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Original scientific paper

Abstract
Aim of the study was to determine the structure of running kinematic parameters of boys aged 10-12 that are grouped according to the 
results value of the 50 meters athletic sprint. Multivariate analysis of variance was used to determine differences between the formed 
quality groups of boys in treated variables of running kinematic parameters. Univariate F-tests indicated that the three formed quality 
groups of boys differ significantly in the kinematic parameters of frequency and stride length, and achieved maximum speed of run-
ning. Statistically significant difference between formed quality groups of boys was not detected in the kinematic parameters of contact 
and flight duration. Differences in the structure of running kinematic parameters for the formed quality groups of boys are graphically 
presented in the Z-5 values. Results of this study have determined that the frequency and stride length and level of achieved maximum 
running speed are variables that can better examine differences in the structure of running kinematic parameters of boys at the age 10-
12, as opposed to the duration of contact and flight. Presented structure of running kinematic parameters can help in forming models 
for identification and selection of talented boys for athletic sprint.

Keywords: Athletic sprint, running kinematic parameters, frequency and stride length, Z-5 values.

Introduction

The basic technique of running is very simple and natu-
ral as opposed to complex technical structure of athletic 
sprint. Running is an inherent form of movement, whose 
effectiveness from the aspect of running speed is indi-
vidually determined and depends on variety of hereditary 
functions (Babić, 2005). Biological development of run-
ning speed is not constant. This development has certain 
oscillation primarily during adolescence period. In the on-
togenetic development of children, the term “natural bio-
logical development of speed”, is used, which depends on 
level of development of bio-motor potential, morphological 
characteristics and form of motor stereotype of movement 
(Bračič, Tomažin and Čoh, 2009).
The effectiveness of the technique depends on changing 
components of kinematic parameters related to running 
stride, which include frequency and stride length and du-
ration of contact and flight (Mero, Komi i Gregor, 1992; 
Donati, 1995; Čoh, Mihajlovič, Praprotnik, 2001; Čoh, 
Milanović, Kampmiller, 2001). Numerous studies of run-
ning kinematic parameters as well as studies which include 
different aspects of biological development of running 
speed, confirm that stride frequency depends on function 

of the central nervous system, inter-muscular and intra-
muscular coordination, and central and peripheral nervous 
fatigue. Stride length depends on morphological character-
istics, impulse force at take-off, duration of contact phase, 
dynamic flexibility in the hips, distances of take-off and 
contact (Čoh, Bračič and Smajlović, 2010).
A number of studies tried to established different models 
of identification and selection for athletic sprint (Balsevich, 
1996; Zeličenok, 1998). Tomažin, Čoh and Škof (1999) 
have set a reduced model which measure success, for the 
athletic sprint, by analyzing the morphological and motor 
characteristics of adolescents. They concluded that the 
most appropriate period for the initial selection and intro-
duction to athletics sprint disciplines is the age between 11 
and 12. They also emphasized the importance of know-
ing the substantial characteristics, which in this age period 
have the greatest impact to explain performance level of 
result.

Two main objectives of this research were:
- Determination of differences in the structure of run-

ning kinematic parameters of boys aged 10-12, who 
were divided into three quality groups formed ac-
cording to the result value in 50 m athletic sprint;
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- Important information for future modeling of identi-
fication and selection of talented boys for athletics 
sprinting, in terms of relevant kinematic parameters 
related to running in the age 10-12.

Methods

The study was conducted on a sample of eighty one (81) 
subjects – pupils of the fourth grade of elementary school, 
aged 10-12 (body height ABH = 145,3 ± 6,6 cm, body 
mass ABM = 39,7 ± 8,8 kg). The sample was divided into 
three quality groups according to criterion variable – the 
50m running result (KT50m). Sample of variables for esti-
mating running kinematic parameters included a set of six 
variables: maximum running speed (KVMAX), 20m running 
time from flying start (KTLS20m), stride frequency (KFK), 
stride length (KDK), duration of contact (KTK) and duration 
of the flight (KTL). Kinematic parameters were registered on 
tensiometric carpet (Ergo Tester Bosco), while the result and 
maximum speed of running at 50 m were registered with 
a system of infrared photocells (Brower). Photocells were 
placed at every 5 meters from the start to the finish line.
The frequency and stride length, duration of the contact 
and the flight during running strides were registered in the 
20 m – 40 m section for the entire distance (fig. 1).

Figure 1 - Measurement of running kinematic parameters at tensiometric 
carpet in the 20 m – 40 m section of the entire distance (KT50m)

The sample was divided according to the results value of 50 
meters running in three quality groups (1 – Above-average, 
2 – Average, 3 – Below-average group). Classification of the 
quality groups was based on the curve distribution of results 
and the standard deviation (SD): subjects above the value +1 
SD were classified as the group with above-average success 
results in running (1); subjects within ±1 SD were classified 
as the group with an average success results value in run-
ning (2); subjects below the value –1 SD were classified as 
the group with below-average success results in running (3).
Through analyses of variance (ANOVA), differences be-
tween the formed quality groups in the variables of running 
kinematic parameters were investigated. Through univari-
ate F-tests, variables of kinematic parameters by which 
formed quality group of boys differ significantly were deter-
mined. Based on Z5-values of all variables, the chart was 
formed which presents the structure of running kinematic 
parameters related to different quality groups of boys.

Results

Table 1 presents the average values (AS) of the 50 meters 
running results for three formed quality groups of boys. The 
first formed above-average group consisted of 13 boys 
where the average value of the results amounts to 8,95 
seconds. The second formed average group consisted of 
55 boys where the average value of the results was 9,87 
seconds. The third formed below-average group consisted 
of 13 boys and reached an average value of 11,02 seconds.

Table 2 presents the overview of average values level 
for running kinematic parameters in three formed quality 
groups of boys.

50m running result (KT50m) – s

Group AS SD N

1 – Above-averige 8,95 ,210 13

2 – Averige 9,87 ,337 55

3 – Below-averige 11,02 ,282 13

Entire sample 9,91 ,666 81

Table 1 – Average values of the 50m running results for different quality 
groups of boys

Variable Maximum running speed
(KVMAX) – m/s

20m running time from flying 
start (KTLS20m) – s

Stride frequency
(KFK) – strides per sec.

Group AS SD AS SD AS SD

1 – Above-averige 6,67 ,197 3,11 ,061 4,17 ,150

2 – Averige 6,02 ,253 3,47 ,143 3,95 ,245

3 – Below-averige 5,40 ,215 3,90 ,126 3,84 ,281

Entire sample 6,02 ,433 3,48 ,262 3,96 ,256

Variable Stride length (KDK) – cm Duration of contact (KTK) – s Duration of flight (KTL) – s

Group AS SD AS SD AS SD

1 – Above-averige 153,38 6,035 ,135 ,005 ,106 ,008

2 – Averige 146,05 10,309 ,166 ,110 ,103 ,013

3 – Below-averige 135,38 8,471 ,167 ,014 ,096 ,013

Entire sample 145,51 10,719 ,161 ,092 ,102 ,013

Table 2 – Average values of running kinematic parameters of formed 
quality groups of boys



HOMO SPORTICUS ISSUE 2 2013 7

According to all multivariate tests (Pillais, Hotelings, Wilks, 
Roys), it can be concluded that there is statistical sig-
nificance in taxonomic classification for selected quality 
groups (Table 3).

Variables of running kinematic parameters with statistical 
significance for classification into three quality groups of 
boys were determined through univariate F-tests (Table 4).

For the purpose of clarity and comparability of differences 
between three formed quality groups of boys, all average 
values of variables of kinematic parameters (AS) have been 
converted to average Z5-values (Table 5). On the basis of 

Table 3 – Multivariate tests of significance for classification to quality 
groups according to the criterion variable (KT50m)

Table 4 – Univariate F-tests: Variables of kinematic parameters of 
running by which formed quality groups of boys differ significantly

Test name Value Approx. F Hypoth. DF Error DF Sig. Of F

Pillais ,93535 9,16196 14,00 146,00 ,000

Hotellings 4,12811 20,93542 14,00 142,00 ,000

Wilks ,17373 14,39135 14,00 144,00 ,000

Roys ,79879

Variable Hypoth. SS Error SS Hypoth. MS Error MS F Sig. of F

KT50m 27,88737 7,60567 13,94368 , 09751 142,99953 ,000

KVMAX 10,52545 4,47730 5,26273 ,05740 91,68297 ,000

KTKS20m 4,13810 1,33914 2,06905 ,01717 120,51432 ,000

KFK ,77876 4,44619 ,38938 ,05700 6,83097 ,002

KDK 2155,23201 7036,99021 1077,61601 90,21782 11,94460 ,000

KTK ,01118 ,65902 ,00559 ,00845 ,66172 ,519

KTL ,00073 ,01272 ,00036 ,00016 2,23095 ,114

Table 5 – Z5-values of running kinematic parameters of formed quality 
groups of boys according to the value of the 50m running result(KT50m)

Graph 1 – The structure of running kinematic parameters formed by 
the value of the 50m running result (KT50m)

Group KT50m KVMAX KTLS20m KFK KDK KTK KTL

1 - Above-averige 3,571 6,491 3,562 5,801 5,734 4,706 5,276

2 - Averige 4,944 4,990 4,961 4,930 5,050 5,055 5,052

3 - Below-averige 6,667 3,550 6,604 4,494 4,055 5,060 4,505

Discussion

By comparing the average values (AS) of different qual-
ity groups of boys aged 10-12 it is evident that only the 
above-average quality group is characterized with the 
average value of the 50 meters running result at below 
9 seconds (KT50m = 8,95 s), and the highest average 
achieved maximum running speed (KVMAX = 6,67 m/s). 
The above-average quality group of boys is characterized 
by the highest values of kinematic parameters – stride fre-
quency (KFK = 4.17 strides per second) and stride length 
(KDK = 153 cm), which makes this group different at a 

the converted Z5-values of all variables, the differences 
were then graphically presented in the structure of running 
kinematic parameters (Graph 1).
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high level of statistical significance in relation to the other 
two formed quality groups of boys. The above-average 
quality group of boys is characterized by better values of  
contact duration (KTK = 0,135 s) and duration of flight 
(KTL = 0,106 s), but according to these two kinematic 
parameters there are no statistically significant differences 
between three formed quality group of boys aged 10-12.
Obtained average values of running kinematic parameters 
in the entire sample and three formed quality groups of 
boys were compared with the results of the study Bračič et 
al. (2009), which was conducted on a selected sample of 
boys aged 9-10 and 11-12 years, who were participants 
in athletic school. This selected sample had the following 
average values of running kinematic parameters: boys 
aged 9-10 years have reached maximum running speed of          
6,06 m/s, with the stride frequency of 4,07 strides per sec-
ond, stride length of 150,1 cm, and contact duration of 
0,142 s; On the other hand, boys aged 11-12 years have 
reached maximum speed of 7,27 m/s, with a stride fre-
quency of 4,11 strides per second, stride length of 171,9 
cm, and contact duration of 0,127 s. These obtained aver-
age values of kinematic parameters in the study Bračič et 
al. (2009) are better than the values obtained in our study, 
which could primarily be due to their greater homogene-
ity of selected sample that actively practice in the athletic 
school. 
It can be determined that the average value of the running 
kinematic parameters of above-average group of boys in 
this study showed similar average values as the results of 
the study Bračič et al. (2009), which is primarily evident 
in the case of stride frequency (KFK – 4,17 compared to 
the 4,11 strides per second). Stride frequency has value 
between 4 and 4,5 strides per second during adolescent 
development (Babić, 2005), which is also observed in the 
case of above-average group of boys in this study.
The observation of obtained differences between the formed 
quality groups of boys revealed that statistical significance 
at the highest level (sig. F > 0.01) were achieved by criteri-
on variable the 50 m running result (KT50m) and four other 
variables – maximum running speed (KVMAX), 20m run-
ning time from a flying start (KTLS20m), and kinematic pa-
rameters of stride frequency (KFK) and stride length (KDK). 
Statistically significant differences between the formed 
quality groups, according to the criterion of result (KT50m) 
have not been established in the kinematic parameters of 
contact duration (KTK) and flight duration (KTL).
When inspecting the differences in the structure of running 
kinematic parameters between the three formed quality 
group (table 5 and graph 1), it is necessary to take into 
account the fact that during the conversion of variables in 
the Z5-values – the 50m running result (KT50m), 20m run-
ning time from a flying start (KTLS20m) and duration of 
contact (KTK) are inversely scaled values. This means that 
lower Z5-values in the case of these three variables repre-
sent better indicators. The average quality group of boys 
has achieved all Z5-values at level 5, which means that its 
indicators of running kinematic parameters were also on 
the average level of the entire sample.

The biggest differences were determined between above-
average and below-average groups in the variables – 50m 
running result (KT50m), maximum running speed (KVMAX) 
and 20m running time from a flying start (KTLS20m), fol-
lowed by very noticeable differences in the variables of 
stride length (KDK) and stride frequency (KFK).
The smallest differences in the Z5-values in the three 
formed quality groups were detected in the variables of 
contact duration (KTK) and duration of flight (KTL).
It is interesting that Z5-values in the variable duration of 
contact (KTK) were almost at the same level in the case of 
average and below-average group, and with better average       
Z5-value in the case of above-average quality group. On 
the other hand, formed Z5-value in the variable duration of 
contact (KTL) was almost at the same level in the case of 
above-average and average group, while in the case of be-
low-average quality group a lower Z5-value was observed.
Large number of previous studies confirmed determining 
influence of the frequency and stride length on speed of 
running (Kyrolainen et al.2001; Čoh et al. 2001; Čoh et 
al. 2004), significant causal dependence of those kine-
matic parameters and the results of running in the athlet-
ics sprint, which was also confirmed by this study. Stride 
frequency is limited by the length of strides, which is in 
turn determined by the amount of force at take-off from 
the ground. In this research, there was no statistically sig-
nificant difference in the variable duration of contact (KTK) 
between three formed quality groups of boys aged 10-12. 
Though it is important to point out that the duration of con-
tact phase rapidly decreases after 12 years of age (Bračič 
et al. 2009), and that represents one of the main criteria 
for the selection in the athletic sprint. It is evident that an 
inadequate level of kinematic parameters adversely affects 
the result of the running. Therefore, low level of reaching 
maximal running speed, short stride length and low stride 
frequency, inferior 20m running time from a flying start, 
and an inadequate relation between the duration of contact 
time and duration of the flight can only produce poor re-
sults in the athletic sprint.

Conclusion

Based on the results of this study, it can be concluded 
that the above-average quality group of boys, aged 10-12, 
formed by the value of the 50m running result (KT50m) are 
characterized by the best values of running kinematic pa-
rameters, i.e. the best maximum running speed (KVMAX) 
and 20m running time from a flying start (KTLS20m), the 
highest frequency (KFK) and stride length (KDK), the mini-
mum duration of the contact (KTK) and longer duration of 
the flight (KTL).
Results of this study indicate that the frequency and stride 
length and level of achieved maximum running speed, are 
the components that can better identify the differences 
of running kinematic parameters of boys aged 10-12, as 
opposed to the parameters of the duration of contact and 
flight.
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Presented structure of running kinematic parameters of 
boys aged 10-12 can be used when forming a selection 
model for talented boys for athletic sprint. This selection 
model for boys talented in athletic sprinting age 10-12 
should primarily take into account the kinematic param-
eters of stride frequency, stride length and achieved level 
of maximum running speed. Nevertheless the identification 
and selection of boys talented in athletic sprinting is com-
plex and time consuming process therefore conclusions 
should not be prematurely drawn, and it is also necessary 
to pay close attention to the ontogenetic development of 
other important anthropological characteristics.
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Original scientific paper

Abstract
The aim of this research was to determine the effects of com-
bined kineziological programmes of corrective and Aqua gym-
nastics upon the improvement of bad posture with pre-school 
girls. The research itself had been conducted on a sample con-
sisting of 45 girls, age 5 ± 0.5 years in which cases it had been 
established by an expert evaluation a weakness of some muscle 
groups but the entire musculature as well. For the evaluation of 
the posture condition, Naplan Wolanski method was used. It used 
nine variables that included the inspected body regions and the 
total estimation of posture. After the posture diagnosis has been 
established, a plan and programme of corrective gymnastic exer-
cises was determined and iz was carried out within small groups, 
sometimes individually. The programme of kineziological activi-
ties has been carried out during the period of 16 weeks, twice 
a week per 60 minutes. For the purpose of analyses of the initial 
and final testing, T-test was used for subordinate samples. Ac-
cording to the results of research, it can be concluded as the ap-
plied programme had a significant effect in respect of improving 
the muscle tonus that directly was evident in improved posture 
of all examinees.

Key words: posture, muscle tonus, corrective gymnastics, 
Aqua-gymnastics

Sažetak
Cilj ovoga istraživanja bio je da se utvrde efekti kombiniranih ki-
nezioloških programa korektivne i Aqua gimnastike, na poboljša-
nje loše posture kod djevojčica predškolske dobi. Ispitivanje je 
provedeno na uzorku od 45 djevojčica, dobi 5±0.5 godina, kod 
kojih je ekspertnom procjenom evidentirana slabost pojedinač-
nih mišićnih grupa, ali i muskulature u cjelini. Za procjenu stanja 
posture, primjenjena je metoda Napleona Wolanskog. Korišteno 
je 9 varijabli koje su uključivale posmatrane regija tijela i ukupnu 
ocjenu posture. Nakon dijagnosticiranja stanja posture, određen 
je plan i program vježbi korektivne gimnastike koji je provođen u 
manjim grupama, ponekad i individualno. Program kinezioloških 
aktivnosti proveden je u periodu od 16 sedmica, dva puta sed-
mično po 60 minuta. Za analizu rezultata inicijalnog i finalnog te-
stiranja korišten je T-test za zavisne uzorke. Na osnovu dobijenih 
rezultata istraživanja, može se zaključiti da je primjenjeni program 
imao znatnog efekta na poboljšanje mišičnog tonusa, što se di-
rektno odrazilo na poboljšanje posture svih ispitanica.

Ključne riječi: postura, mišični tonus, korektivna gimnastika, 
Aqua-gimnastica

Introduction

Kinesiology is a science basically focused on transfor-
mational processes in regard of anthropological dimen-
sions and its main aimm is the health improvement, an 
optimal development of human characteristics, ability 
and motorical skills in order them to be maintained as 
long as possible on high level possible (Cools et. al., 
2008). It is generally known that movement and verious 
kineziological activities have huge effect onto anthro-
pological status of children and life quality (Rowland, 
1990). In early childhood, the level of body activity is 
low one, primarily due to relatively low movement level 

(Hoos et. al., 2003). According to various researches od 
somatic parameters at children, it was concluded that 
there is an evolution of vast number of researched pa-
rameters, so for pre-school and school children it is ad-
visable these different movement activities to be applied, 
learning the specific techniques of various fields of sport 
all in order to improve their physical development and 
correct posture (Marius et. al., 2009). Postural disorders 
and loco-motor apparatus deformities with more and 
more present hypokinezy, are the accompanying factors 
of modern life style. One of the important risk factors in 
the posture can be general and pustular habits, which 
is highly variable, especially in children (McEvoy et. al., 
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2005). According to some up-to-date researhes, iz was 
concluded that bad posture od pre-school and school 
children in fact a kind of indicator of some health prob-
lems, but those problems could become serious ones 
unless a bad posture is not corrected in time (Milošević, 
2008). Body posture is treated as a dynamic stereotype 
that is formed withtin the process of individual devel-
opment, physical education and exercise (Shklyarenko 
et. al., 2011) . In fact, the maintaining of upright posi-
tion of a body is a problem of a balance and it could be 
gained by complex impact of visual and vestibular sys-
tems (Kottke, 1980; Hardy et. al., 1984). In the period 
from 5 th to 10 th years when the growth is slower, the 
presence of postural problems is less, but reaching the 
puberty the condition of existing postural conditions and 
detecting new cases of it could be worsen up. So, it is 
of great importance to detect postural problems at early 
stage and keep them under kineziological control (Aux-
ter, 1997), The therapy aimed for correction of postural 
disorders and deformities with children is usually diffi-
cult and strenous, painful and uninteresting for children. 
On the other hand, the programmes of physical exer-
cises that include the exercises of strength and muscle 
extension, especially postural anti-gravitation muscles, 
shold be of a great help in preventing of health problems 
that could take place later in lifetime (Torlaković et. al., 
2013). Taking into consideration the fact as the pres-
ence of bad posture at early age almost equal among 
both sexes, but later it is more often at girls due to the 
period of their earlier average faster growth (Vasić et. 
al., 2008), the main goal of this reseach is to establish 
the efficiency of combined kineziological programmes of 
corrective and Aqua gymnastics, upon the correction of 
removal of such posture with pre-school girls.

Methods

The sample of examinees
The research had been conducted on the sample comprising 
of 45 girls from kindergartens from Sarajevo, where by an 
expert evaluation a weakness of single muscle groups was 
detected, but the entire musculature, that reflected upon 
the condition of their posture. The girls were of 5 ± 0.5 
yrs old; mean height=112 ± 8 cm; mean weight= 20 ± 
3.5 kg. Within the frame of final data processing, the girls 
taking part in initial and final measuring had been included 
and who were regularly attending the planned programme 
of corrective and Aqua gymnastics.

The sample of variables
For the purpose of posture condition estimation (Table 1) 
the Napleon Wolansky’s method had been used (Wolansky, 
1975; Radisavljević, 2001). Nine variables were used 
throughout the research and they included observed body 
areas: Head Posture (HPA), Shoulders Posture (SPA), 
Shoulder-Blade (SBPA), Chest Cavity (CPA), Spinal Cord 

Posture (SCPA), Abdomen Posture (APA), Leg Posture 
(LPA), Feet Posture Condition (FPA) and Overall of Body 
Posture (OBPAW).

Table 1. Sample of variables

Variable Measured capacity 
HPA Head Posture Assessment
SPA Shoulder Posture Assessment
SBPA Shoulder Blade Posture Assessment
CPA Chest Posture Assessment
SCPA Spinal Cord Posture Assessment
APA Abdominal Posture Assessment
LPA Leg Posture Assessment
FPA Feet Posture Assessment
OBPAW Overall Body Posture Assessment by Wolanski

The diagnosing of the body posture condition was 
made by pointing of variations of some body parts 
from normal (correct) posture. The pointing had been 
made by the method of expert evaluation (Table 2). On 
the basis of total points score, an evaluation on some 
observed parts as well as a general body posture had 
been made (table 3).

Table 2. Posture Assessment according to the negative Score 
Model – Wolanski

Scores Degree of deviation from proper posture

0 No deviation

1 Partial deviation

2 Extreme deviation

Table 3. Defining the posture status according to Wolanski

Scores Grade Description

0 5 Excellent body posture

1-4 4 Very good body posture

5-8 3 Good body posture

9-12 2 Bad body posture

13-16 1 Very bad body posture

The programme of exercise

After the diagnosing (posture evaluation), a plan and 
programme have been made of the exercises of corrective 
gymnastics conducted within small groups, sometimes 
individually. According to the character,the applied 
exercises were as follows: passive, active, assisted, against 
the resistance and the exercises with controlled breathing. 
The instructors and physiotherapists made corrections 
and motivated the examinees with permanent warning that 
exercises are carried out in controlled quantities and being 
adjusted to every single individual.
The programme of corrective gymnastics (with or without 
props) has been conducted in sport hall with appropriate 
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flooring. The programme of Aqua gymnastics, basic games 
and exercises wascarried out in slightly elevated swimming 
pool depth of 40-90 cm with average water temperature 
29,4 C. The exercise was conducted in groups of 10-15 

examinees headed by a physiotherapist and professor 
of sports and physical education. The programme was 
carried out during afternoon hours. The activities covered 
16 working weeks, twice a week per 60 minutes (Table 4).

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

Corrective  gymnastics 
(out-of-pool) * * * * * * * *

Hydro - Aqua gimnastic * * * * * * * * * * * * * * * *

Pilates balance ball exercises * * * * * * * *

Varijable Mean Std. Devij. Std. Error 
Mean

95% Confidence Interval of the 
Difference

t-test df p

Lower Upper

HPA 1
HPA 2

0,058 0,247 0,052 -0,016 0,136 1,771 44 0,081 

SPA 1
 SPA 2

0,925 0,123 0,031 0,879 1,016 30,835 44 0,000 *

SBPA 1
SBPA 2

0,957 0,144 0,028 0,971 1,035 38,001 44 0,000 *

CPA 1
CPA 2

0,118 0,311 0,046 0,019 0,239 2,629 44 0,016 *

SCPA 1
SCPA 2

1,020 0,287 0,040 0,970 1,123 24,955 44 0,000 *

APA 1
APA 2

0,142 0,370 0,062 0,054 0,293 3,055 44 0,003 *

LPA 1
LPA 2

0,342 0,422 0,057 0,207 0,420 5,522 44 0,000 *

FPA 1
FPA 2

0,628 0,501 0,063 0,453 0,751 9,012 44 0,000 *

OBPAW 1
OBPAW 2

-1,339 0,480 0,067 -1,476 -1,204 -19,806 44 0,000 *

Every hour of exercise consisted of four phases. Warm up 
exercises 5-10 minutes, corrective gymnastic exercises 
on firm ground 20-25 minutes, 20-25 minutes of games 
and aqua gymnastics exercises of aerobic type in water, 
and 5-10 minutes of relaxation of the body. During every 
class, introductory-preparation and main „A“ phases were 
performed on the firm ground, but he main „B“ phase and 
the final one were conducted in the water.

Methods Of Data Processing

Data on examinees have been acomplished by measuring 
of the same variables within two time points, i.e. prior and 
after the realization of the programme. For the purpose of 
analyzing the initial and final testing, T-test had been used 
for subordinate samples (differences are significant at 
p<0,050).

Results

From the results of T-test for subordinate samples (table 
5), a high statistic significance is notable with almost all 
variables of posture evaluation. By discriminative methods, 
improvements have been notices as in single inspected 
body areas so inn final evaluation of body posture. Dur-
ing the initial evaluation, an average score of examinee’s 
posture had been within the zone of bad posture. During 
the final evaluation, the average score for posture (OBPAW) 
has been within the zone good –very good (Figure 1). The 
most often variations with all examinees were noticed at 
variables of estimation of feet condition, that had been 
proved in earlier researches (Muftić et. al., 2010).

Table 4. Implementation of the programme contents by week

Table 5. Results of T-test for dependent samples (Paired 
Samples Test) in assessing postures and awarding body 
posture grades
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The T-test results analyses /comparison of initial and final 
testing/ points out the high level of statistic significance at 
variables of evaluation of shoulder posture (SPA p=0,000), 
evaluation of shoulder-blades (SBPA p= 0,000), evalua-
tion of spine column (SCPA p= 0,000), legs posture (LPA 
p= 0,000), feet evaluation-posture (FPA p=0,000), evalu-
ation of abdomen posture (APA p= 0,003), evaluation of  
thoracic cavity (CPA p= 0.016) and total - overall body 
posture by Wolanski (OBPAW p= 0.000). The low level 
of statistic significance has been noticed only at variable 
of evaluation of head posture (HPA p= 0.081). Having 
in mind that at this variable during the initial testing there 
have been slight variations, it was expected that applied 
programme could not  significally influenced onto its cor-
rection.

Figure 1. Comparison between the overall initial and final 
assessments of body posture by Wolanski method.

Discussion

The results of this research show that all examinees have 
absolutely improved the evaluation of body posture. The 
other authors have got the similar conclusions and they 
consider that it is possible to improve body posture 
at children by applying the adequate kineziological 
programmes (Ilić et. al., 2012; Torlaković, 2012). A water, 
as liquid media, resisted during the movements which 
gave good preposition for strenghtening of agonist and 
anti-agonist muscles. This was just to confirm the results 
of previous studies (Getz et. al., 2006) when it was stated 
that combined programmes of physical and hydrotherapy 
unmatched at therapy of body deformities, especially of 
spine column, shoulder-strap, thoracic cavity and shoulder 
blades. Good balanced movement activities influenced 
the intensification of postular reflexes by which the body 
tries to maintain in relatively static position. This also 
confirmed the conclusions of earlier studies dealing with 
the effectiveness of such approach to exercise (Kurtović 
et. al., 1983; Prins, 2009) on entire posture of children. In 
the period when the growth is slowed down, the presence 
of postural problems is somehow least, but with puberty 
the aggrevation of present postular problems could be 
expected as well as revealing the new cases. It is  of great 
importance to emphasize that early diagnosis represents 
the most important element of successful treatment. In 
order to establish the moment of appearance of postural 

disorder, regardless to the cause, this problem should be 
revealed from the beginning of childrens’ attending the 
kindergarten. After that, with help of adequate choice of 
kinezi-therapeutic programmes, by persistent work of 
health professionals, kineziologists, child and his parents, 
it can lead to desired success in correction of diagnosed 
variations.

Conclusion

On the basis of results obtained by the research, it can 
be concluded that a combined programme of corrective 
gymnastics through games and exercises in the water, 
had significant effect on the improvement of muscle tonus 
that directly had an impact on girls’ posture. Therefore, 
the applied programme had led to significant correction in 
almost all variables as in partial so in integral defining  of 
posture condition. It is also important to note that during 
the exercises of corrective gymnastics a special attention 
should be paid to initial position in order to prevent the 
functional aggrevation of posture. The results of this 
research extend the possibility of its comparison with 
the effects of other researches and programmes having 
the same or similar aims, because the correct posture 
represent one of the basic pre-conditions of good health, 
normal growth and development in general.
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Abstract
The aim of this research is to determine differences in explosive strength sprinting for junior football players classified according to 
different positions in the field: central defenders, side players, midfield players and attackers. The study was conducted on a sample 
of 149 subjects classified into four groups. Three tests for evaluating the explosive strength sprinting were used, specifically 5m, 10 m 
and 20 m tests.  The results were processed through univariate f analyses and LSD test. It was concluded that the attackers are better 
at demonstrating the explosive strength sprinting than players in other positions. Central defenders were ranked the lowest in testing. It 
is likely that specific requirements of the football game in different field positions can affect test results and the speed-strenght abilities 
in short distances.

Introduction

After analysing a simple performance structure of football 
players within five selected motor skills and defined hier-
archy, speed contributes with 25 %, while strength par-
ticipates with 20 % (Milanovic and Jukic, 2002). This data 
clearly indicates the importance of strength and speed in a 
football game. The explosive strength sprinting is a product 
of strength and speed. However, not all motor skills are 
equally significant for the success in the game, simply be-
cause there are no equal requirements for all the positions 
in the field. We distinguish the following players’ positions 
in the field: goalkeeper, central defender, side defender, 
midfield player and attacker (Oliveira and co-authors, 
1998). Football players specialised for a specific positions 
within the team have distinct individual skills which result in 
successful performance within that position. Midfield play-
ers and attackers are required to possess the skill of action 
speed (Radjo, 2008). The aim of the research is to deter-
mine the differences in the explosive strength sprinting in 
football players classified according to different positions 
in the field. The speed of a football player is a complex skill 
combined out of psycho-cognitive, coordination and tech-
nical and strength component. It is essential to highlight 
that in football, speed can manifest itself through different 
forms, such as: cyclic and acyclic speed, speed of action, 

speed of perception, speed of anticipation, speed of deci-
sion, speed of reaction and speed of intervention as one of 
the most complex speed components developed in condi-
tions typical for a football game. The speed is an important 
element for all football players, especially for the attackers, 
who in today’s football use the advantage of speed to its 
fullest. Considering that a typical football speed is a com-
plex skill, the speed training should be performed in the 
conditions specific to a football game (Bangsbo, 1994).

Methods

Sampling
149 footballers were sampled in the age group  U-18, out 
of which 28 central defenders, 37 side players, 48 mid-
field players, and 36 attackers. Footballers used as test 
subjects, play for the Canton Sarajevo Football clubs. 
The conditions for the sampling were 5 years of experi-
ence on the field and active participation in the league. The 
classification of the field position was determined by the 
coach. For the purpose of this study the goalkeepers were 
not taken into consideration, since they do not respond to 
the specific tasks performed by the other players on the 
pitch (Chin, 1994.; Barisic, 1996.; Aziz and Chia, 2000.; 
Casajus, 2001). 
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Sample testing
Three tests were used for the evaluation of the explosive 
strength sprinting:

1. Sprinting 5m (MBR5M)
2. Sprinting 10m (MBR10M)
3. Sprinting 20m (MBR20M)

Metrical characteristics of applied tests were determined 
by a representative sample of Croatian football players 
in U-19 category, from CFL (Sporis, 2007). For that pur-
pose the program RTT12G was used, and the testing was 
conducted during the preparation period for the upcoming 
competition season.  

Data processing methods
The mean (M) and the standard deviation (SD) were cal-
culated for the purpose of all testings. With the results of 
univariant analyses of a variance (f test) and LSD tests we 
were able to confirm that there are statistically significant 
variables which differentiate football players accoring to 
their position within the field. The level of measuring statis-
tical significance was set at 5 %.

Results and discussion

After analysing the mean value (Table 1) and results pre-
sented graphically (Graph 1, 2 and 3), it is evident that by 
far, the best results were achieved by the attackers. Central 
defenders have the lowest results if compared to the re-
maining positions in the field.  

Table 1. Descriptive indicators (M and SD) explosive strength 
sprinting tests

Group MBR5M MBR10M MBR20M

Central d. 1,12±,06 1,88±,08 3,19±,15

Side 1,10±,07 1,86±,09 3,19±,14

Midfield 1,09±,07 1,87±,09 3,18±,14

Attackers 1,08±,05 1,82±,10 3,10±,12

All the evaluation tests for explosive strength sprinting 
(MBR5M, MBR10M and MBR20M) are statistically signifi-
cant in separating different groups of players (p<,05), in 
relation to their field positions (Table 2). According to the 
results of LSD test (Table 3), the attackers and midfield 
players sprint faster in a distance of 5 meters than cen-
tral defenders (p<,05 and p<,01).Attackers have a faster 
sprint than stoppers and midfield players in a distance of 
10 meters (p<,01), while the results for 20 meters indi-
cate that the attackers demonstrate the statistically signifi-
cant explosive strength sprinting in comparison to the other 
positions in the field (p<0,01). 

Table 2. Anova

Test Sum of Sq. Df Mean Sq. F Sig.
MBR5M ,03 3 ,01 2,715 ,047
MBR10M ,08 3 ,02 3,006 ,032
MBR20M ,185 3 ,062 3,199 ,025

Table 2. LSD test

G(I) G(J) Group differentiation Sig.
MBR5M

1 3 ,02964 ,052
4 ,04548 ,005

MBR10M
1 4 ,05802 ,014
3 4 ,05528 ,008

MBR20M
1 4 ,08690 ,014
2 4 ,08759 ,008
3 4 ,07208 ,020

It is quite evident that the attackers demonstrate the best 
results in the explosive-speed sprinting tests. Individual-
ity of football requirements in relation to the field positions 
most probably contributes to such phenomena. In a mo-
ment of acquiring terrain for themselves and their team 
players the attackers use the methods of short distance 
movements. The aim of such movement is to quickly es-
cape the opposing defence players and to carry out an ac-
tion. The ability to express explosive and powerful move-
ments forms the basis for locomotor skills in an attacker. 
These movements significantly affect the development of 
the explosive strength in a football player as visible in the 
test results. The attackers are the fastest players within the 
team when it comes to 5, 10 and 20 meters sprint (Sporis, 
Jukic, Ostojic and Milanovic, 2009). 

Apart from speed, the football players need to possess an 
ability of fast and timely response. We assume that the 
cognitive and tactical abilities of a football player are in high 
correlation with the speed of the response. The speed of 
the reaction for a footballer is one of their determining and 
specific abilities (Radjo, 2002). 

Short and explosive 5 meter sprints are characteristic for 
players in the attack position and make up to 50% of all the 
sprinting actions of the attacker, while the 5 to 10 meters 
sprints make up to 25% of all the attackers’ sprinting ac-
tions (Verheijen, 1997). Therefore, according to the above 
mentioned indicators we can presume that the explosive 
strength sprinting is the most important for the attackers 
if compared to other field positions. In football these are 
usually short distance sprints. While playing, 90 % of all 
sprinting activities are comprised of short sprints, of 5 to 
10 meters, while sprints over 30 meters are exceptionally 
rare and make up to 1 % of all the sprinting activity (Ver-
heijen, 1997). 

Next to attackers, side and midfield players likewise have 
a much quicker response than central defenders. We can 
conclude that central defenders compensate their level of 
displaying explosive strength sprinting with the jump duel 
technique and individual tactical solutions. Central de-
fenders are higher and weigh more than the other players 
(Bajramovic, 2011), so it is probable that the bodily mass 
negatively affects the level of demonstrating short distance 
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drills, which in return require speed and good motor skills. 
The speed of forward straight line running is just one of 
the segments in football. The nature of the game requires 
of all the players, apart from straight line movement, con-
stant and fast change of direction. In the future it might be 
interesting to research the differences in the agility level 
between young footballers, who play in different positions 
in the field, where we will try to discover the optimum solu-
tions for the training process.

Graph 1.

Graph 2.

Graph 3.

Conclusion

There are, among football players classified in different 
field positions, statistically significant differences in dem-
onstrating the explosive strength sprinting in 5, 10 and 20 
meters. The attackers hold a dominant position if compared 
with the side players, central defenders and midfielders. 
The reason as to why this occurs might be connected to 

the requirements and specific characteristics of a football 
game in different field positions, which affects their abilities 
and test results. When duelling for terrain and ball domina-
tion short and powerful sprints are of great significance for 
the attackers. There is an assumption that coaches during 
selection, direct fast players in the position of an attack 
with an assistance of technical and tactical skills. It is rec-
ommendable that the attackers are insisted on developing 
speed. There is possibility that central defenders due to 
their body mass and height display a lower level of explo-
sive strength than the other players in the pitch. Based on 
the acquired results we can agree that there is a necessity 
for developing a special training for each football player in 
relation to their position. Such an approach allows optimal 
growth for individual players in connection to their role in 
the game. We must take into account that in this specific 
testing age period football players often change their posi-
tions in the field, and therefore the results should be treated 
with a certain degree of caution.  
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Abstract
The aim of this study was based on analysing the effects of sport managers education in Bosnian and Herzegovinian clubs practicing 
following sports: basketball, volleyball and handball, and business success during the 2003/04 competition season.
The research was conducted using a stratified sample of 35 B&H sport clubs located in Canton Sarajevo, with a number of subjects 
(N=525) and 81 variables in total. Sample evaluation scale was designed according to Likert, Thurstone and Bogardus scale model 
but with a higher number of ratings 1-10; 1-100 which resulted in a greater discriminative force of the instrument.
The obtained results indicated that the business success in basketball, volleyball and handball sport clubs was influenced by the edu-
cation of managers who completed their studies at Sports high school or at Faculty of Sport and Physical Education. The results were 
interesting from various aspects, especially when it came to following the necessary requirements of modern technical knowledge and 
skills regarding training and training process (coach education), first line managers, and management skills in middle and top manage-
ment (interpersonal and diagnostic) which was developed through the system of higher education in sport as a part of bachelor and 
master studies. Using this method we were able to contribute to the awareness of the advantages that such study programs have to 
offer, in particular when it comes to the needs of the abovementioned sports. The results of this study clearly state that employees of 
the previously indicated educational profile most certainly contribute to the advancement of business success in the listed sport clubs, 
which ultimately represents the goal of professional management. 
Similarly, the study results point out towards the necessity of developing a management philosophy for team sport organizations, 
based on an ongoing organizational learning and education.
The results can be used when identifying present market mechanisms related to the institutional needs which educate sport managers, 
and in the process of developing more significant connection between sport and practical education. 

Key words: Sport education, business success and effects

Introduction

The fact that the development of sport organizations (from 
economical and social aspect) is conditioned by the level 
of managers education and their innovative knowledge, 
can be established if we take into account other study re-
sults by a number of authors working in the same field 
(Drucker, 2005; Malacko and Radjo, 2006; Masala, 2008). 
The lack of a significant number of scientific discussions 
dealing with the issues related to the sport managers edu-
cation and its effects on sport, especially if it is taking place 
in transition countries, requires a deeper analyses of what 
can be benefited from management education or sport 
profession, which also includes the effects and awareness 
of fast changes taking place in the modern environment 
and society in general (Smith and Hans, 2009).
For this reason, the study was based on the assumption 
that the business success in basketball, volleyball and 
handball sport clubs is determined by professional sport 
management education following the systematic manage-
ment model (Beech and Chadwick, 2004).

The aim of this study was to determine the effects of sport 
managers education on business success in basketball, 
volleyball and handball. Using the statistical analyses pro-
cedures, we have acquired efficient data for detecting the 
effects of sport managers education on business success 
in basketball, volleyball and handball. 

Method

Stratified sample was used for the purposes of this study. 
The sample included a group of 35 B&H sport clubs lo-
cated in Canton Sarajevo practicing the following sports: 
basketball, volleyball and handball, with the number of sub-
jects N=525 in 2003/04 competition season.
The idea behind this sampling was to secure the partici-
pation of managers of the highest and the lowest level of 
responsibility in the organisation (lower, middle and top 
level).
The scale for sample evaluation was modelled by Likert, 
Thurstone and Bogardus scale but with a higher number 
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of ratings from 1-10; 1-100 which resulted in a greater 
discriminative force of the instrument. (Fajgelj, 2004, 
Fajgelj, 2005; Supek, 1981 and later years). The survey 
was constructed using the following templates: The Col-
lection of Current City and Municipality Sport Regulations 
(Vujmilovic et al., 2004), Economy and Management in 
Sport (Bartoluci, 1999.), Sport Governance in the Global 
Community, Morgantown: Fitness Information Technology 
(Thoma and Chalip, 1996).
In the survey, the respondents/managers expressed the 
level to which they agree or disagree with the given state-
ment by declaring the educational profile group they be-
long to:  a) Sport education (university degree), Faculty 
of Sport and Physical Education b) Sport education (col-
lege degree), School of Higher Education for coaches c) 
Sport education (high school degree), Sport High school 
d) non-sport education group. The rest of the data used 
in the survey was related to the club reports:  e) total 
sum of the achieved financial incomes, f) the best sport 
result at a local competition and g) the best sport result 
at international competitions in basketball, volleyball and 
handball for the 2003/04 competition season.
Sample variables consist in total of 81 variables. A group 
of 75 variables relates to the statements on the type of 
sport education of the overall number of respondents/
managers (presidents, directors, consultants, general 
secretaries, sport directors, marketing directors and 
PR team managers- A scouts, chiefs of expert staff, A 
coaches, B coaches, C coaches, Youth Set-Up Team 
Leaders, Sport school team leaders, directors of the 
monitoring department and the directors of facility main-
tenance). Apart from the statements on the education, 
this group of variables included the results from the club 
reports regarding the total sum of acquired financial in-
come, the best sport result at a local competition and 
best sport result at an international football competition 
in the 2003/04 competition season. 
At a final sample defining procedure, we have isolated 6 
collective variables using the consolidated analyses in or-
der to determine the educational profile of the overall an-

alysed management staff, which included the following: 
the managers who completed their education at a Sport 
High School (MGTSPG), managers who completed their 
education at a Higher School for Coaches (MGTVSS), 
managers who completed their education at a Faculty of 
Sport and Physical education (MGTSPO), managers who 
have not received education in sport (MGTDRSM), fol-
lowed by business success variable (POUSP) and sport 
success variable (SPUSP) in football for 2003/04 com-
petition season.
The data analyses method was based on the statistical 
procedure of the regression analyses and the received 
data from the software analyses SPSS 12.00 for Win-
dows. Within the scope of the conducted statistical pro-
cedure, the correlation coefficient values of the regres-
sion model for prediction were presented, along with the 
value and the level of significance in F-scale variance 
analyses, which included testing the significance of pre-
diction model based on predictor variable and presenta-
tion of regression analyses parameter. 

Results and Discussion

THE EFFECT OF SPORT MANAGERS 
EDUCATION ON BUSSINESS SUCCESS 
IN BASKETABALL

Table 1, 2 and 3 Multiple regression analyses parameter of 
the variable Managers who completed their education at a 
Sports high School (MGTSPG) in relation to the business 
success (POUSP) in basketball for 2003/04 season.

Table 1.Correlation coefficients and coefficients of determination

Model R R2 Adjusted R2 Std. Error R2

1 0.652 0.426 0.390 130988.3890

Model Source Sum of Squares
Degree of 
Freedom

Variance F Significance p

1
Regression 203473713803.646 1 203473713803.646 11.859 0.003 **
Residual 274527328952.887 16 17157958059.555
Overall 478001042756.533 17

Table 2. Omnibus test for examining the significance of 
prediction model

Table 3. Values and degrees of significance in standardised and 
unstandardised regression coefficient

**F-ratio is statistically significant at a level lower than 1%

Model
Unstandardised coefficient Standardised coefficient

t-test Significance
B Std. Error Beta

1
(Constant) 29571.898 32747.097 0.903 0.380
MGTSPG 169155.228 49120.646 0.652 3.444 0.003 **

**B-coefficient is statistically significant at a level lower than 1%
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The values of adjusted determination coefficient R2 pre-
sented in Table 1, define the predictor variable Managers 
who completed their education at a Sport High School 
(MGTSPG) with 39% variability of business success in 
basketball organisations. Indicated study parameters show 
that this group of managers belongs to the operational 
core of sport organisation management. Their impact in 
respect to the enhanced modern technical knowledge and 
skills (Mintzberg, 1987; Sunje, 2002.), within the concept 
of training and training process represents a prerequisite 
to sport success closely related to business success in 
basketball (Masala et al.,2009).
Regression variance in Table 2, is in average 11 times 
greater than the error variance also demonstrated by the F-
ratio, which is statistically significant at a level lower than 1 
%. This signifies that the isolated model, which in its struc-
ture has a constant value and predictor variable Manag-
ers who completed their education at a Sport High School 
(MGTSPG), is significantly better at indicating the business 
success variable in basketball organisations in relation 
to the base-line model. The prediction model is in over-
all statistically significant. This model actually confirms 
the significance of operative club management especially 
coach-training in basketball school, whose education after 
completing Sports high school contributes to the improve-
ment of business success (Masala, 2008). This method 
can contribute to a rise in numbers of potentially employed 
managers, establishing the learning organisation (Sunje, 
2002.), and achieving business success in basketball.
Regression coefficient in Table 3, referring to the predic-
tor variable Managers who completed their education at 

a Sport High School (MGTSPG) is statistically relevant at 
a level lower than 1 %. This implies that the variable is 
statistically significant in contributing to the business suc-
cess prediction model in basketball. Regression coefficient 
is a positive coefficient, and it points out the positive cor-
relation between this educational level and business suc-
cess. In average, the higher the number of employees of 
this specific educational profile in sport organisations, the 
greater the business success, i.e. the greater the value. 
These data provide a special informative value for the bas-
ketball clubs which want to employ management staff in 
their operational core.  

THE EFFECT OF SPORT MANAGERS 
EDUCATION ON BUSSINESS SUCCESS 
IN VOLLEYBALL
The next step in the analyses concerns the presentation 
of multiple regression analyses parameters of the variable 
Sport managers education in relation to the business suc-
cess in volleyball for the 2003/04 competition season.
Tables 4, 5 and 6  Multiple Regression analyses parameter 
of the variable Managers who completed their education 
at a Faculty of Sport and Physical Education (MGTSPO) in 
relation to the business success (POUSP) in volleyball for 
the 2003/04 season.

Table 4. Correlation coefficients and coefficients of 
determination

Model R R2 Adjusted R2 Std. Error R2

1 0.689 0.474 0.409 13748.7800

Model Source Sum of squares
Degree of 
Freedom

Variance F Significance p

1
Regression 1364887705.892 1 1364887705.892 7.221 0.028 *
Residual 1512231618.701 8 189028952.338
Overall 2877119324.593 9

Table 5. Omnibus test for examining the significance of 
prediction model

**F-ratio is statistically significant at a level lower than 5%
Table 6. Values and degrees of significance in standardised and 
unstandardised regression coefficient

Model
Unstandardised coefficient Standardised coefficient

t-test Significance
B Std. Error Beta

1
(Constant) 9763.612 6874.390 1.420 0.193

MGTSPO 23847.499 8874.799 0.689 2.687 0.028

The results demonstrated in Table 4, the coefficient of de-
termination value (squire of the correlation coefficient), 
and the predictor variable Managers who completed their 
education at a Faculty of Sport and Physical Education 
(MGTSPO) demonstrate 40,9% variability for criterion vari-
able of business success in volleyball organizations.

Acquired coefficient of determination value expressed in 
percentage, indicates that analysed variability is higher for 
1, 9 % when compared to the basketball managers who 
completed education at a Sports high school. This is not 
by accident since this type of management staff within vol-
leyball clubs possess, apart from technical skills, interper-

**B-coefficient is statistically significant at a level lower 
than 5%
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sonal and diagnostic skills (Sunje, 2002)., which are de-
veloped as a part of a system of higher education in sport. 
F-ratio in Table 5, is statistically significant at a level lower 
than 5 %. By observing the value of this F-ratio, we can 
conclude that the regression variance is by 7 times higher 
than the variance of error. The results provided by ANOVA 
analyses indicate that the prediction model for business 
success in volleyball as a whole is statistically significant. 
The very structure of the model contains a constant value 
and predictor variable of Managers who completed their 
education at a Faculty of Sport and Physical Education 
(MGTSPO), which supports the effectiveness of this kind 
of study programs designed in the form of systematic 
management and all in favour to the needs of volleyball 
sport.
Regression coefficient in Table 6, is statistically significant 
at a level lower than 5 %. Taking into account that it is a 
positive coefficient, it points out to the positive predictor 
variable correlation of variable Managers who completed 
their education at a Faculty of Sport and Physical Education 
(MGTSPO) once compared to the business success criteria 
in volleyball. In average, the higher number of employees 
of this specific educational profile in volleyball sport organ-
isations, the greater their business success. This model’s 

regression coefficient has a positive correlation effect on 
business success in volleyball, which is more than evident, 
however that does not imply the significant impact on the 
publicity associated to volleyball as a sport. In general, the 
use of this predictor variable has a statistically significant 
contribution in improving the model’s predictive ability, 
confirming that the employees of this educational profile 
certainly contribute to the rise in business success in vol-
leyball at an analysed competition levels.

THE EFFECT OF SPORT MANAGERS 
EDUCATION ON BUSSINESS SUCCESS 
IN HANDBALL
Table 7, 8 and 9 Multiple Regression analyses parameter 
of the variable Managers who completed their education 
at a Faculty of Sport and Physical Education (MGTSPO) in 
relation to the business success (POUSP) in handball for 
the 2003/04 season.
 
Table 7. Correlation coefficients and coefficients of 
determination

Model R R2 Adjusted R2 Std. Error R2

1 0.956 0915 0.898 18681.5913

Model Variability Source Sum of Squires
Degree of 
Freedom

Variance F Signifinace p

1

Regression 18756666013.852 1 18756666013.852 53.744 0.001 **

Residual 1745009273.434 5 349001854.687

Overall 20501675287.285 6

Table 8. Omnibus test for examining the significance of the 
prediction model

**F-ratio is statistically significant at a level lower than 1%

Table 9.  Values and degrees of significance in standardized and 
unstandardized regression coefficient

Model
Unstandardised coefficient Standardised coefficient

t-test Significance
B Std. Error Beta

1
(Constant) 17410.288 9091.663 1.915   0.114
MGTSPO 58780.739 8018.093 0.956 7.331 0.001 **

**B-coefficient is statistically significant at a level lower 
than 1%

According to the value of adjusted correlation coefficient 
in Table 7, Managers who completed their education at a 
Faculty of Sport and Physical Education (MGTSPO), equals 
to 89,8%  variability of business success in handball sport 
organisations, which is a high percentage when compared 
to the models in the previously analysed sport organisa-
tions. When analysing parameters provided by this study 
we come to the following conclusion,  that the Managers 
of this educational profile possess considerably enhanced 
conceptual and diagnostic skills (Sunje, 2002.), which is 
a characteristic of top and middle level managers of the 
analysed handball clubs management. 

The results provided by ANOVA analyses in Table 8, indi-
cate that the regression variance is 53 times higher than 
the residual or error variance. This F-ratio is statistically 
significant and demonstrates that the prediction model as 
a whole is significant. The isolated model alone consists of 
constant value and predictor variable Managers who com-
pleted their education at a Faculty of Sport and Physical 
Education (MGTSPO), which allows us to conclude that the 
employed managers are key factors in handball clubs busi-
ness success. 
Regression coefficient in Table 9, is statistically significant 
at a level lower than 1 %. Therefore the predictor variable 
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Managers, who completed their education at a Faculty of 
Sport and Physical Education (MGTSPO), is statistically 
significant in changing and improving this model’s predic-
tive ability when it comes to predicting the value of business 
success in handball. In average, the higher number of em-
ployees of this specific educational profile in handball sport 
organisations, the greater their business success. Consid-
ering that the managers of this educational profile have con-
siderably enhanced conceptual and diagnostic skills, which 
are an essential characteristic of top and middle level man-
agers, it becomes quite clear that they should have priority 
to these suitable positions within the club. It is likewise nec-
essary to support their evaluation and progress as a part of 
human resource analyses, keeping in mind the perspective 
in ongoing education and improvement, especially in terms 
of sport management and marketing.  

Discussion and conclusion

According to the results of conducted analyses, we can 
conclude that the Sports high school education of manag-
ers plays a significant role in the field of basketball sport, 
indicating that the managers of this educational profile, 
though they most commonly belong to the operational 
core of sport club management, posses enhanced modern 
technical knowledge and skills when it comes to training 
and training process, for which reason they represent a 
prerequisite to successful sport and business success in 
basketball clubs.
Applying a statistically isolated value model of F-ratio at 
a level lower than 1 % we can confirm the significance 
of operational management in which case the education 
increases the  level of managers’ awareness for constant 
improvement, especially for basketball coach trainers. As 
a consequence we can verify the existence of positive cor-
relation between managers who completed sports high 
school and their business success in basketball. In aver-
age the higher number of employees in basketball clubs, 
who completed education in Sports high school, the great-
er their success. These data provide a special informative 
value for the basketball clubs which want to employ man-
agement staff in their operational core.
Similarly, the results of the conducted analyses direct us 
into acknowledging the significant role of managers educa-
tion at Faculty of Sport and Physical Education in the field 
of business success in volleyball sport. A discreetly higher 
level of 1,9 % in the values of coefficient of determination 
relating to the basketball clubs, as well as increased value of 
F-ratio for the prediction model of business success in vol-
leyball indicate that the volleyball club managers of this edu-
cational profile posses, apart from technical knowledge, ad-
ditional interpersonal and diagnostic knowledge, which are 
developed under the system of higher education in sports. 
This complements the effectiveness of the study programs 
in relation to the requirements of volleyball sport. According 
to the study results, it is quite obvious that the employees 
of this educational profile contribute to the rise in volleyball 
business success for the analysed competition levels.

The results gained from the conducted analyses relating 
to handball sport and clubs without any doubt reveal to 
us that the managers, who completed the study program 
at the Faculty of Sport and Physical Education, play the 
most important role. This is equally supported by the value 
of adjusted correlation coefficient demonstrating the vari-
ability in business success at 89,8 %. This confirms that 
managers of this educational profile have considerably en-
hanced conceptual and diagnostic skills which represent, if 
we take into account management handball club structure, 
a characteristic of top and middle level managers.
The prediction model and the significance of the regression 
coefficient at a level below 1 % indicate that the greater 
number of managers of this educational profile in handball 
clubs, the greater the values of their business success. 
Therefore, the positions of top managers as well as the po-
sitions of middle level managers in handball clubs should 
be left open to the managers of this educational profile. In 
addition, their evaluation and improvement should receive 
additional support considering the ongoing education in 
the field of sport management and marketing.
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Abstract
Effects of applied contents of artistic gymnastics program on some motor abilities was applied on the sample of  27 male students 
of the Faculty of sport and physical education at the age of 20 till 22 years. In this research is applied a set of ten tests of motor abili-
ties. The aim of this research  is  to  establish  a  static  importance  of  differences  in  arithmetic  means  between initial  and  final  
measuring  after  a  two-month  program of  the subject  artistic gymnastics. On  the  basis  of  obtained  values of the T-test for paired 
samples it was concluded that eight variables had statistically important of ten. Eight variables had statistically important on the level 
(sig.≤.05) , while the two variables  is not established statistically important on the level (sig.>.05). The analysis of partial quantita-
tive changes in the area of motor abilities, it can be concluded that the obtained significant positive changes (partial transformation 
quantitative effects) for all used motor area, as a result of the applied program of artistic gymnastics. The biggest changes are in the 
area of the strenght where is of the three variables statistically important had three, then the variables to estimate the flexibility where 
is of the four variables statistically important had three and coordination where is of the three variables statistically important had two. 
In this research were obtained positive effects of the applied program content gymnastics on some motor abilities to the students of  
the Faculty of  sport and physical education.

Key words: effects of the program, aritistic gymnastics, motor abilities

Introduction

Previous research has clearly established that cer-
tain processes exercise a significant influence on the 
changes of various human traits and abilities, and motor 
knowledge. Petković (1989) investigated the relation of 
morphological, motor and cognitive abilities with suc-
cess in ar tistic gymnastics through the implementation 
of the “school of gymnastics.” Based on the results 
of research the author has concluded that the optimal 
combination is 10 motor abilities that have a signifi-
cant projection results in ar tistic gymnastics and agil-
ity, balance, flexibility, static strenght abdomen, forces 
attempted movements and repetitive forces. Marušić 
has determined the elective coureses (with an empha-
sis on ar tistic gymnastic) may affect among others on 
the development of some motor dimensions. The re-
serach  showed  that there was an improvement in 14 
motor variables at boys and 12 motor variables at girls. 
Kocić (1996) using a sample of 40 primary school pu-
pils conducted an experiment in order to determine the 
influence of the experimental program rhythmic- ar tistic 
gymnastics on the transformation of cer tain basic motor 

abilities. The results showed that the experimental pro-
gram operated significantly to about 60% of the exam-
ined tests. The greatest effect was observed in the test 
to evaluate the explosive strenght of the lower extremi-
ties, repetitive strength abdominal muscles, strength 
of arms and shoulders, as well as the ability to main-
tain equilibrium position. Aleksić (2002) investigated 
the impact of the scheduled gymnastic exercise on the 
motor abilities of girls older preschoolers. The results 
showed that it is possible to affect the physical develop-
ment of children of this age. The greatest progress was  
recorded in variables to estimate strenght (explosive, 
repetitive and static). The reported progress has been 
made with the variables to estimate flexibility while only 
in variables for assessing the balance has not been de-
termined statistically significant improvement. Jeričević 
Radenović, Horvatin-Fučkar, Antekolović and Krističević 
(2002) investigated the effective of the program artistic 
gymnastics applied to preschoolers. Results of discrimi-
nant analysis showed that after the implementation of 
the program, the biggest changes at motor abilities are 
found in static strenght shoulders, balance, coordina-
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tion and explosive leg strenght. Wolf-Cvitak, Krističević 
and Grcic-Zubčević (2004) analyzed the impact of pro-
grammed training in rhythmic gymnastics at the motor 
abilities of girls (n = 36), at the age eight years. Statisti-
cally significant differences were found in seven motor 
tests (flexibility, explosive strength and coordination). 
Tabaković and Kozić (2008) Predictive values of motor 
abilities at the performance in ar tistic gymnastics floor 
exercises.. The study was conducted on selected sam-
ple of 180 male examinees, at the age 16 till 18 years 
old. All subjects were students of ”Sportska gimnazija” 
in Sarajevo. The study used a set of 24 motor ability 
variables representing predictor system and a collection 
of 11 ar tistic gymnastics floor routine representing cri-
terion system. The authors concluded that the predic-
tion - impact of the predictor variables in the system of 
motor criterion variable PARTER, can be made with more 
confidence with the help of the entire system of predic-
tor variables in relation to the reliability that can be done 
with the help of the obtained partial (Beta) regression 
coefficients, ie individual impact of predictor variables 
on the criterion. Madić i sar. (2009.) In a sample of 250 
girls involved in the program of development of gym-
nastics as well as the 580 girls who are not involved in 
sports, ages 7-11 years with major cities of the terri-
tory of Vojvodina, applied a battery of eight motor tests. 
The authors emphasized that the research results clearly 
confirm that the gymnastic facilities means a positive 
impact on motor abilities.
The subject of this research, on the one hand, represent 
a manifest dimensions of some motor abilities, and on the 
other hand, the effects of the program artistic gymnastics 
on the transformation of these dimensions, the students of 
the Faculty of sport and physical education.
The aim of this research is to analyze and determine the 
effects of the application of program artistic gymnastics on 
some motor abilities at students of the Faculty of sport and 
physical education.

Method

The sample in this research represent the male students at 
the age 20 till 22 years. The subjects were students of the 
Faculty of sport and physical education in Sarajevo. Total 
number of examiness in which are registred values and to 
which referece is made final processing and analysis of 
the results is 27.
In this research applied a set of ten tests of motor abili-
ties. To estimate the flexibility were used four variables: 
wide leg forward bending seated (MFLPRD), wide leg 
forward bending seated from sternum to floor (MFL-
PRS), bridge (MLFMO) and shoulder flexibility (MFLI-
PA). To estimate the strenght were used three vari-
ables: sit-ups with extended legs (MRSPN), hand grip 
(MSSSŠ) and static chin up hold (MSSIZ). To estimate 
the coordination were used three variables: air agility 
(MKOOZ), floor agility  (MKOOTL) and baton coordina-
tion (MKOKP).

The experimental program (a program 
of two months training process)
The entire training process was implemented during the 
school year 2012-2013. in a period of two months on 
Faculty of sport and physical education in Sarajevo. The 
fundamental aim of the training process was to prepair 
students for the exam of the subject artistic gymnastics. 
The additional aim was to influence the improvement of 
motor abilities, to help students to be ready for imple-
mentation some gymnastics elements and for learning 
and practicing gymnastics exercises for each gymnastic 
equipment. In this program were used four mens gym-
nastic equipment: rings, vault, parallel bars and horizon-
tal bar. Based on the defined aim it was made   adequate 
training program. The entire training process is divided 
into six microcycle. In the first microcycle performed 
the initial testing and conducted four training. Trainings 
were directed toward a specific physical preparation and 
introduction with the elements of the exercise for ele-
ments that are performed on the exam, in order to create 
a baseline physical and mental conditions for later activi-
ties. The second, third, fourth and fifth microcycle were 
primarily focused on learning elements that were part of 
the exercise on these gymnastic equipment, which were 
performed in the practical part of the exam of the subject 
artistic gymnastic. Sixth microcycle was aimed at im-
proving performance of certain exercises on gymnastic 
equipment. The last training of sixth microcycle it was 
held final testing. The realization of the training process, 
the students were not burdened by any other training 
process or physically demanding activities. The program 
was implemented in the period when classes ended and 
the two months the students were engaged only in the 
implementation of programs in this research.

Data processing methods
In order to determine the quantitative changes in tests of 
motor abilities under the influence of the training process 
between the initial and final measurements, used the pro-
gram SPSS Statistics. The differences in the univariate 
level between the initial and final measurements in the area 
of   motor abilities, were analyzed with  T-test for dependent 
samples.

Results

Results of training process effects on the measured motor 
abilities are shown in Table 1. It was analyzed the differ-
ence of means at the univariate level T - test for dependent 
samples. Acquiring insight into the results table presented 
arithmetic means tested variables for the assessment of 
motor abilities initial and final states, reveals statistically 
significant in most of the tested variables (sig. <.05).  
In variables for estimate flexibility statistical significance 
have three variables: wide leg forward bending seated 
(MFLPRD), wide leg forward bending seated from ster-
num to floor (MFLPRS) and shoulder flexibility (MFLIPA). 
In variables for estimate strenght statistical significance 
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had applied all three variables: sit-ups with extended legs 
(MRSPN), hand grip (MSSSŠ) and static chin up hold (MS-
SIZ). In variables for estimate coordination statistical sig-
nificance have two variables: air agility (MKOOZ) and baton 

coordination (MKOKP). At two variables we are not get the 
statistical significance one variable for assessing flexibility:  
bridge (MFLMO and one variable for assessing coordina-
tion - floor agility  (MKOOTL).

Paired Samples Test

Variables

Paired Differences

t df
Sig. 
(2-tailed)N Mean

Std. 
Devia-
tion

Std. 
Error 
Mean

95% Confidence 
Interval of the 
Difference

Lower Upper

Pair 1 MFLPRDI - MFLPRDF 27 -3.88 3.36 1.01 -6.14 -1.63 -3.83 26 .00

Pair 2 MFLPRSI - MFLPRSF 27 2.43 1.43 .43 1.47 3.39 5.62 26 .00

Pair 3 MFLMOI - MFLMOF 27 5.99 14.06 4.24 -3.46 15.44 1.41 26 .19

Pair 4 MFLIPAI - MFLIPAF 27 4.84 6.92 2.09 .19 9.49 2.32 26 .04

Pair 5 MRSPNI - MRSPNF 27 -14.36 10.47 3.16 -21.40 -7.33 -4.55 26 .00

Pair 6 MSSSŠI - MSSSŠF 27 -3.03 4.00 1.21 -5.72 -.35 -2.52 26 .03

Pair 7 MSSIZI - MSSIZF 27 -8.87 6.08 1.83 -12.96 -4.79 -4.84 26 .00

Pair 8 MKOOZI - MKOOZF 27 .64 .34 .10 .41 .87 6.33 26 .00

Pair 9 MKOOTLI - MKOOTLF 27 1.56 2.56 .77 -.15 3.28 2.03 26 .07

Pair 10 MKOKPI - MKOKPF 27 .61 .37 .11 .36 .86 5.39 26   .00

Table 1. The statistical significance differences  in  arithmetic  
means  between initial  and  final  measuring in motor variables

Discussion and conclusion

Flexibility is defined as the capability of making a single 
maximum range of motion, or the ability to perform move-
ments with greater amplitude. Based on previous research 
it is known that the successful execution of the artistic 
gymnastics necessary owning large scale and the extended 
dynamic flexibility. And here we can say that the results of 
the variables and elements of flexibility in gymnastic equip-
ment under the influence of the general mechanism for the 
regulation of movement (automatic synergetic mechanism 
and regulation of muscle tone). The biggest cause for the 
resulting partial quantitative changes in variables for as-
sessing the flexibility of movement in the structure of the 
elements that were performed on gymnastic equipment. 
For flexibility of the shoulder belt and quantitative change 
variables shoulder flexibility (MFLIPA) reason may be 
numbers  of  heights, and swinging in higher  and the ele-
ment  which required great flexibility of the shoulder belt, 
flex forward at the rings. Quantifiable changes in variables 
wide leg forward bending seated (MFLPRD) and wide leg 
forward bending seated from sternum to floor (MFLPRS), 
the greatest significance had elements ascend the heights 

and support where needed body to a closed position with 
the extended legs. For variable bridge (MFLMO) we get sta-
tistical significance, and the reason for that can be applied 
elements of  artistic gymnastics. Exercise applied artistic 
gymnastics examinees are much more engage and strenght 
of the abdominal muscles, than as these exercises stretch 
the spinal musculature and vertebral column. Repetitive 
strenght, which is defined as the ability of long-term work 
on alternating contraction and relaxation of muscles. The 
explanation for the resulting change of variables to esti-
mate repetative strength can be explained by the fact that: 
elements are performed one after the other in combination 
rather than individually, and preforming of the elements 
was longer. These facts leads to the conclusion that for the 
successful execution of the elements applied on gymnastic 
equipment with this kind of performance, it was necessary 
to engage the muscles on the principle of long-term opera-
tion with alternating contraction and relaxation of muscles 
(repetative strenght). These facst leads to the conclusion 
that the results of variables of the repetative strenght and 
elements of aritstic gymnastic under the influence of the 
general mechanisms for energy regulation (the mechanism 
for  controling the duration of exicitation). Static strength 
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(isometric muscle strength) is the maximum strenght that 
can be generated against resistance, which does not yield 
single muscle contractions and muscle length is held con-
stant during the contraction. Changes between initial and 
final states in the variables to estimate strenght: sit-ups 
with extended legs  (MRSPN), hand grip (MSSSŠ) i static 
chin up hold (MSSIZ) contributed to all the elements that 
have been applied to the transformation process. Catches, 
heights and strongholds support and more static strain of 
the upper extremities have contributed to positive chnages 
in the effects of the program on motor abilities. During the 
execution of all elements are used strenght of body trunk 
especially when they are preforming element pullover on 
the bar.

Coordination is no single definition. Coordination is the 
ability to control the movements of the whole body or 
parts of the musculoskeletal system (Bompa. 2006th). 
Coordination would be easiest described as the abil-
ity to perform simple and complex movements ie abil-
ity to perform complex movements, but also the rapid 
learning of new movements and rapid changes of one 
movement to another (Drabik. 1996). Since the tests in 
coordination prevailing complex motor tasks, as well as 
in ar tistic gymnastics dominate the complex structure 
of the movement, it can be said that the results of the 
coordination variables and elements on the floor under 
the influence of the general mechanism for the regula-
tion of movement (movement structuring mechanism).
In two of the three variables to estimate coordination 
was obtained statistically significant changes. As it is 
known that the coefficient of the inherent coordination is 
very high .80, and a brief training process two months, 
it can be reasonably assumed that quantitative variables’ 
coordination in this research it can be attributed to more 
knowledge tests during the final test, than the effects of 
the training process.

Generally based on the numerical values   of t-test for paired 
samples treated with variable motor abilities it is possible 
to determine the specific training process caused a num-
ber of statistically significant differences between the two 
measurements.

The aim of the training process is a learning and training 
students for the exam of the subject called artistic gym-
nastic and testing transformational effects of gymnastic 
training on the manifest dimenstions of strength, coordina-
tion and flexiblity. From the results we can conclude that 
training process practical part of the subject artistic gym-
nastics can successfully affect change in the level of motor 
abilities. This change is particularly pronounced in the area 
of strength and flexibility where we get the highest sta-
tistical significance, then in the area of coordination. The 
general conclusion is that in this research were obtained 
positive effects of the applied program content gymnastics 
on some motor abilities to the students of  the Faculty of  
sport and physical education.
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Abstract
The aim of this study was to determine the effects of lower extremity concentric isokinetic training on explosive strength in jumping 
performance, and compare results with those of conventional and unconventional methods. The sample was consisted of 30 healthy, 
physically active female students from the Faculty of Sport and Physical Education, age 19 to 25, and they conducted a 4-week (3 
times a week) progressive leg strength training on isokinetic dynamometer. The reciprocal concentric knee flexor and extensor contrac-
tions were used, as well as plantar and dorsal flexion at different angular speeds. The results show statistically significant (p<0,001) 
improvement in the long jump performance of 13,6cm, or if represented in percentage 7,21%, and the improvement in the high jump 
by 3,82cm or 10,18%. We came to an overall conclusion that lower extremity concentric isokinetic training can result in the significant 
transformational effects on explosive strength in jumping performance, including both of its components, horizontal and vertical. Also, 
it points out that the effects are sometimes similar or even better than the other conventional and unconventional training methods 
intended for the explosive strength and jump performance development. 

Introduction

As a type of motor ability, the explosive strength represents 
one of the determinants of success in all the activities 
which demand the use of great muscle force for the short-
est time unit (Metikoš et al., 1989; Kreamer & Newton, 
1994). 
The most commonly used tests in evaluating the explosive 
strength in jumping performance are high jump and long 
jump. A number of books, manuals and other publications 
suggest the use of vertical jump tests when evaluating 
the muscle explosive strength (Astrand & Rodahl, 1986; 
Metikoš et al., 1989), present in the literature regarding ki-
nesiology and in practice for more than 90 years. The first 
jump technique was defined at the beginning of the last 
century (Sargeant, 1921), whereas the high jump tech-
nique, used in this study for the purpose of evaluating the 
explosive strength of the lower extremities, represents a 
modified version (Seminick, 1990; Marković et al., 2004), 
which are proven to be reliable by the previous studies. 
(Carlock et al., 2004; de Salles et al., 2010; Ditroilo et al., 
2011).  
If we take into account that the vertical jump is defined as 
a multi-joint activity, we can conclude that if we want to 
improve the height of a jump we need to perform multi-
joint activity which in the first place includes the use of 
knee and ankle joint during movement specific for jumping 

performance, i.e. plantar flexion and knee extension. In ad-
dition to high jump, as a measure of explosive strength in 
lower extremities, we included the long jump since it was 
confirmed to be in a positive correlation with the vertical 
jump and the strength of both lower and upper extremities 
(Castro-Piñero, 2010). What we have discovered so far is 
that these tests do not require much skill, but are greatly 
depended on muscle strength thus providing us with valid 
and trustworthy indicators of the lower extremities explo-
sive strength (Morriss et al., 2001).
In achieving better results during strength and power train-
ing, the researches regularly try to improve and advance 
the training technology. Apart from conventional methods, 
as a part of scientific and professional literature, the spe-
cific methods of the development in strength and power 
are more commonly expressed, and these include vibration 
and isokinetic training. Numerous studies support that the 
training should be incorporated in the conditional training 
programme, specifically intended for the development of 
strength and power.  
Thisle et al. (1967) have come to the conclusion that the 
isokinetic resistance holds several advantages over the 
other training methods. Its biggest advantage is the fact 
that a certain muscle group can be trained to its maximum 
potential using the entire range of movement amplitude. In 
addition, amplitude and speed are adjustable, which repre-
sents one more advantage.
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The greatest advantage of isokinetic training lies in ap-
proaching each examinee individually. One of the basic 
principles of training is the individualisation principle re-
lated to the idea that every training must be conducted 
on an individual basis, according to the abilities, poten-
tial, characteristics and specificities of individual sport 
(Bompa, 1994). When applying isokinetic methods we 
need isokinetic trainers, which are usually shaped as to 
allow the performance of isolated isokinetic exercise, with 
an adjustable movement speed which is in no connection 
to the performance of strength which an athlete is em-
ploying in his attempt to overcome load while the speed 
remains constant. The advantage of this training method 
is reflected in the ability to perform isolated and combined 
muscle action.  
Isokinetic muscle action consists of fixed movement 
speed and changeable resistance. Many authors, in their 
studies have indicated that the constant speed of the ex-
tremities movement performed at an angle is not followed 
by constant speed of muscle shortening. Hinson et al. 
(1979) have, in the early phases of research in the field 
of isokinetics, established that the term isokinetic can be 
reserved for the muscle type which follows a constant 
speed of the extremities movement under the angle, and 
not constant linear speed of muscle shortening (Perin, 
1986).
The information on isokinetic training available to us, affirm 
that this type of muscle exercise has certain advantages in 
relation to the classical exercising methods. This justifies 
its use in a conditional training. 
In relation to the above stated, the aim of this study is to 
determine the effects of lower extremities concentric iso-
kinetic training on the explosive strength in jumping perfor-
mance, with the use of conventional and unconventional 
methods when comparing their development.

Methods

Subjects
The sample represents a group of 30 healthy and physi-
cally active female students at the Faculty of Sport and 
Physical Education, age 19 to 25. Average height (BH) - 
168.06±4.85; Average weight (BW) - 61.26±6.81. 
Neither of the examinees had a history of lower extremity’s 
injury in the last two years, therefore they have not been 
included in the systematic training of strength and power 
in lower extremities, for which reason they were already 
acquainted with the technique of jump performance used 
in this study’s evaluation of explosive strength jump per-
formance.

Variables 
HJ – High Jump – the height of jump was calculated by 
extracting the height of standing reach from the height 
of jumping reach, indicating its value in cm. The jump 
performed was a countermovement jump aided with 
arms. 

LJ – Long jump – The examinees were placed at a track for 
long jump (ELAN, Slovenia) and were instructed to jump 
as far as they can. The difference between the starting line 
and the place of contact was marked as a jump length, 
expressed in cm. 

The protocol for both jumping tests was taken from 
Marković et al. (2004).

Experimental plan
The selection, or setting up isokinetic training protocol is 
of primary value for the success in training process and 
the overall effects of strength and power growth. In fact, 
during this stage based on the initial testing, the entire 
training process is planed and programmed, including 
all the resistance parameters. The overall training load 
during isokinetic training is defined by the scope of pa-
rameters (the number of series, the number of repetitions 
and/or the duration of exercise) and parameters of inten-
sity expressed by the angle of movement per a second 
(°/s) and movement amplitude. When selecting isokinetic 
training protocol, the following factors should be taken 
into consideration, the duration and the speed of the ex-
ercise, the range of joint movement used in the exercise 
and the relation of muscle group tension length used for 
the exercise. It is necessary to point out that the protocols 
of isokinetic exercise need to be developed separately for 
each examinee/athlete, in line with the basic regulations 
in sport training.    
The female examinees tested in this study spent 4 weeks 
(3 times a week) in leg strength progressive training on an 
isokinetic dynamometer. Reciprocal concentric extensor 
and flexor knee joint contractions were used, as well as 
the plantar and dorsal flexor at different speeds. The train-
ing of the knee joint was conducted at a speed of 60 and 
180˚/s and under the amplitude of 90˚, while the training 
of the ankle joint was performed at a speed of 30 and 
60˚/s and at 45˚ amplitude. The examinees conducted 2 
to 4 series in 5 to 8 repetitions per each joint. The num-
ber of repetitions and series was progressively increased 
week by week.

Statistical analysis
The results were analysed using the software package 
SPSS 20 for Windows. For all the dependant variables in 
all the conducted measurement, the standard descriptive 
parameters were calculated: Mean, Standard Deviation, 
Minimum and Maximum value, Skewness and Kurtosis, as 
well as KS test to determine the distribution normality. The 
changes in dependable variables occurring between initial 
and final measurement in every group were analysed by 
T-test for the dependable samples. The level of statistical 
significance was set at p<0.05.   
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Results

Table 1 demonstrates the descriptive and dispersion pa-
rameters, and the Kolmogor-Smirnov test values for the 
normal distribution evaluation.

Considering that a critical value of KS test (Max D) for the 
stated population is 0.242 (Dizdar, 2006), we come to a 
conclusion that all the variables are normally distributed. 

Descriptive Statistics

KS Min Max Mean Std. Deviation Skewness Kurtosis

BH .10 151 178 167.30 5.497 -.615 1.232

BW .12 45.5 75.0 60.833 7.1587 -.193 -.211

LJI .09 154 231 188.73 16.099 .145 .960

LJF .13 174 241 202.33 13.461 .484 1.815

HJI .15 30 52 37.59 5.074 1.179 -1.618

HJF .09 33 53 41.41 5.096 .682 .260

Paired Samples Test

Paired Differences

t df
Sig. 

(2-tailed)Mean
Std. De-
viation

Std. 
Error 
Mean

95% Confidence Inter-
val of the Difference

Lower Upper

Pair 1 LJF - LJI 13.600 7.384 1.348 10.843 16.357 10.088 29 .000

Pair 2 HJF - HJI 3.827 1.753 .325 3.160 4.495 11.752 29 .000

Table 2. T-test of initial and final status of dependable variable 

Table 1. Mean, Standard Deviation, Minimum and Maximum Value, Skewness and Kurtosis  of examinees for all the variables 
calculated in the initial and final measurement; BH- body height; BW-body weight; I-initial; F-final 

The T-test of dependable sampling, represented in table 2, 
shows the difference between initial and final testing, re-
lated to Long Jump (LJ), which was recorded in this study 
at 13,6cm, indicating the difference, to be more accurate 
an improvement of 7,21% .
When considering the variable HJ (high jump), the record-
ed difference between the initial and final state equals to 
3,82cm, or to be accurate there is 10,18 % of improve-
ment.   
Both differences, presented in table 2 are statistically sig-
nificant (p<0,001).

Discussion 

Considering that there is a limited number of studies which 
conducted the research on the effects of isokinetic train-
ing of the explosive strength in jumping performance, the 
results of this study will be generally compared with the 
studies which measured the training effects of the dimen-

sional increase n the lower extremities strength by isokinet-
ic dynamometer because isokinetic parameters of lower 
extremities strength and explosive strength are in unison. 
Furthermore, the achieved effects will be contrasted by 
conventional training methods, in this case the isotonic 
training with and without an external load, and plyometric 
training, and in the case of unconventional training meth-
ods we included were isometric training and whole body 
vibration training. 
When dealing with isokinetic training, regardless whether it 
is concentric or eccentric, it is evident that the strength in 
the muscle-joint system can be increased. The increase in 
strength, by isokinetic dynamometer was measured in the 
previous studies between 2,5% (Ewing and co-authors., 
1990) and 37% (Colliander & Tesch, 1990). In fact Ew-
ing et al. (1990) have come to a conclusion in the final 
testing stages of a 10 week training for men, conducted 
at 60/s, that the slower group (60/s) has increased the 
final momentum by 8,5%, while in the fast group (240/s) 
no significant difference was achieved. The strength in-
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creased for 13,6% in the slower group and 2,5% in the 
fast group, while at speed of 180/s both groups increased 
the momentum and strength. During testing at the speed 
of 240/s, the fast group increased the value of the force 
momentum for 19,7% and in the slower group there was 
no significant difference. Likewise, Nickols-Richardson et 
al. (2007) have established positive effects of concentric 
and eccentric unilateral isokinetic training in the duration of 
5 months, in the case of women examinees. Their results 
indicate that the leg strength has increased by 18,6% in 
concentric training, while the increase in eccentric training  
was achieved by 28,9%.
The differences in power and strength effects in the con-
ducted studies were most likely caused by great differenc-
es among the examinees and training protocol. However, it 
is quite clear that the isokinetic training has offered positive 
effects on the power and strength, and that their deviations 
in size can be regarded as a consequence of their specific-
ity (Kovačević et al., 2012a).
Considering that the connection between isokinetic power 
and explosive strength was confirmed in the jumping per-
formance, we can assume that the studies which achieved 
positive effects on the power and strength with the help of 
isokinetic training, most probably (even without any direct 
measurements) increased the explosive strength in jump-
ing performance. 
Kovačević et al. (2012b) claim that a multiple stepwise 
regression analyses has indicated a group of isokinetic 
parameters which is responsible for 68% of the over-
all accomplished work for standing high jump variance 
(p<0.05) and 72% of the overall accomplished work for 
standing long jump variance (p<0.005), therefore con-
cluding that the isokinetic test performed on more joints 
and various speed angles can predict the lower extremities 
explosive strength, just in case when it is not possible to 
perform ballistic movement.  
If we analyse the studies where the examinees completed 
isotonic training with and without external loading, the 
extent of the explosive strength increase in vertical jump 
performance ranges from 0,03% (Kleinöder et al., 2003) to 
15,4% (Mester et al., 2006). Apart from such a wide scope 
of results, there are those which have not recorded any in-
crease. For example, Delecluse et al. (2003), whose study 
exclusively analysed knee extension and flexion, but did 
not gain any statistically relevant differences between the 
final and initial testing, not even after 12 weeks of training. 
The reason for this might be, the examinees were perform-
ing under a load of 10 and 20% of 1RM, and also a fact that 
the force had not changed during the entire experimental 
programme. In addition the differences from 0,03 to 1,14% 
taken from the Kleinöder et al. study and which were like-
wise statistically insignificant, can be assigned to the in-
adequate observation. In fact, the examinees performed 
squats without any external load. Rønnestad (2004) has 
come to a conclusion that a 5 week training of lower ex-
tremities with an external load (10 RM) resulted in 4,2% 
increase of countermovement squat jump. If we analyse 
the results obtained from this study, considering isotonic 

training, the recorded increase is the most similar to the 
one obtained from Mester et al. (2006) where examinees 
exhibited increase between 9,3 and 15,4%. 
If we analyse the studies with plyometric training, the best 
example was provided by Marković (2007), who included 
26 studies in his Meta analysis, with 4 to 24 weeks du-
ration period of experimental plyometric training program, 
and a number of training sets between 12 and 60. He stat-
ed that, when taking into account squat jump, the average 
increase, recorded in the previous studies had the value 
of 4,7%, with its value between 1,8% and 7,6%. Bigger 
changes were recorded in squat jump with counter move-
ment aids from arms (CMJA- 7,5%; range from 4,2 to 
10,8%), and counter movement jump (CMJ - 8,7%; range 
from 7 to 10,4%) (Marković et al., 2004). 
Analysing the studies with conventional training methods, 
we can conclude that the results are consistent with some 
results obtained by isotonic training and most results ob-
tained by plyometric training. Still, there are some differ-
ences which can be assigned to the coefficients of jump 
variations. The Variation coefficient of the sergeant jump 
(obtained from the test used to evaluate the explosive 
strength in jumping performance in this study) was 3%, 
while with the other two jumps its value was determined 
at 3,3% (squat jump) and 2,8% (counter movement jump).  
Furthermore, the study results of unconventional training 
methods will be presented. There are a small number of 
studies which used procedures including isometric exer-
cise with an aim to develop explosive strength in legs. On 
one hand, isometric training is rarely used for the purposes 
of developing explosive strength, but on the other hand 
whole body vibration training is currently the most popular 
unconventional training method of this motor quality, which 
makes it quite interesting when comparing the results of 
this study with the effects of the studies which used the 
above mentioned training methods.    
In the study by Cochrane et al. (2004), the examinees were 
performing isometric exercises of the lower extremities dur-
ing 9 consecutive days, which resulted in negative effects 
from -4% and -3.5%, in squat jump and counter movement 
squat jump. Furthermore, in Paradisis et al. (2007) study, 
the examinees performed 3 training sets including a set 
of isokinetic exercises for the lower extremities. They re-
corded an increase of 0,3%. The greatest positive increase 
in the jump height was recorded by Fagnani et al. (2006). 
Namely in this study, where the experimental procedure 
lasted for 8 weeks, and the examinees performed unilat-
eral and bilateral isometric squat, the authors recorded the 
3,3% increase in the height of  squat jump with counter 
movement aids from arms height, which is by far the best 
recorded result.  
All the study analyses of the whole body vibration training 
effects on the height of the squat jump have achieved posi-
tive effects in the range from <1% (Owen, 2004) to 16% 
(Roelants et al., 2004). This can be demonstrated in the 
study of Osawa and Oguma (2013), who have achieved 
the results after 13 weeks of training (2 times a week) per-
formed by the examinees in unilateral and bilateral squat 
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on the vibration platform. The results indicated that the 
height of the jump with counter movement has increased 
for 15%, while based on the analyses of the previous stud-
ies, Nordlund and Thorstensson (2007) indicated in their 
review article that the whole body vibration training can 
have positive effects on the explosive strength in jumping 
performance, i.e. in height increase of the vertical jump 
in the range from 4,5 to 16%. Apart from these studies, 
Fernandez-Rio et al., (2010) obtained the results of 2,6% 
improvement for the squat jump with counter movement 
and 3,4% for the squat jump, all after 14 weeks of training 
(2 times a week) including the set of isometric exercise 
performed on the vibration platform. 
There are a limited number of studies which confirmed the 
training effects on the explosive strength of standing long 
jump, and it is therefore difficult to perform a quality com-
parison of the achieved training effects from the previously 
conducted studies. Some studies (Trajković et al., 2012) 
have obtained results which indicate that after 6 week 
skill-based conditioning in the volleyball training, using the 
sample of 16 volleyball players, there is no statistically sig-
nificant difference between initial and final testing which 
signifies no difference in the standing long jump results. 
These findings could easily be explained by the charac-
ter of the performed skill based conditioning whose initial 
purpose was not intended for the increase in the explo-
sive strength of the jumping performance, especially long 
jump, because that is an unspecific structural movement 
for volleyball. In addition, we could not perform a qual-
ity comparison of the achieved effects, because there was 
no vertical jumping performance in this study. Considering 
that there is 0.50 correlation between long jump and squat 
jump, and 0.59 between long jump and squat jump with 
counter movement jump, we can assume that the studies, 
which have achieved positive effects on the height of the 
vertical jump (though there was no direct measuring) had 
the same effect on the ability of the long jump. This hypoth-
esis is supported by the study results, which indicate a 
great similarity in the scope of achieved effects of the both 
explosive strength jumping performance components.  

Conclusion

Based on the demonstrated results we can conclude that 
lower extremity concentric isokinetic training had sig-
nificant transformational effects regarding the explosive 
strength in jumping performance. Standing long jump, as 
an applied variable of the explosive strength and a hori-
zontal jump component, indicate that the applied isokinetic 
training did have statistically significant effects (p<0,001), 
i.e. the results improvement occurred between two points 
of measurement, calculated at 13,6cm, which is an im-
provement of 7,21%. Also, we can conclude that there are 
statistically significant differences (p<0,001) between 
initial and final measurement for the variable standing 
height jump reflected in the increase of 3,82cm in height 
or 10,18%. Considering that the tests of explosive strength 
in jumping performance have high correlation coefficients, 

the results of the height jump are greatly similar with the 
results of the long jump. Once we compare the obtained 
training effects of this study with the conventional and un-
conventional training methods we can conclude that the 
concentric isokinetic training produces similar effects in 
regard to the explosive strength of lower extremities such 
as plyometric training and whole body vibration training.  
Generally speaking we can conclude that the concentric 
isokinetic training of the lower extremities produces sig-
nificant transformational effects on the explosive strength 
in jumping performance, affecting both of its components, 
horizontal and vertical. These effects are very similar and 
very often have proven to be better than conventional and 
unconventional training methods intended for the develop-
ment of the explosive jumping performance.  
It should be noted, that this type of training at the time of 
modern sport cannot replace the basic conditional train-
ing in isotonic conditions, but it can serve as an additional 
training within the integral training programme. 
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