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Editorial

Sport and physical education means all forms of human movement which aims at expressing 
or improving physical fitness or mental well-being, forming or ameliorating social relation-
ships or obtaining results in competition at all levels. Purpose of the Scientific Journal of 
Sport and Physical Education HOMOSPORTICUS is the promotion of sport science at the Eu-
ropean level. On the end III International Symposium of New Technologies in Sport, Sarajevo, 
April 16-17, 2009, with 32 invited speakers, from 5 countries,  Faculty of sport and Physical 
Education of Sarajevo, make efforts in the organisation of the meeting of the international Ho-
mosporticus Editorial Board. On the agenda were the following items: submission and review 
procedures, cooperation among the members and ways of improving the journal. Particularly 
profound and constructive in the discussion were the contributions of Dragan Milanović, 
Marjeta Mišigoj - Duraković and Edvin Dervišević. Intention of the Editorial Board is to submit 
Homosporticus for inclusion in an additional pair of relevant bibliographic bases. This issue 
consists of eight interesting scientific articles. Very favourable for the journal is the growing 
number of the articles submitted for publication in the Homosporticus journal, for which we 
wish to express our gratitude to the authors. Still, we do encourage you, dear reader, and 
your collegues to send new contributions. Your quality papers will make the Homosporticus 
journal avisible and sought-after scientific journal. For our part we will do our best to improve, 
namely accelerate the process of reviewing and publishing, as well as the way of commu-
nication between the journal and the authors, on the one hand, and reviewers on the other, 
thus meeting the highest possible editing standards. Our cooperation with the Editorial and 
Advisory Board has been crucial in accomplishment of our mission. We should be especially 
grateful to the reviewers for their critical evaluation, as thanks to them our journal remains at 
a high scientific level.

Editor-in-Chief
Ph.D. Izet Radjo

VOLUME 11 - ISSUE 1 - 2009
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Goran Marković1,   Damir Sekulić2,   Dražen Harasin1   and   Luka Šimić1

Gender differences in upper body 
explosive force production: effects of maximal 

strength and body size

Key words: gender differences, explosive strength, muscle force, body size
Ključne riječi: spolne razlike, eksplozivna snaga, mišićna sila, tjelesna građa

Abstract
This study analyzed gender differences in upper body explosive stren-
gth (1) before, and (2) after partialling out of the influence of fat free 
mass (FFM) and upper body maximal strength. Altogether 20 male and 
21 female physical education students volunteered in this study. Maximal 
strength of the upper was assessed using one repetition maximum bench 
press test (1RM BP), while upper body explosive strength was assessed 
using seated ball (0.55 kg) or medicine ball (2 kg and 4 kg) throwing 
test, respectively. Throwing velocity was assessed using a radar gun. The 
results showed that men have significantly higher upper body explosive 
strength than women at all loading conditions, both before (~30%; p < 
0.001) and after controlling for FFM (~10%; p < 0.05). When both FFM 
and upper body maximal strength (1RM BP) were controlled for, gender 
differences in upper body explosive strength disappeared (p = 0.15) only 
for the highest load applied (i.e. 4 kg). Taken together, our results suggest 
that gender differences in upper body explosive strength cannot be com-
pletely explained by gender differences in FFM. We conclude that other 
physiological factors should be looked for to explain size-independent 
gender differences in upper body explosive strength.

Sažetak
U ovom istraživanju analizirane su spolne razlike u eksplozivnoj snazi 
gornjeg dijela tijela (1) prije i (2) nakon parcijalizacije utjecaja nemasne 
mase tijela (FFM) te maksimalne snage gornjeg dijela tijela. Sveukupno 
20 studenata i 21 studentica kineziologije dobrovoljno je sudjelovalo u 
istraživanju. Maksimalna snaga gornjeg dijela tijela procijenjena je poti-
skom s ravne klupe (1RM BP), dok je eksplozivna snaga gornjeg dijela 
tijela procijenjena bacanjem lopte (0.55 kg), odnosno medicinke (2 kg 
i 4 kg) iz sjedećeg položaja. Brzina lopte/medicinke mjerena je radarom. 
Rezultati su pokazali kako muškarci imaju značajno veću eksplozivnu 
snagu gornjeg dijela tijela od žena pri svim primjenjenim opterećenjima, i 
to prije (~30%; p < 0.001) i nakon parcijalizacije FFM (~10%; p < 0.05). 
Kada je istovremeno parcijaliziran utjecaj FFM i maksimalne snage (1RM 
BP), spolne razlike u eksplozivnoj snazi gornjeg dijela tijela su nestale 
(p = 0.15) samo kod bacanja najvećeg opterećenja (4 kg). Zaključno, 
ovi rezultati sugeriraju kako spolne razlike u eksplozivnoj snazi gornjeg 
dijela tijela nije moguće u potpunosti objasniti spolnim razlikama u FFM. 
Potrebna su daljnja istraživanja kako bi utvrdila druge fiziološke čimbenike 
odgovorne za spolne razlike u eksplozivnoj snazi gornjeg dijela tijela ne-
zavisnoj od FFM. 

Introduction

Gender differences in the force production capability are stud-
ied for decades (Hill, 1925; Hoffman, Stauffer, & Jackson, 1979; 
Maud & Shultz, 1986; Mayhew & Salm, 1990). Both experimental 
findings (Hoffman, et al., 1979; Davies & Dalsky, 1997; Valkein-
en, Ylinen, Mälkiä, Alen, & Häkkinen, 2002) and our practical 
experience suggest that male participants generate significantly 
greater absolute muscle force than female participants. However, 
when the results are expressed relative to body size or body com-
position (i.e. fat-free mass, FFM), gender-related differences in 
the force production capacity either decrease (Mayhew & Salm, 
1990; Batterman & Birch, 1996; Winter, Brookes, & Hamley, 
1991) or completely disappear (Hoffman, et al., 1979; Maud & 
Shultz, 1986). It should be however, pointed out that the majority 
of previous research studied gender-related differences in lower 
body muscle strength and power (Maud & Shultz, 1986; Davies 
& Dalsky, 1997; Batterman & Birch, 1996; Winter, et al., 1991; 
Doré, Martin, Ratel, Duché, Bedu, & Van Praagh, 2005; Ford, 
Detterline, Ho, & Cao, 2000; Mayhew, Hancock, Rollison, Ball, & 
Bowen, 2001; Pincivero, Gandaio, & Ito, 2003). In contrast, stud-
ies evaluating gender differences in upper body muscle strength 
and power are lacking (Hoffman, et al., 1979; Nindl, Mahar, Har-

man, & Patton, 1995; van der Tillar & Ettema, 2004), particu-
larly if we exclude those performed on children and adolescents 
(Nindl, et al., 1995; Wood, Dixon, Grant, & Armstrong, 2004). 
Moreover, limited data have offered conflicting findings; while 
some authors (Hoffman, et al., 1979) reported gender differences 
in upper body strength regardless if the results are expressed in 
absolute or relative to body size (i.e. per kg of body mass or 
FFM) values, others (van den Tillar & Ettema, 2004) suggest that 
gender differences in upper body strength are based solely on 
differences in FFM. Apparently, more research is needed before 
we could reach a definitive conclusion regarding gender-related 
differences in upper body strength and power.

Apart from the previously briefly reviewed problem regarding 
general (population) gender-differences in some of the strength 
and power variables, such problem is even more interesting in 
athletes, knowing the high importance of strength and power in 
different sports. (Grgantov, Katić, & Janković, 2006; Grgantov, 
Katić, & Marelić, 2005; Čoh, Milanović, & Emberšić, 2002). 
Review of literature in this area (e.g. sport) also indicates that 
most previous studies focused on gender comparisons in maxi-
mal muscle strength. Although maximal strength represents a 
relevant motor quality of athletes (Marković, Mišigoj-Duraković, 
& Trninić, 2005), much greater relevance to successful perform-
ance in sports has an explosive strength (Newton & Kraemer, 

1 Faculty of Kinesiology, University of Zagreb, Zagreb, Croatia
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1994). Specifically, many sports include frequent performance of 
upper body explosive movements like throwing (e.g. basketball, 
handball) or punching a ball (e.g. volleyball) (Rogulj, Srhoj, Nazor, 
Srhoj, & Čavala, 2005; Srhoj, Marinović, & Rogulj, 2002). Surpris-
ingly, until now, very few studies compared males and females 
in upper body explosive strength (van den Tillar & Ettema, 2004). 
Off course, one could argue that such differences need not to be 
studied since it is well known that male upper body explosive 
performance are far more superior to female performance. The 
results in “throwing” sport-disciplines like javelin, and/or discus 
throw support this theorem. However, from our point of view, 
there are few possible suppressors for such condition, which are 
not phylogenetically related to explosive strength. First, there is 
certain possibility that males are generally superior in specific 
motor knowledge of throwing, knowing to be highly important in 
performing all motor tests and manifestations (Katić, Grgantov, 
& Jurko, 2006; Miletić, Katić, & Maleš, 2004). In our study such 
possible side-effect was efficiently controlled (see Methods). 
Second, it is well known that the sport-selection favours male 
athletes, indefinitely allowing certain negative-discrimination of 
the women in all sports (e.g. menstrual cycle, and/or pregnancy; 
not to mention sexism in some countries when women in sports 
are considered). It probably allows superior selection of the high-
performers in male population (Babić & Viskić-Štalec, 2002). 
Thus, we believe that gender difference in upper body explosive 
throwing performance deserves to be studied. 

Another important issue in studying gender differences in upper 
body explosive throwing performance is related to the magni-
tude of the external load. Specifically, Hill’s force-velocity curve 
(1938) predicts that maximal movement velocity (i.e. explosive 
movement performance) has a variable relationship with maximal 
strength (and consequently with body size), depending on the 
magnitude of the load being overcame (Schmidtbleicher, 1992). 
Specifically, with an increase in external load, the relationship be-
tween explosive movement performance and maximal strength 
also increases. Since (1) genders differ from each other in relative 
maximal strength (Mayhew & Salm, 1990; Batterham & Birch, 
1996; Winter, et al., 1991)  and (2) the relationship between maxi-
mal strength and body size is not linear (Marković & Jarić, 2004; 
Jarić, Mirkov, & Marković, 2005), it is reasonable to expect that 
possible gender differences in explosive strength while overcom-
ing greater loads, besides FFM, could also be the result of gender 
differences in maximal strength (Mayhew, et al., 2001).

In order to address aforementioned problems, we performed a 
study with the main purpose of establishing gender-related dif-
ferences in upper body explosive muscle strength. Specifically, 
this research attempts to answer the following questions: (1) are 
there any gender differences in absolute and relative (i.e. size in-
dependent) upper body explosive strength, (2) if these gender 
differences exist, are they related to the load that is being overco-
me, (3) are gender differences in upper body explosive strength 
the result of differences between genders in maximal strength. 
For this purpose, we compared relatively homogenous groups of 
physically active men and women in their ability to throw explosi-
vely objects (ball or medicine ball) of the same diameter but dif-
ferent mass (0.55 kg, 2 kg, 4 kg), both before and after partialling 
out the influence of FFM and upper body maximal strength. We 
hypothesized that: (1) gender differences in upper body strength 
are present both before and after controlling for FFM (2) gender 
differences in upper body explosive strength are load-independent 
(3) partialling out the influence of maximal strength together with 
FFM will cancel out gender differences in upper body explosive 
performance only when throwing the heaviest object. 

Methods

Subjects
Altogether 20 male and 21 female physical education students 
participated in the study. They were of the same age (mean age 
21.8 years; range 21-24 years) and had similar levels of physical 
activity, as assessed by KIHD Seven-day physical activity recall 
questionnaire (Sallis, et al., 1985). The subjects were familiar 
with the applied tests due to their regular semi-annual testing of 
physical abilities. None of them reported health problems or re-
cent upper body injuries. All the subjects had at least one-year 
experience in weight training through participation in a regular 
academic curriculum, but none of them specifically trained upper 
body maximal or explosive strength. It can therefore, be assu-
med that the two groups belong to the same population of healthy 
and physically active young adults. In accordance to Universi-
ty Guidelines for the Use of Human Subjects, all measurement 
procedures and potential risks were verbally explained to each 
participant prior to obtaining written informed consent.

Testing procedures
Measurements were performed in two separate sessions. During 
the first session, the subjects were tested on anthropometry and 
one-repetition maximum (1RM) bench press (i.e. upper body 
maximal strength test). During the second session (two to three 
days later), the subjects performed seated ball or medicine ball 
throws (i.e. upper body explosive strength tests). Each testing 
session was preceded by a standard warm-up and stretching 
procedure. 

Anthropometry
Body height and body mass were measured to the nearest 0.5 cm 
and 0.1 kg, respectively. Body fat percentage and fat mass (kg) 
was assessed by a hand-held BIA unit – Omron_BF 306 body 
fat monitor (Omron Matsusaka Co., Ltd). Validity and reliability 
of this instrument has been previously demonstrated (Lintsi, Ka-
arma & Kull, 2004). Finally, fat-free mass (FFM) was calculated 
as a difference between body mass and fat mass. We also me-
asured several other anthropometric measures (e.g. arm length, 
chest girth), but they were not reported in the paper. 

1 RM bench press
Upper body maximal strength was assesses using a well-known 1 
RM bench press test (Marković & Jarić, 2004) (1RM BP). In brief, 
each subject lowered the bar to the chest and, thereafter, raised 
it until his elbows were fully extended. Before testing participant’s 
1RM squat, a number of warm-up trials were given as follows: 
30% (8 repetitions), 50% (5-6 repetitions), 75% (3 repetitions), 
and 90% (1 repetition) of an estimated 1RM. Since each parti-
cipant had at least one-year of experience of training with free 
weights, the approximate value of 1RM was known in advance. 
After 90% of 1RM, loads were increased using small plates (2.5 
kg and 1.25 kg) until the 1RM was reached. The process of asse-
ssment of 1RM bench press generally required no more than 4-5 
lifts in order to complete.

Seated ball/medicine ball throw
Upper body explosive strength was assessed using the well-
known seated medicine ball test (Marković, 2006). The subject 
was in a seated position on a chair with the ball or medicine ball in 
both hands on the chest. He/she was instructed to throw the ball/
medicine ball with the maximum velocity towards the specified 
direction. Each subject threw basket ball (BB; 0.55 kg), 2 kg me-
dicine ball (MB2), and 4 kg medicine ball (MB4) in a randomised 
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fashion. The objects were of the same diameter and only differed 
in mass. Maximum ball/medicine ball velocity (km · h-1) was mea-
sured using a calibrated Professional Radar Gun (Stalker, Applied 
Concept Marketing, Inc. USA). We used a stationary Doppler ra-
dar (operating frequency of 35.1 GHz) that can measure speeds 
between 1 km · h-1 and 480 km · h-1 with an accuracy of ± 0.1 
km · h-1. The radar gun was attached to a 0.5 m high stand and 
positioned behind a net, approximately 3 meters from the subject. 
The radar gun was calibrated immediately prior to the sessions 
according to the instructions given in the User’s Manual.

Statistical analysis
All the data were reported as means ± SD. Pearson’s correlati-
on coefficient r was used to calculate the relationship between 
1RM BP, FFM, and explosive throwing performance tests. Gender 
differences in anthropometric and performance measures were 
determined by a one-way analysis of variance (ANOVA). Finally, 
gender differences in ball/medicine ball throwing speed, after 
controlling for a) FFM or b) FFM and 1RM BP were determined by 
an analysis of covariance (ANCOVA). Statistical significance was 
set at a level p<0.05.

Results

Descriptive statistics of all measured variables are reported in 
Table 1. As expected, men were taller, heavier and had lower 
body fat percentage compared to women (F1,39 = 22.4-91.2; all 
p<0.001). Men also had significantly higher (F1,39 = 83.7-144.5; 
all p<0.001) absolute upper body maximal and explosive stren-
gth than women (Table 1 and Figure 1). Note that the difference 
between men and women in the seated ball/medicine ball throw 
for all three loading conditions was relatively constant, between 
30% and 32%.

Figure 2 shows that there is a strong positive relationship 
between FFM and upper body explosive performance. In addition, 
we established a strong positive relationship between 1RM BP 
(i.e. upper body maximal strength test) and upper body explosive 
performance (Figure 3). Figure 3 also depicts that the relationship 
between maximal strength and throwing velocity increases as the 
load increases, in line with the prediction of the Hill’s force-velo-
city curve. Finally, we observed that 1RM BP and FFM share abo-
ut 75% of common variance (r = 0.87). These results support 
the use of both FFM and maximal strength, measured by means 
of 1RM BP, as covariates when analyzing gender differences in 
upper body explosive strength. Table 1. 

Descriptive statistics of all anthropometric and strength measures for 
both men and women

Men Women

Mean ± SD

Body height (cm) 180.2 ± 6.2* 165.5 ± 4.2

Body mass (kg) 79.7 ± 12.4* 61.7 ± 5.2

Body fat (%) 9.9 ± 3.7* 16.7 ± 3.8

FFM (kg) 71.6 ± 8.9* 51.4 ± 3.7

1RM BP (kg) 89.9 ± 19.8* 47.5 ± 7.3

BB (km/h) 36.5 ± 3.2* 27.6 ± 1.6

MB2 (km/h) 27.7 ± 2.1* 21.1 ± 1.3

MB4 (km/h) 22.8 ± 2.2* 17.6 ± 0.9

Legend: FFM – fat free mass; 1RM BP – 1 RM bench press; BB – seated basket 
ball throw (0.55 kg); MB2 – seated 2 kg medicine ball throw; MB4 – seated 4 kg 
medicine ball throw; * significantly different values in men compared to women (p 
< 0.001).

Figure 1. 
Gender differences in upper body explosive strength for all three selected 
throwing tests.

Legend: BB – seated basket ball throw (0.55 kg); MB2 – seated 2 kg medicine ball 
throw; MB4 – seated 4 kg medicine ball throw

Figure 2. 
Linear relationship between ball/medicine ball speed and fat-free mass (FFM) 
for all the subjects (n = 41)

Legend: BB – seated basket ball throw (0.55 kg); MB2 – seated 2 kg medicine ball 
throw; MB4 – seated 4 kg medicine ball throw
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After controlling for FFM, men still had significantly higher upper 
body explosive strength than women (F1,38 =  5.6-15.7; p<0.05-
0.01), but these differences decreased to about 10%. Finally, 
when both FFM and 1RM BP were included as covariates, gen-
der differences were cancelled out only in MB4 (F1,37 = 2.0; p = 
0.15) where both covariates were highly significant (FFM; F1,37 = 
21.3; p<0.001; 1RM BP; F1,37 = 7.8; p = 0.008). In case of two 
lighter loading conditions (i.e. BB and MB2), 1RM BP was not a 
significant covariate and thus, did not significantly contribute to a 
reduction of gender differences.

Discussion

In the present study we analyzed gender differences in absolute 
and relative upper body explosive strength. We also seek to un-
derstand possible effect of upper body maximal strength on these 
differences. Our results provided three groups of findings that are 
discussed in the following paragraphs.

Gender differences in absolute and relative upper body explosive 
strength 
The main finding of our study is that men have significantly higher 
absolute and relative upper body explosive strength than women. 
This finding supports our first study hypothesis as well as most 
previous findings obtained in lower body explosive actions (e.g. 
sprints, jumps) (Maud & Shultz, 1986; Mayhew & Salm, 1990; 
Batterham & Birch, 1996; Cardinale & Stone, 2006). However, 
our results contradicts to the results recently reported by van den 
Tillar and Ettema (2004). Specifically, cited authors reported that 
gender differences in upper body explosive throwing performance 
(handball throw) are solely the results of gender differences in 
FFM. However, women in this study threw 20% lighter ball (360g 
vs. 450g) compared to men. Due to a well-known force-velocity 
relationship (Hill, 1938), we believe that these findings could 
be confounded by gender differences in mass of the ball being 
thrown. 

In the present study we observed a very high relationship between 
upper body explosive performance and FFM (Fig. 2). Yet, par-
tialling out the influence of FFM did not completely explain the 

observed gender differences in absolute upper body explosive 
strength. This finding together with previous observations (Maud 
& Shultz, 1986; Mayhew & Salm, 1990; Batterham & Birch, 
1996, Cardinale & Stone, 2006) suggests that other physiological 
factors are responsible for size-independent gender differences 
in explosive strength. In our case, where the subjects performed 
explosive contraction against an external resistance, size inde-
pendent gender differences could be the result of gender diffe-
rence in percentage of the muscles within the upper body. For 
instance, it has been demonstrated that women have significantly 
smaller cross-sectional areas of upper body muscles compared 
to men (Janssen, Heymsfield, Wang, & Ross, 2000; Nindl, Sco-
ville, Sheehan, Leone, & Mello, 2002). Therefore, a more appro-
priate body size descriptor for gender comparisons in upper body 
performance would be cross-sectional area of the upper body 
muscles. 

Other qualitative factors that could contribute to upper body 
explosive strength differences between men and women include 
neurological and hormonal factors. Bell and Jacobs (1986) repor-
ted gender differences in electromechanical delay and in rate of 
force development. These factors are particularly important for 
single all-out explosive performance like jumping, kicking, and 
throwing (Newton & Kraemer, 1994). 
Finally, the observed size-independent gender differences in 
upper body explosive strength could be the result of gender diffe-
rences in blood concentrations of anabolic hormones. Recently, 
Cardinale and Stone (2006) reported significant positive relati-
onship between testosterone levels and vertical jump height (i.e. 
lower body explosive strength) in elite men and women athletes. 
The cited authors also found significant differences between men 
and women in both testosterone levels and vertical jump height. 
Future studies should examine gender differences in upper body 
explosive strength while controlling for above mentioned physio-
logical factors. 

Effect of load on gender differences in upper body explosive str-
ength
To our best knowledge, this is the first study that evaluated effect 
of various loading conditions on gender differences in upper body 
explosive strength. In line with our second hypothesis, the results 
clearly showed that gender differences in absolute upper body 
explosive performance are constant regardless of the external 
load applied. Specifically, men had about 30% greater throwing 
speed than women in all three loading conditions (i.e. 0.55 kg, 
2 kg, and 4 kg). Similar finding is also observed in relative or si-
ze-independent upper body explosive strength where this gender 
difference was about 10% for all three loading conditions. The 
observed magnitude of gender differences in absolute and relative 
upper body explosive strength are also in agreement with some 
previous studies (Hoffman, et al., 1979). Taken together, these 
results suggest that gender differences in absolute upper body 
explosive throwing performance are independent of the external 
load applied, at least for loads ranging from 0.5 kg to 4 kg. 

Effect of maximal strength on gender differences in relative upper 
body explosive strength
The third important finding of this study represents a significant 
effect of upper body maximal strength on gender difference in 
relative upper body explosive strength while overcoming the hi-
ghest load applied (i.e. 4 kg). Specifically, we found that, when 
both FFM and 1RM BP were controlled for, gender difference in 
explosive throwing performance disappeared only in MB4, where 
both FFM and 1RM BP were significant covariates. In contrast, 

Figure 3. 
Linear relationship between ball/medicine ball speed and 1 RM bench 
press for all the subjects (n = 41).

Legend: BB – seated basket ball throw (0.55 kg); MB2 – seated 2 kg medicine ball 
throw; MB4 – seated 4 kg medicine ball throw
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there was no significant effect of 1RM BP on gender differen-
ces in explosive throwing performance while overcoming lower 
loads (0.55 kg and 2 kg). This finding can be explained by the 
Hill’s classical force-velocity relationship. In particular, it is well 
known that the relationship between force production capability 
and movement velocity increases with an increase in the external 
load applied (Schmidtbleicher, 1992; Moss, Refsnes, Abildgaard, 
Nicolaysen, & Jensen, 1997). This is further supported by our 
data (see Figure 3), which show an increase in the relationship 
between upper body maximal strength and explosive throwing 
velocity. We are aware of only one study that evaluated possible 
effect of maximal strength on gender differences in explosive for-
ce production capability (Mayhew, et al., 2001).  These authors 
found that maximal strength of leg extensor has a significant ef-
fect on gender difference in power generated during Wingate cyc-
ling test. Collectively, our results and the results of Mayhew and 
colleagues (2001) indicate that maximal muscle strength together 
with FFM may be responsible for gender differences in explosive 
force production capability, particularly when overcoming higher 
external loads. Future studies should test the validity of our results 
using lower body explosive strength tests like maximal sprints 
and jumps. 

Conclusion

In conclusion, the results of this study showed that men have 
significantly higher absolute (~30%) and relative or size-indepen-
dent (~10%) upper body explosive strength than women. These 
gender-related differences in upper body explosive strength are 
present when overcoming either low or moderate external loads 
ranging from 0.55 kg to 4 kg. When both FFM and upper body 
maximal strength (1RM BP) were controlled for, gender differen-
ces in upper body explosive strength disappeared only for the 
highest load applied. Taken together, our results suggest that 
gender differences in upper body explosive strength cannot be 
completely explained by gender differences in FFM, and that other 
physiological factors should be looked for to explain size-inde-
pendent gender differences in upper body explosive strength.
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Abstract
The sports results at the current level of development of technology and 
sport training methodology are a result of a planned, programmed and 
controlled process of sports training. This is an extremely complex pro-
cess that has to have predefined goals, resources and training methods. 
Diagnostics based on new methods has a function of immense impor-
tance in the structure of modern sports training. The purpose of diagnos-
tic procedures is gathering of relevant and objective parameters for the 
preparation of athletes. Biomechanical laboratories operate today based 
on the principle of integration and synchronization of diagnostic measur-
ing instruments and methods. Interrelated systems enable us to conduct 
complex analyses of biomotoric capabilities and control of movement 
structures. Such a strategy of biomechanical research enables us to es-
tablish quantity and quality characteristics of the preparation of athletes. 
Based on data gathered in such a way, the best resources are selected, 
and a division into cycles and modeling of trainings is conducted. This pa-
per includes some biomechanical diagnostic methods, including kinemat-
ics, dynamics, electromyography and isokinetics. All these methods have 
been successfully implemented in the process of training and diagnostics 
of athletes who achieved the best international sports results.

Sažetak
Sportski rezultati na današnjom stupnju razvoja tehnologije i metodologije 
sportske pripreme javljaju se kao produkt planiranog, programiranog i 
kontroliranog procesa sportskog treninga. To je izuzetno složen proces, 
koji mora imati u napred definirane ciljeve, sredstva i trenažne metode. U 
strukturi savremenog sportskog treninga ima diagnostika, koja temelji na 
novim metodama nesumljivo izuzetno važno funkciju. Smisao diagnosti-čkih procedura je prikupljanje relevantnih i objektivnih parametara pripre-
me sportaša. Biomehanički laboratoriji danas djeluju na principu integra-
cije i sinhronizacije diagnostičkih mjerskih instrumenata i metoda. Među-
sobno povezani sistemi nam omogućuju kompleksn analize biomotoričkih 
sposobnosti i kontrolu kretnih struktura. Takva strategija biomehaničkog 
istraživanja nam daje mogučnost utrvđivanja kvantitativnih i kvalitativnih 
karakteristika pripreme sportaša. Na temelju tako prikupljenih podataka 
odabiraju se najoptimalnija sredstva, provodi se ciklizacija i modeliranje 
treninga. U tom radu su predstavljene neke biomehaničke diagnostičke 
metode, među njima kinematika, dinamika, elektromiografija i izokinetika. 
Sve ove metode su bile uspješno implementirane u procese treninga i 
diagnostike sportaša, koji su postigli najviše međunarodne sportske re-
zultate.

Introduction  

The development of modern sport is closely linked to the inven-
tion of new technologies and new expert, scientific, research 
and organisational methods in the training process. Today, a top 
sport performance can no longer be generated merely through 
experience, intuition and other random factors. The procedures 
and decisions related to sports training must be rational and be 
as efficient as possible. Given the development level of contem-
porary sport, results are increasingly becoming a product of a 
programmed and controlled training process. This is a complex 
process involving predefined goals, means and methods for trans-
forming the athlete. Diagnostics, which is underpinned by new 
technologies and technologically methodological solutions, plays 
an extremely important role in today’s athletic training (McGinnis, 
1999; Bartlett, 1999). The purpose of diagnostic procedures is 
to establish relevant and maximally objective parameters of the 
athlete’s form at a given time. Without information on biomotor, 
morphological, physiological, biochemical, psychological and so-
ciological characteristics it is impossible to plan, programme and 
model the modern training process. The acquired data facilitate 
the processes of selecting the optimal methods and means, plan-
ning cyclical progress and correcting sports preparations. The 
development of modern diagnostic methods around the world 
and in Slovenia is intense and connected to the growing number 
of specialised institutions. These new diagnostic procedures are 
generally the fruits of high technologies and expertise in biocy-

bernetics, biomechanics, kinesiology, physiology, biochemistry, 
genetics and other sciences. In Slovenia, the bulk of sports diag-
nostics is implemented at the Institute of Sport at the Faculty of 
Sport in Ljubljana. The technological processes are carried out in 
laboratories which comply with basic international standards for 
scientific and research activities involving the measurement of 
athletes. In recent years, the Institute has been closely co-oper-
ating with some other faculties within the University of Ljubljana 
as well as similar institutions abroad so as to further improve the 
quality of its work.

The sports training process is characterised by a constant inter-
action between the developing biomotor abilities and the techni-
cal preparation of athletes. This is a dynamic relationship which 
promptly adapts to the stages of the training process and biologi-
cal development of the athlete (Mero, Komi, Gregor, 1992; Whit-
ing, Zernicke 1998; Weinec, 2007). Since the already automated 
stereotypes and level of biomotor abilities are subject to change, 
the training process needs to be monitored, controlled and cor-
rected accordingly. Modern information, biocybernetic and visual 
technologies are used for resolving the most complex biome-
chanical issues in the sports training process. This concept of 
modern diagnostics enables an objective analysis of movement 
structures as well as the selection and use of the most appropri-
ate training means and methods for the individual modelling of 
athletic training (Zatsiorsky, 2000). The key objectives of diag-
nostics in the athletic training process are as follows:
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controlling basic and specific biomotor abilities;• 
optimising technical preparations and thus improving • 
competitive results;
modelling of biomechanical movement structures; • 
formulating movement strategies based on kinematic, • 
dynamic and EMG parameters;
developing sports equipment and apparatuses;• 
developing new technologies for monitoring athletes’ • 
technical preparation (kinematics, dynamics, elec-
tromyography, tensiometry, thermal vision, velocity 
tests);
developing software applications for measuring kin-• 
ematic, kinetic and electromyographic parameters;
designing measurement protocols and forwarding in-• 
formation to coaches and competitors;
controlling motor and technical preparedness during • 
intensive preparations for major competitions;
controlling technical preparedness under competitive • 
conditions;
optimal controlling of athletes’ preparation based on an • 
integral approach to using different technologies and 
methods; and
contributing to progress in sport science and the edu-• 
cation of coaches and competitors. 

The development of modern athletics as the most universal sport 
discipline has stemmed and will continue to stem from new ex-
pert, technological and organisational approaches to sports train-
ing and competition processes. The athletic training procedures 
will have to become highly efficient and rely on the results of inter-
disciplinary expert, scientific and research work. In athletic disci-
plines the results depend on a number of factors, among which 
sport technique plays a key role. By definition, sport technique is 
a rational and effective execution of simultaneous or consecutive 
movements guaranteeing an optimal sport result – with respect 
to the athlete’s abilities and characteristics. The method applied in 
objective research into sport movements is biomechanics which 
investigates the structure and functions of biological systems 
using mechanics methods. The objective of biomechanics is to 
establish the relevant quantitative parameters of a sport technique 
by means of objective methods and technology so as to define 
the state of technical preparedness, technique transformation, 
technique modelling and correction of an athlete’s technical pre-
paredness. The movement technique, which in some so-called 
technical athletic disciplines strongly impacts on the competitive 
result, can only be developed, controlled and corrected if all es-
sential defining factors are known. The athlete must consider their 
morphological characteristics and motor and functional abilities 
and submit to the material biomechanical laws of a specific sport 
situation. The implementers of the transformation process must 
have practical knowledge of the athlete’s psychosomatic dimen-
sions, especially those which define the referentiality and con-
figuration of the biomechanical area. A top sport result generally 
means the athlete’s one-time, subtle movement creation which is 
characterised by a number of details related to technical prepara-
tion. Their identification, evaluation and elucidation will enable a 
further improvement of results in elite athletics, notwithstanding 
the fact that these have already reached the upper limits of human 
biological and psychological abilities.
The ever tougher competition in today’s athletics requires inten-
sive scientific and research work in the fields of the use of biome-
chanical technologies and methods enabling an optimally objec-
tive analysis and evaluation of athletes’ movement structures. Yet 
one should be aware that it is impossible to measure the entire 
kinematic and dynamic environment and/or its parameters. The 

physical environment is highly complex and characterised by 
many interactions between biological systems and mechanical 
principles.

Integrated biomechanical 
diagnostic methods in sport training 

Sport technique and/or its movement structure units can be op-
timally studied at the level of the neurological system functions, 
biochemical characteristics and locomotor system mechanics. 
Neuromuscular control is the key factor of movement optimi-
sation. Today, different methods are applied in biomechanical 
measurement of sport movements and the following have the 
highest informative value: kinematics, dynamics, electromyogra-
phy (EMG) and isokinetics. Neuromuscular control is the main-
stay of human locomotion (Bobbert, Ingen Shenau, 1988). Neu-
romuscular control processes are related to co-ordination of the 
execution of individual movements. Measurement of movement 
structures nowadays involves highly sophisticated and highly re-
liable methods; however, these must be integrated into a whole. 
The highest level of neuromuscular control is the motor area of 
the cerebral cortex. The role of the thalamus is to receive, process 
and transmit sensory and motor information to the motor cortex  
(Bobbert, et al. 1988; Enoka, 2003). A lower level of motor con-
trol consists of basal ganglia and cerebellum. Muscles play an 
important role in this chain of movement structure control. Their 
contractile functions are related to the feedback information from 
muscle spindles, the Golgi apparatus, and Ruffini and Pacinian 
corpuscles. The latter function as afferent information and enable 
movement control based on the position of joints and tension of 
ligaments, tendons and muscles. 
Modern biomotor laboratories function on the principle of the inte-
gration and synchronisation of individual measurement systems 
and methods. Interconnected systems enable complex biome-
chanical analyses of movement structures and their control. This 
type of biomechanical research strategy facilitates identification 
of quantitative and qualitative characteristics and neuromuscular 
laws in the areas of technique, strength, velocity, co-ordination 
and other biomotor abilities in athletes’ training processes.

The kinematic method 

Kinematics is a method for analysing the movements of an 
athlete’s body or individual segments of their body. It enables 
a quantitative description of movement in space and time using 
cause/consequence movement quantities. Human movement 
has been a subject of scientific interest since the ancient past, 
since the times of Aristotle to Leonardo da Vinci until today. The 
development of computer and audiovisual technologies enabled 
tremendous progress in this method. Today, kinematics enables 
the registration of movements which were previously invisible to 
our eye and imperceptible to our minds. A major breakthrough in 
sport biomechanics was the invention of the high-speed camera 
which can identify movement of a scale corresponding to 1,000 
frames per second and more. The next step in the technology 
of kinematic systems is synchronisation with dynamic systems 
(force plate) and electromyography. The interconnection of two 
or more measurement systems facilitates our understanding of 
biomechanical motor phenomena in cause/consequence dimen-
sions. Besides an objective registration of movement structures, 
the kinematic method – if underpinned by expert knowledge – 
enables the modelling and optimisation of the technique in view of 
an athlete’s individual characteristics and abilities.  
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Kinematics is a method based on the recording of movement by 
high-frequency digital video cameras (100-2000 Hz) in a three-
dimensional space. This method is practicable in laboratory or 
field conditions. The calibration of the space and digitisation of 
the points that indicate the segments of an athlete’s body serve 
as a basis for establishing the velocity, acceleration, distance and 
amplitude of the movement of the body’s centre of gravity etc. 
(Figure 1). The real picture is transformed into a digital record us-
ing a manual or automated digitisation of the 16-segment model. 

These days infra-red cameras are increasingly being used; they 
operate on the principle of identifying active landmarks fastened 
to pre-selected segments of the athlete’s body (axes of segments) 
– Figure 2. The advantage of infra-red kinematic systems lies in 
the real-time registration of movement, whereas their drawback is 
that they can only be used indoors, in laboratory conditions.

The dynamic method

Dynamics is a method for diagnosing the forces produced in dif-
ferent movement structures. This method usually requires the use 
of force platforms to measure forces in vertical (Y), horizontal (X) 
and lateral (Z) directions. This technology enables measurement 
of the forces of the take-off in a start, sprint, long-jump, triple 
jump and high jump. Tensiometry as a method is most frequently 
used in diagnostics of the level of development of the take-off 
power/speed strength in laboratory and competition (situational) 
conditions. Take-off power is diagnosed by using different test 
batteries. Take-off power in the conditions of concentric strain is 
measured during a squat jump, using the force platform (Kistler 
9287). The subject jumps vertically from a completely fixed posi-
tion, without swinging their arms and with a knee angle of 140° to 
150°. Thus the effect of elastic energy in the muscles and reflex 

mechanisms is eliminated. Take-off power in the conditions of 
eccentric-concentric muscle contraction is measured during a 
counter movement jump, whereby the muscles extend and then 
immediately contract. The elastic energy produced by the mus-
cles and tendons in the first phase is transferred to the second 
phase to increase the jump height (Gollhofer, Kyrolainen, 1991; 
Luhtanen, Komi 1980; Zajac, 1993). The third type of jump in the 
conditions of eccentric-concentric muscle contraction is a depth 
jump (also called a drop jump) which is executed from a height of 
25 cm to 40 cm. The optimal depth depends on the efficiency of 
the extensor muscles of the ankle and knee joints. 

Table 1 and the measurement protocol (Figure 3) reveal those 
dynamic and kinematic parameters that generate the jump height. 
The key parameter is the take-off velocity which depends on the 
impulse force in the concentric phase, the peak ground reaction 
force (peak force) and power (W) per 1 kg of body mass. In all 
vertical jumps, a limiting factor is the time available for the ex-
ecution of an explosive movement. The force generation time in 
the concentric phase ranges from 314 ± 6 to 326 ± 17 mil-
liseconds.

Figure 1. 
Start velocity: block velocity – start acceleration (rear block – front block), 
first step, second step

Figure 2. 
The kinematic system BTS smart – sprint start

TEST UNIT           A

SQUAT JUMP

Jump height cm 45.8  ± 0.5

Concentric time ms 314   ±    6

Concentric work J/kg 6.5    ± 0.2

Jump efficiency cm/J 7.0    ± 0.3  

Peak power W/kg 48.7  ± 1.1

Flight time ms 572   ±    4

Take-off velocity m.s-1 2.37  ± 0.3

Peak force N 846   ± 1.4

Generated concentric impulse Ns 172   ±    3

Hip flexion deg 84     ±    2

Knee flexion deg 89     ±    2

Ankle flexion deg 30     ±    1

Table 1.
Dynamic and kinematic parameters of the squat jump

Figure 3. 
Measurement protocol – squat jump
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Some authors (Gollhofer, Kyrolainen, 1991; Bobbert et al., 1987) 
have demonstrated that squat vertical jumps largely depend on 
the contractile characteristics of muscles and considerably less 
on reflex mechanisms and pre-activation. The optimal knee angle 
ranges from 89° to 90° and the hip angle from 71° to 84°. These 
angles are important as the take-off action in the initial phase is 
associated with the action of the hip and trunk joint extensors. 
The final take-off velocity mainly depends on the knee and ankle 
joint extensors. Study subject A had an angular velocity of 514 
°/s in their hip joint, 771 °/s in their knee joint and 878 °/s in their 
ankle joint. These angular velocities are slightly higher than those 
recorded in the research by Bobbert et al. (1987). Last but not 
least, it was established that, in terms of bilateralism, subject A 
was deficient in the production of force with their right leg. The 
force impulse produced by their right leg was 14 Ns less than that 
produced with their left leg (Figure 4). 

The electromyographic method 
(EMG) 

Electromyography (EMG) is a method for establishing the bioelec-
trical activity of muscles during the execution of specific move-
ment structures. It enables the reception of information about the 
functioning of strategically important muscle groups. It requires 
the use of bipolar surface electrodes that send emissions through 
eight reception channels. Modern telemetric electromyographic 
systems enable the measurement of EMG activity in situational/
field conditions. The 16-channel Smart-BTS telemetry system 
operates at a frequency of 1000 Hz to 2000 Hz and is used to 
register bioelectrical activity in some athletic disciplines (sprint, 
athletic jumps and throws). Surface electrodes are fastened onto 
the skin above selected muscle groups according to the SENIAM 
methodology. With a sprint the selected muscle groups are the 
following: m. soleus, m. gastrocnemius, m. tibialis anterior, m. 
vastus lateralis, m. rectus femoris, m. biceps femoris and m. glu-
teus maximus (Figure 5). The EMG measurement results provide 

important information about the time of activation, scope of acti-
vation and intermuscular co-ordination. 

The isokinetic method

Isokinetic systems are used in athletes’ training process to meas-
ure the muscular strength of individual muscle groups (Figure 6). 
Moreover, isokinetics is an important diagnostic tool in rehabilita-
tion after an injury in the motor system as it enables objective moni-
toring of muscular strength and the planning of preventive training 
programmes for patients. Data delivered by the isokinetic measure-
ment are objective, accurate and repeatable. They are indispensable 
in the planning of the training process during various stages of an 
athlete’s preparation (Bračič, 2008). One of the basic parameters 
of the isokinetic protocol is peak torque (PT) expressed in Newton-
metres (Nm). This is the basic criterion of muscular strength. As 
muscular strength correlates highly with body weight, this param-
eter should be normalised prior to conducting a comparison with 
other study subjects, namely peak torque should be divided by 
body weight. As measurement is carried out separately for each 
segment (limb) a bilateral comparison of muscular strength is also 
possible (knee extensors, left/right leg).

Figure 4. 
Measurement protocol for dynamic parameters of the squat jump

Figure 5.  
Integrated electromyographic muscle activation (EMG). Block velocity 
(rear block-front block, first step, second step)

Figure 6.  
Isokinetic test of the knee extensors and flexors
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Extremely important information in isokinetic measurements 
is the estimated ratio between the strength of the agonist and 
antagonist muscle groups (knee extensors/flexors) – Figure 7.  
Isokinetics enables measurement of the entire muscle chain of 
the strategically most important locomotor muscle groups. It also 
enables identification of the weakest links in the muscle chain.  
Isokinetics is an indispensable tool for the prevention of sports in-
juries. A large disproportion in the strength of muscles (m. quad-
riceps – m. biceps) in the knee joint indicates the high probability 
of an injury of this segment. Diagnostics of athletes most often in-

cludes measurement of the peak torque of the flexor and extensor 
muscles in the ankle, knee and hip joints. Measurements of the 
extension and flexion of individual joints are conducted at different 
velocities. As a rule, velocity ranges from 60 °/sec to 240 °/sec. 
At a velocity of 60 °/sec, the peak torque of the hamstring reaches 
60% of the peak torque of the quadriceps (Osternig et al., 1983). 
To ensure that isokinetic measurements are maximally correct 
and objective, the exact protocol, stabilisation and motivation of 
the subject must be provided. 

Repeatability of isokinetic measurements plays an important role 
in longitudinal monitoring of the isokinetic parameters of agonist 
and antagonist muscles in individual regions (Figure 8). This ap-
proach enables efficient monitoring of the effects of the training 
process in the area of muscular strength. Timely identification of 
the status of muscular strength enables the elimination or correc-
tion of potential deficiencies in an athlete’s training process.

Conclusion 

The application of sport science findings and modern diagnostic 
procedures in the analysis, planning and control of athletes’ levels 
of training has radically improved athletes’ achievements in many 
sports. New measurement technologies enable increasingly ac-
curate programming and monitoring of the training process. It is 
particularly important that the diagnostic systems are integrated 
and synchronised. This type of approach brings about results 
showing quantitative and qualitative characteristics of biomotor 
abilities which contribute the most to an athlete’s performance. 
Modern training is characterised by rationality, predictability and 

UNIT RIGHT       LEFT

PEAK TORQUE Nm 160.3 227.6

PEAK TORQUE/BW % 267.5 379.8

AGON/ANTAG RATIO % 70.8 55.0

Figure 7. 
Protocol for measuring the peak torque of the 
quadriceps and hamstring in the knee joint at 
a speed of 60 °/sec. 

Figure 8. 
Protocol for longitudinal measurement of torque in the ankle flexors and 
extensors

2007 2008

60°/SEK PF_L PF_D DF_L DF_D PF_L PF_D DF_L

ANKLE PT 71.5 73 24.7 27.6 82.8 89.8 27.4

TPT 450 510 500 580 280 220 420

AG/ANT 34.5 37.8   33.2 30.2  
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efficiency. Biomechanical diagnostic methods have strongly influ-
enced sport achievements at the extreme limit of human abilities 
and will continue to do so even more effectively in the future. 
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Introduction

Based on the conducted research on the morphological space, 
a certain number of factors which provided the information on 
the structure of the morphological dimensions have been iden-
tified as well as the hierarchy within the structure (Kurelić et al., 
1975, Momirović et al., 1969). Information on the structure of 
the morphological characteristics in sports is very important in 
the view of their transformation and selection of the children for 
a certain sport. Morphological characteristics are affected by 
genetic factors (endogenous) and by factors of the environment 
(exogenous). The effect of the genetic factors is not equal for all 
morphological dimensions as it varies from .50 for under-skin fat 
tissue to .98 for longitudinal dimensionality of the skeleton. Grea-
test transformation under the effect of systematic operates is po-

ssible with under-skin fat tissue and volume, and it is practically 
insignificant when it comes to dimensionality of the skeleton (Ma-
lacko & Rađo, 2004).  In the training process, the immediate aim 
is transformation of anthropological dimensions which form one 
organized, complex system. Changes in morphological structure 
which occurred under the effect of the properly programmed and 
dosed training process and biological growth and development, 
present a solid foundation for further proper development in other 
anthropological elements and, therefore, for success in the game 
of soccer (Gabrijelić, 1987, Jerković, 1984, Reilly et al., 2000, 
Strudwick et al., 2002). Understanding of the hierarchical struc-
ture of the factors on which the result in the contemporary game 
of soccer depends is the fundamental precondition for selecti-
on of soccer talents and for more efficient training planning and 
programming. Contemporary training of the youth categories in 
soccer is based on simplification of the problems and on playing, 
as it, with its aims and tasks, demands greater devotion of the 
professional staff to the processes of planning, programming and 
implementation of the preconception of the training features. The 
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Abstract
The aim of this research was to determine quantitative changes of morp-
hological dimensions among soccer players aged 12-15 (n=75), caused 
by programmed situational training. The program lasted six months, con-
taining 72 training units based on situational training model and eight lea-
gue games. The programme was developed on a modern vision of soccer 
training with younger categories which is promoted by the UEFA, and it 
is based on simplification and soccer problem solving through game (Mi-
chels, 2001). Training process is structured so that playing and exercise 
are combined, and in each stage situational working method was applied. 
The subject of the research included transformation processes of morp-
hological characteristics among soccer players aged 12-15, with the aim 
of determining the effects of programmed training exercise on the dimen-
sions covered by the research. Quantitative changes of morphological 
dimensions which occurred due to the effects of the six-month progra-
mme were analysed through canonical discriminative analysis under the 
model of differences. Acquired results show that a statistically significant 
change occurred within the period of two measurements. Greatest con-
tribution to the discriminative function are provided by two variables for 
under-skin fat tissue measurement of the lower leg (AKNP), the upper leg 
(AKNB) and stomach (AKNT), transversal dimensionalities of the skeleton 
diameter of the knee (ADIKO), diameter of the foot joint (ADISZ) and one 
measure of the longitudinal dimensionality of the skeleton, the length of 
the foot (ADUS). It can be concluded that situational six-month training 
model positively affected the transformation of almost all morphological 
dimensions, especially of the variables manifested in the under-skin fat 
tissue. 

Sažetak
Cilj ovog istraživanja bio je da se kod nogometaša uzrasta 12 -15 godi-
na (n = 75) utvrde kvantitativne promjene morfoloških dimenzija, prou-
zrokovane programiranim situacionim treningom. Program je trajao šest 
mjeseci i sastojao se od 72 trenažne jedinice baziranih na situacionom 
modelu treninga i 8 ligaških utakmica. Sadržaj programa je koncipiran 
na modernoj viziji nogometnog treninga sa mlađim uzrasnim kategorija-
ma koju propagira UEFA, a zasnovan je na pojednostavljenju i rješavanju 
nogometnih problema kroz igru (Michels 2001). Trenažni proces je struk-
tuiran tako da se igra i vježbe kombinuju, a u svim fazama treninga primje-
njivan je situacioni metod rada. Predmetom istraživanja obuhvaćeni su 
transformacioni procesi morfoloških karakteristika  nogometaša uzrasta 
12 -15 godina u cilju utvrđivanja efekata programiranog trenažnog rada 
na istraživane dimenzije. Kvantitativne promjene morfoloških dimenzija, 
nastale pod utjecajem programa u trajanju od šest mjeseci, analizirane su 
kanoničkom diskriminativnom analizom pod modelom razlika. Dobiveni 
rezultati pokazuju da je došlo do statistički značajnih razlika između dva 
mjerenja. Najveći doprinos diskriminativnoj funkciji imaju varijable za mje-
renje potkožnog masnog tkiva potkoljenice (AKNP), nadkoljenice (AKNB) 
i trbuha (AKNT), transverzalne dimenzionalnosti skeleta dijametar koljena 
(ADIKO), dijametar skočnog zgloba (ADISZ) i  jedna  mjera longitudinalne 
dimenzionalnosti skeleta, dužina stopala (ADUS). Može se zaključiti da je 
situacioni model rada u trajanju od šest mjeseci pozitivno utjecao na tran-
sformaciju kod gotovo svih morfoloških dimenzija, a naročito na varijable 
koje manifestuju  potkožno masno tkivo.

Original scientific paper
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practised result- orientated selection and training of young soccer 
players in clubs inevitably lead to the decline of interest and loss 
of will among the children. In the process of selection, biologi-
cally superior children (bigger, stronger) have, in most cases, 
inexcusable advantage over children who have greater talent and 
much greater perspective (Čolakhodžić et al., 2008). It is a widely 
known fact that there is no firm relationship between the calendar 
(chronological) age and psychosomatic development, which is 
why the level of physical development (biological age) doesn’t 
necessarily have to coincide with chronological age (Rađo et al., 
2003, Bilić et al., 2003). Among younger categories, children 
want to play and to satisfy their basic need for movement and 
this is how the programme of work is organized. Through this 
research we wanted to prove that contemporary training proce-
ss among younger age categories, in its scope and intensity as 
well as in its methodology of realization of training features, does 
effect the transformation of each morphological category among 
soccer players of pre-competitive age. The aim of this research 
is to determine the level of quantitative changes of morphological 
characteristics among soccer players aged 12-15 under the ef-
fect of programmed soccer training, that is, to determine if under 
the effect of programmed movement structures significant quan-
titative change of morphological dimensions occurs within this 
age group of soccer players. 

Methods

Sample 
The research was conducted on a sample of 75 examinees whi-
ch have been selected from a population of soccer players aged 
12-15. The selection criterion was that all examinees must be 
in good health, with no detected morphological, psychological 
and other aberrations, and that they have been undergoing the 
training process for at least three years. Only the results of those 
examinees who participated in the programme of 72 training units 
and eight league games and who took part in both initial and final 
measurement were taken into consideration and final evaluation.

Sample of variables
In choosing the variables, the results of the research already con-
ducted have been used and measurements of the morphological 
characteristics were conducted in accordance with the instruc-
tions of the International Biological Programme (IBP). For the 
purpose of this research, variables which cover a hypothetical 
four-dimensional space of morphological characteristics have 
been used (12 variables). 

Longitudinal dimensionality of the skeleton
1. Body height (AVIS),
2. Leg length (ADUN), 
3. Foot length (ADUS),
Transversal dimensionality of the skeleton
1. Shoulder width (ASRA), 
2. Diameter of foot joint (ADISZ), 
3. Knee diameter (ADIKO), 

Volume and body mass
1. Body mass (AMAS), 
2. Mid span of the chest (AOGK), 
3. Span of the upper leg (AOBU), 

Under-skin fat tissue
1. Fat of the skin crinkle of the stomach (AKNT)
2. Fat of the skin crinkle of the upper leg (AKNB)
3. Fat of the skin crinkle of the lower leg (AKNP)

Data analysis methods

Main methods for data evaluation are determined by the charac-
teristics and the size of the sample and by the problem of the 
research which is set forth. For inputs of the data evaluation and 
analysis of the results, suitable mathematical and statistical met-
hods were used. Data evaluation was conducted in SPSS 12.0 for 
Windows program package. For all the variables, central and dis-
persion parameters of variables in initial and final measurement 
have been calculated (arithmetic centers, variance, minimum and 
maximum results and their spans, standard deviation). Canonical 
discriminative analysis was applied on a multi- variant level for 
determining global quantitative differences in two points of time 
(initial and final measurement). Statistically important discrimina-
tive variables on the p < .01 level which explain certain percenta-
ge of variability will be used for interpretation of the results. 

Results and Discussion

In tables 1 and 2, central and dispersion parameters of the mor-
phological space variables in both initial and final measurement 
are shown. As can be seen from tables 1 and 2, change in the 
value of central and dispersion parameters occurred with most 
variables. We can identify greatest change with the variables of 
body height (AVIS), leg length (ADUN), chest span (AOGK) and 
fat of the skin crinkle of the stomach (AKNT). We have increased 
dispersion in all variables, where the results in body height have 
range of 41.50 cm, while with the body mass variable the range 
between the lightest and the heaviest examinee is significant 45 
kg in the initial measurement. Minimal result is 31.4 kg and maxi-
mum is 76.4. So, we are dealing with high dispersion of results 
which can be attributed to group heterogeneity (12-15 years) and 
to continual growth of the skeleton and of the mass in period 
between age 11-15 (Kurelić et al., 1975, Bilić et al., 2003). Main 
problem with such kind of research is to determine if significant 
change occurred due to certain training programme, and then to 
determine the cause and the essence of the changes. After ap-
plying the six-month programme, global quantitative changes of 
morphological characteristics of the given sample of examinees 
were analysed. Quantitative changes were analysed by canonical 
discriminative analysis in which orthogonal vectors in the space 
of manifested variables are isolated, being positioned so that they 
separate the groups of examinees in the variable space in the best 
way. Box’s M-test (table 3) tested the correlation of the covariance 
matrixes between two subsamples, that is the initial and the final 
measurement of the examinee. It can be seen that the difference 
of the covariance matrixes is statistically significant on the p< 
0.01 level (Sig. = ,00),  which is the precondition for undergoing 
the following procedure of discriminative analysis. Criterion for 
discriminative force of the applied variables was Wilks’s Lambda 
value of which is .30, which speaks of quite stressed discrimina-
tive force between the two measurements. Determining statistical 
importance of each discriminative variable was conducted on the 
basis of Bartlet’s Chi- square test. The results of the canonical 
discriminative analysis with significance markers of the differ-
ences between two points in time in the space of morphological 
characteristics are displayed in table 4. One statistically important 
discriminative function on the p< 0.01 level (Sig. = ,00) was 
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acquired, which contains statistically important value (Canonical 
Correlation = .83), and which presents to us high correlation be-
tween the set of information based on which the discriminative 
analysis was conducted and the results in discriminative function.  
Based on the results in table 6 it is noticeable that greatest cor-
relations with discriminative function, meaning with the variable 
which maximally differentiates the values of  the results of mor-
phological characteristics in initial and final measurement have 
variables  for measuring skin crinkles of the lower leg (AKNP) and 
skin crinkles of the upper leg (AKNB), transversal dimensionality 
of the skeleton diameter of the knee (ADIKO) and foot joint diam-
eter (ADISZ)  and one measure of the longitudinal dimensionality 

of the skeleton, foot length (ADUS). Significant contribution to the 
function lies with the under-skin fat tissue of the stomach test 
(AKNT). Based on the correlations with discriminative function it 
can be seen that the least, insignificant correlation have variables 
leg length (ADUN) and variable AMAS for measuring body mass 
which can be explained with great influence of the genetic factor 
of longitudinal dimensionality of the skeleton and a relatively short 
period between the two measurements. High position of the vari-
ables for measuring under-skin fat tissue can be explained with 
heterogeneity of the sample (12 -15 years), development of the 
child which is most delicate and most intensive in this period and 
the still not fully formed muscle structure. 

valid n mean range minimum maximum variance std.dev.

AVISI 75 160,314 40,50 140,00 180,50 123,420 11,109

AMASI 75 48,677 45,00 31,40 76,40 116,913 10,816

ADIKOI 75 8,500 1,80 7,40 9,20 ,164 ,405

ADISZI 75 6,522 1,60 5,80 7,40 ,159 ,398

ADUSI 75 24,556 6,10 21,10 27,20 2,113 1,453

ADUNI 75 94,742 35,00 74,80 109,80 47,394 6,884

AOGKI 75 71,910 33,00 57,00 90,00 47,679 6,905

AOBUI 75 42,289 20,00 30,00 50,00 15,705 3,962

AŠRAI 75 27,54 12,80 22,80 35,60 6,792 2,606

AKNBI 75 1,344 1,76 ,82 2,58 ,167 ,408

AKNPI 75 1,066 ,78 ,80 1,58 ,029 ,171

AKNTI 75 1,212 1,88 ,72 2,60 ,200 ,447

Table 1. 
Central and dispersion parameters (initial measurement)

Table 2. 
Central and dispersion parameters (final measurement)

valid n mean range minimum maximum variance std.dev.

AVISF 75 163,893 41,50 143,50 185,00 126,617 11,252

AMASF 75 49,766 43,80 32,60 76,40 119,207 10,918

ADIKOF 75 8,869 2,00 7,80 9,80 ,220 ,468

ADISZF 75 6,845 1,60 6,20 7,80 ,174 ,416

ADUSF 75 25,721 6,00 23,00 29,00 2,174 1,474

ADUNF 75 96,042 34,80 76,00 110,80 49,221 7,015

AOGKF 75 74,644 32,00 61,00 93,00 50,058 7,075

AOBUF 75 44,093 20,00 32,50 52,50 15,671 3,958

AŠRAF 75 28,849 13,10 23,50 36,60 7,046 2,654

AKNBF 75 ,958 ,70 ,62 1,32 ,032 ,177

AKNPF 75 ,822 ,46 ,64 1,10 ,014 ,119

AKNTF 75 ,940 1,30 ,50 1,80 ,091 ,301

Table 3. 
Box’s M  test

Box’s M 124,02

F
 
 
 

Approx. 1,45

df1 78

df2 69169,180

Sig. ,00

Table 4.
Eigenvalues

Function Eigen value % of Variance Cumulative%
Canonical
Correlation

1 2,23 100,0 100,0 ,83
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Conclusion

Quantitative changes of morphological dimensions which occurred due 
to the effects of the six-month programme based on situational training 
method were analysed on a sample of 75 young soccer players aged 
12-15. Twelve variables in the space of morphological characteristics 
were measured on the tested sample, covering a hypothetical four-di-
mensional morphological characteristics structure model. The results 
were acquired by measuring the same variables before and after the 
programme, that is in two points in time. All of the provided values 
were analysed individually and within a set of variables of the space to 
which they belonged and which was the subject of the research, and 
according to basic descriptive data (central and dispersion parame-
ters) it can be concluded that sharing of the results is found within the 
normal distribution with stressed dispersion in specific variables. The 
problem of this research was set in order to determine the scope of 
quantitative changes of morphological characteristics under the effect 
of programmed soccer movement structures. A quantitative change, 
that is changes of morphological characteristics, was analysed as a 
function of differences of arithmetic centre vectors of manifested and 
latent dimensions in two points in time. Based on the results of global 
quantitative changes determined with canonical discriminative anal-
ysis it has been established that significant change occurred between 
the two points in time. The results in the beginning and in the end of the 
programme point to the fact that six-month programme features stati-
stically significantly contributed to changes within all variables of mor-
phological space and all that on the p < .01 level of statistic relevance. 
It can be concluded that such a structured soccer training process 
based on situational model of playing positively effects transformation 
of almost all morphological characteristics. 
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Table 5. 
Wilks’s Lambda

Function Wilks’s Lambda Chi- square df Sig.

1 ,30 166,67 12 ,00

Table 6. 
Discriminative function structure matrix

Function 1

AKNP ,557

AKNB ,413

ADIKO -,284

ADUS -,268

ADISZ -,266

AKNT ,240

AŠRA -,167

AOBU -,153

AOGK -,132

AVIS -,108

ADUN -,063

AMAS -,034

Table 7. 
Functions at Group Centroids

GRUPA
Function

1

1 1,485

2 -1,485
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Introduction

Grate number of the investigations in world, which were aimed 
at establishment of the anthropological status changes after 
transformational procedures, was published during last three de-
cades. Examinations, although with different outcomes, defined 
certain human adaptation characteristics at different training pro-
cedures. Investigations that deals with the effects of the training 
procedures enables us to valorize them as less or more effective 
in reaching a certain goal (Malacko and Radjo, 2004). Movement 
control in humans is connected to the different levels of central 
nervous system activities. In order to reach an effective motor pa-
ttern control in that system (brain and spinal cord) it is necessary 
to have constant sensory information on performed movement. 
That sensory “feed back” on human movement and body location 
is called proprioception (lat. proprius – own).
Proprioceptors are sense receptors in deep tissues – joints, musc-
les, ligaments, inner ear (Grbavac, 1997; Harris and Dudley, 2000; 
Lephart and Fu, 2000). Kinesthetic receptors register changes in 
certain parts of body, creating so called movement awareness (lat. 
kinezis, movement). They are able to inform higher brain centers 
on interrelation of certain biomechanical levers, the angle between 
them an movement amplitude and all that without visual control. 

Besides this kinesthetic receptors influence muscle contraction, 
regulate expansion and muscle relaxation and play important role 
in creating a functional synergy of different muscle groups (agonist 
and antagonists) and in balance, and probably in other dimensions 
too (Starosta et al., 2002; Sebic-Zuhric, 2003; Simek, 2006).
To conclude, proprioception can be comprehended as com-
plex action of neuron-muscular system regarding a transfer of 
the information from periphery receptors using afferent and ef-
ferent ways of nervous system enabling the body to maintain 
stability and orientation during the static and dynamic activities 
(Laskowski et al., 1997). That is activation or inhibition of the 
certain muscle groups according to the information on outside 
forces (Hoffman and Payne, 1995). Kinestension is improved 
using systematic training resulting in performance ability of more 
coordinated, precise, efficient and faster skills (Bompa, 2001) 
Large number of scientific research confirm the efficiency of the 
proprioception training in  injury prevention (Gauffin et al., 1988; 
Sheth et al., 1997) in ankle and knee joint (Wedderkopp et al., 
1999; Parkkari et al., 2001), rehabilitation (Bernier and Perrin, 
1998; Irrgang et al., 1994; Vad et al., 2002), and only a smaller 
part of it in improvement of the certain number of motor abilities. 
The last group of the mentioned investigations is the least trea-
ted area which is the subject of ours investigation. Improvement 
of the motor abilities, noted in some of the investigations of the 
healthy and non-trained individuals in the area of balance (Hoff-
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Abstract
Aim of this research is to establish the effects of the three month long 
experimental program with the rhythmic gymnastics and proprioceptive 
exercises as a main operator. Research was performed in completely new 
sport event, man’s rhythmic gymnastics, which in future will evolve and 
become recognized sport. Sample of the examinees (N=71) consisted of 
third year students of the Faculty of Sport and Physical Education in Sara-
jevo. Examinees were involved in a three month long rhythmic gymnastics 
training program along with additional proprioception training twice per 
week and each 30 minutes long. We applied 9 variables in order to asses 
the successfulness of the rhythmic gymnastics elements performance 
with three requisites, hoop, rope, ball and 19 variables for the asses-
sment of the motor abilities: balance, coordination, flexibility, explosive 
strength, segment quickness and neuromuscular quickness. Analyzed 
qualitative changes were significant and main conclusion derived was 
that propriception training accelerated the formation of the global opera-
tional structures which resulted in higher achievements and more quality 
movement. Based on this it can be concluded that the programming of 
rhythmic gymnastics training could be enriched with the propriception 
area elements as it is not excluded that this area has abundance of the 
specific content which can be applied at different forms of adequate met-
hodical operations. 
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man and Payne, 1995; Rozzi et al., 1999; Blackburn et al., 2000; 
Kollmitzer, 2000; Eils and Roesnbaum, 2001; Heitkamp et al., 
2001; Ziegler et al., 2002) and in the area of the strength of the 
hamstring and quadriceps muscle (Heitkamp et al., 2001; Blac-
kburn et al., 2002; Ziegler et al., 2002), and in investigations of 
the athletes (Tropp and Askling, 1988) represents one of the main 
problems of this paper. Even less investigated area are the effects 
of the proprioceptive training at the performance of the movement 
structures in different conventional sports. Investigation of Wolf-
Cvitak, Grčić-Zubčević, Dolančić (2002) found that the learning 
certain movements, in poly - structural conventional sports such 
as rhythmic gymnastics cam be made faster by depending at ki-
nesthetic awareness.. 

Aim of the paper

Transformational processes of the human anthropology status 
can be initiated by systematic or unsystematic influences. Exten-
sity of the changes of the motor abilities is determined by genetic 
potential, biological growth and development, and it is possible to 
influence the improvement of the basic motor abilities potential by 
well structured training technologies (Malacko and Rađo, 2004). 
To establish the influence of the programmed kinesiology propri-
oceptive and rhythmic gymnastics training operators at the motor 
abilities and stylized movement structures would bi of significant 
interest for kinesiology an especially sport in practice. In that sen-
se, this longitudinal study aim is to define qualitative (structural) 
changes that occurred between two time points in the area of the 
motor abilities and stylized movement structures of the rhythmic 
gymnastics. 

Method

Sample of the examinees
Sample of the examinees consisted of 71 male, considered to be 
in a stabile phase of the development and growth , 20 - 25 years 
old, taken from the III year of study regular students of the Faculty 
of Sport and Physical Education in Sarajevo.  
We applied 9 variables for the assessment of the stylized mo-
vement structures in order to asses the area of the apparatus 
exercises with hoop, rope and ball as a basic rhythmic realizati-
on: running steps forward and backward through the open rope 
(RVTR), side gallop trough open rope (RVGL), two legged rope 
hops in place with 180 degrees body rotation (RVSU), 180 de-
grees body rotation with rope drop  and catch (ROVR), hoop roll-
backs (ROKO), long-high jump with hoop drop and catch (ROSK), 
large ball rolls in balance (RLKO), horizontal eights with body wa-
ves (RLOS), 360 degrees body rotation with ball drop end catch 
(RLBA). 
Variables for the assessment of the basic motor abilities were 
selected in order to cover the hypothetical areas of the explosive 
strength, segment velocity, coordination, balance, flexibility and 
neuromuscular reaction: balance at the computerized movement 
platform – Biodex Balance System (BABXS), Two Foot Lengthwi-
se Balance – Eyes Closed (BAU2O), One Foot Lengthwise Ba-
lance – Eyes Open (BAU1O), Two Foot Cross Balance – Eyes 
Open (BAP2O), Ground Coordination (KONT), Stick Coordina-
tion (KKOP), Air Coordination (KOKZ), Plate Tapping (MTAP), 
One Foot Tapping (MTAN), Two Foot Tapping (MTAZ), Standing 
Broad Jump (MSDM), Vertical Jump (MSVM), Medicine Ball 
Put – Lying(MBML), Shoulder Flexibility with Stick (MFIS), Toe 
Touching (MFPR), Side Split (MSPA), Speed reaction at Sound 

(MRSS), Speed Reaction at Visual Signal (MRVV), Speed Reacti-
on at Visual and Sound Signal Simultaneously (MRVS).
Experimental treatment lasted for three months and was shaped 
as training process aim at the development of the motor abilities 
and learning of stylized movement structures in rhythmic gymna-
stics. Rhythmic gymnastics training was realized according to 
the III year study curricula with additional complex proprioceptive 
training with the accent at the progression during 12 weeks 2 x 
a week (24 training units in total with 30 minutes duration). Indi-
vidual exercises were realized in 30’’ to 2’ periods (Jukic et al., 
2003) with equal rest period for the nervous path rest. Training 
was performed through system of complex exercises and tasks 
with the application of the different types of the proprioceptive 
training: at Biodex Balance System – maintaining a balance at 
the computerized movement platform, at balance boards with di-
fferent constructions (type B and C boards), at balls of different 
size, weight and material (medicine, fitt-ball and rhythmic balls), 
at small trampoline, narrow constructions (boards, balance be-
ams), unstable proprioceptive polygons, combined exercises 
with additional requisites manipulation (rope, hoop and ball). Du-
ring the experimental period students had their usual activities 
according to their curricula.  
Research data, according to the aim, upon the normalization were 
processed with relevant procedures for the quantitative changes 
analysis: Factorial analysis congruency method (factorial sco-
res) and standard analyses of the structural changes (Bonacin 
2004). 

Results and Discussion 

Structural (qualitative) changes are noticeable between at least 
two different measures with realized systematic transformational 
process in-between and in this case it was program of the pro-
prioceptive training along with rhythmic gymnastics operators.    
As it can be noticed at Table 1., structural changes occurred an 
they were evident and statistically significant. Chi-square function 
does not leave any doubt in that possibilities, as well as the pro-
bability which is basically zero (0.0000). It can be concluded that 
the treatment initiated the restructuring of the movement control 
functions, which is interesting indicator having in mind that we 
had a sample that in sense of development is in stabile phase. 
This global change we can than explain to the all of the influences 
that occurred during the transformational process with this enti-
ties. It can not be excluded that actually proprioceptive training 
left its mark at the changes described, because for sure such a 
complex group of influences can induce the reconstruction of the 
functions in global sense, as with this sample. 

Table 1. 
Results of the LSDIF analysis of the structural changes

REAL TRACE OF SQUARE DIFF. MATRIX = 25.9425

CHI-SQUARE (FUNCTION TRACE)                 = 920.9583

DEG.OF FREEDOM                                  = 28

PROBABILITY                                         = 0.0000
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Table 2. shows the results of the structural changes analysis un-
der four different models. The first noticeable are that the structu-
ral changes in grate deal under each of the models were present 
at all of the variables used to asses the specific rhythmic move-
ments. In general motor variables it is partially the case (balance, 
speed of the reaction), which points to certain function restruc-
turing. It is presumable that for the preparation and realization 
of the rhythmic structures certain type of stimulus is necessary 
because theirs complexity can be seen in the interaction of seve-
ral important factors such as music, rhythm, object, flight move-
ments and similar. Than it is not odd that one part of the variability 
derived of specific movements is not approximately equivalent to 
the larger parts of the variability in movements defined as general 
motor tests. Harmonization of the control system process of mo-
vement learning, repeating, training and performance in rhythmic 
gymnastic and general motor abilities does not have to be speci-
ally manifested, especially if we take in to consideration that the 
sample is consisted of men. Characteristics of this sample is, in 
relation to the females, that for the realization of the activities they 
use dimensions of strength, explosive strength, repetitive stren-

gth, and in general their dominant dimension is the one that we 
proclaim as “energetic” regulation of movement.  Informative re-
gulation than, for sure, is a little less significant, which is partially 
understandable because sample represents already formed indi-
viduals, selected by many criterions (faculty of sport students). 
It is presumable that through their development and eventually 
sport activities they had a chance to adopt a grate deal of training 
influences in a way that the energetic movement dominants had 
a very important role in their activities and sports performance 
at any level. So it is clear that in a case of the transformational 
process such as this one, larger restructuring of the functions 
will occur in control segments of informational regulation, and by 
that it will be evident in a part of variables used for the rhythmic 
structure description. It is noticeable that changes occurred very 
similarly at all three of the requisites, and there are no special 
differences in a position of a ball, hoop and rope. This can be 
explained by the fact that although the ball is the object they had 
previously met with than the hoop and rope, these are the specific 
group of movements, so that previous knowledge had minimal 
transfer, at least in a sense of the structural changes.

Table 2. 
Results of the structural changes analysis under 4 different models G = global value of change)
QDIFF1 (    = large changes > 0.296,    = significant changes > 0.200)
CRAMER (     = large changes > 0.296,    = significant changes > 0.200),
KRZANOWSKY (     = large changes < 0.050,    = significant changes < 0.100),
SCHONEMAN (    = large changes < 0.296,    = significant changes < 0.500),
CORRELATIONS (    = large changes < 0.296,  = significant changes < 0.500)

 QDIFF1 CRAMER KRZANOWSKY SCHONEMAN CORRELATIONS

 Differences Differences Similarities Similarities Similarities

MBYS 0.27 0.32 0.07 0.00 0.42

MU2O 0.22 0.34 0.03 0.18 0.38

MP2O 0.19 0.28 -0.01 0.16 0.42

MU1O 0.17 0.30 0.01 0.00 0.46

MFIS 0.12 0.15 0.22 0.05 0.74

MFPR 0.05 0.06 0.13 0.04 0.91

MSPA 0.05 0.05 0.04 0.12 0.91

MTAP 0.12 0.11 -0.04 0.23 0.76

MTAN 0.16 0.23 0.02 1.08 0.51

MTAZ 0.19 0.22 -0.02 1.97 0.50

MONT 0.18 0.16 0.08 0.37 0.71

MOUZ 0.28 0.25 0.12 0.31 0.42

MKOP 0.20 0.17 0.00 0.24 0.66

MSDM 0.12 0.17 0.04 0.02 0.71

MSVM 0.17 0.11 -0.01 0.03 0.61

MBML 0.14 0.13 0.18 0.43 0.76

MRSS 0.29 0.27 0.15 0.01 0.35

MRVV 0.48 0.23 0.02 0.22 0.13

MRVS 0.34 0.21 0.07 0.02 0.26

RVTR 0.23 0.23 0.12 0.41 0.50

RVGL 0.24 0.32 0.01 0.03 0.36

RVSU 0.31 0.27 0.13 0.19 0.31

ROVR 0.24 0.33 0.10 0.01 0.26

ROKO 0.22 0.22 0.03 0.15 0.42

ROSK 0.25 0.26 -0.02 0.12 0.37

RLKO 0.28 0.30 0.05 0.01 0.33

RLOS 0.26 0.24 0.18 0.11 0.45

RLBA 0.21 0.30 0.14 0.20 0.37

G 0.27 0.22 1.00 0.38 0.50
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One of the signs of the changes under the treatment influence are 
the coordination of the factor structures or the groups, although 
those changes are located in between structural and quantitative, 
considering that they share the part of the symbolic area of the fac-
torial analysis performance manner. Table 3. and 4. show rotated 
groups of the treated sample, and table 5. show their congruenci-
es. It can be seen that in a case of both measurements, 6 factors 
were derived, but the variable position that saturate those factors 
is very different. So at the first measurement clearly recognizable 
are: 1) specific rhythmic movements, 2) frequency (speed), 3) 
flexibility, 4) reactivity, 5) explosiveness 6) coordination with 
balance. It can be concluded that the dimensions are clear but 
also relatively independent, except the frequency and coordination, 
as well as rhythmic activities, flexibility and explosiveness. Second 
measurement gave us following motor dimensions: 1) specific 
rhythmic movements, 2) reactivity, 3) coordination and balan-
ce, 4) flexibility and explosiveness, 5) poorly defined factor of 
explosiveness and 6) frequency. It is more than clear that the 
specific movements’ factor is better defined than at first measu-
rement, which is a good sign of control segment homogenization, 

which is direct reflection of the learning process. The reaction at 
sound and visual sign are better defined, and especially the ba-
lance. The balance is maybe the most important characteristic of 
the second measurement, because it can be stated that the spe-
cial proprioceptive training helped balance movement realization, 
or the establishment of the mechanisms that balance depends on. 
Factor correlations show now excellent position, because almost 
all of the rhythmic realization relations are significantly connected 
with other latent dimensions. This information is important, altho-
ugh it is hard to determine if the proprioceptive training caused it, 
as the examinees at the same time improved requisites handling. 
This can be sign that such training establishes better relations in 
movement control sphere, improves body position awareness so 
the movement efficiency should not be idea to abandon. Table 5. 
show congruency of factor groups in two measurements. It is visi-
ble that the correspondence is weak, and it is possible to recognize 
the similarity of specific movements and for a somewhat next three 
factors at second measurement. For sure explosiveness, frequen-
cy, coordination and balance changed theirs characteristics, which 
indicates structural changes. 

Table 3. 
Factor groups at first measurement and factor correlations
(OBQ1,2,3,4,5,6 = orthoblique factor)

 OBQ1 OBQ2 OBQ3 OBQ4 OBQ5 OBQ6

1BYS -0.26 -0.19 0.09 -0.38 -0.24 0.25

1U2O 0.10 -0.18 -0.12 -0.04 -0.26 0.73

1P2O 0.01 -0.03 -0.21 0.28 0.33 0.24

1U1O 0.31 -0.14 -0.32 0.26 0.20 0.62

1FIS 0.24 -0.36 -0.58 -0.26 0.19 0.04

1FPR -0.11 0.07 0.79 -0.01 -0.05 -0.13

1SPA -0.18 -0.11 -0.52 -0.04 -0.06 -0.20

1TAP -0.33 0.62 0.02 -0.06 0.17 0.16

1TAN 0.18 0.81 0.02 -0.05 -0.03 -0.15

1TAZ 0.17 0.56 0.05 0.14 -0.01 0.18

1ONT 0.36 -0.32 -0.11 -0.02 -0.19 -0.57

1OUZ -0.03 -0.06 -0.05 0.06 0.09 -0.60

1KOP 0.11 -0.17 -0.18 0.09 -0.09 -0.61

1SDM -0.02 0.01 0.05 -0.15 0.80 -0.04

1SVM 0.01 0.02 0.02 0.07 0.86 -0.07

1BML 0.03 -0.16 0.60 -0.19 0.36 -0.08

1RSS 0.10 0.13 0.04 0.81 -0.23 -0.04

1RVV -0.10 -0.23 0.10 0.70 0.02 -0.03

1RVS 0.08 -0.41 0.60 0.50 -0.03 0.14

1VTR 0.71 0.08 0.00 -0.06 0.03 -0.22

1VGL 0.45 0.42 -0.09 0.18 0.09 -0.07

1VSU 0.79 0.07 -0.19 0.16 0.08 -0.09

1OVR 0.14 0.56 0.16 -0.22 -0.19 0.01

1OKO 0.52 -0.13 0.35 -0.22 -0.06 0.07

1OSK 0.43 -0.31 0.29 -0.16 0.27 0.17

1LKO 0.54 -0.21 0.17 -0.34 -0.28 0.04

1LOS 0.67 0.13 -0.04 0.00 -0.06 0.20

1LBA 0.69 0.04 0.09 0.03 0.02 0.03

 OBQ1 OBQ2 OBQ3 OBQ4 OBQ5 OBQ6

OBQ1 1.00 0.11 0.25 -0.21 0.33 0.07

OBQ2  1.00 0.14 -0.17 0.18 0.40

OBQ3   1.00 -0.10 0.12 0.06

OBQ4    1.00 -0.06 -0.15

OBQ5     1.00 0.18

OBQ6      1.00

Table 4. 
Factor groups at second measurement and factor correlations
(OBQ1,2,3,4,5,6 = orthoblique factor)

 OBQ1 OBQ2 OBQ3 OBQ4 OBQ5 OBQ6

1BYS -0.05 0.27 0.33 -0.11 0.66 0.09

1U2O -0.25 0.16 -0.59 -0.25 -0.12 0.29

1P2O -0.02 0.07 -0.69 -0.05 -0.02 0.02

1U1O -0.02 0.04 -0.54 0.09 0.04 0.28

1FIS -0.08 0.14 0.04 -0.44 0.18 0.57

1FPR -0.20 0.24 -0.10 0.90 -0.09 -0.06

1SPA 0.01 0.07 0.13 -0.80 0.18 -0.12

1TAP 0.20 -0.44 -0.33 -0.12 0.46 -0.01

1TAN 0.05 -0.24 -0.31 -0.03 -0.14 0.65

1TAZ 0.11 -0.08 0.01 0.31 0.06 0.53

1ONT 0.08 -0.12 0.78 -0.12 -0.34 0.15

1OUZ -0.24 0.09 0.67 -0.02 -0.05 0.38

1KOP 0.02 0.11 0.57 -0.09 0.06 -0.02

1SDM 0.00 0.06 0.16 0.53 0.32 0.38

1SVM 0.09 -0.01 -0.17 -0.03 0.58 0.03

1BML 0.18 -0.10 0.14 0.56 0.32 -0.10

1RSS 0.12 0.78 -0.18 0.05 -0.11 -0.19

1RVV 0.03 0.77 0.00 -0.12 0.22 0.00

1RVS 0.00 0.86 -0.01 0.05 -0.04 0.10

1VTR 0.77 0.08 0.02 0.03 -0.11 0.13

1VGL 0.73 0.13 0.02 -0.10 -0.25 0.26

1VSU 0.78 0.15 -0.11 -0.09 -0.25 0.10

1OVR 0.85 0.02 0.01 0.07 0.08 -0.10

1OKO 0.81 -0.05 0.16 0.18 -0.04 0.14

1OSK 0.78 0.03 0.13 0.06 0.19 0.06

1LKO 0.80 -0.12 -0.09 -0.02 0.03 -0.20

1LOS 0.87 0.00 -0.06 -0.05 0.01 -0.16

1LBA 0.87 -0.01 -0.06 -0.10 0.07 -0.01

 OBQ1 OBQ2 OBQ3 OBQ4 OBQ5 OBQ6

OBQ1 1.00 0.04 -0.28 0.27 0.20 0.28

OBQ2  1.00 0.04 -0.17 -0.06 -0.02

OBQ3   1.00 -0.08 -0.07 -0.24

OBQ4    1.00 0.18 0.08

OBQ5     1.00 0.18

OBQ6      1.00
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Conclusion

This investigation presents one of the rare methodology investiga-
tions in sport kinesiology area performed at sample of the exam-
inees that are kinesiology active. In this investigation we tried to 
determine the effects of the kinesiology treatment at the qualita-
tive changes of motor abilities and stylized movement structures 
related to the conventional sport such as rhythmic gymnastics. 
We programmed and realized transformational treatment with the 
aim to determine effects of the treatment at students 20 to 25 
years old. Total sample consisted of 71 male examinees. We ap-
plied 28 variables in total in order to asses the entities condition. 
19 of them were for the general motor variables covering sub ar-
eas of balance, flexibility, frequency, coordination, explosiveness, 
reactivity. 9 variables were used to asses the specific movements 
in rhythmic gymnastics covering the sub areas of rope, hoop and 
ball requisites exercises, as basic rhythmic realizations.  
Results of the investigation show that clear structural changes 
occurred, which could be registered primarily through the vari-
ables for the assessment of the balance, reactivity and stylized 
movement structures in rhythmic gymnastics. This can be ex-
plained by the fact that the examinees learned new knowledge on 
rhythmic gymnastics (but also on other areas of study) in the pe-
riod of treatment. Their improvement was defined by the process 
of adopting new engrams and integration of the information of the 
wider ranges, but for sure those from rhythmic gymnastics. This 
position limited them, because of the constant changes during a 
treatment, so the need for the adoption of new information with-
out the possibility of the long-term stabilization and methodical 
proficiency at higher energetic level was constantly present.  
The solution for this situation is clearly in long-term realization of 
the programmed rhythmic gymnastics activities as the means of 
multiple positive influences at the body, function structuring and 
development of some abilities. Factorial groups of the first and 
second measurement as well as their congruency point at this. 
Results show that this concept of experimental treatment did not 
increase the exercises load, which could not reflect at the chang-
es regarding the energetic sphere of the movement regulation, as 
well at the integration of the rhythmic gymnastics movement. The 
important conclusion of this investigation remains; propriocep-
tive training induced better adaptation and possibility of the fine 
regulation, and in that way the more quality level of the rhythmic 
gymnastics elements. 
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Introduction

The following research represents an evaluation of differences in 
anthropometric characteristics and motor abilities of school-aged 
children according to the level of their physical activity by applica-
tion of anthropometric measures and their motor abilities testing. 
The rationale for this research is the need to analyse and study 
the effects of sistematically practising judo, and also a possibility 
to introduce judo into the greatest possible number of schools 
curricula throughout the Serbian Province of Vojvodina. 
Judo is a sport of high intensity, in which a judoka attempts to 
throw his/her opponent onto his/her back, or to control him/her 
during the match on the mat. Both cases require excellent physi-
cal conditioning (Thomas et al., 1989; Franchini et al., 2005). 
The contest lasts five minutes of effective combat, interrupted 
by frequent breaks of up to nine minutes in total. It represents 
high and intensive effort of anaerobic type (Bompa, 2000), and 
according to the majority of researchers who dealt with the issue 
of match structure (Sikorski et al., 1987; Castarlenas and Planas, 
1997; Svischev, 2001; Kahabrishvili et al., 2003), it consists of 
segments of real contest time (10-30 seconds) and pauses (10-
15 seconds).
The study of body composition leads to better insights into cla-
ssic research of changes during growth and development, and 
begins broader understanding of nutrition differences, the role of 
physical activity and factors that influence development (Godina 
et al., 2007). As it is almost impossible to influence bone size by 
training, physical excercise is determined according to optimal 
muscle volume and subcutaneous fatty tissue associated with 
judo.

Previous research (Drid et al., 2006; Obadov et al., 2006; Al-Haz-
zaa, 2007) confirmed statistically significant differences between 
athletes and sedentary people concerning the volume of subcuta-
neous fatty tissue and percentage of muscle volume.
Motor abilities greatly influence success in a judo contest. For 
this reason, care needs to be taken of the development of the-
se abilities when first stepping on the judo tatami (Maksimovic, 
1998). During many years of training, more requirements for the 
development of these abilities appear, but it has to be taken into 
account that characteristics of motor abilities are not just the 
consequences of genetic predispoditions and social environment 
factors, but also well-timed, methodically determined training 
regime for their development. In accordance with regulations of 
long-time planning and programming, the relation of some pro-
grams of sport preparation varies in certain phases (Matvejev, 
2000; Platonov, 1997).

Methods

Subjects
The research was conducted on the total of 371 primary school 
children, aged 11 to 15, from all over the province. The experi-
mental group consisted of 117 boys who practised judo twice 
a week for a period of 24 months, whereas the other 254 chil-
dren did not have any kind of judo training during the study. Both 
groups kept attending their regular physical education classes at 
school during this 24-month period. The control group was also 
devided into four subgroups for analyses, based on the subjects’ 
ages (11-12, 12-13, 13-14, 14-15). All children and their parents 
were fully informed about the nature and purpose of the study, 
after which they gave a consent for their participation. They also 
had the opportunity to inform the investigators of relevant health 
problems.

Patrik Drid1,   Sergej Ostojić2,   Nebojša Maksimović1,   Jovan Pejčić1,   Radenko Matić1 and  Slavko Obadov1

The effects of judo training on 
anthropometric characteristics and motor abilities of 
primary school boys

Key words: functional coordination, power, skin fold.
Ključne riječi: funkcionalna koordinacija, snaga, kožni nabor

Sažetak
Cilj ovog istraživanja je da se  ispitaju efekti džudo treninga na antropome-
trijske karakteristike i motoričke sposobnosti dečaka, uzrasta 11-15 godi-
na iz Srbije, provincija Vojvodina. Na uzorku od 117 učenika koji treniraju 
džudo, i 254 koji se ne bave ovim sportom, upoređene su antropometrij-
ske karakteristike i motoričke sposobnosti primenom t-testa za nezavisne 
uzorke. Rezultati istraživanja su jasno pokazali da su džudisti bolje izvodili 
motoričke testove, kao i postojanje razlika u antropometrijskim karakteri-
stikama. Efekti džudo treninga odražavaju se na antropometrijske karakte-
ristike i motoričke sposobnosti sa promenama u cirkularnim dimezijama 
sa obzirom na statistički značajne razlike u brzini, snazi, koordinaciji džu-
dista u odnosu na ispitanike koji se ne bave ovim sportom.
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Abstract
The aim of this study is to investigate the effects of judo training on an-
thropometric characteristics and motor abilities of boys, aged 11 to 15 
from the Serbian province of Vojvodina. On the sample of 117 school-
aged boys who train judo, and 254 boys who do not, anthropometric cha-
racteristics and motor abilities have been compared with an independent 
t-test. Results have clearly shown better performance in motor tests by 
the judo-trained, as well as differences in subjects in anthropometric cha-
racteristics. The effects of judo training on anthropometric characteristics 
and motor abilities are reflected in changes in circular dimensions with 
regard to statistically significant differences in speed, strength and coordi-
nation in the judo-trained compared with the judo-untrained participants.
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Experimental protocols and measurements
An evaluation of morphological characteristics of subjects, based 
on the morphological model constructed by Bala (1981), was 
carried out by means of anthropometric measures according to 
the International Biological Programme (Lohman, Roche, & Mar-
torell, 1988). The sample consisted of the following measures:

evaluating body dimensionality: 1) body height� 
evaluating body voluminosity and subcutaneous fat: 2) body � 
weight, 3) chest girth, 4) upper-arm girth, 5) forearm girth, 
6) abdominal skinfold,  7) subscapular skinfold, and 8) tri-
ceps skinfold.

The battery of eight motor tests used in this research estimates 
the effectiveness of the following functional mechanisms: move-
ment structuring, tonus and synergetic regulation, regulation of 
excitation intensity and regulation of excitation duration (Gredelj, 
Metikos, Hosek, & Momirovic, 1975; Kurelic, Momirovic, Stoja-
novic, Sturm, Radojevic, & Viskic-Stalec, 1975). Motor abilities 
of boys and girls were estimated by the following motor test-
battery: 

functional coordination: 1) � Obstacle course backwards,     
2) Slalom with 3 balls;
frequency of simple movements: 3) � Arm plate tapping; 
flexibility: 4) � Forward bend;
power (explosive strength): 5) � Standing broad jump; 
muscular endurance (isometric strength): 6) � Bent-arm 
hang; 
muscular endurance (isotonic strength): 7) � Crossed-arm 
sit-ups.
speed of running: 8) � 20-m dash.

A short description of the motor tests follows. Every child was 
given an opportunity to rehearse the test before recording the 
results. This way more adequate and reliable results were obta-
ined.
Obstacle course backwards: The subject walks backwards on all 
fours the distance of 10 m, climbs the top of Swedish bench and 
goes through the frame of the bench.  Time is measured in sec.
Slalom with 3 balls: On command “GO” the subject rolls three 
balls between cones at the distance of 10 m. After having passed 
the last of five cones, the subject rounds it and continues rolling 
all three balls toward the start line. Time is measured in sec.
Arm plate tapping: The subject taps alternately two plates on a 
tapping board with his dominant hand, the other hand being held 
between plates, for 15 s. The number of double taps is recor-
ded.
Forward bend: The subject sits on the floor in straddle position le-
aning against the wall, and reaches forward along a straight-angle 
ruler as far as possible. The reach (in cm) is recorded.
Standing broad jump: The subject jumps with both feet from the 
reversed side of Reuter’s bounce board onto a carpet with scale.  
The jumping distance (in cm) is recorded.
Bent-arm hang: The subject grips the bar, fingers on top and 
thumb underneath, pulls up (chin above the bar) and holds the 
position as long as possible without resting the chin on the bar. 
Time is measured in sec.
Sit-ups with crossed arms: The subject lies on the back, knees 
bent, arms crossed on the chest, and performs sit-ups, feet being 
held fast by an assistant. The number of correctly executed sit-
ups in 60 s is recorded.
20-m dash: On command “GO” the subject runs 20-m distance 
at highest speed possible. The subjects run in pairs. Time is me-
asured in sec.
Consequently, these tests were the manifestation of hypothetical 
functional mechanism of young people, which means that they 
could be virtually taken as primary latent motor dimensions. This 
approach was chosen to decrease the sample of motor tests, 

due to the significant organizing and motivational problems which 
exist in testing procedures with school children. 

Data analysis methods
During data analysis, basic descriptive statistic measures were 
calculated for each group separately, while the differences 
between groups were determined by application of independent 
t-test and they are presented graphically. Differences were consi-
dered significant at p<0.05.

Results

Table 1 shows the anthropometric data for Group A (with judo 
training) and Group B (without judo training) classified by the par-
ticipants’ age.  
Analysing the effects of the training process on anthropometric 
characteristics of judo-trained children, it can be seen that at the 
age of 11-12 they are not significantly important. The observed 
significant differences in anthropometric status during this period 
concerning body height and weight, as well as abdominal skin 
fold and upper-arm skin fold, are in favour of the judo-untrained 
children. We can regard this period insufficient for transformation 
effects of judo training on the measured anthropometric parame-
ters to occur. However, in the next age group (12-13), one can 
notice that there is significantly less subcutaneous fat tissue of 
the upper-arm in Group A compared to Group B. The same has 
been observed for the age of 14-15. Significant transformations 
achieved by the effects of judo training have been noticed for 
circular dimensions, where the girths of stretched upper-arm, fo-
rearm and chest for Group A were significantly higher than Group 
B.
Concerning the motor abilities of the judo-trained vs. judo-un-
trained children, it can be noticed that during some motor tests 
for assessment of repetitive strength (sit-ups) and coordination 
(obstacle course backwards running), statistically significant di-
fferencies were noticed for ages 11-15. It is interesting that in 
the second test of coordination (slalom with 3 balls), there were 
no differences, ie. there was an advantage for the judo-untrai-
ned at the age of 13-14. In the speed assessment (20 m run), 
the judo-trained group showed better results at the age of 11-12 
and 13-14. This statistically significant advantage concerning the 
speed test is accompanied by a better explosive strength in the 
judo-trained children at the age of 11-12 as well as isometric str-
ength at the age of 12-14. Concerning motion frequency, except 
for the advantage of the judo-untrained at the age of 13-14, there 
were no statistically significant between-group differences for the 
other ages.

Discussion

During the body growth and development, body segments follow 
a different curve reaching their maximum at different times. For 
these reasons, the morphological structure of the body, which is 
based on mutual interactions of all anthropological measures in 
different phases of development, can be different. In other words, 
some morphological characteristics can, at different times, parti-
cipate with different participation coefficients concerning particu-
lar morphological structure of the body. 
The differences concerning morphological characteristics of 
both sexes of the judo-trained children cause diversification with 
regard to the same type of training (Sterkovicz, 1998). Somatic 
typisation of the judo-trained shows the dominance of the en-
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domorph and mesomorph components with reduced values of 
the ectomorph component, which was almost the same for both 
sexes. Importantly, the mesomorph component prevails in lighter 
children, while the heavier ones show higher values of the en-
domorph model of the body build (Claessens, 1984). It is also 
assumed that people with endomesomorph body build achieve 
better results concerning strength tests. The research presented 
here demonstrates that a specific judo-training programme may 
indeed influence skeleton size, showing important positive tran-
sformations except for the youngest age.
It is also evident that the judo-trained children of school age of 
13-15 had significantly bigger upper-arm girth, forearm girth and 
chest girth. This can certainly  be linked to better results in stren-
gth tests because bigger girths of these body segments indicate 
greater muscle cross sections.

Konsidering the complexity of technical elements of judo, their 
equal performance is not possible in all weight and sex categori-
es. This is also supported by biomechanics studies which show 
that the portion in total muscle volume and strength of females 
was 68% compared to males (Obuchowicz-Fidelus et al., 1985). 
Successful application of techniques in judo is connected with 
specific body build of judokas as well as their muscle strength, 
which has been shown to be lower by 10% for elite competitors 
from Serbia compared to highly ranked fighters (Drapsin et al., 
2007). 
Systematic transformation of strength dimensions should start 
when both active and passive parts of the motion system of yo-
ung children is strong enough. This can be achieved by training 
operators for global development of strength of the locomotor sy-
stem, and especially by the training of speed, coordination, aero-

Group A Group B

X SD X SD
t p

Age 11-12  N=25 N=67

Body height (cm) 146.79 5.72 152.28 8.09 -3.11   0.00         

Body weight (kg) 39.53 7.71 44.07 9.90 -2.06 0.04

Chest girth (cm) 71.68 5.37 72.42 7.32 -0.46 0.64

Upper-arm girth (cm) 21.70 2.19 21.90 3.00 -0.31 0.75

Forearm girth (cm) 20.28 1.76 20.37 2.02 -0.19 0.84

Abdominal fold (mm) 109.68 81.93 157.82 97.62 -2.19 0.03

Subscapular fold (mm) 74.80 36.35 102.33 66.44 -1.96 0.05

Upper-arm fold (mm) 93.92 34.39 139.55 67.69 -3.21 0.00

Age 12-13  N=25 N=61

Body height (cm) 154.17 8.77 157.99 8.56 -1.86 0.06

Body weight (kg) 46.54 11.98 49.81 11.64 -1.77 0.24

Chest girth (cm) 75.34 7.40 73.96 9.93 0.62 0.53

Upper-arm girth (cm) 22.97 3.48 22.57 3.26 0.50 0.61

Forearm girth (cm) 21.30 2.55 21.25 2.42 0.08 0.93

Abdominal fold (mm) 129.92 88.85 159.90 92.43 -1.38 0.17

Subscapular fold (mm) 81.12 45.11 100.20 63.13 -1.37 0.17

Upper-arm fold (mm) 96.48 41.44 126.95 57.24 -2.41 0.01

Age 13-14  N=35 N=66

Body height (cm)  163.31 9.60 162.32 9.30 0.50 0.61

Body weight (kg) 55.75 13.80 51.66 10.02 1.70 0.09

Chest girth (cm) 80.68 8.79 76.61 7.00 2.53 0.01

Upper-arm girth (cm) 24.30 3.83 22.75 3.17 2.16 0.03

Forearm girth (cm) 22.66 2.90 21.30 2.10 2.69 0.00

Abdominal fold (mm) 143.26 103.94 144.21 93.54 -0.04 0.96

Subscapular fold (mm) 95.14 60.56 98.85 68.74 -0.26 0.78

Upper-arm fold (mm) 104.23 47.63 118.88 65.61 -1.16 0.24

Age 14-15  N=32 N=60

Body height (cm) 169.98 8.51 173.66 8.62 -1.95 0.05

Body weight (kg) 61.99 10.60 61.22 12.57 0.29 0.76

Chest girth (cm) 86.13 7.07 81.56 7.07 2.95 0.00

Upper-arm girth (cm) 26.01 2.71 23.95 3.13 3.14 0.00

Forearm girth (cm) 24.18 2.10 22.94 2.05 2.74 0.00

Abdominal fold (mm) 123.37 71.98 126.80 67.17 -0.22 0.82

Subscapular fold (mm) 80.50 34.39 91.90 54.81 -1.06 0.28

Upper-arm fold (mm) 78.12 20.59 104.13 50.85 -2.76 0.00

Table 1. 
Descriptive statistics of anthropometric characteristics for children with and without judo-training   
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bic capacity and flexibility (Milanovic, 1997). More intensive str-
ength training of children should begin after the puberty, provided 
that strength-training includes changeable loads (eg., own weight 
or opponent’s resistance), while avoiding long static loads. Unlike 
the active load, static load has bad effects on the blood supply of 
the loaded structure. It is for this reason that dynamic exercises of 
strength should be given preference (Jonath and Krempel, 1981; 
Weineck, 1988).
This study showed that the judo-trained children had better re-
sults in repetitive strength (sit-ups), with statistically significant 
differences observed across all ages. 

Special attention should be given to speed development becau-
se speed of grown-up judokas is greatly influenced by the age 
at which its systematic development was started (Obadov, Drid, 
Nurkic, 2006). Speed should be developed differentially. Exerci-
ses aimed at speed development of young judokas should begin 
at the age of 6-10, motion frequency at the age of 8-13, and 
training of explosive strength should be implemented at the age 
of early adolescence. Implementing specific exercises for speed 
development will give instant effects but will later limit its mature 
development  (Zeljaskov, 2002).

Group A Group B

X SD X SD t p

Age 11-12              N=25        N=67

20-m dash (s) 4.06 0.26 4.30 0.42 -2.71 0.00

Obstacle course backwards (s) 11.53 3.19 16.38 4.34 -5.08 0.00

Slalom with 3 balls (s) 37.12 7.71 36.92 6.95 0.11 0.90

Arm plate tapping (freq.) 27.48 4.13 27.30 4.26 0.18 0.85

Forward bend (cm) 46.40 12.02 42.97 8.03 1.57 0.11

Standing broad jump (cm) 179.20 12.81 166.79 22.52 2.59 0.01

Bent arm hang (s) 39.47 22.86 29.88 21.25 1.88 0.06

Crossed-arm sit-ups (freq.) 47.24 7.92 37.17 7.94 5.40 0.00

Age 12-13                             N=25                    N=61

20-m dash (s) 4.00 0.44 4.13 0.34 -1.40 0.16

Obstacle course backwards (s) 35.92 4.42 15.73 3.73 -3.57 0.00

Slalom with 3 balls (s) 41.96 7.46 34.49 5.95 0.93 0.35

Arm plate tapping (freq.) 43.38 5.16 28.70 4.95 0.11 0.91

Forward bend (cm) 4.00 9.15 42.95 9.54 -0.44 0.66

Standing broad jump (cm) 35.92 24.53 172.69 24.31 1.56 0.12

Bent arm hang (s) 41.96 24.77 29.88 23.13 2.40 0.01

Crossed-arm sit-ups (freq.) 43.38 11.25 39.41 7.15 2.99 0.00

Age 13-14                             N=35                  N=66

20-m dash (s) 3.93 0.30 4.08 0.34 -2.12 0.03

Obstacle course backwards (s) 11.74 2.49 15.13 5.72 -3.32 0.00

Slalom with 3 balls (s) 37.15 9.88 32.22 5.54 3.21 0.00

Arm plate tapping (freq.) 28.43 3.69 30.23 4.40 -2.05 0.04

Forward bend (cm) 47.09 9.05 45.08 10.86 0.93 0.35

Standing broad jump (cm) 189.80 23.36 181.61 23.87 1.65 0.10

Bent arm hang (s) 53.93 34.00 33.44 19.89 3.82 0.00

Crossed-arm sit-ups (freq.) 47.40 7.75 41.74 6.99 3.72 0.00

Age 14-15                           N=32                      N=60

20-m dash (s) 3.68 0.26 3.77 0.29 -1.42 0.15

Obstacle course backwards (s) 11.06 1.96 13.51 2.57 -4.66 0.00

Slalom with 3 balls (s) 33.68 5.60 31.48 7.02 1.52 0.13

Arm plate tapping (freq.) 32.63 4.59 32.22 4.50 0.41 0.68

Forward bend (cm) 53.25 10.34 49.53 8.65 1.83 0.07

Standing broad jump (cm) 210.38 21.81 206.97 23.85 0.67 0.50

Bent arm hang (s) 47.20 19.80 51.98 24.28 0.95 0.34

Crossed-arm sit-ups (freq.) 48.56 9.64 44.72 6.23 2.29 0.02

Table 2. 
Descriptive statistics of motor abilities tests
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In the speed assessment (20 m run), the judo-trained group 
showed better  performance vs. the untrained concerning speed 
abilities at the ages of 11-12 and 13-14. This statistically signifi-
cant advantage in speed is also accompanied by better explosive 
strength of judokas at the age of 11-12, as well as static strength 
at the age of 12-14.
The advantage of the judo-trained vs. judo-untrained in coordina-
tion, determined by the obstacle course backwards test, can be 
explained as a consequence of an ongoing acquisition of specific 
judo techniques for the development of motion coordination. In 
the second coordination test (slalom with 3 balls), these diffe-
rences were not present (except for the age of 13-14 where the 
judo-untrained were better).

Conclusion

The outcomes of this study provide further evidence for the exi-
stence of differences in motor abilities and anthropometric cha-
racteristics between school-aged boys who underwent a specific, 
2-year judo training programme, compared to those who were 
not judo-trained.
The development of strength, coordination, speed, as well as an 
increase in circular dimensions, likely achieved by the application 
of a training process in judo, impose an initiative to implement 
certain types and principles of judo training into daily physical 
education classes in schools.
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Introduction

Football and basketball are top sports. Both sports consist of 
some complex movements which require strenuous efforts such 
as sudden feints, stops, starts, duels, sprints, jumps etc. (Reilly 
& Thomas, 1976). These efforts depend at the strength of neuro-
muscular system, especially on ones of lower limbs (Cometti et al., 
2001). Muscles of dynamic knee stabilizers are important in injury 
prevention as well as in improvement of knee function. Muscles of 
knee stabilizers are most often injured during football and basketball 
matches causing prolonged absence from training (Muckle, 1981). 
There are several factors which contribute to these injures. Some of 
them relate to imbalance between left and right leg muscles as well 
as reciprocal relation between muscle groups. Putting stress on 
one side, like one-legged take off, can cause asymmetry and domi-
nance in one leg, which, as a result, may cause huge differences 
in strength (Brady et al., 1993). It is proved that weakness of one 
leg contributes to greater chance of injury (Reilly, 1996). The dif-
ference between reciprocal muscle groups (agonist and antagonist 
muscles of dynamic knee stabilizers) leaves the weaker muscle 
groups at disadvantage. Hypertrophy of extensor muscles of lower 
leg comparing to flexors of lower leg can cause flexor injures (Re-
illy, 1996). High level of capability to use both legs improves skills 
of football and basketball players. 

There are many contradictory reports concerning comparison of 
dominant and non-dominant leg. Some researches have reported 
symmetry between dominant and non-dominant legs  (Brady et 
al., 1993; Rosene et al., 2001; Siqueira, 2002), whereas others 
suggest the existence of a significant asymmetry (Molnar and 
Aleksandar, 1974; Goslin and Charteris, 1979; Wyatt and Edwar-
ds, 1981).  
The aim of the current study was therefore to evaluate, through 
isokinetic tests, the influence of football and basketball practice 
and playing matches on the peak torque of the knee flexor and 
extensor muscles as well as reciprocal relation between agonist 
and antagonist muscles of right and left leg in professional fo-
otball and basketball players.

Methods

Subjects
57 students from the first year of Faculty of Sport and Physi-
cal Education volunteered to participate in this study. 30 of them 
were active football players who were 20, 8 ±3,5 years old,  he-
ight 177, 4± 5,1 cm, body mass 78,1 ± 4,3 kg and 8,1 ± 3,3 
years of training respectively. 27 of them were active basketball 
players who were 20,6 ± 2,9 years old, height 182,7 ± 5,5 cm, 
body mass79,9 ± 5,6 kg and 8,8 ± 2,1 years of training res-
pectively.

Tabaković Muhamed1,   Kazazović Elvir1,   Talović Munir1   and   Turković Senad1

Bilateral and reciprocal relation 
between extensor and flexor knee strength in football 
and basketball players

Key words: Isocinetic strength, balance of muscles, extensor of lower leg, flexor of lower leg, football players, basketball players
Ključne riječi:  Izokinetička snaga, mišićna ravnoteža, ekstenzor potkoljenice, fleksor potkoljenice, nogometaši, košarkaši

Sažetak 
Svrha ovog istraživanja je da ispita maksimalni moment sile, ukupni rad, 
kao i bilateralni i recipročni odnos ekstenzora i fleksora mišića dinamičkih 
stabilizatora koljena. Ispitanici koji su sudjelovali u ovom istraživanju su 
studenti  Fakulteta sporta i tjelesnog odgoja u Sarajevu (30 studenata koji 
se aktivno bave nogometom i 27 studenata koji se aktivno bave košar-
kom). Svi ispitanici su imali dominantnost desne noge i igrali su aktivno 
nogomet i košarku 8 godina. Maksimalna jačina dinamičkih stabilizatora 
koljena testirana je na izokinetičkom instrumentariju (aparata Biodex 3) na 
ugaonim brzinama veličine 60°/s i 180 °/s. Rezultati ovog istraživanja su 
pokazali da nema značajnih razlika u maksimalnom momentu, ukupnom 
radu kod mišića dinamičkih stabilizatora koljena, također nema značajnih 
razlika koje su evidentirani u recipročnom odnosu mišića agonista i an-
tagonista desne i lijeve noge. Ovi rezultati ukazuju na to da su treninzi i 
utakmice nogometaša i košarkaša u periodu trenažnog procesa kod obje 
grupe ispitanika uticale na podjednak razvoj jačine ovih mišićnih grupa, tj. 
njihovog međumišićnog omjera (bilateralnog i recipročnog).

1Faculty of Sport and Physical Education, University of Sarajevo, 
Bosnia and Herzegovina

Abstract
The purpose of this study was to examine the peak torque, total work 
as well as bilateral and reciprocal relation between extensor and flexor 
muscles of dynamic knee stabilizers. The examinees who took part in 
this study were students of Faculty of Sport and Physical Education from 
Sarajevo. 30 of them were active football players and 27 of them were ac-
tive basketball players. All players had right leg dominant and systematic 
football as well as basketball activities for about 8 years. The maximal 
strength of dynamic knee stabilizers was tested at isocinetic equipment 
(Biodex 3) at angle velocities 60°·s-1 and 180 °·s-1. Taking muscles of 
dynamic knee stabilizers into consideration, this study proves that there 
are no significant differences among peak torque and total work as well as 
there are no significant differences in reciprocal relation between agonist 
and antagonist muscles of right and left leg. These results indicate that 
trainings and matches of these football and basketball players during the 
period of training process influenced equal development of these muscles 
(bilateral and reciprocal relation). 
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The frequency of the training programme was almost the same for 
both groups. They had training 3 to 5 times a week. Duration of 
their trainings was also similar (approximately 2 hours per day). 
During the competition season the participants refrained from 
participating in muscle strength programmes using free weights 
or other resistance training machines. However, in pre-season, all 
participants underwent specific strength training programmes.
 Isocinetic testing of the strength of dynamic knee stabilizer was 
performed 15 days before the end of the competition half-season 
in both groups.
All participants had no history of knee surgery, hip or ankle le-
sions, or any known pathology that interfered with their motor 
function. Furthermore, none were taking any medications at the 
time of the study with known musculoskeletal side effects. Thus, 
the participants did not show any conditions that could be ag-
gravated by the testing protocol or confound the test results. The 
participants signed an informed consent form in accordance to 
the University guidelines for research involving human subjects. 
They were asked to refrain from any unusual activities or vigorous 
exercise 24 hours before each testing session.
Maximal peak torque and total work of flexor and extensor knee 
muscles were measured on both legs using isocinetic dynamom-
eter (Biodex 3 system) at angular velocities 60°·s-1 and 180 °·s-1.
These angular velocities were used by many researchers in order 
to measure the strength of dynamic knee stabilizers (Kazazović 
et al., 2007; Kazazović and Tabaković, 2008; Kazazović et al., 
2008). All tests were performed from a seated position. They 
were given instructions on exactly what to do. Verbal encourage-
ment was given during every trial. Furthermore, participants were 
instructed to work as hard as possible in both directions of the 

movement (flexion and extension). In addition, participants were 
instructed to hold their arms comfortably across their chest to 
further isolate knee joint flexion and extension movement.  
Every test was preceded by warm up exercises (3 sub maximal 
and 1 maximal repetition). Testing consisted of maximum test at 
angular velocity of 60°·s-1 5 repetitions), that was followed by a 
pause (30 seconds), and then maximum test at angular speed of 
180°·s-1 (5 repetitions) Following the testing of one leg, there was 
a 3 minute rest, and then the testing of the other leg began with 
the same conditions.

Statistical analysis

Paired - Samples T-tests were used to compare the peak torque 
values of dependent variables of football and basketball players in 
both legs. The significance level of p<0.05 was set for all anal-
yses.

Results

The analysis of the main effect revealed no significant differences 
for the legs or for the groups, except for angular velocities 60°·s-1 
and 180°·s-1. Torque values torque as well as total work were 
higher in lower angular velocities and lower in higher angular ve-
locities. There was no important connection between dominant 
and non-dominant side which proves that there is no influence 
of maximal peak torque of dynamic knee stabilizer on the legal 
dominance between groups (Table1). 

Table 1. 
- Peak torque (Nm) and total work of extensor and flexor knee muscles 60 °·s-1and 180 °·s-1and comparisons between right and left legs in football 
and basketball players (students of Faculty of Sport and Physical education in Sarajevo). 

Angular 
velocities

Football players Basketball players

Left leg 
Right 
leg 

r t p Left leg
Right 
leg 

r t p

Extensors
60 °·s-1

Maximal 
peak torque

214,72
± 41

212,13
± 40

0,878 ,712 ,482
225,09
± 34

221,68
± 34

0,828 ,879 ,387

Total work
876,58
± 163

863,26
± 164

0,898 ,984 ,333
941,21
± 139

900,67
± 177

0,723 1,712 ,099

Extensors
180 °·s-1

Maximal 
peak torque

135,83
± 25

134,83
± 23

0,852 ,412 ,683
144,87
± 23

143,24
± 24

0,861 ,685 ,499

Total work 
618,46
± 114

625,98
± 119

0,787 -,541 ,593
669,83
± 103

638,56
± 104

0,620 1,807 ,082

Flexors
60 °·s-1

Maximal 
peak torque 

117,81
± 22

120,15
± 24

0,787 -,851 ,402
128,03
± 21

129,06
± 22

0,774 -,367 ,716

Total work 
578,2
± 132

595,16
± 140

0,863 -1,297 ,205
615,80
± 115

637,56
± 133

0,796 -1,392 ,176

Flexors
180 °·s-1

Maximal 
peak torque 

90,59
± 23

89,62
± 21

0,829 ,413 ,682
96,46
± 23

95,16
± 23

0,848 ,536 ,597

Total work 
433,33
± 127

444,63
± 134

0.878 -,951 ,350
458,53
± 102

466,33
± 112

0,790 -,579 ,568
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Figure 1. 
Extensors and flexors peak torques (Nm) at velocities 60 °·s-1 an 180 °·s-1 in both legs in football and basketball players
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Reciprocal relationship between agonist and antagonist muscles 
of dynamic knee stabilizers and both legs in football and basket-
ball players is presented in Table 2. Statistically important differ-
ences were not found out for this intermuscular ratio between 
these two participant groups.

Discussion

Results of this study revealed similar results of dynamic knee 
stabilizers of both legs. This result suggests that strength is con-
nected with sport demands, and in this case it is football and bas-
ketball (Zakas et al.,1995). In this study Thomsen et al., (1997) 
found the differences in muscle strength among alpine skiers, 
jumpers and sprinters. Zakas et al., (1995) claimed that dynamic 
knee stabilizers were stronger in basketball players than in foot-
ball players at angular speed of 60 °·s-1 and 180°·s-1.  
Result of the studies support the lack of asymmetry between right 
and left leg of every tested group of muscles, and that is proved 
on the following (Brady et al.,1993; Holmes and Alderink 1984; 
Gur et al., 1999;  Rosene et al., 2001; Siqueira et al., 2002).  
However, this research as well as the previous ones disputes 
those earlier studies which supported the existence of asymmetry 
(Molnar and Aleksandar, 1974; Goslin and Charteris, 1979; Wyatt 
et al., 1981). Asymmetry of muscles that was spotted for knee 
flexors and extensors could be the consequence of balanced load 
on lower limbs. It therefore seems that training and playing games 
for many years can contribute to improve muscular strength of 
both the flexor and extensor muscles of the lower limbs. During 
football and basketball trainings and matches, players perform 
various explosive-type efforts, such as starts, sprint, and jump, 
duels and feints. For these types of actions both parts of lower 
limbs are active.  In addition, when shooting, the non-dominant 
limb has a support function, while the dominant leg has a propul-
sion function.  
The muscular symmetry that was registered in this work both 
in the flexor and extensor muscles of the knee might be due to 

the power training which took place during the preparation of the 
players in the pre-competition period. Bangsbo (1994) suggested 
that one of the most important aims of the training programmes 
during the pre-competitive period is specific training of strength.  
Recent studies of reciprocal relation between muscle groups 
of dynamic knee stabilizers are shown in studies (Holmes and 
Alderink,1984; Rosene et al.,2001; Siqueira et al.,2002). In these 
studies, reciprocal relation is on the same level but only different 
at different angular velocities. There are higher values at angular 
velocity of 180°·s-1. There are many studies that are full of op-
posite results concerning reciprocal relation of muscle groups. 
Some studies suggest That angular velocity does not influence 
the results of intermuscular ratio and that results are similar at 
lower as well as higher angular velocity, taking the correction of 
gravitation into account (Zakas et al., 2002; Fillyaw et al., 1986). 
On the contrary, the reciprocal relation is significantly higher in 
the higher angular velocities, when gravity is not taken into con-
sideration (Zakas et al., 2002, Fillyaw et al., 1986). 
According to Moffroid and his associates (1969), the peak torque 
of the extensor muscles is approximately twice that of the flexors, 
due to a greater muscular mass and irrespective of the angular 
velocity. Similar findings accrue from the present study. Zakas et 
al., (2002) reported similar ratios on the same angular velocities 
of elite Greek basketball, volleyball and football players. 
The findings regarding the relationship between reciprocal mus-
cle groups and lesions are contradictory. The inequality or the 
asymmetry of reciprocal relation of muscle groups between the 
right and the left limb can predispose individuals to lesions of the 
weaker muscular group (Brady et al., 1993). Previous research 
indicates that a lack in the symmetry in both directions that is 
more than 10% was predictive of flexor injury (Burkett, 1970). 
On the contrary, Bennell and his associates (1998) considered 
strength imbalances greater than 10% or reciprocal relation be-
tween agonist and antagonist muscle groups less than 60% on 
either leg did not place the player at greater risk for subsequent 
flexor injury. Stafford and Grana (1984) reported that bilateral H/Q 
ratios need to be compared to each speed in addition to the bilat-

Figure 2. 
Extensors and flexors Total work (J) at velocities 60 °·s-1 and 180 °·s-1 in both legs in football and basketball players
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Football players Basketball players

Angular velocities Left leg Right leg r t p Left leg Right leg r t p

60 °·s-1

54,85
± 8,0

56,69
± 7,0

0,540 -1,385 ,176
56,02
± 6,6

56,97
± 6,6

0,498 -,748 ,461

180 °·s-1

65,96
± 12,3

66,81
± 9,5

0,763 -,585 ,563
64,75

± 12,7
66,35

± 11,4
0,739 -,947 ,352

Table 2. 
Comparisons of intermuscular ratio on both legs for both angular velocities in football and basketball players
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eral comparison of strength, for when bilateral torques are within 
the normal comparison limits of 90%, the ratio of the two muscle 
groups is not necessarily within the normal boundaries for the 
two limbs. 
When asymmetry exists in the muscular power between the two 
limbs or in reciprocal relation between agonist and antagonist 
muscles, it is suggested to consider rehabilitation and muscle 
invigoration for the balance of muscular strength between the two 
limbs. 

Conclusion

If we take into consideration the result of this study we will see 
that there is no significant difference between extensor and flexor 
muscles of dynamic knee stabilizers as well as no significant di-
fference between agonist and antagonist muscles in both legs in 
football and basketball players. Reciprocal relation between ago-
nist and antagonist muscles do not show any difference between 
these two groups of participants. However, coaches were warned 
to make individually designed programmes for the players with 
asymmetry off bilateral and reciprocal muscle groups of dynamic 
knee stabilizers. In the case of asymmetry, an appropriate treating 
of its removal must be obligatory part of exercises.
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Introduction

Sport sociologists and basketball coaches are agreeable with 
the opinion that in every sport collective must be clearly defined 
social relations among players, coaches and club management. 
Most common companion to socialization process is conformity 
(Koković, 2000, page 82). Conformity is individual’s adaptation to 
attitudes, opinion and behaviour patterns, and certain standards 
of a group in which he belongs to. Conformists are easily adapted 
to sport collective and club discipline. They are the favourites of 
authoritative and persistent coaches. Fonder to him are unstable, 
intelellectually unformed, frustrated, authoritative, and persons of 
a lower status in a group. 
Marjanović (1995) researched conformity of 40 girls and 40 
young men, students of Belgrade highschools by Ashe’s tech-
nique. Variance analysis indicates that conformity degree is much 
larger in sexually homogenuous, than in sexually heterogeneous 
groups. The ones who are mostly conformed are men compared 
with instructed subjects-men, then girls compared with instructed 
subjects-girls, following girls compared with instructed subjects-
men, and the ones who are least conformed are men compared 
with instructed subjects-girls. Atkinson (2002) researched the 
reasons of Canadian women tattoing during three years. He states 
that environment pressure is one of the main reasons for tattoo-
ing. Examining the sample of 149 students, based on 11-item 
scale Likert type, Niemand (2006) states that women are greater 
conformists than men are regarded life and racial prejudices. He 
also states that majority of researchers come to conclusion that 
women are greater conformists. Examining validity orientations 
of 628 adolescents, Joksimović and Matić (2006) are evaluating 
conformity degree using scale-containing statements of necessi-

ty of majority opinion acceptance, importance of fitting in a group 
and adjusting to expectations and demands of others. Positive 
relation between conformity and altruistic validity orientation is 
interpreted by aspiration of students-conformists to be accepted 
and favourite. Conformity is more emphasized with students 
whose parents have lower educational level. These parents insist 
on respecting authority and accepting conformity values. 
Researches of conformity of sportsmen indicate that novice play-
ers are rapidly adjusting their behaviour to older players and team 
leader (according to: Carron, 1980). Younger adolescents and 
their parents have great expectations from coaches (Martin et al., 
1999). They consider that coaches should be educated, compe-
tent, ambitious, hard working, etc. Authors conclude that young 
sportsmen are characterized with low conformity degree because 
of: a) their relatively short sport practice and b) parents’ partici-
pation in their children’s activities. Sherman et al. (2000) have 
researched opinions of Australian sportsmen about ’preferred 
coaching behaviour’. In addition, they conclude that sports-
women are more tolerant to coach’s autocracy, i. e., they are 
greater conformists than sportsmen are. After interviewing doped 
sportsmen, Mendoza (2002) claims that certain percentage of 
sportsmen doped because they have seen it from other sports-
men. Analyzing relations between Olympic medallists and their 
coaches, Jowett and Cockerill (2003) consider that readiness of 
sportsmen to completely subject to coach’s trainage rules and 
principles is ’positive conformity’, because such relation has lead 
to success. Definitely, regarding the relations coach-sportsman, 
many researches indicate of high conformity degree of players, 
whether it is about individual or collective sports (according to: 
Wildman, 2006).
Aim of this research was to establish differences in conformity 
degree with Bosnian-Herzegovinian basketball players based on 
three criterions: 1) player’s competitive level, 2) player’s position 
and 3) player’s age. 

Igor Vučković1   and   Aleksandar Gadžić2

Senior basketball players conformity
Key words: conformity, basketball players, coaches, club’s management
Ključne riječi: konformizam, košarkaši, treneri, uprava kluba

Sažetak
Konformizam kao oblik ponašanja igrača prema treneru i upravi kluba bio 
je predmet proučavanja ovog rada. Cilj istraživanja bio je da se utvrde 
razlike u stepenu konformizma između grupa košarkaša, razvrstanih po 3 
kriterijuma: takmičarskom nivou, igračkoj poziciji i starosti igrača. Uzorak 
ispitanika činilo je 75 košarkaša seniora. Instrument istraživanja bila je 
modifikovana skala konformizma (The Conformity Scale, Mehrabian, & 
Stefl, 1995). Interna relijabilnost modifikovane skale iznosila je α=.74. 
Podaci su analizirani uz pomoć neparametrijskog Mann-Whitney testa. Od 
8 ponuđenih tvrdnji, evidentirane su značajne razlike u stepenu konformiz-
ma između prvoligaških i drugoligaških igrača po 3 tvrdnje. Između “van-
jskih’’ i “unutrašnjih’’, te mlađih i starijih igrača nisu evidentirane razlike ni 
po jednoj tvrdnji. Rezultati ukazuju da su ispitivani bosanskohercegovački 
košarkaši u velikoj mjeri skloni konformizmu.

Abstract
Conformity as a form of players’ behaviour toward coach and club man-
agement was the research topic of this study. This research had an aim 
to establish the differences in conformity degree between groups of bas-
ketball players, classified by three criterions: competitive level, player’s 
position and player’s age. Examinees sample was formed of 75 senior 
basketball players. Modified conformity scale was used as an instrument 
of research (The Conformity Scale, Mehrabian, & Stefl, 1995). Internal 
reliability of a modified scale was α=.74. Data was analized with help of 
non-parametrical Mann-Whitney test. Out of eight statements proposed, 
there were found significant differences in conformity degree between first 
leagued and second leagued players based on three statements. Among 
’outside’ and ’inside’, and younger and older players, there were no dif-
ferences found based on any statement. Results indicate that examined 
Bosnian-Herzegovinian players are fond to conformity in great degree.
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Method

Sample of the examined
By the end of League competition in season of 2005/2006, there 
were identified per three best-ranked teams of two competi-
tive levels in Bosnia and Herzegovina. To be precise, examinee 
sample was formed of 38 basketball players of Bosnian-Herze-
govinian First League (highest competition level, professionals) 
and 37 basketball players from the First League of Republic of 
Srpska (second competition level, semi-professionals). There-
fore, that is 75 players altogether (M=24.2 yrs, SD=5.06 yrs). 
49 of that number plays ’outside’ position (forwards and guards), 
and 26 ’inside’ (centers). 33 of total number pertain in the group 
of older players (≥25 years), while 42 players are in the group 
of youngers.

Sample of variables
Modified conformity scale was used as an instrument of research 
(The Conformity Scale, Mehrabian, & Stefl, 1995). Modification 
implied linguistic adaptation of statements, considering not to 
change their essence. Internal reliability of a modified scale was 
α=.74. Statements regarding conformity toward coach were: 1) 
’Coach is the team leader and should be respected by that mat-
ter’ (Leader); 2) ’It is a good thing when coach consult players 
regarding certain questions’ (Conspl); 3) ’Coach is under great 
pressure, so even when he does a mistake, he should be un-
derstood and forgiven’ (Coastr); 4) ’All coach’s ideas should be 
done without any complaints’ (Coaide). Claims regarding con-
formity toward club management were: 1) ’Club management 
runs the club and, therefore, should be respected’ (Manres); 2) 
’Club management is manbenent, its only interest is club prosper-
ity’ (Manben); 3) ’Club management should have influence on 
coach’s professional work (content, training, player’s treatment 
by the coach, etc.)’ (Manwor); 4) ’Opinion of club management 
regarding professional things (player’s quality, player’s competi-
tive level form, etc.) must be respected’ (Opiman). Players evalu-
ated their compatibility with statements offered in five-degree 
scale of Likert type, where state 1 represents player’s opinion ’I 
completely disagree’, state 2 ’I partially disagree’, state 3 ’I am 
indecisive’, state 4 ’I partially agree’ and state 5 ’I completely 
agree’. Dependent variables were: 1) competition level (1st and 
2nd league of Bosnia and Herzegovina), 2) player’s position (’out-
side’ and ’inside’ players) and 3) playing experience (younger and 
older that 24 years).

Data processing methods

Surveying was performed in the morning hours, before any kind 
of training activities. Author, along with his 2 assistents, and co-
aches of the teams examined, attended in the poll of players in 
a specially chosen room inside training gym. Non – parametrical 
Mann-Whitney test was used for testing hypothesis on varieties 
of two arithmetic means.

Results and Discussion

From table 1 it is obvious that there are statistically significant 
differences among groups of players in statements ’Coach is the 
team leader and should be respected by that matter’ (Leader), 
Club management runs the club and, therefore, should be re-
spected’ (Manres) and ’Club management is manbenent, its only 
interest is club prosperity’ (Manben). By statements ’It is a good 
thing when coach consult players regarding certain questions’ 
(Conspl), ’Coach is under great pressure, so even when he does 
a mistake, he should be understood and forgiven’ (Coastr), ’All 
coach’s ideas should be done without any complaints’ (Coaide), 
’Club management should have influence on coach’s profes-
sional work (content, training, player’s treatment by the coach, 
etc.)’ (Manwor) and ’Opinion of club management regarding pro-
fessional things (player’s quality, player’s competitive level form, 
etc.) must be respected’ (Opiman) have no significant differences 
recorded.
Table 2 indicates about size and course of differences among 
groups of players at statements offered. By all statements players 
of First League of Bosnia and Herzegovina are greater conformi-
sts than players from First League of Republic of Srpska (column 
Mean) (statement ’It is a good thing when coach consult players 
regarding certain questions’ (Conspl) has an opposite course 
from all others!).

Table 1. 
Differences between first leagued and second leagued players in conformity degree

Leader Conspl Coastr Coaide Manres Manben Manwor Opiman

Mann-Whitney U 470.500 610.500 617.000 596.000 518.000 381.500 661.500 680.500

Z -2.670 -1.157 -.961 -1.190 -2.101 -3.569 -.457 -.248

Asymp. Sig. (2-tailed) .008 .247 .337 .234 .036 .000 .648 .804

Table 2. 
Descriptive statistics regarding player’s competitive level

GROUP N M

Leader 1 38 4.42

2 37 3.86

Conspl 1 38 4.47

2 37 4.67
Coastr 1 38 3.81

2 37 3.45

Coaide 1 38 3.86

2 37 3.48

Manres 1 38 4.28

2 37 3.72

Manben 1 38 4.15

2 37 3.18

Manwor 1 38 2.50

2 37 2.35

Opiman 1 38 3.07

2 37 3.00

Legend:
GROUP 1 – firstleagued players
GROUP 2 – secondleagued players
N – number of players by groups
M – arithmetic mean
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Results from table 3 indicate that there are no statistically signi-
ficant differences among ’outside’ and ’inside’ players in confor-
mity degree. 
In table 4, it is noticeable that players of both groups are slightly 
greater conformists toward coach than to club management. 
Table 5 indicates that there are no significant differences between 
younger and older players in conformity degree. 
Eventhough statistically not significant, younger players are sli-
ghtly greater conformists than older players are (table 6).
It is obvious that basketball players of the First League of Bosnia 
and Herzegovina are greater conformists than players from the 
First League of Republic of Srpska. Hence, readiness to conform 
to the authorities is greater in players professionals that in semi-
professionals. There are at least three reasons for this kind of 

behaviour. First, professional basketball players have more quali-
tative coaches and club managements, so it is quite logical that 
they have more trust both in coach’s professionally-pedagogical 
qualities, and in work of club management. Second reason can be 
related to their motivation for club performing. Vučković (2005) 
states that professional players mention high salaries as one of 
the most important motives for club performing.
 Money, as a rewarding and punishing mean of players by coach 
and club management, makes those players great conformists. 
Third, but not less important, in Ex-Yugoslavia region has been 
strong cult of coach personality for thirty years. Merits for excel-
lent results that clubs and representations from those areas have 
achieved were assigned to coaches (in great part), so the respect 
of hither players toward coaches is completely understandable. 

Table 3.
Differences between ’outside’ and ’inside’ players in conformity degree

Leader Conspl Coastr Coaide Manres Manben Manwor Opiman

Mann-Whitney U 587.000 519.000 572.000 557.000 621.000 595.000 557.500 525.500

Wilcoxon W 938.000 1744.000 1797.000 1782.000 1846.000 1820.000 1782.500 876.500

Z -.603 -1.551 -.763 -.935 -.191 -.490 -.919 -1.289

Asymp. Sig. (2-tailed) .546 .121 .446 .350 .849 .624 .358 .197

Table 4. 
Descriptive statistics by playing positions

POSITION N M

Leader 1 49 4.18

 2 26 4.07

Conspl 1 49 4.48

 2 26 4.73

Coastr 1 49 3.53

 2 26 3.84

Coaide 1 49 3.61

 2 26 3.80

Manres 1 49 4.00

 2 26 4.03

Manben 1 49 3.63

 2 26 3.76

Manwor 1 49 2.32

 2 26 2.61

Opiman 1 49 3.16

 2 26 2.80

Legend:
POSITION 1 – ’outside’ players
POSITION 2 – ’inside’ players
N – number of players by groups
M – arithmetic mean

Table 5. 
Differences between younger and older players in conformity degree

Leader Conspl Coastr Coaide Manres Manben Manwor Opiman

Mann-Whitney U 578.000 673.000 605.000 542.000 603.000 599.000 639.500 563.000

Wilcoxon W 1139.000 1576.000 1166.000 1103.000 1164.000 1502.000 1200.500 1124.000

Z -1.330 -.252 -.990 -1.692 -1.030 -1.051 -.593 -1.441

Asymp. Sig. 
(2 tailed)

.183 .801 .322 .091 .303 .293 .553 .150

Table 6. 
Descriptive statistics regarding player’s age

 AGE N M
Leader 1 42 4.26

2 33 4.00

Conspl 1 42 4.59

2 33 4.54

Coastr 1 42 3.76

2 33 3.48

Coaide 1 42 4.00

2 33 3.27

Manres 1 42 4.19

2 33 3.78

Manben 1 42 3.59

2 33 3.78

Manwor 1 42 2.47

2 33 2.36

Opiman 1 42 3.21
 2 33 2.81

Legend:
AGE 1 – players < 25 years
AGE 2 – players ≥ 25 years
N – number of players by groups
M – arithmetic mean
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There are no statistically significant differences between ’outside’ 
and ’inside’ players in conformity degree. Forwards and guards 
on one hand, and centers on the other hand, have similar op-
pinions by all claims offered. Obviously, player’s position has no 
influence on conformity degree of examined basketball players. 
In his research of social characteristics of senior basketball play-
ers, Vučković (2008) comes to conclusion that ’outside’ players 
are more educated than ’inside’ ones. Therefore, it was to expect 
that ’inside’ players are greater conformists. (’More educated 
and more intelligent persons are greater individuals, i.e. less con-
formists’; Koković, 2000, page 83). Narimani and Ahari (2008) 
compare football strike players with defence players in some 
sociological characteristics for which it is assumed to influence 
the team success. They claim that defence players are greater 
conformists than strike players are. The reason for that they see 
in lower education degree of defence players. 
Also, there were found no statistically significant differences be-
tween older and younger basketball players in conformity degree. 
Research made by Martin et al. (1999) associate that greater 
conformity at older players was expected. However, some earlier 
researches (according to: Carron, 1980) indicate that younger 
players rapidly adjust their behaviour to standards made by older 
players and the team leader. 
Most famous North American sport sociologist, in his numerous 
studies (Carron, A. et al., 2002a, 2002b, 2003, 2005) claims that 
for the team success, among other things, is essential players 
conforming in relations towars coach. Comparing successful and 
unsuccessful American teams from the Olympics in Atlanta, Gould 
et al. (1999) have researched the reasons of certain teams’ un-
success. Besides lack of team cohesion, experience and mental 
readiness, authors suggest that low conformity degree has con-
tributed also to poor results. Sportsmen who were not prepared 
to completely subject to coach and his programme, registered 
the poorest results. In research of predisposition of sportsmen to 
individuality or collectivity, McCutcheon and Ashe (1999) state 
that ’individuals’ are persons devaluating collective effort aimed 
to succes, devaluating significance of insideteam relations and 
prefer high personal autonomy and individuality degree. 

Conclusion

Seen altogether, basketball players of Bosnia and Herzegovina 
have high conformity degree toward coach and club manage-
ment. Conformity toward coach is greater than conformity toward 
club management. These results are similar to results of other 
researchers. However, it can be said that very low individuality 
degree is recorded in this research, especially regarding relation 
toward club management. Surprising (and disappointing!) are 
oppinions of players who approve interfering club management 
in coach’s professional and pedagogical work. It would be very 
interesting to offer the poll used in this research to population 
of leading basketball players of other European countries. Such 
comparisons would give an answer to question whether the high 
conformity degree of basketball players of Bosnia and Herzegov-
ina is really justified. 
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Introduction 

Every kind of sports game has its own characteristic structure 
where sports game that in essence looks alike differs a lot in 
structure. 
Football game, on first sight complex one, contenting simple 
elements of the game allows creation of preconditions for play 
almost anywhere. The game lasting 90 minutes and size of play-
ground are clear indicators of football load. Those indicators 
show that football is aerobic sport. However, during the football 
game players perform sprints, remples, jumps, and high intensity 
workouts. (Sporiš, 2007) Football player uses aerobic and anae-
robic mechanisms that are constantly in change. They differ from 
the others by specific structure and summary of huge number of 
features makes it special. 
Contrary to the past when technical readiness was the most im-
portant, nowadays’ game requests from players higher level of 

physical readiness. Physical readiness is key element for succe-
ss in football (Wang, 1995).
Modern football effected high level of developing tactical-techni-
cal physical and psychological characteristics and abilities where 
elements of the game and work merge; elements of programming 
and released creativity also, elements of “artistic” and “industri-
al”, and finally elements of freedom and rigorous responsibility 
(Barišić, 1996).  
Football players their success in football game realize by manife-
station of huge number of abilities and knowledge, their structure 
and quality. Mentioned abilities and features are named as su-
ccess factors and hierarchically they are made of three groups of 
success factors in football game. 
First group is made of factors that are expressed through basic 
anthropological features and abilities of football players, first of 
all thinking of: health state, motor abilities, functional abilities, 
cognitive and emotional factors so as morphological characteri-
stics. Second group of success factor in football game contents: 
specific theoretical knowledge, technical and tactical abilities, 
specific motor abilities and so on. Third group of success factors 
content situational efficiency of results achieved in competition. 
(Verheijen, 1997).

Sažetak
Cilj istraživanja je utvrditi uticaj skupa prediktora, motoričkih i funk-
cionalnih varijabli, na kriterijske varijable uspješnosti izvođenja eleme-
nata nogometne tehnike kod 88 nogometaša uzrasta 12-14 godina. 
Za procjenu motoričkih sposobnosti korišteno je 18 varijabli, procjenu 
funkcionalnih sposobnosti 2 i za procjenu izvođenja elemenata nogo-
metne tehnike 15 varijabli. Za utvrđivanje uticaja prediktora na kriterije 
korištena je klasična regresiona analiza kojom se nastojalo definirati koje 
varijable prediktorskog sistema (motoričke i funkcionalner sposobnosti) 
najznačajnije defini raju kriterijsku varijablu koja predstavlja generalnu 
uspješnost  pri realizaciji kretno-tehničkih elemenata iz nogometa. U radu 
nas je interesovalo kako to prediktivni sistem motoričkih i funkcionalnih 
sposobnosti utiće na efikasnost učenja i izvođenja elemenata tehnike u 
nogometu. Urađena je regresiona analiza i ona nam ukazuje da je povezan 
sistem prediktora sa kriterijem, a kriterijska varijabla predstasvlja prvu 
glavnu komponentu u kojoj su saturirani svi elementi nogometne tehnike. 
Dobili smo da je taj sistem kriterijskih varijabli povezan sa prediktorskim 
sistemom visokim koeficijentom .83 i da je objašnjen dio varijabiliteta 
prediktivnih vrijednosti 69%. Dakle, možemo sa sigurnošću kazati da je 
ovaj visoki koeficijent u funkciji što bolje realizacije kretnih struktura iz 
nogometa. Procenat neobjašnjenog varijabiliteta ovim  prediktivnim siste-
mom vjerovatno bi definirale neke druge karakteristike i sposobnosti koje 
nisu ušle u ovo istraživanje. 
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Abstract
Goal of this research is to confirm influence of the predictor’s summary, 
motor and functional variables to the criteria variables of performance 
football techniques elements among 88 football players’ ages 12-14 ye-
ars. Eighteen variables were used for the motor abilities estimation, two 
variables for the functional abilities estimation and fifteen variables for the 
football techniques elements performance. Manifolds regression analysis 
is used for the confirmation of predictor’s influence to the criteria, with 
witch we tried to define witch variables of predictor’s system (motor and 
functional abilities) mostly define criteria variable that represents general 
success while realization of move-technical elements of football. Our in-
terest was how predicting system of motor and functional abilities influ-
ence learning efficiency and football techniques elements performance. 
Regression analysis was done and it points the connection of system of 
predictors and criteria, and criteria variable represents first main compo-
nent in which all element of football techniques are saturated. 
Result was that that system of criteria variables are connected to the 
predictor’s system with high coefficient .83 and part of variability of pre-
dictive values of 69% is explained. As follows, we can surely say that this 
high coefficient is in function of best realization of moving structure in 
football. Percentage of inexplicable variability with this predictive system 
would probably define some other characteristics and abilities that didn’t 
fit into this research.     
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The problem of this research represents confirmation of depen-
dency success degree performance of football techniques on 
motor and functional football players’ abilities. The aim of work 
is to confirm influence of predictors’ group, motor and functional 
variables to the criteria success variables of football technique’s 
elements performance of players.    

Methods 

Sample of examined 
Football players 12-14 years old represented the specimen. The 
choice of specimen depended on objective ad subjective factors 
that were dictated by conditions, applied variables and goal of 
research. Based on chosen statistical-mathematical model, pro-
gram and goals of research, the specimen was represented by 
18 examined.   

Sample of variables
For the estimation of motor abilities in this research we choose 
variables for which we presume that cover region of latent dimen-
sion of moving and energetic relation of football players, same as 
performance elements of football techniques. 

Variables for estimation of motor abilities
1. Polygon backwards MREPOL; 2. Steps aside MAGKUS; 3. 
Legs’ slalom with two balls MKLSNL; 4. Foot-tapping on the wall 
MBFTAZ; 5. Foot-tapping MBFTAN; 6. 20m run with standing start 
MFE20V; 7. Standing long jump MFESDM; Standing high jump 
MFESVM; 9. Medicine ball throws from lying position MFEBML; 
10. Push-ups MRESKL; 11. Body lift-ups from lying MRPTL; 12. 
Squats MRSCUC; 13. Forward bend on the bench MFLPRK; 14. 
Astride-stand forward bend MFLPRR; 15. Aside straddle MFL-
BOS; 16. Both legs stands transversally on the bench for balance 
with open eyes MBAP20; 17. One leg stands longitudinally on the 
bench for balance with open eyes MBAU10; 18. Both legs stand 
transversally on the bench with close eyes MBAP2Z.

Variables for a functional ability estimation
1. 12 minutes run FAE12M; 2. 6x50m run FS6X50

Variables for the estimation of the elements 
performance of the football techniques 
1. Inside foot receiving ball PLUDS; 2. Upper leg receiving ball 
PLNKOO; 3. Chests receiving ball PLGRUU; 4. Full foot ball kick 
ULPDS; 5. Heading ULGLC; 6. Volley kick ULDRK; 7. Feet ju-
ggling ZOLNO;  8. Head juggling ZOLGL; 9. Free juggling ZOLSL; 
10. Outside foot leading ball VOLVA; 11. Inside foot leading ball 
VOLUN; 12. Leading ball in juggling direction VOLZO; 13. Out-
side dribbling DRLVA; 14. Inside dribbling DRLUN; 15. Rolling 
dribbling DRLRO

Data base methods

Using multiple regression analysis we tried to define variables of 
the predictor system of motor and functional abilities that signi-
ficantly define criteria variable (Rađo, 2002) which represents 
general succeed realizing moving-technical elements of football. 
First main component represents isolated latent dimension in 
which are extracted points of all success variables of performing 
football techniques and it represents criteria variable. 

Results and Discussion

In table 1 we see that among whole variable system, namely pre-
dictors system and criteria variable, multiple correlations RO is 
.83 and it explains 69% of mutual variability. 
That kind of connectivity is important at the level of mistake .00, 
which represents critical value and F-distribution is for counting. 
Concerning that F-distribution is counted as distribution of quo-
tient of two points, confirming that, two degrees of liberation are 
defined. 
First degree of liberation is equal to the number of predictors’ 
variables, in this case number of tests for the estimation of motor 
abilities and it is marked as Df-1; and the others are defined by 
number of entities diminished for the number of predictors’ varia-
ble minus 1, which means Df2=N-n-1.
In this work we are interested how predictive system of motor 
and functional abilities influence efficiency of learning and per-
forming techniques’ elements of the football. Regression analysis 
was done and it points to the connection between the predictors’ 
system and criteria, and criteria variable represents first main 
component in which all elements of football techniques are sa-
turated.
As we already pointed, we have got the situation that system of 
variables is connected with predictors’ system by high coefficient 
.83 and part of variability of predicting values of 69% is explained. 
So we can say for sure that this high coefficient is in function of 
best possible realization of moving structure in football. Percen-
tage of unexplained variability with this system would probably 
define some other characteristics and abilities that didn’t enter 
into this research. 
What mostly influences realization of football techniques? This 
system of motor and functional abilities has significant influence 
in whole, but looking at one-variant level, we see that coordinati-
on, repetitive and explosive strength are specially dominant motor 
abilities that have influence, talking about realization of movement 
structure in football.  
To have fulfilled picture and to have all this as reminder for the 
researches that we’ll find and count in last round, we have to 
say that one important dimension in football that is extracted and 
confirmed scientifically and theoretically is agility MAGKUS-steps 
aside, has pretty high Beta coefficient and T-test, and he is impor-

R R SQUARE
ADJUSTED R 

SQUARE
STD. ERROR OF 
THE ESTIMATE

CHANGE 
STATISTICS

Model R Square Change F Change df1 df2 Sig. F Change

1 .831 .691 .599 .633 .691 7.501 20 67 .000

Table 1. 
Relationship among predictors’ and criteria variables
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tant at the level .05, which points us that dimension of agility has 
important influence to the criteria variable.
Talking about influence of the functional abilities as predictors 
for criteria, results of regression analysis shows statistically im-
portant multiple connection of predictors’ system with criteria. 
Prognostic value is highest with tests FS 6X50, which points that 
optimal developed basic endurance represents one of the basic 
precondition for strong playing efficiency. Looking from conditi-
onal point of view, as much as it is developed, re-synthesis of 
energy phosphate rich comes more practically (ATP, KP). During 
interval loading they (ATP, KP) represent crucial source of ener-
gy. High aerobic capacity assures optimal work on load, regene-
ration, recovery and bearing of load. (Visscher, 2006). Basic ae-
robic endurance represents fundamentals for high level of quality 
and quantity training for special abilities development of tests for 
coordination estimation and tests for estimation of explosive and 
repetitive power (Chamari et al., 2005).

So, we can emphasize that with regression analysis it is possible 
to define pretty good influence of the predictor’s system to the 
explanation of criteria and referring to the criteria prediction of 
whole system is significant. 
The results of regression analysis show us that wide spectrum of 
motor functioning positively influence to the realization of football 
techniques elements. That way it discovers that in base of moving 
structure in football bears treasure and referring to football tech-
niques complexity of dynamic system of movement.

Conclusion 

In this work the subject of our interest was how the predicting 
system of motor and functional abilities influences learning and 
performance of the football techniques elements efficiency. Re-
gression analysis was done and it points to the connection of 

Table 2. 
Relation of predictor and criteria systems and T-test

  
UNSTANDARDIZED 

COEFFICIENTS
STANDARDIZED 
COEFFICIENTS

T SIG.

Model B Std. Error Beta

1 MREPOL .217 .013 .299 1.444 .003

MAGKUS -.174 .091 -.223 -1.913 .050

MKLSNL .018 -.120 -1.260 .212

MBFTAZ .020 .097 1.005 .319

MBFTAN .016 .040 .446 .657

MFE20V -.436 .408 -.106 -1.069 .049

MFESDM .008 .057 .442 .660

MFESVM .327 .020 -.239 -2.408 .019

MFEBML .001 .185 1.734 .076

MRESKL .315 .017 .231 2.103 .039

MRSPTL .028 .034 .373 .711

MRSCUC .030 .193 2.216 .050

MFLPRK .021 -.129 -1.315 .193

MFLPRR .011 .043 .339 .735

MFLBOS .010 -.143 -1.368 .176

MBAP20 .336 .013 .172 2.073 .042

MBAU10 .003 -.068 -.857 .394

MBAP2Z .078 -.084 -.980 .331

FAE12M .000 -.030 -.286 .775

FS6X50 .442 .029 -.440 -2.892 .005
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predictor’s system with criteria; and criteria variable represents 
first main component in which all elements of football techniques 
are saturated.     
We have got results that this system of criteria variables is con-
nected with predictors system with high coefficient of .83 and 
part of predictive variability values of 69%. However, we can 
surely say that this high coefficient is in function of best possible 
moving structure in football. Percentage of unexplained variability 
using this system would probably define some other characteris-
tics and abilities that didn’t enter into this research. 
What mostly influence realization of football techniques? Whole 
this system of motor and functional abilities has pretty important 
influence, but when we look at the one-variant level we see that 
coordination, repetitive and explosive power, are especially domi-
nant motor abilities referring to the influence to the realization of 
moving structure in football.
In conclusion we can emphasize that using regression analysis 
it is possible pretty correctly to define influence of the predictors’ 
system to the criteria explanation and importance of whole sys-
tem prediction referring to the criteria. 
Regression analysis results shows us that wide spectrum of mo-
tor functioning positively influences realization of football tech-
niques elements and it discovers on some way that fundamentals 
of moving structure in football contents treasure and complexity 
of dynamic system of movement that is present in subject of foot-
ball techniques.  
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