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Nedim Čović1

DOES BACK SQUAT ALTERNATE 
VELOCITY DIFFERENTLY EFFECTS 
KNEE MUSCLES PEAK POWER 
AND HAMSTRING TO QUADRICEPS 
RATIO IN SEMI-ACTIVE ADULTS – 
RANDOMIZED CONTROL TRIAL
1 Faculty of Sports and Physical Education, University of Sarajevo, Bosnia and Herzegovina 

Original scientific paper
UDC: 796.012.424

Abstract
Aim of the study was to compare the effects of the low intensity back squat performed at alternate velocities on power, strength 
and H/Q ratio. The study was conducted on male students population (n=33) randomized in slow speed group (STG), fast speed 
group (CSTG) and controls (CG). Main study outcome was significant improvement in squat 1RM with 22.8% and 25% for the 
STG (p<0.001) and CSTG (p<0.001), 6.3% quadriceps peak torque of the lessdominant (PTQ l, p<0.001) for the STG, and 3.4% 
dominant limb peak torque (PTQ d, p=0.045) in CSTG. STG increased their both leg average thigh circumference (CT) by the 6.7% 
(p<0.001). Both STG and CSTG had no significant changes in hamstring peak power and hamstring to quadriceps ratio (H/Q ratio). 
Results are suggesting that speed of the back squat performed does not differently affect power and strength and that variability of the 
intensity is most important for the power increase. Squat 1RM improvement was probably caused by the technique adaptation and 
CT increase in STG. CSTG improved their 1RM due to technique efficiency improvement. Further researching should be conducted in 
terms for marking the body adaptation mechanisms to alternate squat speed at same intensity.

Key words: strength, speed, power, stretch-shortening cycle, technique, thigh circumference 

Introduction

Speed, power and strength are the most common terms 
used by the coaches when talking about sport fitness per-
formance. It is unusual to have an athlete that possesses 
great strength, and the ability to generate it rapidly (Newton 
& Kraemer, 1994). Several authors confirmed correlation 
between speed and power (Nykytenko et al., 2013; Zatsi-
orsky, 2008), strength and power (Zatsiorsky, 2008) and 
squat, strength and power (Rhea, Alvar, Burkett, & Ball, 
2003; Rhea, Kenn, & Dermody, 2009; Zatsiorsky, 2008). 
A well known fact is that high level and elite athletes per-
form squat to optimize and maximize lower body strength 
and power. Also, it is the most common exercise of choice 
for the legs muscle hypertrophy among semi active recre-
ational population.
Injuries among this population are not that common due 
duration of activity, intensity and longer rest to training 
ratio. Hamstring strain, ankle sprain and twists, tendinitis, 
mechanical caused lesions and ALC ruptures are the most 
common injuries in semi-active population (Pope, 2000). 
However, serious knee injury factors are imbalances be-
tween quadriceps and hamstring muscles and bilateral 

strength asymmetries. According to Youdas (2007) males 
can dominantly, by 3.5 times more, activate hamstrings 
in contrast to female while performing one leg squat. Fact 
that squat affects hamstrings and quadriceps strength can 
be used as reasonable explanation for the possible H/Q 
strength ratio changes. In kinetic chain of lifting extensors 
are in concentric mode while flexors do eccentric move-
ment. Since the total force is greater when eccentric move-
ment is performed there is a possibility that knee flexors 
might have greater stimuli and increase H/Q ratio.  
A squat lifting pace or velocity of the movement can be 
considerate as integral part of back squat lifting technique 
(Van Dieen, Creemers, Draisma, Toussaint, & Kingma, 
1994). Technique can have opposite effect on speed 
mainly depending on freely chosen lifting technique (Bush-
Joseph, Schipplein, Andersson, & Andriacchi, 1988). 
The velocity of lifting can impair lower back pain, spine 
compression and back load (van Dieën, Hoozemans, & 
Toussaint, 1999). However, a little was known about the 
interaction of lifting velocity and how it actually effects 
strength and power output. Several studies (Newton & 
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Kraemer, 1994; Rhea et al., 2009; Wallace, Winchester, & 
McGuigan, 2006) investigated different variations of squat 
speed and intensity and its transfer on power, strength and 
speed output. Mainly, authors suggested greatest effect in 
power increase when variable resistance (RFD) was used, 
especially in early stages of the lift. 
Reasonable and rationale question is does different squat 
speed with same intensity plays significant role in strength 
and power training. Speed alternations are related to weight 
lifted and depends upon motor control ability, biomechani-
cal advantages, muscle type tissue and nervous system 
(Rhea et al., 2003). Probably the easiest way to control 
speed variable is by restricting the total time for the each lift.  
It is fairly reasonable to research presented facts since al-
ternative speed of the squat same weight resistance can 
differently affect power and strength of the lower extremi-
ties. Other study aim is to establish evidence and relation 
of squat exercise and the injury risk factors.  From the 
previously stated emanates main aim of the study, does 
alternations in squat movement speed produces different 
effects. Adaptation for the stimulus shall be evaluated true 
literature search with possible theoretical explanations. It is 
hypostasized that squat speed plays important variable for 
maximizing the squats exercise potential.   

Methods

Study design and participants 
Study was designed as randomized control trial (RCT). In 
brief, participants were students of the Faculty of Sport and 
Physical Education in Sarajevo. Eligibility of subjects was 
set by inclusion criteria: Semi active adults (over 18 years 
of age), without any neuromuscular diseases and knee, 
ankle and hip injuries in last 24 months and H/Q ratio lower 
than 70% (>0.70) (Draganidis et al., 2015). The main cri-
teria for exclusion preliminary were level of physical activ-
ity (more than 4 sessions missed true training interven-
tion), pain and lower back injuries. All the subjects had to 
perform proper deep squat movement without assistance 
true full range of motion. Squat efficiency were evaluat-
ed by functional movement marks (FMS) (Cook, Burton, 
& Hoogenboom, 2006). For the candidates that scored 
marks lower than two (<2) were considered ineligible for 
the study and exclusion had to be made. 
Regarding the study design, first (STG) and second (CSTG) 
intervention group performed squat training at different 
squat velocities two to three times per week in 12 week 
training period while third (CG) group maintained their life-
style. In overall 33 male participants (mean ± SD: age: 
19.7±0.68 years; height: 184±7.4 cm; weight: 77±7.8 
kg; BMI: 22.5±1.7 kg/m2) were randomly allocated in ratio 
1:1:1. No significant differences were observed for age, 
height, weight and BMI values at the base line. Testing 
procedures included isokinetic concentric quadriceps and 
hamstring muscle force output and back squat one repeti-
tion maximum (1RM) Study has been previously approved 
by the Faculty of Sport in Sarajevo. Subjects were fully 
verbally informed about the testing and training procedure. 

Table 1. Subjects characteristics

STG
(n=11)

CSTG
(n=11)

CG
(n=11)

Height
(cm)

187.2±7.6 182.6±6.6 182.2±7.4

Mass
(kg)

81.3±7.7 77.4±5.5 72.4±7.9

Age
(years)

20±0.63 19.4±0.5 19.7±0.8

BMI
(kg/m2)

22.7±1.5 23.2±1.5 21.7±1.9

Data are expressed as mean±SD
STG – low squat velocity
CSTG – high sqaut velocity
CG – control group

Training intervention

For experimental groups training intervention featured per-
forming back squat at 70% of one maximal successful ef-
fort. STG subjects were asked to do each lift (eccentric + 
concentric) for at least 4 seconds time period, and were 
verbally guided on the squatting speed adjustments dur-
ing execution as well as for technique. On the other hand 
CSTG participant’s task was to try to finish each lift for 
the shortest time possible. For the safety reasons two as-
sistants from each side of squat rack were allowed. Train-
ing treatment lasted 12 weeks on average 2-3 times per 
week. Training intensity and overall load did not increase 
nor decrease during this period. Each participant was 
subjected to identical warm up protocol starting with 10 
minutes of ridding bicycle ergometer at 75 W followed by 
set of 7 dynamic stretching exercises repeated in 2 sets 
by 10 repetitions for each limb. In brief, warm up lasted on 
average (mean±SD) 17±1.3 min. Total number of train-
ing sessions for the STG and CSTG were 28.6 (2.4 per 
week) and 29.9 (2.51 per week) for each individual. Darth-
fish software (Fribourg, Switzerland) for video analysis has 
been used to determine average velocity and duration of 
each repetition as well as KF and KE phase time measure-
ment and foot angle. In order to achieve optimal squat dept 
and angle of 90˚ between lower leg and thighs, protractor 
and height variable bench were used and adjusted for each 
participant respectively. 

Testing and measuring 
procedures

All the participants were familiarized with testing pro-
cedures on both testing accessions (T1 and T2). Ninety 
degrees squat (Straker, 2002) without variations has been 
applied as representative measurement tool. A standard 
Olympic weightlifting set (Eleiko weight set) was used. 
Procedure of 1RM testing had standardized protocol start-
ing with squatting with barbell only (20 kg) for 10 times. 
Testing for all the subjects started from 50 kg with 5 kg in-
crease. Result that count was last successful lift with right 
angle and depth. No assistance was allowed. 
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Isokinetic concentric knee muscles contractions expressed 
as peak torque (PT) in Newton meters (Nm) were measured 
at angular velocity of 60˚/sec. Isokinetic dynamometer (Bio-
dex Medical Systems, Shirley, New York) was used in order 
to determine parametrical hamstring and quadriceps (KE 
and KF) peak power (dominant and less dominant extension 
and flexion peak torque) and power ratio in both limbs. After 
completing warm up and functional movement screening, 
and measuring both legs average thigh circumference (CT) 
without skinfold thickness correction (Martin, Spenst, Drink-
water, & Clarys, 1990) standardized protocol of 5 maximal 
voluntary contractions with 80˚ range of motion was con-
ducted (starting point at knee flexion of 90˚). Dynamometer 
pole axis was lined up with knee rotational axis and the static 
correction of gravity was measured at 30˚ prior to beginning 
of the test (Parsons & Porter, 2015). Chair sitting positing 
was set at 85˚. Monitored isokinetic power variables in study 
were: quadriceps peak torque (PTQ d and PTQ l), hamstring 
peak torque (PTH d and PTH l) and hamstring to quadriceps 
ratio (H/Q d and H/Q l) for dominant and less dominant limbs. 

Statistical analysis 
Normality of data distribution was determined using Shap-
iro-Willk’s test and Q-Q plots. Between groups differences 

and training intervention effects were evaluated using facto-
rial two-way repeated measures analysis of variance (ANO-
VA, group x time). When significant difference was revealed 
a Bonferroni post hoc test was used. Pre-post intervention 
and baseline differences were assessed using simple ANO-
VA with Bonferroni post-hoc test. All the data analysis has 
been done using software package for statistical analysis 
(SPSS 23.0, IBM Corp.). Data are expressed as mean val-
ues and standard deviations if otherwise not stated. Rela-
tive training effects and changes in results are presented 
as percentages. Statistical significance was set at p<0.05.

Results

Training intervention 
No significant differences for the pre testing results in train-
ing intensity, volume and squat were observed between 
groups. The total time of squat execution was lower for the 
CSTG compare to the STG (p<0.001). For the STG con-
centric squat phase lasted markedly longer then in CSTG 
(p<0.001) as well as for the eccentric phase (p=0.034). 
In comparisons of the foot stance range and foot angle 
during the 12 weeks training period no differences were 
highlighted.

STG
(n=11)

CSTG
(n=11)

STG
(n=11)

CSTG
(n=11)

Intensity 
   (70% of 1RM)

49.63±15.6 43.89±8.9 KE phase
(s)

2.2±0.2** 0.8±0.3

Volume
   (No of sets / No of repetitions)

3/10 3/10 KF phase
(s)

2±0.1** 1.1±0.2

Volume
   (kg per week)

3.571 3.305 Stance range
(cm)

35-49 38-51

Time of each repetition
   (s)

4.2±0.3** 2.9±0.6 Foot angle˚
(deg)

5-10 5-10

Data are expressed as mean±SD
** - p<0.01 compare to CSTG
*  - p<0.05 compare to CSTG

Table 2. Main features of the 12 weeks squat training intervention for the STG and CSTG

Table 3. Hamstring to quadriceps torque ratio of dominant (H/Q d) and less dominant (H/Q l) limb, Peak torque of dominant (PTQ d) 
and less dominant (PTQ l) limb quadriceps and hamstrings (PTH d and PTH l) and squat and thigh circumference for low speed squat 
(STG), high speed squat (CSTG) and control (CG) group before (T1) and after 12 weeks (T2) of intervention

STG (n=11)
Mean ± SD

CSTG (n=11)
Mean ± SD

CG (n=11)
Mean ± SD

0 Weeks (T1) 12 Weeks (T2) ∆% 0 Weeks (T1) 12 Weeks (T2) ∆% 0 Weeks (T1) 12 Weeks (T2) ∆%
Squat 90˚
(kg)

70.9 ± 12.2 91.8 ± 11.7**§ 22.8 62.7 ± 12.7 83.6 ± 12.86**ǁ 25 60.9 ± 15.7 64.5 ± 16.3 5.6
H/Q d 
(%)

51.5 ± 8.4 52.6 ± 4.1 2.1 56.9 ± 7.8 56.6 ± 7.8 -0.6 53.7 ± 5.8 55.5 ± 7.6 3.2

H/Q l 
(%)

53.6 ± 6.3 50.4 ± 6.1¶ - 6 49.9 ± 5.9 53.1 ± 7.9 6.1 51.2 ± 4.7 52.3 ± 7.5 2.2

PTQ d 
(Nm)

238.9 ± 14.9† 248.9 ± 18.5§¥ 4.1 217.3 ± 17.2 224.9 ± 21.4* 3.4 210 ± 15.8 215.9 ± 20.6 2.8

PTQ l
(Nm)

223.3 ± 19.1 238.3 ± 20.2¥** 6.3 217.9 ± 26 219.7 ± 28.1 0.9 210.1 ± 21.9 208.5 ± 19.6 -0.8

PTH d 
(Nm)

122.6 ± 18.2 127.4 ± 16.6 3.8 124.1 ± 21.9 127.1 ± 21.5 2.4 113.8 ± 18.6 119.2 ± 14.8 4.6

PTH l 
(Nm)

119.4 ± 14.7 122.7 ± 16.8‡ 3.1 109.2 ± 21 116.4 ± 22 6.2 107.3 ± 14.9 108.5 ± 15.3 1.2

CT
(cm) 53 ± 2.6 56.8 ± 2.3**¥ 6.7 52.1 ± 3.1 53.2 ± 3.3 2.1 53.6 ± 2.1 53.4 ± 2 -0.4

* - T1 < T2; p < 0.05.      ** - T1 < T2; p < 0.001.      ¶ - T1 > T2; p < 0.05.       † - T1 (STG > CG); p< 0.05.      ‡ - T2 (STG 
> CG); p < 0.05.        ¥ - T2 (STG > CG); p < 0.001.       § - STG > CSTG p < 0.001.       ǁ - T2 (CSTG > CG) p < 0.05.
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Squat and knee muscles peak torque and H/Q ratio Randomized groups did not differ at baseline, with excep-
tion of extension peak torque value of the dominant limb 
where STG had significantly higher result compared to CG 
(p<0.001) which maintained similar at the end of study. 
Training intervention for the experimental groups was 
clearly successful in terms of overall weight lifted in back 
squat. Both, STG and CSTG improved their squat perfor-
mance in comparison with controls by ~16 % (p<0.001; 
95% CI 8.44-28.8) and ~ 19 % (p=0.042; 95% CI 0.27-
20.6). From baseline till study end STG improved squat 
result by 22.8% (p<0.001; 95% CI 15.3-26.5), CSTG 
even higher by 25% (p<0.005; 95% CI 14.6 – 27.3) while 
control group did not improve significantly. Extension peak 
power output of the dominant limb after 12 weeks in STG 
was raised insignificantly by 4.1%, while CSTG had 3.4% 
increase (p=0.045; 95% CI 0.2-15.2). At the end point 
when compared with controls and high speed group, STG 
achieved better results (p<0.001; 95% CI 16.7 – 43.8 and 
p<0.001; 95% CI 9 – 36.1). In less dominant side im-
provement was seen only for the STG subjects (p=0.006; 
95% CI 5.2 – 24.6) which differ from the CG (p=0.008; 
95% CI 4.6 – 38.3). Hamstrings peak power result of less 
dominant side after the treatment distinguished STG and 
CG significantly (p=0.051; 95% CI 0.02 – 26.1). 
After 12 weeks of training H/Q ratio in STG decreased from 
53.6% to 50.4% (p=0.055; 95% CI 0.09 - 6.4). For the 
subjects in STG thigh circumference significantly improved 
(p<0.001).

Discussion

The study examined effects of a 12 week strength train-
ing intervention with aim to determine wheatear there is 
a difference in changes of peak power performance and 
hamstring to quadriceps ratio in semi-active student popu-
lation. The study compared influence of low intensity low 
speed repetition movement of back squat in contrast to low 
intensity high speed pattern movement. From baseline to 
study end point no drop outs were noted. By randomizing 
33 subjects in three groups, results of strength parameters 
were measured on knees flexors and extensors using iso-
kinetic dynamometer. Both types of training lead to sig-
nificant improvement in weight of squat performance lifted 
(1RM) with some minor peak torque improvements and 
insignificant changes in hamstring to quadriceps ratio. In 
addition, only the STG group had significant improvement 
in the thigh circumference measure. For both, STG and 
CSTG no differences in training intensity and volume were 
present. Apparently, low intensity back squat performed 
at variable velocity does not provide adequate stimuli for 
physiological adaptations and power and strength perfor-
mance increase according to the results presented.    
Percentage improvement for both intervention groups 
was above 20% in weight increase for the back squat. 
With evidence of relatively poor peak power improve-
ment in both limbs, previously stated fact is more likely 
due to body biomechanical and squat technique adapta-

Figure 1. Back squat, peak torque of dominant and lessdominant 
leg before and after training intervention for STG (n=11), CSTG 
(n=11) and CG (n=11). Mean and CI 95% are presented. ** + 
improvement p<0.01. * + improvement p<0.05
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tion (Kritz, Cronin, & Hume, 2009). A fact that subjects 
were relatively inexperienced in lifting technique supports 
mentioned fact, since there was space for improvement 
regarding the lifting efficiency and back posture (Ander-
son & Behm, 2005). Individual intensity used was 70% 
of initial squat performance and it is considered as small 
to moderate (Willardson & Burkett, 2008). By restricting 
most important strength improvement training variable 
(Rhea et al., 2003) the experiment was narrowed down to 
movement speed only. One study (Rhea et al., 2009) par-
ticularly researched back squat with various intensity and 
speeds (higher the speed lighter the resistance). Authors 
clearly stated that higher strength improvement happened 
in a group with lower speed with high intensity load. Ac-
cording to previous research by the same main author 
(Rhea et al., 2003) high intensity squat training impacts 
strength and power output by two mechanisms, muscle 
hypertrophy and neuromuscular adaptation (Baechle & 
Earle, 2008). 
For the CSTG maintains unclear how did such marking 
strength improvement happened and beside technique 
efficiency adaptation, author suggests neuromuscular ad-
aptation as well. The present study did not provide with 
adequate markers for muscle hypertrophy, with exception 
from tight muscles circumference. CT results suggested 
an overall muscle volume elevation for the STG only. Main 
cause of such result is due to work load over the time ratio. 
More controlled lifting caused stronger muscle contrac-
tions, which has been effective in hypertrophy increscent 
(Damas et al., 2015). Strength improvement in STG is 
mainly due to increase in muscles circumference and body 
to technique adaptation. 
Although, leg lift was suggested true intervention time, 
power parameters did not improve linearly as squat result. 
As several researches suggested higher movement speed 
has an advantage in power increase over the other strength 
methods (Baechle & Earle, 2008; Newton & Kraemer, 1994; 
Rhea et al., 2009; Zatsiorsky, 2008). Furthermore, Rhea is 
suggesting that for maximizing power output crucial thing 
is resistance variability (RFD). Our study excluded all the 
variables, such as biomechanical lever advantages and 
RFD protocol (Edman, 2008) and by that it did not reach 
full potential for maximizing power performance. Stretch-
shortening cycle (SSC) has specific energy transfer on 
which muscle tissue due to fast eccentric contraction 
stores elastic energy and during the concentric faze releas-
es that energy, and that contributes in power improvement 
(Zatsiorsky, 2008). SSC occurs during the fast movements 
similar like in CSTG. Since no significant power improve-
ment was found it is obvious that movement speed and lift-
ing intensity could not gain effective SSC energy transfer. 
Similar but more significant improvements were found in 
STG and were caused probably due to strength improve-
ment (Wisløff, Castagna, Helgerud, Jones, & Hoff, 2004). 
Hamstring to quadriceps ratio did not change significantly. 
Percentage change for dominant leg was around 3% and 
it was much smaller than the change for the lessdominant 
leg. Inconsistency of results can be seen by the decrease 

of H/Q ratio in STG. Several papers described and empha-
sized the importance of knee flexors to extensors strength 
ratio in terms of preventing hamstring and knee injury in 
recreationally active males (Hewett, Myer, & Zazulak, 
2008). The 6% H/Q ratio increase for the lessdominant leg 
in CSTG is probably due to more intense eccentric move-
ment then the one in STG. 
Presented study did not give full explanation on the squat 
speed movement and its influence on power performance 
and H/Q ratio. Since the intensity of the training is much 
more important than the volume one can be said that 70% 
of 1RM squat was not superefficient for greater power im-
provement in semi active male population. 
A 12 week of the same load intensity probably achieved 
muscle tissue adaptations initially in first 4 weeks but 
since no variability in weight was applied, further adapta-
tion process could not maintain. Author personal opinion 
is that initial training benefits could not stay true additional 
8 week period. Power outputs could be measured using 
force plate, or by the CMJ and drop CMJ which could po-
tentially explained the effects of different squat speed in 
terms of performance enrichment.
In addition, for the further investigation of similar training 
and its effects could be determined using functional H/Q 
ratio and other power tests as well as the muscle biopsies 
and EMG. Body composition and legs muscle mass should 
be measured as well

Conclusion

Population that is fairly active in fitness, cross fit and rec-
reational exercising programs usually performs low and 
moderate intensity back squat on regular basis. Depend-
ing of the technique level speed movement variability is 
used. By the results of the study it is obvious that there is 
neither significant difference nor valid evidence that semi 
active male population can benefit in H/Q ratio decrease or 
in power outputted performance. It can be stated that back 
squat improvement is mainly caused by the technique im-
provement. 
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Abstract
Aim of the research was to detect and identify initial changes of elastic properties of magistral arteries (arterial stiffness). Flow medi-
ated dilatation-(FMD) method was used to prove, i.e. to set hypothesis that the effects of strict dietary regime to endothelial function 
of brachial artery in patients with stable angina and atherosclerotic changes in coronary arteries less than 50% confirmed by coronar-
ography will lead to significant increase of FMD values. Total 60 subjects aged 40-75 were enrolled in the study. Diet group consisted 
of 30 subjects with atherosclerotic changes in coronary arteries less than 50% confirmed by coronarography. Control group consisted 
of 30 subjects not receiving medical treatment. Following initial examination, follow-up was carried out after 3 and 6 months. As ex-
pected, the flow velocity following cuff release was higher at each measurement in both diet and control group compared to baseline 
values.  Flow velocity following nitroglycerin administration in the diet group was insignificantly higher in both follow-ups, whereas it 
was lower in the control group in both second and third measurement. Analysis of variance results for relations within groups show no 
differences. On the basis of the obtained results, FMD measurements on brachial artery may contribute to early detection of athero-
sclerotic changes, especially in patients with multiple risk factors.

Key words: effect, atherosclerosis, FMD, diet, color doppler

Introduction

Atherosclerosis is a narrowing of arterial lumen, developed 
due to local thickening of  intima called athera or plaque, 
whose most common cause is an injury of arterial wall 
(Vrhovac, Jakšić, Reiner, & Vucelić, 2008). It has been per-
ceived for a long time as a simple depositing of lipids and 
calcium into the arterial walls, but in fact it represents a set 
of specific cellular and molecular processes with inflam-
mation characteristics  (Epstein & Ross, 1999). Common 
risk factor are involved in development and progression 
of atherosclerosis, such as hyperlipoproteinema, diabe-
tes mellitus, arterial hypertension, obesity and smoking, 
but also newly discovered risk factors such as changes in 
coagulation and fibrinolytic process, inflammation param-
eters, homocysteine and especially endothelial dysfunction 
(Bonetti, Lerman, & Lerman, 2003). Blood vessel endothe-
lium is a huge paracrine organ which secretes numerous 
factors responsible for regulation of vascular tone, cellular 
growth, platelet and leucocytes interaction, and thrombo-
genicity. Endothelial protective role in physiologic condi-
tions is based on adhesion prevention of the circulating 
platelets and leucocytes, maintaining vascular system in 
vasodilatory state and migration and proliferation inhibition 
of blood vessel smooth muscle cells. Dysfunctional endo-
thelium has no protective function enabling for expression 

of various adhesive molecules and binding of different form 
of leucocytes, thus forming the basis for arthrosclerosis 
development (Bonetti et al., 2003; Massaro et al., 2015; 
Papamichael et al., 2005). Celermajer and associates de-
veloped FMD technique in 1992 as a non-invasive method 
for measuring function of blood vessels endothelium.  Ten 
years later, in 2002, Corretti and associates published ini-
tial guidelines for ultrasound assessment of FMD of bra-
chial artery.  Meta-analysis was carried out in 2005 with 
250 studies that used FMD method in their research and it 
was discovered that technical details of FMD measurement 
(occlusion location and duration) may provide explanation 
for discrepancies in FMD among the studies (Bots, Wester-
ink, Rabelink, & de Koning, 2005). Oral antioxidants intake 
(vitamin C, vitamin E, alpha-lipoic acid) – lead to reduc-
tion of circulatory free radicals. Intra-arterial administration 
of C vitamin leads to FMD increase. Therefore, intake of 
antioxidants is not recommended three days prior to FMD 
measurement. It has been documented that smoking im-
pairs endothelial function (Bots et al., 2005). Caffeine is 
the most common cause of guanylate cyclase inhibition, 
which is one of the enzymes important for vessel dilatation   
(Papamichael et al., 2005). Exercise, that is, physical ac-
tivity improves FMD with seemingly healthy adults, obese 
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men and postmenopausal women. It is recommended that 
no exercise should be done 12 hours prior to FMD. Food 
intake, especially rich in carbohydrates and fat, attenuates 
FMD with apparently healthy subjects. Fasting FMD should 
be performed. Aim of the research was to detect and iden-
tify initial changes of elastic properties of magistral arteries 
(arterial stiffness).

Methods

Aim of the research is to detect and identify initial changes 
of elastic properties of magistral arteries (arterial stiff-
ness). Flow mediated dilatation-(FMD) method is used to 
evaluate the elasticity, that is, the stiffness of the artery and 
thus indirectly point to present atherosclerotic changes. Ul-
trasound scan is used to evaluate extracranial and femoral 
artery scanning for morphologic and hemodynamic ath-
erosclerotic changes and then compare findings of flow 
mediated dilatation and ultrasound scanning.  

Subject 

The study included 60 subjects age 40-75. Treatment 
group consisted of 30 subjects with atherosclerotic chang-
es confirmed by coronarography that were put on strict 
diet. Control group consisted of 30 subjects age 40-75 not 
receiving medical treatment. Following initial examination, 
follow-up was carried out after 3 and 6 months.  

Variable sample and 
measurements 

We had defined FMD pathological findings (below 7%) and 
carotid IMT - CIMT  (exceeding 0.9 mm). Inclusion criteria: 
Performed coronarography that indicated atherosclerotic 
changes of coronary arteries; age 40-75; baseline labora-
tory parameters and lipid profile, fibrinogen, CRP values. 
Excluding criteria: diabetes mellitus (preprandial blood glu-
cose value >5.6 or with OGTT); cardiac decompensation– 
class III-IV according to NYHA functional classification; 
digestive tract disease that might cause poor medicine 
absorption; clinically presented hypothyroidism; serum 
creatinine >170 mmol/l, CK> 3x the upper limit of the 
normal range, AST and ALT > 1,5 the upper limit of the 
normal range; known absolute treatment contraindications 
for used medicines; age below 40 or above 75; non-com-
pliance with the diet regime; refusal of a subject to coop-
erate in the trial. Numerous factors affect FMD reactivity, 
such as temperature, diet, medicines, sympathomimetic 
stimuli, just to name few (Yogo et al., 2014). If possible, 
all vasoactive medicines taken by a subject must be dis-
continued for duration of least 4 and 1/2 of half-life of such 
medicines. Subjects must not be under physical strain nor 
ingest substances that might affect FMD such as coffee, 
caloric food and C vitamin, or smoke at least 4-6 hours be-
fore trial. Investigator must be familiar with menstrual cy-

cles as they affect FMD. Endothelial function is measured 
in the morning, preprandially. One investigator who was 
not aware of the subjects’ characteristics performed all 
the measurements. Flow mediated dilatation (endothelium 
dependent) and nitroglycerine induced dilatation (endothe-
lium independent) of the right brachial artery was analyzed 
by use of high resolution ultrasound system in B mode with 
10-MHz linear transducer. Subjects were resting in supine 
position with right supine arm for at least 10 minutes be-
fore hemodynamic measuring. Right brachial artery was 
depicted in longitudinal projections 2-15 cm above elbow, 
so as to obtain the clearest image of anterior and posterior 
wall layers. Median artery diameter was measured at the 
end of diastole, which was identified by simultaneous ECG 
monitoring (at the beginning of QRS complex). At last three 
cardiac cycles were analyzed and average value calculated 
in each testing. Flow velocity was measured under fixed 
angle of 68º. Hyperemic flow increase was induced with 
tourniquet set around the forearm at 300 mmHg pressure 
for 4.5 minutes. Hyperemic flow (with increased flow that 
creates endothelium dependent stimuli for vasodilatation) 
was recorded for the first 15 seconds while diameter was 
measured 45-60 seconds following release of cuff pres-
sure. Relative flow increase during reactive hyperemia was 
considered as the highest flow recorded during the first 
seconds following release of cuff pressure divided with the 
flow recorded in resting. Endothelium-dependent dilatation 
is expressed as percentage change of artery diameter fol-
lowing reactive hyperemia compared to baseline.  Follow-
ing 10 minute rest, a new imaging was performed at rest.  
Thereafter, the subject was sublingually given NTGL spray 
(endothelium independent vasodilator) and 4.5 minutes 
later, the final examination was performed. Endothelium-
independent dilatation is expressed as percentage change 
of artery diameter following NTGL administration com-
pared to baseline. Scanning of extracranial and femoral 
arteries was performed for each subject, searching for 
morphologic and hemodynamic changes. Type and extent 
of atherosclerotic changes were identified and IMT mea-
surement carried out. The conducted trial was prospective, 
manipulative and comparative. The analysis was executed 
in Minitab 16.1 program (Minitab Inc, State College, Penn-
sylvania, USA). Descriptive statistical methods (graphic 
method, measures of central tendencies and variable mea-
surement) were used for analysis, and for hypothesis test-
ing the non-parametric Cohran Q test and variance analy-
sis.  

Results  

The study included total 60 subjects age 40-75. Treat-
ment group consisted of 30 subjects with atherosclerotic 
changes confirmed by coronarography that were put on 
strict diet. Control group consisted of 30 subjects age 40-
75 not receiving medical treatment. Gender and age struc-
ture of subjects are depicted in Tables 1 and 2. Average 
age in the diet group was 55.5 and in the control group  
53.8. Around 50% of subjects in both study groups are of 
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51 to 60 years of age, thus leading to conclusion that the 
groups are almost identical in terms of age structure, with 
averagely slightly younger subject in the control group, but 
still belonging to the same biological category as the diet 
group.  As for the gender structure, the groups were identi-
cal, with equal number of male and female subjects. 

Table 1. Gender structure and average age of the subjects 

Gender Age
Group Male Female Total Male Female Total
Diet 15 15 30 55.2 55.9 55.5

Control group 15 15 30 51.6 56.4 53.8

Table  2. Age structure of the subjects 

Age structure of 
subjects in diet group 

Age structure of subjects 
in control group

Age Male Female Total Male Female Total
41 – 50 2 4 6 2 5 7
51 – 60 8 9 17 7 6 13
61 + 5 2 7 10 6 4
Total 15 15 30 15 15 30

Since the subject sample is balanced in terms of gender 
and age structure, and certain subject groups almost iden-
tical in these parameters, age and gender influence to study 
result has been avoided.  Out of total 60 included subjects, 
changes in carotid and femoral arteries were found in 36 
of them, whereas 24 of subjects had no atherosclerotic 
changes in examined arteries.  

Table  3. Artery status in subjects 

Group
Number %

NAD Plaque NAD Plaque
Diet group 11 19 36.7% 63.3%

Control group 13 17 43.3% 56.7%

Cochran Q test established no statistically significant dif-
ferences between subject groups in terms of found arterial 
plaques sizes  (Q = 0.333, broj stepeni slobode = 2, p = 
0.846). In the diet group, no statistically significant differ-
ences were found in terms of initial diameter during three 
measurements (F = 0.06, p = 0.946).  No differences 
were found in control group either (F = 0.25, p = 0.780). 
Following cuff release in the diet group, no statistically sig-
nificant differences were found in the diameter between 
three measurements (F = 0.02, p = 0.981), nor in control 
group (F = 0.91, p = 0.407). Difference in diameter mea-
suring following 10 minutes rest in the diet group had no 
statistical significance (F = 0.19, p = 0.824), and neither 
in control group (F = 0.02, p = 0.983). There was no sta-
tistically significant difference in the arterial diameter fol-
lowing nitroglycerin administration throughout time in the 
diet group   (F = 0.21, p = 0.812), and neither in control 
group (F = 0.26, p = 0.775). As expected, after blood 
pressure meter cuff release, the flow velocity was high-
er in both diet and control group during each measuring 
compared to baseline. After nitroglycerin administration, 
the flow velocity was slightly higher in the diet group dur-
ing both follow-ups, but it was lower in the control group 
during second and the third follow-up. Results of variance 
analysis for relations within groups show no differences 
(table 4). 
A number of pathological endothelium- dependent FMD in 
subjects was separately analyzed and it showed that it was 
increased in both control and diet group, which is depicted 
in the Table 5.  
A number of pathological endothelium- independent FMD 
was analyzed and it showed that it was decreased in the 
diet group during the first and second follow-up, while it 
was increased in the control group, which is depicted in 
the Table 6.  

Subject group Flow velocity F p Conclusion

Diet group

Initial velocity 0.35 0.708 No difference 
Following cuff release 0.63 0.536 No difference 

Following rest 0.46 0.632 No difference 
Following NTGL administration 0.86 0.428 No difference 

Control group

Initial velocity 0.81 0.450 No difference 
Following cuff release 1.33 0.270 No difference 

Following rest 1.31 0.275 No difference 
Following NTGL administration 2.30 0.107 No difference 

Table 4. Results of variance analysis for relations within groups   For flow velocity parameter in the first, second and third measuring  

Table 5. Average endothelium-dependant FMD in subjects

Subject group 
Initial measurements Following 3 months Following 6 months

FMD
Number of pathologic

FMD
FMD

Number of pathologic
FMD

FMD
Number of pathologic

 FMD
Diet group 2.36% 23 4.52% 20 3.04% 24

Control group 2.34% 22 4.41% 23 2.28% 24

Table 6. Average endothelium-independent FMD in subjects

Subject group
Initial measurements Following 3 months Following 6 months

FMD
Number of pathologic

 FMD
FMD

Number of pathologic
 FMD

FMD
Number of pathologic

FMD
Diet group 12.44% 8 12.55% 5 15.26% 3

Control group 14.03% 3 13.44% 3 16.26% 4
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Discussion           

Flow mediated vasodilatation values in subjects with ath-
erosclerotic changes in coronary arteries confirmed by 
coronarography that were under the strict diet were 2.36%, 
4.52% and 3.04% at initial measuring, following 3 months 
and 6 months, respectively. Flow mediated vasodilatation 
values in control group were 2.34%, 4.41% and 2.28%  at 
initial measuring, following 3 months and 6 months, re-
spectively . There were 23 subjects with pathologic FMD 
values (<7%) in the diet group and 22 subjects in the con-
trol group. Following 3 months, the number of pathologic 
FMD values decreased in the diet group from 23 to 20, 
whereas it increased from 22 to 23 in the control group. 
Following 6 months, the number of pathologic FMD values 
increased in the both diet and control group to 24. FMD is a 
validated technique for quantifying endothelial function and 
has proven prognostic values for any future cardiovascular 
events. 
A number of vasoactive substances are being released 
from the endothelium (including prostacyclin, endothelin, 
endothelial growth factor, interleukins, plasminogen inhibi-
tor and nitric oxide). NO is possibly the main vasodilatation 
mediator and has been intensively studied as of its discov-
ery in 1980 (Harrison, 2014).  Flow mediated dilatation is 
taking place in the artery that supplies blood to an organ 
when the arterial blood flow is increased. Vasodilatation of 
peripheral vascular bed does not cause dilatation contrary 
to blood flow direction (upstream) if the flow increase has 
been prevented and FMD is fully blocked by nitric oxide 
synthase (NOS), and it is very likely that the stimuli is the 
increased shear stress between the blood and adjacent lay-
er of arterial wall, glycocalyx (Matsuzawa, Kwon, Lennon, 
Lerman, & Lerman, 2015). Finally, the change in the cyto-
skeleton of endothelial cells is the event that most probably 
lead to NOS activation, and such activation cannot occur 
without functional glycocalyx (Cassuto et al., 2014; Mat-
suzawa et al., 2015). Endothelial function plays a pivotal 
role in disturbed vascular biology during atherosclerotic 
development. Evidence suggests that endothelial dysfunc-
tion is one of the causes for development and destabiliza-
tion of atherosclerotic plaques. Flow dependent dilatation 
enables noninvasive, cheap and repeated measuring of 
endothelial function. It is widely used in pathophysiologic 
researches and large studies pertaining to epidemiology 
of vascular diseases. Improvement in methodology and 
analysis standardization makes it a very attractive method 
for assessment of performed intervention arterial proce-
dures. In medicinal products development programs, FMD 
improvement may immediately provide early signals for 
mutual benefit, as an absence of vascular toxicity and ad-
ditional assessment for structural arterial disease and car-
diovascular end-point results, while not adding to the costs 
of those products and avoiding long-term trials (Charakida, 
Masi, Lüscher, Kastelein, & Deanfield, 2010; Orlandi et 
al., 2014). During FMD testing, vasodilatation occurs after 
acute blood flow increase, emerging following removal of 

artificially developed obstacle to blood flow in the extrem-
ity (cuff of the blood pressure meter) during certain time 
period (Corretti et al., 2002; Widlansky, Gokce, Keaney, & 
Vita, 2003). This hyperemia increases laminar shear forces 
parallel to the long axis of the vessel which is transduced 
via luminal mechanoreceptors to the endothelial cell. This 
event increases G-protein expression of phosphokinase A, 
signaling an increase of endothelial nitric oxide synthase 
(eNOS) activity which catalyzes the conversion of L-argi-
nine to NO (Münzel, Daiber, Ullrich, & Mülsch, 2005; Ses-
sa, 2004). NO then diffuses into the tunica media where 
it activates guanylate cyclase which converts guanosine 
triphospate into guanosine monophospate to induce relax-
ation of the smooth muscle and subsequent vasodilatation. 
(Hafezi-Moghadam et al., 2002). 

Conclusion 

According to the foregoing, we can conclude that FMD 
measurements performed on brachial artery may con-
tribute to early detection of atherosclerotic changes, es-
pecially in subjects with multiple risk factors.  Positive 
FMD findings may serve in clinical practice as a predic-
tor of atherosclerosis, i.e. as indication for undertaking 
proper measures to reduce atherosclerosis. FMD values 
may confirm positive treatment response in terms of im-
provements, that is, confirm border or negative response 
in terms of persistence of atherosclerotic process.    FMD 
measurement may be a good prognostic tool in preventive 
cardiology; it can predict short-term postoperative events 
in high risk patients and assess long-term cardiovascular 
risk with less risk patients.  
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Abstract
Basketball is one of the most popular sports today, and therefore the sport that is the subject of much research. The aim of this study 
was to determine on the basis of which basketball performance indicators can be discriminate winners from losers at the finals of 
big events. The sample represented 76 matches of world championships in Spain in 2014, of which the official statistical parameters 
downloaded from FIBA. The results of discriminative analysis showed that the winners can be discriminate from defeated statistic 
significantly in defensive rebounds (SC = .68), successful 3-points (SC = .49), unsuccessful 2-points (SC = -. 41), biggest lead (SC 
= .37) and offensive rebounds (SC = .35). The results could be useful to trainers in the preparation and to prepare training programs 
for this kind of competition.
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Introduction

Basketball has become one of the most popular sports in the 
world due to the dynamism of the game, which is adorned. 
It is basketball, sport that is the most analyzed through rota-
tional analysis or performance analysis (Lorenzo, Gómez, 
Ortega, Ibáñez, & Sampaio, 2010). Performance analysis 
in ball team sports such as basketball is a fundamental 
tool for coaches, allowing them to have valid and reliable 
information concerning their team and opponents. (S. J. 
Ibáñez, García, Feu, Lorenzo, & Sampaio, 2009). In order 
to monitor events at the basketball game FIBA (Federation 
International Basketball Association) has standardized the 
thirteen indicators of situational effectiveness monitored at 
every official match on the basis of which it is possible to 
calculate the different derived parameters (Sindak, 2012). 
These indicators were the subject of many studies related 
to the difference between the winners and losers in bas-
ketball games (Gómez, Lorenzo, Sampaio, José Ibáñez, & 
Ortega, 2008; S. Ibáñez, Sampaio, Sáenz-López, Gimé-
nez, & Janeira, 2003; S. J. Ibáñez, García, et al., 2009; 
Lorenzo et al., 2010; Pojskić, Šeparović, & Užičanin, 2009; 
Sampaio & Janeira, 2003; Sindik, Jukić, & Adžija, 2012). 
This research has led to easier understanding of basketball 
games as well as team achievements through the analysis 
of statistical parameters, which can lead to improvement of 
technical and tactical elements. Analyzing the research that 
dealt with differences winners and losers teams, it is evi-
dent that the parameters that could affect the final resultst: 

2-points field goals (García, Ibáñez, De Santos, Leite, & 
Sampaio, 2013; García, Ibáñez, Gómez, & Sampaio, 2014; 
Gómez et al., 2008; Ibanez et al., 2008; S. Ibáñez et al., 
2003; Pojskić et al., 2009), 3-points field goals (García, 
Ibáñez, De Santos, et al., 2013; Gómez et al., 2008; Ibanez 
et al., 2008; Sampaio & Janeira, 2003), free throws (Gó-
mez et al., 2008; Ibanez et al., 2008; S. Ibáñez et al., 2003) 
and assists (García, Ibáñez, De Santos, et al., 2013; García 
et al., 2014; Ibanez et al., 2008). Taking into account these 
circumstances, and very few studies conducted on large 
raced (World, European and Olympic championships) that 
characterizes a large number of games in a short period of 
time, we decided to explore the World Basketball Champi-
onship in Spain in 2014. Because of the above, the aim of 
this study was to determine on the basis of which basket-
ball performance indicators can be discriminate winners 
from losers at the finals of big events.

Methods

Sample 

The sample represented 76 matches (152 different sam-
ples) World Basketball Championship Spain 2014, whose 
official statistic parameters downloaded from the FIBA 
(http://www.fiba.com/spain2014). 
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Variables
A total of twenty-two variables, and the basic criterion was 
the victory-defeat. The game-related statistics included 
free-throws, 2 and 3 point field goals (both successful and 
unsuccessful), offensive rebounds, defensive rebounds, 
assists, steals, turnovers, received and committed fouls 
and blocks received and committed (García, Ibáñez, De 
Santos, et al., 2013; García et al., 2014; Navarro, Lorenzo, 
Gómez, & Sampaio, 2009). Coefficient of agreement kappa 
> .92 (García, Ibáñez, De Santos, et al., 2013; García et 
al., 2014; S. J. Ibáñez, Feu, García, Parejo, & Cañadas, 
2009; Sampaio, Drinkwater, & Leite, 2010). Additional 
variables that were used are: points from counterattack, 
biggest lead, the points from the paint, the points from the 
bench, the points from turnovers, the points of the second 
chance, the largest series and the number of players who 
played.

Statistical analysis 

First, an exploratory analysis of the data with means (M) 
and standard deviation (SD) was carried out. All statisti-
cal parameters are normalized to 100 ball possession in 
order to access to the analysis of the difference between 
the teams. For example, in the event that one team put 42 
points out of 65 ball possession, their performance is sig-
nificantly statistically different (64.6%) of the performance 
of the team that put 42 points out of 90 ball possession 
(46.6%). Ball possession is calculated as recommended 

by the author (García, Ibáñez, Cañadas, & Antúnez, 2013; 
García, Ibáñez, De Santos, et al., 2013; S. J. Ibáñez, Gar-
cía, et al., 2009; Oliver, 2004) by the following equation:

Ball possession = (field-goals attempted) – (offensive 
rebounds) + (turnovers) – 0.4 * (free-throws attempted)

Discriminant analysis was made with the aim of determin-
ing the parameters which is most easily differentiate the 
winners and losers on the World Basketball Championship 
in Spain in 2014. The coefficients of the structure (SC) 
are used to show the most important difference between 
winners and losers. Values above | .30 | are interpreted 
as significant for this analysis (García et al., 2014). Data 
processing is done in the statistical package SPSS 21st.

Results

Results of arithmetic means and standard deviations of 
standard indicators basketball games are presented in Ta-
ble 1. Discriminant analysis showed a statistically signifi-
cant function (p ≤ .01) with a canonical correlation of .81 
(Λ = .34) and the classification results of 86.8%. The co-
efficients of the structure (SC) showed the biggest gaps in 
defensive rebounds (.68), affected shots for 3 points (.49), 
misplaced shots for two points (-.41), evening leadership 
(.37) and offensive rebounding (. 35).

Table 1. The arithmetic mean, standard deviation and coefficient of structure

World Basketball Championship in Spain in 2014
Winners Defeated

Mean Std. Deviation Mean Std. Deviation SC
Successful 2-points 39.81 9.26 30.93 6.74 .20
Unsuccessful 2-points 32.08 8.75 36.09 10.24 -.41*
Successful 3-points 14.80 4.38 11.14 4.67 .49*
Unsuccessful 3-points 23.92 7.31 25.11 7.22 -.28
Successful 1-points 26.17 12.66 21.12 12.49 -.22
Unsuccessful 1-points 10.71 7.02 8.14 4.94 -.11
Offensive Rebounds 19.72 7.29 16.74 7.12 .35*
Defensive Rebounds 48.68 9.95 38.00 8.70 .68*
Assists 30.30 9.12 20.89 6.61 -.12
Turnover 23.86 6.76 25.25 7.79 -.10
Steals 13.07 6.28 10.24 4.45 .25
Blocks committed 5.53 4.19 4.14 3.58 .06
Blocks received 4.09 3.56 5.55 4.19 .01
Fauls committed 35.54 9.09 36.33 7.69 -.08
Fouls received 36.33 7.62 35.58 9.09 -.01
Fast Break Points 20.08 13.26 11.42 6.87 -.29
Biggest Lead 37.17 19.15 7.93 7.31 .37*
Points in the Paint 66.33 17.44 48.36 15.79 .13
Points From The Bench 57.20 20.51 42.74 18.95 -.12
Points From Turnover 31.42 15.02 20.84 8.31 .26
Second Chance Points 20.28 8.48 15.57 8.13 -.02
Biggest Scoring Run 20.83 5.85 13.68 5.15 .24
Player plaid 11.16 1.04 11.01 .93 .08

Wilks Lambda .34ⱡ
Eigenvalue 1.91
Canonical Correlation .81
*SC ≥ |.30|;   p ≤ .001
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Discussion

The aim of this study was to determine on the basis of 
which basketball performance indicators can be discrim-
inate winners from losers at the finals of major compe-
titions. World Basketball Championship has a unique 
system of competition, that is a large number of matches 
in a small period of time, that from the players requires a 
high level of physical, technical, tactical and psychological 
preparation. When analyzing the match at the last World 
Basketball Championship 2014 Spain it is possible to iden-
tify a set of indicators that distinguish winners from the 
losers  (defensive rebounds, successful shots for three 
points, unsuccessful shots for two points, biggest lead, 
and offensive rebounds). 
Team winners are distinguished by a larger number of de-
fensive rebounds (García, Ibáñez, De Santos, et al., 2013; 
García et al., 2014; Gómez et al., 2008). Defensive re-
bounds are one of the key elements of basketball games 
because not only contribute to the transition from defense 
to offense, but with them the opponent can be limited to 
the possibility of achieving points. In addition, defensive 
rebounds associated with better defense capabilities (Gar-
cía, Ibáñez, De Santos, et al., 2013). With good defense 
opponents are forced to worse shot, which can ultimately 
lead to a miss shot and defense rebound. Defensive re-
bounds also have an indirect impact on the rhythm of the 
game, more rebounds means more chances for points 
from counter attacks, which usually occurs after defensive 
rebounds or steals (S. J. Ibáñez, García, et al., 2009). All 
this points to the fact that the coaches should pay attention 
to this aspect of the game, and on the field try to provide 
a good defensive rebound. Also it  is not only important to 
ensure a good defensive rebound but try to catch the ball 
after missed shots by your own team, achieve offensive 
rebound. By winning offensive rebounds teams can afford 
a larger number of the ball, and thus more likely to achieve 
points.
Missed shots for two points show that this parameter is 
one of the key when it comes to the ultimate outcome of 
the game. It is a team that have a higher shooting per-
centage for two points or the team that reduce the num-
ber of failures for two points in the end wins the game. 
Reserch (García, Ibáñez, De Santos, et al., 2013) of the 
difference between winners and losers in league matches 
in the Spanish league season 2007/2008 showed that the 
success of two point shot definitely plays a significant role 
in the final outcome of the match. The defensive and of-
fensive rebounds allow a greater number of possessions, 
while the successful 2-points field-goals is indicative of the 
weakness of the loser centres to defend against the winner 
centres (Escalante, Saavedra, & García-Hermoso, 2010).
Several scientific papers emphasized the significance of 
the three point shot, as one of the main characteristics of 
the winning teams (García, Ibáñez, De Santos, et al., 2013; 
Gómez et al., 2008; S. J. Ibáñez, García, et al., 2009). In 
recent years, it is noticeable that the three-point shot plays 

a major role in victory or defeat, but not only that but also 
the dynamics of the game, where a high percentage of 
three point shot creates a lot of room for tall players under 
the basket. There has been an increasing number of out-
side shot specialists, especially the three-point shooters. 
Autors (S. J. Ibáñez, García, et al., 2009) state that the 
positive series of for example three wins in a row, three-
point shot indicates as a key factor. These facts point to the 
possibility that in the future the three-point line extended by 
a few centimeters, which could require further improve-
ment of the techniques and skills of basketball players 
(Pluta, Andrzejewski, & Lira, 2014).
And at the end a parameter that indicates a statistically 
significant difference in the treated problem is the biggest 
lead. The highest leadership means the maximum differ-
ence made during the game by one team. The fact that the 
acquisition of a larger advantage over the opponent, teams 
have more space for their mistakes, peaceful attack and 
higher chance of winning.

Conclusion

Results of this study showed that the winning teams play 
aggressive basketball, especially under the baskets (offen-
sive and defensive rebounds). To achieve victory, you also 
need to reduce the number of missed shots for two points, 
and with a good shot for three points to try to make it big-
ger difference. Good decisions and good quality selections 
a shot with quality leap it is possible to make a step for-
ward and distinguish wining from the defeated team. As a 
limiting factor in this study is the fact that the analysis of 
statistical parameters is not fully sufficient to understand 
all the facts that are happening in the match. In future stud-
ies, it would be desirable to include other factors as are: the 
audience, the length of the ball, the duration of the attack, 
any concrete analysis of players and many others.
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Abstract
The aim of this research was to determine the effectiveness of  different school-based physical activity (PA) interventions on body fat 
and BMI in female students. This research consisted of (n=106) healthy participants, who regularly attended school physical educa-
tion (PE) classes. The research sample was divided in two observed groups, using different PA content. In the  group A (n=53), PA 
content  consisted of learning volleyball basics, while in the group B (n=53) it consisted of mastering volleyball, basketball games and 
different techniques, as well as athletics and sport gymnastics, based on regular school curriculum. The results have shown that there 
was no significant mean difference, based on p<0.05, neither in body fat (skinfolds) nor in BMI, after PA interventions in both groups. 
The conclusion of this research was that the choice of kinesiology operators, methodical work forms  and application of PE content in 
time frame of one school year, were insufficient  factors to achive success in reducing the level of BMI and adiposity. However,  those 
factors played significant part in the prevention of overweight in general, together with other important factors such as total physical 
activity,health status and eating habits.

Key words: changes,adiposity, morphological characteristics, adolescents, physical education

Introduction

Factors such as defining goals and objectives (limiting 
factors), the PE curriculum programming by choosing 
the procedures and kinesiology operators as a part of 
students’ personality development, represents the main 
characteristics of the PE (Prskalo & Babin, 2006). The 
gym lesson as the basic form of  PE shoolwork organiza-
tion , is in the service of a comprehensive influence on 
the students’ anthropological status. It is a prerequisite 
for the increasement of total PA in the school population 
and the way to engage them in other schoolwork forms of 
physical activities (Prskalo & Babin, 2012). On the other 
hand, a growing problem that emphasizes the importance 
of PE is the emergence of sedentary lifestyle (TV, PC, 
video games, excessive use of mobile phones etc.). Such 
lifestyle of school population usually leads to physical in-
activity increasement, postural deformities, and the onset 
of obesity and overweight and their associated diseases 
(Andersen, Crespo, Bartlett, Cheskin, & Pratt, 1998). De-
velopment time (pace of development) of certain morpho-
logical dimensions, growth and maturation are different in 
females (Butte, Garza, & de Onis, 2007). The body height 
and weight in boys are predominantly increased with the 
end of puberty. When total body mass is concerned, it is 
greatly increased in girls. In adolescence period, total body 
mass in girls is two times bigger than in boys. Hypodermic 

adipose tissue ratio in total body mass is high in girls,and 
higher than in boys of the same age (Malina, Bouchard, 
& Bar-Or, 2004). It should be noted that the inherent co-
efficient determines the level of influence of kinesiology 
operators to any change could be seen. The greatest in-
fluence on changes is possible  with voluminousity and 
total weight and the least with longitudinal dimensionality 
(Malacko & Rađo, 2004). Biological legality of growth and 
development clearly require special attention and action 
within the framework of programmed PE. Aerobic exer-
cise (walking, jogging, swimming, cycling) longer duration 
(> 30 min) with lower and moderate intensity contributes 
to the reduction of body fat and maintaining body weight 
(Ostojić, 2006). The content of PA that encourages the 
development of aerobic capacity, endurance, strength, 
flexibility and general coordination, find their place in the 
application (Organization, 2008). The curriculum and pro-
gram content of PE for high school students  is consisted 
of  complex and acyclic movements and sports  through 
the  program structure of the basic and additional sports 
(timed differently represented in the ratio of 70:30). The 
conditions in which technique and sports games are car-
ried out  in PE classes,  are ranging from medium to a sub-
maximal intensity (Janković, Marelić, Hofman, Volčanšek, 
& Zadražnik, 2003). During middle school age (11-15) and 



HOMO SPORTICUS ISSUE 2 2015 21

older  (aged 15-18), the successful accomplishment of 
sports elements and techniques is present, both in PE as 
well as through active engagement in some of the sports 
acitvity (Bompa, 2000). The recommendation of 60 min-
utes of daily PA in the gymclass and outside, with active 
breaks during classes as well as further education classes 
on nutrition, has a preventive effect and impact on the re-
duction of physical inactivity and increasement of daily 
PA (Organization, 2000; Strong et al., 2005). The aim of 
this research is to determine, the existence of quantitati-
ve changes in adiposity (skinfolds) and body mass index 
(BMI) in adolescents, as an effect of different kinesiology 
content.

Methods

Subjects
The sample consisted of 106 healthy, first and second 
grade, female high school students, aged from 14 to 16, 
capable of active participation in PE classes durnig  one 
school year. There were 53 female students in the group 
A and 53 in the group B. The students were enrolled in 
studies based on their age and health status.The research 
was conducted in accordance with the school principals’ 
authorisation and the parents’ consent. 

The sample of variables 

After the skinfold sites were marked, subcutaneous fat 
(skinfolds) were assesed by appliance of three variables:

1. Subcutaneous fat – skinfold thickness subscapular 
(ANALED),
Measurement was conducted on the left side of the 
body under the lower angle of the scapula, with the 
skinfold caliper and precision of 1mm.
2. Subcutaneous fat – skinfold thickness abdominal 
(ANATRB)
Measurement was conducted on the left side of the 
body,relating to the umbilicus, 5 cm distance with the 
skinfold caliper and precision of 1mm.
3. Subcutaneous fat – skinfold  thickness triceps 
(ANANAD).
Measurement was taken from the back of the left arm, 
above the triceps muscle with the skinfold caliper and 
precision of 1mm.

In purpose of calculating BMI, the measurement was car-
ried out as followed:

1. Longitudinal dimensionality –body height (AVISTJ)
Body height was measured with a stadiometer and pre-
cision of 1mm.

2. Voluminousity –body weight (AMASTJ)
Body weight was assesed with a calibrated digital scale 
and precision of 100 gr. 

After the estimation of anthropometric characteristics were 
done,the BMI was calculated as body weight divided by 
height squared (kilogram per meter squared).

Collecting date methods

The baseline assessment was made in the beginnig of 
the school year,in both groups, by appliance of variables 
for estimating skinfold thickness and BMI. In the same 
way,final measurement was made,at the end of the school 
year in both groups.All assessments were made at the 
same daytime (in the morning) and at the beginnig of the  
lesson. Assessments of each variable were made three 
times and then the avarege was included in the data analy-
sis. Measurements were conducted in the accordance with 
IBP program. Assessments of body fat and anthropomet-
ric characteristics were obtained  with a calibrated digital 
scale and stadiometer (SECA, OMEGA, GERMANY) as well 
as with skinfold caliper (BASELINE, USA). Every students’  
BMI is calculated as body weight divided by height (kilo-
gram per meter squared). The measurement was conduct-
ed by a professional educated person. 

Study design

The group A students attended volleyball curriculum con-
tents lessons. The lessons consisted of teaching, practis-
ing and repeating volleyball basics as well as applying rules 
through the gameplay. Natural forms of movement and 
warm up exercises defined introductory part of PE lesson.
The main part of the lesson in the A group was consisted 
of teaching, practising and repeating volleyball basics (the 
A part of the lesson) as well as applying rules through the 
game (the B part of the lesson). Relaxation and streching 
exercises were final part of lesson (individual and frontal 
form as well as pair work form of PE lesson organiza-
tion were present).In both groups,lessons are conducted 
throughout organization parts with appliance of same me-
thodical and organzation forms of work (individual, frontal, 
group and parallel form of methodical organization work). 
The second group B students practised volleyball and 
basketball techniques (teaching,practising of basic sports 
techniques) as well as gymnastics and athletics elements. 
Both groups’ contents were carried out regularly twice a 
week (45 min per lessone) during a school year in totalled 
of 70 classes within a school year based on secondary 
schools curriculum contents of Federation of Bosnia and 
Herzegovina. The way of conducting  PA content and ki-
nesiology operators throughout PE lessons was same in 
both groups.The PA content in group B is programmed so 
that the basic sport (volleyball) is consisted in 70% of total 
yearly curriculum content and the rest of 30% is referred 
on additional sport (basketball, gymnastics and athelt-
ics) according to PE curriculum for technical highschools 
in Federation of Bosnia and Herzegovina. The PE content 
was conducted during one school year, twice a week, in 
total duration of 70 lessons. The part of 66 lessons was 
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consisted of PA interevention content and the rest of 4 les-
sons were related to initial and final measurements of body 
fat(skinfolds) and BMI. According to schedule of PE, all 
lessons were conducted daily from 13:00 p.m. to 19:00 
p.m.(CET) 

Statistical analysis 

Before proceeding to any multivariate data processing, 
Kolmogorov-Smirnov (KS) test of normality was carried 
out with results obtained in both timeline measurements 
and groups. Data distribution did not differ from normal 
so the next step in analysis was apllication of T–test for 
two dependent groups.With help of this statistic method 
we determined  the difference between arithmetic means 
of results from applied variables, at the baseline and af-
ter PA interventions,in both groups.We also used T test for 
two independent groups to determine differences between 
arithmetic means of results obtained at the baseline in both 
groups as well as after PA interventions in both groups 
too.We determined individual quantitative changes resulted 
as the effects of different kinesiology content at p<0.05.
Data processing was conducted with application of spss 
20 statistic program.

Results

As a first step in statistic analysis, Kolmogorov-Smirnov 
test of normality (tabel 1.) was conducted,with the results 
from initial and final measurements in both groups.The 
level of statistical significance was at p<0.05.
With use of T test for two independent groups, result analy-
sis of initial measurement in both groups was conducted.
There were no significant differences between arithmetic 
means at p<0.05. Such conclusion pointed  that the sam-
ples of analyzed groups were from the same population in 
relation to variables (Table 2.).

After determining that there was no deviation from normal 
results distribution (tabel 1.), arithmetic mean differences 
of final measurement results was analysed (tabel 2.). Such  
results indicated that there was no statistical significant dif-
ference between arithmetic means of results obtained from 
the final measurement of skinfolds and BMI. 
With the application of T paired test for dependent groups, 
partial analysis of arithmetic means in both groups were 
made, separately.It was made from the results obtained 
after PA intervention (Tabel 3). There was no significant 
difference of arithmetic means obtained at p<0.05.

Tabel 1. KS normality of distribution ,initial and final measurement within groups

Initial Final

Variable
Group

Kolmogorov-Smirnov 
test of normality

Statistic Sig. Statistic Sig.

AVISTJ A .09 .20 .10 .20
B .07 .20 ,08 .20

AMASTJ A .09 .20 .09 .20
B .08 .20 .07 .20

BMI A .07 .20 .11 .20
B .07 .20 .07 .20

ANALED A .12 .07 .10 .20
B .11 .09 .12 .07

ANANAD A .07 .20 .07 .20
B .09 .20 .12 .08

ANATRB A .08 .20 .08 .20
B .06 .20 .09 .20

Tabel 2.T-test for independent groups 

Variable

Initial measurement Final measurement
A

group
B

group
Mean

Std. 
Dev.

t Sig.
A 

grupa
B

grupa 
Mean

Std. 
Dev

t df Sig.

AVISTJ 164.78 165.36 -.58 8.74 -.48 .63 165.43 165.39 .04 7.64 .04 52 .97
AMASTJ 53.30 54.71 -1.41 8.02 -1.28 .21 53.78 53.93 -.15 8.10 -.14 52 .89
BMI 19.60 19.97 -.38 1.93 -1.41 .16 19.60 19.68 -.08 2.14 -.27 52 .79
ANALED 12.78 12.82 -.04 4.82 -.06 .96 12.86 12.42 .43 5.36 .59 52 .56
ANANAD 13.72 14.48 -.76 4.66 -1.18 .24 14.38 13.79 .59 4.13 1.03 52 .31
ANATRB 20.05 20.06 -.02 .92 -.13 .89 19.72 19.79 -.07 5.69 -.09 52 .93

Tabel 3.T paired test for dependent groups

Variable

Group A Group B

I F Mean
Std. 
Dev.

t Sig. I F Mean
Std. 
Dev

t Df Sig.

AVISTJ 164.78 165.43 -.65 -.53 52 .60 165.36 165.39 -.03 5.30 -.04 52 .97
AMASTJ 53.30 53.78 -.48 -.36 52 .72 54.71 53.93 .77 7.16 .79 52 .44
BMI 19.60 19.60 -.01 -.02 52 .98 19.97 19.68 .29 2.16 .97 52 .34
ANALED 12.78 12.86 -.08 -.11 52 .91 12.82 12.42 .39 5.13 .55 52 .58
ANANAD 13.72 14.38 -.66 -1.16 52 .25 14.48 13.79 .69 5.44 .92 52 .36
ANATRB 20.05 19.72 .32 .39 52 .70 20.06 19.79 .27 6.43 .31 52 .76
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Discussion

The aim of this research was to determine quantitative 
changes in body fat (skinfolds) and BMI in female high-
school students, obtained as the effects of different PA 
content. Increased food intake with high energy-dense and 
low fiber diet, combined with sugar, sweetened beverages, 
sedentary way of life and physical inactivity are the main 
factors of obesity and overweight in adolescents and chil-
dren (Doak, Visscher, Renders, & Seidell, 2006). 

Prevention of body fat increasement with school-based 
PA interventions and balanced energy expandment can 
be  successfully implemented at early school age than is 
the case in adolescents (Doak et al., 2006). The reason 
is found in body height increasement in this age group. 
Increasement of body height and body mass is noted in fi-
nal measurement of both groups. The total PA is important 
factor of weight and total body mass regulation but has 
no influence on body height increasement which is geneti-
cally conditioned (Butte et al., 2007). The BMI should be 
observed as an independent measure and does not indi-
cate  if the increase causes an increase in fat mass (Orga-
nization, 2000). In this research, the obtained results from 
the initial measurement was processed by using the KS 
test of normality which indicated the similarity of entities 
without statistically significant differences between arith-
metic means. Furthermore, the same result was obtained 
after the analysis of the arithmetic means differences in 
final measurements,in both groups.The results pointed out 
that there was no significant difference in the outcome. By 
the analysis of arithmetic mean differences within groups 
after the PA content was conducted, the volleyball content 
in the  group A and combined content of different sports 
games in the group B, highlights unchanged results. There 
were no changes in body fat (skinfolds) or BMI as well 
as in reduction of total body weight at all. Statistically sig-
nificant increasement of body height could not be seen. As 
the results indicates, there were no changes in body fat 
and BMI reductions and the increasement of body height 
is related to the individual growth and maturation pace. But 
the conclusion could be made that the PA content of  both 
groups contributed to the level  maintenance of the ana-
lyzed morphological characteristics. Reduction of BMI and 
body fat is not possible without time pattern increasement 
for school based interventions (Harris, Kuramoto, Schul-
zer, & Retallack, 2009; Sun et al., 2013). Weekly number 
of  PA lessons is insufficient to achive positive outcomes 
and morphological transformations (Prskalo & Babin, 
2012). Additional classes,active school breaks as well as 
after school sports activities,are contributing to decrease-
ment of body fat (Klakk, Chinapaw, Heidemann, Andersen, 
& Wedderkopp, 2013; Kriemler et al., 2010; Prskalo & 
Babin, 2008; Wardle, Brodersen, & Boniface, 2007). The 
scope and choice of school based PA  can provide BMI 
reduction but not a reduction in body fat equally (Dollman, 
Ridley, Magarey, Martin, & Hemphill, 2007; Farias et al., 
2009; Martinez Vizcaino et al., 2007; Singh, Paw, Brug, & 

van Mechelen, 2009; Sun et al., 2013). The outcomes of 
several studies indicated that regardless of the scope and 
choice,there is no significant reduction of BMI and body fat 
(Flodmark, Marcus, & Britton, 2006). But at the same time, 
the evidence of stabilization of the BMI can be found as a 
contribution to obesity/overweight prevention (Farias et al., 
2009; Klakk et al., 2013).

Conclusion

Genetic conditionality is the limiting factor of changes in 
longitudinality dimension but leaves a free space for kine-
siology content whose purpose is to affect and support 
changes in other morphological dimensionalities during 
the school year PE lessons. In this research, the outcomes 
implicates that applied PA interventions in both groups did 
not have statistically significant effects. With the insight of 
arithmetic means differences within each group after PA in-
tervention, it can be concluded that there were no changes 
in statistical significant level. However, generally speaking, 
none of the contents had sufficient scope and intensity to 
cause positive changes in terms of values reduction of 
skinfold and BMI within age group normatives. But even in 
this case, the PA interevntions in both groups contributed 
to their development support as well as level maintenance 
and prevention of increasement. One of the important fac-
tors which could contribute to the decreasment of recom-
mended levels of BMI and body fat is the increasment of 
number of planned PE classes within one school year. The 
attention should be focused on process of programming 
PE curriculum by choosing PA content, way of lesson or-
ganisation in accordance with students’ needs and motiva-
tion and most important of all,their  growth and maturation 
pace,  is insufficient. To achive  a significant effects of kine-
siology operators it is necessary to combine regular class-
es with additional one on weekly basis as well as to provide 
informative and educational classes involving healthy diet 
and need for after-school sports activities.Recommanda-
tion of number and lesson duration increasement per week 
is also unavoidable.These factors are crucial in obesity/
overweight prevention and related  health disorders caused 
by it in this particular aged population. The goal is to cre-
ate regular healthy lifestyle habits in order to preserve and 
maintain  health status in older age to come.
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Abstract
Criteria of administration present employees who are competent to contribute to success in sport and business. The aim of this paper 
is to determine the differences (if there are any) between clubs on two levels of competition in B&H according to the licencing of 
administrative criteria. This research includes 16 clubs of Premier league of B&H and 16 clubs of lower level of competition, the First 
Federal league in season 2012/2013.  Results have shown that there is discrimination between variables of number of players with 
amateur contract, in favour of second level of competition while the other variables discriminate these two levels of competition in 
favour of higher level of competition.  The first variable of administrative criteria which, with its coefficients, discriminates the first level 
from the second is variable of number of players with professional contract. Variables with lower coefficients are variables of number 
of employees in secretary, number of trainers of the first team, number of trainers with UEFA A licence, number of trainers with UEFA 
PRO licence. Variables with very low coefficients do not contribute to the differences on multivariant level. Those are variables of total 
number of employees and total number of trainers. Most clubs of Premier league exists in the area of bigger city centres, where great 
number of clubs have significant sport tradition and ordered structure of the whole organization which gives them advantage in most 
parameters as oppose to clubs of the First league of Federation which exist in smaller city centres with weaker organizational structure. 
The conclusion of this paper is that, in order to improve the functions of all segments of organization, management and work in football 
clubs, it is necessary to approach to the problem systematically and to use thoroughly planned and programmed strategy to remove 
all obstacles and problems to which clubs in B&H encounter.

Keywords: licencing, criteria, football, UEFA 

Introduction 

It is not easy to define the term of quality of work in sport 
and the systems of its maintenance, management and 
control (Skoko, 2000). Tomić (2002) states that the opti-
mal model of management of sport organization needs to 
fulfil normative demands and to provide realization off all 
activities of business management and service of contem-
porary sport organization. Activities of management team 
of sport organization are divided into activities of business 
management and activities of service management. Sport 
experts of service management directly influence on con-
sumers of the program. Šurbatović (2008) states that there 
are two strategies in European professional football that 
can be used as models of success:
• Maximization of profit and
• Maximization of sport performances.
The common thing for both strategies is that the clubs with 
their investments in players and trainers try to accomplish 
and better sports result and better position on the table. 
Clubs that achieve better results have the highest incomes, 
and invest most of their resources in hiring best and the 
most expensive footballers and trainers. UEFA, aware 

of the fact that basic football entities are responsible for 
creating the future, support and improvement of football 
game, continues to conduct and improve system of licenc-
ing of the clubs together with other 53 members. System 
of licencing of clubs is established in 1999 and in 2001 
the new version of Manual of licencing was made. Since 
March 2003, UEFA made a decision that all football clubs 
need to be licenced. According to this decision clubs with-
out licence cannot compete in euro cups (since the sea-
son of 2004/2005). Also clubs without the licence cannot 
compete in local leagues (since the season 2006/2007). 
Each club needs to choose the agency of licencing but it 
will need to pass UEFA’s control. Because of amount of 
requests UEFA decided that national associations conduct 
the procedures of licencing of the clubs, but the clubs 
get the licence only after they pass UEFA’s control. After 
fulfilling all requests of independent agency authorizes in 
conducting licences, clubs are regulated by UEFA within 
two months’ time.  If national football association allows 
club, which does not fulfil requests of UEFA, to apply for a 
licence, then football association can be suspended, get a 
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fine, or be banned in competing on qualifications for Euro-
pean championship. Licence requests are very strict and 
they are divided into five categories: Sport/ Sport criteria; 
Finance / Financial criteria; Infrastructure/ Infrastructural 
criteria; Administration/ administrative criteria and Legal/ 
Legal criteria (F/A B&H, Sarajevo, 2010)
There is a tendency to replace existing procedures, which 
are still based on intuitions and assumptions, with precise, 
reliable and objective procedures in training process and 
business technology. This creates a need for legitimate 
research in fields of organization, managements and qual-
ity of human resources in organizational system of sport 
organizations. The aim of this paper is to determine differ-
ences of parameters of two levels of competition of football 
clubs in Bosnia and Herzegovina. To be exact the aim is to 
determine differences of administrative criteria pf system 
of licencing of football clubs of Premier League of B&H and 
The First league of Federation B&H. 

Methods 

Sample 
Sample subjects were employees of administration of 
clubs of Premier league of B&H (16 clubs) and the First 
Federal league (16 clubs). Survey was conducted on man-
agers of clubs (10), and general secretaries (6) of clubs of 
Premier league of B&H in season 2012/13 and on manag-
ers of clubs (4) and general secretaries (12) of clubs of 
lower level of competition. 

Sample variables 
Sample variables which were used in this paper are struc-
tured of five criteria which are regulated by Regulations of 
licencing of clubs of Premier league of B&H. Administrative 
criteria is consisted of 12 variables. 

Description of sample variables 
Variables are taken from Regulations of licencing clubs 
participating in competition of  Premier League B&H (FA 
B&H, Sarajevo, edition 2010). Set of variables which rep-
resent administrative criteria is carefully selected. These 
variables are variables of number of employees, number 
of employees in secretary, number of trainers and num-
ber of players.  There are 12 variables of assessment ad-
ministrative criteria in this research and they are analyzed 
according to Regulations of licencing of clubs of FA B&H. 
Research was conducted by survey of an open type. 

Statistical analysis 
The following mathematical and statistical procedures are 
used in this data processing: descriptive statistics (which 
was used for determination of central tendency, variability 
and distribution of variables) and T-test on univariate level 
(for independent samples). To determine the difference in 
the multivariate level we used the discriminant analysis.

Results  

Measures of central tendency, variability and distribution 
of data for assessment of administrative criteria of system 
licencing of level I and II.
Parameters: Mean (arithmetic mean) and Std. Dev. (stand-
ard deviation) as basic and the most important central and 
dispersive parameters of function of distribution of result 
frequency of applied variables of administrative criteria 
point to misbalanced distribution of parameters. It is no-
ticeable that there are great differences among clubs within 
one level of competition, especially in the number of em-
ployees in administration- secretary, where there is range 
from 1 to 63 employees in certain clubs, which affect great 
dispersion of result of arithmetic mean.
It is also noticeable that clubs, although they are in Pre-
mier league, make amateur contracts. This shows great 
range between minimum and maximum. Indicators show 
that some clubs don’t have competent and quality trainers 
and players in youth categories which increased means of   
Skewness and Kurtosis. Basic parameters of Skewness 
and Kurtosis show great heterogeneity of data of variables 
and modest resources of certain clubs on the highest level 
of competition in Bosnia and Herzegovina. 
II level of competition and parameter of descriptive statis-
tics shows evident differences among clubs, which affects 
high means of certain parameters of central tendency, var-
iability and distribution (Table 3).

1. AKBRUP Number of employees

2. AKBRUPS Number of employees in secretary

3. AKUKBRTR Total number of trainers

4. AKBTPRO number of trainers with UEFA PRO licence

5. AKBTA Number of trainers with UEFA A licence

6. AKBTB Number of trainers with B licence

7. AKBTBL Number of trainers without licence

8. AKBT1T Number of trainers in the first team

9. AKBTOMP Number of trainers in youth team

10. AKBRIGPU
Number of players with professional 
contract

11. AKBRIGAU Number of players with amateur contract

12. AKBRREGOMP Number of registered younger players

Table 1. Variables of assessment of administrative criteria
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Analysis of differences between parameters of administra-
tive criteria of different levels of competition obtained from 
analysis of variance on univariant level and discriminative 
analysis on multivariant level.
Analysis of administrative  criteria on univariant level (table 
4.) shows two levels of competition which also statistically 
differentiate in certain variables statistically significant dif-
ferences on a level of significance (p<0.01) are variables 
AKBRUPS (number of employees in secretary), AKBT1T 
(number of trainers of the first team), AKBRIGPU (number 
of players with professional contract), AKBRIGAU (number 
of players with amateur contract). Variables  which also 
have statically significant coefficient of differences in two 
levels in certain variables but on a level of significance p< 
.05 are variables AKBRUP (number of employees), AKUK-
BRTR (total number of trainers), AKBTPRO (number of 
UEFA PRO trainers), AKBTA (number of trainers with UEFA 
A licence). 
Individual variables which do not have coefficients which 
point to statistically significant differences on univariant 
level are variables AKBTB (number of trainers with UEFA 
B licence), AKBTBL (number of trainers without licence), 
AKBTOMP (number of trainers in youth team)

Table 2. Measures of central tendency, variability and distribution of variables for assessment administrative criteria of system of 
licencing; I level of competition

Descriptive statistics of administrative criteria, level I

N Minimum Maximum Mean Std. Dev. Variance Skewness Kurtosis
AKBRUP 16 1 63 12.31 15.47 239.43 2.61 7.96
AKBRUPS 16 1 9 3.37 2.363 5.58 1.46 1.38
AKUKBRTR 16 7 17 10.12 2.58 6.65 1.30 2.41
AKBTPRO 16 1 4 1.93 1.24 1.53 0.85 -0.99
AKBTA 16 1 7 4.00 1.71 2.93 0.09 -0.83
AKBTB 16 1 7 3.06 1.91 3.66 0.81 -0.24
AKBTBL 16 1 4 2.12 1.20 1.45 0.51 -1.33
AKBT1T 16 3 5 3.68 0.60 0.36 0.20 -0.37
AKBTOMP 16 3 13 6.31 2.60 6.76 1.11 1.75
AKBRIGPU 16 7 24 16.37 4.55 20.78 -0.12 -0.24
AKBRIGAU 16 1 19 7.44 4.53 20.52 0.84 1.58
AKBRREGOMP 16 74 288 127.50 63.37 4016.13 2.05 3.36

Table 3. Measures of central tendency, variability and distribution of variables for assessment administrative criteria of system of 
licencing; II level of competition

Descriptive statistics of administrative criteria; level II

N Minimum Maximum Mean Std. Dev. Variance Skewness Kurtosis
AKBRUP 16 1 14 3.37 3.28 10.78 2.47 7.41
AKBRUPS 16 1 3 1.37 0.62 0.383 1.50 1.58
AKUKBRTR 16 3 15 8.12 3.03 9.18 0.99 1.28
AKBTPRO 16 1 2 1.18 0.40 0.16 1.77 1.28
AKBTA 16 1 8 2.50 1.89 3.60 1.84 3.90
AKBTB 16 1 6 2.75 1.43 2.07 0.80 0.30
AKBTBL 16 1 8. 2.62 2.36 5.58 1.10 -0.09
AKBT1T 16 2 4 3.00 0.73 0.533 0.00 -0.90
AKBTOMP 16 1 11 5.06 2.77 7.66 1.11 1.22
AKBRIGPU 16 1 4 1.25 .77 .60 3.44 12.22
AKBRIGAU 16 2 28 24.50 2.42 5.86 -0.67 0.03
AKBRREGOMP 16 60 194 97.87 44.58 1987.58 1.09 0.09

Table 4.  Differences of arithmetic means of variables of administra-
tive criteria; level I and II

Tests of Equality of Group Means

Wilks’ Lambda F df1 df2 Sig.

AKBRUP 0.85 5.11 1 30 0.03

AKBRUPS 0.74 10.72 1 30 0.00

AKUKBRTR 0.88 4.04 1 30 0.05

AKBTPRO 0.85 5.32 1 30 0.03

AKBTA 0.84 5.51 1 30 0.03

AKBTB 0.99 0.27 1 30 0.60

AKBTBL 0.98 0.57 1 30 0.46

AKBT1T 0.78 8.44 1 30 0.00

AKBTOMP 0.94 1.73 1 30 0.19

AKBRIGPU 0.15 171.17 1 30 0.00

AKBRIGAU 0.14 176.47 1 30 0.00

AKBRREGOMP 0.93 2.34 1 30 0.14
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Results of discriminative analysis, which showed the dif-
ferences on multivariant level, points to evident differences 
between two levels of competition of administrative criteria. 
Indicators in table 5 show that the difference of matrix of co-
variance is statistically significant (p<0.01), and it allows 
access to further procedure of discriminative analysis.

Table 6 and 7 show that one discriminative function is iso-
lated which explains 100% of total variance and has high 
means of canonical factor (Canonical Correlation 0.96)

Table 6 presents means of Wilks Lambda which is very low 
(0.07), which points to high discrimination between two 
levels of competition of administrative criteria.  

Table 5. Results of Box test

Test Results

Box’s M 241.59

F

Approx. 1.73

df1 78

df2 2842.05

Sig. 0.00

Table 6. Significance of isolated discriminative function Eigen-
values

Function Eigenvalue % of 
Variance

Cumulative 
%

Canonical 
Correlation

1 12.31 100. 100. 0.96

Table 7. Wilks Lambda

Test of 
Function(s) Wilks’ Lambda Chi-square df Sig.

1 0.07 62.11 12 <0.01

Observing matrix of structure (table8) and corresponding 
centroid groups we can see variables with corresponding 
coefficient, which contribute to discrimination of these two 
levels of competition of administrative criteria.
When we look at the differences on mulitvariant level, vari-
able AKBRIGAU (69- number of players with amateur con-
tracts) contributes to the highest discrimination between 
groups in favour of second level of competition, while the 
other variables with medium coefficients (AKBRIGPU .68) 
and with negative sign are the variables which discriminate 
these two levels of competition in favour of I level of com-
petition. The first variable of administrative criteria which 
differentiate level I and II with its coefficients is variable 
AKBRIGPU (number of players with professional contract). 
Variable with lower coefficients are AKBRUPS – number 
of employees in secretary, AKBT1T – number of trainers 
of the first team, AKBTA – number of trainers with UEFA 
licence, AKBTPRO – number of trainers with UEFA PRO 
licence. Other variables with low coefficients do not con-
tribute to the differences on multivariant level. It is inter-
esting that these variables are AKBRUP – total number of 
employees, AKUKBRTR total number of trainers.

Table 8. Structure of discriminative function                          
Structure Matrix

      Function
1

AKBRIGAU 0.69
AKBRIGPU -0.68
AKBRUPS -0.17
AKBT1T -0.15
AKBTA -0.12
AKBTPRO -0.12
AKBRUP -0.12
AKUKBRTR -0.10
AKBRREGOMP -0.08
AKBTOMP -0.07
AKBTBL 0.04
AKBTB -0.03

Table 9. Centroid group

Functions at Group Centroids

LEVEL
Function

1
The first level of competition -3.39
The second level of competition 3.39

Discussion

Based on data and numeric indicators of number of train-
ers and number of employees of clubs of Premier league, 
it can be concluded that means are more homogenous in 
relation to criteria of number of employees of the clubs. 
Arithmetic means are very close which is shown by re-
sults which do not show statistically significant differences 
in number of employees between clubs of Premier league 
and the first league of Federation (p>0.05). It is surprising 
that in certain clubs employee there is a very small number 
of trainers. Very small number of licenced trainers work 
in clubs of the most elite competition in Bosna and Her-
zegovina (Premier league). It is considered that with such 
small number of licenced trainers it is difficult to fulfil needs 
of one serious football club. 
Also, there is an assumption that in certain clubs (which 
is not measured in this research) work certain number of 
volunteers. Although this seems useful it’s not the best 
solution for clubs of Premier league and league of Federa-
tion to have volunteers doing experts’ and trainer’s work. 
Trainer’s work in football clubs in Bosnia and Herzegovina 
should be on professional level.  

According to Ðedović (2011), Bahtijarević & Šiber (1999), 
management of sport clubs in our country is still relying 
on work and engagement of trainer, who are, apart from 
training, also engaged in organizing the most important 
activities of the club which is correspondent to other forms 
of organization. Talović, & associates  (2013) analysed ar-
eas of organization and management in sport and tried to 
determine differences in managing structures of football 
clubs of Premier league and League of Federation of B&H 
based on analysis observing structures of management 
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and success within treated levels. It is noticed that num-
ber of team employees in the club, budget of the club and 
budget of youth team is different between levels. If we look 
at number of licenced trainers in the club and number of 
players in youth team, results didn’t show significant dif-
ferences. Significant differences occur among managing 
structures of football clubs of Premier league and clubs 
of the First league of Federation. It is necessary to bring 
management of football clubs in B&H on quality level us-
ing different work methods. The first step is the adequate 
education of employees in terms of sport and business 
function in clubs. It is necessary to find long term solu-
tions for financing clubs, which includes investments in 
producing footballers, investments in fields, education, 
and trainers. In theory and in practice precondition for 
visible results of quality work in sport is without a doubt, 
competent employees. Competent employees are trainers. 
Trainer is a person who has knowledge in pedagogy and 
methodology, person who understands science and expert 
work, a person who is involved in plan, program, selection, 
work organization, preparation and training of footballers 
or athletes. Trainer should work on lifelong improvement 
and on achieving top sport results. Trainers are directly in-
volved in managing training process and they present the 
first and the most important precondition of strategic com-
mitment toward quality work in sport (Jukić and associates 
2004). Activities which are necessary for achieving  these 
goals include: conceptual tasks and solving problems 
with the emphasis on local aspect which include analy-
sis of development of club and strategy of management, 
communication, control of whole process (sport aims, 
budget) management of human resources, sport activities 
and structure of administration of club (Rađo, & Malacko 
2006). According to document „Sport and employment in 
Europe – final report” (1999), sport, in many countries is 
recognized as a field of increased employment:  profes-
sional athletes, trainers, sport managers, referees, teach-
ers of sport, sport doctors, physiotherapist, journalists, 
agents, promotor, etc). Since 1980 that number has tripled 
and that trend has continued and in period between 1990. 
and 1998. number of employees in countries Europe Union 
number of employees has increased in 57%. Countries of 
region do not have tendency in professionalization of com-
petent employees and on employees of organization and 
management as it is the case with the countries of Europe 
union. Also trainers and other employees, considering in-
crease of expert and scientific information, development 
of technology, sport equipment, education, quality of work 
and global competition, can have successful results only if 
they have continuous and lifelong education and improve-
ment.  Paradigm of lifelong education and improvement is 
the base of conception of management and work quality. 
The purpose of investing in education, which is always 
proved to be a rational decision (Skoko, 2000),  is to ac-
complish excellence, it is necessary to provide education 
and improvement in terms of seminars, workshops, con-
ferences, access to new and contemporary literature and 
following the trends,  not only for trainers, but for theother 

employees as well. Mašala, Rađo, Talović (2011) analysed 
the influence of education on achieved success of sport 
organization. Achieved results of managers in the area of 
sport and managers of other areas in sport organizations 
(football clubs of Canton Sarajevo in season 2003/2004) 
were also analysed. Results have shown that education of 
trainers on academy and on Faculty of physical education 
and sport affects business success in football. Also results 
have shown a success in management of sport organiza-
tions when hiring licenced managers of sport. Results indi-
cate that there is a need for creating philosophy of manag-
ers of sport organizations based on continuous education 
and learning and making correlation between education 
in sport and sport recreation with practice. Without these 
factors, maintaining the present position of sport in B&H, 
especially football is difficult.  

Conclusion 

The aim of this paper is to determine the differences, if 
there are any, in quality of licencing between clubs of two 
levels of competition in B&H. Most clubs of Premier league 
exists in the area of bigger cities like Sarajevo, Tuzla, Ze-
nica, Banja Luka, Mostar, Bjeljina etc. while most clubs of 
the First league exists in smaller cities like Kakanj, Vitez, 
Čapljina, Goražde etc. which in all parameters gives advan-
tage to bigger centres. 
Therefore all parameters are in favour of the first level of 
competition. Systematically approach of ensuring qual-
ity of work in football is to provide not only direct training 
process but other determinants of success like: level of 
professional qualification and competence in management, 
marketing, administration, competent trainers etc. This 
provides good base of quality work in football during the 
whole process of improvement of all employees. Results 
of this paper show that it is very important to mobilize all 
people that can help in organization, management and in 
creating ideas. Also it is necessary to mobilize people who 
are willing to improve practice and to teach young mem-
bers to new practical and technological information and to 
establish good base for future results. 
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