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THE EFFECTS OF WARM UP 
ON INTERMITTENT-SPRINT PERFORMANCE 

D. Bishop, B. Claudius 
Team Sport Research Group 

School of Human Movement and Exercise Science 
The University of Western Australia, Australia 

ABSTRACT 

We assessed the effects of warm up on intermittent-sprint performance. 
In a random order, subjects performed an intermittent-sprint test (1ST; 
two 36-min 'halves' of repeated ~2-min blocks; all-out 4-s sprint, 100 s 
at 35% V02peab 20-s rest) after either no warm up (CON) or 10-min 
warm up (WUP). WUP consisted of 5 min at 50% of V02peab followed 
by two 30-s bouts at 70% V02peak interspersed with 30-s rest, and then a 
2-min block of the 1ST followed by 1 min at 35% V02peak and 2-min 
rest. Pre test (post warm up) [La ] was higher in WUP than CON, but 
not significantly different at any other time point. There was no signi
ficant difference in total work or peak power between CON and WUP 
during either half of the 1ST. While previous studies have reported 
increases in single-sprint performance following warm up, it is impor
tant to note that peak power occurred at sprint 6 of the 1ST. Therefore, 
the effects of the warm up may have been masked by the warm up 
effect of the initial sprints or as a result of pacing. Thus, while warm up 
may improve single-sprint performance, it did not improve intermittent-
sprint performance in the present study. 

Key words: plasma lactate, cycling, intermittent exercise, peak power 



The effects of warm up on intermittent-sprint peiformance 

INTRODUCTION 

Despite limited scientific evidence supporting its effectiveness, warm-
up routines prior to exercise are a well-accepted practice by most 
coaches and athletes. The majority of the effects of warm up have been 
attributed to temperature-related mechanisms [4]. An increase in 
muscle temperature (Tmu) following active warm up has the potential to 
improve short-term performance in many ways. An increase in Tmu has 
been reported to decrease the stiffness of muscles and joints [8, 30], 
increase the transmission rate of nerve impulses [18], change the force-
velocity relationship [3, 9, 25] and to increase glycogenolysis, glyco
lysis and high-energy phosphate degradation [12, 13]. Active warm up 
may also have additional effects on decreasing muscle stiffness by 
'breaking' the stable bonds between actin and myosin filaments [23]. 

While the majority of studies have reported that active warm up 
improves single-sprint performance [11, 16, 20, 22, 26, 28], a few 
studies have reported either no significant effect [10,17] or impaired 
single-sprint performance [19, 26] following active warm up. However, 
in the relatively few studies where active warm up has been reported 
not to significantly improve single-sprint performance, it appears that 
the warm up was either too easy (to sufficiently raise Tmu) or too 
intense (resulting in decreased availability of high-energy phosphates). 
It appears therefore, that a moderate-intensity warm up is likely to 
significantly improve single-sprint performance. 

In contrast to the many studies that have investigated the effects of 
warm up on single-sprint performance, to date, no study has investi
gated the effects of warm up on intermittent-sprint performance. This is 
surprising as in most countries the most popular sports and those with 
the highest participation levels are team games (that require athletes to 
sprint intermittently throughout a match). The purpose of the present 
study therefore, was to investigate the effects of warm up on 
intermittent-sprint performance. The intermittent-sprint test (1ST) was 
based on a motion analysis of international field hockey and consisted 
of short-duration sprints interspersed with periods of active and passive 
recovery [27]. It was hypothesised that warm up would enhance per
formance during the prolonged 1ST. 
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METHODS 

Subjects 

Seven female, team-sport athletes were recruited to participate in this 
study (mean ± SD: age 19 ± 1 y, mass 58.0 ± 1.6 kg, V02peak 45.3 ± 
3.0 mL • kg-1 • min-1). Subjects were informed of the study require
ments, benefits and risks before giving written informed consent. 
Approval for the study's procedures was granted by the institutional 
Research Ethics Committee. 

Experimental overview 

In addition to a familiarisation session for all tests, the main experiment 
required the subjects to be tested on three separate occasions. On day 
one, subjects performed a graded exercise test (GXT) to determine 
VOipeak- At least 48 h later, in a random, counterbalanced order, sub
jects then performed the intermittent-sprint test (1ST), following either 
no warm up (CON) or warm up (WUP). A week separated the two 1ST 
testing sessions and both 1ST tests were conducted at the same time of 
day to control for diurnal effects. Capillary blood was sampled prior to 
and during each 1ST. Subjects were asked to maintain their normal diet 
and training throughout the study. Before every testing session, subjects 
were required to consume no food or beverages (other than water) two 
hours prior to testing and were asked not to consume alcohol or perform 
vigorous exercise in the 24 h prior to testing. The ambient room 
temperature was maintained at 22.0 ± 1.0°C and relative humidity 50 ± 
10% for all tests. 

Ergometers 

Air-braked cycle ergometers were used to conduct all cycle tests. These 
ergometers were interfaced with an IBM-compatible computer system 
to allow for the collection of data for the calculation of work and power 
generated during each flywheel revolution (Cyclemax, The University 
of Western Australia, Perth, Australia). These ergometers require sub
jects to pedal against air resistance caused by rectangular vanes 
attached perpendicular to the axis of rotation of the flywheel. The 

2  
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power output of the air-braked cycle ergometer is proportional to the 
cube of the flywheel velocity. An optical sensor monitored the velocity 
of the flywheel at a sampling rate of 80 pulses per pedal revolution. 
Before testing, each ergometer was dynamically calibrated on a mecha
nical rig (Western Australian Institute of Sport, Perth, Australia) across 
a range of power outputs (100-2000 W). 

Graded exercise test 

The GXT was performed on an air-braked, track-cycle ergometer (Evo
lution Pty. Ltd., Adelaide, Australia) and consisted of graded exercise 
steps (3-min stages), using an intermittent protocol (1-min break 
between stages). The test commenced at 40 W and thereafter, intensity 
was increased by 30 W every 3 min until volitional exhaustion. Sub
jects were required to maintain the set power output, which was 
displayed on a computer screen in front of them. The test was stopped 
when the subject could no longer maintain the required power output. 
Strong verbal encouragement was provided to each subject as they 
came to the end of the test. 

Intermittent-sprint test (1ST) 

Based on a motion analysis study of international field hockey [27], the 
intermittent-sprint test (1ST) was designed to mimic the average sprint 
profile of a typical team-sport game and consisted of 36-min of 
intermittent-sprint exercise (Figure 1). The protocol was divided into 
~2-min blocks of sprinting, active recovery and passive rest. Each 
2-min block started with an all-out 4-s sprint immediately followed by 
100 s of active recovery. The active recovery required the subject to 
maintain a constant power output of 35% of their pre-determined power 
output at VCbpeak- The 2-min block was then completed by 20 s of pas
sive rest. On two occasions during each 36-min half (following sprints 
8 & 16), a repeated-sprint bout (RSB) comprising five, 2-s sprints 
departing every 20 s with active recovery between subsequent 
2-s sprints, replaced the 2 min of active and passive recovery. Each 
treatment condition required the subject to perform two halves of the 
simulated team-sport game. The subjects were given 10-min passive 
recovery between 'halves'. 
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•1: 
Time (rain) 

= 4-s sprint 

= 2-s sprint 

100 s active recovery @ 35% VOžpeik 

20-s rest 

Figure 1. Schematic representation of the first half of the repeated-sprint 
test (top section). Each ~ 2-min block comprised a 4-s maximal sprint, 
100 s at 35% V02peak and 20-s passive rest (botom section). There were 
also two repeated-sprint bouts which comprised five, 2-s sprints separated 
by ~ 20 s at 35% V02peak- WUP=warm up, B=blood sample. 

Twelve minutes prior to the beginning of the 1ST, subjects in the CON 
group were seated on the cycle ergometer and subjects in the WUP 
group completed a 10-min warm-up on the front-access ergometer 
(Model Ex-10, Repco, Australia). The warm-up required the subjects to 
cycle for 5 min at 50% of their predetermined V02peak, followed by two 
blocks of 30 s at 70% V02peak interspersed with 30-s rest. The subjects 
then performed a practice 2-min block of the 1ST protocol followed by 
1 min of gentle cycling. The subjects then rested and the 1ST started 
2 min after the completion of the warm-up. While the 1ST was 
performed on the front-access cycle ergometer, it has been reported that 
repeated-sprint cycling performance on the front-access cycle ergo
meter is strongly correlated with repeated-sprint running performance 
[7]. To further enhance the relevance of this study, all sprints were 
performed in the standing position on the front-access cycle ergometer. 
The subjects were provided with standardised amounts of water (3 x 
150 mL) and carbohydrate solution (3 x 150 mL) at regular intervals 
(-every 15 min) during every 1ST to ensure they were adequately 

hydrated. 
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Gas analysis (GXT) 

During the GXT, expired air was continuously analysed for O2 and CO2 
concentrations using Ametek gas analysers (Applied Electrochemistry, 
SOV S-3A11 and GOV CD-3A, Pittsburgh, PA). Ventilation was 
recorded every 15 s using a turbine ventilometer (Morgan, 225A, Kent, 
England). The gas analysers were calibrated immediately before and 
verified after each test using three certified gravimetric beta-grade gas 
mixtures (BOC Gases, Chatswood, Australia). The ventilometer was 
calibrated pre-exercise using a one litre syringe in accordance with the 
manufacturer's instructions. The ventilometer and gas analysis system 
were connected to an IBM PC that measured displayed variable every 
15 s. 

Capillary blood sampling and analysis 

Glass capillary tubes were used to collect 35 fJ,L of blood during the 
GXT (D957G-70-35, Clinitubes, Radiometer Copenhagen) and 125 jiL 
of blood during the intermittent sprint exercise test (D957G-70-125, 
Clinitubes, Radiometer Copenhagen). Capillary blood samples were 
taken at rest and immediately following each 3-min stage of the GXT. 
Capillary blood samples were also taken before and after the warm up, 
and before and after each half of the 1ST. In addition, blood was 
sampled during the active recovery following the ninth and seventeenth 
4-s sprint (following the 5, 2-s repeated sprint bout) of the 1ST (Figure 
1). Capillary blood was analyzed for lactate concentration. The blood-
gas analyzer (ABL 625, Radiometer Copenhagen) was regularly 
calibrated using precision standards and routinely assessed by external 
quality controls. 

Statistical analysis 

All values are reported as mean ± SEM. Two-way ANOVA (2 treat
ments x 18 sprints) with repeated measures were used to determine 
whether there were any performance differences between each half of 
the 1ST. Similarly, two-way ANOVA (2 treatments x 9 measurements) 
with repeated measures were used to determine whether the blood data 
collected over the duration of each 1ST test, differed across conditions. 
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Where appropriate, post-hoc comparisons were employed (Student-
Newman-Keuls test). Statistical significance was accepted at P < 0.05 
unless otherwise stated. 

RESULTS 

Blood 

Plasma [La-] for both conditions, across all time points is summarised 
in Figure 2. Pre test plasma [La-] was significantly higher in the WUP 
group than the CON group (P=0.02). Plasma [La-] was not significantly 
different between the two groups at any other time point. 

—в— Control Warm up 

4 

2 

Pre WUP Pre Test Post RSB1 Post RSB2 Post 1/2 Pre 1/2 Post RSB3 Post RSB4 Post-Test 

Figure 2. Plasma lactate concentration ([La -] for the control and warm up 
conditions. Values are mean ± SEM (n = 7). * Indicates a significant 
difference from control condition (p < 0.05). Legend: WUP = warm up, 
RSB = repeated-sprint bout, Vi - first 'half of intermittent-sprint test. 

Performance data 

There was no significant difference in the total work completed 
between the CON and WUP condition during the first half (34554.2 ± 
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5827.4 V 35588.5 ± 4549.7 J; P=0.72) or second half (34269.8 ± 5138.6 
V 35986.8 ± 4702.8 J; P=0.41). The average amount of work performed 
by participants during individual sprints in each half of the 1ST is 
summarised in Figure 3. There were also no significant differences in 
peak power between conditions during the first half (745.2 ± 116.9 v 
749.6 ± 84.5 W; P=0.93) or second half (727.1 ± 107.5 v 763.8 ± 
136.2 W; P=0.12) of the 1ST. The average peak power achieved by 
participants during individual sprints of each half of the 1ST is 
summarised in Figure 4. 

• Control a Warm up 

A 2500.0 -I 

'  1  1  1  '  И 1 1 И | '  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Sprint number 

Figure 3. Work completed (J) during individual sprints in the first half (A) 
and second half (B) of the intermittent-sprint test for the CON and WUP 
condition. Values are mean ± SEM (n=7). 
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• Control HWarm up 

1200 0 

1000.0 -

600 0 -

200.0 -

1200.0 -

1000.0 -

300.0 -

600.0 -

-00 0 -

200.0 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Sprint number 

Figure 4. Peak power achieved (W) during individual sprints in the first 
half (A) and second half (B) of the intermittent-sprint test for the CON and 
WUP condition. Values are mean ± SEM (n=7). 
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DISCUSSION 

The purpose of this study was to investigate the effects of warm up on 
intermittent-sprint performance. The main finding of this study was that 
prior exercise (warm up) did not improve the intermittent-sprint perfor
mance of trained, team-sport athletes. Total work completed and aver
age peak power were not significantly different between conditions in 
either half of the 1ST. These results challenge the conventional wisdom 
that warm up is important to optimise intermittent-sprint performance. 

A number of studies have previously reported significant increases 
in single-sprint performance following warm up [11, 20, 26]. This im
provement appears to be largely, although not entirely, attributable to 
an increase in Tmu. An increase in Tmu following active warm up has the 
potential to improve single-sprint performance in many ways. An in
crease in Tmu has been reported to decrease the stiffness of muscles and 
joints [8, 30], increase the transmission rate of nerve impulses [18], 
change the force-velocity relationship [3, 9, 25] and to increase glyco
genosis, glycolysis and high-energy phosphate degradation [12, 13]. 
Active warm up may also have additional effects on decreasing muscle 
stiffness by 'breaking' the stable bonds between actin and myosin 
filaments [23]. 

In contrast to reports of significant increases in single-sprint perfor
mance following warm up, there was no significant effect of warm up 
on intermittent-sprint performance in the present study. However, there 
were a number of differences between these previous studies and the 
present study. Previous warm up studies employed performance tests of 
10-20 s [11, 20, 26], whereas the repeated sprints in the present study 
were only 4 s in duration. However, this is unlikely to explain the 
contradictory results as peak power should occur in the first 4 s [2]. 
Furthermore, active warm up has been reported to improve short-term 
power output (vertical jump height and vertical jump power; [14, 22]). 
Thus, it appears unlikely that differences in sprint duration can explain 
the absence of a significant effect of warm up on intermittent-sprint 
performance in the present study. 

The most important difference between the present and previous 
studies is that this is the first study to investigate the effects of warm up 
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on intermittent-sprint performance. It is important to note that in addi
tion to the prescribed warm up. the first few sprints in the present study 
would also have served as a warm up. As such, peak power never 
occurred on sprint 1, but instead occurred on average at sprint 6. Maxi
mal dynamic exercise (knee extensions) has previously been reported to 
result in an increased twitch potentiation during subsequent exercise 
[15]. This potentiation has been attributed to phosphorylation of the 
light chains on the myosin head [21] and/or elevation of Ca2+ in the 
cytosol [1]. It is therefore, possible that the large voluntary contractions 
required for the initial sprints may have improved peak power output 
similarly in both conditions during the 1ST via an increase in voluntary 
neuromuscular activation. 

If the first few sprints of the present study provided a warm up 
stimulus in both conditions, this may have contributed to the absence of 
a significant difference in the total work completed between the CON 
and WUP conditions. As a result, small differences in the first few 
sprints of the WUP condition may not have been great enough to 
influence the total work score which was calculated as the sum of the 
18 sprints performed in each half. Therefore, the effects of the warm up 
on performance may have been masked by the warm up effect of the 
initial sprints and this may partially explain why warm up had no 
significant effect on the intermittent-sprint performance of trained, 
team-sport athletes in the present study. 

While there are a number of possible explanations as to why warm 
up did not improve intermittent-sprint performance, it is more difficult 
to explain why warm up did not improve initial sprint performance. As 
previously mentioned, the majority of previous studies have reported 
that active warm up improves single-sprint performance [11, 16, 20, 22, 
26, 28]. However, differences in warm up intensity, or the use of a 
pacing strategy, may explain why warm up did not improve initial 
sprint performance in the present study. 

The ability to produce a high power output decreases rapidly during 
repeated, all-out, sprint exercise (interspersed with short rest periods) 
and is related to the power output of the first sprint [6]. Therefore, in 
order to sustain a high power output during the intermittent-sprint test 
in the present study, athletes may have adopted a pacing strategy — 
where pacing strategy is defined as the conscious or subconscious 

3  
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regulation of work and power output in order to maximise performance. 
It has previously been proposed that a subconscious controller 
determines the overall pacing strategy during exercise by matching the 
rate of energy expenditure and the current energy reserves with the 
predicted energy cost of the exercise [29]. Furthermore, this "control
ler" considers the duration of the planned effort and calculates the 
pacing strategy on the basis of previous experience. Thus, the use of a 
pacing strategy may not have allowed the full benefits of the warm up 
on initial sprint performance to have been realised during the 
intermittent-sprint test in the present study. 

An alternative explanation is that the warm up protocol used in the 
present study was not appropriate to improve sprint performance. It has 
previously been reported that a low-intensity warm up consisting of 
calisthenics or a few practice trials does not significantly improve sprint 
performance [10,24]. However, the warm up protocol used in the 
present study (5 min at 50% V02peak, followed by two blocks of 30 s at 
70% V02peak followed by 30-s rest and a 2-min block of the 1ST) was of 
equal or greater intensity to warm up protocols that have been pre
viously reported to improve sprint performance [5]. Alternatively, the 
warm up may have been too intense and/or there was insufficient 
recovery between the active warm up and the 1ST. Hawley et al. [17] 
argued that cycle peak power was not improved in their study as the 
untrained subjects were fatiguing themselves during the warm up 
(8-min incremental test). However, it appears unlikely that the present 
warm up was too intense as the plasma lactate concentration at the start 
of the 1ST was only 2.6 ± 1.3 mmol • L4 (Figure 2.). Thus, it appears 
unlikely that the absence of a significant improvement in 1ST perfor
mance in the present study can be attributed to a warm up protocol that 
was either too easy or too intense. 

In summary, the main findings of this study were that prior exercise 
(warm up) did not improve initial sprint performance, or intermittent-
sprint performance (work completed or peak power output) of trained, 
team-sport athletes. While previous studies have reported significant 
increases in single-sprint performance following warm up, it is impor
tant to note that peak power occurred on average at sprint 6 of the 1ST 
in the present study. Therefore, the effects of the warm up may have 
been masked by the warm up effect of the initial sprints. Furthermore. 
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the use of a pacing strategy may have not allowed the full benefits of 
the warm up on initial sprint performance to have been realised during 
the intermittent-sprint test in the present study. As this is the first study 
to investigate the effects of warm up on intennittent-sprint perfor
mance, further research is required to replicate these findings. 
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Unification in Germany: 
Unexpected Chance of Worldwide Importance 

The confrontation of the union with the government in Poland as well 
as the west-oriented politics in the Czech Republic and Hungary were 
the actual incentives for the opening of the iron curtain in 1989 [1]. The 
deeper reason for the end of the east-west division of the world was, 
however, the fact, that the communist countries could not keep up with 
the development in the highly industrialized countries of the Western 
world in regard to economics, technological advancement, information 
technology and standard of living. 

The real difference of West and East thus was based on two 
different economic systems. Planned economy in the East (e.g. Russia) 
and free-lance capitalism in the West (e.g. USA). These two extremes 
are more or less easy to realize, but in the extreme form not acceptable 
from a humanistic point of view [7]. 

* This article is based on an invited speech for the 2004 ICPE conference in 
Hong Kong, July 7-11, 2004 
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While the GDR had the planned economy system the FRG tried 
after 1945 the so called ''social market economy" system, a compro
mise between individual and social guidelines for shaping the economy. 
Experts in general consider this economic system as worthwhile to be 
installed worldwide, which is a huge task in the time of globalization. It 
is today more or less realized in the unified Germany. 

The differences in the system of sport, physical education, and sport 
science are therefore based on the economic systems valid until 1989 in 
both German states. Thus the political unification in Germany opened a 
chance for unification in the three sport-specific dimensions. 

These processes are analyzed in this paper, which is composed of 
three parts: 
• Research Procedure 
• Theoretical Framework 

Basic Concepts to Be Unified 

In "Concluding Comments" the results of the analysis from a social-
cultural perspective are presented in a summarized form. 

1. Research Procedure 

• Philosophy of Science • Techniques of Data Collection 

• Research Methods • Techniques of Data Analysis 

• Research Design • Theory-Practice Relationship 

The used research procedure is described along the "Kiel Model of 
Research Methodology" (KMRM) for sport science [6]. 
• Considerations in regard to "Philosophy of Science" confirm, that 
pursueing the given topic of unification in Germany related to sport, 
physical education, and sport science is a worthwhile and needed 
research topic. This relates to generate knowledge about this process, to 
help for its rational understanding, and to open perspectives for an 
optimal shaping of this process in the future, since the unification also 
in regard to sport-specific issues is not yet finished. 
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The used "Research Method" is description with a historical and a 
comparative dimension. If these two dimensions are combined, a relati
vely complex form of the descriptive method has to be applied. 

Issues of "Research Design" relate especially to the data base, which 
consisted mainly of documents, observations and action-theory-based 
personal involvement in the process (e.g. member of commissions to 
change the former "Sektion Sportwissenschaft" into a "Institut für 
Sportwissenschaft" at the University of Rostock and Greifswald as well 
as transforming the world-wide known "Deutsche Hochschule für 
Körperkultur" into a "Sportwissenschaftliche Fakultät" of the Univer
sity of Leipzig). 
• The "Techniques of Data Collection" in consequence are related to 
content collecting and informal observation. The University of Potsdam 
opened after 1990 an "Institut für Zeitgeschichte des Sports" with the 
special task to do research on sport, physical education, and sport 
science in the former GDR [10]. 

The "Techniques of Data Analysis" are hermeneutical strategies for 
data treatment and data analysis in order to derive scientifically based 
knowledge about the sport-related unification process. 
• The "Theory-Practice Relationship" is given clearly, since the unifi
cation is a process with deep concern for all Germans it is not yet fi
nished, and there are still chances to realize the objective "out of one + 
one make a better third" in an acceptable way. 

2. Theoretical Framework 

In order to understand the unification process in general as well as 
related to sport, physical education, and sport science it is necessary to 
explain a theoretical framework in the two dimensions "Unification 
Process" and "Philosophical Foundation". 
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2.1. Unification Process in Germany 

First of all the following figure is representing Germany in 1945 after 
the end of World War H. This geographic notion is important as back
ground knowledge. 

0«utsehl:tita 
'.£-45 

Figure 1. Map of Germany in 1945 

Furthermore the data in the following table transmit baseline know
ledge about the two German states. 

4  
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Table 1. Baseline data related to the two German states 

GDR FRG 
Population: 17.042.000 Population: 69.200.000 
Population density: 157 p/km2 Population density: 25Op/km2 

Size of Country: 108178 km2 Size of Country: 470662 km2 

Government: since 1954 
Ministerrat 

Government: Bundestag/Bundesrat 

Administration: central 
administration monopol 

Administration: not central 

Economics: centralistic planned 
economy Economics: social market economy 

Agriculture: since 1952 
"production-cooperative societies" 
(LPG) 

Agriculture: no cooperative societies 

Foreign Trade: predominant to the 
East block states 

Foreign Trade: predominant to the 
West block states 

Military: "Nationale Volksarmee" Military: "Bundeswehr" 

The unification process has to be understood on the basics of these 
presented facts, in order to really understand the starting point of this 
unification process. 

2.2. Philosophical Foundation: Two Different Positions 

The philosophy of science also in regard to sport science can be 
distinguished in two lines of theories-epistemiology and scientific 
theory — which are presented in the following figure [5]: 



Haag H. 27 

Theories how to Gain Knowledge 
(examples) 

Theories how to Perceive Science 
(examples) 

- Empirism 
- Hermeneutics 
- Phenomenology 

- Idealism 
- Dialectic Materialism 
- Critical Theory 
- Critical Rationalism 
- Logical Empirism 
- Positivism 

Figure 2. Philosophy of science in regard to sport science 

By taking two examples for "theories how to perceive science" the two 
different positions in regard to a philosophical foundation in the GDR 
and the FRG can be explained as a necessary theoretical framework for 
this analysis of the unification process. 

East (GDR)„:„ Example:.Dialectic Materialism (Dogmatism) 
Characterized by four Basic Principles: 
Rationality: Explain the World by Itself 
Objectivity: Sensations of Man are Patterns of the Objective and Real 
Outside-World 
Uniformity: Nature, Society, and Thinking are Explained from one 
Cause: Moving Material 
Practice: Human Practice as Foundation and Purpose of Theory 

West (FRG): Example ; Critical Theory. (Frankfurt, School). IPluraJism) 
Combination of Rationality (Relative), Human Rights, Justice, Demo
cracy 
Aesthetic-Expressive and Moral-Practical Aspects 
Originating of Science and Transfer of Scientific Results (Kiel-Model 

of Research Methodology) 
Empirical and Hermeneutical Approaches to Knowledge Generating 

Both scientific theories are well established and of high interest. The 
major difference, however, was, that in the GDR the Dialectic Mate
rialism" was taken as dogmatism, the only admitted scientific theory. 
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In the FRG the "critical Theory" was accepted as one theory of 
science within many; this is called a pluralistic view. 

3. Basic Concepts to Be Unified 

The dimension of concepts is analyzed in the following by using three 
different concepts as "tertium comparationis" for a comparison between 
the GDR and the FRG: Sport, physical education, and sport science. 

3.1. Concept of Sport: Two Different Sport Systems 

The East was characterized by a monolithic one column system (run by 
the state); the West was characterized by a dual column system with the 
two parts "public sport administration" and "self administration of 
sport". Both systems are presented in the following Figure 3. 

Sport 
Self 

Administration 
(Examples) 

Public Sport 
Administration 

(Examples) 

Local 

Regional 

State 

Federal 

Sport Office 
of the City 

County 
Sport Office 

Ministry of 
Culture 

Federal 
Ministry of 
Interior 

GDR 

Factory / Club 

Regional Office 

International UNESCO 

State Secretariate for Physical 
<— Culture and Sport —> 

<— Member —> 

Sport Club 

County Sport 
Federation 

State Sport 
Federation 

German Sport 
Federation 

IOC 

Figure 3. Monolithic and dual sport systems 
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The dual system is accepted today worldwide. There can even a 
tendency be observed that a three-column system will be developing in 
the future with a third column, called economic system of sport 
(compare the tendency for commercialization in the world of sport). 
In the unified Germany today it can be observed that the total sub
system of the society, called "sport", can be observed in five different 
areas, as described in the following Figure 4: 

Figure 4. Five sport areas 

These five areas of sport are administrated, so to speak, already today 
by the projected three column system. 

3.2. Concept of Physical Education: Bipolar Approach 
(Socialistic-Collectivistic and Individual-social) 

The anthropological guideline of the East and the GDR was the so 
called "socialistic personality" as formulated already by the philosopher 
Karl Marx. Major elements of this socialistic personality are the 
following as background for physical education in the GDR: 

East (GDR) (Marx Foundation) 
Major elements of human behavior (socialistic personality) 

• activity (productive power) • motor behavior in work 
• fighting • love for the nation 
• dynamic acting • collective behavior 
• willingness * internationality 

In consequence the curriculum for physical education in the GDR 
contained the following aims and objectives [9J: 

Sport in 
State 

Institutions 

Professional 
Sport 

Sport Areas 
Sport in 

Club Sport Commercial 
Offerings 

Private 
Sport 
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Aims and Objectives of Physical E 
• Deepening of sportive interests 
• Education for loving work 

• Education for loving the own 
country (including military 
education) 

• Strengthening the school 
collective 

• Combination of individual and 
collective interests 

• Education for self-activity 
• Education for order and 

discipline 
• Development of socialistic 

character traits 

• Education for proletaric 
internationalism 

Thus it becomes relatively clear, how the concept of physical education 
in schools looked like on the basis of a socialistic-collectivistic anthro
pology. 

Looking at the West and the FRG the anthropological guideline is 
explained in the following by presenting three examples of theories, 
which represent the individual-social balance as framework for the 
development of the personality also through physical education 
(Figures 5-7). 

Anthropological Foundations 
The Concept of Human Movement 

experiences —> through —> person —» through —» communication 
in movement movement with surrounding 

surrounding 

Figure 5. Anthropological Foundation [2]. 
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Daily Activities - Work - Free Time Pursuits 

general eating typing knitting 

sport 20 minutes professional playing 
specifc physical soccer player volleyball 

activity 

Figure 6. Theory of emancipation through movement [3] 

Movement 
physical 

emotional 

social 

intellectual 

aspects of -
well being 

physical 
fitness 

psychical 
stability 
social 
acceptance 
intellectual 
alertness 

Figure 7. Human well-being and movement [4] 

Considering these three anthropologically oriented theories the fol
lowing aims and objectives of physical education in schools can be 
better understood (the example is taken from the state of Schleswig-

Holstein, 1978, pp. 4-7) 

Aims of School P.E. [8] 
• Meet movement needs and joy for play 
• Experience and improve rhythmical activities 
• Develop sport-motor-skills 
• Recognize the dependability of motor performance from basic 

motor abilities 
• Acquire movement forms for daily life and work activities 
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• Get knowledge to be applied for sport-motor-learning and inde
pendent acting 

• Evaluate sport-motor performance of oneself and of others 
• Practice responsible securing and helping during sport action 
• Initiate processes for exercising and training, especially for sport for 

all in sport clubs 
• Recognize the relationship of sport activity and health 
• Helping in organization of sport instruction and sport events 
• Understand and evaluate aspects of the social sub-system called 

sport in a differentiated way 

By help of looking at the anthropological patterns and by naming 
examples for aims and objectives of physical education in school the 
bipolar approaches in regard to the concept of school physical edu
cation in the GDR and the FRG become clear. The pattern in the unified 
Germany today is more or less the individual-social approach of the 
former FRG. 

3.3. Concept of Sport Science: 
Positive Aspects on Both Sides 

The comparison of sport science in the GDR and the FRG will be 
facilitated by informing on the following three aspects: 
(a) Administration and Management of Sport Science, (b) Strong 
Aspects in Sport Science, and (c) Access to Literature. 

(a) Administration and Management of Sport Science 
(b) 
East (GDR) 
Four state institutions with strong relations to sport science: Staats-
sekretariat für Körperkultur und Sport (Berlin-Ost), Deutsche Hoch
schule für Körperkultur (DHfK) (Leipzig), Forschungs- und Entwick
lungsstelle für Sportgeräte (FES) (Berlin-Ost), Forschungsinstitut für 
Körperkultur und Sport (FKS) (Leipzig) (today IAT) (for the last two 
see addresses). 
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All responsibility centralized with the ''Staats sekretäri at für Körper
kultur und Sport" 

West (FRG) 
Four federal institutions with strong relations to sport science (BISp, 
DO J, FA, TA) (see addresses) 
Sport for all, school sport, sport science = state responsibility 
top level athletics (including scientific aspects and facilities) = federal 
responsibility 

(b) Strong Aspects in Sport Science 
East (GDR) 
Empirical research approach 
Research in regard to sport disciplines 
Consequent transfer of science to practice 
Planned research concentrations 

West (FRG) 
Hermeneutic research approach 
Research on more general sport related concepts 
Pluralistic view of scientific theories 
"Free market" in research concentrations 

(c) Access to Literature 
East (GDR) 
Library of the Faculty of Sport Science of the University of Leipzig 
(former DHfK) 
Library of the new sport science institutes in the "Neue Bundesländer": 
Berlin , Chemnitz, Dresden, Erfurt, 
Greifswald. Halle, Jena, Magdeburg, Potsdam, Rostock 

West (FRG) 
Library of the BISp 
Library of the "Deutsche Sporthochschule Köln" 
Spolit-Databank System (BISp) 

5 
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The area (a) "Administration and Management of Sport Science was 
organized quite different in both states. Three institutions of the GDR 
continue to exist in the unified Germany however in a different make
up (DHFK -» "Sportwissenschaftliche Fakultät" of the University of 
Leipzig; FES —> FES in Berlin; FKS —> "Institut für Angewandte 
Trainingswissenschaft" IAT.) Besides this the approach of the West-
FRG is valid for the unified Germany. 

The area (b) "Strong Aspects in Sport Science" should be added 
from both sides. This would result in eight points making up a very 
strong concept for sport science. This also would be an excellent 
example for the perspective and vision "out of one + one make a better 
third". This is reality today more or less in the unified Germany. 

The area (c) "Access to Literature" fortunately enough has been 
solved in a very pragmatic way, since all the mentioned places, where 
one can access literature are still available. The advancement of 
information technology has supported the information retrieved in the 
meantime to a great extent. Both German states had in the past already 
a very advanced development of information and documentation in 
regard to sport science, which was helpful to have today in the unified 
Germany a relatively high standard in this regard. 

Concluding Comments 
(Results of the Analysis from 
a Social-Cultural Perspective) 

The results of this analysis can be summarized in the following four 
points: 
(a) Whenever one is doing cross-cultural research a "tertium com-

parationis" is needed. The three constructs-sport, physical educa
tion. sport science-can be distinguished quite well in this regard. 
From a historical point of view this sequence is logical: First there 
was and is sport as the sum of actions human beings are realizing by 
actualizing their body in movement. Then educational considera
tions come into the picture, thus developing physical education. 
Finally in the last century sport science developed gradually and is 
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today a recognized and well established academic discipline. The 
three constructs therefore represent the field in a holistic way, so 
that the comparison in regard to two different systems and countries 
is valid. 

(b) The theoretical frameworks and background ideologies were quite 
different in both states. Consequently the systems of sport, physical 
education, and sport science had to be unified starting almost from 
two bipolar positions. The inherent character of sport, namely to 
perform, to compete, to excel, and to be number one nevertheless 
was the same in both countries. 

(c) In both systems of sport, physical education, and sport science 
positive and negative characteristics were inherent. Therefore Ger
many has, starting since 1989, the unique chance to make out of 
"one + one a better third". 15 years after the beginning of the unifi
cation process two points can be stated: The unification process is 
not yet finished and the chance to develop a better "third" has not 
yet been realized to a satisfactory extent. There is hope to still use 
this chance creatively. 

In summary, the years 1989 till today offered a unique and seldom 
given opportunity to merge two very different systems related to sport, 
physical education, and sport science in a peaceful way. This process, 
however, is not yet finished, and it is hoped that the world can learn 
from the experiences made in the unification process in Germany. 
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ABSTRACT 

The purpose of the current investigation was to assess performance 
time, velocity and momentum when executing the roundhouse kick in 
adult elite female taekwondo-in (taekwondo athletes). Subjects (n = 5) 
were members of the American national team, who participated in a 
training camp at the United States Olympic Training Center in Colo
rado Springs, CO. Performance time after a visual signal, velocity 
measured with an electronic dual-beam timing light system, and bag 
impact momentum were assessed. Performance time for the left leg at 
T2 (0.65 ± 0.07s) was shorter than for the right leg at T1 (0.75 ± 0.07s, 
p = 0.005). Performance time for the left leg at T3 (0.66 ± 0.07s) was 
also shorter than for the right leg at T1 (p = 0.006). There were no 
differences in velocity between legs, over time or their interaction. 
Momentum for the left leg (11.81 ± 0.62 kg.m/s) was lower than that 
for the right (13.38 ± 1.27 kg.m/s) (p = 0.02). The female taekwondo-in 
in the present study should consider working on their left side to 
minimize the difference in momentum with the right leg. 

Key words: performance, taekwondo, females 
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INTRODUCTION 

Performance in taekwondo depends on many factors. Some of them 
belong to the domains of sport physiology [2], sport biomechanics [11] 
and sport psychology [1]. Other measures of performance not often 
investigated in martial arts in general and taekwondo in particular 
include reaction and movement time. For instance, Layton [3] reported 
the reaction plus movement time (i.e., performance or response time) of 
the left and right front kick in karate to be 0.723 sec and 0.720 sec, 
respectively. 

Velocity and speed in taekwondo and karate were also investigated. 
In one of the oldest studies on karate, Vos and Binkhorst [14] reported 
velocities of 12-14 m/s for the downward knife hand strike (shuto 
uchi), while Wilk et al. [15] found 5.7-9.8 m/s for the front forward 
punch (seikan zuki) and 9.5-11 m/s for the roundhouse kick. Serina and 
Lieu [9] reported average foot velocities of 15.9 m/s for swing kicks, 
such as the roundhouse kick, while Pieter and Pieter [8] found speeds 
for the roundhouse kick of 15.51-16.26 m/s and 12.84-13.79 m/s for 
adult elite male and female taekwondo-in (taekwondo athletes), respec
tively. 

Bag momentum for high skilled male karateka (karate athletes) was 
higher (60.79 N.s) than those of intermediate (39.98 N.s) or low (42.34 
N.s) skilled counterparts when executing the reverse punch [10]. Pieter 
and Pieter [8] reported force values for adult elite male taekwondo-in 
for the roundhouse kick of 518.7 N (right leg) and 510.5 N (left leg) 
upon impact with the bag. The women recorded 406.6 N and 404.1 N 
for the right and left leg, respectively. Sung et al. [12] found a per
formance time (i.e., reaction time + movement time) for the roundhouse 
kick upon impact of 0.645 sec in elite male Korean taekwondo-in. Luk 
and Hong [5] reported the movement response time of the roundhouse 
kick off the front leg (0.71 sec) to be faster than off the back leg (0.80 
sec). Movement response time was calculated as the time elapsed 
between the synchronized signal after a light-emittine diode was 
triggered until the kicking foot impacted the bag. 

The purpose of the current investigation was to assess performance 
time, velocity and momentum when executing the roundhouse kick in 
adult elite female taekwondo-in. The study was part of the Oregon 
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Taekwondo Research Project (OTRP) that was initiated during the first 
author's tenure at the University of Oregon, USA. 

METHODS 

Subjects were 5 adult female elite taekwondo athletes (26.40 ± 5.99 
years; 165.80 ± 6.58 cm; 54.56 ± 8.42 kg), who were members of the 
American national team and who participated in a training camp at the 
United States Olympic Training Center in Colorado Springs, CO. 
Height was measured with a stadiometer to the nearest 0.5 cm, and 
body mass was assessed with a calibrated digital scale to the nearest 
0.5 kg. 

After an appropriate warm-up, subjects performed the roundhouse 
kick at their mid-section height (the bag could be adjusted to the subject's 
target height) with both the right and left leg and were allowed five trials 
with each limb. Average velocity during the last 1 cm before impact with 
the bag ("impact velocity") was measured with an electronic dual-beam 
timing light system interfaced with a Campac Portable III computer. 
Performance time, which was the latency time when the signal light first 
came on and the athlete's kicking foot left the pressure platform until the 
leg passed the first photocell beam, was recorded in seconds. Momentum 
(in kg.m/s) was measured with a water-filled heavy bag (lmpax™ 
Powair, Impulse Sports Training Systems, Inc., Bay Village, OH, USA) 
with a built-in force sensor unit and interfaced with a Data General 
Dasher/286 (Sportsoft Impulse) computer. 

The data were analyzed for skewness and kurtosis, while the 
Kolmogorov-Smirnov test was used to assess normality. The L statistic 
[13] was used in cases where the distributions were not normal. The 
differences in performance time, velocity and momentum between legs 
across the five trials, i.e., over time, were analyzed by means of a 2-way 
(Leg X Time) ANOVA with repeated measures on the second factor. To 
determine equality of error variance, the Le vene's test was used. Simple 
effects analysis was employed after a significant 2-way interaction. A 
Tukey HSD post-hoc test was utilized to locate the exact differences 
when a Time main effect was found. The level of significance was set at 

0.05. 
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RESULTS 

Tables 1-3 show the means and standard deviations of performance 
time, velocity and momentum, respectively, by leg across trials. The 
performance time data were normally distributed. The Le vene's test of 
equality of error variance was not significant. There was a Leg x Time 
interaction for performance time (p = 0.039, eta2 = 0.264). Simple 
effects analysis revealed that performance time for the left leg at T2 
was shorter than for the right leg at T1 (p = 0.005). Performance time 
for the left leg at T3 was also shorter than for the right leg at T1 (p = 
0.006), as was performance time for the right leg at T5 (p = 0.003). 
Finally, there was a Time main effect for performance time (p = 0.022, 
eta2 = 0.294). The Leg main effect for performance time was not 
significant (p > 0.05, eta2 = 0.073). 

Table 1. Descriptive statistics for performance time (in seconds) by leg 
across trials 

Trial time (T) Left leg Right leg 
T1 0.68 ±0.07 0.75 ± 0.07 
T2 0.65 ± 0.06 0.68 ± 0.06 
T3 0.66 ± 0.07 0.71 ±0.06 
T4 0.68 ± 0.05 0.71 ±0.13 
T5 0.68 ± 0.06 0.65 ± 0.04 

Table 2. Descriptive statistics for velocity (in m/s) by leg across trials 

Trial time (T) Left leg Right leg 
T1 11.08 ± 1.71 11.16 ±2.09 
T2 10.61 ± 1.25 11.48 ±2.03 
T3 10.47 ± 1.72 11.40 ±2.31 
T4 10.61 ± 1.22 11.52 ±2.60 
T5 10.56 ± 1.25 11.41 ± 2.44 
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Table 3. Descriptive statistics for momentum (in kg.m/s) by leg across trials 

Trial time (T) Left leg Right leg 
T1 11.88 ±0.83 13.34 ±0.50 
T2 11.58 ±0.71 12.85 ± 1.02 
T3 11.94 ±0.66 13.28 ±2.34 
T4 11.64 ±0.76 13.58 ± 1.55 
T5 12.00 ± 1.72 13.82 ± 1.94 

Velocity for some of the trials was not normally distributed, so the L 
statistic was employed to analyze the data. The Levene's test of equa
lity of error variance was not significant. Since the sphericity assump
tion was not met, the Greenhouse-Geisser correction was used. No 
interaction for velocity was found (p > 0.05, eta" = 0.102). There also 
was no Time (p > 0.05, eta2 < 0.001) or Leg main effect (p > 0.05, 
eta2 = 0.091). 

The L statistic was employed to analyze the data on momentum, 
because some of the trials were not normally distributed. The Levene's 
test of equality of error variance for momentum was not significant. 
There was no Leg x Time interaction for momentum (p > 0.05, eta2 = 
0.053). There also was no Time effect (p > 0.05, eta- < 0.001). How
ever, there was a Leg main effect (p = 0.02, eta" = 0.600) with the right 
leg recording a higher momentum: 13.38 ± 1.27 kg m/s versus 11.81 ± 
0.62 kg m/s. 

DISCUSSION 

No studies on performance time in female martial arts athletes in 
general and taekwondo-in in particular could be located. Layton [3], 
using an auditory signal, found that performance time in karate did not 
differ between left and right sides. The author reported the performance 
time for the roundhouse kick in male karateka to be 0.763 seconds and 
0.753 seconds for the left and right side, respectively. Elite Korean 
male taekwondo-in recorded a performance time ot 0.645 seconds tor 
the rieht roundhouse kick in response to a visual stimulus [12]. Elite 

6 
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Korean male taekwondo-in competing in a dual meet against The 
Netherlands recorded a performance time of 0.440 seconds for the same 
kick during their matches [6]. Members of the Austrian men's national 
taekwondo team recorded performance times of 0.63 seconds and 0.62 
seconds for the left and right leg, respectively, while executing the 
roundhouse kick in response to a visual signal [4]. More research on 
female martial arts athletes is clearly indicated. 

Velocity of the roundhouse kick in the female taekwondo-in was 
comparable to that recorded in male karateka (9.5-11 m/s) [15]. It was 
much slower than that reported for male elite Korean taekwondo-in 
(22.90 m/s) [12]. Elite Korean male taekwondo-in competing in a dual 
meet against The Netherlands recorded an "impact" velocity of 13 m/s 
during actual bouts instead of in the laboratory [6]. The velocity of the 
roundhouse kick in male recreational New Zealand taekwondo-in was 
13.4 m/s [7]. The only other study for which female elite taekwondo-in 
were investigated reported roundhouse kick speeds of 12.84 m/s and 
13.79 m/s for the left and right legs, respectively [8]. The authors did 
not find any statistically significant difference in between the left and 
right side, which was confirmed by the current study with trivial effect 
sizes. The small effect size of the performance time seems to suggest a 
slight sidedness in the execution of the roundhouse kick in the female 
taekwondo-in investigated, with the left leg recording a shorter perfor
mance time in the beginning. 

Momentum for the elite Korean taekwondo-in tested in the labo
ratory was 10.99 kg.m/s [12], which was lower than that of their 
American female counterparts in the current study. One possible expla
nation may be that the Korean athletes used a hand-held target, while 
the subjects in the current study kicked against a heavy bag. The 
Koreans also had a problem hitting the target accurately [12], which 
was not the case for the American females, who had a larger area to hit 
with the heavy bag. 

It stands to reason to assume that taekwondo-in have to be able to 
maintain optimal performance time, velocity and momentum through
out a tournament. It is also reasonable to suggest that athletes would 
want to be able to kick with either leg, since competitive situations 
constantly change: sometimes it is more productive to kick with the left 
and at other times, with the right. The results of the present study seem 
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to indicate that there is a small difference between legs in performance 
time, with a moderate one in momentum. As was suggested before [8], 
the female taekwondo-in in the present study should consider working 
on their left side to minimize the difference in momentum with the right 
leg. 
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ABSTRACT 

This study compared postactivation potentiation (PAP) in the knee 
extensor (KE) muscles after a brief (7-s) isometric maximal voluntary 
contraction (МУС trial) and submaximal percutaneous electrical 
stimulation at 100 Hz (PES trial) as conditioning activations. Thirteen 
young (aged 19-27 years) healthy men participated in this study. The 
subjects sat on the dynamometric chair. To assess the tetanic contractile 
properties of KE muscles, a supramaximal PES of the femoral nerve 
was used by recangular pulses of 1-ms duration at 10 Hz during 1 s, 
whereas peak force (PF) of the unfused tetanic contraction was 
measured. In МУС trial, a significant PAP was observed during 3 min 
after a conditioning activation. Potentiation of tetanic contraction PF 
was greater immediately after a conditioning activation with sharp and 
linear decay at 1 and 3 min after activation. In PES trial, a significant 
PAP was observed immediately, 1, 3 and 5 min after a conditioning 
activation, whereas potentiation of tetanic contraction PF was greater at 
1 min after activation. In conclusion, this study indicated a significantly 
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higher PAP in KE muscles immediately after a conditioning M VC 
compared with submaximal direct PES interspersed with similar 
moderate level PAP at 3 min after conditioning activations. 

Key words: postactivation potentiation, knee extensor muscles, percu
taneous electrical stimulation, maximal voluntary contraction 

INTRODUCTION 

The contractile response of a muscle depends to a great extent on the 
history of its activation. A brief repetitive percutaneous electrical 
stimulation (PES) may result in enhanced contractile response (poten
tiation) while continued stimulation results in impaired or attenuated 
contractile response (fatigue) [19]. Potentiation may be defined as 
staircase, observed during low-frequency stimulation, and postacti
vation potentiation (PAP), observed after a high-frequency tetanic 
stimulation or maximal voluntary contraction (MVC) [11, 22, 26]. PAP 
is greatest immediately after the conditioning contraction induced by 
MVC or supramaximal PES and then decays rapidly but is still evident 
for ~5 min [9, 14]. 

PAP is often associated with increased peak force, maximal rates of 
force development and relaxation of supramaximal isometric twitch and 
a shortening of twitch contraction (CT) and half-relaxation (HRT) times 
[7, 14, 16, 18]. Moreover, muscles with the shortest twitch CT and 
HRT and highest proportion of fast-twitch fibers show the greatest PAP 
[9]. The most accepted mechanism of PAP is phosphorylation of 
myosin regulatory light chains during a conditioning activation, which 
renders actin-myosin more sensitive to Ca2+ in subsequent contraction 
[6, 15]. Several studies have evaluated the effect of PAP on isometric 
twitch peak force [3, 13]. However, little is known about the effect of 
PAP on low-frequency (unfused) tetanic contraction characteristics. In 
this sense, recruitment of motor units (MUs) during voluntary 
contractions occurs with frequencies of stimulation which result in 
unfused tetanic contractions of the skeletal muscles [2, 21]. 
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The magnitude of PAP is influenced by the methods and conditions 
under which it is evoked. Potentiation is affected by the intensity, 
frequency, and duration of the conditioning tetanic stimulation [6]. The 
supramaximal PES at high frequency for -5-10 s causes the greatest 
immediate PAP [7]. However, supramaximal tetanic nerve (indirect) or 
muscle (direct) electrical stimulation could potentially induces muscle 
injury, pain, or discomfort [4]. Submaximal direct PES is often used for 
prevention and/or restoration of muscle function after injuries, and as a 
modality of strengthening in healthy subjects and elite athletes [8]. The 
recruitment pattern of MUs during PES is different from that reported 
during voluntary contractions. It appears that during PES fast-twitch 
muscle fibers with greater force-generation and force-potentiation 
capacity can be activated at relatively low stimulation intensities [5]. 
However, the differences in potentiation magnitude in human skeletal 
muscles induced by two often used conditioning activations — MVC 
and submaximal high-frequency direct PES are not well investigated. 

The aim of the present study was to evaluate the effect of PAP 
induced by a conditioning brief (7-s) isometric MVC and high-
frequency submaximal PES. We measured changes in 10-Hz isometric 
tetanic contraction peak force (PF) immediately and 10 min after a 
conditioning MVC and tetanic contraction at target force level of 
~25%MVC of KE muscles. 

MATERIAL AND METHODS 

Subjects 

Thirteen healthy men (age 18-27 yr, height 168-194 cm, body mass 
58-86 kg) volunteered to participate in the present study. They were 
physically active students with no history of neuromuscular disorders. 
After a routine medical examination, an informed written consent to 
participate was obtained. The study was approved by the University 
Ethics Committee for Human Studies. 
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Apparatus and Experimental Procedure 

During the measurement, the subject sat on the custom-made dynamo
meter with the knee and hip angles equal to 90° and 110°, respectively 
[17]. The body position of the subject was secured by Velcro belts 
placed over the chest, hip and thigh. The unilateral knee extension 
isometric force of the dominant leg was recorded by standard strain-
gauge transducer mounted inside a metal frame which was placed 
around the distal part of the ankle above the malleoli using a Velcro 
belt. The electrical signals from the strain-gauge transducer were 
digitized on-line (sampling frequency 1kHz) using a personal computer. 
The digitized signals were stored on a hard disk for further analysis. 

To assess the contractile properties of the KE muscles of the 
dominant leg, electrically evoked 10 Hz-tetanic contractions were 
elicited by percutaneous nerve stimulation. Prior to attaching the 
stimulating electrodes, electrode gel was applied to the contact surface, 
and the underlying skin was prepared by shaving, sanding and rubbing 
with isopropyl alcohol. Two self-adhesive electrodes (Compex, Medi-
compex SA, Ecublens, Switzerland) were used — the cathode (5x5 
cm) placed on the skin over the femoral nerve in the inguinal crease and 
the anode (5 x 10 cm) placed over the mid-portion of the thigh. The 
rectangular voltage pulses of 1-ms duration were applied at supra
maximal intensity (130-150 V) from an isolated voltage stimulator 
(Medicor MG-440, Hungary). To determine the supramaximal stimu
lation intensity, the voltage of rectangular electrical pulse was progres
sively increased to obtain a plateau in the twitch force, i.e. when twitch 
force failed to increase despite additional increases in stimulation 
intensity. The same supramaximal stimulation intensity (-20% greater 
than that needed for maximal twitch response) was further used for 
10-Hz tetanic contractions with the duration of 1 s, evoked before the 
conditioning activations and during the recovery period. Peak force 
(PF) of 10-Hz tetanic contraction as the highest value of isometric force 
production was calculated. 

To induce potentiation in KE muscles by submaximal high-
frequency PES, a portable battery-powered stimulator (Compex, 
Medicompex SA, Ecublens, Switzerland) was used. Three self-
adhesive electrodes were placed over the thigh. The positive electrodes 
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(5 cm X 5 cm) were placed to the motor point area of vastus lateralis 
and vastus medialis muscle and near the proximal insertion of each 
muscle. The negative electrode (5 cm x 10 cm) was placed over the 
proximal-portion of the thigh between stimulating electrodes for tetanic 
contraction measurements. Rectangular voltage pulses of 0.4-ms 
duration at the frequency of 100 Hz were used. The stimulation voltage 
was calculated for each subject prior to the testing, according to indi
vidual force response. 

Potentiation in KE muscles was assessed on two separate trials, 
during the 1st trial the muscles were potentiated by 7-s MVC (MVC 
trial) and during the 2nd trial by 7-s submaximal tetanic contraction 
(~25%MVC) induced by direct PES at 100 Hz (PES trial). Interval 
between the two trials was at least 48 h but not more than 4 days. 

Twenty-four to 48 h before first data collecting, the subjects were 
given instructions and the testing of isometric MVC force of KE 
muscles and electrical stimulation procedures were demonstrated. This 
was followed by a practice session to familiarize the subjects with the 
procedures. The determining of the subject's dominant leg was based on 
a kicking preference. 

On reporting to the laboratory, the subject sat resting for ~ 30 min 
before the experiment for minimizing any potentiation effect from 
walking to the laboratory. In both trials, resting 10-Hz tetanic 
contraction PF (baseline values) was measured first. Three supra
maximal 10-Hz tetanic contractions were evoked with 2 min rest 
interval and the attempt with greater PF was further analysed. Three 
min after the baseline testing of 10-Hz tetanic contraction PF had been 
established, MVC force of KE muscles was measured. The subject was 
asked to exert maximum voluntary isometric knee extension against the 
belt of the strain-gauge transducer as forcefully as possible during 
approximately 3 s. Three maximal attempts were recorded and the best 
result was taken for further analysis. A rest period of 2 min was allowed 
between the attempts. 

During MVC trial, 15 min after the measurement of resting 10-Hz 
tetanic contraction PF (baseline value) and MVC force of KE muscles, 
a conditioning 7-s MVC was applied. During PES trial, 5 min after the 
measurement of baseline value of isometric 10-Hz tetanic contraction 
PF and MVC force of KE muscles, tetanic stimulation voltage for a 

7 
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target level of isometric force at 25% MVC was determinated and 
controlled by two separated 2-s stimulations with 1-min rest between 
stimulations. After 15 min resting, a conditioning 7-s tetanic 
contraction (~ 25% MVC) was evoked by direct PES at 100 Hz. 

After the conditioning activation in MVC or PES trial, the subject 
sat relaxed on the apparatus during a 10-min recovery period. The 
testing of 10-Hz tetanic contractions of 1 s duration was performed 
immediately (after 5 s), and 1, 3, 5 and 10 min after conditioning 
activation. 

Statistics 

Data are means and standard errors of the mean (±SEM). Two-way 
analysis of variance (ANOVA) followed by Scheffe post hoc compa
risons were used to test the differences between pre- and post-
conditioning values and between MVC and PES trials. A level of 
p<0.05 was selected to indicate statistical significance. 

RESULTS 

Preconditioning tetanic contraction peak force. The mean precondi
tioning values of 10-Hz tetanic contraction PF were 98.8±32.9 and 
96.9±6.9 N for MVC and PES trials, respectively. No significant diffe
rences were observed between two trials. 

Changes in isometric force during conditioning contractions. Iso
metric force of KE muscles decreased significantly (p<0.05) during 
conditioning MVC and submaximal tetanic contraction induced by PES 
( 10.9±2.1 % and 20.2±2.2%, respectively). A greater (p<0.05) relative 
decrease in isometric force was observed in PES trial compared with 
MVC trial. 

Postconditioning tetanic contraction peak force. Figure 1 indicates a 
time-course of changes in 10-Hz tetanic contraction PF during 10-min 
recovery period after conditioning activations. In MVC trial, a 
significant (p<0.05) PAP was observed during 3 min after conditioning 
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activations. Potentiation of supramaximal 10-Hz tetanic contraction PF 
was greater immediately after 7s MVC contraction (43.4% from the 
initial value) with sharp and linear decay at 1 and 3 min after 
conditioning activation. No significant PAP was observed at 5 and 10 
min after a conditioning activation. In PES trial, a significant (p<0.05) 
PAP was observed immediately, 1, 3- and 5 min after a conditioning 
activation. Potentiation of 10-Hz tetanic contraction PF was greater 1 
min after conditioning activation (19.6% from initial value) and then 
decreased slightly but remained significant at 5 min recovery period 
(14.5% from the initial value). No significant PAP was observed at 10 
min after conditioning activation. A significantly higher (p<0.05) 
potentiation of 10-Hz tetanic contraction PF was observed immediately 
after conditioning MVC compared with PES, while no significant 
differences in potentiation between these trials were found 3, 5 and 
10 min after a conditioning activation. 
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Figure 1. Changes in 10-Hz tetanic contraction peak force (PF) after a con
ditioning 7-s isometric maximal voluntary contraction (MVC, the solid line) 
and submaximal high-frequency percutaneous electrical stimulation (PES, 
the dashed line). Values, expressed as percentage of preconditioning value, 
are means ± SEM for 13 subjects. * Significantly different (p<0.05) from 
preconditioning value; # significantly different between MVC and PES trials. 

TARTU ÜLIKOOLI  
RAAMATUKOBO 



52 Postactivation potentiation in human knee 

DISCUSSION 

The present study indicated that time-course of PAP was different for 
two 7-s conditioning activations proposed (MVC and submaximal 
direct PES) during the first part of recovery (immediately and 1 min 
after a conditioning contraction) with similar time-course of PAP 
during the later recovery period (3, 5 and 10 min after conditioning 
contraction). In agreement with previous studies [12, 24], the current 
study showed a transitory increase in 10-Hz tetanic contraction PF 
during the posttetanic period (first 3 min) after both conditioning 
activations proposed. PAP has been attributed to the phosphorylation of 
the regulatory light chains of myosin (RLC) by myosin light chain 
kinase, which alters cross-bridge interactions between thick and thin 
filaments [27], increasing the proportion of myosin heads in the force 
generating state at submaximal levels of Ca~+ activation [23]. 

In the present study, we hypothesized a similar PAP after both 
conditioning activations (PES and MVC). However, the results sup
ported the hypothesis partially. The 10-Hz tetanic contraction PF after 
MVC was significantly higher than after submaximal PES at the first 
measurement during the posttetanic period (5 s). After 7-s submaximal 
PES the decay in PAP from the immediate posttetanic value was not a 
simple exponent function, as occurred in MVC-trial. During PES-trial, 
PAP showed a small increase at 1,3, and 5 min followed by a small 
decrease at 10 min. A similar behavior has been previously observed in 
isometric supramaximal twitch after a 7-s indirect supramaximal tetanic 
stimulation at the frequency of 100 Hz [14, 20]. Twitch peak force 
declined over the 1Sl min but then showed a small increase at 2 min 
before it decreased again. This triphasic pattern of decay has been 
shown after MVC by several investigators [7, 26]. It has been suggested 
that the initial decrease in PAP is caused particularly by fatigue; as 
fatigue wanes, the level of potentiation increases again before falling 
away [26]. Fatigue may have been a factor in the present study, since 
the decrease of isometric force during the 7-s submaximal tetanic 
contraction induced by PES was significantly higher than during 7-s 
MVC (20.2 vs. 10.9%). О Leary et al. [14] showed previously that 
tetanic force declined by 15% during a 7-s supramaximal indirect PES 
in dorsiflexor muscles. Direct PES evokes action potential in intra
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muscular nerve branches generating force directly by activation of 
motor axons. It is well known that during direct PES the current is 
applied extracellularly to the nerve endings with preferential activation 
of the large fast-twitch (type II) muscle fibers. These fast-twitch fibers 
have larger axons with much lower electrical resistance for a given 
externally applied electrical current. Fast-twitch muscle fibers show 
greater potentiation but are more sensitive to fatigue [10]. Therefore, 
the higher muscle fatigue immediately after the 7-s conditioning 
submaximal PES in comparison with 7-s MVC could explain the initial 
decay in PAP observed. This fatigue could be caused mainly by meta
bolic factors such as decreased pH and increased inorganic phosphate 
concentration [25]. These factors have been associated with the 
decreased sensitivity of regulatory proteins to Ca2+ during fatigue [1]. 
However, the present study showed that fatigue dissipated at faster rate 
than PAP. This could argue why 1 min after conditioning activation 
PAP did not differ significantly in both conditioning activations pro
posed. 

In conclusion, this study indicated a significantly higher PAP in KE 
muscles immediately after a conditioning MVC compared with sub-
maximal direct PES interspersed with similar moderate level PAP at 3 
min after conditioning activations. 
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ABSTRACT 

The present study evaluated the maximal power (MP) output during a 
half-squat concentric leg extension exercise with external (barbell) 
loads in soccer players by determining the load, velocity, displacement 
and force in which MP was attained. Power output characteristics were 
measured using Isocontrol Device (Madrid. Spain). Twenty two semi-
professional soccer players with mean (±SD) age, height and body mass 
22.4±2.6 years, 178.0±6.3 cm and 73.3±7.7 kg, respectively, parti
cipated in this study. The mean values of MP output and MP output 
relative to body mass during half-squat leg extension exercise in soccer 
players were 1153±257 W and 15.9±1.0 W-kg-1, respectively. Mean 
external load when MP output was attained in soccer players was 
82.2±13.0 kg. Mean barbell displacement, force and velocity when 
MP output was attained were 23.1 ±3.9 cm, 1063±171 N and 
1.06±0.12 m • s ', respectively. A significant positive correlation was 
observed between the maximal force produced at the first external load 
and MP output (r=0.52, pcO.Ol). In conclusion, the present study 
indicated that MP output in half-squat concentric leg extension exercise 
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in semi-professional soccer players is -16 W • kg~' and it is attained 
with external loads of 80-90 kg. This information can be used for 
compiling optimal power training programmes for soccer players. 

Key words: muscle power, soccer, athletic training, skeletal muscles 

INTRODUCTION 

Soccer is the most popular sport in the world with hundreds of millions 
of people reported to play the game [3]. In the last years, numerous 
scientific papers have focused on the anthropometric and physiological 
characteristics of elite soccer players with the aim of giving clues to 
talent detection, identification and development programmes [13]. 
Nevertheless, few of these studies have been published in respect of 
explosive muscle strength (power) characteristics and in their majority 
have been surveyed in isokinetic devices [8, 11, 14]. However, many 
playing actions in soccer imply the generation of force at angular 
velocities higher than 5.2 rad-s"1 which is the upper limit for most of 
isokinetic devices. It has been demonstrated that the angular velocity of 
the lower leg is about 17.5 rad-s"1 during a football kick [2]. 

The ability of the neuromuscular system to produce explosive 
strength (power) appears to be critical in many sports, including soccer, 
which require optimal combinations of force and velocity of muscle 
contraction to maximize athletic performance [4]. Maximal power (MP) 
output is the highest power generated during a particular movement and 
is produced when both force and velocity are at optimum values. MP 
output during concentric isolated movements (e.g. elbow flexion) has 
been previously found to occur approximately at 1/3 of the maximal 
shortening velocity and at a force level of 30% of maximal isometric 
force and/or between loads of 30-45% of the one repetition maximum 
(1 RM) [6, 7, 10]. Recently, MP output has been studied during dyna
mic exercises used in strength and conditioning programmes (e.g. squat 
or bench press) (4, 5, 12, 15]. In general, MP output occurs between 50 
and 70% of 1 RM in the half-squat leg extension exercise and between 
40 and 60% in the bench press throwing exercise. However, significant 
differences have been observed in the load-power relationship between 

8 
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subjects with different athletic backgrounds. MP output during halt-
squat concentric leg extension exercise has been showed at the external 
load of 60% of the 1RM in handball players, middle distance runners 
and age-matched control subjects, and at the load of 45% of the 1 RM 
in weightlifters and road cyclists [4. 5]. However, there is a paucity of 
data on examining MP output of the leg extensor muscles in soccer 
players during traditional resistance training exercises. 

The aim of the present study was to examine MP output during a half-
squat concentric leg extension exercise with external (barbell) loads in 
semi-professional soccer players by determining the load, velocity, 
displacement and force in which MP was attained. 

MATERIALS AND METHODS 

Subjects 

Twenty two semi-professional soccer players with mean (±SD) age. 
height and body mass of 22.4±2.6 years, 178.0±6.3 cm and 73.3±7.7 
kg, respectively, participated in this study. All subjects were injury free 
at the time of testing. Full advice about possible risks and discomfort 
was given to the subjects and they all gave their written informed 
consent to participate. The experiment was approved by the Ethics 
Committee of the University of Tartu for Human Studies. 

Apparatus and Experimental Procedure 

Power output parameters during a half-squat concentric leg extension 
exercise with external (barbell) loads were measured using an 
Isocontrol Device (JLML I+D, Madrid, Spain, model 3.6) with custom-
made software. The shoulders of the subjects were in contact with a bar 
of the barbell and the starting knee angle was 90°. On command "Go", 
the subject performed an explosive concentric leg extension from the 
flexed position to reach the full extension against the resistance 
determined by the weight plates added to both ends of the bar. The 
trunk was kept as straight as possible. The test was performed on a 
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squatting apparatus in which the barbell was attached to both ends, with 
linear bearings on two vertical bars allowing only vertical movements. 
The subjects were carefully familiarized with the test procedure and 

several submaximal and maximal half-squat concentric leg extensions 
with barbell loads were performed a few days before the measurements. 
Before testing, warm-up consisted of a set of 5 half-squat concentric leg 
extensions with loads of 40-50% of the perceived MP output. 
Thereafter, 4-5 separate single attempts were performed until the 
subject was unable to extend the legs to the required position. During 
the test, the first external (barbell) load selected was 20 kg interspersed 
with gradually increased loads by 10 kg until MP output was reached. 
The testing was terminated when the power output attained with the 
next load (e.g. 90 kg) was lower than that of the previous load (e.g. 80 
kg) (Fig. 1). A 3-min rest between sets was employed. The following 
characteristics during the half-squat leg extension test were recorded by 
linking a rotatory encoder to the end part of the bar: MP output (W), 
and bar displacement (cm), velocity (m-s - 1) and force (N) at which MP 
output was attained. The rotatory encoder recorded the position and 
direction of the bar within an accuracy margin of 0.0002 m. 
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Figure 1. Power-time curves measured in one subject during half-squat leg 
extension exercise with external loads of 60, 70, 80 and 90 kg. The maximal 
power output in this subject was attained with external load of 80 kg. 
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Statistics 

Data are expressed as means and standard deviations (±SD). Velocity 
and force values attained at the first external load were correlated with 
MP output value by using Pearson correlation (r). A level of p<0.05 
was selected to indicate statistical significance. 

RESULTS 

The mean values of MP output and MP output relative to body mass 
during half-squat concentric leg extension exercise in soccer players 
were 1153±257 W and 15.9±1.0 W • kg-1, respectively. Figure 2 shows 
the external (barbell) load in which MP output was attained in the 
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Figure 2. The external loads in which maximal power (MP) output was 
attained during half-squat leg extension exercise in semi-professional 
soccer players. Mean external load in measured group when MP was 
reached was 82.2± 13.0 kg. 
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measured subjects. In the measured group of soccer players, mean 
external load when MP output was attained was 82.2± 13.0 kg. Mean 
barbell displacement, force and velocity when MP output was attained 
were 23.1±3.9 cm, 1063±171 N and 1.06±0.12 m • s-1, respectively. 
There was no significant correlation between maximal velocity and 
power output at the first measured external load and MP output. 
However, a significant positive correlation was observed between the 
maximal force produced at the first external load and MP output (r = 
0.52, pcO.Ol) (Fig. 3). 
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Figure 3. Correlation between maximal power output and maximal force at 
the first measured external load during half-squat leg extension exercise in 
semi-professional soccer players. 
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DISCUSSION 

Muscle power (explosive strength) is important in many playing actions 
in soccer (e.g. tackling, jumping, kicking, short maximum sprints, tur
ning and changing pace). The relationship between improvement in 
power output of the lower limb muscles and enhanced athletic perfor
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mance is a simple concept. Recently, in team sports athlete's MP output 
in half-squat concentric leg extension exercise has been strongly nega
tively correlated with 5-m sprint time (r = -0.68) [16]. Young et al. [18] 
reported a strong negative correlation (r = -0.74) between 2.5-m sprint 
time and average power in jump squat exercise with an external load of 
19 kg. However, the application of power output to the practical setting 
is not well established. The main purpose of the present study was to 
examine the MP output performed in half-squat concentric leg exten
sion exercise in a group of semi-professional soccer players. The results 
obtained showed that: (1) mean external load in the measured group of 
soccer players when MP was attained was 82.2 kg, (2) absolute value of 
MP output and MP output relative to body mass in half-squat leg 
extension exercise were 1153.4 W and 15.9 W • kg-1, respectively. In 
general, these results are in agreement with previous studies performed 
in athletes from different sports [4, 16, 17]. However, only few studies 
assessed MP output in half-squat concentric leg extension exercise. 
Differences in MP output measurement procedure such as the type of 
exercise used during testing (i.e. half-squat leg extension vs. jump half-
squat) or the methods of calculating of power output (average power 
per load vs. MP per load) make it difficult to compare the published 
results. Baker et al. [1] showed that in power-trained athletes loads of 
85-90 kg, representing 55-59% of the full-squat 1RM, evoked the 
highest mechanical power output during concentric phase of the squat 
jump exercise. However, in the above mentioned study the mean value 
of MP output was higher than that observed in the present study (1726 
vs. 1153 W). Sleivert and Taingahue [16] also showed a higher MP 
output relative to body mass in rugby and basketball players (17.6 vs. 
15.9 W • kg-1 in the present study). These differences can be partly 
explained with the different types of exercise used for testing (half-
squat jump vs. half-squat leg extension). It has been shown that a half-
squat jump does not entail a large deceleration period as occurs during 
the half-squat leg extension exercise [10]. Consequently, maximal half-
squat jump results in greater power output, velocity, and muscle activa
tion level compared with its traditional strength training counterpart, i.e. 
half-squat concentric leg extension [9, 10]. Also, a great inter-indi
vidual variability in external (barbell) load in which MP output was 
attained was observed in the present study (Fig. 2). The present data 
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confirm that soccer players may not need to have an extraordinary 
capacity within any of the areas of physical performance, whereas they are 
in agreement with previous studies which indicated a marked differences 
in physiological characteristics among top soccer players [13]. 

Izquierdo et al. [4] showed that in weightlifters and handball-
players, the velocities when MP output of the lower extremities has 
been attained were higher (1.06 and 0.96 m • s-1, respectively) than 
those recorded for road cyclists and middle distance runners (0.75 and 
0.72 m • s-1, respectively). In the present study, MP output in semi-
professional soccer players was attained a similar velocity that was 
previously shown in weightlifters (1.06 m • s™1). This similarity in 
power production of the lower limbs in weightlifters and soccer players 
can be partly explained with long-term adaptation to explosive strength 
training. Soccer training sessions and competitive games are composed 
of frequent strenuous activities of the lower limbs muscles such as short 
sprint accelerations and repetitions of various kicks. Additionally, we 
observed that MP output was performed at 23.1 cm of displacement 
from the initial position (90° of knee flexion). No previous studies 
measured displacement at which MP output was attained. In the present 
study, this displacement was not correlated significantly with the 
players' height (r=0.34, p>0.05). This could be explained in the 
homogeneity height of the sample selected (coefficient of variation 
(CV) was 3.3%). However, in contrast with the heterogeneity observed 
in MP values (CV was 11.5%), the velocity at which MP was attained 
was similar for all the measured subjects. 

We found no significant correlations between maximal velocity and 
power output at the first external load (20 kg), and MP output in half-
squat leg extension exercise in soccer players. However, a significant 
positive correlation was observed between the maximal force at first 
external load and MP output (r=0.52). Subjects with higher maximal 
force value at lowest external resistance tended to have greater MP 
output (Fig. 3). This can be partly explained by the homogeneity 
showed in the velocity at which MP output was attained. Thus, if the 
subjects with similar velocity can generate more force then they will 
also reach higher MP values. 

In conclusion, the present study indicated that MP output in half-
squat concentric leg extension exercise in semi-professional soccer 



64 Maximal power output during half-squat leg 

players is -16 W • kg-1 and it is attained with loads of 80-90 kg. This 
information can be used for compiling optimal power training 
programmes for soccer players. 
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ABSTRACT 

The present study evaluated the effect of 3-month Schalow coordi
nation dynamic therapy on movement coordination between arms and 
legs in patients with cerebral palsy (CP). Six CP patients (5 females and 
1 male) and 24 healthy subjects aged 8-27 years participated in this 
study. The coordination dynamics therapy included exercising on a 
Giger MD treatment device, crawling, treadmill walking and jumping 
on springboard twice per week and 2 hours per day. The movement 
coordination of the limbs was evaluated by the arrhythmicity of 
exercising on the mentioned device, whereas the frequency of 
exercising was also assessed. Before therapy, the arrhythmicity of 
forward and backward exercising was higher (pcO.OOl) and the 
frequency of exercising was lower (pcO.OOl) in CP patients than in 
controls. After 3-month therapy, CP patients demonstrated a significant 
decrease (p<0.01) in the arrhythmicity of forward and backward 
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exercising (49 and 46%, respectively) and an increase (p<0.05-0.01) in 
the frequency of exercising when compared with the pre-treatment 
level. However, in CP patients the arrhythmicity of forward and 
backward exercising remained higher (p<0.001) and the frequency of 
exercising remained lower (p<0.001) after the treatment as compared to 
controls. It was concluded that in CP patients 3-month Schalow 
coordination dynamics therapy markedly improved movement coordi
nation between arms and legs. 

Key words: cerebral palsy, movement coordination, coordination 
dynamics therapy 

INTRODUCTION 

Cerebral palsy (CP) is an umbrella term covering a group of non
progressive motor impairment syndromes secundary to lesion or 
anomalies of the brain arising in the early stages of its development [9]. 
The factors related to the impaired motor function in CP children are 
spasticity, paresis, lack of motor control in the affected limb, and 
dystonia. Muscle function often becomes progressively more compro
mised in CP, leading to reduced mobility [2]. The condition has become 
more complex over the last 20 years with the increasing survival of 
children born at less than 28 to 30 weeks gestational age. In recent 
years understanding of the motor impairment in CP patients has 
increased, but less is known about effects of therapy. Evidence suggests 
that therapy can improve functional performance in subjects with CP 
but it is inconclusive as to which approach might be the most 
beneficial. The therapist has to understand the interaction of all 
systems, cognitive/perceptual, motor, musculoskeletal, sensory and 
behavioral, in the context of the development and plasticity of the 
central nervous system (CNS). It is necessary to understand the 
limitations of the damaged immature nervous system and optimize the 
functional performance of the patients [7]. 

Following CNS injury, the phase and frequency coordination 
between neuron firing and the oscillatory firing of the neuronal network 
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organization of the human central nervous system (CNS) becomes 
impaired [11, 19]. Movement therapy has been developed by starting 
with the restoration of the coordinated firing of neurons and neuron 
assemblies: this therapy has been termed coordination dynamics 
therapy by G. Schalow [12, 13, 14]. Up to date coordination dynamics 
therapy is movement therapy in which the CNS learns to improve its 
functioning by learning the improvement of phase and frequency 
coordination between neuron firing upon exercising on a special 
coordination dynamics therapy device and by learning or re-learning 
automatisms, old-learned movements, and rythmic dynamic stereotyped 
movements like creeping, crawling, up-righting, walking, running, 
jumping on springboard, and climbing staircases [20]. The progress of 
therapy is quantified by the improvement of the coordination between 
arm and leg movements. The aim of this movement therapy is to repair 
the lesioned CNS functionally, and partially also structurally by 
learning [20]. So far substantial improvement or partial cure of CNS 
functioning was achieved in the case of stroke [14], traumatic brain 
injury [12], spinal cord injury [13, 15] and Parkinson's disease [21]. 

The aim of this study was to evaluate the effect of 3-month low 
intensity Schalow coordination dynamic therapy on movement 
coordination of the limbs in CP patients. More specifically, we were 
interested in the assessment of arrhythmicity of forward and backward 
exercising and the frequency of exercising on the therapy device in CP 
patients before and after therapy, whereas patients were compared with 
healthy control subjects. 

MATERIALS AND METHODS 

Subjects 

Six CP patients (5 females and 1 male) participated in this study. The 
patients were 8, 10, 14, 18, 19 and 27 years old. Five patients could 
walk with support (sticks or walking frame) and one subject could walk 
independently but had balance problems. None of them could run. All 
the patients were free from the limitation of range of motion in joints of 
upper or lower limbs. The control group included 24 healthy subjects 



Jaigma P., Schalow G., Pääsuke M. 69 

(20 females and 4 males). Similar to CP patients, they were 8, 10, 14, 
18, 19 and 27 years old (4 subjects per each age). The study was 
approved by the Ethics Committee for Human Studies of the University 
of Tartu. The physical characteristics of the subjects are described in 
Table 1. 

Table 1. The physical characteristics of the subjects 

Subjects Gendei Age Height Body mass BMI 
(yrs) (cm) (kg) (kg-nf2) 

CP patients 
1. M 8 125.0 28.8 18.5 
2. F 10 125.5 22.8 14.5 
3. F 14 175.0 67.8 22.2 
4. F 18 157.7 45.0 18.3 
5. F 19 176.0 79.9 25.8 
6. F 27 162.5 50.9 19.3 
Mean ±SE 15.8±2.8 153.6±9.4 49.2± 9.0 19.7±1.6 
Controls (n=24) 

Mean ±SE 16.Ш.З 154.9±3.7 48.1±2.8 20.0±0.5 

Apparatus and Experimental Procedure 

During testing of the movement coordination between arms and legs 
and during coordination dynamic therapy the subjects were exercising 
in the sitting (Fig. 1 A) and lying (Fig. IB) position on Giger MD 
measuring and therapy device (Switzerland). The subjects' feet were 
placed and fixed on pedals in a comfortable position and the hands were 
holding the levers. The therapy device was connected to a personal 
computer. The device imposes changing phases between arm and leg 
movements including pace and trot gait coordination. The movement 
coordination was assessed by the arrhythmicity (s~2) of forward and 
backward exercising. The frequency of exercising (Hz) was also 
assessed. The variation of the frequency of turning movements and its 
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time derivative (the coordination dynamics value) quantifies the quality 
of CNS organization [17, 18]. The total measuring time was 20 min 
including 10 min forward exercising interspersed with 5 min backward 
and again 5 min forward turning. All patients were instructed to turn as 
smoothly as possible with an individually matched speed. Figure 1C,D 
shows an original recording of the frequency and arrhythmicity of 
forward exercising for one of the patients before and after therapy. 

Figure 1. Giger MD measuring and therapy device (A), crawling in inter
personal coordination (B), and arrhythmicity of exercising at the beginning 
(D) and end (E) of therapy for one patient. 

The 3-month coordination dynamics therapy for CP patients was 
performed by the same physiotherapist according to the instructions of 
professor G. Schalow. The therapy included coordinated arm and leg 
movements on a therapy device (Fig. 1 A), crawling (Fig. IB), treadmill 
walking and jumping on springboard twice per week and 2 hours per 
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day. The patients were measured before and after therapy. The control 
group was measured once. 

Statistical Analysis 

Data are expressed as mean ± SE. The comparison between pre- and 
post-treatment testing was conducted using a one-tail Student's paired 
t-test. Independent two-tail Student's t-test was used to measure the 
differences between CP patients and controls. A level of p<0.05 was 
selected to indicate statistical significance. 

RESULTS 

No significant differences in mean values of height, body mass and 
body mass index were observed between the groups of CP patients and 
healthy control subjects (Table 1). The mean values of arrhythmicity in 
forward and backward exercising in CP patients and controls are 
presented in Fig. 2 and mean frequency of turning in Fig. 3. Before 
therapy, the arrhythmicity in forward and backward exercising was 
higher (p<0.001), and the frequency of exercising was lower (p<0.001) 
in CP patients than controls. After 3-month Schalow coordination dyna
mic therapy, CP patients demonstrated a significant decrease (pcO.Ol) 
in arrhythmicity in forward and backward exercising and an increase 
(p<0.05-0.01) in the frequency of exercising when compared with the 
pre-treatment level. However, in CP patients the arrhythmicity in 
forward and backward exercising remained higher (pcO.OOl) and the 
frequency of exercising remained lower (pcO.OOl) after treatment as 
compared to controls. 
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Figure 2. Mean (±SE) values of arrhythmicity in forward (A) and 
backward (B) exercising in patients with cerebral palsy (CP) and controls. 
** pcO.Ol; *** pcO.OOl. 
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Figure 3. Mean (±SE) values of turning frequency in forward (A) and 
backward (B) exercising in patients with cerebral palsy (CP) and controls. 
* p<0.05; *** pcO.OOl. 

DISCUSSION 

The coordination between arm and leg movements is strongly impaired 
in subjects with CNS injuries like in stroke [14], spinal cord injury [13, 
15], and traumatic brain injury [12]. The results of the present study are 
in agreement with previous studies indicating that coordination between 
arm and leg movements is impaired also in CP patients [7, 20, 23]. 
Low-intensity (4 hours per week) Schalow coordination dynamics 
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therapy with the duration of 3 months decreased the arrhythmicity of 
forward and backward exercising on therapy device by 49% and 46%, 
respectively. The frequency of forward and backward exercising in CP 
patients was significantly increased after therapy. Thus after 3-month 
therapy the frequency of forward exercising increased by 27% and the 
frequency of backward exercising by 56%. However, these values in 
CP patients were by far not as good as the control group values, 
consequently these patients showed improvement but much more has to 
be done to achieve normal values. In previous studies it was reported 
that with 3-month intensive coordination dynamics therapy the decrease 
of the arrhythmicity of forward exercising in stroke patients was 
approximately 70% [14] and in patients who suffered from traumatic 
brain injury the decrease was approximately 69% [12]. In one case a 
female patient who had suffered severe poliomyelitis at the age of 1 
year lost all the motor functions below Th 10. Thirty six years later she 
began with the coordination dynamics therapy. After 3 years of 
intensive therapy, her leg functions were re-appearing (re-innervation), 
the legs started to grow and menisci were built [18]. 

It also seems that with low intensity therapy it is possible to achieve 
some improvement in the coordination of arm and leg movements in 
CP patients. Due to injury the organization of the movement patterns 
becomes pathologic because of the injured (destroyed) CNS parts, the 
impaired coordinated firing of neurons with respect to time and space 
(loss of relative phase and frequency coordination), and the impaired 
integrativity of CNS organization. It has been reported that motor unit 
firing is lower in subjects with CP [10]. If the CNS has only been 
impaired by a minor injury, then the CNS may be able to repair itself. 
However, if a patient suffered a severe CNS injury then the CNS cannot 
repair the basic functional structure by itself. Instrumented supervised 
re-learning offers the injured CNS neuronal networks dynamic 
physiologic sets of phase relation, evolving with time, for re-learning 
[18]. The repair by learning is mainly achieved by (1) improving the 
coordinated firing of neurons up to a few milliseconds in the human 
CNS, (2) exercising movements deeply build in the CNS like auto
matisms and old learned movements and (3) exercising rhythmic 
dynamic stereotyped movements (like jumping in the springboard). 
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The change of the coordination dynamics is achieved by the 
coordination dynamic therapy which uses the strategies (1) of accurate 
movements coordinated up to a few milliseconds by supervised 
instrumented learning to reconnect functionally disconnected neuronal 
network parts, (2) increasing the integrity of coordinated movements or 
behaviors to repair integrated CNS functions like higher mental 
functions, (3) of enhancing movement-induced afferent input to 
stabilize physiologic network states of lesioned CNS and to destabilize 
pathologic network state like spasticity by offering more physiologic 
afferent input to the lesioned neuronal networks for physiologic self-
organization, and by supplying — through instrumented coordinated 
movements — physiologic regulation (motor control) to the networks 
by using receptors of the periphery, especially the secondary muscle 
spindle afferents, and (4) of going to the limits of exercising by 
increasing the intensity of the therapy to force the "adaptive machine" 
CNS to adapt [18]. 

It is well known that in case of CP there is lack of reciprocal 
inhibition between antagonistic muscles [5, 8]. Bobath [1] was 
suggesting that one of the problems for the patient with increased tone 
was excessive co-contraction which resulted in stiffness and slow, 
difficult movements for function. In our study it can be assumed that 
the coordination between antagonistic muscles improved, because there 
was a significant increase in the exercising frequency and the exercising 
became much smoother. In everyday life it is very important to have 
well coordinated muscle activity and well coordinated arm, leg, and 
trunk movements during different tasks. 

It is also possible that the inappropriate co-contraction of agonist 
and antagonist muscles results from altered biomechanical alignment in 
addition to abnormal neural control of reciprocal inhibitory circuits 
between the muscle pair [23]. Neurotherapists must therefore consider 
biomechanical principles in the assessment and management of a 
neurologically impaired individual. 

It has been reported that oscillatory formation training changes 
efficiencies of synapses [4, 22] to allow more physiologic self-
organization at different levels of network organization. Synaptic 
plasticity will work at the single neuron level, at the neuron assembly 
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level (premotor and propriospinal oscillatory firing subnetworks), and 
at the macroscopic network level with functional output [16]. 

In brain lesions, the principal cause of movement disabilities is the 
loss of strength and control resulting from the lesion [3]. From the 
Neuronal Group Selection Theory (NGST) point of view, children with 
pre- or perinatally acquired brain damage, such as children with CP and 
part of the children with developmental coordination disorder, suffer 
from stereotyped motor behavior, produced by a limited repertoire or 
primary (sub)cortical neuronal networks. These children have also 
problems in selecting the most efficient neuronal activity, due to 
deficits in the processing of sensory information. Therefore, NGST 
suggests that intervention in these children at an early age should be 
aimed at the enlargement of the primary neuronal networks. With 
increasing age, the emphasis of intervention could shift to the provision 
of ample opportunities for active practice, possibly compensating for 
the impaired selection [6]. 

In conclusion, the present study demonstrated that 3-month Schalow 
coordination dynamics therapy program improved the movement 
coordination of arms and legs assessed by the arrhythmicity of 
exercising on a treatment device. The frequency of exercising (cyclic 
movements) was also increased. However, after 3-month therapy the 
CP subjects had not reached the values of healthy subjects. For 
therapists it is important to decide which kind of therapy the patient 
should get. In case of CNS injuries the exercise therapy methods which 
take into account the organization principles of the CNS itself are very 
promising and have very little risks. If we know how the human CNS 
organizes itself, then we may find ways to change the self-organization 
with therapy, thus reorganizing the CNS and securing the best outcome 
possible for the patient. 
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ABSTRACT 

Objective. The objective of this study was to investigate the aerobic 
capacity and cardiorespiratory endurance of basketball players before 
the season during cardiopulmonary exercise test (CPET). 

Material and Methods. The material of the study was collected 
during a ramp exercise test of players from a leading Lithuanian 
basketball club. Fifteen professional male basketball players per
formed a ramp test (30W/min) on a cycle ergometer. Power output (P), 
heart rate (HR), ventilation (VE) and gas exchange indices were mea
sured during the tests. 

Results. The mean values of V02max, Pmax, HRmax during CPET 
were 49.83±7.59 ml/kg/min, 368.67 W and 170.93±8.66 bpm, respec
tively. The mean value of VEmax was 138.15±25.18 1/min. The mean 
values of V02AT, PAT and HRAT during CPET were 54.1% of V02max, 
50.8% of Pmax, and 74.6% of HRmax, respectively. We found statistically 
significant correlations between all the main parameters of cardio
pulmonary testing at anaerobic threshold. 
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Conclusions. The data of incremental CPET give reliable infor
mation about the aerobic performance of basketball players. There were 
statistically significant correlations between all the main parameters of 
CPET at anaerobic threshold. The collected data could become a 
reference source for sport and might be useful for monitoring and 
evaluating of present and future players. 

Key words: basketball, physiological indices, oxygen uptake, cardio
pulmonary testing 

INTRODUCTION 

Professional sports represent most extreme stress to which the body can 
be exposed. The main reason for preparticipation evaluation is to 
identify dangerous or disqualifying medical conditions. Usually, cardio
pulmonary exercise testing is part of examination before involving 
athletes in training or competition. Cardiovascular stress test, using 
bicycle exercise with ECG registration and gas analysis, is currently 
employed not only for exclusion of disqualifying medical conditions 
but also for determining cardiorespiratory endurance. Basketball as a 
sport may be defined as high intensity intermittent exercise with 
considerable stress on the oxygen delivery system [5]. Although 
anaerobic metabolism plays a dominant role in basketball, we cannot 
underestimate the benefits of high aerobic performance for basketball 
players [4, 7]. Increase in aerobic fitness could enhance recovery from 
anaerobic bouts by supplementing anaerobic energy during exercise and 
by providing aerobically derived energy [3, 7, 141. Maximal oxygen 
consumption is the primary measure of exercise capacity. Oxygen 
delivery by the blood flow has been considered the most important 
limiting factor in exercise. 

Despite the long history of basketball, there is a paucity of 
information concerning the aerobic capacity of basketball players 
during cardiopulmonary exercise testing (CPET). 
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The purpose of this study was to determine the aerobic capacity, 
cardiorespiratory endurance and the relationships between the main 
characteristics during cardiopulmonary exercise testing in basketball 
players. 

MATERIAL AND METHODS 

Fifteen professional male basketball players with international expe
rience (European Cups) participated in this study after being informed 
of all procedures, risks, and stresses and after providing their written 
consent. The experimental procedures and the study protocol con
formed to the principles of the Declaration of Helsinki and were 
approved by the local Human Ethics Committee of Vilnius University. 
The examined athletes were members or potential candidates of a 
leading Lithuanian basketball club. Cardiopulmonary testing was per
formed as part of biomedical examination before the season. Each 
subject was well rested before the test and had not performed hard 
physical work during the preceding 24 hours. The good health of each 
subject was confirmed by a routine physical examination. None of the 
participants was taking any banned drugs, which could artificially 
improve his performance. 
The morphological indices of the participants were determined. 

Standing height was measured without shoes to the nearest 1.0 cm 
using a stadiometer, model 220 (Seca, Germany). Body weight was 
measured to the nearest 0.1 kg using electronic digital scales, model 
770 (Seca, Germany). Body mass index (BMI) of the participants was 
calculated. 

Each subject performed an exercise test on the electrically braked 
cycle ergometer Ergometrics 800 (Ergoline, Bitz, Germany). Power 
output was increased by 30 W at every minute and pedalling cadence 
was kept constant at 60-70 rpm. Exercise tests were terminated until 
exhaustion or when the established criteria of test termination were met. 
Termination of the test was associated with the following criteria: 
respiratory exchange ratio being 1.10 or higher, heart rate and V02 

attaining a plateau with increasing workload, leg discomfort and patient 

и 
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fatigue. All subjects completed the test protocol without any adverse 
effects. 

Gas exchange data were collected continuously using the automated 
breath by breath analysis system Vmax229C (Sensormedics Corp., 
Yorba Linda, CA, USA). Calibration of the flow/volume sensor was 
achieved immediately before each test by manually pumping a 3-litre 
syringe through the flow meter at a rate similar to that achieved during 
the exercise test. 

Heart rate was measured with the Corina electrocardiograph (model 
7803A) with standard electrode placement. 

In all 15 subjects, the following variables were sampled: power 
output at the peak of exercise (Pmax) and power output at anaerobic 
threshold (PAT) in watts (W), minute ventilation at rest (VErest), at 
anaerobic threshold (VEAT) and at the peak of exercise (VEmax) in 
1/min, oxygen consumption at rest (V02rest), at anaerobic threshold 
(V02AT) and maximal oxygen consumption (V02max) in ml/kg/min, the 
ratio of oxygen consumption at anaerobic threshold to maximal oxygen 
consumption (V02AT/V02max), relationship between oxygen uptake and 
work rate (V02max/W), respiratory quotient (RQ), heart rate at rest 
(HRREST), at anaerobic threshold (HRAT) and at the peak of exercise 
(HRMAX) in beats per minute (bpm). 

The Kolmogorov-Smirnov test was applied to establish the Gaussian 
distribution of the variables. The data are reported as means and 95% 
confidence intervals (CI). Spearman correlation coefficients were used 
to determine the relationships between dependent variables. The level 
of significance was set at p<0.05. 
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RESULTS 

The anthropometric parameters of the subjects are presented in Table 1. 

Table 1. Anthropometric indices of the study subjects. 

Index Mean Minimum Maximum Standard 
deviation 

Age (years) 22.93 19.00 29.00 3.20 
Height (cm) 196.53 182.00 209.00 8.42 
Body mass (kg) 93.37 71.50 111.00 11.19 
Body mass index (kg/m2) 24.11 20.45 26.18 1.81 

The differences in the morphologic indices can be attributed to their 
position on the field (center, forward or defence player). 

The functional parameters of the participants are presented in Table 2. 

Table 2. Functional indices of the study subjects. 

Nr Index Mean±SD Median 
Mini
mum 

Maxi
mum 

1. VCbmax (ml/kg/min) 49.83±7.59 50.5 35.6 63.8 
2. VO?AT (ml/kg/min) 26.45±3.62 26.7 19.8 31.7 
3. VCbrest (ml/kg/min) 5.63±1.09 5.7 4.0 8.1 
4. Pmax (W) 368.67±48.75 353.4 300 450 
5. PAT(W) 187.53±45.03 201.7 101 300 
6. HRrest (bpm) 70.87±12.03 68 44 92 
7. HRAT (bpm) 127.67±11.36 130 110 149 
8. HRmax (bpm) 170.93±8.66 172 151 183 

9. VErest (1/min) 16.89±3.55 16.2 11.1 23.5 

10. VEAT (1/min) 56.71 ± 10.55 56.2 38.5 72.2 

11. VEmax (1/min) 138.15±25.18 139.0 106.9 203.6 

12. VO?AT/ VCbmax (%) 54.1 ±6.9 56.2 40.7 66.3 

13. VCbmax/W 
(ml/min/kg/W) 

13.42±2.51 12.95 9.03 18.13 
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We attempted to evaluate the relationships between the main para
meters of CPET at rest, at anaerobic threshold and at the peak of 
exercise. There were no statistically significant correlations between 
oxygen consumption, heart rate and pulmonary ventilation at rest for 
the basketball players. Statistically significant correlations occurred 
between all the main parameters of CPET at anaerobic threshold. We 
also found a significant correlation at the peak of exercise between 
maximal oxygen consumption and minute ventilation. Also we detected 
correlation at the peak exercise between minute ventilation and heart 
rate. We found a correlation between heart rate and oxygen con
sumption at the peak exercise as well. Figures 1-3 illustrate the 
established relationships between the main parameters of CPET at 
anaerobic threshold and at the peak of exercise. 

As shown in Figure 1, there are statistically significant correlations 
between oxygen consumption and heart rate at anaerobic threshold. 
This significance disappears at the peak of exercise. 
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Figure 1. Relationships between heart rate and oxygen consumption during 
CPET. 
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Figure 2 shows clear evidence of a significant correlation between 
power and oxygen consumption at anaerobic threshold, but the signi
ficance disappears at the peak of exercise as in Figure 1. The 
relationships ot V02AT/HRat and V02AT/PAT are characterised by very 
similar correlation coefficients as is seen in Figures 1 and 2. 
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Figure 2. Relationships between power output and oxygen consumption 
during CPET. 

Figure 3 demonstrates that the correlation between power and heart rate 
at anaerobic threshold was more pronounced than the correlation 
between oxygen uptake and power. A negative correlation at the peak 
of exercise between heart rate and power is not statistically significant. 
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Figure 3. Relationships between power output and heart rate during CPET 

We found a strong correlation between power at anaerobic threshold at 
the peak of testing (r=0.77, p=0.0007). We failed to confirm correlation 
between V02AT and V02max (r=0.48, p=0.07), or between HRAT and 
HRmax (r=0.11, p=0.7), or between VEAt and VEMAX (r=0.09, p=0.74) 
during CPET for the studied basketball players. 

Relative power was calculated for the Pmax/body mass ratio. We 
confirmed strong correlations between relative power and oxygen 
consumption at anaerobic threshold (r=0.595, p=0.019) and at the peak 
of exercise (r=0.638, p=0.01). Thus an athlete in a better aerobic con
dition can attain higher relative power. This relationship is expressed 
indirectly in Figure 4 by the scatterogram V02AT versus V02max. The 
cases are labeled by relative power. In general, this graph shows that 
the points of higher relative power are located in the upper right corner, 
which represents better aerobic condition. 
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Figure 4. Scatterplot of oxygen consumption labeled by relative power. 

DISCUSSION 

There are no well-established or widely accepted standardized testing 
profiles for basketball players [7]. The development of standardized 
laboratory measurements of exercise capacity reflects the growing 
recognition of the importance of these investigations. The purpose of 
this study was to quantify the aerobic capacity of professional basket
ball players during CPET. A number of previous studies have described 
physiological tests for high level basketball players [12,13]. However, 
in these studies, the information based on the results or normative 
values for male basketball players during CPET is insufficient. 

Mean maximum oxygen consumption was 49.83 ml/kg/min, with a 
maximum value of 63.8 ml/kg/min and a minimum of 35.6 ml/kg/min, 
which are similar to those found by Malicevic et al. in European 
basketball champions of the year 2001 [9]. Hoffman [7] reported 
V02max ranging from 42 to 59 ml/kg/min in basketball players. Lap laud 



88 Use of cardiopulmonary testing in basketball players 

et al. [81 showed an insignificant increase in V02max in French 
basketball players from 41,8 ml/kg/min to 44.1 ml/kg/min during a 
competition season. The average ratio V02AT/V02max is 54% and 
corresponds to Wasserman's data and to the normative values for 
healthy persons [1, 2, 5, 15]. Scheller and Rask [12] supposed that for 
basketball players V02AT is 75% of V02max. We found no basketball 
players displaying a similar V02AT/V02max ratio. The highest value for 
the ratio V02Aj/V02max for the basketball players studied by us was 
66%. We confirmed increased oxygen uptake at rest. This finding 
agrees with the standpoint that energy expenditure at rest for athletes is 
higher than average for healthy adults [16]. 

We can conclude that the mean values of oxygen uptake in different 
stages of CPET are close to the upper bound of normative values for 
healthy persons [1,5,15]. The studied basketball players cannot be 
characterised as persons with high aerobic performance. Hoffman 
suggests that increase in aerobic capacity does not provide additional 
advantage in basketball [7]. In our previous study, we showed that 
recovery after CPET in the same study participants was not optimal [6]. 
Obviously, good aerobic conditioning serves as a basis for qualitative 
recovery after maximal efforts during games and practices. 

Despite the fact that we did not find reference values regarding 
VEmax of basketball players for comparison, we can state that VEmax is 
not an exercise limiting factor [1,2,5]. 

The level of aerobic performance of the participants is characterised 
by the heart rate values attained during CPET. HRAT average during 
CPET was 124 bpm, or 74.6% from HRmax. Evidently such HRAT 

values are determined by specific CPET. 
Roecker et al. [11] demonstrated that HRAT was lower during 

veloergometry than when a treadmill was used for exercise testing; 
however, heart rate at the peak of the exercises was more similar. 
Although cycling is not usual activity for basketball players, it allows 
measurement of direct power output. The mean and median values of 
power output in our study sample are higher than the corresponding 
values reported in other studies [8,10]. Higher relative power is 
associated with better aerobic performance. V02max is related to the 
position of the players on the field [7]. 
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CONCLUSIONS 

We found statistically significant correlations between all the main 
parameters of CPET at anaerobic threshold. We suggest that disap
pearance of statistically significant correlations between heart rate, 
oxygen uptake and power output at the peak of exercise could be 
associated with the nonlinearity of responses during final or maximal 
stage of testing between these variables. 

On the basis of these data we conclude that incremental CPET gives 
reliable information about the aerobic performance of basketball players 
and provides important information for determination of exercise loading. 
Also, the data could provide a source of reference for this field of sport and 
might be useful for monitoring and evaluating present and future players. 

The collected data allows to study the dependence of intensity of 
specific basketball exercise from aerobic capacity. 
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ABSTRACT 

The aim of this study was to find out the level of basic motor perfor
mance in 14-15-year old retarded pupils in Prague. In total, 175 pupils 
(137 boys and 38 girls) were studies using Unifittest (6-60) battery. 

Mentally retarded pupils of special schools show, on the whole, in 
comparison with the standards of the Czech population, performance 
below average to significantly below average; the only exception is the 
average performance of boys in tests "Shuttle run 4x10 m" and "Pull-
ups". The results confirm the necessity to deal with this serious problem 
and to look for the resources how to increase the level of motor perfor
mances in pupils of special schools both in school physical education 
and out-of-school physical activities and sport 

Keywords: motor performance, special schools, mental retardation, 

Unifittest 
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INTRODUCTION 

There is a quite specific group of disabled individuals with mental 
retardation (MR) in a number estimated at 2 to 3 % in the population. 
Individuals with mild MR (approaching 80%) belong to the most 
frequent in this group. They attend special schools where they receive 
their compulsory education. Motor and working skills belong to the 
conditions that could help them to a successful realization of the future 
working process aimed especially at manual activities. The level of an 
optimal physical fitness should be regarded as crucial for acquiring the 
working skills and those capacities may be decidedly influenced in 
school physical education lessons in those children. 

In the Czech Republic, considerable attention was paid to the testing 
and evaluation of the motor capacities and physical fitness of normal 
population; however, in mentally retarded children and youth, those 
procedures are not investigated as often as would be desirable. It is 
therefore important to obtain the basic information on the level of 
physical fitness and motor skills in pupils with MR and on the basis of 
that to develop fundamentals for conceptions of adequate programmes 
of physical education processing and its improvements at special 
schools [1,2,3, etc.] 

The main purpose of the study was to ascertain the level of basic 
motor performances of the pupils of the so-called older school age at 
special schools in selected motor tests and to compare the obtained 
results with the normal population of the same age. 

METHODS 

The pupils of all special schools in Prague (for individuals with mild 
MR) aged 14—15 years were selected. Some of the pupils could not be 
tested by the whole battery of tests from some health limitations 
(epilepsy, heart disease, asthma), and so these pupils were not enrolled 
in the individual items of the final elaboration of results. In total, 175 
pupils were tested, 137 boys and 38 girls. 
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For the evaluation of motor performances, the test battery 
UNIFITTEST (6-60) was used. Motor tests that require minimum 
demands on the level of motor skills are in our view suitable for 
application at special schools. The following tests were regarded as a 
common basis: "Standing broad jump", "Sit-ups", "12 minute run". The 
fourth test was elective: for boys and girls aged 14 years "The shuttle 
run" was assigned, the test "Pull-ups" was selected for 15-year old boys 
and "Flexed arm hang" for girls of the same age. 

All of the motor tests were carried out unrepealed in one day during 
two lessons of physical education. The demands on time depended on 
the number of individuals in the group: mostly in the first lesson and 
partly also in the second lesson the first tests were realized in a 
gymnasium in a sequence "Standing broad jump"-"Sit-ups"-"Shuttle-
run"-"Pull-ups'V"Flexed arm hang", and in the remaining time of the 
second lesson, the "12 minute run" took place. In case the order of the 
tests could not be preserved, the condition was always fulfilled so that 
in every sequence the tests with predominant endurance loads ("Sit-
ups" and "12 minute run") were carried out as last from evident reason 
of possible distortion of results owing to fatigue. The information about 
the individual tests and the purpose of the procedures were always 
explained to the pupils. They also obtained precise instructions for the 
execution of individual tests, which was connected with demonstra
tions. Practice trials were allowed. A warm-up was employed before the 
testing, supervised by the physical education teacher or one of the 
tested pupils. 

For the individual assessment and comparison of results within the 
range of the population group of the given sex and age, the norms were 
used according to the "Manual for assessment of the level of basic 
motor performance and selected somatic characteristics of school 
children and youth aged 6 to 20 years" [4]. Those norms are ten grades 
norms and they allow to make assessments quantitatively (in ten points 
scale 1-10), as well as qualitatively. They have the following cate
gories: significantly below average (1-2 points), below average (3-4 
points), average (5-6 points), above average (7-8 points), significantly 
above average (9-10 points). The arithmetic mean of the norm 
corresponds to 5.5 points when no performance can be assessed by zero 

point. 

13 
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RESULTS AND DISCUSSION 

Table 1. Descriptive statistics of performances of pupils at special schools 
in motor tests compared with norms 

Tests Boys 14 ys Girls 14 ys Boys 15 ys Girls 15 ys 
Standing broad 44 15 93 22 
jump (cm) - N 
- Mean X 177.3 136.8 180.6 147.2 
- Standard deviation s 26.19 23.02 30.20 23.82 
- Variation range R 142 76 154 89 
—  \ m a x  238 169 245 182 
— xmm 96 93 91 93 
- Norm 185-208 167-187 200-222 170-190 
Sit-ups recurrent 44 15 92 22 
/n/min/ - N 
- Mean X 35.3 28.9 36.4 26.9 
- Standard deviation s 9.3 6.5 8.1 8.8 
- Variation range R 41 23 40 36 
- Xmax 54 41 50 37 
- Xmin 13 18 10 1 
- Norm 36^4 31-39 39-47 32-41 
12 minute run Iml - N 42 14 87 19 
- Mean X 1779 1673 1726 1662 
- Standard deviation s 498.2 376.5 557.8 437.9 
- Variation range R 1860 1310 2750 1770 
- xmiix 2800 2600 3000 2530 
- xmm 940 1290 250 760 
- Norm 2271-2650 1953-2307 2329-2711 1941-2280 
Shuttle run 4x10 metres 44 16 
/s/-N 
- Mean X 11.9 13.4 
- Standard deviation s 0.87 1.22 
- Variation range R 3.4 4.8 
- Xmax 13.9 16.4 
- xmin 10.5 11.6 
- Norm 12.6-11.2 12.9-11.5 



Tilinger P., Lejcarovâ A. 95 

Tests Boys 14 ys Girls 14 ys Boys 15 ys Girls 15 ys 
Pull-ups (n) / Flexed 
arm hang (s) - N 
- Mean x 
- Standard deviation s 
- Variation range R 

3.03 
2.75 
10 

10 

0 
3-6 

92 

4.41 
4.74 
17 
17 
0 

6-14 

22 

- Norm 

Testing results are presented in Table 1. 

Test 1 "Standing broad jump" 
The majority of girls attained significantly below average performance, 
below average, in lower number average performance (1-6 points). On 
the whole, 54% of girls and 39% of 15-year old boys attained a 
performance significantly below average (1-2 points) as compared to 
one quarter of 14-year old boys. 38% of 15-year old boys and 34% of 
14-year old boys attained a performance below average (3-4 points). 
When comparing the total mean performance with the standards for the 
Czech population, it is possible to conclude that girls at special schools 
had performances significantly below average in both categories (2 
points), the sample of boys in both age categories below average 
performance when the total mean performance in 14-year old boys 
corresponded to 4 points and 15-year old to 3 points. More than 26% of 
pupils accomplished the norms. 

Test 2 "Sit-ups" 
In this test, 73% of girls and 76% of boys appeared in the zone of below 
average and average performance, which was nearly the same. On the 
whole, in comparison with the standards of the Czech population, it was 
possible to record that our sample of girls demonstrated performance 
below average in both age categories corresponding to 4 points in 14-
year old and" 3 points in 15-year old girls. The boys were classified as 
belonging to below average performance in both categories (4 points). 
Approximately 45% of the pupils accomplished the norms. 
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Test 3 "12 minute run " 
On the whole, 55% of the girls attained significantly below average 
performance. Also, in boys, the assessment in points fluctuated from 
low to very low assessments. This was more varied in the category of 
14-year old pupils, where 57% of boys obtained only 1 point and in 
case of 15-year olds, 51% attained that assessment from the whole 
number of tested pupils. 

Compared with the standards of the Czech population, the sample of 
girls attained below average performance /3 points/ in both age 
categories, the sample of boys the same performance was classified by 
2 points in 14 years old boys and by 1 point in 15 years. Performance in 
endurance running was at a very low level-only 18% of pupils 
accomplished the norms. 

Test 4 "Shuttle run 4 times 10 meters" 
The majority of girls (81%) attained average and below average 
performance (3 to 6 points); in boys, the distribution of point assess
ments was around the mean values. On the whole, 59% of the boys 
were able to reach average performance (5-6 points). It was interesting 
that none of the followed pupils was classified by a performance 
significantly below average (1-2 points), which was the case the first 
time in the investigation. 

The total mean performance attained by girls in that test belonged to 
the zone below average (4 points), unlike the standard of the popu
lation, the boys demonstrated similar performances as the population in 
the Czech Republic (as average — 5 points). The speed capacities 
seemed to be at a good level — 70% of pupils accomplished the norms. 

Test 5 "Pull-ups"/"Flexed arm hang" 
The majority of girls attained significantly below average, below aver
age or average performances when 36% from the number of tested girls 
demonstrated significant below average performance (that means being 
not able to hold a pull — 1 point). 40% of boys had average perfor
mances in that test and, on the other hand, 27% of boys attained 
performances significant below average (which was assessed by 1 
point — no pull-up). 
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In comparison with the standards for the Czech population, the total 
mean performance of girls belonged to the zone below average 
(4 points), whereas the sample of boys from special schools attained a 
similar performance as the population in the Czech Republic — average 
(it is 5 points). On the whole, about 48% of pupils accomplished the 
norms. 

CONCLUSIONS 

The results suggest that the pupils from special schools show, on the 
whole, a performance below average when compared to the standards 
of the Czech population; in the test "Standing broad jump" in girls and 
in the test "12 minute run" in boys, performances appear to be even 
significantly below average. There are only two exceptions: boys aged 
14 years in the test "Shuttle run 4 times 10 meters" and 15-year old 
boys in the test "Pull-ups" — both groups attained performances equal 
to population standards — average performance. 

Investigation revealed that pupils attending special schools dispose 
of very low level of their motor performances and of physical fitness 
[5.6,7,8,9]. There is, however, no doubt that individuals with MR 
possess — in the range of their deficiencies, sufficient competences as 
prerequisites for the development of motor abilities and acquirement of 
skills. Nevertheless, the majority of the pupils of special schools are 
passive in the out-of-school voluntary sport activities and they join in 
motor activities only during compulsory physical education — there
fore, for that reason, great attention must be paid to compulsory 
physical education lessons as well as due to space for those lessons. 
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