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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,



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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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.















Copyrighted Material
Basic Concepts of Training Theory T

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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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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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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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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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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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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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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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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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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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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Task-Specific Strength a1

110+ Elbow flexion

100

Strength (%:F,.)
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Angle (degrees)

100— Shoulder flexion
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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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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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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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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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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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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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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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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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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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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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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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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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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
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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,
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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.
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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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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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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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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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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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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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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

Copyrighted Material



Copyrighted Material
Strength Exercises 131

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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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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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.

From VP Sazonow, 1985, Bromechamical studies in the prevention of injuries (o the spinal fumdsar region darimg plivsicol exercese
training (Moscow, Russia: Russian State Academy of Physical Education and Sport). By permission of Russian State Academy of
Physical Education and Sport.
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b

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,
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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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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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L w
-
d Velocily g Welocity

Figure 8.2 Changes of force=velocity curves resulting from training.
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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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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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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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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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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 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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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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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
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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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release of IGF-1 from the liver as well as stimu-
late muscle itsell to engage the Inherent 1GF-
1 in the muscle. Thus, growth hormone has
many effects on many tissues when released
from the pituitary gland. IGF-1 can interact
with many tissues as well when released from
the liver's hepatic cells, including muscle and
bone tissues, Many anabolic hormaones as
well as growth factors are responsive both
to physical growth and development and can
be influenced by exercise.

BENEFITS OF
STRENGTH TRAINING
FOR YOUNG ATHLETES

Tremendous benefits can be gained from an
appropriately designed and implemented
strength training program for children. Con-
fusion on this issue started with scientific
studies in the 1970s on resistance training
and children, which demonstrated lew or
no positive effects on strength. This caused
many to think that there were no obvious
benefits of strength training for children.
However, a number of crucial experimental
errors In design and testing allowed such
erroneous conclusions to be drawn. All of
the subsequent studies in the mid- to late
1980s and beyond have shown improvements
in strength and increases in lean tissue mass
after adolescence, when such changes are
possible. The majority of the scientific evi-
dence over the last 10 years, however, also
strongly suggests that children can signifi-
cantly increase their strength—independent
from growth and maturation—providing
that the resistance training program is long
enough and of high enough intensity. The
benefits may well reach beyond strength
with Improvements in other physiological
systems such as connective tissue strength
and density as well as improved physical
performance and injury prevention (Kraemer
and Fleck, 2003).

The primary benefits of strength training
for children include

= increased muscular strength and local
muscular endurance,

= improved sport performance,
» prevention of sport injuries, and

* development of lifelong exercise
habits.

Strength Gains

For young athletes with no prior strength
training, almost any type of program will
yield some improvement in strength if pro-
gressed over time. Program variables of
intensity, sets, and volume that are vital for
vounger athletes are not completely under-
stood at this time, especially in younger
individuals who have no resistance train-
ing experience. Nevertheless, the tvpe of
resistance training program used may well
affect a specific type of training adaptation
after initial adaptations are seen at a given
age. This will require longer-term studies in
the luture. In addition, it appears that train-
ing programs will have to be periodized, or
varied over time, or boredom could well limit
adherence to a program,

Muscle strength gains as great as 74% have
been reported following 8 weeks of progres-
sive resistance training. On average, gains
of roughly 30 to 50% are typically observed
in children after short-term (8 to 20 weeks)
resistance training programs. How much of
these gains are related to motor learning
effects in the early phase of training remains
to be definitively determined. Relative (per-
cent improvement) strength gains achieved
during prepubescence have been reported
as equal to If not greater than the relative
gains observed during adolescence. Obwvi-
ously, absolute strength gains (e.g., amount
of weight lifted) appear to be greater in ado-
lescents compared to prepubescents, and
adults can make even greater absolute gains
than young adolescents.

When a young athlete stops training, a
detraining phenomenon starts, and if cessa-
tion from strength training is long enough,
natural growth rates will help untrained
peers catch up and the athlete's physical
strength advantage will be lost. The rapid
growth phases of yvoung athletes appear
to bring both the untrained and previously
trained young athlete to the same point in
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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



Strength Training for Young Athletes 205

ensuring that this benefit is realized (Faigen-
baum et al,, 1996).

Lifelong Exercise Habits
and Other Benefits

In addition to the prevention of injury and
improved physical development to enhance
sport performance, other benelits of strength
training exist. Development of a young ath-
lete's physical potential is the ultimate goal
for any strength training program. However,
probably the most important benefit is the
development of an exercise habit if young ath-
letes truly enjoy their time in the weight room.
With rising rates of obesity around the world,
increases in activity profiles are important for
young children. In order to realize all of the
potential physical and psychosocial health
benefits of youth resistance training, though,
coaches and instructors must appreciate the
delicate psychological status and physical
uniqueness of children.

Some of the other health and fitness
benefits that can be gained from a properly
designed and implemented strength training
program for young athletes include

= improved blood pressure response to
stress,

* improved bone mineral density,

= improved body composition prolile,
and

» improved psychological well-being.

With strength training, improved toleration
to a sport or everyday activity stressor will
help lower the cardiovascular response (e.g.,
blood pressure to a given task). Furthermore,
it will help the body adapt and improve tol-
eration to spikes in the blood pressure when
maximal efforts are required. With stress,
straln, compression, and bending of the
bones from resistance training, the overall
structure of the bone including bone density
will be improved, an important benefit for
young girls. Strength training can promote
increases in the lean tissue mass (muscles
and bones) and help to decrease body fat,
giving one a better overall body composition
profile. Strength training has been shown to

enhance self confidence and body image as
well as helping one just feel better psycho-
logically. Such attributes are important for the
yvoung athlete and some of the benefits from
a consistently performed strength training
Progralr,

MYTHS OF STRENGTH
TRAINING FOR CHILDREN

Despite the myth that resistance training
stunts the structural growth of children,
current observations indicate that youth
resistance training (up 1o 20 weeks) will not
have an adverse affect on growth patterns.
If age-specific physical activity guidelines as
well as nutritional recommendations (e.g.,
adequate calcium) are adhered to, physical
activity, including strength training, may
favorably influence growth at any stage ol
development but will not affect the natural
maximum height a young athlete can attain.
Although health should not be defined as
simply the absence of disease, an operational
definition of health as it applies to children is
difficult to define because the behaviors and
exposures required to achieve aptimal health
remain debatable. Although it Is tempting to
extrapolate the findings from adult studies Lo
children, caution must be exercised because
what is deemed healthy for an adult may not
necessarily be so for children. The extent to
which current research supports the utility
of youth strength training in the acquisition
of lavorable health-associated characteristics
is limited. Nevertheless, this research sup-
ports the contention that the overall health
of children is likely to improve rather than be
adversely affected by strength training.
Young girls may have a different perspec-
tive depending on the sport and availability of
weight rooms in school and health clubs. Too
often girls associate strength training with
masculine traits, and the fear of “getting hig”
or “getting muscles” limits some girls’ particl-
pation. In such cases appropriate education
and clarification of myths in strength training
are necessary (e.g., girls cannot develop big
muscles due to a lack of testosterone and
number of muscle cells). In addition, role
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should be free to not participate in an exercise
or sport program. [t is up to the adults to pro-
vide a positive environment that protects and
serves the children who participate.

Program for Beginners

It should be noted that the use of resistance
programs using the child's own body weight
and partner resistances can be effective in
promoting muscular fitness. Concerns arise
il the child is overweight and unable to exer-
cise in the needed ranges of motion, in which
case partner exercises can be substituted.
For an extensive overview of body weight
and partner exercises, see Kraemer and Fleck
(2005}. A child should have developed a basic
fitness level before starting a weight training
program.

Starting points and programs are dramati-
cally different depending on age. Kraemer
and Fleck (2005) have developed a profile
of starting points at different ages, as can
be seen in table 10.1. In the beginning of
resistance training programs for younger
children (5 and 6 years ol age), body weight
exercises and partner exercises should be
used to develop basic strength and prepare

them for other resistance exercise pro-
grams as they grow older. Again, care must
be taken that their body mass does not over-
load them, resulting in few or no complete
repetitions of an exercise. If limits exist, light
dumbbells or partner resistance exercises
can be used to develop the strength needed
to facilitate performance of hody weight
eXercises.

Specifics of Strength Training
for Young Athletes

The development of a strength training
program for young athletes should follow
the same steps as the development of a
program for adults. A well-organized and
well-supervised basic training program for
children need not be any longer than 20 to
60 min per training session, three times per
week. The resistance training program should
be conducted in an atmosphere conducive to
both safety and enjoyment. The training envi-
ronment should reflect the goals and expec-
tations of a program. As the child gets older
more advanced programs can be developed.
Again, table 10.1 shows a program progression
from 7 to 16 years of age. The child needs to

Table 10.1 Basic Guidelines for Resistance Exercise Progression in Children

Ape (years) Considerations

§ 01 YDURQES Intioduce ched 1o basic exeitises with it or no weight, develop the coicegt of & training
sassion; leach exercise techniques; progress trom hody weight calisihenics, parngr exemisas,
and [sghtly resisted exercises; keep voliane lovi.

B-10 Gradually increase the number of axercises, practice exarcise technigue for all lifts, start
gradual progressive loading of exercises, keep exercises simple, increase volume slowly,
carefully moniter toleration 1o the exercise siress.

11-13 Taach all basic exetose lechnigues, contmug progressive loading of each exeigise, enpliasiog
Exarcise lechmigue, intraduce mara advanced dxercisas with little ar ng resisiance

14-15 Progress to more advanced resistance exercise programs, add sper-specific compaonents,
emphasize exercise techniques, increass voluma.

16 or plder Enter adult programs after background experience has been gained.

It 2 child emtars am age kavel with Ro previous BXpariencs, progrusson mist siart ot peavous vels snd mov o more advancsd fevels 45 exancse

taleration, skill, and gnderstanding permit,

Adapled, by permisgion, from WS, Kraemer and §.J. Fleck, 2005, Srenpth tmnksg for poung 2thistes, 2nd od. {Chasgaign, 1L Homan Kinetics), 13.
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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.
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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.
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= 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,






Strength Training Program for Foothall

Off-Season Program

Warm-up: General exercise consisting of jogging or
cycling for about 5 min followed by a general stratch-
ing routina,
Exercises
The lifter performs exercises in the order listed. italics
indicale exercises thal can be penodized lor resisiance
within this phase.

* Bench press

* Squat or leg press

+ Cherhead press

+ Kneg curl

= Seated row

+ Knee extension

+ Elbow curl

» Abdominal exercise

Approximate Time
+ Three training sesslons per week with at least 1
day separating sessions
+ B0 to 70 min per sassion
Additional Infury-Prevention Exercises
* Neck exercise
« Shoulder rotator cuff exercisas
« Calf raise
Additional or Replacement Exercises
» Deadiift
« Lat pull-down
= Lunge
* Front squat
* MNarrow-grip bench press
Advanced Exercises

» Thea lifter should perorm na mare than 5 repeti-
tions per set, using 8- to 10RM resistance for
advanced exarcises. If an advanced exercise is
used, it should be periormed at the beginning
of the training session.

* Power clean or clean pull from knee or thigh
level

+ Power snalch or snalch pull from knee or thigh
level
Off-Season Program Noles
Format: Set-repatition
Number of sets: 210 3
Hesistance: 10- to 12AM
Hest periods between sefs and exercises: 2 o
3 min
+ Repetiions per set for abdominal exercises: 20
to 30

= Other: Quarterbacks and offensive inemen per-
form supplemental shoulder girdle exercises.

Preseason Program

Warm-up: General exercise consisting of jogging
or cycling for about 5 min followed by general
strafching.

Exerclses

The lifter performs exercises in the order listed. ltalics
indicate exercises that can be periodized for resistance
within this Iraining phase.

* |ncline bench press

= Back squal

« Lal pull-down

= Knee curl

* Reverse elbow curl or efbow curl

* Abdominal exercisa

» Shoulder internal rofation and shoulder external

rotation (especially for quarterbacks)

Approximate Time

= Three training sessions per weak with at least 1
day separating sesshons

* 30 to 45 min per session

Additional Infury-Prevention Exercises

+ Calf raise

* Additional shoulder rotator cuff exercises

= Neck exercise

* Knee extension

(continuad)
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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
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* 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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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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biceps curl 210

bicipital tendonitis 225

biopsy, muscle 223

bilateral deficits 63
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blood overcirculation hypothesis 51
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body composition 175, 176, 177, 183, 188, 202,

205, 225
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body weight (BW)
logarithm of 54-55
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static load and 142
resistance 207
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bodybuilding 160-162
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bottleneck effect 63
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health, strength training 224
maintenance 188
mass 188 226
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breathing patterns 134-135
bulimia nervosa 187
bursitis 225
burnout. See staleness syndrome
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catabolism of proteins
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cell dehydration 219
cell size hypothesis 218
central nervous system (CNS)
maximal effort strength training method 51
muscular strength 60-63
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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
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women athletes 55
youth 199
combined training programs. See mixed train-
ing sessions
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compliance, muscle and tendon elasticity 35
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concentric muscle action 21, 126
connective tissue 175, 178, 183, 203, 218, 219,
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continuous training 106
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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
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cytokines, catabolic 217
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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
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explosive strength deficit (ESD}
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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
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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 train