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Foreword

The second edition of Science and Practice
of Strength Training brings together as
authors two individuals | consider colleagues
in the research and practice of strength train-
ing. Throughout their professional careers,
both have distinguished themselves as
strength training scientists and practitio-
ners. Dr. Zatsiorsky has extensive experience
in strength training from the former Soviet
Union and Eastern Bloe countries while Dr.
Kraemer has extensive experience from the
American perspective on strength training.
This text represents a unique melding of these
two experts’ knowledge of strength and con-
ditioning, This work is in part a result of their
collaborative teaching of an advanced class
on the practice and theory of strength training
at Pennsylvania State University. The seren-
dipitous opportunity to teach a class together
on strength training allowed the exchange of
ideas and information in the area of strength
training from two very successful perspec-
tives. Both authors not only have extensive
research experience in strength training, they
also have extensive experience as coaches
and practitioners. Thus the text is a unique

viii

blend of the science as well as the art of
designing all aspects of successiul strength
training programs.

This work is for the serious strength coach,
athlete, or fitness enthusiast who desires to
think about and develop an individualized
strength training program that will result in
successful long-term strength, fitness, and
performance gains. It is not for the individ-
ual who desires a cookie-cutter approach to
training and to be told exactly what exercises,
number of sets, and number of repetitions per
set to perform in their training program. All
aspects of the strength training field includ-
ing program design; periodization; specific
exercises; and training specific populations
such as women, youth, and older athletes are
covered in detail. No matter how experienced
vou are in strength training, you will find pro-
vocative concepts that will affect your ideas
and planning of strength training programs. |
highly recommend this text to all people who
are serious about strength conditioning.

Steven J. Fleck, PhD
Colorado College
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Preface

WE are excited to present the second
edition of Science and Practice of
Strength Training. We were [ormer colleagues
for almost 10 vears at Pennsylvania State
University where we taught the theory class
in strength training, and our collaboration on
this second edition has renewed our mutual
interest in the topic. The result is a second
edition that builds on the previous text and
expands on the principles and concepts for
training athletes. This new text includes
updated information, as well as additional
chapters on training special populations.

As with the previous edition, this textbook
is for readers who are interested in muscular
strength and ways to enhance its develop-
ment. Thus it is for coaches, students who
plan to become coaches, and athletes who
want to be self-coaches. The texthook has
been developed from the vast experience that
we both bring to the text, with documented
experiences of more than 1,000 elite athletes
ranging from Olympic, world, continental,
and national champions and record holders.
Dr. Kraemer also brings experience in coach-
ing from the junior high school to the college
levels, His work on training studies with col-
legiate and professional athletes brings an
additional dimension to the textbook that
expands its conceptual relevance.

Science and Practice of Strength Training is
designed for sericus readers who are willing
not only to remember and repeat but also to
understand and put information to use, On
more than one occasion a coach or athlete
has asked both of us what is the best exer-
cise, method, or training program to develop
strength. Answers to such questions are diffi-
cult as no one program works for all athletes at
all times or under all conditions. The individual
needs of each athlete will vary and what works
at one point in time may not work at another
time. Thus there is no single best program, and

the best programs are those that are based on
solid principles and concepts with the under-
standing that change is inevitable,

This textbook is written for the practitio-
ner and thus we provide a straightforward
examination of the concepts and principles
needed In order to make decisions on what
might be an appropriate program design for
an athlete. While many try to oversimplify
the topic of strength training, it is by nature
complex yet understandable. Many aspects
ol the book address this complexity while
providing straightforward approaches to
take under specific circumstances. While
we offer some program examples, this book
is not meant to be a "cookbook.” as such an
approach Is fraught with pitfalls. Thus, we use
program examples to demonstrate some of
the principles and concepts that have been
discussed in the book.

Strength training research has been growing
dramatically each year and gives further cred-
ibility to concepts that were for many vears
only anecdotal in nature. Yet the design and
practice of strength training programs will
never be led step by step with scientific stud-
ies, It is the combination of solid principles,
practical insights, coaching experiences, and
directions based on scientific findings that
results in the optimal knowledge for creating
a program for a specific athlete.

This book is no doubt filled with biases,
as it is heavily influenced by Dr. Zatsiorsky's
Eastern European experience, predominantly
in the former Soviet Union, former East Ger-
many (German Democratic Republic), and
Bulgaria. Dr. Kraemer brings to the book con-
cepts and ideas from an American perspec-
tive as a high school and collegiate strength
coach. This integration of perspectives over
the past 20 years has yielded much success
and has allowed many hybrids of training
theory to be put forth,
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This book is intended to be comprehensive,
including additional chapters on training spe-
cial populations (women, young athletes,
and older athletes) and expanded sections in
each of the previous chapters. Concepts that
have been shown to be outdated or ineffec-
tive through research have been modified or
eliminated to provide an up-todate overview of
training concepts and theories that are on the
cutting edge of both practice and science,

The book consists of three parts. Part |
describes the basis of strength training and
includes three chapters. Chapter | addresses
the basic concepts of training theory, such as
the role of adaptation in training and general-
ized theories of training. Task-specific strength
is discussed in chapter 2 and athlete-specific
strength is discussed in chapter 3. Part Il deals
with the methods of strength conditioning.
Training intensity and the methods of strength
training are discussed in chapter 4, The topic
of chapter 5 is timing in strength training.
Strength exercises, including the selection
of strength training drills for beginning and
gualified athletes, are considered in chapter 6.
Chapter 7 deals with injury prevention during
strength training. Goal-specific strength train-
ing is addressed in chapter 8 Part lll deals
with training for specific populations. Chapter
9 outlines gender differences and important
considerations when training women. Chapter

10} allows the reader to make the proper deci-
sions when training young athletes in order

to optimize physical development. Chapter
11 discusses the aging process and necessary
considerations in developing optimal strength
training programs [or the older athlete.

We do not address drug use in sports,
which, as of the writing of this textbook, has
continued to receive worldwide attention. We
both maintain that the practice is harmful to
health, unethical in sport, and illegal. We
believe that the much wider array of anabolie
drugs now being used by athletes has dimin-
ished the desire to optimize training methods
using the bady's own natural anabolic mecha-
nisms (e.g., the endocrine system). This book
is written to allow the reader to train without
drugs and to optimize the body’s ability to
make natural gains by optimizing the strength
training programs used.

This book uses limited references to under-
score the practical approach taken by us in
the writing of this second edition. With the
knowledge base of the field of strength train-
ing expanding each year, we provide refer-
ences lo books, reviews, and position stands
to allow you to gain more background read-
ing to enhance yvour understanding of various
concepts and principles. If we were to provide
all such references, the sheer magnitude of the
book would overwhelm its practical nature.
The integration of coaching theory and sci-
entific underpinnings in this text continues
to promote a more sophisticated practice of
strength tralning.
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Symbols and Abbreviations

Body weight

Maximum competition weight
Electromyography

Electrical stimulation of muscles
Explosive strength deficit

Force

Maximal force attained when
the magnitude of a motor task
parameter is fixed

Maximum maximorum force
attained when the magnitude of a
motor task parameter is altered

Fast-twitch muscle fibers
Acceleration due to gravity
Growth hormone
Intra-abdominal pressure
Index of explosive strength
Insulin-like growth factor
Low back pain syndrome
Muscle strength deficit

MU
N
'P.-.u

P:ulm

RC

RM
aT
T
TF
I"‘I.r.ll

I"rl-r-'ll'-'l

Motor unit
Newton; the unit of force

Maximal performance attained
when the magnitude of a motor
task parameter is fixed
Maximum maximorum
performance attained when
the magnitude of a motor task
parameter is altered

Reactivity coefficient

Rate of force development
Repetition maximum
Slow-twitch muscle fibers
Time to peak performance
Maximum training weight

Maximal velocity attained when
the magnitude of a motor task
parameter is fixed

Maximum maximorum velocity
attained when the magnitude of a
motor task parameter is altered
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Basis of
Strength Conditioning

he primary goal of this book is to provide

readers with practical recommendations,
or a prescription, for training athletes. Practi-
cal advice, however, cannot be given without
first providing descriptions of what should
be trained and why some methods are better
than others. Part | of the book describes
theory, while part Il covers methods of
strength training. Part Il deals with training
for specific populations.

The first part, which is entirely descrip-
tive, develops several concepts in a natural,
sequential order. Chapter 1 is introductory
and provides an overview of the principles of
training theory: It describes the peculiarities
ol adaptation to a physical load; discusses
two prevailing theories of training—the
supercompensation theory and the fitness-
fatigue theory—both of which are widely
and enthusiastically embraced as effective
methods; and spells out the nomenclature
of training effects. Although the concepts
and terminology introduced in this chapter
are used throughout the book, the chapter is
sell-contalned and presumes that the reader
has no prior scientific knowledge.

Chapters 2 and 3 address the factors that
determine muscular strength. It is assumed
that readers have some knowledge of exer-
cise physiology and sport biomechanics, or
at least are acquainted with the basic physi-
ology of the muscles. Readers who are not
familiar with this material, however, should
not be discouraged from reading the book;

the main concepts are explained in a format
intelligible for a reader with a minimal back-
ground in exercise and sport science. Readers
who do have trouble understanding chapters
2 and 3 need not read them in one sitting but
can return to them later while reading the
balance of the book.

Chapter 2 lays the foundation for the
notion of muscular strength, classifying
and explaining the evidence collected by
measuring muscular force. It introduces the
concept of maximal muscular performance,
as well as two main relationships (paramet-
ric and nonparametric), and defines the
notion of muscular strength. It then follows
with a detailed discussion of various factors
involved in motor tasks, such as resistance,
time available for force development, move-
ment velocity, movement direction, and body
posture. The integrating idea for these diverse
topics is rather simple and straightforward:
exercise specificity. For training to be effec-
tive, exercises should be similar to the main
sport activity, and the exercise similarity
should be established according to the crite-
ria discussed in this chapter.

Chapter 3 addresses muscular strength
from another standpoint: that of the per-
former rather than the motor task. Some
people have greater strength than others.
Why? What properties do elite athletes have
that allow them to be exceptional? The inter-
nal factors determining muscular strength
are latent. Hence, they can be identified only
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2 Science and Practice of Strength Training

by using a physiclogical approach. If we are
able to identify them, we open the road to
goal-directed training of these primary fac-
tors, so the exercises and methods addressed
here will center on specific targets rather than
on strength in general. This chapter is based
on facts and theories originated by exercise
physiologists. Two main groups of internal
factors are discussed: muscular and neural.

Amaong the muscular factors, primary atten-
tion is given to the muscle dimension and
its counterpart, body weight. Other factors,
including nutrition and hormonal status, are
briefly highlighted as well. The neural mecha-
nisms, such as intra- and intermuscular coor-
dination, are reviewed in the later sections.
Chapter 3 is essential for understanding train-
ing methods.
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chapter l

Basic Concepts
of Training Theory

Strﬁ'ugth conditioning theory is part of a
broader field of knowledge, the science of
training athletes, also termed training science
or theory of sport training. Training science
courses cover the components of athlete
preparation, including conditioning (not only
for strength but also for speed, endurance,
flexibility, and other motor abilities); learn-
ing of sport technique; and periodization,
that is, variation of training programs in a
season. Throughout this book, the concepts
and approaches developed within the frame-
work of training science are used extensively.
This chapter introduces vou to the issues of
training in general. The ideas and terminol-

ooy yvou encounter here will be used in the
remainder of the book.

ADAPTATION AS A MAIN
LAW OF TRAINING

If a training routine is planned and executed
correctly, the result of systematic exercise is
improvement of the athlete’s physical fitness,
particularly strength, as the body adapts to
physical load. In a broad sense, adaptation
means the adjustment of an organism to its
environment. If the environment changes,
the organism changes to better survive in

Copyrighted Material
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4 Science and Practice of Strength Training

the new conditions. In biology, adaptation is
considered one of the main features of living
species.

Immediate and Delayed Effects
of Training

Immediately after a training session, performance
usually worsens due fo fatigue. Nobody expects to
become stronger after 1 set of drills or a single train-
ing session. So, why do multiple fraining sessions end
in performance improvement? Improvement happens
because the body adapis to the training load.

Exercise or regular physical activity is a
very powerful stimulus for adaptation. The
major objective in training is to induce specific
adaptations in order to improve sport perfor-
mance, This requires adherence to a carefully
planned and executed training program. From
a practical point of view, the following four
features of the adaptation process assume
primary importance for sport training:

1. Stimulus magnitude (overload)
2. Accommodation

3. Specificity

4. Individualization

Overload

To bring about positive changes in an athlete’s
state, an exercise overload must be applied.
A training adaptation takes place only il the
magnitude of the training load is above the
habhitual level. During the training process,
there are two ways to induce an adaptation.
One is to increase the training load (inten-
sity, volume) while continuing to employ the
same drill, for example, endurance running.
The other is to change the drill, provided
that the exercise is new and the athlete is
not accustomed to it.

If an athlete uses a standard exercise with
the same training load over a very long time,
there will be no additional adaptations and
the level of physical fitness will not substan-
tially change (figure 1.1). If the training load
is too low, detraining occurs. In elite athletes,

4 Detraining Retaining Stimulating
load : load ; load :
Athletes

2 | '
o
E
%

E 1

o i

£ !

[+ :

: : i Beginners
Detraining ; Retaining ; Stimulating ;
/ load ide lead 3. load X

Training load

Figure 1.1 Dependence between training load (detraining, retaining. stimulating) and level of physical fit-
ness. Rectangles indicate the neutral zones (retaining loads) corresponding to small fluctuations in the train-
ing load at which the level of fitness is basically not changed. Note the stepladder effect showing a change
in the adaptation curve with a change in the training stimulus. A training load that leads to the detraining of

high-level athletes may be extremely high for beginners.
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many training improvements are lost within
several weeks, even days, if an athlete stops
exercising. During the competition period,
elite athletes cannot afford complete passive
rest for more than 3 days in a row (typically
only 1 or 2 days).

Training loads can be roughly classified
according to their magnitude as

* stimulating, where the magnitude of
the training load is above the neutral
level and positive adaptation may take
place;

* retaining, where the magnitude is in the
neutral zone at which the level of fitness
is maintained; and

s detraining, where the magnitude of the
load leads to a decrease in performance
results, in the functional capabilities of
the athlete, or both.

Overioad Example

Identical triplets possessad equal levels of strength;
each was able to litt a 57.5-kg barbell one time. They
began to exercise with a 50-kg barbell, lifting the
barbell in 1 set until failure five times. After a period
of time, the athletes adapted to the training routine,
their preparedness improved, and they were able
to lift a 60-kg barbell one time. However, despite
continued training, they did not make further gains
in performance because they accommodated to the
training program.

Al this stage, the three athleles made different
decisions. Athlete A decided lo increase the train-
ing load {weight lifted, number of repetitions in
a sel, number of sets) or change the exercise. The
new load was a stimulating one for this athlete and
performance impraved. Athlete B continued to employ
the previous routine and performance resulls were
unchanged (retaining load). Athlete C decreased
the training load and strength performance declined
(detraining load).

The need for a constant increase in train-
ing loads, considered necessary for positive
adaptation, leads to progressive resistance
training: When strength levels improve,

larger training loads are used. Because the
preparation of elite athletes usually lasts 8 to
12 years, their progressive resistance train-
ing leads to extremely demanding training
programs. The training load of elite athletes
is roughly 10 times greater than that of begin-
ners having 6 months of training experience.
Elite weightlifters lift around 5,000 tons/year,
while the load for novices is only 1/10th or
1/12th of this level. The same is true for other
sports. For instance, the year-round train-
ing mileage of elite cross-country skiers is
between 8,000 and 12,000 km. For beginners,
it is about 1,000 km.

Accommodation

If athletes employ the same exercise with
the same training load over a long period
of time, performance improvement (gain)
decreases (see figure 1.2). This is a manifes-
tation of accommodation, often considered
a general law of biology. According to this
law, the response of a biological object to a
constant stimulus decreases over time. By
definition, accommodation is the decrease
in response of a biclogical object to a con-
tinued stimulus.

In training, the stimulus is physical
exercise and the response is performance
improvement as a result of adaptation. With
an increase in training volume or duration,
the magnitude of adaptations diminishes—the
principle of diminishing returns. In begin-
ning athletes, relatively small training loads

Performance gain

=

Training time, training load

Fgure 1.2 Dependence of performance improve-
ment (gain) on time of training or training load. As a
result of accommaodation, the gain decreases.
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may lead to large performance improvements,
while in athletes with multivear experience
even heavy training routines may result in no
performance changes.

A Bizarre Bank Metaphor

Banks usually pay higher interest rates to the custom-
ers who deposit money for longer periods of time or
make large contributions. Imagine a bank—the bizarre
bank—that adopts the opposite policy: The longer you
keep the money in the bank and the larger the deposit,
the smaller the interest. Most likely a bank with this
policy would soon be out of business. However, this
is exactly how our body works, Over long periads of
training or when athletes increase the training load,
they will see a decrease in the performance improve-
ment per unit of fraining load, or the interest on their
capital.

Because of accommodation, it is ineffi-
cient to use standard exercises or a stan-
dard training load over a long period of
time. Training programs must vary. At the
same time, because of the specificity of
training adaptations, the training exercises
should be as close as possible to the main
sport exercise in muscular coordination and
physiological demand. The highest transfer
of training result occurs with the use of sport-
specific exercises. These two requirements
lead to one of the main conflicts in training
elite athletes: Training programs should
be both variable, to avoid accommoda-
tion, and stable, to satisfy the demand for
specificity,

To avoid or decrease the negative influ-
ence of accommodation, training programs
are periodically modified. In principle, there
are two ways to modify training programs:

* (uantitative—changing training loads
(for instance, the total amount of weight
lifted)

* Qualitative—replacing the exercises

Qualitative changes are broadly used in the
training of elite athletes, at least by those who
are creative.

Avoiding Accommodation
in Olympic Cycles

Saveral elite track and field athletes, who were suc-
cessful at three Olympic Games in a row, avoided
accommodation, How? None of them used the same
training program every year; instead, they varied the
training routines. Some of the athietes used the drills
that they believed were most efficient (for instance,
overhead throwing of a 3-kg shot by a javelin thrower)
only during an Olympic season, or one time in a 4-year
period, This was done to avoid accommodation,

Specificity

Training adaptations are highly specific. It is
well known that strength training increases
hoth muscle mass and strength, while endur-
ance training induces other changes such as
increases in aerobic capacity. Because of
adaptation specificity, the exercises and
training in various sports are different.

Specificity may be described in another
way, as an issue of transfer of training results.
Imagine, for example, a group of young ath-
letes who have trained over a certain period
of time with one exercise, exercise A, squat-
ting with a barbell. Finally, their performances
improve. Let’s suppose that the gain is the
same for all the athletes, say 20 kg. What will
happen with the performances of these ath-
letes in other exercises, such as the standing
vertical jump, sprint dash, or freestyle swim-
ming (exercises B, C, and D)? We may predict
that the results in these exercises will improve
to different degrees. The gain may be substan-
tial in the standing jump, relatively small in
sprint running, and next to nothing in swim-
ming. In other words, the transfer of training
results from exercise A to exercises B, C, and
D is variable.
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Transfer of Training Results: Why Is it Important?

The first books about athlete preparation, published
in thie 19th century, make interasting reading. The
preparation for competition consisted of the main sport
exercise and nothing else. If one competed in the 1-mi
run, workouts consisted of only 1-mi runs.

However, coaches and athletes soon understood
that such preparation was not sufficient. To run a mile
successfully, an athlete must not only have stamina
but must also possess appropriate sprinting abili-
ties, good running technique, and strong and flexible
muscles and joints. It is impossible to develop these
abilities by running the same fixed distance repeatedly.
As a consequence of this realization, training strategies
were changed. Instead of muitiple repetitions of a single
exercise, many auxiliary exercises were adopted into
training programs to improve the abilities specific to a
given sport. The general concept of training changed.

The guestion then arises: How do you choose more
efficient exercises that result in a greater transfer of
training effect from the auxiliary to the main sport move-
ment? Consider the following problems:

1.1s long-distance running a useful exercise
for endurance swimmers? For cross-country
skiers? For race walkers? For bicyclists? For
wrestlers?

The transfer of training gains can differ
greatly even in very similar exercises. In an
experiment, two groups of athletes performed
an isometric knee extension at different joint
angles, 70" and 130° (a complete leg exten-
sion corresponds to 180%). The maximal
force values, F,, as well as the force gains,
AF,, observed at different joint angles were
varied (figure 1.3).

The strength gains at various joint posi-
tions were different for the two groups. For
the subjects in the first group, who exercised
at the 70° knee-joint angle (see figure 1.3aJ,
the strength gains in all joint positions were
almost equal. The transfer of training results

2. To improve the velocity of fast pitches, a coach
recommends that pitchers drill with baseballs of
varying weight, including heavy ones. What is the
optimal weight of the ball for training?

3. A conditioning coach planning a preseason train-
ing routine for wide receivers must recommend
a set of exercises for leg strength development.
The coach may choose one of several groups
of exercises or combine exercises from different
groups.The exercise groups are

* one-joint isokinetic movements, such as
knee extension and flexion, on exercise
apparatuses,

+ similar one-joint drills with free weights,
* barbell squats,
* isometric leg extensions,

+ vertical jumps with additional weights (heavy
waist belts),

« uphill running, and
* running with parachutes.

Which exercise is most effective? In other words,
when is the transfer of training results greater?

from the trained body posture (70%) to
untrained positions (other joint angles) was
high. In the athletes of the second group, who
trained at the 130° knee-joint angle (see figure
1.3b), transfer of training gains was limited
to the neighboring joint angles: The strength
gain was low for small joint angles (compare
strength gains in angles 130° and 90%). The
same held true for barbell squats. In the first
group, the strength gain in the trained body
posture was 410 + 170 N and in squatting it was
11.5 + 5.4 kg. In the second group, the strength
in the trained posture increased by 560 + 230
N; however, in spite of such a high gain, the
barbell squat performance improved by only
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Figure 1.3 Performance improvements (strength gains) in two experimental groups. The vertical arrows
show the angles at which isometric training took place. Strength was measured in leg extensions as well as

in barbell squats.

Data from WM. Zatsiorsky and LM. Raitsin, 1974, "Transfer of cumulative training effects in strength exercizes,” Theory and

Practice of Physical Culture 6 7-14,

7.0 + 4.7 kg. The strength gain in the trained
posture in the second group was higher (560
+ 230 Nversus 410 + 170 N}, but the improve-
ment in the barbell squats was lower (7.5 «
4.7 kg versus 11.5 = 54 kg) due to minimal
transfer of training results.

As performances in different exercises
have different modalities (force, time, dis-
tance) and are not directly comparable, a
dimensionless unit should be employed to

estimate the transfer of training result. Such
a unit is a result gain expressed in standard
deviations:

(Gain of performance

Result gain = :
e Standard deviation of performance

For instance, if the average performance
of a group is 60 = 10 kg (average = standard
deviation) and the performance of an athlete
improves by 15 kg as a result of training, the
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athlete's personal gain equals 15/10 or 1.5
standard deviation. In scientific literature, the
result gain for a group computed as [(Post-
training mean — Pretraining mean) / Pretrain-
ing standard deviation ] is known as the effect
size, For the estimation of transfer, a ratio of
the gains in nontrained exercises (exercises B,
(, and D) and the trained exercise (exercise A)
is employed. The coefficient of the transfer of
training is, by definition, the following ratio:

Result gain in nontrained exercise

Transfer =
Result gain in trained exercise

Both gains are measured in standard devia-
tions. The higher the ratio, the greater the
transfer of training results, If the transfer is

low, the effect of training is specific. In the
example from figure 1.3, the training effects
were more specific for the group that per-
formed exercise at the 130° knee-joint angle.
Specificity of adaptation increases with
the level of sport mastership. The higher an
athlete's level of fitness, the more specific the
adaptation. The transfer of training gain is
lower in good athletes; for beginners, almost
all exercises are useful. It is possible to improve
the strength, speed, endurance, and flexibility
of people with extremely low physical fitness
through simple calisthenics. The performance
of beginning bicyelists can be improved by
squatting with a barbell. Elite athletes should
use more specific exercises and training meth-
ods to increase competitive preparedness.

Galculating the Transfer of Training Results

In the experiment discussed in the text, the following data were recorded (figure 1.3):

Test Befare After Gain of Result gain Transfer
performance

Group 1 (isometric training at an angle of 70°)

Force at an angle 1310 + 340 1720« 270 410+ 170 410/340=1.2

70°, N

Squatting, ko 955+ 23 107 £+ 21 11.5£54 115/23=05 0.5/12=042
Group 2 (isometric training at an angle of 130°)

Force atanangle 2710 £ 618 3270 « 642 560 + 230 560 /618 = 0.91

130%, N

Squatting, kg 102 £ 28 110+23 7.5247 7.5/28=027 0.27/0.91=030

Note the results:

Characleristics Superior group Comparison

Gain of performance in trained exercise Second 560 vs. 410 N

Result gain in trained exercise First 1.2vs.0.91 8D

Transfer of training results First 0.42 vs, 0.30

Gain of performance in nontrained exercise First 1554 vs. 75247 kg

Because of the higher transfer of training results, the method used to train the first group better improved the

squatting performance.
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Individualization

All people are different. The same exer-
cises or training methods elicit a greater or
smaller effect in various athletes. Innumer-
able attempts to mimic the training routines
of famous athletes have proven unsuccess-
ful. The general ideas underlying noteworthy
training programs, not the entire training pro-
tocol, should be understood and creatively
employed. The same holds true for average
values derived from training practices and
scientific research. Coaches and athletes
need to use an average training routine cau-
tiously. Only average athletes, those who
are far from excellent, prepare with average
methods. Champions are not average; they
are exceptional. Individualization of training
will optimize results and enhance the desired
adaptation to the training protocol.

GENERALIZED THEORIES
OF TRAINING

Generalized training theories are very simple
models that coaches and experts use broadly
to solve practical problems. These models
include only the most essential features of
sport training and omit numerous others. Gen-
eralized theories (models) serve as the most
general concepts for coaching. Coaches and
athletes use them especially for conditioning
and also for planning training programs.

Initial level of
preparedness

Figure 1.4 Time course
of the restoration process
and athlete's preparedness

One-Factor Theory
(Theory of Supercompensation)

In the one-factor theory, the immediate
training effect of a workout is considered
as a depletion of certain biochemical sub-
stances. The athlete's disposition toward
a competition or training, called prepared-
ness, is assumed to vary in strict accordance
with the amount of a substance available for
immediate use. There is evidence in exercise
and sport science literature that certain sub-
stances are exhausted as a result of strenuous
training workouts. The best known example is
muscle glycogen depletion after hard anaero-
bic exercise.

After the restoration period, the level of
the given biochemical substance is believed
to increase above the initial level. This is
called supercompensation, and the time
period when there is an enhanced level of
the substance is the supercompensation
phase (figure 1.4).

If the rest intervals between workouts are
too short, the level of an athlete’s prepared-
ness decreases (see figure 1.5a). If the rest
intervals between consecutive workouts
are the right length, and if the next training
session coincides in time with the supercom-
pensation phase, the athlete’s preparedness
advances (figure 1.58). Finally, in the case
of very long intervals between sessions, an
athlete's physical abilities do not change

>

after a workout according
to the supercompensation
theory, The vertical axis
is both for the amount of
substance and for the level
of preparedness. Accord-
ing to the model, the two
curves colncide, Deplation

e

Restitution Supercompansation
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Figure 1.5 Supercompensation theory. The vertical axis is both for the amount of substance and for the
level of preparedness. There are three situations with rest intervals between sequential training workouts:
{a ) The intervals are too short and the level of athlete preparedness decreases due to accumulated fatigue;
(b} the intervals are optimal and the ensuing workouts match with the supercompensation phase; and (c ) the
intervals are too long and there Is no stable training effect.

(figure 1.5¢). Coaches and athletes should
avoid time intervals between serial training
sessions that are either too short or too long,
Instead, they should seek the following:

» Optimal rest intervals between succes-
sive training sessions

* An optimal training load in each work-
out

The aim in selecting these intervals and
loads is to ensure that a subsequent training
session coincides with the supercompensa-
tion phase.

Within the framework of this theory, more
sophisticated variations of the training sched-
ule are also acceptable. One variation that is
popular among coaches, the overloading
microcycle (or impact microcycle), is shown
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v Time

Figure 1.6 The overloading microcycle of the supercompensation theory. Rest intervals between the first
three training sessions are too short to allow [ull restoration, so fatigue is accumulated. The interval between
the third and fourth training workouts is longer than usual but optimal for the situation. The next workout
colncides with the supercompensation phase after the first three training sesstons.

in figure 1.6. In this case, after several training
sessions with high training loads and short
time intervals between sessions, a relatively
long period of rest is included. The common
belief is that such a training routine produces
a final supercompensation that is greater than
normal (compare figures 1.55 and 1.6).

For several decades, the supercompensa-
tion model has been the most popular training
theory. It has been described in many text-
books and is widely accepted by coaches. In
spite of its popularity, however, it deserves
critical scrutiny.

The very existence of the supercompen-
sation phase for a majority of metabolic
substances has never been experimentally
proven. For some metabolites, like muscle gly-
cogen, after-exercise depletion has been defi-
nitely demonstrated. It is possible to induce
glycogen supercompensation by combining
a proper training routine with carbohydrate
loading. This procedure, however, cannot
be reproduced regularly and is used only
before important competitions, not for train-
ing. The concentrations of other biochemi-
cal substrata whose role in muscular activity
has been proven to be very important, for
example, adenosine triphosphate (ATP), do
not change substantially even after very hard
exercise. The restoration of initial levels of dif-
ferent metabolic substances requires unequal

amounts of time. It is absolutely unclear
which criteria (substances) one should use
for selecting proper time intervals between
consecutive workouts. In general, the theory
of supercompensation is too simple to be cor-
rect. Over the last few years it has lost much
of its popularity.

Two-Factor Theory
(Fitness-Fatigue Theory)

The two-factor theory of training is more
sophisticated than the supercompensation
theory. It is based on the idea that prepared-
ness, characterized by the athlete's potential
sport performance, is not stable but rather
varies with time. There are two components
of the athlete’s preparedness: those that are
slow changing and those that are fast chang-
ing. The term physical fitness is used for slow-
changing motor components of the athlete’s
preparedness. Physical fitness does not vary
substantially over several minutes, hours, or
even days. However, as a result of fatigue,
psychological overstress, or asudden illness
such as flu, an athlete’s disposition toward
competition may change quickly. An athlete's
preparedness is sometimes thought of as a
set of latent characteristics that exist at any
time but can be measured only from time to
time. According to the two-factor model, the
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immediate training effect after a workout is a
combination of two processes:

1. Gain in fitness prompted by the work-
out

2. Fatigue

After one workout, an athlete’s prepared-
ness

* ameliorates due to fitness gain, but
* deteriorates because of fatigue,

The final outcome is determined by the sum-
mation of the positive and negative changes
(figure 1.7).

The fitness gain resulting from one train-
ing session is supposed to be moderate in
magnitude but long lasting. The fatigue effect
is greater in magnitude, but relatively short
in duration. For most crude estimations, it is
assumed that for one workout with an aver-
age training load, the durations of the fitness
gain and the fatigue effect differ by a factor of

Workout

three: The fatigue effect is three times shorter
in duration. This implies that if the negative
impact of fatigue lasts, for instance, 24 h, the
positive traces from this workout will remain
through 72 h.

The time course of the immediate training
effect after a single workout can be described
by the equation

Preparedness = P+ Pie = Pg®d,
where

P, is the initial level of preparedness
before the training workout;

P, is the fitness gain;

F. is the [atigue effect estimated immedi-
ately after the workout;

tis time;

f; and k- are time constraints; and

e is the hase of the system ol natural loga-
rithms, approximately 2.718.

Preparedness

\\

Fatigue

Time

Figare 1.7 Two-factor theory (model) of training. The immediate effect of a training session is characterized
by the joint action of two processes: fitness gain and fatigue. Athlete preparedness improves because of fit-

ness gain and worsens because of fatigue,
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One- and Two-Factor Modeis of Training

These models help coaches i grasp and visualize the
timing of workout-rest intervals during preparation of
athletes and to view fraining as an organized process
rather than a chaotic sequence of drill sessions and
rest periods.

Imagine two coaches with different coaching phi-
losophies. Coach A strictly adheres to the ane-factor
theory of training and is trying to schedule a training
session for when (in his estimation) the supercom-
pensation phase takes place. Coach B prefers the
two-factor theory of training and is looking for rest
intervals that are long enough for proper restoration
and, at the same fime, short enough to maintain the
acquired physical fitness level. At times the training
plans of the two coaches may look similar, but the
underlying philosophies are not the same. You would

According to the two-factor theory of train-
ing, the time intervals between consecutive
training sessions should be selected so that all
the negative traces of the preceding workout
pass out of existence but the positive fitness
gain persists. This model has become rather
popular among coaches and is used predomi-
nantly to plan training, especially during the
final training days before a competition.

TRAINING EFFECTS

Training effects, that is, changes that occur
within the body as a result of training, can be
further classified as follows:

* Acute effects are the changes that occur
during exercise.

» Immediate effects are those that occur
as a result of a single training session
and that are manifested soon after the
workout.

* Cumulative effects occur as a result

of continued training sessions or even
seasons of training.

sea the greatest differences in plans for tapering, or
peaking, periods that take place immediately before
important competitions. Coach A would probably rec-
ommend that his athletes decrease the number of
training sessions (but not the load during the sessions)
in order to compete at the climax of the supercom-
pensation phase. For instance, in accordance with the
ona-factar theory, he has the athletes train only two
or three times during the final week before the main
competition, with each workout containing a relatively
large load. Coach B, on the other hand, prefers that
her athletes maintain acquired preparedness, avoid
fatigue, and participate in several warm-up-type train-
ing sessions. The idea here is to decrease the fraining
load during each session rather than the number of
workouts.

*» Delaved effects (also called chronic
effects) are those manifested over a
given time interval after a performed
training routine.

» Partial effects are changes produced by
single training means (e.g., bench press
gxercise).

* Residual effects are defined as the
retention of changes after the cessation
of training beyond time periods during
which adaptation can take place.

SUMMARY

The major objective in training is to induce
specific adaptations toward the improvement
of athletic performance. In strength training,
adaptation means the adjustment of an organ-
ism to exercise (physical load). If a training
program is properly planned and executed,
an athlete’s strength improves as a result of
adaptation.

Training adaptation takes place when the
training load is above usual or the athlete is
not accustomed to an exercise, Training loads
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are roughly classified as stimulating, retain-
ing, and detraining loads. In order to induce
the adaptation, the following are required:

1. An exercise overload must be applied.

2. The exercises and training protocol
must be specific (corresponding to
the main sport exercise).

3. Both exercises and training load
(intensity, volume) should vary over
time periods. When the same exercise
with the same training load is employed
over along period of time, performance
gains decrease (accommaodation).

4, Training programs must be adjusted

individually to each athlete. Remember
that all people are different.

To plan training programs, coaches use
simple models that are based on only the most

essential features. These models are known
as generalized theories of training.

The theory of supercompensation, or
one-factor theory, is based on the idea that
certain biochemical substances are depleted
as aresult of training workouts. After the res-
toration period, the level of the substance
increases above the initial level (supercom-
pensation). If the next workout takes place
during the supercompensation phase, the
athlete’s preparedness increases. In the fit-
ness-fatigue theory (two-factor theory), the
immediate effect after a workout is considered
a combination of (a) fitness gain prompted by
the workout and (b) fatigue. The summation
of positive and negative changes determines
the final outcome.

The effects of training can be classified as
acute, immediate, cumulative, delayed, par-
tial, or residual.
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chapter 2

Task-Specific Strength

Il the goal is knowing flow an athlete must
train to achieve the best results, the steps
along the way are to first know what it is that
should be trained and to understand why the
training must be performed in a prescribed
way. To understand strength training, one
must first clearly understand the notion of
muscular strength per se,

In this chapter you will examine the defini-
tion of muscular strength and then learn the
main factors that determine its manifestation,
When an athlete sincerely attempts a maximal
effort, the resulting force depends on both the
motor task and the athlete's abilities. There-
fore, we will look at the determining factors
as they compare across tasks and then, in

17
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chapter 3, examine the determining factors as
they compare across athletes. The carryover
from the exercises used in the weight room
to the sport skills is relevant to the concept
of task-specific strength.

ELEMENTS OF STRENGTH

If an athlete were asked to produce a high
force against a penny, the effort would fail. In
spite of the best effort, the magnitude of force
would be rather small. We may conclude that
the magnitude of muscular force depends on
the external resistance provided. Resistance
is one of the factors that act to determine the
force generated by an athlete, but only one.
Other factors are also important, and here we
explore them in detail.

Maximal Muscular
Performance

Imagine an athlete who is asked to put a
shot several times, making different efforts
in various attempts. According to the laws
of mechanics, the throwing distance is
determined by the position of the projectile
at release and its velocity (both magnitude
and direction) at that moment. Let's sup-
pose that the release position and release
angle of the shot are not changed in dif-
ferent attempts. In this case, the throwing
distance (performance) is determined only
by the initial velocity of the projectile. As
the subject throws the shot with different
efforts in different attempts, the throwing
distance is maximal in only one case. This
is the individual's maximal muscular perfor-
mance (maximal distance, maximal velocity).
The symbol P,, (or V,, for maximal velocity,
F,, for maximal force) will be used through-
out this book to specify maximal muscular
performance,

Parametric Relations

At the next stage of the experiment, the ath-
lete puts the shots with maximal effort, trying
to achieve the best possible result. However,
instead of putting the men’s shot (7,257 g),
the athlete puts the women's shot (4,000 g).
The shot velocity is obviously greater using

the lower weight. Two different values of
V.. one for the men's shot and one for the
women’s shot, are registered as a result of
this experiment.

In science, a variable that determines the
outcome of the experiment (such as mass or
distance) or the specific form of a mathemati-
cal expression is a parameter. In other words,
the parameter is an independent variable that
is manipulated during the experiment. We
may say that in the last example, the experi-
mental parameter (shot mass) was changed.
If the shot mass (parameter) is changed in
a systematic way, for instance in the range
from 0.5 kg to 20 kg, the maximal muscular
performance (P, V,, F.)for each used shot
will be different.

The dependent variables, in particular F,,
and V., are interrelated. The relation between
V, and F,, is called the maximal parametric
relation, or simply the parametric relation.
The term parameiric is used here to stress that
V., and F,, were changed because the values
of the motor task parameter were altered.
The parametric relation between V,, and F,
is typically negative. In the throw of a heavy
shot, the force applied to the object is greater
and the velocity is less than in the throw of a
light shot. The greater the force F,,, the lower
the velocity V. The same holds true for other
motor tasks (figure 2.1; see also figure 2.10
on page 29).

Nonparametric Relations

Each point on a parametric curve (V,-F,)
corresponds to the maximal performance at
the given value of the motor task parameter
(i.e., object weight, external resistance, gear
ratio, distance). Among these performances
are peak values such as the highest F,, or V..
These achievements, the highest among the
maximal, are termed maximum maximorum
performance. The symbols P, V..., and F,,
are used torepresent them. These levels can
he achieved only under the most favorable
conditions, For instance, V,,, can be attained
only if the external mechanical resistance is
minimal and the movement time is short
(e.g., in the throwing of light objects or in the
sprint dash), and F,,, can be attained only if
the external resistance is sufficiently high.
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Velogity (rad's)

Load lifted (kg)

Figure 2.1 Parametric relations between force and velocity. In the experiment, 100 young males performed
fast shoulder flexions with the arm extended while holding a barbell. The load lifted in different trials varied
from 0 {unloaded arm) to 8.0 kg. The maximal lifting velocity V,, was recorded in each trial. The data are group
average and standard deviations.

Reprinted, by permission, from VWM. Zatsiorsky, Yu. | Smirnov and N.G. Kulik, 1969, “Relations between the motor abilities, part 1."
Theary and Practice of Pysical Cufture 31(12): 35-48.

Exampies of Parametric Relations

A coach suggested that athlete—cyclists change the between the force and the frequency (the velocity of foot
gear ratios of their bikes during training. The higher the maotion) is an example of a parametric relation.

ratia, the greater the force applied to the pedals and Here are examples of paramefric force—velocity
the lower the pedaling frequency. The {inverse) relation relations from different activities:

Activity Variable parameter Force Velacity Relation
Cycling Gear ratio Force applied to the  Pedaling (frequency  Inverse (negative)
pedal rate)
Rowing, kayaking, Blade area of an oar or  Applied to the car or  The blade with Same
canoeing a paddile the paddle respect to the water
Uphill’downhill Slope At takeoff Ambulation Same
ambulation
Throwing Weight/mass of the Exerted upon the Implement at the Same
implement implement release
Standing vertical jump  Moditied body weight; At takeoff Body at the end of Same
weight added (waist takeoff
belt) or deduced
{suspension system)

Mote that all relations are negative (inverse}—the higher the force, the lower the velocity.
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The relation between P, ( Vi, Frnl 0 the
one hand and P, (V,, F.. T,) on the other is
called the maximal nonparametric relation-
ship, or simply the nonparametric relation-
ship. The following performance pairs are
examples of nonparametric relationships:

® The maximal result in a bench press (F..)
and the throwing distance of putting 7- or
4-kg shots {F,, or V,,)

* The maximum maximorum force in a leg
extension and the height of a standing
jump

Nonparametric relations, unlike parametric
ones, are typically positive. For instance, the
vreater the value of F,,,, the greater the value
of the V,, meaning the stronger the athlete, the
faster the athlete can perform a given movement.

¥ =3.7991 + 1.1279e-2x

Angular velocity (rad/s)

This conclusion is only valid if the resistance
overcome by the athlete, such as the weight of
the implement, is sufficiently large (figure 2.2).
For instance, in activities where athletes propel
their own body, such as in standing vertical
jumps, a positive correlation between the F,,
and V,, is commonly observed: Stronger athletes
jump higher. This is especially true for beginning
athletes. If the resistance (the parameter value
of the task) is low, the correlation between F,.,
and V., is small. In such tasks, for example in
table tennis strokes, stronger athletes do not
have an advantage. The correlation between
maximum maximorum values of £, and V..
is 0: Stronger athletes are not necessarily the
fastest ones.

When considering the training of maximal
muscular strength, one should distinguish
between F,,,, and £,

Load of 6 kg

R =0.522

Fom (N)

Figare 2.2 Nonparametric relation between the maximum maximorum force (F,..) and the velocity of shoul-
der flexion (V) with arm extended. Load (a dumbhbell) of 6 kg in the hand; 100 subjects. Compare with figure

2.12 on page 32.

The data from Motor Abilities of Athletes (p. 46) by V.M. Zatsiorsky, 1969, unpublished doctoral dissertation, Central Institute of

Physical Culture, Mogcow
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Example of Nonparametric
Relations

A swim coach wants to determine the importance of
dryland strength training for her athletes. In order to
solve this problem, she measures (a) the maximal force
(Fnr) produced by the athletes in a specific stroke
movement against high resistance and (b) swimming
velocity.

She assumes that if the correlation between the two
variables is high, then the F, values are important
and it is worthwhile spending the effort and time to
enhance maximal force production. if the correlation
is low (i.e., the strongest athletes are not the fastest
ones), there is no reason to train for maximal strangth.
Other abilities such as muscular endurance and
flexibility are more important,

The coach finds that the correlation between F,,
and swimming velocity is significant. The better swim-
mers generate larger forces in specific movements, This
is an example of a nonparametric relation.

Why Is Strength Training Vital
for Sprinters and Jumpers?

Body weight (during the upward takeoff motion) and
body mass (during both the horizontal and verlical
push-offs) provide high resistance. If you practice a leg
extension without any external resistance, the strength
training will be of small value, since there is no posi-
tive relation between the maximum maximorum force
(Frw) and the maximum maximorum velocity (Vi)
in this case.

Defining Muscular Strength

Strength, or muscular strength, is the ability
to generate maximum maximorum external
force, F,,.. Recall that in mechanics and phys-
ics, force is defined as an instantaneous mea-
sure of the interaction between two bodies,
Force manifests itself in two ways: Fither the
movement of a body is changed or the body is

deformed (or both). Force is a vector quantity.
It is characterized by (a) magnitude, (b) direc-
tion, and (c) point of application. Since force
is an instantaneous measure and all human
movements are performed over a certain span
of time, the entire force—time continuum, not
just the force at a given instant of time, is typi-
cally what interests coaches and athletes.

Many different forces exist in athletic move-
ments. In biomechanics, they are divided into
two groups: internal forces and external forces.
A force exerted by one constituent part of the
human body on another part is an internal
force. Internal forces include bone-on-bone
forces and tendon-to-bone forces, among
others. The forees acting between an athlete’s
body and the environment are called external
forces. Thus, according to this definition of
strength, only external forces are regarded as
a measure of an athlete’s strength.

It is well known that an active muscle exerts
force on the bone while

# shortening (concentric or miometric
action),

* lengthening (eccentric or plyometric
action), or

* remaining the same length (static or
isometric action).

Note that metric means “length,” mio means
“less,” pleio (plio-) means "more,” and iso
means “same” or “constant.” In the United
States, plvomeirics has become a common
spelling, with pliomefrics an alternative. Dis-
regarding the differences between muscular
force (force developed by a muscle) and mus-
cular strength (maximal force exerted on an
external body), this simple classification can
he used to discern variations of muscular
strength.

In another sense, strength can be defined as
the ability to overcome or counteract exter-
nal resistance by muscular effort. In the case
of concentric muscular action, resistance
forces act in the direction opposite to the
motion, whereas in eccentric action, the
external forces act in the same direction as
the motion,
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What Is Muscular Strength?

A subject was asked to flex an elbow joint with maxi-
mal effort to generate the highest possible force and
velocity against different objects. The objects included
a dime, a baseball, a 7-kg shot, and dumbbells of dif-
ferent weights, including one that was too heavy to lift.
The maximal forces (F,,.) applied to the objects were
measured and found to be unequal.

The question: Which of the F,, values represents
muscular strength?

The answer: According to the definition given, the
highest one. The F,.., not F., is the measure of mus-
cular strength.

DETERMINING FACTORS:
COMPARISON ACROSS
TASKS

If, in different attempts, all body parts move
along the same trajectory or very similar
trajectories, we say that the motion itself is
the same regardless of differences in such ele-
ments as time and velocity. So, by definition, a
motion is determined only by the geometry of
movement, not by its kinematics or kinetics.
For instance, a snatch {one of the lifts in Olym-
pic-style weightlifting, in which the barbell is
lifted from the floor to over the head in one
continuous motion) with a barbell of different
weights is one motion, while the takeoff in a
vertical jump with or without an additional
load is a second motion.

Maximal forces exerted by an athlete in the
same motion, for instance in the leg extension
of the previous examples, are dissimilar if con-
ditions are changed. The two types of factors
that determine these differences are extrinsic
(external) and intrinsic (internal).

Extrinsic Factors
and the Role of Resistance

Force is the measure of the action of one
body against another, and its magnitude
depends on the features and movements of
both bodies in action. The force exerted by

an athlete on an external body (e.g., a free
weight, a throwing implement, the handle of
an exercise machine, water in swimming and
rowing} depends not only on the athlete but
also on external factors.

To judge the role of external resistance,
imagine an athlete who exerts maximal force
(F,) in a leg extension such as squatting.
Two experimental paradigms are employed
to measure the external resistance. In the first
case, the maximal isometric force (F,,) corre-
sponding to different degrees of leg extension
is measured. Many researchers have found
that the correlation between the force F,
and leg length (the distance from the pelvis
to the foot) is positive: If the leg extends, the
force increases (fligure 2.3, curve A; see also
figure 1.3). Maximum maximorum force (F,.)
is achieved when the position of the leg is
close to full extension. This is in agreement
with everyday observations—the heaviest
weight can be lifted in semisquatting, not
deep squatting, movements.

However, if the leg extension force is regis-
tered in a dynamic movement such as a take-
off in jumping, the dependence is exactly the
opposite (figure 2.3, curve B). In this case,
maximal force is generated in the deepest
squatting position. The correlation of F, to
leg length, then, is negative. Here the mechani-
cal behavior of a support leg resembles the
behavior of a spring; the greater the defor-
mation (i.e., knee bending), the greater the
force. Remember that in both experimental

Take-off B

Leg length

Force

Figure 2.3 Relations between maximal force in leg
extension and body position (leg length). Curve Ais
isometric testing. Curve B is force generated as the
leg extends during a takeolf.
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conditions (isometric and jumping takeoff),
the athlete is making maximal effort. Thus,
both the magnitude of F, and the correla-
tion of £, to leg length (positive or negative)
are changed because the type of resistance
changes. In the first case the resistance is the
immovable obstacle and in the second it is the
weight and inertia of the athlete’s body.

Mechanical Feedback

All strength exercises, depending on the type
of resistance, can be separated into those with
and those without mechanical feedback. Con-
sider, for instance, a paddling movement in
water. In hydrodynamics, the force applied to
walter is proportional to the velocity squared
(F = kV*). However, the oar's velocity is the
result of an athlete's efforts, an external
muscular force, The chain of events is rep-
resented in figure 2.4, Here, active muscular
force leads to higher oar velocity, which in turn
increases water resistance. Then, to overcome
the increased water resistance, the muscular
force is elevated. Thus, increased water resis-
tance can be regarded as an effect of the high
muscular force (mechanical feedback).

Imagine a different example, that of an indi-
vidual pushing a heavy truck that is already
moving. Regardiess of all the force applied
by the person, the truck moves with the
same velocity, The human's muscular efforts
result in no change in the truck’'s movement
(no mechanical feedback).

Sportmovementsusually involvemechanical
feedback: The movement, as well as resistance,
is changed as a result of an athlete’s force appli-
cation. Mechanical feedback is absent only in
the performance of isometric exercises and in
work with isokinetic devices.

With isokinetic devices, the velocity of limb
movements around a joint is kept constant.
The resistance of the device is equal to the

Muscular Oar's
S .
force acceleration

!

—

muscular force applied throughout the range
of movement. The maximal force F,, is mea-
sured in dynamic conditions, provided that
the preset velocity has been attained by the
moving limb.

Types of Resistance

Because of the specific requirements of
strength exercises, selecting the proper
class of mechanical resistance equipment is
important in training. The equipment typi-
cally used in resistance training programs
can bhe categorized according to the type of
resistance involved.

In resistance based on elasticity, the mag-
nitude of force is determined by the range of
displacement. The length of an object with
ideal elasticity increases in proportion to the
force applied. The formula is F = kD, where
Fis force, k, is a coefficient (stiffness), and
[ is displacement (deformation). In other
words, the greater the range of motion {e.g.,
the deformation of a spring, stretch cord, or
rubber band), the higher the exerted muscu-
lar force. In such exercises, the resistance
and the force exerted by an athlete increase
during the motion and attain the maximal
value at the end of the movement (the ten-
sion in the bands is greatest when the band
is maximally extended),

Another type of resistance is based on
inertia. A movement follows Newton's second
law of motion: F = ma, where m is mass and a
is acceleration. The force is proportional to
the mass (inertia) of the accelerated body and
its acceleration. As the body mass is typically
selected as a parameter of a motor task, the
force determines the acceleration. Because of
gravity and friction, however, it is difficult to
observe movement in which the resistance is
formed only by inertia, The motion of a billiard
ball on a horizontal surface is one example.

Qar's Water
Y [ :
velocity resistance

Figure 2.4 Mechanical feedback loop.
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In science, movement against inertial resis-
tance is studied by using an inertia wheel,
or pulley, that rotates freely around an axis
perpendicular to its surface plane. A rope is
wound repeatedly around the pulley and a
subject then pulls the rope; the force exerted
by the subject in turn rotates the pulley and
does mechanical work. With this device, the
potential energy of the system is constant and
all mechanical work, except small frictional
losses, is converted into kinetic energy. By
varying the mass (or moment of inertia) of
the wheel, we can study the dependence of
exerted muscular force, particularly £, onthe
mass of the object. The results are shown in
figure 2.5.

If the mass of an accelerated object is rela-
tively small, the maximal force exerted by
an athlete depends on the size of the mass

(see zone A in figure 2.5b). It is impossible
to exert a large F,, against a body of small
mass. For instance, it is unrealistic to apply a
great force to a coin. If the mass of an object
is large, however, the F,, depends not on the
body mass but only on the athlete’s strength
(figure 2.5b, zone B).

An example from sport training shows
the relation between mass and force. When
objects of different masses are thrown (e.g.,
shots 1.0-20.0 kg are used in training), the
force applied to the light shots is relatively
small and heavily influenced by the shot mass
(zone A). The force exerted on the heavy
shots, however, is determined only by the
athlete’s strength (zone B).

Resistance can also be based on weight.
The formula is F = W + ma, where W is the
weight of the object and a is the vertical accel-

b Zona A

Zone B

Infmass)

Figure 2.5 The inertia wheel {a) and the dependence of maximal exerted force F, on the mass of the moving

ohject (b). Scale on the abscissas is logarithmic,

Reprinted, by permission, [rom V.M. Zatsiorsky, 1966, Motor abelities of atfiletes (Moscow, Russia: Fizkultura i Sport).
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eration, If a is 0 (the object is at rest or in
uniform motion), the force equals the object
weight, When exercising with free weights, an
athlete needs to fix the barbell in a static posi-
tion. Typically, it is not feasible to relax before
and immediately after the effort as is possible
for a motion against other types of resistance
(for instance, in a swimmer's stroke). All exer-
cises in which athletes move their own bodies
(gvmnastics strength exercises) are classified
as having this type of resistance.

If a body is accelerated by muscular force,
the direction of the acceleration does not
coincide with the direction of this force
except when the movement is vertical. Rather,
it coincides with the direction of the resultant
force, which is a vector sum of the muscular
force and the force of gravity. Since gravity is
always acting downward, the athlete should
compensate for this action by directing the
effort higher than the desired movement
direction. For instance, in shot putting the
direction of the shot acceleration does not
coincide with the direction of the athlete’s
force applied to the shot (figure 2.6). The
same is true for jump takeoffs.

Hyvdrodynamic resistance predominates
in water sports such as swimming, rowing,
and kayaking. Force in this case depends
on the velocity squared: F = &V where V
is the velocity relative to water and & is a
coefficient of hydrodynamic resistance. It is
difficult to model this type of resistance on

F:-l'l'IIJS-

FTBE

FI:I i

Figare 2.6 Muscular (F,..) and gravity (F,.J
forces applied to a shot. Shot acceleration coin-
cides in direction with the resultant force (F,_) but
not with F_.

land. Thus the selection of proper strength
or dryland training in water sports is a spe-
cial problem. The use of weights or elastic
resistance is not a satisfactory solution.
While performing a stroke in the water, the
athlete relaxes immediately before and after
the stroke and also exerts maximal force
against the water resistance at a time when
the maximal velocity is achieved. These two
features are hoth unattainable with springs
and free weights.

With some training devices the resistance is
provided by viscosity. Here the exerted mus-
cular force is proportional to the movement
velocity, F= BV These exercise machines are
mainly used as a substitute for natural water
conditions and for dryland training in water
sports.

Compound resistance is also used in
training. For instance, one end of a rubber
band can be fixed to the floor and the second

Selection of Dryland Exercises
for Swimmers

A swim coach explored several types of tralning devices
for dryland training. Lying in a prone position on a
couch, the athletes initiated a stroke pattern against
provided resistance. First they used extensible rubber-
like bands, However, during this exercise the pulling
force inevitably increased from the beginning to the
end of the pull. This movement pattern is not similar
to the customary stroke. Then the swimmers used a
weightlifing exercise machine with a pulley to pull a
rope attached to a load. The resistance was almost
constant over the range of the pull, but they couldn't
relax their muscles at the end of the mofion. Their arms
were forcibly jerked in the reverse direction. Finally the
athletes used training devices with friction resistance
{or hydrodynamic resistance). These provided either
constant resistance (friction devices) or resistance
proportional to the pull velocity (hydrodynamic exer-
cise machines), which mimicked waler resistance.
The resemblance, however, was far from ideal; during
the natural stroke, the resistive force is proportional to
the sguared values of the hand velocity with respect
to the water.

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material
26 Science and Practice of Strength Training

attached to a barbell. In this case, when the
barbell is being lifted, the athlete overcomes
the resistance of the barbell weight (which is
constant), the barbell inertia {which is pro-
portional to the acceleration of the barbell),
and the elastic force (which grows larger the
higher the barbell is lifted).

Intrinsic Factors

The strength that an athlete can exert in the
same motion depends on several variables:
time available for force development, veloc-
ity, direction of movement, and body position,
The cause of muscular strength is, obviously,
the activity of individual muscles. The vari-
ables just mentioned also determine the force
output of single muscles, However, the relation
between the activity of specific muscles and
muscular strength (e.g., in lifting a barbell)
is not straightforward. Muscular strength is
determined by the concerted activity of many
muscles. Active muscles produce a pulling
effect on the bones in a straight line. But the
translatory action of muscular forces also
induces a rotatory movement in the joints, As
various muscles are inserted at different dis-
tances from the joint axes of rotations, their

rotatory actions (moments of force) are not
in direct proportion to the force developed by
muscles. The rotatory movements in several
joints are coordinated so as to produce the
maximal external force in a desired direction,
such as the vertical direction required to lift
a barbell. Thus, complicated relations exist
between muscular force (force exerted by a
given muscle) and muscular strength (maxi-
mal external force). Regardless of these differ-
ences, many facets of muscular biomechanics
and the physiology of isolated muscles are
manifested in the complex movements involv-
ing numerous muscles.

Time Available for Force Development

It takes time to develop maximal force for a
given motion (figure 2.7). The time to peak
force (T,,) varies with each person and with
different motions; on average, if measured
isometrically, it is approximately 0.3 to 0.4 s.
Typically, the time to peak force is even longer
than 0.4 5. However, the final increase in force
is very small, < 2 to 3% of F,, and force output
begins to fluctuate, preventing a precise deter-
mination of the time to peak force. In practice,
the final portion of the force=time curve is
usually disregarded.

120—
100— Fon
g
T
&
a
g
T
I [
o 0.1 0.2 0.3 0.4 0.5 0.6
Time (s)
Figure 2.7 Development of maximal muscular force over time. T,, is the time to peak force F; T,,; is the time
to 12 of F,.
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The time for maximal force development can
be compared with the time typically required
by elite athletes to perform several motions:

Motion Time (s)
Takeoft
Sprint running 0.08-0.10
Long jump 0.11-0.12
High jump 0.17-0.18
Delivery
Javelin 0.16-0.18
Shot put 0.15-0.18
Hand takeaff (horse vaulting) 0.18-0.21

It is easy to see that the time of motion is
less than T, in all examples given. Because of
their short durations, the maximal possible
force F,,, cannot be attained during the per-
formance of these motions.

As the resistance decreases and the motion
time becomes shorter, the difference between
F,, (the maximal force reached in a given
condition) and £, (the highest among the
maximal forces attained in the most beneficial
condition) increases. The difference between
F.. and F, is termed the explosive-strength
deficit (ESD) (figure 2.8), By definition:

ESD {_IXIJ . ]Uﬂ{F:mr.' o | Fm) |"l Fn':lh'.ll'

ESD shows the percentage of an athlete’s
strength potential that was not used in a given

SD = (Fypy= Frd Fren

|-
b2

Figure 2.8 Determining explosive-strength deficit.

attempt. In movements such as takeoffs and
delivery phases in throwing, ESD is about
50%. For instance, among the best shot-put-
ters during throws of 21.0 m, the peak force
F,, applied to the shot is in the range of 50 to
60 kg. The best results for these athletes in an
arm extension exercise (F,.. bench press) are
typically about 220 to 240 kg, or 110 to 120 ke
for each arm, Thus, in throwing, the athletes
can only use about 50% of F,...

In principle, there are two ways to increase
the force output in explosive motions—to
increase F,,, or decrease ESD. The first
method brings good results at the beginning
of sport preparation. If a young shot-putter

Why Is a Finger Snap Faster and
Stronger Than Unobstructed
Finger Extension?

Recall your elementary school years: Place the tip
of your index finger against the tip of your thumb as
shown and exert a maximal
extension force. Keep the
finger under tension for some
time and then let it go. Snap
the palm of your other hand,
In the second trial, simply
extend the index finger. You
will find that the snapping is
much faster and stronger,
Why?

Here is the explanation:
The time of finger extension
is approximately 0.1 s. This
time is too short to exert the maximal force. In contrast,
during the first part of the snapping maneuver the time
available for force development is not limited and the
maximal tension is accummulated. Then the trigger is
released and the accummulated tension is manifested
during the movemnent. While this experiment looks like
a kid's joke, a similar technique is used by scientists to
get rid of the effects of the rate of force development
on force manifestation, It is called the quick-release
technigue (see page 31).
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improves achievement in, say, the bench
press from 5{ to 150 kg and also pays proper
attention to the development of other muscle
groups, this athlete has a very strong basis
for better sport performance in shot putting,
This is not necessarily valid, however, for a
bench press gain from 200 to 300 kg. In spite
of efforts devoted to making such a tremen-
dous increase, the shot-putting result may not
improve. The reason for this is the very short
duration of the delivery phase. The athlete
simply has no time to develop maximal force
(F...) Insuch a situation, the second factor,
explosive strength, not the athlete’s maximal
strength (F,,. ), is the critical factor. By defini-
tion, explosive strength is the ability to exert
maximal forces in minimal time.

Let's compare two athletes, A and B, with
different force—time histories (figure 2.9). If
the time of motion is short (i.e., in the time-
deficit zone), then A is stronger than B. The
situation is exactly opposite if the time of the
movement is long enough to develop maximal
muscular force. Training of maximal strength
cannot help athlete B improve performance if
the motion is in the time-deficit zone.

When sport performance improves, the
time of motion turns out to be shorter. The
better an athlete’s qualifications, the greater
the role of the rate of force development in
the achievement of high-level performance.

Several indices are used to estimate explo-
sive strength and the rate of force develop-

!

ment (see figure 2.7 for the key to the sym-
hols).
(a) Index of explosive strength (IES):

IES = Fin/ T,

where F, is the peak force and T, is the time
to peak foree.
(b) Reactivity coefficient (RC):

RC = F.'n ."I (me_}-

where W is an athlete's weight. RC is typi-
cally highly correlated with jumping perfor-
mances, especially with body velocity after
a takeoff,

() Force gradient, also called the Sgradi-
ent (5 for start):

S—grﬂ.di&nf = Fr;.__t;,l'l Tps,

where F,:is one half of the maximal force F,,
and T, ;is the time to attain it. S-gradient char-
acterizes the rate of force development at the
beginning phase of a muscular effort.

(d) A-gradient (A for acceleration):

A-gradient = Fis / (T~ T o).

A-gradient is used to quantify the rate of force
development in the late stages of explosive
muscular efforts.

F,. and the rate of force development, par-
ticularly the S-gradient, are not correlated.
Strong people do not necessarily possess a
high rate of force development.

/ A

Forca

Time-daficit
Zone

Time

Figure 2.9 Force-time histories of two athletes, A and B. If the time availahle for force development is short
(in the time-deficit zone), A is stronger than B, If the time is not limited, B is stronger.
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Defining a Training Target: Strength or Rate of Force Development?

A young athlete began to exercise with free weights,
performing squats with a heavy barbell. At first he was
able fo squat a barbell equal to his body weight (BW). His
performance in a standing vertical jump was 40 cm. After
2 years, his achievement in the barbell squats was 2 BW,
and the vertical jump increased ta 60 cm. He confinued
to train in the same manner and after 2 more years

Velocity

The force-velocity relation is a typical exam-
ple of the parametric relations described
earlier in the discussion of maximal muscu-
lar performance. Motion velocity decreases
as external resistance (load) increases. For
instance, if an athlete throws shots of differ-

.28 ———

Weight of shots (ka)
-
|

was able to squat with a 3-BW barbell. However, his
jump performance was notimproved because the short
takeoff time (the rate of force development) rather than
maximal absolute force became the limiting factor.

Many coaches and athletes make a similar mistake.
They continue to train maximal muscular strength when
the real need is lo develop rate of force.

ent weights, the throwing distance (and initial
velocity of the implement) increases as shot
weight decreases. Maximum force (F,,.) is
attained when velocity is small; inversely,
maximum velocity (V) is attained when
external resistance is close to 0 (figure 2.10;
see also figure 2.1 on page 19).

3_
2_
1— . )
: t-‘\l d i i
0.4— i ! n
0 I | T T T
=] 16 25 36 44 64

Square roots of the throwing distance (meters)

Figure 2.10 Relation between the weight of an implement and throwing distance. Athletes (0 = 247 per-
formed overhead throwing of shots of different weights from a standing position. The throwing distance, pro-
vided that the point of release and the release angle do not vary, is the function of the release velocity. Thus
the relation between the shot weight and the throwing distance represents (approximately) the parametric

force—velocity relation,

Reprinted, by permission, [rom V.M Zatsiorsky and EN. Matveey, 1964, “Force-velocity relationships in throwing (as related to the
selection of the training exercises,” Theory and Practice of Flivsical Colture 27(8). 24-28.
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Experiments carried out on single muscles
in laboratory conditions yield the force—veloc-
ity curve (figure 2,11}, which can be described
by the hyperbolic equation known as Hill's
equation (after A.V. Hill, 1938).

(FralV+b)=(F,,+a)b=C
where

Fis the force;
V velocity of muscle shortening,

F..., maximal isometric tension of that
muscle;

a, a constant with dimensions of force;

b, a constant with dimensions of velocity;
and

C, a constant with dimensions of power.

The force—velocity curve can be consid-
ered part of a hyperbolic curve with the axis
{external) shown in figure 2.11. The curvature

A
! b

Force

of the force—velocity graph is determined by
theratio a:F,,,. The lower the ratio, the greater
the curvature. Line curvature decreases if a:
F.. increases, The ratio a.fF,., varies from 0.10
to (1L60. Athletes in power sports usually have
a ratio higher than 0.30, while endurance ath-
letes and beginners have a ratio that is lower.
Force—velocity (as well as torque—angular
veloeity) relations in human movements are
not identical to analogous curves of single
muscles because they are a result of the
superposition of the force outcome of several
muscles possessing different features. Nev-
ertheless, force—velocity curves registered in
natural human movements can be considered
hyperbolic. This approximation is not abso-
lutely accurate, but the accuracy is acceptable
for the practical problems of sport training.
Various main sport movements encompass
different parts of the force—velocity curves.
In some athletic motions the force—velocity
curve can look different from that shown in

Velocity

Figure 2.11 Force—velocity relation. Note the constants a and b.
Data from V.M. Zatsiorsky, 1969, Motor abifities of athletes (Moscow, Russia: Central Institute of Physical Culture). Doctoral

dissertation.
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figure 2.11. This occurs in fast movements
when the time available for force develop-
ment is too short to develop maximal force,
thus distorting the “real” force-velocity curve.
To exclude the influence of the time available
for force development, experimenters use the
quick-release technique. In this method a
subject develops force under isometric con-
ditions with a body segment mechanically
locked into position, The lock is then trigger
released, permitting the subject to perform a
movement against the given resistance. In this
case, the initial conditions for muscle shorten-
ing are determined by the magnitude of force,
not the rate or time of force development.

Force—velocity relations can also be studied
with isokinetic devices that keep velocity con-
stant during a movement. However, the veloc-
ity range of modern isokinetic equipment is
relatively small, preventing the study of very
fast movements.

Several consequences of the force—velocity
equation are important for sport practice:

1. It is impossible to exert a high force in
very fast movements, If an athlete performs the
first phase of a movement too fast, the ahility
to apply great force in the second phase may
be somewhat diminished. For instance, too fast
a start in lifting a barbell from the floor may

prevent an athlete from exerting maximal force
in the most advantageous position—when the
barbell is near the knees.

2. The magnitudes of force and velocity
developed in the intermediate range of the
force—velocity curve depend on the maxi-
mal isometric force F,,. In other words, an
athlete's maximal strength F,,. determines the
force values that can be exerted in dynamic
conditions. The dependence of force and
velocity developed in dynamic conditions
on the maximal force F,,, is greater in move-
ments with relatively high resistance and slow
speed (figure 2.12). At the same time, there is
no correlation between maximal force (F,,..)
and maximal velocity (V... The ability to pro-
duce maximal force (i.e., muscular strength)
and the ability to achieve great velocity in the
same motion are different motor abilities. This
is true for extreme areas of the force-velocity
curve, while intermediate values depend on
the F,..

3. Maximal mechanical power (F,,) is
achieved in the intermediate range of force
and velocity. As the velocity of the movement
increases, the exerted [orce decreases and the
released energy (work + heat) increases. Effi-
ciency (i.e., ratio of work to energy) achieves
its greatest value when the velocity is about

Why Do Shot-Putters and Javelin Throwers Pay Different Attention
to Heavy Resistance Training?

In sports such as shot putting and javelin throwing, as
well as in throwing in baseball or softball, the motor
task is similar—to impart maximal velocity to animple-
ment. Why then do athietes in these sports train differ-
ently (and why are their physiques so dissimilar)? Elite
shot-putters spend about 50% of their total training
time on heavy resistance training, while world-class
javelin throwers spend only 15 to 25% of their total
training time in the weight room. The reason? The
implement weights are so different. The shot weight
is 7.257 kg for men and 4 kg for women; the javeling
weigh 0.8 and 0.6 kg. For top athletes, the velocity of

a shot release is nearly 14 m/s, while javelin release
velocity is above 30 m/s. These values correspond to
different parts of a (parametric) force-velocity curve.
The shot-putters need a high F,. because of a high
(nonparametric) correlation between maximal strength
and the veloeity of movement at delivery phase (and
similarly, the shot velocity). This correlation is low in
javelin throwing. In turn it would be much smaller for
a table tennis stroke, since the paddle is very light.
The correlation is 0 when the maximal strength
(Frend is compared to the maximal velocity (V) of
an unloaded arm.
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Figare 2.12 Nonparametric relation between the maximum maximorum force (F,.J) and the velocity of
shoulder flexion with arm extended. Scattergrams of F,, versus (a) the V¥, and (b) V,,, are shown. Compare
with figure 2.2. fa) Load (dumbbell} of 8 kg in the hand; there is a high correlation between F,.,, and angular
velocity (V1 () No load: there is no significant correlation between F_ and V,

Reprinted, by permission, from VM. Zatsiorsky, 1969, Motwr abilities of athletes (Moscow, Russia: Russian State Academy of

Physical Education and Sport), 48.

200 of V., with mechanical power greatest
at speeds of about one third of maximum
(figure 2.13).

It may seem surprising that the greatest
power value is at a velocity one third the
value of maximal velocity (V,,,.). One should

not forget, however, that in the simplest case,
power equals force multiplied by velocity:

P=w/t=HD/t)=FV)

where Pis power, wis work, Fis force, [3is dis-
tance, t is time, and V'is velocity. Since F, and
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Mechanical power

Total power used
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Figure 2.13 Dependence of various movement variables on motion velocity. Abscissa: speed V as a [rac-
tion of maximal speed V, under zero load (the symbol V', is used for this quantity throughout this book).
Ordinate: Force exerted = Pas a fraction of maximal force £ at zero speed; Efficiency = Mechanical work done
! (Total energy used); Mechanical power = PV; Total power used = PV [ (Efficiency). From experiments per-

formed on lsolated muscles and on men,

Reprinted, by permisston, from AV HIlE 1950, "The dimenslons of animals and thelr muscular dynamics,” Science Progress 38

B0E-230,

V,: are inversely related, the power is maximal
when the magnitudes of force and velocity are
optimal—about one third of maximal levels of
maximal velocity (V... and about one half of
maximal force (F,,). As a consequence, the
maximal power (P,.) equals approximately
one sixth of the value that could be achieved
if one were able to exert both highest force
(F...) and highest velocity (V) simultane-
ously: Py = 1/3Vom(1/2F,0) = 1/6(Vid ).

This is why the power level is greater when
a relatively light shot is put than when a heavy
barbell is lifted. For example, the power level
is 5,075 W (6.9 horsepower [HF]) in putting
a 7.25-kg shot 18.19 m, but only 3,163 W (4.3
HP) during the snatch of a 150-kg barbell. At
the same time, the maximal applied force F,,
is equal to 513 N for the shot and 2,000 N for
the snatch. Though the exerted force is less
in shot putting, the exerted power is greater
in this case because of the much higher speed
of movement.

In some sport movements, it is possible to
change the magnitude of external resistance
(e.g., cycling gear, area of the blade of an

aar). If the final aim in this case is to develop
maximal power P, it can be achieved with
a certain optimal combination of resistance
(external force) and cadence (velocity).

Direction of Movement
(Plyometrics, Stretch-Shortening Cycle)

Force in the yielding phases of a motion, under
conditions of imposed muscle lengthening
(eccentric or plyometric muscle action}, can
easily exceed the maximal isometric strength
of an athlete by 50 to 100%. The same holds
true for isolated muscles. The eccentric force
for a single muscle may reach a level of up to
twice the zero velocity (isometric) force.

Eccentric Muscular Action

A typical example of eccentric muscular activ-
ity can be seen in landing. The force exerted
during the yielding phase of landing from a
greal height can substantially exceed either
the takeoff or maximal isometric force, The
ground reaction force is typically higher in
the first half of the support period (during
the vielding phase when the hip, knee, and
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ankle joints are flexing) than in the second
half when the joints extend.

For another example, consider the grip
force exerted during the lifting of a heavy
barbell. The maximal isometric grip force of
male weightlifters, measured with a grip dyna-
mometer, is typically less than 1,000 N and
is much lower than the force applied to the
barbell. For instance, an athlete lifting a 250-kg
barbell applies a maximal instantaneous force
of well over 4,000 N to the weight. The force,
2,000 N per arm, is needed to accelerate the
barbell. Although the maximal grip strength
is only half as high as the force applied to the
barbell, the athlete can sustain this great force
without extending the grip.

Eccentric forces substantially increase
with initial increases in joint movement
velocity (and correspondingly the velocity of
muscle lengthening) and then remain essen-
tially constant with additional increases in
velocity (figure 2.14). This is mainly true for
qualified athletes and in multijoint motions
such as the leg extension. (According to
recently published data, in untrained per-
sons, maximal voluntary torque output
during eccentric knee extension or flexion
is independent of movement velocity and
remains at an isometric level.) If the same
external force is exerted concentrically and
eccentrically, fewer muscle fibers are acti-
vated while the muscle lengthens. Because
of this, if the same force is developed, the

level of electric activity of muscles (EMG) is
lower in exercises with eccentric muscular
action,

Because exercises with eccentric muscular
action typically involve high force develop-
ment, the risk of injury is high—a risk coaches
should understand. Even if the eccentric force
is not maximal, such exercises (e.g., downhill
running) may easily induce delayed muscle
soreness, especially in unprepared athletes.
The cause of the muscle soreness is dam-
aged muscle fibers. A small magnitude of
the damage is considered by some experts a
normal precursor to the adaptation of muscle
toincreased use. Conditioning muscle reduces
the amount of injury.

Rewversible Muscular Action

Eccentric muscular actions are as natural
in human movements as are concentric
actions. Many movements consist of eccentric
(stretch) and concentric (shortening) phases.
This stretch-shortening cyele is a common
element of many sport skills and is referred to
as the reversible action of muscles. Examples
are the windup movement in throwing and
the countermovement before the takeoff in
standing jumps.

If a muscle shortens immediately after a
stretch

* force and power output increases, and
» gnergy expenditure decreases.

Force

—— |somelric force

Eccentric

Caoncentric

Velocity

Figure 2.14 Force-velocity curve for concentric and eccentric muscular actions.
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Thus, muscles can produce
greater mechanical force and
power while using less meta-
bolic energy.

Reversible muscular action
is an innate part of some
movements, such as the land-
ing and takeoff in running (“a
spring in the leg™ figure 2,15);
in other movements, such as
throwing, these actions must
be learned. Since many sport
movements are highly com-

Position 1

Muscla
siretching

Position 2 Position 3

Muscle
shartening

plex and executed in a very

brief time, even some elite

athletes fail to perform this
reversible muscular action
correctly.

Increased force is exerted
in the shortening phase of
a stretch-shortening cyele for four main
reasons. First, at the peak of the cycle,
that is, at the moment of transition from
lengthening to shortening, the force is
developed in isometric conditions; thus
the influence of high velocity is avoided,
and F,., rather than F,, is exerted. Second,
since the force begins to rise in the eccentric
phase, the time available for force develop-
ment is greater. Countermovement jumps
{not drop jumps) are evidence of such an
DCCUTTENce,

Apart from these two mechanisms, two
other factors influence the outcome of
movements with reversible muscular action;
peripheral, or muscle and tendon elasticity,
and central (neural), or reflex action.

e Muscle and Tendon Elasticity Elasticity
plays a substantial role in enhancing the motor
output in sport movements. lf a tendon or
active muscle is stretched, the elastic energy
is stored within these biological structures,
This deformation energy is recoiled and
used to enhance motor output in the con-
centric phase of the stretch-shortening
cyele. According to physical principles, the
magnitude of the stored energy is propor-
tional to the applied force and the induced
deformation. Since muscle and tendon are

Figure 2.15 Stretch-shortening cycle during the support period in
running. The plantar flexors of the foot are stretched during the first
part of the support period (from position 1 to position 2) and shorten
afterward, [rom position 2 to position 3.

arranged in series, they are subjected to the
same force, and the distribution of the stored
energy between them is in this case only a
function of their deformation. The deforma-
tion, in turn, is a function of muscle or tendon
stiffness or its inverse value, compliance, See
figure 2.16,

The stiffness of a tendon is constant,
while the stiffness of a muscle is variable
and depends on the forces exerted. The
passive muscle is compliant; that is, it can
he easily stretched. The active muscle is stiff:
One must apply great force to stretch it. The
greater the muscle tension, the greater the
stifiness of the muscle—the stronger the
muscle resists its stretch. Superior athletes
can develop high forces. The stiffness of their
muscles, while active, exceeds the stifiness
of their tendons (figure 2.17). That is why
elastic energy in elite athletes (for instance,
duringtakeoffs)is stored primarily in tendons
rather than in muscles. Tendon elasticity and
a specific skill in using this elasticity in sport
movement (takeoff, delivery) are important
for elite athletes, It is interesting that animals
that are fast runners, such as horses, have
short, strong muscles and lengthy, compliant
tendons. Such tendons work as springs; they
allow for storing and recoiling a large amount
of mechanical energy at each step.
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Force, F

Elastic energy

Stiffness = FAAL

Body 1 (stiffer)

Force, F

More energy is stored

Extension, AL

Body 2 (less stiff)

-

b

Extension

Figure 2.16 Accumulation of potential energy during deformation (extension) of elastic bodies. (a) The
amount of the stored elastic energy equals an area of the triangle with the deformation (AL} and force (F} as
the sides, The stiffness equals the ratio F/AL. b)) Effect of equal forces on the elastic energy accumulation
in twa bodies of different stiffness. Body 1 is stiffer and its deformation is smaller. Body 2 is less stiff (more
compliant) and it deforms more, so it stores a larger amount of elastic potential energy.

Tendon

Muscle

Stiffness
\\

Good athletes
can develop force
in this zone

Force

.

Figure 2,17 Stiffness of a muscle and a tendon at different levels of muscular force, Since elite athletes
develop high forces, the stiffness of the muscle, while active, may exceed tendon stiffness. In such cases, the
tendons are deformed to a greater extent than the muscles and thus store more potential energy.
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* Neural Mechanisms Consider the
neural mechanisms governing reversible
muscular action during a drop jump land-
ing. After the foot strike, there is a rapid
change in both the muscle length and the
forces developed. The muscles are forcibly
stretched, and at the same time, muscle ten-
sion rises sharply. These changes are con-
trolled and partially counterbalanced by the
concerted action of two motor reflexes: the
myotatic, or stretch, reflex and the Golgi
tendon reflex.

These reflexes constitute two feedback
systems that operate

* to keep the muscle close to a preset length
(stretch reflex; length feedback) and

e to prevent unusually high and poten-
tially damaging muscular tension (Golgi
tendon reflex; force feedback).

The myotatic reflex receptors, or muscle
spindles, are arranged parallel to the muscle
fibers that constitute the bulk of the muscle.

When the muscle is stretched by an exter-
nal force, the muscle spindles are also sub-
jected to stretching. The stretching induces
an increase in muscle spindle discharge.
The latter causes an increased discharge of
alpha-motoneurons and in turn a reflex con-
traction of the stretched muscle. This reflex
contraction causes the muscle to return to
its initial length in spite of the load applied
to the muscle (length feedback).

Golgi tendon organs are arranged in series
with the muscle fibers. These receptors are
sensitive to forces developed in the muscle
rather than to length changes as is the case
with muscle spindles. If muscle tension
increases sharply, the Golgi tendon reflex
evokes the inhibition of muscle action, The
ensuing drop in muscle tension prevents the
muscle and tendon from incurring damage
(force feedback).

The efferent discharge to the muscle
during the stretching phase of a stretch-
shortening cycle is modified by the com-
bined effects of the two reflexes mentioned

Muscles and Tendons As Springs in Series

To visualize a strefch—shortening cycle, imagine two
springs connected in series. The first spring (tendon)
possesses given charactenistics (stiffness, compliance)
that do not change during motion. The characteristics
of the second spring (muscle) vary and depend on the
level of muscle activation.

When the muscle is relaxed, it is very compliant. If
an external force is applied fo such a muscle—tendon
complex, the muscle can easily be stretched. The resis-
tance to deformation is small, and only the muscle,
not the tendon, is extended. However, if the muscle is
activated, its resistance fo the external pulling force
increases, In this instance, the tendon rather than the
muscle is deformed when a tensile force is applied.

The level of muscle activation is not constant,
however, even when an athlete is trying to generate
a maximal muscular effort, In addition to voluntary
control, the muscles are under subconscious refiex
control that is presumably realized on the spinal

level, At least two reflexes are acting concurrently.
One (stretch) reflex takes charge of maintaining the
set muscle length—if the muscle is extended, it is
additionally activated to resist the deformation force
and to restore the original length. The second (Golgi
organ) reflex prevents the muscle from injury due to
excessive force—when the muscle tension or its rate
is too high, the neural impulsation to the muscle from
the spinal cord is inhibited.

The real intensity of muscle activation is a trade-
oft between the two reflexes (plus volitional muscle
activation). The intensity of each reflex, which is not
constant, determines the final cutcome. When athletes
are accustomed to sharp, forcible muscle—tendon
stretching, for instance in drop jumps, the Golgi organ
reflex is inhibited and high forces can be generated.
The objective of drop-jumping drills is, in this case, to
accommodate the athletes to fast muscle stretching
rather than to immediately generate large forces.
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earlier; the positive (excitatory) effect from
the myotatic reflex and the negative (inhibi-
tory) effect from the Golgi tendon reflex.
During landing, a stretch applied to a leg
extensor produces (via myotatic reflex) a
contraction in that muscle; simultaneously,
a high muscle tension sets up a Golgi tendon
reflex in the same muscle, thus inhibiting its
activity (figure 2.18). If athletes, even strong
ones, are not accustomed to such exercises,
the activity of the extensor muscles during
takeoff is inhibited by the Golgi tendon reflex.
Because of this, even world-class weightlifters
cannot compete with triple jumpers in drop
jumping. As a result of specific training, the
Golgi tendon reflex is inhibited and the athlete
sustains very high landing forces without a
decrease in exerted muscular force. The drop-
ping height may then be increased.

Since reversible muscular action is an ele-
ment of many sport movements, it must be
specifically learned or trained. Before 1960
such training was accidental, and improve-
ment in this skill was a by-product of other
exercises. Only since that time have exercises
with reversible muscular action, such as drop
jumps, been incorporated into training. Note
that this training method has been errone-
ously called plyometrics by some. The term is
not appropriate in this case, since reversible,
not eccentric, muscular action is the training
objective.

In beginners, performance in exercises with
reversible muscular action can be improved
through other exercises such as heavy weight-
lifting. In qualified athletes, this skill is very
specific. Performances in drop jumps, for
example, are not improved as a result of the

Force-feedback component

o) B il itmal o i . PR

Muscle force

Length-feadback

component

4 Muscular
component

Fu ---------------------------- :",..-
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Muscle length

Figure 2.18 MNeural mechanisms of enhanced force output in the streteh-shortening cycle. As a result of
stretch from Ly to L. the muscular force increases from F, to F. Three functional components responsible for
the strength enhancement are shown. (1) The muscular component—the force during lengthening increases
due 1o muscle and tendon elasticity (stiffness). (2) The force output increases due to the length-feedback
component—the component arises from the facilitatory spindle discharge (myotatic reflex). (3) The force-
feedback component originating from the Golgi tendon organs. The length-feedback component increases
muscle stiffness (resistance to the lengthening) whereas the force-feedback component decreases it. The final
outcome is the line from | to 3. The slope of this line defines the stiffness. The theory was originally devel-
oped by 1.C. Houk and published in “Feedback Control of Muscle: A Synthesis of the Peripheral Mechanisms™
1974, in W.B. Mointcastle (ed.) Medical Physiology, 13th ed. (pp. 668-677), 5t. Louis: Mosby.

Adapted, by permission, from PV. Komi, 1986, “Training of muscle strength and power: Interaction of neuromaotoric, hypertrophic
and mechanical factors,” infernational Journal of Sport Medicine T(5uppl): 1.
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usual strength exercising, even with heavy
weights (figure 2.19). Maximal muscular
strength (F...) and forces produced in fast
reversible muscular action (F,,) are not corre-
lated in good athletes and should be treated,
and trained, as separate motor abilities.

Posture, Strength Curves

The strength that an athlete can generatein a
given motion depends on body posture (joint

i

@&—® Ecfore
H- W After

Height of rise of center of gravity (cm)

a Dropping height (cm)

angles). For instance, the maximal force that
one can exert on a barbell depends on the
height of the bar (figure 2.20). The maximal
force F., is exerted when the bar is slightly
above the knee height. The plot of the
external force exerted by an athlete (or the
moment of force) versus an appropriate mea-
sure of the body position (i.e., joint angle) is
a strength curve.
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Figure 2.19 Changes in drop-jump performances by experienced athletes after 24 weeks of training with (a}
heavy weights and (&) specific jumping training. (a) Heavy resistance (70-100 of F_) training (n = 11). (&) Explo-

sive (power) strength training (n = 10

Reprinted, by permission, from K. Hikkinen and PV, Komb, 1985, "Training of muscle strength and power: nteraction of
Meuromotoris, hypertropic and mechanical tactors” fnfemational Journal of Sport Medicine 7; 65-15. By permission of authors.

Why Do Eite Weightlifters Start a Barbell Lift From the Floor Siowly?

A good weightlifter imparts the greatest effort to a
barbell, trying to accelerate it maximally, when the
bar is approximately at knee-joint height. There are
two reasons for this. First, at this position the highest
forces can be generated (figure 2.20). Second (see
discussion on velocity, page 29), the force decreases
when the movement velocity increases (parametric
force—velocity relation). The barbell must approach
the most favored hody position for force generation

at a relatively low velocity to impart maximal force
to the bar. This two-phase technique is used by all
elite weightlifters except in the lightweight categories.
These athletes are short (below 150 cm), and the bar
is located at knee-joint level in the starting position
befare the lift.

This is an example of how two extrinsic factors of
force generation (force posture and force velocity) are
combined to develop maximal force values.
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Xy eeddd

Figure 2.20 The maximal isometric force F, applied to a bar at different body positions (at different heights
of the bar). This is an example of the strength curve in a multijoint movement.

Adapted, by permission, from D.0. Donskoy and VM. Zatsiorsky, 1979, “Siomechanics { Moscow, Russia: Fizkulturi § Sport), 203
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Figare 2.21 Three main forms of joint strength curves.

Adapted, by permission, from J.G. Hay and PV, Komi, 1992, Mechanical basis of strength expression. In Strength end power in sport,
edited by PV, Komi (Oxford, Gerimany: Blackwell Schentific Publications), 197207, Copyviight 1992 by the [nternational Olyemplc
Committee, Adapted by permission from Blackwell Scientific Publications,

In single joints, the joint strength curves
assume three general forms: ascending,
descending, and concave (figure 2.21). Exam-
ples are provided in figure 2.22, Note the large
difference in force produced at different joint
positions,

For each movement, there are angular posi-
tions at which the maximal values of the F,
(F,...) can be reached. During elbow flexion,
the F,,, is generated at an angle of 90 (figure
2.22a); tor elbow extension the F,, values
are obtained at an angle of 1207, the F,,. in
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Figure 2.22 Relations between joint angles and isometric foree in elhow flexion (g ) and shoulder flexion (&),
The angles were defined from the anatomical position. Based on average data of 24 athletes. The elbow flexion
force was measured with the forearm in a supinated position. The shoulder flexion measurements were macde
with subjects in a supine posture. The forearm was in a midrange position (between supinated and pronated).

At =307, the arm was positioned behind the trunk.

From V.M. Zatsiorsky and L.M. Raitsin, 1973, Force-posture relations in athietic movements { Moscow, Russia: Russian State Academy
of Phyzical Education and Sport). Technical Report, By permission of Rusaian State Academy of Phvsical Education and Sport.

shoulder flexion is exerted when the arm is
slightly behind the trunk (figure 2.22h), and so
on. Strength values al the weakest positions,
or the so-called sticking points, are also very
important. The heaviest weight that is lifted
through a full range of joint motion cannot

be greater than the strength at the weakest
point.

Biomechanically, the F,,, is a function of
muscular forces, or tensions, that undergo
two transformations, The muscular forces
transform into joint moments and the joint
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moments transform into external force:
Muscle-tendon forces — Joint moments —
Strength (F,,.. end-point force). We consider
these transformations in sequence.

Muscular Force at Different Body Positions

Muscle tension depends on muscle length,
When a joint angle changes, the muscle length,
or the distance from muscle origin to inser-
tion, also changes. In turn, the change of the
muscle length results in the change of muscle
tension. This happens for two reasons. First,
the area of overlapping actin and myosin fila-
ments is changed, thus modifying the number
of cross-bridge attachments that can be estab-
lished (see chapter 3). Second, the contribu-
tion of elastic forces, especially from parallel
elastic components, is changed. Because of
the interplay of these two factors, the relation
between the instantaneous muscle length and
force production is complex. We can, how-
ever, disregard such complexity and accept as
a general rule that with a few exceptions (for
example, the rectus femoris muscle in some
bicyclists), muscles exert smaller tension at
smaller lengths. In contrast, higher forces are
exerted by stretched muscles,

When a joint approaches the limits of its
range of motion, the passive elastic forces
increase. For instance, during the arm cock-
ing in pitching, the external rotation of the
shoulder approaches 180" (figure 2,23). At
this angular position, the muscles and other
soft anatomical tissues of the shoulder are
deformed. Resisting the deformation, the tis-
sues contribute to the joint torques that reach
maximal values.

The length of a two-joint muscle depends
on the angular positions at both joints that the
muscle crosses. In such joints, the £, values
depend not only on the angular position at
the joint being tested but also on the angular
position of the second joint, For instance, the
contribution of the gastrocnemius, which is
a two-joint muscle, to plantar-flexion torque
at the ankle joint is reduced as the knee is
flexed and, consequently, the gastrocnemius
is shortened. When the knee is maximally
flexed and the ankle is plantarflexed, the
gastrocnemius muscle is unable to produce
active force. This leg position can be used [or
selective training of the soleus muscle.

Figure 2.23 Forces in pitching. In this instance,
the highest forces are observed.

MOCK Reprinted, by permission, from G5, Fleisig et al., 1993,
“*Kinetles of baseball pitching with implicatlons about Injury
mechanism,” American Joumal of Sports Medicine 237 223-
249,

The length-tension curves are usually
recorded for isometric contraction at discrete
joint positions or at discrete muscle lengths.
The curves do not represent precisely the force
exerted during muscle stretching or shorten-
ing, During a stretch, the tension is larger.
During shortening, the tension is smaller than
the tension exerted in static conditions.

Transformation of Muscular Forces
Into Joint Moments

Any force tends to rotate the body about any
axis that does not intersect the line of force
action. The turning effect of the force is called
the moment of force, or torque. The moment
of a force F equals the product of the magni-
tude of Fand the shortest distance, d from the
center of rotation to the line of force action, M
= Fd. The distance d is called a moment arm.
When amuscle exerts tension, the muscle ten-
sion generates a rotational effect at the joint.
A joint moment produced by a muscle equals
the following product:

Joint moment = Muscle tension
- Muscle moment arm.

When a joint angle varies, the moment
arm of a muscle spanning the joint changes.
For instance, fourfold difference has been
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measured in the moment arm of the biceps
brachii (long head) in assorted elbow angle
positions; the force arm was 11,5 mm at the
180" angle (full extension) and 45.5 mm at the
90" angle of elbow flexion. Thus, if muscle
tension were identical in each case, the
moment of force developed by the muscle
in elbow flexion would change fourfold. The
external force (strength) would also be four
times higher.

In summary, when a joint angle varies, the
externally registered force (strength) changes
due to two reasons: (1) The muscles produce
different tension and (2) the muscular forces
act through different moment arms (figure
2.24).

Many muscles produce moments about
more than one joint axis. These muscles have
several functions. For instance, the biceps
both flexes and supinates the forearm at the
elbow joint. Let's briefly discuss two effects
of such an anatomical arrangement that are
important for practitioners.

First, muscles produce moments of force
not only in the desired direction (primary
moments) but also in other directions (sec-
ondary moments). To counterbalance the
secondary moments, which are not neces-
sary for the intended purpose, additional
muscles are activated. The number of active
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muscles increases but the strength may
decrease. Consider, for example, a forceful
arm supination with the elbow flexed at
a right angle, as in driving a screw with a
screwdriver. During the supination effort, the
triceps, even though it is not a supinator, is
also active. A simple demonstration proves

Performing Chin-Ups: Overhand
Grip Versus Underhand Grip

With the arm pronated, the biceps cannot generate
its maximal tension because of the possible supina-
tion effect. Therefore, when performing elbow flexion,
pronation of the forearm decreases the strength of the
elbow curl. Because of this anatomical fact, it is simpler
to perform chin-ups on a high bar using an underhand
grasp than an overhand grasp.

Fgure 2.24 External muscular torque (strength)
registered at any joint angle iz the product of
muscle tension and moment arm at this joint con-
figuration. The downward arrows and the dotted
lines indicate a certain joint angle. (¢) The entire
joint strength curve is a result of multiplication of
{a) the muscle tension—angle curve (o) and (b) the
moment arm-angle curve,

this: Perform a forceful supination against
a resistance while placing the second hand
on the biceps and triceps of the working
arm. Both the biceps and the triceps spring
into action simultaneously. The explanation
is simple, When the biceps acts as a supi-
nator, it also produces a flexion moment
(secondary moment). The flexion moment
is counterbalanced by the extension moment
exerted by the triceps.

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material
44 Science and Practice of Strength Training

Second, athletes tend to perform forceful
movements in a way that minimizes second-
ary moments. For instance, during pull-ups
performed on gymnastics rings, the perform-
ers always supinate the arms while flexing the
elbow joints. Nobody teaches them to do so;
the movement pattern is simply more conve-
nient for the performers.

From Joint Moments to Muscular Strength
(End-point Force)

In a single-joint task, the strength {the force
exerted at the end effector) equals the ratio
of the joint moment to the moment arm of
the external force. Therefore, the closer the
external force to the joint, or, in other words,
the smaller the moment arm of the force, the
larger the external force that the same joint
moment would generate,

In multilink chains the transformation
of joint moments into the end-point force
is much more complex. Fortunately, one
important case is simple: The highest forces
in leg or arm extension can be exerted when
the extremity is almost completely extended
(figures 2,25 and 2.26). At this leg or arm posi-
tion the line of force action is close to the

T.=Fd,

(= Fei= 0

Figure 2.25 The closer the leg is to full extension,
the smaller the moment arm {d:)of the load force is
with respect to the knee joint and, hence, the smaller
the knee joint moment (T.) required to bear the force
F(T,= Fd.} This explains why the heaviest loads
can be borne when the legs are almost completely
extended. When the line of force action passes
through the joint center, the joint moment is 0. In the
figure shown, this happens at the ankle joint. When
the leg or arm is nearly outstretched, large external
forces can be exerted with low joint moments.

Reprinted, by permission, from V.M. Zatsiorsky, 1992, Kinetics
of s rotion (Champaign, [L: Human Kinetics), 140,
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Figure 2.26 Dependence of the pushing force on
limb position in seated subjects. (a) Experimental
setup. (h) The mean maximum push (+ 2 standard
deviations) exerted isometrically by six subjects
on a pedal placed in different positions. For each
of the five different angles of thigh to the horizontal
(o). the knee angle (B) varied. Curve | represents
the data for angle o between -15° and -6°; curve 2
for a between +5° and +10"; curve 3. 15-19°; curve 4,
33-36% and curve 5 corresponds to the thigh angle
a = 48 to 49°. Curves 4 and 5 necessarily stop as
shown, well before the limiting angle is reached. At
these thigh positions, the knee cannot be extended
further due to the limitation provided by the ham-
string. Note the ninefold difference between the
force magnitudes at different body postures.

Adapled, by permission, lrom P High-lones, 1947, “The effect
of lmb position In seated subjects on their ability to otilize

the maximum contractile force of the limb muscles,” Joarmal
of Plysinlogy HI5: 332344,
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knee or elbow joint and hence the moment
arm of the force is small. When the leg or
arm is completely extended, the force acts
along the extremity, and moment arm of the
force is close to (. As a result, at this joint
configuration people can sustain extremely
large forces.

In a nutshell, selection of proper body posi-
tion affects the maximal values of the external
force that athletes can produce.

SUMMARY

An athlete can perform a given motor task,
such as throwing, lifting, or jumping, with
different levels of effort. When effort is maxi-
mal, the athlete attains a maximal muscular
performance for the given task. Each motor
task is characterized by certain variables
called parameters—such as resistance,
angle of slope in uphill running, or weight of
an implement—and the magnitudes of these
parameters.

If the parameters of a motor task are
changed systematically, the parametric rela-
tion between the dependent variables of
maximal muscular performance can be estab-
lished. The parametric relation between the
maximal force (£, ) and maximal velocity (V)
is negative: The higher the force, the lower the
velocity. The highest maximal force (F,,. ) is
called the maximum maximorum force. The
dependence between F,,, values and the
maximal velocity (V,) at a given parameter
proportion is the nonparametric relation, a
correlation that is typically positive (i.e., the
higher the force, the greater the velocity). The
magnitude of the correlation depends on the
parameter values: The greater the resistance,
the higher the coefficient of the correlation.

Muscular strength is the ability to produce
maximum maximorum external force £ It
can be generated and measured only at cer-
tain parameter values of a motor task, such as
muscular force exerted on a heavy implement.
When athletes attempt to produce maximal
force, the generated force values depend on
the motor task. Even when the “geometry”
of a motion (e.g., involved body limbs, move-
ment trajectory) is fixed, the resulting force
varies.

Several factors determine the force values
across motor tasks. These factors are classi-
fied as extrinsic (external) and intrinsic (inter-
nal). The force exerted by an athlete on an
external body depends not only on the athlete
but also on external factors, in particular the
tvpe of resistance (such as elasticity, inertia,
gravity force, and hydrodynamic force).

The type of resistance influences the pat-
tern of the force produced. Imagine that the
same arm motion (e.g., in a lateral-medial
direction) is performed against different
resistance: first, springs, and then, viscos-
ity (the arm moves in tough dough). In the
first instance, the resistance increases in
proportion to the movement amplitude; in
the second, resistance is proportional to the
movement velocity. Often the resistance pro-
vided by a strength exercise apparatus does
not resemble the type of resistance found in
natural sport movements. This is detrimental
to the efficiency of strength training.

Several intrinsic characteristics of motor
tasks are important for producing maximal
force. Time available for force development is
a crucial factor in many sport events. The time
required to produce maximal force is typically
longer than the time available for the mani-
festation of strength in real sport movements.
Thus the rate of force development, rather
than the force itself, is the crucial factor in
a successful athletic performance. The rela-
tive contributions of the maximal force and
the rate of force development depend on the
level of athletic performance. The higher the
performance, the shorter the time available
for force production and thus the greater the
importance of the rate of force development.
The ability to produce maximal forces in mini-
mal time is called explosive strength. Strong
people do not necessarily possess explosive
strength,

Movement velocity influences the magni-
tude of the force that can be produced; the
higher the velocity, the smaller the force (para-
metric relation). Thus the lower the move-
ment velocity and, consequently, the greater
the force values produced during the natural
athletic movement, the greater the contribu-
tion of F,,, (and also of heavy resistance train-
ing) toward athletic performance.
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Direction of movement (i.e., whether the
muscle is shortening or lengthening during a
motion) is a matter of primary importance. The
highest forces are generated during eccentric
muscular action as well as during reversible
muscular action, when the muscle is forcibly
stretched and then permitted to shorten. Such
a stretch—shortening cycle is an innate part of
many athletic movements, The magnitude of
the force produced during the stretch—shorten-
ing muscular action, as well as the magnitude
of the stored and recoiled potential energy of
deformation, depends on both the elastic prop-
erties of muscles and tendons and the neural
control of muscle activity. The interplay of

two spinal reflexes (stretch reflex and Golgi
organ reflex) is considered to be a major factor
toward determining neural inflow to the muscle
during the stretch—-shortening cycle.

Furthermore, the magnitude of the mani-
fested muscular force depends largely on
body posture. For one-joint motions, joint
strength curves (i.e., the force—angle relations)
are affected by changes in muscle-tendon
forces and changes in the moment arms of
these forces. In multijoint body movements,
the strongest as well as the weakest (stick-
ing) points exist throughout the whole range
of motion at which maximal (minimal) force
values are manifested.
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chapter 3

Athlete-Specific Strength

ln the previous chapter we looked at how
strength depends on various factors
specific to the tasks within a given sport
or activity. We turn now to the factors that
affect maximal forces produced by individual
athletes, and how they may vary from person

to person, that is, the determining factorsin a
comparison across athletes. We conclude the
chapter and examination of the determinants
of strength with a taxonomy to help you con-
solidate and sort what you have learned in
chapters 2 and 3.

a7
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Individual athletes generate different
maximal forces when they perform similar
motions, These variations stem mainly from
two factors:

* The maximal force capabilities of indi-
vidual muscles, or peripheral factors.

* The coordination of muscle activity by
the central nervous system, or central
factors. Two aspects of neural coordi-
nation are discernible: intramuscular
coordination and intermuscular coordi-
nation.

This is not a book on physiology, so we will
look only briefly at these factors to clarify
what is most relevant to strength training.

MUSCLE FORCE POTENTIAL
(PERIPHERAL) FACTORS

Among the peripheral factors affecting muscle
force potential, muscle dimensions seem to be
the most important. Muscle mass and dimen-
sions are affected by training, of course, and
by other factors, including nutrition and hor-
monal status.

Muscle Dimensions

It is well known that muscles with a large
physiological cross-sectional area produce
higher forces than similar muscles with a
smaller cross section. This is true regard-
less of muscle length. With heavy resistance
training in which the muscle cross section is
increased, there is typically an accompanying
increase in maximal strength.

Skeletal muscle consists of numerous
fibers, or long, cylindrical muscle cells. Fach
fiber is made up of many parallel myofibrils,
which consist of longitudinally repeated
units called sarcomeres. Sarcomeres in turn
include thin filaments consisting largely
of the protein actin and thick filaments of
the protein myosin. The actin and myosin
filaments partially overlap. Myosin filaments
have small outward helical projections called
cross bridges. These cross bridges end with
myvosin heads that make contact, known as

cross-bridge attachments or links, with the
thin filaments during contraction. According
to the sliding-filament theory, shortening of
the sarcomere, and hence the muscle fiber,
occurs as a result of the active relative slid-
ing of the actin filaments between the myosin
filaments.

The force produced by a muscle is the
outcome of activity of muscle subunits
(sarcomeres, myofibrils, muscle fibers). The
maximal force produced by a sarcomere
depends to some extent on the total number
of myosin heads available for the cross-bridge
links with actin filaments. The total number
of cross-bridge links in a given sarcomere is
apparently the product of

s the number of actin and myosin fila-
ments, or the cross-sectional area of all
the filaments, and

* the number of myosin heads that can
interact with actin filaments, or the sar-
comere length,

Muscles with long sarcomeres (longer actin
and myosin filaments) exert greater force
per unit of cross-sectional area because of
the greater extent of possible overlap.

All the sarcomeres of one myofibril work
in series. The force exerted by, or on, any
element of a linear series (i.e., by any sarco-
mere in the myofibril) is equal to the force
developed in each of the other elements in
the series. Therefore, all sarcomeres of the
myofibril exert the same force, and the force
registered at the ends of the myofibril does
not depend on its length,

The force produced by a muscle fiber is
limited by the number of actin and myosin
filaments and consequently by the number
of myofibrils working in parallel. The differ-
ences in parallel and serial action of sarco-
meres are listed in figure 3.1 for the example
of two fibers consisting of two sarcomeres
each. To estimate the muscle potential in
force production, instead of calculating the
number of filaments, researchers determine
their total cross-sectional area. The ratio of
the filament area to the muscle fiber area is
called filament area density.
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a
b
Relative mechanical
properties
Contraction time 1 1
Maximum tension 1 2
Maximum unioaded 2 1
displacement
Maximum velocity 2 1
Maximum work 1 1
Maximum power 1 1
Maximum powerkg muscle 1 1
B
o o
A
A
Time Velocity

Figure 3.1 The relative effects of different arrangements of sarcomeres, (a} in series and (&) in parallel, on
the mechanical properties of a muscle fiber. In addition, the relative isometric and isotonic properties are

illustrated at the bottom of the figure,

Reprinted, by permission, from WR. Edgerton et al., 1986, Morpholagical basis of skeletal muscle power output, In Humean Muscle
Pouver, edited by N.L. Jones, N. McCartney, and AJ McComas { Champaign, IL: Human Kinetics), 44,

Strength exercise can increase the number
of filaments per myofibril, myofibrils per
muscle fiber, and filament area density; thus
there is a rise in both muscle cell size and
strength. We know little about the influence
of strength training on sarcomere length,

The capacity of a muscle to produce force
depends on its physiological cross-sectional
area, particularly the number of muscle fibers
in the muscle and the cross-sectional areas
of the fibers,

It is commonly known that the size of a
muscle increases when it is subjected to a
strength training regimen. This increase is
called hypertrophy and is typically displayed
by bodybuilders. Whole-muscle hypertrophy
is caused by

* an increased number of motor fibers
(fiber hyperplasia), or

» the enlargement of cross-sectional areas
of individual fibers (fiber hypertrophy).
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Recent investigations have found that both
hyperplasia and hypertrophy contribute to
muscle size increase. However, the contribu-
tion of fiber hyperplasia is rather small (= 5%)
and may be disregarded for practical purposes
of strength training. Muscle size increases
are caused mainly by individual fiber size
increases, not by the gain in fibers (through
fiber splitting). People with large numbers of
fibers have greater potential as weightlifters
or bodybuilders than do people with smaller
numbers of fibers in their muscles. The size
of individual fibers, and consequently the
size of the muscles, increases as a result of
training. The number of fibers is not changed
substantially.

Two extreme types of muscle fiber hyper-
trophy can be schematically depicted: sarco-
plasmic and myofibrillar hypertrophy (figure
3.2).

Sarcoplasmic hypertrophy of muscle fibers
is characterized by the growth of sarcoplasm
(semifluid interfibrillar substance) and non-
contractile proteins that do not directly
contribute to the production of muscle
force. Specifically, filament area density in
the muscle fibers decreases, while the cross-
sectional area of the muscle fibers increases,
without an accompanying increase in muscle
strength.

Myofibrillar hypertrophy is an enlargement
of the muscle fiber as it gains more myofibrils
and, correspondingly, more actin and myosin
filaments. The synthesis of actin and myosin
proteins in a muscle cell is controlled by the

Sarcoplasm Myofibrils

OO O
GO

Muscle fiber

LA
OO0

Sarcoplasmic

hypertrophy

genes in the cell nucleus. Strength exercises
can prompt the genes to send chemical mes-
sengers to enzymes outside the nucleus,
stimulating them to build actin and myosin
proteins (contractile proteins). Contractile
proteins are synthesized, the proteins link
up to form new filaments, and filament den-
sity increases. This type of fiber hypertrophy
leads to increased muscle force production,

Heavy resistance exercises lead to a mix of
sarcoplasmic and myofibrillar hypertrophy of
muscle fibers. Depending on the training rou-
tine, these types of fiber hypertrophy are man-
ifested in varying degrees (it seems that pure
sarcoplasmic or myofibrillar hypertrophy
never occurs). Mostly myofibrillar hypertro-
phy is found in elite weightlifters (if the train-
ing program is designed properly). whereas
sarcoplasmic hypertrophy is typically seenin
bodyhuilders. Except for very special cases
in which the aim of heavy resistance training
is to achieve body weight gains, athletes are
interested in inducing myofibrillar hypertro-
phy. Training must be organized to stimulate
the synthesis of contractile proteins and to
increase filament muscle density,

A common belief in strength training is that
exercise activates protein catabolism (break-
down of muscle proteins), creating conditions
for the enhanced synthesis of contractile pro-
teins during the rest period (breakdown and
buildup theory). During strength exercises,
muscle proteins are forcefully converted
into more simple substances (broken down);
during restitution (anabolism), the synthesis

YO
QOO0
Q00

Myofibrillar
hypertrophy

Figure 3.2 Sarcoplasmic and myofibrillar hypertrophy,
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of muscle proteins is vitalized. Fiber hypertro-
phyis considered to be a supercompensation
of muscle proteins,

The mechanisms involved in muscle pro-
tein synthesis, including the initial stimuli trig-
gering the increased synthesis of contractile
proteins, have not been well established at
this time. It is obvious that older theories will
have to be reworked into newer concepts as
more direct evidence accumulates that sheds
new light into their efficacy or further alien-
ates them from the facts. A few hypotheses
that were popular among coaches 30 to 40
years ago are now completely disregarded,
including the following:

* The blood overcirculation hypothesis
suggests that increased blood circulation in
working muscles is the triggering stimulus for
muscle growth. One of the most popular meth-
ods of bodybuilding training, called flushing
(see chapter &), is based on this assumption. It
has been shown, however, that active muscle
hyperemization (i.e., the increase in the quan-
tity of blood flowing through a muscle) caused
by physical therapeutical means does not, in
itself, lead to the activation of protein synthe-
sis. While blood flow to the exercising muscle
is important for delivery of essential nutrients
and hormones, its effects are related to the
activation of maximal number of the motor
units in the muscle,

* The muscle hypoxia hypothesis, in con-
trast to the blood overcirculation theory,
stipulates that a deficiency, not an abun-
dance, of blood and oxygen in muscle tissue
during strength exercise triggers protein
synthesis. Muscle arterioles and capillaries
are compressed during resistive exercise
and the blood supply to an active muscle is
restricted. Blood is not conveyed to muscle
tissue if the tension exceeds approximately
60% of maximal muscle force.

However, by inducing a hypoxic state in
muscles in different ways, researchers have
shown that oxygen shortage does not stimu-
late an increase in muscle size. Professional
pearl divers, synchronized swimmers, and
others who regularly perform low-intensity
movements in oxygen-deficient conditions

do not have hypertrophied muscles. Tissue
hypozxia directly increases the amount of free
radical formation and local tissue damage and
studies have shown that resistance training
can reduce this effect. Thus, hypoxia for the
most part is detrimental to optimal recovery
and repair patterns in muscle.

* The adenosine triphosphate (ATF) debt
theory is based on the assumption that ATP
concentration is decreased after heavy resis-
tive exercise (about 15 repetitions in 20 s per
set were recommended for training). How-
ever, recent findings indicate that, even in a
completely exhausted muscle, the ATP level
is not changed.

A fourth theory, although it has not been
validated in detail, appears more realistic
and appropriate for practical training—the
energetic theory of muscle hypertrophy.
According to this hypothesis, the crucial
factor for increasing protein catabolism is a
shortage in the muscle cell of energy available
for protein synthesis during heavy strength
exercise. The synthesis of muscle proteins
requires a substantial amount of energy. The
synthesis of one peptide bond, for instance,
requires energy liberated during the hydroly-
sis of two ATP molecules. For each instant in
time, only a given amount of energy is avail-
able in a muscle cell. This energy is spent for
the anabolism of muscle proteins and for mus-
cular work. Normally, the amount of energy
available in a muscle cell satisfies these two
requirements. During heavy resistive exercise,
however, almost all available energy is con-
veyed tothe contractile muscle elements and
spent on muscular work (figure 3.3).

Since the energy supply for the synthesis
of proteins decreases, protein degradation
increases. The uptake of amino acids from
the blood into muscles is depressed during
exercise, The mass of proteins catabolized
during heavy resistive exercise exceeds the
mass of protein that is newly synthesized.
As a result, the amount of muscle proteins
decreases somewhat after a strength work-
out, while the amount of protein catabolites
(e.g., the concentration of nonprotein nitro-
gen in the blood) rises above its resting
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Mechanical work Protein synthesis

Heavy rasistance exercise

Mechanical work Protein synthesis

Figure 3.3 Energy supply at rest and during heavy
resistance exercise. During heavy resistance exer-
cise, the amount of energy immediately available
for the synthesis of muscle proteins decreases.

value, Then, between training sessions,
protein synthesis is increased. The uptake
of amino acids from the blood into muscles is
above resting values. This repeated process
of enhanced degradation and synthesis of
contractile proteins may result in the super-
compensation of protein (figure 3.4). This
principle is similar to the overcompensation
of muscle glycogen that occurs in response
to endurance training.

Type 1, or slow-twitch fibers, and type
IL, or fast-twitch fibers, do not hypertrophy
in exactly the same manner. Type | muscle
fibers rely more on reducing the amount of
myofibrillar protein degradation, while type
Il muscle fibers rely more on increasing syn-
thesis. While both functions are operational
in a muscle fiber, these differences do support
certain training conderations. Type | muscle
fibers will be more responsive to detraining

and may require a higher maintenance fre-
quency than type Il muscle fibers.

Whatever the mechanism for stimulating
muscle hypertrophy, the vital parameters of
a training routine that induce such results
are exercise intensity (the exerted muscular
force) and exercise volume (the total number
of repetitions, performed mechanical work).
The practical aspects of this theory will be
described in chapter 4.

Body Weight

Muscle mass constitutes a substantial part
of the human body mass or body weight. (In
elite weightlifters, muscle mass is about 50%
of body weight). That is why, among equally
trained individuals, those with greater body
weight demonstrate greater strength.

The dependence of strength on weight is
seen more clearly when tested subjects have
equally superb athletic qualifications. World-
record holders in weightlifting have shown a
very strong correlation between performance
level and body weight, 0.93. The correlation
for participants at the world championships
has been (.80, and among those not involved
in sport activities, the correlation has been
low and may even equal ().

Tocompare the strength of different people,
the strength per kilogram of body weight, or
relative strength, is usually calculated. On
the other hand, muscular strength, when not
related to body weight, is called absolute
strength. Thus, the following equation is
valid:

Relative strength = Absolute strength /
Body weight

With an increase in body weight, among
equally trained athletes of various weight
classes, absolute strength increases and
relative strength decreases (figure 3.5). For
instance, a world record in the clean and jerk
lift in the 56-kg weight category equals 168.0
kg. Hence, the relative strength is 3.0 (1638.0 kg
of force / 56 kg of body weight = 3.0). The body
weight of athletes in the super-heavyweight
division, on the other hand, must be above
105 kg and is typically 130 to 140 kg, If the
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Figure 3.4 Energetic potential of a muscle cell and the rate of protein anabolism.

Adapted, by permission, from A A Viru, 1990, Influence of exerclse on protein metabolism. In Lectures in exercise physiofogy, edited
by AA, Viru (Tartu, Estonia: The Tartu University Press), 123-146. By permission of author

270 3.1

-
250 =
=
& BN
= 230 £ =

£ 25 D

2 28
2 210 —23 B
0 [ e R
2 £ £
= = = £
3 10— £§
= - 1.9 <)
170 =

17

L [ | T | | I 1S

56 62 69 77 85 94 105 147.5
Body weaight, kg

Figure 3.5 Absolute (triangle line) and relative (diamond line) strengths of elite weightlifters at different
weight classes. World records in clean and jerk lifts (January 01, 2005) serve as indices of absolute strength.
For the super-heavyweight category (=105 kg), the actual weight of the world-record holder is shown (H.
Rezazadeh, lran, body weight 147.5 ky; the world record is 263.5 kg, the relative strength is 263.5/147.5 = 1.786
kg of strength/kg of body weight).
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Why Do Athietes From Various
Sports Have Different Body
Dimensions?

Why are gymnasts short? (The height of the best male
gymnasts is usually in the range of 155 to 162 cm;
female gymnasts are typically 135 to 150 cm tall and
often even shorter.) Because they have to lift their own
body and nothing else, relative, not absolute, strength
is important in gymnastics. Short athletes have an
advantage in this sport.

Why are the best shot-putters tall and heavy (but not
obese)? Because here absolute strength is important,
Athletes with large body dimensions have a distinct
advantage in this sport,

best athletes of this weight class had a relative
strength of 3.0 kg of force per kilogram of body
weight, they would lift approximately 400 kg in
the clean and jerk In reality, the world record
in this weight class is 263.5 kg,

Because of their great relative strength, ath-
letes of small body dimensions have an advan-
tage in lifting their own bodies. Elite wrestlers
of lightweight classes can usually perform
more than 30 pull-ups on a horizontal bar; for
athletes in the super-heavyweight category, 10
pull-ups is an excellent achievement.

To see what causes such discrepancies,
imagine two athletes, A and B, with equal
fitness levels but different body dimensions.
One of them is 1.5 times as tall as the other
(figure 3.6). Their heights are 14{) and 210} cm,
and all anteroposterior and frontal diameters
are also in the proportion of 1:1.5.

Compare the linear measures (length of seg-
ments, diameters), surface measures (physi-
ological cross-sectional area, body surface),
and volume measures (volume, body mass):

Measure A B
Linear 1 1.5
Area (and strength) 1 1.52=2.25

Volume (and body weight) 1 1.5%=3.375

L 4 . o

Figure 3.6 Two athletes of different body dimen-
sions.

Thus, the proportion for body height is 1:1.5;
the proportion for area (including muscle
physiological cross-sectional area) is 1:2.25;
and the proportion for volume and weight is
1:3.375, Athlete B is 2,25 times stronger than
athlete A, but also 3.375 times heavier. Athlete
B has the advantage in absolute strength, and
athlete A the advantage in relative strength.
The relationship between body weight and
strength can then be analyzed using simple
mathematics. Taking into account that

W =al?,

where W is the body weight, L is the linear
measure, and a is a constant (coeflicient),
we can write

L =aW'?,

Since strength (F) is proportional to muscle
physiological cross-sectional area, it is also
proportional to L*

F=al?= alW"y = aW**= g ",
Or, in logarithmic form,
|0'ng= Iﬂgmﬂ + U-ﬁﬁﬁ(lﬂg 14 W}.

We can validate the last equation by using,
for instance, the world records in weightlift-
ing. With this objective the logarithm of
body weight is plotted in figure 3.7 against
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Figare 3.7 The relation between athlete strength and body weight. The world records in weightlifting
(snatch plus clean and jerk lifts) for female athletes of different weight categories are used as indices of maxi-
mal strength. The records are for January 1, 2005. Because the body weight of athletes of the weight catedory
abowve 75 kg is not precisely controlled by the rules, these data are not included in the analysis (during the
2004 Olympics the record holder—0G. Tang, China—had a body weight of approximately 120 kg). Note the
logarithmic scale. The empirical regression equation is log,,f = 1.27 « (L63(log,,W).

the logarithm of weight lifted by an athlete.
The regression coefficient is (.63 (close to the
predicted 0.666), proving that the eguation
is valid. Such an equation (or correspond-
ing tables such as table 3.1) can be used to
compare the strength of people with different
body weights. The table shows that a 100-kg
force in the 67.5 kg weight class corresponds
to 147 kg in super-heavyweight lifters.

For linemen in football, super-heavyweight
lifters, and throwers, among others, absolute
strength is of great value. For sports in which
the athlete’s body rather than an implement
is moved, relative strength is most important.
Thus, in gymnastics, the cross is performed
only by those athletes whose relative strength
in this motion is near 1 kg per kilogram of
body weight (table 3.2), Because the gymnast
does not suspend the entire body (thereis no
need to apply force to maintain handholds),
the cross can be performed when relative
strength is slightly less than 1.0.

In sports in which absolute strength is the
main requirement, athletes should train in a
manner that stimulates gains in lean muscle
mass. As weight increases, the percentage
of body fat must remain constant, or even

decrease, to ensure that the weight gain is
primarily in lean body mass.

An increase in relative strength may be
accompanied by different changes in body
weight. Sometimes it is accompanied by
stabilization or even weight loss. Table 3.3
illustrates this phenomenon for an athlete
who lost weight and increased her perfor-
mance. Proper eating habits and regular
weight control are necessary for all athletes.
Weekly weigh-ins and regular determinations
of body composition (skinfold measurements,
underwater weighing) are an excellent idea.

A common athletic practice is to reduce
body weight before competition. Athletes
“make weight” in order to increase their
relative strength and improve performance.
In sports with weight categories, such as
wrestling and judo, athletes succumb to this
practice to be eligible for a division lower than
their usual weight division. Food restriction,
fluid deprivation, and dehydration induced
by thermal procedures such as the sauna are
used toward this end.

This strategy is acceptable when properly
employed (weight loss should not exceed 1
kg per week in average athletes and 2.5 kg in
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Table 3.1 Equivalent Strength Levels for Athletes of Different Body Weight

Body weight (kg)
56 60 67.5 13 82.5 90 110 120
44 46 50 54 57 61 69 73
53 55 G0 64 69 73 83 g8
62 65 70 75 80 5 96 103
n 76 80 il 91 a7 111 117
i) 83 80 g7 103 109 125 132
a8 g2 100 107 114 121 139 147
132 139 150 161 171 182 208 220
177 185 200 215 229 242 277 293
221 231 250 290 285 a3 346 367
265 277 300 322 343 363 415 425

Date from VM. Zatslorsky and LF, Pefrov, 1964, “Appaed aspects of the analysis of the relations Batwesn the strength and bady welght of the athletes,” Thanry and
Practice of Physical Colfure 27(7): T1-73.

Table 3.2 Maximal Force of Arm Adduction in Cross Position
of Two World Champions in Gymnastics

Arm Number of

adduction Body Force excess over  Relative force (kg of force  crosses ina
Name force (k)  weight (kg)  the weight (kg) per ko of body weight) composition
Azarian, A a9 74 15 1.20 5-6
Shachlin, B. 69.2 70 -0.8 0.98 1-2

M.{pre:l from ﬁ.:t;..“kil:-rull:;uws ars:l..lgl.. E F.’.ﬂ-u.tkln 1'§IEI.5"mngf'1 :esfmg éf:ﬂre aj'."jerPs techmica! rapart .I'éﬁ'{ls[hlma-:lw -I'ilus.glé: ﬁ.il.-iJml-:»; Hegeamh Ensiiiﬁha |}I1 ﬁhyg.:éj
Culture}, 48

Table 3.3 Body Weight Changes and Some Indirect Indices of Relative Strength
in 1960 Olympic Champion (Long Jump) V. Krepkina

Standing jump  Long jump

Age Weight (kg)  Height(m)  Weight / height  (cm) (cm) Sprint 100 m (s)
16 64 1.58 405 214 490 13.6
24 b5 1.58 345 284 617 11.3

Data from VAL Zatslorsky, 1966, Motor abiihes of athisfes (Moscow, Russia: Fizkuftura | Sport), 26
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Female Gymnasts at Risk

Christy Henrich, one of the best American gymnasts
of the 1880s, is a well-known example of the tragic
consequences of eating problems. When she weighed
85 Ib (43 kg), she was told by her coaches that she
was too fat to make the Olympic team. She began a
life of ancrexia and bulimia, still missing the Olympics
by a fraction of a point. Less than a decade later she
died at age 22, weighing just 52 Ibs (23.5 kg). Coaches
should comment about weight issues thoughtfully and
carefully.

elite ones). However, extreme weight reduc-
tion is detrimental to athletic performance
and is unsafe. Rapid loss of body weight over
short periods of time leads to lean tissue and
water loss rather than the loss of fat. In addi-
tion, there is a depletion of glycogen stores,
the most important energy source for high-
intensity performance. The athlete’s capacity
decreases either as a consequence of reduced
carbohydrate availability or as a result of the
effects of the disturbed fluid balance. Thus, it is
important that athletes follow only long-term,
planned weight reduction programs with food
restriction in the range of 2 to 4 kl/day (500-
1,000 keal/day) below normal energy intake,

Abuses associated with extreme and rapid
weight loss, such as the use of rubber suits,
laxatives, enemas, induced vomiting, and
diuretics, cannot be justified. Dinretics, for
instance, are considered doping; their use
is prohibited by the Medical Commission of
the International Olympic Committee (10C).
Unfortunately, in spite of all efforts to discour-
age the malpractice of rapid weight reduction,
many athletes continue to lose weight through
unacceptable and unsafe methods. They
should be vigorously opposed especially for
children and teenagers.

The alternative to weight loss is an increase
in relative strength through gains in muscle
mass. This is completely justified, and ath-
letes should not be wary of muscular growth
for muscles carrying the main load in their
sport movements.

Other Factors (Nutrition,
Hormonal Status)

Strength training activates the synthesis of
contractile muscle proteins and causes fiber
hypertrophy only when there are sufficient
substances for protein repair and growth, The
building blocks of such proteins are amino
acids, which must be available for resynthesis
in the rest period after workouts.

Amino acids are the end-products of pro-
tein digestion (or hydrolysis). Some amino
acids, termed essential or indispensable,
cannot be produced by the body and must
be provided by food. Amino acids supplied
by food pass unchanged through the intes-
tinal wall into the general blood circulation.
From there they are absorbed by the muscles
according to the specific amino acid needed
by that muscle to build up its own protein, In
practical terms, then,

* the full assortment of amino acids
required for protein anabolism must be
present in the blood during the restitu-
tion period; and

* proteins, especially essential ones, must
be provided by the proper kinds of foods
in sufficient amounts.

Athletes in sports such as weightlifting and
shot putting, in which muscular strength is
the dominant motor ability, need at least
2 g of protein per kilogram of body weight.
In superior athletes during periods of stress
training, when the training load is extremely
high, the protein demand is up to 3 g per
kilogram of body weight a day. This amount
of protein must be provided by foods with
a proper assortment of essential amino
acids. It is important to note that the actual
requirements are not for protein but rather
for selected amino acids.

In addition to the amino acid supply, the
hormonal status of an athlete plays a very
important role. Several hormones secreted
by different glands in the body affect skeletal
muscle tissue. These effects are classified as
either catabolic, leading to the breakdown
of muscle proteins, or anabolic, leading to
the synthesis of muscle proteins from amino
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Growth and Strength

As children and teenagers become taller and heavier,
their relative strength should decrease. This often hap-
pens, especially during pubertal growth spurts. It is not
uncommon for 8-year-old boys and girls to show com-
paratively high values of relative strength; for instance,
they might perform 10 or 12 chin-ups. But if they do not
exercise regularly, they will not be able to repeat these
achievements when they are 16.

Typically, however, the relative strength of children
does not decrease during childhood and puberty,
because during the maturation process the muscles of
mature individuals produce a greater force per unit of
body mass. Thus, two concurrent processes with oppo-
site effects take place during childhood and puberty:
growth (i.e., anincrease in body dimensions) and matu-
ration, Due to growth, relative strength decreases; at the
same time, due to maturation, it increases. The superpo-
sition of thesa two procasses determines the manifested
strength advancement {or decline). The interplay of the
two concurrent processes of child development is impor-
tant in the preparation of young athletes.

Consider training methods of the best male gym-
nasts from countries that were once part of the USSR,

acids. Among the anabolic hormones are
testosterone, growth hormone (also called
somatotropin), and insulin-like growth fac-
tors (also called somatomedins). The pre-
dominant catabolic hormone is cortisol,
which is secreted by the adrenal gland. While
each hormone plays a role in anabolism or
catabolism, all the hormones have multiple
roles in regulating the homeostatic balance in
the body and cannot be exclusively defined
by their role in one physiological equation,
However, the net effect of a hormone for the
athlete may be either positive or negative as
it relates to gains in muscle and the catabaolic
and anabolic balance.

The concentrations of these hormones in
the blood largely determine the metabolic
state of muscle fibers. The serum level of
testosterone is lower in females than in males,
and therefore strength training does not elicit
the same degree of muscle hypertrophy in

They learn all the main technical stunts, including the
most difficult ones, before the age of 12 or 13 when
the puberty growth spurt begins. During the puberty
period (13-16 years of age) they learn very few, if
any, new technical elements. In training during this
period they concentrate on conditioning, especially
strength training and specific endurance training, and
stability of performance. All compulsory and optional
routines are trained (to achieve high stability of per-
formance and gain specific endurance) rather than
new elements and single stunts. Great attention is
paid to strength development, As a result, at 17 to
18 years of age the gymnasts are prepared to com-
pete al the international level. Dmitri Billozerchey, for
instance, won an all-around world championship when
he was 186,

As the complexity of the optional routines increases,
the most difficult stunts are performed (during training
sessions) not by contemporary Olympic and world
champions, but by their young counterparts (i.e., 12-
and 13-year-old boys who are preparing at this time to
compete at the 2008 and 2012 Olympic Games).

females as in males. Strength training elicits
changes in the level of anabolic hormones
circulating in the blood. These changes may
be acute (as a reaction to one workout) or
cumulative (long-term changes in resting
levels). For instance, strength training elicits
increases in resting serum testosterone con-
centrations and induces an acute elevation
in the level of circulating testosterone. A
relatively high positive correlation (r = 0.68)
has been found between the ratio of serum
testosterone to sex hormone-hinding globulin
(SHEG) and concomitant gains in competitive
weightlifting results for the clean and jerk lift
{figure 3.8).

Serum growth hormone (GH) levels are
significantly elevated during exercise with
heavy weight (70-85% of maximal force).
No change in serum GH has been observed
when the resistance is reduced to allow the
completion of 21 repetitions. The resting level
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Figure 3.8 Relations between relative change in serum testosterone-SHBG ratio and results of the clean
and jerk lift. Testosterone is not freely soluble in plasma and must bind with plasma proteins or globulines in
order to circulate in blood. During resting conditions, more than 90% of testosterone is bound to either SHBG
or to albumin. The remaining testosterone is in a metabolically active “free” form. This study demonstrates a
significant correlation between increases in strength and the ratio of free to bound testosterone. The subjects
were all Finnish champions or national record holders (or both) in weightlifting.

Adapted, by permission, from K. Hikkinen et al. 1987, "Relationships between training volume, physical performance capacity,

aned serum hormone copcentration during prolonged training in elite weight lifters,” frefermettonal Journal of Sport Medicine B: 61-
65, By permizsion of author

of GH is not changed as a result of strength responses to a specific workout are related
training. This may be due to the fact that to the following:
basic GH molecules are bound together in

: : : * Amon fm m i
clusters, creating higher molecular variants, ount of muscle mass activated

while the different variants, as well as bind- * Amount of work
ing proteins, respond differently to strength * Amount of rest between sets and exer-
training. The magnitudes of acute hormonal cises
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Protein and Carbohydrate
Intake

Intake of protein and carbohydrate before and after
a workout affects the amount of testosterone that will
bind to the androgen receptors. The increased bind-
ing of testosterone to the androgen receptors in the
muscle results in what is called an up regulation,
meaning there is an increased number of receptors
that are responsive to the circulating testosterone.
Testosterone is one of the major hormonal signals of
increased protein synthesis in the muscle, but it must
be bound to the receptor in order to send the signal to
the cell's DNA machinery. Recent findings show that
with nutrient intake, circulating testosterone decreases.
This is thought to be due to the greater use and binding
interactions with the androgen receptor,

In addition to testosterona, with 25 to 50 g of protein
(essential amino acids being most important) and 50 g
of carbohydrate ingested before and within 10 min fol-
lowing the warkout, an increase in circulating insulin will
occur, stimulating greater uptake of amino acids into
the muscle. Growth hormone from the anterior pituitary
gland and insulin-like growth factor-1 from the liver also
increase with such nutrient intakes surrounding a work-
out. Thus macronutrient intake timing may be crucial
for optimizing the anabolic environment surrounding a
workout, The increased protein synthesis appears fo be
mediated by a host of different anabolic hormones.

NEURAL (CENTRAL)
FACTORS

The central nervous system (CNS) is of
paramount importance in the exertion and
development of muscular strength. Muscu-
lar strength is determined not only by the
guantity of involved muscle mass but also
by the extent to which individual fibers in
a muscle are activated (by intramuscular
coordination). Maximal force exertion is a
skilled act in which many muscles must be
appropriately activated. This coordinated
activation of many muscle groups is called
intermuscular coordination. As a result of
neural adaptation, superior athletes can
better coordinate the activation of fibers in

single muscles and in muscle groups. In other
words, they have better intramuscular and
intermuscular coordination.

Intramuscular Coordination

The nervous system uses three options for
varying muscle force production. These
include

* recruitment, the gradation of total muscle
force by the activation and deactivation
of individual motor units;

* rate coding, a change in the firing rate of
motor units; and

» synchronization, the activation of motor
units in a more or less synchronized
way.

All three options are based on the existence of
motor units (MUs). MUs are the basic elements
(quantums) of motor system output. Each MU
consists of a motoneuron in the spinal cord
and the muscle fibers it innervates. An MU
alsoincludes along axon going from the moto-
neuron down to the muscle, where it branches
out and innervates individual muscle fibers.
When a motoneuron is active, impulses are
distributed to all the fibers in the MU. In small
muscles that afford a fine level of control, MUs
consist of several dozen muscle fibers. For
instance, MUs in the extraocular muscles that
position the eyes include on average only 23
muscle fibers. In large muscles such as the
rectus femoris, on the other hand, one MU
may include up to 2,000 muscle fibers.

MUs can be classified as fast or slow on the
basis of contractile properties. Slow MUs, or
slow-twitch (8T} motor units, are specialized
for prolonged use at relatively slow velocities.
They consist of (a) small, low-threshold moto-
neurons with low discharge frequencies; (b)
axons with relatively low conduction veloci-
ties; and (c) motor fibers highly adapted to
lengthy aerobic exercise. Fast MUs, or fast-
twitch (FT) motor units, are specialized lor
relatively brief periods of activity character-
ized by large power outputs, high velocities,
and high rates of force development. They
consist of (a) large, high-threshold moto-
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neurons with high discharge frequencies; (b)
axons with high conduction velocities; and (¢)
motor fibers adapted to explosive or anaero-
bic activities. A more detailed classification
includes three types of muscle fibers: type |
(slow), type IIA (fast but fatigue resistant),
and IIX (fast with low resistance to fatigue)
(see table 3.4 and figure 3.9). In contrast to
previous reports, transition from type 1 to
type Il muscle fibers as a result of training is
not considered possible; early reports to such
effects did not completely type the full array
of fiber types and their hybrids.

MUs are activated according to the all-or-
none law. At any point in time, an MU is either
active or inactive; there is no gradation in the
level of motoneuron excitation. The gradation
of force for one MU is accomplished through
changes in its firing rate (rate coding).

In humans, contraction times vary from
90 to 110 ms for 5T motor units and from 40
to 84 ms for FT motor units. The maximal
shortening velocity of fast motor fibers is
almost four times greater than the V,, of 8T
motor fibers. The force per unit of fast and
slow motor fibers is similar, but the FT motor
units typically possess larger cross sections
and produce greater force per single motor
unit. Differences in the force-producing capac-
ity among the MUs can be 100-fold.

All human muscles contain both 5T and
FT motor units. The proportion of fast and
slow motor fibers in mixed muscles varies
among athletes. Endurance athletes have a
high percentage of ST motor units, while FT
motor units are predominant among strength
and power athletes,

Table 3.4 Main Types of Muscle Fibers

Type I A X
Twitch rate  Slow Fast Fast
Resistance  High fwerage Low

to fatigue

Respiration  Aerobic  Aerobic— Anaerobic
type anaerobic

Capillaries  Many Mary Few

Figure 3.9 A micrograph of a muscle fiber cross
section made up of different fiber types. Typing is
achieved through the use of different colors from
the staining procedure of a piece ol muscle, or
ATPase histochemical staining (the myosin ATPase
stain at pH 4.6). The main muscle fiber types shown
in this micrograph are type | (slow twitch) and type
14 and IIX (fast twitch), along with a representative
fast-twitch hybrid [IAX that occurs when muscle
fibers are making a transition from one tvpe of type
Il fiker to another in their protein characteristies.
More comprehensive classifications categorize
muscle fibers according to different criteria. The
main fibers in humans from the most oxidative to
the least oxidative are types 1, 1C, IC, I[AC, (1A, HAX,
and ITX.

Recruitment

During voluntary contractions, the orderly
pattern of recruitment is controlled by the
size of motoneurons—this is the so-called
size principle. Small motoneurons, those
with the lowest firing threshold, are recruited
first, and demands for larger forces are met by
the recruitment of increasingly forceful MUs.
Motor units with the largest motoneurons,
which have the largest and fastest twitch
contractions, have the highest threshold and
are recruited last (figure 3.10). This implies,
in mixed muscles containing both 5T and FT
motor units, that the involvement of ST motor
units is forced, regardless of the magnitude of
muscle tension and velocity being developed.
In contrast, full FT motor unit activation is
difficult to achieve. Untrained people cannot
recruit all their FT motor units. Athletes
engaged in strength and power training show
increased MU activation.
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MU recruitment
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Figure 3.10  Size principle of motor neuron recruitment. The motor neurons are arranged according to their
size, The small motor neurons innervate slow-twitch fibers, while large motor neurons innervate fast-twitch
fibers. When the muscle force increases, the motor neurons are activated {(recruited) according to size, from
small to large. In this figure, the required force is low and only small motor neurons are recruited. When the
force builds up, the number of active MUs increases and the fast MUs are recruited.

The recruitment order of MUs is relatively
fixed for a muscle involved in a specific
motion, even if the movement velocity or
rate of force development alters, However,
the recruitment order can be changed if the
multifunction muscle operates in different
motions. Different sets of MUs within one
muscle might have a low threshold for one
motion and a high threshold for another.

The variation in recruitment order is par-
tially responsible for the specificity of train-
ing effect in heavy resistance exercise. If the
objective in training is the full development
of a muscle (not high athletic performance),
one must exercise this muscle in all possible
ranges of motion, This situation is typical for
bodybuilders and beginning athletes, but not
elite athletes.

Rate Coding

The other primary mechanism for the gra-
dation of muscle force is rate coding. The
discharge frequency of motoneurons can
vary over a considerable range. In general,
the firing rate rises with increased force and
power production.

The relative contributions of recruitment
versus rate coding in grading the force of
voluntary contractions are different in small
and large muscles, In small muscles, most
MUs are recruited at a level of force less than
5% of F,..; thereafter, rate coding plays the
major role in the further development of

force up to F,. In large proximal muscles,
such as the deltoid and biceps, the recruit-
ment of additional MUs appears to be the
main mechanism for increasing force devel-
opment up to 80% of F,,, and even higher.
In the force range between 80 and 100% of
Fom, force is increased almost exclusively by
intensification of the MU firing rate.

Synchronization

Normally, MUs work asynchronously to
produce a smooth, accurate movement.
However, there is some evidence that, in
elite power and strength athletes, MUs are
activated synchronously during maximal
voluntary efforts,

In conclusion, maximal muscular force is
achieved when

1. a maximal number of both 8T and FT
motor units are recruited;

2. rate coding is optimal to produce a
fused tetanus in each motor fiber; and

3. the MUs work synchronously over the
short period of maximal voluntary
effort.

Psychological factors are also of primary
importance. Under extreme circumstances
(i.e., life-or-death situations), people can
develop extraordinary strength. When
untrained subjects (but not superior athletes)
receive hypnotic suggestions of increased
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strength, they exhibit strength increases,
whereas both athletes and untrained people
show strength decrements after receiving the
hypnotic suggestion of decreased strength.
Such strength enhancement is interpreted
to mean that the CNS in extraordinary situa-
tions either increases the flow of excitatory
stimuli, decreases the inhibitory influence to
the motoneurons, or both.

It may be that the activity of motor neurons
in the spinal cord is normally inhibited by the
CNS and that it is not possible to activate all
MUs within a specific muscle group. Under
the influence of strength training and in
exceptional circumstances (important sport
competitions included), a reduction in neural
inhibition occurs with a concomitant expan-
sion of the recruitable motoneuron pool and
an increase in strength.

Intermuscular Coordination

Every exercise, even the simplest one, is a
skilled act requiring the complex coordina-
tion of numerous muscle groups. The entire
movement pattern, rather than the strength
of single muscles or the movement of single
joints, must be the primary training objec-
tive. Thus, an athlete should use isolated
strength exercises, in which the movement
is performed in a single joint, only as a supple-
ment to the main training program.

Here are some examples of the primary
importance of the entire coordination pat-
tern (rather than the force of single muscles)
for muscular strength.

» |t is possible to induce hypertrophy
and increase the maximal force of a single
muscle, for instance the rectus femoris, or
even a muscle group (e.g., knee extensors),
through electrostimulation (EMS). However,
if only EMS is used, it takes a great deal of
time and effort to transmute this increased
potential into a measurable strength gainina
multijoint movement such as a leg extension,
Some athletes who try EMS decide that it is
not worth the effort (see also chapter 6 on
EMS). Strength gains attained through con-
ventional voluntary training rely on changes
in the nervous system that do not occur when
muscles are stimulated electrically.

* The best weightlifters are the strongest
people in the world, but they cannot perform
some slow gymnastics exercises, which require
only strength (e.g., the cross exercise on the
rings). On the other hand, elite gymnasts do
not exercise with free weights to increase the
force of the shoulder girdle muscles. They do
this with gymnastics exercises using body
weight as resistance (heavy ankle cuffs or
waist belts are added from time to time).

* If an athlete simultaneously exerts maxi-
mal force with two extremities, the force for
each extremity is lower than it is in unilateral
force development. Training with bilateral con-
tractions reduces the bilateral deficit. Athletes
in sports such as rowing or weightlifting that
require the simultaneous bilateral contraction
of the same muscle groups should use similar
exercises to eliminate bilateral deficits. (How-
ever, elite super-heavy lifters employ exercises
such as stepping up on a bench with barbells
180 kg and heavier; they do this to avoid the
extremely high loading that occurs during
squatting exercises, in which the barbell
weight can exceed 350 kg.)

In the case of the bottleneck effect, when
low strength in one joint of a kinematic chain
limits performance (e.g., knee extensor
strength is the limiting factor in squatting),
the coach should first try to change the
exercise to redistribute the load among dif-
ferent muscle groups. Only after that is an
isolated knee extension against a resistance
advisable.

The important limitation of many strength
training machines is that they are designed
to train muscles, not movement. Because of
this, they are not the most important training
tool for athletes.

TAXONOMY OF STRENGTH

Let us review some facts from chapters 2
and 3:

1. Magnitudes of the maximal force £, in
slow movements do not differ greatly
from those in isometric actions.

2. The greatest muscular forces are devel-
oped in eccentric actions; such forces
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are sometimes twice those developed
in isometric conditions.

3. In concentric actions, the force F,, is
reduced when the time to peak force T,
decreases or the velocity increases.

4. There are no substantial correlations
between maximum maximorum force
(F...) and the force F,, in movements
with minimal external resistance (note
that body weight is not minimal resis-
tance). The correlation is greater when
the resistance is increased.

5. The rate of force development (espe-
cially the S-gradient) does not correlate
with the maximal force F,,,.

6. The force in exercises with reversible
muscle action does not change after
heavy resistance training, regardless
of the F,,,, increase (this is true at least
for experienced athletes).

In summary, the following general scheme
can be proposed as a taxonomy of muscular
strength:

Tvpe of Strength Manifestation
Static strength Isometric and
(or, simply, slow concentric
strength) actions
Dynamic strength Fast concentric
actions

Yielding strength Eccentric actions
Additionally, the explosive strength (or rate
of force development) and the force exerted
in stretch—shortening (reversible) muscle
actions are considered independent compo-
nents of motor function.

The summary classification scheme is
certainly not completely satisfactory from a
scientific point of view in that it uses different
bases for categorization (direction of move-
ment, velocity, time). Furthermore, in real
life a smooth transition exists rather than a
sharp demarcation between different types of
strength. Despite these valid criticisms, this
classification system has served as a useful
tool in practical work for many years, and a
better system does not exist at this time.

SUMMARY

To understand what determines differences
among athletes, we scrutinize two factors:
peripheral factors (that is, capabilities of
individual muscles) and central factors (the
coordination of muscle activity by the CNS).
Among peripheral factors, muscle dimensions
seem Lo be the most important: Muscles with
a large physiological cross-sectional area
produce higher forces. The size of a muscle
increases when (a) a properly planned
strength training program is executed and
{b) the required amount and selection of
amino acids are provided via nutrition. The
enlargement of the cross-sectional area of
individual fibers (fiber hypertrophy) rather
than an increase in the number of fibers
(hyperplasia) is responsible for muscle size
growth. Heavy resistance exercise activates
the breakdown of muscle proteins, creating
conditions for the enhanced synthesis of
contractile proteins during rest periods. The
mass of proteins catabolized during exercise
exceeds the mass of newly synthesized pro-
tein. The crucial factor for increasing the pro-
tein breakdown is a shortage in the muscle
cell of energy available for protein buildup
during heavy resistance exercise.

Since muscle mass constitutes a substan-
tial part of the human body, athletes with
larger hody weight demonstrate greater
strength than equally trained athletes of
smaller body dimensions. The strength
per kilogram of body weight is called rela-
tive strength; muscular strength, when not
related to body weight, is absolute strength.
Among equally trained athletes of various
weight classes, absolute strength increases
and relative strength decreases with a gain
in body weight, Body weight loss, if prop-
erly managed, is helpful toward increasing
relative force. However, athletes must be
warned against the malpractice of rapid
weight reduction.

Neural (central) factors include intra-
muscular and intermuscular coordination.
On the level of intramuscular coordination,
three main options are used by the CNS for
varying muscle force production: recruitment
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of MUs, rate coding, and synchronization of
MUs. These can be observed in well-trained
athletes during maximal efforts. The orderly
recruitment of MUs is controlled by the size of
motoneurons (size principle): Small motoneu-
rons are recruited first and requirements for
higher forces are met by the activation of the
large motoneurons that innervate fast MUs.
It seems that the involvement of slow-twitch
MUs is forced, regardless of the magnitude of
muscle force and velocity being developed.
The firing rate of the MUs rises with increased
force production (rate coding). The maximal
foree is achieved when (a) a maximal number

of MUs is recruited, (b) rate coding is optimal
and (c) MUs are activated synchronously over
the short period of maximal effort.

The primary importance of intermuscular
coordination for generating maximal muscu-
lar force is substantiated by many investiga-
tions. Thus, entire movement patterns rather
than the strength of individual muscles or
single-joint movements should be the pri-
mary training objective. Explosive strength
(or rate of force development) and the force
exerted in stretch-shortening (reversible)
muscle actions are independent components
of motor function.
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part Il

Methods of
Strength Conditioning

Paﬂ Il summarizes the requisite knowledge
for coaching successfully, concentrating
on information derived both from scientific
evidence and the documented practical
experience of elite athletes. Chapter 4, which
covers intensity and methods of strength
training, begins with the description of mea-
surement techniques. It also reviews current
scientific material about exercising with differ-
ent resistance, analyzing metabolic reactions,
intramuscular coordination, and biomechani-
cal variables. The chapter then scrutinizes
the training intensity of elite athletes and
presents data from some 35 years’ worth of
training logs of dozens of the best athletes in
the world, including Olympic champions and
world-record holders from Eastern Europe.
Chapter 4 also outlines three main methods
of strength training and discusses in detail
the parallels between practical training and
scientific lore.

Chapter 5 turns to timing during train-
ing, including short-term and medium-term
timing. It covers the main problems of short-
term planning; how to use strength exercises
in workouts and training days as well as in
micro- and mesocycles; and the four main
aspects of periodization: delayed transfor-
mation, delayed transmutation, training
residuals, and the superposition of training
effects.

Chapter 6 pertains to the issue that coaches
face first and foremost when they devise

strength training programs: exercise selec-
tion. The chapter examines various strength
exercises, and it also classifies exercises and
presents a rationale for exercise selection. For
experienced athletes, decisions are fairly com-
plex, and among the exercise features they
must consider are the following: working
muscles, type of resistance, time and rate
of force development, movement velocity,
movement direction, and the force-posture
relationship. Chapter 6 also describes the
peak-contraction principle, accommodating
resistance, and accentuation—the three basic
techniques used in modern strength training
to handle the force-posture paradigm.

Alater section of chapter 6 concentrates on
strength exercises that are regarded by many
as supplementary, including isometric exer-
cises, self-resistance exercises, and yielding
exercises. We note that exercises with revers-
ible muscular action, such as dropping jumps,
are becoming more popular. Meanwhile, the
sport exercises that call for added resistance,
which are often referred to as speed resisted,
can now hardly be called auxiliary. In fact,
some experts see the shift in popularity of this
group of exercises as the most visible trend in
training since the 1980s. Chapter 6 explains
how to choose and use all these training tech-
niques. It then reviews electrostimulation and
vibration training as training techniques and
ends by offering some practical advice on how
to breathe while exercising.
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Chapter 7 describes measures that may
prevent injuries during strength training,
especially to the lumbar region, explaining
the underlying theory while presenting prac-
ticable techniques. Several applied aspects
are discussed, including muscle strengthen-
ing, sport technique reguirements, use of
protective implements, posture correction
and flexibility development, and rehabilita-
tion measures.

Chapter 8 explores goal-specific strength
training. Both athletes and laypeople exercise
for strength not only to improve strength
performance but also for many other rea-
sons (goals may be as diverse as power
performance, muscle mass gain, endurance
performance, or injury prevention). The
chapter also summarizes specific features of
strength training.
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chapter 4

Training Intensity

In this chapter we turn to the topic of
training intensity and focus on four major
issues. First we consider several methods
of measuring training intensity. Then we
look at the physiological characteristics
of exercises with varying intensities, par-
ticularly the influence of different strength
exercises on metabolism and intra- and
intermuscular coordination. The third issue

is the training intensities of elite, world-class
athletes—information that suggests which
training patterns are the most efficient. The
fourth section deals with the optimal train-
ing intensities determined from the compara-
tive research. The final section outlines the
theory underlying a described training pat-
tern and presents the primary methods of
strength training.
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MEASUREMENT
TECHNIQUES

Training intensity can be estimated in four
different ways:

* Magnitude of resistance (e.g., weight
lifted) expressed as a percentage of
the best achievement (F,, or F,.) in a
relevant movement (if the weight lifted
is expressed in Kilograms, it is difficult
to compare the training loads of athletes
who vary in mastership and weight
class)

* Number of repetitions (lifts) per set (a
set is a group of repetitions performed
consecutively)

* Number (or percentage) of repetitions
with maximal resistance (weight)

* Workout density (i.e., number of sets per
hour in a workout)

You can read in this chapter about the first
three methods, and in chapter 5 you can read
about workout density.

To characterize the magnitude of resistance
{load), we use the percentage of weight lifted
relative to the athlete's best performance.
Depending on how the best achievement is
determined, two main variants of such a mea-
sure may be used. One option is to use the ath-
letic performance attained during an official
sport competition (competition £, = CF,., J,
or the maximum competition weight (CF,,, ).
The second option is to use a maximum train-
ing weight (TF,,,.) for comparison.

By definition, maximum training weight is
the heaviest weight (l-repetition maximum,
or 1IRM) an athlete can lift without substan-
tial emational stress. In practice, experienced
athletes determine TF,,, by registering heart
rate. If the heart rate increases before the lift,
this is a sign of emotional anxiety. The weight
exceeds TF,,, in this case. (Note, however, that
heart rate elevation before lifting the maximal
compelition load CF,,, varies substantially
among athletes. During important competi-
tions, the range is between 120 and 180 beats
per minute. To determine TF,,. athletes

must know their individual reactions.) The
difference between the TF,,, and the CF,, is
approximately 12.5 « 2.5% for superior weight-
lifters. The difference is greater for athletes
in heavy weight classes. For athletes who lift
200 kg during competition, a 180-kg weight is
typically above their TF,,..

For an athlete, the difference between CF,,,
and TF,,, is great. After an important compe-
tition, weightlifters are extremely tired even
though they may have performed only 6
lifts, in comparison to nearly 100 lifts during
a regular training session. Such athletes have
a feeling of emptiness and cannot lift large
weights. Thus they need about 1 week of rest,
during which they lift smaller weights, and
cannot compete in an important competition
until after 1 month (compare with the situ-
ation in other sports in which contests are
held two to three times a week). The reason
is not the physical load itself but the great
emotional stress an athlete experiences while
lifting CF,,... TF,., can be lifted at each training
session.

It is more practical to use CF,,, than to use
TF,. for the calculation of training intensity.
Since the 1960s, the average training intensity
for elite athletes has been 75 = 2'%.

In a sport such as weightlifting, the training
intensity is characterized also by an inten-
sity coefficient. This ratio is calculated as
follows:

100(Average weight lifted / Athletic
performance),

where Average weight lifted and Athletic
performance are in kilograms, and Athletic
performance is measured using the snatch
plus clean and jerk.

On average, the intensity coefficient for
superior athletes has been 38 = 2%.

Itis a good idea to use as a CF,,,, value the
average of two performances attained during
official contests immediately before and after
the period of training vou are studying. For
instance, if the performance was 100 kg
during a competition in December and it was
110 kg in May, the average CF,,, for the period
January through April was 105 kg, There are
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many misconceptions in sport science lit-
erature regarding the training loads used in
heavy resistance training. One reason is that
the difference between CF,,., and TF,,, is not
always completely described. It is important
to pay attention to this difference.

The number of repetitions per set is the
most popular measure of exercise intensity
in situations in which maximal force £, is
difficult or even impossible to evaluate, for
instance in sit-ups.

The magnitude of resistance (weight,
load) can be characterized by the ultimate
number of repetitions possible in one set (to
failure). The maximal load that can be lifted
a given number of repetitions before fatigue
is called repetition maximum (RM). For
instance, 3RM is the weight that can be lifted
in a single set only three times. Determining
RM entails the use of trial and error to find
the greatest amount of weight a trainee can
lift a designated number of times. RM is a very
convenient measure of training intensity in
heavy resistance training. However, there is
no fixed relationship between the magnitude
of the weight lifted (expressed as a percent-
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age of the F,,, in relevant movement) and the
number of repetitions to failure (RM). This
relationship varies with different athletes
and motions {figure 4.1). As the figure shows,
10RM corresponds to approximately 75% F,.
This is valid for athletes in sports where
strength and explosive strength predominate
(such as weightlifting, sprinting, jumping, and
throwing). However, note that a given percent-
age of 1EM will not always correspond to the
same number of repetitions to failure in the
performance of different lifts.

During training, superior athletes use vary-
ing numbers of repetitions in different lifts. In
the snatch and the clean and jerk the typical
number of repetitions ranges from 1 to 3, and
the most common number is 2 (almost G0% of
all sets are performed with 2 repetitions). In
barbell squats, the range is from 2 to 7 lifts per
set (more than 93% of all sets are performed in
this range; see figure 4.2). You will find further
examples and an explanation of these findings
later on in this chapter. As a rule of thumb,
no more than 10- to 12RM should be used for
muscular strength development; the excep-
tions to this are rare (e.g., sit-ups).

B - 8 Wrestler
—8 Weightlifter

[ [
104 120 140 160
MNumber of lifts

Figure 4.1 Dependence of the maximal number of repetitions to failure (RM, abscissa) on weight lifted
(% F,,. ordinate). The results for two qualified athletes, a weightlifter and a wrestler, are shown for the bench
press, The pace of lifts was 1 lift in 2.5 s. Both athletes were highly motivated.

Reprinted, by permission, rom VM. Zatsiorsky, N.G. Rulik, and Yu. L Smirnov, 1968, “Relations between the motor abilities.”
Theary and Prachice of Plysical Cofture 310127 2508, 320 1): 2.8, 32(2): 28-33.
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Mumber of repatitions

Sats (3%)

Figare 4.2 Number of repetitions per set in squatting with a barbell. (One year of observations in the train-
ing of eight world and Olympic champions in the clean and jerk.)

From Preparation of the National Olymmpic Team in weight Gfting fo the (9558 Olvmpic Games in Seowd, 1989, (Moscow, Russia: Russian
State Academy of Physleal Education and Sport), 79, Technical report #1988.67, By permission of Russian State Academy of

Physical Education and Sport.

Determination of Training Intensity

A conditioning coach wants to prescribe a training
intensity in barbell squats for two athletes, A and B.
Athlete A is a competitive weightlifter from a lightweight
class; athlete B is a football player, Recently during a
modeled competition, athlete A managed to lift a 150-
kg barbell (his CF.). To prepare for the competition,
athlete A excluded barbell squats from his training
program for 10 days before the contest and had a
complete 2-day rest. He considered the competition
very important and psychologically prepared himself fo
set his best personal achievement in sguatting. During
the competition, athlete A performed squats in a fresh
condition, immediately after a warm-up, Because of

T2

high emational sfress, his heart rate before the lifts
was approximately 180 beats/min.

For this athlete, the maximal training weight must be
around 135 kg—his TF,.... To define this weight more
precisely, the coach monitored the athlete’s heart rate
during rest intervals and found that before he lifted a
135-kg barbell his heart rate was not elevated. There-
fare this weight did not elicit high emofional stress. The
coach recommended that the athlete use the 135-kg
weight as maximal load in the majority of training ses-
sions during the next training cycle. This was exactly
90% of his maximal achievement attained during the
competition,
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Without experiencing emotional stress and using a
special competition-like warm-up, athlete A was able
to lift 8 135-kg barbell one to two times in a set. Since
the advice was fo perform three to four sguats in a set,
athlete A exercised mainly with the 125- to 130-kg bar-
bell. Periodically, he also used higher loads, including
some greater than 135 kg, These [ifts were counted
and their nrumbers used as an additional measure of
training intensity.

The number of repetitions with maximal
resistance is an additional, very useful mea-
sure of the intensity of strength training. By
definition, all lifts with a barbell above 90%
of CF,,, are included in this category. These
loads are above TF,,, for almost all athletes,

EXERCISING WITH
DIFFERENT RESISTANCE

Different levels of resistance have different
physiological effects. Varied resistance levels
cause different metabolic reactions involving
the breakdown and synthesis of proteins. The
resistance level or intensity of exercise also
influences intramuscular and intermuscular
coordination.

Metabolic Reactions

According to the energetic hypothesis of
muscle cell hypertrophy described in chapter
3, the crucial factor determining the balance
between protein catabolism and anabolism
is the amount of energy available for protein
synthesis during exercise. If the resistance is
relatively small, the energy available in the
muscle cell is conveyed for muscle action and,
at the same time, for anabolism of muscle pro-
teins. Thus, the energy supply satisfies both
requirements. During heavy weightlifting, a
larger amount of energy is provided to the
contractile muscle elements and spent on
muscular work, Energy transfer for the syn-
thesis of proteins decreases, while the rate of
protein breakdown (the amount of degraded

Athlete B also squatted with a 150-kg barbell. But
unlike athlete A, he did this during a regular session
within his usual training routine, Additional rest before
the test was not provided and no special measures
were taken. For this athlete, the 150-kg achieverment
can be regarded as a maximum training weight {TF..).
He can exercise with such a load regulariy.

protein per lift) increases. The rate of protein
degradation is a function of the weight lifted:
The heavier the weight, the higher the rate of
protein degradation.

The total amount of degraded protein, how-
ever, is a function of both the rate of protein
catabolism and the mechanical work per-
formed (or the total weight lifted). Mechanical
work is greater when resistance is moderate
and several consecutive lifts are performed
in one set. For instance, if an athlete presses
a 100-kg barbell 1 time (this athlete's RM),
the total weight lifted is also 100 kg. However,
the same athlete should be able to lift a 75-kg
barbell (to failure) about 10 times; here the
total weight lifted equals 750 kg.

The mass of proteins catabolized during
heavy resistive exercise can be presented as
a product of the rate of protein breakdown
and the number of lifts. If the resistance is
very large (e.g., 1IRM), the rate of protein
breakdown is high but the number of repeti-
tions is small. At the other extreme, if the
resistance is small (50RM), the number of lifts
and amount of mechanical work are great,
but the rate of protein degradation is low. So
the total amount of the degraded protein is
small in both cases, but for different reasons
(table 4.1).

An additional feature of such training, and
an important one from a practical standpoint,
is the very high training volume or total
amount of weight lifted during a workout.
This amount is up to five or six times greater
than the amount lifted during a conventional
training routine. Athletes who train over a
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Table 4.1
of Resistance

Amount of Degraded Protein During Strength Training With Different Levels

Mechanical work Total amount

Resistance (RM) Rate of protein degradation (number of repetitions) of degraded protein
1 High Small Small
5-10 Average Average Large
=25 Low Large small
Exercising With Various Weights:

Mechanical Work and Metabolic Response

An athlete whose best achievement in barbell squatting
is 150 kg performs squats with 150-, 120-, and 80-kg
barbells. His body weight is 77.5 kg and the weight of
body parts above the knee joints is 70 kg (only this
part of the body is lifted during squatting; the feet and
shanks are almost motionless). Thus, the weights lifted
(the barbell plus the body) are 220, 290, and 160 kg.
The distance thal the center of gravity is raised (the dif-
ference between the lowest and the highest position of
the center of gravity) is 1 m. The athlete lifts the 150-kg
barbell 1 repetition, the 120-kg barbell 10 repetitions,
and the 90-kg barbell 25 repetitions. The mechanical
work produced equals 220 kg-m for the heaviest barbell
(220 kg multiplied by 1 rep and 1 m), 1,900 kg-m for
the 120-kg barbell, and 4,000 kg-m for the lightest one
(160 kg multiplied by 25 reps and 1 m). Exercising with
a light barbell, the athlete produces mechanical work
18 times greater than with the heaviest,

certain period of time in this manner (to gain
body weight and induce muscle cell hypertro-
phy in order to compete in a heavier weight
class) amass a training volume in one work-
out of over 20 to 30 tons and, in some cases,
above 50 tons a day. Such volume hinders an
athlete's capacity to perform other exercises
during this period of training.

Intramuscular Coordination

Lifting maximal weight has a number of effects
on motor units (MUs): A maximum number
of MUs are activated, the fastest MUs are

The metabolic energy expenditures are many times
larger during exercise with the light barbell. However,
protein degradation is maximized when squats are
performed with the 120-kg (average) barbell. During
squatting with the 160-kg barbell, the intensity of pro-
tein catabolism (the amount of degraded proteins per
repetition) is very high. This barbell, however, is lifted
one time only. When the athlete executes the squals
with the light (90-kg) barbell, the intensity of protein
degradation is low. So the amount of degraded protain
is low in spite of the huge value of mechanical work
produced. Thus, the 120-kg load provides this particular
athlete with the best combination of training intenstty
and volume (total load lifted),

This example illustrates what happens in a single set
of lifts. Total metabolic stress from an exercise session
depends also on the rest allowed between the sefs
(see chapter ),

recruited, the discharge frequency of moto-
neurons is at its highest, and the activity of
MUs is synchronous,

MUs do exist, however, that many ath-
letes cannot recruit or activate to the opti-
mal firing rate in spite of sincere efforts to
develop maximal force. It is well known that
high-threshold (fast) units possess a higher
maximal discharge frequency. However, inves-
tigators have shown that, in untrained people
during maximal voluntary contractions, many
high-threshold MUs may exhibit a lower firing
frequency than low-threshold MUs, This is so
hecause the fast MUs are not fully activated
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even though the individual is attempting to
attain maximal forces.

The “hidden potential” of a human muscle
to develop higher forces can also be demon-
strated by electrostimulation. During maximum
voluntary contraction, the muscle is stimulated
with electrical current. The stimulus induces
an increase in force production above the
maximal voluntary level. The ratio

100¢Force during electrostimulation
— Mazximal voluntary force) / Maximal
voluntary force

is called the muscle strength deficit (MSD).
The MSD typically falls in the range of 5 to
35%. The MSD is smaller for elite athletes; it is
smaller also when a person is anxious or when
only small muscles are activated. The very
existence of the MSD indicates that human
muscles typically have hidden reserves for
maximal force production that are not used
during voluntary efforts.

One objective of heavy resistance train-
ing is to teach an athlete to recruit all the
necessary MUs at a firing rate that is optimal
for producing a fused tetanus in each motor
fiber. When submaximal weights are lifted,
an intermediate number of MUs are acti-
vated; the fastest MUs are not recruited; the
discharge frequency of the motoneurons is
submaximal; and MU activity is asynchronous
(see figure 3.10 on page 62). It is easy Lo see
differences in intramuscular coordination
between exercises with maximal versus sub-
maximal weightlifting. Accordingly, exercises
with moderate resistance are not an effective
means of training for strength development,
particularly when improved intramuscular
coordination is desired.

Many experts believe that, in the prepara-
tion of elite weightlifters, optimal intramus-
cular coordination is realized when weights
equal to or above TF,,, are used in workouts,
It is not mandatory from this standpoint to lift
CF,,, during training sessions. Differences in
the best performances attained during train-
ing sessions (i.e., TF,,) and during important
competition (i.e., CF,,.) are explained by psy-
chological factors such as the level of arousal
and by increased rest before a contest (recall
the two-factor theory of training in chapter

What Happens When
a Nonmaximal Load Is Lifted?

A person curls a 30-kg dumbbell, causing the following to
occur: (a) the maximal number of MUs are recruited; (h)
the fast MUs, which are also the strongest, are activated,
(c) the discharge frequency of motoneurcns is optimal;
and (d) motoneuron activity is (maybe) synchronous.

However, when a 15-kg dumbbell is lifted, (a) only
a portion of the total MUs are recruited, (b) the fastest
(and strongest) MUs are not activated, (c) the frequency
of neural stimulation is not optimal, and (d) MU activity
is (surely) asynchronous.

Intramuscular coordination in the two activities is
substantially different. Thus, lifting a 15-kg load cannot
improve the inframuscular coordination required to
overcome a 30-kg resistance.

1). Differences in coordination (intra- and
intermuscular), however, are small and do
not affect performance. Weights above TF,,,
are used only sporadically in training (for
approximately 3.5-7.0% of all the lifts).

Biomechanical Variables and
Intermuscular Coordination

When an athlete lifts maximal weights, move-
ment velocity reaches its ultimate value and
then remains nearly constant. Acceleration
of the barbell varies near the zero level and
the force is more or less equal to the weight
of the object lifted.

In the lifting of moderate weights, there can
be two variations. In figure 4.3a, efforts are
maximally applied. Acceleration increases in
the initial phase of the lift, then falls to zero
and becomes negative in the second phase of
the motion. At the beginning the force applied
tothe harbell is greater than the weight lifted
and then decreases. The second part of the
motion is partially fulfilled via the barbell's
kinetic energy. In this tyvpe of lifting, muscu-
lar coordination differs from that used in the
lifting of maximal or near-maximal weights.
That is, muscular efforts are concentrated
(accentuated) only in the first half of the
movement,
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Figure 4.3 Bar velocity (a} and force exerted on the bar (&) during explosive bench press {dotted lines)
and explosive bench throw (=olid lines). Mean values and standard deviations (17 subjects); a bar weight is
45% of the individual I|RM. Stars indicate statistically significant differences between the press and throw
values, **p < 01 ***p < 001, In the final stages of the movement, the values of velocity and [orce during rapid
press movements are smaller than during the throws. The same is valid for the level of muscle activity (not
shown in the figure). The authors concluded that because during weightlifting the load must stop at the end
of the lift, attempting to perform the lifts in an explosive manner while holding on to the bar with a light load
will result in reduced velocity, force output, and muscle activation compared to the throw movements. The
throws are also more specific to the explosive movements typically used in sport performance.

Reprinted, by permission, from R.U Newton et al., 1996, “Kinematics, kinetics, and muscle activation during explosive upper body
movements,” Jowrmal of Appdied Blomecharics 12(1): 3243,

In the second instance, kinematic variables
of the movement (velocity, acceleration) are
similar to those observed when a person does
a maximal lift. Acceleration, and the corre-
sponding external force applied to the barbell,
is almost constant. However, this motion pat-
tern—the intentionally slow lift—involves the

coactivation of antagonistic muscle groups.
Such intermuscular coordination hampers the
manifestation of maximum strength values
(figure 4.38).

Differences in underlying physiological
mechanisms, experienced when exercising
with various loads, explain why muscular
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strength increases only when exercises
requiring high forces are used in training. In
principle, workloads must be above those
normally encountered, The resistance against
which the muscle groups work must continu-
ally be increased as strength gains are made
(this is called the principle of progressive
resistance exercises).

In untrained individuals, the measured
strength levels fall when resistance is below
20% of their F,, In athletes accustomed to
great muscular efforts, this drop in strength
can begin even with loads that are relatively
heavy, but below their usual level. For
instance, if qualified weightlifters train with
weights of 60 to 85% TF,,. and do not lift
these loads in 1 set to failure (to fatigue),
the strength level is kept constant over the
first month of such training and drops 5 to
T% during the second month. Athletes in sea-
sonal sports, such as rowing, lose strength
levels previously attained in the preseason
training if they do not use high-resistance
training during a season period, regardless
of intense specific workouts.

(Qualified athletes retain only muscle size,
not muscular strength, when they use exclu-

7% 8%

35%

sively moderate (nonmaximal) resistances
and moderate (nonmaximal) repetitions over
a period of several months.

TRAINING INTENSITY
OF ELITE ATHLETES

The training experience of elite athletes is a
useful source of information in sport science.
This experience, although it does not provide
sound scientific proof of the optimality of the
training routines emploved, reflects the most
efficient training pattern known at the present
time. In the future, gains in knowledge will cer-
tainly influence training protocols. Currently,
however, we do not know precisely what the
best approaches are,

The distribution of training weights in the
conditioning of elite weightlifters is shown
in figure 4.4. Notice that elite athletes use
a broad spectrum of loads. They use loads
helow 60% of CF,,, mainly for warming up and
restitution (these loads account for 8% of all
the lifts). The highest proportion of weights
lifted (35%) consists of those 70 to 80% of
the CF,. In agreement with these data and

Weight, % of CF,,
. <60
[ &60-70
[ 70-80
Bl 20-90
= 90-100

Figare 4.4 The distribution of weights lifted by members of the USSR Olympic team during preparation for
the 1988 Dlympic Games. The exercises were divided into two groups: snatch related and clean related. The
weight lifted is expressed as a percentage of CF,, in main sport exercises (either in snatch or clean and jerk).
Squatting with the barbell is not included in this analysis. One year of direct cbservations.

Adapted, by permission, from VM. Zatsiorsky, 1991, Tromning load in strength treining of elite athleles. Paper presented at the

Second (IC World Congreas on Sport Sciences, Barcelona, October.
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as observed over many years, the average
weight lifted by superior athletes is equal to
75.0 + 2.0% of CF,,.. Loads above 90% of CF,..,
account for only 7% of all lifts,

The number of repetitions per set varies by
exercise. In both the snatch and the clean and
jerk lifts (figure 4.5), the majority of all sets
are performed with 1 to 3 repetitions. In the
snatch, only 1.8% of the sets are done with
4 or 5 repetitions; in the clean and jerk, the
percentage of sets with 4 to 6 lifts is no more
than 5.4%. The majority of sets, roughly 55 to
60%, consist of 2 repetitions.

Mumber of repetitions (snatch)

In auxiliary strength exercises such as
squatting with a barbell, where motor coor-
dination only partially resembles the coordi-
nation in the snatch and clean and jerk, the
number of repetitions in one set increases.
In barbell squats, for instance, the number
of lifts varies from 1 to 10, with the average
range being 3 to 6 (recall figure 4.2).

Generally speaking, as the intermuscular
coordination in an exercise becomes simpler
and as the technique of the exercise deviates
from the technique of the main sport event
(in this example, from the technigque of both
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Figure 4.5 The percentage of sets with various numbers of lifts in (a) the snatch and {b) the clean and jerk

in the training of superior athletes,

Adapted, by permission, from VM. Zatsiorsky, 1991, Traiing load in strength training of elite athlefes. Paper presented at the
Second CIC World Congress on Sport Sciences, Harcelona, October.
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the snatch and clean and jerk), the number
of repetitions increases. In the clean and jerk,
the number of repetitions is 1 to 3 (57.4% of
sets contain 2 lifts only); the typical number
of repetitions in squatting is 3 to 5, and in
the inverse curl the average number of lifts
is around 5 to 7 per set (figure 4.6).

The number of repetitions with maximal
resistance (near CF,,, ) is relatively low. During
the 1984 to 1988 Olympic training cycle, elite
Soviet athletes lifted a barbell of such weight in
main sport exercises (snatch, clean and jerk)
300 to 600 times a year. This amount com-
prised 1.5 to 3.0% of all performed lifts. The
weights were further distributed as follows:

Mumber of repetitions

= M) L & O ® ~ 0O

Weight of barbell, Number of

%o OF CF lifts, %o
50-92.5 65
92.6-97.5 20
97.6-100 15

In the 1-month period before important com-
petitions, weights above 90% of CF,,,, are lifted
in the snatch or clean and jerk, or a combina-
tion of the two, 40 to 60 times.

During the 1970s and 1980s, the Soviet and
Bulgarian weightlifting teams won almost all
gold medals at the world and Olympic com-
petitions. It has often been reported that

30

Sets (%)

Figure 4.6 Inverse curl and the percentages of sets with different numbers of lifts in this exercise. Results
of direct observations in the training of V. Alexeey, 1972 and 1976 Olympic champion in weightlifting (super-

heavywelght category) in a total of 130 sets.

From Prepanstion of the National Clvmpic Team in weight lifting fo the 1980 Olympic Games in Moscow, 1981, (Moscow, Rusaia:
Russian State Aademy of Physical Education and Sport). Technical report #1981-3, By permission of Russian State Academy of

Phyalcal Education and Sport.
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Bulgarian weightlifters lift barbells of maxi-
mal weight more than 4,000 times a year. The
training intensity of Bulgarian athletes was
actually higher than that for athletes of the
former Soviet Union. However, the real source
of such a huge discrepancy (600 versus 4,000
lifts a year) is not the training itseli, but the
method of determining maximal weight. In
their plans and logs athletes of the former
Soviet Union used CF,,. while Bulgarians
stuck to the TF,,, designation (1RM in a given
training session).

OPTIMAL TRAINING
INTENSITIES FROM
COMPARATIVE RESEARCH

Elite athletes do not perform all drills at the
same intensity. For instance, the exercise
intensity in main Olympic weightlifting exer-
cises—the snatch and the clean and jerk—is
much larger than in the inverse curl (see fig-
ures 4.5 and 4.6). Such a training pattern is
difficult to model in experiments,

To determine optimal exercise intensity
for strength training, researchers have con-
ducted many experiments. The idea was
to train athletes differently and at different
RMs, and then determine the intensity that
vielded on average the best performance
improvement (the optimal intensity). Unfor-
tunately, the results from different studies
are difficult to compare, mainly because of
the abundance of confounding factors such
as differences among the subjects (gender,
age, training experience) as well as among
the training routines employed in various
studies (number of sets, training frequency,
trained muscle groups, exercises). Neverthe-
less, when the results of many studies are
compared—such a quantitative analysis of
the published data is called meta-analvsis—it
seems that for the athletes with more than 1
vear of training experience the intensity of
80% of 1RM is close to optimal (figure 4.7).
Untrained individuals experienced maximal
gains by training with an intensity of 60% of
IRM, 3 days a week, employing 4 sets per
muscle group.

Eifect size

70 TS a0 BS
Exercize intensity, % of 1AM

Figure 4.7 Performance improvement as a func-
tion of training intensity, average data. The effect
size = (Posttraining mean = Pretraining mean) / Pre-
training standard deviation. The figure is based on
the meta-analysis of 140 studies with a total of 1,433
effect sizes. Note that in each experimental group
the subjects trained at the same intensity in all exer-
cises (% of 1 F,, ) while elite athletes use different
intensities in different exercises.

[»ata from M.E. Rhea et al., 2003, "A meta-analysiz to determine
the dose response for strength development,” Medicine ard
Science in Sports and Exercize 35(3): 456464,

Returning to the training routines of elite
athletes described previously, it should be
noted that these repetition levels should
not be mechanically copied. Rather, coaches
and athletes need to understand the ideas
underlying such training (the training con-
ception) and, if they accept this conception,
thoughtfully implement it. The training con-
ception described in the ensuing text includes
understanding specific features of different
training methods, proper exercise selection,
and timing of training.

METHODS OF STRENGTH
TRAINING

It is useful to classify strength training accord-
ing to methods of attaining maximal muscular
tension. In the literature, methods of strength
training are sometimes classified according to

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material
Training Intensity 81

the exercises used (i.e., isometric, isotonic,
eccentric). We prefer to use this classification
as a taxonomy of strength exercises rather
than training methods. There are three ways
to achieve maximal muscular tension:

1. Lifting a maximum load (exercising
against maximal resistance)}—that is,
the maximal effort method

2. Lifting a nonmaximal load to failure;
during the final repetitions the muscles
develop the maximum force possible in
a fatigued state—that is, the repeated
effort method

3. Lifting (throwing) a nonmaximal load
with the highest attainable speed—that
is, the dynamic effort method

In addition, the lifting of nonmaximal loads an
intermediate number of times (not to failure)

is used as a supplementary training method
(the submaximal effort method).

Maximal Effort Method

The method of maximal effort is considered
superior for improving both intramuscular
and intermuscular coordination; the muscles
and central nervous system (CNS) adapt only
to the load placed on them. This method
should be used to bring forth the greatest
strength increments. CNS inhibition, if it
exists, is reduced with this approach; thus,
the maximal number of MUs is activated
with optimal discharge frequency and the
biomechanical parameters of movement and
intermuscular coordination are similar to the
analogous values in a main sport exercise. A
trainee then learns to enhance and memorize
these changes in motor coordination (on a
subconscious level).

We saw earlier that with this method the
magnitude of resistance should be close to
TF,» To avoid high emotional stress, CF,,
must be included only intermittently in the
training routine. If the aim of a training drill
is to train movement (i.e., both intramuscular
and intermuscular coordination are the object
of training), the recommended number of rep-
etitions per setis 1 to 3. Exercises such as the
snatch or the clean and jerk are examples (see

figure 4.5 on page 78). When the training of
muscles rather than movement training is the
objective of the drill (i.e., the biomechanical
parameters of the exercise and intermuscular
coordination are not of primary importance
since the drill is not specific and is different
in technique from the main exercise), the
number of repetitions increases. One exam-
ple is the inverse curl (figure 4.6 on page 79),
where the typical number of repetitions is 4
to 8. The number of repetitions in squatting,
on the other hand, usually falls in the range
of 2 to 6 (figure 4.2 on page 72).

Although the method of maximum efforts is
popular among superior athletes, it has sev-
eral limitations and cannot be recommended
for beginners. The primary limitation is the
high risk of injury. Only after the proper tech-
nique for the exercise (e.g., barbell squat) is
acquired and the relevant muscles (spinal
erectors and abdomen) are adequately
developed is it permissible to lift maximal
weights. In some exercises, such as sit-ups,
this method is rarely used. Another limitation
is that maximum effort, when employed with
a small number of repetitions (1 or 2), has
relatively little ability to induce muscle hyper-
trophy. This is the case because only a minor
amount of mechanical work is performed and
the amount of degraded contractile proteins
is in turn limited.

Finally, because of the high motivational
level needed to lift maximal weights, athletes
using this method can easily become burned
out. The staleness syndrome is character-
ized by

* decreased vigor,

* glevated anxiety and depression,

» sensation of fatigue in the morning
hours,

* increased perception of effort while lift-
ing a fixed weight, and

* high blood pressure at rest.

This response is typical if CF,,, rather than
TF,. is used too frequently in workouts.
Staleness depends not only on the weight
lifted but also on the type of exercise used. [t
is easier to lift maximal weights in the bench
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Strength Training Methods

An athlete's best periormance in a front barbell squat
i5 100 kg. He is able to lift this weight one time only in
a given set (1RM).

The athlete has the following variants from which to
choose for strength training:

» Lift 100 kg (maximal effort method).

* Lift a load smaller than 100 kg, perhaps 75 kg,
either a subrmaximal number of times (submaxi-
mal effort method) or to faillure (repeated efiort
method).

* Lift (move) a submaximal load at maximal veloc-
ity, for example, jump for height with a heavy
waist belt (dynamic effort method).

press (where the barbell can be simply fixed
and where the leg and trunk muscles are not
activated) than in the clean and jerk, where
demands for the activation of leg and trunk
muscles, and for balance and arousal, are
much higher.

Submaximal Effort Method
and Repeated Effort Method

Methods using submaximal versus repeated
efforts differ only in the number of repeti-
tions per set—intermediate in the first case
and maximal (to failure) in the second. The
stimulation of muscle hypertrophy is similar
for the two methods. According to the ener-
getic hypothesis described in chapter 3, two
factors are of primary importance for induc-
ing a discrepancy in the amount of degraded
and newly synthesized proteins. These are
the rate of protein degradation and the total
value of performed mechanical work. If the
number of lifts is not maximal, mechanical
work diminishes somewhat. However, if the
amount of work is relatively close to maximal
values (e.g., if 10 lifts are performed instead of
the 12 maximum possible), then the difference
is not really crucial. It may be compensated

for in various ways, for instance by shortening
time intervals between sequential sets. It is
a common belief that the maximal number of
repetitions in a set is desirable, but not neces-
sary, to induce muscle hypertrophy.

The situation is different, though, if the
main objective of a heavy resistance drill is
tolearn a proper muscle coordination pattern.
The explanation is based on the size principle
of MU recruitment and can be called the size
principle theory of strength training. The
theory has three main postulates:

1. Recruitment order of the MUs is deter-
mined by the size principle.

2, Only recruited MUs are trained,

3. The recruited MUs should experience
fatigue (or at least, they should be
highly activated, meaning the discharge
frequency of their motoneurons should
be sufficiently large).

We will explain the theory with an example.
Suppose an athlete is lifting a 12RM barbell at
a given rate of 1 lift per second. The muscle
subjected to training consists of MUs having
different endurance times from 1 to perhaps
100 s (in reality, some slow MUs have a much
greater endurance time; they may be active
for dozens of minutes without any sign of
fatigue). The maximal number of lifts to
fatigue among MUs varies, naturally, from
1 to 100. If the athlete lifts the barbell only
1 time, one division of the MUs is recruited
and the second is not (see again figure 3.10
on page 62). According to the size principle,
the slow, fatigue-resistant MUs are recruited
first. After several lifts, some of the recruited
MUs become fatigued. Obviously, MUs pos-
sessing the shortest endurance time become
exhausted. After 10 repetitions, for instance,
only MUs with an endurance time under 10 s
are exhausted. Since the exhausted MUs
cannot now develop the same tension as at
the beginning, new MUs are recruited. These
newly recruited high-threshold MUs are fast
and nonresistant to fatigue. Thus they become
exhausted very quickly. If only 10 lifts of the 12
maximum possible are performed, the entire
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MU recruitrment }

Small MMs Large MMs
Slow MUs Fast MUs
Force
(1) (2) (3)
Recruited and
fatigued MUs

{trained corridor)

Figure 4.8 5Subpopulations of motor units (ML) utilized during strength exercises when nonmaximal weights
are lifted. (1) MUs that are recruited but not fatigued. (2) MUs that are recruited and fatigued. (3) MUs that

are not recruited.

population of MUs is distributed into three
divisions (figure 4.8).

1. MUs that are recruited but not
fatigued. If they are not fatigued, they are
not trained. All MUs having an endurance
time above 10 s are in this category. It is
evident that this subpopulation consists of
slow MUs. The slow MUs are recruited at a
low level of the required force and thus are
activated regularly during everyday activi-
ties. Nevertheless, without special training
their force does not increase. The conclu-
sion that seems warranted from this finding
is that it is very difficult to increase the
maximal force of slow, fatigue-resistant MUs.
Thus, a positive correlation exists between
strength enhancement and the percentage of
fast-twitch muscle fibers. Individuals with a
high percentage of fast MUs not only tend to
be stronger but also gain strength faster as a
result of strength training (figure 4.9).

2. MUs that are recruited and exhaunsted.
These are the only MUs subjected to a train-
ing stimulus in this set. These MUs possess
intermediate features. In this subpopula-
tion, there are no slowest MUs (that are
recruited but not fatigcued) or fastest MUs
(not recruited). The corridor of MUs sub-
jected to a training stimulus may be relatively
narrow or broad depending on the weight
lifted and the number of repetitions in a set,

One objective of a strength program can
be to increase the subpopulation of MUs
influenced by training, or to broaden the
corridor,

3. MUs that are not recruited. Since they
are not recruited they are not trained. Note
that this subpopulation includes the fastest
and strongest high-threshold MUs.

If the exercise is performed to failure or
close to it (repeated effort method), the pic-
ture is changed in the final lifts. A maximal
number of available MUs are now recruited.
All recruited MUs are divided now into two
subpopulations: exhausted (fatigued) and
nonexhausted (nonfatigued). The training
effect is substantial on the first group only.
If the total number of repetitions is helow 12,
all MUs with endurance times above 12 s fall
into the second group. In spite of their early
recruitment, these MUs are not exhausted
(because of their high endurance).

When maximal weights are lifted (maximal
effort method), the MU corridor includes a
smaller number of MUs (figure 4.10}) than is
the case when a submaximal weight is lifted a
maximum possible number of repetitions. This
is certainly a disadvantage for the method of
maximal efforts. Only fast MUs are subjected
to the training effect in this case. However,
the advantages of the method outweigh any

drawbacks,

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material

600—

400—

300~

200—

Increase in isotonic strength
(newtons/cm? cross section)

100—

0 T T T
0 20 40 60 ] 100
Percent fast-twitch (FT) fibers

Figure 4.9 The increase in strength per unit of muscle cross-sectional area versus the percentage of fast-
twitch muscle fiber distribution,

Reprinted, by permission, from B, Dons el al., 1979, “The effects of weight-lifting exercise related to muscle fiber composition and
muacle eroas-sectional area In humans,” Eurpean Journal of Applied Physiology A D5-] (b,

MU recrurtment ’

Small MNs Large MNs
Slow MUs Fast MUs

— _—
e

a Recruited and fatigued MUs
MU recrutment ’
Small MNs Large MNs
Slow MUs Fast MUs
Force
b

Recruited and fatigued MUs

Figure 4.10 Subpopulations of motor units during the {a) repeated and (b) maximal effort methods. In
both methods, almost all MUs are recruited (although, if you are not an elite strength athlete, probably some
fast MUs are still not activated), and fast MUs are primarily trained. On the contrary, some slow MUs are not
trained or trained not much,
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Avoid Overexertion

Be reasonable. Using a muscle too much, too soon, too
often may induce rhabdomyolysis, the breakdown
of muscle fibers resulting in the release of muscle fiber
contents into circulation. Some of these contents are
toxic and may result in kidney damage. The symptoms
of rhabdomyolysis are abnormal urine color (dark, red,
or cola colored), muscle pain, and weakness. People at
risk include inexperienced exercisers, such as military
recruits in basic training; dehydrated or heat-stressed
performers; and individuals under severe exertion such

When the repeated effort method is
used with a specific aim to train the MUs
that are highest in recruitment order (i.e.,
those MUs that are innervated by the larg-
est motoneurons; the strongest and fastest
high-threshold MUs), the athlete should lift
the weight with sincere exertions to failure
(maximum number of times). This require-
ment is important. Popular sayings among
coaches—"Do it as many limes as you can
and after that three more times” and "No gain
without pain™—reflect the demand very well.
With this method, the final lifts in which a
maximal number of MUs are recruited are
considered most useful. If an athlete can lift a
barbell 12 times but lifts only 10, the exercise
set is worthless for the training of the MUs
that are highest in the recruitment order:
These MUs were not activated in this set, as
they would be recruited only during the last
2 lifts that were not performed, However, the
set can still be useful for training the MUs
that are lower in the recruitment order.

Compared to the maximal effort method,
the repeated effort method has pros and cons,
There are three important advantages to the
repeated effort approach. It has a greater influ-
ence on muscle metabolism and consequently
on the inducement of muscle hypertrophy. In
addition, it involves a greater subpopulation
of trained MUs (see figure 4.10) and poses a
relatively low injury risk. This method also
has limitations. The final lifts in a set are

as marathon or triathlon participants. In the medical
literature, several cases of exerfional rhabdomyolysis
in experienced athletes have been reported. In some
cases the overexertion was encouraged by personal
trainers (e.g., the instructors assisted the exhausted
athletes in walking from one exercise machine 1o
another). Such extreme overexertion is potentially
dangerous and should be avoided. If rhabdomyolysis
is suspected (e.g., if the urine is dark), medical diag-
nosis and treatment should be sought.

executed when the muscles are tired; thus,
this training is less effective than lifting with
maximal weights. Moreover, the very large
training volume (the total amount of weight
lifted) restricts the application of this method
in the training of qualified athletes. Note,
however, that the large amount of mechani-
cal work performed can be considered an
advantage if the objective of the exercise is
general health and fitness rather than specific
strength enhancement.

All the methods described are, and should
be, used together in the strength training of
qualified athletes. Many have attempted to
answer the question: What kind of training is
more effective—lifting of maximal or interme-
diate weights? This is similar to the question
of whether 80(-m runners should run in train-
ing distances shorter or longer than 800 m.
They should run both. The same holds true
for athletes training strength: They should
employ exercises with different RMs.

Dynamic Effort Method

Because of the existence of the explo-
sive-strength deficit (see chapter 2), it is
impossible to attain F,, in fast movements
against intermediate resistance. Therefore
the method of dynamic effort is used not
for increasing maximal strength but only to
improve the rate of force development and
explosive strength,
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In conclusion, these combinations of meth-
ods can increase the maximum strength F,.

Method Immediate purpose
Maximal efforts (use Improvea

repeated efforts as a neuramuscular
second choice) coordination

= MU recruitment

* Rate coding

= MU synchronization
* Coordination pattern

Repeated efforts (and Stimulate muscle

submaximal efforts or hypertrophy
both)
Repeated efforis Increase the corridar
of recruited and trained
MUs
SUMMARY

Training intensity can be estimated by the

» magnitude of resistance (i.e., weight
lifted) expressed as a percentage of the
best achievement attained during a com-
petition (CF,...) or in training (TF,..

* the number of repetitions (lifts) per set;
and

* the number (or percentage) of repeti-
lions with maximal resistance (weight).

Exercising at varying levels of resistance
causes differences in (a) metabolic reactions,
(b) intramuscular coordination, and (¢) bio-
mechanical variables and intermuscular coor-
dination. The produced mechanical work as
well as the metabolic energy expenditures
increase as the weight lifted decreases.
According to the energetic hypothesis, the
rate of protein degradation is a function of
the weight lifted: The heavier the weight, the
higher the rate of protein degradation. The
total amount of degraded protein, however,
is the function of both the mechanical work
performed (or the total weight lifted) and
the rate of protein catabolism. The mass of

proteins catabolized during heavy resistive
exercise is a product of the rate of protein
breakdown and the number of lifts. The
mass is maximized when training intensity is
bhetween 5 to 6EM and 10-to 12RM.

The physiological size principle of MU
recruitment serves as a background of the
size principle theory of strength training. The
theory is based on three main postulates: (a)
The size principle is valid, (b) only recruited
MUs are trained, and (c) to be trained the
recruited MUs should experience fatigue
(or at least, they should be highly activated,
meaning the discharge frequency of their
motoneurons should be sufficiently large).
When an athlete lifts maximal weight, a maxi-
mum number of MUs are activated; the fastest
MUs are recruited; the discharge frequency of
motoneurons is at its highest; and MU activ-
ity is synchronous. One objective of heavy
resistance training is to teach an athlete to
recruit all the necessary MUs at a firing rate
that is optimal for producing a fused tetanus
in each motor fiber.

Elite weightlifters use a broad spectrum of
loads, but the largest proportion of weights
lifted is composed of those 70 to 80% of the
CF.. The average weight these athletes lift
is 75.0 + 2.0% of CF,,,. These repetition levels
should not be mechanically copied, but
rather, thoughtfully implemented.

Strength training can be accomplished in
three ways: (a) lifting a maximum load (exer-
cising against maximal resistance)}—the maxi-
mal effort method; (b) lifting a nonmaximal
(but sufficiently large) load to fatigue, with
the muscles developing the maximum force
possible in a fatigued state during the final
repetitions—the repeated effort method;
and (c) lifting (or throwing) a nonmaximal
load with the highest attainable speed—the
dynamic effort method, In addition, the lifting
of nonmaximal loads an intermediate number
of times (not to failure) is used as a supple-
mentary training method (the submaximal
effort method).

The maximal effort approach is considered
superior for improving both intramuscular
and intermuscular coordination; The maximal
number of MUs is activated with optimal dis-

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material
Training Intensity a7

charge frequency. When you use this training
method, the magnitude of resistance should
be close to TF,. i the aim of a training drill is
to train movement, the recommended number
of repetitions per set is 1 to 3. When the aim
is to train muscles, on the other hand, the
number of repetitions increases. The maximal
effort method, while popular among superior
athletes, has several limitations (i.e., high risk
of injury, staleness). It also has a relatively
small potential to stimulate muscle hyper-
trophy.

The submaximal effort and the repeated
effort methods are similar in their ability to
induce muscle hypertrophy. They are, how-
ever, rather different with respect to training
muscular strength, especially improving the

neuromuscular coordination required for
maximal force production. The submaximal
effort method (the lifting of nonmaximal
loads, but not to failure) does not seem to
be effective for training MUs that are high-
est in the recruitment order and improving
specific intramuscular coordination. When
the repeated effort method is used to train
high-threshold MUs (i.e., those MUs that
are innervated by the largest motoneurons,
the strongest and fastest MUs), the athlete
should lift the weight with sincere exertions
to failure (maximum number of times). Only
final lifts, in which a maximal number of MUs
are recruited, are actually useful in this case.
The saying, “No pain, no gain” reflects this
demand.
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chapter 5

Timing in Strength Training

The distribution of exercises and a train-
ing load over certain time periods, or
the timing of training, is a matter of primary
importance for the outcome of an athlete's
preparation. Two main problems in this area
are how to space work and rest intervals and
how to sequence exercises,

STRUCTURAL UNITS
OF TRAINING

Training can be divided into structural units.
It is customary to identify these structural
units as training session (workout), training
day, microcycle, mesocycle, macrocycle,

a9
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Olympic cycle (quadrennial cycle), and long-
lasting, or multiyear, training.

The training session (workout) is gen-
erally viewed as a lesson comprising rest
periods not longer than 30 min. The reason
for such a definition, which initially appears
too formal, is the need to describe training in
sports in which a daily portion of exercises
is distributed among several workouts. An
example of such a training routine is given in
table 5.1. According to the definition, athletes
in this instance have only two workouts a
day. Training drills separated by 30-min rest
intervals are considered part of one train-
ing session. This all-day schedule is a good
example of the training day of world-class
athletes. One renowned athlete once joked,
“My life is very rich and diversified. It con-
sists of five parts—training, competitions,
flights, sleep, and meals.” This is very close
to reality.

To appraise the training load of different
waorkouts, the time needed to recover from
one training session is used, according to the
following classification;

Training Load
of One Workout Restoration Time (hr)
Extreme T2
Large 48-72
Substantial 24-48
Medium 12-24
Small <12

A microcycle, the third category, is the
grouping of several training days. The run
of a microcycle in the preparation period is
usually 1 week. In the competition period, the
length of a microcycle is typically adjusted
to the duration of the main competition. For
instance, if a competition in wrestling lasts 3
days, it is advisable to employ microcveles of
the same duration. Usually, a general frame-
work of microcycles is routinely reproduced
over a relatively long period of time (that is
why it is called a cvcle).

A mesocycle is a system of several micro-
cycles. Typically, the duration is 4 weeks with
a possible range of 2 to 6 weeks. The duration

Table 5.1 Everyday Training Schedule of
the Bulgarian Olympic Weightlifting Team

Time Mon, Wed, Fri  Tues, Thurs, Sat
9:00-10:00 Snatch Snatch
10:00-10:30 Hest Rest
10:30-11:30  Clean and jerk Clean and jerk
11.30-12:30 Exercise Exercise
12:30-1:00 Rest Exercise
1:00-5:00 Rest Rest
5:00-5:30 Exercise Exercise
5:30-6:00 Exercise Rest
6:00-6:30 Rest Exercise
6:30-8:30 Exercise Rast

Total exgrcise 6 h 4.5h

time

and even the existence of mesocycles in the
training of Eastern European athletes were
influenced by the practice of centralized
preparation. The best athletes were once
prepared in training camps throughout the
year, mainly for logistical reasons; shortages
in food and other important goods at home
made it impossible to create normal training
conditions. Such training management has its
pros and cons, however. The enhanced com-
petitiveness and increased possibilities for
obtaining and sharing information are posi-
tive features. On the other hand, the standard
environment, life without one’s family, and the
necessity of living and communicating with a
single group of people, who are often rivals
in the same sport, impose additional psy-
chological burdens on the athlete, To reduce
this psychological stress and to diversify the
environment, training camp locations were
regularly changed. Interviews of the athletes
showed that they preferred 4week training
camps interspersed with 1- or 2-week visits
home.

There is no reason to reproduce in full this
pattern in the West; however, some elements
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of the described training timing, mesocycles
included, are undoubtedly useful. Mesocycles
may be classified according to the objective
of training as accumulative, transmutative,
and realizational. The aim of accumulative
mesocycles is to enhance the athlete’s poten-
tial, that is, to improve basic motor abilities
(conditioning) as well as sport technique
{motor learning). The outcome of an accu-
mulative mesocycle is evaluated on the basis
of tests (e.g., measures of strength or aerobic
capacity), the athlete’s performance in aux-
iliary exercises, and the quality of technical
skill. In these mesocycles, various exercises,
including nonspecific ones, may be used for
conditioning.

The transmutative mesocycles are
employed to transform the increased non-
specific fitness into specific athlete prepared-
ness. Throughout this period, specific exer-
cises are mainly used for conditioning and
polishing sport technique. The performance
during unofficial or nonimportant contests is
used primarily to estimate training progress.
The realizational mesocycles, also known as
precompetitive mesocycles, are planned to
put on the best sport performance attainable
within a given range of fitness. Performance
during an important competition is the only
measure of success or failure during this
period.

At the next structural level, macrocycle
refers to one entire competition season and
includes preseason, in-season, and postsea-
son periods. In Europe these periods are
commonly called the preparation, competi-
tion, and transition periods. Each period of
training consists of several mesocycles. The
typical duration of a macrocycle is a year (for
winter sports) or half a year (for track and
field events in which both indoor and outdoor
competitions are held). In wrestling and swim-
ming, there are three macrocycles in a year.
The organization of training programs into
macrocycles and periods of training is called
periodization. Still more long-range views are
helpful as well,

The Olympic cycle is quadrennial, 4
years in length, from one Olympic Games to
another. And longstanding, or multiyear, train-

ing embraces the career of the athlete, from
beginning to end.

Planning workouts, training days, micro-
cycles, and mesocyeles comprises shortterm
planning. Planning macrocycles is medium-
term planning. Long-term planning deals
with training intervals of many vears.

SHORT-TERM PLANNING

In short-term planning, the effects of
fatigue are the primary influencing factor.
For instance, a training session should be
designed so that exercises (such as strength,
speed, or technique exercises) directed
toward improving fine motor coordination
(central factors), rather than peripheral fac-
tors, are performed in a fresh, nonfatigued
state, preferably immediately after warm-up.
In endurance sports, however, when the aim is
to improve velocity at the finish of a distance
rather than the maximal speed attainablein a
fresh state, speed exercises may be performed
after endurance work.

Paradigm of Timing
Short-Term Training

A general principle of short-term training
design is that fatigue effects from different
tvpes of muscular work are specific. This
means that an athlete who is too tired to
repeat the same exercise in an acceptable
manner may still be able to perform another
exercise to satisfaction. Changing or sequenc-
ing a drill appropriately makes it possible to
assign more labor and to suitably increase the
training load. For instance, if a trainee per-
forms a leg exercise, such as squatting, and
an arm exercise, such as the bench press, the
total number of lifts will be greater when the
exercise sequence is bench press, squatting,
bench press, squatting, and so on than when
the sequence is squatting, squatting, bench
press, bench press. The same principle is
valid for exercises of different directions, for
instance, strength and sprint exercises. The
fatigue effect from a heavy resistance exercise
routine mainly affects the possibility of per-
forming or repeating an exercise of this type.
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Thus, one’s ability to execute drills of another
type is restored more quickly than one’s abil-
ity to repeat the same routine (figure 5.1).

You will find that if two similar training
workouts are executed in a row, the traces of
fatigue from the two sessions are superposed
(figure 5.2). lf the training load is large (i.e., the
restoration time takes from 48 to 72 h), sev-
eral training sessions of this type performed
sequentially may lead to severe exhaustion
of the athlete.

Heayy
resistance

wiorkout

Aerobic work capacity

If exercises with different targets could
be trained all the time, it would be easy to
distribute these exercises among training ses-
sions to avoid the superimposition of fatigue
traces. However, fitness gain decreases if
several motor abilities are trained simulta-
neously during one workout, microcyele, or
mesocycle. Therefore, it is not a good idea to
have more than two or three main targets in
one micro- or mesocycle. For instance, there is
no reason to train, in one microcycle, maximal

Strength work capacity

Time

Figure 5.1 The time course of athlete restoration after a heavy resistance training session.

Heawy Heawy
resistance resistance
workout workout

Aerobic work
capacity

Time

Strength work
capacity

Figure 5.2 The superposition of two resistance workouts and their effects.
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strength, explosive strength, aerobic capac-
ity, anaerobic lactacid and alactacid capaci-
ties, maximal speed, flexibility, and sport
technique. The organism cannot adapt to
so many different requirements at the same
time. The gains in all these motor abilities
would be insignificant compared with the
gain from development of only one physical
guality. When the training targets are distrib-
uted over several mesocycles in sequence,
the fitness gain increases. Clearly, a conflict
exists between the tendency to decrease the
number of training targets and the tendency
to increase the range of targets in a training
program.

To enhance performance growth, coaches
or athletes decrease the number of targets
in micro- and mesocycles—in other words,
they use specialty programs. In contrast,
they increase this number, using combined
programs, in order to have more freedom in
planning the training schedule to avoid the
superimposition of fatigue traces from individ-
ual workouts and the hazard of staleness.

Similar contradictions are, in general, typi-
cal for the planning of various training pro-
grams. The problem is to find a proper balance
between the conflicting demands. Some world-
class athletes have found that two is the opti-
mal number of motor abilities or targets that
can be improved in one mesocycle. In addition,
only one essential feature of sport technique
{such as tolerance to fatigue, stability) can be
trained within this interval. Up to 70 to 80%
of total work within the mesocycle should be
addressed to the development of the targeted
motor abilities (about 35-40% per target).

Workouts and Training Days

The general ideain planning strength training
sessions is to have the athlete do as much
work as possible while being as fresh as
possible. Unlike the situation for endurance
training, it is not necessary for the athlete
to become exhausted in a heavy resistance
workout (do not confuse this with exercise
set). Strength gains are greater if trainees exer-
cise when they are not tired. This is especially
true when the target of the resistance exercise

is neural coordination, both intra- and inter-
muscular. Broadly speaking, a trainee should
“learn” to either decrease inhibitory output
or enhance excitatory output from the central
nervous system (CNS) while exercising and
thereby gain strength. This learning is more
successful if the trainee is fully recovered
from previous activity, not fatigued. To have
athletes exercise while they are as fresh as
possible, the training workouts should he
carefully planned.

The timing of workouts has three facets:
rest—exercise alternation, exercise sequence,
and intensity variation.

Rest-Exercise Alternation

In general, large interbout rest intervals are
usually employed in heavy resistance training
aimed at increasing muscular strength.

The total number of sets per day has not
changed in the preparation of elite weightlift-
ers over the last 50 years (most average 32-45
sets, but some athletes manage 50-52). How-
ever, the duration of a workout has changed;
in 1955 to 1956 it was only 2 to 2.5 h, and in
1963 to 1964 it was 3 to 3.5 h (one training
workout a day was used). Since 1970, 2 and
more training sessions a day have been the
rule. The same number of sets is distributed
now among 2 or more daily workouts,

Both sport practice and scientific investi-
gations have demonstrated that distribution
of the training volume into smaller units
produces effective adaptation stimuli, espe-
cially for the nervous system, provided that
the time intervals between workouts are suf-
ficient for restitution.

To prevent early [atigue, rest intervals
between sets by elite athletes, especially
when working with large weights, are
approximately 4 to 5 min. Since the dura-
tion of a strength exercise bout is short, the
exercise-rest ratio (i.e., the duration of the
hout relative to rest) is very small for this
tvpe of physical activity. However, even long
rest periods of 4 to 5 min are not sufficient for
complete recovery, which after the lifting of a
maximum training weight (TF,,,.) requires 10
to 15 min. If the duration of a strength train-
ing workout is limited, one possible solution
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Training With Several Workouts
a Day: An Example

Bulgarian athletes have several workouts a day with a
total duration of up to 6 h (see table 5.1). To the bast
of our knowledge, the weightlifters from Greece and
Turkey who were very successful at the 2000 and 2004
Olympic Games train similarly. The exercise sessions
are limited to 60-min, or even 45-min, periods. Two
sessions in the moming and two in the afternoon are
separated by 30-min rest intervals. The underlying
assumption is that the elevated blood testosterone
level can be rmaintained for 45 to 60 min only and that
a 30-min rest is needed to restore the testosterone
level. (This assurmption has not bean proven; the pre-
cise nature of the elevated testosterone level during
a strength exercise workout is not well undersiood,
In general, the elevation may be induced either by
increased testosterone production or by a decreased
amount of testosterone acceptors in muscles and other
tissues.) During the 30-min rest intervals the athletes
may choose to lie down and listen to music. To avoid
cooldown, they are warmly dressed; their relaxed legs
are slightly raised, supported by a small bench,

is to combine sets into series and schedule
long (10-12 min) rest intervals between them.
Since working periods are short and rest peri-
ods are long during sessions, workout density
(the number of sets per hour of a workout)
is not considered an informative measure of
strength training intensity.

Exercise Sequence

The idea in sequencing exercises is to per-
form the most valuable exercises requir-
ing fine motor coordination and maximal
neuronal output in a rested state. To avoid
premature fatigue, which is detrimental to a
subsequent exercise, the following advice is
usually given:

* Include main sport exercises hefore
assistance exercises.

» UUse dynamic, power-type drills before
slow exercises, such as squats,

» Exercise larger muscle groups belore
smaller ones.

If the target of a workout is to increase
muscular strength (not induce muscle hyper-
trophy; see chapter &), successive exercises
should minimally involve the same muscle
groups. A sequence such as (a) arm abduc-
tion with dumbbells (only deltoid muscles are
active), (b) bench press (same muscles are
involved), (c) front squat (assistance exercise,
performed with relatively slow speed), and
() snatch (competition lift; requires maximal
power production and complex technigue)
would prove incorrect. The proper series
would look like this:

1. Snatch

2. Bench press

3. Squat

4. Arm abduction

Intensity Variation

Because lifting a maximum training weight
{(maximum effort method) is recognized as
the most efficient way to train, this should
he practiced at the beginning of a train-
ing workout, following the warm-up. Then
athletes perform a few (2 or 3) single lifts
toward the training weight expected for
the date and several (up to 6) sets with this
weight. Bulgarian athletes use a trial-and-error
approach to achieve TF, ., every day. Russian
coaches typically plan the exercise intensity
in advance, considering a load 90% of CF,,, as
TF e A complex of combined exercise sets,
for instance in snatch lifts, lasts a maximum
of 30 min (6 sets x 5 min for rest intervals).

Pyramid training, popular many years
ago, involves gradually changing the load in
a series of sets in an ascending and then a
descending manner. This has been virtually
abandoned by Olympic-caliber athletes. The
ascending part of such a routine induces
premature fatigue, while the descending
portion is not efficient since it is performed
in a fatigued state. For contemporary training,
fast progression to the main training load is
typical.

A couple of other points about intensity
variation are useful in specific circumstances.
Athletes who are feeling fatigue may take
single lifts at 10 to 15 kg below TF,,, between
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Past and Present

From the training log of the Olympic (1960) champion
Wictor Bushuey, Drills in military (standing) press.

* Year 1958. TF,,, was 90 kg. The conventional
pyramid protocol was executed. The foliowing weights
were lifted: 60, 65, 70, 75, B0, 85, 80, 90, 85, 80, 75,
70 ka. Each weight, except in the beginning sets using
60- and 65-kg barbells, was lifted until failure. The initial
part of this protocol (60-B5 kg), which was not very
useful, induced substantial fatigue and decreased the
effect of lifting the highest loads.

* Year 1960. TF ., was 110 kg. The barbell weight
varied in the following sequence: 70, 90, 100 (all three
weights were lifted only one time in a set), and then
110 kg. The maximal weight was lifted in 5 sets, 1 to
2 times in each set.

Since 1964, pyramids have been virtually excluded
from the training of elite strength athletes.

maximum lifts. This is also helpful for the
purpose of recalling a proper technique
pattern. Finally, if both the maximum effort
and the repeated effort methods are used in
the same workout, maximal lifts should be
included first.

Advice about exercise sequence and inten-
sity variation may be extended to the planning
of a training day. Thus, exercises requiring
maximal neural output (e.g., competitive lifts,
power drills, lifting TF,,, or CF,,) should be
performed in a fresh state when the athlete
has recovered from previous activity (ie.,
during morning training workouts).

Contrasting Exercises

It is advisable to schedule flexibility and relax-
ation exercises between heavy resistance
drills to speed up recovery and prevent loss
of flexibility. The preferred area for flexibility
exercises is the shoulder joints.

Mixed Training Sessions
Sessions that include the strength routine
as a section are less effective than special

heavy resistance workouts., In sports in
which muscular strength is the ability of pri-

mary importance (e.g., field events in track
and field, American football), it is especially
advisable to set apart heavy resistance drills
in a separate workout. If there is not enough
time to do this, strength exercises may be
included in mixed workouts. To prevent nega-
tive effects, they are usually performed at the
end of workouts (this practice is accepted in
gymnastics and other sports). However, a
coach should be aware that the same strength
training complex is more effective when used
at the beginning of the training session when
the athletes are not fatigued.
Circuit Training
The idea of circuit training is to train several
motor abilities (especially strength and endur-
ance) at the same time. Such programs consist
of several (up to 10 or 12) stations with a given
exercise to be performed at each one.

The basic philosophy of circuit training (to
stimulate strength and endurance simultane-

ously) appears dubious. It is well known that
the mechanisms of biological adaptation to

Are Special Strength Training
Sessions Necessary?

Muscular strength is only one of several abilities ath-
letes should build up; they have many other things to
develop besides strength. Itis up to the coach to decide
whether or not to spend time on special strength train-
ing sessions. In many sports, such as tennis and even
men's gymnastics, it is possible to attain the required
level of strength fitness by performing strength exer-
cises immediately after main workout drills. However, if
low strength levels actually limit athletic performance,
special strength workouts are useful. For example,
in countries that were once part of the USSR, the
junior team for men’s gymnastics employs separate
strength workouts; the men's team does not. In many
sports, such as track and field, rowing, and kayaking,
heavy resistance workouts are part of the routine. In
othars, such as swimming and wrestling, workouts are
far specific sirength exercises rather than for heavy
resistance fraining (dryland training in swimming, imita-
tion of takedowns with simulated or added resistance
in wrestliing).
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strength and endurance types of physical
activity are different (this issue will be dis-
cussed in chapter 8). The muscles are not able
to optimally adapt to both types of exercise at
the same time. Combining strength and endur-
ance exercises interferes with the ability to
gain strength. Vigorous endurance activity
inhibits strength development (figure 5.3).
Because of the low strength gains (in com-
parison with those obtained from regular
strength training routines), circuit training is
not recommended and is hardly ever used in
strength and power sports. It may, however,
be employed in sports having a high demand
for both strength and endurance (rowing,
kavaking) and also for conditioning in sports
in which strength is not the dominating motor
ability (volleyball, tennis). Circuit training is
mainly used by athletes primarily concerned
with enhancing or maintaining general fitness
rather than specific muscular strength.

Microcycles and Mesocycles

The timing of heavy resistance protocols in
micro- and mesocycles is dominated by two
main ideas. One is to allow adequate recovery
between exercise periods, and the other is to
find a proper balance between the steadiness

140—
120—

100—

Strength {kg)

80—

of a training stimulus (to call forth an adapta-
tion}) and its variability (to avoid premature
accommodation and staleness).

Adequate Recovery

During a microcycle, rest—exercise alterna-
tion and proper exercise sequencing allevi-
ate fatigue. The greatest training adaptation
to a standard stimulus occurs when muscles
are recovered from previous training peri-
ods and best prepared to tolerate the great-
est overload. Keeping in mind that qualified
athletes have 5 to 6 training days a week,
one may conclude that the restoration time
after a workout should be about 24 h—that
athletes should train with small (restoration
time less than 12 h) and medium (12-24 h)
training loads, In this case, however, the total
training load is not great enough to stimulate
strength development. The solution is the
proper exercise alternation in consecutive
workouts. Since fatigue effects from different
resistance exercises are specific, it is possible
to increase training loads up to an optimal
level by properly rotating the exercises in
sequential sessions. Exercises in consecutive
training sessions should minimally involve the
same muscle groups and thus repeat the same
pattern of muscle coordination. It would not

L
o

0

é 1lﬂ

Training duration (weeks)

Figare 5.3 Simultaneous training for endurance (E) and strength (5) inhibits strength gain.

Adapted, by permission. from R.C. Hickson, 1980, “Interference of strength development by simultaneously training for strength
and endurance,” Ewropean Jowrnal of Appiied Fliysiology 45 255-263,

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material
Timing in Strength Training 97

make sense, for instance, to plan two consecu-
tive workouts with the snatch lift.

Recovery time from heavy resistance exer-
cises varies with muscle size. For small muscle
groups, like the calf muscles, the restitution
time is typically less than 12 h. (Remember
that we are concerned here with the training
of experienced athletes only) Small muscle
groups (such as ankle plantar flexors and
muscles of the forearm) may be trained sev-
eral times a day. Intermediate muscle groups
require more time for restitution; these can
be exercised every day. Finally, it is advisable
to exercise the large muscle groups with rest
periods of at least 48 h. For instance, barbell
squats are performed usually only two times
a week with 72 or 96 h between training ses-
sions (Olympic-caliber weightlifters perform
front and back squats up to two times per
week). The squats are excluded from training
programs 1 week (in weightlifting) or 10 to
12 days (track and field) before an important
competition begins.

To increase muscular strength, the sched-
ule should include at least 3 heavy resistance
workouts per week. It is better to distribute the
same training volume into several workouts
than to concentrate it into a small number of
sessions. Athletes who increase the number
of training sessions per week, while keeping
the training volume (number of repetitions,
total weight lifted) constant, usually expe-
rience visible strength gains. For instance,
when the volume is distributed into 2 daily
training sessions, the strength development
is greater than it is with 1 session a day.

To retain strength gains, at least 2 training
sessions per week should be scheduled.

Variability

The wvariability of training programs during
micro- and mesocycles is realized through
changes in training load (not exercise com-
plexes). One stable complex of exercises
should be performed through a mesocycle
(to elicit an adaptation). This complex, con-
sisting of perhaps 10 exercises, is distributed
among the training days and workouts of one
microcycle provided that each exercise is per-
formed at least twice a week. The time order

of exercises is kept constant from one micro-
cyele to another. For example, the snatch and
front squat are routinely performed during
the morning workout of the first day of each
microcycle.

To avoid premature accommodation, train-
ing loads should vary from day to day and
from microcycle to microcyele. The empirical
rule of 60% has stood the test of time: The
training volume of a day (microcycle) with
minimal loading should be around G0% of the
volume of a maximal day (microcycle) load.

Stress (Impact) Microcycles

Some experienced athletes use stress micro-
cycles (figure 1.6 on page 121), in which fatigue
is accumulated from day to day (due to high
training loads and short rest intervals that are
insufficient for restitution), if a routine training
pragram does not bring about strength gains.
The microcycle after a stress microcycle
should involve small training loads. Elite ath-
letes may tolerate up to two stress microcycles
in a row (doubled stress microcycle); however,
coaches and athletes should exercise extreme
caution with this approach. Stress microcycles
should not be used more than three to four
times per year. Doubled stress microcycles are
used only once a vear,

The training volume per 4-week mesocycle
is approximately 1,700 lifts for elite weight
lifters from the former Soviet Union; 1,306
+ 9% repetitions for qualified athletes having
a Master of Sport title; and 986 + 99 lifts for
athletes with 1 year of experience in weight-
lifting training.

MEDIUM-TERM PLANNING
(PERIODIZATION)

The term periodization refers to a division of
the training season, typically 1 vear long, into
smaller and more manageable intervals (peri-
ods of training, mesocycles, and microcycles)
with the ultimate goal of reaching the best
performance results during the primary com-
petitions of the season. To do this the athlete
changes exercises, loads, and methods during
preseason and in-season training, When the
same training routine is applied over the
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entire season from the early preparatory
phase (preseason) to the in-season training,
improvement occurs only in the early phase
and there is a subsequent leveling off. Early
staleness is almost unavoidable with such a
protocol.

The Issue of Periodization

Periodization is regarded as one of the most
complex problems in athlete training. The
proper balance between opposing demands
is difficult to achieve in medium-term planning
because so many factors are involved,

The efficacy of planning in macrocycles
is determined for groups of athletes, not for
individuals. The efficacy coefficient is calcu-
lated as follows:

Efficacy coefficient, % = 100
{(Number of athletes who achieved their
best performances during a most
important competition of the season /
Total number of athletes),

For national Olympic teams, such competi-
tions as the Olympic Games and world cham-
pionships are regarded as the most important.
An efficacy coefficient of about 75% is consid-
ered excellent, 60% is considered good, and
50% is considered acceptable.

In medium-term planning, four issues have
primary importance:

1. Delaved transformation of training
loads (into fitness development)

2. Delayed transmutation of nonspecific
fitness acquired in assistance exercises
(relative to a main sport skill) to a spe-
cific fitness

3. Training residuals
4. The superposition of training effects

Delayed Transformation

To conceptualize delaved transformation,
imagine a group of athletes trained in the fol-
lowing manner. They perform the same exer-
cise (e.g., deadlift) with a constant intensity
(2-5RM) and volume (5 sets) during each
workout (3 times a week). At the beginning,
maximal strength increases relatively fast;

however, after 2 to 3 months of this standard
training, the rate of strength enhancement
decreases as a result of accommodation. To
overcome the accommaodation, the coach
decides to increase the training load (the
number of training sessions per week, sets
in workouts). But after several weeks, the
performance fails to improve again. This time
the ecoach decides to deerease the training
load. After a certain period, the athletic per-
formance again begins to improve,

In general, during periods of strenuous
training, athletes cannot achieve the best
performance results for two main reasons.
First, it takes time to adapt to the training
stimulus. Second, hard training work induces
fatigue that accumulates over time. So a
period of relatively easy exercise is needed
to realize the effect of the previous hard train-
ing sessions—to reveal the delayed training
effect. This period is called the period of
delayed transformation (of the training work
into performance growth). Adaptation occurs
mainly when a retaining or detraining load is
used after a stimulating load.

The time of delayed transformation length-
ens as the total training load and accumulated
fatigue increase. Typically, the delayed trans-
formation lasts from 2 to 6 weeks with the
average time of 4 weeks—exactly 1 mesocy-
cle. This mesocycle, we recall, is known as the
realization, or precompetition, mesocycle. Its
objective is to prepare the athlete for imme-
diate competition. The training load is low at
this time. The main training work has been
performed in preceding mesocycles (accu-
mulation and transmutation). Because the
effects are delayed, the adaptation occurs (or
is manifested) during unloading rather than
loading periods.

Delayed Transmutation

To continue the above example, when the
athletes’ achievements stop improving, the
coach modifies the strategy and decides to
change the exercises rather than the training
load. Now, instead of performing the deadlift
(which was the final training activity), the
athletes begin to perform several assistance
exercises such as leg and spine extensions
and arm curls. After a couple of months of

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material

Timing in Strength Training

99

this training, the athletes' performances
improve in all the drills except perhaps the
only one—the deadlift—that was not trained.
The athletes’ potentials are now better than
betore; however, performance results in the
deadlift are the same.

Now a special training routine must be
advanced to transmute the acquired motor
potential into athletic performance. Both
special efforts and time are needed to
attain this goal, which is realized during
the transmutation mesocycles. Training
in such mesocycles is highly specific. The
number and total duration of transmutation
mesocycles in one season depend on the
total duration of preceding accumulation
mesocycles, Transmutation and realization
mesocycles, when considered together as
one unit, are often called the tapering (or
peaking) period.

Analysis of our example shows that both
the training content (exercises used) and the
training load should vary over an entire train-
ing season. The accumulation, transmutation,
and realization (tapering) mesocycles follow
one another in a certain order. To effectively
plan these mesocycles (their duration, con-

tent, and training load), the coach or athlete
must take into account training residuals and
the superposition of training effects.

Training Residuals

The reduction or cessation of training
brings about substantial losses in adapta-
tion effects. Howewver, athletes to a certain
extent can sustain the acquired training ben-
efits over time without extensively training
them continually. De-adaptation, as well as
adaptation, takes time. If athletes exclude
a given group of exercises (e.g., maximal
strength load) from training protocols, they
gradually lose the adaptations. A positive
correlation exists between the time spent
to elicit adaptational effects, on the one
hand, and the time of detraining, on the
other (figure 5.4).

Four factors mainly determine the time
course of detraining: (1) duration of the
immediately preceding period of training
{the period of accumulation), (2) training
experience of the athletes, (3) targeted
motor abilities, and (4) amount of specific
training loads during detraining (or retain-
ing) mesocycles.

| Training I Detraining
Training every day
""""" Training twice a week
= = = = Mo trainin
BO— - 9
" PR T
fi." H_:*_:‘-_-H-'_'--r____
£ 60~ R P
E iz
=
5 .
T 40— 5
n b
L3
LY
20— N
.Y
M
S
b
. | [ ; | ] 1 ]
50 10 20 30 40 50 [=11] 70

Weeks

Figure 5.4 Time of training and detraining in three groups of subjects. Group 1 trained daily; group 2 trained
twice a week: group 3 trained daily at the bheginning and then twice a week,
Reprinted, by permission, from T, Hettinger, 1966, lxomefrische muskeltraining (Stuttgart, Germany: Flacher Verfag).
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1. The general rule is that the longer the
period of training, the longer the period of
detraining, in other words, "Soon ripe, soon
rotten.” When a preparatory period (pre-
season) is long, for instance several months,
and a competition period is short (several
weeks), as in many Olympic sports, it is
permissible to eliminate certain exercises
(like heavy resistance training) during the
in-season period. Strength adaptation is not
lost in this case, mainly because the detrain-
ing period is short. However, in sports with
a brief preseason period and many competi-
tions in a row (as with games in ice hockey or
tournaments in tennis), strength gains elicited
during the short preseason period (weeks)
are lost almost completely during the period
of competition (months) if maximal strength
loads are not used.

2, Mature athletes with continuous and
extensive training backgrounds find that the
residual effects of training are relatively stable.
These athletes have slow rates of detraining
and are able to achieve good results after
relatively short periods of retraining. Thisis a
result of both what they have done in the past
and what they are presently accomplishing,
Elite athletes with training backgrounds that
span many years regain motor abilities much
more quickly than less experienced athletes,

3. Once special training ceases, different
training benefits are lost at various rates.
Anaerobic capacities are lost very quickly
whereas adaptations to aerobic or maximal
strength loads are relatively long lasting. The
most stable benefits are training residuals
based on morphological changes in skeletal
muscles. Muscle size, for instance, changes
slowly during both training and detraining.
Because of this it is possible to use specialty
mesocycles in which motor abilities are devel-
oped in sequence, The attained level of the
motor ability (e.g., maximal strength) that
was the primary target in one mesocycle is
maintained in subsequent mesocycles with
small loads.

4, If special training loads (e.g., heavy
resistance exercises) are preserved at a cer-
tain level, it is possible to either retain the
acquired level of the specific motor ability or

lose it at a relatively low rate. A coach may
prescribe specific retaining or detraining
loads for a given period during which training
residuals are conserved at appropriate levels
(but not improwved).

Superposition of Training Effects

Various training methods do not bring the
same gross beneficial effect to all physiological
systems. Training effects are specialized and
they affect separate systems in different ways.
Methods that induce beneficial adaptation in
one motor ability or physiological system may
produce negative effects on another ability
or system. For example, excessive strength
gains associated with muscle hypertrophy
may have negative effects on aerobic endur-
ance as a result of reduced capillary density
in the working muscles.

The transfer of either positive or negative
effects between two types of training is not
necessarily symmetrical. In other words, the
effect of training activity X on ability Y is often
different from the effect of training activity Y
on ability X. Usually, hard strength training
affects aerobic endurance negatively. The
counterproductive effect of aerobic endur-
ance training on maximal strength, if it exists,
is smaller. Because of this, the strength—
aerobic endurance sequence in two consecu-
tive mesocycles provides a definite advantage;
strength gains achieved during the first meso-
cycle are not minimized by aerobic training
during the second. The opposite sequence,
aerobic endurance-strength, is less efficient.
In this sequence, aerobic capacity is initially
enhanced but then deteriorates during the
ensuing mesocycle.

Periodization As a Trade-Off

Though most people understand the neces-
sity of varying both training loads and train-
ing content over an entire season, being able
to prescribe the optimal training plan for a
given athlete and predict its effect on sport
performance is not easy. This area of planning
is contentious. In reality, a good periodization
plan is a subtle trade-off between conflicting
demands.

On the one hand, an athlete cannot develop
maximum strength, anaerobic endurance,
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and aerobic endurance all at the same time.
The greatest gains in any one direction (for
instance, strength training or aerobic training)
can be achieved only if an athlete concentrates
on this type of training for a reasonably long
time—at least 1 or 2 mesocyceles. In this case,
the improvement in strength or aerobic capac-
ity will be more substantial than that achieved
with a more varied program. This leads to
the recommendation that one should train
sequentially—one target after the other. Such
pattern of training is called linear periodiza-
tion (fisure 5.5a). Elite athletes have favored
this widely used approach for many years,

In the 1960s, for instance, middle-dis-
tance runners used a preparation period
of 7 months consisting of the following
sequence: (a) aegrobic training, called at that
time marathon training or road training—2.5
to 3 months; (b) hill training or uphill run-
ning, mostly anaerobic with an increased
resistance component—2.5 months; and (¢)
short-track training in a stadium—about 1.5
months, This training plan corresponds to the
saying that athletes should begin a workout
from the short end and a season from the long
one. Similarly, throwers began the prepara-
tion period with strength exercises and, only

after 2.5 to 3 months of such training, began
maore specific routines.

But with this approach, because of the great
amount of time and effort spent in a specific
direction, an athlete has little opportunity to
perform other drills or exercises. As a result
of the long periods of detraining, the level of
nontargeted motor abilities decreases sub-
stantially. In addition, great physical poten-
tial (for instance, strength, aerobic capacity)
acquired in periods of accentuated training
does not directly involve the sport movement.
That is, the strength level is improved (lor
instance, dryland training in swimmers), but
athletic results are not. Much time and effort
are needed to fuse all the partial improve-
ments into an athlete’s preparedness for
high-level competition.

Another training strategy (nonlinear peri-
odization) has been developed in the last 20
years. The strategy is based on two ideas:

» Sequential, or even simultaneous, devel-
opment of specific motor factors with fre-
guent, intermittent changes in training
targets (figure 5.58)

* Maintenance of the nontargeted motor
abilities with retaining loads

Conventional planning
& Maotor abilities
———————————————— A
Stimulating
T perataiinsetsthnnescnsansorserroerae s san hean s Sy as o e e ne s s R R RSN S s e A R e
5 Retaining
Detraining B
_________________ h
b

Detraining

Motar abilities

b Time

Figare 5.5 Two variations of timing training loads during a preseason period. Two motor abilities, A and B,
are the training targets. (a) Long intervals of accentuated (targeted) training with stimulating and detrain-
ing loads, the linear periodization. (b} Short intervals of the targeted training with stimulating and retaining

loads.
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This approach (training various motor abili-
ties sequentially with frequent intermittent
changes of targets) is used typically with
Z-week intervals, or hall-mesocycles. Train-
ing targets are changed intermittently every
2 weeks. This strategy is used, for instance,
by athletes participating in Nordic combined
competitions (cross-country skiing 15 km plus
ski jumping). The skiers train in 2-week phases.
During the first 2-week period, cross-country
skiing is the main object of training with ski
jumping loads only at the retaining level; this
is followed by 2 weeks of training ski jumping
(at a stimulating load) with low retaining loads
in cross-country skiing, and so on.

The term simultaneous training means, in
this case, as close in time as possible: either
on the same training day, in the same microcy-
cle, or in intermittent microcyeles (but not in
the same training workout). The saying is, “All
as close together as possible.” This strategy
has been successfully used in several power
sports, for instance with hammer throwers
from the former Soviet Union. The contribut-
ing motor abilities (maximal strength, rate of
force development, power) are trained during
the same microcycle with this approach.

The ideas for periodization that we have
been looking at are realized in training pro-
grams in a multitude of ways.

Nonlinear Periodized Program: An Example

Conditioning training of the women's basketball team,
University of Connecticut

This nonlinear program attempts to train both the
hypertrophy and neural aspects of strength within the
same week. Thus, athletes are working at two differ-
ent physiclogical adaptations together within the same
7- to 10-day period of the 16-week mesocycle. This
appears possible and may be more conducive to many
individual’s schedules, especially when competitions,
travel, or other schedule conflicts can make the tra-
ditional linear method difficult to follow. The intensity
and volume of training varies within the week over the
course of the entire training period (e.g., 16 weeks).
This protocol uses a 4-day rofation with a 1- or 2-day
rest period between workouts.

* Monday: 4 sets of 12-15RM

» Tuesday: Rest

« Wednesday: 4 sets of 8-10RM
* Thursday: Rest

* Friday: 3-4 sets of 4-6RM

* Saturday: Rest

* Sunday: Rest

* Monday: 4-5 sets of 1-3RM

In the program, the intensity spans over a 14RM
range (possible 1RM sets versus 15RM sets in the

week cycle). The workout rotates between very
heavy, heavy, moderate, and light training sessions.
It you miss the Monday workout, the rotation order
is simply pushed forward, meaning you perform the
rotated workout scheduled. For example, if the light
12-15RM workout was scheduled for Monday and
you miss it, you just perform it on Wednesday and
continue with the rotation sequence. In this way no
workout stimulus is missed in the training program.
You can also say that a mesocycle will be completed
when a certain number of workouts are completed
(e.g., 48) instead of using training weeks to set the
program length.

A power fraining day can be added if necessary. In
the power training, loads that are 30 to 45% of 1AM
are used; the exercises allow release of the mass
(i.e., throwing, jumping); fast lifts with substantial
deceleration of the implement during the last part of
the movement are not used (see figure 4.3 on page
76). The primary exercises are typically periodized, but
you can also use a 2-cycle program to vary the small
muscle group exercises, For example, in the triceps
push-down you could rotate between the moderate
(8-10RM) and the heavy (4-6RM) cycle intensities.
This would provide the hypertrophy needed for
such isolated muscles of a joint but also provide the
strength needed to support heavier workouts of the
large muscle groups.
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Strength Training
in Macrocycles

Proper timing is vital for effective strength
training. The timing of strength training in
macrocycles, that is, in periods that are rela-
tively long (several months), is only indirectly
influenced by the exercise-rest paradigm and
by the desire to avoid premature fatigue. Other
facets of training become more important. In
macrocycles these typically are the following:

* Demand for variability of training stimuli

* Delayed transformation of a training load
(into fitness development)

» Delayed transmutation of nonspecific
fitness into specific fitness

* Training residuals

Variability of Training Stimuli

Demands for variability in macrocycles are
met by changing exercise programs and train-
ing methods. Exercises themselves, not just
the gquantitative parameters of training rou-
tines (training load, volume, intensity), must
be periodically changed to avoid accommoda-
tion. The general idea is simple. As a result of
accommodation, a standard training program
{same exercises, similar training load) very
quickly leads to slow, or no, strength gains.
To activate new steps in an adaptation, the

program must be changed in one or both
of two ways: increasing the training load or
changing the exercise complex. There are
limits to increasing the training load (because
of staleness and time constraints), so chang-
ing exercises is preferable. This strategy has
proven its effectiveness in the preparation of
many international-caliber athletes.

The training of the best hammer throw-
ers from the countries of the former Soviet
Union, who have dominated world, Olympic,
and European competitions over the last 30
yvears, is a good example of this strategy. A
total of nearly 120 specific exercises were
selected or invented for training and were
distributed into 12 complexes with 10 exer-
cises per complex. Each complex was used,
depending on the individual peculiarities of
an athlete, for 2 to 4 months and after that
was replaced by another complex. The same
complex was performed only once in the
2- to 4-year period. The most efficient exer-
cises (for a given athlete) were used in the
vear of the most important competition (e.g.,
Olympic Games). The athletes performed
hammer throws with maximal effort almost
every training day. When a strength complex
was changed, performance results in hammer
throwing slightly deteriorated. They began
to improve, however, after a period of initial
adaptation to the new load (figure 5.6).
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Figure 5.6 The effects of periodic changes in exercise complexes (vertical arrows) on the performance of

hammer throwers.

Based on concept developed by the USSR National Odyinpic team head coach, AP, Bondarchuk, 1980
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Strength training methods (submaximal
effort, repeated effort, maximal effort) are
used in different proportions within a mac-
rocycle. Conventionally, a preseason period
begins from a mesocycle centered mainly on
the submaximal effort method (the lifting of
nonmaximal loads an intermediate number of
times, not to failure) and the repeated effort
method (maximal number of repetitions in a
set). Then the athlete shifts into the maximal
effort method, increasing the lifted weight
and decreasing the number of repetitions per
set. The strategy is to initially prepare and
develop the musculoskeletal system (periph-
eral factors) and then improve neural coordi-
nation. This conventional paradigm has been
substantially unchanged since 1980, A new
tendency is to alternate or vary the training
methods several times during the macrocycle.
Mesocycles (4 weeks) or half-mesocycles (2
weeks), during which the methods of repeated
or maximal efforts are emphasized, follow
each other in sequence.

Delayed Transformation

Because of the time delay between an increase
in training load and improvement in perfor-
mance, the training load should be decreased
before an important competition (the period of
delayed transformation). In essence, thisis the
time the body needs for rest and adaptation,

The length of the transformation period is
positively correlated with the amount of the
training load, especially with the increment
of the training load over the load previously
employed. The higher the training load incre-
ment, the greater the time needed to adapt
and the longer the period of transtormation.
The duration of the precompetition phase,
when loads are relatively low, is typically 1
mesocycle or approximately 4 weeks, How-
ever, if the training load is sharply increased
with the use of several stress microcycles, the
precompetition phase may last up to 6 and
even 7 weeks. Conversely, when the training
load is mildly enhanced, the duration of the
precompetition phase is around 2 weeks.

In comparison with the preparatory phase,
a precompetition phase for elite weightlifters

contains fewer training sessions per week
(5-10) instead of 8-15), fewer exercises per
workout (1-4 instead of 3-6), and fewer sets
per exercise (3-5 instead of 4-8). A primary
issue during this period is good rest and full
restoration between workouts.

Delayed Transmutation

As the time leading up to an important com-
petition decreases, the strength exercises
should become more specific. This refers to
the delayed transmutation of nonspecific fit-
ness acquired in assistance exercises (relative
to a main sport skill) into specific fitness.

Training Residuals and Retaining Loads

The level of strength an athlete has achieved
can be maintained during the season (the
competition period of a macrocycle) by
retaining loads. Two short (30-40 min) heavy
resistance workouts per week usually provide
a load of sufficient magnitude. Exercising
twice a week makes it possible to preserve,
but not improve, the athlete's strength during
the whole season.

The total training load per macrocycle is
high for elite athletes and has shown a gen-
eral trend toward growth (figure 5.7 shows
training loads of the Bulgarian national
team). The best weightlifters of the 1960s
lifted a barbell fewer than 10,000 times
during a l-year period;

* Yuri Vlasov, 1960 Olympic champion in
the super-heavyweight category—5,715
repetitions a vear

* Leonid Zhabotinsky, 1964 Olympic
champion in the super-heavyweight
category—>5,757 repetitions

* Yan Talts, 1972 Olympic champion—8,452
lifts

Inthe 1973 to 1976 Olympic cycle, the average
number of repetitions a year for a member of
the USSR national Olympic weightlifting team
was 10,6{0. During the 1985 to 1988 quadren-
nial cycle, it was 20,500,

For elite athletes, the training load,
expressed in tons, varies substantially during
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Figure 5.7 Training loads of the members of the Bulgarian national welghtlifting team. {a) Total weight

lifted. {#) Number of training hours and workouts,

Data from L. Abadjiev and B. Faradjley, 1986, Traiming of weight lifters (Sofla, Bulgaris: Medlcina | Fizkultura).

year-round preparation (figure 5.8). However,
contrary to common belief, the average
weight lifted (the total weight divided by
the number of lifts) is rather constant. Why?
Because changes in the exercises used corre-
late with changes in the methods of strength
training. Recall that loads of 1- to 2RM are
lifted primarily in main sport exercises while
a greater number of repetitions is typical for
assistance exercises (see chapter 4). If an
athlete during an accumulated mesocycle

decreases the weight lifted in the clean and
jerk and performs many barbell squats, the
average weight may not change; the decrease
of load in one exercise (the clean and jerk)
is outweighed by the high load lifted in
squats,

The rule of G0% is recommended for use in
planning a macrocycle. The load in a meso-
cycle with minimal load is approximately G0%
of a maximal mesocycle load, provided that
the mesocycles are equal in duration.
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Figure 5.8 The distribution of training volume (tons, two top curves) and average weight lifted (kg, two
bottom curves) by the USSR national Olympic team during year-round training. Average data of athletes in
weight categories 52 to 56 kg (n = 4) and 90 kg (n = 3). Vertical dotted lines show the times of important com-

petitions.

Data frean Preparation of the Notional Obvnpee Team Weight Lifting, 1984, annual report #85-012 (Moscow, Russia: All-Union

Research Institute of Physical Culture}.

Continuous Training Is a Must

Long breaks are customary in education. Vacations
don'tharm students’ acquisition of knowledge or impair
their intellectual abilities. After a break, they are able
to study hard and learn at a faster pace,

A human body, however, behaves differently. Long
breaks in training ruin physical fitness and athletic
performance. De-adaptation inevitably takes place.
Detraining occurs, After a prolonged period of inac-
tivity, an athlete has to start from a decreased level
of physical fitness. Time and effort are unnecessariky
spent on recovering the prebreak level of fitness. If
not for the break, the same efforts would be spent on
increasing, not restoring, fithess. As in mountaineering,
if you want to scale the summit of a high mountain, why
get haltway up the mountain, go back down, and then
climb the whole mountain?

Prolonged interruptions in training are not good for
an athlete’s health. |t takes time to become accustomed
to regular physical exercise and also to become unac-
customed to habitual activity. Sharp decreases in an
athlete's activity level offer no benefit, In fact, there is
an added risk of injury, for two reasons. Various motor

abilities are retained differently. Some are lost quickly
and some are more stable. The new imbalance of
motor abilities, for instance between high strength
and decreased flexibility and relaxation, may provoke
trauma. In addition, athletes are often not psychologi-
cally attuned to their new condition. They are likely to
overestimate their current potential. If they try to per-
form as before, they may get injured.

The Mational Collegiate Athletic Association (NCAA)
rules do not fake full account of these natural require-
ments. The rules limit organized practice activities to
22 to 24 weeks a year (or 144 days) and encourage
intermittent rather than continuous year-round training.
Voluntary individual workouts initiated by the student-
athletes and not supervised by coaches are important
to maintain the previously attained fitness level. A coach
is only permitted to design a general individual workout
program for a student-athlete (not a specific workout
program for specific days).

A better plan to educate student-athletes would be
to emphasize the harm to their athletic preparedness
and health of sudden changes in activity level. The
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athletes should be familiar with the main principles of
training and should understand the personal training
philosophies of their coaches.

In addition, the coach needs to design the individual
workout program for each student who reguires such
guidance, make sure that the program is understood,
and advise students about safety measures during
voluntary individual workouts.

|f the objective of the individual training program is
limited fo retaining a general fitness level, student-ath-
letes should take several steps. They need to monitor
body weight, maintaining a proper balance between
overall energy expenditure and the number of calo-
ries supplied with food. The body weight must be kept
constant; only a 2- to 3-kg gain is permitted. These
athletes should also do calisthenics (strengthening and

SUMMARY

The timing of training includes the spacing
of work and rest intervals as well as the
sequencing of exercises. Training can be
divided into structural units of various dura-
tions, in particular in the (a) training session
{workout), (b) training day, (¢) microcycle,
{d) mesocycle, (e) macrocycle, (f) Olympic
cyele (quadrennial cyvele), and (g) long-lasting,
or multiyear, training.

Short-term planning refers to the planning
of workouts, training days, microcycles, and
mesocycles (typically 2-6 weeks). A general
principle of short-term training design is that
the effects of fatigue from different types of
muscular work are specific. Thus an athlete
who is too tired to repeat one exercise in
an acceptable manner may still be able to
perform another exercise to satisfaction.
Training too many motor abilities during
the same workout, microcycle, or mesocycle
lessens effectiveness. Two or three main tar-
gets are plenty, Try to balance the number
of training targets in these cycles to enhance
performance growth while also planning
the schedule to avoid the superposition of
fatigue traces from individual workouts and
the hazard of staleness.

strefching exercises) and perform an aerobic activity to
provide the minimal combined [pad required to refain
fitness. Muscular strength, flexibility, aerobic capacities,
and stable body weight must be maintained.

The laws of physical training must be obeyed if
one wants to be successful in sport. The need for
continuous fraining is one such law. If student-athletes
seek to become elite athletes, possess the proper
experience and knowledge, have access to practice
facilities, and take safety precautions against trauma,
their individual workout programs may be designed to
enhance preparedness rather than only maintain it.
In this case, the training should continue to follow the
standard schedule with adjustments made o accom-
modate the athlete's responsibilities, for instance an
exam schedule.

The general idea in planning workouts and
training days is to have athletes do as much
work as possible while they are as fresh as
possible, Unlike the situation with endurance
training, it isn't necessary that the athletes
become exhausted in a heavy resistance
workout. To prevent early fatigue, rest inter-
vals between sets, especially when trainees
are working with heavy weights, should be
long (about 4-5 min). During training days,
distributing the training volume into smaller
units has a definite advantage, provided that
the time intervals between workouts is suf-
ficient for restoration.

In properly sequenced exercise, the athlete
performs the most valuable exercises—those
requiring fine motor coordination and maxi-
mal neuronal output—in a rested state. To
prevent premature fatigue, include main
sport exercises before assistance exercises;
use dynamic, power-type drills before slow
exercises (such as squats); and exercise larger
muscle groups before smaller ones.

The method of maximum efforts is recog-
nized as the most efficient training method
and should be practiced at the beginning
of a training workout, following warm-up.
Pyramid training is ineffective and even det-
rimental. Mixed training sessions that include
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a strength routine section are less effective
for strength development than special heavy
resistance workouts. The same holds true for
circuit training.

In planning heavy resistance protocols
in micro- and mesocycles it is important to
assign adequate rest between exercise peri-
ods and to balance the stability of a training
stimulus (to call forth an adaptation) and its
variation (to avoid premature accomnoda-
tion and staleness).

Adequate recovery during a microcycle
is achieved by rest-exercise alternation and
proper exercise sequencing. To retain the
attained strength gains, schedule at least
two training sessions per week. The vari-
ability of training programs during micro-
and mesocycles is realized through changes
in training load (not exercise complexes).
One stable complex of exercises should be
performed through a mesocycle (to elicit an
adaptation). The empirical rule of 60% has
stood the test of time: The training volume of a
day (microcycle} with minimal loading should
be about 60% of the volume of a maximal day
{microcycle) load.

Medium-term planning (periodization)
deals with macrocyeles. When you periodize,
you divide the training season, typically 1 year
long, into smaller and more manageable inter-
vals (periods of training, mesocycles, and
microcycles), with the goal of getting the
best performance results during the primary
competitions of the season.

In periodizing, allow for delaved transfor-
mation. During periods of strenuous training,
athletes cannot achieve the best performance
results. They need an interval of relatively easy
exercise to realize the effect of previous dil-

ficult training sessions. The adaptation occurs
(or is manifested) during unloading, rather
than loading, periods. Another phenomenon
that you need to consider is delayed transmu-
tation. A special training routine is needed to
transmute the acquired motor potential into
athletic performance. This goal is realized
during highly specific training in transforma-
tion mesocyeles. Finally, it is important to take
training residuals into account when you plan
for the medium term. De-adaptation, as well
as adaptation, takes time. The time course of
training should be based on the duration of
the immediately preceding period of training,
the training experience of the athletes, the
motor abilities being targeted, and the train-
ing volumes during training mesocycles.

A good periodization planis a subtle trade-
off among conflicting demands. The conven-
tional approach has been to solve the problem
sequentially, for instance to begin off-season
preparation with nonspecific strength training
and after that change to a highly specific tech-
nigue routine. A more recent strategy is to
sequentially develop specific motor abilities
with frequent intermittent changes in training
targets and to maintain the nontargeted motor
abilities with retaining loads.

The timing of strength training in macro-
cycles is only indirectly influenced by the
exercise-rest paradigm and by the desire
to avoid premature fatigue. Other training
facets also influence timing, including the
demand for variability of training stimuli,
delaved transformation of training load (into
fitness development), delayed transmutation
of a nonspecific fitness acquired in assistance
exercises (relative to a main sport skill) to
specific fitness, and training residuals.
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chapter 6

Strength Exercises

TI'IE! first problem a coach encounters in
planning a training program is exercise
selection. The alternatives seem innumerable:
free weights, exercise machines, isometrics,
uphill ambulation with an additional load,
dropping jumps, self-resistance exercises,
and so on. In this chapter you will read about
various classes of exercises used for strength
enhancement.

CLASSIFICATION

Strength exercises typically are classified
according to the change in muscle length.
They may be static, or isometric, which liter-
ally means “constant length,” or dynamic, a
category further divided into exercises with
concentric, eccentric, or reversible muscle
action, Dynamic exercises are also some-
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times labeled isotonic (from iso, meaning
“constant,” and fonic, meaning “tension™).
The underlying assumption is that the
muscle produces an unvarying amount of
tension while shortening as it overcomes a
constant resistance. This is not the case for
intact muscles. If external resistance (weight
lifted) is constant, the tension exerted by a
muscle varies during shortening because of
factors such as the change in muscle moment
arm.

Among dynamic exercises, one special
class is termed isokinetic (kinetic means
“speed™). During isokinetic action, the speed
of movement is constant, regardless of muscle
tension. (The term isokinetic, unfortunately,
is not strictly defined. Speed of movement
may refer to rate of change in muscle length,
velocity of the load being lifted, or angular
velocity of the joint.) Special equipment,
usually expensive, is necessary for proper
isokinetic training.

Because dynamic exercises with concen-
tric muscle action are much more popular in
athletic training than other types of exercise,
these will be our focal point.

Strength exercises can also be grouped
according to the muscles involved in the
action (e.g., abdominal exercises, leg exer-
cises). The strength of different muscle
groups often varies greatly in one person. An
athlete can have high strength in one move-
ment, for instance in the leg extension, but be
relatively weak in another, such as pull-ups.
The comparative strength of different muscle
groups is called strength topography.

In addition, strength exercises are often
classified according to their specificity as
(a) nonspecific (e.g., barbell squats for jav-
elin throwers or baseball pitchers); (b) spe-
cific (e.g., exercises for muscles specifically
involved in a throwing task, as in figure 6.1);
and (c) sport exercise with added resistance
(e.g., overhand throwing of heavy objects).

Figure 6.1 An exercise set of specific strength drills for strength training of female hammer throwers. In
hammer throwing, the main efforts are exerted not in a vertical but in an oblique direction. The exercises
included in the set are designed to respond to these requirements. Note in particular the techniques of the
barbell lifts. They are quite different from the classic techniques of weight training, which are usually sym-
metric barbell lifts with equal loading of the right and left extremities.
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Which Muscle Groups Are Most iImportant?
How Do We Evaluate General Strength Development?

For more than a century, hand grip strength was com-
monly used to estimate the strength development level
of various subjects and populations. |s grip strength
a valid test for whole-body strength? In the grip test,
the thumb produces force against the force gener-
ated by the other four fingers. Since the four fingers
together can generate greater force values than the
thumb alone, in reality the strength of only the thumb
is measured in the test. Is the strength of the thumb so
important in athletics and everyday life that it should
be considered a valid, or even a unigue measure of
strength development? Certainly not. Which muscle
groups are, then, the most important?

This question has been addressed in several inves-
tigations. Ideally, a small number of muscle groups or

EXERCISE SELECTION
FOR BEGINNING ATHLETES

With beginning athletes, especially yvoung
peaple, strength topography is the main focus
in the proper selection of strength training
exercises. The most important muscle groups
should be chosen and trained. The following
recommendations are offered as a rule of
thumb:

1. Strengthen the muscle group that, if
weak, can increase the risk of trauma
{(for instance, neck muscles in wrestling
and tackle football).

2. Train large, proximally located muscles,
especially in the trunk area, with the
abdominal wall muscles and spine erec-
tors as a primary choice.

J.Increase strength in sport-related
movements to a level that permits
sport technique acquisition without
technical mistakes.

4. Have athletes perform movements
through the entire range of angular
joint motion. The submaximal effort
and repeated effort methods only, not

exercises could be found that would represent with
maximal precision the achievements in a large test bat-
tery. To find such a set of muscles, groups of subjects
were given many (up to 100) strength tests. Statistical
analyses were employed to find the most representative
(Important, valid) muscle groups and tests. The results
led to the recommendations for choosing the following
most important muscle groups that should be specifi-
cally targeted when working with beginning athletes:
the abdominal muscles, spine ereclors, leg extensors,
arm extensors, and pectoralis major. When you are
limited to two tests, use measures of strength lifton a
high bar with overturn and forcible leg extension (e.g.,
squatting on one leg).

singular maximal efforts, should be
employed.

5. The so-called 3-year rule is popular
among experienced coaches. Accord-
ing to this rule, an athlete should use
strength-specific exercises and exer-
cises with a barbell, such as barbell
squats, only after 3 years of preliminary
general preparation.

EXERCISE SELECTION
FOR QUALIFIED ATHLETES

Selecting strength exercises for qualified
athletes is substantially more complex than
for beginners. The general idea is simple:
Strength exercises must be specific. This
means that training drills must be relevant
to the demands of the event an athlete is train-
ing for. Strength training drills must mimic the
movement pattern that the pertinent sport
skill actually entails.

However, the practical realization of this
general idea is not easy. Coaches and athletes
have made many efforts to find the most
effective strength training drills for various
sports. The main requirements of this task
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Exercise Machines Versus Free Weights

Strength exercise machines are presently in broad use,
When exercising on the machines, there is no need to
balance or control the weight: the movement trajectory
is prescribed (scientists would say that the system has
only one degree of freedom). This is different from many
real-ife situations where objects must be stabilized.
For instance, when lifting a barbell above the head the
athlete must control the barbell position. If the barbell is
displaced forward or backward the equiliorium is lost,
which may result in unsuccessful attempt and injury.
In confrast, exercise machines constrain movement in
certain directions. Other examples of mechanically con-
strained movements include opening a door, pushing a
bobsled, and pedaling on a bicycle. When performers
must stabilize an object in addition to exerting force on
it in space, the force production drops, The force loss
is & price we pay o slabilize the object.

When the movement is constrained, the performer
may exert force in a direction different from the direc-
tion of motion and still perform the task. The actual
constraints—the tangible physical obstacles to move-
ment—may completely change joint forques. Conse-
quently, different muscle groups may act when body
motion is free or Is actually (physically) constrained.
In particular, when working on strength exercise

are described in the following section. We
will consider yielding strength and strength
in reversible muscle action as separate motor
abilities and discuss them later,

Working Muscles

The requirement regarding working muscles
is most evident and simple. The same muscle
groups must be involved in both the main
sport event and in the training drill. For
instance, heavy resistance exercises for
the improvement of paddling in canoeing
should focus on the muscles utilized in the
motion patterns associated with the paddle
stroke.

Unfortunately, this obvious requirement
very often is not satisfied in athletic practice.
Coaches and athletes often employ exercises
and training equipment that are not specific—

machines, the direction of the end-paint force and
the joint torques may ba quite distinct from what is
observed in lifting or holding free weights. This may be
not very important for recreational athletes, but it may
be detrimental for experienced athletes whose immedi-
ate goal is the performance improvement.

Training with exercise machines as compared with
free weights has certain pros and cons. The advantages
include the following:

» Theinitial weight can be applied at low level and
increased in small increments (1 kg or less);

« the risk of injury is smaller (provided that over-
exertion is avoided);

+ there is no need to study the performance tech-
nigue—it is simple; and
* |ess time is consumead.

However, free weights are more specific for athletes.
The general conclusion is that exercise machines are
recommended for recreational and beginning athletes
(free weights can also be used), while training with
free weights—even though it requires studying lifting
techniques—is advantageous for experienced athletes
striving for performance improvement.

that do not involve the muscle groups active
in the main sport movement. For instance, in
swimming, the athlete's hand moves along a
complex curvilinear trajectory that includes
inward and outward motions (see figure 6.2).
The resistance vector occurs in a three-dimen-
sional space (figure 6.2a). During dryland
training, however, swimmers typically use
exercise devices with linear, straight-back
pulls (figure 6.26). Muscle activity patterns
during such training are distinctly different
from those experienced while swimming. It
is preferable to mimic the three-dimensional
hand resistance that occurs in swimming by
using two- and three-dimensional exercise
devices (figure 6.2¢).

Muscle activity in the same exercise can
vary if the performance technique, such as the
hody posture, is changed. This is illustrated
in figure 6.3. An athlete performs shoulder
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Pattern drawn

relative to the body
Resultant _--—"-«

Pull line of action

b Recovery I=okinatic
device

Elbow torgue

a Shoulder torque

Figure 6.2 Swimming stroke palterns and exercise devices for
dryland training. (a} Arm trajectory and propulsive forces in the
breaststroke. (b) An exercise device with a straight-line pull. The
device provides only single-line, one-dimensional resistance. (c)
Two-dimensional resistance force. Two resistances, A and B, are
provided that duplicate the lift and drag components of propulsive
swimming force.

Reprinted, by permission, from R.E. Schieithawf, 1983, Specificity of strength
training in swimming: A biomechanical viewpoint. In Siomechanics and medicine c

i swimming, edited by AP Hollander, PA, Huijing, and G, de Groot (Champaign.
[L: Human Kinetics), 188, 189, 190,

Exercise joint g
forques

20Nm -4
Extension -250 Mm

Extension

Figure 6.3 Net muscle moments in the knee joints (Nm) during squatting with an 80kg barbell, Both the
magnitude and direction {(flexion or extension) of the moment are altered when the athlete’s posture is
changed.

From V.M. Zatslorsky and L.M. Raitsin, 1973, Force-posture relations in athletic movements (Mozcow, Russia: Russian State Academy
of Physical Education and Sport), Technical report. By permission of Russian State Academy of Physical Education and Sport.

1. Muscle palpation. Muscles that become
tense are the involved muscles and
these should be trained with heavy
resistance,

squats with a barbell vusing different lifting
technigues. Not only does the level of muscle
activity change, but also the involvement of
specific muscle groups; the knee extensors

are used in some instances and the knee
flexors in others.

Four techniques are employed to identify
the working muscle groups:

2. Intentional inducing of delayed muscle
soreness (i.e., the pain and soreness
that occur 24 to 48 h after training work-
outs). To this end, a coach intentionally
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overdoses the training load during the
first workout with new drills. The pain-
ful muscles are then identified as the
working muscles.

3. Biomechanical analysis of the joint
torques similar to that presented in
figure 6.2. The method is good but in
many cases too complex for practical
Lse.

4. Registering muscle electric activity, or
electromyography (EMG). This method
is superior, but special equipment and
technical personnel are needed for this
type of analysis.

Other requirements for exercise selection,
described later in this chapter, are less obvi-
ous. These are based mostly on factors deter-
mining the amount of muscular strength avail-
ahle in various motor tasks (see chapter 2).

Type of Resistance

In terrestrial movements, the weight or mass
of an object (an implement, a barbell, one's
own body)—or a combination of weight and
mass—usually serves as resistance. ln aguatic
sports, such as swimming, rowing, kayaking,
and canoeing, the resistance is determined by
principles of hydrodynamics. If the training

Are Chin-Ups and Dips Equally
Effective for Various Sports?

A conditioning coach is working with several varsity
teams: football players (running backs and wide receiv-
ets), volleyball players, swimmers, and rowers. She has
been asked by the head coaches to pay special atten-
tion to the enhancement of arm strength. Her general
philasophy is to use strength exercises that are specific
to relevant sports. In addition, the time available for
strength training is limited. Thus, she must recommend
only the most efficient exercises. The following variants
of chinning (on a horizontal bar) versus dipping (on a
parallel bar) distribution are considared (%): (a) 100/0,
(b) 70430, (c) 50/50, (d) 30/70, and {g) 0A100.
Whal Is your choice? Please substantiate it.

drill resistance is different from the resistance
in the sport event the athlete is training for,
bhoth the force production (recall figure 2.3)
and the pattern of muscle activity are also
different.

In terrestrial movements, when an object
of given mass (a throwing implement or an
athlete’s extremity) is accelerated, the burst
of musecle action is concentrated both in
time and in space. Thus, the muscle action
is of short duration and the maximal force is
developed in a specific body position. If other
types of external resistance are used in train-
ing, such as devices with hydraulic resistance,
rubber cords, and isokinetic machines, the
maximal force is developed either throughout
the whole range of the angular motion or in
a body position different from the position
used in the sport event. The muscle action is
not concentrated in time but instead tends
toward protracted activation. Such exercises
are not specific for on-land athletic events.
The first choice for these sports is exercises
that use free weights, the body mass, or both
as resistance,

In aguatic sports, water resistance (while
pulling through the water) increases with
velocity (an example of mechanical feedback;
see chapter 2). The relationship is quadratic,
meaning that external force applied by the
athlete is proportional to the squared velocity
of the arm or paddle relative to the water. Ath-
letes contract their muscles in a protracted
way. This type of activity must be simulated
during dryland training. The best choice here
is training equipment in which the resistance
is proportional to the velocity squared. This
equipment is rather expensive and impracti-
cal, though.

There are also machines in which the resis-
tance (F) is either proportional to the velocity
of movement or constant through the whole
range of the motion. In the first type of device,
oil viscosily is used as a resistant force. In
an apparatus based on hydraulics, the oil
is squeezed from one chamber to another
through an adjustable orifice. The greater
the velocity of the forced oil displacement,
the greater the resistance offered by the
training device. Such devices usually provide
resistance only in the concentric phase of the
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movement. In pneumatic devices where resis-
tance is due to air pressure, resistance can
be provided on both eccentric (positive) and
concentric (negative) movements, Again, how-
ever, equipment can be expensive and multiple
stations are needed to exercise all of the dif-
ferent muscle groups in the body. In devices of
the other type, dry (Coulomb's) friction serves
as resistance. The force (F) is constant if the
velocity (V) is not equal to (0 (F = constant, if
V= 0. The force may be changed from 0 to F
at zero velocity. These types of devices should
be used as a second choice.

4500 & — -@ Befare training
4000 =N After 12 weeks

----8 Aftar 24 weaks
3500—

3000—
2500

2000—

Averane force (M)

1500

1000—

Time (and Rate)
of Force Development

Because of the explosive strength deficit (ESD;
see chapter 2), maximal force F,,, cannot be
attained in the time-deficit zone, If the train-
ing objective is Lo increase maximal force
production (F,, ), there is no reason to use
exercises in the time deficit zone, where F,,
cannot be developed. Furthermore, heavy
resistance exercises are not very useful for
enhancing the rate of force development in
qualified athletes (figure 6.4).
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Figure 6.4 The Influence of heavy resistance training (o) and dynamic {explosive, power) resistance train-
ing (k) on maximum strength and the rate of force development during an explosive maximal bilateral leg
extension. As a result of heavy resistance training, only F,.. not the initial part of the force—time curve, is
enhanced. The rate of force development, especially the S-gradient, is unchanged.

Adapted, by permission, from K. Hakkinen and PV, Komi, 1985, “Changes in electrical and mechanical behavior of leg extensor
muscles during heavy resistance strength training,” Scandinavian Jowrnal of Spors Sciences T: 6575, By permission from author.
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If the general objective of training is to
increase force production in explosive types
of movement, in principle this can be done
in one of two ways. One option is to increase
maximal force F,,. This strategy, however,
brings good results only when the ESD is sub-
stantially less than 50%. As an example, imag-
ine two athletes who put a shot with a force
of 500 N. The first athlete can bench press a
120-kg barbell (roughly 600 N per arm). The
ESD for this athlete is [(600 - 500) / 600] -100
= 16.6%. This is an extremely low value for a
shot-putter. The athlete has a great potential
to improve performance by increasing F...
Lifting a 200-kg barbell in the bench press will
surely lead to improvement in this individual's
performance. For the other athlete, 1RM in
the bench press is 250 kg. The ESD is [(1250
= 500) / 1250] 100 = 60%. Further improve-
ment of this athlete’s maximal bench press,
say to 300 ke, will not result in improvement
in shot-putting performance.

The second option for training to enhance
force productionis to increase the rate of force
development. Heavy resistance exercises are
not the best choice in this instance, especially
for elite athletes. Special exercises and train-
ing methods are a better alternative.,

Velocity of Movement

The effects of a strength exercise depend
on movement velocity. If exercises are per-
formed in the high-force, low-velocity range
of the force-velocity curve (figure 6.5a),
the maximal force F,, increases mainly in the

Are Strength Exercises Equally
Useful for All Athietes?

Two athletes of similar body dimensions possess
equal achievemnents in the standing vertical jump.
Their performances in barbell squats, however, are
different. Athlete P squats a barbell equaling his body
weight (BW). Athlete Q can squat a 1.5-BW barbell. For
which of these athletes will barbell sguatting be more
beneficial? Why?

Force

Force

= -
a Velocity b Velocity

Figure 6.5 Force—velocity relations before and
after muscle power training with different loads. (a)
High resistance (around [100% F, .\ (b)) low resis-
tance (around 0% F,,.0

trained range. On the other hand, if exercise
is done in the low-force, high-velocity range,
performance improves primarily in this area
(figure 6.5b).

These findings serve as a basis for the rec-
ommendation to develop dynamic force at
speeds that approximate the athletic motion.
It is recommended to choose the resistance
magnitude that will produce a movement in
the same velocity range as the relevant sport
event. However, if an exercise is performed in
the low-force, high-velocity range, the time
available for movement may be too short to
develop the maximal force during the move-
ment, The situation we looked at earlier, with
training either F,,., or rate of force develop-
ment, occurs. Hence, dynamic strength train-
ing should be complemented by training of
the rate of force development and F.., (see the
preceding section on time and rate of force
development).

Do not misinterpret the suggestion to
perform strength exercises with maximum
velocity as advice to execute these exercises
with high frequency (high number of repeti-
tions per minute). Too high a frequency has
been shown in several experiments to impede
strength gain, If movement frequency is in
the medium range, its precise value is of no
importance. In one experiment, for instance,
strength gain in the bench press was similar
when a barbell was lifted 5, 10, or 15 times
a minute but was much smaller for athletes
who performed the lifts with the maximum
possible frequency.
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Force-Posture Relations

By selecting a proper body position in
strength exercise, an athlete can (a) vary
the amount of resistance, (b) load particular
muscle groups to different degrees, and (c)
fine-tune the resistance to the joint strength
curves, For instance, in push-ups the amount
of resistance can be changed by placing the
hands or legs at various elevations (figure
6.6). In bench presses, the different loading
of the shoulder and elbow extensor muscles
can be achieved by varying the grip width:
the wider the grip, the larger the load on the
muscles serving the shoulder joints.

In the ensuing paragraphs, we will discuss
finetuning resistance to the joint strength
curves. The idea behind these adjustments
is to train the muscular strength at different
muscle lengths. Effects of strength training

What Is the Optimal Weight
of Medicine Balls?

Medicine balls are popular implements for training
throwing tasks. In one study, the optimal weight of
medicine balls for dryland training of water polo players
was determined. The ball velocity in natural conditions
(in the water) served as a criterion. The results showed
that the optimal medicine ball weight for dryland train-
ing is approximately 2.0 kg. Both the correlation with
throwing velocity in water conditions and the gain in
velocity due to training were highest with medicine
balls of this weight.

are posture specific and hence muscle-length
specific (figure 6.7). In strength training of
experienced athletes, this fact should be
taken into account,

Percent body waight

20.0 I

1{].9?
0

| [ [ |
122 cm 92 cm 61 cm 31 cm

-4—— Hands elevated

Oem 31 cm
Floor Feet glevated ————

61 ecm 92 cm 122 em

Figure 6.6 Percent body weight supported by the hands during push-ups at various body postures. Depend-
ing on the elevation levels of the hands and arms, the resistance changes from approximately 10% to 75% of
the body weight. With the hands and the legs on the lloor, the hands support approximately 65% of the body

weight,
[Yata from research by M. Duffey, V.M. Zatalorsky (2002,
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Figure 6.7 Effects of isometric training at the dif-
ferent joint positions on the time of the maximally
fast arm movement (the difference between the
movement time before and after the training). Start-
ing from the dependent posture, the subjects (n =
32} performed a maximally fast shoulder flexion
with a barbell in the hand. The mass of the barbells
was 2, 6, and 8 kg. The subjects were beginning
weightlifters (age 17 = 1.2 vears). In addition to the
main training routine that was the same for all the
subjects, group A (11 subjects) perfarmed isomet-
ric training of the shoulder flexors at an angle of (to
5% Group B trained at a shoulder angle of 90°. Group
C (10 subjects) served as a control. The isometric
training consisted of 3 sets of 3 maximal efforts in
a session, 3 times a week, for 24 weeks. The rest
intervals equaled 10 5 between the trials and G0 s
between the sets. Training at an angle of H)° was
beneficial for lifting a heavy 8-kg barbell, while train-
ing at the starting position was advantageous for
lifting a 2-kg barbell and moving the unloaded arm.
Reprinted, by permission, from VM. Zatsiorsky, 20003,
Biomechanics of strength and strength training. In Strength

and pawey in sport, 2nd ed., edited by PV, Komi (Oxford, UK:
Blackwell Science), 467,

The magnitude of weight that an athlete can
lift in a given motion is limited by the strength
attainable at the weakest point of the full range
of joint motion. In other words, the weakest
point of a muscle group determines the heavi-
est constant weight that can be lifted. If the
constant external resistance (such as a barbell
of a given weight) is used in heavy resistance
training, the muscles are maximally activated
at only the weakest point of the motion. For

instance, there is a threefold difference in
the maximal force that can be developed
at different angles of hip flexion (figure 6.8).
If someone lifts the maximal weight that is
equal to 100% of F,, at the weakest point of
movement (at a 70° hipjoint angle), the hip
flexor muscles are taxed to only 33% of maxi-
mal strength at the strongest point (at a 1507
angle). The muscles are not required to exert
maximal force in this region.

Three approaches are used in contempo-
rary strength training to manage the force-
angle paradigm (the fourth “solution” is to not
pay attention to this issue at all). They are the
peak-contraction principle, accommodating
resistance, and accentuation.

The Peak-Contraction Principle

The idea behind the peak-contraction prin-
ciple is to focus efforts on increasing muscu-
lar strength primarily at the weakest points
of the human strength curve. Thus the entire
performance, for instance 1RM, is enhanced.
In practice, the peak-contraction principle is
realized in one of three ways:

1. Selection of a proper bhody position.
The resistance offered by the lifted load is
not, in reality, constant over a full range of
joint motion. The resistance is determined
by the moment of gravitational force (i.e.,
by the product of weight and horizontal
distance to the axis of rotation) rather than
by the weight of the implement or the body
part itself. The moment of gravitational force
is maximal when the center of gravity of the
lifted load is on the same horizontal line as
the axis of rotation. In this case, the lever
arm of the gravitational force is greatest. By
varying body posture, it is possible to an
extent to superimpaose the human strength
curve on the resistance curve in a desirable
manner.

The peak-contraction principle is realized,
if worse comes to worst, when the external
resistance (moment of gravity force) is maxi-
mal at the point where muscular strength is
minimal. The corresponding body position
is called the minimax position. The term
minimax literally means "minimum among
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Figare 6.8 Strength curve in hip flexion. Isometric force, men. Angle of 1807 is in anatomical position.
From M. Williams and L. Stutzmann, 1959, 3% 145-152. Adapted from Physical Therapy with permission of the American Physical

Therapy Association.

maximums.” At each of the joint angles, the
strength that is maximal for this position, F,,
is developed. The minimum F, [rom this set
is the minimax value,

To visualize this concept, compare an
exercise such as leg raising from two start-
ing body positions: lving supine and hanging
on a horizontal bar (figure 6.9). The second
exercise imposes a much greater demand
than the first,

The resistance (moment of gravity force) is
nearly equal in the two exercises and reaches
its maximum when the legs are placed hori-
zontally, However, when the legs are raised
in the recumbent position, the maximal resis-
tance coincides with the strongest points of
the force-angle curve (the hip flexor muscles
are not shortened). When the same leg raising
is performed on the horizontal bar, the hip
flexor muscles are shortened at the instant the
legs cross the horizontal line. Thus, the posi-
tion of maximal resistance coincides with the
minimal (weakest) point on the force-angle
curve (“worse comes to worst™),

2. Use of special training devices. An
example of a special device is shown in figure

21
j::

b

Figure 6.9 Leg raising from two starting positions,
{a) a supine position and (&) on a horizontal bar.
The exercise is more difficult to perform when it is
performed on a horizontal bar.
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T

Pivot

Figure 6.10 A device used to implement the peak-
contraction principle. The device is employed to
perform the arm curl. With this device, the highest
resistance is provided at the end of the movement.
When the elbow is maximally flexed, the athlete’s
strength (i.e, the force magnitude) is minimal
(see figure 2.22) and the resistance is the greatest
(“worse comes to worst”),

6.10. If a barbell were used in the arm curl, the
maximal resistance would be at the horizontal
position of the forearms. In contrast to the
situation with the peak-contraction principle,
the strength of forearm flexion at the elbow
joint is maximal, not minimal, at this position.
With the device shown in figure 6.10, maximal
resistance coincides with the weakest point
on the human strength curve.

3. The slow beginning motion. A slow
start can be used in strength drills such as
the inverse curl shown earlier (figure 4.6). The
maximal resistance in this exercise is offered
while the trunk is in the horizontal position.
If the movement begins too fast, the lift in the
intermediate range of motion is performed at
the expense of the kinetic energy acquired in

the first part of the movement. The erector
spinae muscles, then, are not fully activated.
Experienced athletes and coaches advocate
a slow start for this drill.

Studies of maximal external resistance
(moment of force) exerted against differ-
ent points along the human strength curve
(strong points or weak points) have shown
that when the peak-contraction principle is
employed, strength gains are higher. Thus,
this training protocol has a definite advantage.
Another merit is the relatively small amount of
mechanical work performed (the total weight
lifted). A disadvantage, however, is that the
transfer of training to other body positions
is relatively low (see figure 1.3 on page 8). A
coach should consider the pros and cons of
this principle before implementing it,

Accommodating Resistance

The main idea of accommodating resistance
is to develop maximal tension throughout
the complete range of motion rather than at a
particular (e.g., weakest) point. The idea was
first suggested in the 19th century by Zander
(1879) who developed many strength exercise
machines based on this principle. The accom-
modating resistance was the cornerstone of
the medico-mechanical gymnastics popular
before World War . Today, some of the Zander
equipment can be seen at the Smithsonian
Institution in Washington, DC. Accommodat-
ing resistance can be achieved in two ways.
One type of system offers high resistance
without mechanical feedback. In this case,
the speed of motion is constant no matter
how much force is developed. This principle
is realized in isokinetic equipment. The move-
ment speed on such devices can be preset and
maintained (kept constant) during a motion
regardless of the amount of force applied
against the machine. The working muscles are
maximally loaded throughout the complete
range of motion. (Isometric exercises at dif-
ferent joint angles, in which velocity is zero,
can be considered an extreme example of this
approach.) Because the velocity of muscle
shortening is predetermined, the training of
different types of muscle fibers (fast or slow)
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can potentially be stressed within the frame-
work of the isokinetic protocol.

Isokinetic training, while very popular in
physical therapy, is rarely used by elite ath-
letes. It has shortcomings besides the high
cost of the equipment, which may be prohibi-
tive. The angular velocity of movement is typi-
cally relatively low—below 360" /s (it may be
above 5,000°/s in athletic movements). Most
training devices are designed to exclusively
perform one-joint movements that are only
used sporadically in athletic training.

Another tvpe of system provides variable
resisfance that is accommodated to either the
human strength curve or movement speed. In
some machines, resistance is applied in con-
cert with the human strength curve (Nautilus-
type equipment). Because of the special odd-
shaped cams on these machines, the lever arm
of the resistance force or applied force is vari-
able so that the load varies accordingly (figure
6.11). The resistance (moment of force) varies
in accordance with an athlete's capabilities.
This variation provides greater resistance at
the joint configurations where the athlete is
stronger and lower resistance at weaker posi-

> F

¥

tions, The user must exert maximum effort
throughout the range of movement,

Unfortunately, the cams of many machines
are incorrectly designed and the offered resis-
tance, contrary to claims, does not match
average strength curves. A simple way to
vary (increase) resistance while lifting a bar-
bell is to use lifting chains: One end of a heavy
chain is fixed to the barbell while the second
end remains on the floor during the entire lift.
While the bar is being lifted some links of the
chain are lifted from the floor and, hence, the
lifted weight increases. In such movements as
barbell squats, bench presses, and military
presses, lifting chains help adjust the resis-
tance to the strength curve (see figure 2.26 on
page 44). However, in some lilts that involve
many body parts, the shapes of the strength
curves are rather complex (see figure 2.21 on
page 40, and using chains in such exercises
would not be useful.

Another type of exercise apparatus accom-
modates resistance to movement velocity.
The higher the velocity, the greater the resis-
tance offered by the system. These devices
are typically based on hydraulic principles.

Figure 6.11 A cam with variable lever arms. In this arrangement, the moment arms of both applied force (F}
and weight force (W) are variable. {a) The moment arm of the applied force (v} is smaller than the lever arm
of the weight force (x), ¥ < x; this ratio is used at points of the strength curve where a larger F can be exerted;
b}y = x; this ratio is used at the weakest points of the strength curve.

Adapted, by permission, from MH. Stone and H.S, O'Bryanl, 1987, Weight fraining: A sclentific approach (Minneapolis, MN;

Bellwether Preas), #4.
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The velocity of movements with hydraulic
machines, in contrast to isokinetic devices,
may vary depending on the strength of the
trainee.

Scientific experts have often questioned the
validity of claims for high exercise efficiency
with accommodating resistance. Exercises
performed with strength training machines
are biomechanically different from natural
movements and traditional exercises. Most
notably, the number of degrees of freedom
{ permissible movement directions) is limited
from 6 in natural movements to only 1 with
exercise machines; the typical acceleration-
deceleration pattern is also different. Though
isokinetic training may have certain advan-
tages in clinical rehabilitation settings, studies
have repeatedly failed to demonstrate that
accommodating resistance exercises (e.g., iso-
tonic, variable cams) hold an advantage over
free-weight exercises for increasing muscular
strength and inducing muscle hypertrophy.

Accentuation

In accentuation the main idea is to train
strength only in the range of the main sport
movement where the demand for high force
production is maximal. In natural movements,
at least on land, muscles are active over a
relatively narrow range of motion. Usually,
maximal muscle activity occurs near the
extreme points of angular motion. The move-

Thigh
acceleration
range

ment of body parts is first decelerated and
then accelerated by virtue of muscular forces.
For instance, during the swing movement of a
leg (e.g., in jumping and running), the previ-
ously stopped thigh is accelerated priorto the
vertical position and decelerated afterward
(figure 6.12a).

If the training objective is to increase the
dynamic strength of the hip flexor muscles
to improve velocity of the swing movement,
there is no reason to increase the strength of
these muscles in a range beyond the range
this activity requires. An exercise that satisfies
the requirement for specificity of the range of
force application is shown in figure 6,126,

Accentuation is the most popular exer-
cise strategy among many superior athletes
because this approach best satisfies the
requirements for exercise specificity. For
instance, there is no reason to develop the
strength of hip flexor muscles in their weak-
est position, as recommended by the peak-
contraction principle, because in this range
of motion it is the hip extensors, not flexors,
that are active (recall figure 6.12). The same
is true for exercises with accommodating
resistance. There is no need for athletes to
train maximal strength over the full range of
motion if the maximal force is required in only
a small part of the range.

Figure 6.12 (o) Accentuated range of motion in swing movement of the leg, (h) An exercise designed to
satisfy the requirement for aceentuated muscular efforts.

Reprinted, by permission, from D.D. Donskey and VM. Zatslorsky, 1979, Biomechanics { Moscow, Russia: Fizkultura | Sport), 14,
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Dynamic exercises that satisfy the require-
ments for exercise specificity constitute
the greater portion of training protocols for
qualified and superior athletes. In the strength
conditioning of elite Soviet athletes in track
and field and other dryland summer sports in
1987 and 1988, more than 95% of all sets used
free weights or body weight as resistance. In
aquatic sports (swimming, rowing) the propor-
tion of sets with free weights was below 40%.

ADDITIONAL TYPES
OF STRENGTH EXERCISES

Superior athletes mainly use dynamic train-
ing exercises of concentric muscle action.
Other types of exercises are used in training
routines, however, either as supplementary
training or for developing specific strength
ahilities other than £

Squatting or Semisquatting?

A conditioning coach recommended exercises for the
enhancement of leg extensor strength for six groups
of athletes—elite, intermediate, and beginning voliey-
ball players and ski jumpers. The elite and intermedi-
ate athletes had proper weight training experience,
including squatting. The beginning athletes were only
slightly accustomed to these exercises. The exercises
the coach considered were sguatting with a barbell,
semisquatting, leg press against a weight, and leg
press against isokinetic resistance. She then analyzed
the following pros and cons:

* Exercise specificity. Ski jumpers perform
takeoffs from a deep squat position; volleyball players
almost never jump for height from deep squats.

* Force-posture relationships. Athletes are
able to lift a grealer load using a semisquat versus a
squat technique. For instance, an athlate may be able
to lift & 1=body weight (BW) barbell using the sguat
and to lift a load of 1.2 BW in a semisguat. When full
squats are performed, the top effort is required only
when knees are deeply bent. However, at the range
of joint mation specific to a volleyball takeoff, the leg
extension force generated during full squals is far from
maximal (the athlete lifts only a 1-BW load but is able
to lift a 1.2-BW barbell).

Thus, if the coach favored the peak-contraction prin-
ciple, she would most probably recommend the deep
squats (since the highest requirements are for force
production in the deepest knee-bent posture where the
potential for force generation is minimal). If she selected
the accommodation-resistance approach, the proper
exercise would be a leg press against isokinetically
adjusted resistance. Finally, if exercise specificity was
a matter of primary importance and she favored the

accentuation principle, the selected exercises would
vary between the two sports. The semisquats would
be mare specific for volleyball players, while the squats
would be specific for ski jumpers,

+ Load imposed on lumbar spine and injury
risk. These are highest in semisquatting (because of
the extremely high load}, average in squats, and mini-
mal in leg presses.

After consideration, the coach recommended the
following (percentage of sets):

Skill level Volleyball players  Ski jumpers
Elite 60% semisquats  20% semisquats
25% squats 50% squats
15% leg presses  30% leq presses
(against a weight)  (against a weight)
Intermediate  30% semisquats  10% semisquats
40% squats 50% squats
30% leg presses  40% leg presses
(against a weight)  (against a weight)
Beginning 0% semisquats 0% semisquats
25% squats 25% squats
75% leg presses  75% leg presses
(40% againsta  (40% against a
weight and 35%  eignt and 35%
against isokinetic  against isokinetic
resistance ) resistance)

In the beginners’ group, the weight lifted in deep
squats was relatively low (6-10RM) and primary atten-
tion was given to proper lifting technigue.
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Isometric Exercises

Isometric training requires no expensive
equipment, can be performed anywhere,
and, il the number of trained postures is few,
takes little time, In spite of these advantages,
isometric exercises are used in athletic train-
ing mainly as a supplemental training tool, for
several reasons. First, they lack the specificity
necessary for strength gains (especially for
dynamic sport movements). Second, there
is little transfer of training effects from the
angular position selected for training to other
joint angle positions. If a muscle group is over-
loaded (for instance at 1007), the strength gain
will occur at that angle with little improvement
at other angles (see again figure 1.3 on page 8
and figure 6.7 on page 118). In addition, these
exercises are sometimes painful for superior
athletes. The forces isometrically developed
by elite athletes are extremely high. In the
isometric imitation of lifting a barbell from
the floor, for example, the maximal force F.,
in the most favorable body position may be
well above 8,000 N in elite weightlifters. The
mechanical load acting on different body
structures, such as the lumbar spine, may
exceed safe levels.

A coach who is planning isometric training
should keep in mind that accommodation to
isometric exercises occurs very quickly. In
nualified athletes, strength gains peak out in
about 6 to 8 weeks. Thus, the isometric train-
ing routine should be planned, maximally, for
1 to 2 mesocycles.

The following guidelines govern isometric
training protocol:

* Intensity—maximal effort

e Effort duration—51to 6 5

s Rest intervals—approximately 1 min if
only small muscle groups, such as calf
muscles, are activated; up to 3 min for
large, proximally located muscles

s Number of repetitions—usually 3 to 5 for
each body position

* Training frequency—i to 6 times a week
with the objective to increase F,,. 2
times a week for maintenance of the
strength gain

¢ Body position—(a) in the weakest point
of the strength curve, or (b} throughout
the complete range of motion with inter-
vals of 20 to 30°, or (¢) in an accentuated
range of angular motion

The second variant on body position is time
consuming because many angles within the
range must be strengthened. Qualified ath-
letes typically recognize the third variant as
the most efficient.

Isometric efforts of large, proximally
located muscles may produce a high rise in
blood pressure. Individuals at risk of cardiac
disease, atherosclerosis, or high blood pres-
sure should avoid these exercises, Athletes
should check arterial pressure at least once a
week during periods of isometric training.

Because of rapid accommodation, the
strength gain from isometric exercises is
generally less than from dynamic exercises.
This should be taken into account when iso-
metric strength gain is the training objective.
A typical example is the cross, a ring exercise
performed in men's gymnastics. As a routine
sequence in this case, the gymnast should use
dynamic exercises at the beginning (to speed
up strength enhancement) and then intermit-
tently add isometrics to improve the specific
coordination pattern,

Isometrics are also used in sport to enhance
static muscular endurance, for example
in long-distance speed skating, where the
demand for maintaining a bent trunk posture
is extremely high. In 10,000-m skating, the load
of the inclined body position has to be sus-
tained for about 15 min. Isometrics may be
used also to improve posture stahility, such as
that required in shooting a handgun. Holding
a 3-to 5kg weight (instead of a pistol) up to 1
min in the shooting position is a useful train-
ing exercise for shooters at the intermediate,
not the superior, level. This exercise helps
reduce the amplitude of arm microvibration
{(supposedly by increasing strength in the
slow tonic muscle fibers).

Self-Resistance Exercises

Exercises based on self-resistance, not
included in the classifications considered
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earlier, are rarely used in training and are
not recommended. In such exercises, the
tension of antagonist muscles resists ten-
sion of the primary agonistic muscle group.
If the muscles are near maximal activation,
the training load is extremely high. Healthy
people may do these exercises, though cau-
tiously, for general muscle development.
Immediately after self-resistance exercising,
the muscles become tough and nonelastic
(their resistance to palpation or indenta-
tion increases) and the circumference of the
extremity enlarges. This creates the visual
impression of muscular hypertrophy; for this
reason, some bodybuilders do self-resistance
exercises just before a contest to improve
their outward appearance.

The intentional, forced activation of
antagonistic muscles, however, harms the
proper coordination pattern desired in
almost all sport skills. Therefore, self-resis-
tance exercises are not recommended for
athletes.
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Yielding Exercises

Heavy resistance exercises with eccen-
tric muscle action (yielding exercises) are
seldom used in strength training. (The term
plvomefrics for these exercises is problematic
because of its misuse. Strictly speaking, plvo-
metrics refers to movements with eccentric
muscle action. However, many authors have
used this term for exercises with reversible
muscle action, such as depth jumping, in
which both eccentric and concentric types
of muscle action are involved.)

Eccentric exercises easily provoke delayed
muscle soreness. All athletes, at one time or
another, experience delayed muscle pain,
soreness, and a concomitant decrease in
strength after exercise sessions. The soreness
occurs typically 24 to 48 h after the workout.
Greater soreness is reported with yielding
exercises (figure 6.13).

Several theories of delayed muscle sore-
ness have been suggested. They can be

Eccentric

|=otonic

Time {(hours)

Figure 6.13 Delayed muscle soreness following different training routines. Soreness iz most pronounced

after yielding exercises.

Reprinted with permission from Research Quarterly for Exercise and Sport, Vol. 44, No. 4, pages 458469, Copyright 1973 by the
American Alliance for Health, Physical Education, Recreation and Dance, [900 Association Drive, Reston, VA 200191,
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divided into two main groups. The damage
theory suggests that muscular soreness is
induced by damage done to the muscle or
connective tissues during exercise. Accord-
ing to the spasm theory, on the other hand, a
cyclical three-stage process causes delayed
muscle soreness. First, exercise induces
ischemia within the muscles. As a conse-
quence of the ischemia, an unknown “pain
substance” is accumulated. In turn, the pain
elicits a reflectoric muscle spasm. Due to the
spasm, ischemia increases, and so forth, and
the whole process is repeated in this cyclical
maniner.

Delayved muscle soreness can be prevented
by gradually increasing training intensity and
volume. Stretching exercises, especially static
ones, are useful for both preventing soreness
and reducing its symptoms. Some authors
suggest taking vitamin C (100 mg/day, twice
the recommended daily dose). Unfortunately,
most treatments not involving drugs (ice,
nutritional supplements, stretching, electrical
stimulation) have been somewhat ineffective
in treating delayed muscle soreness, Recently,
it has been shown that compression sleeves
donned immediately after maximal eccentric
exercise enhance recovery of physical func-
tion and decrease symptoms of soreness.

Suggestions about the use of yvielding exer-
cises depend on the training objective (i.e.,
whether the target is concentric, eccentric,
or reversible muscle action). When the goal
is concentric or isometric muscle action,
exercising with eccentric actions offers no
particular advantage. However, an athlete
may use these exercises to prepare, for the
most part psychologically, for loads above
IRM. A barbell of very high weight (about
110% of the 1RM in the relevant movement,
e.g., [ront squat) is actively lowered in these
exercises, To prevent accidents, the athlete
should be assisted. When these exercises
were performed by members of the Soviet
national weightlifting team in the 1984 to
1988 Olympic cycle, the training volume (the
total number of repetitions multiplied by the
average weight) did not exceed 1% of the total
weight lifted.

Yielding exercises are broadly used in
gymnastics for training such stunts as the
cross on the rings or a horizontal handstand
on the parallel bars. Concentric exercises are
more efficient for this purpose. However, if
used by athletes who are not strong enough
to perform these stunts properly, special
technical devices or individual assistance is
usually required.

Theoretically, eccentric exercises should
be used to train the yielding strength mani-
fested during landing in parachuting, ski
jumping, figure skating, or gymnastics. In
these exercises (landing from a large drop
distance), however, high impact forces are
almost unavoidable, and special precautions
must be taken to prevent injury and muscular
soreness (exercises should be brought into
training gradually; soft surfaces such as gym-
nastics mats should be used to absorb the
impact). It is especially important to perform
landings softly, preventing the heels from hit-
ting the ground. In spite of these precautions,
the risk of injury and degenerative changes in
articular cartilages and subchondral bones is
still too high, so the number of landings should
be minimal. Both coaches and athletes need to
recognize that overuse as well as inappropri-
ate use of yielding exercises are unsafe.

Yielding exercises should nof be used
for training reversible (stretch-shorten-
ing) muscle action. The very essence of the
stretch—shortening cycle is the immediate use
of enhanced force production, induced by the
prestretch, in the push-off phase. The pause
between eccentric and concentric phases of
a movement eliminates any advantage that
could be gained from the stretch-shorten-
ing cycle. This cycle is one uninterrupted
movement, not two combined movements.
Athletes trained in the landing, rather than
the immediate takeoff phase, stop themselves
in the lower body position and perform the
stretch-shortening action as two sequential
movements instead of one continuous move-
ment. Because of the negative transfer of
training effect, the use of yielding exercises
does not improve performance in the revers-
ible muscle action.
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Bouncing, Not Sticking—Don't Repeat This Mistake!

A coach, trying lo improve explosive strength of ath-
letes, advised them to perform, as he said, “plyometrics
drills”; drop jumps from height in a sfanding landing
posture. The height was from 150 to 250 cm. The
landing was performed on gymnastics mats. Although
the athletes experienced substantial muscle soreness
after the first training session, the coach insisted on
continuing the exercise, assuring the athletes that “gain
without pain”is not possible. However, in spite of many
efforts, the athletic performances in takeoff-related
activities did not improve. Moreover, the coordination
pattern of the support phase (in jumping or even run-
ning) deteriorated. The athletes began to break one
uninterrupted eccentric—concentric movement (land-
ing-takeoff, stretch-shortening cycle) into two slightly
connected motions: landing and then takeoff.

Exercises With Reversible
Muscle Action

In reversible muscle action exercises, a
muscle group is stretched immediately before
shortening. One example is drop jumping, that
is, dropping to the floor from an elevation
and then immediately jumping for height. In
exercises with reversible muscle action, resis-
tance is determined by the kinetic energy of
the falling body rather than its weight (mass)
of velocity alone. The kinetic energy (F) is
defined by the formula £ = m\*/ 2, where m
is mass and Vis velocity. In reversible move-
ments (exercises), the same magnitude of
kinetic energy can be achieved with different
combinations of velocity (dropping distance)
and mass. An increase in mass always leads
to a decrease in rebound velocity. The moder-
ate increase of velocity at approach initially
leads to an increase of rebound velocity, but
if the approaching velocity is too high, the
rebound velocity decreases (figure 6.14). The
optimal magnitude in approaching velocity
{and kinetic energy) depends on the mass of
the moving body.

During natural movemeants, the primary requirement
for a proper motion pattern is not to resist the external
force and decrease the body's kinetic energy but to
increase the potential for the ensuing takeoff. This goal
is realized if both the potential energy of muscletendon
elastic deformation and the enhanced muscle activa-
tion (induced by the interplay of the stretch reflex and
Golgi tendon reflex) are used during the second phase
of the support period. If an athlete stops after landing,
the potential elastic energy dissipates into heat, and
the polentiated muscle activity vanishes. The splitting of
one continuous landing—takeoff motion into two motor
patterns is a typical “bad habit” The bad habit can take
hold quickly and firmly, and much time and effort are
needed to correct this mistake. "Bouncing” rather than
“sticking” should be accentuated in landing drills.

The most popular exercises involving
reversible muscle action are single-leg,
double-leg, and alternate-step hopping.
Among experienced athletes, drop or depth
jumping is popular. Many coaches assume
that drop jumps are directed toward improv-
ing the storage and reuse of elastic energy
during takeoff. However, more energy is
stored and reutilized only if the muscle ten-
sion is greater (see chapter 2). So the actual
source of enhanced motor output is the
increased muscle force production during
this type of activity. The enhanced force is
a result of

* inhibition of the reflex from Golgi organs
(because this reflex is inhibitory, an “inhi-
bition of the inhibition™ takes place),

» potentiation of the stretch reflex, and
* proper timing.

There are two main variations on the drop
jump. It is done with small amplitude of leg
flexion during landing and takeoff (bouncing)
or large-amplitude flexion (squatting or coun-
termovement jumping).
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Figare 6.14 Changes in the height of an implement thrown as a function of its weight and dropping height.
With a special installation in laboratory conditions, shots of different weights (3.3, 6.6, 10.0, 13.3% of F,,, } were
dropped from various heights (firom 0.5 to 3.0 m). An elite shot-putter put shots vertically (in supine position).
The height of each throw was measured. According to basic mechanics, dropping height is proportional to
the dropping velocity squared and the throwing height is proportional to the square rebound velocity,

Reprinted, by permisston, from Yu, V. Verchoshansky, 1977, Special Strength Training in Sport (Moscow, Russia: Fizkultura | Sport),

145, By permission of author.

Bouncing should be performed with mini-
mal contact time. Athletes are advised to do
the takeoff as though the surface is hot like
a frying pan. The dropping distance should
be adjusted to keep the athlete’s heels from
hitting the ground. The horizontal velocity
at landing should be high enough to avoid
plantar hyperflexion. Squatting technique
is recommended to improve jumping abil-
ity in vertical jumps (e.g., for basketball,
volleyball); starting velocity in football,
ice hockey, and sprinting; and explosive
strength of football linemen, throwers, and
weightlifters. Squats, though, should not be
too deep. The range of knee flexion should
be only slightly greater than in the primary
sport movement,

Typically, a jumper makes initial ground
contact with extended legs. However, if the
aim is to improve the rate of force develop-

ment, especially in the knee extensors, exer-
cises requiring landing on a bent leg may be
used. This is the case also when the athlete
wants to improve landing on a flexed leg (for
instance, figure skaters, while performing
jumps with several twists, land on a flexed
support leg).

Practical experience shows that dropping
jumps are a very effective drill. However, the
injury risk is high and accommodation to
these exercises occurs very quickly. There-
fore, these guidelines are recommended:

1. Follow the prescribed sequence of exer-
cises during multivear training—regular
jumping exercises, weight training exer-
cises, and then drop jumping. Drop
jumps should not be used by young
athletes with training experience of
less than 3 to 4 years.
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2. Do not use drop jumps continuously for
more than 1 or 2 mesocycles. Vary exer-
cises by performing with and without
additional weight vests (belts). After
initial adaptation (usually two to three
training workouts), use weight vests
for 2 to 3 weeks; then exercise without
weights and increase the dropping dis-
tance gradually.

3. Maintain the proper level of explosive
strength during the competition period
by doing drop jumps once every 7 to
10 days. Exclude these jumps from the
training program at least 10 days before
an important competition.

4. Determine the exercise intensity (kinetic
energy, weight, dropping distance) on an
individual basis. The main requirement
is proper technique (i.e., smooth transi-
tion from the yielding phase to the push
off, heels not hitting the ground).

Drills for training the stretch-shortening
cycle should not be limited to drop jumps,
though often they are. The possibility of
increasing the mass of the falling body is
rather limited in drop jumps—people wear
weight vests or belts, but these cannot be as
heavy, for example, as 100 kg. In view
of the complex relationship between
kinetic energy, velocity, and body
mass, on the one hand, and the motor
output of reversible muscle action, on
the other, training with stretch-short-
ening cycle devices, where both the
mass and velocity may be changed, is
recommended. An example of such a
machine is shown in figure 6.15.

Sport Exercises With
Added Resistance:
Speed-Resisted Training

Each sport event is performed against a
given resistance and at a given velocity. The
resistance is predetermined by the mass of
the implement or the athlete's body (inertia
forces) and by body dimensions (aerody-
namic or hydrodynamic forees). If an athlete
performs the movement as fast as possible,
movement velocity is a function of the resis-
tance (an additional example of a parametric
relationship; see chapter 2). If the resistance
increases, the velocity decreases. There are
two general rules in speed-resisted training:

1. Extra resistance should be provided in
the direction of propulsion (e.g., in loco-
motions in the anterior direction).

2, The resistance should not be too large;
it should not substantially change the
sport technique, For instance, when
swimmers tow bulky objects their
bodies tend to assume a vertical orien-
tation. If this happens the resistance is
too large and should be decreased.

Resistance in terrestrial athletic events
can be increased by adding weight, by adding
uphill movement, by retarding the athlete’s
progression, and by increasing aerodynamic
resistance with parachutes.

L

You can best meet requirements for

exercise specificity when you use the
main sport movement, with increased
resistance, for training. This is called
speed-resisted training. Examples
are uphill cycling and cycling with a
changed gear ratio.

Figure 6.15 A swing exercise machine for training revers-
ible muscle action in landings and takeoffs. Both the range
of motion and mass of the system are varied in training. The
mass of the swinging assembly may be increased up to 200 to
300 kg and even more; this is important when training quali-
fied athletes,
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Implements of heavier weight such as
weight vests, belts, wrist culfs, or ankle cuffs
may be worn. Although adding this weight is
simple, note that it is principally the demand
for vertical force (acting against gravity)
that is increased with supplementary loads.
However, the typical requirement in athletics
is to increase the horizontal component of
the exerted force. Exercising with additional
weight requires that force be exerted in an
inappropriate (vertical) direction. In running,
for instance, this leads to excessive body lift
in the flight phase. Furthermore, locomotion
using additional weights, especially ankle
weights, increases impact stresses on lower
extremities.

Including some form of uphill ambulation,
such as running, walking, or skiing, is limited
by the possible changes in sport technique.
Some coaches have tried retarding the ath-
lete's progression. For example, athletes run
with a harness, tow a sled, or use a pulley
machine with a weight stack. These meth-
ods are cumbersome in that the equipment
is bulky and heavy. Typically they are used
only in short movement ranges (e.g., for the
sprint start. but not for sprint running).

Increased aerodynamic resistance, on the
other hand, is a popular method among elite
athletes in sports such as speed skating and
running. Small parachutes are used for this
purpose (figure 6.16). When the athlete runs,

Figure 6.16 Lse of a parachute in running drills,

the parachute inflates, creating a drag force.
The higher the running velocity, the greater
the resistance force. Parachutes of several dif-
ferent sizes are used in training. The impeding
drag force, depending on parachute size, may
vary from about 5 to 200 N (within the speed
range 6 to 10 m/s). To prevent parachute
oscillation during ambulation, the parachutes
should have a small opening in the center (the
stabilizer).

Parachutes offer several advantages over
other methods of resistance training:

* The resistance (drag) force acts strictly
in the direction of the athlete's move-
ment.

* Sport technique is not negatively
altered.

* Parachutes are not limited to use in
straight ambulation, but can also be used
when the athlete is running curves, run-
ning over hurdles, or changing direction
(as in football or soccer).

* Parachutes weigh only a few ounces.

* A parachute can be released while the
person is running, which provides an
impetus to increase movement velocity
(this is called an assisted drill).

The only drawback of parachutes is that
they offer the same amount of resistance in
both the support and the nonsupport phases
of running. Thus they hamper movement
speed during flight while slightly changing
the position of body joints during foot land-
ing, as in hurdle running.

For maximum effect, one should vary the
parachute size in micro- and mesocycles as
well as in workouts. Resistant and custom-
ary training are executed during preparatory
microcycles, while the assisted drills are
mainly utilized near the competition season.
In a workout as well as in a sequence of train-
ing blocks, the resistance, determined by
the parachute size, is decreased by degrees.
During a training workout, the first drills (after
warm-up, naturally) are performed under the
heaviest resistance called for during that
training session, and the final attempts are
executed under the lightest resistance. Before
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and immediately after parachute drills, the ticular the individual's force-velocity curve
same drills are performed under normal con- (parametric F,-V,, relationship), and the
ditions. Parachutes are typically used two to water resistance offered (figure 6.17). As in
three times a week. Sessions with parachutes all parametric relationships, force decreases
are interspersed with the usual workouts. as movement velocity increases. An athlete
During a competition period, parachutes are cannot develop high force at a high velocity
used to induce a feeling of enhanced speed of muscle shortening. Conversely, water resis-
and explosiveness. For contrast, they are used tance increases with a gain in velocity. Note
three to five times within sport-specific drills that, in the first case, velocity is relative to the
at the beginning of a session, followed by the athlete’s body (in essence, it is the velocity of
usual drills without a parachute. muscle shortening); in the second case, the
In aquatic sports such as swimming or velocity of the propeller, relative to the water,
rowing, hydrodynamic resistance can be is the point of interest.
increased. With this objective, the streamlin- The exerted force is indicated in figure 6.17¢
ing of the body or its frontal area is altered. by the bold arrow. To the left of this point,
This can be accomplished by increasing where velocity is small, the athlete’s strength
the resistance offered by the boat or the is higher than the hydrodynamic resistance.
swimmer'’s body or by expanding the hydro- Picture an athlete slowly moving her arm or
dynamic resistance of the propeller (the paddle in the water. No matter how strong the
blade of the oar in rowing, the paddle in person is, the exerted force is limited by water

kavaking and canoeing, the swimmer’s arm); resistance, which is low in this case due to low
for instance, using hand paddles is common velocity. However, if the movement velocity
in swimming. and the corresponding water resistance are

In both cases, the force exerted by the high enough, the demand for a large force can
athlete increases. However, the mechanisms exceed the athlete’s capacity. In this case, the
of the force output augmentation are biome- athlete’s ability to produce sutficient force is
chanically different, so the training effects the limiting factor.
are also dissimilar. In aquatic locomotion, Itis known that, biomechanically, a propel-
the external force developed by an athlete is ler’s velocity relative to the water in the direc-
determined by both athlete strength, in par- tion of the boat’s (body's) motion (1¥,.) equals

Iy A A
w w L
5=R ‘ R=%
- > -
a Vy b Vi c Viw
Athlete's Resistance offered Exerted force
force-velocity curve by the water

Figure 6.17 The force exerted by an athlete is determined by the interplay of (a) the force velocity curve
(the maximal force developed by an athlete at a given velocity when high resistance is met) and (b} water
resistance. The interception of these curves corresponds to (¢ ) the force exerted by the athlete against water
resistance. To the left of this peint the strength potential of the athletes exceeds the amount of resistance (5
= K); to the right, & = § (5, strength; R resistance). V, is relative velocity of body segments; V, is velocity of
the body relative Lo the water,
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the difference between the velocity of the pro-
peller with respect to the boat (V7,) and the
amount of boat (body) velocity (V.-

l'd‘-.h = w’h == L‘IITJ.I_.I.

When hydrodynamic resistance of the boat
or the swimmer’s body increases, the boat’s
(body's) velocity relative to the water (V)
decreases, Furthermore, if propeller velocity
relative to the boat (body) is kept the same,
then its velocity relative to the water (V)
increases. So, when stroking at the same
velocity with respect to the boat or body (V7
is a constant), the athlete meets greater water
resistance by virtue of the increased propeller
velocity relative to the water (V7).

When the hydrodynamic resistance of
the propeller is increased (e.g.. with hand
paddles), the same stroking speed (V%) pro-
duces greater body (boat) velocity (V*,). The
propeller’s velocity relative to the water (17,)
then decreases instead of increases as in the
previous case. The exerted force, however,
increases as a result of poor streamlining of
the propeller (table 6.1).

It is recommended that these additional
resistances be raised alternately. Note also
that the amount of added resistance is limited
by change in sport technigue, If the technique
is altered substantially, the additional resis-
tance must be decreased.

EXPERIMENTAL METHODS
OF STRENGTH TRAINING

During the last two decades, many attempts
have been made to use transcutaneous
muscle electrostimulation (EMS) and
mechanical vibration as training methods
for athletes,

Electrostimulation

In theory, one advantage of EMS is the activa-
tion of predominantly fast motor fibers that
are difficult to recruit voluntarily. During EMS,
the size principle of motor unit recruitment is
no longer valid; fast-twitch motor fibers are
activated first in this case. These have alower
threshold to externally applied electric cur-
rent and, in addition, many fast-twitch motor
fibers are located superficially, close to the
external edge of muscles.

Potentially, EMS can be a useful supplement
to conventional strength training methods. It
canenhance not only maximal stimulated force
but also voluntary force, speed of motion, and
muscular endurance. The time to accommo-
dation is usually about 20 to 25 training days
in conditioning for maximal strength and 10
to 12 days for maximal velocity. During EMS
training for muscular endurance, the leveling
off is not attained even after 35 sessions. Posi-
tive results, including improvement in sport
performance, have been demonstrated in
weightlifting, gymnastics, and track and field
events, as well as in the jumping ability of
volleyball and basketball players.

The method was originally developed in the
former Soviet Union in the late 1960s. How-
ever, contrary to popular opinion, athletes
of the former Soviet Union have not regu-
larly used EMS as a substitute for traditional
strength training. Athletes’ attitudes toward
this method vary substantially. Many elite
athletes have been very positive regarding
EMS use. For instance, some Olympic cham-
pions in kayaking and canoeing have sought
to stimulate several muscles, including the
biceps brachii and deltoid, over a l-month
period before important competitions, includ-
ing the Olympic Games.

Table 6.1 Boat (Body) Versus Propeller (Paddle, Hand) Resistance Changes
Velocity of the Velocity of the Velocity of the
Resistance propeller relative body relative to the propeller relative Cause of greater
increased to the body, /7, water, /", to the water, |7, exerted lorce
Boat (body) = < bt Greater velocity, Ve,
Propeller = > < Greater resistance
offered
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At the same time, in spite of evidence
that maximal strength may be enhanced as
a result of EMS, this method has not been
accepted by numerous qualified athletes.
In addition to a customary conservatism,
there are two main reasons. First, athletes
cannot use enhanced isometric (specially
stimulated) values in real sport events.
The time and etfort needed to transmute
acquired changes into force output of the
real movement are too great. Second, some
athletes using EMS have an unpleasant feel-
ing of lack of muscular control and a loss of
coordination and simply refuse to continue.
These findings confirm the idea that, loosely
expressed, only muscles (not neural factors)
are trained with EMS. The ability to activate
trained skeletal muscles does not seem to
be augmented as a result of this kind of
protocol.

There may be several reasons for such dif-
ferent attitudes on the part of athletes toward
EMBS. First, EMS can be used in improper pro-
portion to conventional strength training. If
the proportion of EMS training is too great
(for a given athlete), the transmutation may
become difficult. And second, inappropriate
muscle groups can be selected for the EMS
training (again for a certain athlete). If the
strongest muscle from the muscle group is
stimulated and the weakest one is not, there
is no performance improvement.

To date, EMS has been routinely used by
qualified athletes in only isolated cases. One
example is correction of functional [latfoot,
an acute arch flatness of the foot occurring
as a result of high training loads in runners
and jumpers. Regular EMS (twice a day) of the
small arch muscles helps prevent and treat
this malady. Another example is stimulation
of the spine erectors in athletes, in particular
rowers and kayakers, who are susceptible to
low back pain. EMS was also used in training
of the shoulder adductor muscles used to
perform the cross in men's gymnastics.

The following EMS routine, known as the
Russian protocol, is typically used:

» Carrier signal—sinusoidal or triangle
* Frequency—above 2,500 Hz
* Modulation—5(0 Hz

* Duty cycle—50% (the signal is applied
for 10 ms with a 10-ms interval between
trials}

» Stimulus amplitude (SA)—adjusted indi-
vidually to induce a force above 100% of
maximal voluntary isometric force F,,
or to the limit of subject tolerance; SA
depends on the output impedance of the
stimulator and typically exceeds 90 V

* Contraction time—10 5
* Rest between contractions—>50 s
* Number of contractions—10 per day

* Number of training days—D5 per week

The most important feature of the described
stimulation protocol is the frequency of the
carrier signal, which should be located in the
sound frequency band, above 1,500 Hz. EMS,
when performed properly, is almost painless.
The electrode surface must be wetted with
a special paste to achieve homogeneous
electrical resistance at the skin-electrode
interface.

Present knowledge about EMS is not satis-
factory as a basis for a final recommendation.
The prospects for using EMS in athletic train-
ing should be further investigated,

Vibration Training

Mechanical vibration—periodic oscillations
applied to an athlete's body—can be used
as a training tool as well as a massage tool.
While vibratory massage has been well known
for more than a century, vibration training,
specifically in strength training, is a relatively
new idea.

The effect of vibration depends mainly on
(a) place of application of the vibration; (h)
direction of vibration, either perpendicular to
the muscle surface or along the muscle; (c)
duration of vibration; and (d) vibration inten-
sity. The intensity is a function of the vibration
frequency w and vibration amplitude x and is
measured as either vibration acceleration a,
@ma= WPX, Or as vibration energy, which is pro-
portional to the product of the squared values
of the vibration frequency and amplitude. In
the vibration massage, vibratory stimuli are
commonly applied to the targeted muscle or
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tendon and induce oscillations perpendicular
to the longitudinal direction of muscle fibers.
The muscles are voluntarily relaxed and the
energy of vibration is relatively low.

Invibration training, the stimuli are applied
to the end-point of a kinematic chain (e.g., to
the hand) and induce oscillations that propa-
gate along the muscles. There are two variet-
ies of vibration training: strength exercises
with superimposed vibratory stimulation and
motor tasks performed under whole-body
vibration. In the second case, an exercise is
performed on a vibrating plate; a vibratory
wave is transmitted from the feet to the entire
body while the muscles are either contracted
or stretched. In general, an idea of the vibra-
tion training is to combine voluntary muscle
activation or stretching with the vibration
stimuli.

According to recent research, vibration
training resulted in significant changes of sev-
eral motor abilities, with the stretch—shorten-
ing cyele (such as countermovement jumps,
serial high jumps, and so on) being the most
sensitive to the treatment. A hypothesis has
been suggested that the effects of vibration
training are similar to the effects induced by
such means as dropping jumps: They both
depress inhibitory reflex from Golgi tendon
organs on muscle activation, Because the
parameters of the vibration (frequency, ampli-
tude, duration) sharply differed in the per-
formed studies, it is impossible to presently
recommend an optimal procedure. Vibration
training is still a topic of research.

BREATHING DURING
STRENGTH EXERCISES

If maximal force is exerted while inhaling,
exhaling, or making an expiratory effort with
the glottis (the opening between the vocal
cords) closed—called the Valsalva maneu-
ver—the amount of force increases from inspi-
ration to expiration to Valsalva maneuver. The
underlying mechanism for this phenomenon is
a pneumomuscular reflex in which increased
intralung pressure serves as a stimulus for the
potentiation of muscle excitability. The true

mechanisms of enhanced muscle excitability
have yet to be studied.

Although the Valsalva maneuver might
be considered a useful breathing technigue
for ultimate force production, it also pro-
vokes a cardiovascular response that many
physicians consider harmful, particularly in
individuals with heart problems. Because air
cannot escape, the intrathoracie pressure
sharply increases (up to 40-100 mmHg and
even higher, whereas normally it is 2-15 mmHg
lower than atmospheric pressure). Because
of the high intrathoracic pressure and associ-
ated compression of the venae cavae, which
return blood to the heart, venous return to
the heart decreases. In turn, both stroke
volume and cardiac output decrease. As a
result of the small venous return and high
intrathoracic pressure, the heart dimensions,
particularly the chamber dimensions, are less-
ened (this is called the Valsalva effect). The
decreased stroke volume is compensated for
by increased heart rate, sometimes above 170
heats per minute. In addition, blood pressure
increases substantially, (Values up to 320/250
mmHg have been measured during barbell
sguats.) The elevation is explained mainly
by the high intramuscular pressure, which
results in increased total peripheral resis-
tance and increased blood pressure,

The decreased cardiac output may further
result in brain anemia and a loss of conscious-
ness. (This has happened many times during
weightlifting competitions involving the mili-
tary press; this lift has been excluded from
the Olympic weightlifting program since
1972.) Immediately after the lift, intrathoracic
pressure abruptly falls and a large amount of
blood overfills the heart. Then, both stroke
volume and cardiac output rise, blood pres-
sure decreases, and after some time, all values
return to normal.

Athletes adapt to such changes, and prop-
erly planned and executed strength training
does not cause hypertension. Contrary to
common misconceptions, heavy resistance
training (again, if properly planned and
executed) results in positive adaptations
of the cardiovascular system. At the same
time, athletes and coaches should exercise
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these cautions during physically strenuous
activities:

1. Permit the Valsalva maneuver, or
expiration efforts with a closed glot-
tis, only during short-time ultimate
efforts. Beginners often stop breathing
during repetitive lifts of low intensity. A
coach should discourage this practice.
In principle, high intrathoracic pressure
is undesirable; on the other hand, high
intra-abdominal pressure is consid-
ered useful. The torque generated by
intra-abdominal pressure reduces the
compressive force acting on the inter-
vertebral disks and may lessen the
probability of spinal disk injury and,
ultimately, increase lifting ability (see
chapter 7).

2. Beginners should not be given many
exercises with ultimate and near-ulti-
mate efforts.

3. An athlete should not inspire maximally
before a lift. The maximal inhalation
unnecessarily increases intrathoracic
pressure.

4. Forced expirations, rather than the
Valsalva maneuver, should be used
whenever possible,

5. Beginners should inhale and exhale
during performances, especially when
the weight is held on the chest.

6. Finally, there are two ways to match
breathing phases (the inspiration and
expiration) with the performed move-
ment—the anatomical and the biome-
chanical match.

This last point requires some elaboration,
In movements with small efforts (similar to
those in calisthenic exercises such as a trunk
inclination) the inhalation should coincide
with the trunk extension and the exhalation
with the trunk bending. This is called an
anatomical match {(of breathing phases and
movement). In contrast, when high forces
are generated the expiration should match
the forced phase of movement regardless
of its direction or anatomical position. For
instance, rowers exhale or use the Valsalva

maneuver during the stroke phase when the
greatest forces are developed; nevertheless,
the legs and trunk are extended at this time
rather than flexed (as compared with trunk
and leg flexion without an additional external
load in calisthenic exercises). This breathing
is termed a biomechanical match. During
strength exercises, the breathing phases and
movement should be matched biomechani-
cally rather than anatomically.

SUMMARY

Strength exercises are classified in various
ways. For example, they may be static (isomet-
ric) or dynamic {concentric, eccentric, revers-
ible, isokinetic). They may concentrate on
particular muscle groups, whose comparative
strengths are called strength topography. Or
they may be classified according to how spe-
cific they are to the sport task.

With beginners, especially young people,
strength topography is the main concern
in selecting strength training exercises. For
example, you should choose the most impor-
tant muscle groups, strengthening muscle
groups that might be at risk for injury if
they were weak, training proximally located
muscles, and strengthening muscles that are
needed to perform sport movements. For
more advanced or mature athletes, howewver,
the goal is to select strength training exercises
that are specific and mimic the movement
pattern used in the actual sport skill. This
is a complex demand that requires careful
analysis of movement including resistance,
timing and rate of force development, move-
ment direction, and variations of muscular
strength over the range of joint motion.

Muscular strength varies over the full
range of joint motion, depending on changes
in both muscle lever arms and muscle force.
To manage this force—posture relation, train-
ees may use the peak-contraction principle,
which focuses on increasing muscular strength
primarily at the weakest points of the human
strength curve through the selection of proper
hody positioning, special training devices, and
a slow starting motion. Or they may develop
maximal tension throughout the complete
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range of motion (accommodating resistance,
used with some physical therapy isokinetic
equipment and in some training machines),
A third method is training in the range of the
main sport movement where the demand for
high force production is maximal (this accen-
tuation method has been popular with Russian
and Eastern European athletes).

Isometric exercises are seldom used, and
self-resistance and yielding exercises carry
risks, so they are not recommended. Exercises
with reversible muscle action are effective but
accommodation occurs quickly with these
exercises. Sometimes additional resistance is
added to main sport exercises that best meet
the requirements for sport specificity.

Recently, two nontraditional methods, elec-
trostimulation of muscles and vibration train-

ing, have attracted great interest as methods
to enhance muscular strength. Although the
methods show promise for strength training,
they need further investigation.

Breathing patterns affect force produc-
tion, with maximal force production occur-
ing during the Valsalva maneuver. With small
efforts, the inhalation should coincide with
the trunk’s extension and the exhalation with
the trunk's bending (an anatomical match of
hreathing phases and movement). With high
force, however, expiration must match with
the forced phase of movement, regardless of
the movement direction or anatomical posi-
tion {(a biomechanical match). During strength
exercises the breathing phases and movement
should match biomechanically rather than
anatomically.
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chapter 7

Injury Prevention

H eavy resistance training is a relatively safe
activity, as the incidence of injuries is low.
The risk of injury for a well-coached strength
training program has been estimated to be
about 1 per 10,000 athlete-exposures. (An ath-
lete-exposure is one athlete taking part in one
training workout or competition.) Compared to
tackle football, alpine skiing, baseball pitching,
and even sprint running, strength training is
almost free of risk. However, athletes exercis-
ing with heavy weights who neglect certain
training rules are susceptible fo trauma.

TRAINING RULES
TO AVOID INJURY

Common sense and professional knowledge
dictate how to avoid injury. The rules are
very simple:

* Maintain the weightlifting room and
exercise equipment in proper order.
* Make sure athletes warm up.

* Do not overdose. Avoid rhabdomyolysis
(see chapter 4).

137
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s Do not recommend the maximal effort
method for beginning athletes.

* Be cautious with the use of free
weights.

* Provide assistance when a barbell weight
exceeds maximum weight and vielding
exercises are being performed.

* Emphasize harmonic strength topogra-
phy; avoid imbalance in muscle develop-
ment {see chapter 8).

s Make sure weightlifting and spotting
techniques are clearly understood.

In addition, there is one issue in the strength
training paradigm that warrants special atten-
tion—the lumbar spine region. In the discus-
sion that follows we consider this concern
in detail.

According to epidemiological data, up to
80% of the adult population suffer temporary
or chronic pain in the low back region (the
so-called low back pain syndrome, or LBPS),
LBPS as a cause of inability to work is either
first or second among all illnesses, vielding
only to flu and catarrhal diseases. In athletes
doing strength training, damage to the lower
back constitutes 44 to 50% of all the injuries
sustained.

In addition to such factors as metabolic
abnormalities, infections, and genetic pre-
disposition, biomechanical factors (especially
spine overloading) are regarded as the pri-
mary causes of LBPS. However, in spite of the
oreat mechanical load imposed on the lumbar
region in sports like weightlifting and rowing,
many elite athletes in these sports have no
spinal problems during their lives. Proper
sport techniques and fundamentally sound
training patterns provide reliable protection
against LBPS.

Although the precise cause of LBPS in many
cases is not known, volumes of data have
shown that changes in intervertebral discs
are often the initial cause of pain. Back inju-
ries can also be due to inefficiency in motor
control, when the muscles that stabilize the
trunk are activated later than necessary.

BIOMECHANICAL
PROPERTIES OF
INTERVERTEBRAL DISCS

Intervertebral discs consist of a fibrous
ring, the annulus fibrosus, and a jellvlike
nucleus, the nucleus pulposus. In young
persons the jellylike nucleus contains up to
#85% water, and the laws of hydrostatic pres-
sure apply—namely, Pascal's law, stating
that pressure is distributed equally on all
sides. Intradisc pressure can be determined
by inserting a needle with a pressure gauge
into the jellylike disc nucleus. With age the
waler content of intervertebral discs is grad-
ually reduced, and the laws of hydrostatic
pressure cease to manifest themselves in the
nucleus pulposus,

When discs are loaded in different direc-
tions, their mechanical properties are dif-
ferent. When two vertebrae are compressed
with the disc connecting them along the axis
of the spine (the ordinate axis), the hydro-
static pressure in the nucleus is approxi-
mately 1.5 times greater than the average
pressure acting on the disc surface (we'll
designate this F). Here the vertical pressure
on the fibrous ring amounts to just 0.5 F. On
the other hand, when horizontal pressure
occurs, the disc stretches from within and
the force reaches 4 to 5 F on the surface of
the fibrous ring (figure 7.1},

The fibrous ring consists of several cylindri-
cal layers, each of which has fibers proceed-
ing at an angle of approximately 30" to the
horizontal; but the directions of the fibers’
paths change in adjoining layers. In the discs
of voung and elderly persons, with an identi-
cal external mechanical load, both the amount
of pressure acting on particular layers of the
fibrous ring and its direction are different
(figure 7.2).

The mechanical strength of discs during
a vertical load is adequate; it is not inferior
to the strength of adjoining vertebrae. How-
ever, a strictly vertical load on the spinal
column is not typical for actual everyday
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Figure 7.1 Pressure in the intervertebral discs under a vertically imposed load. (a) A scheme of measure-
ment. (&) Pressure distribution. The compressive stress in the nucleus pulposus is 1.5 times higher than the
externally applied load (F) per unit area.

Reprinted, by permisalon, from A. Nachemson, 1975, "Towards a better understanding of back pain: A review on the mechanics of
the lumbar disc,” Rheammiology ard Rehabiliation 14: 129143,
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Figure 7.2 Pressure affecting individual layers of the fibrous ring in (fa) normal discs (for young persons)
and (&) degenerated dises (for elderly persons). Notice the change in the amount and direction of the pres-
sure,

Reprinted, by permission, from AA. White 1, and M.M. Panjabi, 1990, Clinical biomechanics of the spine, 2nd ed. (Phildelphia, PA:
Lippincott, Willliams, and Wilkins}, 14.

situations. Even during regular standing
posture, the load does not operate pre-
cisely along the axis of the vertebrae (the
ordinate axis) because of the curvature of
the spinal column. It follows from biome-
chanical analysis that people are the most
susceptible to trauma in situations in which
a considerable mechanical load affects the

intervertebral discs during trunk bending or
rotation.

During a lean of the spinal column, the
nucleus pulposus is shifted to the side
opposite the lean and the fibrous ring is
somewhat protruded (figure 7.3). This may
induce compression of the spinal cord root-
lets and cause a painful sensation.
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Tension

]
a Instantaneous axis of rotation

Tensile Compressive
slress

I
b Instantaneous axis of rotation

Figure 7.3 {a) Disc deformation; (#) mechanical
stresses.

Reprinted, by permission. from A White and M.M. Panjabi,
19890, Clinical biomechanics of spine, 2nd ed. (Philadelphia,
PA: Lippincott, Williams, and Wilkins), 15.

MECHANICAL LOAD
AFFECTING THE
INTERVERTEBRAL DISCS

Intervertebral discs are affected by impact
and by static loads. The latter include loads
encountered not only during the maintenance
of a given posture but also during the execution
of relatively slow movements, when it is pos-
sible to ignore waves of impact deformation.

Impact Loads

Landings from gymnastics dismounts, jump-
ing, and running cause the body to undergo
animpact load, spreading shock waves to the
spine. We can estimate the impact load by
the magnitude of acceleration registered on
different parts of the body.

In ordinary walking the difference between
accelerations of the pelvic region and those of
the head amounts to 0.5 to 1.0 g (zis the accel-
eration due to gravity, g = 9.81 m/s®), The spine
must absorb a shock of similar magnitude with
each step. Research on 50-m ski jumping has

shown that accelerations of the pelvic region
at the moment of landing exceed 10 g at the
same time, the intra-abdominal pressure (to
be discussed later in this chapter) reaches
90 mmHg. Loads on the spine were reduced
when jumpers performed deep (about 40 cm)
squats and were increased when they landed
with straighter legs. Loads increased in pro-
portion to the sine of the angle between the
direction of the speed vector and the slope
of the mountain. These examples evidence
the exceptionally large loads that the spinal
column is subjected to during landings in dif-
ferent sport exercises.

The softening (shock absorption) of an
impact load during landing is provided by
the combined influence of

* the properties of the supporting sur-
face;

s footwear quality;

» the dampening properties of the motor
system, primarily the foot and the knee
joints (in persons suffering from LBPS
these properties are often reduced);
and

» landing techniques.

With soft landing techniques, in which ankle
plantar flexion and knee flexion are coor-
dinated, the magnitude of impact forces
is sharply reduced. During soft landing by
experienced athletes, only (.5% of the body’s
kinetic energy is spent to deform body tissues
(bone, cartilage, spine). During a stiff landing,
the deformation energy amounts to 75% of the

Land Properly

In order to prevent spinal injuries during landings, use
mats and shoes with good shock-absorbing capacities
and employ proper landing motor patterns. Touch the
ground with legs extended and feet plantar-flexad, and,
immediately after ground contact, avoid a stiff landing
by flexing the knees. Practice soft landings, without
impact. Good ballet dancers land in such a way that
virtually no sound is madel! Try to follow this pattern.
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body's mechanical energy. The difference is
150-fold (75 / 0.5 = 150).

Static Load Acting
on Intervertebral Discs

Forces that affect intervertebral discs can
significantly exceed the body's weight and
the weight being lifted. They are produced
chiefly by muscle tension. Let's look at the
mechanism that causes these loads by exam-
ining an example of upright standing posture
(figure 7.4).

& \ Center of gravity

W,x L,

Instantaneous
axis of rotation

Figure 74 Mechanism for creating a mechanical
load on the intervertebral discs. W, weight of the
abowve-lying parts of the body; L;, the moment arm;
W,(L, ), the flexion bending moment due to gravity, £,
force of the extensor muscles of the spinal column;
L, their moment arm. Since the system is at equilib-
rium WL} = F{L.). Therefore F={W,.L;) /L. The
force acting on the intervertebral disc (P) is equal
to the sum of the weight of the above-lying parts of
the body and the muscle-pulling force, P= W, + For
P=Wyil+ LJ."IL.'{.-:I-

Reprinted, by permisston, from A ‘White and M.M. Panjabi,
1990, Clinical biomechanics of spine, 2nd ed. (Philadelphia,
PA: Lippincott, Williams, and Wilkins), 50,

Mechanism of Origin

In this case, the weight of the upper body
acts on L4 (the fourth lumbar vertebra). The
center of gravity of the upper body is not situ-
ated directly over the intervertebral disc, but
somewhat in front of it. Therefore, a rotational
moment of the force of gravity, causing the
upper half of the body to lean forward (W, - L,,
see figure 7.4) must be opposed by a counter-
halanced moment, This moment is provided
by the action of the spine erectors. These
muscles are situated near the axis of rota-
tion (which is located near the region of the
nucleus pulposus of the intervertebral disc),
and therefore the moment arm of the pull L,
is small. To produce the necessary moment
of force, these muscles in turn generate con-
siderable force F (in accordance with the
lever principle—the smaller the distance, the
greater the force). Since the line of action of
the muscle force F runs almost parallel to the
spinal column, this force, added to the force
of gravity, sharply increases the pressure on
the intervertebral discs.

As aresult, a force acting on L4 in the usual
upright position amounts not to half the body
weight, but to the body weight, During leans,
lifts, and other specific movements, external
forces create a considerable moment relative
to the axis of rotation that passes through the
lumbar intervertebral discs. The muscles and
especially the ligaments of the spinal column
are close to the axis of rotation, so the force
they produce sometimes exceeds the weight
of the load being lifted and that of the upper
parts of the body. This force contributes sig-
nificantly to the mechanical load that falls on
the intervertebral discs (table 7.1).

Role of Intra-Abdominal Pressure

The mechanism and the very role of the
intra-abdominal pressure (IAP) load have
heen questioned recently by some research-
ers, What is presented here reflects the most
commonly accepted explanation.

The formula calculations cited in the cap-
tion of figure 7.4 show that even during a lean
with an 8(0-kg weight, the load on the lumbar
vertebrae can be greater than 1,000 kg, which
exceeds the limit of their mechanical strength.
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Table 7.1 Force (Body Weight) Acting on L3 in Different Situations

Posture or movement Force
Lying. supine position, traction 30 kg applied 0.14
Lying, supine position, legs straight 0.43
Upright standing posture 1.00
Walking 1.21
Lateral trunk lean to one side 1.35
Sitting unsupported 1.43
Isometric exercises for muscies of abdominal wall 1.57
Laughter 1.71
Incling forward 20° 1.7
Sit-up from suping position, legs straight 2.50
Lifting a 20-kg load, back straight, knees bent 3.00
Lifting a 20-kg load from forward lean, legs straight 4.85

At the same time we know that athletes can lift
significantly greater weights without apparent
harm. Of course, this is true in part because of
the considerable strength of individual anatom-
ical structures of the spinal column in trained
persons. But the main reason is one that these
calculations do not take into account—the role
of the internal support that emerges as a result
of elevated IAP during the execution of many
strength exercises (figure 7.3).

Figure 7.5 Internal support of the spinal column
can be compared to the mechanical action of a
ball lacated in the abdominal cavity. Intra-abdomi-
nal pressure (IAP) produces the spinal extension
moment relative to the axis of rotation O (1 is the
maoment arm).

IAP increases during muscular efforts,
especially during a Valsalva maneuver. As a
result of internal support, the pressure on
intervertebral discs can be reduced by up
to 20% on average and up to 40% in extreme
cases,

The most accessible method of measuring
IAP is to introduce a pressure gauge into the
stomach cavity. Here the intrastomachic pres-
sure, which is almost the same as the IAP, is
measured. Figures 7.6 and 7.7 show data on
AP measured during the execution of various
physical exercises. On the basis of the results
of several investigations, a couple of conclu-
sions can be drawn.

We find that the IAP is proportional to
the moment of force relative to the axis of
rotation passing through the intervertebral
discs (but not to the force produced or to
the weight lifted). Because different tech-
niques can be employved to perform iden-
tical exercises with the same weight, the
externally generated force corresponds to
different moments of force. Depending on
the moment arm, some technigue variations
are more dangerous than others. We can also
conclude that with an increase in the ability to
lift maximal weights, IAP increases, promoting
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Figure 7.6 [AP (kilopascals) during weightlifting.

Reprinted, by permission, from VLA, Zatsiorsky and VP Sazonov, 1985, “Biomechanical foundations in the prevention of injuries to

the spinal lumbar region during physical exercise training,” Theory ared Practice of Physical Cultare 7: 3340,
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Figure 7.7 IAP (kilopascals) when there is an increase {a) in the weight borne on the shoulders, and (b}
in the moment arm of force (distance from the load to the shoulders) during slow arm extension, constant
weight 20 kg.
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Physical Education and Sport.
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a decrease in mechanical loads affecting the
spinal column.

High IAP is generated by the activity of
muscles in the abdominal wall, the intercos-
tal muscles, and the diaphragm. If the magni-
tudes of IAP and other variables (weight lifted,
body posture) are measured, the amount of
mechanical pressure acting on the interverte-
bral discs can be estimated with acceptable
accuracy by specially developed biomechani-
cal models,

INJURY PREVENTION
TO THE LUMBAR REGION

To prevent injuries to the lumbar region of
the spine or reduce the consequences of
these injuries, it is necessary to maximally
reduce the load falling on the lumbar section
of the spine and to strengthen the muscles
of the lumbar region, or to create a muscu-
lar corset. People differ markedly both in
the extent of muscle development in the
lumbar region and in the size of the maxi-
mal loads that they can bear Therefore, in
practice, preventive advice should be strictly
individualized.

From a practical standpoint, there are sev-
eral important guidelines for the prophylaxis
of low back problems for athletes. It is helpful
for prevention to strengthen certain muscle
dgroups and to use proper sport technique,
some athletes may benefit from

* the use of special implements designed
to decrease spinal load,

s posture correction and improvement of
flexibility, and

* the use of rehabilitation procedures.

Muscle Strengthening

LBPS occurs more frequently in persons with
weak or nonproportionally developed muscles
such as aweak abdominal wall. Proper muscle
development is required for the prevention
of LBPS. In addition to strengthening erector
spine muscles, athletes should exercise the
muscles of the abdominal wall (not only the
rectus abdominis but also the oblique muscles

of the abdomen) and the short, deep muscles
of the back. This issue becomes complicated
because it is precisely the exercises aimed
at forming a muscular corset that are often
associated with large loads on the lumbar
spine. To prevent spinal overloading during
strengthening of the spine erector muscles,
extreme caution is necessary. This is espe-
cially true for teenagers and women. The
3-year rule mentioned earlier (page 111) is
useful here.

Exercises for Muscles
of the Abdominal Wall

Let's first analyze the load imposed on
intervertebral discs in a lying position. For
a person lying supine with legs outstretched,
the Ioad falling on the intervertebral discs
is rather significant and is equal to approxi-
mately 35 to 40% of body weight. This is
related primarily to activity of the iliopsoas
(the compound iliacus and psoas magnus
muscles; figure 7.8), which apparently is
manifested externally in the preservation of
lumbar lordosis.

When the legs bend at the knees, the hip
flexors shorten and the force of their pull
drops to (). As a result, the pressure in the
intervertebral discs decreases. Pain usu-
ally disappears in patients in this position.
A coach can judge the cessation of lumbar
muscle activity by the disappearance of
lumbar lordosis; in other words, the back
becomes flat.

Exercises for the Rectus Abdominis Muscle

Muscles of the abdominal wall deserve
special attention during heavy resistance
training, especially with beginning athletes
and teenagers, for three main reasons, First,
these muscles stabilize the trunk and par-
ticipate in locomotion as well as in many
other movements. Second, well-developed
muscles of the abdominal wall help maintain
proper function of the internal organs in the
abdominal region. Finally, adequate strength
of this muscle group is the best prevention
for an abdominal hernia (i.e., the protrusion
of an internal organ or its part through the
abdominal wall). A hernia may be provoked
by increased IAP resulting from lifting heavy
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Figure 7.8 Influence of the ileolumbar muscles on the creation of pressure in the intervertebral discs. (a}
The iliopsoas muscles are stretched; the force of their pull is applied to the spine. There is definite pressure
on the discs, and lumbar lordosis is retained, due to which there is some protrusion of the discs posteriorly
(see figure 7.3 on page 140). In LBPS patients in an exacerbation period, this position can be painiul. (&) The
iliopsoas muscles are shortened and do not show the force of the pull, As a result, the pressure in the discs
is lower, the spine straightens out in the lumbar region, and the discs do not stick out past the edge of the

vertebrae. Pain usually disappears.

Adapted, by permizsion, from V.M. Zatsiosky and V. Sazonow. 1985, “Biomechanical foundations in the prevention of injuries to
the spinal lnmbar region during physical exercise training,” Theory ard Practice of Plhiysical Coltere 7: 3340,

loads. That is, if an athlete’s spine exten-
sors are strong and the abdominal muscles
are relatively weak, high IAP may lead to a
hernia. Hernias in young athletes should be
regarded as a coach’s blunder. They occur
when the training of abdominal muscles has
been neglected.

Exercises for abdominal wall muscles
fall into two groups: (a) leg raising with
the torso securely anchored and (b) sit-
ups, that is, raising the torso with the legs
securely anchored. Leg raising in the supine
position is accomplished by the activity of
the flexor muscles in the hip joints (the ilio-
psoas muscles, the rectus femoris muscles,
and others). The rectus abdominis muscle,
fastened at its lower end to the pubis sym-
physis, is relatively inactive; it secures the
pelvis and increases IAF. It begins to shorten
only when the legs are raised high enough,.
At this point, however, the moment of force
of gravity, pulling the legs down, is relatively
slight. Since the initial pressure on the discs
is rather high and the activity of the abdomi-
nal wall muscles is not significant (though it

is precisely for their development that this
exercise is done), this exercise is not espe-
cially valuable. Certainly it should not be the
only exercise used to train the abdominal
muscles.

Leg raising in a hanging position is much
more effective (here the rectus abdominis
muscle contracts when the moment of gravity
of the legs reaches its maximum), but it is fea-
sible only for trained persons. The so-called
basket hang is an example of an exercise from
this group. Here the performer is suspended
from a horizontal bar with legs extended. The
knees are drawn up to the chest until the
pelvis tilts up and back, and then the trainee
uncurls to the extended position.

Sit-ups are considered a major exercise
for the rectus abdominis muscles. Persons
at high risk of LEFS should perform sit-ups
with the legs bent, as in this position the load
on the spine is lighter and the effect on the
abdominal wall muscles is greater. This is so
because the iliopsoas muscles are in a short-
ened state and do not take part in generating
a rotational moment of force. In sit-ups done
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from a straight-leg starting position, the main
portion of the torque is produced by the ilio-
psoas muscles (which is not appropriate to
the training goals here), and pressure on the
intervertebral discs is very great (correspond-
ing approximately to that for a forward lean in
the upright position with a 20-kg weight in the
hands). This type of exercise is hardly ever
recommended for persons who have recently
recovered from an attack of low back pain.
Sit-ups should be performed with the torso
in a bent position. The first step is to move
the head and shoulders (thrusting the chest
and abdomen forward reduces activity of the
abdominal wall muscles). Note that sit-ups do
have drawbacks. The abdominals are prime
movers for only the first 30 to 45° of flexion
movement while the hip flexors are respon-
sible for the last 45°. Because the hip flexors
are exercised through a short arc, this can
induce their adaptive shortening and, in turn,
hyperlordosis. Persons with LBPS can limit
themselves to the first part of this exercise
until the shoulder girdle becomes slightly
elevated. In partial sit-ups such as this (also
called partial curls or crunches), the knees
are [lexed to a much more oblique angle (140-
150°) and the trainee raises the trunk off the

floor about 30°,
T !

One of the exercises most frequently
recommended for persons at high risk of
LBFS is raising the pelvis and legs from the
supine position. This exercise resembles the
first part of an elbow (shoulder) stand—the
birch tree (figure 7.9, exercise 5). Here pres-
sure on the intervertebral discs is small, and
involvernent of the abdominal wall muscles
is significant.

For people with LBPS and possessing a low
level of muscular strength, isometric exer-
cises are recommended. These individuals
are advised to begin training of the muscular
corset after an aggravation of LBPS. The value
of these exercises is that they put a certain
load on the muscles of the abdominal wall
with almost no increase in pressure on the
intervertebral discs. To do the exercises, after
a normal inhalation the person contracts the
musculature of the abdominal wall and back
with the glottis closed and the rectal sphinc-
ter contracted, trying to produce a strong
exhalation. Since this kind of straining is cre-
ated through the action of the musculature of
the trunk and diaphragm, multiple repetitions
elicit a training effect. The exercise should be
repeated 10 to 15 times with the muscle con-
traction lasting 3 to 5 s. This series should be
repeated three to four times a day. In experi-
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Figure 7.9 Intradisc pressure (in % ol pressure relative to the upright posture) in several exercises for

strengthening the muscular corset,

Reprinted, by permission, from Al. Nachemson, 1976, “The lumbar spine, an orthopaedic challenge,” Spine 1: 5871,

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material
Injury Prevention 147

ments conducted with a double-blind con-
trol, isometric exercises have been shown to
produce a decidedly better effect than other
types of exercises.

Exercises for the Oblique
and Internal Abdominis Muscles

In many movements, such as symmetrical
weight lifts, high IAP is created as a result
mainly of activity of the oblique and internal
abdominis muscles rather than the rectus
abdominis. The reason is that the rectus
abdominis, while active, generates a trunk-
bending moment that should be counterbal-
anced by an additional moment produced
by the antagonistic muscles—the spine
extensors. The higher the activity of the
rectus abdominis muscles, the greater the
IAP (which is good). At the same time, how-
ever, the higher the activity of these muscles,
the greater is the bending moment that must
be overcome by the spine extensors in order
to produce the required extensor moment of
the spine. As a result, the trunk flexors are
modestly activated during weightlifting tasks.
The [AP is generated chiefly by activity of the
oblique abdominis muscles (and diaphragm).
In addition, strong oblique muscles reinforce
the erector spinae fasciae. The fasciae sup-
port the spine and reduce strain on the back
extensor muscles. So exercises for the oblique
and internal abhdominis muscles, such as trunk
rotations against resistance and lateral sit-ups
(trunk lifts), should be included in training
protocols.

Exercise for the Short,
Deep Muscles of the Back

Muscles of the lumbar region (specifically,
the epaxial muscles, such as the interspinales
connecting adjacent spinous processes or the
intertransversalis connecting adjacent trans-
verse processes of the vertebrae) are difficult
to activate in ordinary physical exercises.
The following exercise is recommended
for training these muscles. The athlete
stands with the back against a wall so that
heels, buttocks, shoulders, and the back of
the head touch the wall. The next step is to
address the lumbar lordosis by completely

%

Figure 7.100 An exercise for the short, deep mus-
cles of the back (so-called pelvie tilt).

straightening the spine so that the lumbar
region rests against the wall and even exerts
pressure on it. Here, contact between the wall
and the other parts of the body should con-
tinue (figure 7.10). This exercise often proves
difficult for even highly skilled athletes. When
this is the case, it can be tried in a supine
position. After mastery, it can be done without
the aid of a wall. The usual pattern is 5 to 6
attempts of 4 to 5 s each,

Requirements
for Proper Sport Technique

When the body is inclined forward, the activ-
ity of muscles that extend the spinal column
increases at first; then, with a deeper lean,
this activity almost completely disappears
(see figure 7.11). The ligaments and fasciae
of the back assume the load here. Since they
are close to the axis of rotation, they should
produce considerable force to counteract the
force of gravity moment. Here, pressure on the
intervertebral discs is very high.

A rounded back is dangerous in lifting
weights because, as a result of lumbar spine
flexion, the compression load acts on the
anterior part of the intervertebral discs while
the extension load acts on the posterior part.
Specifically, a pressure concentration takes
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Meutral
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Figure 7.11 The activity of the muscles that sup-

port the spinal column during the execution of a
forward lean. Lumbar flexion accounts for approxi-
mately 45 to 60° of motion until the posterior liga-
ments become taut. The second part of the move-
ment is performed due to the pelvic rotation until
the pelvis is passively restricted by the gluteus and
hamstrings. In this position, no muscular activity is
seen. The trunk weight is counterbalanced by pas-
sive forces of the erector spinae fasclae, posterior
ligaments, and muscles,

Reprinted, by permission, from VM. Zatsiosky and VP
Sazonov, 1985, “Biomechanical foundations in the prevention
of injuries to the spinal lumbar reglon during physical
exercise training,” Theory and Practice of Physical Culture T:
F340,

place. This pressure, that is, the amount of
force falling on a unit of the disc surface, is
very considerable (figure 7.12).

Some practical advice is, first, to preserve
lumbar lordosis when lifting weights (figure
7.13). In addition, if possible, lift weights while
squatting rather than stooping. This is a prin-
ciple that should be learned from childhood
s0 that proper methods of lifting weights
become habit. Physical education should
stress developing the extensor muscles of
the legs so that subjectively it is as easy for a
person to squat as to stoop.

Teenage athletes (in sports such as tennis,
basketball, and volleyball) often neglect con-
ditioning training, including strength devel-
opment, during the initial stages of multiyvear
preparation. At 20, they find that their ath-
letic performance is limited by poor physical
fitness. Then they try to develop strength as
fast as possible by copying the training pat-

Figure 7.12 Load on the intervertebral discs when
50 kg iz lifted by different methods. (a) Incorrect
(rounded back) technique; and (b) correct. Com-
pression loads on a lumbar intervertebral disc
amount to 630 kg and 380 kg, respectively.

Reprinted, by permission, from V.M. Zatslorsky, 1966, Motor
abilittes of athletes (Moscow, Russia: Fizkultura i Sport), 60,

terns of athletes from other sports such as
track and field, especially with free weights.
But track and field athletes at the age of 20
have had several years of experience in
conditioning. It is impossible for novices to
replicate their training routine, It is simply
dangerous.

An unfortunate example concerns a condi-
tioning coach who was invited to work with
the USSR women's tennis team in the early
1980s. He had never worked with compa-
rable athletes before and had no conception
of their inexperience with strength training.
The training routine he recommended dupli-
cated heavy resistance programs from other
sports. The result? In 6 months, 9 of 10 ath-
letes had low back problems. Eight of them
never rehabilitated completely and dropped
out of international sport.
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Incorrect

Coarrect

Figure 7.13 (o) Correct and (&) incorrect tech-
niques of leaning and weightlifting,

Reprinted, by permisgion, from V.M. Zatsiosky and VE
Sazonov, 1985, “Biomechanical foundations in the prevention

of injuries to the spinal lumbar region during physical exerclae
training,” Theory and Practice of Physical Cultere T: 3340,

Implements

Several types of implements can be used to
enhance IAP and fix the lumbar spine. One of
these is a special bolster for use in the per-
formance of exercises for the muscles that
extend up the spinal column (figure 7.14).
Weightlifting belts are also recommended to
increase the IAP and reduce the load on the
spine. By tradition, weightlifting belts are con-
structed with the idea of providing support
against spinal deformation. This is important
in an exercise such as a standing barbell press.

oA
N I

Figure 7.14 Use of a pad placed under the abdo-
men increases the IAP and lessens the load on the
intervertebral discs.

Reprinted, by permission, from VM. Zatsiorsky and V.R
Sazomov, 1985, “Biomechanical foundations in the prevention
of injuries 1o the spinal lumbar region during phivsical
exercise training,” Theory and Practice of Physical Culture T:
3340,

Be Aware Checklist

Extreme caution is in order when weightlifting is
executed by women (because of the more compliant
intervertebral discs), very fall men, and teenagers.
Check the foliowing:

* Do these athletes have an immediate need for
weight training? Why free weights? Strength
exercises withoul free weights are innumerable.
Be creative.

* Do your trainees have proper prior experience
in strength training (without a barbell)? Recall
the 3-yaar rule, |s this principle satisfied?

= Strengthen trunk muscles—spine erectors and
abdominal muscles.

* Use exercise machines first, and then free
weights,

* Teach correct lifting technigue. Monitor the lifting
pattern,

* Begin with small loads. Inappropriate weight,
rather than the barbell itself, is the source of
risk. For a majority of inexperienced athletes,
a bar without added plates provides adequate
resistance,

* Usge weightlifting belts and bolsters,

* Teach proper breathing patterns.

* Readers who are interested in strength train-
ing of women, young athletes, and seniors are
advised to read chapters 9, 10, and 11, respec-
tively.
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Figure 7.153 AP during exercise under different conditions. (a) A (patented) belt with firm abdominal sup-

port (Russian patent #1378834 to V.M. Zatsiorsky and V.P. Sazonov from November 8, 1987). (b) IAP while
lifting two 10kg dumbbells (shoulder flexion with the arms stretched) under three conditions: belt with

abdominal support, ordinary weight belt, and no belt.

Reprinted, by permission, from V.M. Zatsiorsky and VP Sazonov, 1987, “Belt-corsets reducing risk of the spine lumbar trauma at
weight lifting and strength exercises,” Theory and Practice of Physical Cufture 3: 15-18.

This exercise, however, has been excluded
from the Olympic weightlifting program,
Even so, the construction of waist belts for
weightlifting remains the same. According to
some research, belts that support the abdo-
men, rather than the spine, increase the IAP
and consequently decrease spinal load to a
dgreater extent (figure 7.15).

Posture Correction
and Flexibility Development

Increased lumbar lordosis gives rise to a
higher risk of LBPS. Lordosis compensates the
obliquity of the sacrum {(and, hence, pelvis),
which is tilted with respect to the vertical.
The position of the sacrum is characterized
by a sacrovertebral angle formed by the upper
surface of the first sacral vertebra and the
horizontal. Normally, the smaller this angle,
the better. A more horizontal position of the
pelvis favors stability at the lumbosacral
junction.

The slant of the pelvis can be corrected
by the proper strength development of cor-
responding muscles. (Note that in heavier
people the pelvis is usually directed more
obliquely because of the weight of the body
bearing on it, and in this case the first recom-
mendation is to lose weight.) The following
are the corresponding muscles:

* Trunk flexors (rectus abdominis) and hip
extensors (hamstrings). These muscles,
when activated, tend to decrease the
sacral angle, rotating the sacrum in a
more vertical position (and correspond-
ingly the pelvis into a more horizontal
attitude). The abdominals are said to
control excessive anterior pelvic tilt.

* Trunk extensors and hip flexors (rectus
femoris). These rotate the pelvis into a
maore oblique position,

In athletes who perform many barbell
squats and sit-and-reach exercises but neglect
to strengthen the abdomen and streteh the
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Have Lower Back Problems?

First, consult a physician. Ask for a diagnosis. Usually
an X ray, nuclear magnetic resonance imaging (NMRI),
or both are required. Keep the results for future refer-
ence, |f nothing serious is discovered and training is
permitted, then take these steps:

Step 1—For an acute pain period

Perform relaxation exercises for at least 1 1o 2 weeks
and do the isometric exercises described in the section
on exercises for the rectus abdominis muscle. The goal
of relaxation exercises s first to decrease and then to
completely eliminate muscle spasm. Here are examples
from a relaxation routine:

» Lie down. Relax facial muscles. Relax eyelids.
The eyes should be semiclosed during the entire
routine.

* Relax neck muscles. Permit your head to fall
down freely to the right without any muscular
resistance. Only gravity is acting. Wait 3 5; rotate
your head face up. Relax again. Parmit the head
to fall down to the left. Repeat 3 or 4 times on
each side.

+ Bend the right knee with foot on the floor. Relax.
Parmit the leg to extend, the foot gliding along
the floor. Again, only gravity force is involved.
Repeat with each leg 3 to 5 times,

* Bend an arm. Relax, Permit the arm to fall down.
Repeat with the second arm. Relax. Repeat sev-
eral times.

* Perform isometric exercises for the abdominal
muscles.

* Hepeat the relaxation routine in reverse order.
Relax, relax, relax.

hip flexors, the hamstrings are often flex-
ible while the abdominal muscles are weak
and the hip Hexors are tight. In this case the
anterior pelvic tilt becomes exaggerated. In
turn, hyperlordosis appears, causing the
discs to bulge posteriorly and putting com-
pressive stress on the vertebral facets. The
nerve roots that exit from the vertebrae can
be compressed and this can lead to pain.
To correct pelvie tilt and hyperlordosis, the

Step 2—When the pain disappears

Tempaorarily decrease the load on the lumbar spine
(e.g., use leg lifts instead of squats). Then analyze
these factors:

* Your training routine—Did you overload the
spinal region? Did you squat much the last
time? Did you perform many deadlifts?

* Your fitness level—{a) Are your spine arec-
tors, rectus abdominis, obligue abdominis, and
epaxial muscles strong enough? Did you neglect
to strengthen them? (b) How is your flexibility?
Can you touch the Noor? With your palms? Are
your hip flexors tight? (¢) |s your pelvis inclined
much in your customary posture? Do you have
large lumbar lordosis?

* Your lifting technique—Is your spine rounded
during lifting? Ask somebody to check it.

* ‘Your abdominal support—Do you wear a waist
belt when lifting? Does this belt have an abdomi-
nal support? Do you use bolsters?

« Your restoration measures—What kind of res-
toration measures do you usually use between
fraining workouts? None? This is not advis-
able,

Depending on the answers, prescribe corrective and
preventive measures for yourself, Rersad this chapter
carefully and decide what suits you best. Follow the
new routine, When these measures are taken, 8 of 10
athletes completely restore their abilities and experi-
ence no difficulty or have only minor problems with
their spines.

adviceis to strengthen the abdominal muscies
and perform stretching exercises to decrease
tightness of the hip flexors.

Rehabilitation Procedures

To restore the dimensions and properties of
compressed intervertebral discs created by
exposure to large systematic loads (weight-
lifting, rowing), restorative measures are
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usually recommended. These include mas-
sage and swimming in warm (-30 °C) water
after a training session with heavy lifts for 5
to 15 min. The swimming can be replaced by
a whirlpool bath. When the load falling on the
intervertebral discs is reduced, the degree of
disc hydration increases (figure 7.16).

Many coaches recommend alternating
weightlifting with hangs during a training ses-
sion. Howewver, spine length in the majority of
athletes decreases during such hangs. Usually
a reflex activation of the trunk muscles takes
place and these contracted muscles prevent

the spine from lengthening. Consequently, the
dimensions of the intervertebral discs are not
restored. Not all athletes can relax in the hang-
ing position. In addition, full disc hydration
occurs only during prolonged removal of the
compressive load acting on the spine, and this
does not happen with hangs alone.

Spinal traction has proven to be a much
more effective procedure. Figure 7.17 shows
the recommended posture and unit (a split
table) for this stretching. Spinal traction,
performed twice a week with individually
adjusted traction force (up to 100 kg for elite
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Figure 7.16 Intradisc pressure and water saturation of nucleus pulposus (for L3 disc).

Reprinted, by permission, from A, Nachemson, 1975, “Towards a better understanding of back pain: A review on the mechanics of
the lumbar disg,” Rhesmatology and Rehabilitation 14: 129-143.

7

Fulling force

T 7 & 1

Figure 7.17 An apparatus—a split table—used for spinal traction. The athlete's legs are bent, and the force
of the pull is oriented at an angle to the horizontal (in order to keep the back flat).

From V.M. Zatslorsky and 5.5 Aruthunjan, 1987, Spinal fraction as o relabilitation fool (Moscow, Ruasia: Central Institute of Phiysical
Culture).

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material
Injury Prevention 153

weightlifters from the super-heavyweight
class), is a very useful restorative measure.

Spinal traction is recommended only to
athletes with no history of LBPS. Preliminary
medical investigation and permission from a
physician are required. When an athlete is
already suffering from LBPS, traction can be a
negative influence. Figure 7.18 shows areason
for this. During traction, the lumbar lordosis
diminishes and the spinal column takes on
a straighter position. Here there is a relative
shift of the spinal cord rootlets in a caudal
direction. Therefore, il disc protrusion has
occurred above a rootlet, traction alleviates
the pain; but if it is under the rootlet, the pain
is exacerbated. A physician needs to make the
decision whether spinal traction is advisable
for a given athlete,

Patients experiencing pain due to disc
protrusion usually try to alleviate the pain
by moving the neural rootlet farther from the
protrusion place: When they are standing or

walking they incline the trunk to one side.
This is a symptom of the relative location of
the compressed rootlet: If the patient inclines
away from the painful side, the rootlet is above
the protrusion. For this patient, traction is
not recommended; it will exacerbate the pain.
However, if the patient inclines toward the
painful side, this is a sign that the rootlet is
below the protrusion. For this patient, trac-
tion can be useful. In any case, the decision
should be made by a medical doctor.

SUMMARY

Coaches and athletes should give special
attention in heavy resistance training to pre-
vention of injury to the lumbar spine region.

Biomechanically, intervertebral discs are
characterized in large part by water satura-
tion and intradiscal pressure. During a ver-
tical load the mechanical strength of discs
is adequate, not inferior, to the strength of

Worse Batter
with Biomechanical with
fraction change traction

Figure 7.18 The influence of spinal traction on pain.

Reprinted, by permission, from A White and MM Panjabi, 1990, Clinical biomechanics of spine, 2nd ed. (Philadelphia, PA:

Lippincott, Williams, and Wilkins), 50,
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adjoining vertebrae. But during a lean of the
spinal column, the nucleus pulposus is shifted
to the side opposite the lean and the fibrous
ring is somewhat protruded. This can induce
compression of the spinal cord rootlets and
give rise to a painful sensation.

Mechanical loads affecting the interver-
tebral discs are classified as impact and
static. Impact loads are typically experienced
during landing. An impact load during land-
ing is softened by the combined influence
of the properties of the supporting surface,
the quality of the footwear, the dampening
properties of the motor system, and the land-
ing techniques. Soft landing techniques, in
which ankle plantar flexion and knee flexion
are coordinated, reduce the magnitude of
impact forces.

Static loads acting on intervertebral discs
are mainly generated by muscle tension and
tendon forces rather than by the external load
itself. During weightlifting, an extremely high
load on the lumbar vertebrae can be reduced
somewhat by elevated IAF, which acts as an
internal support. As a result, the pressure on
intervertebral discs can be reduced nearly
20% on average and up to 40% in extreme
cases. When the ability to lift maximal
weights increases, IAP increases, promoting
a decrease in mechanical loads affecting the
spinal column.

To prevent injuries to the lumbar region
of the spine, it is necessary to maximally
reduce the load falling on the lumbar region
and strengthen the muscles of the region
(create a muscular corset). Among the pro-
phylactic measures are muscle strengthening
and proper sport techniqgue.

Muscle groups that need to be strength-
ened, in addition to erector spinae muscles,
are the abdominal wall muscles and the short,
deep muscles of the back. Proper sport tech-
nique also prevents injury. Lumbar lordosis
should be preserved when weights are lifted.
If possible, weights should be lifted while
squatting rather than stooping.

Implements can enhance AP and fix the
lumbar spine. Two of these are waist belts,
especially those with a firm abdominal
support, and bolsters. Posture correction
and flexibility development are also recom-
mended, especially for people with increased
lumbar lordosis. To correct pelvic tilt and
hyperlordosis, the abdominal muscles must
be strengthened and tightness of the hip flex-
ors must be decreased.

To restore the dimensions and properties of
intervertebral discs compressed by exposure
to large, systematic loads, some rehabilitation
measures are useful. These include massage,
swimming in warm water, and, especially,
spinal traction.
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chapter 8

Goal-Specific
Strength Training

Heavy resistance training is used for
different purposes. Goals may include
improvement of strength performance, power
performance, and endurance as well asincreas-
ing muscle mass or preventing injury. In this
chapter we examine the peculiarities of various
strength training methods. Usually heavy resis-
tance is used to enhance muscular strength—
that is, the maximal force that can be generated
by a trainee in a given motion. For example,
Olympic weightlifting meets this criterion. We

have already looked at training for strength,
but before discussing other purposes, it will
be useful to make some comments about the
training of experienced strength athletes.

STRENGTH PERFORMANCE

The general idea with training experienced
athletes is not to train strength itself as a uni-
fied whole; rather, it is to train the underlying
factors, both muscular and neural. To improve
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neuromuscular coordination (motor unit
recruitment, rate coding, synchronization,
the entire coordination pattern), the maximal
effort method is the first choice. On the other
hand, to stimulate muscle hypertrophy, the
methods of repeated and submaximal efforts
are more appropriate. By varying the type of
exercise, its intensity (method of training),
and its training load (volume), we can induce
positive adaptation in the desired direction.
Conversely, standard exercises and a constant
load elicit only premature accommodation
and staleness.

All three facets of heavy resistance
training—exercise type, training method,
{maximal versus submaximal efforts), and
training volume—should be changed in a
concerted manner. Because the superposi-
tion of training effects among different heavy
resistance methods is not negative, these
methods may in principle be combined in a
single microcycle and even in a single training
day and session. For instance, it is possible to
lift a 1IRM barbell and then use the method of
submaximal effort in the same workout, How-
ever, the proper timing of exercises, methods,
and loads over time brings better results. In
the typical timing pattern, an exercise com-
plexis changed once every 2 mesocycles. For
instance, only 2 or 3 snatch-related exercises
of 9 total are used during 2 consecutive meso-
cycles. The snatch-related exercises are clas-
sified according to the type of motion and the
initial barbell position. The types of motion
are (a) competition snatch (barbell is lifted
and fixed in a deep squat position}, (b) power
snatch (harbell is caught overhead with only
slight leg flexion), and (c) snatch pull (barbell
is only pulled to the height and not fixed).
There are three initial barbell positions: (a)
from the floor, (b) from blocks positioned
above the lloor, and (c) from the hang. Thus
there are in total nine combinations.

In this typical pattern of timing, the domi-
nant methods are changed every mesocycle,
with the routine during the first mesocycle
directed primarily at inducing muscle hyper-
trophy (mainly by the methods of submaxi-
mal and repeated efforts). The training load
is varied, usually according to the empirical
60% rule.

Training Goal: Maximal Strength

Combine high-intensity training (to improve neuromus-
cular coordination) and the repeated or submaximal
effort methods, or all three, to stimulate muscle hyper-
trophy. Change the exercise batteries reguiarly. Vary
the training load.

POWER PERFORMANCE

In many sports, strength exercises are per-
formed with the main objective to improve
power, or the velocity of movement, against
a given resistance (body weight, implement
mass) rather than maximal strength itself. In
such situations, maximal strength is regarded
as a prerequisite for high movement speed.
However, the transmutation of acquired
strength gains into velocity gains is not easy.
Two issues are of primary importance: the
proper selection of strength exercises and
training timing,

The requirements for exercise specilic-
ity should be thoroughly satisfied. The
exercise of first choice should be the main
sport exercise with additional resistance,
or speed resisted training (note that we are
discussing the training of qualified athletes,
not novices)—see chapter 6. This resistance
should be applied in the proper direction (in
locomotion, horizontally) and not exceed a
level at which the motion pattern (the sport
technique) is substantially altered.

Before a training period, it is advisable
to test athletes in the main sport exercises
with additional resistance (as well as with
decreased resistance, if possible) to deter-
mine at least part of the resistance (force)-
velocity curve for each trainee (figure 8.1).
For instance, shot-putters can be tested with
both a standard implement (7,257 ¢) and with
shots of 8- and 9-kg weights. Using the dataon
outstanding athletes as norms and comparing
these data with individual testing results, a
coach can recommend the appropriate train-
ing protocol for the given period—whether
the athiete should pay primary attention to
training with heavy or light implements.
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Figure 8.1 Testing results for two athletes having the same sport performance in puts of the standard shots.
The athletes’ achievements in throwing heavy implements are different. Since athlete A has lower results
with heavy implements than athlete B, it is possible to conclude that his strength potential may be greatly
improved by exercising with heavy implements. Athlete B must pay more attention to other training direc-
tions (polishing sport technique, putting light implements, and the like).

The coach and athlete, when selecting
strength exercises for power training, should
be attentive to all the facets of exercise speci-
ficity described in chapter 6 (working mus-
cles, type of resistance, time and rate of force
development, velocity of movement, direction
of movement, and the force—posture relation-
ship). Working muscles should be the same as
those in the main sport exercise and the type
of resistance should mimic the main sport
exercise as much as possible. Specifically, it
is usual to recommend isokinetic exercises
characterized by a slow speed of motion and
a smooth, protracted force generation for
dryland training in aquatic sports (swim-
ming, rowing, canoeing) but not for power
sport disciplines. In contrast, strength exer-
rises with free weights should be restricted in
the training of swimmers since these do not
permit muscle relaxation immediately after
the effort.

If the time available for force develop-
ment in a sport exercise is short (less than
0.3 s}, the rate of force development rather
than maximal strength itself is a deciding
factor. Comparing maximum force produc-
tion with the maximum attainable force in
the fast movement has proven to be a useful
tool for planning training. If the explosive

strength deficit (i.e., the difference between
maximum strength and the force values gen-
erated during a sport movement at takeoff,
delivery phase, and so on) is too high (more
than about 50% of F,..), heavy resistance
training directed toward the enhancement of
maximum strength is not efficient; maximum
strength gain is of no value toward increasing
the velocity (power) of the motion. Because
of the short duration of effort, maximal force
values cannot be generated, so the rate of
force development (RFD) rather than maxi-
muim strength has to be the primary training
objective.

Maximal concentric efforts like the lifting of
maximal loads can enhance the RFD in some
athletes. However, because such motor tasks
require maximal force rather than maximal
RFD, this method may not bring positive
results to highly trained athletes,

To enhance RFD, exercises with maximally
fast bursts of muscle action against high loads
are used. Since the load is high, movement
velocity may be relatively low, but the RFD
must be extreme: The bursts of muscle action
should be performed as fast as possible with
maximum voluntary effort. These exercises
are done in a rested state, usually immedi-
ately after a warm-up. The typical routine
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consists of 3 sets with 3 repetitions against
a load of about 90% of maximum. Rest inter-
vals between sets should be long (about 5
min). Other muscle groups can be exercised
during the rest intervals. When the training
objective is to improve RFD, these exercises
are commonly performed four times a week,
and; to retain the RFD, twice a week. Because
of accommodation, after 6 to 8 weeks of such
training the exercises should be changed.
The rate of force development can also be
improved during the training of reversible
muscle action (see discussion of the stretch-
shortening cvcle later in this chapter).
Movement velocity is the next important
feature of strength exercises used to enhance
power. The typical objective in this case is to
increase the velocity of a performed move-
ment against a given resistance. In a force-
velocity diagram, this appears as a shift of
the corresponding force—velocity value from
point F=V, to point F=V; (figure 8.2a) How-
ever, it is impossible to change the position
of any one point on the force=velocity curve
(i.e., the movement velocity with the given
resistance) without altering the position of
the entire curve (i.e., the velocity with differ-
ent resistances), Four variations on changing

the force—velocity values are possible.

In the first variation (figure 8.2h), the
positive velocity gain appears over the entire
range of the force—velocity curve. If this were
a force—velocity curve for a throwing task (in
which the mass of the implement was changed
and the throwing distance was measured),
the force-velocity curve change means that
after training, the athlete could throw farther
using both heavy and light implements. This
variation is typical for young athletes and is
rarely seen with experienced ones. Training
with exercises executed in a high-resistance,
low-velocity range favors a gain in movement
velocity with high resistance (figure 8.2¢), and
performance results with heavy implements
are mainly improved. This is the most typical
way to improve athletic performance. The third
variation, training with a low-resistance, high-
velocity demand, brings forth improvement
in the low-resistance zone (figure 8.2d). This
is a useful but auxiliary training strategy to be
alternated with high-resistance training (during
or immediately before a tapering period).

Finally, training in the intermediate range
of resistance (e.g., with a main implement
only) leads to a straightening of the force-
velocity curve (figure 8.2¢). Here perfor-

'y A A
W T8
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-
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Figure 8.2 Changes of force=velocity curves resulting from training.

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material
Goal-Specrfic Strength Training 159

mance results improve in the median span
of the curve. This happens as an outcome of
specific training with constant implements.
With this pattern of force—velocity gain, the
performance is only briefly improved (usu-
ally for no more than one season), and the
magnitude of gain is relatively small. The
force—velocity curve can become straight but
it cannot become convex. To substantially
improve performance at a given resistance,
achievements in the high-resistance or low-
resistance zones must also be enhanced.
This situation is rather controversial. On
the cne hand, training results depend on

Velocity (square root of distance)

a Shot (kg)

Velocity (square root of distance)

37— @- @ Before
- B— After

= ] | | | | | | |
3 5 7 ] 11
c Shot (kg)

exercise velocity, and in order to improve
the velocity with standard resistance, an ath-
lete must exercise in the same force-vyelocity
range as in the main sport exercise, This
specific training elicits the force-velocity
curve change shown in figure 8.2e, but this
change represents only a short-term effect.
On the other hand, a substantial perfor-
mance improvement requires less specific
exercises in the high-resistance, low-velocity
domain as well as in the low-resistance, high-
velocity domain. These considerations are
confirmed by the training practice of elite
athletes (figure 8.3).
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In shot-putting, the throwing distance is the function
of the release velocity (¢), angle of release (o), and the
height of release (k):

Distance = %cus u:.t[s-in2 n:.t-lnllf.inE tx-lnéj?f:!1 ]

where g is the acceleration due to gravity. As the dis-
tance is the quadratic function of release veloclty, the
sgquare root of distance, plotted along the ordinate axis,
represents (approximately) the velocity at release.

Figure 8.3 Performance resulls in standing shot putting before and after T-week training with different
shots; 4- to 10-kg shots were used for testing. (a) Standard shots; only 7.257-¢ shots were used (n = 4). (b}
Heavy shots (8-10 kg): a throwing routine consisting of heavy shots (0% of all the puts) and standard shots
(7,257 g 30%) ¢n = 43, () Light shots (4.5-6.0 kg); the puts of light shots constituted 70% of all efforts {n = 3).

(i and (¢} from V.M. Latzslorsky and N.A. Rarasiov, 1978, The use of shots of varfous weights in the training of elite shot puatters
[(Moscow, Bussia: Russian State Academy of Physical Education and Sport). By permission of Russian State Academy of Physical

Education and Sport.
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Training Goal: Muscie Power

Perform the main sport exercise with added resistance.
This often is the quickest way to make gains in athletic
performance. It is also insufficient. The performance
results initially advance but soon stop improving due
to accommaodation. Other training means are then
necessary.

Enhance maximal strength. It is impossible for ath-
lates to generate a large force in a fast movement if
they cannot develop similar or even greater force values
in a slow motion. But don't overemphasize the role of
maximal strength in power production. To be a strong
athlete does not mean to be a power athlete. It is true
that all elite power athletes are very strong people. On

The direction of applied movement is a
key determinant of exercise effect. In many
movements, muscles are forcibly stretched
before shortening (stretch-shortening cycle,
reversible muscle action). As described in
chapter 2, the underlying mechanisms of
the reversible muscle action are complex.
For this reason reversible muscle action is
specific (especially in highly trained athletes)
and should be trained as a separate motor
ability (similarly, in this respect, to anaerobic
endurance and rate of force development}.
The exercises used for this purpose are
described in chapter 6.

In conclusion, strength training for power
production is composed of (a) main sport
exercises with added resistance and (b) assis-
tance exercises. The latter are directed toward
the development of (a) maximal strength,
(b) rate of force development, (c) dynamic
strength (the muscular force generated at
a high velocity of movement), and (d) force
produced in stretch-shortening (reversible)
muscle action. The proportion of exercises
from these groups should be determined indi-
vidually for each athlete and should change
when the athlete's status changes.

the other hand, not all strong individuals can execute
movemant powerfully when combining large force and
high velocity.

Train RFD. If the fime available for force development
is short, RFD is more important than maximal strength.
Enhance not only maximal {Fm) but also dynamic
strength—the force developed at a high velocity of
movement. Use drills requiring the utmost muscular
effort against moderate resistance (the method of
dynamic effort). Employ specific drills and methods to
improve reversible (stretch—-shortening) muscle action.
This is a specific motor ability.

MUSCLE MASS

While muscle hypertrophy is a primary goal
of bodybuilders, athletes do not typically
aim at increasing muscle mass. However,
muscle hypertrophy is an important way to
increase muscular strength. Furthermore,
some athletes (linemen in football, throw-
ers) are able to use heavy body weight to
their advantage and thus want to increase
muscle mass. Accordingly, methods that are
essentially bodybuilder techniques are used
by competitive athletes, too.

The main objective of such a training
routine is the maximal activation of protein
catabolism (breakdown of muscle proteins),
which in turn stimulates the synthesis of
contractile proteins during rest periods.
Since the total amount of degraded protein
is maximal when loads ranging between 5-to
7TEM and 10- 10 12BEM are lifted, this specific
training intensity (repeated effort and sub-
maximal effort methods) is recommended.
Training protocols are designed with the
same primary objective, to activate the
breakdown of proteins in the chosen muscle
groups.
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* Restintervals between sets are short—1
to 2 min compared to 3 to 5 min in weightlift-
ing training when the aim is to emphasize
neuronal output,

* In 1 workout or even in 1 day, no more
than two to three muscle groups or body
parts are exercised. Then, on the following
day, exercises for other muscle groups are
included. This is called split training. For
example, arms, shoulders, and abdominal
muscles are exercised on day 1; legs on day
2: chest and back on dav 3; and day 4 is a rest
day. With the split system, a muscle group is
fully exhausted during a workout and then
given time to recover (in this example, about
72 h). The muscle group is exercised twice
a week, The split system is never used for
perfecting the neural mechanisms of strength
enhancement,

* Several exercises (usually from 2 to 5)
for the same muscle group are employed

during a single training unit. Exercises may
vary within the sequence; for instance, a
curl with a dumbbell can be performed
with the hand alternately in the supinated
and pronated positions. Howewver, this is
not done to alternate the muscle groups;
that is, initially all exercises of one muscle
group should be executed. For instance, all
back exercises are performed first. and then
chest exercises are performed. The idea is
the same, to activate and exhaust the muscle
group as much as possible. Exercises for the
same muscle group, slightly changed from
each other, are performed consecutively.
This method, called flushing, was initially
bhased on the assumption that increased
blood circulation stimulates muscle growth.
Up to 20 to 25 sets per muscle group may
be executed in one workout. Table 8.1 sum-
marizes the comparison between training
to emphasize muscle mass and training to
emphasize strength.

Table 8.1 Training Protocols to Induce Muscle Hypertrophy or Muscle Strength
(Meural Factors)
Training variable Muscle hyperirophy Strength (neural factors)
Intent To activate and exhaust working To recruit the maximal number of
muscles motor units with optimal discharge
frequency
Intensity (RM) From 5-7 to 10-12 1-5
Rest intervals between sets Short (1-2 min) Long (3-5 min)
Rest intervals between workouts Long (48-72 h) Short (24-48 h)

emphasizing same muscle groups

Exercises in a workout
systemy)

Exercise alternation in a workout

Three or fewar muscle groups (split

Flushing: exercises for the same

Many muscle groups

Recommended

muscle group may alternate;
exercises for various groups do not

alternate

Training volume (load, repetitions,
sats)

Larger (4-5 times)

Smaller (4-5 times)
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Training Goal: Muscle Mass

Activate the breakdown of proteins in the chosen
muscle groups during training workouts and protein
supercompensation during rest periods. Use weights
with BM between 5 to 6 and 10 to 12 ({the repeated
effort and submaximal effort methods).

Follow the recommendations given in table 8.1,

ENDURANCE
PERFORMANCE

Endurance is defined as the ability to bear
fatigue. Human activity is varied, and the char-
acter and mechanism of fatigue are different in
every instance. Fatigue caused by work with
a finger ergograph, for instance, has little
in common with the [atigue of a marathon
runner or a boxer. Thus, the corresponding
tyvpes of endurance will differ,

Muscular Endurance

Endurance of muscles is manifested in exer-
cises with heavy resistance, such as the
repetitive bench press, that do not require
great activation of the cardiovascular and
respiratory systems. Fatigue is caused by
the functioning of elements in the neuromus-
cular system that are directly involved in the
execution of the movement.

Muscular endurance is typically charac-
terized either by the number of exercise rep-
etitions one can carry out until failure (the
maximum number of pull-ups, one-legged
squats), or by the time one can maintain a
prescribed pace of lifts or a posture. In either
case, the load can be set in terms of absolute
values such as kilograms or newtons (e.g., a
S0-kg barbell) or in relation to the maximal
force (e.g., a barbell 50% of F,.). Accord-
ingly, the absolute and relative indices of
endurance are determined. In estimating the
absolute endurance, individual differences in
muscular strength are ignored. Everyone is
asked to press the same weight, for instance.
When relative endurance is measured, on the

other hand, all are asked to press a weight
that equals the same percentage of their
maximum strength,

The absolute indices of endurance show
considerable correlation with muscular
strength; individuals of great strength can
repeat a vigorous exercise more times than
those of lesser strength (figure 8.4). How-
ever, this correlation is observed only with
resistance that is at least 25% of maximum
strength. When the load is smaller, the
number of possible repetitions quickly rises
and is, in practical terms, independent of
maximal strength (figure 8.5). Relative indi-
ces of muscular endurance do not correlate
positively with maximal strength. In fact, they
often show negative correlations.

Let's consider an example of what we
have seen about the correlation between
strength and endurance. Suppose two ath-
letes can bench press weights of 100 and 60
kg, respectively. It is obvious that the first
athlete can press a 50-kg weight more times
than the second athlete and that the absolute
indices of endurance for the first athlete will
be better. If both athletes are told to press
a weight of 10 kg (less than 25% of maximal
strength for each), it is impossible to predict
who will exhibit more endurance. In this case
endurance (measured by the number of rep-
etitions) does not depend on strength level. If
both athletes press a weight equal to 50% of
their maximal force production (50 and 30 kg,
respectively), it is again impossible Lo predict
who will show greater endurance. Here, too,
endurance does not correlate with strength.

Since athletes are not matched during a
competition according to strength, practice
should focus on absolute endurance. As we
have noted, these indices are essentially
dependent on the strength level; as the resis-
tance an athlete must overcome increases, so
does the dependence. Thus, when it is nec-
essary to repeatedly overcome considerable
resistance (more than 75-80% of the maximum
muscular strength), there is no need for spe-
cial endurance training. When resistance is
smaller, though, one must concentrate on
the development of both strength and endur-
ance, In gymnastics, for instance, an athlete
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Figure 8.4 Maximal weight lifted in the hench press (F,,, k&) versus the number of lifts of a 50-kg barbell
in the same movement. The pace of the lifts was 1 lift every 2 5. The subjects were wrestlers 16 to 18 years
old {n = 60). The average value of the maximal strength was 67.5 kg. So the weight lifted (50 kg) was equal to
approximately T5% of the average F,,, of the sample. The number of experimental points in the graph (41) is
less than the number of subjects (60), since performance of some athletes was identical. When £, and the
number of lifts were the same, two or several points coincided.

Data from VM, Zatsiorsky, N, Volkov, and N Kulik, 1965, "Two types of endurance indices,” Theory and Prachice of Plivsical Calfure
2702 35-411. Reprinted by permission from Theory and Practice of Phivsical Colfure,

F{% of Frm)

MNumber of lifts

Figure 8.5 The dependence of the number of bench press lifts on the relative weight of a barbell. Average
data of 16 weightlifters; the solid line represents rounded average figures; the broken line is for the standard

deviation.

Reprinted, by permission, from V.M. Zatsiorsky, N. Volkov, and N, Kulik, 1965, “Two tvpes of endurance indices,” Theory amd
Practice of Pliysical Cualtuee 27(2): 3541, Reprinted by permission from Theory and Practice of Blosical Culture.
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who cannot hold a cross for 3 s during a ring
exercise (as the rule requires) still must train
strength, not endurance. But a gymnast who
performs four crosses in one combination
and cannot hold a fifth must train endurance
(together with strength). Repeatedly perform-
ing strength exercises with resistance consti-
tuting 40 to 80% of maximum strength is the
recommendation in this case. The repetitions
are performed as many times as possible, If
the magnitude of resistance is less than 20 to
25% of the athlete's strength, strength training
(i.e., a training routine directed at increasing
maximum strength) does not immediately
improve athletic performance. Athletes from
these sports, such as marathon runners,
rarely use heavy resistance training.

To estimate the potential merit of strength
training in a given sport, we should compare
the force developed by an athlete during the
main sport exercise to the individual's maxi-
mum strength during a similar motion. For
instance, in a single scull, elite rowers apply
an instantaneous force of up to 1,000 N to the
oar handle. In dryland conditions, they gen-
erate forces of 2,200 to 2,500 N in the same
posture. This means that during rowing, the
athletes must overcome a resistance equaling
40 to 50% of their F,,. Since the proportion
of the force generated during
the main sport movement is
high, there is no doubt that
strength training directed
toward enhancement of
maximum strength is useful
for the rowers. However, it
should be combined with
muscular endurance condi-
tioning.

Circuit training is an effec-
tive and convenient way to
build muscular endurance,
Here a group of trainees is
divided into several (7-12)
subgroups according to the
number of stations available.
Each trainee performs one

Barbell jerks
{40kg x 4)

Leg raising (6)

weight exercises, free weights, and exercise
machines as well as stretching exercises
may be used at different stations. Consecu-
tive stations should not consist of exercises
involving the same muscle groups. Trainees
move quickly from one station to the next
with a short rest interval in between each.
The circuit is finished once the exercises at all
stations are completed. The time for a single
circuit is prescribed.

All the characteristics of training programs
(specificity, direction, complexity, and train-
ing load) can be easily specified and modified
within a general framework of circuit training.
However, in practice, only a limited variety of
circuit programs are in use. Typically, circuit
training routines use resistance of 50 to 70% of
1RM; 5 to 15 repetitions per station; intersta-
tion rest intervals of 15 to 30 5: 1 Lo 3 circuils:
and a total duration of 15 to 30 min.

Endurance Sports

In endurance sports, high energy demands
are met by increased oxygen consumption
as well as augmented anaerobic metabolism.
The cardiovascular and respiratory systems
hecome highly active. Athletic performance
is limited by the central systems of circula-

Push-ups (6)

Hurdle jumps (5)

-~ Circle swings with
-« a medicine ball (&)

"

exercise at each apparatus
(station) as though complet-
ing a circle (figure 8.6). Body

Figure 8.6 An example of circuit training.

Reprinted, by permission, from V.M. Zatsiorsky, 966, Mofor abilities of athifetes (Moscow,
Russia, Fizkultura § Sport), 156,
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Training Goal: Muscular
Endurance

Compare the magnitude of force (F) generated in the
movement of interest (for instance, during each stroke
in rowing) with the maximal force values (F,.,) attained
in the same motion during a single maximal effort in
the most favored body position.

It F=80% of F,.., don't train endurance. Train maxi-
mal strength. If F < 20% of F.,, don't train maximal
strength. Train endurance. If 20% < F < 80% of Fi.,
train both maximal strength and muscular endurance.
Use the method of submaximal effort. Vary the magni-
tude of resistance. Exercises in a set must be performed
until failure. Employ circuit training.

tion, respiration, and heat dissipation rather
than peripheral muscle function alone. The
correlation between local and general endur-
ance has been shown to be small. Attempts
to limit the off-season training of endurance
athletes (speed skaters and skiers) to local
endurance exercises (one-leg squatting)
proved unsuccessful. Trainees improved
their performance in one-leg squatting from
30 to 50 times to several hundred times (and
even to more than 1,000 times) without any
substantial improvement in the main sport,
Because of these findings, strength training
was not popular among endurance athletes
for many years. It was considered a waste of
time and effort.

This is not the case, however, in con-
temporary sport. Since improvements in
both endurance and strength are desirable
for optimum performance in many sports,
strength exercises are now extensively used
by endurance athletes. However, the intent
is not to enhance maximal strength per se,
but {and this is the most important part of
the concept) to enhance the force generated
by the slow motor fibers. Recall that human
muscles are composed of different fiber types,
roughly classified as slow and fast. Slow motor
fibers are highly adapted to lengthy aerobic
muscular work. Fast motor fibers, adapted to
short bursts of muscle activity, are charac-

terized by large force and power output and
high rates of force development. In the main,
strength training is directed at increasing
maximal muscular force production and thus
primarily addresses maximal involvement of
the fast motor units (MUs) and their strength
gain. However, early involvement of the fast
MUs in endurance activities vitalizes anaero-
bic metabolism and elicits early fatigue.

In endurance sports, the objective is
exactly the opposite. Here the athlete wants
to work as long as possible at a given intensity
involving the slow motor fibers. In this case
only, the metabolic response to exercise is
aerobic and the athlete's work is sustained.
The recruitment of fast motor fibers during
prolonged work is apparently not desirable.
The less the proportion of the activated fast
motor fibers the better. 5o the force repeat-
edly exerted by an athlete during an endur-
ance exercise should be compared not with
maximum strength but with the maximum
sustainable force by the slow (fatigue-resis-
tant, oxidative) motor fibers alone.

The slow motor fibers do not adapt to the
enhanced force demand with classical meth-
ods of strength training. These methods are
chiefly designed to recruit and train the fast
motor fibers. Relatively low resistance and
long exercise bouts are used to enhance the
strength potential of endurance athletes.
The corridor of MUs subjected to a train-
ing stimulus should presumably include
slow MUs. Among coaches, it is a common
helief that muscles must work at the highest
levels of their aerobic capacity. Exercise sets
comprising, for instance, 5 min of repetitive
lifts are commaon. While training in the 1980s,
world record-holder and several-time Olym-
pic champion in 1500-m swimming, Viadimir
Salnikov, performed up to 10 exercise bouts
on a special exerciser during dryland train-
ing. Each set was 10 min long. This routine,
classified by swimming experts as strength
training, only slightly resembles the training
protocols used by weightlifters.

Such strength training is even more dif-
ficult to combine in training programs with
endurance types of activity. The demands of
the two types of activity are different, Heavy
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resistance training, for example, stimulates
muscle fiber hypertrophy, which reduces
capillary density and mitochondrial volume
in the working muscles. These changes
are detrimental to endurance. Endurance
training, in contrast, elicits an increase in
capillary density and mitochondrial volume
density and may cause a decrease in muscle
fiber size. When strength and endurance
training are done concurrently, it is difficult
for an organism to adapt simultaneously to
the conflicting demands. Consequently, the
combination of endurance and strength train-
ing impairs strength gains in comparison to
strength training alone. This is also true with
respect to endurance training. As the time

(1) 2)
Strength

Speed, technigue

between the two types of exercises lessens,
the impediment becomes greater. Same-day
training, for instance, impedes development
to a greater extent than does training on alter-
nate days. Another factor that influences the
interference is the magnitude of the training
load; the greater the load, the more incom-
patible strength training is with endurance
training.

The solution is to conduct sequential
strength and endurance programs, focusing
first on strength training and afterward on
endurance (figure 8.7). It is less efficient to
proceed in the other order.

The motor ability that is not the prime
target of training during a given mesocycle

Mesocycles
(3) i4) (5
Agrobic endurance Realization Rest i Start

i
1
i
1
i
i
i
1
i
i
i
i
1
i

1-2 3-4
Time (weeks)
Training time - 11 hr 11 hr
40 min 60 min
Strength I:l 50% 100%
training load
Distance (km) []  40-60 55-77
Dryland time (h) 8 11
% Pulse control 0 25

per workout

5-B 7-8 9-10
11 hr 10 hr 10 hr
90 min 45 mirn 40 min
B0% 265% 5
88-120 40-60 20-30

T 5 Zaro
100 S0 0

Figure 8.7 Training plan of Vladimir Salnikov (1980 and 1988 Olympic champion in 1500-m swimming)
developed by his coach, lgor Koshkin. Note that the strength training mesocyele (2) precedes the endurance-
oriented training, Also note that nontargeted motor ability is maintained with a retaining training load. The
retaining load is roughly two to three times less than the stimulating one. For instance, dryland training time
per week was 11 h during the strength-oriented mesocycle and only 5 h during the realization mesocycle;
swimming distance per week was maximally 120 km and minimally 40 km. Finally, note that nontraditional
short mesocycles, only 2 weeks long, are used; usually 4-week mesocycles are used.

From Preparation of the Netfonal Sweimeming Team o the 1980 Moscow Olvmpic Games, 1981, (Moscow, Russia: Russian State
Academy of Physical Education and Sport), 242 Technical report #81-5. By permisslon of Russian State Academy of Physlcal

Education and Sport.
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Training Goal: General
(Cardiorespiratory, Especially
Aerobic) Endurance

Try to enhance the strength of slow motor units (fibers)
that are oxidative and fatigue resistant, Don't use maxi-
mal weight loads, Utilize submaximal weight loads in
combination with a large number of repetitions. Apply
strength and endurance programs sequentially.

should be maintained with a retaining training
load (except during the tapering period, when
a detraining load is appropriate).

INJURY PREVENTION

Heavy resistance training results in both
increased muscular strength and increased
mechanical strength of connective tissue
structures around a joint (tendons, ligaments,
ligament-bone junction strength). Strength
training increases bone mineral content. A
stronger muscle absorbs more energy than
a weak muscle before reaching the point of
muscle injury. This may be important for
injury prevention.

To plan training routines to reduce the
risk of injury, it is necessary to consider (a)
muscle groups and joint motion, (b) muscle
balance, and (¢) coordination pattern,

Muscle groups that need to be strength-
ened can be classified as nonspecific and
specific (actively involved in a given sport).
The most important nonspecific muscle
droups, which should be intentionally trained
by young athletes regardless of their sport,
are the abdominal muscles and trunk exten-
sors that stabilize the pelvis and trunk; such
stabilization is necessary lor all movements
of the extremities. This core stability—which
depends also on the hip abductor and hip
external rotation strength—is important for
injury prevention. lmproving the strength of
these muscle groups is desirable to develop
a base for intensive training. Specific muscle

groups are different in diverse sports and
may vary from the neck muscles (football,
wrestling) to the small foot muscles (jump-
ing, sprinting).

Muscles and joint structures need to be
strengthened not only for joint movements
that take place in the main sport exercise
but also for other angular joint movements.
It is especially important to strengthen joint
structures in lateral movements (abduction-
adduction) and in rotation relative to the longi-
tudinal axis of a body segment (foot eversion-
inversion, for example). For instance, football
players usually perform many exercises to
increase the strength of knee extensors.
However, knee injuries are often caused by
lateral forces acting during sideways move-
ments or collisions. If the muscles and joint
structures that resist lateral knee movement
are not strengthened, the injury risk is very
high. The same holds true for ankle motion.
If only plantar flexion is trained, the athlete
cannot resist high lateral forces acting on the
foot. The strength may be too low to prevent
hyperinversion (or hypereversion) and con-
sequently trauma. Unfortunately, strength
exercise machines, which are so popular now,
provide resistance in only one direction—they
have only one degree of freedom. Thus, the
user does not have to stabilize the working
parts of the apparatus as in exercising with
free weights. Athletes accustomed to exer-
cise machines lose a very important facet
of motor coordination—joint stabilization.
Even when the aim of strength training is to
increase joint stability (for instance, in the
case of knee laxity after a trauma), many ath-
letic trainers and physical therapy specialists
recommend exercising with isokinetic appa-
ratuses that permit knee flexion and exten-
sion only. Lateral movements, however, are
not trained; unfortunately, it is exactly these
muscles and structures that should be the
training target.

Muscle balance is also important to pre-
vent injury, First, a large imbalance in strength
between the two legs should be corrected.
If one leg is substantially stronger than the
other, the running athlete performs a more
powerful takeoff with the stronger leg and
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then lands on the weak leg, which is then
systematically overloaded and at greater
risk of injury. A difference of 10% or more in
the strength of the two legs, or a difference
of more than 3 e¢m in thigh circumference,
necessitates exercising the weak leg. A second
type of imbalance that should be avoided is
between muscles and their antagonists (for
instance, quadriceps and hamstrings). The
force for knee extension is generated by the
quadriceps, while deceleration of the tibia is
the function of the hamstrings, which absorb
the energy provided by the quadriceps. When
the muscles are imbalanced such that the
guadriceps are relatively stronger, hamstring
overloading can result. Researchers have sug-
gested that, to minimize the risk of injury,
hamstring strength must be not less than 60%
of quadriceps strength. This recommendation
is valid for strength values measured at the
joint angular velocity 30°/s.

Finally, pay attention to the coordination
pattern of strength exercises. The majority
of movements include the stretch-shorten-
ing cycle, and injuries often occur during
stretching phases of these eycles or during
the transition from stretching to shortening,
when muscle force is maximal (see chapter 2).
Thus, exercises designed to decrease suscep-

Tikia
(shin bone)
Fibula
{lower lag bone)

Torn lateral
ankle ligaments

a

tibility to trauma should include reversible
muscle action. Properly scheduled exercises
employing reversible muscle action are useful
for preventing injury. In these exercises, mus-
cles are trained in natural conditions. Proper
coordination patterns, muscular strength, and
flexibility are all improved at the same time.
As an example, repeated jumps on a specially
designed curved (triangle) surface (figure
8.8), when performed regularly and correctly,
strengthen the anatomical structures of the
ankle joint and reduce risk of ankle sprains
and dislocations.

Training Goal: Injury Prevention

Strengthen the abdominal muscles, trunk extensors,
and the hip joint muscles. Strengthen muscle groups
specific to your sporl. Muscles must be strengthened
far bath the joint movements that take place in the main
sport exercise and for other angular joint movements.
Train the muscles that resist lateral displacement of the
knee and ankle joints. Correct imbalance of antagonists
as well as disparities in muscular strength between
the extremities. Employ drills encompassing reversible
muscular action.

b

Figure 8.8 (a) Excessive fool inversion resulting from incorrect landing. Such a landing causes the ankle
sprain. The flawed landing occurred because the ankle joint muscles did not resist properly the foot inver-
sion, To increase the strength of these muscles and to teach the athlete to activate these muscles during
landing, repetitive low-height jumps on the triangle can be used. These jumps should be performed in a very
gentle manner. (#) Foot position during the contact phase in repetitive jumping used to improve the athlete's
ability of resisting the feet inversion. The supporting surfaces of the device meet at the top of the triangle.
T improve the ability of resisting foot eversion, a device with the supporting surfaces meeting at the bottom

should be used.
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SUMMARY

The general idea in strength training for
strength performance is not to train strength
itself as a unified whole; rather, it is to train
the underlying muscular and neural factors.
To improve neuromuscular coordination (MU
recruitment, rate coding, MU synchroniza-
tion, entire coordination pattern), the best
method is maximal effort. On the other hand,
to stimulate muscle hypertrophy, repeated
and submaximal effort methods are more
appropriate.

Although maximal strength is a prerequisite
for high movement speed, its transmutation
into velocity, or power, requires training not
only maximal strength but also RFD, dynamic
strength, and force produced in stretch-short-
ening (reversible)} muscular action. In sport
exercises where the time available for force
production is too brief to reach maximal force
values, the RFD rather than maximum strength
must be the primary training objective.

The aim of exercises designed to increase
muscle mass is to break down proteins in par-
ticular muscle groups; this in turn stimulates
the synthesis of contractile proteins during
rest periods. The most effective loads for this
type of training range between 5-to TRM and
1{-to 12RM.

Endurance is defined as the ability to bear
fatigue. Human activity is varied, and as the
character and mechanism of fatigue are differ-
ent in every instance, so is endurance. Mus-
cular endurance is typically characterized
by either the number of possible exercise
repetitions until failure, or by the time one
can maintain a prescribed pace of lifts or a
pasture. In either case, the load can be set
with absolute values (e.g., lifting a 50-kg bar-
bell) or relative to the maximal force (lifting
a barbell 501% of F,,,,). With resistance greater
than 25% of maximum strength, the absolute
indices of endurance correlate positively with
muscular strength. Relative indices of muscu-
lar endurance often correlate negatively with
maximal strength.

Since athletes are not matched during a
competition according to strength, practice
should focus on absolute endurance. Athletes

for whom resistance typically is less than 75
to 80% of maximal muscular strength should
concentrate on the development of both
strength and endurance. To estimate the
potential value of strength training in a given
sport, compare the force developed by an
athlete during the main sport exercise to
the individual's maximum strength during a
similar motion. Note that circuit training is an
effective and practical way to build muscular
endurance.

Whereas strength training for the most
part aims at maximal involvement and
strength development of the fast MUs, the
objective in endurance sports is exactly the
opposite—to work as long as possible at a
given intensity while involving the slow motor
fibers. Classical methods of strength training
are not designed to train these slow fibers.
Relatively low resistance and long exercise
bouts are used to increase the strength poten-
tial of endurance athletes. The intent is not to
enhance maximal strength per se, but rather
to increase the force generated by the slow
motor fibers,

Strength training is difficult to combine
with endurance types of activity. When
strength and endurance training are done
concurrently, it is difficult for an organism
to adapt simultanecusly to the conflicting
demands. The solution is to conduct sequen-
tial strength and endurance programs. Focus
first on strength training and afterward on
endurance.

Training routines designed to decrease
injury risk will address muscle groups and
joint motion, muscle balance, and coordina-
tion patterns. Plan training to strengthen
both nonspecific and specific muscle groups
(those actively involved in a given sport). The
most important nonspecific muscle groups,
which should be intentionally trained by
young athletes regardless of the sport, are
the abdominal muscles, trunk extensors,
and hip joint muscles. Muscles and joint
structures also need to be strengthened not
only for the joint movements of the main sport
exercise but also for other angular joint move-
ments. It is especially important to strengthen
joint structures in lateral movements and in
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rotation relative to the longitudinal axis of a
body segment, Another aspect of injury pre-
vention is avoiding or correcting imbalance of
muscles and antagonists as well as imbalance

in strength between the extremities. Finally,
exercises designed to decrease the suscep-
tibility to trauma should include reversible
muscular action.
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Training for
Specific Populations

ln order to gain some insights into the subtle
differences in training special populations,
part Il examines the training of women, chil-
dren, and older athletes.

Chapter 9 examines the unique issues of
training women. While the training programs
for women are no different from those for men,
understanding some of the challenges faced
by female athletes is important, Are there
true gender differences? How do these ditfer-
ences affect the design of a training program?
These are just two of the questions that are
addressed in chapter 9. Sociopsychological
issues related to body image also influence the
success of strength training programs when
proper loads and optimal training methods
are not used due to the fear of "getting big.”
This chapter seeks to provide further insights
into optimal program design by explaining
differences in strength of women when com-
pared to the strength of men, muscle fiber size
relationships when compared to those of men,
menstrual cycle influences, and differences in
the underlying mechanisms of adaptations to
strength training in women.

In chapter 10 we examine the strength
training of young athletes. Less than 20 years
ago, many medical professionals discouraged
voung athletes from lifting weights due to fears
that it would stunt growth and was ineffective,
Are strength training programs safe for young
athletes? If so, what are the differences when
compared to adult programs? Many profes-
sional organizations have gained consensus

on these issues, and we overview guidelines
to be used when designing a strength train-
ing program for children of different ages. In
this chapter we discuss the basic needs for
training children safely and the importance
of experienced adult supervision. Safety is
important in any strength training program,
but for yvoung athletes it is paramount in order
to eliminate injury to growth plates and to
optimize growth and development in addition
to sport performance. With the many myths
associated with the strength training of chil-
dren, factual understanding is important to
give the practitioner the insights needed to
develop safe and effective strength training
programs for young athletes.

In chapter 11 we take a closer look at the
aging process and how to address training
for the older athlete. Understanding the aging
process provides insights into the adaptive
mechanisms that affect the response to train-
ing. Aging affects the absolute gains that can
be made. What type of program should be
used for training older athletes? How much
improvement might one expect? Can exercise
offset the aging process? Such questions
influence program design and expectations
when training the older athlete. In addition,
they are important for developing specific
goals and Lraining objectives. Offsetting
age-related losses should be the objective of
most strength training programs. Improving
performance is vital for successiul aging and
especially for the older athlete,

17
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chapter 9

Strength Training
for Women

Over the past 20 years all top women
athletes have used strength training
to enhance their performance as well as
prevent injury. It is important that programs
be individualized as every person will bring
a different anatomical and physiological pro-
file to a training program. Individual assess-

ments and ultimately exercise prescriptions
for each woman are essential to optimize
the specific type ol physical development
needed for success in a particular sport. The
demands of a sport and its required physical
development range from the production of
instantaneous power in an event such as the

173
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shot put to the ultraendurance events such
as the marathon run. A sport-specific training
program is needed to provide benefits across
the continuum,

Over the past 30 years, the participation
of women in sports worldwide has grown
dramatically. With this increasing opportu-
nity has come the greater risk of injury and
the need for better physical preparation. In
addition, the pace of every game and com-
petition has increased in speed, power, and
intensity. This also has increased the need for
women to be better prepared physically to
elevate their level of performance. With more
sophisticated strength and conditioning pro-
grams at the high school and college levels,
the physical development of women athletes
has dramatically changed. We can see this just
by looking at the difference in body shape,

Serticat

Elite female athletes use strength training to
enhance performance and prevent injury.

size, muscularity, muscle definition, and func-
tion of women athletes now versus 30 years
ago. Traditional gender roles have changed
and strength training has allowed more and
more wormen to reach their optimal physical
development and meet the demands of their
sports. In this chapter the unique consider-
ations of strength training for women will be
examined in order to better develop optimal
programs for women.

THE FEMALE ATHLETE’S
NEED FOR STRENGTH
TRAINING

With the greater demands for power, speed,
and intensity in women's sports on all levels
there is a definitive need [or increased upper-
body strength along with increased total-body
power. One of the major differences between
men and women is a dramatic difference
in upper-body size and strength, and in
many sports it is the physical capabilities
of the upper body that limit performance
outcomes (e.g., spike velocity in volleyball,
shooting range in basketball). In addition, the
integration of power into whole-body move-
ments (e.g., sprint speed, jumping, change
of direction) is also needed for successiul
performance,

Upper-Body Size
and Strength Demands

Whether an elite college basketball player
in her 205 or master athlete in her 50s, the
primary challenge faced by the majority of
women is the need for development of the
upper-body musculature, A continuum exists
as to the upper body’s importance and func-
tion, from the development of postural local
muscular endurance in an elite distance
runner to the strength and power needed
in the upper body for shot putting. Training
programs for women need to emphasize the
upper-body musculature due to the role it
plays in performing sport skills from sprint-
ing to shooting a basketball. It has been shown
that women have fewer muscle fibers and the
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cross-sectional areas of their muscle fibers are
smaller than those of men's muscle fibers. In
order to develop the upper-body musculature
under these conditions, all available muscle
fibers need to be activated, which requires
heavier loading and the use of more exercise
angles to stimulate overall physical develop-
ment of the available musculature. This may
require the use of bodybuilding techniques to
develop the hypertrophy needed for certain
upper-body muscle groups. These techniques
can then be integrated into a program of total-
body strength and power exercises.

Power Demands

Total-body power development with such
exercises as power cleans and other Olym-
pic style weightlifting exercises is vital for
sport performance gains. Total-body power
is becoming an increasingly important train-
ing component for almost all women’s sports
and must be seriously addressed in a strength
training program, The need for this improved
physical capability can be seen in the changes
that have taken place in many sports from
the big power serves in tennis to the greater
physical demands of rebounding in women'’s
basketball. The increasing demands in sports
for power are now considered status quo
and must be met with better strength train-
ing programs and better athletes (see figure
9.1). Fower development is a vital component
of any strength training program for women,

Women have a greater potential than men
for upper-body strength and muscular devel-
opment primarily due to a lack of aggressive
training programs for the upper body. In gen-
eral this means the following:

1. Each upper-body muscle must be exer-
cised at more angles.

2. Exercises should be integrated with
closed kinetic-chain power exercises.

3. Heavier resistances must be used and
integrated into a periodized strength
training program.

4. Multiple set training should be used.

5. A periodized training format should be
developed,

G000

5000—
4000—
3000
2000
1000—
o | | |

1987 2002

Watts

Fgure 8.1 Peak power In a countermovement ver-
tical jump by University of Connecticut volleyball
players.

Unpublished data from Dr. Kraemer's laboratory.

BENEFITS AND MYTHS
OF STRENGTH TRAINING
FOR WOMEN

Benefits for female athletes who perform an
appropriate strength training program include
the following (Fleck and Kraemer, 2004; Ebben
and Jensen, 1998}

* Enhanced bone modeling to increase
bone strength and reduce the risk of
osteoporosis

* Stronger connective tissues to increase
joint stability and help prevent injury

* Increased functional strength for sports
and daily activity

* Increased lean body mass and decreased
nonfunctional body fat

* Higcher metabolic rate because of an
increase in muscle and a decrease in
fat

* Improved self-esteem and confidence

* Improved physical performance in sport-
specific skills

A number of factors may reduce or elimi-
nate these benefits, including the exclusive
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use of weight training machines, training with
loads that are too light, and not progressing
in resistance or intensity. However, because
strength training can affect almost every
system in the body, its appropriate use in
conditioning programs for women athletes
can be vital to success.

Certain misconceptions about women and
strength training have limited the benefits of
strength training for women due to the cre-
ation of inadequate training programs. Such
misconceptions are primarily related to the
issues outlined in “Debunking Myths That
Block Opportunity™ from a classic review by
Ebben and Jensen in 1998,

TRAINABLE
CHARACTERISTICS
OF MUSCLE

It is important to remember that each sport
requires a different emphasis on various train-
able characteristics of the neuromuscular
system. In general these trainable character-
istics might be defined as follows:

* Lean tissue mass development
» Maximal strength development

* Maximal power development
¢ Local muscular endurance

Debunking Myths
That Block Opportunity

= “Myth 1: Strength training causes women
to become larger and heavier. The truth is,
strength training helps reduce body fat and increase
lean weight. These changes may resull in a slight
increase in overall weight, since lean body mass
weighs more than fat. However, strength training
results in significant increases in strength, no change
or a decrease in lower-body girths, and a very small
Increase in upper-extremity girth. Only women with a
genetic predisposition for hypertrophy whe participate
in high-velume, high-intensity training will see substan-
tial increases in limb circumference.

* Myth 2: Women should use different
training methods than men. Women are often
encouraged to use weight machines and slow, con-
trolled movements out of a fear that using free weights,
manual resistance, explosivenass (high velocity, low
force), or exercises that use body weight as resistance
will cause injury.

In fact, no evidence suggests that women are more
likely to be injured during strength training than men.
Proper exercise instruction and technigue are necessary
fo reduce the risk of injuries for both men and women,
All strength fraining participants should follow a program
that gradually increases the intensity and load.

Furthermore, sport-specific exercisa should closely
mimic the biomechanics and velocity of the sport for
which an athlete is training. The best way to achieve
this is o use closed-kinetic-chain exercise that involves
multiple joints and muscle groups and the ranges of
motion specific to the sport. For example, the push
press—rather than triceps kickbacks—offers a superior
arm extension training stimulus for improving the ability
to throw the shot put in track and field.

* Myth 3: Women should aveid high-
intensity or high-load training. Women are typi-
cally encouraged to use limited resistance, such as
light dumbbells, in their strength exercises. Often such
light training loads are substantially below those neces-
sary for physiclogic adaptations and certainly less than
those commonly Used by man.

Maost women are able to train at higher volumes
and intensities than previously believed. Infact, women
need to train at intensities high enough to cause
adaptation in bone, muscle, cartilage, ligaments, and
tendons. When exercise intensity provides insufficient
stimulus, physiclogic benefits may be minimal. To gain
maximum benefit from strength training, women should
occasionally perform their exercises at or near the rep-
etition maximum for each exercise.”

From WP Ebben and [LR. Jensen, 1998, “Strength traming for women: Debunking myths that block opportunity,” The Plesician amd

Sportsmedicine 26(5): 3697, Reprinted by permission of WP, Ebben.
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The balance of these training components
will depend on the demands of the specific
sport and individual athlete.

Development
of Lean Tissue Mass

Even among athletes, many women have a
fear of “getting big"” or developing too much
muscle, and this myth has limited their devel-
opment due their resistance to perform cer-
tain types of workouts. This resistance has
been more prominent in sports that have not
classically been considered strength or power
sports. The fear of getting big is unfounded,
and development of lean tissue mass in
women is extremely important, especially in
the upper body. In order for muscle tissue to
be developed, it must be stimulated by the
workout protocol; in other words, the muscle
tissue must be activated.

Stimulation of muscle is a function of motor
unit activation. This means that motor units
{alpha motor neuron and its associated muscle
fibers) involved in the exercise must be stimu-
lated to contract. Motor unit activation and
how it relates to a strength training workout
can be best understood by examining the basic
concept of the size principle in prescribing
exercise routines (see chapter 3). There are
many ways scientists have looked at this basic
concept of factors related to the size of the
motor unit, including size as it relates to

1. the number of muscle fibers found in a
motor unit,

2. the size of the cross-sectional area of
the muscle fibers, and

3.the amount of electrical stimulus
(quanta of neurotransmitter release)
needed to cause a neuron to fire,

Understanding the basics of the size
principle is vital to gaining insights into the
factors related to the stimulation of muscle
with strength training, but it is especially
relevant when training women. Most women
are afraid to lift heavy weights, and it is only
with the use of heavy resistence that motor
units containing the larger muscle fibers are
stimulated or trained.

The size principle dictates that motor
units are activated from smallest to largest
in a sequential pattern to meet the external
demands of the exercise (i.e.. tolift the amount
of weight on the barbell). The number of motor
units activated is matched to the demands of
the resistance used for specific force and
power production to perform the exercise
movement, Again, many factors influence the
size of motor units, which range from small
to large with variations across muscles in the
array of motor units that exist. It is important
to understand that differences also exist
among individuals, as not all women (or men)
will have the same array of motor units avail-
able in a given muscle (e.g., in the quadriceps
of an elite distance runner fewer fast-twitch
motor units exist versus in the same muscle in
an elite 100-m sprinter). Such differences also
underscore the inherent differences among
different types of athletes, from strength and
power athletes to endurance athletes. Thus,
the complement of motor units that an athlete
possesses dictates in part the performance
potential for various activities. Figure 9.2
gives theoretical examples of different types
of motor unit arrays in different athletes.

Within the construct of the training pro-
gram, a number of program design factors
need to be considered when trying to maxi-
mally stimulate the optimal number of motor
units in a muscle. Each time you change the
angle, whether it is the joint angle or the
angle at which the force is exerted, you
change the exercise to the extent that dif-
ferent motor units are used. When trying to
develop optimal muscle mass it is important
to use a set of exercises that stimulates dif-
ferent biomechanical angles (i.e., joint angle
or angle at which force is exerted) in order
to make sure that the entire muscle is stimu-
lated. Heavier resistances are also required to
stimulate higher threshold motor units. This
is especially important for power develop-
ment in women. The use of higher training
volumes (e.g., multiple set training) is also
important to develop lean tissue mass, as
multiple-set periodized training programs
have been shown to be superior to single-set
circuit training for women. Finally, all of these
program elements can be integrated into a
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Figure 8.2 A theoretical paradigm for the size principle. Circles represent the motor unit and its associated
fiber, with the larger circles containing a higher number of fibers or bigger fibers. The array of motor units
found in a particular athlete is shown by the grouping ellipses.

periodized training program for optimal pro-
gression and results.

Strength Development

Development of strength in women is dramati-
cally related, as in men, to resistance-load-
ing schemes, Many times the lack of heavy
resistances (3-5RM or =90% of 1RM) in the
training program can reduce the effectiveness
of optimizing strength. It has been well estab-
lished that women need heavy resistances in
order to develop maximal 1EM strength. Even
clearer is the lack of heavy loading schemes
in many women's sports, which reduces the
ability to activate all muscle tissue as well as
to improve connective tissue strength and
density. While some sports may not require
massive strength (e.g., cross country run-
ning), heavy resistances are needed for opti-
mally developing connective tissues such as
ligaments, tendons, and bones.

The most effective presentation for such
heavy and very heavy loads is the use of a

periodized training schedule (i.e., classical
linear or nonlinear programs). This allows
for recovery from heavy workouts and
is needed in an optimal program. Again,
while one cannot provide a “cookbook” for
program design, it is necessary to include
certain important features in any program.
The sidebar titled Periodized Program for
Development of Strength and Power is an
example of a nonlinear periodized train-
ing program that has been used in several
women's studies.

Development
of Muscular Power

Muscular power is becoming a prominent
performance characteristic in almost all
women’s sports. P = Fd / t is the base equa-
tion that conditioning programs affect. High
force training or heavy weight affects the force
part of the equation, and mechanical power
training along with body mass and high speed
movements affect the velocity component of
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Periodized Program for Development of Strength and Power

Progressions in resistance and number of sets continue over 12 weeks with a week of active rest after the 12-

week cycle.
Exercises
Monday (heavy) Wednesday (moderate) Friday (light)
Barbell squat Hang clean Jump squat (loaded 30% 1RM)
Bench press Leg extension Dumbbell shoulder press
Leg press (sled) Stiff-leg deadlift High pull
Cable seated row Pectoral dec fly Bench press
Wide-grip lat pull-down Dumbbell incline press Seated row

Shoulder press EZ arm curl

Sit-ups Triceps push-down
Leg curl Hyperextension
Dumbbell upright row Split squat

Dumbbell arm curl
Sit-ups

Stiff-leg deadlift
Lunge

Rest Periods Between Sets
and Exercises

* Monday: 3-4 min

» Wednesday: 1-2 min

* Friday: 2-3 min; jump sguats, 3-4 min

Courtesy of Dr. Kraemer's Laboratory

the equation. Thus, both heavy resistance
training and explosive power training are
essential in any strength training program
for women. Many programs focus solely on
the force component of the power equation,
but just as important is using loads and
exercises that can address the velocity com-
ponent. For concentric exercise movements,
power increases as the loading decreases
from the isometric starting point. A 1RM lift
is composed of a high force component and
a relatively low power component. It is not
until the resistance is considerably reduced
that the maximum amount of power can be
produced in the movement. This has been
called maximal mechanical power output

Resistance and Set Ranges
* Monday: 3-5RM zone, 3-5 sets
* Wednesday: 6-8RM zone, 2-4 sets

» Friday; 12-14RM zone, 1-3 sets; jump squats, 6
sets of 3

(Kraemer and Newton, 2000) (see figure 9.3).
Maximal mechanical power typically takes
place somewhere between 30 and 45% of
1EM in the squat jump and bench throw, but
can be higher in such lifts as the hang clean,
pull, etc. (e.g.,, 60 and 70% of 1IRM). However,
it has been observed that this percentage can
climb to as high as 60°% of IRM, but with more
specific training of the velocity component,
maximal mechanical power slowly reverts
back to 30 to 45% of 1RM. Olympic weightlift-
ers typically do not maximally exercise with
such a low percentage of IRM and this may
be why peak power is high in such lifts.

Of dramatic importance when training for
power is to choose exercises in which a limited
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Figure 9.3 Theoretical relationship between the resistance used in a concentric exercise and the power
production observed. Peak mechanical power will typieally oceur around 30 to 45% of the concentric 1RM in
exercises like squat jumps and bench throws. Exercise choice is important to eliminate any deceleration of

the mass.

amount of deceleration oceurs over the range
of motion. This typically requires an exercise
that allows for continuous acceleration of
the mass or a machine, or pneumatics, that
allows for high velocity movements to occur.
If the mass cannot be released, the body will
attempt to protect the joint by activating
antagonist muscles and limiting the firing of
the agonists, making the exercise ineffective
for power development. Muscular power can
also be developed with supplemental training
of the stretch-shortening cycle using plyomet-
ric muscle actions prior to rapid shortening.
such drills can help in power development by
emphasizing the velocity component of the
power equation.

It is imperative that one does not compro-
mise the development of maximal strength,
as any detraining of this part of the power
equation can result in a power training pla-
teau, Maximal force development is vital for
improvements in power production, Findings
have supported that a lack of heavy loading
with a concentration on purely mechanical
power loads along with lighter resistance can
result in a plateau of power and a decrease in
strength over a training period. Thus, heavy

resistances must be included in workouts or
training cycles, using resistance of 90 to 100%
of 1IRM. Strength and power development will
interact and need to be addressed over an
entire training program. Programs that focus
on one component alone, either strength or
power, will diminish development of the other
component.

Local Muscular Endurance

The ability to produce multiple muscular
contractions at different percentages of
maximum can also be an important and train-
able feature in a resistance training program
for athletes. The ability to produce multiple
efforts is related to the development of local
muscular endurance. Training for local
muscular endurance should be defined. Is
the program attempting to develop high
intensity local muscular endurance or low
intensity local muscular endurance? Higher
intensity muscular endurance is developed
by using heavier loads (60 to 80% of 1IRM) and
incorporating short rest periods and multiple
sets. This repetitive endurance can become
especially important at higher percentages of
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maximal force and power production in sports
that require repeated bursts of high intensity
efforts. This has been called power endurance
or strength endurance, reflecting the need for
such repetitive high intensity efforts.

Conversely, lower intensity muscular
endurance can be developed with high num-
bers of repetitions. Using sets with resistances
from 40 to 60% of 1RM or above 20RM loads
will enhance local muscular endurance with
little or no carryover to 1EM strength. If this
is a needed feature for an athlete, then the
training program must include these higher
repetition ranges for certain cycles in a peri-
odized program.

Such training can be distributed over both
isolated exercises as well as whole-body
multijoint exercises. Care needs to be taken
to see that exercise technique and format are
monitored at the end of such sets as fatigue
becomes more detrimental to motor perfor-
mance. Another method of improving this
feature of muscular performance is to use
shorter rest periods between sets, with load-
ing allowing only 8 to 10 repetitions.

Training for local muscular endurance can
not only improve muscular performance but
also allow variation in the intensity profile
of different training days or cycles in a peri-
odized training program. Ii glycogen deple-
tion of muscle fibers is not produced with
the total volume of exercise, one can spare
many motor units not needed for the lighter
loads, thereby providing recovery time for
such higher threshold motor units. This may
well be the basis of the efficacy of various
models in periodized training programs, espe-
cially nonlinear methods, which use different
training intensities on given days rather than
complete cveles of weeks of training.

PHYSIOLOGICAL
CONTRASTS BETWEEN
WOMEN AND MEN

It has become apparent over the past 20 vears
that women can be trained with programs that
are almost identical to those used for men
(Fleck and Kraemer, 2004). However, a number
of facts need to be considered when design-

ing strength training programs for women.
While strength training has been commaon in
women’s strength and power sports for many
years, other women'’s sports (e.g., tennis, golf,
soccer, basketball) have only started over the
past 10 years to incorporate more aggressive
strength training protocols.

With more sports using strength training
as part of their conditioning programs, some
education is needed to calm certain fears and
explain such programs’ physiological effects.
Along with proper instruction on weight
room practices, exercise technigues, testing
routines, and training procedures, the coach
needs to allow ample time to develop team
and individual conditioning goals. Due to the
wide range of physiological variation within
a sport, individualization, or working with
individual athletes, is essential to educate
the athletes as to the effects of such train-
ing on their body. The most common fear of
many women athletes is that strength train-
ing will make them look like a man. This can
affect the quality of training if women are not
completely comfortable with strength training
because of this fear, Without anabolic drugs
there is little chance of women looking like
men through strength training.

Differences in Muscle Fiber

Women have fewer muscle fibers than men.
Women’'s muscle fibers are also smaller than
those of men. Such facts about muscle belie
the myth of looking like a man through natural
strength training. Women do have the same
array of muscle fiber types as men, with both
tvpe | (slow twitch) and type Il (fast twitch)
and all of their subtypes. Slow-twitch fibers
are primarily used for endurance demands
on muscle and fast-twitch fibers are pri-
marily used for speed, strength, and power
demands. A gender difference does exist as
to the ratio of muscle fiber sizes in untrained
individuals. About 75% of untrained women
have slow-twitch muscle fibers that are larger
than the fast-twitch muscle fibers. It may be
that untrained women who have greater
potential for strength and power sports may
be in the 25% of women that have such a pro-
file of fiber sizes. The cause of such different
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starting points for untrained women remains
unknown. It has been speculated to be due
to lesser strength and power demands in a
woman's everyvday activity profile. Or, it could
be a true gender difference.

Nevertheless, these differences in muscle
fibers can influence a strength training pro-
gram in that women may see more dramatic
inereases from a strength training program
after a plateau in which fasttwitch muscle
fibers need the extra time to catch up and
surpass slow-twitch fiber size. Important to
this training phenomenon is the use of heavier
resistances to stimulate faster growth of the
type Il muscle fibers found in the higher
threshold motor units. In addition, if slow-
twitch muscle fibers predominate, a more
rapid detraining phenomenon may result,
requiring more frequent maintenance work-
outs, especially during any maintenance
phases of training (e.g., two training sessions
per week rather than one). The relationship
between men’s and women’s fiber type over
age can be seen in figure 9.4.

B Men

[] Women
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Figure 8.4 The relationship between young (20-
25 years) untrained men {n = 15) and women {n =
15) for cross-sectional area of different fiber types.
A significant {p < .05) difference exists between all
of the muscle fiber types, with men having larger
cross-sectional areas. (Unpublished data from Dr.
Kraemer's laboratory),

Differences
in Strength and Power

The differences in the number of muscle
fibers and the cross-sectional area of the
fibers between men and women can be seen
in the differences in absolute strength. Cor-
rections for body size and mass can at times
correct for the differences seen in lower-body
strength but not upper-body strength, under-
scoring the need for upper-body development
in women.

The average woman's maximal mean total-
hody strength is about 60% of the average
man's maximal mean total-body strength.
Average upper-body strength in women
ranges from 25 to 55% of men's average upper-
hody strength. Lower-body strength has been
shown to be a higher percentage at about 70
to 75% (Fleck and Kraemer, 2004). The gender
influence is still observed in competitive lifts
and totals when looking at power lifters’ and
weightlifters’ records.

It is important to note that these findings
are related to broad group comparisons of
similar athlete groups or untrained popula-
tions with veryv specific comparison condi-
tions. Obwviously, if we made a single com-
parison with no matching variable (e.g., age,
hody size), a given woman could demonstrate
greater strength capabilities than a man. This
was obvious in one study where one woman
who had competed in power lifting could
squat 235 kg and none of the men in the study
could even approach that level in their 1IRM
squat. The construction of the comparison is
important in order to gain perspective in any
gender-related effect.

The average woman has been reported to
have 54 to 73% of the maximal vertical jump
and 75% of the maximal standing long jump of
the average man (Fleck and Kraemer, 2004).
For the standing long jump this translates to
the average woman generating approximately

3% of the power generated by the average
man. One possibility is differences in the size
ratio of muscle fiber type between men and
womern. About 70 to 75% of women have type |
muscle fibers with a cross-sectional size that
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is larger than that of their type Il fast-twitch
fibers. Power at faster velocities of move-
ment could be affected if the force—velocity
curve of women were different from that of
men. However, it appears that the drop-off in
force as the velocity of movement increases
is similar in both genders and that peak
velocity during knee extension is not differ-
ent between genders. The rate of force devel-
opment could affect power output. Men also
have greater pennation angles (i.e., the angle
of the muscle fiber’s direction of pull relative
to the direction of pull needed to produce
movement) in many muscles, and this would
also affect the mechanics of muscle actions. It
does appear that the skeletal muscle’s rate of
force development is slower for the average
woman than for the average man (Fleck and
Kraemer, 2004). Thus, training for explosive
strength is vital for female athletes in order to
enhance rate of force development capabili-
ties and improve power performances.

Differences
in Hormone Concentrations

The most obvious difference underlying the
fundamental mechanisms that mediate male
versus female adaptations to resistance train-
ing is the male hormone, testosterone. While
both men and women have resting circulatory
concentrations, the resting concentrations in
women are 10 to 20 times lower (see figure
9.5) (Kraemer and Ratamess, 2003). This
difference is most dramatic when changes
occur in adolescent boys and girls, as testos-
terone mediates the boys’ larger muscle size,
shoulder girth, and strength. With women
producing most of this hormone from the
adrenal glands and from the ovaries less so,
some women have higher concentrations of
adrenal androgens, and this appears to give
them an advantage over other women in their
trainability of muscle. The values are still 10to
20 times lower than that of men, but one can
see small increases with the exercise stress
as well as small increases over the training
period. Concerns for testosterone’s relation-
ship to other pathologies remain somewhat

epidemiological and have not been linked to
training-related changes in women.

It appears that women depend more on the
pituitary secretion of growth hormone and
its variants or aggregates along with growth
factors to help mediate the changes in
muscle, bone, and connective tissues. It has
been seen that bioactive growth hormone
(growth hormone measured by bioassay)
concentrations in women are higher at rest
than in men and changes occur differently
with resistance training. Even the normal
growth hormone levels in women are higher
than in men and potentially provide compen-
satory mechanisms to help in the mediation
of anabolic adaptations in muscle as well as
connective tissue (Kraemer and Ratamess,
2003).

Fleck and Kraemer (2004) have postulated
that the following factors relate to the anabolic
differences in women as they relate to train-
ing adaptations. Larger increases than normal
in lean body mass and limb circumferences

M Men
25 [ 'Women
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Figure 9.5 The relationship between young (20-25
years) trained men (n = 12} and trained women (n
= 12} for serum total testosterone responses before
and after a weight training workout. Both genders
demonstrated a significant (* = p < .05 from pre-
exercise values) increase after the workout with the
change being greater in men than women. Note the
concentrations for women are dramatically lower
than men. (Unpublished data from Dr. Kraemer's
laboratory).

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material
184 Science and Practice of Strength Training

in some women are probably due to several
factors, including

* higher than normal resting testosterone,
growth hormaone, or other hormones,

s greater hormonal response than normal
to resistance training,

* lower than normal estrogen-to-testoster-
one ratia,

» genetic disposition to develop large
muscle mass, and

¢ ability to perform more intense resis-
tance training.

The responses of muscle fibers are more
rapid in women than in men, It has been
shown that within two workouts the iso-
forms of myosin ATPase change to the faster
tvpe, where it takes four workouts to stimu-
late the same changes in men. Thus, women
have been found to be very responsive tothe
resistance training stimulus. The key is to
optimally load and vary the program so that
a proper exercise stimulus is created that is
capable of stimulating the needed physiologi-
cal responses leading to adaptations.

The development of an effective workout
protocol is the first step in creating a training
program. Workout protocols for women have
been found to be effective if they have varied
training demands (periodized training), mul-
tiple sets, and a varied loading scheme that
includes heavier resistances for strength
development, Incorporation of training proto-
cols that address the trainable characteristics
of muscle in proportion to importance to the
sport is vital to a successful strength training
program for women,

STRENGTH TRAINING
GUIDELINES FOR WOMEN
ATHLETES

Awell-designed program for a woman should
reflect both her individual needs as well as
the demands of the sport she is participat-
ing in. The following guidelines might well be
suited for women after each program is cre-

ated in an individualized and sport-specific
manner. As outlined by Ebben and Jensen in
1998 and consistent with the position of the
National Strength and Conditioning Associa-
tion (NSCA), the following features might be
considered as essential in a strength training
program for women:

1. Well-designed strength training pro-
grams include exercises with free
weights and dumbhbells and exercises
that use body weight resistance. Both
women and men should include these in
their training, and women should train
at the same intensities as men.

2. The use of strength training machines
and abdominal exercises need not be
discontinued, but emphasis should be
placed on the use of free weight exer-
cises, including foot-based lower-body
exercises such as the lunge, diagonal
lunge, walking lunge, step-up, lateral
step-up, and squat.

3. Women should also include upper-body
exercises that employ multiple muscle
groups such as the bench press, incline
press, latissimus dorsi pull-down, pull-
up, and back extension,

4. Women who have developed a strength
base should consider using total-body
exercises such as the push press, hang
clean, power clean, clean and jerk, and
snatch.

5. A training program should stress multi-
planar, multijoint, functional exercises
because they develop intermuscular
coordination, proprioception, and
balance and result in strength that
transfers to sports and daily activities.
For example, the step-up is superior to
the leg extension machine because it
offers functional strength for walking
up a flight of stairs while carrying bags
of groceries.

6. For athletes who play foot-based sports
such as basketball, the squat is superior
to using the leg press machine, since
the squat is functionally more similar
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to the sport and requires greater bal-
ance, weight, and body control in all
three planes of motion.

INCIDENCE OF INJURY

For years many women “played themselves
into shape,” which placed them in situations
where their body was not ready totake on the
demands of the sport. The incidence of injury
in a weight room using aggressive training
technigues is lower than in almost every
competitive sport. It has been estimated
that there are about 2.8 injuries or fewer
per 1,000 training hours, with most injuries
involving overuse of the lower back, knees,
and feet. In addition, an increase in injuries
typically occurs during times of increased
training loads, particularly during the first
2 weeks ol sport practice and immediately
subsequent to holidays, The temporal rela-
tionship between training load and injury
suggests a causative link. Care should be
taken any time there is an increase in the
volume or intensity of a workout, as this
is a susceplible time point where exercise
technique and toleration of the workout must
be carefully monitored by the strength and
conditioning coach.

Specific to women and especially basket-
ball players, it has been observed that there
are higher incidences of anterior cruciate
ligament (ACL) injury in women compared
to men. While still a topic of intense inves-
tigation, it has begged the question as to
whether women should train differently
than men in order to reduce such a dramatic
injury potential. It is known that men have
greater ACL thickness than woman and that
the trochanteric notch width gets bigger with
taller men but not with taller women. This nar-
rower trochanteric notch along with anatomi-
cal factors beyond the scope of this chapter
can predispose women to greater incidence
of ACL injury. In a classic review Pettitt and
Bryson (2002) came up with an extensive set
of recommendations for strength and condi-
tioning programs to help prevent ACL injuries
in women, especially basketball plavers, and

readers are referred to this paper for a more
detailed analysis.

MENSTRUAL CYCLE
AND STRENGTH TRAINING

Surprisingly few data exist regarding the role
of the menstrual cyele in strength training.
While highly variable, it has been observed
that a decrease in normal premenstrual symp-
toms such as breast enlargement, appetite
cravings, bloating, and mood changes occurs
in trained individuals. This has led to a general
concept that active women have fewer prob-
lems with premenstrual symptoms than sed-
entary women. How much exercise is needed
and when such activity becomes detrimental
to an athlete's menstrual profile remain a
topic of much interest. Menstrual abnormali-
ties include amenorrhea, or the absence of
menstrual bleeding, with primary amenorrhea
heing a delay of menarche bevond age 16 and
secondary amenorrhea being the cessation of
menstruation in a woman who had previously
menstruated; dysmenorrhea, meaning painful
menstrual periods; hypermenorrhea, mean-
ing excessive or prolonged uterine bleeding in
amount and duration of flow occurring at reg-
ular intervals; and oligomenorrhea, meaning
infrequent or light menstrual cycles. It should
be noted that women who reported higher
levels of life-event stresses had an increased
incidence of dysmenorrhea, hypermenorrhea,
and abnormal menstrual cycle lengths.

Exercise Stress
and the Menstrual Cycle

It is not just exercise that can cause menstrual
cyele abnormalities. Other factors involved
with menstrual abnormalities include inade-
quate caloric intake, which can interact with
exercise training and competition and may
help to mediate menstrual problems, Many
sports in which lower body weight appears to
enhance performance (e.g., gymnastics, cross
country running) or that have body weight
classifications (e.g., weightlifting, women's
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Some Advice to Pregnant Female Athietes

It may surprise you to know that the risk of heavy lifting
in pregnancy is not injury to the baby but injury o the
mother. Pregnancy hormones cause the ligaments to
soften, which helps the pelvis widen to make room for
childbirth. As a result of softer igaments, joints may be
less stable than usual and injury may be more likely.
Therefore, women should not start a new or more
aggressive strength training program during pregnancy.
Prior long term strength training will dramatically help
women more quickly return to their normal strength
training routines after delivery.

Exercise Cautionary noles

Carl Petersen (2005), a physical therapist who
works with many women during pregnancy, advises,
"Continue doing what exercises feel comfortable, but
don't strain yourself by attempting new, unfamiliar lifts
or by using too much resistance. Exercises that mimic
your daily activities, like step-ups, split squats, and
minilunges, are best”

Here are some suggestions for specific exercises
that can be performed during pregnancy:

Squats

Range of motion should be decreased (knees should never be flexed beyond 90°).

It you want to increase the squat workout, decrease the pace (i.e., lower slowly to a

count of three or four).

Leqg presses

Leqg presses help keep the lower abdominals tight, which protects your back. However,

Hip abductor machines

limit this exercise to the first timester only (exercises performed on the back should be
phased out before the second trimester),

Working out on & hip abductor machine will build strength in the hips, which counteracts
postural changes. Keap lower abdominals tight to avoid hyperextending the back. If you
gxperience numbness, pain, or tingling down the back of your legs (sciatic symptoms),

see a doctor.

Ab work

Concentrate on gaining control of the lower abdominals by performing pelvic floor

exercises (Kegels), Traditional sit-ups should be deleted from the exercise routing,

wrestling) may in fact promote problems with
menstrual cycle normality, In addition, high
volumes of intense training accompanied by
low levels of caloric intake may exacerbate
such problems.

It is now known that the prevalence of sec-
ondary amenorrhea in athletes is higher than
in normal women living a less active lifestyle,
but the correlation is not evidence of cause
and effect. A new paradigm on this problem
dictates that all menstrual cyele problems
exist on a continuum of severity and are
affected by physical, nutritional, and behav-
ioral components that modify severity.

For women it is essential that proper nutri-
tional intake of total calories and diet compo-

sition (i.e., protein intake) are met in order to
meet the demands for energy expenditure but
also for the repair and remodeling of muscle
tissue. Many women do not eat enough protein
to meet the demand for amino acids needed
for protein synthesis after a strength train-
ing workout. Such dietary behavior and other
nutritional deficiencies (e.g., reduced calcium
intake) can help limit optimal adaptation to
a workout and training program. In addition,
they may well be a major contributing factor
to menstrual cycle abnormalities.
Interestingly, 25% of 199 Olympic-style
weightlifters, of an average age of 16 years,
reported having irregular menses; only three
of these athletes aged 13 to 15 had not yet
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begun to menstruate. In distance runners,
greater fraining distance, intensity, frequency,
and duration of training season have all been
implicated as factors increasing the risk of
menstrual irregularities. Howewver, not all ath-
letes performing high volume, high intensity
training will experience menstrual irregulari-
ties. Again, the interactions among caloric
intake, exercise stress, and psychological
factors all can contribute in different ways
to menstrual problems and the magnitude of
each is highly individual.

Menstrual Cycle
and Performance

Dysmenorrhea, or abdominal pain due to
menstruation, may increase with an increase
in premenstrual symptoms. Dysmenorrhea is
reported by 60 to 70% of adult women, and
it increases with the age of women. Many
women who suffer migraine headaches also
see an increase in headaches and migraine
attacks at the time of menstruation. It has
been estimated that more than 60% of women
who experience migraine headaches suffer
from menstrual migraines. Similar to pre-
menstrual symptoms, dysmenorrhea occurs
less frequently and is less severe in athletes
than in the normal population. Premenstrual
symptoms or dysmenorrhea could have a det-
rimental effect on athletic performance, and
some investigators recommend use of oral
contraceptives or progesterone injections to
control the occurrence of menses and to avoid
competing while menstruating.

Strength is not different over the normal
menstrual cycle, but other investigations indi-
cate that the best physical performance prob-
ably occurs between the immediate postmen-
strual period and the 15th day of the menstrual
cyele. However, Olympic-medal performances
have been demonstrated during all portions
of the menstrual cycle. Thus, the effect of the
menstrual cycle on performance is unclear
and is probably highly individualistic. Oligo-
menorrhea or secondary amenorrhea should
have no effect on performance. Participation
in conditioning programs and athletic events
should not be discouraged during menstrua-

tion; to date negative effects are highly indi-
vidual and no detrimental effects on health
have been observed.

THE FEMALE ATHLETE
TRIAD

The female athlete triad refers to a group
of problems related to a host of factors that
could affect women athletes, The triad is com-
posed of the following three factors, of which
each in their own right can damage a woman'’s
health, fitness, and performance,

1. Disordered eating. This involves a
spectrum of problems from inappropriate
body imaging to bingeing and purging disor-
ders. Anorexia nervosa (self-starvation) and
bulimia nervosa (binge eating and purging)
are medical problems that need the care and
attention of appropriately trained medical
doctors. Nutritionists or conditioning profes-
sionals should not attempt to deal with these
medical problems. ldentification of the prob-
lem by the sports medicine team is crucial to
successful care and treatment,

2. Amenorrhea. As discussed, amenorrhea
involves not having a menstrual cycle for an
extended period of time. Primary amenor-
rhea is not having a period by the age of 16.
Secondary amenorrhea is a phenomenon
related to missing three or more consecutive
periods once normal periods have begun.

3. Osteoporosis. This is the classic disease
of abnormally low bone mineral density,
which increases the risk of fractures, espe-
cially with aging.

Strength training when disordered eating
habits exist remains difficult at best due to the
inherent problem of meeting the protein and
caloric needs to repair and remodel muscle.
Typically, anorexic behavior focuses on endur-
ance exercise, as it relates to greater caloric
burn or a reducing of body size. Once caloric
intake and nutrients are corrected, strength
training has been used to help with exercise
therapy, but little work has been done in this
area and conditioning coaches need to work
carefully with physicians in such situations.
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Summary Points of the NSCA'S Position on Strength Training for Women

Inan effort to batter understand the important issues for
women and strength training, the NSCA put together a
study task force, which released its findings in a posi-
tion stand in 1990, These were the major points from
that consensus panel regarding strength training and
women.

1. Proper strength and condifioning exercise
programs may increase athletic performance,
improve physiological function, and reduce the
risk of injuries. These effects are as beneficial to
female athletes as they are to male athletes.

2. Due to similar physiological responses, it appears
that males and females should train for strength
in the same basic way, employing similar meth-
odologies, programs, and types of exercises.

3. In the lower body, the relative strength (strength
to lean body mass) of untrained women appears
to be approximately equal to that of men.

4. Females can hypertrophy their muscles through
resistance training relatively the same as men,
but not absolutely the same.

5. Female athletes appear to have the same fiber-
type distribution as men, although the female
fibers appear to be smaller in cross-sectional
area.

6. There Is litlle research evidence to suggest that
the onsat of & normal menstrual period affects
athletic performance.

7. Female athletes whose menstrual cycle has
ceased have an increased likelihood of devel-

oping musculoskeletal injuries. Athletes experi-
encing amenorrhea or other menstrual problems
should consult their gynecologist.

8. Resistance training using multijoint and structural
exercises is recommended to induce sufficient
stresses on the skeletal system and to enhance
calcium storage in the bone,

9. Little data exist regarding weight training and
pregnancy. Anecdotal evidence suggests that
women may safely weight train during pregnancy;
however common sense must be employed when
selecting training intensities and exercises.

10. Due to the influx of the hormone relaxin, which
softens tendons and ligaments in preparation
for delivery, caution is warranted for pregnant
women in performing heavy multijoint exercises
(sguats, deadlifts, snatches, and cleans) after the
first trimester. Also, the potential for increased
body temperature in pregnant women warrants
the use of precautions in dress and environmen-
tal conditions during all types of exercise.

11. Resistance training has demonstrated favor-
able changes in body composition with minimal
change in body weight.

12. Because females are, in general, weaker than
males in the upper body, adult females should
work especially hard on upper-body strength
training.

Reprinted, by permission, lrom MNational Strength Coaches Association, 2005, “Strength training for female athletes,” NSCA
Position Statement (Colorado Springs, CO:¢ National Strength Coaches Assoclation). Awallable: wwwnscalft.orgPublications/

posstatements.shtml Accessed: L0/13/05

In addition, men are also susceptible to eating
disorders (e.g., bulimia in wrestling), espe-
cially with weight class sports and extreme
dieting for body image.

Strength training with various types of
amenorrhea has not presented the same
inherent problems when not associated with
caloric deficits or dramatic endurance train-
ing volumes. However, due to its intimate
linkage to eating behaviors, dietary analysis

and counseling of women athletes can help in
monitoring this aspect of the female triad.
Strength training has been viewed as an
important intervention for osteoporosis, as
it assists with bone maintenance. Even more
important may be the initiation of resistance
training early in a woman's life in order to
accrue maximal bone mass and density before
adulthood. The extent of the disease will dic-
tate how effective strength training can be,
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and when exhibited in younger women ath-
letes it is usually related to one or more triad
interactions and associated behaviors.

Strength training programs have been
conducted in the face of each of these
problems.

While it is easy to oversimplify the causes
of the different components of the female
athlete triad. certain populations of athletes
may be more susceptible than others, and
the causes may vary. Many sports have very
subjective judging that involves body form
and image. Sports like figure skating, gymnas-
tics, and diving place a great deal of stress on
women, as body form is both revealed and
viewed in the scope of the competition. Some
coaches actually encourage eating disorders
by making ignorant comments and plac-
ing demands on the athlete's body mass or
body fat. Small but negative influences such
as these can have far-reaching and damag-
ing effects for some women. All coaches and
people involved in sports should therefore
be careful to avoid such statements as they
may precipitate negative consequences for a
woman's health. Strength coaches should also
be aware of these issues within the context of
the different sport-specific training programs
they are working with.

Athletes are susceptible to the female
athlete triad under the following types of
conditions:

1. Sports that are judged subjectively (i.e.,
dance, figure skating, diving, gymnas-
tics, aerobics)

2. Endurance sports (i.e., distance run-
ning, cycling, cross-country skiing)

3. Sports in which women wear revealing
clothing (i.e., volleyball, swimming,
diving, cross-country skiing, track and
field, cheerleading)

4. Weight classification sports (i.e., wres-
tling, weightlifting, rowing, some mar-
tial arts)

5. Sports where a prepubescent body is
emphasized (i.e,, figure skating, gym-
nastics, diving)

The younger the woman is when such fac-
tors come into play, the more dramatic may
be the effects. In addition, many women have
to deal with dramatic maturation processes
in sports where body form and function are
related to a more immature body type due
to the biomechanical requirements of the
sport skills (e.g,, diving, figure skating, and
gymnastics).

SUMMARY

Developing strength training programs
for women athletes requires matching the
demands of the sport to the physical attri-
butes of women. Individualization of pro-
grams to prepare a woman's body for the
sport is vital and involves addressing various
aspects of physical development. The train-
able features of muscle should be addressed
along with injury prevention as related to
women specifically (e.g., ACL injury). Power
development is vital in most sports today and
is supported by optimizing strength. Upper-
body development (both muscle strength and
size) is a primary target in order to improve
most sport performances. While only subtle
differences exist between the training of men
and women, care should be taken never to
assume that responses will be identical to a
given workout or over a training cycle. As with
mern, evaluation of progress and fine-tuning
of the exercise prescription are needed to
optimize a strength training program for
WOomern.
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chapter lo

Strength Training
for Young Athletes

Strength training for young athletes has
become more popular over the past 15
vears as parents, coaches, and sports medi-
cine professionals have come to realize its
benefits for children as young as 5 and 6 years
old. Progress up to that point had been slow

due to concerns over efficacy, safety, and
appropriateness of training protocols. If a
program is appropriately modified for young
athletes, they can participate in a wide vari-
ety of strength training programs, In addition,
the young athlete can gain health benefits in
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Resistance training for young athletes can benehit performance as well as provide health benefits to muscle
and connective tissues,

addition to the benefits of improved athletic
performance and injury prevention.

While professionals have supported the
use of strength training programs by children,
they have cautioned parents, teachers, and
coaches about the need for proper program
design, competent supervision, and correct
teaching of exercise techniques. These areas
are paramount for safe and effective resis-
tance training programs for children. Some
of the benefits (e.g., performance enhance-
ment in preadolescence) need further study
to explain anecdotal and clinical impressions,
However, greater understanding has started
to diminish unrealistic fears about children
and resistance training.

The primary questions that are asked
concerning strength training programs for
younger athletes include the following:

1. Is it safe for a young athlete to lift
weights?

2. When can a young athlete start to lift
weights?

3. Will the voung athlete gain any benefits
from lifting weights?

4. What type of program should the young
athlete use?

SAFETY AND STRENGTH
TRAINING FOR YOUNG
ATHLETES

Safety in strength training is vital for the
young athlete. Injury is primarily caused by
mistakes in the exercise technique, spotting
(or lack thereof) and/or accident. Prevention
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Obesity and Inactivity

In 1999 to 2000, 15% of children and teens aged 6 to
19 were overweight (3 times the 1980 statistics), Over
10% of children aged 2 to 5 are overweight (up from
7% In 1994). Another 15%: of children and teens are
considered at risk for becoming overweight, The aver-
age child in the United States gets <15 min of vigorous
activity a day and only 43 min of moderate activity a
day. Onaverage, children spend 17 h a week watching
TV, in addition to the time they spend playing video and
computer games.

With the high incidence of childhood obesity in the
Western world, many children cannot do simple push-
ups, pull-ups, and sit-ups. It has been shown that even
body weight exercises are difficult to parform, and the

of injury is an important factor, and reduc-
ing if not eliminating the injury potential of
a strength training program can be the most
prudent approach when training the young
athlete. The types of injuries are typically
related to the muscle and connective tissue
and can be prevented with appropriate pre-
cautions.

Primary Factors
in Avoiding Injury

The primary causes of injury in strength
training programs are mistakes in exercise
techniques or accidental injury. Each of these
can be exacerbated in young athletes if proper
instruction and supervision are not available.
Accidental injury comes from a lack of proper
weight room rules (e.g., not wearing shoes)
and from equipment failures (e.g., inadequate
construction of a bench to hold the weight
used), each of which can be addressed by a
trained strength and conditioning specialist.
Other factors that increase the potential for
injury relate to overuse injuries from inap-
propriate program design, such as young
adolescent boys doing 20 or 30 sets of arm
curls each day to develop their biceps mus-

inability to perform an exercise dramatically affects the
child's desire to exercise due to negative feedback and
lowered self-esteem. The ability to handle one's body
mass s vital to optimal athletic performance, and weight
training exarcises should be used to reduce the loading
and improve the base fitness levels of younger athletes
sothat they can develop the ability to control their body
mass in exercises like push-ups and pull-ups. Progres-
sion in various machine and lifting exercises can help
develop body mass contrel and movement, a critical
feature of athletic performance.

A strength training program can improve both body
composition and increase the child activity profile
dramatically.

cles. Young children left to their own devices
when it comes to strength training will end
up with less than optimal results. Thus, all
of the major organizations, including the
National Strength and Conditioning Associa-
tion (NSCA), American College of Sports Medi-
cine (ACSM), American Academy of Pediatrics
(AAP), and American Orthopaedic Society for
Sports Medicine (AOSSM), stress the impor-
tance of adult supervision and programs
designed by trained personnel for young
athletes. Supervised strength training has
been found to be safe and effective even for
the preadolescent athlete (Guy and Micheli,
2001). Competent supervision involves having
an individual who understands exercise tech-
nigques, exercise prescription, and the wavs
in which children differ from adults in their
needs and requirements for strength training.
While coaches and parents can help in this
process, they should be trained by a certified
strength and conditioning specialist to ensure
that all of the proper safeguards are in place
when working with young athletes.

Proper Lifting Techniques

One of the most important aspects of safety
for young athletes in the weight room is an
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understanding of proper lilting techniques. It
is also paramount that coaches know how to
teach exercise techniques to children. This
training for coaches can become demanding
as the complexity of the exercise technique
increases. Free weight lifts such as sguats,
lunges, and bench presses as well as Olym-
pic weightlifting movements such as pulls,
cleans, and snatches are incorporated into
a strength training program, and many times
the inability of the coach to properly teach an
exercise increases the potential for both acute
injury and chronic overuse injuries. Under-
standing proper exercise technique and also
the spotting requirements of the exercise is
mandatory for a safe and effective strength
training program.

Teaching proper exercise techniques is
essential for both free weight and weight
machine exercises. For extensive explana-
tions of exercise techniques, see Kraemer
and Fleck (2005), who describe over 120
exercises in detail.

Proper Spotting Techniques

Spotting for both machine and free weight
exercises is just as important as exercise
technigue. Spotting refers to an individual or
individuals whao assist the lifter as needed.
Spotters not only assist the lifter with comple-
tion of a repetition, they also assist the lifter
by correcting improper exercise technique.
Spotters are vital for a safe strength training
program. The following is a checklist devel-
oped by Kraemer and Fleck (2005) that spot-
ters should use at all times:

1. Know proper exercise technique.
2. Know proper spotting technique.

3. Be sure you are strong enough to assist
the lifter with the resistance used.

4. Know how many repetitions the lifter
intends to do.

5. Be attentive to the lifter at all times.

6. Stop the exercise if incorrect technique
is being used.

7. fincorrect exercise technique is used,
correct the technique.,

8. Know the plan of action for when a seri-
Ous injury occurs,

The major goal of spotting is to prevent
injury. A lifter should always have a spotter.
No trainee should perform resistance train-
ing without proper supervision, including a
spotter. Both you and the trainee should know
correct exercise and spotting technigues for
all exercises performed in a training program.
If trainees are responsible enough, they may
spot each other. If the child or adult cannot
spot each other, enlist the help of other
trained adults or reduce the number of people
training at one time.

Proper Equipment Fit

It is important to understand that with
yvoung athletes, equipment fit is vital to safe
training. If a child does not fit into a weight
machine properly, a host of problems can
arise including incomplete ranges of motion
for exercises, inappropriate loading stresses
leading to acute injury or overuse injuries,
and improper muscular development. When
using free weights these problems can be
eliminated or reduced, but machine fit needs
to be evaluated for each child, Most weight
machines are made for the “normative male,”
and a voung person's limb size and body size
may not match the machine. This is especially
true for machines that attempt to change the
resistance over the range of motion, called
variable resistance, as strength curves (i.e.,
patterns of force that can be produced over
the range of motion) of children will not match
those of adults and no one machine can typi-
cally fit the array of strength curves seen in
a population of young athletes. Just moving a
seat up or down or changing a pad may not fix
the situation. Along with fit is the problem of
the weight machine having too much weight
for one repetition to be performed or incre-
ments that are too great from one stack plate
to the next. If fit or loading are in doubt, come
up with an alternative free weight exercise
(see Kraemer and Fleck, 2005).

Proper Breathing Technigue

Generally the lifter should inhale just before
and during the lowering phase and exhale
during the lifting phase of each repetition. It
is important not to hold your breath when lift-
img. Holding your breath can lead o increases
in blood pressure and also reduce blood flow
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Proper Exercise Technique for Sample Exercises

The following are a few examples of exercises used in
most weight training programs for young people.

Bench Press

Start position: Lie on your back on a fiat banch.
Grasp a barbell with an overhand grip, palms facing
upward. The hands should be wider than shoulder-
width apart. The barbell is held at arm'’s length above
the upper chest, The back of the head, upper back,
and buttocks are in contact with the bench. The feet
are wider than hip-width apart and flat on the floor, The
knees are at a 80" angle.

Bench Press

Squat

Start position: Stand erect, with your feet hip-width
or slightly wider apart, feet flat on the floor and weight
on your midfeot and heel areas, toes pointing straight-
forward or slightly to the outside, head upright and
eyes |ooking forward, barbell resting on the spines of
your shoulder blades, hands grasping the barbell with
an overhand grip and palms facing forward, hands
shoulder-width apart or wider, The barbell should be
removed from a power rack or sguat rack to get into
the start position.

Movement and end position: Bend your knees
and hips in a controlled manner until the tops of your

Movement and end position: Lower the barbell to
the midchest in a controlled manner. Allow the barbell to
touch the midchest and then extend the arms, returning
the bar to the arm's-length position. The upper arms
form & 65 to 90" angle to the torso in the chest-touch
posifion. If viewed from the side, the end of the barbell
travels in a smooth arc between the arm's-length posi-
tion and the chest-touch position.

Spotting: When using light weights, one spotter can
stand behind the lifter's head and assist if necessary. |f
heavy weights are used, two spatters should assist, one
standing at each end of the bar, facing each other.

thighs are parallel to the floar. Your knees should move
forward and stay in a line above your toes as your
knees bend. Return to the start position in a controlled
manner; your torso will lean forward, but should remain
as upright as possible at all times, your feet remain fiat
on the floor, and your weight remains on your midfoot
and heel area at all times. The head stays upright, eyes
look forward at all times, and shoulders stay back at
all times.

Spotting: Sguats should be done in a power rack
or similar safety device. Two or three spofters are
recommended with one on each end and cne behind
the lifter, {continued)
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Proper Exercize Technigue for Sample Exercizes  {confinued)

Seated Cable Row

Starting position: Sit on the seat with your torso
forming approximately a 907 angle with your thighs,
feet hip-width apart and resting flat on the foot plates,
and with a slight bend in your knees, Your torso should
be upright with the back slightly arched backward, and
neck and head in line with the rest of your back. Grasp-
ing the handle with an overhand grip, elbows straight
with the handles held at arm's-length and your shoulder
Hades relaxed and separated, adjust the length of the
cable or the seal position so that resistance is felt in
the start position,

Movement and end position: Full the handle
in a controlled manner until it touches your chest.
The pull is started by pulling your shoulder blades
together and then by bending your albows. Whan the

handie touches your chest, your shoulder blades are
still together and your elbows are slightly behind your
back. Once your shoulder blades are together, they
remain 5o for the entire pulling motion and do not
separate until the end of the lowering maotion. Briefly
hold the chest-touch position and then return the
handle in a controlled manner to the start position by
first straightening your elbows and then allowing your
shoulder blades to separate.

Variations: Several types of handles allowing different
hand positions can be used, as can grips of different
widths. During the pull, height and distance of the
elbows from the body can also be varied,

Spotting: Proper positioning and maintenance of
good technique during the exercise are all that is nec-
essary, as no real spotting is required.
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Lunge

Start position: Stand erect, your feet flat on the floar
and hip-width or slightly wider apart, torso upright,
head upright and eyes looking forward, barbell resting
on the spines of your shoulder blades identical to the
barbell position during a back squat, hands grasping
the barbell wider than shoulder-width apart with an
overhand grip and palms facing forward. Remove the
barbell from a power rack or squat rack lo get into
the start position,

Movement and end position: In a controlled
manner, step straight forward with one leg so that
your feet are sfill hip-width apart after the step. The
step should be long enough so that when in the end
position, the knee of the leg that stepped forward is
above your midfoot area and not in front of your toes
or behind your heel, In a controlled manner, bend the
knee of the leg that stepped forward until the knee of
your rear leg almost touches the fioor. The foot of the
leg that stepped forward remains flat on the floor at all
times, while your rear foot can rise up onto your toes
as the front leg is bent. After bending the front leg,
straighten it in a controlled manner but do not lock the
knes. Repeat this motion until the desired number of
repetitions are completed. After completing the desired

number of repetitions, push off the floor with your frent
leq, and with two short backward steps of your front leg
return to the start position. Repeat the exercise motion
with the opposite leg for the desired number of repeti-
tions. The torso should remain as upright as possible
throughout the exercise motion.

Spotting: Technigue is vital. Some common tech-
nigue flaws include the following: the step forward
is too short so that the knee of your stepping leg is
in front of the toes when the knee is bent; the step
forward is too long so that the knee of your stepping
leg is behind your heel when the knee is bent; your
feet aren’t hip-width apart after completion of the step
forward, which causes difficulty in maintaining balance
during the exercise motion because of a narrow base
of support; and you don’t keep your torso as upright
as possible, which places undue stress on the lower
back. When it comes to spotting and safety for all
lunges, a step forward that is not of the correct length
places undue stress on the knee of your stepping leg.
Two spotters, one at each end of the bar, are recom-
mended (barbell lunge). With a dumbbell lunge, no
spotting is normally needed. The dumbbell lunge is
easier to perform than the barbell lunge because it
is easier to keep your torso upright, thus reducing
lower back strain.
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to the brain, resulting in light-headedness or
fainting, which can result in injury. Because
lifting maximal or near-maximal resistances
is not the goal of weight training programs
for children, there is no need for excessive
breath holding. Proper breathing should be
taught and encouraged at all times.

Types of Musculoskeletal
Injuries

Resistance training in children, as with most
physical activities, does carry some inherent
risk of musculoskeletal injury, yet this risk is
no greater than that of many other sports or
recreational activities in which children reg-
ularly participate. In one prospective study
that evaluated the incidence of sports-related
injuries in children over a 1-year period, resis-
tance training resulted in 0.7% of 1,576 inju-
ries, whereas football and basketball resulted
in 19% and 15%, respectively, of all injuries.
When the data were evaluated in terms of 100
participants, football (28.3% of injuries) and
wrestling (16.4% of injuries) were at the top of
the list, but strength training was not included
in this final analysis. However, the possibil-
ity of acute and chronic injuries to children’s
growth cartilage has been a valid concern.
Therefore, a strength training program for
voung athletes should not focus primarily
on lifting maximal or near-maximal amounts
of resistance, Again, proper technique must
always be stressed because most injuries in
resistance exercise are related to improper
exercise technique (see Kraemer and Fleck,
2005, for exercise techniques). Young athletes
need time to adapt to the stress of resistance
training, and some children find it difficult to
train or don’t enjoy training at a particular
age, Interest, growth, maturity, and under-
standing all contribute to a child's view of
exercise training.

Growth-Cartilage Injury

In addition to the possibility of injury nor-
mally associated with adults, the prepubes-
cent individual is subject to growth-cartilage
injury. Growth cartilage is located at three
sites: (a) the epiphyseal plate or growth

plate, (b) the epiphysis or joint surface,
and (c) the tendon insertion or apophyseal
insertions. The long bones of the body grow
in length from the epiphvseal plates located
at each of the long bones. Due to hormonal
changes, these epiphyseal plates ossify after
puberty. After ossification, growth of the
long bones is no longer possible. Thus, an
increase in the height of an individual is also
no longer possible. The epiphysis acts as a
shock absorber between the bones that form
a joint. Damage to this cartilage may lead toa
rough articular surface and subsequent pain
during movement of the joint. The growth
cartilage at apophyseal insertions of major
muscle, tendon, and bone units ensures a
solid connection between the tendon and
bone. Damage to the growth cartilage at this
site may cause pain and also increase the
chance of separation between the tendon and
bone. All three growth-cartilage sites are more
susceptible to injury during the adolescent
growth spurt due to factors such as increased
muscle tightness across joints.

Acute Injury

Acute injury refers to a single trauma caus-
ing an injury. Acute injuries to the skeletal
system like growth-cartilage damage or bone
fractures are very rare during strength train-
ing, The most common acute injury risk for
prepubescent weight trainers, as in adults, is
muscle strains. Strains are many times the
result of not warming up properly before a
training session. Several sets of an exercise
should be performed before performing the
true training sets of a workout. The other
common cause of muscular strain is attempt-
ing to lift too much weight for a particular
number of repetitions. Young athletes should
he instructed that the number of repetitions
per set is a guideline as to the acceptable
number of repetitions to perform.

Cases of epiphyseal plate fractures in prepu-
hescent weight trainers have been reported.
This area is prone to fracture in children
because the epiphyseal plate has not yet ossi-
fied and does not have the structural strength
of mature adult bone. All of these case reports
involved overhead lifts (i.e., overhead press,
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clean and jerk) with near-maximal resistances,
These case reports reveal two precautions
for prepubescent programs. First, maximal
or near-maximal lifts (1EMs) should not be
stressed in prepubescent athletes, especially
in unsupervised conditions. Second, because
improper form is a contributing factor to any
injury, proper form of all exercises (particu-
larly overhead lifts) should be emphasized
with young trainees.

Peak fracture incidence in boys occurs
between the ages of 12 and 14 years and
precedes the age of peak height increase or
growth spurt. It appears the increased fracture
rate is due to a lag in cortical bone thickness
and mineralization compared to linear bone
growth. Therefore, controlling the resistance
used by boys during weight training between
the ages of 12 and 14 yvears is important. This
same line of evidence may also apply to girls
between the ages of 10 and 13 vears.

Acute trauma can cause low back problems
in adults as well as children. In resistance
training acute trauma may be caused by lift-
ing maximal or near-maximal resistances and
attempting to perform too many repetitions.
In many cases, back pain is associated with
improper form in the squat or deadlift. While
performing these exercises, it is essential to
keep the back in an upright position, using
the legs as much as possible. This keeps the
torque on the lumbar region low, protecting
the lower back from excessive stress.

Chronic Injury

Chronic injury, or overuse injury, refers to
repeated microtraumas causing injury. Shin
splints (injuries to the front lower leg) and
stress fractures are common overuse inju-
ries. Improper technique over long periods
of time can create overuse injuries (e.g., use
of variable resistance machines that do not
fit the child).

It is possible to damage all three growth-
cartilage sites due to physical stress. As an
example, repeated microtrauma to the shoul-
der due to baseball pitching results in damage
to the epiphyseal plate of the humerus. This
damage causes pain with shoulder movement
and is often called Little League shoulder. The

growth cartilage on the articular surface of
prepubescent joints is more prone to injury
than that of adults. This is especially true
for the articular cartilage at the ankle, knee,
and elbow. Osteochondritis dissecans is a
disorder in which a fragment of cartilage and
subchondral bone separates from an articular
surface. The knee is most commonly affected,
but the elbow and ankle may also be involved.
Repeated microtrauma appears to be respon-
sible for many cases of osteochondritis disse-
cans at the elbows of young baseball pitchers
and the ankle joints of young runners. The
growth cartilage at the site of a tendon inser-
tion onto a bone may be connected to the
pain associated with Osgood-Schlatter dis-
ease. Although the cause of Osgood-Schlat-
ter disease is not completely known, there
is increasing evidence that it may in part be
due to tiny avulsion fractures (i.e., pulling
the tendon from the bone). Similar injuries
in adolescents could be related to improper
resistance exercise technigue.

Repeated microtrauma can cause a com-
pression fracture of the vertebrae resulting in
pain. During the growth spurt many children
have a tendency to develop lordosis of the
lumbar spine. Lordosis is an increased cur-
vature of the normally curved lumbar spine.
Excessive lordosis may cause an extreme
inward curve in the lower back. This condi-
tion is also called swayback. Several factors
contribute to lordosis, including enhanced
growth in the anterior portion of the verte-
hral bodies and tight hamstrings. Not every
lordosis requires medical treatment. However,
when the curve is rigid (fixed), medical evalu-
ation is warranted.

Back Injury

Back problems due to resistance training
can be minimized by performing exercises
that strengthen the abdominal muscles (e.g.,
sit-ups) and back musculature (e.g., good
morning exercises, back hyperextensions).
Strengthening these areas will aid in main-
taining proper exercise technique, reducing
stress on the lower back. When performing
exercises to strengthen the lower back, the
resistance should be at a light to moderate
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intensity that allows the performance of at
least 1() repetitions,

There is the potential for a catastrophic
injury if safety standards for vouth resis-
tance training such as adult supervision,
safe equipment, and age-specific training
guidelines are not followed. In one case study
a 9-year-old boy died when a barbell rolled off
a bench press support and fell on his chest.
This fatality underscores the importance of
providing close adult supervision and safe
training equipment for all youth resistance
training programs, but especially for younger
children.

Any exercise or activity recommendations
for children have risks as well as benefits.
Although resistance training injuries may
occur, the risk can be minimized by close
adult supervision, proper instruction, appro-
priate program design, and careful selection
of training equipment. There are no justifiable
safety reasons that preclude prepubescents
or adolescents from participating in such a
resistance training program.

WHEN TO START

A prerequisite for the development and
administration of safe and effective youth
resistance training is an understanding of
established training principles and an appre-
ciation for the physical and emotional matu-
rity of children. Although there is no minimum
age requirement at which children can begin
resistance training, a child must be mentally
and emotionally ready to comply with coach-
ing instructions and undergo the stress of a
training program. In general, if children are
ready for participation in sport activities, then
they are ready for some type of resistance
training. A medical examination before par-
ticipation is desirable,

Psychological Maturity

Psychological maturity as well as the desire
to participate in such conditioning programs
frame the quality of any strength training pro-
gram. [f voung athletes do not understand why
such programs are important or do not have

the maturity to participate in a strength train-
ing program, success will be limited, and no
young athlete should be forced to lift. Intense
training is not for all young athletes, and
burnout is a well-established phenomenon in
yvouth sport. Forcing yvoung athletes to under-
take training programs that are beyond their
physical and emotional capabilities will not
result in long-term suceess, Exercise should
become part of a lifestyle and negative asso-
ciations with it should be eliminated.

Physiological Maturity

If athletes are mature enough to participate
in a sport, they should understand the need
to condition their body to take on the rigors
of the sport. As with any other athlete, the
child’s body must be prepared to meet the
demands of competition. Children may par-
ticipate in two or three sports at the same
time (for example, soccer, karate, and bas-
ketball). This puts a tremendous stress on
the young athlete's body and finding time to
perform resistance training becomes impos-
sible at times. In a society with a great deal of
what psychologists call hyperparenting, time
schedules may be limited at best and strength
training is often the first activity jettisoned
from the schedule. A reexamination of a yvoung
athlete’s schedule is warranted to make time
for this aspect of sport participation. Even
today many voung athletes go into a competi-
tive season with little or no physical prepara-
tion to meet the demands of the sport. The
incidence of injury in all vouth sports has seen
dramatic increases over the past 10 years due
to greater participation. Thus, a distinet need
has emerged, the need to better prepare these
young athletes’ bodies to tolerate the practice
and competitive stresses of sports.

Strength, Physical Growth, and Maturity

During childhood, many physiological
changes related to growth and development
occur dynamically and rapidly. Muscular
strength normally increases from childhood
through the early teenage years, at which time
there is a striking acceleration of strength in
boys and a general plateau of strength in girls.
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It should be remembered that the maximal
force exerted by a muscle is quite different
from the force exerted on the environment.

Strength gains that occur from inadequate
workout stimuli may be indistinguishable
from gains due to normal growth and devel-
opment. If you want to see improvements
beyond normal growth, prolonged periods of
time and appropriate intensity and frequency
of training must be employed.

Convincing evidence now exists that
strength training is effective in youth (Krae-
mer and Fleck, 2005). Study upon study has
shown that properly designed resistance
training programs can facilitate the develop-
ment of strength in prepubescents and ado-
lescents beyond that which is normally due
to growth and development. Young children at
the age of 6 years have derived benefits from
resistance training, and studies have been as
long as 9 months in duration. To date, there
is no clear evidence of any major difference
in strength as measured by selected strength
tests between prepubescent boys and girls.

Many aspects are involved in the growth
and development of a young athlete. Growth is
not based on one single factor such as height.
Many factors influence development and [it-
ness gains including genetic potential, nutri-
tion, and sleep. Maturation has been defined
as progress toward adulthood. Several areas
can be considered when examining the matu-
ration of a child:

* Physical size

* Bone maturity

* Reproductive maturity
* Emotional maturity

Each of these areas can be clinically evalu-
ated. It is common for the family physician to
make various assessments as to the develop-
ment of a child in these areas. Each individual
has a chronological age and a physiological
age. Physiological age is the most important
as it determines functional capabilities and
performance, and this should be considered
when developing a strength training program.
Physiological age is related to the rate of
maturation of a child, which can vary among

Maim Suleymanoglu ("Pocket Hercules™), Olymipic
champlion 1988, 1992, and 1996, Voted the best
welghtlifter of the 20th century, he was the first ath-
lete to clean and jerk three times his body weight,
which he accomplished when he was 16.

children as maturity progresses differently
over a chronological time frame,

Physiological Mechanisms
for Strength Development

Neural mechanisms appear to be the primary
mechanism that mediates strength improve-
ment in prepubescents. Several training stud-
ies have reported significant improvements
in strength during prepubescence without
corresponding increases in gross limb mor-
phology. Without adequate concentrations
of circulating growth factors and androgens
to stimulate increases in muscle size, prepu-
bescents appear to experience more difficulty
increasing their muscle mass as compared to
older individuals. Thus, programs should not
emphasize such goals in prepubescent train-
ing programs.
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Without corresponding increases in fat-
free mass, it appears that neural adapta-
tions (i.e., a trend toward increased motor
unit activation and changes in motor unit
coordination, recrultment, and firing) and
possibly other intrinsic muscle adaptations
appear to be primarily responsible for train-
ing-induced strength gains during prepubes-
cence. Enhancements in motor skill perfor-
mance and the coordination of the Involved
muscle groups may also play a significant
role because measured increases in training-
induced strength are typically greater than
changes in neuromuscular activation.

Of dramatic influence is the role of testos-
terone secretion in boys compared to girls.
During puberty testicular testosterone secre-
tion in boys is associated with considerable
increases in lean tissue mass as well as other
sex-linked changes in shoulder width and facial
hair. Training-induced strength gains during
and after puberty in boys are reflected by this
dramatic increase in clrculating testosterone
(see figure 10.1). It has been demonstrated
that in order for young boys (1417 years of
age) to see a dramatic increase in testosterone
after a workout, 2 years ol training are needed
{Krasmer and Fleck, 2005).

Other hormone and growth factors (e.g.,
growth hormones, insulin, and insulindike
growth factors) are also involved with ana-

Testosierone boys

Upper-body mnnﬂ'-bws\.,

Testosterona and uppar-body strength
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The most rapid phase of growth occurs in utero. This
rate ranges from 0.5 to 2.5 cm/week. Subseguently,
postnatal growth is divided into three distinct phases:;
infancy, childhood, and puberty. During the first few
years of life, the mean growth rale is 15 cm/fyear.
This so-called infancy growth rate is dependent on
fetal growth factors and contributes a mean of 78 om
to final adult male height. The growth rate slows in
childhood, generally by 3 years of age, to an average
rate of 6 cm/year. The childhood component of growth
depends on growth hormaone and contributes 85 cm of
final height, The pubertal growth rate, which increases
o a mean of 10 cm per year, is sex-stercid dependent,
both by directly affecting growth as well as by augment-
ing growth hormone and IGF production.

WA e L e————

bolic signals in the body and may be espe-
clally important for muscular development in
women. The growth hormone and insulin-like
growth factor-1 (IGF-1) axis is recognized as
both complex and polymorphic. This axis is
composed of signal hormones coming from
the hypothalamus to stimulate the release
of growth hormeoene from the anterior pitu-
itary gland. Released growth hormone then
circulates in the blood and can stimulate the

A Testosterone and upper-body strangth

'

Testostercne girls
Uppar-body strength gifls

Puberty

Age (yrs)

15 20

Figure 10.1 Theoretical relationships between bovs and girls for resting testosterone concentrations and

upper-hody strength.
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physiological development if given enough
time, especially during the growth years of
prepubescence and adolescence.

In one study, after 20 weeks of strength
training, maintenance performed once a week
was not enough to maintain the strength gains
of prepubescent boys, while a maintenance
program of 1 day a week was just as sufficient
as 2 days a week in retaining the strength gains
made after 12 weeks of resistance training in
a group of pubescent male athletes. Clearly,
maore information is required before specific
training recommendations for maintenance
can be made,

Nevertheless, it is apparent that for young
athletes to maintain a physical advantage
over their untrained peers, continued train-
ing of more than | day a week is needed.

Improved Sport Performance

Improvements in selected performances
have been reported in children lollowing
resistance training programs. Several stud-
ies have reported increases in the long jump
or vertical jump and decreases in sprint
and agility run times. In contrast, reports
of significant increases in strength without
concomitant improvements in selected
sport skills following a few weeks of strength
training have also been reported, indicating
a lack of transfer from the strength training
program to the sport skills. Since the effects
of resistance training are dependent on the
duration, frequency, speed, and volume of
the training stimulus, program design that is
not specific enough may explain the lack of
successful transfer.

When considering the influence of a strength
training program on a sport skill, one must
remember the principle of specificity. It
appears that training adaptations in young
athletes, like adults, are specific to movement
pattern, velocity of movement, contraction
type. and contraction force. How well the
training programs match the biomechanical
movement will determine in part the amount of
transfer to the sport skill. Young athletes must
also practice sport-specific skills, This begs the
question as to when a young athlete should
start to use sport-specific training methods.

The answer to this question depends on the
age of the athlete and how well the athlete has
established a solid strength base to work from
using core exercises.

While conclusions regarding the elfects
of strength tralning on sport performance
during prepubescence and adolescence
remain equivocal due to experimental design
problems and limited training time to differen-
tlate performance effects that have high skill
components, physical development is cer-
tainly enhanced. Collectively, limited direct
and indirect evidence as well as ohservations
from older populations indicate that a com-
monsense sport-specific resistance training
program will result in some degree of improve-
ment in athletic performance, Curtailment of
preseason and in-season practice sessions to
allow time for sport preparatory resistance
training seems reasonable providing that the
training program is competently supervised,
progressive, and of sufficient duration and
intensity. In addition, periodized training
programs in research designs are needed
to optimize programs, especially long-term
training programs,

Reduced Injury Risk

Children cannot “play” themselves into shape,
because the loads and demands of sport
activity do not stimulate improved muscle
and connective tissue growth and strength.
Therefore, one of the greatest benefits of
youth resistance training may be its ability
to better prepare children for participation in
sport and recreational activities, thus reduc-
ing Injury risk.

Parents and coaches may share the desire
to reduce injury risk through strength train-
ing, but improvement in sport performance
also plays an important role in their interest
in having young athletes participate in this
form of supplemental conditioning. Young
athletes primarily view strength training from
an improved sport-performance perspective
and because many have seen role models in
high school and college participate in such
training. Professional organizations that seek
to decrease the incidence of injury from sport
and strength training can play a vital role in


http://www.go2pdf.com

MISSING PAGES: 205-207


http://www.go2pdf.com

B — .

T L e Ty . -ar

NSCA's Position on Strength Training for Young Athietes
The following set of guidelines for development of
sirength training programs has been established by
the NSCA (Faigenbaum et al., 1996).

« Each child should feel comiortable with the
prescribed program and should look forward
to the next workout. If a child has concarns or

= Each child should be physiclogically and psy-
chologically ready to participate in a resistance
training program.

+ Children should have realistic expactations.
Remind children that i takes time to gel in
shape and learm a new skill.

» The exercise environment should be safe and
froe of potential hazards.

+ The exercise session should include 5 to 10 min
of warm-up and cool-down exarcises (e.g., low-
intensity aerobic exercise and siretching).

¢ The exercise equipment should be in good repair
and properly sized to fit each child.

« All training sessions must be closely supervised
by experienced fitness professionals. Ideally,
these fitness profassionals will possess certifica-
tions from national and recognized organizations
(e.g., NSCA).

» Careful and competent instruction regarding
exercise technique, training guidelines, and
spotting procedures should be presented to all
Children,

* Weight room etiquette (e.g., returning weights
to the proper place and respecting physical dif-
ferences} should be taughl to all children,

= Start with 1 set and 6 to 8 body-part exercises.
Begin with relatively light loads (12-158M) to
allow for appropriate adjustments to be made.

+ The resistance should be gradually increased
as strength improves. A 5 to 10% increasa in
overall load is appropriate for most children,

+ Progression may also be achieved by gradu-
ally increasing the number of sets, exercises,
and training sessions pear week (i.e., training
volume). As a general guideline, 110 3 sets of 6
to 15 repetitions of § io 10 exercises performed
2 to 3 nonconseculive days per week is recom-
mended. Throughout the program, cbsenve each
child's physical and mental ability to tolerate the
prescribed workout.

208

problems with a training program, the fitness
professional is expected to make the appropri-
ate modifications.

* Following 6 to 8 weeks of general resistance
lraining, specific multijoint structural exarcises
{bench press, squat, leg press) may be intro-
duced into the training program based on
individual needs and compelencies. When per-
forming any new exarcise, starl with a relathvely
light weight (or even a broomstick) 1o focus on
leaming the correct technigue while minimizing
muscle soreness.

+ Following several months of resistance training,
advanced multijoint structural exercises (e.g.,
Olympic lifts and modified cleans, pulls, and
presses) may be incorporaled into the program
provided that appropriate loads are used and
the focus remains on proper form. The purpose
of teaching advanced multijoint lifts to chitdren
should be to develop neuromuscular coording-
tion and skill technigue. Explosive movements
with heavy resistance shoutd be avoided during
prepubescence but may ba introduced with cau-
tion during adolescence.

* |f a child seemns anxious about trying a new axer-
cise, allow the child to watch a demonstration of
the exercise, Teach the child how to perform the
exercise and kisten 1o each child's concarns.

* |ncorporate the concept of periodization into a
child's training program by systematically varying
the resistance training program throughout the
year.

+ Discourage interindividual competition and focus
on participation with lots of movement and posi-
tive reinforcement.

* Make sure that each child enjoys resistance
training and is having fun. Do not force a child
to participate in a resistance Iraining program.

* Instructors and parents should be good role

modeis. Showing support and encouragement
will help to maintain interest.


http://www.go2pdf.com

Strength Training for Young Athletes 209

= Children should be encouraged to dnnk plenty
of fluids before, during, and after exarcise.
* Encourage children to participate in a variety of
sports and activities.
Age-specific training guidelines, program variations,
and competent supervision will make resistance train-
ing programs sale, efiective, and fun for young athletes.

Instructors must understand the physical and emotional
uniqueneass of each child, and, in turn, children must
appreciate the potential benefits and risks associated
with resistance {raining. Although the needs. goals,
and interests of children will continually change,
strength training should be considered a fundamental
and beneficial componant of youth filness and sport
programs.

Reprinted, by permission, from National Strength Coaches Association.
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be ready to participate in a strength training
program and understand what is necessary
in order to gain maximal benefits,

Exercise Classifications

Exercises can be classified In a number of
ways.

* Single-joint exercises only require the
stimulation of muscles around one
joint,

& Multijoint exercises use coordinated
movements around more than one
joint,

& Machine exercises fix the path of move-
ment and the yvoung athlete must fit the
equipment used. No balance is needed
that limits the use of assistance mus-
cles.

* Free weight exercises do not fix the path
of movement and they require balance
and coordination to lift the weight and
balance the moving mass. This requires
the activation of many additional mus-
cles for stabilizing the body position and
assistant movers to help with the lift.

* Structural exerclses require the whole

body to lift the weight and require coor-
dination in a multijoint exercise.

Examples of these different types of exer-
cises can be seen in figure 10.2,

Program Variables
Initially, the resistance used for each exer-

cise should be such that the minimum rec-
ommended number of repetitions can be

performed. Once it is possible to perform
the maximum number of repetitions the
resistance is increased so that again the
minimum number of repetitions can be per-
formed. Form and spotting technigues should
be continually stressed. The exercises should
be performed in a controlled manner, which
helps prevent injury due to losing control of
the weights and also prevents damage to the
welght stack of a machine or the free weights.
Understanding how to perform an exercise
and how to spot it is the first step in a suc-
cessful strength training program, especially
for young athletes.

Since the goals of a resistance training
program are specific to the individual needs
of each child, programs will differ, Various
combinations of the acute program varl-
ables (i.e., choice of exercise, order of exer-
cise, resistance used, number of sets, rest
period lengths between sets and exercises)
have proven to be safe and effective for chil-
dren, provided that program developers use
scientific information, established training
principles, and common sense. Young athletes
must perform all exercises using the correct
technique, and the exerclse stress (resistance
and rest periods) must be carefully monitored
toensure that each child is tolerating the pre-
scribed training program. The ideal approach
is to incorporate resistance training into a
periodized conditioning program in which
the volume and intensity of training change
throughout the year. Instructors must recog-
nize the normal variance in maturation rates
of young athletes and be aware of the genetic
predispositions for physical development,
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Fligure 10.2 Exercises are classified by the type ol equipment used and the number ol joints that are
involved. (a) The leg curl is a singlejoint, fixed-form weight machine exercise. (b) The leg press is a multi-
joint, fixed-form welght machine exercise. (c) The bilateral biceps curl is a free welght. free-lorm single-joint
exercise. (d) The high pull exercise is an example of a free welght, free-form, multijoint structural exercise.

Children must not be treated as small adults,
nor should adult exercise guidelines and train-
ing philosophies be imposed on children.

Sample Program

The following sample program for football
demonstrates some of the principles dis-
cussed in this chapter. As with any sample

program, use it only as a guideline for dii-
ferent aspects of various sports. For more
program proliles, see Kraemer and Fleck
(2005).

Playing football requires speed, strength,
and power. The requirements for each posi-
tion are somewhat different; yet improving
these three factors with resistance training
can enhance sport performance and prevent
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Strangth Training Program for Football  {continued)

Additional or Replacement Exercises
* Narow-grip bench press
* Seated row or bent-over rowing
* Bench press
« Wrist curl
» Deadlift
Advanced Exercises
+ The lifter should perform no more than 5 repeti-
tions per set using B- to 10RM resistance for
advanced exercises. If an advanced exercise is

used, it should be parformad at the start of the
training session.

* Power clean or clean pull from knee or thigh
el

* Power snalch or snatch pull from knee or thigh
level

Preseason Program Notes

* Format: Set—repetifion

* Number of sets: 3

+ Fesistance: 8- to 10RM

* Rast periods between sels and exerclses. 1.5t
2 min

+ Repetitions per set for abdominal exercises: 20
to 30

In-Season Program

Warm-Up: General exercise consisting of jogging or
cycling for about 5 min followed by a general stretch-
ing routne.

Exercises
The lifter perdorms exercises in the order listed.
* Overhead press
= Back squat
+ Banch press
s Knee curl
* Meck exercise

212

* Knes extension

« Shouldar intarnal rotation and shoulder extarnal
rolation

« Abdominal exercise
Approximate Time
* One fo two training sessions per week with at
least 1 day separating sessions
« 25 to 45 min per session
Additional Injury-Prevention Exercises
= None
Additional or Replacement Exercises
* Incline bench press
* Seated row
* Lat pull-down
* Lunge
* Front squal
¢+ Calf raise
» Narrow-grip bench press
Advanced Exercises
* The lifber should perform no more than 5 repeti-
tions per set using an 8- to 10RM resistance for
advanced exercises. If an advanced exercise is
used, it shouid be performed at the beginning
of the training session.
* Power clean or clean pull from knee or thigh
lewved
= Power snatch or snatch pull from knee or thigh
lenved
In-Season Program Notes
= Format: Set-repetition or Grcuit
+ Number of sets or circuits: 2 1o 3
+ Resistance: 8- to 10RM
» Rest periods between sets and exercises; 1 fo
2 min
* Fepetitions per set for abdominal exercises: 20
to 30
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A strength training program for young football play-
ers should focus on Improving speed, strength, and

power,

injury. In this sport the young athlete must
be physically prepared to play in such a way
that prevents injury. Quarterbacks need to
focus on exercise for the shoulders. All play-

ers need to perform exercises for the neck,
shoulders, knees, and ankles, areas where
injuries frequently occur.

SUMMARY

Strength training can be an effective and
important part of a young athlete’s condi-
tioning program. It has been shown to be
effective for children of all ages if proper
program design principles are followed.
Correct exercise techniques and spotting
are required for optimal safety, along with
competent adult supervision. Core strength
and power development is needed along with
sport-specific training to facilitate carryover
to sport performance. In addition, strength
training can provide many health and fitness
benefits, from the development of a solid exer-
cise habit to improved bone health, Success-
ful results are a function of optimal program
design and implementation.
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Strength Training
for Senior Athletes

Dranmtic changes occur in the sixth
decade of life, but physical training,
including strength training, can elevate
the function and physiological status of
individuals well above their expected aging
curve, Recent evidence indicates that muscle
responses to resistance training are rapid

and the plasticity of muscle is maintained
into older age. Strength training may be one
of the more dramatic conditioning maodali-
ties to help fight the aging process, allow
greater functionality for everyday activities
and sport performance, and improve health
profiles of older adults (Hikkinen, 2003). Pro-
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ages, a decline in physical capabilities
occurs. With strength training the ability
to maintain function is promoted. Figure
11.1 shows the typical aging curve for
men with age and how strength training
elevates this function above that of non-
trained individuals.

Older strength athletes have demon-
strated impressive physical capabilities.
Power lifting world records for men in the
60+ age category are as follows: 164 kg
for the bench press, 203 kg for the squat,
and 282.5 kg for the deadlift. The world

records for younger men in the open divi-

Strength training, such as functional isometric training for  gion are as follows: 287.5 kg for the bench

the low back, can enhance physical function and fight the
negative effects of aging, especially after the sixth decade

of life.

gressive resistance training principles can be
maintained into old age and progression is
still possible (Kraemer et al., 2002; Fleck and
Kraemer, 2003). Athletes must be ready to
take on the rigors of competition, as injuries
in the older athlete take longer to heal and
can radically and permanently affect physi-
cal performance. Thus, physical preparation
and attention to detail in sport performance
skills are vital. Strength training can provide
the needed physical development to tolerate
the stresses associated with sport practice
and competition.

AGE AND ITS EFFECTS
ON STRENGTH AND POWER

Aging is a function of genetics, but it is also
influenced by physical activity profiles, The
most dramatic problem with aging beyond
pathologies is disuse syndromes that can
affect many different physiological systems
and both form and function in the human
body. Improvements in muscle, bone, immune,
endocrine, and cardiovascular systems can be
realized by following conditioning programs
that are properly prescribed and progressive
over time (Singh, 2004).

The main challenge facing older adults
is to maintain the magnitude of physical
function and capability with aging. As one

press, 423 kg for the squat, and 390 kg
for the deadlift. This demonstrates the
dramatic range of capabilities across age,
and the evidence indicates that muscle
is still responsive to resistance training at all
ages. Interestingly. Anton et al. (2004), who
examined various records from both power
lifting and weightlifting, have found that

1. peak anaerobic muscular power, as
assessed by peak lifting performance,
decreases progressively from even ear-
lier ages than previously thought;

2. the overall magnitude of decline in peak
muscular power appears to be greater
in tasks requiring more complex and
powerful movements;

3. agerelated rates of decline are greater
in women than in men only in the events
that require more complex and explo-
sive power; and

4. upper- and lower-body muscular power
demonstrate a similar rate of decline
with age.

Older Athietes Benefit
From Sport Participation

Athletic participation has many benefils for the older
athlete in terms of continued participation in society.
Older athletes suffer less tension, fatigue, depression,
confusion, and anger and have improved vigor,
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Figure 11.1 Changes with age in IEM squat strength in men.

Thus, as shown in figure 11.1, aging affects
neuromuscular function but the magnitude
of loss in a trained individual is far less than
that in an untrained individual. It appears that
continued strength training may be needed to
maintain its benefits into older age.

As with any activity the key is to get
involved with that activity early in life, and
strength training is no different. Early par-
ticipation in a strength training program will
influence the absolute magnitude of physical
strength and power an individual is capable
of producing (see chapter 10). In addition,
neurclogical learning and robust physiologi-
cal capabilities can enhance maturation and
growth. Training during younger vears, even
from preadolescence, affects many develop-
mental factors at crucial times in life (e.g.,
adolescence). Just as dramatic changes in
endocrine function occur at the beginning
of maturity for boys and girls, significant
changes in endocrine function occur later
in life during andropause (i.e., reduction in
male hormones that usually occurs around
the age of 50) in men and menopause (i.e.,
cessation of menstruation, usually between
the ages of 45 and 55) in women. These are all
important physiological markers of changes
in the endocrine system and occur at differ-
ent chronological ages. These periods have
been called trigger points in physical devel-
opment, as they mediate the robustness of
the body’s response to physical change and
development,

Loss of Physiological Potential

The loss of muscle fibers with age and the
destruction of viable motor units can both
lead to muscle weakness. The greatest losses
appear to take place in the high-threshold,
fast motor units, which may be more sus-
ceptible to disuse over time. This loss is
especially dramatic in women, who start out
with a lower number of muscle fibers to begin
with. Sarcopenia is the loss of muscle fiber
size and whole muscle mass that results in
diminished strength with age. As noted, it is
part of a normal aging process even in master
athletes. However, function can be maintained
above the norm with the use of a strength
and power training program. Inactivity may
accelerate programmed cell death (i.e., apop-
tosis) when cells reach a critical minimal cell
size, and significant sarcopenia contributes
to aloss of function, to greater risk of illness,
and to mortality. The causes of sarcopenia
are unclear, but four important factors have
been implicated:

1. Loss of alpha motor neurons

2. Decline in muscle cell contractility

3. Changes in hormonal factors, such as
androgen and estrogen withdrawal

4. Increase in production of catabolic
cytokines

It appears that even in older athletes such
changes occur, albeit on a much lower level.
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Strength and power training influences the
function and integrity of the underlying cells,
tissues, and physiological systems that are
paramount for maintaining functional abilities
needed for performance.

Cell Size Hypothesis

It is possible that each cell in the body has
a minimum size that is set by genetic predis-
position. When a cell shrinks below this size,
cell death may occur. The loss of muscle fibers
with aging may be a result of muscle cell death
or loss of contact with the nerve, resulting in
denervation. Muscle fibers are lost with age,
but other fibers undergo a reinnervation
process with increased activity. Lost muscle
fibers are subsequently replaced with fat or
fibrous connective tissue. The loss of muscle
fibers compromises the individual motor
unit’s functional ability to produce force and
affects basic metabolic functions of the entire
muscle (such as caloric expenditure, which is
reduced due to reduced muscle mass).

Critical Age-Dependent Thresholds
for Strength Loss

Under normal conditions strength perfor-
mance appears to peak between the ages of
20 and 30, after which changes in strength
remain relatively stable or slightly decrease
over the next 20 years. It is in the sixth decade
of life when a more dramatic decrease occurs
in both men and women. This decrease may be
more dramatic in women, and cross-sectional
studies may have seriously underestimated
the magnitude of strength loss with age. This
magnitude may be due to alower level of abso-
lute muscle fiber size with age. Figure 11.2
demonstrates the loss in the cross-sectional
area (CSA) of type Il fibers with age.

It appears that muscle strength loss is most
dramatic after the age of 70, Cross-sectional as
well as longitudinal data indicate that muscle
strength declines by approximately 15% per
decade in the sixth and seventh decades and
about 30% thereafter. Maintenance of higher
physiological and functional abilities appears
to be mediated only with maintenance of
training. As force is the product of mass and
acceleration, in order to optimize force stimuli
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Figure 11.2 Changes in C3A of type [l muscle fibers
of vastus lateralis in men and women with age (n =
12 in each group). The C5A in men was significantly
greater than in women at each age (p < .05).

Unpublished data from Dr. Kracmer's laboratory.

some accelerative emphasis should be used
in training.

Power Production Loss

It has been known for over a decade that the
ability o produce power is an important phys-
ical capability in the older adult, especially
the older athlete. Correlations have been
observed in both men and women between
various measures of power and functional
abilities. As already described in this book,
power is specific to task characteristics,
with load and percent of maximum strength
determining the actual power output needed
to complete a task.

Younger men and women have the abil-
ity to produce force more rapidly than their
older counterparts. Force productions in the
(200 msec range on the force-time curve
are compromised by age. This is most likely
due to absolute losses in fasttwitch alpha
motor units or a decrease in other size fac-
tors. As shown in figure 11.2, the cross-sec-
tional size of type Il muscle fibers and thus
the contractile proteins decrease with age.
Such differences can be seen when compar-
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ing a span of ages for men and women. This
characteristic may decrease even guicker
than 1RM strength due to the inherent reli-
ance upon very high-threshold motor units,
which are complemented with type Il muscle
fibers. It has been estimated that such rapid
force production capabilities may be lost at a
rate of 3.5 to 4.5% a year from the ages of 65
to 84 years with up to 50 to 70% loss in power
capability from 20 to 75 years of age depend-
ing upon the starting physiological profile of
an individual. Vertical jump power and per-
formance have been lost with age, reflecting
the loss of elastic components of connective
tissue. In addition, cell dehydration and water
loss with age along with sarcopenia may help
explain such age-related decrements in power
performances.

Underlying Reasons
for Strength Loss With Age

Many different studies have indicated that a
decrease in muscle mass is the primary reason
for the reduction in force production capabili-
ties with age. This can even be observed in
individuals who train but do not optimize
force production with their loading routines.
It appears that this effect on muscle mass is
independent of muscle location (upper versus
lower extremities) and function (extension
versus [lexion). The decline in muscle mass
is due to the reduction in the size of the indi-
vidual muscle fibers and the loss of individual
muscle fibers. It also appears there is a prei-
erential loss of type Il (fast-twitch) muscle
fibers with aging. The observed decline is
more marked in type Il muscle fibers, which
fall from an average 60% in sedentary young
men to below 30% after the age of 80. From
examining elite weightlifters and their perfor-
mances, we might speculate that the loss of
high-threshold motor units containing type
Il muscle fibers may be reduced above the
age-matched controls but is not prevented as
decrements occur.

As noted by Anton et al. (2004), the decrease
in the muscle’s ability to exert force rapidly
(power development) appears to also dimin-
ish more dramatically with age. The ability

of muscles to produce force rapidly is vital
and may serve as a protective mechanism
when falling. The ability to make rapid direc-
tion changes and accelerations will also be
affected by the loss of power.

TRAINING FOR
STRENGTH GAINS

Research over the past 25 years has demon-
strated that strength can be improved with
a variety of protocols in older individuals.
Improvements in maximal force production
have ranged from 18 to 113% from pretrain-
ing values in older individuals from 60 to 96
yvears old (Hakkinen, 2003). Learning effects
on maximal testing most likely contribute to
some of the higher percentage gains. The
highest gains in strength are seen in the mus-
culature of the lower body. Aging will reduce
an individual's force production capabilities.
Howewver, at the present time no data exist to
characterize the expected gains in strength
that are possible at different ages. It appears
that the relative improvements in muscle
strength, especially from an untrained status,
can be observed at any age. With 48 weeks of
training, strength gains are greater over the
first 24 weeks of a program compared to the
last 24 weeks, indicating that older individuals
achieve much of the gains in strength within
the first 6 months for a given exercise move-
ment.

Motor Unit Activation
and Muscle Hypertrophy

It appears that large gains in strength are
related to the increases in motor unit activa-
tion of trained muscles, Hypertrophy con-
tributes to muscle strength as the training
time elongates and nutritional intakes are
adequate. Large individual variations are
observed and are thought to relate to the
individual's previous activity profile, health,
and recovery abilities,

Muscle hypertrophy is a primary mecha-
nism to help mediate muscle strength
increases. Type | and type Il muscle fibers
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have been observed to increase in cross-sec-
tional area. On average type I muscle fibers
increase their cross-sectional area to a greater
degree than type [ muscle fibers if the load-
ing in the training program includes heavy
resistance. Heavier loading with higher forces
will allow recruitment of the high-threshold
MUs and more completely activate available
muscle tissue. Muscle hypertrophy across the
length and diameter of the muscle will vary
based on activation conditions of the strength
training protocol. A significant number of MUs
must be activated in order for whole-muscle
hypertrophy to be observed. This requires
large muscle—group exercises (e.g., squats) be
used with heavy loading cycles for upper- and
lower-body exercise movements.

Hormonal Secretions

With older age comes a dramatic reduction in
many of the hormonal secretions in response
to a strength training protocol or exercise
stimulus. This phenomenon occurs in both
men and women and manifests itselfin part in
such conditions as menopause in women and
andropause in men. Such age-related changes
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Male Andropause

Wiih age, a reduction in the endocrine glands’ capa-
bilities to synthesize and secrete anaboiic hormones
(e.g., testosterone, growth hormone, IGF-1) occurs. In
conseguence, lower concentrations of the hormones
are found in the blood. In some cases the concentra-
tions are so low that physicians prescribe anabolic
drugs to supplement natural production in order to
limit the negative effects of reduced hormone levels
an muscle and bone,

in endocrine gland function reduce the ability
of the body to respond with the same mag-
nitude of signals for protein synthesis and
metabolic support as that seen with yvounger
individuals. This reduced anabolic hormonal
response (e.g., testosterone, growth hormone,
IGF-1, insulin) explains many of the reduced
physiological adaptations to training. Figure
11.3 shows the difference between 30- and
62-year-old men. Even over a short training
period older men are more responsive to the
training stimulus, which demonstrates the
more dynamic response capability of youth.
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Figure 11.3 Differences in testosterone between 30year-old and 62-vear-old men over 10 weeks of peri-
odized strength training. # = significant difference between both groups and * = significant increase in serum-
free testosterone in the 30-year-olds at 10 weeks of training,

Adapted, by permizsion, from W, Kraemer et al., 1999, "Effects of heavy reslstance training on hormonal response patterns in
younger vs. clder men,” Jowrne! of Applied Phyvsiology 8703 982-992,
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Such changes underscore the need for longer
recovery periods and explain why the abso-
lute magnitude of changes in older athletes
will not be similar to the magnitude of changes
in younger athletes.

TRAINING FOR
MUSCULAR POWER

Initial scientific studies directed at improving
power capabilities in older individuals over
short training cycles met with little success,
Reasons for limited improvements appear to
be the limited amount of time spent on the
training component, the exercise choices,
and the natural age losses in the neuromus-
cular system, Training with the use of power
exercises (e.g., hang pulls, hang cleans,
weighted jumps) or machines that allow the
performance of explosive, high-speed power
repetitions (e.g., pneumatics with no decel-
eration for fixed-form exercises) is needed.
Subsequently such changes in program design
have demonstrated that power improvements
are possible in older adults,

Loss of Neurological Function
With Age

There is some evidence that the actual number of fast
motor units decreases slightly after age 50, about 10%:
per decade. If athletes stop training, they appear to
have a greater percentage of slow-twitch fibers, which
is thought to be primarily due to the selective atrophy
or loss of fast fibers.

Power changes have typically been
ohserved at the various percents of 1RM that
are used in training, This typically has ranged
from 30 to 55% of the IRM or a percent of
body mass (50-70%). Thus, peak mechanical
power at higher percentages of the 1RM can
he produced by a strength training program
but is highly dependent upon the force and
power components of the program,

Training for muscular power in the older
adult depends on a number of factors. One
must train each part of the power equation

Training for muscular strength can be achieved across the life span of an athlete. Even athletes in their Tls
have shown impressive physical capabilities. Optimal training is dependent upon a solid strength base with

the use of proper exercises in a periodized program.
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with strength and power exercises by doing
the following:

1. Using proper exercises that eliminate
large portions of deceleration through
the range of motion for the exercise.

2. Loading 30 to 40% of the 1RM for train-
ing maximal mechanical power.

3. Optimizing the acceleration component
of the force equation.

4. Using plyvomeltric exercises includ-
ing vertical jumps and medicine ball
exercises for upper-body power devel-
opment.

5. Using optimal recovery times hetween
high force or high power loading days,
which may range from 3 to 7 days.

6. Using weight machines that allow for
high-speed movements to occur with-
out a large deceleration of the limb due
to the need [or protection of joint stabil-
ity and function. Pneumatic resistances
have been developed that are capable
of producing this type of modality for
training for speed and power. Isokinetic
resistances have also been used for this
purpose but are limited in exercise
choice and availability.

NUTRITION, AGING, AND
EXERCISE CHALLENGES

Research on nutrition, longevity, and fitness
has proliferated almost exponentially. For the
older athlete who continues to exercise and
compete, it is even more important to have
dietary habits that meet energy demands and
provide needed nutrients for tissue repair
(Campbell and Geik, 2004). With age there
is a loss of cell water, making hydration and
proper fluid intake mandatory, especially
when strength training. As little as a 3% dehy-
dration level can result in a loss of strength
over 24 to 48 h. Water intake over the day is
vital for every athlete but especially for older
athletes, Not only is it important for thermal
and fluid regulation, but one of the first signals
for muscular hypertrophy is related to cell
swelling, or the uptake of water into the cell
to prepare for changing osmotic demands of

protein accretion that leads to muscle fiber
hypertrophy. According to Campbell and Geik
(2004), older athletes need to consider the
following points when they examine their
dietary habits:

1. Nutrient intake must be monitored to
ensure adequacy, especially regarding
carbohydrate to promote glucose stor-
age and use as an energy source during
exercise.

2. Protein intake must be monitored to
promote muscle hypertrophy.

3. Emphasis should also be placed on the
dietary intake of certain micronutrients,
as well as the potential need for sup-
plementation of certain vitamins and
minerals, including the vitamins B., B,
B D, E, and folate, and the minerals
calcium and iron.

4. Age-associated changes in thermoregu-
lation and an increased susceptibility
to dehydration underscore the impor-
tance of adequate fluid intake to sustain
health and performance.

Nutrition is a tool that the older athlete
should use to enhance exercise performance
and health. Nutrient timing of intakes around
workouts is important. To promote protein
synthesis, essential amino acids and carbohy-
drate should be ingested about 30 min before
and after aworkout, The insulin response from
the carbohydrate along with the availability of
amino acids will aid the older athlete's protein
synthesis and recovery from the workout.

Improved nutrition and dietary manage-
ment should enhance the effects of resistance
training on muscle mass in older individuals.
There is a need for adequate protein in order
to support muscle hypertrophy in older ath-
letes. The need for protein may exceed the
recommended RDAvalueof 0.8 g - kg' - day™!
(Campbell and Geik, 2004). Without the neces-
sary protein and other nutrients, increases
in lean body mass will be compromised.
Adequate intake of vitamins, minerals, micro-
nutrients, and macronutrients is vital for opti-
mal function in the recovery and remodeling
process of tissues with resistance exercise
and training.
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RECOVERY FROM
RESISTANCE EXERCISE

Recovery is vital to all athletes, but especially
to older athletes. The period after the work-
out is critical for optimal repair of tissues.
Replacement of energy loss as well as proper
rest are as important a part of program design
as the strength training protocol itself.

Rest Between Workouts

It might be speculated that as people get
older, muscles require longer periods of time
to recover between exercise sessions. Muscle
and connective tissue take longer to repair
due to reductions in water content of cells
as well as reductions in the body's natural
hormonal signal strength. This indicates that
the workout needs to be varied in intensity
and volume so that recovery can take place,
especially after workouts where sufficient
muscle damage has occurred with heavy
loads, eccentric loads, or high volumes.

Muscle biopsy studies have shown that 7
to 10% of muscle fibers exhibit damage after a
typical workout in older individuals, and this
might be higher in older athletes using much
more dramatic training protocols. It appears
that muscle damage is very evident in older
individuals and is similar in younger and
older men using standard strength training
protocols. In another study it was shown that
older women exhibited higher percentages of
muscle damage for a given muscle than
younger women in response to a heavy
resistance training workout. This appears to
be due to the smaller size of the muscles in
older women compared to younger women,
producing a greater amount of tension per
cross-sectional area of muscle. The lower
absolute muscle mass and fewer operational
motor units combine to create a much larger
percentage of damaged area.

Oxidative Damage

When examining markers of oxidative damage
to DNA in vounger and older men and women,
significant oxidative damage was observed
in the older individuals, with more oxidative

damage observed in older men. This oxidative
damage may be regulated by hormonal factors
since a gender difference exists. How exer-
cise affects these markers remains unclear,
as exercise can increase oxidative stress due
to acute muscle tissue damage and resulting
inflammation. We know that strength train-
ing does provide a protective effect from
eccentric damage, which may result in faster
recovery. However, this recovery length will
depend on the amount of damage produced
by the exercise protocol. In some cases, older
lifters may only use a very heavy dav once
every 2 weeks. Depending upon the specific
program goals, heavy and very heavy days
need to be carefully placed in an exercise
program. Various periodization models will
facilitate this need.

Toleration of pH Changes

The toleration of high intensity activity is
important in most sports. Changes in the
acid-base status and toleration of changes
in the pH of the body's tissues, especially
muscle and blood, are an important aspect
of conditioning, Part of this needed adapta-
tion can be addressed in a strength train-
ing program. Toleration of changes in pH
decreases as one gets older, most likely
due to the lack of training that creates such
metabolic conditions.

It has now been established that lactate is
not the cause of the pH changes, as it is just
a by-product of glycolysis that in fact con-
tributes to the buffering capacity of the body.
ATP hydrolysis contributes to the changes
observed, and development of both an intra-
cellular and intercellular buffering capacity
can improve toleration to such dramatic
changes as seen in sport competitions.

Gradual reductions in rest periods between
sets and exercises (e.g., 3-4 min to 1-2 min) in
a strength training protocol can help an indi-
vidual adapt and better meet such a physi-
ological challenge by improving buffer capac-
ity of the blood and muscle tissue. It has been
observed that it takes about 2 training ses-
sions per week for 8 weeks to improve buff-
ering capacity. However, it may take weeks
to progress to the level needed to stimulate
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Over-the-Counter Therapeutics

Recent clinical studies recently concluded that a topi-
cal cream consisting of a blend of natural oils called
cetylated fatty acids significantly increased range of
mofion and physical performance in older individuals
with osteoarthritis of the knee with no reported side
effects (Kraemer et al., 2004). Such topical creams
can help older individuals improve their trainability by
reducing pain and improving balance along with range
of motion.

changes in the buffer capacity. It is vital that
signs of fatigue be monitored carefully as this
may be the most dramatic training for older
athletes, comparable to preparing for 400-m
and 800-m track events. If signs of nausea,
light-headedness, or dizziness occur, the
workout should be stopped immediately.
The lengths of the rest periods should be
increased for the next training session so
that no symptoms occur. Such symptoms
can indicate serious underlying disease or
metabolic demands that are too high.

Joint Stress

One important aspect of recovery is the
amount of joint stress experienced after the
workout., Heavy loads will produce more
extensive compressive forces, and this is
augmented by the type of exercise used. A
key factor appears to be how many reps are
done to failure. While going to failure may be
a popular training style, it may also produce
greater compression and shear stresses on
joints. Since most individuals can tell when
they can do another repetition or not, limiting
the set within a repetition zone of 3 repetitions
{e.g., target a load that allows 3-5 reps but do
not try to squeeze out the last rep of every
set) limits the joint aches and pains during
the recovery period. This type of training has
been successfully used by cardiac patients
where the fear of a Valsalva maneuver may be
realized if they try to push out a final repeti-
tion to failure.

STRENGTH TRAINING
AND BONE HEALTH

Development of connective tissue (i.e,, bones,
tendons, ligaments, noncontractile elements
in the muscle tissue) with strength and power
training is vital for injury prevention as well
as health in the older athlete. Older master
female athletes have been shown to have
stronger bones and be less prone to osteo-
porosis compared to normal controls as well
as masfter athletes who only participate in
endurance training.

In order to withstand the compressive
forces, eccentric loadings, and stress demands
on the body with sport, connective tissue must
be strong enough to contribute a significant
elastic element. The bones must be able to
take on the rigors of structural integrity during
sport competition. This requires a strength
training program that uses proper exercise
loads and forces needed to develop connec-
tive tissue strength. Bone as a structural tissue
responds to strain, compression, and strain
rates to adapt. Exercise prescriptions must
reflect these loading requirements.

STRENGTH TRAINING
GUIDELINES FOR
SENIOR ATHLETES

The principles of program design are the same
no matter what the athlete's age. Because of
variations in the functional capacity of many
older individuals, the best program is indi-
vidualized to meet the needs and medical
concerns of each person. At present only a
limited number of studies have examined
periodized strength training programs for
older adults. While more research is needed, it
appears that periodized strength training may
hetter optimize training programs for older
adults, In addition, the inclusion of functional
resistance training (i.e., use of exercises in
an unstable environment) appears to signifi-
cantly improve muscle balance, strength, and
functional capacity, especially when incorpo-
rated into a weight training program.
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Injury Potential and Aging

It appears that older athletes are more prone to certain
injuries, including rotator cuff and bicipital tendinitis,
patellofemoral arthrosis, trochanteric (hip) bursitis,
quadriceps tendinitis and rupture, gastrocnemius fear,
bone fractures (in postmenopausal women), and dis-
cogenic low back pain, For example, injury prevention
can be accomplished by including certain exercises in
the program (e.g., rotator cuff exercises), varying the
loads that are used in the program (e.g., light, moder-
ate and careful use of heavy loads), not going to failure
with each set of reps, and listening to your body and
not trying to fight through paln and soreness.

As with any athlete, the process of develop-
ing a strength training program for senior ath-
letes consists of developing pretesting meth-
ods, setting individualized goals, designing a
program, and developing evaluation methods.
Evaluation of training progress should include
testing of strength (if possible, on the equip-
ment used in training), body composition,
functional ahilities (e.g., lift chair, get out
of chair), muscle size changes, nutritional
assessments, and medical tracking of preex-
isting conditions.

Medical Clearances

The American College of Sports Medicine
(ACSM) has advised that people who start
an exercise program be classified into one of
three risk categories:

1. Apparently healthy, less than one coro-
nary risk factor (hypertension, smok-
ing) or cardiopulmonary or metabolic
disease

2. At higher risk, more than two coro-
nary risk factors or cardiopulmonary
or metabolic disease symptoms

3. Individuals who previously have been
diagnosed with diseases such as car-
diovascular, pulmonary, or metabolic
disease

Consultation with and consent of a physi-
cian are recommended in all cases, with addi-
tional functional exercise testing for class 3
recommended by the ACSM. It is recom-
mended that older athletes interact carefully
with their family physician to optimize their
health and minimize risks associated with
more dramatic training paradigms.

Rate of Progression

The major concern for older athletes is proper
progression without injury or acute overuse.
Recovery from a training session takes longer
and care is needed not to overestimate the
hody’s physiological ability to repair lissues
after a workout. An overview of progression
has been presented in an ACSM position stand
(Kraemer et al., 2002),

The design of a quality resistance training
program for older athletes should attempt to
improve their quality of life and competitive
success by enhancing several components
of muscular fitness including muscle hyper-
trophy, strength, power, and local muscular
endurance. Programs that include variation,
gradual progressive overload, specificity,
and careful attention to recovery are recom-
mended (Kraemer et al., 2002},

When the older adult’s long-term resistance
training goal is progression toward higher
levels of muscular strength and hypertrophy,
evidence supports the use of variation in the
resistance training program. It is important
that progression be introduced at a gradual
pace as the potential for strength adaptation
appears high. It should be noted that the rate of
adaptation as well as the magnitude of adapta-
tion will be smaller after basic improvements
are made over the first year of training.

Program design for the older athlete needs
to address the important elements of sport
performance using a periodized training pro-
gram. Strength is at the core of any program,
with power exercises and improved tolera-
tion of decreased pH needed for improving
the dimensional physical capabhilities of the
older athlete. Along with the improvement in
acid-base buffer capacity will come improved
local muscular endurance.
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SUMMARY

The benefits of strength training for older
adults iniclude increased strength, endurance,
and muscle capacity; increased flexibility;
more energy; and improved seli-image and
confidence. As in any athlete, the two major
compornients in a strength training program
for an older athlete are strength and power.
Muscle strengthening enhances everyday
physical performance and quality of life. In

addition, it enhances cardiovascular endur-
ance by placing less stress on the heart and
circulatory system, as endurance activities
are performed at a significantly lower per-
cent of the maximal voluntary contraction.
The enhancement of muscle and bone mass
has important benefits for the health of ath-
letes and their recovery potential. Proper
design and progression of a resistance train-
ing program for the older athlete are vital to
improved sport performance and health.
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abdominal hernia 144-145
absolute indices of endurance 162-164
absolute strength 52-57, 64
acceleration, intermuscular coordination and
T5-77
accentuation 122-123
accommodating resistance 120-122
accommodation
defined 5-6
delayed transformation and 98
isometric exercises 124
variability in training and 97, 103-104, 156
accumulation mesocycle 91, 59
acid-base. See pH changes
ACL. See anterior cruciate ligament
actin 48
acute program variables 209
adaptation. See also de-adaptation
accommodation and 56
circuit training and 95-96
delayed transformation and 9899
during rest-exercise alternation 93-94
individualization of training 9
main law of training as 3-10
overload and 4-5
specificity of, 69 15
variability in training and 97, 156
added resistance exercises 137, 162-166
adenosine triphosate (ATP) 12, 51, 223
adenosine triphosphate debt theory 51
adolescence 204, 205, 209, 218
adolescents 183, 193, 198, 199, 200, 201, 203,
204, 208
adrenal androgens 183
adrenal glands 183
aerobic capacity 100-102
aerodynamic resistance 130-131
aging curve 215, 216
A-gradient, defined 28
agonist, muscle 180
all-or-none law of motor unit activation 61
alpha-motoneurons 37
amenorrhea 185, 186, 187, 188

American Academy of Pediatrics 193
American College of Sports Medicine 193, 225
American Orthopaedic Society for Sports
Medicine 193
amino acids 57-60, 186, 222
anabolic
adaptations 183,184
drugs 181, 220
hormones 203
signals 202
anabolism of proteins
defined 50-31
during training 160-162
anaerobic capacity 125-127, 214-216
anaerobic exercise 10
anatomical match 135
androgens, aging 217
andropause 217, 220
angle
biomechanical 177
exercise angles 175
pennation 183
angular velocity (V,,) 32
anorexia nervosa 187-8
antagonist muscles 76, 180
anterior cruciate ligament 185-6
anterior pituitary gland 202
apophyseal insertions 198
atrophy 221

B

barbell squats
elite athlete training intensity 71, 72
maximal effort method 81
metabolic reactions and 74
strength gains in 89
basket hang exercise 152
back extension 184
back hyperextension 199
baseball 199
basketball 102, 174, 175, 181, 184, 185, 198, 200
bench press 184, 194, 195, 200, 208, 216
beginning athletes, training for 111, 135,
184188
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biceps curl 210

bicipital tendonitis 225

biopsy, muscle 223

bilateral deficits 63

biomechanical match 135

birch tree exercise 146

blood overcirculation hypothesis 51
blood pressure 134

body composition 175, 176, 177, 183, 188, 202,

205, 225
body dimensions, variations in 52-37
body fat, body weight relative to 55, 57
body weight (BW)
logarithm of 54-55
muscle strength and 52-57
static load and 142
resistance 207
training targets and 29
bodybuilding 160-162
bolsters, for IAP 149-150
bottleneck effect 63
bone
health, strength training 224
maintenance 188
mass 188 226
mineral density 187-188, 205
strength 175
break down and build up theory 50-51
breathing patterns 134-135
bulimia nervosa 187
bursitis 225
burnout. See staleness syndrome

C

canoeing and kayaking 19, 132
carbohydrate 60, 222
catabolism of proteins
defined 50
during training 16(0-162
cell dehydration 219
cell size hypothesis 218
central nervous system (CNS)
maximal effort strength training method 51
muscular strength 60-63
timing of training workouts and 93
centralized preparation concept 90
cetylated fatty acids 224
children. See youth
chronological age 201
circuit training 95, 164
circumference, limb 168

classical strength training 215, 220-22]
clean and jerk
body weight and 52-55
elite athlete training intensity 78
hormonal status and performance 57-60
muscular power training for seniors 221
multijoint structural exercise for youth 208
repetition maximum (RM) calculations and
71
total body exercise 184
women athletes 55
youth 199
combined training programs. See mixed train-
ing sessions
compelition period, delined 91
compliance, muscle and tendon elasticity 35
J7
concentric muscle action 21, 126
connective tissue 175, 178, 183, 203, 218, 219,
223, 224
continuous training 106
contrasting exercises 95
core stability 167
coordination pattern of strength training
218-219
coulomb's friction, resistance and 114
cross bridge links 48
cross country running, See distance running
cycling exercises 19, 129-130
cytokines, catabolic 217

D

damage theory, vielding exercises 125-126
de-adaptation 95-100, 106
deadlift 188, 199, 216
deformation, muscle and tendon elasticity 35
I
dehydration 222
delayed muscle soreness 113, 125-126
delayed transformation 98, 104
delayed transmutation 98, 104,
detraining 4-5, 100, 106
diaphragm 144
direction of movement, as intrinsic factor 27-
33
disordered eating 137
distance running
local muscular endurance 174
menstrual stress 185, 186
motor units, quadriceps 177
strength development 178
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distribution of weight in elite athletes 77
diuretics, weight loss with 57
diving 159
doubled stress microcycle 97
downhill ambulation 19
drop jump exercises 38-39, 127-129
drop landing technigues 38-39, 127-129
dryland training for swimmers 113, 131, 166
dumbbells 176, 184, 207
dynamic effort strength training method 85-86
accentuation and 152-153
defined 82,171
vs. isometric exercises 155
dysmenorrhea 185, 187

E

eccentric muscle action 33-34
damage caused by 223
defined 21
direction of movement with 33-39
muscle force 33-34, 125-127
loadings 224
yielding exercises 125-127
efficacy coefficient, periodization and 98
elasticity, muscles and tendons 35-37
elasticity, resistance as 23
electromyography (EMG) 34, 114
electrostimulation of muscles (EMS) 152-153
emotional stress, training and 81
endurance athletes
muscle fibers 165
endurance
endurance sports 164-167, 187, 214-216,
220
indices, absolute and relative 162
muscular endurance 162-164
simultaneous strength training and 96, 101
energetic theory, protein synthesis 50-52
energy, kinetic and potential 24
energy expenditure 156
epiphyseal plate 198, 199
epiphysis 198
estrogen 184
estrogen, aging 217
estrogen-to-testosterone ratio 184
exercise/rest ratio 94
exercise sequence 94
explosive strength deficit (ESD}
defined 28, 45
time and rate of force development 143
144, 203

external force 21
external muscular torque 43
extrinsic factors, resistance and 22-26, 45-46
exercise environment 208
exercises
added resistance with. See Speed-resisted
training
body weight 207
core 167, 204
diiferent resistance with 73-77
fixed-form 221
free weight 176, 184, 194, 2049, 210
functional 184
isolated 181
isometric 124
kegel 186
machines 194, 209
versus [ree weights 112
multi-joint 181, 188, 209
partner resistance 207
reversible muscle action with 127-129
selection for the beginning athletes 111
selection for qualified athletes 111-123
sell-resistance 124
single-joint 209
structural 188, 209
total-body 175, 176, 177, 179,
yielding 125-127
explosive strength deficit, defined 27

F

fast-twitch (FT) fibers
electrostimulation of muscles (EMS) 132
endurance sports 215-216
recruitment patterns and 61-62

fat-free mass. See body composition

fatigue effects
of delayed transformation 98
fitness-fatigue training theory and 12-15
muscular endurance 209-214
short-term training timing and 91-92

female. See women

female athlete triad 187, 189

fiber hyperplasia 49

fiber hypertrophy 49, 64, 73

figure skating 139

filament area density 48

fitness-fatigue training theory 12-15

flatfoot, functional 133

flexibility exercises 95

flushing mechanism 51, 161
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foot inversion 168
football
in-season program 212
musculoskeletal injuries 198
off-season program 211
preseason program 211
force. See afso faximal force (F,.); maximum
maximorum force (F,.)
compressive 224
defined 21
elasticity formula (F = k,0) 23
external 21
hydrodynamic resistance and (F = k29 25
internal 21
transler of training results and 7-9
viscosity resistance and (F = k) 25, 114-
115
weight and acceleration (F = W + ma) 24-25
force feedback. See golgi tendon reflex
force gradient, See S-gradient
force-posture relation 3945, 117-123
force-time histories 26-29
force-velocity relation/curve 29-33, 116
eccentric muscle action 34
hydrodynamic resistance 131
hyperbolic equation (F + a)(V + b) = (F,,,, + a)b
=C 30
strength training and 116, 159
women 183

G

gender differences, anabolic 183

gender differences, hormone concentrations
183

generalized theories of training 10-14

genetic predisposition 176, 209

girls 183, 199-202, 205-6

glucose 222

glycogen depletion 12, 57

glycolysis 223

goal-specific training 200-221

golf 181

volgi tendon reflex 37-39, 4546

good morning exercise 199

gravity (F...), muscular force (F,.)} and 25

ground reaction force 33

growth cartilage 198, 199, 206

growth hormone 58, 183, 184, 202, 203, 220

growth plate. See epiphyseal plate

crowth spurt 198, 1949

growth, strength and 58
guidelines, strength training
women 184
gymnastics
absolute vs. relative endurance training
163-164
body weight and strength 52-58
electrostimulation of muscles (EMS) 132-133
female athlete triad and 189
growth and strength in 58
isometric exercises for 124
low body weight and 185
mixed training sessions for 95
yielding exercises for 125-126

H

half-mesocycles 102
hammer throwers, training for 110, 103-104
hang clean 184
hanging exercises 152
heart rate, maximum training weight (TF,.,)
T2
hidden potential of human muscle 75
high pull 210
hip flexion, strength curves in 119
hormonal status 57-60
hormones 57-59, 183, 184, 186, 158, 198, 202,
217, 220, 223

hydration

intervertebral disks 152

nutritrion challenge with aging 222
hydrodynamic resistance 25, 131-132
hyperbolic equations 30-32
hypermenorrhea 185
hyperplasia 49
hypertrophy, defined 49
hypertrophy, training for 160-162
hypothalamus 202
hypoxia hypothesis 51

|

iliopsoas muscle 144-145

impact load 140

implements for training 149-150

incline press 184

index of explosive strength (IES) 28

individualization of training programs 911,
181, 184, 206, 224, 225

inertia, resistance as 23

inertia wheel 24
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injuries
acute 194, 198
avulsion fractures 199
chronic (overuse) 193, 194, 199
fracture 198, 199
srowth-cartilage 198
Little League shoulder 199
muscle strains 198
musculoskeletal 198
Osgood-Schlatter disease 199
osteochondritis dissecans 199
shin splints 199
injury prevention
guidelines 137-138, 216-219, 221
lumbar region 137-154
rehabilitation procedures 151-153
sport technique requirements 147-149
insulin 202, 220, 222
insulinlike growth factors 202
intensity coefficient 70
intensity of training
elite athletes 77-80
methods of 69587
variation in 94, 201
intermuscular coordination
biomechanical variables 75
defined 60
maximal effort method 21
muscle strength and 63
internal abdominis muscie 147
internal force 21
intervertebral disks
biomechanical properties 138-140
ileolumbar muscles and 144-145
impact load 140
mechanical load 140-144
rehabilitation procedures 151-153
static load 141-144
intraabdominal pressure (JAP) 141-144
implements to enhance 149-150
oblique and internal abdominis muscles 147
static load and 141-144
intradisk pressure 139
intramuscular coordination
defined 60
maximal effort strength training method 81-
82
muscle strength and 60-63
training intensity and 74-75
intrastomachic pressure 182-183

intrinsic factors 26-46
defined 26
direction of movement 33-39
posture, strength curves 3946
time 26-29
velocity 29-33
ischemia, yvielding exercises 126
isokinetic devices 23
isokinetic exercises 110, 203, 222
iIsometric action. See static muscle action
isotonic force 110

J

javelin throwers, training for 31
joint angles, muscle force arms and 42-44
joint moments 42-45
joint stress 224
jump squats 179
jump takeoiis. See also drop landing; soft land-
ing
body weight changes and strength indices
a6
inclined surface for 169

K
kinetic energy 24, 129

L

landing 33, 38, 168

latissimus dorsi pull-down 184

learning effects 203

leg curl 210

leg extension 22, 44

leg press 44, 184, 186, 208, 210

leg raises 144-145

length feedback, See stretch reflex

ligaments 176, 178, 186, 188, 224

Little League shoulder 199

local muscular endurance 162-164, 180-181,

225

logarithim of body weight 54-55

long jump 182, 204

long-term planning 91

low-back pain syndrome (LBFS)
epidemiology of 140
management guidelines 151
muscle strengthening to prevent 144-147
posture and flexibility 150-151
proper sport technique for 147-149
rehabilitation procedures 151-153
short, deep muscle exercises 147
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lumbar lordosis 144
lumbar region of back 144
lunge 184, 197

M

machines
strength training 112, 176, 184, 186, 194,
221, 222
variable resistance 199
macrocycle
defined 91
periods 91
strength training in 103-107
variability of training stimuli 103-104
macronutrients 222
marathon 174
martial arts 159
maximal effort training method 81-82, 156
efficiency of 82, 156
motor unit recruitment 81-82
maximal force (F,.)
explosive strength deficit (ESD) 27-28
extrinsic factors and role of resistance 22-
26
inertial wheel measurement 24
mechanical feedback and 23
muscle structure and 4549
parametric relations and 19, 29-30
strength curves and 3945, 117-123
reversible muscle action 34-39
transfer of training results and 79
maximal mechanical power (P,,,,) 31-33
maximal muscular performance (P,) 18-22,
45-46
maximal parametric relation 15819, 45
maximal velocity (V,,) 18, 45
maximum competition weight (CF,,,.).
defined 70
elite athlete training intensity 77-80
intramuscular coordination and 74-75
maximal effort strength training method 81-
&2
maximum maximorum force (F,..)
biomechanical variables and intermuscular
coordination 7577
explosive strength deficit (ESD) 28, 45
extrinsic factors and role of resistance 22-
26
force-velocity curve 29-33
isometric exercises 124
muscular strength defined with 21, 64

nonparametric relationships 18-21
parametric relationship and 45
posture and strength curves 3945, 117-123
resistance and 22-26, 6364
reversible muscle action 34-39
maximum maximorum performance (velocity)
(P 1521
maximum maximorum velocity (V)
force-velocity curve 30
nonparametric relationships 18-21
maximum training weight (TF,.)
defined 70
elite athlete training intensity 77-81
intermuscular coordination 7577
intramuscular coordination and 74-75
mechanical feedback 23
mechanical power output, maximal (peak) 32-
33
medicine balls
optimal weight of 117
use in plyometric training 222
medium-term planning. See periodization
menopause 217, 220
menstrual cycle 185, 187
abnormalities 185, 186
oligomenorrhea 185, 187
performance 187
strength 187
mesocycle
accumulative 91
adequate recovery during 96-97
defined 90
endurance sports 164-166
limit of targets in 93
parachute training and 130
realizational 91
tramsmutative 91
metabolic rate 175
metabolic reactions 73-74
microcycles 96-97
adequate recovery during 96-97
defined 90, 133
double stress microcycles 97
limit of targets in 93
parachute training and 130
stress (impact) microcycles 97
variability during 97
micronutrients 222
minimax principle 118
miometric action. See concentric muscle action
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mixed training sessions 95
moment arm 42
moment of force 42
motion 21
motoneurons, recruitment patterns 61-62
motor neurons 217
motor units (MUs)
aging 217, 218, 219, 221,223
coordination in strength 202
defined 60
endurance sports 215-216
fast twitch 60-61
intramuscular coordination 60-63
rate coding 62
recruitment G1-62 83-84, 86
slow twitch 60-61
synchronization 62-63
unrecruited and untrained MUs 83-84
women 181, 182
muscle balance, endurance sports 215
muscle dimension 4852, 124
muscle fiber
activation of 34
cross-section 175, 177, 182, 188, 218, 220, 223
sender differences 174, 175, 177
type | (slow twitch ) 52, 181, 182, 220, 221
type Il (fast twitch) 52, 181, 182, 183, 219,
220,221
muscle force, (F.)
body weight and 52-57
different body postures at 4245
intrinsic factors in 2645
moment arm of 42-43
muscle dimensions and 48-52
neural (central) factors 60-63
nutritional-hormonal status 57-60
strength taxonomy 63-64
muscle groups
[AP, exercises for 184-188, 199
specific exercises for 139-142
muscle hyperemization 51
muscle hypertrophy
aging 219, 220, 225
defined 49
fluid regulation 222
hormonal status and 57-60
maximal effort method 81-82, 86
metabolic reactions 49-52, 60, 73-74
submaximal and repeated effort methods
B2-85, Bb

training protocols 209-210
upper body, women 175
women 176, 188
muscle hypoxia hypothesis 51
muscle mass
body weight (BW) and 52-57
power training and 208-209
muscle palpation 113
muscle soreness, delayved 113
muscle strength deficit (MSD) 75
muscle spindles 37
muscles, working 112-113
muscular corset 184, 187, 199
muscular endurance 209-214
muscular strength. See also strength
defined 21-22,
myofibrils 4852
myosin 48
myosin ATPase 184
myotatic reflex, See stretch reflex

N

National Collegiate Athletic Association
(NCAAY 106
National Strength and Conditioning Associa-
tion. See NSCA
neural mechanisms
adaptations 202
muscular strength G0-63
reversible muscle action and 37
Newton's second law of motion (F = ma) 23
nonparametric relationships 1821, 45446
nordic combine sport 102
NSCA (Mational Strength and Conditioning
Association) 184, 188, 193, 208
nutrition, strength and 57-60

O

obesity 205

oblique abdominis muscle 147
older adults. See senior athletes
older athletes. See seniors athletes
Olympic (quadrennial) cycle 91
Olympic lifts 208

Olympic style weightlifting 175
one-factor training theory 10-12
oral contraceptives 183
Osgood-Schlatter disease 199
ossification 198

osteoarthritis 224
osteochondritis dissecans 199
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osteoporosis 175, 187, 184, 224
ovaries 183

overexertion 85

overhead press 198

overload, 4-5, 12. See also training load
oxidative damage 223

P

parachutes, exercises with 130
parameter, deflined 18
parametric relation 18-19, 45-46
partner resistances 207
patellofemoral arthrosis 225
peak-contraction principle 118-120
pelvic tilt exercise 147
periodization

defined 97

delayed transformation 98, 104

delayed transmutation 98, 104

linear 101, 178

nonlinear 101-102,

program 179

superposition of effects 97, 100

training residuals 58-100, 104-106

periodization 175, 177, 178, 181, 184, 203, 204,

208, 209, 211, 220, 222, 223, 224, 225
periods of training 91
peripheral factors 48-6(
defined 48
physical activity 205, 216
physical fitness, defined 12
physioball 186
physiological age 201
physiological maturity 200
pitching
forces in 42
plasticity 215
pliometrics. See eccentric muscle action
plvometric
exercises 222
muscle actions 21, 33-39, 180
pneumatic 180, 221, 222
posture
correction and flexibility 150-151
muscle performance and 39-45
strength curves and 39-45, 117-123
power, defined 31-32
power performance, guidelines for 202-206
power development
aging 219, 222

trainability 176
women 177, 180, 189
youth 213
power clean 175, 184
power endurance 181
power lifting 177, 182, 216
power performance training 156-160
preadolescence 192, 217
pregnancy 186, 188
premenstrual symptoms 185, 187
preparation period 91
preparedness 10-14
prepubescence, 201, 202, 203, 204, 208
prepubescents 192, 200, 201, 203, 204, 208
pressure measurement, intervetebral disks
175=176
principle of diminishing return 5
progesterone 187
program for beginners 207
program variables 203, 209
progression 178, 208, 209, 216, 225, 226
proper sport technique 188-192, 199
protein synthesis
metabolic reactions 73-74
muscle mass and 160-162
nutrition and hormonal status and 57-60
theories of 51-52, 81
proprioception 184
puberty 198, 202
relative strength and 58
pulls 194, 208, 221
pullup 184
push press 176, 184
push-ups 117
pyramid training 94

Q

quadriceps 177
quadriceps tendonitis 225
quick release technique 31

R

rate coding 62, 86
rate of force development (RFD) 26-29, 115-
116
power training with 203-204, 207-208, 220
training targets defined with 15
reactivity coefficient (RC) 28
realizational (precompetitive) mesocycles 91
recruitment of motor units 61-62
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rectus abdominis muscle 144-146
regression coefficient 54-55
rehabilitation procedures 151-153
reinnervation 215
relative indices
muscle endurance of 162
relative strength
definition and calculation 52.56
growth and 58
relaxin 188
repeated effort method B2-85, 160-162
intensity variation and 82-85
motor unit recruitment 83-84
repetition maximum (RM) 70
repetitions
as measurement technique 70-72
elite athlete training intensity 77-80
submaximal effort strength training method
82-85
residual training eifects 14, 99-100
resistance. See also sell-resistance
accommodating resistance 12(-122
compound 25-26
metabolic reactions and 73-74
types of 23-26, 114-115
rest-exercise alternation 93-94, 134-135
rest intervals. See also exercise/rest ratio
fitness-fatigue training theory and 12-14
muscle mass and 208-209
one-factor training theory 10-12
rest periods 179, 181
result gain, defined 8
retaining loads 5, 100-102
reversible muscle action
defined 34
exercises with 127-129
as intrinsic factor 34-39
neural mechanisms 37-39
rhabdomyolysis 85, 137
rotator cuff 211, 225
rounded back position 145-149
rowing, training for 96, 131-132
rowing, weight classifcation for 189
rule of 60% 105

S

sarcomeres 45-52
sarcopenia 217, 219
sciatic symptoms 186
seated cable row 196

self-resistance exercises 124-125
senior athletes
age, effects on strength power 216
force production 219
hormonal secretions 220
injury potential 225
motor neurons 217
motor units 217
muscle fiber, gender differences 218
muscle fibers 217
muscle mass 219
muscular power, peak 216
neurological function 217, 221
nutrition 222
physiological potential, loss 217
power 218
recovery 223
strength gains, training for 219
sex hormone-binding globulin (SHBG) 58-59
S-gradient 28
short-term planning of training sessions 91-
986,
shot put training 31
parametric relationships and 18
power training 158-159
sit-ups 145
size principle 61-62
theory of strength training 81-85
slidingfilament theory 48
slow-twitch (ST) motor units 52, 181, 182, 220,
221, 215-216
snatch exercises
elite athlete training intensity 78
football training 211-212
variation in 201
women 53, 184, 188
youth 194
soccer 18]
soft landing techniques, impact load with 140
somatotropin. See growth hormone
spasm theory, vielding exercises 125-126
specificity 6-9
defined 6
delayed transmutation 98-99
power performance and 156-160
squatting exercises 123
speed-resisted training 129-132
spinal traction 152-153
split table apparatus 152
split training in body building 160-162
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spotting 194, 196, 196, 197, 206, 208, 209, 213
sprinting 177
squat 182, 154, 186, 188, 194, 195, 197, 199,
208, 216, 217, 220
step-up 184, 186
staleness syndrome 81-82, 201
standard deviations 9-10
static muscle action
defined 21
mechanical leedback and 23
pros and cons of 124
sticking points 41
stimulating load 4-=5
stiffness, muscle and tendon elasticity 35-37
strength. See also absolute strength; relative
strength
body weight (BW) and 52-57
defined 21
explosive, defined 28
extrinsic factors in 22-26
functional 184
growth and 58
intermuscular coordination 63
intramuscular coordination 60-63
intrinsic factors in 26-45
joint curves 39-42
levels of, by weight categories 56
maximal muscular performance 18
nutrition and hormonal status 57-60)
taxonomy of 63-64
strength exercises 109-136
classification 109-111
dynamic 109
isometric 109
isotonic 110
reversible musc action with 109, See also
Reversible muscle action
strength topography 110
stretch reflex 37-30
stretch-shortening cycle 33-39
strength curve 3942, 45-46,
strength endurance. See power endurance
strength topography 111
stress. See emotional stress
stress (impact) microcycles 97
stretch reflex 37-39
stretch-shortening cyvcle. See reversible
muscle action
submaximal effort method 82-85
motor unit recruitment 83-84

supercompensation
fiber hypertrophy and 5(-51
phase 10
protein synthesis and 49-52
theory of 10-12
superposition of training effects 100
swimming
hydrodynamic resistance 25, 131-132
specific exercises for 112-113
swing exercise machine 129
svnchronization of motor units 62-63

T

tapering (peaking) period 9899
takeoff 27
task-specific strength 17-46
teenage athletes
continuous training for 127-133
exercise selection for 137-138, 171
injury prevention in 184-188
proper sport technique 191-192
tennis 148, 175, 181
testosterone 57-59, 93, 183, 184, 202, 205, 220
theory of supercompensation 10-12
therapeutics 224
thermoregulation 222
three-year rule for beginning athletes 111
throwing 19, 27
force-velocity curve 29
time deficit zone 143
time to peak performance (T,) 26-29, 45-46
timing of training 89-109
topical creams 224
total-body power 174, 175
total-body strength 175, 182
track events 224
training
adaptation, law of 3-10
generalized theories of 10-14
progressive resistance 5
speed resisted 129-132
structural units of 89-91
training days 93-95
training effects, classification of 14
acute, defined 14
cumulative, defined 14
delayed, defined 16
immediate, defined 14
partial, defined 14
residual, defined 14
training intensity 69-87
determination of 72
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elite atheletes of 77-80
measurement techniques 70-73
optimal from comparative research 80
training load. See also overload
classification of 3-5
delayed transformation of 98
detraining and 101
endurance sports 215-216
short-term training paradigm 91-96
variability in 94, 97, 103-104
training periods 91
training session. See workout
training volume. See training load
transfer of training results 6-10
transition period 91
transmutation mesocycles 91
trochanteric 185, 225
two-factor training theory 12-15

U

upper body
strength 174, 175, 182, 188
musculature 174, 175, 177
uphill ambulation 19

v

valsalva maneuver 134-135
variability of training programs 94, 97, 103-
104
variable resistance 120-122
velocity, See also angular velocity
as intrinsic factor 28-33
intermuscular coordination and 75-77
mechanical feedback and 23
of movement in strength training 116
vertical jump 19, 175, 182, 204, 219, 222
vibration training 133-134
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volleyball 174, 175, 189

W

weight
force-velocity curve and 29-30
resistance and (F = W + ma) 24-25
weight control 55-57
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body weight and 54-56
elite training intensity 77-80
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maximum and competition weight ratios 70
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power 175

strength and power, gender differences 182
strength development 178
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workout

defined 50

density 70, 94

exercise sequence in 94
intensity variation in 94
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rest-exercise alternation 93-94
special 95

timing of 93-96

wrestling 90, 186, 189, 198
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growth rate 202

guidelines 206, 208
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of Strength Training

This second edition of Science and Practice of Strength Training comes with many
additions and changes. A new coauthor, Dr. William Kraemer, joins Dr. Vladimir
Zatsiorsky in expanding on the principles and concepts needed for training athletes.
Together, the authors have trained more than 1,000 elite athletes, including Olympic,
world, continental, and national champions and record holders. The concepts they
divulge are influenced by both Eastern European and North American perspectives.
The authors integrate those concepts in solid principles, practical insights, coaching
experiences, and directions based on scientific findings. This edition is much more
practical than its predecessor; to this end, the book provides the practitioner the
understanding to craft strength training programs based on individuals’ needs.

Science and Practice of Strength Training, Second Edition, shows that there is
no one program that works for any one athlete at all times or for all conditions.
This book addresses the complexity of strength training programs while providing
straightforward approaches to take under specific circumstances. Those approaches
are applied to new physiological concepts and training practices, which provide
readers with the most current information in the science and practice of strength
training. These practices are also applied to the three new chapters, which will
help readers design safe and effective strength training programs for women, young
athletes, and seniors, In addition, the authors provide examples of strength training
programs to demonstrate the principles and concepts they explain in the book.

This expanded and updated coverage of strength training concepts will ground
readers in the understanding they need in order to develop appropriate strength
training programs for each person that they work with.
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