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B Preface

Optimizing sports performance through improved athleti-
cism has long been a primary goal among athletes, coaches,
and practitioners. Although athleticism is improved sub-
stantially by participating in sports via regular practice and
competition, most recognize that maximizing athletic per-
formance can only be attained by combining sport partici-
pation with an effective strength training and conditioning
program. The field of strength training and conditioning
has grown immensely over the past 20 years. As a result,
the number of practitioners, educators, and students in
strength and conditioning-related careers and academic
programs has dramatically increased. Greater scientific
study, practical recommendations, and dissemination of
knowledge to practitioners are needed to meet the needs of
a growing field. ACSM’ Foundations of Strength Training and
Conditioning provides a review of scientific and practical
information and presents the information in a logical man-
ner. It bridges the gap between scientific study and profes-
sional practice and is aimed at coaches, athletes, personal
trainers, fitness instructors, and students preparing for a
career in a strength training and conditioning—related field.

ORGANIZATION

The primary objectives of ACSM5 Foundations of Strength
Training and Conditioning are to provide the most perti-
nent and up-to-date information regarding the training
and testing of athletes and a foundation in basic physi-
ology and kinesiology. The book is organized into four
basic sections: (1) historical and strength and condition-
ing field-related foundations; (2) basic biomechanics and
physiology; (3) flexibility, sprint, plyometric, balance,
agility, aerobic, and resistance training program design
and exercise prescription; and (4) testing and evaluation.
Chapter 1 provides some historical and field-related infor-
mation. It is important for strength and conditioning stu-
dents and professionals to have a basic understanding of
its history. Chapters 2 through 8 provide the reader with
basic information in human biomechanics and physiol-
ogy. A foundation in human movement and physiology is
paramount for the strength and conditioning professional
to understand proper movement and the acute responses
and subsequent adaptations that affect human perfor-
mance. Chapter 9 discusses key strength and condition-
ing principles that form the basic template of any training
program prescribed to athletes. Chapters 10 through 16
provide up-to-date information for improving athletic
performance. Training recommendations and several exer-
cise prescription examples are provided to help guide the

vi

reader through the program design process. Chapter 17
discusses the importance of training periodization when
designing long-term training programs for athletes.
Chapter 18 provides current information regarding the
testing and evaluation of human performance. In addition,
norms are provided for key fitness components and test
results. Although there is not a specific nutrition chapter,
pertinent nutritional information is discussed throughout
in several chapters where appropriate.

FEATURES

Various learning tools have been incorporated into each
chapter to help facilitate learning and comprehension.
Interpreting Research boxes draw attention to important
research findings and explain their application to strength
and conditioning practice. Myths and Misconceptions
debunk common myths and clarify widespread miscon-
ceptions. Case Studies throughout the chapters present
real-world scenarios. Using the skills and knowledge
gained from the text, these case studies require the reader
to evaluate the issues and devise effective solutions.
Sidebars amplify important concepts presented within
the chapters. Finally, Review Questions at the end of
each chapter assess the reader’s grasp of key concepts.

ADDITIONAL RESOURCES

ACSM’s Foundations of Strength Training and Conditioning
includes additional resources for both instructors and
students that are available on the book’s companion Web
site at http://thepoint.lww.com/ACSMS&C.

INSTRUCTORS

e Image Bank

e PowerPoint Lecture Outlines

e Brownstone Test Generator

* WebCT/Blackboard/Angel Cartridge

STUDENTS

¢ Videos
e Animations

In addition, purchasers of the text can access the search-
able Full Text through the book’s Web site. See the front
inside cover of this text for more details and include the
passcode to gain access to the Web site.

Nick Ratamess



User’s Guide

ACSM’s Foundations of Strength Training and Conditioning
was created and developed to provide a review of scien-
tific and practical information, bridging the gap between
scientific study and professional practice. Written for
coaches, athletes, personal trainers, fitness instructors,
and students preparing for a career in a strength training

and conditioning-related field, this text helps link greater
scientific study, practical recommendations, and dissemi-
nation of knowledge to meet the needs of this growing
field. Please take a few moments to look through this
User’s Guide, which will introduce you to the tools and

features that will enhance your learning experience.

Chapter Objectives highlight the
main points of the chapter and
what important information read-
ers should focus on as they move
through the content presented.

obJ' ectives

After completing this chapter, you will be able to:

+ Describe the central and peripheral nervous systems

+ Describe the anatomy and functions of neurons

+ Describe the major sites of adaptation within the brain and spinal cord

+ Define a motor unit and discuss how changes in recruitment, firing rate, and firing patterns affect

+ Describe changes that take place at the J ion in resp
+ Describe the roles of sensory receptors especially Golgi tendon organs and muscle spindles
+ Describe how training variables can affect the neural responses and training adaptations

- Discuss the role of the autonomic nervous system during exercise

muscular strength and power
I

to training

GOALS ASSOCIATED WITH
RESISTANCE TRAINING

= General fitness and recreation
Strength training

Power training

Muscular endurance training
Muscle hypertrophy
Rehabilitation and prehabilitation
Competitive (bodybuilding, strength athletics,
powerlifting, weightlifting)

= Athletics

= Maintenance training

= Physiological adaptations

= Integration training

Sidebars present brief topic points to highlight
important material.

Case Studies throughout the chapters pres-
ent real-world scenarios. Using the skills
and knowledge gained from the text, these
case studies require the reader to evaluate
the issues and devise effective solutions.

Terry, a NCAA Division Il junior collegiate football
player (linebacker), engaged in an off-season S&C
program. Although he has lifted weights in the past,
Terry did not take RT seriously until this past off-
season training period because he was third string
on the depth chart as a sophomore and now wanted
to compete for a starting position in his junior sea-
son. After a rigorous off-season where Terry and his
partner trained 4 days per week with weights plus
1-2 days of plyometrics, Terry went through the
team’s preseason testing battery. His 1RM bench
press increased from 250 to 295 Ib, squat increased
from 315 to 400 Ib, power clean increased from
205 to 260 Ib, vertical jump increased from 25 to

vii
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USER’S GUIDE

Myths and Misconceptions boxes
debunk popular myths and clarify
widespread misconceptions about
strength and conditioning.

Interpreting Research boxes draw atten-
tion to important research findings and
explain their application to strength and
conditioning practice.

Exercise boxes provide step-by-
step instruction for various exer-
cises, along with photos of the
proper positioning and movement.
With these exercise boxes can
be found Caution! boxes, which
provide warning and reminders
about important things to remem-
ber while doing the specific exer-

cise. Variations of the exercise
described are also provided.

.

.

' Myths § Misconceptions

Resistance Training will Make One “Muscle Bound,” S| 5
and Reduce Performance

Throughout the history of S&C several myths and misconceptions developed and several remain in existence
today despite scientific evidence pointing to the contrary. It remains a mystery why certain myths continue

to perpetuate; however, it is clear that the S&C professionals need to do their best to dispel these myths
whenever possible. One myth is the creation of the muscle-bound individual via RT. This muscle-bound phe-
nomenon is thought to reduce movement mobility, speed, and performance. This myth dates back more
than 100 years to the Strongman Era. The reality is that RT enhances virtually all components of fitness and
increases athletic performance (1,2,13). An exception exists in that if one always trains with slow velocities
and cains a larce amount of mass_ it is theoreticallv nossible to become slower However snecificitv of RT tell

nterpreting Research

Bench Press Performance and the SSC

Wilson GJ, Elliott BC, Wood GA. The effect on performance of imposing a delay during a stretch-shorte
cycle movement. Med Sci Sports Exerc. 1991;23:364-370.

Wilson et al. (37) examined bench press performance under four conditions: (a) a regular “touch and gq
bench press (RBP), (b) a bench press with a short pause (SPBP) of ~0.6 seconds, a bench press with a Ig
pause (LPBP) of 1.27 seconds, and a purely CON bench press (PCBP) initiated from the bottom starting
position. A continuum was found where maximal bench press strength was greatest with RBP (~143.1 kg
followed by SPBP (~137.3 kg), LPBP (~132.9 kg), and PCBP (125.0 kg). Ground reaction force patterns
were similar (Fig. 2.3). These data showed that strength performance was maximized with high SSC acti

(no pause) and decreased in proportion to pause length. Purely CON actions resulted in the lowest strer
values. The take-home message for S&C professionals is that maximal strength performance is observed

with no pause, and training, in part, should be centered on maximizing SSC activity. However, some athl|
(powerlifters) benefit from including a pause between ECC and CON actions at various points in trainin
because competition necessitates it.

BENT-OVER BARBELL ROW
Rating: B

Athlete stands with feet shoulder width apart and
knees flexed.

Bar is grasped from the floor with a closed, pronated
grip wider than shoulder width while the back is flat,
chest out, shoulders retracted, head is tilted forward,
elbows are fully extended, and torso is flexed forward
10-30 degrees above horizontal.

Athlete should remain flexed forward throughout the
exercise.

Bar is pulled upward (using back muscles mostly
and not the elbow flexors) touching the upper
abdomen.

The elbows are pointed up with a rigid torso and
the back should remain hyperextended (straight)
throughout the movement.

Bar is lowered with control until elbows are fully
extended.

| CAUTION! Standing too upright greatly limits

®  ROM and muscle development. A common mis-
take is to see this exercise performed with the athlete
maintaining nearly an upright posture.

OTHER VARIATIONS AND SIMILAR

EXERCISES Reverse-grip bent-over row, bent-
over DB row (with various grip positions), BB bench
row, T-bar row, Smith machine row, rows with keg,
mastiff bar, or sand bag, one-arm DB/core ball/band/
tubing row, one-arm cable row, DB/KB row (single leg
for balance), renegade row with DB or KB, one-arm
bench row, and inverted row (BW with bar or TRX
and feet elevated on bench/SB or placed on the floor,
pronated or supinated grip).
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l Review Ruestlons

1. The maximal amount of force one can generate
during a specific movement pattern at a specified
velocity of contraction is
a. Muscle endurance
b. Muscle power
c. Muscle strength
d. Body composition

bodily control
a. Speed
b. Power
c. Agility
d. Balance

o

7. RT can
a. Increase bone mineral density
b. Increase basal metabolic rate
c. Decrease percent body fat
d. All of the above

A competitive sport where lifters place based on the
amount of weight they lift in the snatch and clean
and jerk is

a. Bodybuilding

b. Weightlifting

6. The ability of an athlete to change direction rapidly
without a significant loss of speed, balance, or

At the end of each chapter, an extensive
list of Review Questions provide students
with a chance to apply what they’ve learned
and assess their knowledge through mul-
tiple choice and true/false questions.

Summary Points

v Skeletal muscles produce greater force during ECC W
actions, followed by ISOM and CON actions.

v/ A relationship between muscle length and force
exists where muscles are strongest near resting sar-
comere lengths (where the optimal number of myo-
filament cross-bridges are formed) but weaken as the
muscle shortens. At longer lengths, passive elements
become more engaged and enhance muscle force
production.

¢ When maximal intensity contractions are used, great-
est muscle force is produced at slow velocities whereas
less force is produced at fast velocities.

v Muscle architectural changes, e.g., in a pennate mus-
cles angle of pennation and/or fascicle length, take
place during training that enhances muscular strength.

v Strength and speed performance is based, in part, upon
stature, leverage, and mechanical advantage, e.g., the
ratio of the moment arm of force to the moment arm
of resistance

v Torque production changes throughout joint ROM.
An ascending-descending curve is seen with single-
joint movements, an ascending curve is seen with
pushing movements, and descending curves are seen
with pulling movements.

v Friction is a critical component to force production
and stability.

¢ The development of intra-abdominal pressure is
important for relieving spinal stress during lifting.

v Various lifting accessories have been developed that
can reduce the risk of injury but also can significantly
enhance lifting performance.

Summary Points provide a checklist of the impor-
tant concepts discussed in each chapter for a quick
review.

enormous. He was well known for his feud with Bob
Hoffman, books and publications (Your Physique, Muscle
Power, later Muscle and Fitness and Flex), coining of train-
ing terms and principles, promotion of bodybuilding train-
ing and events (the Mr. and Ms. Olympia), and equipment
and nutrition supplement manufacturing. Although Muscle
Beach, Santa Monica, CA, was a popular sport, recreational,

Reinhoudt, Ed Coan, Dr. Fred Hatfield, Louie Simm
Anthony Clark, Ted Arcidi, Tamara Grimwood-Rainwz
and Becca Swanson to name a few.

High-quality, four-color illustrations
and photos throughout the text help to
draw attention to important concepts
in a visually stimulating and intriguing
manner. They help to clarify the text
and are particularly helpful for visual
learners.

FIGURE 1-7. Naim Suleymanoglu

FIGURE 1-8. Joe Weider.

STUDENT RESOURCES

Inside the front cover of your textbook, you'll find your
personal access code. Use it to log on to http://thePoint.
lww.com/ACSMS& C—the companion Web site for
this textbook. On the Web site, you can access various

supplemental materials available to help enhance and
further your learning. These assets include an interactive
quiz bank and animations and videos, as well as the fully
searchable online text. Adopting instructors have access
to an image bank and test generator.
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Part One
Foundations






Introduction to Strength
Training and Conditioning

CHAPTER

After completing this chapter, you will be able to:

+ Define basic strength and conditioning terms

Understand a brief history of strength training and conditioning from its early origins to modern times
Describe common goals associated with resistance training

Describe the benefits of strength training and conditioning

Describe health- and skill-related components of fitness

Describe competitive forms of resistance training

Discuss the strength and conditioning profession in terms of preparation, proficiencies, and duties/

LVeS

t

’

)|eC

ob

responsibilities

WHAT IS STRENGTH TRAINING
AND CONDITIONING?

Strength training and conditioning (S&C) is a term that
has been adapted to include several modalities of exer-
cise. Strength training via resistance training (RT) serves
as the core, and other modalities of exercises are included
depending on the needs of the athlete. For example, an
S&C program for strength and power athletes would
include weight training but also plyometrics, sprint/
agility training, flexibility exercises, and aerobic training
(in addition to the rigors of practice and competition).
For an individual exercising for general fitness, weight
training would be included in addition to flexibility and
cardiovascular training. Multiple modalities of training
enhance several health- and skill-related components of
muscular fitness. Thus, integration of multiple modalities
of training is critical to optimizing total conditioning.
The importance of a high-quality S&C program can-
not be overemphasized. From an athletic standpoint,
improving and establishing good motor skill technique
is critical but can only take an athlete to a certain level
of achievement. Many times, it is the health- and skill-
related components of fitness that separate athletic talent.
Elite athletes possess greater strength, power, speed, and
jumping ability compared to athletes of lesser rank (10).
A recent analysis of National Football League (NFL)
drafted players versus nondrafted players showed that the
drafted players had faster 40-yd dash times, vertical jump
height, pro-agility shuttle times, and 3-cone drill times
compared to nondrafted players eligible for the draft

(17). A study by Garstecki et al. (9) compared Division I
and Division II National Collegiate Athletic Association
(NCAA) football players and showed that Division I ath-
letes had greater one-repetition maximum (1RM) bench
press, squat, power clean, vertical jump height, fat-free
mass, lower percent body, and faster 40-yd dash times
than Division II athletes. Fleisig et al. (7) compared high
school, collegiate, and professional baseball pitchers and
showed that the professional pitchers had greater muscle
strength, shoulder, and elbow throwing velocities com-
pared to lesser-skilled pitchers. Thus, there is a relation-
ship between an athlete’s status and several components
of physical conditioning.

Terry, a NCAA Division Il junior collegiate football
player (linebacker), engaged in an off-season S&C
program. Although he has lifted weights in the past,
Terry did not take RT seriously until this past off-
season training period because he was third string
on the depth chart as a sophomore and now wanted
to compete for a starting position in his junior sea-
son. After a rigorous off-season where Terry and his
partner trained 4 days per week with weights plus
1-2 days of plyometrics, Terry went through the
team’s preseason testing battery. His 1RM bench
press increased from 250 to 295 Ib, squat increased
from 315 to 400 Ib, power clean increased from
205 to 260 Ib, vertical jump increased from 25 to
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28 in, and 40-yd dash time decreased from 4.92

to 4.81 seconds. During preseason practice, Terry
noticed his performance on the field had improved.
As a result of Terry’s hard work in the weight
room, he earned a starting position on the school’s
football team.

Question for Consideration: How much of Terry’s
recent success would you attribute to his off-season
training program?

BRIEF HISTORY OF STRENGTH
TRAINING AND CONDITIONING

A brief examination of the history of S&C is important
for any practitioner (5,20,21). Knowledge of prominent
individuals, eras, events, and training practices is criti-
cal to understanding the field. In fact, some important
training concepts currently popular are not new; rather,
they were used in the past, fell out of popularity, and
have resurfaced. One may state that study of the past
may be important in preparation of future S&C trends.
Nevertheless, it is certainly fascinating to examine this
facet of our history.

EARLY ORIGINS

Feats of muscular strength and evidence of some type of
RT date back several thousands of years to ancient times.
Walls of ancient Egyptian tombs circa 2500 B.c. displayed
artwork depicting strength contests of various types. In
Ireland circa 1800 B.c., weight-throwing contests were
held that involved explosive strength and power. A
strong military was also desired in many areas because
warfare was common. This was seen in China where
strength tests were being used for military purposes circa
1122-255 B.C.

Perhaps more familiar were the accolades of the ancient
Greeks circa sixth century B.c. The ancient Greeks were
well known for their pursuit of excellence in physical
education and sport. Although the city of Athens valued
the aesthetic sides of physical education, Sparta’s main
objective was to have a strong, powerful army. Men and
women were required to be in shape. Boys were sent to
military school K67 years of age and were trained rig-
orously in gymnastics, running, jumping, javelin and
discus throwing, swimming, and hunting. Women were
not required to leave home but were trained rigorously
as well. In addition, sports were popular as the Olympic
Games (consisting of events such as foot races, discus
and javelin throwing, long jump [with weights], wres-
tling, boxing, pankration, equestrian, and pentathlon)
initiated circa 776 B.c., and many individuals trained at
gymnasiums to enhance physical performance. Perhaps

the best-known Greek strongman was Milo of Crotona.
Milo was a 5-time wrestling champion and a 22-time
strength champion. He has been credited with the first
use of progressive overload during RT. It was reported
that Milo carried a young calf across his shoulders every
day until the animal was fully grown and ultimately car-
ried the 4-year-old heifer the length (X200 m) of the
Stadium at Olympia. In addition, the ancient Greeks
were well known for lifting heavy stones. In fact, one of
the earliest bodybuilding events was thought to occur in
Sparta. Spartan men were judged on their physiques and
punished if found to be lacking adequate development.
Strength training for military purposes was continued
by the armies of the Roman Empire. After the fall of the
Roman Empire, religious opposition to training predomi-
nated for the next 1,000 years and not much progress was
made during this time.

CONNECTIONS WITH SCIENCE
AND MEDICINE

Throughout early times a relationship existed between
the medical/scientific communities and fascination
with muscular strength and development. The famous
Greek physician Galen (129-199 a.p.) was thought
to be one of the first medical doctors to recommend
RT. He promoted the use of handheld weights as he
worked extensively with gladiators at the time. Large
strides from the scientific community in the develop-
ment of strength training came during the Renaissance.
It was suggested that the famous French writer Michel
de Montaigne described the benefits of strength training
with reference to his father. German educator Joachim
Camerarius (circa 1544) wrote about weight training
and how it could lead to improved health and perfor-
mance. Appreciation for the human body (and adapta-
tions to RT) was gained by advances in human anatomy.
The landmark text of Andreas Vesalius (1514-1564) De
Humani Corporis Fabrica and several works of Bernard
Siegfried Albinus (1697-177