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Aspects of strength training in athletics 

Günter Tidow 

^i The first two parts of this arlicle 
illustrate the strength r-equiremenis for 
high level athletics and explain the 
various aspecis of sii-cngih and their 
respective influence on an alhlete's 
performance. The last pan deals with 
the use and effectiveness of a selection 
of slrenglh ii-aining methods, m m 

In order to cover at least the mosl 
imporlani parts of such a complex 
subject, it seems useful to choose a 
'three step approach' of iraining science; 
- The first step consists of an 'analysis' of 

those specific requirements which 
confront high level sprinters, jumpers. 
ihrowers and combined event 
athleles. 

- The second step refers to the 'diagnosis' 
of strength. 

- The third step concentrates on 
'therapy', i.e, slrength iraining 
'methods'. 

1. Analysis 
As any voluntary movement depends 

on the contraction of muscles, the 
different techniques in the running. 
jumping and throwing events are very 
closely related to. and even depend on. 
neuro-muscular activity. Generally 
speaking, 'speed strength' or 'power' is 
the main form of slrenglh required. As 
far as the character of muscular lension 
is concerned, in the sprints speed-
cyclical contractions with sub-maximal 
impulses prevail, whereas in the jumps 
explosive-reaciive-ballistic and in the 
throws explosive-ballistic accelerations 
wilh maximal activation are needed. The 
term •ballistic' implies short starting 93 



time, maximum speed and no possibility of 
correcting oradjusling the movement during 
execution. 

Important information concerning 
muscular activity and corresponding 
demands can be derived from the fact 
that the duration of the support phases in 
the .sprints is limited to 80-100 ms. 
whereas the lake-off phases in the 
jumps vary from 120 ms (long jump) to 
240 ms (straddle). The central phases in 
the throwing events do not last longer 
than 3(X)ms. while the releasing action of 
the throwing arm lakes place wiihin less 
than 100 ms (see Table 1). In addition, 
speed maxima of more than I15km/h 
have been measured in the javelin throw — 
and the term 'fastest human' speaks for 
itself. 

These findings lead to the conclusion 
that the neuro-muscular system is 
extremely highly loaded in athietics. 
While the actualization lime available, in 
which Ihe slrength impulse can work, is 
in no evenl longer than 300 ms. the size of 
the acceleration impulse musl be as 
great as possible. Consequently the 
neuro-muscular demands for a high 
standard of performance in athletics can 
be determined as follows; 
1. Maximization of impulse size per unit of 

time 
2. Optimization of impulse duralion 
3. Minimization of duralion of transilion 
3.1 from eccentric to concentric 

functioning (sprints and jumps) 
3.2 from tension to relaxation (sprints) 
3.3 from speed-cyclical to speed-

acyclical (swing elements) or 

TABLE 1: Actualization times and speed maxima of world class specialists in the 
sprinting, jumping and throwing evenis of the decathlon. 
The difTerent duration of Ihe start refers to the (rear) swinging leg (160 msl and to the 
front leg. The 'F' in the high jump indicates the Fosbury Flop, the 'S' stands for the 
straddle. 'SF' refers to the Speed Flop, 'PF' lu the Power Flop. In no event do the actualization 
limes exceed 300 ms. 
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explosive-rcaclive-ballislic muscle 
lension. 

The analysis has shown that, in the 
relevant evenis, ballistic and sub-ballisiic 
movemenis have to be executed. Thus 
high speed as well as maximum strength 
faculties could be identified as primarily 
perfonnance limiting faclors. 

Referring to 'maximum strength' a 
further observation should be 
meniioned. Comparing the phenotype of 
I9S8 Olympic gold medallists, e.g. Schult 
(GDR/Discus Throw) or Timmermann 
(GDR/Shoi Pul), with thai of athletes 
competing in 'former times', it is obvious 
that the in otto of combined event 
alhletes 'As strong as necessary, as light 
as possible.' has been adopted — at least 
to a certain degree — by modern 
throwers. This tendency towards 'leaner 
and tougher' indicates thai mere 
maximization of 'brute slrenglh,' often 
accompanied by a high increase in body 
weighl. should no longer be the main 
objective of slrength iraining — even 
referring to the throwing events. (This 
statement implies whal could be 
attainable for heptathletes and 
decathletes, if they succeeded in 
reducing their technical deficits on the 
one hand and improved their specific 
slrength and Oexibtlity levels on the 
other), 

2. Diagnosis 
Diagnosis of strength and ils 

components nowadays has Iwo 
branches. The older one is closely 
related lo the 'field work' of coaches. 
applying sport motor tesls. The younger 
one refers to scieniific investigations 
primarily performed in laboratories. 

Diagnosis is needed for al leasl three 
reasons. Firstly it informs about the 
conditional background of high level 
performances, secondly it helps coaches 
lo assess the standard of performance 
reached by their athletes, thus revealing 
iheir strong and weak points, and thirdly 

diagnostic results are the decisive part of 
a feedback system, which should 
accompany the iraining process in order 
to prove and control the efficiency of the 
methods applied. Finally, diagnosis can 
possibly help to solve Ihe difficult task of 
lalenl identification. 

Research work in laboratories all 
over the world has con iri bu ted 
decisively to the understanding and 
classification of strength and its 
components. Several testing instru­
ments and implements have been 
developed. Before a selection of 
imponant findings is presented, it seems 
useful, in order to speak in the same 
longue. lo start oul with terminology. 
Many authors use differeni words for the 
same thing and others apply the same 
terms to different things. Studying the 
English literature on strength, this 
statement is obviously nol restricted to 
the German language alone. 

The following Table 2 (on page 96) is 
an attempt to arrange strength 
parameters and lerms systematically 
and lo give brief definitions. 

First in the hierarchy of strength 
components is 'absolute strength' 
covering the entire contractile potential 
of the muscle. Due to the auionomically 
protected reserve il cannot voluntarily be 
activated. Only by means of painful 
electro-stimulation or by determining 
the cross sectional area via computed 
tomography is it possible to assess ils 
size approximately. As a substitute value 
the 'eccentric maximum strength' is 
measured. The corresponding test is 
executed wilh 150'Ji' loading relative to 
the isometric slrength maximum. The 
violent and sudden extension of ihe 
isometrically pre-contracted muscles 
triggers off a reflex impulse that adds to 
the voluntarily attainable level within 
isometric (or concentric) working 
conditions. 

The resulting difference in % 
belween isometric and eccentric 95 
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maximum strength indicates the 
'strength deficit' on the one hand and 
informs about the 'voluntary activation 
capacity' on the other. The laiier term 
refers to the threshold value of 
mobilization. An example may be helpful 
to elucidate this diagnostic area. 
Assuming an alhlete has a slrength 
deficit of \59c. i.e. his isometric strength 
maximum was 85*^ of his eccentric 
maximum, so this value of 8 5 ^ directly 
can be interpreted as his actual 
mobilization threshold. Whereas top 
level athleles have a strength deficit of 
only 5%. other subjects show much 
larger deficits (up lo 45%). It goes 
without saying that such findings are of 
great importance for the correct 
selection of strength training targets. 

A small slrenglh deficit implies a 
highly developed activation capacity and 
consequently only small 'reserves' are 
lefl. Thus hypertrophy must be the target 
for this alhlete. On the other hand big 
deficii.s recommend steps be laken to 
improve one's neuronal activation 

capacily by means of the maximum 
strength method. 

The remaining terms on Table 2 such 
as 'speed strength', 'explosive strength' 
or 'starting strength' shall be explained 
by means of the following graphs called 
'force time curves'. Up to now these 
curves have been available under 
laboratory conditions only. 
Exiensometers and electronic lime 
keeping instruments make ii possible lo 
register the increase of strength per unit 
of time. TTiis applies to isometric as well 
as dynamic coniraciions. The secret 
behind such a testing apparatus is the 
integration of presso-receplors in the bar 
or implement, which the subject has the 
task to accelerate or to press against with 
all his will. The exerted pressure 
changes the inner 'tension' of the 
receptor^ and these changes per time are 
documented. 

Comparison of the graph curves of 
differeni subjects shows that the so 
called 'strength gradient', i.e. the rate of 
increase per unit of time, varies greatly. 
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FIGURE I: Force time curves registered 
«hi lc performing a ballistic moiement . 
Cur\e I s\mboli/es beginners, curve 2 lop 
athletes. 'F' stands for Force. 'T' for time. 
Beginners need much longer time lo 
perform explosive accelerat ions and 
äc tual i /e far smaller peak values. 
I Figure modified, from Wcrschoshanskij 
19751 

Figure 1 demonstrates the idealized 
force time curves for a ballistic 
movemeni performed by a beginner 
(curve I) and by a world class athlete 
(curve 2: see Figure I). 

Whereas the beginner needed much 
longer time to reach his peak value, the 
highly trained athlete achieved his 
maximum within half the lime and 
realized a far higher value. Consequently 
curve 2 symbolises the set of 
characteristics which are primarily 
needed in alhlelics. 

The question in which way different 
loadings and different working 
conditions exert influence on the 
increase of strength is answered in 
Figure 2. 

Measurements were made while the 
subject made maximum use of slrength 
in each of the following four cases. (I) 
When pressing against an immovable 
resistance (isometric maximum 
strength) (2) With ihe sledge he had lo 
accelerate loaded wiih 509c, (3) 209c and 
(4( 7̂ ( of his maximuni strength - in these 
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F J G I R E 2: Graph curves shov^ing slrenglh increase and relative strength maxima for 
differeni loads {from bclo«; 3.5 kg; II) kg: 25 kgl. Horizontal arrows indicate transition 
from isometric lo concentric muscle «ork . The upper cur \e rcprestnls isomeiric testing 
conditions. The other three graphs were registered under dynamic working crmdilions. 
The subjecl's task was to press against the testing sledge lo accelerate it with mavimal 
force. Independent from the iiiiiuunl of the load or Ihe differing working conditions Ihe 
initial part ofthe curves is identical. (Figure modified from BLHRLK el al. 1983) 97 



three cases under dynamic working 
conditions. Comparing the four graphs it 
is striking ihat. independent of the load 
and the character of muscular work, their 
initial pan is identical! This means thai 
even explosive-ballistic muscular 
lension does not change the strength 
gradient, In contrast, the curve 
'produced" with the 3.5 kg load declines 
before the steepest rise is reached. 

Further information can be derived 
from the fact that the peak of dynamic 
force is very differeni, depending on the 
size of the load and on the course of the 
curve's inilial part. Thus the subject in 
Fig. 2 attained 44'^ of his isometric 
slrength maximum wilh 3.5 kg loading, 
669c when ihe load was increased to 10 kg 
and finally 80%. when the resistance 
equalled 50% of his personal best. i.e. 25 kg. 
The corresponding parameter is 
named 'relative dynamic slrength 
maximum'. It indicates thai, in aihletics 
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FIGLRE 3: Parameters of slrenglh. 
demonstrated by the force-timc-curve. 

98 (Figure modified from BtHRLF 1985) 

wilh comparatively slight resistances, 
the faculty lo accelerate right from the 
start' in order to aliain the highest 
possible relative dynamic strength 
tnaximum is of decisive importance. 

Further dimensions of strength are 
demonstrated in Figure 3. The peak of 
the graph indicates the isometric or 
dynamic strength maximum. These 
parameters are in reality very closely 
related, because the transilion from the 
dynamic.i.e. overcoming. lo the static, 
i.e. sustaining, type of muscular work is 
almost fluid — similar to the question, in 
which category' the impul.se for moving 
the hand of a clock indicating the hours 
belongs. If the slrength maximum ts 
related to the time taken to reach the 
peak, the 'speed strength index' or 
synonymously the 'power index' can be 
calculated. 

The strength value realized 30 ms 
after beginning the contraction is called 
'starting strength'. Thus starting 
strength is defined as the ability to 
develop the greatest possible impulse at 
the beginning of the aclion. 'Explosive 
strength' is defined as the faculty of the 
muscular system to continue the 
increase of strength at maximum 
rapidity. The corresponding parameter 
can be calculated referring to the 
steepest gradient of the curve. Mostly it 
is that part of the graph that runs 
approximately in a straight line. Thus 
starting strength as well as explosive 
strength are components of speed 
strength which deiermine the inilial pan 
of the force time curve. 

They are — as has already been 
pointed out — independent of the size of 
resistance and 'produce' directly the 
above mentioned relative dynamic 
strength maximum, that is the amount of 
momentum that can be imparted to 
relatively small loads such as shots, 
javelins or discs. 

It seems remarkable thai starling 
strength and explosive strength appear 
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nol 10 be very closely correlated. 
Similarly, no close relationship can be 
proved belween the steepness of rise 
and the isometric strength maximum. 
The correlation coefficient is 0.5 to 0.6. 
This finding can be illustrated by the 
following example (see Figure 4). 

The inler-individual comparison 
shows force time curves of three 
subjects (A,B,C) in an isometric 
maximum strength test. Whereas 
subjects A and B stand quite close in 
respect of strength maximum, the 
strength peak realized at 100 ms — 
marked by the vertical arrow — shows 
surprising differences. Here B can claim 
a clear lead, which gives him an 
unbeatable advantage in the execution of 
a movemeni that is limited in time — for 
example in the support phase of the 
sprint, which lasts about 100 ms. 

As to the question whether these 
differences in neuro-muscular faculties 
are unalterably fixed or trainable, results 
of recent research prove that both 
starting strength as well as explosive 
slrength can be increased — at least to a 
cenain extent — by applying suitable 
training meihods. These methods have 
to lake into consideration, thai — as far as 
we know today — probably the following 

factors determine both starting and explosive 
strength: 
1. Build-up of (high) impulse frequency/ 

time 
2. Synchronization capacity (intramuscular 

coordination) 
3. Contraclilily of activated fibres 
4. Strength of contraction =cross section of 

activated fibres. 
These findings/assumptions indicate 

clearly, that the quality of the motor units 
and of Ihe corresponding muscle fibres 
activated by them, is of decisive 
importance for high level performances 
in the Sprints, jumps and throws. It is 
probably known to everyone that 
samples of muscle tissue laken by 
biopsy showed that within one and the 
same muscle there are various types of 
fibres. 

The human skeletal muscle consists 
of at least four different types of fibres. 
Slowly contracting, fatigue-resistant 
Type 1 fibres and fast contracting, rather 
rapidly fatiguing Type llc/Ila/IIb fibres 
can be identified. 

Figure 5 (page 100) is an attempt to 
demonstrate imporlant differences 
between myosin filaments and criteria 
for fibre-typing. It is shown, thai each 
myosin molecule (as the key protein of yy 
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muscle contraction) consists of fast or 
slow heavy and light chains. The 'f 
stands for 'fast', the 's' for slow. The 
arrows drawn between the types 
indicate that iraining induced transitions 
are restricted lo the immediate 
neighbourhood. Thus only the so called 
inlermediale Type Ilc-Fibre can adjust its 
contractile and metabolic properties 
completely to the prevailing demands of 
every day life and especially oftraining. 

The models of myosin molecules 
in Figure 5 are integrated lo give an 
idea of the structure and the position 
of the above meniioned heavy and light 
chains. 

Though transformation, or more 
exactly transilion, is mainly restricted lo 
the neighbouring sub-types', 
adaptability should not be underrated, 
because the four liiiht chains forminc the 

head regions of the myosin molecule 
show remarkable plasticity (sec Figure .'i: 
models of myosin molecules). .Apart from 
this the metabolic capacily of all fibres 
seems lo be much more trainable than 
assumed some years ago. 

The mosl imporlani factor which 
determines the fibre type disiribulion 
pattern is the frequency of impulses. 
Only high frequencies activate fast 
twitch fibres. Thus the ability of 
particular brain centres or motor areas of 
the brain to produce' the highest 
possible frequencies in the shorlesi 
possible lime and to send them via 
rapidly conducting paths to the muscles 
seems lo be decisive for a high potential 
of speed strength and its components. 

As for training practice, this implies 
thai the fast contracting phasic, and even 
the ballistic sub-system of motor units. 
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3IC AND AEÎ OBICl ) 

-SLOW TWITCH -ISRES 
-SLOW IMPULSE CONDUCTION 
-LOW THRESHOLD VALUE 

I ÜAERQBIC) 

F'KJ l 'RF 6: Fxp lana lo ry model for Ihe 'Siife pr inc ip le of r ec ru i tmen i ' . Depending up<m 
impulse frequency, Ihe difTerent f ibre lypes land related motor unitsi are activated in a 
hierarchical order f rom below lo above. Low impulse rates lead lo the contraction of Type 
I fibres ( C I, medium rales integrate Type l ie units (C + Bi and the highest frequencies 
activate the fast iw i ich fibres (C + B + . \ l . The given distr ibut ion is arb i t rary . Whereas some 
au tho rs re fer lo in ter media le f ibres as 'very i m p o r t a n t ' , others assume Iha l human 
skeletal muscles consists of only S% l i t f ibres. 101 



can only be stimulated by maximal or at 
least sub-maximal intensities, since 
according to the size principle of 
recruitment' only then can the entire 
capacity of these units be integrated 
completely wiihin a given movement 
(see Figure 6). 

Figure 6 can be used as a model for 
explaining the variable and increasing 
mobilization of the different motor units. 
Depending upon the alteration of the 
quality of neuronal impulses, i.e. 
frequency, more and more units are 
activated. Low frequencies bring about 
the contraction of slower and smaller 
bundles of muscle fibres of Type I. 
medium frequencies integrate the 
intermediate fibres of Type HC 
(including bigger ones of Type I), while 
higher and the finally highest impulse 
frequencies activate the biggest motor 
units wilh fast twitch fibres of ihe types 
IIA and type IIB. 

Whether the activation of 'slow' and 
'fast' motor units follows a strictly 
hierarchical system, absolutely 
independent of the size of resistance, is 
not yet clear. Al leasl there is no doubt 
ihal, within movements of moderate and 
medium speed against medium or high 
resistance, the motor units act 
intramuscularly synergicly up to 
isometric maximum slrenglh lests. 
where probably all fibres, which can be 
activated voluntarily, contribute to the 
sustaining muscle work. 

Probably the size principle of 
recruitment applies to any kind of 
contraction, but due to the slower 
contraclilily of Type I fibres, as well as to 
slower conduction of 'their' neuronal 
impulses, they are al least to a certain 
degree 'overtaken' by iheir fast 
neighbours, when ballistic and explosive 
muscle contractions are required. 

In order lo prevent 
misunderstanding it must be clearly 
pointed oul that all motor units, that can 

102 be mobilized voluntarily, contribute to 

phasic contractions if the resistance is 
higher than 50-60*7(. The main difference 
is that under these circumstances only 
the smaller and medium sized units work 
at highest frequencies, whereas the 
bigger ones are just activated beyond 
their thresholds and contract 
comparatively slowly. By modulation of 
the frequency the neuro-muscular 
system can, in addition to the 
recruitment principle, adjust its 
performance capacity lo a great exienl. 

Most of the findings summarized 
here depend on expensive equipment 
and admission to laboratory 
investigations. Thus the question might 
arise, whether there are cheaper and 
less sophisticated tests at hand to 
provide coaches wilh corresponding 
information. 

The answer is that al least some sport 
motor tests and the resulting so called 
'model items' can help to assess the 
standard of performance 'your' athlete 
has attained. 

The Soviets, especially, have 
published such model conceptions of the 
conditional preparation of high level 
athletes. Table 3 is an example of this 
kind and informs about maximum 
slrenglh and the jumping, sprinting and 
specific ihrowing capacities of world 
class men and women discus throwers. 
The 'items' function in a way as '.set-
values' and, to a certain extern, permit 
weak points to be detected when 
comparing one's own athletes' 
performances wilh them. 

Finally a test will be introduced to 
assess the explosive strength and the 
fibre type distribution of shot pullers. 
The only difference from a 'normal' 
bench press station is that two photo 
cells are installed, thus enabling the 
tester to measure the velocity of the bar 
(see Figure 7). 

The loading varies from 15 kg, i.e. 
double shot weight, lo 30.40.50 or 60% of 
the personal best in bench press. The 
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vertical direction of acceleratitm. Loading varies from I5kg (double shot weight) up to 30. 
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FKJl RF 8: View from the side: The 
modified Roth 's rhes .Schubgeral as a 
I est ine appa ra tus . The arrow indicates 
Ihe direclion the sledge <v>ith the barhelh 
is pushed. The dotted lines indicate the 
'beams' of the photo celts crossed bv Ihe 
bar. Bv means of steps (and boards) the 
s tar l ing position (standing} can be 
s t a n d a r d ised. 

FIGIRE 9 .1 : Explosive s l rength lesl: 
Starling position with fingers contacting 
the shots adjusted to the subject ' s 
shoulder width. 

FKJl RK 9.2 Final position (elbow joints 
extended I of the maximum strength test 
using the modified Press Apparatus. In 
order to guarantee best performance and 
lo present wrist Joint injuries Ihe position 
of Ihe hands musl he slighlli different 
h e r e . 

104 FIGLRE 9.2 

task is to accelerate the barbell as fast as 
possible by jerking or pushing it 
venicalh upward. On its way upward the 
bar crosses the beam of the Isi photo 
cell, which slarls the electronic stop 
watch, and 25 cm higher it crosses the 
second beam, which stops the watch. 
The same procedure can be executed 
standing similar to the putting position in. 
a modified press apparatus (see Figures 
8.9.1 and 9.2). 

The results obtained are remarkable 
in that the assertion, or even belief the 
stronger the faster' could nol be testified. 
If it were true that the stronger one is the 
faster one. two athletes of the same 
maximum slrenglh musl possess the 
same speed. In many cases this is 
definitely not true, due to the varying 
fibre type distribution. 

Whereas body-builders and 
throwers, with the 'ihroughoui-ihe-year-
largei' of hypertrophy, attained poor 
resuhs — although their personal best in 
bench press w as impressive — 
explosively trained athletes 
demonstrated excellent velocities. To 



qiioie an extreme finding: One alhlete wilh 
a personal besi of 100 kg accelerated the 15 
kg barbell faster than one wilh a personal 
best of 150 kg! 

The correlation coefl'icicni between the 
duration limes achieved w-ilh Ô""/; ofthe 
personal best and the corresponding load 
was positive (r= .3 I to .5 1 within differeni 
collectives)! This implies that those 
possessing higher strength maxima tend to 
be slower. 

The interpretation of these findings 
leads 10 the fact that 'pure' strength 
maximization, wilhoul paying due regard 
to the specific demands of the target 
discipline, might often be the wrong 
way. The resulting increase of strength 
can probably be very often traced back to 
hypertrophy of comparatively 'slow' 
muscle fibres. In addition lo that, even 
within the fast twitch fibres, an 
adaptation towards slower contraction 
limes can be provoked. 

Finally explosive strength tesls with 
30%-60'ii- loadings mirror' the above 
mentioned •Iab-diagnü^is' of relative 
dynamic maximum sirengih. The 
respective results can be very closely 
rekned to the inilial pan of the force lime 
curve, i.e. to starting and explosive 
strength. 

3. Therapy - strength training 
methods 
Taking into consideration the results 

of the analysis of the profile of demands 
and based on the findings of the 
diagnosis of strength classifications, the 
third and decisive step can finally be 
undertaken. It is generally accepted that 
strength iraining can be structured, 
according to the respective targets, in 
the following three "sub-divisions': 
/, General Strength Training 
2. Multiple Objective Slrenglh Training 
3. Special Slrength Training 

In the 'orthodox' or classical 
approach of the Soviel scientists 
Matveyev and Verschoshanskiy the 

athlele starts, ai the beginning of Ihe 
preparatory period, with general 
slrenglh training. The objective is here to 
increase the cross-seclional area of 'all' 
muscles without taking into 
consideration the specific demands of 
the target discipline. Thus a basis is 
attained for the second phase with its 
higher intensities and more specific 
loadings. In ihis second phase exercises 
are selected, paying due regard lo the 
target discipline by including the 
antagonists of the main muscle groups, 
in order to avoid imbalances'. Leaving 
this phase of the preparatory period and 
approaching the competition period 
specific strength training finally takes 
over. Its main characteristics are thai all 
specific exercises must possess a close 
structural as well as dynamic-kinematic 
relationship to the target discipline. 

This distribution of strength training 
elements is. with some reservations and 
modifications, valid for both younger and 
advanced level athletes. For lop level 
alhleies. however, the significance of 
general strength iraining has declined. 
Furthermore, comparatively long 
periods up lo two monlhs following the 
same training target have been 
shortened inlo sections lasting only 2-3 
weeks. 

The general reason for these 
changes is the fact that the 'utilisation' or 
transference of accumulated 'general' 
strength inlo discipline specific slrenglh 
could not be performed as successfully 
as expected. This is why strength 
training in athletics nowadays should 
consist of alternating general work with 
a high proportion of specific exercises 
throughout the preparatory season. 

In contrast lo the sixties and 
seventies, when specific exercises took 
over after 2 monlhs of multiple objective 
iraining. today the direci combination or 
aliernation of these two meihods within 
one and the same training unit or within 
consecutive sessions is preferred. 105 



Table 4 is an attempt to give a 
synopsis of 'modem' strength training 
methods in athletics. The respective 
selection of melhod depends upon the 
target, which can be deiermined by 
applying the strength diagnosis criteria 
mentioned above. 
- Body-building meihods 

Athletes with a slight strength deficit 
should try to increase the cross section 
of their muscles. Hypertrophy can best 
be attained by choosing body-building 
meihods. No jerky movements but 
smooth and controlled concentric or 
isokinetic actions should be executed 
within 5 - 8 sets. 

The loading of 70 lo 85̂ ;̂  allows 10-5 
repetitions. Whether the 'block-system' 
of constant resistance within the sets is 
superior to the pyramid system wilh 
slightly progressive/regressive loadings 
and corresponding decreasing and 
increasing repetitions cannol be said. A 
more important aspect is intensity. 

Very often it is forgotten that the 

repetition - best - performance or 
'repetition maximum' (e.g. 10 reps with 
100 kg) equals 100%. Thus the training 
load for 10 repetitions has lo be definitely 
lower: best effecis can be obtained 
varying between 85-80% of the 10-
repetition-maximum. belween 90-85% of 
the 5 repelilion maximum and 95-90% of 
the 3 repetition maximum. Higher 
intensities lead very often to stagnation. 
especially, if hypertrophy Iraining is 
executed every second day and 5-8 sets 
are performed. 

On the other hand, it must be stated 
thai it is as yet nol quite clear whether 
highly inten.sified strategies like 'bums', 
'chealings' or 'forced repetitions' might 
have the same effect. Probably Ihe 
destruction of contractile protein is too 
high and the recovery phases are too 
short to permit immediate transition to 
technical training wilhoul interference. 

In order to avoid catabolic effecis. 
Pipes (1988) recommends a system 
called 'ACT' (ACT= Ami Catabolic 
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T A B L E 4: Synopsis of strength t ra in ing methods, 
The appropriate targets of t ra in ing are selected on the basis of 
of the strength prof i le. 

TARGET 

- CROSS SECT(ON 

- NEURONAL A C T I V A T I O N 

- R E A C T I V E STRENGTH 
CAPACITT 

- EXPLOSIVE STRENGTH 
START ING STHEMGTH 

- INTERMUSCULAR 
COORDINATION 

CRITERIOK OF SELECTION 

S L I G H T STRENGTH D E F I C I T 

LARGE STHCNGTH D E F I C I T 

LONG DURATION OF SUPPORT/ 
S L I G H T DIFFERENCE A C T I V E : 
REACTIVE/EHG-ASSESSMENT 

S L I G H T STRENGTH GRADIENT 
WITH H I G H MAX, STRENGTH 

TECHNIQUE D E F I C I T S / 
SLIGHT S P E C I A L STRENGTH 

(CTHOD 

BODf-BUlLDING METHODS 
{ M 0 Q 1 F ! E 0 ) / T R N N C A T E D 
P V R A M I O / L O A D : 7 0 - 8 5 % 

MAXIMUM USE OF STRENGTH/ 
LOAD: 90% - 100% 

PLYOMETRY/ BEAT METHOD/ 
' M U L T I - J U M P S ' 

MAXIMUM USE OF STRENGTH/ 
AGAINST H I G H LOADS ( > 9 0 ^ ) 
AGAINST MEDIUM LOADS (30-
60%) WITH T I M E CHECK! 

S P E C I A L STRENGTH T R A I N I N G 
( A N A L Y T I C A L / S Y N T H E T I C / 
V A R I A B L E ) 

a d i agnos i s 

TYPE Of ACTION 

CONCENTRIC 
I S O K I N E T I C 

CONCENTRIC 
[ECCENTRIC 

COMBINED 

CONCENTRIC 
ECCENTRIC 
EXPLOSIVE-
BALLISTIC 

CONGRUENT 
WITH TARGET 
DISCIPLINE 



Training). The core of this system is to 
reduce the number of sels to only one (!) 
per training unit and to restrict the lime 
invested in cross-seclional training lo 
one hour (three times a week). Thus the 
iraining induced consumption and the 
corresponding reproduction of 
leslostcrone during recovery can be 
balanced. 

In view of obligatory, world-wide and 
random doping controls. "ACT seems to 
be especially promising. That the idea of 
reducing the sets per iraining unit 
drastically really works is substantiated 
by the findings published by Graves 
(1988). 

Personal experiments carried oul 
over 6 months with a few athletes 
verified that slrenglh training units 
restricted to one hour and one super set 
per main muscle group (with the last (of 
the 10) reps of the 2nd set 'forced') lead 
lo similar muscle growth as units lasting 
2 1/2 hours with 6 lo 8 sets of 'normal 
intensity'! (It musl be mentioned here 
that iiu anabolic sleioids were applied 
throughout). 

Thus, much more time and energy (!) 
is available for lechnical — i.e. specific 
strength -— training. An advantage, which 
is of special interest for heptathletes/ 
decathletes as well as for all who, for 
good reasons, refrain from consuming 
steroids. 

Referring to taleni it should finally be 
noted in the context of 'body-building-
methods', thai those alhletes wiih a high 
proportion of Type !1 B/A Fibres, even if 
they were lo perform hypertrophy 
iraining with comparatively slow 
movements and submaximum use of 
strength, will run the risk of becoming 
less explosive only if other methods are 
neglected for longer periods. In other 
words: those highly talented in the field 
of explosive slrength might prove any 
strength training melhod to be 
"superior" 

- Ma.ximum-use of strength method 
In order to increase the neuronal 

capacity, contractions against high 
resistance musl be made. Loadings 
higher than 90% and up lo 100% promise 
the best results. Of course only I to 3 
repetitions are possible. Each trial has to 
be performed with full concentration and 
maximum effort. Thus, according to the 
size principle of recruilmeni. 'higher 
ranking' fast twitch fibres are integrated. 
The near maximum loadings and 
corresponding comparatively slow 
contractions compel the motor neurons 
to fire high frequency impulses for 
comparatively long limes. Because of 
the high inlensity. recovery pauses musl 
be complele. 5 to 8 sets can be 
performed wiihin one training unit. The 
above mentioned relationship belween 
3 repetition maximum, i.e. the highest 
weight that can be lifted thrice (which 
equals 100%) and the load within the 3 
repetition iraining sets, again, has to be 
taken inlo consideration. 

Because there is no alternative 
strategy for overcoming the resistance 
available, the integration of all fibres thai 
can be voluntarily activated is 
guaranteed. It can be assumed that an 
'intramuscular learning process' lakes 
place. Thus the mobilisation threshold 
can be 'lifted'. 

- Plyometrics 
If diagnosis of the duralion of the 

take-off phase in horizontal or vertical 
jumps indicates an underdeveloped 
faculty of 'elastic strength' or 'reactive 
strength', i.e. if comparatively long 
support times are measured in 
corresponding tests. 'plyometric' 
methods should be used. So-called 
"depth jumps' possess such a high 
iniensily thai their application demands 
extensive and long time preparation and 
a far over-average loadability. As a sport 
motor test, however, depth jump results 
when compared to those attained in the 107 



well-known Reach and Jump Test tell 
the coach the extent of the athlete's 
elastic strength. 

EMG assessment leads to the 
conclusion thai high standards in elastic 
strength primarily depend on the faculty 
of integrating the muscle extension 
refiex wiihin the concentric part of the 
jumping movemeni. Only pre-activation 
via the muscle spindle system before 
impact allows one to profit from this 
effecl. 

A great variety of bounds and 
rebounds over hurdles etc. is probably 
known to everyone. This is why no 
further explanations are given here. 

It should be noted, however, thai so-
called 'T- Squats' — the 'T stands for lime 
— form the main training content of top 
level jumpers. Half squais as well as full 
squats are performed under time check. 
The loading depends on the slate of 
preparation the athlete is in and varies 
between body weighl (barbells) and 
150% of body weighu 5 sets with 10 and. 
approaching the competition period, 5 
repetitions are executed as fasl as 
possible. Thus the required fast 
transition from eccentric to concentric 
muscle work is trained. 

- Speed sitenglh melhod 
If explosive as well as starling 

strength is to be developed, again the 
'maximum use of strength method' 
mentioned above should be chosen. 
High resislance loadings of more than 
90% significantly infiuence the required 
capacily, but the 'speed strength 
method' with loadings between 30 to 
60% (or even 70%) is also very effective. 

In West Germany discussions have 
heen going on as to whether this 
assertion is true, but in my opinion and 
experience, there can be no doubt, that 
the speed strength method really works. 
Whal is forgotten very often by the critics— 
and by many coaches and athletes as 

108 *^" — is 'hat, with this melhod, a time 

check is an absolute must! The reason 
for this pre-requisitc lies in the fact that 
there are several strategies available to 
accelerate low and medium resistance 
loads. Only by applying a time check, as 
a precise working feedback system, can 
athletes and coaches assess the quality 
of speed slrenglh iraining. The close 
relation.ship of ihis method to the neuro-
mu.scular demands of explosive-ballistic 
athletic movements is obvious. 

Thus reference data e.g. for snatch 
and the above mentioned bench-press 
applying loads from 30 to 60%. are 
needed to assess indirectly the relative 
dynamic strength maximum. Such dala 
have not been published yet. hut 
according to POPRAWSKI (1988). Ihe 
former world champion Sarul from 
Poland was trained in such a way. The 
same applies to some of the best West 
German decathletes. In addition, all 
junior decathletes are tested 
correspondingly under the target of 
taleni selection. 

In order to avoid misunderstanding, it 
must be pointed oul clearly that, in my 
opinion, each melhod possesses 
advantages and disadvantages. That is 
why both should be applied pursuing 
differeni objectives! 

Table 5 compares the training effects 
of these two methods and indicates cons 
and pros. It can cleariy be seen that, for 
contractility, the speed slrenglh melhod 
should be chosen, whereas the neuronal 
activation capacity can be belter 
improved by applying high resistance 
loading. 

- Special strength iraining meifiods 
Last, but nol least, 'Special Slrength 

Training Methods' musl be mentioned. 
Depending on the diagnostic results and 
the type of athlete three differeni 
approaches can be chosen. If a lack of 
specific strength is evidenl, heavier than 
normal (i.e. competition) implemenls 



T.ABLF. 5: Comparison of effects of different strenRlh training meihods. 
The disadvantages of the speed s t rength method a r e : short dura l ion times of 
neurtmal activation, absence of a precise internal feedback system and different 
slrateg> a l l e rna t i \ es lo accelerate. The disadvanlat>es of ihe maximum slren|;lh 
method are deficiencies related to contractilitv and hallislic muscle tension. The pros 
and cons are indicated b} plus and minus symbols. 
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and loadings are used. Deficiencies in 
specific speed can be reduced by 
applying lighter implemenls and 
working conditions — such as downhill 
(slight slope) running or using lowing-
systems'. This approach of constantly 
putting stress on either strength or 
speed throughout a series of iraining 
sessions is named 'analytical". 

Var>*ing between heavier and lighter 
weights and working conditions within 
one and the same iraining unit is 
especially effective and named 
'variable'. 

Finally, applying competition 
implements and conditions, is called 
•synthetic', because the specific strength 
and speed demands of the target 
discipline have to be mastered in 
combination. 

As has already been pointed out, 
'special strength training' has to pay due 
regard to the kinematic as well as lo the 

dynamic characteristics of the 
respective evenl. 

In summary, one can state that, on 
the basis of the results of either analysis 
or diagnosis, il is up to ihe art' of the 
coach to select and to combine those 
training methods, which are best to the 
attainment of training targets. In my 
opinion, the alternation of objective-
oriented and specific slrenglh iraining 
meihods within one and the same 
training unit — or within consecutive 
sessions — is most effective for advanced 
and lop level athletes. 

The presented selection of aspects of 
strength iraining has been an attempt to 
prove ihal the deveiopmeni of an optimal 
ratio belween maximum strength on the 
one hand and explosive-ballistic faculties 
on lhc other seems to be of paramount 
imporlance for further improvemenls in 
athletics. |—, 
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