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% ^ /n numerous sports and sport events per
formance is, to a great extent, determined by the 
level of speed-strength. An optimal preparation 
(worm-up) is necessary to achieve the highest 
possible realization of speed-strength in training 
and competition. Some top international 
athletes ore said to have produced the highest 
speed and speed-strength performances immedi
ately after having performed a few Maximal 
Voluntary Contractions (MVCs). However, os yet 
no target-oriented and systematic studies of 
MVCs. as an element of warm-up programmes, 
have been conducted. Therefore the focus of the 
following study is on the following questions: 
(1) To what extent can the short-term potentia
tion of speed-strength induced by MVCs be 
considered us a general effect? (2) Can effects 
of post-tetanic potentiation be triggered in 
human beings by MVCs? (3) To what extent Is 
there a connection between possible short-term 
increases in speed-strength and neuronal effects 
of post-tetanic potentiation? The results of two 
complex training experiments show that MVCs 
carried out during the warm-up can really lead 
to a considerable increase In speed-strength 
performances of the lower extremities in alt 
athletics sprint and jumping events and of the 
upper extremities in the shot put and the 
throws, m ^ 
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1 Problem and goals 

1.1 Maximum contractions as an element 
of warm-up 

In numerous sports and sport events, perfor
mance is, to a great extent, determined by the 
level of speed-strength. An optimal preparation 
(warm-up) is necessary to achieve the highest 
possible realization of speed-strength in training 
and competition. From the area of athletics some 
reports are available of top international athletes 
who have produced excellent speed and speed-
strength performances, immediately after having 
performed a few Maximum Voluntary Contrac
tions (MVCs). However, as yet no target-oriented 
and systematic studies of MVCs, as an element of 
warm-up programmes, have been conducted. 

The question is whether, and to what extent, 
the short-term potentiation of speed-strength 
induced by MVCs can be considered as a general 
effect. Furthermore, it would be interesting to 
identify possible causal mechanisms, 

1.2 The structure of speed-strength 
performances 

The speed of a movement is always thc result 
of the produced acceleration impulse. Therefore 
speed-strength performances are characterized 
mainly by the steepness of the rise in force and 
the height of the dynamically realized force max
imum. In this context, the determinants are gen
erally said to be the factors of muscle mass, the 
proportion of fast-twitch (FT) muscle units and 
the effectiveness of the voluntary neuromuscular 
activation, i.e. the ability to activate as many 
motor units as possible as quickly as possible dur
ing a voluntary contraction and to innervate 
them, using a high frequency of stimulation 
{FREUND et al. 1975, HAKKINEN/KOMI 1986, SCHMIDT

BLEICHER 1992). Also of significance in regard to 
the production of force during the stretch-short
ening cycle (reactive strength) are the factors of 
pre-innervation, reflex activity, the extent of 
inhibitory neuronal influences and the elasticity 
of the muscles and tendons (DIETZ et al. 1981. 
SCHMIDTBLEICHER/GOLLHOFER 1982, SCHMIDTBLEICHER 

1986). Short-term changes leading to positive 
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performance alterations are most probably caused 
by neuronal factors of speed-strength behaviour. 

1.3 Post-tetanic potentiation as an 
attempt at an explanation 

During MVCs the activated motor units are 
stimulated with very high tetanic stimulus fre
quencies of more than lOOHz, It has been de
monstrated in animal experiments that, after 
tetanic stimulations, the effectiveness of stimulus 
transmittance in excitatory synaptic junctions 
between nervous cells can remain increased for 
several minutes (HENNEMANN/MENDELL 1981, LUSCHER 
et al. 1983, HunON 1989, GOSSARD et al. 1994). 
Post-tetanic potentiation (PTP) expresses itself in 
the form of a better input-output relationship: 
After tetanization, an identical pre-synaptic stim
ulation leads to higher excitaton/ post-synaptic 
potentials (EPSPs). If the effects of neuronal PTP 
were to be triggered by MVCs in human beings, 
an improvement in particular of the voluntary 
neuromuscular activation could be expected. 
However, in 1989 HUTTON indicated that a neu
ronal PTP, under the condition of a natural neu
ronal activation, had not yet been convincingly 
shown in human beings. 

1.4 Formulation o f the questions 

The focus uf the study is on the following ques
tions: 
1) To what extent can the short-term potentia

tion of speed-strength by MVCs be consid
ered as a general effect? 

2) Can neuronal effects of post-tetanic potenti
ation be triggered In human beings by MVCs? 

3) To what extent is there a correspondence be
tween possible short-term increases in speed-
strength and neuronal effects of post-tetanic 
potentiation? 

For the analysis and consequent transfer of 
the results to practice, a detailed knowledge of 
the investigation method Is necessary. Therefore, 
this presentation starts with the description of 
the method of the investigation. After this, 
based on the results of the experiment, it is 
shown that, in most trained speed-strength ath
letes, MVCs have indeed a short-term potentiat
ing effect on performance and that this phe
nomenon can be attributed to the neuronal PTP. 
Finally the conclusions to be derived for training 
and competition will be described. 

2 Method o f the investigation 

Two complex investigations were carried out. 
In the first study, speed-strength performances 
of the upper and lower extremities, prior to and 
immediately after MVCs, were measured and 

compared. The test exercises used were the bench 
press, using a guided barbell, and vertical jumps 
in the form of countermovement jumps (CMJs) 
and drop jumps (DJs). The objective of the second 
investigation was the evaluation of parameters 
of neuromuscular activation, prior to and after 
MVCs, and the comparison of their temporal 
coijrse with that of the gross motor explosive-
strength output. To this end, the maximum H-
reflexes at the triceps surae muscle and the ex
plosive force were measured during voluntary 
isometric plantar flexions. 

2.1 Subject samples 

Table 1 gives an overview of the partial sam
ples of the individual experiments. 

First study 

36 athletes served as the subjects for the first 
study. 34 athletes participated in both the bench 
press and the jumping tests. All athletes were 
competitive speed-strength athletes of regional 
(n = 22; 61%) or national to international level (n 
= 14; 39%). Seventeen subjects were competitors 

Table 1: Personal, training and performance 
features of the subjects of the first study, 
group mean values 

Features 

Personal features 
Age 
Weight 

Training features 
Total training volume 
Maximum-slrengin training volume 
Training age with regard to 
maximum-slrength training 

Performance feaiures 
1 RM bench press 
Fmax one-legged leg press 
Fexp one-legged leg press 
h C M J 

5 RM - 1 repetition maximum; 
Fmax - force maximum; 

brearB] 
[Kg] 

fyweak] 
[h/week] 

[years] 

[kg] 
IN] 

IlSl/msec] 
Jem] 

Values 

25.5 
82.6 

17,2 
3 5 

5.8 

102,8 
3288 

12.9 
42.6 

Fexp - explosive force (moving average over 30msec); | 
h CMJ - heighi o' lhe couniermovemeni |ump 1 
Table 2: Overview of the subject samples of 
the different Investigations 

Experiment 

First investigation 
Bench press 
Venical jump 

Second investigation 
H-Retlex M Triceps surae 
Explosive force dunng 
plantar flexion 

Subjects 

17 LA. 17BKKR, 11 ATHU 
17LA. 17BKKR. 12ATHLI 

5 LA. SBKKR, 7 SPST 

4 LA. 4 BKKR 

LA -track and fieW athletes: 
BKKR - hall game, comüal and power sport athleles; 
ATHLI -female athleles, 
SPST - sport students 
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in the sprints, jumps and throws of track and 
field athletics, while 19 were game players, com
bat or power sport athletes. Table 2 gives data 
aboul the subjects and the control performances 
of this sample. Furthermore, 12 competitive fe
maie athletes of different speed-strength sports 
took part in the bench press, and 11 took part in 
the CMJ test. 

Second study 

For the second study, the H-reflex experiments 
were first of all conducted with seven sport stu
dents, who did not do any strength training, and 
then with ten athletes who had taken part in the 
first study. Eight of the trained competitive ath
letes participated again in the measurement of 
thc time course of explosive force behaviour dur
ing voluntary plantar flexion. In terms of the per
sonal data and control performances, these par
tial samples correspond with the subject samples 
in the first study. 

2.2 Feature sample 

Bench press 

In the starting position the subjects lay on 
their backs on a table adjustable for height. The 

Figure 1: EMG of the M-wave (M) and H-
wave (H) of the lateral gastrocnemius muscle 
(MGLj and soleus muscle (SOL) 
See text for further explanations. 

elbows (90" angle) had contact with the table 
and only the proximal balls of the thumb were in 
contact with the barbell. The athletes were asked 
to push thc guided barbell (16.9kg) upward as 
explosively and fast as possible. Using a contact-
free photoelectric measuring system (FICHTE et al. 
1994), the time for every 0,4cfn of the movement 
of thc barbell up to 40cm was recorded, with a 
temporal resolution of l/50000sec. From the data 
obtained the force-time relation could be derived. 

The treatment MVCs were performed in thc 
form of bench press trials, with additional loads 
and using the same movement. 

Vertical jump 

The CMJs and DJs were performed on a KIST-
LER dynamometric platform. During the whole 
movement the subjects held their hands at their 
waists. Flight height was measured using the 
flight-time method. In addition the contact time 
was measured during thc DJs from a drop height 
of 32cm. In each case the mean values of 8 jumps 
were used for evaluation. 

Unilateral, isometric leg-press trials of 5sec 
duration, at a hip angle of 95° and a knee angle 
of 120^ were used as MVCs. 

H-reflex 

The tibial nerve was stimulated transcutaneous-
ly in the hollow of the knee. The excitation po
tential travels via the efferent paths (alpha-
motoaxons) directly to the neuromotor end-plate 
in the triceps surae muscle, and, at the same 
time, via afferent fibres (mainly la-fibres) to the 
spinal cord. There, like the signal of the stretch 
reflex, the stimulus is transferred monosynapti-
cally to alpha-motoneurons and is transmitted 
again in the motoaxons to the neuromotor end-
plate in the triceps surae muscle. The individual 
stimulus triggers 2 separate responses at the 
neuromotor end-plate, the summary action, 
potentials of which can be derived electromyo
graphically, the direct muscle response after 
about 5msec (M-wave) and the H-reflex response 
(H-wave) after about 30msec {Figure l). 

The focus was on the peak-to-peak amplitude 
of the H-wave, which is a reflection of the num
ber of activated motor units. If the H-amplitude 
varies with constant stimulation, this is an indi
cation of a changed activation behaviour, which 
is caused by a modification of the synaptic effi
ciency of the stimulus transfer to the alpha-
motoneuron pool. 

During the H-reflex measurements, thc sub
jects lay, relaxed, on their backs on a gymnastic 
mat. The heel and achilies tendon of the investi
gated leg were positioned on a padded box which 
was 22cm high. 
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At an ankle joint angle of 90°, the sole had 
contact with a KISTLER platform. Padded sup
ports were positioned in the area of the head and 
shoulders. 

For each athlete, stimulation was adjusted in 
such a way that, under control conditions (prior 
to MVCs), the highest possible H-reflex activation 
in the lateral gastrocnemius muscle (MGL) was 
guaranteed. With this stimulus configuration, the 
H-response could be recorded in the 'slower' 
soleus muscle (SOL) of 9 subjects simultaneously. 
In all cases the mean H-amplitude of 12 trials 
was the test parameter. 

The MVCs consisted of unilateral, isometric 
plantar flexions of 5sec duration in the same 
position. 

Explosive force plantar flexion 

The athletes were adjusted into the same posi
tion as during the H-reflex experiment. They 
were asked to exert force, as explosively and as 
fast as possible, onto the platform with the ball 
of the foot. The steepest rise in force average 
movement of over 30m/sec of each trial was used 
for evaluation. The mean value of 3 trials served 
as the test parameter. The treatment MVCs were 
carried out analogously to the H-reflex trial. 

Table 3 indicates the reliability found for each 
ofthe features measured in the retest procedure, 

2.3 Experimental design and procedure 
of the experiment 

Table 3: Retest relfsbllity coefficients (ft,) of 
features measured In the different experiments 

FeatufB r« 
First invesligalion •) 
Bench press 1 0,0 - 0,4cm J I 
Bench press I 2 , 0 - 4,0cm .,„.97 
Bench-press t 8.0 - 10.0cm 99 
Bench-press 118.0 •20,0cm 99 
Bench-press 128.0-30.0cm 99 
Bench-press 138.0 - 40.0cm 99 
Vertical jump height 98 

Second investigation 
H-reflex amplttude 99 
Explosive force during plantar flexkm 97 

*) Bench press inien/al times In extracts 

All test units were organised according to the 
pattern 'test - treatment MVCs - test'. 

Table 4: Configurations of the treatments used 

Each unit was introduced by a standardized 
warm-up programme, which included lOmin jog
ging and lOmin stretching exercises. Further
more, the speed-strength tests were always pre
ceded by 9 trials of moderate to maximum inten
sity. Prior to the MVCs there were always 2 sub-
maximal trials. Between the MVCs and the post-
test no trial was allowed. 

The tests were conducted as a series of individ
ual trials. Each bench press series consisted of 5 
trials, with a rest interval of 30sec each, the jump 
test had 8 trials, with a rest interval of 20sec. The 
H-reflex was always triggered 12 times, with a 
rest interval of 5sec, and the measurement of the 
explosive force of plantar flexions was always 
taken 3 times, with a rest interval of 30sec, In the 
first investigation (bench press, vertical jump) 
one test series was measured each, prior to and 
after the MVCs. In the second investigation (H-
reflex, explosive force during plantar flexion) a 

Experiment 
and test unit 

Number and intensity Rest Interval between 
of treatment-contractions treatment-contractions 

Rest Interval between 
Ireatment-contr. and post-test 

Firsl investigation 

Bench p r e s s ' " 
TU 1 34 
TU 2 33 
TU 3 32 
TU 4 19 
T U 5 16 

Vertical jump 
TU 1 34 
TU 2 32 
TU 3 28 
TU 4 16 
TU 5 16 
Second invesligalion 
H-reflex 17 
Fexp plantarflexion 8 

2 « 1 •a100%(2) 
3 * 1 M 0 0 % 
1 • 3 • 90% '3) 
5«5S>100%(*) 
1 » 1 « 1 0 0 % 

3 • 5s MVC 
3 - 5 3 MVC 
3 • 5S MVC 
3 • 5S MVC 
5 • Ss MVC 

5 • 55 MVC 
5 • 5S MVC 

5min 
5min 

Imin 

5min 
5min 
5mln 
5min 
1min 

Imin 
Imin 

3 
3 
3 
3 
3 

3min 
3min 
Imin 
3min 
3min 

Ss 
55 

5min 
5min 
5min 
5mln 
5min 

5;20min 
5;20min 
3:20min 
5:20min 
5;20min 

- 13min (5) 
- 13min 

Contr. - ConäBCtions: TU-Test unit; Fexp Plentaif).-Explosive foroe duftig voluntary plantarflexion; 
1̂ ) Stimulus inlensity of the traatrrwm-contraclions during the benofl press aa percentage ot 1 repel it ion maximum (1 RM). 
(2) Test 1 AM The lasl trial wras quasi-isometric. 
(3) [n llie case of exiernal loads of >95% 1 RM maximum contractions are assunted. Therefore, in this case, 

the con [(actions are sub-MVCs. 
The weight was 1 RM + 2 Skg The athletes were asked lo raise the barbell by at least 1cm and lo hold il for 5sec. 
All athletes were successful in lifting tfie weight, bul no one could hold rt for 5sec, so far rt is a matier ot ison>rtric MVCs. 
In individual cases the responses were observed up to more Ihan 20mtn. 

1*) 

fS) 
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control series was aiso carried out prior to the 
MVCs. After this the data produced were record
ed every second minute, up to 13min after the 
MVCs. 

In the case of the first investigation, 6 test 
units were carried out for each speed-strength 
test of the upper and lower extremities, with dif
ferent stimulus configurations (Table 4]. The 
stimulus configuration includes the stimulus vol
ume, intensity and density, and also the time 
interval between treatment and post-test. The 
different combinations of these characteristics 
led to complex treatments of difterent severity. It 
was expected that the systematic variation of 

individual variables of the stimulus configuration 
would produce suggestions for training and com
petition, as well as the identification of possible 
explanations. For the experiments of the second 
investigation the most demanding treatment was 
maintained. 

3 Results 

3.1 First investigation 

Bench press 

Figure 2 presents the derived force-time cours
es of the bench press tests, prior to and after 

F[N1 FIN] 

Treatment: 3 * 90% 

100 150 200 250 0 
t[ms] 

F[N] 

50 100 150 200 250 
t[nns] 

^ : = = — . . ^ 

n 

ll 
\ 

\ 
\ 

f \\ 1 

Treatment: 2* £100% 

500 

400 

300 

200 

100 

0 

100 150 200 250 0 

tfrns] 

F[N] 

50 100 150 200 250 

t[ms] 

Treatment: 3 * 100% Treatment: 5 » >100% 

50 100 150 200 250 0 

t [ms ] 

• - - pre-treatment 

50 100 150 200 250 

t[nns] 

post-treatment 

Figure 2: Bench press test - Course of the force-time relationship before and after different 
treatments Group mean values. 
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different stimulus configurations - arranged 
according to thc severity of the treatment. 

The first test unit included 2 control series 
with a rest interval of 3min. This arrangement 
allows the assessment of the effect of a 'zero 
treatment" of the 3min rest interval: In the sec
ond control series, there was a reduced perfor
mance, especially in the dynamically produced 
force maximum (p < .05). 

The execution of suö-MVCs (3x90%) led to 
practically no change of thc rise in force. In the 
area of the maximum force, slight improvements 
could be identified. However, the effects of these 
improvements are hardly worth mentioning (< 
It̂ to) and not significant (p > .05). 

All MVC-configurations showed significantly 
positive effects on the rise in force, i.e. explosive 
force (all p < 0.5). Thc greatest effects were pro
duced by 1 to 3 MVCs using a low stimulus densi
ty (5min rest interval). 

In the area of the dynamically achieved force 
maximum there was a slight reduction of perfor
mance {up to about 1%) with the more rigorous 
stimulus configurations (3 and 6 MVCs). Hnwever, 
in all MVC-units there was a pronounced shift to 
the left of the whole force-time curve. This means 
that, even with 5 MVCs, the gains in explosive 
force - related to the time needed for the move
ment distance - overcompensated for the losses 
in the area of the force maximum. After this 
most rigorous treatment, as also after 3 MVCs, 
the movement velocity was higher than under 

control conditions up to 180msec of movement 
time. After 1 and 2 maximum contractions this 
was the case at every point of the movement. 

The bench press tests of the female athletes 
led to similar results. 

Vertical jump 

In the CMJ, 2 control series, with a rest interval 
of 3min, were also carried out during the first 
unit. In the first series there was an intraserial 
'positive staircase' from the first to the eighth 
jump {Figure 3). However, after tbe 3 minute rest 
interval this 'positive staircase' did not continue; 
the group of athletes started and finished the 
second series of jumps at the same level as the 
first one. After the 3min rest interval the athletes 
reached heights which were, on average, 0.2cm 
lower. However, 3 to 5 minutes 20 seconds after 
3 MVCs they jumped on averagel.4cm higher 
(3.3%, p < .001). Furthermore, the intraserial rise 
in performance was steeper (p < .05). 

A comparable effect was also observed during 
the DJ from a drop height of 32cm. With almosl 
unchanged contact times, the significantly in
creased flight heights give evidence of the short-
time improvement of the neuromuscular perfor
mance output (p < .05, Figure 4]. During the DJ 
the intraserial performance increase after the 
maximal contractions was steeper, too (p < .05). 

However, such a short-term potentiation of 
speed-strength must not be expected under all 
circumstances. On the days prior to the different 
test units, some athletes had performed high 

46 

45 

44 

43 

42 

41 

h [cmj 

'i-i 

2nd series 

trial 

Figure 3: CMJ heights in 2 control series with a 3 min Interval (1st and 2nd series) and after 3 
MVCs (post-MVCs) Group mean values. 
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38 

37 

36 

3S 

34 

33 t-

32 

h [cm] t[msl 

contact times 

270 

250 

230 

210 

- 190 

170 

31 150 
8 trial 

Figure 4: Flight heights (h) and contact times (t) In drop jumps before (broken line) and after 3 
MVCs (unbroken line) Group mean values. 

anaerobic-lactacid loads during their event-spe
cific training (e.g. tempo runs). These subjects 
showed a reduction, or even inversion, of the po
tentiating MVC-effect. For example, in the second 
test unit, these subjects (n = 10) showed, on aver
age, a performance reduction of 3.1% [Figure 5). 

Table 5 gives an overview of the results of the 
jumping sessions with different treatments. This 
table shows, fnr example, that the di f fereni 
MVC-configurations used led to comparable im
provements in performance during the CMJ. 

47 

46 

45 

44 

43 

42 

h [cmj 

F = 2 3 . 3 3 

p < .001 

r"" " 
without load on the 

I previous day 

pre-MVCs post-MVCs 

.+ -. 
_4,.^^' 

.̂ +' 

with load on the 
previous day 

-h. 
,^;^ ^+-+ 

41 -

40 

•+ 

J \ I I \ 1 L^l L I I I J \ L 
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 6 trial 

Figure 5: MVC-induced changes of CMJ height with and without high anaerobic-lactacid loads 
on the previous day Group mean values. See text for lurther explanalions. 
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Table 5: Jumping performances prior to and after different MVC configurations 
Top: Without anaerobic-lactacid load on the previous day. Below this: With anaerobic-lactacid load on 
the previous day. Bottom: Results of the female alhletes (ATHLI). 
In each case mean values of 8 jumps with a 20sec rest interval, group mean values. 
- p>.05; * p<.05: ** p<.01; **• p<.001 

SC, condit ion Feature 

Without tact- load on the previous day 
3 MVCs, Smin. 3min h 
3 MVCs, 5min, 3min h 
3MVCS, 5min, 1min h 
5 MVCs. Imin. 3min h 
3 MVCs. 5min, 3min h 
(DJ) tc 

RPI 

With tact, toad on the previous day 

3 MVCs, 5min, 3min h 
3 MVCs, 5min. 3min h 
3MVCs. 5min, Imin h 
5MVCs. imin. 3mln h 
3 MVCs, 5min, 3min h 
(DJ) tc 

RPI 

ATHU without lad. load on ttie previous day 
3 MVCs, 5min. 3min h 

SC - stimulus configuration: MVC-numöer, est 1 

n 

24 
22 
24 
13 
11 
11 
11 

10 
10 
4 
3 
5 
5 
5 

11 

pre 

43.2 
43.6 
43.0 
42.6 
33.9 

165.8 
207.7 

4 2 ^ 
4 2 ^ 
45.9 
44.9 
36.2 

161.1 
226.0 

^ ^ 7 

pott 

45.1 
44.7 
44.5 
44,6 
35.3 

161.7 
229,5 

42.5 
41.0 
46.7 
45.6 
36.5 

165,4 
223,8 

33.7 

Dtff 

4.4% 
2.6% 
3.5% 
4.7% 
4 . 1 % 

-2.5% 
8 1 % 

0.6% 
- 3 . 1 % 
1.7% 
1.6% 
0.8% 
2.7% 

-1.0% 

3 .1% 

terval between MVCs, rest Interval between MVCs and post-test; 
Diff - diflerence values calculated from the iesl-/coniral performance 
Wl - reac t i ve performance index h/tp'lOOO lad 

ratio: h - heigtit; i , -
load. - anaerobic-lactacid load ATHLI 

coniact lime: 
- female athletes 

P 

*kt 

• « • 

*** 
*** 
* 
-
-

-
-
-
-
-
-
-

3.2 Second investigation 

In this section, wc present the records of the 
H-reflex amplitudes and the explosive force of 
voluntary plantar flexions for each individual 
measuring minute, together with the highest 
level of these features after the MVCs (PeakH, 
PeakFexp) and the l ime of their occurrence 

(iPeakH, tPeakFexp). For this presentation, the 
measuring dala of each subject were standard
ized (control value = 1). 

H-reflex 

Figure 6 shows the EMGs of one athlete; these 
are typical of the behaviour of the whole group. 

pre-MVCs 

Trigger 

0-1 min post-MVCs 10-11 min post-MVCs 

W\ H M H M H 

MGL 

SOL i/ 

Figure 6: Typical EMGs of H-amplltudes (H) of the lateral gastrocnemius muscle (MGL) and 
soleus muscle (SOL) under control conditions (pre-MVCs), 0 to 60sec after and 10 to 11 min after 
5 MVCs Hurdler, German Championships finalist. 
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Rgure 7: Time course of the H-amplltude of the lateral gastrocnemius muscle (MGL) tielore 
and after 5 MVCs Group mean values. Difference from control value: * p<.05: ** p<.01. 

Immediately after the treatment-contractions, 
the H-amplitude of the gastrocnemius muscle 
(MGL) was considerably suppressed (post-tetanic 
depression, PTD). The restoration exceeded the con
trol level by far. The potentiation between 4 and 
11 minutes was statistically significant (p < .05, 
Figure 7). 

The lime of the athletes' highest reflex res
ponses shows considerable interindividual varia
tion: tPeakH = 8.7 ± 3.6min (range: 2.5 to 12.5 
minutes). In order to test the reproducibility of the 
H-lime course, the experimeni was repeated with 
5 athletes. The retest reliability coefficient of r^^ 
= .91 is an indication of a high intraindividual 

Figure 6: Course of the H-amplitude of the lateral gastrocnemius muscle (MGL, unbroken line) 
and soleus muscle (SOL. broken line] before and after 5 MVCs Group mean values. 
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Figure 9: Time course of the H-amplltude of the lateral gastrocnemius muscle before and after 
5 MVCs with speed-strength athletes (ATHL) and sport students (SPST) 
Group mean values. Group differences: * p<.05; ** p<.01; "**p<.001. 

correspondence of the two series of measure
ments. 

The time course of the H-amplitude in the 
soleus muscle (SOL) was similar to that of the 
MGL (r = .84, Figure S). However, potentiation in 
SOL was lower (PeakH-MGL = 1.32 ± .21 - 32% 

potentiation: PeakH-SOL = 1.20 ± .20 - 20% 
poientiation; difference: p < .05} and of shorter 
duration (tPeakH-MGL = 8.7 ± 3.6 min; tPeakH-
SOL = 5.6 ± 4.0min). There were also differences 
of potentiation behaviour between the two groups 
of speed-strength athletes and sport students: 
The trained athletes showed a significantly higher 
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Figure 10: Time course of the explosive force (Fexp) with voluntary isometric plantar flexions 
before and after 5 MVCs Group mean values. Difference from control value: * p<.05; ** p<.01. 
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potentiation in the MGL (PeakH-athletes = 1.42 ± 
.17 - 42% potentiation; Peak H-sport students = 
1.11 ± .25 - 1 1 % potentiation; difference p < 
.05), and the potentiation had a longer lasting 
effect (tPeakH-athietes = 8.1 ± 3.6min; tPeakH-
sport students = 5.9 ± 3.8min; difference, p < .05, 
Figure 9). Comparable tendencies could be seen 
in SQL 

Explosive force plantar flexion 

During voluntary plantar flexions, the athletes 
also initially showed a temporary reduction of 
explosive force after the MVCs. The steepness of 
the increase in force reached the control level 
once again, on average belween 2 and 3min, and 
was significantly higher between 4 and 13min (p 
< .05, Figure 10). PeakFexp was 1.19 ± 14 (19% 
potentiation). The times of the highest explosive 
force performances were scattered between 4.5 
and 12.5min, and tPeakFexp was 9.0 ± 3.Smin. 
This means that explosive force is also character
ized by a high interindividual variability of the 
time course. 

Correspondence of the time courses of 
H-reflex and explosive force 

There was a correspondence of r = .89 between 
the times of the highest expression of the H-
reflex amplitude and the explosive force of vol
untary plantar f lexions (tPeakH-MGL and 
tPeakFexp). The athletes who had an early peak in 
the H-reflex also reached their best values of 
explosive force early after the MVCs, while those 
with a late maximum H-potentiation also reached 
their maximum performance in explosive force 
late (Figure 11]. 

In order to test whether there was a corre
spondence of the total time courses of the two 
features beyond the time poinfs of maximum ex
pression, the correlation coefficients between the 
two series of measurements of each athlete were 
z-transformed according lo FISHER, their mean 
value was calculated and then the correlation 
coefficient was retransformed. The mean correla
lion coefficient of the time courses of the H-
amplitude of the MGL and the explosive force 
was r = .90, The reflex amplitude of SOL also co-
varied with the explosive force increase, but the 
correlation was not so close (r = .75). 

4 Discussion 

On the basis of the results presented it is evi
dent that the use of a few MVCs is sufficient to 
cause a short-lerm increase in the speed-strength 
performances of the upper and lower extremities. 
The positive effects on performance express 
themselves mainly in the steepness of the rise in 
force, i.e. in explosive force. Furthermore, it was 

demonstrated that, wi th successful athletes. 
MVCs can trigger neuronal effects of post-tetan
ic potentiation at the spinal-segmental level and 
that the short-term increase in explosive force 
can be attributed to an improved neuromuscular 
activation due to the neuronal PTP effecis. 

The opcning-up of neuromuscular 
activation reserves 

The accumulated action polentials at the neu
romotor end-plates are reflected in the H-reflex 
amplitude. The increase in amplitude means that 
more motor units were activated than before the 
execution of the MVCs, with the stimulation main
tained constant. 

With voluntary motor actions it is not possible 
lo recruit all motor units wilh maximum fre
quency; there remains an autonomously protect
ed activation reserve. Numerous synapses project 
onto each alpha-motoneuron. The action poten
tial is transferred and transmitted only If the 
simultaneous release of transmitters at a suffi
cient number of pre-synapltc terminals coincides 
with an adequate post-synaptic receptor sensibil
ity. In conjunction with a transient post-tetanic 
calcium accumulation in the pre- and post-
synaptic cells, the probability of transmitter re
lease for each individual synaptic terminal re
mains as increased as the post-synaptic receptor 
sensibility (LUSCHER et al. 1983, ECCLES 1983, 

MENDEU 1984, FISHER/JOHNSTON 1990, GOSSARD el al. 

1994). 

Within the fragment of the activation reserve, 
large FT-unils are overrepresented. Following 
HENNEMAN'S 'size principle' (HENNEMAN et al. 1965, 

FREUND et al. 1975) the motor units which are 
additionally activated following the MVCs should 
always be the next largest after the units already 
recruited. 

This means that the MVCs lead to a transient 
opening-up of activation reserves, especially in 
the area of the large, 'fast' Ff units. 

PTP in 'fast' and 'slow' muscles 

The ascertained differences of the effects of 
PTP between MGL and SOL correspond with the 
positive relationship between potentiation and 
the size of the motor unils. This has been found 
in numerous animal experiments. In cats correla
tions have been found between the amplitudes 
of excitatory post-synaptic potentials of la-
alpha-connections (la-EPSP-amplitudes), as indi
cators of cell size (large units show small EPSPs) 
and the height of the potenliation from r = -.66 
to r = -.86 (LUSCHER ct al. 1983, CoaiNS et al. 1984, 
1986, KOERBER/MENDELL 1991). The different poten
tiation behaviour of the speed-strength athletes, 
as compared to sports students, can presumably 
also be interpreted in this context. 
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Stimulus configuration 

Unlike the treatments of maximum contrac
tions, submaximum contractions (3x90%) could 
not trigger any considerable effecl on explosive 
force. This cannot be attributed to stimulus vol
ume, because MVCs led to considerable increases 
in explosive force, both with a lower and a higher 

volume. The differences might rather be caused 
by the stimulus intensily itself. In general, fewer 
motor units are activated with suö-MVCs, and, to 
be precise, especially fewer FT-units. Besides, the 
innervation of the recruited motoneurons takes 
place at a stimulus frequency which is lower than 
in the case of maximum contractions. In various 
basic investigations it has become clear that the 

Fexp 

0 5 
t [min] 

0 5 10 
t [min] 

Fexp H-Amplitude 

Figure 11: Correspondence of the time courses of the explosive force of voluntary Isometric 
plantar flexions (Fexp) and the H-amplltude of the lateral gastrocnemius muscle (H) before and 
after 5 MVCs 8 successful speed-strength athletes 
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extent of PTP is, among other factors, determined 
by the stimulus frequency nf the treatment (e.g. 
COLLINS el al. 1986). DAVIS et al. (1985) found that. 
in mammals, there is a threshold frequency for 
the induction of PTP of around lOOHz. 

Apart from stimulus frequency, PTP is also 
dependeni on the volume or duration of the 
t reatment-st imulat ion (LUSCHER e l al. 1983, 

COLUNS el a l 1984, IRIKI et al. 1990). This is pre
sumably one of the reasons for the facl that the 
execulion of the speed-strength series alone had 
no positive effect on performance over minutes. 

/( can be concluded that a high proportion of 
FT-units a n d maximum stimulus intensity 
(z1(X)%) and a considerable stimulus duration 
(several seconds) are necessary to trigger off the 
neuronal PTP effects induced by voluntary treat
ment-contractions. 

Potentiation and fatigue effects 

As far as the upper extremities are concerned, 
positive effects were to be seen in the rise in 
force in all cases wilhin the MVC-lreatmenls. 
However, with increasing severity of stimulus 
configuration, there were also (slight) reductions 
in the force maximum. While the behaviour of 
explosive force can, to a great extent, be explained 
by the changes of neuromuscular activation, vari
ations of the dynamically achieved force maxi
mum are primarily dependent on the muscle 
component. Thus, speed-strength performances 
of the arms, following especially rigorous MVC-
treatments, can be considered as the net result of 
mainly neuronal potentiation and the effect of 
mainly muscular fatigue, together with their 
time course. In the jumping tests such obvious 
differences of the various treatments were not 
found. For the lower extremity, fewer variants of 
MVC-configurations were used, and also the 
speed-strength behaviour was measured in a less 
differentiated way than during the bench press 
test. Furthermore, it can be assumed that, be
cause of the lower proportion of FT-fibres, the 
lower extremities are less sensitive than the 
upper exiremities to both potentiation and the 
effect of fatigue. 

Anaerobic-lactacid exercise on the 
previous day 

High anaerobic loads on the previous day lead 
to a reduction of the intraserial increase in per
formance during control and test series, and 
especially to a reduction, or even inversion, of 
the MVC-effect on speed-strength performance. 
24 hours after such Iraining or competit ion 
loads, one must expeci not only long-lasting 
impairments of energy metabolism but also, and 
especially, a reduced excitability of the motoneu
rons. This can be caused both by permanent 

modifications of the magnesium and sodium 
concentrations, together wilh enzymatic changes 
and by structural impairments of the nuclei of 
motoneurons (e.g. BIULANO-RITCHIE 1981, KEUI et al. 

1984, EDGERTON/HUTTON 1988, POLLMANN/WILLIMCZIK 

1991). According to a personal communication 
from KOMI (1995). on the days after extreme 
endurance loads a close relationship belween the 
variation of the excitability of the alpha-moto
neurons and thc CK value can be observed. As an 
effect of high anaerobic-lactacid loads, il can be 
assumed, among other factors, that, on the fol
lowing day, the demands made on the stimulus 
configuration for neuronal PTP induction (e.g. 
highest FT-activation and highest possible stimu
lus frequency over seconds) cannot be sufficient
ly fulfilled. 

5 Conclusions fo r t ra in ing and 
compet i t ion 

From the results presented, one may draw 
praciical conclusions that are highly relevant to 
the effectiveness and efficiency of meihods of 
training and competition. 

Validity for different groups of athletes 

The speed-strength potentiation has been veri
fied for the upper and lower extremities in dif
ferent groups of male and female athletes. It is to 
a great extent independent of personal charac
terislics (age. gender), training (volume, training 
age and predominant length of series in maximal-
strength training, complete training volume, 
sport) and the athlete's performance (speed-
strength and maximum strength of the legs and 
arms). This indicates a high general validity of the 
effects within populations of trained speed-
strength alhletes. 

In pilot studies it has been shown that the use 
of a few MVCs is also effective in lop-level 
international sport. 3x3 MVCs performed by 3 A-
squad bobsledders led to an average increase in 
CMJ performance of 2.7%. The bobsledders made 
use of the short-term MVC-effect in their lop 
competition and won the World Championship 
title in 1995. In event-specific tesls in athlelics, 
the efficiency of maximum contractions was also 
evident in athletes of the national leam: In the 
one-legged 5-jump test 5 A- and B-squad ath
leles (decathlon, sprint) achieved, on average, 
1.8% longer distances after 3x3 MVCs (squats). 
Following 3x3 MVCs (bench press), the perfor
mances of 5 decathletes (4 B-squad athletes, 1 
member of the Swedish national team), in the 
throw for distance with a 2kg medicine ball from 
a kneeling position, improved, on average, by 
4.2% (in each case mean values of 5 trials). 
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Effectiveness for short t ime patterns 

The positive effects on perfarmance can be 
seen mainly in the rise in force. Explosive force is 
the more significant the shorter the available 
time for the development of speed-strength. In 
general, performances with an impulse duration 
of up to aboul 170msec are determined mainly 
by the level of explosive force. These perfor
mances are, for example, speed-strength efforts 
of the lower extremities in all sprini and jumping 
events, and of the upper extremities in the shot 
put and the throws. The same applies to sprints, 
jumps, throws and strikes in other sports. 

Use during competition and training 

The short-term MVC-effects can be used to 
improve performance during competition by 
integrating the MVCs into the warm-up pro
gramme. Furthermore, athletes can profit from 
the effect of MVCs in training, too. If. during 
specific speed-strength training, maximum per
formances are achieved under condilions of 
improved neuromuscular activation (after MVCs], 
particularly high adaptations are to be expected 
and more F-units are recruited by the training 
stimulus. Advances in technique training can also 
be promoted, especially if the MVCs are used 
selectively in technique-oriented muscle groups. 

Optimal stimulus configuration 

It should be emphasized that the short-term 
increase in neuromuscular activation and explo
sive force can be expected only if the treatment-
contractions are performed using a maximum 
stimulus intensity [\.e. with an additional load of 
a 100% 1 RM and explosive start of the contrac
tion) and the necessary duration of the stimulus 
(several seconds). 

From the comparison of different stimulus 
configurations it also emerged that, during CMJs 
treatments of differeni rigorousity, 3 to 5 MVCs 
had comparable effects. In the bench press 1, 2 
and 3 MVCs led lo similarly high increases in 
explosive force, while the most exacting stimulus 
configurations (3 and 5 MVCs) led to losses of 
performance with regard to the force maximum. 
For thc majority of athletes, 3 MVCs {possibly 
also 1 or 2) obviously provide sufficient potentia
tion stimuli in the lower extremities, while, in the 
upper extremities of most athletes. 1 or 2 MVCs 
lead to maximum increases in explosive force, 
without impairment of the dynamically achieved 
force maximum. 

Time course of potentiation 

Wilh individual athletes (n = 7), the observa
tion of the H-reflex amplitude was continued 
longer than the usual period of time. PTP effects 
could be registered up to more than 20min. 

The potentiation of neuromuscular activation 
and explosive force is characterized by a high 
interindividual variability of the time course. It 
must be concluded that, in order to guarantee 
the highest possible effectiveness, it is necessary 
to determine individually the optimal interval be
tween treatment MVCs and the subsequent speed-
strength performances - on thc basis of suitable 
measurements. This also applies to the stimulus 
density, when training with repeated maximum 
contractions. Generalized instructions would be 
inappropriate - especially for top-level athletes. 

Anaerobic-lactacid loads on the 
previous day 

High anaerobic-lactacid training or competi
tion loads on the previous day impair, or even 
invert, the effect of MVCs. Furthermore, a smaller 
increase in performance within the speed-strength 
series is obviously to be expected. Under these 
conditions a reduced effectiveness must be ex
pected for training sessions which include maxi
mal speed-strength efforts and combinations of 
MVCs with speed-strength efforts, as well as 
training units with maximal contractions exclu
sively. In the case of aerobic endurance perfor
mances like sprinting, jumping, throwing and 
technique training, no such Impairing effect over 
24 hours could be observed. 

Stretching stimuli 

Some fundamental experiments have indicated 
that even individual stretching stimuli can lead 
to a considerable reduction of PTP effects (e.g. 
HUTTON el al. 1973). Therefore it is advisable to do 
no stretching exercises at all belween MVCs and 
speed-strength efforts, and during training with 
repeated maximal contractions. 
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