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Abstract
The sample of ten young healthy subjects, male, age 20, 21 (students of the Faculty of Sports, University of Banja Luka, Bosnia and 
Herzegovina ), were examined for the effect of dynamic and static stretching on exercise of force and power of quadriceps and ham-
string muscle of the dominant leg knee joint. Using the isokinetic dynamometer, both muscle groups were diagnosed with variables: 
maximum torque (force), relative torque, explosive force and relative power. Measurements were carried out under conditions of slow 
(60°/s) and fast speed (240°/s) contractions. The same measurement protocols were implemented in three experimental situations: 
without the initial stretching (WS), after the dynamic stretching (D) and after the static stretching (S). Results of statistical analysis 
show that both types of expansion lead to an increase of force and power of hamstring and quadriceps (quadriceps 60°/s: WS - 2,67 
Nm/kg,  D - 3,06 Nm/kg , S -3,05 Nm/kg; hamstring 60°/s: WS -2,25 Nm/kg , D -2,41 Nm/kg  , S- 2,41 Nm/kg; quadriceps 240°/s: 
WS- 1,42 Nm/kg , D- 1,70 Nm/kg  , S- 1,64 Nm/kg; hamstring 240°/s: WS -1,51 Nm/kg  , D- 1, 85 Nm/kg , S - 1, 71 Nm/kg). Looking 
at the results, both group of muscle (quadriceps and hamstring) produced greater explosive force at a speed of 60°/s after the static 
stretching. (Quadriceps: WS- 158,99 Nm, D- 188,13 Nm, S- 188,72 Nm; hamstring: WS- 149,53 Nm, D-156,67 Nm, S-164,00 Nm). 
Both group of muscle produced greater explosive force at the speed of 240°/s after the dynamic stretching (quadriceps: WS-106,75 
Nm ,D- 131, 50 Nm,  S- 126,30 Nm; hamstring : WS- 114,41 Nm, D-139,02 Nm, S-129,43 Nm). This indicates that static and dy-
namic stretching have positive acute effects when applied before the activities in which the rate of contraction is small and external 
resistance is large, while only dynamic stretching has a positive effect  when it precedes the activities of higher muscle contraction 
speed. Regardless of the elongation model applied, quadriceps is the dominant muscle group during the slow contractions (60°/s), 
while at high speeds, the role of hamstring significantly increases.

Key words: isokinetic contractions, quadriceps, hamstring

Introduction

A large number of athletes use stretching exercises as a 
part of the warm-up routine before physical activity to im-
prove performance and prepare for competition or training. 
Recent research shows that acute stretching has negative 
effects as well, and that can lead to a decrease in muscle 
power (Behm, et al., 2004; Evetovich et al., 2003), mus-
cular endurance (Franco et al., 2008; Nelson et al., 2005), 
vertical jump, (Church et al., 2001; Cornwell et al., 2001; 
Young  et al., 2003) and sprint speed (Nelson et al., 2005). 
Exploring the effects of static and dynamic stretching on 
the extensors and flexors in the knee joint, Yamaguchi et al. 
(2005) found that static stretching before a training method 
had negative effects on the expression of power, speed and 
agility, and that dynamic stretching had a positive impact 

on increasing the force of muscle and joint stability. Other 
researchers also point at the acute adverse effects of stat-
ic stretching points (Kokkonen et al.,1998; Young et al., 
2002; Behm et al., 2001; Šimić et al., 2013) , however, 
they also assumed the possible positive effects of dynamic 
stretching. Examining the impact of stretching on running 
speed, some argue that static stretching has a negative 
impact on acceleration (Fletcher et al., 2004), while Nelson 
et al. (2005) demonstrated that such influence does not 
exist. In addition to the type of stretching, the effects of the 
duration of the stretching exercises have also been studied. 
In an experiment, Ogura et al. (2007) compared the two 
static stretching exercises of m. quadriceps femoris for the 
duration of 30 and 60 seconds and came to the conclusion 
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that a shorter extension did not affect the ability of muscle 
while stretching for 60 seconds caused a significant re-
duction in power. At this point, the researchers only agree 
with one thing, that long-term regular use of systematic 
static stretching after training contributes to increasing the 
range of motion and reducing the risk of injury to the lower 
extremities at high stresses (Knapik et al., 2001; Witvrouw 
et al., 2003; Jamtvedt et al., 2010). This work attempted 
once again to examine the effect of acute static and dy-
namic stretching prior to the exertion of force and muscle 
power.

The problem of reaching a definite conclusion about the 
acute effects of static and dynamic stretching also lies 
in the different conditions in which the testing of mus-
cular force is conducted. Most measurements are car-
ried out in isometric conditions, despite the fact that the 
muscle strain in real movements primarily takes place in 
a dynamic mode. Overcoming these differences between 
laboratory measurement conditions and objective exertion 
of muscular force in real conditions of stress, largely en-
sure measurement in isokinetic conditions. The isokinetic 
dynamometer offers a more precise identification of the 
maximum muscle capacity as well as registration of the 
relationship between different muscle groups, especially 
the relationship between agonist and antagonist during the 
execution of real movement. The aim of this study was to 
use isokinetic diagnostics, as the most reliable methods 
of measuring muscle performance today, once again to 
study the effects of different models of stretching applied 
in the acute phase of warming, compared to the expres-
sion of force variables of the knee joint extensor and flexor 
muscles (m. quadriceps femoris and hamstring).

Methods

Sample of examines
This research was done as cross study with a group com-
posed of 10 healthy young males aged between 20-21 
years old. The group was very homogeneous in terms of 
anthropometric and motor characteristics, and was formed 
by students of the Faculty of Physical Education and Sport, 
University of Banja Luka, Bosnia and Herzegovina.

Measurements
The subjects underwent isokinetic testing on a Con-Trex 
isokinetic machine which registered the following variables 
of force and power of extensors and flexors of the knee 
joint (quadriceps and hamstring):

- Maximum torque -force (Nm),
- Relative torque - torque force expressed in relation to 

body weight (Nm/kg),
- Explosive force – maximum torque realized 0.2 sec-

onds after the start of movement (Nm),
- Relative power - expressed relative to body mass (W/kg).

Con-trex isokinetic multi joint module is rotatory testing , 
training and therapeutic system to test and train all major 
joints of the upper and lower limbs in the open kinetic 
chain. Testing muscular force in isokinetic conditions 
is carried out at a given fixed rate of contraction, with 
optimum adaptation of the muscle to resistance, fatigue 
and pain. The pressure is always optimal because the 
angular velocity of the joint is constant. It is controlled 
and maintained during stress, which eliminates fluctua-
tions in linear speed of the muscles used during exer-
cise. In addition to diagnostics, isokinetic is also used 
in the training purposes because it provides a relatively 
unchanged external resistance throughout the range of 
motion. At the beginning of isokinetic movements, an-
gular speed increases until reaching the desired speed. 
During the initial phase, i.e. reaching the desired speed, 
external resistance is negligible. After reaching the set 
speed, there is no additional acceleration, but the move-
ment takes place with a continuous speed throughout the 
range of motion in the joint. The isokinetic dynamometer 
eliminates the effects of gravity and provides constant 
external resistance which makes active muscles exer t 
greater power in each phase of movement. During iso-
kinetic joint stress, the load is small, and the resistance 
can not be greater than the force used, which minimizes 
the possibility of injury. 

Representative biomechanical size, reflecting the power of 
movement performed during isometric testing is the maxi-
mum torque formed around the axis of rotation of the joint. 
The main component of the total PTO torque is produced 
by the active muscles, while the contribution of other 
structures (membranes, articulated sleeve and ligaments) 
is minimal, making the moment registered by an isokinetic 
dynamometer theoretically equated with muscle torque. It 
is this fact that speaks loudly in favor of greater objectiv-
ity of muscular force isokinetic testing in relation to the 
isometric tests in which the angle of the joint, the position 
of exercisers and body weight can significantly affect the 
variability of results.

Respondents performed flexion and extension movements 
at different speeds, 60°/s and 240°/s,  first in the form of 
slow, then fast contraction. The same protocol of diagnos-
tics in variables of force and power was conducted three 
times under different circumstances, in relation to whether 
muscle stretching was applied and which procedures was 
used for stretching right before the isokinetic test. The first 
measurement was conducted without prior stretching, 
while the next two protocols were implemented imme-
diately after the administration of various stretching pro-
grams. The first program consisted of dynamic stretching 
exercises, and the second was conducting static stretch-
ing exercises. A week long pause was taken between each 
test, in order to eliminate the effects of fatigue and excita-
tion of these motor units. In the period between the testing, 
subjects performed their regular daily activities and were 
not subjected to any systematic training. 
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Without stretching
After warming up by running at a moderate pace for 5 min-
utes, respondents approached the isokinetic apparatus and 
during the next two minutes, were properly positioned in 
relation to the dynamometer apparatus. The test consisted 
of two parts. In the first part, we applied the slow con-
traction movements of flexion-extension at 60°/s. These 
stresses correspond to the maximum power zone, given 
that these produced the highest value of force. Each subject 
performed a series of four consecutive slow contractions. 
This was followed by a break of one minute. The second 
part of the test was carried out immediately after the break 
and was used to apply the same flexion-extension contrac-
tion movements, but at a speed of 240°/s. These stresses 
correspond to the speed power zone. Each subject per-
formed a series of 14 consecutive rapid contractions. All 
variables of force and power were automatically registered 
by the software of the isokinetic apparatus.

Dynamic and static stretching program
The stretching program was carried out immediately be-
fore the isometric test. After the five minute moderate 
warm up, performed by running, the subjects preformed 
a program of uniform elongations which consisted of 4 ex-
ercises, of which two were for stretching the quadriceps 
(first from a starting position of standing on one leg, the 
other leg stretching by pulling the foot to a position of maxi-
mum flexion and the second one was to step forward), and 
two for stretching the hamstring (from the initial position of 
standing, raising a bent leg towards your chest and from 
the initial position of standing upright, alternating lifting the 
feet high). The same exercises were used in both stretch-
ing protocols (dynamic and static), but in the first protocol 
muscles were stretched using the dynamic mode (short 

interval swings), while in the second test used endurance 
in static positions after reaching the maximum amplitude. 
Each individual exercise was repeated four times for the 
duration of 20 seconds. The pause between repetitions 
was 10 seconds and pause between exercises was 10 
seconds. The total duration of the entire protocol of the 
stretching exercises was 5 minutes. After the exercise, 
the subjects took a short break of two minutes to prepare 
themselves for the approaching isokinetic test.

Statistical analysis
For analysis and data processing obtained in this research 
program package SPSS for Windows, version 21.0 was 
used, while during interpretation professional literature was 
consulted. The significance of the differences between the 
average values of the variables of force and power, result-
ing in three different time points, was tested by analysis of 
variance (repeated measures model). For the analysis of 
variability sources a post hoc analysis was used (Tukey 
test). Level  of safety was determinated on the level of 
95%, with risk of mistake of 5%. 

Results

Comparing the average values calculated for the variables 
of force and power, it was found that most of them in-
creased after the application of the static and dynamic 
stretching exercises. The set of variables that were moni-
tored during isokinetic testing of hamstring and quadriceps 
at a rate of contraction of 60°/s, significant differences 
were only absent in the variable Relative power of the ham-
string : Rel. power hamstr: WS-1,65 W/kg, D - 1,75W/kg, 
S-  1,76W/kg (Table 1). 

Gr. Variables Without 
stretching

Dynamic 
stretching

Static 
stretching F Sig. 

Qu
ad

ric
ep

s Max. torque (Nm)
Rel. torque (Nm/kg)
Explosive force (Nm)
Relative power (W/kg)

221.02
2.67
158.99
1.74

250.64
3.06
188.13
1.95

249.97
3.05
188.72
1.90

34.95*
34.63*
17.86*
7.86*

.00

.00

.00

.01

Ha
m

st
rin

g Max. torque (Nm)
Rel. torque (Nm/kg)
Explosive force (Nm)
Relative power (W/kg)

180.44
2.25
149.53
1.65

199.54
2.41
156.67
1.75

196.79
2.41
164.00
1.76

11.45*
6.58*
8.70*
3.64

.00

.02

.01

.07

Table 1. Average values of the variables of force and power of Quadriceps and Hamstring diagnosed with an isokinetic dynamometer 
after various stretching models at the speed of contraction of 60 °/s.

At the contraction speed of 240°/s, all of the tested differ-
ences were significant: Max. torque quadr. WS-127,15 Nm  
,D-154,73 Nm  ,S-151,95 Nm; Rel. torque quadr.:WS-1,42 
Nm/kg,   D-1,70 Nm/kg,   S-1,64 Nm/kg; Expl. force 
quadr.:WS-106,75 Nm,  D-131,50 Nm,  S-126,30 Nm;  
Rel. power quadr: WS-2,55 W/kg,  D-3,08  W/kg,  S-2,95 

W/kg;  Max.torque hamstr.:WS-131,21 Nm,  D-164,87 
Nm,  S-151,29 Nm;   Rel.torque hamstr.:WS-1,51 
Nm/kg,  D-1,85 Nm/kg,  S-1,71 Nm/kg; Expl.force 
hamstr:WS-114,41 Nm,  D-139,02 Nm,  S-129,43 Nm;  
Rel. power hamstr: WS- 2,99 W/kg,  D-3,73 W/kg, S-3,42 
W/kg  (Table 2). 
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Explosive force after static stretching for both group 
of muscle at a speed of 60°/s : Expl.force quadr.: WS- 
158,99 Nm, D- 188,13 Nm, S- 188,72 Nm; Expl. force 
hamstr.: WS- 149,53 Nm, D-156,67 Nm, S-164,00 
Nm). Explosive force after the dynamic stretching for 
both group of muscle at the speed of 240°/s: Expl. force 
quadr.: WS-106,75 Nm ,D- 131, 50 Nm,  S- 126,30 Nm; 
Expl. force hamstr. : WS- 114,41 Nm, D-139,02 Nm, 
S-129,43 Nm ( Table 1 , Table 2)

Although the main source of variability in all the variables 
of force and power in Tables 1 and 2 was caused by sig-

nificantly lower force values detected in the first test, when 
the stretching is omitted. In this study, it was important to 
determine the relationship between the variables of force 
obtained after the application of the two stretching mod-
els (dynamic and static). Results of the Post Hoc analysis 
(Tukey test) showed that the different effects of dynamic 
and static stretching were observed only for hamstring and 
in conditions of rapid contraction, 240°/s (Table 3). Statis-
tically significant differences were found for the following 
variables: Max. torque hamstr. (Sig. =, 016),  Rel. torque 
hamstr. (Sig. =, 004), Expl. force hamstr. (Sig. = 025) 
and the Rel. power hamstr. (Sig. = 011) . 

Table 2. Average values of the variables of force and power of Quadriceps and Hamstring diagnosed with an isokinetic dynamometer 
after various models stretching at the speed of contraction of 240 °/s.

Gr. Variables Without 
stretching

Dynamic 
stretching

Static 
stretching F Sig. 

Qu
ad

ric
ep

s Max. torque (Nm)
Rel. torque (Nm/kg)
Explosive torque (Nm)
Relative power (W/kg)

127.15
1.42
106.75
2.55

154.73
1.70
131.50
3.08

151.95
1.64
126.30
2.95

50.17*
38.17*
109.35*
28.31*

.00

.00

.00

.00

Ha
m

st
rin

g Max. torque (Nm)
Rel. torque (Nm/kg)
Explosive torque (Nm)
Relative power (W/kg)

131.21
1.51
114.41
2.99

164.87
1.85
139.02
3.73

151.29
1.71
129.43
3.42

8.68*
11.21*
6.76*
7.64*

.01

.00

.01

.01

Variables

Max.torque 
hamstr.

Sig.

Relat.torque
hamstr.

Sig.

Explosive force 
hamstr.

Sig.

Relative power 
hamstr.

Sig.

Dynamic 
stretching

Without 
stretching

Static 
stretching

.002

 

 .016

.003

.004

.004

.025

.003

.011

Table 3.  Results of Post Hoc analysis (Tukey test)- dynamic stretching produced significantly higher values of the variables of 
hamstring at the speed of contraction of 240 °/s.

The most noticeable difference between the effects of 
different models of stress is valid for the variable Maxi-
mum  torque (force) of quadriceps and hamstring which 
are stated by torque values in terms of slow contraction 
(60°/s): Max.torque quadr.: WS- 221,02 Nm, D- 250,64 
Nm, S- 249,97 Nm; Max.torque hamstr.: WS-180,44 Nm, 
D - 199,54 Nm, S-196,79 Nm, and rapid contractions 
(240°/s): Max. torque quadr.: WS- 127,15 Nm,  D- 154,73 
Nm , S-151, 95 Nm; Max. torque hamstr: WS -131,21Nm, 
D- 164,87Nm,  S-151,29   (Figure 1 and Figure 2).

Figure 1. Maximum torque (Nm) of Quadriceps and Hamstring 
of the knee joint diagnosed by an isokinetic dynamometer at a 

rate of contraction of 60 °/s.
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Discussion

Based on these results, we can conclude that at a speed of 
60°/s, for most variables, there exists a statistically signifi-
cant difference after both types of stretching (dynamic and 
static) compared to the initial testing prior to which there 
was no stretching applied. 

Looking at the results of quadriceps and hamstring explo-
sive force it can be concluded that both groups of muscles 
,at a speed of contraction of 60°/s, produced greater ex-
plosive force after the static stretching. This means that 
static stretching exercises when applied before the activi-
ties in which the rate of contraction is small (60°/s) and 
the external resistance is large, positively effect the expres-
sion of explosive force of thigh muscles. Both groups of 
muscles (quadriceps and hamstring), at a speed of 240°/s, 
produce greater explosive force after the dynamic stretch-
ing program, indicating that the dynamic extension has a 
positive effect on the expression of thigh muscle explosive 
force when it precedes the activities of higher muscle con-
traction speed which eliminates minor external resistance. 
Regardless of the elongation model applied, quadriceps is 
the dominant muscle group during the slow contractions 
(60°/s), while at high speeds, the role of hamstring signifi-
cantly increases.

These data figures digress a little from the conclusions of 
previous studies. For example, Moss (2002) and Shrier 
(2004) recommend avoiding static stretching prior to high 
intensity and explosive activities. Moss (2002) emphasizes 
that static stretching prior to high intensity activities can 
prevent the effect, i.e. cause loss of power and force due 
to a decrease in muscle activation and contractile proper-
ties at the cellular level. Some authors (Ayala et al., 2013) 
indicate that both dynamic and static stretching have no 
influence on the force and unilateral relationship, therefore 
both types of stretching have no effect on reducing the risk 
of injury. In general, the warm-up protocols used to include 
mainly just static stretching exercise. The negative effects 

of static stretching have been proven in many studies, but it 
should be noted that there are numerous studies that point 
out that there is no adverse effect associated with static 
stretching. Lately, static stretching has been mainly depict-
ed in a negative connotation, at the same time, dynamic 
stretching is considered desirable in the warm-up phase 
of the organism. Werstein et al. (2012) observed the influ-
ence of dynamic and static stretching on the expression of 
isokinetic force and concluded that dynamic stretching re-
sults in a significant increase in power compared to static 
stretching. Some more recent studies suggest that dynam-
ic stretching affects the increase of: maximum force of the 
quadriceps (Aguilar et al. 2012), feet extensors and flexors 
power (Sekir et al., 2010) and explosive force (Vanderka, 
2008; Vetter, 2007). 

However, evidence to suggest the benefits of one type of 
stretching over another is generally inconsistent because 
the mentioned works deal with two different populations 
(recreation enthusiasts and professional athletes); the 
length of the applied stretch in the protocols is different; 
the types of tests are different, therefore one still can not 
argue that there is only one type of stretching applicable.
The main goal of any warm-up protocol is to improve the 
abilities of the athletes for activity that follows and reduce 
the possibility of injuries to a minimum. Warm-up proto-
cols should include activities that are tailored to the move-
ments that are specific to a particular sport. Sports that 
require a high level of static flexibility should include static 
stretching of the low level stretching in the warm up phase, 
while sports that are dominated by the movements of large 
amplitude movements should include in their protocol the 
dynamic stretching movements that mimic movements ap-
plicable in sport.

If we observe the results of the explosive force of the quad-
riceps and hamstrings at 60 °/s, it can be concluded that the 
quadriceps is the dominant group because it produces the 
explosive force in relation to the hamstring. However, in an 
endurance test (240 °/s) the hamstring shows much more 
explosive force. It can be concluded that the explosiveness 
of quadriceps is expressed in a test of force, and when it 
comes to durability, the hamstring takes the lead role and 
becomes the dominant muscle group. Davies (1987), 
based on the results of research, claims to have the highest 
torque in the initial stages of testing endurance produced by 
the quadriceps, while at the end of the endurance tests, the 
maximum torque was produced by the hamstring. Accord-
ing to Davies, fast muscle fibers at faster contractions pro-
duce greater torque, with a much smaller decline in force 
over a range of speeds, in comparison to the slow muscle 
fibers. The result is as expected, due to the hamstring mus-
cles being the dominant group at higher speeds because 
they have a large portion of the fast muscle fibers and are 
designed for rapid movement. All three hamstring muscles 
(m. semimembranosus, m. semitendinosus and m. biceps 
femoris caput longum ) are, in fact, double-pitched (in the 
hip joint, acting as an extensors, and in the knee joint as 

Figure 2. Maximum torque (Nm) of Quadriceps and Hamstring 
of the knee joint diagnosed by an isokinetic dynamometer at a 
rate of contraction of 240 °/s.
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flexors), and their ability to develop force is greater than 
front lodge muscle where the three heads of the quadriceps 
muscle (m. vastus lateralis, m. vastus medialis and m. vas-
tus intermedius) act only in the knee joint. M. rectus femoris 
is the only component of the quadriceps comparable to the 
antagonist hamstring and is activated just before the end 
of the motion range of knee extensions. The hamstring has 
the ability to produce more force over a longer period and at 
higher speeds and decrease in hamstring power is signifi-
cantly lower than in the quadriceps that fatigues faster. For 
more a reliable explanation of the stretching effects in terms 
of real sports stress, it is necessary to further perfect the 
training tools for monitoring variables of force and power in 
free movement.

Conclusion

The results of this study points to the justification of apply-
ing stretching exercises in order to create better conditions 
for the exercise of force and power. Unlike some previous 
studies that pointed to the negative effects of static stretch-
ing on some motor skills in which power plays a signifi-
cant role, here both of the models of stretching (dynamic 
and static) had positive impacts on almost all variables 
of force and power manifested in isokinetic conditions 
of stress. Since the effects of gravity in these conditions 
were largely eliminated and the muscles acted in isolation, 
the importance of stretching can be explained primarily by 
an increased excitation of motor units involved in the iso-
kinetic movements. While in slow motion, in which force 
is dominant, both types of stretching had nearly the same 
impact on the power and force (both extensors and flexors 
in knee), in the fast movements, which are predominantly 
associated with explosive force, the dynamic stretching 
turned out to be significantly more efficient and exclusively 
at flexors (hamstring). Since exercising in isokinetic condi-
tions is mostly applied in rehabilitation, based on the re-
sults of this research, stretching can be recommended as 
a reliable way to better prepare the muscles during thera-
peutic exercise. 
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Introduction 

World Health Organization defines ‘overweight and obesity’ 
as abnormal or excessive fat accumulation that may im-
pair health (World Health Organization, 2000). Abdominal 
obesity is an excess of intra-abdominal fat (WHO Expert 
Consultation, 2011) and is sometimes referred to as cen-
tral adiposity or visceral obesity. It is found in the spaces 
surrounding the liver, intestines, and other organs. It’s also 
stored in the omentum, an apron-like flap of tissue that lies 
under the belly muscles and blankets the intestines. The 
omentum gets harder and thicker as it fills with fat (Divella 
et al., 2011).
Studies have shown that the prevalence of obesity and ab-
dominal obesity among women is higher than men (Beigh 
and Jain, 2012). Women generally have higher percent-
age of body fat than men, and there are indications that 
the basal fat oxidation is lower in females as compared to 
men, thereby contributing to a higher fat storage in women 
(Gentile et al., 2015). This explains why women have a 
more difficult time losing fat in general, and from the hips 
and thighs in particular.  Furthermore, women rely on fat 

stores more than men for reproduction. Essential body fat 
in women may account for 12% of total body weight ver-
sus 3% for men (Jeukendrup and Gleeson, 2010; American 
council on exercise, 2010).  Essential body fat in women 
may account for 12% of total body weight versus 3% for 
men (Jeukendrup and Gleeson, 2010; American council on 
exercise, 2010). In addition, females have a predisposi-
tion to channel extra energy into fat storage while males 
use more of this energy for protein synthesis (Galgani and 
Ravussin, 2008).
The age range of 25–44 years is the time when women 
tend to gain the greatest amount of weight. Among women 
of childbearing age, one potential pathway for the develop-
ment of abdominal obesity has been through the retention 
of gestational weight gain (Gilmore, Klempel-Donchenko 
and Redman, 2015).
Although visceral fat makes up only a small proportion of 
body fat, it is a key player in a variety of health problems. 
Among women, abdominal obesity is a risk factor for car-
diovascular disease, but increases the risk of the metabolic 
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syndrome, type 2 diabetes mellitus, depression, polycystic 
ovarian syndrome (Schienkiewitz, Mensink and Scheidt-
Nave, 2012) infertility and adverse pregnancy outcomes 
such as gestational diabetes mellitus, hypertensive dis-
orders, and newborn macrosomia, among other perinatal 
complications (Stupin and Arabin, 2014).
There are various risk factors, which are responsible for 
abdominal obesity (Kurspahić-Mujčić and Zećo, 2017). 
Key among them is individual’s eating behavior and phys-
ical activity (Chan and Woo, 2010). The environment ex-
poses people to an abundance of high calorie, high fat 
foods, and people eat more than they need.  Studies have 
demonstrated that activity alone does not necessarily 
burn extra calories. Exercise accounts for a small portion 
of daily calorie burn and it’s hard to create a significant 
calorie deficit through exercise (Hill, Wyatt and Peters, 
2012). 
This study aims to determine relation between leisure-time 
physical activities, eating habits and abdominal obesity in 
women of childbearing age.

Methods

Sample subjects
This cross-sectional study was carried out in family 
medicine outpatient departments of the Public Institution 
Primary Health Care Center of Canton Sarajevo, Bosnia 
and Herzegovina (B&H) in period 15 February– 31 March 
2015. 
The respondents were patients who used health care ser-
vices at the Primary Health Care Center during the course 
of the study period. The study included 300 respondents 
on the principle of systematic random sampling. The re-
spondents divided into two groups in relation to the mea-
sured values of waist circumference: the respondents with 
waist circumference less than 80 cm (non- abdominal 
obesity; n=150) and those with waist circumference of 80 
cm or more (abdominal obesity n=150). The inclusion cri-
teria were females aged 18-49 years who have a medical 
record in the Primary Health Care Center of the Sarajevo 
Canton. The exclusion criteria were male gender, persons 
younger than 18 or older than 49 years, persons who do 
not have medical records at the Primary Health Care Center 
of the Sarajevo Canton, pregnant women and women who 
had given birth within twelve months before the date of 
inclusion in the study. The focus of study meant to exclude 
individual differences. 

Sample variables
In the study is used specially designed and structured 
questionnaire. It consisted of two parts: the part that was 
completed by the nurse and a part that was completed by 
the respondent.  
The part that was completed by nurse contained general 
information about the respondent (initials, date of birth) 
and data on waist circumference. 

Waist circumference was measured at midpoint between 
the lower rib and the iliac crest using a flexible tape mea-
sure. During the measurement, participants stood in an 
upright position, with arms relaxed at the side, feet evenly 
spread apart, and body weight evenly distributed in accor-
dance with the World Health Organization (WHO) expert 
consultation report on waist circumference and waist-to-
hip ratio (WHO Expert Consultation, 2011).
Part that was completed by the respondent contained 
information on levels of physical activity during leisure-
time, number of daily meals and last episode of eating. 
Levels of physical activity during leisure-time was cat-
egorized as no physical activity, 15 minutes per day, 30 
minutes per day, 1 hour per day and longer than 1 hour 
per day. Number of daily meals was categorized as less 
than 3, 3-5 and more than 6. Last episode of eating was 
categorized as before 17 hours, between 17 and 20 hours 
and after 20 hours.
Abdominal obesity was defined as waist circumference 
≥80 cm (the criteria of abdominal obesity given by Inter-
national Diabetes Federation) (Alberti, Zimmet and Shaw, 
2006). Respondent with measured waist circumference 
less than 80 cm were considered as respondent who does 
not have abdominal obesity. Respondent with measured 
waist circumference ≥80 cm were considered as respon-
dent who has abdominal obesity.
Leisure-time physical activities were defined as exercise, 
sports, recreation, or hobbies that are not associated 
with regular job-, household-, or transportation-related 
activities.

Statistical analysis
Testing of the difference in levels of physical activity dur-
ing leisure-time, number of daily meals and last episode 
of eating between non-abdominal obesity group and ab-
dominal obesity group was performed by χ2 test. The 
individual effects of categorical predictors’ variables, 
levels of physical activity during leisure-time, number of 
daily meals and last episode of eating on the presence 
of abdominal obesity were obtained by logistic univariate 
regression analysis. Categorical variables are depicted as 
frequency and percentages. The results of univariate re-
gression analysis are shown with the values of odds ratio 
(OR) and 95% confidence interval. Level of significance 
set at p<0.001.

Results

The study evaluated 300 respondents in two groups of 150 
(i.e., non-abdominal obesity and abdominal obesity).   Lev-
els of physical activity during leisure-time in the abdomi-
nal obesity group and non-abdominal obesity group was 
significantly different (p=0.00). There were almost two 
times as many physically inactive respondents in the non-
abdominal obesity group, 76 (50.7%), then in abdominal 
obesity group, 39 (26.0%) (Table1). 



 
 

HOMO SPORTICUS ISSUE 2 2017

 
 
14

There was an interdependence that existed between ab-
dominal obesity and levels of physical activity during lei-
sure-time, e. g., physical activity during leisure-time was 
a risk for abdominal obesity, especially physical activity 
of 30 minutes per day (OR=4.87, 95%CI=2.24-10.55; 
p=0.00) (Table 4). 
Meal frequency in the abdominal obesity group and non-
abdominal obesity group was not significantly different 
(p=0.09). In the non-abdominal obesity group was more 
respondents who consumed less than 3 meals a day, 38 
(25.3%), than in abdominal obesity group, 23 (15.3%) 
(Table 2).   

Table 2.  Number of daily meals according to the presence of 
abdominal obesity

Number of daily meals Abdominal obesity Total 

yes no

Less than 3 N 23 38 61

% 15.3 25.3 20.3

3-5 N 116 104 220

% 77.3 69.3 73.3

More than 6 N 11 8 19

% 7.4 5.4 6.4

Total N 150 150 300

% 100.0 100.0 100.0

χ2=4.81; p=0.09

Eating less than 3 meals a day in total protect from ab-
dominal obesity (OR=0.44, 95%CI=0.15-1.25; p=0.08) 
(Table 4).
Last episode of eating in the abdominal obesity group and 
non-abdominal obesity group was not significantly differ-
ent (p=0.51). In the non-abdominal obesity group was 
more respondents who consumed last meal before 20 
hours, 70 (46.6%) than in the abdominal obesity group, 62 
(41.3%)  (Table 3).   

Table 3.  Last episode of eating according to the presence of 
abdominal obesity

Last episode of eating Abdominal obesity Total 

yes no

Before 17 hours N 2 4 6

% 1.3 2.6 2.0

Between 17 and 20 
hours

N 60 66 126

% 40.0 44.0 42.0

After 20 hours N 88 80 168

% 58.7 53.4 56.0

Total N 150 150 300

% 100.0 100.0 100.0

χ2=1.33; p=0.51

Table 1. Levels of physical activity during leisure-time in women of childbearing age

Levels of physical activity 
during leisure-time

Abdominal obesity Total 

yes no

No physical activity N 39 76 115

% 26.0 50.7 38.3

15 minutes per day N 11 8 19

% 7.3 5.3 6.3

30 minutes per day N 30 12 42

% 20.0 8.0 14.0

1 hour per day N 30 26 56

% 20.0 17.3 18.7

Longer than 1 hour per day N 40 28 68

% 26.7 18.7 22.7

Total N 150 150 300

% 100.0 100.0 100.0

χ2=22.49; p=0.00
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Eating last meal before 20 hours, especially before 17 
hours in total protect from abdominal obesity (OR=0.45, 
95%CI=0.08-2.54; p=0.51) (Table 4).

indirect effect through its impact on energy intake. It was 
reported that short-term exercise increased energy intake 
in women (Stubbs et al., 2002). Similarly, women were 
shown to increase their energy consumption after an inten-
sive bout of exercise (Pomerleau et al., 2004). 
Recent studies show that exercise can modify energy in-
take through the adjustment of the energy-regulating hor-
mones indirectly (Hagobian and Braun, 2010). Hickey et al. 
(1997) found that serum insulin and leptin after 12 weeks 
of exercise decreased in women. Hagobian and Braun, 
(2010) found that, in women, exercise altered energy-reg-
ulating hormones and increased energy intake, regardless 
of energy status. 
There are studies that reported contrary results. Staten 
(1991) reported that there was no significant change in 
energy intake in women after five days of intense exer-
cise, compared with five controls days (without exercise). 
Whybrow et al. (2008) found similar results after 14 days 
of exercise.
However, a recent review by Cook and Schoeller (2011) 
concluded that supporting evidence for physical activity for 
weight control is still inconclusive. 
Results from previous studies suggest that eating fre-
quency may be causally associated with body weight and 
weight changes. In this study in the non-abdominal obesity 
group was more, but not significantly, respondents who 
consumed less than 3 meals a day, 38 (25.3%), than in 
abdominal obesity group, 23 (15.3%)  The majority (66%) 
of the adult population of the Paris metropolitan area still 
eats three meals per day (Riou et al., 2015). The propor-
tion of three-meal eaters was 44% in Finns (Roos and Prat-
tala, 1997). 

Categorical predictor p OR (95% CI)

Levels of physical activity during leisure-time 0.00

15 minutes vs. no physical activity 2.67 (0.99-7.20)

30 minutes vs. no physical activity   4.87 (2.24-10.55)

1 hour vs. no physical activity 2.24 (1.17-4.31)

Longer than 1 hour vs. no physical activity 2.78 (1.50-5.16)

Number of daily meals 0.08 

Less than 3 vs. more than 6 0.44 (0.15-1.25)

3-5 vs. more than 6 0.81 (0.31-2.09)

Last episode of eating 0.51

Before 17 hours vs. after 20 hours 0.45 (0.08-2.54)

Between 17 and 20 hours vs. after 20 hours 0.82 (0.52-1.31)

OR, Odds Ratio; CI, confidence interval

Table 4. The individual effects of categorical predictors variables 
for the presence of abdominal obesity obtained by logistic 

regression analysis

Discussion

This study evaluated relation between leisure-time physical 
activities, eating habits and abdominal obesity in women 
of childbearing age.
The results revealed that physical activity during leisure-
time was a potential risk factor for abdominal obesity. Eat-
ing less than 3 meals a day and eating last meal before 20 
hours, especially before 17 hours protect from abdominal 
obesity. 
Overall, normal weight women and overweight women 
have become more “abdominally obese.” It is possible that 
women of childbearing age will be particularly vulnerable 
to weight gain. Physical activity can protect against weight 
gain. However, an ideal level of physical activity does not 
by itself ensure a normal weight (Hankinson et al., 2010; 
Ladabaum et al., 2014).
In this study, there were almost two times as many physi-
cally inactive respondents in the non-abdominal obesity 
group than in abdominal obesity group. Respondents from 
abdominal obesity group reported high physical activity 
compared to the non-abdominal obesity group. Physical 
activity during leisure-time was a risk for abdominal obesi-
ty; more active respondents had a higher risk of becoming 
obese.  Similarly, the Copenhagen City Heart Study by Pe-
tersen, Schnohr and Sorensen (2004) indicated that high 
leisure-time physical activity increased the risk of becom-
ing obese in the following ten years.
Body weight is regulated through the balance between 
energy intake and energy expenditure. For weight control, 
many researchers recommend regular exercise to increase 
energy expenditure (Westerterp, 2017). Some researchers 
suggest that exercise not only has a direct effect on en-
ergy balance through energy expenditure, but also has an 
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In this study eating less than 3 meals a day in total protect 
from abdominal obesity. Some studies have demonstrated 
that three meals a day pattern has been linked to several 
health benefits, such as a lower prevalence of obesity and 
a higher consumption of fruits and vegetables (Tavoularis 
and Mathé, 2010; Fulkerson et al., 2014; Sobal and Han-
son, 2011; Hammons and  Fiese, 2011).   Observational 
trials in humans indicate that eating more often than three 
times a day may play a role in overweight and obesity 
(Howarth et al., 2007) and that frequent eating predispos-
es to a higher energy intake by increasing food stimuli and 
difficulty controlling energy balance (Duval et al., 2008). 
On the other hand, some studies have demonstrated that 
low meal frequency is associated with higher 24-hour in-
sulin concentrations when compared with high meal fre-
quency. Eating multiple, small meals may suppress hunger 
and overall serum insulin concentrations (Bellisle, McDe-
vitt and Prentice, 1997). Insulin inhibits lipase enzyme ac-
tivity and increases fat deposition. Since insulin is related 
to fatty acid storage, meal frequency may be one of the 
factors affecting body weight.
Well-controlled intervention studies do not support an 
association between eating frequency and body weight 
(Palmer, Capra and Baines, 2009).
Some studies have suggested that eating patterns, which 
describe the temporal distribution of eating events across 
the day, may be related to obesity. Berg et al. (2009) re-
ported that being obese was associated with a meal pat-
tern shifted to later in the day.
In this study in the non-abdominal obesity group was more 
respondents who consumed last meal before 20 hours, 70 
(46.6%) than in the abdominal obesity group, 62 (41.3%). 
Eating last meal before 20 hours, especially before 17 
hours in total protect from abdominal obesity.
De Castro (2004) has indicated that greater consumption of 
carbohydrate at breakfast is associated with lower energy 
and carbohydrate intake over the day whereas greater intake 
in the evening is associated with higher daily energy and 
macronutrient intake. Limiting and/or avoiding food before 
nighttime sleep has been proposed as a weight loss strategy.
Contrary, Waller et al. (2004) demonstrated that having a 
structured, post-dinner snack resulted in lower total daily 
caloric intake, evening caloric intake and modest weight. 
Recent studies investigating the impact of pre-sleep nutri-
ent intake have reported positive physiological outcomes 
(Kinsey and Ormsbee, 2015). Less food was consumed 
at dinner when it was known that an evening snack would 
be available. 
Our study has limitations. While waist circumference is 
measured, levels of physical activity during leisure-time, 
number of daily meals and last episode of eating are self-
reported. Number of daily meals may be under-reported 
and physical activity overestimated, but this cannot explain 
the high rates of no leisure-time physical activity in our 
study.
Given the limitations of this study, there is a particular need 
for studies that have long periods of follow-up and objec-
tive assessment of physical activity.

Conclusion

Abdominal obesity is a chronic metabolic disease result-
ing from an imbalance between energy intake and energy 
output. Genetic and environmental factors play a major 
role in the development of abdominal obesity. Among 
these factors are excessive caloric and food intake, in-
sufficient physical activity, individual metabolism, genetic 
predisposition, family history of obesity and behavioral 
factors. The defining feature is excess body fat. High-fat 
foods are energy dense and generally considered palat-
able, which encourages overconsumption. This study 
suggests that physical activity during leisure-time alone 
does not necessarily burn extra calories.  Physical activity 
acutely increases fat oxidation.  Recent studies showed 
that exercise intensity and duration are important deter-
minants of fat oxidation. Fat oxidation rates increase from 
low to moderate intensities and then decrease when the 
intensity becomes high. The mode of exercise can also 
affect fat oxidation, with fat oxidation being higher dur-
ing running than cycling. Combination exercise training, 
aerobic and resistance training, gave great benefits for 
weight loss (Kang et al., 2009). Increasing fat metabolism 
could potentially reduce the abdominal obesity in women 
of childbearing age.
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Abstract
The aim of this study was to investigate habits and opinions on dietary supplements intake among male fitness users with nonprofes-
sional sport background from Sarajevo - Bosnia and Herzegovina. Overall, sample consisted of 564 participants aged 18-40. Designed 
questionnaire was used to gain results in 7 largest fitness facilities in Sarajevo. Descriptive cross-sectional analysis was used to ana-
lyze results of the questionnaire. Dietary supplements were used by 71,81% (n = 405), of which 46,81% (n = 264) used them on daily 
basis, while 25.00% (n = 141) participants consumed supplements occasionally. Whey protein (50.37%) was most common choice, 
followed by amino acid (17.78%) and creatine (14.07%). Muscle gain (59.75%) was the main reason for supplementation usage with 
40% of subjects (n=303) enquiring basic information’s about supplements trough web search. Therefore, we conclude that additional 
effort in educating consumers and employees working with fitness users is essential. 

Key words: proteins, recreation, exercise, dietary habits 

Introduction

Over the last few years the leading problem of society is 
hypokinesis (Ćirić et al. 2015). In a society, where great 
number of people want it all: youth, healthy body, good 
looks, business success, energy, happiness etc., gyms are 
presented as places that can give you all of that. Gyms can 
be found in almost every corner, which enables everyone 
to do sports and to spend their time in a quality manner. 
To get into shape, gym users often use dietary supple-
ments. Industry of dietary supplements is one of the fast-
est growing industries in the world. Dietary supplements 
are defined as products which supplement normal diet and 
are sources of vitamins, minerals and other substances 
with nutrient of physiological effect (Wiens et al., 2014; 
Aljaloud & Salam, 2013; Šoški et al.,2016; Nabuco et al., 
2017). Studies have shown that dietary supplements are 
most commonly used by top-level athletes in range of 48% 
to 99%  (Petróczi et al., 2008; Baylis et al., 2001; Wiens et 
al., 2014;Diehl et al., 2012). However, recreational athletes 
reported regular use of these products in range of 36% 
to 85% (Goston, J. L., & Correia, M. I. T. D., 2010; Na-
buco et al., 2017; Attlee et al., 2017; Salami et al., 2017). 
Prevalence of dietary supplements consumption is higher 
among male population than female (Tian, et al., 2009). 
Most common reasons for using supplements in fitness 
consumers are muscle gain, strength, and physical per-

formance (El Khoury, D., & Antoine-Jonville, S., 2012, Bi-
anco, et al., 2014). These results indicate that recreational 
athletes, as well as top level athletes, consider that usual 
diet cannot provide desired improvement (Bishop, 2010), 
which is closely related to quality information which most 
recreational athletes get from their fitness coaches (Burns, 
et al., 2004). Since it has great effect on health, educa-
tion around dietary supplement usage is very important 
issue. A small number of studies conducted in terms of 
habits, knowledge and usage of dietary supplements in 
recreational athletes and fitness consumers in Bosnia and 
Herzegovina was reported. Therefore, the aim of this study 
was to conduct a research on habits, trend of use of and 
attitudes towards dietary supplements among male recre-
ational athletes (fitness consumers) in Canton Sarajevo.

Materials and methods
This cross-sectional study was carried out in 7 largest 
gyms in the Canton Sarajevo, the biggest city in Bosnia 
and Herzegovina, from December 2015 to February 2016.

Selection of participants
Inclusion criteria: male fitness consumers aged 18 to 40, 
who visit the gym regardless of their socio-economic sta-
tus. All subjects signed formal consent after they have 
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been informed about the purpose and the aim of the re-
search. The sample of subjects (n=564) is calculated in 
the following equation (Goston, J. L., & Correia, M. I. T. D., 
2010):

where p estimated the proportion of individuals who use 
supplements (35%), z the normal distribution (defined as 
1.96 for research with 95% confidence), and e the margin 
of error (4%) (El Khoury, D., & Antoine-Jonville, S., 2012).

Questionnaire 
A specifically designed questionnaire was used to col-
lect data for the research. The administered questionnaire 
consisted of 7 items. The first group of questions includes 
gender and sport related feature, frequency of work-out 
during the week. Second part of the questionnaire in-
cluded questions related to usage of supplements. In this 
part, subjects answered the questions whether they use 
the supplements and if, yes, which one do they use, the 
reasons for using them, their priorities and the sources of 
information on supplements.   

Statistical analysis 
Statistical data analyses were performed using SPSS 21.0 
for Windows (SPSS Inc., Chicago, USA). Descriptive sta-
tistics which includes terms of frequencies and percent-
ages were used.

Results 

This study was focused on the usage of dietary supple-
ments among men (n = 564) recreational athletes in Sara-
jevo, Bosnia and Herzegovina. As shown in Table 1, great 
number of subjects (53.19%) work-out 5 or more times 
a week.  Almost 40% of subjects (303/564) got basic in-
formation about supplements through Internet, 21.81% of 
them got information from their fitness coach, 12.23% of 
them got information from shops, which sell supplements 
and 10.11% of them got information from their friends. 
Dietary supplements were used by 71,81% (n = 405), 
of which  46,81% (n = 264) uses them every day while 
25.00% (n = 141) of them sometimes use supplements 
as shown in Figure 1. 

Figure 1. Intake of nutritional supplements

Three most common used supplements by subjects (n = 
405) are Whey protein (50.37%), amino acid (17.78%) and 
Creatin (14.07%). The most common reason for usage of 
supplements is improvement of muscle gain (59.75%). 
Other two reasons were: improvement of the immune sys-
tem (28.64%) and reduction of body fat (11.60%). The fact 
that priorities, when buying supplements, are not deter-
mined by price (17.53%), but the proportion of price and 
quality (43.21%)  and the quality itself (39.26%) is com-
mendable. 

Discussion 

The aim of this research was to understand prevalence of 
usage and attitudes of dietary supplements intake among 
male recreational athletes (fitness consumers) in Sarajevo, 
Bosnia and Herzegovina. Our study presents one of the 
first studies which points to distribution and usage of sup-
plements in recreational athletes, in Sarajevo gyms, Bosnia 
and Herzegovina. 
Gyms are one of the key markets for distribution of supple-
ments (Attlee et al., 2017) where 71,81% of subjects use 
supplements, as confirmed in this research. These results 
are almost equal to the ones achieved in USA 84.7% (Mor-
rison, Gizis, & Shorter, 2004), Montenegro 81% (Šoški 
et al. 2016). However, results are significantly higher in 
relation to the studies conducted in Brazil 51.5% (Rossi 
& Tirapegui, 2016), Lebanon 36.3% (Khoury & Antoine-
Jonville, 2012), Spain 56.14% (Oliver et al. 2008). These 
variances in results can be attributed to the types of gyms 
in which these studies are conducted, different ways of 
data collection and lack of education on supplements. (At-
tlee et al., 2017; Khoury & Antoine-Jonville, 2012).
This study showed that the main reason for using dietary 
supplements is the increase of body mass (59.75%) which 
was expected since the most recreational athletes are male 
(Attlee et al., 2017). Great percentage of recreational ath-
letes, who use dietary supplements, can be attributed to 
the lack of education on supplements and their potential 
negative effects on health. Due to previous studies (Diehl et 
al., 2012; Giannopoulou et al., 2013) we found that Inter-
net (39.89%) and fitness coaches are the primary source 
of information for recreational athletes. These results are 
troublesome, because the quality of information comes 
from “questionable” sources. Keat, Saad, & Phing, 2017 
claim that most fitness coaches have very little knowledge 
about specialized sport nutrition and their advice should be 
taken with great care. Salmi et al. 2017 showed that even 
63% of supplement users said that they had at least one of 
the seven side effects. 
This desire for being „bigger “and „more muscular “ne-
glects the fact that illnesses such as heart diseases and 
diabetes type 2, are related to the increase of body mass. 
Similar to previous studies, our study showed that supple-
ments that are most commonly used are Whey protein 
50.37% and Whey aminos 17.78%. (Attlee et al., 2017; 
Morrison et al., 2004; Goston, J. L., & Correia, M. I. T. 
D., 2010). Although Whey proteins and amino acids are 

n=
p∙(1-p)∙z2

e2
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Response n %

Gender 100

Men 564 100

Women / /

How much do you work-out during the week? 100

Not at all 57 10,11

1 do 3 trainings 63 11,17

3 do 5 trainings 147 26,06

5 and more trainings 300 52,66

From whom do you get your information about supplements? 100

Internet 225 39,89

Fitness coach 123 21,81

Protein shop 69 12,23

Friend  57 10,11

Magazine 72 12,77

Club 18 3.19

Do you use supplement? 100

Yes 264 46,81

No 159 28,19

Sometimes 141 25,00

Which supplements do you usually use? 100

Whey protein 204 50.37

Whey aminos 72 17.78

Creatin 57 14.07

Glutamic acid 33 8.15

Fish oil 15 3.70

Pre-workout 12 2.96

Testosterone boosters 12 2.96

Reasons for using supplements? 100

Increase of body mass 242 59.75

Improvement of immune system 116 28.64

Reduce of body fat 47 11.60

Where do you buy supplements? 405 100

Supplement Shop 303 74.81

Sport club 49 12.10

Internet 25 6.17

Dealers/forums 15 3.70

Coach 13 3.21

What are your priorities when buying supplements? 405 100

Proportion of price and quality 175 43.21

Quality 159 39.26

Price 71 17.53

Table 1. Usage of and beliefs of dietary supplements among recreational athletes (n=564)
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included in many metabolic processes and therefore are 
relevant for synthesis of several body structures, their con-
sumption without a well-planned and organized training 
does not necessarily lead to the increase of body mass 
and strength. Many authors consider that top-level athletes 
need extra proteins used in their regular diet or as a supple-
mentation (Maughan, King & Lea, 2004; Fox et al., 2011; 
Williams M., 2005), while recreational athletes and periodi-
cal gym users do not need additional supplements in their 
diet. (Duran et al., 2013; Campbell et al., 2007).
Recreational gym users are under a lot of influence of In-
ternet and social media. Therefore they get the wrong im-
age in the process of creating a „perfect body“. One of 
the biggest problems is the quality of supplements, which 
includes lower quality that comes with the lower price. The 
fact that amateur athletes, included in this research, do 
not consider price more important than quality, although 
economic factor can significantly influence the choice of 
supplements, is commendable. 

Conclusion 

The new trend of health improvement is included by a great 
number of people in recreational work-out and sports. Great 
number of people who visit gyms, use dietary supplements 
and without adequate knowledge or real need for them. Re-
sults obtained in this study point to the fact that 71.81% of 
subjects use dietary supplements, and basic information 
are received mostly from the Internet (39.89%). Therefore, 
it is necessary to invest additional efforts to educate not 
only healthcare workers but all people that work with rec-
reational athletes in fitness centers and gyms, in order to 
establish a safe and rational use of supplements.  

Acknowledgments
Authors of this study would like to thank all participants 
and gym owners and workers for their cooperation.

References

Aljaloud, S. O., & Salam, I. A. (2013). Use of Dietary 
Supplements among Professional Athletes in Saudi Arabia. 
Journal of Nutrition and Metabolism, 2013, 7.

Attlee, A., Haider, A., Hassan, A., Alzamil, N., & Hashim, 
M. (2017). Dietary Supplement Intake and Associated Fac-
tors Among Gym Users in a University Community Users in 
a University Community. Journal of Dietary Supplements, 
0(0), 1–10. https://doi.org/10.1080/19390211.2017.132
6430

Balish, S. M., Conacher, D., & Dithurbide, L. (2016). Sport 
and recreation are associated with happiness across coun-
tries. Research quarterly for exercise and sport, 87(4), 
382-388.

Baylis, A., Cameron-Smith, D., & Burke, L. M. (2001). 
Inadvertent doping through supplement use by athletes: 

assessment and management of the risk in Australia. Inter-
national journal of sport nutrition and exercise metabolism, 
11(3), 365-383.

Bianco, A., Mammina, C., Thomas, E., Ciulla, F., Pupella, 
U., Gagliardo, F., ... & Palma, A. (2014). Protein supple-
ments consumption: a comparative study between the city 
centre and the suburbs of Palermo, Italy. BMC sports sci-
ence, medicine and rehabilitation, 6(1), 29.

Bishop, D. (2010). Dietary supplements and team-sport 
performance. Sports medicine, 40(12), 995-1017.

Burns, R. D., Schiller, M. R., Merrick, M. A., & Wolf, K. 
N. (2004). Intercollegiate student athlete use of nutritional 
supplements and the role of athletic trainers and dietitians 
in nutrition counseling. Journal of the American Dietetic 
Association, 104(2), 246-249.

Campbell, B., Kreider, R.B., Ziegenfuss, T., La Bounty, P., 
Roberts, M., Burke, D., Landis, J., Lopez, H., & Antonio, 
J. (2007). International Society of Sports Nutrition position 
stand: protein and exercise. J Int Soc Sports Nutr, 4:8.

Ćirić, A., Čaušević, D., & Bejdić, A. (2015). Differences in 
posture status between boys and girls 6 to 9 years of age. 
Homo Sporticus, 17(1).

Diehl, K., Thiel, A., Zipfel, S., Mayer, J., Schnell, A., & 
Schneider, S. (2012). Elite adolescent athletes’ use of di-
etary supplements: characteristics, opinions, and sources 
of supply and information. International journal of sport 
nutrition and exercise metabolism, 22(3), 165-174.

Duran, A.C., Diez Roux, A.V., Latorre Mdo, R., & Jaime, 
P.C. (2013) Neighborhood socioeconomic characteristics 
and differences in the availability of healthy food stores and 
restaurants in Sao Paulo, Brazil. Health Place, 23:39–47.

El Khoury, D., & Antoine-Jonville, S. (2012). Intake of nu-
tritional supplements among people exercising in gyms in 
beirut city. Journal of nutrition and metabolism.

Fox, E.A., McDaniel, J.L., Breitbach, A.P., & Weiss, E.P. 
(2011). Perceived protein needs and measured protein in-
take in collegiate male athletes: an observational study. J 
Int Soc Sports Nutr, 8:9.

Giannopoulou, I., Noutsos, K., Apostolidis, N., Bayios, I., & 
Nassis, G. P. (2013). Performance level affects the dietary 
supplement intake of both individual and team sports ath-
letes. Journal of sports science & medicine, 12(1), 190.

Goston, J. L., & Davisson Toulson, I. M. (2010). Intake of 
nutritional supplements among people exercising in gyms 
and influencing factors. Nutrition, 26(6), 604–611. https://
doi.org/10.1016/j.nut.2009.06.021

Keat, L. L., Saad, H. A., & Phing, C. H. (2017). Intake of 
Nutritional Ergogenic Aids among Malaysian Team Sport 
Athletes. International Research Journal of Education and 
Sciences, 1(1), 40–46.

Khoury, D. El, & Antoine-Jonville, S. (2012). Intake of Nu-
tritional Supplements among People Exercising in Gyms 



 
 
HOMO SPORTICUS ISSUE 2 2017

 
 

23

in Beirut City. Journal of Nutrition and Metabolism, 12. 
https://doi.org/10.1155/2012/703490

Maughan, R.J., King, D.S., & Lea, T. (2004). Dietary sup-
plements. J Sports Sci, 22:95–113. 24.

Morrison, L. J., Gizis, F., & Shorter, B. (2004). Prevalent 
Use of Dietary Supplements Among People Who Exer-
cise At a Commercial Gym. International Journal of Sport 
Nutrition and Exercise Metabolism, 2004(14), 481–492. 
https://doi.org/10.1123/ijsnem.14.4.481.

Nabuco, H. C. G., Rodrigues, V. B., Barros, W. M. D., Rav-
agnani, F. C. D. P., Espinosa, M. M., & Ravagnani, C. D. 
F. C. (2017). Use of dietary supplements among Brazilian 
athletes. Revista de Nutrição, 30(2), 163-173.

Oliver, A. J., Leon, M. T., & Hernández, E. G. (2008). Statis-
tical analysis of the consumption of nutritional and dietary 
supplements in gyms. Archivos latinoamericanos de nutri-
cion, 58(3), 221-227.

Petróczi, A., Naughton, D. P., Pearce, G., Bailey, R., Blood-
worth, A., & McNamee, M. (2008). Nutritional supplement 
use by elite young UK athletes: fallacies of advice regard-
ing efficacy. Journal of the International Society of Sports 
Nutrition, 5(1), 22.

Rossi, L., & Tirapegui, J. (2016). Exercise dependence and 
its relationship with supplementation at gyms in Brazil. Nu-
trición Hospitalaria, 33(2), 431–436.

Salami, A., Ghaddar, A., Aboumrad, E., & Joumaa, W. H. 
(2017). Dietary Supplement Use in Sport Gyms in Lebanon: 
Are They Necessary and are There Side-Effects?. Interna-
tional Journal of High Risk Behaviors and Addiction, 6(1).

Šoški, M., Brižita, Đ., Velji, M., & Velji, S. (2016). Analiza 
upotrebe dijetetskih suplemenata me đ u rekreativnim spor-
tistima u Podgorici , Crna Gora. Arh.farm, (66), 91–102.

Tian, H. H., Ong, W. S., & Tan, C. L. (2009). Nutritional 
supplement use among university athletes in Singapore. 
Singapore Medical Journal, 50 (2), 165.

Wiens, K., Erdman, K. A., Stadnyk, M., & Parnell, J. A. 
(2014). Dietary supplement usage, motivation, and edu-
cation in young Canadian athletes. International journal of 
sport nutrition and exercise metabolism, 24(6), 613-622.

Williams, M. (2005).Dietary supplements and sports per-
formance: amino acids. J Int Soc Sports Nutr, 2:63–67.

Submitted: September 30, 2017
Accepted: November 10, 2017
Corresponding author:
Denis Čaušević, MA
Faculty of Sport and Physical Education, 
University of Sarajevo
Bosnia and Herzegovina
email: causevic.denis@hotmail.com



 
 

HOMO SPORTICUS ISSUE 2 2017

 
 
24

Faris Rasidagić and Edin Mirvić

BODY TOTAL WATER BEFORE AND 
AFTER THE CLASS OF PHYSICAL 
EDUCATION AND SPORT
Faculty of Sport and Physical Education University of Sarajevo, Bosnia and Herzegovina

Research article 
UDC: 613.3: [371.3:796]

Abstract
The aim of this study is to determine the need for rehydration of male students during the class of physical education and sport. The 
methodical-organizational form of work that was applied in class is named assault course. The activity was monitored with the use 
of pedometer, which  registered a number of steps in class. Total number of monitored male subjects was 29. The following were 
analyzed: number of steps, body weight before and after the class and BTW worth before and after the class. After applying ANOVA 
analysis, the results showed registered weight loss, but without statistical significance. Besides weight loss, the BTW worth loss that 
was registered, had statistical significance. The analyzed BTW shows the need for an organized rehydrating of students. So, during 
the class of physical education and sport, it is necessary to provide the students with liquid. It is preferred to check the results of this 
study within other age categories or within different conditions of realization of teaching content.

Key words: Number of steps, Assault courses, Body liquids, Students 

Introduction

Positive transformation of anthropological status occurs 
under the influence of the contents in class of physical 
education and sport (Burgeson, Wechsler, Brener, Young 
& Spain, 2001). Because of this, it can be concluded that 
the implementation of educational activites can always be 
interesting for reserach. Greater efforts in training affects 
on larger transformation, i.e. their higher work intensity 
(Thivel and Duché, 2013). If the student becomes familiar 
with the significance of the need to move, it is assumed 
that there will be more effort in the class. In teen age, male 
population is more active in comparison to female popula-
tion (Amstrong, Welsman, 2006.).
Other research has shown that females, for example, 
use school holidays as a time for realization of differ-
ent exercise programs (Mota et al 2005). A number of 
authors (Thivel and Duché, 2013), noted the positive 
significance of moving activity, which should be encour-
aged while young persons are in school. While at school, 
they have gym teacher supervising them and who can 
teach them, when they finish school, to practice on 
their own (Corbin et al, 2007, Bowles, 2012). Par t of 
the class analyzed in this work is recovering liquid dur-
ing the class. Water is essential for normal functioning 
of the organism (Popkin, D’Anci and Rosenberg, 2010), 
but, individual pauses for recovering liquid  can disrupt 
organized work in class. By students leaving their posi-

tions, formations, apparatus and teacher’s tools without 
supervision, can cause danger to other students. There-
fore, in this research, the goal is set to determine the 
need for rehydration during the class of physical educa-
tion and sport. If the need for rehydration really exists, 
the teacher should be the one to provide it. The pause 
for rehydration, instead sporadic intake of fluids, can 
be sensibly organized for the students during the class. 
That will be the way to improve safety during work, but 
also provide the satisfaction of real physiological need 
of all students. Aim of this research is to determine the 
need for rehydration of male students during the class of 
physical education and sport.

Methods of work

Sample of examinees
The sample of examinees consisted of students from high 
school in the Canton of Sarajevo. Total number of moni-
tored male examinees was 29. All students were com-
pletely healthy during the class and research process. All 
students were regularly attending class of physical edu-
cation and sport and voluntarily agreed to participate in 
the work in class. Age of examinees ranged from 17 to 
18 years.
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Sample of variables
The size of school gym in which educational content was 
realized is 20 m x 15 m. The temperature in the school 
gym was continually 20 to 21 degrees Celsius, and me-
thodical-organizational form of work that was applied was 
an assault course (Hmjelovjec et al, 2005). Depending on 
the part of educational class, different single-path assault 
courses were applied during the class, in order ro prevent 
the saturation or boredom within students. 
Treated variables in this study, which are considered to be 
able to provide appropriate indicators of work, loss of fluids 
and the need for recovering it are:

- Number of steps made during the class (NS)
- Body weight of students before and after the class 

(BM1 and BM2)
- BTW worth before and after the class(BTW1 and 

BTW2)

Description of class structure
In the first part of the class, students made an average of 
383,5 or 15% of the total number of steps.

Scheme 1. Assault course in the introductory part of the class, 
lasting 4,5 minutes

Description of an assault course 1:
1. Start
2. By-passing the cones
3. Slipping through the hoop
4. Jumping into the hoop, raising it and putting it 

down the body
5. Rounding cones
6. Two-leg hops through the hoops
7. By-passing the cones
8. Slipping through two and two hoops
9. Skips from one foot to other from hoop to hoop
10. Running through the finish line

In the second part of the class, students made an average 
of 178,9 steps or 7% of the total number of steps.

Scheme 2. The preparatory part of the class, lasting 9 minutes

Scheme 2 Agenda: S – student, T – teacher

Description of Scheme 2 exercises:
1. Heel position, arms bent at the elbows, run side circles
2. Push ups
3. Lie down on stomach
4. Bend the torso forward
5. Two-leg hops
6. Squats
7. Straddle stand with hands on hips, deep half squats

In the third main „A“ part of the class, students made an 
average of 1022,8 or 40% of the total number of steps.

Scheme 3. Assault course in main „A“ part of the class, lasting 
18 minutes

Description of scheme 3:
1. Start
2. By-passing around the cones
3. Running across the beam
4. Rounding the cone
5. Slipping through parts of sweden crate
6. Rounding the cone and two-leg hops over hurdle
7. Hops from one foot to other from hoop to hoop
8. Rounding the cone and playing „Hopscotch“

Note for assault course 3: First nine minutes was realized 
by moving with face forward, while other nine minutes the 
same assault course was realized by moving backward.
In third main „B“ part of the class, students made an aver-
age of 613,6 or 24% of the total number of steps.

Scheme 4. Assault course in main B part of the class, lasting 9 
minutes

Description of scheme 4:
1. Start
2. Skipping over a hurdle
3. Running around the cone
4. Running through the finish line

In the final part of the class, students made an average of 
306,8 or 12% of the total number of steps.
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Scheme 5. Assault course in the final part of the class, lasting 
4,5 minutes

Description of scheme 5:
1. Throwing the ball in the basket (by hands)
2. Throwing the ball in the box (by hands)
3. Bowling and hitting cones (by hands)
4. Scoring the goal (kick by foot)

Methods of collecting data
Weight of the students was measured by TANITA scale 
(model BC-418 MA). The number of steps was monitored 
by using pedometer appropriate for the research process 
(Schofield, Mummery & Schifield, 2005) which was at-
tached to the belt of each tested student.

Methods of processing data
The collected data were processed in program SPSS 22 
(license owned by the Faculty of Sports and physical edu-
cation in Sarajevo). Descriptive data analysis was applied, 
as well as ANOVA analysis for determining the difference 
between the initial and final measurements.

Results

Table 1.  Basic characteristics of a sample - Boys   

Characteristics n Mean SD

Body mass 
(kg before exercise) 29 79,85 8,48

Body mass 
(kg  after exercise 29 78,98 8,41

Number of steps 29 2557 661,0

Agenda:  n - number tested,  Mean - average value, SD - standard 
deviation

In the first stage of analyzing data, descriptive statistical 
data was observed. Weight of the boys before exercis-
ing was 79, 85 while after exercising dropped to 78,98. 
Number of steps was an average of 2557 for one student. 
Length of steps of all students was measured and the aver-
age value was 65 cm (Rašidagić, Mirvić, Nikšić, 2015).

Table 2. ANOVA analysis of weight,  Boys 1:Boys 2

Sum. 
of  Sq. 

df Mean F Sig. 

Between Groups 18,28 1 18,28 ,255 ,61
Within Groups 39,66 55 71,63
Total 39,94 56

Agenda: Sum. of Sq. - Summary of Squares. df – difference, 
Mean – average, F–frequency, Sig–significance of difference 

Table 2. which contains the results of ANOVA analysis, 
is testing the difference in weight, which is descriptive 
evident in table 1. ANOVA analysis showed a statistically 
insignificant significance (,61) which confirms that the dif-
ference between loss of body weight through sweat is not 
significant.

Table 3. ANOVA analysis TBW,  Boys 1: Boys 2 

Sum. 
of  Sq. 
Boys

df 
Boys

Mean 
Boys

F 
Boys

Sig. 
Boys

Between 
Groups

2.658 9 295.0 210.4 .000

Within 
Groups

.027 19 .001

Total 2.685 28

Agenda: Sum. of Sq. - Summary of Squares, df  – difference, 
Mean – average, F–frequency,  Sig–significance of difference 

The results of ANOVA analysis – table 3, ratio of BTW be-
fore and after the class have noted a statistically significant 
difference. ANOVA analysis confirmed the level of signifi-
cance (,00) for the boys who actively worked in class, 
which voids the previous assumption that the difference 
between loss of body fluids before and after the class is 
statistically insignificant.

Discussion

During the exertion in class, students lose their body 
fluids and they sense that by feeling thirsty. By this re-
search, it is checked if that feeling is realistic. First thing 
determined,  was the number of steps that students made 
during the class. These steps were tracked by pedom-
eter, during theclass which lasted 45 minutes (Schofield, 
Mummery & Schifield, 2005). In order to objectify if it 
was necessary to make an organized break and allow 
recovering the fluids, the loss of fluids was checked by 
monitoring body weight changes before and after the 
class. Basically, stated weight loss can be explained by 
the loss of fluids through sweat, as a result of effort that 
is caused by implemented class. It is stated by Silva et 
al (2010) that this can be the way to perform the check 
for dehydration. There are three ways to check: 1 – urine 
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color control, 2 – weighing before and after physical ac-
tivities and 3 – measuring with different measurement 
instruments that show the structure of the body build. 
This research applied one more way to check the loss 
of fluids – the structure of BTW worth. The students 
implemented teaching contents during the class which 
lasted 45 minutes. The methodical-organizational form of 
work that was applied in class called „single-path assault 
course“ is explained in the book published by Hadžikunić 
and Mađarević (2004). During the class activity, the boys 
made 2557 steps. 
The implementation of assault course in class enables 
high intensity of work in class of physical education and 
sport, and causes greater effort and by that, greater loss 
of fluids through sweat. In a positive sense, greater effort 
contributes to a faster transformation processes of an-
thropological status, which directly affects the student’s 
motivation to work and active participation in the teach-
ing process (Wallhead, Garn, Vidoni, Youngberg, 2013). 
By checking the weight of students before and after the 
class, we concluded that it dropped, which is caused by 
loss of fluids through sweat. However, that weight loss 
did not show statistical significance. Contrary to this con-
clusion, the check of BTW worth which was also reduced 
after activities, showed to be statistically significant. In 
this kind of relation structure, it is undeniable that stu-
dents should be allowed to make pauses to rehydrate. 
So, the aim of this research is completely accomplished, 
the students should be allowed to rehydrate during the 
class. This approach increases the humanization of 
teaching process, but does not answer the question of 
exactly how much liquid should be recovered (Gobson, 
Gunn, Maughan, 2012). Teachers are left on their own to 
figure out the dilemma whether to make organized pauses 
or to let students make pauses on their own (Cale, Har-
ris, 2006). The statement gains on relevance, particulary 
if the classes are realized with higher intensity forms of 
work. It is preffered to check the results of this research 
within different age categories or within different condi-
tions of realization of teaching content (temperature lower 
or higher than 21 degrees Celsius, open space, bigger or 
smaller size of school gym and similar).

Conclusions

Considering that loss of fluids during the class was con-
cluded as statistically significant, teacher of physical edu-
cation and sport should provide organized pauses in roder 
to rehydrate.
If the teacher does not organize pauses, and the student 
expresses the need, the teacher, considering humanistic 
approach to the work, with his own assessment acquired 
on experience in previous work, should provide fluid re-
covery. On that occasion, he is required to determine if 
the student left the position appropriately considering that 
apparatus or teacher’s tools could cause harm to other 
students.
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