminal branches at the end of its axon and 
thus innervates many different muscle fibers. The whole 
structure is what determines the muscle fiber type and its 
characteristics, function, and involvement in exercise.

Activation of Muscles
When a motor neuron fires an impulse or action poten-
tial, all of the fibers that it serves are simultaneously 
activated and develop force. The extent of control of a 
muscle depends on the number of muscle fibers within 
each motor unit. Muscles that must function with great 
precision, such as eye muscles, may have motor units 
with as few as one muscle fiber per motor neuron. 
Changes in the number of active motor units in these 
small muscles can produce the extremely fine gradations 
in force that are necessary for precise movements of the 
eyeball. In contrast, the quadriceps muscle group, which 
moves the leg with much less precision, may have sev-
eral hundred fibers served by one motor neuron.

Steps of Muscle Contraction
The steps of muscle contraction can be summarized as follows:

1. Initiation of ATP splitting (by myosin ATPase) causes myosin head to be in an “energized” state that 
allows it to move into a position to be able to form a bond with actin.

2. The release of phosphate from the ATP splitting process then causes the myosin head to change 
shape and shift.

3. This pulls the actin flament in toward the center of the sarcomere and is referred to as the power 
stroke; ADP is then released.

4. Once the power stroke has occurred, the myosin head detaches from the actin but only after another 
ATP binds to the myosin head because the binding process facilitates detachment.

5. The myosin head is now ready to bind to another actin (as described in step 1), and the cycle contin-
ues as long as ATP and ATPase are present and calcium is bound to the troponin.

374

15.15 FLAT DUMBBELL FLY (and Incline Variation)

Chest

This exercise can also be performed on an incline 
bench. If using the incline variation, begin by position-
ing the dumbbells over the head and face instead of 
over the chest.
Starting Position: Athlete• Grasp two dumbbells using a closed, neutral grip.• Lie in a supine position on a bench in the five-point body contact position.• Signal the spotter for assistance in moving the 

dumbbells into the starting position.• Press the dumbbells in unison to an extended-el-bow position above the chest.• Slightly flex the elbows and point them out to 
the sides.

• All repetitions begin from this position.Starting Position: Spotter• Position one knee on the floor with the foot of 
the other leg forward and flat on the floor (or 
kneel on both knees).• Grasp the athlete’s forearms near the wrists.• At the athlete’s signal, assist with moving thedumbbells to a position over the athlete’s chest.• Release the athlete’s forearms smoothly.Downward Movement Phase: Athlete• Lower the dumbbells in a wide arc until they are 

level with the shoulders or chest.

• Keep the dumbbell handles parallel to each other 
as the elbows move downward.• Keep the wrists stiff and the elbows held in aslightly flexed position.• Keep the hands, wrists, forearms, elbows, upper 

arms, and shoulders in the same vertical plane.• Maintain the five-point body contact position.Downward Movement Phase: Spotter• Keep the hands near—but not touching—the 
athlete’s forearms near the wrists as the dumb-bells descend.

Upward Movement Phase: Athlete• Raise the dumbbells up toward each other in a 
wide arc back to the starting position.• Keep the wrists stiff and the elbows held in aslightly flexed position.• Keep the hands, wrists, forearms, elbows, upper 

arms, and shoulders in the same vertical plane.• Maintain the five-point body contact position.Upward Movement Phase: Spotter• Keep the hands near—but not touching—the 
athlete’s forearms near the wrists as the dumb-bells ascend.

Starting positions

Downward and upward movements

MAJOR MUSCLES INVOLVEDpectoralis major, anterior deltoids

Sidebars

Key points

Exercise photos

Video available online
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Student and Professional 
Resources

The web resource with online video includes video of 21 
resistance training exercises for use in understanding and 
performing correct exercise technique. Lab activities are 
provided to give students hands-on practice with testing 
and evaluation. The fillable forms make completing and 
submitting lab assignments easy.

The web resource can be found at www.HumanKinetics 
.com/EssentialsOfStrengthTrainingAndConditioning.

Certification Exams
Essentials of Strength Training and Conditioning is 
the primary resource for individuals preparing for 
the National Strength and Conditioning Association’s 
Certified Strength and Conditioning Specialist (CSCS) 
certification exam.

As a worldwide authority on strength and condition-
ing, the National Strength and Conditioning Association 
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body and helping with the adaptive response to heavy 
resistance training. Whether trying to optimize a work-
out or avoid overtraining, the strength and conditioning 
professional must remember that the endocrine system 

plays an important role. The goal of this chapter has been 
to provide an initial glimpse into this complex but also 
highly organized system that helps to mediate changes 
in the body with resistance exercise training.

KEY TERMS

allosteric binding site
anabolic hormone
catabolic hormone
cross-reactivity
diurnal variation
downregulation
endocrine gland

General Adaptation Syndrome
hormone
hormone–receptor complex (H-RC)
lock-and-key theory
neuroendocrine immunology
neuroendocrinology

polypeptide hormone
proteolytic enzyme
secondary messenger
steroid hormone
target tissue cell
thyroid hormone

STUDY QUESTIONS

1. After a bout of resistance training, acute hormonal secretions provide all of the following information to the 
body EXCEPT

a. amount of physiological stress
b. metabolic demands of exercise
c. type of physiological stress
d. energy expended

2. Which of the following hormones enhance(s) muscle tissue growth?
I. growth hormone

II. cortisol
III. IGF-I
IV. progesterone
a. I and III only
b. II and IV only
c. I, II, and III only
d. II, III, and IV only

3. Which of the following is NOT a function of growth hormone?
a. increase lipolysis
b. decrease collagen synthesis
c. increase amino acid transport
d. decrease glucose utilization

4. Which of the following hormones has the greatest influence on neural changes?
a. growth hormone
b. testosterone
c. cortisol
d. IGF

5. What type of resistance training workout promotes the highest growth hormone increases following the 
exercise session?

Rest Volume Sets
a. 30 seconds High 3
b. 30 seconds Low 1
c. 3 minutes High 1
d. 3 minutes Low 3

Key terms

Study questions

(NSCA) supports and disseminates research-based 
knowledge and its practical application to improve ath-
letic performance and fitness. With over 30,000 members 
in more than 50 countries, the NSCA has established 
itself as an international clearinghouse for strength and 
conditioning research, theories, and practices.

The CSCS and NSCA-CPT were the first certifica-
tions of their kind to be nationally accredited by the 
National Commission for Certifying Agencies, a non-
governmental, nonprofit agency in Washington, DC, that 
sets national standards for certifying agencies. To date, 
more than 40,000 professionals residing in 75 countries 
hold one or more NSCA certifications.

Whether used for learning the essentials of strength 
training and conditioning, for preparing for a certifica-
tion exam, or as a reference by professionals, Essentials 
of Strength Training and Conditioning, Fourth Edition, 
will help practitioners and the scientific community 
better understand how to develop and administer safe  
and effective strength training and conditioning 
programs.
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ACCESSING THE LAB ACTIVITIES

The lab activities are accessed through the web resource.
Individuals who purchase a new print book will 

receive access to the web resource via a key code.
The web resource can be accessed at www.

HumanKinetics.com/EssentialsOfStrengthTrainingAnd 
Conditioning. Following is a list of the lab activities.

Lab 1: Anaerobic Capacity Testing
300-Yard (274 m) Shuttle Run

Lab 2: Aerobic Capacity Testing
1.5-Mile (2.4 km) Run
12-Minute Run

Lab 3: Anthropometry and Body Composition
Skinfold Measurements

Lab 4: Exercise Testing for Athletes
Test Selection and Order

Lab 5: Techniques of Exercise
Flexibility Exercise Techniques

Lab 6: Techniques of Exercise
Resistance Exercise and Spotting Guidelines

Lab 7: Muscular Strength and Power Testing
Vertical Jump Test
Standing Long Jump Test
1RM Bench Press
1RM Back Squat

Lab 8: Techniques of Exercise
Plyometric Exercise Techniques

Lab 9: Speed and Agility Technique and Testing
T-Test
Hexagon Test
Pro Agility Test
40-Yard (37 m) Sprint

Lab 10: Muscular Endurance Testing
Push-Up Test
YMCA Bench Press Test
Partial Curl-Up Test

Lab 11: Facility Layout Design
Facility Floor Plan
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CHAPTER 1
Structure and Function 
of Body Systems
N. Travis Triplett, PhD

The author would like to acknowledge the significant contributions 
of Robert T. Harris and Gary R. Hunter to this chapter.

After completing this chapter, you will be able to

• describe both the macrostructure and 
microstructure of muscle and bone,

• describe the sliding-filament theory of 
muscular contraction,

• describe the specific morphological and 
physiological characteristics of different 
muscle fiber types and predict their relative 
involvement in different sport events, and

• describe the anatomical and physiological 
characteristics of the cardiovascular and 
respiratory systems.
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Physical exercise and sport performance involve 
effective, purposeful movements of the body. These 
movements result from the forces developed in muscles, 
which move the various body parts by acting through 
lever systems of the skeleton. These skeletal muscles are 
under the control of the cerebral cortex, which activates 
the skeletal muscle cells or fibers through the motor 
neurons of the peripheral nervous system. Support for 
this neuromuscular activity involves continuous delivery 
of oxygen and nutrients to working tissues and removal 
of carbon dioxide and metabolic waste by-products from 
working tissues through activities of the cardiovascular 
and respiratory systems.

In order to best apply the available scientific knowl-
edge to the training of athletes and the development of 
effective training programs, strength and conditioning 
professionals must have a basic understanding of not 
only musculoskeletal function but also those systems 
of the body that directly support the work of exercising 
muscle. Accordingly, this chapter summarizes those 
aspects of the anatomy and function of the musculo-
skeletal, neuromuscular, cardiovascular, and respiratory 
systems that are essential for developing and maintaining 
muscular force and power.

Musculoskeletal System
The musculoskeletal system of the human body consists 
of bones, joints, muscles, and tendons configured to 
allow the great variety of movements characteristic of 
human activity. This section describes the various com-
ponents of the musculoskeletal system, both individually 
and in the context of how they function together.

Skeleton
The muscles of the body do not act directly to exert force 
on the ground or other objects. Instead, they function 
by pulling against bones that rotate about joints and 
transmit force to the environment. Muscles can only 
pull, not push; but through the system of bony levers, 
muscle pulling forces can be manifested as either pulling 
or pushing forces against external objects.

There are approximately 206 bones in the body, 
though the number can vary. This relatively light, strong 
structure provides leverage, support, and protection 
(figure 1.1). The axial skeleton consists of the skull 
(cranium), vertebral column (vertebra C1 through the 
coccyx), ribs, and sternum. The appendicular skele-
ton includes the shoulder (or pectoral) girdle (left and 
right scapula and clavicle); bones of the arms, wrists, 
and hands (left and right humerus, radius, ulna, carpals, 
metacarpals, and phalanges); the pelvic girdle (left and 
right coxal or innominate bones); and the bones of the 
legs, ankles, and feet (left and right femur, patella, tibia, 
fibula, tarsals, metatarsals, and phalanges).

Junctions of bones are called joints. Fibrous joints 
(e.g., sutures of the skull) allow virtually no movement; 
cartilaginous joints (e.g., intervertebral disks) allow 
limited movement; and synovial joints (e.g., elbow 
and knee) allow considerable movement. Sport and 
exercise movements occur mainly about the synovial 
joints, whose most important features are low friction 
and large range of motion. Articulating bone ends are 
covered with smooth hyaline cartilage, and the entire 
joint is enclosed in a capsule filled with synovial fluid. 
There are usually additional supporting structures of 
ligament and cartilage (13).

Virtually all joint movement consists of rotation about 
points or axes. Joints can be categorized by the number 
of directions about which rotation can occur. Uniaxial 
joints, such as the elbow, operate as hinges, essentially 
rotating about only one axis. The knee is often referred to 
as a hinge joint, but its axis of rotation actually changes 
throughout the joint range of motion. Biaxial joints, 
such as the ankle and wrist, allow movement about two 
perpendicular axes. Multiaxial joints, including the 
shoulder and hip ball-and-socket joints, allow movement 
about all three perpendicular axes that define space.

The vertebral column is made up of vertebral bones 
separated by flexible disks that allow movement to occur. 
The vertebrae are grouped into 7 cervical vertebrae in 
the neck region; 12 thoracic vertebrae in the middle to 
upper back; 5 lumbar vertebrae, which make up the lower 
back; 5 sacral vertebrae, which are fused together and 

What Factors Affect Skeletal Growth in an Adult?
There are several things that can positively affect the adult skeleton, and most are a result of muscle use. 
When the body is subjected to heavy loads (job tasks or resistance training), the bone will increase in density 
and bone mineral content. If the body performs more explosive movements with impact, similar changes 
can occur. Some of the higher bone densities have been seen in people who engage in gymnastics or other 
activities that involve high-strength and high-power movements, some with hard landings (11). Other factors 
that influence bone adaptations are whether the axial skeleton is loaded and how often this loading occurs 
(frequency). Since the adaptation period of bone is longer than that of skeletal muscle, it is important to vary 
the stimulus in terms of frequency, intensity, and type.
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make up the rear part of the pelvis; and 3 to 5 coccygeal 
vertebrae, which form a kind of vestigial internal tail 
extending downward from the pelvis.

Skeletal Musculature
The system of muscles that enables the skeleton to move 
is depicted in figure 1.2. The connection point between 
bones is the joint, and skeletal muscles are attached to 
bones at each of their ends. Without this arrangement, 
movement could not occur.

Musculoskeletal Macrostructure  
and Microstructure
Each skeletal muscle is an organ that contains muscle 
tissue, connective tissue, nerves, and blood vessels. 

FIGURE 1.1 (a) Front view and (b) rear view of an adult male human skeleton.

Fibrous connective tissue, or epimysium, covers the 
body’s more than 430 skeletal muscles. The epimysium 
is contiguous with the tendons at the ends of the muscle 
(figure 1.3). The tendon is attached to bone periosteum, 
a specialized connective tissue covering all bones; any 
contraction of the muscle pulls on the tendon and, in 
turn, the bone. Limb muscles have two attachments to 
bone: proximal (closer to the trunk) and distal (farther 
from the trunk). The two attachments of trunk muscles 
are termed superior (closer to the head) and inferior 
(closer to the feet).

Muscle cells, often called muscle fibers, are long 
(sometimes running the entire length of a muscle), cylin-
drical cells 50 to 100 µm in diameter (about the diameter 
of a human hair). These fibers have many nuclei situated 
on the periphery of the cell and have a striated appearance  
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FIGURE 1.2 (a) Front view and (b) rear view of adult male human skeletal musculature.
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FIGURE 1.3 Schematic drawing of a muscle illustrating three types of connective tissue: epimysium (the outer layer), 
perimysium (surrounding each fasciculus, or group of fibers), and endomysium (surrounding individual fibers).
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under low magnification. Under the epimysium the 
muscle fibers are grouped in bundles (fasciculi) that 
may consist of up to 150 fibers, with the bundles sur-
rounded by connective tissue called perimysium. Each 
muscle fiber is surrounded by connective tissue called 
endomysium, which is encircled by and is contiguous 
with the fiber’s membrane, or sarcolemma (13). All 
the connective tissue—epimysium, perimysium, and 
endomysium—is contiguous with the tendon, so tension 
developed in a muscle cell is transmitted to the tendon 
and the bone to which it is attached (see figure 1.3).

The junction between a motor neuron (nerve cell) 
and the muscle fibers it innervates is called the motor 
end plate, or, more often, the neuromuscular junction 
(figure 1.4). Each muscle cell has only one neuromuscu-
lar junction, although a single motor neuron innervates 
many muscle fibers, sometimes hundreds or even thou-
sands. A motor neuron and the muscle fibers it innervates 
are called a motor unit. All the muscle fibers of a motor 
unit contract together when they are stimulated by the 
motor neuron.

The interior structure of a muscle fiber is depicted in 
figure 1.5. The sarcoplasm, which is the cytoplasm of a 
muscle fiber, contains contractile components consisting 

of protein filaments, other proteins, stored glycogen and 
fat particles, enzymes, and specialized organelles such 
as mitochondria and the sarcoplasmic reticulum.

Hundreds of myofibrils (each about 1 mm in diam-
eter, 1/100 the diameter of a hair) dominate the sarco-
plasm. Myofibrils contain the apparatus that contracts 
the muscle cell, which consists primarily of two types 
of myofilament: myosin and actin. The myosin fila-
ments (thick filaments about 16 nm in diameter, about 
1/10,000 the diameter of a hair) contain up to 200 myosin 
molecules. The myosin filament consists of a globular 
head, a hinge point, and a fibrous tail. The globular 
heads protrude away from the myosin filament at regular 
intervals, and a pair of myosin filaments forms a cross-
bridge, which interacts with actin. The actin filaments 
(thin filaments about 6 nm in diameter) consist of two 
strands arranged in a double helix. Myosin and actin 
filaments are organized longitudinally in the smallest 
contractile unit of skeletal muscle, the sarcomere. Sarco-
meres average about 2.5 mm in length in a relaxed fiber 
(approximately 4,500 per centimeter of muscle length) 
and are repeated the entire length of the muscle fiber (1).

Figure 1.6 shows the structure and orientation of the 
myosin and actin in the sarcomere. Adjacent myosin 
filaments anchor to each other at the M-bridge in the 
center of the sarcomere (the center of the H-zone). Actin 
filaments are aligned at both ends of the sarcomere and 
are anchored at the Z-line. Z-lines are repeated through 
the entire myofibril. Six actin filaments surround each 
myosin filament, and each actin filament is surrounded 
by three myosin filaments.

It is the arrangement of the myosin and actin fil-
aments and the Z-lines of the sarcomeres that gives 
skeletal muscle its alternating dark and light pattern, 
which appears as striated under magnification. The dark 
A-band corresponds with the alignment of the myosin 
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FIGURE 1.4 A motor unit, consisting of a motor neuron 
and the muscle fibers it innervates. There are typically 
several hundred muscle fibers in a single motor unit.
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FIGURE 1.5 Sectional view of a muscle fiber.




