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< ,i;, I, . The primary goal of this book is to provide readers with practical recom- 
mendations, or a prescription, for training athletes. Practical advice, how- 
ever, cannot be given without first providing descriptions of what should 
be trained and why some methods are better than others. Part 1 of the 
book describes theory, while Part 2 covers methods of strength training. 

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

Chapters 2 and 3 address the factors that determine muscle strength. It 
is assumed that readers have some knowledge of exercise physiology and 
sport biomechanics, or at least are acquainted with basic muscle physiol- 
ogy. Readers who are not familiar with this material, however, should not 
be discouraged from reading the book; the main concepts are explained in 
a format intelligible for a reader with a minimal background in exercise 
and sport science. Readers who do have trouble understanding chapters 
2 and 3 need not read them in one sitting, but can return to them later 
while reading the balance of the book. 

Chapter 2 lays the foundation for the very notion of muscular strength, 
classifying and explaining the evidence collected by measuring muscle 
force. It introduces the concept of maximal muscular performance, as well 
as two main relationships-parametric and nonparametric-and defines 
the notion of muscular strength. It then follows with a detailed discussion 
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of various factors involved in motor tasks, such as resistance, the time 
available for force development, movement velocity., movement direc- 
tion, and body posture. The integrating idea for these diverse issues is 
rather simple and straightforward: exercise specificity. For training to be 
effective, the training exercises should be similar to the main sport adiv- 
ity, and the exercise similarity should be eqpblished according to the cri- 
teria discussed in this chapter. 

Chapter 3 addresses the issue of muscle strength from another stand- 
point: that of the performer rather than the motor task. Some people pos- 
sess greater strength than others. Why? What properties do elite athIetes 
have that allow them to be exceptional? The internal factors determining 
muscle strength are latent. Hence, they can be identified only by using a 
physiological approach. If we are able to idenhfy them, we open the road 
to goal-directed training of these primary factors, so the exercises and 
methods addressed here will center on specific targets rather than on 
strength in general. This chapter is based mainly on facts and theories 
originated by exercise physiologists. Two main groups of internal factors 
are discussed: muscular and neural. Among the muscular factors, pri- 
mary attention is given to the muscle dimension and its counterpart, body 
weight. Other factors, including nutrition and hormonal status, are 
briefly highlighted, too. The neural mechanisms, such as intra- and inter- 
muscular coordination, are reviewed in the later sections. Chapter 3 is 
essential for understanding training methods. 

C H A P T E R  1 

Basic Concepts' of 
Training Theory 

Strength conditioning theory is part of a broader field of knowledge, the 
science of training athletes, also termed training science or theory of sport 
training. Training science courses cover the principal components of ath- 
lete preparation, including conditioning (not only for strength but also for 
speed, endurance, flexibility, and other motor abilities), sport technique 
learning, and periodization. Throughout this book, the concepts and 
approaches developed within the framework of training science are 
extensively utilized. This chapter introduces you to the issues of training 
in general. The ideas and terminology you encounter here will be used in 
the lmm&nder 06 the>book. , 
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Adaptation as a Main Law of Training 

If a training routine is planned and executed correctly, the result of sys- 
tematic exercise is improvement of the athlete's physical fitness, particu- 
larly strength, as the body adapts to physical load. In a broad sense, the 
word adaptation means the adjustment ofpn organism to its environment. 
If the environment changes, the organism changes to better survive in 
these new conditions. In biology, adaptation is considered one of the main 
features of living species. 

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

1. The stimulus magnitude (overload) 
2. Accommodation 
3. Specificity 
4. Individualization 

Overload 

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

If an athlete uses a standard exercise with the same training load over a 
very long time, there will be no additional adaptations and the level of 
physical fitness will not substantially change (Figure 1.1). If the training 
load is too low, detraining occurs. In elite athletes, many training improve- 
ments are lost within several weeks, even days, if an athlete stops exercis- 
ing. During the competition period, elite athletes cannot afford complete 
passive rest for more than 3 days in a row (typically only 1 or 2 days). 

Training loads can be roughly classified according to their magnitude as 

stimulating-the magnitude of the training load,is above the neutral 
level and positive adaptation may take place; 
retaining-the magnitude is in the neutral zone at which the level of 
fitness is maintained; and 
detraining-the magnitude of the load leads to a decrease in perfor- 
mance results, in the functional capabilities of the athlete, or both. 
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Figure 1.1 Dependence between training load (detraining, retaining, stimulat- 
ing) and level of physical fitness. Rectangles indicate the neutral zones (retaining 
load) corresponding to small fluctuations in the training load at which the level 
of fitness is basically not changed. Note the "stepladder" effect showing a 
change in the adaptation curve with a change in the training stimulus. A training 
load that leads to the detraining of qualified athletes may be extremely high for 
beginners. 

Overload 

Identical triplets possessed equal levels of strength; each was able to 

g lift a 57.5-kg barbell one time. They began to exercise with a 50-kg 
barbell, lifting the barbell in one set until failure five times. After a 
period of time, the athletes adapted to the training routine, their pre- 
paredness improved, and they were able to lift a 60-kg barbell one 
time. However, despite continued training, they did not make fur- 
ther performance gains because they accommodated to the training 
program. 

At this stage, the three athletes made different decisions. Athlete 
A decided to increase the training load (weight lifted, the number of 
repetitions in a set, the number of sets) or change the exercise. The 
new load was a stimulating load for this athlete and the perfor- 
mance improved. Athlete B continued to employ the previous rou- 
tine and the performance results were unchanged (retaining load). 
Athlete C decreased the training load and this athlete's strength per- 
formance declined (detraining load). 
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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 rt 170 N and in qwtting it was 11.5 rt 5.4 kg. In the second group, 
the strength in the trained posture increased by 560 * 230 N; howwer, in 
spite of such a high gain, the barbell squatperformance improved by only - 
7.5 i 4.7 kg. The strength gain in the trairied posture in the second group 
was higher (560 rt 230 N vs. 410 s 170 N), but the improvement in the bar- 
bell squats was lower (7.5 * 4.7 kg vs. 11.5 m 5.4 kg) due to minimal tram- 
fer of training results. 

As performances in different exercises have different modalities (force, 
' 

time, distance) and are not directly comparable, a dimensionless unit ' 

should be employed to estimate the transfer of training result. Such a unit 
is a result gain expressed in standard devigtions: 

Gain of performance 
Result gain = 

Standard deviation of performance 

For instance, if the average performance of a group is 60 k 10 kg (average 
+ standard deviation) and the performance of an athlete is improved as a 
result of training by 15 kg, the athlete's personal gain equals 15/10 or 1.5 
standard deviation. For the estimation of transfer, a ratio of the gains in 
nontrained exercises (exercises B, C, and D) and the trained exercise (exer- 
cise A) is employed. The coefficient of the transfer of training is, by defin- 
ition, the ratio: 

Result gain in nontrained exercise 
Transfer = 

Result gain in trained exercise 

Both gains are measured in standard deviations. The higher the ratio, the 
greater the transfer of training results. If the transfer is low, the effect of train- 
ing is specific. In the example from Figure 1.3, training effects were more 
specific for the group that performed exercise at the 130" knee-joint angle. ' 

Specificity of adaptation increases with the level of sport mastership. 
The higher an athlete's level of fitness, the more specific the adaptation. 
The transfer of training gain is lower in good atwetes; for beginners, 
almost all exercises are useful. It is possible to improve the strength, 
speed, endurance, and flexibility in people with extremely low physical 
fitness through simple calisthenics. The performance of beginning bicy- 
clists can be improved by squatting with a barbell. Elite athletes should 
use more specific exercises and training methods to increase competitive 
preparedness. 

Basic Concepts of Training Theory 11 

Cdculaffng the trader of trafning results 

In the experiment, the following data were recorded (Figure 1.3): 

Gain of 
. perfor- 

Test Before After mance Result gain Transfer 

Group 1 (Isometric training at an angle of 70") 

Force at an 
angle 70°, N 1310 * 340 1720 * 270 410 * 170 410/340 = 1.2 

Squatting, kg 95.5 i 23 107 * 21 11.5 i 5.4 11.5/23 = 0.5 0.5/1.2 = 0.42 

Group 2 (Isometric training at an angle of 130") 

Force at an 
angle 130°, N 2710 * 618 3270 * 642 560 * 230 560/618 = 0.91 

Squatting, kg 102 * 28 110 ~t 23 7.5 * 4.7 7.5/28 = 0.27 0.27/0.91 = 0.30 

Note the results: 

Characteristics 
Superior 

group Comparison 

Gain of performance in trained exercise Second 560 vs. 410 N 
Result gain in trained exercise First 1.2 vs. 0.91 SD 
Transfer of training results First 0.42 vs. 0.30 
G~I$ of performance in nontrained exercise First 11.5 54 vs. 

I 

.6 7.5 * 4.7 kg 

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

All people are different. The same exercises or training methods elicit a 
greater or smaller effect in various athletes. Innumerable attempts to mimic 
the training routines of famous athletes have proven unsuccessful. Only the 
general ideas underlying noteworthy training programs, not the entire 
training protocol, should be understood and creatively employed. The 
same holds true for average values derived from training practices and sci- 
entific research. Coaches and athletes need to use an average training 



















































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

Muscle Force Potential (Peripheral) Factors 

heral factors affecting muscle force potential, muscle 
seem to be the most important. Muscle mass and dimensions 

I 

~ ~ ~ i z & & ~ & n C ) i ~ x ~ f  
because of the greater extent sf possible overlap 

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

The force produced by a muscle fiber is limited by the number of actin 
and myosin filaments and consequently by the number of myofibrils 
working in parallel. The differences in parallel and serial action of sar- 
comeres are listed in Figure 3.1 for the example of two "fibers" consisting 
of two sarcomeres each. To estimate the muscle potential in force produc- 
tion, instead of calculating the number of filaments, researchers deter- 
mine their total cross-sectional area. The ratio of the filament area to the 
muscle fiber area is called filament area density. 

Strength exercise can increase the number of myofibrils per muscle 
fiber and filamental 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, and particularly on 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 sub- 
jected to a strength training regimen. This increase is called muscle hyper- 
trophy and is typically displayed by bodybuilders. Muscle hypertrophy is 
caused by 

an increased number of motor fibers (this is called fiber hypeuplasia) 
or 
the enlargement of cross-sectional areas of individual fibers (fiber 
hypertrophy). 

Recent investigators have found that both hyperplasia and hypertrophy 
contribute to muscle size increase. However, the contribution of fiber 
hyperplasia is rather small and may be disregarded for practical purposes 
of strength training. Muscle size increases are caused mainly by individ- 
ual fiber size increases, not by the gain in fibers (through fiber splitting). 
People with large numbers of small (thin) muscle fibers have a greater 
potential to become good weight lifters or bodybuilders than do people 
with small 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. 
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Two types of muscle fiber hypertrophy be schematically depict& 
sarcopl~rnic and &yofibrillar (Fiwd 3.2). 

Sarcopbmis: hpBtrtraphg of mml~ffbers is chmtd.e&ed by the groWU4. 
of sarctrplasm (semifluid inttidfkbrillar m b ~ t m )  mdlnoncontra&le prm 
teins that do not directly contribute to the productdash of muscle force" 
Specifj~ally, filament area demdty ty the mwdc f b ~ t f i  ,dem&:es, while the 
cross-sectlo~d area of the mwde fibers h m ~ w ,  wfi$m,ut. an accanpa- 
nying increase in mwde strength. Myofibm'llar @&op@ i~ irs tdarge- 
ment of the muscle fiber as it gains more myofibrils md, ~oprmpmdingly, 
more adin and myosiil filaments. At the same tlme, c~g$roiq~e prbtgins 
are synthesized and filament dem.ity increases, This type of fiber hyper- 
trophy leads to increased mussk bscc production, 

Heavy resistance exercise can lead to both sarcop1asm;ic and myoflbril- 
lar hypertrophy of muscle fibers. However, depending on the training Retative mechanical routine, these types of fiber hypcirtrophy! are manifested to varying properties -;-: ryr 

~h&. degrees. My~fibribr hypeftrophy @ w t d y  found im elite weight lifters 
Contraction time (if the training program i~ designed pxoperly), whereas sarcoplwmie 

hypertrophy is tyIPic~lJy seen in bodybuilders. Except for very spacial 
Maximum tension cases in which the aim of heavy resistance training is to achieve body 
Maximum unloaded weight gains, athletes are intmested in indwchg myafibri.Utar hypertro- 
displacement , phy Training must be organized to st&nulate the synthesis of contractile 

Maximum velocity 2 
proteins and to increase filament mmle  density. 

Maximum work 1 

Maximum power 1 

Maximum powerlkg muscle 1 forcefully converted @to more %imple su'bstances ("breaking down"); 
during restitukion (anabolic phase), the synthesis of muscle pmteims is 
vitalized. Fiber hypertrophy is considered to be a supercompensation of 

Figure 3.1 The relative effects of different arrangements of sarcomeres, in series 
and parallel, on the mechanical properties of a muscle fiber. In addition,the & 
tive isometric and isotonic properties are illustrated at the bottom of the figure 
for condition A and condition B. Note. From "Morphological Basis of S k W E  
Muscle Power Output" by V.R. Edgerton, RE l b ~  R.J. Gregor, and S. b % g ,  

N L  &am§, N. McCarbe& and A.J. McCamm ~ ~ ) 1 Hwm M ~ s d e  
4.41, C h a m p i p ,  IL: Human Kinetics. Cop57dght 1986 by Human Kin&- 

is. Reprinted by permimian. 



populm among coaches 20 to $0 years ago are n 
garded, including these: 

One of the most papular methods of bodybllfldhg training d e d  fluslfing 
(see chapter 7, muscle mass), is based on this assumption. It has been 
shown, however, that active muscle hyperemization (i.e., the hmase in W 
quantity of blood flowing through a muscle) caused by phybical therapeui 
tical means does not, in itself, lead to the activation of protein synbesis. I ' 

The muscle hypokia hypothesis, in contrast to the blood overcirsnrla- 
tion theory, stipulates that a deficiency, not an abundance, of blood and 
oxygen in muscle tissue during strength exercise triggers protein synthe 
sis. Muscle arterioles and capillaries are compressed during resis'tive 
exercise and the blood supply to an active muscle is restricted. Blood is 
not conveyed to muscle tissue if the tension exceeds approximately &I% 
of maximal muscle f o e .  

However, by inducing a hypoxic state in muscles in different ways, 
researchers have shown that oxygen shortage does not stimulate an 
increase in muscle size. Professional pearl divers, synchronized swim- 
mers, and others who kgultirly j?erform low-intensity movements in oxy- 
gen-defident conditions do not have hypertrophied muscles. 

The adenosine tviphosphate (ATP) debt t k o  y is based on the assump- ' 

tion that ATP concentration is decreased after b a v y  resistive exercise 
(about 15 repetitions in 20 s per set were recommended for training). 
However, 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 the0 y 
of muscle hypertrophy According to this hypothesis, the crucial factor for 
increasing protein catabolism is a shortag'e in the muscle cell of energy 
available for protein synthesis during heavy strength exercise. The syn- 
thesis of muscle protein$ ryquires a substantial amaunt of energy. The 
$ypthesis of one peptide banid, for instance, requifw energy liberated dur- 
ir@ the hydmlysis of two ATP molecules. For each instant in time, only a , 
given amount of energy is available in p rnusc.de cell. This energy is spent 
for the anabolism of mmde proteins ~ $ 3  for muscular work. Normally, 
the amomtiof energy available in s mu.&$@ k 4  satisfies thesotwo require- 
ments. During heavy r(5ei~tive exer~1&~ &owever, almost all available 
energy is conveyed to tls contractile mmde elements and spent on mus- 
cular work CFim 3.3). t 

Rest Heavy resistance exercise 
- 1. ,:. '.' 
I:,< 

Energy 

I '- 

P~:oteIn Machtnnieal '. . P@!ein , , 

*ark synthesis work syntbeisp - ' 
' ; ;il 

, 

Figure 3.3 Energy supply at rest and dudng heavy resistance exadse. , - ' 

1 I 
I , 

I . 

Since the energy supply for the synthesis of proteins decreases, proiein , 
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 , I 
ynthesized. As a result, the amount of muscle proteins decreases some- 

9; 
what after a strength workout, while the amount of protein catabolites 
(e.g., the concentration of nonprotein nitrogen in the blood) rises above its 
resting value. Then, between training sessions, protein synthesis is , , s  I 

increased. The uptake of amino acids from the blood into muscles is , 
above resting values. This repeated process of enhanced degradation and a 
synthesis of contractile proteins may result in the supercompensation of 
protein (Figure 3.4). This principle is similar to the overcompensation of I, 

muscle glycogen that occurs in response to endurance training. : 1 

Whatever the mechanism for stimulating muscle hypertrophy, the vital 4 
parameters of a training routine that induce such results are exercise 1 
intensity (the exerted muscular force) and exercise volume (the total nurn- l: 

ber of repetitions, performed mechanical work). The practical aspects of 
' 

this theory will be described in chapter 4. j 
j 

Body Weight 

Muscle mass constitutes a substantial part of the human body mass or " 

body weight. (In elite weight lifters, muscle mass is about 50% of body , '  ' 

weight). That is why, among equally trained individuals, those with - 

greater body weight demonstrate greater strength. 
The dependence of strength on weight is seen more clearly when tested , 

subjects have equally superb athletic qualifications. World record holders 
in weight lifting have shown a very strong correlation between perfor- " 

mance level and body weight, 0.93. The correlation for participants at the' 
world championships has been 0.80; and among those not involved in 
sport activities, the correlation has been low and may even equal zero. , 
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1 I W~tko~t  

/ ' synthesis 
4 

I I 1 

Time 

Figure 3.4 Energetic potential of a muscle cell and the rate of protein 
anabolism. Note. Adapted from "Influence of Exercise on Protein Metabolism" 
by A.A.Viru, 1990, in A.A. Viru (Ed.), Lectures in Exercise Physiology (pp. 123-146), 
Tartu, Estonia: The Tartu University Press. Adapted by penmission from the 
author. 

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

Relative strength = Absolute stredgth/~ody weight 

With an increase in body weight, among equally trained athletes of vari- 
ous weight classes, absolute strength increases and relative strength 
decreases (Figure 3.5). 

For instance, leading international athletes in the 60-kg weight cate- 
gory lift a barbell in the clean and jerk that is heavier than 180 kg (the 
world record equals 190.0 kg). Their relative strength in this exercise 
exceeds 3.0 (180 kg of force/60 kg of body weight = 3.0). The body weight 
of athletes in the super heavy weight division, on the other hand, must be 
above 110 kg and is typically 130 to 140 kg. If the best athletes of this 
weight class had a relative strength of 3.0 kg of force per kilogram of body 
weight, they would lift approximaf in the cleav and jerk. In real- 
ity, the world lrscord in b&--weight QI$ 270 kg*. 
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Athlete's body weight (kg) 

Figure 3.5 Absolute (solid line) and relative (dashed line) strengths of elite 
weight lifters at different weight classes. World records in clean and jerk lift 
(November 1991) serve as indices of absolute strength. 

Because of their great relative strength, athletes of small body dirnen- 
sions have an advantage in lifting their own bodies. Elite wrestlers of light 
weight classes can usually perform more than 30 pull-ups on a horizontal 
bar; for athletes in the super heavy weight category, 10 pull-ups is an 
excellent achievement. 

- -  

Why Do Athletes From V'drious Sports Have 
Different Body Dime~ons?  

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

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

To see what causes such discrepancies, imagine two athletes, A and B, 
with equal fitness levels but different body dimemions, Qne of them is 1.5 
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or, in logarithmic form, 
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Thus, the proportion for body height is 1:1.5; the proportion for area 
(including muscle physiological cross-sectional area) is 1:2.25; and the 
proportion for volume and weight is 1:3.375. Athlete B is 2.25 times 
stronger than athlete A, but also 3.375 times heavier. Athlete B has the 
advantage in absolute strength, and athlete A the advantage in relative 
strength. 

The relationship between body weight and strength can then be ana- 
lyzed using simple mathematics. Taking into account that 

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

Since strength (F) is proportional to muscle physiological cross-sectional 
area, it is also proportional to L2: 

We can validate the last equation by using, for instance, the world 
records in weight lifting. With this objective the logarithm of body weight 
is plotted in Figure 3.7 against the logarithm of weight lifted by an athlete. 
The regression coefficient is 0.646 (close to the predicted 0.6661, proving 
that the equation is valid. Such an equation (or corresponding 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 heavy weight lifters. 

For linemen in football, super heavy weight 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, the 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 (there is no need to apply force to maintain 
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Log (weight class) 

Figure 3.7 The relationship between athlete strength and body weight. The 
world records in weight lifting (snatch plus clean and jerk lifts) for athletes of 
different weight categories are used as indices of maximal strength. Because the 
body weight of athletes in the super heavy class (above 110 kg) is not precisely 
controlled by the rules, these data are not included in the analysis. The world 
records are for November 1991. A 90% confidence interval for the regression is 
shown. The world record in the 60-kg weight class (Suleyrnanoglu, 342.5 kg) is 
obviously above the average level of world records in other weight categories. 
Note logarithmic scale. 

handholds), the cross can be performed when relative strength is slightly 
less than 1.0. 

mass. 

Table 3.1 Equivalent Strength Levels for Athletes of Different Weight 
Categories (kg) 

Weight class, kg 

56 60 67.5 75 82.5 90 110 120 

Note. Data are from "Applied Aspects of the Analysis of the Relation- 
ships Between the Strength and Body Weight of the Athletes" by V.M. 
Zatsiorsky and I.F. Petrov, 1964, Theory and Practice of Physical Culture, 
27(7), pp. 71-73. 

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

Relative 
force, 

Force kg of force 
Arm Body excess per 1 kg "Crosses" 

adduction weight, over the of body in a 
Name force, kg kg weight, kg weight composition 

Azarian, A. 89 74 15 1.20 576 
Shachlin, B. 69.2 70 -0.8 0.98 

Note. Adapted from Strength Testing of Elite Athletes by A.A. Korobova 
and A.B. Plotkin, 1961, technical report #61-105 (p. 48), Moscow: All- 
Union Research Institute of Physical Culture. 
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Table 3.3 Body Weight Changes and Some Indirect Indices of Relative 
Strength in 1960 Olympic Games Champion (Long Jump) I? Krepkina G ~ ~ ~ ~ I c z s ~ s  at Risk 

Christy Henrich, one of the best American gymnasts of the 1980s, is a 
Standing Long well-known example of the tragic consequences of eating problems. 

Weight, Height, Weight/ jump, jump, Sprint When she weighed 95 lbs., she was told by her coaches that she was 
Age kg m height cm cm 100 m, s too fat to make the Olympic team. She began a life of anorexia and 

bulimia, still missing the Olympics by a fraction of a point. Less than 
a decade later she died at age 22, weighing just 52 lbs. Coaches 
should comment about weight issues thoughtfully and carefully. 

Note. Data are from Motor Abilities of Athletes (p. 26) by V.M. Zatsiorsky, The alternative to weight loss is an increase in relative strength through 
1966, Moscow: Fizkultura i Sport. gains in muscle mass. This is completely justified, and athletes should not 

be wary of muscular growth (for muscles carrying the main load in their 
sport movements). 

Growth a d  Strength 
As children and teenagers become taller and heavier, their relative 
strength should decrease. This often happens, especially during 
pubertal growth spurts. It is not uncommon for 8-year-old boys and 

ones). Hawetrefi ex girls to show comparatively high values of relative strength, for 
instance, to perform 10 or 12 chin-ups. But if they do not exercise 
regularly, they will not be able to repeat these achievements when 
they are 16. 

Typically, however, the relative strength of children does not 
decrease during childhood and puberty, because during the matura- 

of the effects of t h ~  rdistwbed fluid tion process the muscles of mature individuals produce a greater 
letes f d l ~ w  only long-term, pl force per unit of body mass. Thus, two concurrent processes with 
f d  rwtddion in the range of opposite effects take place during childhood and puberty: growth 
ndmnal, energy intake. (i.e., an increase in body dimensions) and maturation. Due to 

growth, relative strength decreases; at the same time, due to matu- 
ration, it increases. The superposition of these two processes deter- 
mines the manifested strength advancement (or decline). The 
interplay of the two concurrent processes of child development is 
important in the preparation of young athletes. 

Consider this example of how the best soviet/Russian male 
gymnasts train (for many years they have been the best in the 
world). They learn all the main technical stunts, including the 

for mature athletes. The most difficult ones, before the age of 12 or 13 when the puberty 
and teenagers. growth spurt begins. During the puberty period (13-16 years of 
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age) they learn very few, if any, new technical elements. In training amino acids. It is important to note that the actual requirements are not 
during this period they concentrate on conditioning, especially for protein but rather for selected amino acids. 
strength training and specific endurance training, and stability of In addition to the amino acid supply, the hormonal status of an athlete 
performance. All compulsory and optional routines are trained (to plays a very important role. Several hormones secreted by different 
achieve high stability of performance and gain specific endurance) glands in the body affect skeletal muscle tissue. These effects are classified 
rather than new elements and single stunts. Great attention is paid as either catabolic, leading to the breakdown of muscle proteins, or ana- 
to strength development. As a result, at 17 to 18 years of age the I bolic, leading to the synthesis of muscle proteins from amino acids. 
gymnasts are prepared to compete at the international level. nong the anabolic hormones are testosterone, growth hormone (soma- 
Dmitri Belozerchev won an all-around world championship when ,,mpin), and somatomedins (insulin-like growth factor). 
he was 16. The concentrations of these hormones in the blood largely determine 

the metabolic state of muscle fibers. The serum level of testosterone is 
lower in females than in males, and therefore strength training does not 
elicit the same degree of muscle hypertrophy in females as in males, 
Strength training elicits changes in the level of anabolic hormones circu- 

time to compete at the 2000 and 2004 Olympic games). lating in the blood. These changes may be acute (as a reaction to one 
workout) or cumulative (long-term changes in resting levels). For 
instance, strength training elicits increases in resting serum testosterone 
concentrations and induces an acute elevation in the level of circulating Other Factors (Nutrition, Hormonal Status) testosterone. A relatively high positive correlation (r = 0.68) has been 
found between the ratio of serum testosterone to sex hormone-binding 
globulin (SHBG) and concomitant gains in competitive weight-lifting 

for protein repair and growth. The building blocks of such proteins results for the clean and jerk lift (Figure 3.8). 

amino acids, which must be available for resynthesis in the rest perio Serum somatotropin levels are significantly elevated during exercise 

after workouts. with heavy weight (7045% of maximal force). No change in serum 

Amino acids are the end-products of protein digestion (or hydrolysis). growth hormone levels has been observed when the resistance is reduced 
to allow the completion of 21 repetitions. The resting level of soma- 
totropin is not changed as a result of strength training. 

cific amino acid needed by that muscle to build up its own protein Neural (Central) Factors 
practical terms, then, 

the full assortment of amino acids required for protein anaboli The central nervous system (CNS) is of paramount importance in the 

must be present in the blood during the restitution period; and exertion and development of muscular strength. Muscular strength is 

proteins, especially essential ones, must be provided by the proper determined not only by the quantity of involved muscle mass but also by 

kinds of foods in sufficient amounts. the extent to which individual fibers in a muscle are voluntarily acti- 
vated (by intramuscular coordination). Maximal force exertion is a skilled 

Athletes in sports such as weight lifting and shot putting, in which act in which many muscles must be appropriately activated. This coordi- 
muscular strength is the dominant motor ability, need at least 2 g of pro- nated activation of many muscle groups is called intermuscular coordina- 
tein per kilogram of body weight. In superior athletes during periods of tion. its a result of neural adaptation, superior athletes can better 
stress training, when the training load is extremely high, the protein coordinate the activation of fibers in single muscles and in muscle 

groups. In other words, they have better intramuscular and intermuscu- 
lar coordination. 
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The nervayh ~ ~ s t r n  uses three ~"t ions  for varying muscle force produc- 
tion. Thgse W k d e  I ,  I ' I 

6 i.ecruitment, the gradation: of ,total muscle force by the addition and 
subtrbstidn $f active moid wts; 
rate e6di$g, changing the &$,ig rate of qotor m t s ;  and 
synchrdnht-ion, the a c t i v a ~ o ~  of motor units in a'mard or less syn- 
chronized way. , 

All three options are based om the existence of motor units (Mu.). MU5-'are 
the basic elements ( q u a n ~ s )  of motor system output and consigt of 
motonewns, axons, motox.endplates~ and muscle fibers activated by one 
motoneuron. 

MUs can be classified as fast or slow on the basis of contractile proper- 
ties. Slow MUs, or slw-twit& (ST) motor units, are specialized for pro- 
longed use at relatively slow velocities, They consist of (a) small 
low-threshold motonewns Mth low dhharge frequencies, (b) axons 
with relatively low conduction velocities, and (c) motor fibers highly 
adapted to lengthy aerobic activities. Fast MU$, or fet-twitch 0 mator 
units, are specialized for relatively brief periods of activity charaderied 
by large power outputs, high velocities, and high rates of force develop 
ment. They consist of (a) large high-threshold motoneurons with high,dis- 
charge frequencies, (b) axons with high conduction velocities, and (c) 
motor fibers adapted to explosive or anaerobic activities. 

MUs are activated according to the all-or-none law. At any point in time, 
an MU is either active or inactive; there is no gradation in the level'bf 
motoneuron excitation. The gradation of force for one MU is accom- 
plished through changes in i ts firing rate (rate coding). 
In humans, contraction timw vary from 90 to 110 ms for ST moib units 

and from 40 to $4 ms for FT motor units. The qaximal shortenihg vdm- 
ity of fast ,motor fibers is almost four times greater than the V,,pf ST 
mator fibers* The brce per unit are3 of fast and slow motor fibers is simi- 
lar, but the FT motor units typically possess larger cross-sedianals and 
produce greater: fdrce per single miitor unit. 

AD human myschs contain both ST and FT motor units. The propor- 
tion of fast and slow motor fibers in mixed muscles varies among athletes, 
Endut"mce athletes have a high percentage of GT motor: units, while FT 
r n ~ ~ ~ i a  pred~minant among strength and pow9 &hl@tes. 

4 . , a  . *  , - I 

I . 

Recruitment 

During voluntary contractions, the orderly pattern of recruitment is con- 
trolled by the size of motoneurons (so-called size principle). Small 
motoneurons, those with the lowest firing threshold, are recruited first; 

> A  



IJX conclusjofi, maximal muscular force is achieved when 

1. a maximal number of both ST and FT motor units are recruited; 
2. rate is optimal to produce a fused tetanus in each motor fiber; 

3. the MUs work synchrono'usly over the short period of maximal vol- 
untary effort. 

Psychological factors are also of primary importance. Under extreme 
circumstances (i.e., "life-or-death" situations), people can develop extra- 
ordinary strength values. When untrained subjects (but not superior ath- n ~ . t i O &  if if t~evemmt wktcity or rate of force dm&- 

ers. &w@ver, rem*mnt  ordkw can be dunged if & mu& I 
letes) receive hypnotic suggestions of increased strength, they exhibit 
strength, increases, whereas both athletes and untrained people show muwk operates in i n m e a t  motims. Different sgZs of W s 

h w a l ~ ~ o a d f m ~ z n ~ d a ~ ~  strength decrements after receiving the hypnotic suggestion of decreased 
strength. Such strength enhancement is interpreted to mean that the CNS 
in extraordinary situations either increases the flow of excitatory stimuli, 
decreases the inhibitory influence to the motoneurons, or both. 

It may be that the activity of motor neurons in the spinal cord is nor- 
mally inhibited by the CNS and that it is not possible to activate all MUs 
within a specific muscle group. Under the influence of strength training 
and in exceptional circumstances (important sport competitions 
included), a reduction in neural inhibition occurs with a concomitant 

Rate Codtng 

The other primary mechanism for the gradation of muscle force is rate 
coding. The discharge frequency of motoneurons can vary over a consid- Intermuscular Coordination erable range. In general, the firing rate rises with increased force and 
power production. Every exercise, even the simplest one, is a skilled act requiring the com- 

The relative contributions of recruitment versus rate coding in grad- plex coordination of numerous muscle groups. The entire movement pat- 
ing the force of voluntary contractions are different in small and large tern, rather than the strength of single muscles or the movement of single 
muscles. In small muscles, most MUs are recruited at a level of force jobts, must be the primary training objective. Thus, an athlete should use 
less than 50% of F,,; thereafter, rate coding plays the major role in the "local" strength exercises, in which the movement is performed in only 
further development of force up to F,,. In large proximal muscles, oie joint, and only as a supplement to the main training program. 
such as the deltoid and biceps, the recruitment of additional MUs Here are some examples of the primary importance of the entire coor- 
appears to be the main mechanism for increasing force development up dination pattern (rather than the force of single muscles) for muscular 
to 80% of F,, and even higher. In the force range between 80% and 
100% of F,,, force is increased almost exclusively by intensification of 
the MU firing rate. Electrostimulation training. It is possible to induce hypertrophy and 

increase the maximal force of a single muscle, for instance the rectus 
S~chronization femoris, or even a muscle group (e.g., knee extensors), through electro- 

stimulation (EMS). However, if only EMS is used, it takes a great deal of 
Normally, MUs work asynchronously to produce a smooth, accurate time and effort to transmute this increased potential into a measurable 
movement. However, there is some evidence that, in elite power and strength gain in a multijoint movement such as a leg extension. Some ath- 
strength athletes, MUs are activated synchronously during maximal vol- letes who try EMS decide that it i s  not worth the effort (see also chapter 6 
untary efforts. on EMS). Strength gains attained through conventional voluntary training 
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rely on changes in the nervous system th~tdolnot occur when muscles are 5. The rate of force development (especially the S-gradient) does not 
stimulated electrically. correlate with the maximal force F,,. 

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

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

Type of Strength Manifestation 
Static strength Isometric and slow 

(or, simply strength) concentric actions 
Dynamic strength Fast concentric movements 
Yielding strength Eccentric actions 

Additionally the explosive strength (or rate of force development) and the 
force exerted in stretch-shortening (reversible) muscle actions are consid- 

extremely high loading tMt occurs during squatting exercises, in which ered independent components of motor fundion. 

the barbell Weight 41 exceed 350 kg.) The summary classification scheme is certainly not completely satisfac- 
tory from a scientific point of view in that it uses different bases for cate- 

In the case of the bottleneck effct, when low strength in one joint of a gorization (direction of movement, velocity, time). Furthermore, a smooth 
kinematic chain b i t s  performance (e.g., knee extensor strength is the transition exists rather than a sharp demarcation between different types 
limiting factor in squatting), the roach should first try to change the exer- of strength. Despite these valid criticisms, this classification system has 
cise to redistribute the load among different muscle groups. Only after served as a useful tool in practical work for many years. Unfortunately, a 
that is an isolated knee extension against a resistance advisable. better system does not exist at this time. 

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

To understand what determines the differences across athletes, we scruti- 
Taxonomy of Strength nize two factors: peripheral (that is, capabilities of individual muscles) 

and central (the coordination of muscle activity by the CNS). Among 
Let us review some facts from chapters 2 and 3: peripheral factors, muscle dimensions seem to be the most important: Mus- 

cles with a large physiological cross-sectional area produce higher forces. 
1. Magnitudes of the maximal force F, in slow movements do not dif- The size of a muscle increases when (a) a properly planned strength train- 

fer greatly from those in isometric actions. ing program is executed and (b) the required amount and selection of 
2. The greatest muscular forces are developed in eccentric actions; amino acids are provided via nutrition. The enlargement of the cross-sec- 

such forces are sometimes twice those developed in isometric tional area of individual fibers (fiber hypertrophy) rather than an increase 
conditions. in the number of fibers (hyperplasia) is responsible for muscle size 

3. In concentric actions, the force Fm is reduced when the time to peak growth. Heavy resistance exercise activates the breakdown of muscle pro- , , ' 8 kf J r  force T, decreases or the velocity increases. teins, creating conditions for the enhanced synthesis of contractile pro- 
%h There are no substantial correlations between maximum maximo- teins during rest periods. The mass of proteins catabolized during 

1' exercise exceeds the mass of newly synthesized protein. The crucial factor 
for increasing the protein breakdown is a shortage in the muscle cell of 

I 



Since muscle mass constitutes a substantial part of the human body, 
athletes with larger body weight demonstrate greater strength than 
equally trained athletes of smaller body dimensions. The strength per 
kilogram of body weight is called relatius strength; muscular strength, 
when not related to body weight, is te~med absolute strength. Among 
equally trained athletes of various weight classes, absolute strength 
increases and relative strength decreases with a gain in body weight. 
Body weight loss, if properly managed, is helpful toward increasing rela- , 

tive force. However, athletes must be warned against the malpractice of 
rapid weight reduction. 

Neural (central) factors include intramuscular and intermuscular coordi- 
nation. On the level of intramuscular coordination, three main options are 
used by the CNS for varying muscle force production: recruitment 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 (Hennemann's size princi- 
ple): Small motoneurons 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, 

I 

regardless of the magnitude of muscle force and velocity being devel- 
oped. The firing rate of the MUs rises with increased force production , 
(rate coding), The maximal force 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 
I maximal muscular force is substantiated by many investigations. Thus, 

the entire movement pattern rather than the strength of individual mus- 
cles or single joint movements should be the primary training objective.. 
Explosive strength (or rate of force development) and t h ~  force exerted in , 
stretch-shortening (reversible) muscle actions are independent cornp& ; 

1 nents of motor function. t 

PART I1 

OF STR 
NING 

ENG 

Part 2 summarizes the requisite knowledge for coaching successfully, 
concentrating on information derived both from scientific evidence and 
the documented practical experience of elite athletes. Chapter 4, which 
covers intensity and methods of strength training, begins with the 
description of measurement techniques. It also reviews current scientific 
material about exercising with different resistance, analyzing metabolic 
reactions, intramuscular coordination, and biomechanical variables. The 
chapter then scrutinizes the training intensity of elite athletes and pre- 
sents data from the training logs of dozens of the best athletes in the 
world, including Olympic champions and world-record holders from 
Eastern Europe. The best athletes in these countries tend to train together 

4 and thus lend themselves to easier monitoring, and you will see reflected 
in this book some 35 years' worth of training logs of many sport stars. 
Chapter 4 also outlines three main methods of strength training and dis- 
cusses in detail the parallels between practical training and scientific lore. 

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

I Chapter 6 pertains to the issue that coaches face first and foremost 
when they devise strength training programs: exercise selection. The 
chapter examines various strength exercises; it also classifies exercises 
and presents a rationale for exercise selection. For experienced athletes, 
decisions are fairly complex, and among the exercise features they must 
msidm are the following: working muscles, type of resistance, time and 
rate 0f force developraent movemen# w d d k y ; ,  mowemten€ direotion* 
and the force-posture relationship. Chapter 5 also describes the 
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peak-contraction principle, accommodating resistance, and accentua- 
tion-the three basic techniques used in modern strength training to han- 
dle the force-posture paradigm. 

A later section of chapte~ 6 concentrates on strength exercises that are 
regarded by many as supplementary, including isometric exercises, self- 
resistance exercises, and yielding exerclises. We note that exercises with 
reversible muscle action, such as dropping jumps, are hecoming more 
popular, Meanwhile, the spo& exerda;@ that call for added resistance? 
which are often referred to as "speed-resi@ed," ciln now hardly be called 
auxiliary. In fact, some experts see a e  shift 'in p~u1arit-y of thi8 +group of 
exercises as the most visible trend in training during the 1980s. Chapter 6 
explains how to choose and use all these training techniques. It then 
reviews electtostimulation-a training technique that is sometimes 
labeled exotic-and ends by offering some practical advice on how to 
breathe while exercising. 

Chapter 7 describes measures that may prevent injuries during 
strength training, especially to the lumbar region, explaining the underly- 
ing theory wh.ile presehting p~acticable techniques' Several applied 
aspects are discussed, ineluding muscle strengthening, sport technique 
requirements, w e  of protective itnplements, posture correction and fled- 
bWty development, and rehabaitation measures, 

Chapter 8 exg1or&s goal-specific strength training, Both athletes and lay 
people exercise: for strength not only to improve strength performance 
but also for many other reassns (gods may be as diverse as power per- 
formance, muscle mass gain, endurance perfomance, or infury preven- 
tion). The chapter also s m r i z e s  specific features of strength training. 

C H A P T E R  4 

Training Intensity: 
Methods of Strength 
Training 

In this chapter we turn to the topic of training intensity and focus on four 
major issues. First we consider several methods of measuring training 
intensity. Then we look at the physiological characteristics of exercises 
with varying intensities, particularly the influence of different strength 
exercises on metabolism and intra- and intermuscular coordination. The 
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final section outlines the theory underlying a described training pattern 
and presents the primary methods of strength training. 

Measurement Techniques 

Training intensity can be estimated in four different ways: These are by the 

magnitude of resistance (e.g., weight lifted) expressed as a percent- 
age of the best achievement (F, or F,,) in a relevant movement (if 
the weight lifted is expressed in kilograms, it is difficult to com- 
pare the training loads of athletes who vary in mastership and 
weight class); 
number of repetitions (lifts) per set (a set is a group of repetitions per- 
formed consecutively); 
number (or percentage) of repetitions with maximal resistance (weight); 
and 
workout density, i.e., the number of sets per hour in a workout. 

You can read in this chapter about the first three methods; and in chap- 
ter 5 about workout density. 

To characterize the magnitude of resistance (load), we use the percentage 
of weight lifted relative to the athlete's best performance. Depending on 
how the "best achievement" is determined, two main variants of such a 
measure are utilized. One option is to use the athletic performance 
attained during an official sport competition (competition F,, = CF,,). 
The second option is to use a maximum training weight (TF-) for com- 
parison. 

By definition, maximum training weight is the heaviest weight (one rep- 
etition maximum) an athlete can lift without substantial emotional stress. 
In practice, experienced athletes determine TF,, by registering heart 
rate. If the heart rate increases before the lift, this is a sign of emotional 
anxiety. The weight exceeds TF,, in this case. (Note, however, that heart 
rate elevation before lifting the maximal competition load CF,, varies 
substantially among athletes. During important competitions, the range 
is between 120 and 180 beats per minute. To determine TF,,, athletes 
must know their individual reactions.) The difference between the TF,, 
and the CF,, is approximately 12.5 * 2.5% for superior weight lifters. The 
difference is greater for athletes in heavy weight classes. For athletes who 
lift 200 kg during competition, a 180-kg weight is typically above their 
T F m  

For an athlete, the difference between CF,, and TF,, is great. After 
an important competition, weight lifters are extremely tired even though 
they may have performed only 6 lifts; in comparison to nearly 100 
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ifts during a regular training session. Such athletes have a feeling of 
emptiness" and cannot lift large weights. Thus they need about 1 week 
f rest and cannot compete in an important competition until 1 month of 
est and training has expired (compared with the situation in other sports 

ch contests are held two to three times a week). The reason is not 
ysical load itself but the great emotional stress an athlete experi- 

es while lifting CF,,. TF,, can be lifted at each training session. 
It is more practical to use CF,, than to use TF,, for the calculation of 

aining intensity. Since the 1960s, the average training intensity for elite 
oviet athletes has been 75 * 2%. Superior weight lifters do not necessar- 
y exercise with such intensity. Athletes from other countries often use 
igher or lower training weights. For instance, in 1987, Finnish weight- 

lifting champions exercised with an average intensity of 80 * 2.5%. Soviet 
or Russian athletes, however, as well as Bulgarians, have won nearly all 

1 the gold medals at the world and Olympic championships over the past 

In a sport such as weight lifting, the training intensity is characterized 
lso by an intensity coefficient. This ratio is calculated: 

Average weight lifted, kg . 100 
Athletic performance (snatch plus clean and jerk), kg 

age, the intensity coefficient for superior soviet athletes has been 

It is a good idea to use as a CF,, value the average of two perfor- 
mances attained during official contests immediately before and after the 
period of training you are studying. For instance, if the performance was 
100 kg during a competition in December and it was 110 kg in May, the 
average CF,, for the period January through April was 105 kg. There are 
many misconceptions in sport science literature 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 impor- 
tant 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 F,, 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 maxi- 
mal load that can be lifted a given number of repetitions before fatigue is 
called repetition maximum (RM). For instance, 3 RM is the weight that can 

entails the use of 
a trainee can lift a 

measure of training 

,-' 



88 Science and Practice of Strength Training Training Intensity: Methods of Strength Training 89 

intensity in heavy resistance training. However, there is no fixed relation- 
ship between the magnitude of the weight lifted (expressed as a percent- 
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, 10 RM corresponds to approximately 
75% F,. This is valid for athletes in $po~$s where strength and explosive 
strength predominate (such as weight lifting, sprinting, jumping, and 
throwing). However, note) that a given percentage of 1 RM will not always 
correspond to the same number of repetitions to faflure in the perfor- 
mance of different lifts. 

During training, superior athletes use varying numbers of repetitions 
in different lifts. In the snatch and the clean and jerk the typical number of 
repetitions ranges from one to three, and the most common number is 
two (almost 60% of all sets are performed with two repetitions), In barbell 
squats, the range is from two to seven 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, fewer than 10 to 12 RM should be used for muscular 
strength development; the exceptions to this are rare (e.g., sit-ups). 

- 4 Wrestler 

H Weightlifter 

Number of lifts 

Figure 4.1 Dependence of the maximal number of repetitions to failure (RM, 
abscissa) to weight lifted (% F-, ordinate). Bench press; the results for two qual- 
ified athletes, a weight lifter and a wrestler, are shown. The pace of lifts was 1 lift 
in 2.5 s. Both athletes were highly motivated. Note. The data 
ships Between the Motor Abilities" by V.M. Zatsiorsky, N.G. 
Smirnov, 1968, Theory and Practice of Physical Culture, 31(12), pp. 35-48; 1969, 
32(1), pp. 2-8; 1969,32(2), pp. 28-33. Reprinted by permission from the journal. 

Sets (%) 

Figure 4.2 Number of repetitions per set in squatting with a barbell. One year 
of observations in the training of eight world and Olympic champions in the 
clean and jerk lift. Note. The data are from Preparation ofNationa1 Olynipic Teairl in 
Weight Lifting to tlze 1988 Olympic Gaines in Seoul, 1989, technical report #1988-67 
(p. 79), Moscow: All-Union Research Institute of Physical Culture. 

The number of repetitions zoith maximal resistance is used as an additional, 
but very useful, measure of the intensity of strength training. By agree- 
ment, all lifts with a barbell above 90% of CF,, are included in this cate- 
gory. These loads are above TF,, for almost all athletes. 

Determination of Training Intensity 

A conditionkg coach wants to prescribe a training intensity in bar- 
bell squats for two athletes, A and B. Athlete A is a competitive 
weight lifter from a light weight class; athlete B is a football player. 
Recently during a modeled competition, athlete A managed to lift a 
150-kg barbell (his CF,,). To prepare for the competition, athlete A 



90 Scfenee and Practice of Strength Training Training lnfensity: Methods of Strength Training 91 

excluded barbell squats from his training program for 10 days 
before the contest and had a complete 2-day rest. He considered the 
competition very important and psychologically prepared himself 
to set his best personal achievement in squatting. During the com- 
petition, athlete A performed squats in a fresh condition, immedi- 
ately after a warm-up. Because of h g h  emotional stress, his heart 
rate before the Xifts was approximately 180 beats/min. 

For this athlete, the maximal training weight must ba around 135 
' 

kg-his TF-. To define this weight more precisel& the coach mon- 
itored the athlete's heart rate during rest intern& and fodnd that 
before he lifted a 135-kg barbell his heart rate was not elevated. 
Therefore this weight did not elicit h i g h . e m o t i a n a l ~ ~ .  The coach 
recommended that the athlete use the 135-kg weight as maximal 
load in the majority of training sessions during the n&t training 
cycle. This was exactly 90% of his maximal achievement attained 
during the comptition 

Without experiencing emotional stress and using a special com- 
petition-like warm-up, athlete A was able ta, lSft a 139-kg barbell one 
to two times in one set. Since the advice was to perform three to four 
squats in a set, athlete A exercised mainly with the 125-130-kg bar- 
bell, Periodically, he also used higher loads, including some greater 
than 135 kg. These lifts were counted and their numbers used as an 
additional measure of training intensity. 

Athlete B also squatted with a 150-kg barbell. But unlike athlete 
A, he did this during a regular session within his usual training rou- 
tine. Additional rest before the test was not provided and no special 
measures were taken. For this athlete, the 150-kg achievement can 
be regarded as a maximtun training weight (TI?-). He can exercise 
with such a load regularly. 

Exercising With Different Resistance 

Different levels of resistance have different physiological effects. Varied 
resistance levels cause different metabolic reactions involving the break- 
down and synthesis of proteins. The resistance level or intensity of exer- 
cise also influences intramuscular and i n t m u s c u l a r  coordination. 

Metab~lfc  Reactions 

According to the energetic hypo-thmis df mu~cle cell hypWt-rsphy , 
d aseMbet.3 ~ I F L ~ W  tat%& &kwkw 9, ~ ~ s i ~ ~ l : , &@ m.$'e_M8f@,ctor 

amount of energy available for protein synthesis during exercise. If the 
resistance is relatively small, the energy available in the muscle cell is con- 
veyed for muscle action and, at the same time, for anabolism of muscle 
proteins. Thus, the energy supply satisfies both requirements. During 
heavy weight lifting, a larger amount of energy is provided to the con- 
tractile muscle elements and spent on muscular work. Energy transfer for 
the synthesis of proteins decreases, while the rate of protein breakdown 
(the amount of degraded protein per lift) increases. The rate of protein 
degradation is a function of the weight lifted: The heavier the weight, the 
higher the rate of protein degradation. 

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

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

An additional feature of such training, an important one from a practi- 
cal standpoint, is the very high training volume or total amount of weight 
lifted during a workout. This amount is up to five or six times greater 
than the amount lifted during a conventional training routine. Athletes 

Table 4.1 The Amount of Degraded Protein During Strength Training 
With Different Levels of Resistance 

Mechanical work Total amount of 
Rate of protein (number of of degraded 

Resistance, RM degradation repetitions) protein 

1 High Small Small 

5-19 ,,ti Average Average Large 
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ExereWng With V'OUS w'&ights: M d u n i c r r l  Work 
arnd MefaboZic Response 
An athlete whose best achievement in barbell squatting is 150 kg 
performs squats with 150-, 120-, and 90-kg barbells. His body 
weight is 77.5 kg and the weight of body parts above the knee joints 
is 70 kg (only this part of the body is lifted during squatting; the feet 
and shanlcs are almost moti6nless). Thus, the weights lift4 (the bar- 
bell plus the body) are 220,290, and 160 kg. The distance that the 
center of gravity is raised (the difference between the lowest and the 
highest position of the center of gravity) is 1 m. The athlete lifts the 
150-kg barbell 1 t h e ,  the 120-kg barbell 10 times, and the 90-kg bar- 
bell 25 tfme~. The mechanioal work produced equals 220 kgm for the 

' 

heaviest barbell (220 kg multiplied by 1 time and 1 m), 1,900 kgm for 
the 120-kg barbell, and 4,000 kgm for the lightdt one (160 kg . 25 
times . 1 m). Exerci~ing with a light barbell, the athlete produces 

barbell. During squatting with the 150-kg barbell, the intensity of 
protein catabolism (the amount of degraded proteins per repeti- 
tion) is very high. This barbell, however, is lifted one time only. , 

When the athlete executes the squats with the light (90 kg) barbell, . 

(total load Lifted). 

Intremrzlscul~ Coordlntion 

Lifting maximal weight has a number of effects on motor units (MUs): A 
maximum number of MUs are activated, the fastest MUs are recruited, 
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MUs do exist, however, that many athletes cannot recruit or raise to the 
optimal firing rate in spite of sincere efforts to develop maximal force. It 
is well known that high-threshold (fast) units possess a higher maximal 
discharge frequency. However, investigators have shown that, in 
untrained people during maximal voluntary contractions, many high- 
threshold MUs exhibit a lower firing frequency than low-threshold MUs. 
This is so because the fast MUs are not fully activated even though the 
individual is attempting to attain maximal forces. 

The "hidden potential" of a human muscle to develop higher forces can 
also be demonstrated by electrostimulation. In experiments involving 
maximum voluntary contraction, the muscle is stimulated with electrical 
current (for detail on muscle electrostirnulation see chapter 6). The stimu- 
lus induces an increase in force production. The ratio 

(Force during electrostimulation - Maximal voluntarv force) . 100 
Maximal voluntary force 

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

One objective of heavy resistance training is to "teach an athlete to 
recruit all the necessary MUs at a firing rate that is optimal for producing 
a fused tetanus in each motor fiber. When submaximal weights are lifted, 
an intermediate number of MUs are activated; the fastest MUs are not 
recruited; the discharge frequency of the motoneurons is submaximal; 
and MU activity is asynchronous. It is easy to see differences in intramus- 
cular coordination between exercises with maximal versus submaximal 
weight lifting. Accordingly, exercises with moderate resistance are not an 
effective means of training for strength development, particularly when 
improved intramuscular coordination is desired. 

Many people believe that, in the preparation of elite weight lifters, 
optimal intramuscular coordination is realized when weights equal to or 
above TF,, are used in workouts. It is not mandatory from this stand- 
point to lift CF,, during training sessions. Differences in the best perfor- 
mances attained during training sessions (i.e., TF,,) and during 
important competition (i.e., CF-) are explained by psychological factors 
such as the level of arousal and by increased rest before a contest (recall 
the two-factor theory of training in chapter 1). Differences in coordination 
(intra- and intermuscular), however, do not affect performance. Weights 
above TF,, are used only sporadically in training (for approximately 
3.5-7.0% of all the lifts). 
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What Happens  When a NmamuxlmaJ kxrd b 
Llftt?d? 1 

A person curls a 30-kg dulxlbbell, o r i ~ h g  the following to occur: (a) 
the maximal number of MUs are qqgqited; (b) the fast W s ,  which ' 
are also the stqngest, are activq$,edi ,fd the discharge frequenq'of 
motoneurons is optimal; and (d) msfon~uron activity is (maybe) 
synchronous. 

However, when a 15-kg dumbbell h ;Lifted, (a) only a portion of 
the total MUs are recruited, 01) the fastest (and otronges 
not activated, (c) the frequency of neural stimulation is not op 
and (dl MU activity is (sureIy) asynhnous .  

Intramuscular coordination in the two activities is subst&tially 
different. Thus, lifting a 15-kg load ,cannot improve the intrammcu- 
lar coordination r e e d  to overcome a 30-kg resistance. 

B i o r n 8 ~ ~ ~  ~kubles and m t e e r m m ~ ~  C o o r ~ o n  

When an athlete lifts maximal weights, movement velocity reaches its 
ultimate Value and then ramins nearly constant. Acceleration of the bar- 
bell varies near the zero level and the force is more or less equal to the 
weight of the object lifted (Figure 4.3a). 

In the lifting of moderate weights, there can be two variations. In the 
first dxample (Fi* 4.3b), efforts are maximally applied. Acceleration 
increases in the initial phase of the lift, then falls to zero a .  become 
ative fn the second phase of the motion. At the beginning the force 
applied to the barbell is greater than the weight lifted and then decreases. 
The second part df the motion Is partially fulfilled vfa the weight's kirietic 
energy. In this type of lifting, muscular coordination diffefs fmfn 
lized in the Wing of maximal dr near-mkdmd weights. Tholt ib, 
efforts are concentrated ("accentuated") only in the bt halfiof the movq- 
ment, 

In the second instance, bematic variables of the mbvemkhk 
acceleration) are similar to those observed when' a person' does 
lift. Acceleration, and the corresponding external f o ~ @  a@]rs~dltp tJidX5a~ 
bell, are almost constant. Howewi; this motion p&bi$iLn4h zisttikib~ohally 
slow lift-hvo1ves the coactivation of anvg;o&b-ed hti$dld grdupd.'Such 
intermuscular coordination hampets the ma4lfkdttition ~f maximum 
smngth values. r I ,. .I. p 3 I 

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

In untrained individuals, the measured strength levels fall when resis- 
tance is below 20% of their Fmm. In athletes accustomed to great muscu- 
lar efforts, this drop in strength can begin even with loads that are 
relatively heavy, but below their usual level. For instance, if qualified 
weight lifters train with weights of 60% to 85% TF,, and do not lift these 
loads in one set to failure (to fatigue), the strength level is kept constant 
over the 1st month of such training and drops 5% to 7% during the 2nd 
month. Athletes in seasonal sports, such as rowing, lose strength levels 
previously attained in the preparation period if they do not use high- 
resistance training during a competition period, regardless of intense 
specific workouts. 

Qualified athletes retain only muscle size, not muscular strength, when 
they use exclusively moderate (nonmaximal) resistances and moderate 
(nonrnaximal) repetitions over a period of several months. 

Training Intensity of Elite Athletes 

The practical training experience of elite athletes is a useful source of 
information in sport science. This experience, although it does not pro- 
vide sound scientific proof of the optimality of the training routines 
employed, reflects the most efficient training pattern known at the pre- 
sent time. In the future, gains in knowledge will certainly influence train- 
ing protocols. Currently, however, we do not know precisely what the 
best approaches are. 

The distribution of training weights in the conditioning of elite weight 
lifters is shown in Figure 4.4. Notice that elite athletes use a broad spec- 
trum of loads. They use loads below 60% of CF,, mainly for warming up 
and restitution (these loads account for 8% of all the lifts). The highest 
proportion of weights lifted (35%) consists of those 70% to 80% of the 
C F - .  In agreement with these data and as observed over many years, the 
average weight lifted by superior athletes is equal to 75.0 * 2.0% of CF-. 
Loads above 90% of CF- account for only 7% of all lifts. 

The number of repetitions per set varies by exercise. In both the snatch 
and the clean and jerk lifts (Figure 4-51, the majority of all sets are per- 
formed with one to three repetitions. In the snatch, only 1.8% of the sets 
are done with three or four repetitions; in the clean and jerk, the percent- 
age of sets with four to six lifts is no more than 5.4%. The majority of sets, 
roughly 55% to 60%, consist of two repetitions. 

Weight, % of CF,, 

0 660-0 

W I O O  

I b : , : ' - .  35% 

Figure 4.4 The distribution of weights lifted by members of the U.S.S.R. 
Olympic team during preparation for the 1988 Olympic Games. The exercises 
were divided into two groups: snatch related and clean related. The weight lifted 
is expressed as a percentage of CF,, in main sport exercises (either in snatch or 
clean and jerk). Squatting with the barbell is not included in this analysis. One 
year of direct observations. Note. Adapted from Training Load in Strength Training 
of Elite Athletes by V.M. Zatsiorsky, 1991, Oct. 26-31, paper presented at the Sec- 
ond IOC World Congress on Sport Sciences, Barcelona. 

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

Generally speaking, as the intermuscular coordination in an exercise 
becomes more simple and as the technique of the exercise deviates from 
the technique of the main sport event (in this example, from the technique 
of both the snatch and clean and jerk), the number of repetitions increases. 
In the clean and jerk, it is one to three (57.4% of sets contain two lifts only); 
the typical number of repetitions in squatting is three to five, and in the 
inverse curl the average number of lifts is around five to seven per set 

The number of repetitions with maximal resistance (near CF-) is relatively 
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Figure 4.6 Inverse curl (top) and the percentages of sets with different numbers 
of lifts in this exercise. Results of direct observations in the training of V. Alexeev, 
many-time world and Olympic champion and world record holder in weight 
lifting (super heavy weight category) in a total of 130 sets. Note. The data are 
from Preparation of National Olympic Team in Weight Lifting to the 1980 Olympic 
Games, in Moscow, 1981, technical report #1981-34, Moscow: All-Union Research 
Institute of Physical Culture. 

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

During the 1980s, the soviet and Bulgarian weight-lifting teams won 
almost all gold medals at the world and Olympic competitions. It has 
often BP&n *ported that Bulgarian weight lifters lift barbells of maximal 
weY3bt more than 4,000 times a year. The training intensity of Bulgarian 
athletes is actually higher than it is for soviet athletes. However, the real 
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source of such a huge discrepancy (600 vs. 4,000 lifts a year) is not the then "learns" to enhance and "rnem~rize'~ these changes in motor coordi- 
training itself, but the method of determining maximal weight. In their nation (evidently on a subconscious level). 
plans and logs soviet athletes use CF,,, while Bulgarians stick to the We saw earlier that with this method the magnitude of resistance 
TF,, designation (1 RM in a given training session). should be close to TFm To avoid high emotional stress, CF,, must be 

These repetition levels should not be mechanically copied. Rather, included only intermittently in the training routine. If the aim of a train- 
ing drill is to "train movement" (i.e., both intramuscular and intermuscu- 
lar coordination are the object of training), the recommended number of 
repetitions per set is one to three. Exercises such as the snatch or the clean 
and jerk are examples (see Figure 4.5 above). When the training of mus- 

methods, proper exercise selection, and timing of training. cles rather than movement training is the drill objective (i.e., the biome- 
chanical 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 example is the "inverse curl" (Figure 4.6), where the typical number 
of repetitions is four to eight. The number of repetitions in squatting, on 
the other hand, usually falls in the range of two to six (Figure 4.2). 

Although the method of maximum efforts is popular among superior 
athletes, it has several limitations and cannot be recommended for begin- 
ners. The primary limitation is the high risk of injury. Only after the 
proper technique for the exercise (e.g., barbell squat) is acquired and the 
relevant muscles (spine 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 (one or two), has rel- 
atively little ability to induce muscle hypertrophy. 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. 

I h (  , I 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 characterized by 

decreased vigor, 
. .,, . elevated anxiety and depression, 

0 sensation of fatigue in the morning hours, 
Maximal Effort Method increased perception of effort while lifting a fixed weight, and 

high blood pressure at rest. 
The method of maximal effort is considered superior for improving both 
intramuscular and intermuscular coordination; the muscles and central -%This response is typical if CF,, rather than TF- is used too frequently 
nervous system (CNS) adapt only to the load placed upon 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 maxi- 
mal number of MUs are activated with optimal discharge frequency and 
the biomechanical parameters of movement and intermuscular coordina- 
tion are similar to the analogous values in a main sport exercise. A trainee 
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Strength Training Mefhods 

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

The athlete has the following va&ts from which to choose for 
strength training: 

Lift 100 kg (maximal effort method); 
Lift a load smaller than 100 kg, perhaps 70 kg, either a submaxi- 
ma1 number of times (submaximal effort method) or until failure 
(repeated effort method); 
Lift (move) a submaximal load at maximal velocity, for example, 
jump for height with a heavy waist belt (dynamic effort method). 

Submaximal Effort Method and Repeated Effort Method 

Methods using submaximal versus repeated efforts differ only in the 
number of repetitions per set-intermediate in the first case and maximal 
(to failure) in the second. The stimulation of muscle hypertrophy is simi- 
lar for the two methods. According to the energetic hypothesis described 
in chapter 3 (muscle dimensions), two factors are of primary importance 
for inducing a discrepancy in the amount of degraded and newly synthe- 
sized proteins. These are the rate of protein degradation and the total 
value of performed mechanical work. If the number of lifts is not maxi- 
mal, mechanical work diminishes somewhat. However, if the amount of 
work is relatively close to maximal values (e.g., if 10 lifts are performed 
instead of the 12 maximum possible), then the difference is not really ~ r u -  
cial. It may be compensated for in various ways, for instance by shorten- 
ing time intervals between sequential sets. It is a common belief that the 
maximal number of repetitions in a set is desirable, but not necessary, to 
induce muscle hypertrophy. 

The situation is different, though, if the main objective of a heavy resis- 
tance drill is to "learn" a proper muscle coordination pattern, We can 
analyze this issue with an example. Suppose an athlete is lifting the bar- 
bell to 12 RM with a given rate of one lift p a  second. The muscle sub- 
jected to training consists of MUs having different endurance times from 
1 to perhaps 100 s (in reality, some slow MUs have a much gr8'8teT 
endurance t h ~ ;  they may be active for dozens of rnifxutes withouWnf 
sign of fatigue), The maximal n u d e r  af lift$. to fattgtse among MUs 
varies, natwa'lly, hum .1 to $00. lf-'f-t;lrhatMeta Ufts~,&e.Barbel only one 
wr an@ division of the MUs is recruited and the second is not (Figure 
4.7",'P&& hotoneuron column). According to the size principle, the slow, 
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Submaximal weight Maximal weiaht 

First Intermediate 
lift l i f t  

Fast MU 8 €4- 
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a a 
€4 a a 
0-0- a 
0 0 0 

Slow MU 0 0 0 

Motor Units 
0 Recruited, not exhausted 

Recruited, exhausted 
8 Not recruited 

e- 
"Corridor" 

Figure 4.7 Subpopulations of motor units (MU) utilized during strength 
exercises. 

fatigue-resistant MUs are recruited first (the slow MUs are shown in the 
lower portions of the MU columns). After several lifts, some of the 
recruited MUs become fatigued. Obviously, MUs possessing the shortest 
endurance time become exhausted. After six repetitions, for instance, 
only MUs with an endurance time under 6 s are exhausted. Since the 
exhausted MUs cannot now develop the same tension as at the begin- 
ning, new MUs are recruited. These newly recruited MUs are fast and 
nonresistant to fatigue. Thus they become exhausted very quickly. If only 
10 lifts of the 12 maximum possible are performed, the entire population 
of MUs is distributed into three divisions (intermediate lift column in 
Figure 4.7). 

1. MUs that are recruited but not fatigued. If they are not fatigued, 
they are not trained. All MUs having an endurance time above 10 s are in 
this category. It is evident that this subpopulation consists of slow MUs. 
The slow MUs are recruited at a low level of the required force and thus 
are activated regularly during everyday activities. Nevertheless, without 
special training their force does not increase. The conclusion that seems 
warranted from this finding is that it is very difficult to increase the max- 
imal force of slow, fatigue-resistant MUs. Thus, a positive correlation 
exists between strength enhancement and the percentage of fast-twitch 
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muscle fibers. Individuals with a high percentage of fast MUs not only 
tend to be stronger but also gain strength faster as a result of strength 
training (Figure 4.8). 

2. MUs that are recruited and exhausted, These are the only MUs sub- 
jected to a training stimulus in this set. These MUs possess intermediate 
features. In this subpopulation, there are,ho slowest MUs (recruited but 
not fatigued) or fastest MUs (not recruited). The "corridorN of MUs sub- 
jected to a training stimulus may be relatively "narrow" or relatively 
"broad" depending on the weight lifted and the number of repetitions in 
a set. One objective of a strength program can be to increase the subpop- 
ulation of MUs influenced by training, or to broaden the corridor. 

3. MUs that are not recruited and therefore not trained. If the exercise is 
performed to failure (repeated effort method), the picture is changed in the 
final lifts. A maximal number of available MUs are now recruited. All MUs 
are divided into two subpopulations: exhausted (fatigued) and nonex- 
hausted (nonfatigued). The training effect is substantial on the first group 
only. If the total number of repetitions is below 12, all MUs with endurance 

Percent fast-twitch (FT) fibers 

Figure 4.8 The increase in isotonic strength per unit: dfmwle CK~$S-S~&O~A~~ 
area versus the percentage of &st-Witch musele4ib& dfsWbutibn. NW. I' 

Adapted from "The E e e c ~  of Wdght-lifthg ~l~bft&ik R@@.y&'& &I *.8, 

Compoditi~n md MaaalB Cc'csmWm.W-& ~mi&&i&@nljlt'~f 
and S. M d e ,  1979, European johrnal ofApplid 

times above 12 s fall into the second group. In spite of their early recruit- 
ment, these MUs are not exhausted (because of their high endurance). 

When maximal weights are lifted (maximal effort method), the MU cor- 
ridor includes a smaller number of MUs (see right column in Figure 4.7) 
than is the case when a submaximal weight is lifted a maximum possible 
number of repetitions. This is certainly a disadvantage for the method of 
maximal efforts. Only fast MUs are subjected to the training effect in this 
case. However, the advantages of the method outweigh any drawbacks. 

To use the repeated effort method, the athlete must lift the weight with 
sincere exertions to failure (maximum number of times). This requirement 
is very important. Popular sayings among c~aches-~'Do it as many times 
as you can and after that three more times" and ,'No gain without painn- 
reflect the demand very well. With this method, only final lifts in which a 
maximal number of MUs are recruited are actually useful. If an athlete can 
lift a barbell 12 times but lifts only 10, the exercise set is worthless. 

Compared to the maximal effort method, the repeated effort method 
has pros and cons. There are three important advantages to the repeated 
effort approach. It has a greater influence on muscle metabolism and con- 
sequently on the inducement of muscle hypertrophy. In addition, it 
involves a greater subpopulation of trained MUs (the corridor; compare 
the two right columns in Figure 4.7) and poses a relatively low injury risk. 
This method also has limitations. The final lifts in a set are executed when 
the muscles are tired; thus, this training is less effective than lifting with 
maximal weights. Moreover, the very large training volume (the total 
amount of weight lifted) restricts the application of this method in the 
training of qualified athletes. Note, however, that the large amount of 
mechanical work performed can be considered an advantage if the objec- 
tive of the exercise is general health and fitness rather than specific 
strength enhancement. 

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

Dynamic Effort Method 

Because of the existence of the explosive strength deficit (see chapter 2; 
time), it is impossible to attain F,, in fast movements against intermedi- 
ate resistance. Therefore the method of dynamic effort is used not 
for increasing maximal strength but only to improve the rate of force 
development and explosive strength. 
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In conclusion, these combinations of methods can increase the maxi- When an athlete lifts maximal weight, a maximum number of m s  are 
mum strength Fmm: activated; the fastest MUs are recruited] the discharge frequ~ncy 9f 

motoneurons is at its highest; and EMU activity is synchronous. One objcrc- 
Method Immediate purpose tive of heavy resistance trainWg is to "teach" an athlete to recruit aU th 

necessary MUs at a firing rate that is optimal for producing a fused Maximal efforts Improve neuromuscular tetanus in each motor fiber. (use repeated efforts coordination Elite weight lifters use a broad spectrum of loads, but the largest pro- as a second choice) MU recruitment portion of weights lifted is composed of those 70% to 80% of the CF-. 
Rate coding The average weight these athletes lift is 75.0 * 2.0% of CF-. These repe- 
MU synchronization tition levels should not be mechanically copied, but rather, thoughtfully Coordination pattern 

Repeated efforts (and Stimulate muscle hypertrophy 
submaximal efforts or 
both) 

Repeated efforts Increase the corridor of recruited 
and trained MUs 

Summary 

Training intensity can be estimated by the 

magnitude of resistance (i.e., weight lifted) expressed as a percentage 
of the best achievement attained during a competition (CF,,,,) or in 
training (TF-); 
the number of repetitions (lifts) per set; and 
the number (or percentage) of repetitions with maximal resistance 
(weight). several limitations (such as the high risk of injury, staleness). It also has a 

relatively small potential to stimulate muscle hypertrophy 
Exercising at varying levels of resistance causes differences in (a) metah The submaximal effort and the repeated effort methods are s h i l a r  in 

bolic reactions, (b) intramuscular coordination, and (c) biomechanical their ability to induce muscle hypertrophy. They are, however, rather dif- 
variables and intermuscular coordination. The produced mechanical ferent with respect to training muscular strength, especially improving 

the neuromuscular coordination required for maximal force production. 
lifted decreases. The submaximal effort method (the lifting of nonmaximal loads, but not 

The total amount of degraded protein, however, is the function of both to failure) does not seem to be effective for enhancing muscular strength 
and improving specific intramuscular coordination. With the repeated 
effort approach, the weight must be lifted to failure: Only final lifts, in 
which a maximal number of MUs are recruited, are actually useful. The 
saying, ''No pain, no gain" reflects this demand. 
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Table 5.1 Everyday Training Schedule of the Bulgarian Olympic 
Weight-Lifting Team 

Time Mon., Wed., Fri. Tues., Thurs., Sat. 

Snatch 
Rest 
Clean and jerk 
Exercise 
Rest 
Rest 
Exercise 
Exercise 
Rest 
Exercise 

Snatch 
Rest 
Clean and jerk 
Exercise 
Exercise 
Rest 
Exercise 
Rest 
Exercise 
Rest 

Total Exercise Time 6 hr  4.5 hr 

mesocycle, macrocycle, Olympic cycle (quadrennial cycle), and long-last- 
ing, or multiyear, training. 

The training session (workout) is generally viewed as a lesson compris- 
ing rest periods not longer than 30 min. The reason for such a definition, 
which initially appears too formal, is the need to describe training in 
sports in which a daily portion of exercises is distributed among several 
workouts. An example of such a training routine is given in Table 5.1. 
~ c c o r d i n ~  to the definition, athletes in this instance have only two work- 
outs a day. Training drills separated by 30-min rest intervals are consid- 
ered part of one training session. This all-day schedule is a good example 
of the training day of world-class athletes. One renowned athlete once 
joked, "My life is very rich and diversified. It consists of five parts-train- 
ing, competitions, flights, sleep, and meals." This is very close to reality. 

To appraise the training load of different workouts, the time needed to 
recover from one training session is used, according to the following clas- 
sification: 

Training load of one workout Restoration time, hr 
Extreme > 72 
Large 48-72 
Substantial 24-48 
Me&um 12-24 

. u$& . . + [ j d  &gag& 1 ~ ~ b b i  &12 ,A s l ) . z w  
7 .  i rm, m . # 
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tural level, marnocycle refers to one entire competitiofi 
es preparation, competition, and transition periods 
d consists of several mesocycles. The typical duration 
e year (for winter sports) or half a year (for track and 

field events in which both indoor and outdoor competitions are he'ld). In 
wrestling and swimming, there are three macrocycles in a year. The orga- 
nization of training programs into macrocycles and periods of trahiqg is 
called periodization. Still more long-ranged views are helpful as well. 

The Olympic cycle is quadrennial, four years in length, from one 
Olympic games to another. And longstanding, or multiyear, Waidng 
embraces the career of the athlete, from beginning to end. 

ining days, microcycles, and mesocycles coxn- 
g. Planning macrocycles is called medium-term 
anning deals with training intervals of many 

Short-Term Planning 
n short-term planning, the effects of fatigue are the prima'y 
actor. For instance, a training session should be designed s 

cises (such as strength, speed, or technique exercises) dire 
improving fine motor coordination (central factors), rather 
era1 factors, are performed in a fresh, nonfatigued state, prefer 
diately after warm-up. In endurance sports, however, when the 
improve velocity at the finish of a distance rather than the ma 
attainable in a fresh state, speed exercises may be perfo 
endurance work. 

Parardfgm of Timing Shd-Term Trafning 

A general principle of short-term training design is that fatigue ef& 
diflerent types of muscular work are specific. This means that an athl 
is too tired to repeat the same exercise in an acceptable manner 
be able to perform another exercise to satisfaction. Changing or s 
ing a drill appropriately makes it possible to assign more labor an 
suitably increase the training load. For instance, if a trainee performs a 
exercise, such as squatting, and an arm exercise, such as bench press 
total number of lifts will be water  when the exercise sequence is b 
press, squatting, bench press, squatting, and so on than when 
sequence is squatting, squatting, bench press, bench press. The same p 
ciple is valid for exercises of different directions, for instance, stren 
and sprint exercises, The fatigue' effect from a heavy resistance exer 

e possibility of performing or repeating an ex 
nets ability to execute drills of another type is: 1, 
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restored more quickly than one's ability to repeat the same wutine Wig- 
ure 5.1). 

You will find that if two similar training workouts are executed in a 
' 

TOW, the traces of fatigue fm,m the two ~essions are superimposed (Figure 
5.2). If the training loaQ is large (i.e., the r,mtoratSon time takes from 48 to 
72 hr), several training sessions of this mper fonned  sequentially may 
lead to severe exhaustion of the athlete, 

' 

If exercises with differ@ targets c ~ d d  be trained all the We,  it would 
be easy to dtslxibute thest! exercises among; training mssions to avoid the 
superimposition of.fatigue traces. However, fitness gain decreases if sev- 
eral motor abilitiw are trained simdtanwusly during one warkout, miw- 
cycle, or mesocycle.. Therefos, it is not a good idea to have more than tryo 
or three main targets in one micro- or mesocycle: For instance, t h m  i s  no 
reason to train, in one microcycle, maximal strength, explosive strength, , 

aerobic capacity, anaerobic lactacid and alactacitl capacities, maximal 
speed, flexibility, and sport technique. The organism cannot adapt to so 
many different requirements at the same time. The gains in al l  these motor 
abilities would be i n s i e c a n t  compared with ths g& from development 
of only one physical quality. When the Graining targets are distributed over . 
several mesocycles in sequence, the fitnws gain inmarn. 

Heavy 
resistance 
workout 

I 
Aerobic work capacity Strength work capacity 

Adr Time w 

Figure 5.1 The time course of athlete restoration after a heavy resistance train- 
ing session. 

. '.- I ,AL I. . ,  1 - A -  8 
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Heavy 
resistance 
workout 

Aerobic work 
capacity 

/ I 

Figure 5.2 The superposition of two resistance workouts and their effects. 

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. Coaches or athletes decrease the number of targets in 
micro- and mesocycles-in other words, use specialty programs-to 
enhance performance growth. 

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 individual workouts and the 
hazard of staleness. 

Similar contradictions are, in general, typical for the planning of various 
training programs. The problem is to find a proper balance between the 
conflicting demands. Some world-class athletes have found that two is the 
optimal 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 idea in planning strength training sessions is to have the ath- 
lete do as much work as possible while being as fresh as possible. Unlike 
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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 exercise when they are 
not tired. This is especially true when the target of the resistance exercise 
is neural coordination, both intra- and intermuscular. Broadly speaking, a 
trainee should "learn" to either decrease Wibitory output or enhance 
excitatory output from the central nervous system (CNS) while exercising 
and thereby gain strength. This learning is more successfd if the trainee em. Since working periods are short and rest periods are long during 
fully recovered from previous activity, not fatigued. To have athletes exer- ssions, workout density (the number of sets per hour of a workout) is not 
cise while they are as fresh as possible, the training workouts should be onsidered an informative measure of strength training intensity. 
carefully planned. 

The timing of workouts has three facets: rest-exercise alternation, exer- Exercise Sequence 
cise sequence, and intensity variation. The idea in sequencing exercises is to perform the most valuable exercises 

Rest-Exercise Mterncrtion 
In general, the 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 Include main sport exercises before assistance exercises. 
elite weight lifters over the last 40 years (most average 32-45 sets, but 
some athletes manage 50-52). However, the duration of a workout h 
changed; in 1955-1956 it was only 2 to 2.5 hr, and in 1963-1964 it was 3 to 
3.5 hr (one training workout a day was used). Since 1970, two and more 
training sessions a day have been the rule. The same number of sets is dis- 
tributed now among two or more daily workouts. 

Bulgarian athletes, for instance, have several workouts a day with a 
total duration of up to 6 hr (see Table 5.1). The exercise sessions are lim- 
ited to 60-min, or even 45-min, periods. Two sessions in the morning and 
two in the afternoon are separated by 30-min rest intervals. The u ~ y -  
ing assumption is that the elevated blood testosterone level can be m in- prove incorrect. The proper series would look like this: 
tained for 45 to 60 rnin only and that a 30-min rest is needed to restore the 
testosterone level. (This assumption has not been proven; the precise 

' 

nature of the elevated testosterone level during a strength exercise work- 
out is not well understood. In general, the elevation may be induced 
either by increased testosterone production or by a decreased amount of , 

testosterone acceptors in muscles and other tissues.) During the 30-min 
rest intervals the athletes may choose to lie down and listen to music. To 
avoid cooldown, they are warmly dressed; their relaxed legs are slightly 

Intensity Varfdion 

raised, supported by a small bench. Because lifting a maximum training weight (maximum effort method) is 
Both sport practice and scientific investigations have demonstrated recognized as the most efficient way to train, this should be practiced at 

that distribution of the training volume into smaller units produces effec- 
tive adaptation stimuli, especially for the nervous system, provicJe8 that 
the time intervals between workouts are sufficient for restitution. 

To prevent early fatigue, rest intervals between S@B by elite athletes, , 
especially when working with large wci~hts, are-approximately 4 to 

, , ..-.--,&..8, A -  dAuhb-. L ,L&., . & A w h - L f -  ..... 
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considering a load 90% of CF,, as TI?& A complex of combined exercise . 
sets) for instance in snatch lifts, lasts a maximum of 30 min (6 sets X 5 min 
for rest intervals;). 

"Pyramid" training, popular many years ago, involves gradually 
changing the load in ez sede of sets in an ascending and then a descend- 
in8 manner. This has bee$ virtually abapdoned by Olympic-caliber athb 
letes. The ascending part of ~ u c h  a routine induces premature fatigue, 
while the descending portion is not efficient since it is performed in a 
fatigued state. For eontemporafy t r a g ,  fast progression to the main 
training load is typical! 

Past and Present 
From the training log of the Olympic (1960) champion Victor 
B u s h w  Drills in military Cstanding) press. 

Year 1958. TF,, was 90 kg. The conventional [at that time] 
"pyratnid  protocol^ was executed. The foilowing weights 
were lifted: 60,65,70,75,80,85,90, 9 
weight, except in the beginning sets u 
barbelk, was lifted until failure. The ini 
(in the range 60-85 kg), which was 
sybstantial fatigue and decreased the effect of lifting the high- ' 

est ioads. 
Yqr 1960. TF,, was 110 kg. The barbell weight varied in the ' 

following sequence: 70 kg, 90 kg, 100 kg (all thrw weights 
were lifted only one tihe in a set), and the'n 110 kg. The maxi- 
mal weight was lifted in five sets, one to two times in each dt .  

Since 1944, "pyramids" have been virtually exlu  
training of elite strength athletes. 

A couple of other points about intensity variati~n sre 
circumstances. Athletes who are feeling fatigue may 
to 15 kg below Dm between maximwn Efts. 

i 

purpose of recalling a proper technique pawerq. 
mum effort an@ the repeated effort methods ap 
nut, madmal lifts shod$, be @duded firg?, , d!j ,,: , + % ( ,  ,4 h, 

AdvXce about exerdse sequence and intens3qe ~ ~ 8 & n n ,  may be 
extended to the planning of a training day. Thus, exercises requiring max- 
imal neural output (e.g., competitive lifts, power drills, lifting TF,, or 
CF,,) should be performed in a fresh state when the athlete has recov- 
ered from previous activity (i.e., during morning training workouts). 

Timing in Strength Training 117 

Contrasfhg Exercises 

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

Mixed Training Sessions 

Sessions that include the strength routine as a section are less effective 
than special heavy resistance workouts. In sports in which muscular 
strength is the ability of primary importance (e.g., field events in track 
and field, American football), it is especially advisable to set apart heavy 
resistance drills in a separate workout. If there is not enough time to do 
this, strength exercises may be included in mixed workouts. To prevent 
negative effects, they are usually performed at the end of workouts (this 
practice is accepted in gymnastics, and other sports). However, a coach 
should be aware that the same strength training complex is more effective 
when used at the beginning of the training session when the muscles are 
not fatigued. 

Are Special Strength Training Sessions Necessary? 

Muscular strength is only one of several abilities athletes must uti- 
lize; they have many other things to develop besides strength. It is 
up to the coach to decide whether or not to spend time on special 
strength training sessions. In many sports, such as tennis and even 
men's gymnastics, it is possible to attain the required level of 
strength fitness by performing strength exercises immediately after 
main workout drills. However, if low strength levels actually limit 
athletic performance, special strength workouts are useful. The 
junior soviet/Russian team in men's gymnastics employs separate 
strength workouts; the men's team does not. In many sports, such as 
track and field, rowing, and kayaking, heavy resistance workouts 
are part of the routine. In others, such as swimming and wrestling, 

, workouts are for specific strength exercises rather than for heavy 
resistance training (dryland training in swimming, imitation of 
takedowns with simulated or added resistance in wrestling). 

Circuit Trahhg 

The idea of circuit training is to train several motor abilities (especially 
strength and endurance) at the same time. Such programs consist of several 
(up to 10 or 12) stations with a given exercise to be performed at each one. 
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Microcycles and Mesocycles The basic philosophy of circuit training (to stimulate strength and 
, 

I.,' , 

endurance simultaneously) appears dubious. It is well known that the ,.', , 
mechanisms of biological adaptation to strength and endurance types of f heavy resistance protocols in micro- and mesocycles is . a , " 

physical activity are different (this issue will be discussed in chapter 8). ed by two main ideas. One is to allow adequate recovery between ' ', , , (; 
The muscles are not able to optimally adapt to both types of exercise at the periods, and the other is to find a proper balance between the ) I )  

same time. Combining strength and endu'rance exercises interferes with ss of a training stimulus (to call forth an adaptation) and its vari- 
the ability to gain strength. Conversely, vigorous endurance activity o avoid premature accommodation and staleness). 
inhibits strength development (Figure 5.3). 

Because of the low strength gains (in comparison with those obtained Adequate Recovery 
from regular strength training routines), circuit training is not recom- ycle, rest-exercise alternation and proper exercise 
mended and is hardly ever used in strength and power sports. It may, leviate fatigue. The greatest training adaptation to a stan- 
however, be employed in sports having a high demand for both strength occurs when muscles are recovered from previous training 
and endurance (rowing, kayaking) and also for conditioning in sports in d best prepared to tolerate the greatest overload. Keeping in 
which strength is not the dominating motor ability (volleyball, tennis). to 6 training days a week, one may 
Circuit training is mainly used by athletes primarily concerned with after a workout should be about 24 
enhancing or maintaining "general fitness" rather than specific muscular mall (restoration time less than 12 hr) 
strength. m (12-24 hr) training loads. In this case, however, the total 

not great enough to stimulate strength development. The 
roper exercise alternation in consecutive workouts. Since 
m different resistance exercises are specific, it is possible 

increase training loads up to an optimal level by properly rotating the 
ercises in sequential sessions. Exercises in consecutive training sessions 

mally involve the same muscle groups and thus repeat the 

140 - same pattern of muscle coordination. It would not make sense, for 
instance, to plan two consecutive workouts with the snatch lift. 

Recovery time from heavy resistance exercises varies with muscle size. 
For small muscle groups, like the calf muscles, the restitution time is typ- 

h 
120 - ically less than 12 hr. (Remember that we are concerned here with the 

training of experienced athletes only.) Small muscle groups (such as ankle 
plantar flexors and muscles of the forearm) may be trained several times 
a day. Intermediate muscle groups require more time for restitution; these 
can be exercised every day. Finally, it is advisable to exercise the large 
muscle groups with rest periods of at least 48 hr. For instance, barbell 
squats are performed usually only two times a week with 72 or 96 hr 
between training sessions (Olympic-caliber weight lifters perform front 

/I I and back squats up to two times per week). The squats are excluded from 
/I 

0 I I I ,  training programs 1 week (in weight lifting) or 10 to 12 days (track and 
0 5 1 Q" field) before an important competition begins. 

Training duration (weeks) To increase muscle strength, the schedule should include at least three 
heavy resistance workouts per week. It is better to distribute the same 
training volume into several workouts than to concentrate it into a small 
number of sessions. Athletes who increase the number of training ses- 
sions per week, while keeping the training volume (number of repeti- 

I tions, total weight lifted) constant, usually experience visible strength 
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gains. For instance, when the volum~ fsl&@ributed into two daily train* 
ing sessions, the strength development 11$ @eater than it is with one ses- 
sion a d@ . I  I 

To retin strength gains, at least two fkahhg sessions per week should 
be scheduled. 

V'abfzfty 

The variubility of training programs during miw- and meswyclcw is red- 
ized through ,changes in jmbing load (not exercise complexes). Qne sta- 
ble complex of exercises blhould be perfbfiiled fhrdugh a:mesoqde '(to 
elicit an adaptation). This complex, consisting 4f perhaps 10 e x e s ;  ,$ 
distributed amdng the tr- dhys anh wdrkouts of dne mScbcycl~ pro- 
vided that kach exercise is perfoPrf-ied at least twice a w&k. The time o&&f 
of exeirises is kept canswt from otie mfc 
the snatch and front squat sire'routhely 
workout of the first day'M each midcycle. 

~d hvoid premature &ccommodation, training loads should vary from 
day to day and from Wcrocycle fo microcycle. T ~ B  empirical "rule of 
6 0 %  has stW4the t&$t of-time: m e  t r a g  t io lqe  af a day (microcycle) 
with mi'r5nsll T o a ~  should W m m d  60% of the uohne of a maximal 
day (miqcf1.k) had. 

Stress &hwj 1Wd-8~ 
I 

Some experienced athletes us@ stress microcycles, in w h i ~ h  fatigue is 
accumylated fmm day to day (due to Mgh t r W g  loads and short rest 
interva4 that are insufficient £w mq@ti~n), if a routine training p w g w  
does not bring cabout strength gahw.4 The 
cyde should involve small training loads. 
two stress miorocycles in a TOW (doubled 
coaches ,at$ athletes should exerdse extreme c 
Stress rr3,cmycles should not be &d+mo 
year. Doubled 9- miemcycles are used only 

The training volume per &week mesocycle is 
for elite (soviat/Rusaian) weight lifters: 1,306 * 99 
athletes havingqs Master of Sport title; and 986 & 

1 pear of expeHence in weight-lifting QaMng, ' 

I ' 1  + ',, 1 1  ' 

I ,,J 1, #4. 

~ed iu&-~e& Planning (Periodizdion) 

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

The Issue of Periodizcction 

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

The efficacy of planning in macrocycles is determined for groups of 
athletes, not for individuals, and is calculated as follows: 

100 . (The number of athletes who achieved 
their best performances during most 
important competition of the season) 

Efficacy coefficient, % = 
The total number of athletes 

For national Olympic teams, such competitions as the Olympic games 
and world championships are regarded as the most important. An effi- 
cacy coefficient of about 85% is considered excellent, 75% is considered 
good, and 65% is considered acceptable. 

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

1 .  Delayed transformation of training loads (into fitness development) 
2. Delayed transmutation of nonspecific fitness acquired in assistance 

exercises (relative to a main sport skill) to a specific fitness 
3. Training residuals 
4. The superposition of training effects 

Delayed Transformation 

To conceptualize delayed transformation, imagine a group of athletes 
trained in the following manner. They perform the same exercise (e.g., 
dead lift) with a constant intensity (2-5 RM) and volume (five sets) dur- 
ing each workout (three times a week). At the beginning, maximal 
strength increases relatively fast; however, after 2 to 3 months of this stan- 
dard training, the rate of strength enhancement decreases as a result of 
accommodation. To overcome the accommodation, the coach decides to 
increase the training load (the number of training sessions per week, sets 
in workouts). But after several weeks, the performance fails to improve 
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again. This time the coach decides to decrease the training load. After a (their duration, content, and training load), the coach or athlete must take 
certain period, the athletic performance again begins to improve. This into account training residuals and the superposition of training effects. 
period is called the period of delayed transfomzation (of the training work 
into performance growth). Trcrinfng Residuals 

In general, during periods of strenuous training, athletes cannot The reduction or cessation of training brings about substantial losses in 
achieve the best performance results for two main reasons. First, it takes adaptation effects. However, athletes to a certain extent can sustain the 
time to adapt to the training stimulus. Second, hard training work acquired training benefits over time without extensively training them 
induces fatigue that accumulates over time. So a period of relatively continually. De-adaptation, as well as adaptation, takes time. If athletes 
easy exercise is needed to realize the effect of the previous hard training exclude a given group of exercises (e.g., maximal strength load) from 
sessions-to reveal the delayed training effect. Adaptation occurs training protocols, they gradually lose the adaptations. A positive correla- 
mainly when a retaining or detraining load is used after a stimulating tion exists between the time spent to elicit adaptational effects, on the one 
load. hand, and the time of detraining, on the other (Figure 5.4). 

The time of delayed transformation lengthens as the total training load Four factors mainly determine the time course of detraining: (1) dura- 
and accumulated fatigue increase. Typically the delayed transformation tion of the immediately preceding period of training (the period of accu- 
lasts from 2 to 6 weeks with the average time of 4 weeks-exactly one 2) training experience of the athletes, (3) targeted motor 
mesocycle. This mesocycle, we recall, is known as the realization, or pre- t of specific training loads during detraining (or 
competition, mesocycle. Its objective is to prepare the athlete for immedi- 
ate competition. The training load is low at this time. The main training 
work has been performed in preceding mesocycles (accumulation and 11. The general rule is that the longer the period of training, the longer 
transmutation). Because the effects are delayed, the adaptation occurs (or e period of detraining, or "Soon ripe, soon rotten." When a preparatory 
is manifested) during unloading rather than loading periods. eriod (preseason) is long, for instance several months, and a competition 

eriod is short (several weeks), as in many Olympic sports, it is permissible 
Mcryed Transmutation 
To continue the above example, when the athletes' achieve 
improving, the coach modifies the strategy and decides to c - 
exercises rather than the training load. Now, instead of perfo Training every day 

dead lift (which was the final training activity), the athletes begin to per- . . . . . . . Training twice a week 

form several assistance exercises such as leg and spine extensions and 
arm curls. After a couple of months of this training, the athletes' p p -  
mances improve in all the drills except perhaps the only one-the dead -- 
lift-that was not trained. The athletes' potentials are now better than 4. 

before; however, performance results in the dead lift 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 trans- 
mutation mesocycles. Training in such mesocycles is highly specific. The 
number and total duration of transmutation mesocycles in one season I I 

depend on the total duration of preceding accumulation mesocycles. 50 40 30 20 10 0 10 20 30 40 50 60 70 
Transmutation and realization mesocycles, when  ons side red togetherhas r Weeks 
one unit, are often called the tapering (or peaking) peiod. 

Analysis of our example shows that both the training content (BX~K~YS RfBure 5.4 Time of training and detraining in three groups of subjects. Group 1 
sad the training load should vary over an entire training '&%son. trzined daily; group 2 had two training sesshm a we& group 3 &mined daily at 

me ri?mt~'hlation, transmutation, and realization (tapering) mes the beginning and then twice a week. Note. From Im&ris&e Mtdskdtraining by 
follow one another in a certain order. To effectively plan these me T. Hettinger, 1966, Stuttgart: Fischer Verlag. 
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to eliminate certain exercises (like heavy  ̂rtlsistance training) during the 
competition period. Strength adaptation i~ not lost in this case, mainly 
bet-ause the detraining period is short. However, in sports with a brief 
preparatory period and many competitions in a row (as with gmes in ic6 
hockey or tournaments in tennis), strength gains elicited during the short 
preparatory period (w&l&)"are lost t o d t  completely during the period'. 
of competitian (months) if maxbnal strength loads are not + , used. , 

2. Mature athletes with continuous and extensive training back? 
grounds find that the tesidual effects of training are relatively stable. 
These athletes have slow rates of detr-g and are able to achieve good 
results after relatively short perlQds of rebainiqg. This is a result of both 
what they have done in tqe p p t  a ~ d  what they qq presently accomp~s~- 
ing. Elite athletes with training backpounds that, span plmy years regain 
motor abilities much more quickly than average atwetes. 

The Supeqxwition of Training Bfe& 

activity Y on ability X. Usually, hard strength training affects aerobic 
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endurance negatively. The counterproductive effect of aerobic endurance 
training on maximal strength, i f  it exists, is smaller. Because of this, the 
strength-aerobic endurance sequence in two consecutive mesocycles pro- 
vides 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 dur- 
ing the ensuing mesocycle. 

Periodizaffon as a Trade-Off 

Though most people understand the necessity of varying both training 
loads and training 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, anaer- 
obic endurance, and aerobic endurance all at the same time. The greatest 
gains in any one direction (for instance, strength training or aerobic train- 
ing) can be achieved only if an athlete concentrates on this type of train- 
ing for a reasonably long time-at least one or two mesocycles. In this 
case, the improvement in strength or aerobic capacity will be more sub- 
stantial than that achieved with a more varied program. This leads to the 
recommendation that one should train sequentially--one target after the other. 
Elite athletes have favored this widely used approach for many years 
(Figure 5.5a). 

In the 1960s) for instance, middle-distance runners used a preparation 
period of 7 months consisting of the following sequence: (a) aerobic train- 
ing, called at that time "marathon training" or "road trainingu-2.5 to 3 
months; (b) "hill training" or uphill running, mostly anaerobic with an 
increased resistance component-2.5 months; and (c) "short-track" train- 
ing 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 sea- 
son from the long one. Similarly, throwers began the preparation period 
with strength exercises and, only after 2.5 to 3 months of such training, 
began more 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 substantially. In addition, 
great physical potential (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 (for instance, dryland 
training in swimmers), but athletic results are not. Much time and effort is 
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a. The term "simultaneous training" means, in this case, as close in time 
A Conventional planning as possible: either on the same training day, in the same microcycle, or in ,-------------- A intermittent microcycles (but not in the same training workout). The say- 

Stimulating ing is "all as close together as possible." This strategy has been success- ............................................................. ............................................................................. 
' Retaining fully utilized in several power sports, for instance with soviet/Russian 4 ............................................................. ............................................................................. hammer throwers. The contributing motor abilities (maximal strength, 

Detraining ___----------- rate of force development, power) are trained during the same microcycle 
with this approach. 

Time The ideas for periodization that we have been looking at are realized in 
b. training programs in a multitude of ways. 

A 'New' planning -------- 
u 
(d \ Retaining r 

Continuous Training Is a Must 
0 \ - - - - - - - J  
J ................................................................................................................................ Long breaks are customary in education. Vacations don't harm stu- 

Detraining dents' acquisition of knowledge or impair their intellectual abiIi- 

Time ties. After a break, they are able to study hard and learn at a faster 

Figure 5.5 Two variations of timing training loads during a preparatory period 
A human body, however, behaves differently. Long breaks in 

(preseason). Two motor abilities, A and B, are the training targets. Upper figure: training ruin physical fitness and athletic performance. De-adapta- 
long intervals of accentuated (targeted) training with stimulating and detraining tion inevitably takes place. Detraining occurs. After a prolonged 
loads. Lower figure: short intervals of the targeted training with stimulating and period of inactivity, an athlete has to start from a decreased level of 
retaining loads. physical fitness. Time and effort is unnecessarily spent on recover- 

ing the prebreak level of fitness. If not for the break, the same efforts 
would be spent on increasing, not restoring, fitness. As in moun- 

needed to fuse all the partial improvements into an athlete's preparedness taineering, if you want to scale the summit of a high mountain, why 
for high-level competition. get halfway up the mountain, go back down and then climb the 

Another training strategy has been developed in the last 15 years. The whole mountain? 
strategy is based on two ideas: Prolonged interruptions in training are not good for an athlete's 

health. It takes time to become accustomed to regular physical exer- 
the sequential, or even simultaneous, development of sp cise and also to become unaccustomed to habitual activity. Sharp 
factors with frequent, intermittent changes in training targe decreases in an athlete's activity level offer no benefit. In fact, there 
5.5b), and is an added risk of injury, for two reasons. Various motor abilities are 
maintenance of the nontargeted motor abilities with retaining loade retained differently. Some are lost quickly and some are more stable. 

The new imbalance of motor abilities, for instance between high 
This approach (training various motor abilities sequentially with frequenB strength and decreased flexibility and relaxation, may provoke 
intermittent changes of targets) is used typically with 2-week trauma. In addition, athletes are often not psychologically attuned 
"half-mesocycles." Training targets are changed intermittently 
weeks. This strategy is used by athletes participating in Nordic co 
competitions (cross-country skiing 15 km plus ski jumping). 
train in 2-week phases. During the first 2-week period, cross-country 
is the main object of training with ski jumping loads only at the ret 

C . .  level; this is followed by 2 weeks of training ski jumping (at a 
Ioad) with low retaining loads in cross-country skiing, and so on. 
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to maintain the previously attained fitness level. A coach is only 
permitted to design a general individual workout program for a stu- 
dent-athlete (not a specific workout program for specific days). 

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

training philosophies of their coaches. 
In addition, the coach needs to design the individual workout 

program for each student who requires such guidance, make sure 
that the program is understood, and advise students about s 
measures during voluntary individual workouts. 

If the objective of the individual training program is limited to 
retaining a general fitness level, student-athletes should take several 
steps. They need to monitor body weight, maintaining a proper bal- 
ance between overall energy expenditure and the number of calories 

' 

supplied with food. The body weight must be kept constant; only a 
2- to 3-kg gain is permitted. These athletes should also do calisthen- 
ics (strengthening and stretching exercises) and perform an aerobic 

' 

activity to provide the minimal combined load required to retain fit- 
ness. Muscular strength, flexibility, aerobic capacities, and stable 
body weight must be maintained. 

The laws of physical training must be obeyed if one wants to be 
successful in sport. The need for continuous training is one such , 

law. If student-athletes seek to become elite athletes, possess the , 
proper experience and knowledge, have access to practice facilities, 1 
and take safety precautions against trauma, their individual work- 

' 

out programs may be designed to enhance preparedness rather than 
only maintain it. In this case, the training should continue to follow 
the standard schedule with adjustments made to a c c o m m w  the ' ,  

athlete's responsibilities, for instance an exam schedule. 

Strength T r u h h g  in Macrocycles 

Roper fhing is vitally important for effective strength training. The timi: 
ing of strength training in macrocycles, that is, in periods that are rela 
tively long (several months), is only indirectly influenced by th 
exercise-rest paradigm and by the desire to avoid premature fati 
Othen facets of training become more important. In macrocycles t 
t y p t d y  we h ~Iowirsing: 

fu bn variabiIity of training stimuli 
Delayed transformation of a traininglwd (into fitness development) ' 
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Delayed transmutation of nonspecific into specific fitness, and 
Training residuals 

Vdabilify of Training Stimuli 

Demands for variability in macrocycles are met by changing exercise pro- 
grams and training methods. Exercises themselves, not just the quantita- 
tive parameters of training routines (training load, volume, intensity), 
must be periodically changed to avoid accommodation. The general idea 
is simple. As a result of accommodation, a standard training program 
(same exercises, similar training load) very quickly leads to slow, or no, 
strength gains. To activate new steps in an adaptation, the program must 
be changed in one or both of two ways: increasing the training load or 
changing the exercise complex. There are limits to increasing the training 
load (because of staleness and time constraints), so changing exercises is 
preferable. This strategy has proven its effectiveness in the preparation of 
many international-caliber athletes. 

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

Strength training methods (submaximal effort, repeated effort, maxi- 
mal effort) are used in different proportions within a macrocycle. Con- 
ventionally, a preparatory period begins from a mesocycle centered 
mainly on the submaximal effort method (the lifting of nonmaximal loads 
an intermediate number of times, not to failure) and the repeated effort 
method (maximal number of repetitions in a set). Then the athlete shifts 
into the maximal effort method, increasing the lifted weight and decreas- , 
ing the number of repetitions per set. The strategy is to initially prepare 
and develop the musculoskeletal system (peripheral factors) and then 
improve neural coordination. This conventional paradigm has been sub- 
stantially changed since 1980. A new tendency is to alternate or vary the 
training methods several times during the macrocycle. Mesocycles (4 
weeks) or half-mesocycles (2 weeks), during which the methods of 
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A Deluyed Transmutcrtion 

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

a 
Training Residuals and Retaining Loads 

The level of strength an athlete has achieved can be maintained during 
Approximately the season (the competition period of a macrocycle) by retaining loads. 
two months short (3040 min) heavy resistance workouts per week usually pro- 

a load of sufficient magnitude. Exercising twice a week makes it pos- 
Time (months) o preserve, but not improve, the athlete's strength during the whole 

Figure 5.6 The influence of periodic changes in exercise complexes (vertical The total training load per macrocycle is high for elite athletes and has 
arrows) on the performance of hammer throwers. Note. The diagram is based on a general trend toward growth (Figure 5.7 shows training loads of 
the concept developed by the U.S.S.R. National Olympic team head coach A.P. garian national team). The best weight lifters of the 1960s lifted a 
Bondarchuk, 1980. less than 10,000 times during a 1-year period: 

Yuri Vlasov, 1960 Olympic champion in the super heavy weight cat- 
repeated or maximal efforts are emphasized, follow each other in egory-5,715 repetitions a year; 
sequence. Leonid Zhabotinsky, 1964 Olympic champion in the super heavy 

Delayed Transformatfon weight category-5,757 repetitions; 
Yan Talts, 1972 Olympic champion--8,452 lifts. 

Because of the time delay between an increase in training load and 
improvement in performance, the training load should be decreased , In the 1973-1976 Olympic cycle, the average number of repetitions a year 
before an important competition (the period of delayed transformation). In I for a member of the soviet national Olympic weight-lifting team was 
essence, this is the time an organism needs for rest and adaptation. 10,600. During the 1985-1988 quadriennal cycle, it was 20,500. 

I For elite athletes, the training load, expressed in tons, varies substan- 
tially during year-round preparation (Figure 5.8). However, contrary to 
common belief, the average weight lifted (the total weight divided by the 
number of lifts) is rather constant. Why? Because changes in the exercises 
used correlate with changes in the methods of strength training. Recall 
that loads of 1 to 2 RM are lifted primarily in main sport exercises while a 
greater number of repetitions is typical for assistance exercises (see chap- 
ter 4). If an athlete during an accumulated mesocycle decreases the 
weight lifted in the clean and jerk and performs many barbell squats, the 
average weight may not change; the decrease of load in one exercise (the 
clean and jerk) is outweighed by the high load lifted in squats. 

The rule of 60% is recommended for use in planning a macrocycle. 
The load in a mesocycle with minimal load is approximately 60% of a 
maximal me,soc~cl load, provided that the mesocycles are equal in 
duration. !: v.1 

I ' 
1 , <9 . , I I 1: d,id&&w 
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Weight category 
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-E 400 

a 
5 200 Intensity . 

Time (months) 

Figure 5.8 The distribution of training volume (tons, two top curves) and aver- 
age weight lifted (kg, two bottom curves) by the U.S.S.R. National Olympic team 
during year-round training. Average data of athletes in weight categories 52-56 
kg (n = 4) and 90 kg (n = 3). Vertical dotted lines show the times of important 
competitions. Note. Data are from Preparation of the National Olympic Team in 
Weight Lifting, 1984, annual report #85-012, Moscow: All-Union Research Insti- 
tute of Physical Culture. 

Summary 

The timing of training includes the spacing of work and rest intervals as 
well as the sequencing of exercise. Training can be divided into structural 
units consisting of the (a) training session (workout), (b) training day (c) 
microcycle, (d) mesocycle, (el macrocycle, (f) Olympic cycle (quadrennial 
cycle), and (g) long-lasting, or multiyear, training. 

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

The general idea in planning workouts and training days is to have ath- 
letes do as much work as po$~fble while they are as fresh as possible. 
Unlike the situation with endurance training, it isn't necessary that they 
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become exhausted in a heavy resistance workout. To prevent early transformation mesocycles. Finally, it is important to take training residu- 
fatigue, rest intervals between sets, especially when trainees are working als into account when you plan for the medium term. De-adaptation, as 
with heavy weights, should be long (about 4-5 min). During training well as adaptation, takes time. The time course of training should be 
days, distributing the training volume into smaller units has a definite based on the duration of the immediately preceding period of training, 
advantage, provided that the time intervals between workouts is suffi- the training experience of the athletes, the motor abilities being targeted, 
cient for restoration. and the training volumes during training mesocycles. 

In properly sequenced exercise, the athlete performs the most valuable A good periodization plan is a subtle trade-off among conflicting 
exercises-those requiring fine motor coordination and maximal rieu- ' ' demands. The conventional approach has been to solve the problem 
ronal output-in a rested state. To prevent premature fatigue, include sequentially, for instance to begin off-season preparation with nonspecific 
main sport exercise before assistance exercises; use dynamic, power-type strength training and after that change to a highly specific technique rou- 
drills before slow exercises (such as squats); and exercise larger muscle tine. A more recent strategy is to sequentially develop specific motor abil- 
groups before smaller ones. ities with frequent intermittent changes in training targets and to 

The method of maximum efforts is recognized as the most efficient maintain the nontargeted motor abilities with retaining loads. 
training method and should be practiced at the beginning of a training The timing of strength training in macrocycles is only indirectly influ- 
workout, following warm-up. Pyramid training is ineffective and even enced by the exercise-rest paradigm and by the desire to avoid premature 
detrimental. Mixed training sessions that include a strength routine sec- . fatigue. Other training facets also influence timing, including the demand 
tion are less effective for strength development than special heavy resis- , for variability of training stimuli, delayed transformation of training load 
tance workouts. The same holds true for circuit training. ess development), delayed transmutation of a nonspecific fitness 

In planning heavy resistance protocols in micro- and mesocycles it is d in assistance exercises (relative to a main sport skill) to specific 
important to assign adequate rest between exercise periods and to bal- ess, and training residuals. 
ance the stability of a training stimulus (to call forth an adaptation) and its 
variation (to avoid premature accommodation 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 a 

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 (microcycIe) load. T\ 

Medium-term planning (periodization) deals with macrocycles. When 
you periodize, you divide the training season, typically 1 year long, inta 
smaller and more manageable intervals (periods of training, mesocyclesj 
and microcycles), with the goal of getting the best performance result8 
during the primary competition(s) of the season. 

In periodizing, allow for delayed transformation. During periods Q 
strenuous training, athletes cannot achieve the best perfomme res 
They need an interval of relatively easy exercise to re&@ the effect 
vious difficult training sessions. The adaptation occw (or is mani 
during unloading, rather than loading, periuds. Anothm phenomenon 
that yaw. need to cotrSidm,is delayed transmutation. A special training 
rqq ne is needed to transmute the acquired motor potential into athletic 
per ? ormance. This goal is realized during highly specific training in 
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moment arm. 
Among dynamic exercises, one s@al class is term& isokinetic (is0 is 

for constant and kinetic is for speed). During isokinetic action, the speed of 
movement is constant, regardless of muscle tension. (The term i ~ o k i ~ c ,  
unfortunatelyj is not strictly defined. Speed of mqemen,t may w f ~ r  eSJner to 
rate of change in muscle length, velocity of the loqd behgtliib4, Or ar;l&- 
lar velocity of the joint.) Special equipment, usually &xpensi6& is necek 
sary for proper isokinetic training. ! I 

Because dynamic exercises with concentric muscle action me much 
more popular in athletic training than other types of exercise, these will be 

The first problem a coach encounters in planning a training prop 
exerdse selection- The alternatives seem innumerable: free Exercise WeCtfon tor Begbxb~gj .Aw~at~ 
cise machines, isometrics, uphill ambulation with an additional 

seIf-~istance exercises, and so on. In this chapter you With beginning athletes, espe@ally youngsters, strength topoflIPhM is the 
wa read about various classes of exercises used for strength enhancement8' main focus in the proper seleclian of strength training exe-es. The m~lst: 

important muscle groups should be chosen and trained. we following 
recommendations are offered as a rule of thmb: 

Classification 

Strength exercises typically are classified according to the change in mus- 
cle length. They may be static, or isometric, which literally means constant 
  is^) length (metric), or dynamic, a category further divided into exefises 

1 I 
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. Increase strength in sport-related movements to a level that permits 
sport technique acquisition without technical mistakes. 

, Have athletes perform movements through the entire range of angu- 
lar joint motion. "he submaximal effort and repeated effort methods 
only, not singular maximal efforts, should be employed. 

, The so-called "three-year rule" 'Is popular among experienced 
coaches. According to this rule, an athlete should use strength- 
specific exercises and exercises with a barbell, such as barbell squats, 
only after 3 years of preliminary general preparation. 

H Which Muscle Groups Are Masf Importunt? Hdw Do 
We Evaluate General Strength Development? 
For more than a century, hand grip strength was commonly used to 
estimate the strength development level of various subjects and p o p  
ulations. Is grip strength a valid test for whole body strength? In the 
grip test, the thumb produces force against the force generated by the 
other four fingers. Since the four fingers together can generate 
greater force values than the thumb alone, in reality the strength of 
only the thumb is measured in the test. Is the strength of the thumb 
so important in athletics and everyday life that it should be consid- 
ered a valid, or even a unique measure of strength development? 
Certainly not. Which muscle groups are, then, the most important? ' 

This question has been addressed in several investigations. Ideally, 
a small number of muscle groups or exercises could be found that 
would represent with maximal precision the achievements in a large 
test battery. To find such a set of muscles, groups of subjects were 
given many (up to 100) strength tests. Statistical analyses we- 
employed to find the most representative (important, valid) musclq 
groups and tests, The results led to recommendations for choosing the' 
most representative muscle groups given a limited number of tests. 

If you are selecting up to five m ~ c l e  groups, use the a b d o m  
muscles, spine erectors, leg extensors, arm extensors, and pector 
major. When you are Iimited to two tests, use measures of stren 
lift on a high bar with overturn and forcible leg extension ( 
squatting on one leg). 

Exercise %1wdon for Qualified Athletm 

:ting strength exercises for athletes is substantially more 
,Iex than for beginners. The general idea is simple: Strength exercises 
be svecific. This means that training drills must be relevant30 the 
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demands of the event an athlete is training for. Strength training drills 
must mimic the movement pattern that the pertinent sport skill actually 
entails. 

However, the practical realization of this general idea is not easy. 
Coaches and athletes have made many efforts to find the most effective 
strength training drills for various sports. The main requirements of this 
task are described below. We will consider yielding strength and strength in 
reversible muscle action as separate motor abilities and discuss them later. 

Working Muscles 

The requirement regarding working muscles is most evident and simple. 
The same muscle groups must be involved in both the main sport event 
and in the training drill. For instance, heavy resistance exercises for the 
improvement of paddling in canoeing should focus on the muscles uti- 
lized in the motion patterns associated with the paddle stroke. 

Unfortunately, this obvious requirement very often is not satisfied in 
athletic practice. Coaches and athletes often employ exercises and train- 
ing equipment that are not specific-that do not involve the muscle 
groups active in the main sport movement. For instance, in swimming, 
the athlete's hand moves along a complex curvilinear trajectory that 
includes inward and outward motions (see Figure 6.1). The resistance 
vector occurs in a three-dimensional space (Figure 6.la). During dryland 
training, however, swimmers typically use exercise devices with linear, 
straight-back pulls (Figure 6.lb). Muscle activity patterns during such 
training are distinctly different from those experienced while swimming. 
It is preferable to mimic the three-dimensional hand resistance that occurs 
in swimming by using two- and three-dimensional exercise devices (Fig- 
ure 6.1~). 

Muscle activity in the same exercise can vary if the performance tech- 
nique, such as the body posture, is changed. This is illustrated in Figure 
6.2. An athlete performs shoulder squats with a barbell using different 
lifting techniques. 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: 

Muscle palpation. Muscles that become tense are the "involved" 
muscles and these should be trained with heavy resistance. 
Intentional inducing of delayed muscle soreness (i.e., the pain and sore- 
ness that occur 24 to 48 hr after training workouts). To this end, a 
coach intentionally overdoses the training load during the first 
workout with new drills. The painful muscles are then identified as 
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Pattern drawn 
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Figure 6.2 Net muscle moments in the knee joints (Nm) during squatting with 
an 80-kg barbell. Both the magnitude and direction (flexion or extension) of the 
moment are altered when the athlete's posture is changed. Note. The data are 
from Force-Posture Relationships in Athletic Movements by V.M. Zatsiorsky and 
L.M. Raitsin, 1973, technical report, Moscow: Central Institute of Physical 
Culture. 
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mer reqhmenb for exercise selection, dkscribed later in chapter, 
are less obvious. These are based mostly on fadtors & t e e g  Ule amout 
of mus~&r strength available in various mothr tasks (see &apter 2). 

Wpe of Resistance 

Used as a resistant 
squeezed from one 
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Figure 6.4 Force-velocity relationships before and after muscle power baining 

Time period (months) with different loads. (a) High resistance (around 100% F,,,,,,); (b) low resistance 
(around 0% F-1. 

trained range. On the other hand, if exercise is done in the low-force, high- 
velocity range, performance improves primarily in this area (Figure 6.4b). 

These findings serve as a basis for the recommendation to develop 
force at speeds that approximate the athletic motion. This is particularly 
relevant for relatively slow movements such as those used during dry- 
land training for aquatic sports and endurance sports. However, if an 
exercise is performed in the low-force, high-velocity range, the time 
available for movement may be too short to develop the maximal force 
F,,. The situation we looked at earlier, with training either F,, or rate 
of force development, occurs (see the section on time of force develop- 
ment, chapter 2). The practical solution is based on these recommenda- 
tions: 

Time period (months) 
~ l n :  all weights with the maximum attainable velocity; 
For F,, training, do not decrease the resistance too much; and 
For dynamic strength training, choose the amount of resistance that 
will produce a movement in the same velocity range as the relevant 
sport event. 

What Is the Opfimal Weight of Medicine Balls? 

Medicine balls are popular implements for training throwing tasks. 
In one study, the optimal weight of medicine balls for dryland train- 
ing of water polo players was determined. The ball velocity in 
natural conditions (in the Water) served as a criterion. The results 

, , . . 
. A 4 I I 

I 

Velocity Velocity 
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Force-Posture Relationship 

determines this effect. 

The Peuk-Contractfon Principle 

Historically, the peak-contraction approach is the oldest one. The 
to focus efforts on increasing muscle strength primarily at the 
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Hip joint angle (degrees) 

Figure 6.5 Strength m e s  in hip flexion. Isometric force, men. Angle of 1806 is 
in anatomical position. Note. Adapted fmm "Strength Variations Through the 
Range of Joint Motion" by M. Wi lkns  and L. StutzmannI 1959, Physical Therapy, 
39, pp. 145-152. Reprinted by peratission from the American Physical Therapy 
Association 

points of the human strength curve. Thus the entire performance, for 
instance 1 RM, is enhanced. h practice, the peakantraction principle is 
realized in one of three ways: 

1. Selectioh bf a proper body position. The resistance offered by the lifted 
load is not, in reality, constant over a full range of joint motion. The resis- 
tance is determined by the moment of gravitational force (i.e., by the 
product of weight and horizontal distance to the axis of rotation) $&her 
than by the weight trf the implement or the body part itself. The momeat 
of gravitational force is maximal when the center of gravity of the lifted 
load is on the same horizontal line as the axis of rotation. In this case, the 
lever arm of the gravitational force is greatest. By varying body posture, it 
is possible to an extent to s~perhpose  the human strength curve on the 
resistmee ciwe in a desirable manner. 

The peala$antra&on4pficiple is~lre&ed, if "worst comes to worst," 
whgn the &tcmkd[ mp~~tm~k,dijnom~nt of 'gravity fBtCe) 'is maximal at the 

%axirnal for this position, F,, is developed. The minimum F, from this . 
'set is the minimax value. 

To visualize this, compare an exercise such as leg raising from two 
starting body positions: lying supine and hanging on a horizontal bar 
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Figure 6.6 Leg raising from two dif fe~nt  starting positions. 
in leg rais ' i  performed on a horimnta~ bar than in leg raising from a sup&? ' 
position. 

Pigure 6.6). The second exercise irnposes a much greater demand that 
the first. 1 

The resistance (moment of gravity force) is nearly equal in the hi 
exercises and reaches its xnaximum when the legs are placed horiaonb 
However, when the legs are raised in the recumbent position, tihe m; 
ma1 mdstmwe coincides with the strongest points of the force-angle ~ r t r  

(the hip flexor muscles are not shortened). When the same leg faisin, 
performed on the hohontal bar, the hip flexor muscles are shmtenec 
the instant the legs mss the horizontal line. Thus, tJse popition of mi 
m d  wiskmce coinades with the minimal (weakest) point on the f o ~  
angle cuwe ("worst comes to worst"). I 

-- -- -------- -- --- 
uation with the peak-&ction pyinciple, the sixqn&~ of fo&a&j 

' I . , !. :,,<a 
est point on the strength , ;.,$& , ), 

3. The s h  beginning mofion. A slow start m be uaredh-$~~ 

iaa. If 

Pivot 

Figure 6.7 A device used to implement the peak-contraction principle. The 
device is employed to perform the arm curl. With this device, the highest resis- 
tance is provided at the end of the movement. When the elbow is maximally 
flexed, the athlete's force potential is minimal (see Figure 2.22) and the resistance 
is the greatest ("worst comes to worst"). 

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 rela- 
tively low (see Figure 1.3). A coach should consider the pros and cons of 
this principle before implementing it. 

The main idea of accommodating resistance is to develop maximal ten- 
sion throughout the complete range of motion rather than at a particular 
(e.g., weakest) point. This can be achieved in two ways. One type of sys- 
tem offers high resistance without mechanical feedback. In this case, the speed 
of motion is constant no matter bow much force is developed. This prin- 
ciple is realized in isokinetic equipment. The movement 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 work- 
ing muscles are masimally loaded throughout the complete range of 
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motion. (Isometric exercises at different 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 differ- 
ent types of muscle fibers (fast or slow) can potentially be stressed within 
the framework of the isokinetic protocol. 

Isokinetic training, while very popular in physical therapy, is rarely 
used by elite athletes. It has shortcomings besides the high cost of the 
equipment, which may be prohibitive. The angular velocity of movement 
is typically relatively low-below 360°/s (it may be above 5,000°/s in ath- 
letic movements). Most training devices are designed to exclusively per- 
form one-joint movements that are only used sporadically in athletic 
training. 

Another type of system provides variable resistance that is accommo- 
dated to either the human strength curve or movement speed. In some 
machines, resistance is applied in concert with the human strength curve 
(Nautilus-type equipment). Because of the special odd-shaped cams on 
these machines, the lever arm of the resistance force or applied force is 
variable so that the load varies accordingly (Figure 6.8). 

Figure 6.8 A cam with variable lever arms. In this arrangement, the momeat 
arms of both applied force (F9 and weight force 0 are variable. (a) mmt Y arm of the applied force (y) is smaller &an the lever arm of the weight force (x), 
y < x; this ratio is used at p&ts cEf the strength curve whme a laqer Q can be 
exerted; (b) y > x; this ratio is used at the weakest points of the strength curve. 
Note. Adapted from Wight  Training: A Scientific Approach (p. 84) by M.H. Stone 
and H.S. O'Bryant, 1987, Minneapoiis: Bellwether Press. 

The resistance (moment of force) varies in accordance with an athlete's - 
capabilities. This variation, it is claimed, provides greater resistance at the: 
joint configurations where the athlete is stronger and lower resistance at,$ 
weaker positions. The user must exert maximum effort throughout the:,l 
range of movement. However, the variable resistance offered by these ' 
machines is based on average data and does not match well with individ- . 
ual strength curves. In addition, the cams of many machines are incor- 
rectly designed and the offered resistance, contrary to claims, does not 
match average strength curves. 

Another type of exercise apparatus accommodates resistance to move- " . 
ment velocity. The higher the velocity, the greater the resistance offered by ,: 
the system. These devices are typically based on hydraulic principles. The ' 

velocity of movements with hydraulic machines, in contrast to isokinetic 
devices, may vary depending on the strength of the trainee. 

Scientific experts have often questioned the validity of claims for high 
exercise efficiency with accommodating resistance. Exercises performed 
with strength training machines are biomechanically different from nat- 
ural movements and traditional exercises. Most notably, the number of 
degrees of freedom (permissible movement directions) is limited from six 
in natural movements to only one with exercise machines; the typical 
acceleration-deceleration pattern is also different. Though isokinetic 
training may have certain advantages in clinical rehabilitation settings, 
studies have repeatedly failed to demonstrate that accommodating resis- 
tance exercises (e.g., isotonic, variable cams) hold an advantage over free- 
weight exercises for increasing muscular strength and inducing muscle 
hypertrophy. 

Accentuation 

In accentuation the main idea is to train strength only in the range of the 
main sport movement where the demand for high force production is 
maximal. In natural movements, at least on land, muscles are active 
over a relatively narrow range of motion. Usually, maximal muscle 
activity occurs near the extreme points of angular motion. The move- 
ment of body parts is first decelerated and then accelerated by virtue of 
muscular forces. For instance, during the swing movement of a leg 
(e.g., in jumping and running), the previously stopped thigh is acceler- 
ated prior to the vertical position and decelerated afterwards (Figure 
6.9a). 

If the training objective is to increase the dynamic strength of the hip 
flexor duscles to improve velocity of the swing movement, there is no 
reason to bereage the strength of these muscles in a range beyond the 
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Skill level Volleyball players 

Elite 60% semisquats 
25% sqm@ 
15% leg press 
(against a weight) 

Intermediate 30% semisquats 
40% squats 
30% leg press 
(against a weight) (against a weight) 
0% semisquats 0% semisquats 
25% squats 
75% leg press 
(40% against a 
weight and 35% 
againit isokinetic against isokinetic 
resistance resistance 

In the beginners' group, the weight lifted in deep squats was rel- 
atively low (6-10 W) and primary attention was given to proper 
lifting technique. 

Additional Types of strength Exercises 

Superior athletes mainly use dynamic trainin6 exercises of conc 
muscle acti~n. Other types of exercises are used in training rbuthes, 
ever, e i t h  'w supplementary training or for developing specific stren 
abilities other than F-. 

Isometric Exercises 

Isometric training requires no expensive eqvipm 
anywhere, and, if the hmber pf trained p s m  
In spite of these advantages, isometric exercises Are 
ing mainly as a supplemental training tool, for seve 
lack the spe&oi"yqecessary for strength gains (especially for dynamic 
sport p~oven)mt$). !$mnd, there is little transfer of training effects from 
the an&jar posiff"ld selected for training to other joint angle positions. If 
b muscle group is overloaded (for insfance at 100°), the strength gain will 
occur at that angle with little improv&pent at other angles. In addition, 

dA 
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these exercises are sometimes painful for superior athletes. The forces iso- 
metrically developed by elite athletes are extremely high. In the isometric 
imitation of lifting a barbell from the floor, for example, the maximal force 
F- in the most favorable body position may be well above 8,000 N in 
elite weight lifters. The mechanical load acting on different body struc- 
tures, such as the lumbar spine, may exceed safe levels. 

A coach who is planning isometric training should keep in mind that 
accommodation to isometric exercises occurs very quickly. In qualified 
athletes, strength gains peak out in about 6 to 8 weeks. Thus, the isomet- 
ric training routine should be planned, maximally, for one to two meso- 
cycles. 

The following guidelines govern isometric training protocol: 

Intensity--maximal effort 
Effort duration-5 to 6 s 
Rest intervals-approximately 1 min if only small muscle groups, 
such as calf muscles, are activated; up to 3 min for large, proximally 
located muscles 
Number of repetitions-usually three to five for each body position 
Training frequency-four to six times a week with the objective to 
increase F-; two times a week for maintenance of the strength gain 
Body position--(a) in the weakest point of the strength curve, or (b) 
throughout the complete range of motion with intervals of 20" to 30°, 
or (c) in an accentuated range of angular motion 

The second variant on body position is time consuming because many 
angles within the range must be strengthened. Qualified athletes typically 
recognize the third variant as the most efficient. 

Isometric efforts of large, proximally located muscles may produce a 
high rise in blood pressure. Individuals at risk of cardiac disease, athero- 
sclerosis, or high blood pressure should avoid these exercises. Athletes 
should check arterial pressure at least once a week during periods of iso- 
metric training. 

Because of rapid accommodation, the strength gain from isometric 
exercises is generally less than from dynamic exercises. This should be 
taken into account when isometric strength gain is the training objective. 
A typical example is the "cross," a ring exercise performed in men's gym- 
nastics. As a routine sequence in this case, the gymnast should use 
dynamic exercises at the beginning (to speed up strength enhancement) 
and then intermittently add isometrics to improve the specific coordina- 
tion pattern. 

Isometrics are also used in sport to enhance static muscular endurance, 
for example in long-distance speed skating, where the demand for main- 
taining a bent trunk posture is extremely high. In 10,000-m skating, the 
load of the inclined body position has to be sustained for about 15 min. 
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Isometrics may be used also to improve posture stability, such as that 
required in shooting a handgun. Holding a 3- to 5-kg weight (instead of a 
pistol) up to 1 min in the shooting position is a useful training exercise for 
shooters at the intermediate, not the superior, level. This exercise helps 
reduce the amplitude of arm microvibration (supposedly by increasing 
strength in the slow tonic muscle fibers).. 

Self-Resistance Exercises 

Exercises based on self-resistance, not included in the classifications con- 
sidered earlier, are rarely used in athletic training and are not recom- 
mended. In such exercises, the tension of antagonist muscles resists 
tension of the primary agonistic muscle group. If the muscles are near 
maximal activation, the training load is extremely high. Healthy people 
may do these exercises, though cautiously, for general muscle develop 
ment. Immediately after self-resistance exercising, the muscles become , 
tough and nonelastic (their resistance to palpation or indentation 
increases) and the circumference of the extremity enlarges. Thls creates 
the visual impression of muscular hypertrophy; for this reason, some , 
bodybuilders do self-resistance exercises just before a contest to improve 
their outward appearance. 

The intentional, forced activation of antagonistic muscles, however, 
harms the proper coordination pattern desired in almost all sport skills. 
Therefore, self-resistance exercises are not recommended for athletes. 

Yielding Exercises 

Heavy resistance exercises with eccentric muscle action (yielding exercises) 
are seldom used in strength training. (The term pliometrics for these exer-! 
cises is problematic because of its ambiguity. Strictly speaking, pliometi 
rics refers to movements with eccentric muscle action. However, many 
authors have used this term for exercises with reversible muscle actio~i 
such as depth jumping, in which both eccentric and concentric types of 
muscle action are involved.) 

Eccentric exercises easily provoke delayed muscle soreness. All athletm~ 
at one time or another, experience delayed muscle pain, soreness, and & 
concomitant decrease in strength after exercise sessions, The sorene 
occm typically 24 to 48 hr aft ar the workout.~Greater soreness is report 
with yielding exercises (Figure16.10). 

Several theories reness have been suggested. Th 
c a ~  be divided ht The damage theory suggests 
rng$&sorenes& e done to the muscle or con 

to the spasm theory, on the o 
hand, a cyclical three-stage process causes delayed muscle soreness. Fir 
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Figure 6.10 Delayed muscle soreness following different training routines. 
Soreness is most pronounced after yrelding exercises. Note. From "Residual 
Muscular Soreness as Influenced by Concentric, Eccentric, and Static Contrac- 
tions" by T.S. Talag, 1973, The Research Quarterly, 44(4), pp. 458-469. Copyright 
1973 by American Alliance for Health, Physical Education, Recreation, and 
Dance. Reprinted by permission. 

exercise induces ischemia within the muscles. As a consequence 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 manner. 

Delayed 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). 

Suggestions about the use of yielding exercises 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. How- 
ever, an athlete may use these exercises to prepare, for the most part psy- 
chologically, for loads above 1 RM. A barbell of very high weight (about 
110% of the 1 RM in the relevant movement, e.g., front squat) is actively 
lowered in these exercises. To prevent accidents, the athlete should be 
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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 paral- 
lel 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 
requiIed. 

Theoretically, eccentric exercises should be used to train the yielding 
strength manifested during landing in parachuting, ski jumping, figure 
skating, or gymna~tics. In these exercises (landing from a large drop d i s ~  
tance), however, high impact forces are almost unavoidable, and sped4 
precautions must be taken to prevent injury and muscular soreness (exer- 

tive changes in articular cartilages and subchondral bones is still t 
so the number of landings should be minimal. Both caaches and 
need to recognize that overuse as well as inappropriate use of yle 
exercises is unsafe. 

height in a standing landing posture. The height was from 150 to 250 
cm. The landing was performed on gymnastics mats. Although the 
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athletes experienced substantial muscle soreness after the first train- 
ing session, the coach insisted on continuing the exercise, assuring 
the athletes that "gain without pain" is not possible. However, in 
spite of many efforts, the athletic performances in takeoff-related 
activities did not improve. Moreover, the coordination pattern of the 
support phase (in jumping or even running) deteriorated. The ath- 
letes began to break one uninterrupted eccentric-concentric move- 
ment (landing-takeoff, stretch-shortening cycle) into two slightly 
connected motions: landing and then takeoff. 

During natural movements, the primary requirement for a proper 
motion pattern is not to resist the external force and decrease the 
body's kinetic energy but to increase the potential for the ensuing 
takeoff. This goal is realized if both the potential energy of muscle- 
tendon elastic deformation and the enhanced muscle activation 
(induced by the interplay of the stretch-reflex and Golgi tendon 
reflex) are used during the second phase of the support period. If an 
athlete stops after landing, the potential elastic energy dissipates 
into heat, and the potentiated muscle activity vanishes. The splitting 
of one continuous landing-takeoff motion into two motor patterns is 
a typical '%ad habit." This so-called "skill" is very stiff, and much 
time and effort is needed to correct this mistake. "Bouncing" rather 
than "sticking" should be accentuated in landing drills. 

Exercises with Reversible Muscle Action 

In reversible muscle action exercises, a muscle group is stretched imme- 
diately before shortening. One example is drop jumping, that is, dropping 
to the floor from an elevation and then immediately jumping for height. 
In exercises with reversible muscle action, resistance is determined by the 
kinetic energy of the falling body rather than its weight (mass) of velocity 
alone. The kinetic energy (E) is defined by the formula E = mV2/2, where 
m is mass and V is velocity. In reversible movements (exercises), the same 
magnitude of kinetic energy can be achieved with different combinations 
of velocity (dropping distance) and mass. An increase in mass always 
leads to a decrease in rebound velocity. The moderate increase of velocity 
at approach initially leads to an increase of rebound velocity, but if the 
approaching velocity is too high, the rebound velocity decreases (Figure 
6.11), The ~ptimtil magnitude in approaching velocity (and kinetic 
engw>, d@pei~B~ axl the ,ws+f the moving My. 

7 % ~  most popular exercises involving reversible muscle action are sin- 
gle-leg, double-leg, and alternate-step hopping. Among experienced ath- 
Mes, drop or depth jumping is popular. Many coaches assume that drop 
jumps are directed toward improving the storage and reuse of elastic 
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Dropping height (m) 

enhanced motor output is the increased muscle force production d 
this type of activity. The enhanced force is a result of 

inhibition of the reflex from Golgi organs (because this refle 
inhibitory, an "inhibition of the inhibition" takes place), 
potentiation of the stretch reflex, and 
proper timing. 
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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 is recommended to 
improve jumping ability in vertical jumps (e.g., for basketball, volleyball); 
starting velocity in football, ice hockey, and sprinting; and the explosive 
strength of football linemen, throwers, and weight lifters. 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 development, espe- 
cially in the knee extensors, exercises 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 exer- 
cises occurs very quickly. Therefore, these guidelines are recommended: 

1. Follow the prescribed sequence of exercises during multiyear train- 
ing-regular jumping exercises, weight training exercises, and then 
drop jumping. Drop jumps should not be used by young athletes 
with training experience of less than 3 to 4 years. 

2. Do not use drop jumps continuously for more than one or two meso- 
cycles. Vary exercises by performing with and without additional 
weight vests (belts). After initial adaptation (usually two to three 
training workouts), use weight vests for 2 to 3 weeks; then exercise 
without weights and increase the dropping distance gradually. 

3. Maintain the proper level of explosive strength during the competi- 
tion period by doing drop jumps once every 7 to 10 days. Exclude 

, these jumps from the training program at least 10 days before an 
important competition. 

4. Determine the exercise intensity (kinetic energy, weight, dropping 
distance) on an individual basis. The main requirement is proper 
technique (i.e., smooth transition from the yielding phase to the 
push off, heels not hitting the ground). 

Drills for training the stretch-shortening cycle should not be limited to 
drop jumps, though often they are. The possibility of increasing the mass 
of the falling body is rather limited in drop jumps-people wear weight 
vests or belts, but these cannot be as heavy, for example, as 100 kg. In view 
of the complex relationship between kinetic energy, velocity, and body 
mass, on the one hand, and the motor output of reversible muscle action, 
on the other, training with stretch-shortening cycle devices, where both 
the mass and velocity may be changed, is recommended. An example of 
such a machine is shown in Figure 6.12. 
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Sport Exercises with Added Resistance 

You can best meet requirements for exercise specificity when you 
main sport movement, with increased resistance, for training. Ex 
are uphill cycling and cycling with a changed gear ratio. 

Each sport event is performed against a given resistance and a giv 
velocity. The resistance is predetermined by the mass of the implement 
the athlete's body (inertia forces) and by body dimensions (aerodynam 

increases, the velocity decreases. 
Resistance in terrestrial athletic events can be increased by adding 

weight, by uphill movemen& by stowing progression, a d  by increasing 
aerodynamic resistance with parachutes. 

Implements ad heavier weight such as weight vests, belts, wrist cuffs 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 

.-A A- 
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is increased with supplementary weight. The typical requirement in ath- 
letics is to increase the horizontal component of the exerted force. Exer- 
cising 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 athlete's progression. For example, athletes 
run with a harness, tow a sled, or use a pulley machine with a weight 
stack. These methods 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 6.13). When the athlete runs, 
the parachute inflates, creating a drag force. The higher the running 
velocity, the greater the resistance force. Parachutes of several different 
sizes are used in training. The impeding drag force, depending on para- 
chute size, may vary from about 5 to 200 N (within the speed range 6 to 
10 m/s). 

Parachutes offer several advantages over other methods of resistance 
training: 

The resistance (drag) force ads strictly in the direction of the athlete's 
movement; 
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, running over hurdles, or 
changing direction (e.g., football, soccer); 
Parachutes weigh only a few ounces; and 
A parachute can be released while the person is running; this pro- 
vides 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 WLd%f ik.s En M l e  running. 
rn e m m e = %  w a q  *he ptd* - a d  . 

l a  as we31 as in 
during preparatory micmydes, while the assisted drills are 

competition season. In a workout as well as in a 
the mistance, determined by the parachute 

.. & .a*)-.,,. 2
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the 
san 

lightest resistance.~efore and immediately after parachute drills, 
ne drills are performed under normal conditions. Parachutes are tvD 

I 
Figure 6.13 Use of a parachute in running drills. 

size, is decreased by degrees. During a training workout, first drills (afh 
warm-up, naturally) are performed under the heaviest resistance calle 
for during that training session, and the final attempts are executed undc 

cally used two to three times a week. Sessions with parachutes are it& 
spersed with the usual workouts. During a competition period 
parachutes are used to induce a feeling of enhanced speed and ex losive 
ness. For contrast, they are used three to five times within sport, g e  '. 
drills at the beginning of a session, followed by the usual drills witho 
parachute. 

& 1 
In aquatic sports such as swimming or rowing, hydrodynamic resis 

tance can be increased. With this objectiw; the streamlining of the body o 
its frontal area is altered.$This can be accomplished by increasing the resis 
tance offered by the boat or the swimmer's body or by expanding th 
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hydrodynamic resistance of the propeller (the blade of the oar in rowing, 
the paddle in kayaking and canoeing, the swimmer's arm), for instance, 
using hand paddles is common in swimming. 

In both cases, the force exerted by the athlete increases. However, the 
mechanisms of the force output augmentation are biomechanically differ- 
ent, so the training effects are also dissimilar. In aquatic locomotion, the 
external force developed by an athlete is determined by both athlete 
strength, in particular the individual's force-velocity curve (parametric 
F,-V, relationship), and the water resistance offered (Figure 6.14). As in 
all parametric relationships, force decreases as movement velocity 
increases. An athlete cannot develop high force at a high velocity of mus- 
cle shortening. Conversely, water resistance increases with a gain in veloc- 
ity. Note that, in the first case, velocity is relative to the athlete's body (in 
essence, it is the velocity of muscle shortening); in the second case, the 
velocity of the propeller, relative to the water, is the point of interest. 

The exerted force is indicated in the third panel of the figure by the bold 
arrow. To the left of this point, where velocity is small, the athlete's 
strength is higher than the hydrodynamic resistance. Picture an athlete 
slowly moving his or her arm or paddle in the water. No matter how 
strong the person is, the exerted force is limited by water resistance, 
which is low in this case due to low velocity. However, if the movement 

Athlete's Resistance offered Exerted force 
force-velocity curve by the water 

Figure 6.14 The force exerted by an athlete is determined by the interplay of (1) 
the force-velocity curve (the maximal force developed by an athlete at a given 
velocity when high resistance is met) and (2) water resistance. The interception 
of these curves corresponds to the force exerted by the athlete against water 
resistance (3). To the left of this point the strength ("potential") of the athlete 
exceeds the amount of resistance (S > R); to the right, R > S (S, strength; R, resis- 
tance). Vb is relative velocity of body segments; V, is velocity of the body rela- 
tive to the water. 
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velocity and the corresponding water resistance are high enough, the 
demand for a large force can exceed the athlete's capacity. In this case, the 
athlete's ability to produce sufficient force is the limiting factor. 

It is known that, biomechanically, a propeller's velocity relative to the 
water in the direction of the boat's (body's) motion (VPw) equals the dif- 
ference between the velocity of the propeller with respect to the boat (VPb) 
and the amount of boat (body) velodty (Vbw): 

When hydrodynamic resistance of the boat or the swimmer's body 
increases, the boat's (body's) velocity relative to the water (Vb,) 
decreases. Furthermore, if propeller velocity relative to the boat (body) is 
kept the same, then its velocity relative to the water (VPw) increases. So, 
when stroking at the same velocity with respect to the boat or body 
(VPb = Constant), the athlete meets greater water resistance by virtue of 
the increased propeller velocity relative to the water (VP,). 

When the hydrodynamic resistance of the propeller is increased (e.g., 
with hand paddles), the same stroking speed (VPb) produces greater body 
(boat) velocity (Vbw). The propeller's velocity relative to the water (VP,) 
then decreases instead of increasing as in the previous case. The exerted 
force, however, increases as a result of poor streamlining of the propeller 
(Table 6.1). 

It is recommended that these additional resistances be raised alternately. 
Note also that the amount of added resistance (exercise intensity) is lim- 
ited by change in sport technique. If the technique is altered substantially, 
the intensity (i.e., aero- or hydrodynamic resistance) must be decreased. 

Table 6.1 Boat (Body) Versus Propeller (Paddle, Hand) Resistance 
Changes 

Boat (body) - - 
- Propeller - 

Electr ostimulat ion 

During the last two decades, many attempts have been made to use tran- 
scutaneous muscle electrostimulation (EMS) as a training method for ath- 
letes. The method was originally developed in the former Soviet Union in 
the late 1960s. 

In theory, one advantage of EMS is the activation of predominantly fast 
motor fibers that are difficult to recruit voluntarily. During EMS, the size 
principle of motor unit recruitment is no longer valid; fast-twitch motor 
fibers are activated fist in this case. These have a lower threshold to exter- 
nally applied electric current and, in addition, many are located superfi- 
cially, close to the external edge of muscles. 

EMS is a useful supplement to conventional strength training methods 
(Figure 6.15). It can enhance not only maximal stimulated force but also vol- 
untary force, speed of motion, and muscular endurance. The time to accom- 
modation is usually about 20 to 25 training days in conditioning for 
maximal strength and 10 to 12 days for maximal velocity. During EMS 
training for muscular endurance, the leveling off is not attained even after 
35 sessions. Positive results, including improvement in sport performance, 
have been demonstrated in weight lifting, gymnastics, and track and field 
events, as well as in the jumping ability of volleyball and basketball players. 

However, contrary to popular opinion, soviet and Russian athletes 
have not regularly used EMS as a substitute for traditional strength train- 
ing. Athletes' attitudes toward this method vary substantially. Many elite 
athletes have been very positive regarding EMS use. For instance, some 
Olympic champions in kayaking and canoeing have sought to stimulate 
several muscles, including the biceps brachii and deltoid, over a 1-month 
period before important competitions, including the Olympic games. 

At the same time, in spite of evidence that maximal strength may be 
enhanced as a result of EMS, this method has not been accepted by 
numerous qualified athletes. In addition to a customary conservatism, 
there are two main reasons. First, athletes cannot use enhanced isometric 
(specially stimulated) values in real sport events. The time and effort 
needed to transmute acquired changes into force output of the real move- 
ment is too great. Second, some athletes using EMS have an unpleasant 
feeling of lack of muscular control and a loss of coordination and simply 
refuse to continue. These findings confirm the idea that, loosely 
expressed, only muscles (not neural factors) are trained with EMS. The 
ability to activate trained skeletal muscles does not seem to be augmented 
as a result of this kind of protocol. 

There may be several reasons for such different attitudes on the part of 
athletes toward EMS. First, EMS can be used in improper proportion to con- 
ventional strength training. If the proportion of EMS training is too great (for 
a given athlete), the transmutation may become d9fficult. And second, hap- 
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which increased intralung pressure serves as a stimulus for the potentia- 3. An athlete should not inspire maximally before a lift. The maximal 
tion of muscle excitability. The true mechanisms of enhanced muscle inhalation unnecessarily increases intrathoracic pressure. 
excitability have yet to be studied. 4. Forced expirations, rather than the Valsalva maneuver, should be 

Thus, although the Valsalva maneuver might be considered a useful used whenever possible. 
5. Beginners should inhale and exhale during performances, especiauy 

when the weight is held on the chest. 
6, Finally, there are two ways to match breathing phases (the inspira- 

tion and expiration) with the performed movement-the anatomical 
and the biomechanical match. 

This last point requires some elaboration. In movements with small 
efforts (similar to those in calisthenic exercises such as a trunk inclination) 
the inhalation should coincide with the trunk extension and the exhala- 
tion with the trunk bending. This is called an anatomical match (of breath- 
ing phases and movement). In contrast, when high forces are generated 
the expiration should match the forced phase of movement regardless of 

compensated for by increased heart rate, sometimes above 170 beats its direction or anatomical position. For instance, rowers exhale or use the minute. In addition, blood pressure increases substantidy. (Values u 
320/250 m H g  have been measured during barbell squats.) The eleva Valsalva maneuver during the stroke phase when the greatest forces are 

developed; nevertheless, the legs and trunk are extended at this time 
is explained mainly by the high intramuscular pressure, which results rather than flexed (as compared with trunk and leg flexion without an increased total peripheral resistance and increased blood pressure. additional external load in calisthenic exercises). This breathing is termed 

The decreased cardiac output may further result in brain anemia a biomechanical match. During strength exercises, the breathing phases and 
movement should be matched biomechanically rather than anatomically. 

Summary 

Strength exercises are classified in various ways. For example, they 
may be static (isometric) or dynamic (concentric, eccentric, reversible, 
isokinetic). They may concentrate on particular muscle groups, whose 
comparative strengths are called strength topography. Or they may be 
classified according to how specific they are to the sport task. 

with beginners, especially youngsters, strength topography is the main 
cautions during physically strenuous activities: concern in selecting strength training exercises. For example, you should 

1. Permit the Valsalva maneuver, or expiration efforts with a closed choose the most important muscle groups, strengthening n~uscle groups 
that might be at risk for injury if they were weak, training proximally 
located muscles, and strengthening muscles that are needed to perfarm 
sport movements. For more advanced or mature athletes, however, the 
goal is to select strength training exercises that are specific and mimic the 
movement pattern used in the actual sport skill. This is a complex 
demand, however, and requires careful analysis of movement including, 

movement direction, 
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force-posture relationship, trainees may use the peak-contraction princi- 
ple, which focuses on increasing muscle strength primarily at the weakest 
points of the human strength curve through the selection of proper body 
positioning, special training devices, and a slow starting motion. Or they 
may develop maximal tension throughout the complete 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 accentuation 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 they also carry high risks of 
injury and accommodation occurs quickly with these exercises. Some- 
times additional resistance is added to main sport exercises that best meet 
the requirements for sport specificity. 

During the last 25 years, electrostimulation of muscles has become a 
popular method to enhance muscular strength. Although electrostimula- 
tion shows promise for strength training, this method needs further 
investigation. 

sider certain patterns, such as the Valsalva maneuver, potentially harmful 
because of the cardiovascular response they can provoke. With small 
efforts, the inhalation should coincide with the trunk's extension and the 
inhalation with the trunk's bending (an anatomical match of breathing 
phases and movement). With high force, however, expiration must match I 

Injury Prevention 
with the forced phase of movement, regardless of the direction or 
anatomical position (a biomechanical match). During strength exercises, 
the breathing phases and movement should match biomechanically , 
(rather than anatomically). Heavy resistance training is a relatively safe activity, as the incidence of 

injuries is low. The risk of injury for a well-coached strength training Pr* 
gram has been estimated to be about one per 10,000 athlete-exposures. 
(An athlete-exposure is one athlete taking part in One training ~ ~ r k o u ~  or 

Compared to tackle football, alpine skiing, baseball pitch- 
ing, and even sprint running, strength training is almost free of risk. 
However, athletes exercising with heavy weights who neglect certain 
training rules are susceptible to trauma. 

Training Rules to Avoid Injury 
Common sense and professional knowledge dictate how to avoid 
The rules are very simple: . Maintain the weight-lifting room and exercise equipment in Proper 
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Make sure athletes warm up. 
Do not overdose. Do not recommend the maximal effort method for 
beginning athletes. 
Be cautious with the use of free weights, 
Provide assistance when a barbell weight exceeds maximum weight 
and yielding exercises are being performed. 
Emphasize harmonic strength topography; avoid imbalance in mus- 
cle development (see chapter 8). 

In addition, there is one issue in the strength training paradigm that war- 
rants special attention-the lumbar spine region. In the discussion that 
follows we consider this concern in detail. 

According to epidemiological data, up to 80% of the adult population 
suffer temporary or chronic pain in the low-back region (the so-called ' 
low-back pain syndrome; LBPS). LBPS as a cause of inability to work is 
either first or second among all illnesses, yielding only to flu and catarrhal 
diseases. In athletes doing strength training, lower-back damage com- 
prises 44% to 50% of all the injuries sustained. 

In addition to such factors as metabolic abnormalities, infections, and 
genetic predisposition, biomechanical factors (especially spine overload- 
ing) are regarded as the primary causes of LBPS. However, in spite of the 
great mechanical load imposed on the lumbar region in sports like weight 
lifting and rowing, many elite athletes in these sports have no spinal 
problems during their lives. Proper sport techniques and fundamentalltally: 
sound training patterns provide reliable protection against LBPS. 

Although we do not know the precise cause of LBPS, volumes of da& 
have indirectly shown that changes in intervertebral disks are usually *Q 
initial cause of pain. 

I + 

Biomechanical Properties of Intervertebral Disk$ 

Intervertebral disks consist of a fibrous ring, the annulus fibrosus, and a 
jellylike nucleus, the nucleus pulposus. In young persons the jellylike 
nucleus contains up to 85% water, and the laws of hydrostatic pressure 
apply-namely, Pascal's law stating that pressure is distributed equally on 
all sides. Intradisk pressure can be determined by inserting a needle with 
a pressure gauge into the jellylike disk nucleus. With age the wafzcontent 
of intervertebral disks is gradually reduced, and the laws of hydrostatic 
pressure cease to manifest themselves in the nucleus pulposus. 

When disks are loaded in different directions, their mechanical proper- 
ties are different. When two vertebrae are compressed with the disk con- 
necting them along the axis of the spine (the Y-axis), the hvdrostatic 
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hand, when horizontal pressure occurs, the disk stretches from within 
and the force reaches 4 to 5 F on the surface of the fibrous ring (Figure 7.1). 

The fibrous ring consists of several cylindrical layers, each of which has 
fibers proceeding at an angle of approximately 30° to the horizontal; but 
the directions of the fibers' paths change in adjoining layers. In the disks 
of young and elderly persons, with an identical external mechanical load, 
both the amount of pressure acting on particular layers of the fibrous ring 
and its direction are different (Figure 7.2). 

Pressure 

r"/l 



- Tensile stress - Compressive stress 
L2-3 Disc 

Figure 7.2 Pressure affeding individual layers of the fibrous ring in normal 
disks (for young persons, left) and degenerated disks (for elderly pemns, right). 
Notice the change in the amount and direction of the pressure. Note. Adapted 
from "Stress Analysis of the Lumbar Disc-Body Unit in Compression: A Three- 
Dimensional Nonlinear Finite Element Study" by S.A. Shirazi-Adl, S.C. Shrivas- 
tava, and A.M. Ahmed, 1984, Spine, 9, pp. 120-127, 

I 

The mechanical strength of disks during a vertical load is adequate; it 
is not inferior to the strength of adjoining vertebrae. However, a strictly 
vertical load on the spinal column is not typical for actual evervdav situ- 

- .. 

&re of ihe spinal column. It follows from biomechanical analysis that 
people are the most susceptible to trauma in situations in which a consid- 
erable mechanical load affects the intervertebral disks during trunk bend- 
ing or rotation. 

During a lean of the spinal column, the nucleus pulposus is shift &to 
the side opposite the lean and the fibrous ring is somewhat protruded 
(Figure 7.3). This may induce compression of the spinal cord rootlets and 
cause a painful sensation. 

a , 

ations. Even during k l a r  standing the load does not operate 
precisely along the axis of the vertebrae (the Y-axis) because of the curva- 

a. lnstantaneous'mis of rotation b. Instantaneous axis of rotation 

Figure 7.3 (a) Disk deformation; (b) mechanical stresses. Note. From Clinical 
Biomechanics of the Spine (p. 15) by A. White and M.M. Panjabi, 1990 (2nd ed.), 
Philadelphia: J.B. Lippincott. Copyright 1990 by Augustus A. White & Manohar 
M. Panjabi. Reprinted by permission. 

Mechanical Load Affecting the 
Intervertebral Disks 

Intervertebral disks are affected by impact and by static loads. The latter 
include loads encountered not only during the maintenance of a given 
posture but also during the execution of relatively slow movements, 
when it is possible to ignore waves of impact deformation. 

Impact Lauds 

Landings from gymnastic dismounts, jumping, and running cause the 
body to undergo an impact load, spreading shock waves to the spine. We 
can estimate the impact load by the magnitude of acceleration registered 
on different parts of the body. 

In ordinary walking the difference between accelerations of the pelvic 
region and those of the head amounts to 0.5 to 1.0 g (g is the acceleration 
due to gravity, g = 9.81 m/s2). The spine must absorb a shock of similar 
magnitude with each step. Research on 50-m ski jumping has shown that 
accelerations of the pelvic region at the moment of landing exceed 10 g; at 
the same time, the intraabdorninal pressure (to be discussed later in this 

'chapter) reaches 90 mmHg. Loads on the spine were reduced when 
jumpers performed deep (about 40 crn) squats and were increased when 
they landed with straighter legs. Loads increased in proportion to the sine 
of the angle between the direction of the speed vector and the slope of the 
mountain. These examples evidence the exceptionally large loads that the 
spinal column is subjected to during landings in different sport exercises. 
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The softening (shock absorption) of an impact load during landing is 
provided by the combined influence of 

the properties of the supporting surface, 
footwear quality, 
the dampening properties of the motor system, primarily the foot ' 

and the knee joints (in persons suffering from LBPS these properties 
are often reduced), and 
landing techniques. 

W~th "soft" landing techniques, in which ankle plantar flexion and knee 
flexion are coordinated, the magnitude of impact forces is sharply 
reduced. During soft landing by experienced athletes, only 0.5% of the 
body's kinetic energy is spent to deform body tlssues (bone, cartilage, 
spine). During a stiff landing, the deformation energy amounts to 75% of ' 

the body's mechanical energy. The difference is 150-fold (75/0.5 = 150). 

Land ProperIy 

stiff landing by flexing the knees. Practice soft landings, with 
impact. Good ballet dancers land in such a way that virtually 
sound is made! Try to follow this pattern. 

Static Load Acting on Intervertebral Disks 

an example of upright standing posture (Figure 7.4). 

M e c h m  oforfghl 

In this case, the weight of the upper body acts on L4 (the f ~ w h  luhnbar 
vertebra). The center of gravity of fhe upper body is not situated directly 
over the intervertebral disk, but somewhat in front of it. Therefore, a rota- 
tional moment of t l~e fprce of gravity, causing the upper half of the body 
to lean f o p v d ,  must be opposed by a counterbalanced force. This force 
is provided by khe action of the spine erectors. These muscles are situated 
near the axis of rotation (which is located near the region of the nucleus 
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Figure 7.4 Mechanism for creating a mechanical load on the intervertebral 
disks. W,, weight of the above-lying parts of the body; Ll, the lever am; W1 - Ll, 
the flexion bending moment due to gravity; F, force of the extensor muscles of 
the spinal column; 4, their lever arm. Since the system is in equilibrium, 
W . L, = F -4. Therefore F = (Wl - Ll)/L, The force acting on the intervertebral 
disc (P) is equal to the sum of the weight of the abovelying parts of the body 
and the muscle-pulling force, P = W, + F or P = W1.[(l + L1)/L2]. Note. Adapted 
from Clinical Biomechanics of Spine (p. 50) by A. White and M.M. Panjabi, 1990 
(2nd ed.), Philadelphia: J.B. Lippincott. Copyright 1990 by Augustus A. White 
and Manohar M. Pmjabi. Adapted by permission. 
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the smaller the distance, the greater the force). Since the line of action of 
the muscle force runs almost parallel to the spinal column, this force, 
added to the force of gravity, sharply increases the pressure on the inter- 
vertebral disks. 

Thus, a force acting on L4 in the usual upright position amounts not to 
half the body weight, but to the body weight. During leans, lifts, and 
other specific movements, external forces create a considerable moment 
relative to the axis of rotation that passes through the lumbar interverte- , 

the body. This force contributes significantly to the mechanical load that , 

falls on the intervertebral disks. 

Role of Infraabdominccl Pressure 
The mechanism and the very role of the intraabdominal pressure (IAP) 
load have been questioned recently by some researchers. What is pre- 

Lying, supine position, traction 30 kg applied 
Lying, supine position, legs straight 
Upright standing posture 
Walking 
Lateral trunk lean to one side 
Sitting unsupported 
Isometric exercises for muscles of abdominal wall 
Laughter 
Inclined forward 20" 

strength. At the same time we know that athletes can lift significantly 
greater weights without apparent harm. Of course, this is true in part 
because of the considerable strength of individual anatomical structures 
of the spinal column in trained persons. But the main reason is one that 
these calculations do not take into account-the role of the internal s u p  
port that emerges as a result of elevated intraabdominal pressure (IAP) 
during the execution of many strength exercises (Figure 7.5) 

IAP increases during muscular efforts, especially during a Valsalva 
maneuver. As a result of internal support, the pressure on intervertebral 
disks can be reduced by up to 20% on average and up to 40% in extreme 
cases. 

Figure 7.5 Internal support of the spinal column can be compared to the 
mechanical action of a ball located in the abdominal cavity. Intraabdominal pres- 
sure (IAp) produces the spinal extension moment relative to the axis of rotation 
0 (I is the lever arm). 
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The most accessible method of measuring IAP is to introduce a pres- 
sure gauge into the stomach cavity. Here the intrastomachic pressure, 
which is almost the same as the intraabdominal pressure, is measured. 

' 

Figures 7.6 and 7.7 show data on intraabdominal pressure measured dur- 

We find that &e IAP is to the moment of force relative to 
the axis of rotation passing through the intervertebral disks (but not to the 
force produced or to the weight lifted). Because different techniques can 
be employed to perform identical exercises with the same weight, the 1 
externally generated force corresponds to different moments of force, 
Depending on the moment arm, some technique variations are more dam J/ 
gerous than others. We can also conclude that with an increase in the abilit 

Posture 1 Posture 2 

Figure 7.6 Intraabdominal pressure ( ~ Q ~ @ Q ~ B >  d ~ h &  w@ght 
From "Biomechanical Eoundations in S 
Lumbar Region &Sd 
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falling on the lumbar section of the spine and to strengthen the muscles of' The iliopsoas muscles are stretched. 
the lumbar region (create a "muscular corset"). People differ markedly 
both in the extent of muscle development in the lumbar region and in the 
size of the maximal loads that they can bear. Therefore, in practice, pre- 
ventive advice should be strictly individualized. 

From a practical standpoint, there are several important guidelines for 
the prophylaxis of low-back problems for athletes. It is helpful for pre- 
vention to strengthen certain muscle groups and to use proper sport tech- 
nique. Some athletes may benefit from 

the use of special implements designed to decrease spinal load, 
posture correction and improvement of flexibility, and 
the use of rehabilitation procedures. 

Muscle Strengthening 

LBPS occurs more ikquently in persons with weak 9r nonproporti 
developed muscles such as a weak abdominal wall: hoper muscle The iliopsoas muscles are shortened. 
opment is required for the prevention of LBPS. In addition 
erector spine muscles, athletes s h d d  e~&@ the muscles Figure 7.8 Influence of the ileolumbar muscles on the creation of pressure in 

rial wall (not ody the m d ~  abdominis but the intervertebral disks. In the top panel the iliopsoas muscles are stretched; the 

abdomen) and the short dwp muscle of force of their pull is applied to the spine. There is definite pressure on the disks, 
plicated because it i s  precisely the ex* aimed at forming a " and lumbar lordosis is retained, due to which there is some protrusion of the 

corset" that are often associated with large loads on the lumbar 
edges of the disks posteriorly (see Figure 7.3 above). In LBPS patients in an exac- 
erbation period, this position can be painful. In the lower panel the iliopsoas 

prevent spinal overloading during muscles are shortened and do not show the force of the pull. As a result, the 
des, &remt? tmti0n is necwrsf. 'IWS pressure in the disks is lower; the spine straightens out in the lumbar region; and 
women. The threeyear mehtiohed the disks do not stick out past the edge of the vertebrae. Pain usually disappears, 

Note. From "Biomechanical Foundations in the Prevention of Injuries to the 
E~BI&& ~ U X  M ~ I W  ~r the ~ b d o m ~ l l  W ~ U  . , , Spinal Lumbar Region During Physical Exercise Training" by V.M. Zatsiorsky 

Let's f i t  analyze the load imposed on intervertebral disks h~ a ly@g 
and V.P. Sazonov, 1985, Theory and Practice of Physical Culture, (7), pp. 33-40. 
Reprinted by permission from the journal. 

tion.: For a pemn lying supine with legs out$tretch? 
the intetverteljrd disks ts kathen: sign&-cant and is 
35% to 40% of body weight. This is *lated prf 

1 wall help maintain proper function of the internal organs in 

disks decreases 

hall deserve special attention during heavy resistance training, esp 

L- 
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coach's blunder. They occur when the training of abdominal muscles has (also called partial curls or crunches), the knees are flexed to a much 
been neglected. O) and the trainee raises the trunk off the 

Exercises for abdominal wall muscles fall into two groups: (a) leg rais- 
ing with the torso securely anchored and (b) sit-ups, that is, raising the One of the exercises most frequently recommended for persons at high 
torso with the legs securely anchored. Leg raising in the supine position is raising the pelvis and legs from the supine position. This 
accomplished by the activity of the flexor muscles in the hip joints (the les the first part of an elbow (shoulder) stand-the "birch 
iliopsoas muscles, the rectus femoris muscles, and others). The rectus pressure on the intervertebral disks is 
abdominis muscle, fastened at its lower end to the pubis symphysis, is rel- abdominal wall muscles is significant. 
atively inactive; it secures the pelvis and increases intraabdominal pres- ring from LBPS and possessing a low level of muscular 
sure. It begins to shorten only when the legs are raised high enough. At c exercises are recommended. These individuals are 
this point, however, the moment of force of gravity, pulling the legs down, aining of the "muscular corset" after an aggravation of 

f these exercises is that they put a certain load on the 
minal wall with almost no increase in pressure on the 

intervertebral disks. To do the exercises, after a normal inhalation the per- 
son contracts the musculature of the abdominal wall and back with the 

to train the abdominal muscles. glottis closed and the rectal sphincter contracted, trying to produce a 
strong exhalation. Since this kind of straining is created through the 
action of the musculature of the trunk and diaphragm, multiple repeti- 
tions elicit a training effect. The exercise should be repeated 10 to 15 times 
with the muscle contraction lasting 3 to 5 s. This series should be repeated 
three to four times a day. In experiments conducted with a double-blind 
control, isometric exercises have been shown to produce a decidedly bet- 
ter effect than other types of exercises. 

intervertebral disks is very great (corresponding approximately 
for a forward lean in the upright position with a 20-kg weight 
hands). This type of exercise is hardly ever recommended for p 100 
who have recently recovered from an attack of low-back pain. 

35 

b 

(in % of pressure relative to the upright posture) 
in several exercises "muscular corset." Note. From "The 

ge" by A.L. Nachemson, 1976, Spine, 1, 
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Be Aw&e b k k u s t  

Extreme caution is in order when weight lifting is executed b 
women, very tall men, and teenagers, Check: 

satisfied? 

Teach proper breathing patterns. 

Good luck! Be cautious. 

Implements 
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Figure 7.14 Use of a pad placed under the abdomen increases the intraabdomi- 
nal Dressure (IAP) and lessens the load on the intervertebral disks. Note. From 
- 1 . , 
"Biomechanical Foundations in the Prevention of Injuries to the Spinal Lumbar 
Region During Physical Exercise Training" by V.M. Zatsiorsky and V.P. Sazonov, 
1985, Theory and Practice of Physical Culture, (7), pp. 33-40. Reprinted by permis- 
sion from the journal. 

Even so, the construction of waist belts for weight lifting remains the 
same. According to some research, belts that support the abdomen, rather 
than the spine, increase the IAP and consequently decrease spinal load to 
a greater extent (Figure 7.15). 

Posture Correction and Flexibility Development 

Increased lumbar lordosis gives rise to a higher risk of LBPS. Lordosis 
compensates the obliquity of the sacrum, which is tilted with respect to 
the vertical. The position of the sacrum is characterized by a sacroverte- 
bra1 angle formed by the upper surface of the first sacral vertebra and the 
horizontal. Normally, the smaller this angle, the better. A more vertical 
position of the sacrum favors stability at the lumbosacral junction. 

The slant of the sacrum can be corrected by the proper strength devel- 
opment of corresponding muscles. (Note that in heavier people the 
sacrum is usually directed more obliquely because of the weight of the 
body bearing on it, and in this case the first recommendation is to lose 
weight.) The corresponding muscles are 

trunk flexors (rectus abdominus) and hip extensors (hamstring)- 
m m h  w w  w-ted, tend to decrease the sacral angle, 

vertical position; and 
Hexors (rectus fernoris)--these rotate the , , 
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section on exercises for the rectus abdominis muscle. The goal of 
relaxation exercises is first to decrease and then to completely elimi- 
nate muscle spasm. Here are examples from a relaxation routine: 

Abdominal support Lie down. Relax facial muscles. Relax eyelids. The eyes should be 
semiclosed during the entire routine. 
Relax neck muscles. Permit your head to fall down keely to the 

With abdominal support right without any muscular resistance. Only gravity is acting. 
Wait 3 s; rotate your head face up. Relax again. Permit the head to 
fall down to the left. Repeat three to four times on each side. 
Bend the right knee with foot on the floor. Relax. Permit the leg to 
extend, the foot gliding along the floor. Again, only gravity force 
is involved. Repeat with each leg three to five times. 
Bend an arm. Relax. Permit the arm to fall down. Repeat with the 

kPa second arm. Relax. Repeat several times. 
Perform isometric exercises for the abdominal muscles. 

Figure 7.15 Inh'aabdominal pressure CLAP) during exercise under different con- * Repeat the relaxation routine in reverse order. Relax, relax, 
ditions. Top, a (patented) belt with firm abdominal support (Russian patent 
#I378834 to V.M. Zatsiorsky and V.P. Sazonov from November 8,1987). Bottom, 
IAP while lifting two 10-kg dumbbells (shoulder flexion with the arms stretched) Step 2. When the pain disappears. Temporarily decrease the load 
under three conditions: belt with abdominal support, ordinary weight belt, and on the lumbar spine (e.g., use leg lifts instead of squats). Then ana- 
no belt. Note* From "Belt-Corsets 'Reducing Risk of fhe Spine Lumbar Trauma at lyze these factors: Weight Lifting and Strength Exercises" by V.M. Zatsiorsky and V;P. Sazonav, 
1987, Theory and Practice of Physical Culture, (3), pp. 15-18. Reprinted by permis- 
sion from the journal. Your training routine Did you overload the spinal 

region? Did you squat much the 
last time? Did you perform many 

the hamstrings are often flexible while the abdominal muscles are weak dead lifts? 

and the hip flexors are tight. In this case the anterior pelvic tilt becomes Your fitness level (a) Are your spine erectors, rectus 
exaggerated. In turn, compensating hyperlordosis appears, causing the , abdominis, oblique abdominis, 
disks to bulge posteriorly and putting compressive stress on the vertebral and epaxial muscles strong enough? 
facets. The nerve roots that exit from the vertebrae can be compressed and Did you neglect to strengthen 
this can lead to pain. To correct pelvic tilt and hyperlordosis, the advice is them? 
to strengthen the abdominal muscles and perform stretching exercises to (b) How is your flexibility? Can 
decrease tightness of the hip flexors. you touch the floor? with your 

palms? Are your hip flexors tight? 
(c) Is your pelvis inclined much in 

H a v e  Lower Back Problems? your customary posture? Do you 
have large lumbar lordosis? 

First, consult a physician. Ask for a diagnosis. Usua Your lifting technique Is your spine rounded during lift- 
nuclear magnetic resonance imaging (NMJXI), or both, are ing? Ask somebody to check it. 
Keep the results for future reference. If nothing serious is d 
and training is permitted, then take these steps: 

Step 1-For an acute pain period. Perform relaxation exercises for 
at least 1 to 2 weeks and do the isometric exercises described in the 
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Your restoration measures What kind of restoration measures 
do you usually use between train- 
ing workouts? None? This is not 
advisable. 

Depending on the answers, prescribe corrective and preventive i 
measures for yourself. Reread this chapter carefully and decide 
what suits you best. FoUow the new routine. When these measures 
are taken, nine of ten athletes completely restore their abilities and 
experience no difficulty or have only minor problems with their 
spines. 

Rehabilitation Procedures 

To restore the dimensions and properties of cornpressed intervertebral 

- -  - 

sage and swimming in warm water. When the load falling on the 
intervertebral disks is reduced, the degree of disk hydration increases 
-. - - <. 

cles takes place and these contracted muscles prevent the spine frm4 
lengthening. Consequently, the dimensions of the intervertebral disk 

ure 7.17 shows the recommended posture and unit for h i s  stretchi 
Spinal traction, performed twice a week with individually adjusted Ztr 
tion force (up to 100 kg for elite weight lifters from the super he,@ - 
weight class), is a very useful restorative measure. 

Spinal traction is recommended only to athletes with no history of 

t$e hether spinal traction is advisable ?oia given athlete. 
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Figure 7.16 Inhadkc pressure and water saturation of nucleus pulposus (for T-3 
disk). Note. From "Towards a Better Understanding of Back Pain: A Review of 
the Mechanics of the Lumbar Disc" by A. Nachemson, 1975,l&?umtology and .-- 

Rehabilitation, 14, pp. 129-143. 

A' Pulling 

Figure 7.17 An apparatus (called a split table) used for spinal traction. The ath- 
lete's legs are bent, and the force of the pull is oriented at an angle to the hori- 
zontal (in order to keep the back flat). Note. From "Spinal Traction as a 
Rehabitation Tool" by V.M. Zatsiorsky and S.S. Arutiunjan, 1987, Scientific 
Information. MOSCOW: Central Institute of Physical Culture. 
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Strength Performance 

I" The general idea with training experienced athletes is not to train strength 
'j itself as a unified whole; rather, it is to train the underlying factors, both 
''G muscular and neural. To improve neuromuscular coordination (motor unit 
8 $ 
;.I recruitment, rate coding, synchronization, the entire coordination pattern), 
, . the maximal effort method is the first choice. On the other hand, to stimu- 
, late muscle hypertrophy, the methods of repeated and submaximal efforts 
1 are more appropriate. By varying the type of exercise, its intensity (method 
I of training), and its training load (volume), we can induce positive adap- 

tation in the desired direction. Conversely, standard exercises and a con- 
' stant load elicit only premature accommodation and staleness. 

All three facets of heavy resistance training (i.e., exercise type; training 
method-maximal vs. submaximal efforts; and training volume), should 
be changed in a concerted manner. Because the superposition of training 
efforts among different heavy resistance methods is not negative, these 
methods may in principle be combined in one microcycle and even in one 
training day and session. For instance, it is possible to lift a I-RM barbell 
and then use the method of submaximal effort in the same workout. How- 
ever, the proper timing of exercises, methods, and loads over time brings 
better results. In the typical timing pattern, an exercise complex is changed 
once every two mesocycles. For instance, only two or three snatch-related 
exercises, of nine total, are used during two consecutive mesocycles. The 
snatch-related exercises are classified according to the type of motion and 
the initial barbell position. The types of motion are (a) competition snatch 
(barbell is lifted and fixed in a deep squat position), (b) power snatch (bar- 
bell is caught overhead with only slight leg flexion), and (c) snatch pull 
(barbell is only pulled to the height and not fixed). There are three initial 
barbell positions: (a) from the floor, (b) from blocks positioned above the 
floor, and (c) from the hang. Thus there are in total nine combinations. 

In this typical pattern of timing, the dominant methods are changed 
every mesocycle with the routine during the first mesocycle directed pri- 
marily at inducing muscle hypertrophy (mainly by the methods of sub- 
maximal and repeated efforts). The training load is varied, usually 
according to the empirical "60% rule." 

Training Goal: Maximal Strength 
Combine high-intensity training (to improve neuromuscular coordi- 
nation) and the repeated or submaximal effort methods, or all, to 
8 s ~ d a t & 1 m ~ a a l e  hvvertrovhv. Chanee .the exercise batteries rescu- 
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objective is to improve l?)?D, these exercises are commonly performed In the first variation (Figure 8.2b), the positive velocity gain appears 
four times a week; to retain the RFD, twice a week. Because of acco- over the entire range of the force-velocity curve. If this were a force-veloc- 
dation, after 6 to 8 weeks of such training the exercises should. be ity curve for a throwing task (in which the mass of the implement was 
changed. changed and the throwing distance was measured), the force-velocity 

The rate of force development can also be improved during the t r a m g  curve change means that after training, the athlete could throw farther 
of reversible muscle action (see discussiuh of the stret&&ortening cyde 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 typ- 
ical 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 
possible. main implement only) leads to a straightening of the force-velocity curve 

(Figure 8.2e). Here performance 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 (usually 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 con- 
troversial. On the one hand, training results depend on exercise velocity, 
and in order to improve the velocity with standard resistance, an athlete 
must exercise in the same force-velocity range as in the main sport exer- 
cise. 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 performance 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 con- 
firmed by the training practice of elite athletes (Figure 8.3). 

The direction of applied movement is a key determinant of exercise 
effect. In many movements, muscles are forcibly stretched before shorten- 

, . r . : : . I  ing (stretch-shortening cycle, reversible muscle action). As described in 
chapter 2, the underlying mechanisms of the reversible muscle action are 
complex. For this reason reversible muscle action is specific (especially 
in highly trained athletes) and should be trained as a separate motor abil- 
ity (similarly, in this res-pect, to anaerobic endurance and rate of force 
development). The exercises used for this purpose are described .in chap- 
ter 6. 

In conclusion, strength training for power production is composed 
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Enhance maximal strength. It is impossible for athletes to gener- 
ate a large force in a fast movement if they cannot develop similar or 
even greater force values in a slow motion. But don't overemphasize 
the role of maximal strength in power production. To be a strong 
athlete does not mean to be a power athlete. It is true that all elite 
power athletes are very strong people. On the other hand, not all 
strong individuals can execute movement powerfully when com- 
bining large force and high velocity. 

Train rate of force development (RFD). If' the time available for 
force development is short, RFD is more important than maximal 
strength. Enhance not only maximal (F,,) but also dynamic 
strength-the force developed at a high velocity of movement. Uti- 
lize drills requiring the utmost muscular effort against moderate 
resistance (the method of dynamic effort). Employ specific drills and 
methods to improve reversible (stretch-shortening) muscle action. 
This is a specific motor ability. 

M w l e  Mass 
> 8 

methods that are es 
itive athletes, too. 

The main objective of $uh a training routine is the maximal a&v 
of protein catabolfs~'@ 
s t i m u l a ~  'th@ synthesis 
the total amount of d 

Rest intervals W e e n  

even in one day, no more than two to three muscle 

Table 8.1 An Example of the Split System of Heavy Resistance Tmb$ng, 

Day 1 Day 2 Day 3 Day 4 , 

Arms and shoulders '-43s Chest Rest 

Abdominal muscles Back 

hr). f i e  muscle group is exercised twice a week. The split system is navm 
used for perfecting the neural mechanisms of strength enhancement. 

' ' ' 

C t  

Several exercises (usually from two to five) for the same mus 
group are employed during a single training unit. Exercises m 
within the sequence; for instance, a curl with a dumbbell can 
formed with the hand alternately in the supinated and pronatdd p 
However, this is not done to alternate the muscle groups; that is, 
all exercises of one muscle group should be executed. For hstan@,,di 
back exercises are performed first, and then chest exercise& are'pwa 
formed. The idea is the same, to activate and exhaust the muscle growparn 
much as possible. Exercises for the same muscle group, slightly &an@@ 
from each other, are performed consecutively. This method, 
ing, was initially based on the assumption that increased 
stimulates muscle growth. Up to 20 to 25 sets per 
executed in one workout. Table 8.2 summarizes the comparison beW* 
training to emphasize muscle mass and training to emphasize stmn*: ' . . Training Goal: Muscle Mass 

Activate the breakdown of proteins in the chosen mus&&roups 
during training workouts and protein s u p e r c o m p e ~ ~ n  durhif 
rest periods. Use weights with RM between 5 to 6 and 10 to 12,(th@ 
repeated effort and submaximal effort methods). 

Follow the recommendations given in Table 8.2. 

Endwance Performance 
Endurance is defied as the ability to bear fatigue. Human activity is var- 
ied, and the character and mechanism of fatigue are different in every 
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Table 8.2 Training ProtOcols to Induce Muscle Hypertrophy or Muscle 
Strength (Neural Factors) 

lkaining variable Muscle hypeqphy  

Intent To activate and exhaust To r d t  the 
working muscles maximal number 

Intensity, RM Fmm 5-7 to 1042 
R@t intervals 
- &eW~en sets Short (1-2 q~in> 
-  ween W Q ~ ~ Q U ~  

e r n p b W g  m e  Long (48-72 hr) 
mwclegr0up.s 

groups: (split system) 

Training volume: Larger (4-5 times) 
load mpetitiom sets 

Muscular Endurance 
Endurance of muscles is manifested in exercises with heavy resistance, , 
such as the repetitive bench press, that do not require great activation , 

of the cardiovascular and respiratory systems. Fatigue is caused by the 
functioning of elements in the neuromuscular system that are directly . 

involved in the execution of the movement. I 

Muscular endurance is typically characterized either by the number of 
exercise repetitions one can carry out until failure (the maximum number , 
of pulls up, squatting on one leg), or by the time one can maintain a pre- 
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ignored. Everyone is asked to press the same weight, for instance. When 
relative endurance is measured, on the other hand, all are asked to press a 
weight that equals the same percentage of their maximum strength. 

The absolute indices of endurance show considerable correlation with 
muscular strength; individuals of great strength can repeat a vigorous exer- 
cise more times than those of lesser strength (Figure 8.4). However, this cor- 
relation is observed only with resistance that is at least 25% of maximum 
strength. When the load is smaller, the number of possible repetitions 
quickly rises and is, in practical terms, independent of maximal strength 
(Figure 8.5). Relative indices of muscular endurance do not correlate posi- 
tively with maximal strength. In fact, they often show negative correlations. 

Let's consider an example of what we have seen about the correlation 
between strength and endurance. Suppose two athletes can bench press 
weights of 100 and 60 kg, respectively. It is obvious that the first athlete 
can press a 50-kg weight more times than the second athlete and that the 
absolute indices of endurance for the first athlete will be better. If both 

Figure 8.4 Maximal weight lifted in the bench press (F-, kg) versus the number 
of lifts of a 50-kg barbell in the same movement. The pace of lifts was 1 lift every 2 
s. The subjects were wrestlers 16 to 18 years old (n = 60). The average value of the 
maximal strength was 65.7 kg. So the weight lifted (50 kg) was equal to approxi- 
mately 75% 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 F- and the number of lifts were the same, sev- 
eral points coincided. Note. The data are from 'Two Types of Endurance Indices" 
by V.M. Z&Biorskr, N. Volkov, and N. Kulik, 1965, Theory and Practice of Physical 
Culture, Z 7 x . . Reprinted by m s i o n  from the journal. 
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Number of lifts 

Repeatedly performing strength exercises with resistance comprising 
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 train- 
ing (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 maximum 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 generate 
forces of 2,200 to 2,500 N in the same posture. This means that during 
rowing, the athletes must overcome a resistance equalling 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. How- 
ever, it should be combined with muscular endurance conditioning. 

Figure 8.5 The dependence of the number of bench press lifts on the dative Circuit training is an effective and convenient way to build muscular weight of a barbell. Average data of 16 weight liften; the solid line r e p m m  
endurance, Here a group of trainees is divided into several (7-12) sub- rounded average figures; the broken line is for the standard deviation. Note. 

Adapted from ''Iko ?)Tpes of Endurance Indices" by V.M. Zatsiorsky, N. volkov, groups according to the number of stations available. Each trainee Per- 
and N. K*I 1965, Theory and Practice of Physical Culture, 27(2), pp. 35-41. forms one exercise at each apparatus (station) as though completing a circle 
Adapted by permission from the journal. (Figure 8.6). Body-weight-bearing exercises, free weights, and ~!xercise 

machines as well as stretching exercises may be used at dierent stations. 
Consecutive stations should not consist of exercises involving the same 

athletes are told to press a weight of 10 kg (less than 25% of maximal muscle groups. Trainees move quickly from one station to the next with a 
strength for each), it is impossible to predict who will exhibit more short rest interval in beween each. The circuit is finished once the e~arises 
endurance- In this case endurance (measured by the number of repeti- at stations are completed. The time for one circuit is p ~ a i b e d .  
tions) does not depend on strength level. If both athletes press a weight the characteristics of t r w g  programs ( s p d u W  diredon, complex- 
equal to 50% of their maximal force production (50 and 30 kg, respec- ity, and tr-g load) can be easily specified and modified within a general 
tively), it is again impossible to predict who will show greater endurance. framework of circuit training. However, in practice, only a limited variety of 
Hex, too, endurance does not correlate with strength. circuit programs in use. Typically, circuit training routines use resistance 

Since athletes are not matched during of 50% to 70% of 1 RM; 5 to 15 repetitions per station; interstation rest inter- 
strength, pradce ~hould focus on absolute of 15 to 30 s; one to three circuits; and a total duration of 15 to 30 
these indices are essentially dependent on the strength level; as the resis- 
tance an athlete must overcome increases, so does the dependence. ~ h ~ ~ , 
when it is necessary to repeatedly overcome csnsi&er&le resistance 
(more than 75-80% of the maximwn m ~ t a r  strenm, is no need ~rcdning G&: Musculcn Endurance 
for special endurance training. When resistance is smaller, though, one Compare the magnitude of force (I3 generated in the n ~ ~ ~ c m e n t  of 
must ConcenWte Ofl the development of both strength and endurance. In interest (for instance, during each stroke in rowing) with the maxi- 
gymnastics, foP~-nstance, an athlete who ca ma1 force values (F-) attained in the same motion during a single 

maximal effort in the most favored body position. 
ndurance. Train maximal strength. 
imal strength. Train endurance. If 
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Push-ups (6) 

Hurdle jumps (5) 

Leg raising (6) &-.  Circle swings with 
-+/ ' a medlcine ball (6) 

Squatting 
jumps (8) 

Figure 8.6 An example of circuit training. Note. From Motor Abilities of Athletes 
(p. 156) by V.M. Zatsiorsky, 1966, Moscow: FiS. Reprinted by permission from 
Fizkultura i Sport. 

20% < F < 80% of F,,, train both maximal strength and muscular 
endurance. Utilize the method of submaximal effort. Vary the mag- 
nitude of resistance. Exercises in a set must be performed until fail- 
ure. Employ circuit training. 

Endurance Sports 

In endurance sports, high energy demands are met by increased oxygen 
consumption as well as augmented anaerobic metabolism. The cardio- 
vascular and respiratory systems become highly active. Athletic perfor- 
mance is limited by the central systems of circulation, respiration, and 
heat dissipation rather than peripheral muscle function alone. The corre- 
lation between local and general endurance has been shown to be small. 
Attempts to limit the off-season training of endurance athletes (speed 
skaters and skiers) to local endurance exercises (one-leg squatting) 
proved unsuccessful. Trainees improved their performance in one-leg 
squatting from 30 to 50 times to seyeral hundred times (and evep t~ re 
than l,q00 times) with&Fyt,qg~ - ntial improvement in the q~&&~*%t. 6 Bemuse of these findings, strengt training on the local invofvernent 
g i v k  percentage of the body's musculature was not popular amo 
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endurance athletes for many years. It was considered a waste of time and 

This is not the case, however, in contemporary sport. Since improve- 
ments in both endurance and strength are desirable for optimum perfor- 
mance in many sports, strength exercises are now extensively used by 
endurance athletes. However, the intent is not to enhance maximal 
strength per se, but (and this is the most important part of the concept) to 

. Recall that human 
ly classified as slow 
gthy aerobic muscu- 

s of muscle activity, are 
tput and high rates of force 

d at increasing max- 
ly addresses maximal 

their strength gain. How- 
ever, early involvement of the fast MUs in endurance activities vitalizes 

pposite. Here the ath- 
intensity involving the 

low motor fibers. In this case only, the metabolic response to exercise is 
aerobic and the athlete's work is sustained. The recruitment of fast motor 
fibers during prolonged work is apparently not desirable. The less the 
proportion of the activated fast motor fibers the better. So the force repeat- 
edly exerted by an athlete during an endurance exercise should be com- 
pared not with maximum strength but with the maximum sustainable 
force by the slow (fatigue resistant, oxidative) motor fibers alone. 

The slow motor fibers do not adapt to the enhanced force demand with 
"classical" methods of strength training. These methods are chiefly 
designed to recruit and train the fast motor fibers. Relatively low resis- 
tance and long exercise bouts are used to enhance the strength potential of 
endurance athletes. The corridor of MUs subjected to a training stimulus 
should presumably include slow MUs. Among coaches, it is a common 
belief that muscles must work at the highest levels of their aerobic capac- 
ity. Exercise sets comprising, for instance, 5 min of repetitive lifts are com- 
mon. While training in the 1980s, world record holder and several-time 
Olympic champion in 1500-m swimming, Vladimir Salnikov, performed 
up to 10 exercise bouts on a special exerciser during dryland training. 
Each set was 10 min long. This routine, classified by swimming experts as 
strength training, only slightly resembles the training protocols used by 

ult to combine in training pro- 
demands of the two types of 

xample, stimulates 
and Jnitochon- 

47% 
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endurance. Endurance training, in contrast, elicits an increase in capdlary 
density and mitochondria1 volume density and may cause a decrease in 
musole fiber size. When strength and endurance waining are done concur- 
rently, it is difficult for an organism to ad@t simultaneously to the con- 
flicting demands. Consequently, the combination of endurance and 
strength training impah strength gains ib comparison to strength training 
alone. This is also true with respect to endurance training. As the time 

The motor ability that is n ~ t  the prime target of tr&g during a given 
mesocycle should be maintained with a retaining training load (except 
during the tapering period, when a detraining load is appropriate). 

r n-g ~arl: ~0-d ~~arrdfo-~espsrato~y, 
Especially Aerobic$ ~ d l u a m c e  50% 100% 50% 

Try to enhance the strength of slow motor units (fibers) that are 
oxidative and fatigue resistant. Don't use ma>cimal weight loads. Uti-; 

. 1 '  1 . 1 4 t / , ,  

Injury Prevention I #  ' :  ; 

training increases bone mineral content. A struqer ~~lrrt;x&e absorbs 
energy than a weak muscle before reaching the ppPiMt of- mude 
This may be important for injury: prevendoh 

To plan training mutine< to redu6+% L & k @ $ ~ r $ $ & q ~ ~ ~ a r y  to 
consider (a) muscle pups md, j@h& rn68on;eb)i'musde balhdm", and (c) 
coordination pattefh., . . I . -, .. LPM-811 

Muscle groups that need to be strengthened can be classified as npn- Qlympic Ganzes, 1981, technical wprt  #$I-5 (p. 24x1, h4.m- All-Union 
Research Institute of Physical Culhre. 

specific and specific (actively involved in a given sport). The most impor- 
tant nonspecific muscle groups, which should be intentionally trained by E-, w:! I.,+ 

young athletes regardless of the sportssaxe the abdominal muscles and 
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antagonists as well as disparities in muscular strength between the 
extremities. Employ drills encompassing reversible muscle action. I 

The general idea in strmgth Wining & strength p e r f m n c e  is not to train 
sCngth itself as a unified whole; ratherJ it is to train theainunder1ying muscu- 
lar and neural factors. To impmve nmmuscular c o o ~ t i o n  @fU recruit- 

t 
ment, rate coding, MU spchtonization, entire coodimtion pattern), the best 
method is maximal effort. On the other hand, to stimulate muscle hypertro- 
phy repeated and submaximal effort methods are more appropriate. 

AJtQough Gaximal strength is regarded as a prerequisite for high 
movement speed, its transmutation into velocity, or power, requires main 
sport exercises with additional resistance and assistance e~ercises to 
develop maximal strength, the rate of force development, dynamic 
strength, and force produced by stretch-shortening (reversible) "muscle 
action, If there is not enough time for develapment of maximal force val- 
ues in a sport exercise, the rate of force development (RFD) rather than 

, maximum smngth must be the primary tmining objective. 
The a h  of exercises desigx~ed to increase muscle mass is to break down 

proteins in particular muscle groups; this in turn stimulates the synthesis 
* of contractile proteins during rest periods. The most effective loads for 

this type of training range between 5 to 7 RM and 10 to 12 l?M. 
Endurance is defined as the ability to bear fatigue. H ~ q a n  activity is 

I varied, and as the charqcter and mechanism of fatigue we different in 
> I  every instance, so is endurance, Musnalw endurance i s  typically charac- 
; 

1 , terized by either .the numbqr of possible w;lxerCise repetitions until failure, 
or by the time one can maintain a prescribed pace of lifts or a posture. .ln 
either case, the load can be set with abs,olvte values (e.g., lifting a 50-kg 

8 ! 

barbell), or relative to the maximal force (lifting a barbell 50% of F-1,. 
' I 

With resistance, greater thqn 25% of maximum strength, the akolutei 
indices of e p d m c e  correlate positiyely with m w d m  strength. k ~ l a t i v ~  
indices of muscular endurance often cqrrelate negativdy wit% maxian@ 

. 

, . '  

Whereas strength training for the most part aims at maximal involve- 
ment and strength development of the fast MUs, the objective in 
endurance sports is exactly the opposite-to work as long as possible at a 
given intensity while involving the slow motor fibers. "Classical" meth- 
ods of strength training are not designed to train these slow fibers. Rela- 
tively low resistance and long exercise bouts are used to increase the 
strength potential of endurance athletes. The intent is not to enhance max- 
imal strength per se, but rather to increase the force generated by the slow 
motor fibers. 

E 
Strength training is difficult to combine with endurance types of activ- 

ity. When strength and endurance training are done concurrently it is dif- 
ficult for an organism to adapt simultaneously to the conflicting 
demands. The solution is to conduct sequential strength and endurance 
programs. Focus first on strength training and afterwards on endurance. 

Training routines designed to decrease injury risk will address muscle 
groups and joint motion, muscle balance, and coordination patterns. 

Plan training to strength both nonspecific and specific muscle groups 
(those actively involved in a given sport). The most important nompecific 
muscle groups, which should be intentionally trained by young athletes 
regardless of the sport, are the abdominal muscles and trunk extensors. 
Muscles and joint structures also need to be strengthened not only for the 
joint movements of the main sport exercise but also for other angular joint 
movements. It is especially important to strength joint structures in lateral 
movements and in rotation relative to the longitudinal axis of a body seg- 
ment. 

Another aspect of injury prevention is avoiding or correcting imbal- 
ance of muscles and antagonists as well as imbalance in strength between 
the extremities. Finally, exercises designed to decrease the susceptibility 
to trauma should include reversible muscle action. 
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antagonist muscle-A muscle producing tension in opposition to the tension of 
another muscle. 
ATP-See adenosine triphosphate. 
axon -A nerve fiber. 
ballistic stretching-A rapid stretching moveqent. 
bioxnechanical match-Matching the expiration phase of breathing with the 
forced phase of movement, regardless of its direction or anatomical position. 
calorie (call-A quantity of energy, especially heat, 
catabolism-The disintegration of complex substances into simpler ones; the 
opposite of anabolism. 
central factors (in force production)-The coordination of muscle activity by the 
central nervous system, including intramuscular and intermuscular; coordination. 
circuit training-Programs that consist of several "stations," with a specific exer- 
cise to be performed at each one. 
clean and jerk-One of two lifts constituting the sport of weight lifting (Olympic 
style), in which the barbell is first lifted from the floor to the shoulders (clean 
phase) and then overhead (jerk phase). 
competition period (of training)-On-season training. 
compliance-The ratio of change in length per unit change in applied force. 
concentric (or miometric) muscle action-Muscle shortening under tension, 
with the external resistance forces acting in the opposite direction from the 
motion. 
contralateral-Pertaining to the opposite side of a body. 
corridor (of motor units)-The subpopuIation of motor units recruited and 
trained in a given exercise set. 
cross-bridge attachment-The connection between the "head" of the myosin 
cross-bridge and the actin filament during muscle action. 
cross-sectional area (of a muscle)-The area of muscle fibers on a plane perpen- 
dicular to their longitudinal axes. 
cumulative (sr accumulative) training effects-The result of the superimp~)si- 
tion of many training sessions or even many seasons of training. 
delayed muscle soreness-The pain and soreness that may occur 24 to 48 hr after 
training workouts. 
delayed (training) effects-The changes manifested over a certain time intend 
after a performed training routine. 
delayed transformation (of training load)-The delay of pedomance peer@ 
with respect to executed training work. 

diuretic-A drug that increases urine excretion. 
doubled stress microcvcle-Two stress microcycles in a row. 
drag-The resistance t i  movement of a body offered by a medium, sp&tcally air 
or water. "$, - 
dynamic muscle action-Muscle lengthening or shortening under te-iori;'. 
concentric, eccentric, and reversible muscle action. 
eccentric (or pliometric) muscle action-Muscle lengthening under,temion, with 
the external forces acting in the same diredion as the motion. ,, 8 0 

' I '  

efferent-Conducting impulses from the central nervous system. 
efficacy coefficient (in periodization)-The proportion of athletes (%) whof 
their best performance during the most important competition of the season 
elastic-Resilient. 
elasticity-The resistance provided by a deformed body, such as a rubber band or 
a spring. 
electromyography (EMG)-Record of electric activity within or on the surface of 
a muscle. 
endurance-The ability to bear fatigue. 
energy-Capacity to perform work. 
explosive strength-The ability to exert maximal forces in minimal time. 
explosive strength deficit (ESD)-The relative difference between maximum 
maximorum force (F-) and maximal force (F,) when the time available for for& 
development is short; ESD (%) = 100 . (F,, - F,)/F-. ESD signifies the percent 
age of an athlete's strength potential not used in a given attempt. 
extensor-A muscle that extends a limb or increases the joint angle. , 

a external force-A force acting between an athlete's body and the environment; 
only external forces are regarded as a measure of an athlete's strength. 
fascia-A fibrous membrane. 
fast-twitch fibers-Muscle fibers that display high force, high rate of force devel- 
opment, and low endurance. 
feedback-The return of output to the system. 
fitness (physical fitness)-Slow-changing motor components of the athlete's 
preparedness. 
fitness-fatigue theory-See two-factor theory. 
flexor-A muscle that flexes a limb or decreases the joint angle. 
force-An instantaneous measure of the interaction between two bodies, force 
being characterized by magnitude, direction, and point of application. 
force feedback-See Golgi tendon reflex. 
force gradient (S-gradient)-The ratio characterizing the rate of force develop- 
ment at the beginning phase of a muscular effort; S-gradient = F0,5/T0.5/ where 
F,, is one half of the maximal force Fm and is the time required to attain t h t  
force. 
force-velocity relations%ip (curve)--The parametric relationship between maxi- 
mal force and velocity values attained w h e m ~ , g ~ t w . s f I t l ; l e  mator ckskb 
been altered in a systematic way; motion velocity decreases as force increases. 
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generalized training theories-Simple models in which only the most essential 
feahws of sport training are taken into consideration. 
Golgi tendon o w - A  tension-sensing nerve ending located in series with muscle. 
Golgi tendon reflex-The inhibition of muscle action evoked by a sharp rise of 
the pulling force applied to the muscle end. 
human strength curve-See strength curve. I 

hydrodynamic resistance-The resistance provided by water. 
hyperplasia-An increase in the number of cells. 
hypertrophy-An increase in cell or organ size. 
iliopsoas (muscle)-The compound iliacus and psoas magnus muscles. 
immediate (training) effects-Effects that occur as the result of a single training 
session. 
index of explosive strength (1ES)-The ratio: IES = (The peak force)/ (The time 
to peak force). 
indices of endurance-See absolute indices of endurance; relative indices of 
endurance. 
individualization-Efforts to train according to the interests, abilities, and other 
particular characteristics of an individual. 
inertia-Resistance due to the property of a body to remain at rest or to continue 
its movement in a straight line unless acted upon by an external force; a force is 
required to overcome inertia and to accelerate the body. 
inertia wheel-A device used to study movement against inertial resistance in 
which the potential energy of the system is constant and all mechanical work, 
except small frictional losses, is converted into kinetic energy. 
intensity coefficient (1C)-The ratio: 

average weight lifted 
IC, % = -100 

athletic performance 
(snatch plus clean and jerk) 

internal force-A force exerted by one constituent part of the human body on 
another part. 
intervertebral disk-Disk of fibrocartilage located between two adjacent 
vertebrae. 
intraabdominal pressure (1AP)-Pressure within the abdomen. 
isokinetic-With constant speed; may refer to the rate of change of muscle 
length, velocity of the load being lifted, or angular velocity of the joint. 
isokinetic muscle action-Muscle shortening at a constant rate; ugyally app4eq 
either to the constant angular velocity of a joint or to the constant linetar v,elaci,tJ! 
of a lifted load. 

I , .  

isometric (static)-Without change in m u s d ~  (?muscle plus tendon) ~?nFr&*- 
R .. 

to muscle action, a constant load being 
or a constant 

length feedback-See stretch reflex. 
load-Weight lifted; see also training load. 
long-standing training (multiyear training)-Training embracing  entire .d 

career of the athlete, from beginning to end. 
long-term planning (of training)-Planning multi-year training. 8 . 

lumbar lordosis-Anterior convexity of the spine in the lumbar region. ' b 

macrocycle-One competition season; includes preparation, competibld*, and 
transition periods (phases). 
maximal muscular performance-The best achievement in a given motor task 
when the magnitude of a motor task parameter (for instance, weight of an imple- 
ment or running distance) is fixed; the symbol P, (or V, for maximal velocity, F, 
for maximal force, etc.) is used throughout the book to specify maximal muscular 
performance. 
maximal nonparametric relationships-See nonparametric relationships. 
maximum maximorum performance (force, velocity, etc.1-Highest perfor- 
mances among the maximal, represented by the symbols P,,, F-, V-; for 
instance V- and F,, are the highest maximal velocity and force, respectively, that 
can be achieved under the most favorable conditions. 
maximum training weight (TF,,)-The heaviest weight (one repetition maxi- 
mum) an athlete can lift without substantial emotional stress. 
maximum competition weight (CF,,)-The athletic performance attained dur- 
ing an official sport competition. 
mechanical feedback-The impact of force generated either by an athlete upon 
the external resistance, by the movement performed, or both. 
medium-term planning (of training)-Planning macrocycles. 
mesocycle-A system of several microcycles. 
microcycle-The grouping of several training days. 
miometric muscle action-See concentric muscle action. c, , 

moment of force (or moment)-See torque. I ,  

motion-A movement determined only by its geometry; if 
(in different attempts) along the same trajectory or very si 
motion is considered the same, regardless of differences in 
and the like. 
motoneuron (or motor neuron)-A nerve cell innervating 
motor unit (MU)-A motoneuron and the muscle fibers it -- ... 
muscle action-Development of muscle tension. .--{k-*'*, 
muscle fiber-A skeletal muscle cell. 

Y 

muscle force arm-The shortest distance between the t%& 
the line of muscle action. 
muscle spindle (stretch receptor)-A length-sensitive receptor located in 
muscular corset-Musdes of the lumbar region. 
muscular endurance-The type of endurance manifested in exercises with 
resistance that do not require considerable activation of the cardiovascul 
respiratory systems. L'I 
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muscular strength-See strength. power-Work per unit of time 
muscle strength deficit (MSDI-The ratio: 100 - (force during eledrostimula- preparation period (of training)-Off-season training 
tion-maximal voluntary force)/maximal voluntary force. preparedness (an athlete's preparedness [API)-The athlete's disposition for a com- 
myofibril-A longitudinal unit of muscle fiber containing thick and thin contrac- petition, characterized by that person's potential sport performance 
tile filaments. principle of progressive-resistance exercises-The progressive increase of resis- 
myosin-Contractile protein in the thick filament of a myofibril. tance as strength gains are made. 
myotatic reflex-See stretch reflex. puberty-Period in life at which sexual maturity is attained, occurring between 
nonparametric relationship-The relationship between ,paximum maximorurn the ages of 13 and 15 in boys and 10 and 16 in girls. 
performance (Pm, V-, F-1, on the one hand, and maximal performance (P,, pubis-Pubic bone. 
V,, F,, t,), on the other; nonparametric relationships, in contrast to parametric pyramid training (triangle pyramid programs)-Gradually changing the load in 
ones, are typically positive. a series of sets in an ascending and then descending manner. 
newn-A nerve cell reactivity coefficient (RC)-RC = F-/(T, - W), where F,, is the peak fom, 

T,, is the time to peak force, and W is an athlete's weight. 
realization mesocycle (precompetitive mesocycle)-Planned to elicit the best 
sport performance within a given range of fitness 
relative indices of endurance-Endurance as determined by asking subjects to 
overcome resistance that equals a specified percentage of their maximum strength 
(e.g., to lift a barbell 50% of F-1. 

overload-Training load (intensity, volume) exceeding a normal magnitude. repetition-The number of times a movement is repeated within a single exercise set. 
parameter-A variable, such as mass or distance, that determines the outcome of repetition maximum (RIM)-The maximal load that can be lifted a given number 
a motor task. of repetitions in one set before fatigue; for instance, 3 RM is the weight that can be 
parametric relationship-Relationships between maximal force (F,) and maxi- lifted in one set only three times. 
ma1 velocity 07,) attained in various attempts in the same motion (e.g, in shot- residual (training) effects-The retention of changes following the cessation of 
putting) when the values of the motor task parameter (e.g., shot mass) have been training beyond time periods when possible adaptation takes place. 
altered in a systematic way. The parametric relationship between Em and V, is resistance (in strength training)-See elasticity; inertia; weight; hydrodynamic; 
typically negative: the greater the force @,I, then the lower the velocity (ITrn]. 

rest interval-The time period between sets in a workout or between work- 

retaining load-A load in the neutral zone at which the level of fitness is main- 

reversible muscle action-Muscle action consisting of eccentric (stretch) and 
peak-contraction principle-Increasing muscle strength primarily at the wea&qt concentric (shortening) phases. 
("sticking") point of a joint motion. rule of 60% -The empirical rule that states the training volume of a day (micro- 
peaking-See tapering. cycle) with minimal loading should be around 60% of the volume of a maximal 
period of delayed transformation (of the training work into performance p w f h )  - , 8 '  day (microcycle) load. 
The time period between a peak training load and a peak performance. " sarcomere-The repeated contractile unit of a myofibril. 
period of training-System of several mesocycles. S-gradient-See force gradient, 

short-term planning (of training)-Planning workouts, microcycles, and meso- 

snatch-One of two lifts constituting the sport of weight lifting (Olympic style), 
in which the barbell is lifted in one continuous motion from the floor to an over 
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specificity-The similarity between adaptation gains induced by a training drill 
and the adaptation required by a main sport movement. 
split table-An apparatus used for spinal traction. 
split training-The training of different body parts on various days. training residuals-See residual (training) effects. 

training session (workout)-A lesson comprising exercise and rest periods. 
stant; no movement occurs. 
sticking point-The weakest body position (joint angle) possessing minimal 
strength values. 
stimulating load-A training load of a magnitude abov; the neutral level, elicit- 
ing positive adaptation. 
strength (muscular strength)-The ability to overcome or counteract external 
resistance by muscular effort; also, the ability to generate maximum maximorum 
external force, F-. 
strength curve (human strength furve)-The plot of force exerted by an athlete (or ness into specific athlete preparedness. , t. 8 

the moment of force) versus an appropriate body position measure (i.e., joint angle). 
strength topography-The comparative strength of different muscle groups. 
stress (impact) microcycles-Microcycles in which training loads are high and 
rest intervals are short and insufficient for restitution; fatigue is accumulated from 
day to day. Valsalva maneuver-An expiratory effort with the glottis closed. 
stretch receptor-See muscle spindle. 
stretch reflex (myotatic reflex)-The contraction of a muscle in response to a 
stretch. weight-The resistance due to gravity. 
stretch-shortening cycle-See reversible muscle action. work-Force times distance. 
supercompensation-An increase in biochemical substance content above the orkout-See training session. 
initial level after a restoration period following one or several workouts. 
supercompensation phase-The time period in which there is  an enhanced level 
of a biochemical substance after a workout. 
superposition (of training effects)-Concurrent or sequential interaction of 
immediate and delayed partial training effects. 
tapering (peaking)-The training phase occurring immediately before an important 
competition; combines features of the transmutation and realization mesocycles. 
testosterone-Male sex hormone produced in the testes. 
theory of supercompensation-See one-factor theory. 
thick filament-A myofilament made of myosin. 
thin filament-A myofilament made of actin. 
three-year rule-The recommendation to use exercises with a heavy barbell (like 
barbell squats) only after 3 years of preliminary general preparation. 
time deficit zone-A time period too short to generate maximum maximom ' 
force. 
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