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Association of Motor Abilities and Morphological 
Characteristics with Results on a Rowing Ergometer
Tomislav Sablic1, Sime Versic1 and Ognjen Uljevic1 

1University of Split, Faculty of Kinesiology, Split, Croatia

Abstract

This study aimed to determine the association of morphological characteristics and motor abilities on the results 
achieved on a rowing ergometer. The participants were 36 students of Faculty of Kinesiology of the University of Split, 
Croatia (21 males, 15 females). The sample of variables consisted of a total of 22 variables: 11 variables measuring 
morphological characteristics, 10 motor abilities (predictors), and the result on a rowing ergometer. The ergometer 
variable represented the test result achieved on a rowing ergometer at a distance of 2000 meters. The correlation 
between predictors and criterion was evidenced by Pearson’s product-moment correlation. A big correlation was found 
between rowing 2000 m on an ergometer and wall squat, stand and reach, body height, foot-tapping and calf skinfold 
for men; and body height and mass, calf- and mid-upper-arm-circumference, biceps-, triceps-, subscapular- and calf-
skinfold, medicine ball throw and wall squat test, for women. Success in rowing is directly dependent on morphological 
characteristics and motor abilities. For more detailed analysis, partial influences of each factor, psychophysical 
characteristics, technical and tactical abilities and external influence should be taken into consideration.    

Keywords: motor abilities, morphological characteristics, ergometer, rowing 

Introduction
When the structure of the movement is taken into consider-

ation, rowing belongs to a group of monostructural, cyclic sports, 
characterized by repeated movement structure (McArthur, 
1997). All official rowing races are held on 2000-meters cours-
es and, depending on the discipline, they take between five and 
eight minutes (FISA, 2006). Rowing can be classified as an aer-
obic-anaerobic sport with a dominant aerobic energy compo-
nent (Hagerman, Connors, Gault, Hagerman, & Polinski, 1978; 
Messonnier, Freund, Bourdin, Belli, & Lacour, 1997). At the 
start of the race, in the initial acceleration phase, energy needs 
are covered primally with the anaerobic alactic mechanism; after 
reaching the maximum speed and in a transitional phase, the an-
aerobic lactic system is the primary source of energy production; 
after 90 seconds of the race, the key role in energy production is 
taken by the aerobic energy mechanism (Hagerman, 1984). In 
addition to the energy component, an effective rowing technique 
is essential for success (Secher & Volianitis, 2009). 

A rowing ergometer is a specific training machine that pro-

vides a good simulation of rowing stroke on the water and com-
parable amount of energy expended and, therefore, is most im-
portant training content when training on water is not possible 
for any reason (e.g., strong wind, big waves) (Schabort, Hawley, 
Hopkins, & Blum, 1999). It is often used during winter, in the 
preparation period, and when official rowing ergometer com-
petitions are organized by FISA or national federations (FISA, 
2006). Analyses of force production and movement of the stroke 
found that kinematic and kinetic variables are similar for rowing 
in the boat on the water and on the rowing ergometer; it thus rep-
resents an accurate simulation of rowing (Lamb, 1989; Mikulić, 
Vučetić, Matković, & Oreb, 2005). However, given the absence of 
a technical component, the result on the ergometer should not 
be taken as the only relevant predictor of rowing performance 
in the boat, but rather as an indication of the individual’s current 
state of training. 

Anthropological attributes are organized systems of all char-
acteristics, abilities, and motor information, as well as their in-
terrelations (Breslauer, Hublin, & Zegnal Koretić, 2014). Among 
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others, morphological characteristics and motor abilities are 
parts of the anthropological status of each human being; their 
relationship to success in sport is a matter of interest to many 
researchers (Gardasevic et al., 2020; Krstulovic, Males, Zuvela, 
Erceg, & Miletic, 2010; Trninić, Jelaska, & Papić, 2009). Research 
studies done on rowers have shown that aerobic and anaerobic 
capacities, the strength of lower extremities, body mass and 
height are good predictors of rowing success (Claessens et al., 
2005; Jürimäe et al., 2010; Secher, 1975).

Since, to author’s knowledge, all of the studies done on this 
subject evaluate the performance of active rowers, this research 
aimed to determine the association of morphological character-
istics and motor abilities on the results achieved in the test on 
a rowing ergometer at a distance of 2000 meters on a sample of 
students that have no previous experience in rowing. 

Methods
Participants in this study were 36 students (21 men and 15 

women) of third-year undergraduate study. During the eight-
week course, students learned the technique of rowing on an 
ergometer and prepared physically for the final test of 2000 me-
ters, which was part of their exam. All participants were clinically 
healthy at the time of testing.

The set of variables consisted of 11 variables of morphologi-
cal characteristics, 10 variables of motor abilities, and the test of 
rowing on an ergometer for 2000 meters. The measured morpho-
logical characteristics were: body height, body weight, circum-
ference of the upper arm in flexion, circumference of the lower 
leg, diameter of the elbow, diameter of the knee, biceps skinfold, 
triceps skinfold, scapular skinfold, abdominal skinfold and calf 
skinfold. All measures were taken on the dominant side of the 

body, were measured three times, and the arithmetic mean was 
taken as the final result. Motor abilities were measured with the 
following test: hand taping, leg tapping, broad jump, sitting med-
icine throw, pullups, sit-ups, rowing bar pull, Biering-Sorensen, 
wall squat and standing flexibility. Hand taping, leg tapping, 
broad jump, sitting medicine throw, and standing flexibility tests 
were measured three times, and the best results were taken as 
final, while pullups, sit-ups, rowing bar pull, Biering-Sorensen, 
and wall squat were taken only once because of the fatigue factor. 

All testing was held in the Gusar Rowing Club for two days, 
as ergometer rowing was held on the first day and all other tests 
on the second day. Considering that higher grades in the course 
required better performance on the ergometer, we can assume 
that the motivation factor contributed to the “situational-com-
petitive” conditions.

In statistical analysis, the descriptive statistics included the 
means and standard deviations presented as the true results for 
each variable, and the Kolmogorov-Smirnov test was used for 
testing normality of distribution. To identify the univariate as-
sociations between ergometer variable and morphological and 
motoric variables, Pearson’s product-moment correlation was 
calculated. For all analyses, Statistica 13.0 (TIBCO Software Inc, 
USA) was used, and a p-level of 95% was applied.

Results
The Kolmogorov-Smirnov test (Table 1) showed that vari-

ables broad jump and wall squat for men and pull ups and diam-
eter of the elbow for women are not normally distributed, while 
all other variables have normal distribution. The most significant 
variability was found for sitting medicine throw and wall squat 
for men and Biering-Sorensen for women.

Table 1. Descriptive parameters

Variables Men (n=21)
M±SD

Women (n=15)
M±SD

Kolmogorov-
Smirnov test

hand taping 46.81±5.78 47.13±3.72 0.15

leg tapping 29.19±3.22 28.80±4.25 0.13

broad jump 236.67±19.70 187.67±16.37 0.09

sitting medicine throw 460.34±52.49 342.73±35.96 0.07

pull ups 13.71±4.45 1.13±2.53 0.19

sit ups 53.00±6.39 49.93±6.22 0.12

rowing bar pull 18.33±4.72 22.87±7.80 0.13

Biering-Sorensen 102.52±27.18 146.40±62.89 0.15

wall squat WS 86.09±47.78 80.73±30.57 0.13

standing flexibility 22.19±7.66 30.87±4.21 0.09

body height 180.21±6.87 170.17±6.31 0.09

body weight 77.68±7.94 64.71±8.84 0.12

circumference of the upper arm in flexion 35.24±2.62 29.59±2.08 0.07

circumference of the lower leg 38.41±3.08 37.07±2.43 0.12

diameter of the elbow 6.81±0.38 6.42±0.97 0.16

diameter of the knee 8.98±0.48 8.57±0.91 0.15

biceps skinfold 3.92±0.79 7.44±2.62 0.24

triceps skinfold 8.64±2.35 15.71±3.71 0.11

scapular skinfold 9.89±1.99 13.76±4.15 0.17

abdominal skinfold 4.52±0.99 8.97±3.56 0.22

calf skinfold 6.73±1.96 15.37±4.19 0.18

rowing 2000 m on ergometer 436.42±17.51 514.83±25.28 0.17
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Results of correlation analysis (Table 2) showed big 
correlations between rowing on ergometer and wall squat, 
standing flexibility, body height, leg tapping and calf skin-
fold for men and sitting medicine throw, wall squat, body 

height, body weight, circumference of the upper arm in 
flexion, circumference of the lower leg, biceps skinfold, tri-
ceps skinfold, scapular skinfold, abdominal skinfold and calf 
skinfold for women.

Table 2. Correlation matrix (Pearson’s product-moment correlation)

Variables
Men Women

rowing 2000 m on ergometer 

hand taping -0.31 0.24

leg tapping -0.45 -0.36

broad jump -0.26 -0.23

sitting medicine throw 0.01 -0.67

pull ups -0.37 0.14

sit ups -0.25 -0.13

rowing bar pull -0.03 -0.37

Biering-Sorensen -0.23 -0.01

wall squat -0.58 -0.62

standing flexibility -0.55 0.33

body height -0.46 -0.63

body weight -0.41 -0.92

circumference of the upper arm in flexion 0.01 -0.68

circumference of the lower leg -0.26 -0.75

diameter of the elbow -0.04 -0.18

diameter of the knee 0.29 -0.26

biceps skinfold -0.18 -0.51

triceps skinfold 0.07 -0.68

scapular skinfold 0.18 -0.56

abdominal skinfold -0.31 -0.45

calf skinfold -0.45 -0.56

Discussion
Men

The wall squat test is a measure of the isometric endurance 
of the lower leg muscles (Lubans et al., 2011). More stamina 
and strength in muscles can produce larger amounts of force, 
which can be transported in every stroke; research has shown 
that rowers with stronger legs have better results in races and 
on the ergometer (Jürimäe et al., 2010; Lawton, 2012). The 
correlation between the results on the wall squat test and the 
rowing 2000 m on ergometer can also be explained by the psy-
chological aspect since the motivation to do the test at the max-
imum level can strongly affect the outcome (Marinović, 1990). 
A big correlation for men was also found for the test of stand-
ing flexibility, with which the flexibility of the posterior part of 
the body, mostly the lumbar spine and the hamstring muscles, 
was measured. Optimal flexibility of these muscles enables bet-
ter body position of rower in the relaxing phase of the stroke 
and better preparation to generate more force in the propul-
sive phase (Kleshnev, 2016). Also, decreased flexibility of back 
and leg muscles can cause injuries because at the beginning of 
the stroke tense muscles pull the pelvis and increase flexion in 
lumbal part (Šimić, 2015). The leg tapping test was measured 
to show the speed of movement frequency of the lower extrem-
ities. Movement frequency velocity as a motor ability is defined 
by performing repetitive movements of constant amplitude as 
fast as possible (Sekulić, 2007). Considering that the high tem-
po of the strokes contributes to the speed of the boat, it is easy 

to conclude that maintaining a constant high speed of move-
ment requires a constant high number of strokes, which in race 
races reaches an average of 40 strokes per minute (Kleshnev, 
2016).

The influence of body height on rowing performance has 
been explored in numerous studies as the longitudinal dimen-
sionality (length of extremities) has been noted as one of the 
most important predictors of rowing success (Bourgois et al., 
2000; Bourgois & Vrijens, 2001; Claessens et al., 2005; Mikulić, 
2008). Since the participants in this study were students, the 
correlation was smaller than in previously cited studies done 
on rowers but was also big. The association with results on the 
rowing 2000 m on ergometer was also found for the variable of 
skinfold measured on the calves. Successful rowers, runners, 
and cyclists are characterized by above-average percentages of 
Type I (slow) muscle fibres in the leg, with measured values up 
to 85% (Seiler, 2003). Although it is a general assumption that 
adipose tissue has a negative impact on performance (Jurov et 
al., 2020), researchers have identified, in a group of runners, 
high positive relation of quadriceps and calf skinfold and time 
on 1500 and 10,000 meters so it can be a useful predictor of 
athletic achievement in the previously mentioned endurance 
athletes (Arrese & Ostáriz, 2006). 

Women
On a sample of female students, big correlations were found 

for most of the morphological variables and for wall squat and 
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sitting medicine throw test. The relationship between wall squat 
test and results of 2000 metres on that rowing ergometer has 
already been explained on a sample of male students. Sitting 
medicine throw test is a measure of the explosive power of the 
upper body (Stockbrugger & Haennel, 2001). Although that 
segment of motor abilities is not of high importance for rowing 
success (Jürimäe et al., 2010), we can assume that the results of 
this test is associated by the higher amount of muscle mass in 
the upper body which also positively affects the results on the 
ergometer (Bourgois et al., 2000). 

Confirmation of that finding can be seen by looking at cor-
relations with morphological variables for which big negative 
relations were identified for body weight, body height, both cir-
cumferences (upper arm in flexion and lower leg) and all skin 
folds (biceps, triceps, abdominal, scapular and calf). Active 
muscular body mass is of great importance for rowing because 
of the possibility of generating greater force, which with lon-
gitudinal dimensionality creates the conditions for a longer 
stroke, greater propulsive force and greater speed of movement 
(Claessens et al., 2005). The term “body mass” does not reveal 

much because the amounts of muscle mass and adipose tissue in 
the total body mass are unknown. However, since ballast does 
not have a negative effect rowing on an ergometer, as would be 
the case with rowing on a rowing boat (Nevill, Beech, Holder, 
& Wyon, 2010), increased body mass can be seen primarily as a 
mechanism for achieving a stronger stroke force. 

The findings of this study, although investigated on a sam-
ple of non-rowers, confirmed conclusions of previous similar 
studies which stated that the success in rowing, both in the boat 
and on the ergometer, depends directly on the morphological 
characteristics and motor skills. 

However, for a more detailed analysis of “multidimension-
al” performance, it must be viewed through the specification 
equation, while analysing the partial impact of each factor, psy-
chophysical characteristics, technical and tactical abilities and 
external influences individually.

The results of the conducted research will provide informa-
tion for future research according to which researchers will be 
able to search for morphological, motor and psychosocial and 
other factors that define sports performance.
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Abstract

Currently, muscle activity can be assessed by oxygen muscle saturation (SmO2) measured with near-infrared 
spectroscopy (NIRS), which is a non-invasive technique that can be used in training planning and control, 
but more needs to be known about it. To analyse gender differences in the SmO2 of quadriceps and ham-
strings, in several phases of a maximum stress test. A total of 20 subjects, with an average age of 21 years 
(10 males and 10 females), were the subjects of maximal treadmill exercise testing. We obtained maximum 
oxygen consumption (Metalyzer 3B) and monitored the electrocardiogram continuously. In addition, we 
measured the SmO2 of quadriceps and hamstrings in rest (R), start decline (D) and maximum effort (M), with 
two Humon Hex devices, one placed on the anterior side of the thigh and another on the back. Quadriceps 
SmO2 in males: R=59.4±11.5%; D=48.3±19.1%; M=52.5±13%. Quadriceps SmO2 in women: R=51±11.5%; 
D=48.5±9.4%; M=43.1±6.9%. Hamstrings SmO2 in males: R=56.2±13.1%; D=62.9±9.1%; M=57.5±13.9%. 
Hamstrings SmO2 in women R=56.9±18.9%; D=49.7±7.4%; M=38.2±14.6%. There are no significant differ-
ences between muscles. There are only significant differences in M in hamstrings (p-0.009). SmO2 during 
treadmill exercise is similar in both sexes, but the overall decrease with maximum exercise is greater in 
women’s hamstrings.   

Keywords: near-infrared spectrometry, quadriceps, oxygen consumption, exercise 

Introduction
Muscle oxygen saturation (SmO2) is a specific measure 

used to determine the percentage of oxygen that is captured 
by muscle tissue in oxidative metabolism, in order to obtain 
energy (Inglis, Iannetta, & Murias, 2019). Currently, SmO2 
can be determined thanks to near-infrared spectrometry 
(NIRS) (Farzam, Starkweather, & Franceschini, 2018).

NIRS devices have a safe and non-invasive mechanism 
that report the degree of participation of a specific mus-
cle during activity. This device provides information about 
the muscular activity through an APP, which can be used 
to plan a muscular activity and training control (Grassi & 
Quaresima, 2016). Its management in sports practice is 
simple since it has a wireless design and is easy to apply in 

any field (Koga et al., 2015). 
Furthermore, in much of the bibliography regarding the 

NIRS, differences in SmO2 between men and women during 
physical exercise have not been studied. Generally, they have 
focused on the adult male sports population, and there are 
hardly any studies on women (Louvaris et al., 2018; Jones & 
Cooper, 2018; Baláš, Kodejška, & Krupková, 2018). 

In contrast, various studies have related the SmO2 of 
different muscles, but without considering the relationship 
between antagonists. Contreras-Briceño et al. (2019) ob-
served the different levels of oxygenation of the intercos-
tal musculature and the large lateral muscle. Others have 
studied the erector muscles of the lumbar spine and soleus 
(Chambers, Haney, Huppert, & Redfern, 2019). Another 
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comparison was between the twins and the superficial flex-
or of the fingers (Lagerwaard, Keijer, McCully, de Boer, & 
Nieuwenhuizen, 2019). 

Most studies have used a single device, generally ar-
ranged in quadriceps (Saito, Goda, Yamagishi, & Kawakami, 
2018; McLean, Kerhervé, Lovell, Gorman, & Solomon, 
2016; Spencer, Amano, Kondo, Kowalchuk, & Koga, 2014). 
Therefore, it is interesting to know how the antagonistic 
muscles respond to the same activity.

Other authors have compared SmO2, paying attention to 
different groups according to their sports activity, for exam-
ple, between athletes and non-athletes (Clark et al., 2019; 
Jones & Cooper, 2018) or cyclists and non-cyclists (Crum, 
O’Connor, Van Loo, Valckx, & Stannard, 2017; Saito et al., 
2018). Other works have been carried out to analyse the 
influence of obesity versus overweight (Vasquez-Bonilla et 
al., 2017; Soares, Reimer, Alenezi, Doyle-Baker, & Murias, 
2018).

Given the scarcity of existing scientific literature on the 
NIRS, our study arises from the need to provide basic data 
on muscle oxygenation, taking into account the influence of 
gender and its impact on antagonist muscles.

To analyse gender differences in SmO2 of quadriceps 
and hamstrings, in several phases of a maximum stress test.

Methods
A total of 20 students from the University of Murcia, 

with an average age of 21.9±1.6 years old were included in 
our work: 10 males and 10 females. The inclusive criteria 
were to be between 20 and 30 years old and not presenting 
injuries or defects that prevent the exercise test from being 
carried out.

The study was carried out in accordance with the 
Declaration of Helsinki and was approved by the Research 
Ethics Commission of the University of Murcia. All the par-
ticipants signed the corresponding informed consent doc-
ument. 

All of them performed a maximum stress test on the 
treadmill (model run7411) with a continuous and progres-
sive ramp protocol (1% slope). Testing started at 7 km/h 

with increments of 0.1 km/h every 6 seconds, with a warm-
up phase of 2 minutes at 6 km/h. From it, the maximum 
oxygen consumption was obtained (Metalyzer 3b).

Prior to the start of the stress test, a cardiovascular 
examination was performed at rest. With the patient in a 
supine position, cardiac auscultation, blood pressure, and 
electrocardiogram were performed. Subsequently, the elec-
trodes kept recording throughout the stress test. In addition, 
two Humon Hex® devices were placed, one on the anteri-
or aspect of the right thigh (quadriceps) and the other on 
the posterior aspect of the left side (hamstrings). Each was 
synchronized with a Samsung Tablet connected to the cor-
responding APP, to visualize the information of the SmO2, 
the exercise time and the heart rate. The SmO2 of quadriceps 
and hamstrings at rest (R); at the beginning decline (D) and 
in maximum effort (M) were obtained by the SmO2 / time 
graphs.

The test ends when the subject is exhausted and gestures 
with his hand to start the recovery phase at 3 km/h for 3 
minutes and at rest for another 2 minutes. The tests were 
considered to be maximum and valid when they exceeded 
85% of the theoretical maximum heart rate (220-age), and 
the respiratory quotient was greater than 1.15 (Howley, 
Bassett, & Welch, 1995). Finally, an active recovery period 
of 4 minutes at 4 km/h was carried out.

The data were analysed with the Statistical Package for 
Social Science (SPSS v.24). The quantitative variables have 
been described with the mean and standard deviation, and 
the qualitative ones with the absolute frequency and relative 
frequency. Comparison of the means of independent inter-
group variables (men and women) was performed using the 
t-student test, and the comparison of the means of related 
variables was made with the t-paired test. The relationship 
between variables was studied using the Pearson Test. A 
minimum level of significance of p<0.05 was established.

Results
In Table 1, the basic characteristics of the population 

sorted by gender and the significance of their differences are 
shown.

Table 1. Anthropometric characteristics, according to gender

Characteristics Gender M±SD p

Age (years)
Male 21.90±1.60

0.142
Female 21.00±0.94

Height (cm)
Male 173.51±5.68

0.000
Female 160.30±4.80

Weight (kg)
Male 67.52±8.42

0.018
Female 58.48±7.06

BMI (kg/m²)
Male 22.37±2.05

0.712
Female 22.80±2.92

Girth of the thigh (cm)
Male 48.00±3.50

0.952
Female 48.10±3.81

Fold of the thigh (mm) 
Male 20.90±7.02

0.000
Female 33.80±6.30

The saturation of both muscles in the three phases of ex-
ercise, separated by gender, is shown in Table 2. It is observed 

that there are only significant differences between men and 
women in the hamstring values in maximum exercise.
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When the population is analysed as a whole, it is observed that 
there are no significant differences in the SmO2 in the quadriceps 

versus the hamstrings in any of the three situations studied (Table 3).
The correlations between SmO2 values and anthropo-

Table 2. Muscle saturation in each situation, muscle and gender

SmO2 Muscle Gender N M±SD p

In rest (R)

Quadriceps
Males 10 59.40±11.58

0.121
Females 10 51.00±11.51

Hamstrings
Males 10 56.20±13.15

0.925
Females 10 56.90±18.96

The beginning decline (D) 

Quadriceps
Males 8 48.39±19.11

0.982
Females 8 48.56±9.48

Hamstrings
Males 7 62.99±9.13

0.060
Females 7 49.77±7.46

In maximum effort (M)

Quadriceps
Males 9 52.56±13.00

0.193
Females 10 43.10±16.91

Hamstrings
Males 9 57.56±13.94

0.009
Females 10 38.20±14.61

Table 3. Differences in the SmO2 between muscles in the population as a whole

SmO2 Muscle N M±SD p

In rest (R)
Quadriceps 20.00 55.20±12.03

0.774
Hamstring 20.00 56.55±15.88

The beginning decline (D) 
Quadriceps 9.00 45.31±16.70

0.098
Hamstring 9.00 57.89±10.39

In maximum effort (M)
Quadriceps 19.00 47.58±15.54

0.966
Hamstring 19.00 47.37±17.08

metric variables show that the fold of the thigh is negatively 
correlated with the saturations of both muscles at the time of 

maximum effort; likewise, the girth of the thigh also does it 
with the SmO2 of the hamstrings (Table 4).

Table 4. Correlations between anthropometric variables and SmO2

In Rest Beginning of Decline In Maximum Effort

Q H Q H Q H

Age (years)

Pearson 0.091 -0.237 -0.589 0.243 0.367 0.222

Sig. 0.703 0.315 0.016 0.500 0.122 0.362

N 20 20 16 10 19 19

Height (cm)

Pearson 0.474 -0.005 0.126 0.380 0.409 0.230

Sig. 0.035 0.985 0.641 0.278 0.082 0.344

N 20 20 16 10 19 19

Weight (kg)

Pearson 0.219 -0.155 0.079 -0.140 0.289 -0.209

Sig. 0.354 0.514 0.772 0.700 0.229 0.390

N 20 20 16 10 19 19

BMI (kg/m²)

Pearson -0.197 -0.198 -0.019 -0.559 -0.015 -0.457

Sig. 0.405 0.402 0.945 0.093 0.951 0.049

N 20 20 16 10 19 19

Girth of the 
thigh (cm)

Pearson -0.086 -0.170 0.071 -0.439 0.141 -0.479

Sig. 0.717 0.474 0.795 0.204 0.563 0.038

N 20 20 16 10 19 19

Fold of the 
thigh (cm)

Pearson -0.213 -0.033 0.199 -0.479 -0.638 -0.525

Sig. 0.366 0.891 0.460 0.161 0.003 0.021

N 20 20 16 10 19 19
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Discussion
The objective of the present study was to analyse the differ-

ences between the genders of the SmO2 of the quadriceps and 
hamstring muscles in various phases of a maximal stress test, 
in a total of 20 subjects. Other authors, such as Vitorio et al. 
(2018) and Born, Stöggl, Swarén and Björklund (2017) used a 
similar number to determine if there are effects of rhythmic 
auditory signals during gait on cortical activation and cogni-
tive function or whether heart rate or tissue saturation is af-
fected by the continuous change of intensity in the exercise.

We have focused this work on the analysis of the main an-
tagonist muscles present in the race, comparing SmO2 between 
the quadriceps and hamstrings of the subjects as a whole, in 
which no significant differences were obtained in any of the 
three phases. Therefore, we cannot compare these results with 
other works, since we did not find in the available literature 
any study involving these muscle; most studies are focused on 
the quadriceps (e.g. Saito et al., 2018; McLean et al., 2016).

The results obtained indicated that men have higher SmO2 
values in the hamstrings than women during the maximum 
exercise phase. In contrast, most of the consulted papers 
(Contreras-Briceño et al., 2019; Louvaris et al., 2018; Jones, 
& Cooper, 2018) only evaluated SmO2 in men. Therefore, it 
is difficult to determine if there are differences in relation to 
gender.

We evaluated SmO2 analysis during three different phases: 
rest, the onset of decline, and the highest point of exercise. In 
contrast, different studies evaluated SmO2 at the maximum 
peak of exercise intensity (Koga et al., 2015; Contreras-Briceño 
et al., 2019) or, to a lesser extent, this is combined with the 
measurements at rest (Inglis et al., 2019; Louvaris et al., 2018). 

Furthermore, a relationship between anthropometric 
measurements and oxygen saturation has been sought. Both 
the fold and the girth of the thigh have shown a negative re-
lationship with SmO2 at the moment of maximum effort, that 

is people with a higher fat content have lower SmO2 values. 
In previous studies (Quaresima et al., 2003; Vasquez-Bonilla 
et al., 2017) it was seen that women generally have a greater 
layer of subcutaneous fat, which can cause interference in the 
receptor signal and decrease the reliability.

The stress test was carried out on a treadmill with an in-
cremental ramp protocol; because it is one of the most widely 
used protocols and allows reaching the maximum effort of the 
athlete in a relatively short time (Boone & Bourgois, 2012). 
Despite this, most of the works related to the NIRS have used 
the cyclo-algometer, using an incremental cycling test in a 
laboratory (Koga et al., 2015; Saito et al., 2018). Therefore, 
because they are two different evaluation tests with opposite 
sports gestures, it is not appropriate to make comparisons.

Regarding the limitations of this study, our subjects are 
amateur athletes who present a very similar physical condi-
tion; therefore, since we do not have highly trained subjects, 
we cannot assure that our SmO2 values are representative of 
other populations. Despite this, the values obtained can serve 
as a basis for the study of this sort of population.

NIRS-based technology could be used to improve ath-
lete performance in a non-invasive and safe manner, aiding 
in planning the training according to the physiological char-
acteristics and physical condition of each subject. Also, it is 
a way of keeping track of muscle oxygenation and helping to 
set short and medium-term goals aimed at improving perfor-
mance in physical exercise.

We conclude that the oxygen saturation of the hamstrings 
at maximum effort is different between men and women, 
while there are no differences in the other phases of exercise. 
Likewise, there are no differences in oxygenation between 
both muscles. However, a negative correlation appears with 
the anthropometric measurements of the thigh, that is, the 
higher the percentage of subcutaneous fat in the thigh, the 
lower SmO2. 
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Abstract

The purpose of this study was to analyse the goal-scoring attacks made by the top four teams in the final stand-
ings of the Spanish and Italian 2017–2018 Football League tables. One of the objectives of the study was to com-
pare the match behaviours leading to goal scoring, demonstrated by the aforementioned teams. The sample of 
the study comprised 606 goals, 316 scored in the Spanish League and 290 in the Italian League, and 280 matches. 
The phases were recorded using the SportScout coaching tool. The studied parameters were: time frame in which 
the goals were scored, type of final attempt, type of play that resulted in a goal, type of attack, mode of set play, 
goal-scoring zone, zone of the final pass, starting zone of the attack, and number of passes. The data were statisti-
cally processed using the Crosstabs analysis and the Chi-square significance test. The results showed that the two 
leagues differed in the type of attack and in the offensive zone. The observed differences were possibly due to the 
different approach to the game in the two leagues, with the Spanish teams relying more on organized combina-
tion play, while the Italians showed a greater diversity in their offensive play. 

Keywords: offensive tactics, elite leagues, video analysis 

Introduction
In general, performance in football depends on several 

factors, such as technique, tactics, as well as the mental and 
physical fitness of the players (Stolen, Chamari, Castagna, 
& Wisloff, 2005). As far as in-game behaviour is concerned, 
the game analysis relies on objective observation and the re-
cording and evaluation of technical-tactical actions occur-
ring during a match. The result of these actions (a complete 
attack that may or may not result in goal scoring) can delineate 
the playing strategy of the team (Carling, Williams, & Reilly, 
2005). However, it has been known for many years that a goal 
may lead to a radical shift in a team’s tactical play, depending 
on the impact it has on the final score (Palomino, Rigotti, & 
Rustichini, 1998).

Moreover, some studies highlight the link between goal 
scoring and factors, such as the number of shots taken in rela-

tion to the number of passes during each ball possession, and 
the teams’ style of play (Fernandez-Navarro, Fradua, Zubillaga, 
Ford, & Allistair, 2018; Hughes & Franks, 2005). Other studies 
focus on the time of goal scoring (Campos, Drezner, & Cortez, 
2016; Leite, 2017; Njororai, 2014), showing that most goals are 
scored in the last 15–30 minutes of a game.

At the same time, several studies deal with a specific type of 
goal scoring: set plays (Bar-Eli, & Azar, 2009; Link, Kolbinger, 
Weber, & Stöckl, 2016; de Baranda, & Lopez-Riquelme, 2012). 
Set plays area vital part of the offensive as well as the defensive 
tactics of teams, as it appears to be one of the types of play that 
are most likely to result in goal scoring by the attacking team 
(Armatas, Giannakos, & Hatzimanouil, 2007).

Furthermore, as success in football means scoring at 
least one goal more than theopponent does, great emphasis 
is placed on parameters contributing to goal scoring, as well 
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as creating goal-scoring opportunities (Mitrotasios, Gonzalez-
Rodenas, Armatas, & Aranda, 2019; Wright, Atkins, Polman, 
Jones, & Sargeson, 2011). Diachronic analysis of goal-scoring 
ways, mainly in the case of top teams, may still result in new 
factors and game styles that could help coaches in different di-
visions improve specific offensive tactics that are better suited 
for their teams.

The results of the present study are expected to be of partic-
ular interest, due to the diametrically opposing views on foot-
ball adopted in the two leagues, as Italian teams are expected to 
focus more on defensive tactics, whereas Spanish teams adopt a 
more attacking approach. According to the findings of a recent 
studyon goal-scoring opportunities, Italian teams played with 
shorter offensive sequences, while Spanish teams adopted long 
and combinative attacks (Mitrotasios et al., 2019).

The objective of the present study was to analyse the of-
fensives that led to goal scoring by the top four teams of the 
Spanish and Italian Leagues in the 2017–2018 season. One of 
the objectives was to compare the match behaviours displayed 
by the teams of the two leagues in the case of goal scoring. 
Studying these two leagues is expected to be of particular inter-
est due to their radically conflicting views on football. In Italy, 
the teams appear to focus more on defensive tactics; therefore, 
their style of play could be described as conservative. In con-

trast, Spanish teamsseem to focus mainly on attacking play, 
which results in a more spectacular display. Finally, the cen-
tralresearch hypothesis of the present study is that the styles of 
play resulting in goals in the two leagues differ from each other.

Method
Sample

The sample of the study consisted of 606 goals and 208 
football matches played in Italy and Spain. More precisely, all 
goals scored by the top four teams of the Spanish and Italian 
Leagues in the 2017–2018 season were recorded and studied. 
Each of the teams participated in 38 games in its respective 
league. The reason that we opted to study these two leagues 
was the participation of some of the top European clubs such 
as Inter, Napoli, Roma, Juventus, Atletico Madrid, Barcelona, 
Valencia, and Real Madrid.

Data collection measuring instruments
The parameters studied were the following (Table 1):
1) League, 2) Time frame of goal scoring, 3) Type of at-

tack, 4) Type of set play, 5) Starting zone of attack (Figure 
1), 6) Actions leading to goal scoring, 7) Type of final action, 
8) Zone of final pass, 9) Goal-scoring zone (Figure 2), 10) 
Number of passes.

Table 1. Categories of analysis and their parameters

Category Parameters Definition of Parameters

Time frame
of goal scoring

00:01–15:00

15:01–30:00

30:01–45:00

first-half added time

45:01–60:00

60:01–75:00

75:01–90:00

second-half added time

Type of attack

Organized attack An attack of more than 3 passes resulting in goal scoring

Counter-attack An attack of 0–3 passes resulting in goal scoring

Direct attack

An attack of 0–3 passes resulting in goal scoring, after 
recovering possession of the ball. As a direct attack was 
also considered the type of attacking play characterized 
by speed in the attacking third of the pitch

Set play
Goal scoring from corner-kick, free-kick, penalty or any 
other situation where the ball is returned to open play 
following a stoppage (throw-in, goal-kick, off-side kick

Type of set play

Corner-kick

Throw-in, goal-kick, off-side kick
Free-kick

Penalty

Other

Starting zone of attack 

Defending zone

Central zone and

Attacking zone

Actions leading
to goal scoring

Combination play with 3 or more 
players involved

i.e. wrong saveIndividual action,

Opponent turnover
(continued on next page)
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Data analysis of every goal-scoring attack, along with the 
relevant parameters, was performed using the Sportscout 
video-analysis software; the recording of each attempt start-
ed when a player gained possession of the ball and ended 
when the ball passed over the goal line.

The observation protocol was drawn up with the assis-
tance of a high-level football trainer who instructed the ob-
server in recognizing the necessary parameters during match 
observation. The reliability of the recorded data was checked 
using the intra-observation agreement, with which both the 
trainer and the observer recorded 60 random goal-scoring 
attacks separately, using the same analysis parameters. As 
shown by Cohen’s Kappa value, the parameters were record-
ed correctly by the observer (k=1.000 for all parameters). 
Consequently, to ensure that the observer would register 
all the attacks correctly, another 60 selected goal-scoring at-
tacks were observed. After one week, the same observation 
was repeated. In both cases, Cohen’s Kappa value was excep-
tionally high (k=1.000).

Data analysis
The data were analysed using the SPSS statistical anal-

ysis software. The type of analysis used was the Crosstabs 
analysis and the criterion of the Chi-square test significance 
value p<.05. The purpose of the analysis was to determine 
whether the parameters contributing to goal scoring were 
different between the two leagues. Additionally, in cases in 
which even one of the expected values was lower than 0.5 

(i.e., the conditions of statistical analysis were not met), the 
value of the Fisher method (Fisher’s exact test) was taken in-
to account.

Results
According to the results (Table 2), as far as differences 

between the two leagues in goal-scoring attacks are con-
cerned, they were significant only in the type of attack (Chi-
square=14.540, p<0.05) and the attack-starting zone (Chi-
square=9.321, p<0.05). More specifically, the Spanish teams 
studied appeared to utilize counter attacks more often than 
the Italian teams did (65% to 35%) while the latter tended to 
use direct attacks more frequently (58% to 42%). Concerning 
the starting zone of attack (Figure 4), it was found that the 
Spanish teams started their attacks from the defending zone 
(63% to 37%) and the central zone (54% to 46%) more fre-
quently.

The Italian teams, in contrast, started their attacks main-
ly from the attacking zone (54% to 36%). However, due to 
the marginal value of p, it could be said that there was a small 
mismatch between the 75th and the 90th minutes, when 
more goals were scored in by the Spaniards than the Italians 
(59% and 41%, respectively). Furthermore, the number of 
goals scored by the Spanish teams between the 30th and the 
45th minutes of the game was slightly higher (60% and 40% 
respectively). In contrast, the Italian teams tended to score 
more goals between the 45th and the 60th minutes (53% and 
47% respectively).

Category Parameters Definition of Parameters

Type of final action

Header

i.e. tackle, back-heel kickShot

Other

Zone of final pass and goal-
scoring zone

The penalty box1

All three areas outside the penalty box extend beyond the 
centreline of the pitch

The central area outside the 
penalty box2

The right area outside the penalty 
box3

The left area outside the penalty 
box4

Number of passes

0–3 passes

4–6 passes

More than 7 passes

(continued from previous page)

FIGURE 1. Field zone, starting zone of attack FIGURE 2. Field zone, Goal-scoring
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Table2. Percentages of goal scoring parameters (Italian and Spanish league)

Category Parameters Italy Spain

Time frame 
of goal scoring

00:01–15:00 52% 48%

15:01–30:00 48% 52%

30:01–45:00 40% 60%

first-half added time 100% 0%

45:01–60:00 53% 47%

60:01–75:00 48% 52%

75:01–90:00 41% 59%

second-half added time 58% 42%

Type of attack (p<0.05)

Organized attack 44% 56%

Counter-attack 35% 65%

Direct attack 58% 42%

Set play 53% 47%

Type of set play

Corner-kick 53% 47&

Free-kick 64% 36%

Penalty 45% 55%

Other 42% 58%

Starting zone of attack (p<.05)

Defending zone 37% 63%

Central zone and 46% 54%

Attacking zone 54% 46%

Actions leading
to goal scoring

Combination play with 3 or more players involved 46% 54%

Individual action, 39% 61%

Opponent turnover 50% 50%

Type of final action

Header 56% 44%

Shot 45% 55%

Other 55% 45%

Zone of final pass  

The penalty box1 46% 54%

The central area outside the penalty box2 44% 56%

The right area outside the penalty box3 47% 53%

The left area outside the penalty box4 56% 44%

Zone of goal scoring 

The penalty box1 47% 53%

The central area outside the penalty box2 48% 52%

The right area outside the penalty box3 0% 0%

The left area outside the penalty box4 100% 0%

Number of passes

0–3 passes 50% 50%

4–6 passes 41% 59%

More than 7 passes 41% 59%

Discussion
As mentioned, the aim of the present study was both to 

analyse the goal-scoring attacks by the top four Spanish and 
Italian teams andto draw a comparison between the respective 
football leagues.

According to the findings, it appears that all teams scored 
goals within the same time frames, with most goals scored 
mainly during the second half. There was a small, if insignif-
icant, differentiation in the case of the Spanish teams, as they 
scored more often during the last fifteen minutes of the game, 
as well as during the timebetween the 30th and the 45th min-
utes. Similar goal-scoring behaviour was also observed in oth-

er studies in lower-level national leagues, such as in Greece, 
Brazil, and Ethiopia (Armatas, Giannakos, Papadopoulou, 
& Skoufas, 2009; Campos et al., 2016; Chekol, 2016) as well 
as in national-teams competitions, like the European Cup 
and the World Cup (Çobanoğlu, 2019; Leite, 2013; Tousios, 
Michailidis, Mandroukas, Mikikis, & Metaxas, 2018), leading 
to the conclusion that goal-scoring occurs more often during 
these specific periods of a football match. This outcome is fur-
ther reinforced by the findings in the research by Leite (2017), 
who analysed an exceptionally large sample of matches and 
goals (8,200 goals and 3,100 matches), focusing his method-
ology solely on the moment of goal scoring. Moreover, most 



GOAL SCORING  | S. PAPADOPOULOS ET AL.

Sport Mont 19 (2021) 1 17

of the goals in the second half might have been a result of the 
teams of the present study taking advantage of the opponent’s 
fatigue and psychological deterioration, which are usually 
evident among the players during the last minutes of a game 
(Leite, 2017).

As far as the types of goal-scoring attacks are concerned, 
the most popular ones with the teams of the sample were main-
ly organized attacks, and set plays. A similar conclusion was 
drawn in EURO 2012 (Leite, 2013), thereby confirming that 
the above-mentioned match behaviour has been adopted for 
at least several years, even by teams at different levels, which 
could be attributed to the nature of the sport itself. Specifically, 
extended ball possession and (the need for) the best possible 
organized attack might be a consequence of the size of the 
pitch and the presence of 20 players on it. The fact that the 
Spanish teams scored more goals than the Italian teams did 
through organized attacks or counter-attacks highlights their 
renowned game style that is dominated by extended passing 
game and powerful counter-attacks.

In the case of the Italian teams, their famously tough de-
fence may be the reason for their being awarded more free 
kicks than the Spanish teams. As already mentioned, the set 
plays analysed in the current research resulted in 25–30% of 
the total number of goals, with similar results appearing in the 
international literature (Durlik & Bieniek, 2014; González-
Rodenas, López-Bondia, Calabuig, Pérez-Turpin, & Aranda, 
2017). The external validity of these results is significantly re-
inforced by the research of Cerrah, Özer and Bayram (2016), 
in which it was reported that during the last five seasons of the 
Turkish league (2006 to 2011), 102 goals were scored from set 
plays, accounting for 28% of the total number. Even though 
most studies focusing on set plays attempt to identify their 
most effective type (free kick or corner kick), the fact remains 
that they pose a severe threat to the defending team, provided 
they are taken by good set-play kickers.

As for the starting zones of the goal-scoring attacks, it ap-
pears that the teams from both leagues in the sample scored 
most of their goals when their attacks were initiated mainly 
in the attacking zone, followed by those starting in the cen-
tral zone and last from the defensive zone. As a result, the at-
tacking third of the pitch appears to be the starting zone of 
the most successful attacks performed by top teams (similar 
results were recorded in the study by Vergonis et al., 2019), 
which could be due to the pressure applied by these teams on 
their opponents in this specific area in order to gain posses-
sion of the ball. 

Furthermore, from the results of the present study, it could 
be concluded that, compared to their Italian counterparts, the 
Spanish teams initiated their successful attacks from the de-
fensive and the central zone more frequently, once again as 
a result of their passing-game style of play. The fact that the 
Italian teams started their successful attacks mainly from the 
attacking zone may be attributed to the adoption of a defen-
sive tactical profile while on defence as well as when applying 
pressure on their opponents in the attacking third of the pitch.

Concerning the attacks made, there was no significant 
difference between the teams of both leagues. However, their 
primary attacking tactic was combination play with three or 
more players involved. The higher percentage of goal-scoring 
resulting from combination play is partially explained by the 
fact that most of the times when top teams are required to deal 
with tight defensive formations, they resort to this style of play 

in order to break them and create spaces. Correspondingly, it is 
understandable that many goals are scored from individual ac-
tions, as some of the players in those teams are among the best 
(or even the best) worldwide, with the Spanish teams scoring 
more goals from individual actions, a feature for which their 
players are particularly known. An identical parameter among 
the teams in both leagues was the ability to capitalize on the 
opponent turnovers by turning them into goals, mainly thanks 
to the ability possessed by top teams to take advantage of even 
the minor errors of their opponent.

Moreover, the numbers of successful final attempts by the 
teams in both leagues were also identical. Shots were the most 
frequent type of final attempt, which has also been confirmed 
by other studies, providing indisputable evidence that shot is 
the technical action resulting in the higher number of goals. 
Concerning the fact that Spanish teams tend to score goals 
from shots, it may be due to their implementation of fast com-
bination game in their attacks, which requires the ball to be 
on the ground for the most significant part of an attack re-
sulting in more shots than headers. Accordingly, the higher 
percentage of goal-scoring headers by the Italian teams may be 
attributed to their relatively higher number of crosses or even 
set plays (especially free kicks and corner kicks).

Another variable related to the build-up of successful at-
tacks is the zone of the final pass resulting in goal scoring. 
According to the results of the present study, most of the final 
passes of all the teams studied were initiated in the central ar-
eas of the pitch and, more specifically, the central area outside 
the penalty box. This tactic seems to be employed not only 
by the top teams in their national leagues but also in football 
competitions like the World Cup of 2018, in which, according 
to Çobanoğlu (2019), 61% of the assists were made from the 
central areas of the field.

Additionally, we could conclude from the above that it is 
necessary to examine the different types of goals-scoring, as 
they could ultimately help teams, and especially their attack-
ing players, score more goals than their opponents. For this 
reason, the attackers must be at the right place at the right 
time, which is why the goal-scoring zone appears to be a sig-
nificant parameter, as it represents the most probable areas of 
goal-scoring. Based on the results, in both leagues, more than 
80% of the goals came from within the penalty area, a fact 
that was confirmed in all studies that examined this specif-
ic variable (Njororai, 2013; Chekol, 2016; Wright et al., 2011; 
González-Ródenas et al., 2019).

As for the number of passes leading to goals, it is men-
tioned in the international literature that the successful attacks 
of high-level teams (English Premier League and 2010 World 
Cup) usually consist of up to three or in some cases four pass-
es (González-Rodenas, López-Bondia, Calabuig, & Aranda, 
2015; Wright et al., 2011). More specifically, as indicated by the 
results of these studies, most of the goal-scoring opportunities 
were created, while in possession of the ball, after up to three 
or, in several cases, four passes. The present study resulted in 
similar findings with slight variations, once again reflecting 
the profile and the coaching philosophy of both leagues. With 
reference to their results, the Spanish teams appear to make 
up to six or more passes during a substantial number of their 
successful attacks.

At this point, we would like to call attention to the possi-
bility that some or even all of the studied parameters leading 
to goal-scoring may also occur in unsuccessful attacks. It is al-
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most certain that goal scoring is affected by other factors, such 
as a mistake in the final attempt, a save by the goalkeeper, a good 
shot gone wide, or a foul committed by the opponent. However, 
the sample dynamics (four of the best teams in top leagues), as 
well as the substantial number (606) of goal-scoring attacks that 
were observed, justifies the suggestion that the resulting param-
eters be used in creating better goal-scoring situations.

Although the top teams studied from the Spanish and 
Italian league adopted a similar goal-scoring playing pro-
file, certain dissimilar aspects confirm their different playing 

styles. The Spanish League, on the one hand, was characterized 
by passing and the fact that the attacks tend to initiate even be-
hind the centre of the field; on the other hand, one of the fea-
tures of the Italian teams was the defensive style of play and the 
overall tendency to start the attacks mainly from the attacking 
zone and score goals from set plays. Although the above as-
pects are derived from different coaching philosophies, they 
could be incorporated in a common coaching principle that 
could be adopted by rising teams at the same or different levels 
in order to improve their match performance. 
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Abstract

This study aimed to examine the internal- and external-training-load (ITL and ETL, respectively) during a 
match of young handball players. Field testing included heart-rate monitoring (memory belt, Suunto) as 
a marker of ITL and accelerometry (motion-biosensor, Actical Respironcis, Philips) as a marker of ETL. Time 
motion analysis data were obtained by recording the player’s game activities and later analysed with the 
Matlab software package. T-test and Pearson-product-moment correlation coefficient were used to exam-
ine the differences and the relationship between variables collected in the study. The t-test analysis did 
not show significant differences between the total distance covered (2216.42–2135.42 m), steps conduct-
ed (1829.25–1829.83 steps), steps per minute (91.46–91.49 steps/min), energy expenditure (92.24–90.87 
METS), time spent in higher intensity zones calculated by motion biosensor (13.08–12.75 minutes), train-
ing-load calculated by Edwards TRIMP method (91.54–88.56 scores) in the first and in the second half of 
the match. Physical activity variables show no significant correlations with the data assessed by heart rate 
monitors. Similar results in monitored training-load variables in the first and second halves are connected 
with the game intensity, which was consistent throughout the match. The lack of correlations between ITL 
and ETL variables indicates that accelerometry is not suitable for the assessment of metabolic training load 
in intermittent activities, such as handball. ITL measures used in this study are more suitable for controlling 
load during training and competition, while the ETL parameters used are more appropriate for better under-
standing players activity in periods in which the players do not train; other activities can influence players 
fatigue and training and competition performance.  

Keywords: heart rate, accelerometry, Actical, match, energy expenditure, distance covered 

Introduction
The necessity of the improvement and individualization of 

training programmes has led to the development of technol-
ogies used for monitoring (quantifying) training and match 
activities (Halson, 2014; Cardinale & Varley, 2017). Successful 
monitoring of training and match load provides a better image 
of individual training tolerances, which is affected by numer-
ous factors, such as the player’s age, previous experience, fit-
ness level, nutrition, and recovery practices (Coutts, Wallace, 
& Slattery, 2004; Havolli, Bahtiri, Begu, Ibrani, & Makolli, 

2018). Accordingly, the data obtained provide a firm basis for 
optimal training periodization and consequentially maximiz-
ing athletic performance, reducing injury risk, and avoiding 
overreaching and overtraining syndromes (Soligard et al., 
2016; Cardinale & Varley 2017). 

In general, the principle of training can be simply dis-
played as a dose-response relationship between the physio-
logical stress combined with the training load (“dose”) and 
the training adaptations (“response”) (Borresen & Lambert, 
2009). That being said, it is clear that internal and exter-
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nal training loads employ different pathways and thus need 
to be monitored and analysed complementarily (Lambert & 
Borresen, 2010). More precisely, the internal training load 
(ITL) represents the psycho-physiological response by the 
athlete that primarily takes the form of biochemical stress, 
and it is usually assessed by heart rate (HR), haematological 
measures, and perceptual rating of intensity (Williford, Olson, 
Gauger, Duey, & Blessing, 1998; Scott, et al. 2013). External 
training load (ETL) represents the activities performed by ath-
letes (i.e., the dose performed) and is measured independently 
of their internal characteristics, quantified by measuring dis-
tance covered speed, acceleration, duration, metabolic pow-
er, body load, and sport-specific movements (Williford et al. 
1998; Scott, Black, Quinn, & Coutts, 2013).

Handball is an intermittent high-intensity Olympic team 
sport characterized by specific tactical and physiological de-
mands (Granados, Izquierdo, Ibanez, Ruesta, & Gorostiaga, 
2008; Souhail, Castagna, Mohamed, Younes, & Chamari, 2010). 
Match activity is characterized by a significant number of rap-
id changes of direction, sideward movements, sprints, jumps, 
throws, and body-contacts (Buchheit et al., 2009). Therefore, 
understanding the demands of the game is essential for the 
design of handball-specific training drills in both professional 
and developing players (Karcher & Buchheit, 2014; Muratovic 
& Georgiev, 2012). However, regardless of its popularity (main-
ly in Europe) research is limited to some extent; more particu-
larly, there is a lack of research examining the specific demands 
and impact it has on youth players and how they differ from 
seniors (Foretic, Uljevic, Cardinale, & Spasić, 2018).

That being said, this study aimed to examine the internal 
and external training load (TL) during the match of young 
handball players and compare results obtained with systems 
for assessing ITL (HR) with results obtained with systems for 
assessing ETL. 

Methods
Participants

Twelve young male team handball players, (age: 13.33± 
0.57, body height: 168.25 ±12.15 cm, body weight: 57.09±13.31 
kg, body fat: 9.33% ±1.19%), regularly training for at least 
three years, took part in this study. Subjects were all members 
of the handball club from Split, Croatia, and regular partic-
ipants in the finals of the Croatian national championship. 
Because all participants belonged to the same team, they had 
the same handball training programmes during the three years 
before the study took place. Participants were asked to attend 
one laboratory session for the determination of maximal oxy-
gen uptake and two handball games.

Laboratory and field testing
The study was conducted during the competitive season. 

The participants and their parents were fully informed about 
testing procedures before participating in the study; informed 
consent was signed by the parents. The ethics committee of the 
Faculty of Kinesiology of the University of Split confirmed and 
approved the study.

Laboratory testing included basic anthropometric mea-
surements and spiroergometry testing during an incremental 
running protocol on a treadmill. Seven spiroergometry param-
eters were determined during the treadmill test, and HRmax 
was used to determine intensity zones during the games and to 
calculate total training load (TL).

Time-motion analysis data were obtained through the 
recording of the players’ game activities. One video camera 
(Sony, HDR-XR520V, Tokyo, Japan) was positioned on a tri-
pod 20 m above the team handball court and parallel to the 
edge of the court (15 m from the touchline), so it could cov-
er the entire field during recording. Match recordings were 
later replayed and analysed with a bespoke software package 
developed with Matlab (Mathworks, Natick, USA) to extract 
time-motion data. Players’ movements (distance covered) 
were measured on the horizontal plane. A specific algorithm 
was developed in Matlab so that the number of pixels that cen-
tre of mass travelled on the screen in any direction represented 
the true player’s distance travelled on the court on the hori-
zontal plane. Velocity was calculated using distance and time 
data (v=s/t, where v=speed, s=distance, t=time). Manual and 
semi-automated tracking was used to determine the path for 
each player. Time was calculated by counting the number of 
frames between the starting and ending positions of a play-
er’s movement (one frame=1/25 of second). Heart rate data 
were recorded with chest straps (Suunto T6, Vantaa, Finland), 
which were worn by the players 30 min before the start of the 
experimental game and removed 30 min after the end. Heart 
rate-based intensity zones were determined individually by 
using the results of the spiroergometry test, as a reference, as 
follows: 50–60 % HRmax (Z1), 60–70 % HRmax (Z2), 70–80 
% HRmax (Z3), 80–90 % HRmax (Z4) and 90–100 % HRmax 
(Z5). The Edwards’ Heart Rate–Based Method was used to 
determine the TL of the game measured. Blood samples were 
collected at two predetermined time points throughout the 
matches from the fingertips. The blood samples were immedi-
ately placed on strips for analysis in a validated portable lactate 
analyser (Accutrend; Roche, Mannheim, Germany). The anal-
ysis was conducted using six identical lactate analysers. Blood 
sampling and lactate analysis were conducted by six trained 
sports scientists. The capillary blood samples were collected 
after the first half and after the second half of the matches. 

The Actical accelerometer was used to gather the follow-
ing activity data: number of steps, total energy expenditure 
(TotEE) and time spent in activity zones; it is a small, wa-
ter-resistant accelerometer (28×27×10 mm, 17 g). It has a 
multi-directional sensor and is capable of measuring move-
ment in three planes. For the present study, the monitors were 
initialized to save data in 60-second intervals (epochs) to de-
tect the activities of players. Players wore the accelerometers 
on the right ankle secured and supported with an elastic belt 
and kinesio-tape. 

Design
The training games used for analysis were organized 

against two teams that play in the same league as the partic-
ipants of the study. Before each game, the participants per-
formed a typical warm-up that lasted 15 minutes (3 minutes of 
dynamic warm-up, 5 minutes passing drills, and 7 minutes sit-
uational drills with shots on goal). Each half of the game last-
ed 20 minutes without stopping time and with a break of five 
minutes between the two halves as per national league rules 
for this age group. All participants were playing without roll-
ing substitutions, so each player had to play the whole game of 
40 min. The defensive system adopted in both games was a 3:3 
formation. Game rules were modified so that the players could 
not be excluded (power play) from play. This enabled continu-
ity of the situational load during the game. 



MONITORING COMPETITION LOAD IN YOUNG HANDBALLERS  | D. MARIC ET AL.

Sport Mont 19 (2021) 1 21

Statistical analyses
Statistica ver. 12 software was used in the data analy-

sis. The level of significance was set at the alpha level of 0.05. 
Descriptive data for all the variables are shown as mean and SD. 
The normality of all variables was tested using the Kolmogorov-
Smirnov test procedure. Student’s t-test was used to examine 
the differences between the first and second halves. The Pearson 
product-moment correlation coefficient was used to assess the 
relationship between variables collected in the study. Data are 
presented as mean and SD. Alpha was set at p<0.05.

Results
The data on intensity zones showed that the players spent 

a large percentage of the total playing time in high-inten-
sity heart rate zones (Table 1). Blood lactate measurements 

conducted at the end of each half of the game reached val-
ues below 10 mmol/L, and a significant reduction in blood 
lactate was evident between the first and the second half of 
the game. The time-motion analysis did not show significant 
differences in the total distance covered by players in the first 
(2220.50±162.85 m) and in the second (2131.42±239.80 m) 
half of the match. Average speed in the first half (6.17±1.79 
km/h) was almost the same as in the second half (6.18±1.96 
km/h). There was no difference in the time spent in differ-
ent time zones between first and second halves, for Edward 
TRIMP and Actical measurement, respectively. According to 
the Actical measurement, the number of steps and total energy 
expenditure was almost the same in the first and the second 
halves of the match. 

Tables 2 and 3 present correlations between variables of 

Table 1. Differences between First and Second Half of the Match Calculated With T-Test

Variables
1st Half-Time 2nd Half-Time

M±SD M±SD

Steps 1829.25±142.61 1829.83±153.14

TotEE (METs) 92.24±5.20 90.87±4.45

Time/vigorous (min) 13.08±4.58 12.75±2.99

Time/moderate (min) 6.92±4.58 7.25±2.99

Distance (m) 2216.42±169.70 2135.42±236.71

Lactate (mmol/L) 6.07±2.13*  4.31±1.19*

Z5 (%) 57.44±27.42 48.05±31.20

Z4 (%) 34.10±23.10 40.51±25.78

Speed (m/s) 6.76±1.09 6.77±1.39

Legend: Steps-number of steps; TotEE-total energy expenditure; Time/vigorous-time spent in vigorous activity zone; 
Time/moderate- time spent in moderate activity zone; Distance-distance covered; Lactate-blood lactate concentration 
level: Z5- 90-100 % of maximal HR zone; Z4- 80-90 % of maximal HR zone; Speed- average speed of movement

internal and variables of external load during the first and 
second halves of the match. Only one statistically significant 

correlation was observed: between lactate concentration and 
total energy expenditure. 

Table 2. Correlations between Variables of Internal and External Load during - First Half of the Match

Variables D AS Steps TotEE Time(mod) Time(vig)

L 0.50 0.40 -0.05 0.59* -0.53 0.53

HR 0.23 0.29 -0.25 -0.10 0.11 -0.11

Z5 0.22 0.31 -0.08 0.02 0.10 -0.10

Z4 -0.19 -0.23 0.06 0.07 -0.15 0.15

Z3 -0.17 -0.31 0.03 -0.27 0.20 -0.20

Legend: D-distance covered; L-blood lactate concentration level; Z5-90-100 % of maximal HR zone; Z4-80-90 % of maximal HR 
zone; Z3-70-80 % of maximal HR zone; AS-average speed of movement

Table 3. Correlations between Variables of Internal and External Load during - Second Half of the Match

Variables D AS Steps TotEE Time (mod) Time (vig)

L 0.54 0.49 0.11 0.37 -0.32 0.32

HR 0.35 0.27 0.15 0.15 -0.08 0.08

Z5 -0.05 0.15 0.13 0.16 -0.12 0.12

Z4 0.17 -0.11 -0.10 -0.10 0.03 -0.03

Z3 -0.43 -0.26 -0.04 -0.18 0.27 -0.27

Discussion
This study has several interesting results: 1) although the 

second half of the match had decreases (or stagnation) in all 

measured parameters, the only significant difference was no-
ticed in blood lactate concentration, 2) in the first half of the 
match, the only significant correlation was observed between 
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lactate concentration and total energy expenditure, 3) there 
are no correlations between ITL and ETL variables during 
both halves of the match. 

From all parameters of training load used in the study, it is 
evident that the second half of the match was less demanding 
than the first one. This change was evident on a statistically 
significant level only for L concentration. Many authors agree 
that blood lactate concentration is very sensitive to chang-
es in exercise intensity and duration (Beneke, 2003; Faude, 
Kindermann, & Meyer, 2009; Beneke, Leithäuser, & Ochentel, 
2011). In this research, we observed the same trend. The ques-
tion is why other load-monitoring systems did not recognize a 
shift of match intensity. Should we not expect that a decrease 
of L concentration will be associated with a decrease of HR 
and energy expenditure (Coutts, Reaburn, & Abt, 2003)? We 
can only speculate about the reasons, but this underscores the 
complexity of training load monitoring, specifically in pre-ad-
olescents (Halson, 2014; Murray, 2017). 

In the first half of the match, a significant correlation was 
detected only between lactate concentration and total energy 
expenditure, which is easily explainable. Lactate levels depend 
primarily on the intensity of the exercise; accordingly, moder-
ate-to-heavy intensity activities can cause lactate levels to rise 
rapidly and, if the workload continues, the lactate level may 
stabilize, decline, or continue to rise, depending on training 

status and genetic characteristics of the individual (Plowman 
& Smith, 2013). Furthermore, with regard to total energy ex-
penditure, it is well known that it increases in direct proportion 
to the increase in exercise intensity (Plowman & Smith, 2013). 
Thus, given that the tested sample consisted of pre-adolescent 
players whose energy capacities did not allow them to maintain 
the same intensity through the second half of the game, we may 
assume that a drop in intensity has led to a decrease in blood 
lactate levels; however, this was not the case with the total en-
ergy expenditure since the gameplay continued. 

Regarding the lack of correlations between ITL and ETL 
variables during both halves of the match, it is essential to note 
the fact that ITL and ETL use different pathways; thus, they are 
measured complementarily. As previously mentioned, EL re-
fers to any external stimulus applied to the athlete, resulting in 
psychological and physiological responses, which are referred 
to as “internal load” (Borresen & Lambert, 2009; Halson, 2014). 
Accordingly, in team sports, the TL is primarily derived from 
team practices, and EL parameters are collectively defined. 
Therefore, internal responses to the external load could poten-
tially vary (Svilar & Jukic, 2018). For example, in the present 
study, the number of steps did not change a lot between the 
two halves of the match, but the L level did (Figure 1). The only 
logical conclusion that can be established from given results is 
that number of steps cannot be a marker of intensity like L is. 

FIGURE 1. Comparison of Accelerometry and Edward’s TRIMP Zones in 1st and 2nd halves of the match

FIGURE 2. Comparison of Step Number and Distance Covered in 1st and 2nd halves of the match

In contrast, according to the accelerometry data, we can 
say that pre-adolescent handball players are very active since 
they spend the majority of their time in the zone of vigorous 
activity. Thus, the lack of correlations between ITL and ETL 
in pre-adolescent handball players in competitive conditions 
is not atypical (Borresen & Lambert, 2009; Akubat, Patel, 
Barrett, & Abt, 2012). On the contrary, it is simply a confir-

mation of current attitudes in this area of research that ITL 
and ETL should be used in different contexts of measurement 
(Halson, 2014). 

Monitoring the training load of young athletes is very 
important for coaches when designing appropriate training 
programmes. Data from the competition are of even greater 
importance, especially in sports like handball, which induce 
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strong physical and psychological responses. From this study, 
it is evident that in handball, different systems of monitoring 
produce different data, and these should not be considered in 
the same context. These differences are mostly seen in lack of 
correlations between ITL and ETL parameters (Figure 2).

It should be noted that accelerometers have many advan-
tages, but they also have some limitations. The most problem-
atic limitation is the inability of measuring the intensity of 
physical activity, which was observed in our study. One exam-
ple is the cumulative number of steps (or volume of activity) 
taken during a bout of activity. This data offers no information 
regarding the intensity at which those steps were accumulated. 
Accordingly, in pre-adolescent handball players, during com-

petition, blood lactate concentration and HR should be used 
as a measure of intensity while kinematic, and accelerometry 
data should be used as a measure of activity volume. Results of 
the study may be helpful for handball coaches who work with 
pre-adolescent handball players. It can help them to choose 
the correct method of training and competition load measure-
ment. All cited authors think that ITL measures used in this 
study are more suitable for controlling load during training 
and competition. At the same time, ETL measures can help 
coaches better understand players’ activity when the latter do 
not train (i.e., when they are at home or school) and other 
activities that can influence players fatigue and training and 
competition performance.
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Abstract

This research aims to establish the effect of flexibility exercise on the motor abilities of young football players. 
The total number of participants was 68 young football players (beginners, pioneers, and cadets) from the Ramiz 
Sadiku Football Club in Prishtina, Kosovo. The participants were divided into control and experimental groups. 
The research implemented seven variables for estimating motor abilities. The effect of physical exercise according 
to the programme of flexibility on the motor abilities of young football players was investigated using uni-variant 
analysis. The course of preparatory and competition period training programme was conducted three times per 
week, for both groups. Only the manner of execution of the experimental programme was different (17 exercises 
of static stretching) for the development of flexibility, which was conducted only with the experimental group 
within the frame of increased duration by the end of the training. The results acquired show that programme con-
ducted for the development of flexibility (exercised of static stretching) has a statistically significant effect only 
on flexibility variable “sit-and-reach test” with the experimental group of cadets, and with no statistically essential 
influence on the motor abilities of beginners, pioneers, and cadets. Therefore, it can be confirmed that static exer-
cises have an essential effect on the improvement of flexibility of participants older than 15 years old, but without 
positive or negative effects on other variables of the motor abilities of young players. 

Keywords:  flexibility, recovery, motor abilities, soccer players 

Introduction
Football is a collective sport: poly-structural, acyclic and 

highly complex. Success in a football game depends on many 
factors, one of the most important of which is motor skills. 
Such skills or the conditional preparation of them is the basis 
for the execution of technical and tactical movements during 
the football game, during which a player carries out 1400–
1600 activity (runs, dribbles, jumps, kicks, headers, tackles, 
etc.) changes; 700–800 of these changes consist in changes of 
direction and/or speed, and only 11% of the total travelled dis-
tance is run at high speed (Williams et al., 2005).

The execution of numerous movements during a football 

game (speed runs, fast runs with changes of direction (accel-
eration and braking), jumping, execution of technical move-
ments with the ball, depends on the flexibility of the locomo-
tor system of the football player among others.

Therefore, only football players with optimal development of 
body flexibility can maximally exploit their motor skill potential, 
especially those skills characterized by explosive movements 
(sprint, strike, jumping) and agility. According to many authors, 
flexibility is defined as the skill to execute movements with high-
er amplitude (Walker, 2006; Gardasevic & Bjelica, 2013).

The importance of flexibility is seen in the results of a study 
between two groups of young football players: flexible and 

Correspondence:

S. Sermaxhaj 
College Universi, Physical Culture Sport and Recreation, Bardhosh 10000, Prishtina, Kosovo 
E-mail: sermaxhajsami@live.com 

ORIGINAL SCIENTIFIC PAPER



26 Sport Mont 19 (2021) 1

THE EFFECT OF PROGRAMME OF FLEXIBILITY EXERCISES | S. SERMAXHAJ ET AL.

those less flexible. The research has confirmed that more flex-
ible football players have shown better results in speed tests, 
jumping and agility, which indicates that flexibility should be 
developed- trained from a young age (Garcia-Pinillos, Ruiz-
Ariza, Moreno del Castillo, & Latorre-Roman, 2015).

However, the specific application of flexibility exercises is one 
of the most discussed topics in sport and medicine. There are dif-
ferent thoughts about flexibility exercises: when and to what ex-
tent the use of flexibility exercises is favourable or not.

Many studies have proved that static stretching exercises have 
a negative effect if they are applied directly before testing the 
jumping force, speed, and agility (Kay & Blazevich, 2011; Behm 
& Kibele, 2007). 

Other studies have shown that the application of combined 
dynamic and static stretching during the warm-up phase increas-
es the movement amplitude and has no adverse effect on motor 
skills (Behm, Chaouachi, Lau, & Wong, 2011; Kyranoudis et al., 
2018).

Different concepts regarding this depend on the application 
methods, and when and to what extent the stretching forms 
should be applied for the development of flexibility (Brandey, Ajit, 
Richard, & Jennifer, 2012).

Easy runs and static stretching characterize the ending part of 
the training session. The main reason for the stretching exercis-
es at the end of the sessions is the development of flexibility and 
muscle relaxation (Sands et al., 2013).

Many debates occur regarding the application of static 
stretching exercises at the end of the training sessions as a re-
cuperation strategy, but there are no convincing data that stat-
ic stretching exercises affect the recuperation of football players 
(Sands et al., 2013; Nedelec et al., 2013); only 50% of professional 
clubs of France apply static stretching at the end of the training as 
a strategy for recuperation (Nedelec et al., 2013).

From the research to date, we understand that it is not enough 
only to prove that applying static stretching exercises during the 
end of the training sessions should be applied only with football 
players of young age but to see which is the effect of these exercis-
es on other motor skills.

From the above data, it is necessary to conduct experimental 
research to prove the impact of flexibility exercises (static stretch-
ing) on the motor skills of young football players.

The primary goal of this study was to ascertain the impact 
of flexibility exercise (static stretching) applied during a recovery 
stage of the training session (cool-down) on the motor abilities of 
young football players (age range 11–17). 

Methods
To accomplish this research, all samples were initially con-

ducted at a medical control centre of sports medicine in Pristina 
and confirmed that all the players are sufficiently healthy to train 
for football and, in accordance with the Helsinki Declaration, all 
participants were informed about the purpose and procedures of 
testing and experimental treatment. 

Participants 
In this study, 68 young players of 11 to 17 years (beginners 

U13, n=20; pioneers U15, n=24; and cadets U17, n=24) partici-
pated, from the Ramiz Sadiku Football Club in Pristina.

Procedures 
To achieve this objective, the participants were divided in-

to control and experimental groups. The control group was 

composed of 34 football players of the following categories: 
beginners U13 (n=10; age 11.9±0.5; body weight 42.36±7.29; 
body height 153.8±7.8), pioneers U15 (n=12; age 14±0.4; body 
weight 52.3±8.9; body height 169±9.6), and cadets U17 (n=12; 
age 15.6±0.4; body weight 61.1±10.2; body height 175.7±6.4); 
the experimental group was composed of 34 football players of 
the following: beginners U13 (n=10; age 12.0±0.4; body weight 
38.91±5.5; body height 151.8±6.1), pioneers U15 (n=12; age 
13.8±0.5; body weight 53.45±8.48; body height 167.8±7.6), and 
cadets U17 (n=12; age 15.9±0.6; body weight 62.7±7.6; body 
height 176.7±6.7). Both groups were compared at the initial and 
the final measurements. The initial testing took place before the 
beginning of the pre-season while the final testing was performed 
at the end of the season (after four months of intervention with 
static stretching exercise). 

All measurements were performed on parquet flooring in 
College Sports “Universi” in Prishtina at the same time and day, 
with a specialized framework and directly with the participation 
of the author of the study.

After 10 minutes of warm-up, all participants (players) in this 
study underwent testing variables of motor abilities for flexibility 
(Sit-and-Reach test), explosive strength (Vertical Jump - Maximal 
Counter Movement Jump-CMJmax), speed (sprint 5 m, 10 m and 
30 m) and agility (20 m running zig-zag with and without a ball).

The flexibility (Sit-and-Reach test) test measures the flexibil-
ity of the lower back and hamstring muscles. The test was con-
ducted indoors using a static sit-and-reach box, supplied with a 
tape measure. The participant was given the instruction to sit with 
legs together and extended in front of him, so that the feet (shoes 
off) touch the first step. Both knees were held together and flat on 
the floor. The scale (in centimetres) for measuring the distance 
was drawn on the first step. The end of the feet (i.e., the begin-
ning of the step representing the starting point of the scale) was 
regarded as point zero). All measurements, in centimetres, above 
zero were positive, whereas the ones below, toward the knees, 
were negative. The task was to perform the furthest possible front 
bend with arms extended, and hands on top of each other, palms 
facing downward. That position was held for 2s to measure the 
distance. The test was performed three times (3 trials). The maxi-
mal reach distance was recorded in centimetres for all three trials 
(Sermaxhaj, 2019; Fernandez, Sanchez, Rodriguez Marroyo, & 
Villa, 2016; Popovic, Radosav, & Molnar, 2009). 

The explosive strength (Vertical Jump - Maximal Counter 
Movement Jump-CMJmax, the CJMmax) test begins in an upright 
posture with hips and body centre of mass lowering until knees 
become about 90° bent and with hands flexed at chest height in 
the function of momentum before a final vertical push. The test of 
vertical jump is realized on a tenziometric platform (Powertimer 
300, Newtest Oy, Tyrnävä, Finland). The system used in this study 
consisted of a controlling computer and a high sensors-densi-
ty of 84×95 cm (Gonçalves, Pavao, & Dohnert, 2013; Enoksen, 
Tønnessen, & Shalfawi, 2009).

The sprint test (5 m, 10 m, and 30 m) consisted of a 30 m 
track, with 5 m and 10 m split time recording. The photocells were 
placed at starting positions at 5 m, 10 m, and 30 m in the finish 
line test. Testing was completed from a standing start, with the 
front foot placed 30 cm behind the photocell’s start line. The test is 
realized with of Powertimer 300 (Newtest Oy, Tyrnävä, Finland) 
photocells with a precise time of 0.01 sec (Sander, Keiner, Wirth, 
& Shmidbleicher, 2013; Little & Williams, 2006; Verheijen, 1997).

The agility test of 20 m running zig-zag with and without 
the ball was completed from a standing start, with the front foot 
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placed 30 cm behind the photocells’ start line. The photocells 
were placed at the starting position and finish line test. This test 
was measured with Powertimer 300 testing system (Newtest Oy, 
Tyrnävä, Finland), with an exact time of 0.01 sec (Sermaxhaj, 
Arifi, Bahtiri, & Alaj, 2017b; Idrizovic, 2014; Little & Williams, 
2006). All measurements were performed on parquet flooring at 
College Sports “Universi” of Pristina. 

The programme of control and experimental group was re-
alized within the frame of regular training of the Ramiz Sadiku 
Football Club. In the course of preparatory and competition peri-
od, the training programme was conducted three times per week, 
for both groups. Only the manner of the execution of the experi-
mental programme was different (17 exercises of static stretching) 
for the development of flexibility, which was conducted within 
the frame of increased duration by the end of the training.

The protocol of control group was as follows: general and 
specific warm-up (15–20 min), the main part (35–45 min), cool 
down (10 min), recovery by running. Meanwhile, the protocol 
of the experimental group was as follows: general and specific 
warm-up (15–25 min), the main part (35-45 min), cool-down 
(25 min), which includes recovery by running (10 min) and stat-
ic stretching (15 min) (Sermaxhaj et al., 2018). The experimental 
programme was developed by the author of the study based on 
recommendations of the other researchers in this area (Anderson, 
2006; Walker, 2006).

The experimental programme consisted of 17 exercises of 
extension/static stretching upper body-flexibility exercises as 
follows: neck stretch upper back, chest and back, shoulder and 
mid-upper back, shoulder and triceps, lateral flexion right-left, 
and lower body flexibility exercises (hamstring two-leg stretch, 
Achilles and back stretch, quadriceps stretch, hamstring and 
groin stretch, standing groin stretch, groin stretch, chest stretch, 
stretch sitting hamstring, lower back stretch, the hamstring seat 
leg stretch, and Achilles tendon stretch. Each exercise was execut-
ed for 20 seconds (Sermaxhaj et al., 2018).

Statistical analysis
Data analyses were performed using SPSS version 21.0. 

The arithmetic mean and standard deviation were calculated 
for both groups with initial and final measurements for motor 
abilities (sit-and-reach test, CMJmax, sprint 5m, 10m, 30m, 20m 
zig zag with and without ball). Analyses of variance (ANOVA) 
are calculated differences between the arithmetic mean of each 
variable of control and experimental group before and after the 
experimental treatment (static stretching). The level of signifi-
cance is p<.05. 

Results 
The parameters are shown in Table 1 for both groups (con-

trol and experimental) of initial and final measures. 

Table 1. The significance of differences between arithmetic means of variables data of motor abilities of the control and 
experimental group of beginners (U-13), pioneers (U15) and cadets (17) at the initial measurement

Category Variables Control Group
Mean± SD

Experimental Group
Mean±SD F p level

beginners
U13

Sit-and-Reach test -1.00±7.37 -0.40±4.32 .049 .827

CMJmax 31.93±4.27 29.62±4.14 1.506 .236

Sprint 5 m 1.31±.12 1.35±.16 .322 .577

Sprint 10 m 2.22±.13 2.17±.09 .796 .384

Sprint 30 m 5.30±.36 5.37±.29 .220 .645

20 m zig-zag without ball 7.21±.69 6.93±.31 1.29 .270

20 m zig-zag with ball 9.04±.39 9.17±.66 .316 .581

pioneers
U15

Sit-and-Reach test .41±5.08 -1.41±8.2 .109 .520

CMJmax 38.45±4.97 39.65±4.51 .427 .543

Sprint 5 m 1.21±.12 1.22±.12 .002 .961

Sprint 10 m 2.05±.16 2.12±.15 .023 .880

Sprint 30 m 4.95±.39 4.91±.39 .074 .789

20 m zig-zag without ball 7.00±.28 6.89±.36 .599 .447

20 m zig-zag with ball  8.79±.54 8.47±.55 2.02 .169

cadets
U17

Sit-and-Reach test -3.25±5.4 1.58±7.9 3.00 .097

CMJmax 38.30±3.7 38.95±4.9 .134 .718

Sprint 5 m 1.21±0.09 1.23±0.12 .934 .344

Sprint 10 m 1.92±0.09 1.95±0.16 1.50 .233

Sprint 30 m 4.75±0.28 4.58±0.17 2.52 .126

20 m zig-zag without ball 6.47±0.3 6.50±0.4 .028 .868

20 m zig-zag with ball  7.99±0.6 7.97±0.4 .013 .912

The measurement data in Table 1 show that univariate 
analysis of variance (ANOVA) based on the coefficient value 
F-relations and statistical significance (significance) p-value 

are proved statistically insignificant among the control and 
experimental groups; this confirms the homogeneity of the 
groups’ initial measurements. 
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All of the participants come from the same club; the con-
trol and experimental group belong to the same category. The 
selection of participants was based on their motor perfor-

mance; therefore, there were no statistically significant differ-
ences between the control and experimental group to all three 
categories.

Table 2. The significance of differences between arithmetic means of variables data of motor abilities of the control and 
experimental group of beginners (U-13), pioneers (U15) and cadets (17) at the final measurement

Category Variables Control Group
Mean± SD

Experimental Group
Mean±SD F p level

beginners
U13

Sit-and-Reach test 1.40±7.67 2.00±3.71 .050 .826

CMJmax 34.89±6.62 31.46±4.14 1.924 .182

Sprint 5 m 1.19±.07 1.21±.08 .678 .421

Sprint 10 m 2.08±.10 2.04±.09 .556 .466

Sprint 30 m 5.19±.41 5.23±.28 .081 .779

20 m zig zag without ball 6.91±0.4 6.58±0.4 2.69 .118

20 m zig zag with ball  8.75±0.9 8.27±0.5 2.05 .169

pioneers
U15

Sit-and-Reach test -.50±6.00 1.66±7.2 .635 .434

CMJmax 38.78±5.23 39.93±6.44 .230 .636

Sprint 5 m 1.20±.09 1.20±.15 .113 .740

Sprint 10 m 2.04±.14 2.04±.15 1.472 .237

Sprint 30 m 4.89±.33 4.90±.31 .001 .975

20 m zig-zag without ball 6.75±.31 6.66±.43 .342 .565

20 m zig-zag with ball  8.46±.62 8.35±.77 .126 .726

cadets
U17

Sit-and-Reach test -.41±3.5 6.25±7.6 7.49 .012

CMJmax 43.34±3.7 41.51±4.0 .943 .342

Sprint 5 m 1.18±0.10 1.14±0.09 .149 .704

Sprint 10 m 1.92±0.08 1.88±0.07 .259 .616

Sprint 30 m 4.66±0.20 4.55±0.16 1.73 .201

20 m zig-zag without ball 6.23±.29 6.16±.33 .324 .575

20 m zig-zag with ball  7.73±.52 7.73±.48 .000 .997

The final measurement data in Table 2 show that uni-
variate analysis of variance (ANOVA) based on a coefficient 
F-relations and value of statistical significance p-value proves 
that between the control and experimental group statistically 
significant differences are only found in the flexibility variable 
(sit-and-reach test, on the level of p=.012) in favour of the ex-
perimental group of the cadet category, and without any posi-
tive or negative effect on the other motor skills variables.

Authentication of the difference between the control and 
experimental group only on the flexibility variable (sit-and-
reach test) shows that the experimental programme (static 
stretching exercises) has caused positive changes only in the 
variable that characterizes the flexibility of cadet football play-
ers. 

The research results show that the average flexibility vari-
able value (sit-and-reach test) is different at young ages, be-
ginners (2.00 cm), pioneers (1.66 cm), and cadets (6.25 cm), 
which proves that cadets have better results comparing to 
beginners and pioneers. It is understood that body flexibility 
peaks after 15 years of age, which corresponds with the previ-
ous research (Smajic, Molnar, & Popovic, 2009). 

However, the results of this research show that the flexi-
bility of these categories (beginners, pioneers and cadets), is 
lower than the flexibility of U19 football players of Croatia 
with an average value of 12.42 cm, which also is lower than 

the results of professional football players with average values 
of 8–18 cm and more (Milanovic, Sporis, Trajkovic, James, & 
Samija, 2013).

Discussion
The positive long-term effect of the application of static 

stretching exercises to the flexibility of the cadet category of 
football players is also proved by other authors (Fernandez et 
al., 2016; Gonçalves et al., 2013; Akbulut & Agopyan, 2015; 
Zakas, 2005).

With young football players, the non-effect of the long-
term application of static stretching on motor skills is proved 
in speed 30 m (Fernandez et al., 2016; Bazett-Jones, Gibson, 
& McBride, 2008) and vertical jump (Gonçalves et al., 2013; 
Kinugasa & Kildinga, 2009), in agility with and without the 
ball (Brandey et al., 2012; Rey, Carlos, Luis, & Joaquin, 2012; 
Sermaxhaj et al., 2017b), in the isokinetic force (Sermaxhaj, 
Popovic, Bjelica, Gardasevic, & Arifi, 2017a; La Roche, Lussier, 
& Roy, 2008).

The results acquired show that the programme conducted 
for the development of flexibility (static stretching exercises) 
have a statistically significant effect only on the “sit-and-reach 
test” flexibility variable with the experimental group of cadets, 
and with no statistically essential influence on the motor abil-
ities of beginners, pioneers, and cadets. Therefore, it can be 
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confirmed that static exercises at the end of the training ses-
sions have an essential effect on the improvement of flexibility 
of participants older than 15 years old, but without positive or 
negative effects on other variables of motor abilities of young 
players.

The results of this research present further development in 
recognizing when and in which manner the static stretching 
exercises should be implemented and their effect on the motor 
abilities of football players. 

Furthermore, this research is of practical value especial-
ly in that it clearly explains whether flexibility exercise has a 
positive or negative impact on some specific motor abilities 
of young football players, and precisely recommend when to 

employ it.
Based on the data obtained from this research, we can sug-

gest the application of static stretching exercises at the end of 
the training session (during the regeneration phase) on sub-
jects older than 15 years old (after puberty), two to three times 
a week with the purpose of further optimal development of 
football players flexibility. For those younger than 15 years 
old, the application of combined dynamic and static stretch-
ing exercises is enough at the beginning of the training ses-
sion (during the warm-up phase), and supplemental extension 
exercises can be programmed according to individual needs 
(before and after regular training sessions) with the purpose of 
the optimal development of football players’ flexibility.
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Abstract

The aim of this study was (i) to examine associations between training load during the week and match outcomes; 
(ii) to evidence position-specific differences between playing positions of training load and match running 
performances in top-level soccer/football. Training load and match running performances were evaluated 
through external load parameters: total-distance-covered, distance covered by walking, jogging, running, high-
intensity-running (high-speed-running + sprinting); the number of accelerations, high-intensity-accelerations, 
decelerations, and high-intensity- decelerations. All data were obtained via the Global Positioning System from 
twelve matches of the highest-level Croatian soccer competition and from training sessions in the preceding 
weeks. The players (age: 23.57±2.84 years) were divided into five playing positions: central defenders (n=18), full-
backs (n=20), central midfielders (n=26), wing midfielders (n=5) and forwards (n=9). Significant ANOVA differences 
(p<0.05) were found in all external match load variables, while in weekly training sessions only in high-intensity-
running, high-intensity-accelerations, and high-intensity- decelerations distinguished players across their playing 
positions. Inverse correlation for most of the external load parameters and positive correlation for the number of 
training sessions with match outcome was evidenced. Chances of positive match outcome were greater in weeks 
when the team participated in fewer training sessions and consequently had lower values of external training load.    

Keywords: football, training load, game load, relationships, conditioning, performance analysis 

Introduction
Soccer (football) is characterized by numerous dynamic 

activities’ cyclic and acyclic movements (Gardasevic & Bjelica, 
2019). The physical demands of elite soccer matches have 
increased substantially over the previous decade (Bradley et 
al., 2016). With regards to the different tactical roles, these 
demands vary according to the different playing positions 
(Di Salvo, Gregson, Atkinson, Tordoff, & Drust, 2009; Mallo, 
Mena, Nevado, & Paredes, 2015; Modric, Versic, Sekulic, & 
Liposek, 2019; Mouloud, 2019). Previous studies have provid-
ed detailed information about the position-specific running 
performances (Sarmento et al., 2014). In brief, it was high-
lighted that midfielders cover the highest total distance and 

players that play by the sides of the field (e.g., full-backs and 
wing midfielders) cover the greatest distances in high-intensi-
ty running (Di Salvo et al., 2007; Modric et al., 2019).

With the increased physical demands of soccer matches, op-
timal physical preparation of players became an indispensable 
part of professional soccer (Andrzejewski, Konefał, Chmura, 
Kowalczuk, & Chmura, 2016), while the monitoring of the train-
ing load turned out to be a key factor for accurate control of the 
training process (Rebelo et al., 2012). Specifically, an accurate 
evaluation of training load is paramount for the planning and 
periodization of training, especially with regard to the preven-
tion of undertraining or overtraining, and ensuring that athletes 
are in an optimal condition for competition (Rebelo et al., 2012). 
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Training load can be differentiated into external and 
internal loads. The external load can be derived from mea-
surements of a player’s movement on the pitch, and the in-
ternal load is related to the physiological and psychological 
stresses imposed on the player’s body (Jaspers, Brink, Probst, 
Frencken, & Helsen, 2017). Typically, measures of internal 
training load are heart rate-based training impulse (TRIMP) 
and the session rate of perceived exertion (s-RPE) (Wallace, 
Slattery, & Coutts, 2014), while external training load is 
mostly evaluated with measures obtained from GPS or vid-
eo-based technologies (i.e., total distance covered, different 
speed zone distance covered, accelerations and decelerations) 
(Scott, Lockie, Knight, Clark, & de Jonge, 2013). 

Previous studies have described the in-season train-
ing periodization practices of elite soccer teams in detail. 
Briefly, Malone et al. (2015) and Stevens, de Ruiter, Twisk, 
Savelsbergh, and Beek (2017) reported lower training loads 
when training sessions approached match day. In a recent 
study, Oliveira et al. (2019) evidenced in-season external 
training load of UEFA Champions League team and indicat-
ed that total distance tended to decrease during the in-season 
(from 5589 m to 4545 m) (Oliveira et al., 2019). Akenhead, 
Harley, and Tweddle (2016) observed position-specific exter-
nal training load of an English Premier League soccer team 
during training and found that some acceleration variables 
successfully differentiated playing positions with midfield 
players covering more distance within the total, low, and 
moderate acceleration thresholds than central defenders 
(Akenhead, Harley, & Tweddle, 2016). Clemente et al. (2019) 
reported that weeks with five training sessions had statisti-
cally more significant values for all external load ratios than 
weeks with three or four sessions.

The final achievement of the soccer game is assessed by 
match outcome (winning, losing or drawing). Therefore, it 
is not surprising that authors often search for the parame-
ters that affect match outcome (Oberstone, 2009; Tenga & 
Sigmundstad, 2011). Several attempts have been made to 
determine performance indicators that may distinguish 
winning from losing teams (Oberstone, 2009; Tenga & 
Sigmundstad, 2011). Consequently, the essential aspects of 
final performance and achievement were technical indicators 
(Rampinini, Impellizzeri, Castagna, Coutts, & Wisløff, 2009), 
tactical- (Taylor, Mellalieu, & James, 2005), physical indica-
tors (Gregson, Drust, Atkinson, & Salvo, 2010), and situation 
variables (Taylor, Mellalieu, James, & Barter, 2010). Although 
these studies provided a great deal of valuable information, 
there is an evident lack of studies that examined the train-
ing load parameters as factors of possible influence on match 
outcomes. 

While there is a growing interest for the analysis of how 
running match performances (i.e., external match load) af-
fect match outcome, to the best of our knowledge, there is 
no study that has explored the association between exter-
nal training load from weekly sessions and match outcomes 
in soccer. Interestingly, authors from other sports (e.g., ice 
hockey and Australian soccer) have focused on this issue 
and reported valuable results for their sports (Douglas et al., 
2019; Sullivan et al., 2014).

Therefore, the main objective of this study was to ex-
amine possible associations between external training load 
during the week and the match outcomes. Additionally, we 
examined position-specific training loads, game loads, and 

training/match ratio for studied soccer players. Altogether, 
these findings will provide better insight and understanding 
of the weekly external training sessions’ load effects on suc-
cess in soccer. Consequently, it could positively affect a team’s 
possibility of winning the matches. 

Methods
Participants and design

In this research, 77 training running performances were 
analysed as well as match performances of the same players at 
the end of the following week. All data were collected during 
12 matches of the 2019/2020 season and during training ses-
sions. In the observed period, the team played 7 home and 
5 guest matches, with 8 wins, 2 draws, and 2 losses. Players 
(age: 23.57±2.84 years; body height: 181.9±5.17 cm; body 
mass: 78.36±4.18 kg) were divided into five different groups 
depending on playing positions: central defenders (n=18), 
full-backs (n=20), central midfielders (n=26), wide mid-
fielders (n=5), and forwards (n=9); only players that played 
the whole game and participated on all training sessions in 
the week before each match were included in the study. This 
study was approved by the Ethics Board.

Procedures
The variables observed in this study were running param-

eters obtained during (i) game and (ii) training over the pre-
ceding week, playing position (central defenders, full-backs, 
central midfielders, wide midfielders, forwards), number of 
training session performed each week, home/guest match, 
and final match outcome (win, draw, lost)

Running performances observed in the study were: total 
distance covered (m); distance in five speed categories (walk-
ing (<7.1 km/h), jogging (7.2-14.3 km/h), running (14.4–19.7 
km/h), high speed running (19.8–25.1 km/h), and sprinting 
(>25.2 km/h)); total accelerations (>0.5 m/s²); high-intensi-
ty accelerations (>3 m/s²); total decelerations (< (-) 0.5 m/
s²) and high-intensity decelerations (< (-) 3 m/s²). For col-
lecting data, GPS technology (Catapult S5 and X4 devices, 
Melbourne, Australia) with a sampling frequency of 10 Hz 
was used. The reliability and validity of the equipment had 
previously been confirmed in studies (Castellano, Blanco-
Villaseñor, & Alvarez, 2011; Johnston, Watsford, Pine, & 
Spurrs, 2014).

Statistics 
The normality of the distributions was checked with a 

Kolmogorov-Smirnov test, and data are presented as the 
means ± standard deviations. Differences between playing 
positions in running variables were analysed using a one-way 
analysis of variance (ANOVA) with Scheffe posthoc test. The 
ANOVA calculations were done separately for game-load 
and training-load variables. Associations between running 
parameters obtained at training and games were identified 
with Pearson’s coefficient of correlation. Logistic regres-
sion for binary outcome was calculated in order to identify 
the association between running performances achieved at 
training during the preceding week and match outcome. The 
match outcome was binarized, and a won match was con-
sidered to be a “positive outcome” (coded as “2”), while the 
remaining two outcomes (loss and draw) were considered to 
be “negative outcomes” (coded as “1”). The logistic regres-
sion was controlled for covariate “home/guest match”, since 
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it was expected that there is a strong influence of this vari-
able on match outcome, with a lower likelihood for a positive 
outcome for guest matches. In addition to running perfor-
mances, the correlation was calculated between the number 
of training sessions in a week and match outcome (criterion). 
The Odds Ratio (OR), and 95% Confidence Interval (95%CI) 
were reported for each predictor (running performance). For 
all analyses, Statistica 13.0 (TIBCO Software Inc, USA) was 
used, and a p-level of 95% was applied.

Results
Significant ANOVA differences across playing positions 

(p<0.05) were found in all external match load variables. 
The greatest total distance (10,944 m) covered by central 
midfielders was significantly higher compared to almost all 
playing positions (e.g., when compared to central defenders, 
full-backs and forwards). The forwards covered the greatest 
distance in high-intensity running (894 m), while central de-
fenders high-intensity distance covered (411 m) was signifi-
cantly lower compared to all playing positions. The central 
midfielders carried out the highest number of accelerations 
and decelerations, while forwards carried out the highest 
number of high-intensity accelerations and decelerations 
(Table 1). 

Table 1. Comparison of game running performance across playing positions

Central
defenders Full backs Central

midfielders
Wide

midfielders Forwards
F-test (p)

M±SD M±SD M±SD M±SD M±SD

Total distance (m) 8880.2±512.3 9712.9±578.2 10944.6±615.9 10451.8±860.4 9625.9±471.4 36.59 (0.01)*

Low-intensity (walking + 
jogging) (m) 7539.0±417.5 7842.7±452.8 8727.7±535.4 8300.3±490.3 7495.6±348.3 23.50 (0.01)*

Running (m) 929.7±135.5 1150.1±128.5 1576.2±279.9 1328.3±230.7 1235.0±98.2 30.81 (0.01)*

High-intensity (high 
speed running + 

sprinting) (m)
411.3±111.8 709.4±123.5 644.2±184.2 823.3±284.3 894.0±195.4 16.60 (0.01)*

Accelerations (count) 395.2±58.8 387.7±89.9 477.3±53.5 434.5±59.7 393.0±39 7.30 (0.01)*

Decelerations (count) 396.0±64.7 401.8±40.7 471.7±48.3 429.5±71.7 398.2±35 8.63 (0.01)*

High-intensity 
accelerations (count) 12.7±3.3 11.9±4.2 10.8±4.8 10.3±3.3 30.0±8.3 29.24 (0.01)*

High-intensity 
decelerations (count) 27.4±6.7 29.9±7.9 34.2±10.6 36.5±14.2 50.9±5.2 11.93 (0.01)*

Legend: M – Mean; SD - Standard deviation; * - significant difference

The greatest weekly total distance was covered by forwards 
(19,829 m) and central midfielders (19,095 m), but no sig-
nificant differences across playing positions were found. The 
highest amount of high-intensity running was performed by 
full-backs players (742 m), while the lowest was performed by 

central midfielders (428 m), with significant posthoc differ-
ence between full-backs and central midfielders. The forwards 
and central defenders carried out the highest number of total 
accelerations/decelerations and high-intensity accelerations/
decelerations (Table 2). 

Table 2. Comparison of running performance in weekly training sessions across playing positions 

Central
defenders Full backs Central

midfielders
Wide

midfielders Forwards
F-test (p)

M±SD M±SD M±SD M±SD M±SD

Total distance (m) 18070.4±4161.7 17531.7±5376.4 19095.9±5523 18880.0±5391 19829.0±6294.8 0.43(0.79)

Low-intensity 
(walking + jogging) 

(m)
16071.4±3750.9 15271.3±4893.4 16999.3±4783.6 16589.8±4514.9 17348.4±5562.4 0.51(0.73)

Running (m) 1468.9±336.1 1517.4±423.4 1681.3±841.1 1609.8±627.5 1826.1±651.3 0.70(0.59)

High-intensity (high 
speed running + 

sprinting) (m)
529.5±204.4 742.9±253.9 428.9±278.6 679.8±390.8 654.3±227 4.76(0.01)*

Accelerations (count) 802.4±214.5 707.6±235.8 794.0±320.4 735.0±342.5 895.6±324.5 0.79(0.53)

Decelerations (count) 799.7±207.5 697.1±235.1 804.8±287.6 801.3±242.7 887.2±324.5 0.98(0.43)

High-intensity 
accelerations (count) 32.5±13.1 25.3±9.2 15.8±7.1 24.3±12.2 31.6±12.3 8.65(0.01)*

High-intensity 
decelerations (count) 63.1±25.8 41.1±11.6 35.1±21.5 35.0±17.5 66.7±27.2 7.30(0.01)*
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The highest training/match ratio was evidenced for the 
total number of accelerations (2.09), distance covered at low 
speeds (7.1-14.3 km/h) (2.04) and high-intensity accelerations 
(2.01) total number decelerations (1.87), and for total dis-

tance covered (1.87) (Figure 1). The training/match ratio for 
distance covered while running at medium speed (14.4–19.7 
km/h) and high speeds (19.8+ km/h) was 1.31 and 0.92, re-
spectively (Figure 1). 

Legend: TD – total distance; Z1,2 – low intensity running; Z3 – running; Z4,5 – high intensity running; ACC – 
acceleration; DECC – deceleration; HI ACC – high intensity accelerations; HI DECC – high intensity decelerations

Table 3. Pearson’s correlation coefficients between running performance and weekly training performance of the corresponding 
variables 

Total 
distance  

(G)

Low-
intensity 
running 

(G)

Running 
(G)

High-
speed 

running 
(G)

Sprint 
(G)

High-
intensity 
running 

(G)

Total 
accelerations 

(G)

Total 
decelerations 

(G)

High 
intensity-

accelerations 
(G)

High-intensity  
decelerations 

(G)

Total distance 
(W) 0.25* 0.16 0.25* 0.29* 0.02 0.22 0.08 0.13 0.29* 0.30*

Low intensity 
(walking + 

jogging) (W)
0.25* 0.19 0.23* 0.25* -0.02 0.17 0.09 0.14 0.27* 0.26*

Running (W) 0.27* 0.09 0.39* 0.45* 0.11 0.38* 0.15 0.17 0.35* 0.45*

High-intensity 
(high speed 
running + 

sprinting) (W)

-0.07 -0.26* 0.01 0.37* 0.51* 0.48* -0.34* -0.26* 0.21 0.25*

Total 
accelerations 

(W)
0.18 0.07 0.25* 0.28* 0.02 0.21 0.13 0.16 0.37* 0.39*

Total 
decelerations 

(W)
0.22 0.12 0.27* 0.28* -0.00 0.20 0.15 0.21 0.36* 0.38*

High-intensity 
accelerations 

(W)
-0.41* -0.48* -0.30* -0.02 0.33* 0.12 -0.28* -0.30* 0.43* 0.23*

High-intensity 
decelerations 

(W)
-0.27* -0.37* -0.11 0.08 0.18 0.13 -0.18 -0.22 0.50* 0.39*

Legend: * - significant correlation

FIGURE 1. Training/match running performance ratio

The total distance covered (r=0.25), distance covered 
in running zone (r=0.39), high-intensity distance covered 
(r=0.48), high-intensity number of accelerations (r=0.43) and 

decelerations (r=0.39) from weekly training sessions were sig-
nificantly correlated with values of associated match variables 
(Table 3).
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Table 4 presents the results of logistic regression for the 
binary outcome measure: match outcome. In general, most of 
the running performances in training were negatively related 
to the match outcome. Specifically, there is a lower likelihood 
for positive match outcome (e.g., winning the game), if players 
in weekly training sessions achieved higher: total distance cov-
ered (OR: 0.98; 95%CI: 0.98-0.99), low intensity (walking + jog-
ging) distance covered (OR: 0.99, 95%CI: 0.97-0.99), running 
zone distance covered (OR: 0.99; 95%CI: 0.98-0.99), Z4W (OR: 

0.97; 95%CI: 0.96-0.99), high-intensity (high speed running + 
sprinting) distance covered (OR: 0.98; 95%CI: 0.97-0.99), total 
number of accelerations (OR: 0.99; 95%CI: 0.98-0.99), total 
number of decelerations (OR: 0.98; 95%CI: 0.96-0.99), more 
high-intensity accelerations (OR: 0.96; 95%CI: 0.95-0.99), and 
more high-intensity decelerations (OR: 0.98; 95%CI: 0.97-0.99). 
To summarize, such associations were all generated by higher 
numbers of training sessions in weeks when the observed team 
played a game away from home (OR: 0.14, 95%CI: 0.05-0.35) 

Table 4. Logistic regressions between running performance during week and number of 
training sessions with match outcome

OR 95%CI

Total distance 0.98 0.98-0.99

Low intensity (walking + jogging) 0.99 0.98-0.99

Running 0.99 0.98-0.99

High intensity (high speed running + sprinting) 0.98 0.97-0.99

Total number of accelerations 0.99 0.98-0.99

Total number of decelerations 0.98 0.96.0.99

High-intensity accelerations 0.96 0.95-0.99

High-intensity decelerations 0.98 0.97-0.99

Training sessions per week 0.14 0.05-0.35

Discussion 
There are several significant findings of this study, which 

will be discussed in the following. First, playing positions dif-
fered considerably in specific running performances during 
training and matches. Next, the results indicated significant 
correlations between corresponding running performances 
obtained at training and match. Finally, the training load was 
significantly associated with the match outcome.  

Differences among playing positions in running performances
Our results evidenced significant differences between play-

ing positions for total distance covered in soccer matches. These 
findings are in accordance with the results of previous studies in 
which authors reported that distance covered during the match 
varies considering the position-specific tactical roles (Di Salvo 
et al., 2007; Modric et al., 2019). In detail, while central defend-
ers covered the lowest total distance (8880 m in average), cen-
tral midfielders total distance covered (10,944m in average) was 
statistically greater compared to central defenders, full-backs 
and forwards (p<0.05). Similar results are discussed in previous 
studies in which it was reported that central midfielders usually 
cover significantly more distance than players in all other play-
ing positions due to their tactical roles (Di Salvo et al., 2007; 
Modric et al., 2019). 

It has already been noted that high-intensity distance cov-
ered (above speeds of 20 km/h) in matches is one of the most 
important elements in successful soccer performance (Di Salvo 
et al., 2009). Specifically, external players (wide midfielders 
and full-backs) and front players (forwards) cover the greatest 
amount of high-intensity distance (Di Salvo et al., 2007; Mallo et 
al., 2015). Our results indicated that central defenders high-in-
tensity distance covered is statistically lower when compared to 
all other playing positions (p<0.05), while the greatest amount 
of high-intensity distance in matches was covered by forwards 
(894 m in average), followed by wide midfielders and full-backs 
(823 m and 709 m, respectively). Therefore, we may say that our 

findings are in accordance with previous studies when authors 
reported similar results for Italian Serie A, Spanish La Liga, and 
English Premier League (Di Salvo et al., 2007; Di Salvo et al., 
2009; Mallo et al., 2015). 

The central midfielders have the highest numbers of acceler-
ations and decelerations in the soccer matches (on average 477 
and 471, respectively), while forwards have the highest number of 
high-intensity accelerations and decelerations (in average 30 and 
50, respectively). In general, it is difficult to compare our accel-
eration data with the literature, since there is currently little con-
sensus regarding the use of acceleration thresholds in team sports 
(Johnston et al., 2014). Moreover, a comparison between accel-
eration variables measured with different tracking systems (and 
system versions) would also be difficult (Buchheit et al., 2014). 

Although we did not find evidence of significant differenc-
es between playing positions, forwards and central midfielders 
tend to have the highest average weekly total distance (19,829 
m and 19,095 m in average, respectively), while full-backs have 
the lowest (17,531 m in average). The greatest weekly high-in-
tensity distance covered by full-backs (742 m on average) was 
higher compared to central midfielders, which covered the low-
est distance at high speeds through weekly training sessions. 
Accordingly, it seems that full-backs weekly training drills 
contain more high-intensity running, while conversely, central 
midfielders training sessions tend to stimuli greater distance 
covered without many high-intensity efforts. Furthermore, our 
results evidenced that central midfielders has the lowest num-
ber of high-intensity accelerations (n=15) and decelerations 
(n=35). As already reported that central midfielders soccer suc-
cess is more influenced by soccer variables (Modric et al., 2019), 
it seems that central midfielders training sessions are generally 
more focused on soccer skills than on running performances.

Training/match ratio
Compared to running performances from the matches, 

the average total distance from weekly training sessions was 
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higher by 1.74 times for central midfielders, 1.81 times for wide 
midfielders, 1.80 for full-backs, 2.04 times for central defenders 
and 2.05 for forwards. Weekly high-intensity distance covered 
for full-backs and central defenders was higher (1.05 and 1.30 
times, respectively), while for central midfielders, wide midfield-
ers and forwards it was lower (0.63, 0.81, and 0.77, respectively) 
compared to match values. Acceleration/deceleration load were 
higher in weekly training sessions compared to the match values. 
Specifically, the training/match ratio was 2.09 for the total num-
ber of accelerations, 1.87 for the total number of decelerations, 
2.01 for of high-intensity accelerations and 1.47 for of high-inten-
sity decelerations. This suggests that, through weekly training ses-
sions, the total distance covered and accelerations/decelerations 
were more emphasized than the high-intensity distance covered. 
Similar findings were previously discussed in the recent study of 
Clemente et al. (2019), in which it was presented that “specific 
variables (e.g. high-speed running distance and sprinting dis-
tance) were associated with substantially lower ratios than other 
variables”. 

Correlates of match outcome
A strong correlation between the weekly number of training 

sessions and match outcomes indicated a higher possibility for 
winning the matches when preceding weeks had lower numbers 
of training sessions. Furthermore, our results evidenced an in-
verse association of almost all running performances in weekly 
training sessions with match outcomes. These findings empha-
size that external weekly load values were lower when the team 
won in subsequent matches. Since it previously was highlighted 
that the higher weekly number of training sessions provoke a 
higher weekly external training load (Clemente et al., 2019), a 
team’s positive achievement would be greater in weeks with lower 
numbers of training sessions and lower values of external train-
ing load. 

Typical training sessions in weeks with short time until the 
next games (i.e., weeks with lower numbers of training sessions) 
are more focused on the recovery and development of soccer 
skills (e.g., technical and tactical skills) than on strength and con-
ditioning (i.e., adaptation of conditioning abilities cannot be op-
timal if there is a short period between matches). Consequently, 
in such weeks the players experienced less external training load, 
which possibly resulted in better recovery and superior overall 
fitness status in subsequent matches. Altogether, it allowed play-
ers to execute technical and tactical requirements during game 
situations at a higher level (Borges et al., 2017). Collectively, it 
logically could result even in better overall achievement and, fi-
nally, positive results. 

Supportively, previously it was highlighted that soccer play-
ers’ work rate was lower when winning than losing a match 
(Castellano et al., 2011). Also, low-ranked teams have greater 
high-intensity distance covered compared to top-ranked teams 
(Di Salvo et al., 2009; Rampinini et al., 2009). Considering the re-
sults of our study in which we evidenced correlation for almost all 
running parameters (e.g., total distance covered, high-intensity 
distance covered, distance covered in the zone of running, num-

ber of high-intensity accelerations and decelerations) obtained 
at training and matches, it seems that external load in matches 
was affected with external load from training sessions. In other 
words, if players perform lower external load values in training, 
lower values of associated external load variables will occur in 
matches. In accordance with previously cited studies, this could 
imply that positive results were more affected with technical and 
tactical skills than with running performances from both train-
ing sessions and matches. 

Strengths and limitations
This study was based on results obtained from a team in 

Croatian competition (top-level competition in the country); 
therefore, results may be generalized to similar qualitative ranks. 
Also, we did not present any specific data about physical condi-
tioning status, which will allow more detailed discussion. Finally, 
in this study, we included only those players who participated in 
all matches and all training sessions; this was necessary due to 
methodological reasons. Meanwhile, this is one of the first studies 
where training running performances were simultaneously cor-
related with: (i) match running performances, and (ii) match out-
come. Also, the level of players observed is a significant strength 
of the investigation. Finally, throughout the study, the same team 
of professionals (coaches, physicians) managed the observed 
team, which consequently reduced the possibility that factors oth-
er than those observed influenced the results of the study. 

The results of this study confirmed that most of the variables 
of external match load in soccer vary according to the different 
playing positions. Through weekly training sessions, variables 
that determine intensity (e.g., high-intensity distance covered 
(+19.8 km/h), and the number of high-intensity accelerations/
decelerations) distinguished players between their playing posi-
tions, while no differences were found for volume variables (e.g. 
total distance covered and the total number of accelerations and 
decelerations), low-intensity variables (e.g., walking + jogging) 
and moderate-intensity variables (e.g., distance covered in the 
zone of running).

Since training/match ratios were higher for total distance 
covered, distance covered in low speeds, the number of total ac-
celerations/decelerations and the number of high-intensity ac-
celerations, it seems that these variables were more stimulated 
through training sessions than distance covered at moderate 
(14.4–19.7 km/h) and high speeds (+20 km/h).

Positive correlations between some external training and 
match load variables highlighted that if a team performs higher 
values of total distance covered, distance covered in the running 
zone, high-intensity distance covered, high-intensity number of 
accelerations and decelerations in weekly training sessions, high-
er values of same variables will occur in subsequent matches. 

Finally, correlations between the weekly number of training 
sessions and weekly running performances with match outcome 
demonstrated that the chances of positive achievement at the 
game were greater in weeks when the team participated in fewer 
training sessions and consequently had lower values of external 
training load.
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Abstract

Hypertension is a leading preventable cause of morbidity and mortality worldwide. Exercise is a widely recom-
mended treatment strategy that has been shown to cause both acute and chronic reductions in blood pressure. 
This study aimed to explore the potential therapeutic effects of Brazilian jiu-jitsu training by assessing blood 
pressure responses during and after technical sparring. Seven Brazilian jiu-jitsu practitioners (age: 24.0±3.5 years; 
height: 1.75±0.02 m; body mass: 76.0±4.2 kg; BMI: 24.5±0.9) were included in the study. The participants per-
formed three five-minute technical sparring rounds. Auscultatory measurements of blood pressure were ob-
tained at rest, one minute post-sparring, and every ten minutes for a total of 60 minutes of recovery time. Between 
rounds, acute increases in both systolic blood pressure (p<0.0001) and diastolic blood pressure (p<0.0001) were 
observed. In the subsequent recovery period, both systolic blood pressure and diastolic blood pressure increased 
at the ten-minute mark compared to baseline values, but then started to gradually decline, with systolic blood 
pressure dropping 10.0±4.1 (p<0.0001) and diastolic blood pressure 5.0±4.1 mmHg (p=0.001) after one hour of 
recovery. These findings indicate that technical Brazilian jiu-jitsu sparring induces significant post-exercise de-
creases in blood pressure and thus may have value as a non-pharmacological treatment strategy for the preven-
tion and management of hypertension.

Keywords: martial arts, combat sports, Brazilian jiu-jitsu, hypertension, blood pressure 

Introduction
Chronically high blood pressure (BP), or hypertension 

(HTN), is a leading preventable cause of morbidity and mortal-
ity worldwide. Most cases are primary, with no identifiable un-
derlying cause, making treatment challenging. Approximately 
20–24% of the world population have high BP, with over 500 
million new cases since 1975 (Zhou et al., 2017). Since ear-
ly-stage HTN rarely causes symptoms, many hypertensives go 
undiagnosed, which contributes to the burden of the disease. 
The level of arterial pressure at which HTN is diagnosed dif-
fers between guidelines; some consider a systolic BP (SBP) of 
130 mmHg as high normal (Williams et al., 2018) while others 
classify it as stage 1 HTN (Whelton et al., 2017). However, a 
negative impact on cardiovascular and renal function can be 

observed at an SBP as low as 110 mmHg (Forouzanfar et al., 
2017).

The management of HTN may include both antihyperten-
sive drugs and non-pharmacological interventions, such as 
changes in diet and activity levels. Indeed, physical exercise 
is a widely recommended prevention and treatment strat-
egy in HTN (Pescatello et al., 2004). The antihypertensive 
effects of physical activity appear to in part be mediated by 
an acute BP reduction of ~5–7 mmHg in hypertensives fol-
lowing exercise, known as post-exercise hypotension (PEH) 
(Pescatello, MacDonald, Lamberti, & Johnson, 2015). Blood 
pressure responses have previously been investigated in both 
aerobic exercise and resistance training (Domingos & Polito, 
2018; Hecksteden, Grutters, & Meyer, 2013; Keese, Farinatti, 
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Pescatello, & Monteiro, 2011; Ruiz et al., 2011), with either 
modality seemingly inducing PEH, particularly in unmed-
icated individuals who use exercise as a preventive strategy 
(Carpio-Rivera, Moncada-Jimenez, Salazar-Rojas, & Solera-
Herrera, 2016). 

Brazilian jiu-jitsu (BJJ) is a grappling-based combat sport 
with a growing number of recreational and professional prac-
titioners. The effort pattern of BJJ is characterized by aerobic 
work at lower intensities interspersed with short bursts of 
high intensity (Andreato, Follmer, Celidonio, & Honorato, 
2016). Despite several investigations of athlete characteristics 
(Andreato, Lara, Andrade, & Branco, 2017; Øvretveit, 2018b) 
and effort patterns in BJJ (Andreato et al., 2016; Øvretveit, 
2018a), data on the health benefits, included the BP responses, 
of BJJ practise is scarce. Prado and Lopes (2009) found acute 
increases in BP following 20 minutes of BJJ sparring. During 
the subsequent 90-minute recovery time, both SBP and dia-
stolic BP (DBP) fell steadily until the 75-minute mark, when 
an elevation below pre-exercise values was observed. Borges 
et al. (2012) observed the acute physiological responses to 
single five-minute sparring rounds, with BP measures at rest 
(pre-sparring), one, five, and fifteen minutes post-sparring in 
a training session. A BP increase was observed one minute 
post-sparring, following a reduction below pre-sparring lev-
els, indicating BJJ-induced PEH. Similarly, Simão et al. (2007) 
reported BP reductions following a 60-minute judo session, 
although these findings did not reach statistical significance. 

Brazilian jiu-jitsu training typically includes a warm-up 
followed by technical drilling and sparring (Øvretveit, 2018a). 
These training components may exert different effects on BP; 
while warm-ups and technical training may be associated 
with the PEH typically observed following aerobic exercise, 
competitive sparring might increase BP due to factors such 
as increased tension and anxiety (Piskorska et al., 2016) and 
emotional stress (Munakata, 2018). Notably, previous research 
on BP responses in grappling does not distinguish between 
technical (light) sparring or competitive (hard) sparring. As 
opposed to technical sparring, competitive sparring may in-
crease injury risk and hence be less suitable for regular prac-

tice. Accordingly, studies assessing the health benefits of low-
risk technical sparring can be used to inform training strate-
gies and health goals in the general BJJ population. To the best 
of our knowledge, no study to date has explored BP responses 
in BJJ training. 

Thus, this study aimed to investigate training-induced BP 
in BJJ practitioners and assess the potential therapeutic effects 
of the sport. We hypothesized that BP would increase acute-
ly after each round compared to resting values, followed by a 
significant and gradual decrease during the recovery period.

Methods
Participants

The study sample comprised seven male BJJ practitioners 
(age: 24.0±3.5 years; height: 1.75±0.02 m; body mass: 76.0±4.2 
kg; BMI: 24.5 0.9) from the Federal Brazilian Jiu-jitsu School 
(Team Minerva) at the Federal University of Rio de Janeiro 
(UFRJ) holding the rank of blue (n=6) and purple belt (n=1), 
with 5.0±1.3 years of BJJ training experience. To limit the skill 
discrepancy between the participants, white, brown, and black 
belts were ineligible for participation. The study protocol was 
reviewed and accepted as a graduation project at UFJR. All 
participants were informed of the risks and benefits associated 
with the investigation and gave their written informed consent 
prior to participation.

Experimental design
Data were collected on two non-consecutive days (Figure 

1). On the first day, height and body mass were obtained with 
a balance weighing scale with a stadiometer (Filizola, São 
Paulo, Brazil) in a sport science laboratory. The participants 
subsequently underwent a protocol familiarization session at 
martial arts gymnasium’s dojo (UFRJ) followed by a recovery 
period of 48 to 72 hours before the main data collection. In the 
24-hour period leading up to the sparring session, participants 
were asked to abstain from exercise, caffeine, chocolate, green 
tea, sugary soda, alcohol as well as thermogenic supplements 
and other stimulating substances such as amphetamines, the-
ophylline, theobromine, and their derivatives.

FIGURE 1. Experimental design

All BP measurements were obtained by trained personnel 
using a stethoscope (Duplex, Rudolf Riester GmbH, Jungingen, 
Germany) and sphygmomanometer (Premium, Wenzhou 

Kangju Medical Instrument Co., Ltd, Wenzhou, China). On 
the sparring day, baseline resting BP was measured in the seat-
ed position after ten minutes of rest. Subsequently, all partic-
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ipants completed three five-minute technical sparring rounds 
separated by five-minute breaks. The rounds were characterized 
by gentle movements without excessive use of muscular force, 
allowing a greater variety of attack and defence techniques 
without competitive purpose. When a submission position was 
achieved, a defence technique was allowed, and the combat con-
tinued until the end of time. Following the end of the last spar-
ring round, the participants remained seated in a chair for 60 
minutes, avoiding movement and talking. Blood pressure was 
measured one minute after each round and every ten minutes 
during the recovery period (Simão et al., 2007). Additionally, 
participants gave their rating of perceived exertion (RPE) on 
Borg’s category-ratio scale (Borg, 1982) after each round.

Statistical analysis
Statistical analyses were performed using SPSS version 

20 (Chicago, IL, USA). Figures were made using GraphPad 
Prism version 6 (San Diego, CA, USA). The Shapiro-Wilk test 
was used to test data normality. Differences in BP responses 

were assessed with repeated measures ANOVA followed by 
the Holm-Sidak post hoc test. Sphericity was assessed with 
Mauchly’s test, with the Greenhouse Geisser test being used 
when necessary. To obtain the effect size, Eta2

partial (n2) was 
used, calculated as n2 = SSbetween / SSbetween + SSresidual. A 95% confi-
dence limit was established. Data are presented as mean±stan-
dard deviation (SD). An alpha level of p≤0.05 was considered 
statistically significant for all comparisons.

Results
All participants successfully completed the designated 

sparring rounds. No adverse events occurred during any of 
the measurement procedures. Between sparring rounds, acute 
increases in both SBP (F1.556, 9.336 = 102.6; n2 = 0.972; p<0.0001) 
and DBP (F2.683, 16.10 = 30.04; n2 = 0.913; p<0.0001) were ob-
served (Figure 2). This was accompanied by a gradual, albeit 
non-significant increase in RPE from 5.0±0.8 after round 1, 
to 6.0±1.4 after round 2, and peaking at 7.0±1.0 after round 3 
(F1.370, 8.218 = 3.205; n2 = 0.590; p=0.1037).

FIGURE 2. Blood pressure responses during sparring. Data presented as mean±SD. *Significant increase compare to baseline (p<0.05)

In the subsequent post-training recovery period, both 
SBP and DBP increased at the ten-minute mark compared to 
baseline resting values, but then started to gradually decline 

(Figure 3), with SBP dropping 10.0±4.1 (F1.813, 10.88 = 39.16; n2 = 
0.931; p<0.0001) and DBP 5.0±4.1 mmHg (F1.790, 10.74 = 20.32; ; 
n2 = 0.879; p=0.001) after one hour of seated recovery.

FIGURE 3. Blood pressure responses after sparring. Data presented as mean±SD. #Significant increase compare to baseline (p<0.05); *significant 
decrease compare to baseline (p<0.05)
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Discussion
The increasing global prevalence and burden of HTN, and 

the well-established efficacy of physical exercise as an antihyper-
tensive treatment strategy, warrants the investigation of various 
exercise modalities and their effects on BP. Thus, the present 
study sought to measure BP responses to controlled combat 
sports training in young, healthy adults. As hypothesized, our 
main finding was that both SBP and DBP decreased significantly 
following technical sparring, demonstrating a distinct PEH ef-
fect, which is in accordance with previous observations (Borges 
et al., 2012; Prado & Lopes, 2009; Simão et al., 2007) and indi-
cates the efficacy of BJJ in the prevention and treatment of HTN. 

Contrasting the observed increase ten minutes into recov-
ery were the findings of Borges et al. (2012), who reported a re-
duction in SBP as early as five minutes after sparring. However, 
this may be due to differences in training volume, as the mea-
surements were obtained after a single round of sparring, 
whereas we assessed recovery after three consecutive rounds. 
Furthermore, our findings on acute post-sparring (i.e., after one 
minute) increases in SBP are in agreement with previous obser-
vations (Borges et al., 2012; Prado & Lopes, 2009). The increas-
ing RPE indicates cumulative fatigue as a result of consecutive 
bouts of sparring. Cumulative RPE in BJJ appears to be related 
to between-round recovery time, with short breaks leading to 
a progressive increase in perceived fatigue (Øvretveit, 2018a) 
while longer breaks result in similar RPE after consecutive 
bouts (Andreato et al., 2015). Accordingly, breaks during train-
ing can be adapted to the general training goals, e.g., extended 
to support recovery or narrowed to induce perceived fatigue. 
Although being considered as an appropriate method for train-
ing load quantification in combat sports, the subjective nature 
of the RPE measurement makes it susceptible to several factors 
such as the competitive level, external stimuli, training modal-
ities, and intensity of the session (Slimani, Davis, Franchini, 
& Moalla, 2017). Thus, comparisons of studies and individual 
practitioners should be made with caution.

The magnitude of PEH after single bouts of exercise may 
be indicative of the long-term BP response to chronic exercise 
(Hecksteden et al., 2013). Accordingly, individual PEH may 
be used as an indicator of the degree of exercise-induced BP-
reductions that can be expected over a given training period 
(Liu, Goodman, Nolan, Lacombe, & Thomas, 2012). Moreover, 
PEH likely plays an important role in the overall BP reductions 
caused by exercise training, highlighting the importance of reg-
ular physical activity (Pescatello et al., 2015). As demonstrated 
by the present study, light BJJ sparring elicits significant PEH 
effects and can, due to its relatively low physiological load, be 
performed with a high frequency without leading to overtrain-
ing and/or injury. However, exercise intensity has also been 
shown to be an important mediator of BP reductions (Boutcher 
& Boutcher, 2017) and exercise recommendations for the pre-
vention and treatment of HTN must strike a balance between 
intensity, frequency, and volume of training. Although no study 

to date has compared the effects of light and hard sparring on 
PEH, BJJ practitioners have been shown to reach and maintain 
a relative heart rate (HR) of 85% during sparring at unrestricted 
intensities (Øvretveit, 2018a), which suggests that sparring can 
reach very high intensities, which has implications for exercise 
tolerance and subsequent adaptations. Thus, it might be appro-
priate to apply intensity restrictions to sparring sessions based 
on the goal of the practitioners. Importantly, while high-intensi-
ty sparring is often used for athletic conditioning, athletes who 
seek improvements in aerobic endurance should include alter-
native high-intensity conditioning approaches in their training 
plan (Øvretveit, 2019).

Although it is the type and degree of physiological stimulus 
rather than the specific exercise modality that generally should 
inform the balance of intensity, frequency and volume, BJJ prac-
titioners must consider the inherent injury risk of the sport when 
they plan their training. Our findings suggest that low-intensity 
training is conducive to PEH and consequently can be appro-
priate for practitioners seeking BP reductions. Conversely, more 
competition-oriented practitioners may opt for a higher training 
intensity to more closely emulate the conditions of competition. 
While the injury rate in BJJ competition is reportedly lower than 
for other combat sports, such as taekwondo, judo, wrestling and 
mixed martial arts (Scoggin et al., 2014), injuries during BJJ 
training are very common (Petrisor et al., 2019). Furthermore, 
BJJ training intensity is thought to increase the risk of injury 
(Spano, Risucci, Etienne, & Petersen, 2019). Thus, inappropri-
ate programming of high-intensity BJJ training may negatively 
affect both short- and long-term training adaptations and ulti-
mately adherence to the sport. As the perceived risks and ben-
efits of BJJ training may vary between practitioners, individual 
goals should govern the training plan. Considering that BJJ does 
not require athletic trainers or medical professionals to monitor 
practice sessions, the education of coaches and practitioners is 
important to minimize injury risk (Spano et al., 2019). 

Exploring the underlying mechanisms of BP responses 
during and after exercise training is beyond the scope of this 
study, and the exact causes of the observed PEH remain to 
be determined. Indeed, the effects of exercise on the complex 
pathophysiology of HTN may be more appropriately explored 
in a different context. The study was limited by the small sample 
size and lack of objective intensity measurements during spar-
ring, such as HR. To further elucidate the role of intensity in 
BJJ-mediated BP reductions, larger studies comparing different 
training intensities is needed.

In summary, technical BJJ sparring appears to lead to signif-
icant PEH, indicating its potential as a non-pharmacological ap-
proach to treat and prevent HTN. Although hard sparring can be 
appropriate for active competitors in preparation for competition, 
it might negatively impact BP through increased psychological 
stress, as well as increase the risk of injury. The relative safety and 
apparent effect of technical sparring on BP make it a compelling 
training approach for improvements in cardiovascular health.
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Abstract

The purpose of this article is to justify and develop the content and structure of an additional course of bachelors 
in physical education entitled “Methodological support for the activities of a sports coach”, to expand the range 
of their professional competencies. The course involves the disclosure of the theoretical foundations and the 
practical implementation of the competencies mastered by bachelor students in the context of the new Federal 
State Educational Standard. The target audience of the course includes bachelor students in physical education, 
trainers of various categories, teachers in fitness centres, physical education leaders of schools, camps and other 
persons whose activities are related to the implementation of physical training. In the learning process, informa-
tion, design, and interactive technologies are used. 

We have developed the content of the course for additional training of bachelor students in physical education. 
The study was carried out for three years (2017–2019). The total number of students in 2017 was 16; by 2018 the 
number increased to 27, and in 2019 the number grew to 36. This paper presents a study to identify the quanti-
tative and qualitative composition of students attending an additional training course (senior, middle, and junior 
groups), which enabled determining the relevance of the course content that we have developed. From year to 
year, the course content has been improved. Statistical data processing revealed a growing number of students 
from 2017 to 2019. The course is in demand in each of the age categories that we have identified. The results of 
the study allowed us to identify the direction for further improving the design of the course content, the choice 
of technologies, methods and tools, which improves the quality of its implementation and, as a result, the quality 
of its implementation of the methodological activities of physical education specialists. 

Keywords:  physical education, competencies, professional and pedagogical activities, higher educational institution, 
additional training courses 

Introduction
Current activities for the implementation of physical ed-

ucation require appropriate methodological support (H.V. 
Ihnatenko & K.V. Ihnatenko, 2018). In this article, we consider 
the preparation of bachelor students in physical education, as 
well as the development of scientific and methodological sup-
port for the activities of physical education trainers (Pogosova, 
& Tinikashvili, 2019). The content of the preparation of bach-

elor students in physical education is aimed at studying and 
improving their physical, mental and functional capabilities 
(Buzoev, 2019), the practical implementation of the princi-
ples of an active and healthy lifestyle with the help of physical 
culture and sports (Abramova, Vaganova, & Kutepova, 2018). 
The structure of the undergraduate programme is presented 
in several blocks (Rakhimbaeva et al., 2019), which include 
a cycle of professional disciplines, practice, and state final 
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certification (Bulaeva, Vaganova, & Gladkova, 2018). While 
training at university, a student masters the general charac-
teristics of sporting events (Tomaev, Hosiyev, & Khubetsov, 
2019), the features of mass physical-sports events, sports the-
ory, and similar (A.N. Chirva, & O.G. Chirva, 2018). The dis-
ciplines they learn are directly related to physical education 
(Cirdan, 2019). However, in the preparation of a bachelor’s 
degree in physical education, there are not enough disciplines 
that contribute to the formation of pedagogical competencies 
(Denysenko, 2018). 

Furthermore, since graduates who have mastered the un-
dergraduate programme, according to the requirements of the 
Federal State Educational Standard, must carry out coaching, 
recreational, organizational and managerial, research and 
cultural and educational activities (Bitarova, & Begletsova, 
2019), and pedagogical activity (Cheldiev, & Dzaparov, 2019), 
additional training courses are needed (Garnevska, 2018). 
To this end, we developed the content of the course for ad-
ditional training of bachelors in physical education entitled 
“Methodological support for the activities of the sports coach”.

This course is designed to develop additional competen-
cies of students and improve the quality of their work. The 
content of the course was developed on a modular basis, which 
allows structuring the material for the best mastery for the au-
dience. According to many scientists, the module represents 
a certain amount of educational information (Prokhorova, 
& Semchenko, 2018), which is necessary for the process of 
implementing professional activities (Pliushch, 2018). Each 
module is a relatively independent part of the course, per-
forming a specific function (Vaskovskaya, 2018).

As a result of mastering the course, students become pro-
ficient in modern scientifically based teaching methods and 
technologies that are appropriate for the tasks set, as well as 
organizational methods for working with students; they de-
velop the ability to analyse the technique of motor actions, 
identify and eliminate the causes of errors with the help of 
modern teaching methods. Students learn current educational 
technologies for the implementation of high-quality pedagog-
ical activity, the latest technologies of sports and fitness, sports 
activities, as well as the methods of playing specific sports 
(basketball, volleyball, hockey, football, etc.).

The methodological support of the activities of trainers in-
volved in the preparation and implementation of team games 
is a process that includes the development of training pro-
grammes, the planning of specific classes and the solution of 
common problems regarding the implementation of coaching 
activities in the implementation of team games.

The features of team game participants are active strategic 
thinking, active interaction in the game process, replaceability 
of team members, high psychological stability, endurance and 
coordination of actions. To create a competitive team and the 
effective organization of the game, competencies related to the 
implementation of the methodological support of sports activ-
ities are required.

Students of the course include bachelor students in physi-
cal education and graduates of higher educational institutions. 
Participants in the additional training course have the neces-
sary competencies in the field of physical education; however, 
their professional activity is associated with teaching, so there is 
a need for additional competencies. Additional training courses 
contribute to the formation of competence: the ability to devel-
op long-term, operational plans and programmes for specific 

classes in the fields of youth and mass sports, which requires 
the use of innovative technologies (Koshechko, 2018). That is, 
modern specialists need to master additional competence: the 
ability to design and apply individualized activity- and person-
ality-oriented technologies and teaching methods that are in-
cluded in the course content (Kobernyk, Stetsenko, Boichenko, 
& Pryshchepa, 2018) and which students will be able to master 
after its completion (Nikishina, & Kesareva, 2017).

The purpose of this article is to justify and develop the 
content and structure of an additional course of bachelors in 
physical education entitled “Methodological support for the 
activities of a sports coach”, to expand the range of their pro-
fessional competencies.

Methods
We have developed the content of the course for additional 

training of bachelor students in physical education. The study 
was carried out for three years (2017–2019). The total number 
of students in 2017 was 16; by 2018 the number increased to 
27, and in 2019 the number grew to 36.

The content of the course is presented by modules: theo-
retical and methodological, including legal and organizational 
and methodological blocks, as well as psychological, peda-
gogical and control and evaluation blocks; a practice-oriented 
module includes design work.

The course involves the implementation and study by stu-
dents of health-promoting technologies, project-based learn-
ing technologies, information and interactive technologies, 
which yield the most significant result in the implementation 
of professional activities of bachelor students in physical edu-
cation (Petrichev, Masyuk, & Bushueva, 2018).

Attention was paid to the issue of students’ motor activity 
(Osadchenko, 2019), the features of working with people with 
disabilities based on the implementation of innovative educa-
tional technologies, the study of relevant documentation for 
professional activities, as well as the use of information, inter-
active and design technologies in preparation for sports games.

The study involved participants in additional training in 
physical education at the age of 20 to 37 years. We have iden-
tified three groups of students: the youngest age group (20–25 
years), the middle group (26–31 years old), and the older age 
group (32-37 years old). Using statistical data processing, we es-
tablished the age and number of students attending additional 
training courses in physical education, conducted a final reflec-
tion of the course, which included several questions that made 
it possible to establish students’ satisfaction with the additional 
training courses in physical education “Methodological sup-
port for the activities of a game sports coach”.

The demand for the course since the beginning of its im-
plementation has increased significantly; the age composition 
has also changed. Younger groups have increased interest in a 
more in-depth study of the material and the improvement of 
competence for professional activities.

The regulatory framework for the development of the train-
ing course was the Federal Law “On Education in the Russian 
Federation” dated December 29, 2012, with amendments and 
additions to 2020; Federal Law “On Physical Culture and Sport 
in the Russian Federation”; “The strategy for the development 
of physical education and sports in the Russian Federation for 
the period until 2020.”

The course material is structured according to the module 
principle, according to which each section of the programme 
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is represented by a coherent, logically complete module.
In the process of developing the legal and theoretical and 

methodological blocks of the course, the students studied the 
materials on the legal documentation, the requirements for 
preparing students, the basics of sports training, planning 
in the field of physical education and sports, the organiza-
tion of physical culture management, the implementation of 
health-promoting technologies in preparing students, the ba-
sics health-improving physical culture, conducting classes for 
people with disabilities using information technology, warning 
of injury if many exercises by implementing the health-pro-
moting technologies. The psychological and pedagogical unit 
includes the study of students’ motivation for physical educa-
tion (Raven, 2017), and the features of interaction with stu-
dents with disabilities (Koroeva, & Vorobyova, 2019). During 
the implementation of the practice-oriented module, students 
performed creative design work, which prepares students for 
competitions using innovative educational technologies.

The content of the course reveals the use of education-
al technologies in preparing a coach for the implementation of 

game sports, taking into account the characteristics of sports 
games (basketball, volleyball, hockey, etc.). Since each sport re-
quires high basic indicators (the level of endurance (Nikonova, 
Vaganova, Smirnova, Chelnokova, & Kutepov, 2019b), speed-
strength qualities, technical and tactical skills, a stable psyche, so-
ciability in a team), each coach should provide appropriate train-
ing (Oros, 2018). The course participants plan training sessions 
in accordance with the gender and age characteristics of students’ 
development (Markova, & Narcosiev, 2018), functional groups, 
individual characteristics of health restrictions based on the 
implementation of health-promoting technologies (Nikonova, 
Vaganova, Smimova, Bystrova, & Markova, 2019a). The course 
forms in students the skill of creating a steady student interest.

Results
The results of statistical processing of data on the quanti-

tative and age composition of students attending the course 
“Methodological support for the activities of a sports trainer” 
showed that most students are represented by the older age 
group (32–37 years old; Figure 1).

FIGURE 1. The composition of the students of the course of additional training in physical education 
“Methodological support of the activities of the sports coach”

FIGURE 2. The results of the statistical processing of data on the number of students attending courses 
of additional training in physical education “Methodological support of the activities of the trainer of 
game sports” in a percentage ratio (compared to 2017)

These indicators are explained by the need of older peo-
ple to update and expand their knowledge, and the formation 
of additional competencies. Younger (20–25 years old) and 
middle (26–31 years old) age groups only receive vocational 
education and do not show much interest in participating in 
courses. However, we can observe that by 2019 the number of 
young and middle-aged students had increased. They showed 

interest in a more in-depth study of the material.
From year to year, there has been an increase in the total 

number of students. A the time of the opening of the course in 
2017, this number was 16; by 2018, it had increased to 27, and 
in 2019 the number attending the courses grew to 36 (Figure 1).

In Figure 2, we present the increase in the number of 
course participants as a percentage.
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We can observe that by 2019 (compared with the begin-
ning of the implementation of the courses), the number of 
students making up the younger age group increased by 50%.

We also checked the satisfaction of students with courses 
of additional training in physical education in 2019. To do so, 

a survey was conducted, with a wide list of questions regard-
ing the assessment of students’ activities and the implementa-
tion of additional training courses in general. Table 1 shows a 
fragment of a survey of participants in an additional training 
course.

Table 1. The results of the statistical processing of the survey data to identify satisfaction with additional training courses for 
bachelors in physical education

No. Questions Answers (%)

1

Do you think that additional training in 
the course contributes to improving the 
competence and the formation of additional 
competencies?

Yes - 80%
More likely than not - 20%
More likely no than yes - 0%
No - 0%

2 What do you consider the most valuable in the 
course?

- development of skills to work with regulatory documents for the 
implementation of professional activities - 40% ;
- development of the skill of implementing innovative 
technologies in professional activities - 85%
- mastering additional competencies to improve the quality of 
physical education teaching - 92%

3
What technologies implemented in the course 
contributed most to the preparation of the final 
project?

- health-promotion - 70 %
- information - 89%;
- interactive - 69%;
- project training - 91%

The results of the statistical processing of the survey data 
allowed us to establish that the vast majority of students at-
tending a course of additional training for bachelors in phys-
ical education are satisfied with the results. The content of the 
course provides ample opportunities for more in-depth de-
velopment of the material, improving competence. Interest is 
determined by the need to improve professional competence 
using modern, specialized tools and programmes for subse-
quent training sessions; the need for professional and educa-
tional growth, writing scientific publications on the issues of 
training activities, studying the experience of implementing 
training activities.

Discussion
Physical education issues are considered in the works of 

various authors: Turaboev and Sultonov (2020), Garmaev and 
Dugarova (2015) and others. However, additional training for 
bachelors requires additional attention.

We developed the content and structure of the course 
of additional training of bachelors in physical education 

“Methodological support of the activities of the sports coach”, 
expanding the range of professional competencies. The course 
contributes to the formation of competence: the ability to de-
sign and apply individualized, activity- and personality-orient-
ed technologies and teaching methods.

Our study allowed us to establish an increase in the number 
of students from the introduction of courses in 2017 to 2019, 
which occurred in all groups identified by us (the youngest age 
group (20–25 years old), the average age group (26–31 years 
old), older age group (32–37 years old); the largest growth is 
observed among students of the younger age group (at 50%), 
which suggests that the courses developed and implemented 
by us motivate students to study materials more deeply and im-
prove their competence to carry out professional activities at a 
higher level. According to the purposes of the courses, students 
acquire additional competence that expands the possibilities 
for the implementation of physical education classes. We also 
checked the satisfaction of students with the additional train-
ing course for bachelors in physical education “Methodological 
support for the activities of a sports coach” in 2019.
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Abstract

In addition to the environmental problems that have plagued human life in recent decades, the outbreak of the 
coronavirus epidemic has endangered people’s health and adversely affected their lives in other ways. Therefore, 
the present study aimed to investigate the advantage of using shared bicycles (SB) during the outbreak of epi-
demics. For this purpose, 310 male subscribers of an SB system were examined. The research tool was a question-
naire taken from studies. The results showed that the environmental and health advantages were favourable, but 
the place advantage indicated a relatively unfavourable situation. The results of the structural equation model 
also showed that the advantages of using an SB based on the highest impact are the motivational advantage, 
health advantage, environmental advantage, social advantage, financial advantage and place advantage. These 
results can provide useful solutions for governments to reduce environmental risks and maintain health and 
physical activity during epidemics. 

Keywords:  shared bike, bicycle advantage, epidemics, COVID-19 

Introduction
The world is dealing environmental pollution issues 

caused by exhaust emissions,including hydrocarbons, nitro-
gen oxides, carbon monoxide, and particulate matter from 
vehicles using traditional fuels, such as gasoline and diesel, 
and these were expected to significantly increase by 2020 
(Pielecha, Merkisz, Jasiński, & Gis, 2015). In recent decades, 
the emphasis of urban transport policies has been placed 
on developing sustainable transportation strategies in a way 
that protects the interests of future generations. Civil soci-
ety organizations are considering sustainable low-carbon 
transportation options and measures to increase non-mo-
torized transportation modes (such as cycling and walking)
(Agarwal, Ziemke, & Nagel, 2019). Today, due to various 
transportation problems and various environmental pollut-
ants; as an active and sustainable means of transportation, 
bicycles play an essential role in the development of mul-
tilateral transportation systems (Rybarczyk & Wu, 2010). 

Therefore, doing sports activities in accordance with the 
principles of health can also improve people’s physical and 
mental health during epidemics.

Physical activity (PA)also plays a significant role in men-
tal health and cognitive function because exercise has pos-
itive effects on preventing and reducing depressive symp-
toms, reducing anxiety, improving learning, and is useful for 
cognitive function in the elderly.In addition to promoting 
PA, participation in sports allows the participant to prog-
ress psychosocially, become a member of a community, and 
create a social network. With limited social activities due to 
mandated restrictions, organized sports activities are greatly 
reduced during the virus outbreak.In this regard, it is im-
perative to continue physical activity (PA) in order to main-
tain good physical and mental health while facing the cur-
rent challenges imposed by COVID-19 (Jakobsson, Malm, 
Furberg, Ekelund, & Svensson, 2020). As the world has 
struggled with COVID-19, sports faced an unprecedented 
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crisis. Tournaments have been cancelled and postponed, and 
quarantined athletes lead to adverse decisions about sports 
activities (Gallego, Nishiura, Sah, &Rodriguez-Morales, 
2020).

However, the use of personal transport compared to 
public transport can have different benefits during epi-
demics. By providing numerous benefits for traffic, health 
and cost, cycling has led to rapid growth as an important 
transportation mode in many countries (Saplıoğlu& Aydın, 
2018). Cycling can help reduce pollution and traffic conges-
tion. Bicycles consume less energy and bring health to their 
users. They can also provide quick, affordable access to parts 
of cities that are more difficult to reach by public transport 
or large vehicles (Karanikola, Panagopoulos, Tampakis, & 
Tsantopoulos, 2018).Cycling is also a good source of PA at 
a time in which physical activity is declining, and obesity is 
relatively widespread (Killingsworth, 2003). Cycling is a type 
of physical activity that offers multiple benefits to its users. 
In addition to satisfaction (De Hartog, Boogaard, Nijland, 
& Hoek, 2010), cycling provides significant flexibility over 
other modes of transportation (Akar & Clifton, 2009) while 
simultaneously makingtravel affordable, thereby increasing 
social cohesion (Gatersleben & Appleton, 2007). Bicycles are 
also beneficial for health and longevity (Reynolds, Winters, 
Ries, & Gouge, 2010), and have significant health effects, es-
pecially for groups with low or moderate levels of exercise 
(Börjesson & Eliasson, 2012).

Pucher and Boehler’s (2008) study showed that cit-
ies with high levels of cycling and adequate safety tend to 
have extensive infrastructure as well as pro-cycling policies 
and programs. The research of Que & He (2018) suggests 
thatSB can play an essential role in the development of ur-
ban transportation and provide useful information for urban 
transportation policies. Also, Legros (2019) shows that only 
a small amount of intervention from the operator, such as 
changing the location of the bikes, prioritizing the nearest 
and most active stations, can significantly increase the qual-
ity of bicycle services.Dill (2009) has also demonstrated that 
cycling can be used for transportation by adults to follow 
the recommendations for daily PA.De Hartog et al. (2010) 
indicate that due to the health benefits of increasing PA, 
there are significant social benefits for cycling. The findings 
of R. Wu, Z. Wu, Wen, Cai, and Li (2019) show that in the 
relationship between perceived usefulness and usage inten-
tion, perceived ease of use and facilitating conditions played 
moderating roles. However, concerning the effect of enjoy-
ment on usage intention, the moderating effects of perceived 
ease of use and facilitating conditions were not significant. 
Handy and Xing (2011) provide empirical evidence of the 
impact of physical and social environmental factors on cy-
cling, although individual attitudes and limitations are the 
most critical determinants of cycling.Akar & Clifton (2009) 
have stated that people who consider walking and cycling to 
bea form of exercise and identify flexibility of departure time 
as an essential factor in their mode choice are more likely to 
use bicycles.

Maintaining regular PA during self-isolation (quaran-
tine) due to a sedentary lifestyle is essential in preventing 
chronic health conditions in the future. During crises, ap-
plied medical care and community service are of paramount 
importance.To prevent physical and mental distress, gov-
ernments, public health officials, and the public themselves 

need to be vigilant in maintaining PA during the COVID-19 
pandemic (Jakobsson et al., 2020).Physical inactivity is a 
growing problem that exists both individually and socially. 
The World Health Organization (WHO) has concluded that 
physical inactivity and overweight/obesity are the fourth 
and fifth most dangerous risk factors for non-communica-
ble diseases, respectively (Raustorp & Koglin, 2019).Sports 
activities that bring communities together are also intricate-
ly linked to particularly significanthuman health problems 
(Memish et al., 2019). In the current pandemic, in which the 
infection increasingly global and interdependent in almost 
every corner of the globe and has the potential to transcend 
psychological and economic boundaries, many important 
sporting events have either been cancelled or postponed to a 
definite or uncertain future date (Gilat &Cole, 2020; Brown 
& Horton, 2020).The severity of the situation could also lead 
to austerity measures by governments in various countries to 
prevent the spread of the disease (Corsini, Bisciotti, Eirale, & 
Volpi, 2020).

Concerned about changing world conditions, cities 
around the world have begun to implement policies to pro-
mote cycling (Karanikola et al., 2018). In this regard, the 
emergence of bike-sharing is closely related to its social and 
environmental benefits (Qiu & He, 2018) and is a good op-
tion for solving environmental problems related to the use 
of automobiles in major European cities (Zuurbier, Willems, 
Schaap, Van der Zee, & Hoek, 2019). These bikes can reduce 
the emission of hazardous particles and gaseous pollutants 
(MacNaughton, Melly, Vallarino, Adamkiewicz, & Spengler, 
2014), and also reduce traffic congestion (Legros, 2019) 
and reduce noise pollution (Caulfield, O’Mahony, Brazil, & 
Weldon, 2017).Therefore, the present study seeks to provide 
valuable results in this regard by examining the benefits of 
using SB services in comparison with public transport (bus 
and taxi) during the outbreak of epidemic diseases. Thus, it 
is imperative to conduct this study in terms of the condi-
tions under review and the current environment in countries 
affected by coronavirus epidemic, especially in Iran, which 
has been one of the high-risk countries for this epidemic. 
However, only limited research has directly or indirectly in-
vestigated SB and epidemics. 

Methods
Participants

The statistical population of the study included all male 
registrants in the SB system of the city of Mashhad who reg-
ularly used SB (N=310). According to the statistical popula-
tion type, the sample size was calculated to be 170 using the 
Morgan table. Table 1 shows the general characteristics of 
the Participants.

Research tool
To measure the behaviour of SB users, a questionnaire 

containing 24 questions was used, which was classified into 
five components: environmental advantage, financial advan-
tage, place advantage, health advantage, social advantage, 
and motivational advantage. This tool has been adapted 
from previous research studies (Huang, 1998; Lim, 2006) on 
the use of shared bicycles. The main components and con-
tents of the questionnaire are given in Table 2.

The questionnaire was measured on a five-point Likert 
scale.
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Validity test
A factor analysis was conducted to guarantee the validity, 

and as shown in Table 3, the questionnaire about the use of SB 
includes five factors: environmental advantage, financial advan-
tage, place advantage, health advantage, social advantage, and 
motivational advantage. Factors accounted for about 62% of the 

total variance, and the reliability coefficient of the questionnaire 
was all over 0.8 (α = 0.820) in total, thus proving reliability.

Data processing
After the inappropriate data were deleted, the collected da-

ta were subjected to extensive analysis and performance anal-

Table 1. Demographic Details of the Participants

Characteristic Frequency Percentage

Age

-20 2 1.2 

21-30 44  25.9

31-40 51 30

+41 73 42.9

Marital status
Single 33 19.4

Married 137 80.6

Education

Diploma & less 37 21.8

College degree 38 22.4

Bachelor 72 42.4

Master & more 23 13.5

job

Self-employment 50 29.4

Employee 76 44.7

Student 15 8.8

Retired 29 17.1

Table 2. Questionnaire Configuration

Factor Item Number of Items

Environmental advantage

Bicycle usefulness for environment

4
Energy efficiency

Environmentally friendly production process

Less environmental pollution

Social advantage

Correct Informing

5

Attract specific contacts

Increase environment awareness

Enough city advertising

Creating environmental attitude

Financial advantage

Fair cost

3Good money value

Save time and money

Place advantage

Appropriate station distances installation

4
Stations access in residential areas

Stations’ suitable number

Proper station schedule

Health advantage

Reducing stress

4
Relaxation

health and fitness

Keep fitness

Motivational advantage

Belonging to SB system

4
Commitment to SB system

Continuous use of SB

Introducing the SB to others
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ysis of the importance of the components. First, a frequency 
analysis was conductedto examine the demographic charac-
teristics of the subjects. Then, exploratory factor analysis was 
conducted to validate the components of the advantage of 
using a shared bike, including the environmental, financial, 
place, social, health, and motivational advantages.Data reli-
ability was also confirmed by Cronbach’s alpha coefficient, 

which measures internal consistency between the items. 
Finally, performance analysis of item importance was per-

formed based on SB users, using SPSS 24. Also, the structur-
al equation model of the relationship between cycling and its 
components is illustrated using AMOS software in Figure 1. 
The output results of the structural equation model are shown 
in Tables 4 and 5.

Table 3. Factor Analysis of advantages of shared bike

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

Motivational
advantage

BBS 0.643

CBS 0.526

CUB 0.645

IBO 0.580

Place
advantage

ASDI 0.505

SARA 0.642

SSN 0.589

PSS 0.362

Social
advantage

CI 0.791

ASP 0.617

IEA 0.621

ECA 0.761

CEA 0.551

Financial
advantage

FC 0.845

GMV 0.851

STM 0.682

Environmental
advantage

BUE 0.784

EE 0.613

FEPP 0.608

LEP 0.706

Health
advantage

RS 0.874

R 0.838

HF 0.372

KF 0.458

Eigenvalue 3.146 2.736 2.576 2.248 2.100 2.027

% of Variance 13.108 11.399 10.732 9.365 8.750 8.444

Cumulative % 13.108 24.506 35.238 44.603 53.354 61.798

Cronbach’s α 0.749 0.802 0.750 0.780 0.641 0.769

Legend: BBS-Belonging to SB system; CBS-Commitment to SB system; CUB-Continuous use of shared bike; IBO-Introducing the SB to others; ASDI-
Appropriate station distances installation; SARA-Stations access in residential areas; SSN-Stations’ suitable number; PSS-Proper station schedule; CI-
Correct Informing; ASP-Attract specific contacts; IEA-Increase environment awareness; ECA-Enough city’s advertising; CEA-Creating environmental 
attitude; FC-Fair cost; GMV-Good money value; STM-Save time and money; BUE-Bicycle usefulness for environment; EE-Energy efficiency; FEPP-Friendly 
environmentally production process; LEP-Less environmental pollution; RS-Reducing stress; R-Relaxation; HF-health and fitness; KF-Keep fitness

Table 4. Output results of the structural equation model

Variable Variable Estimate S.E. C.R. P Standard regression weight

Environment advantage <--- Cycling 1.000 0.516

Financial advantage <--- Cycling 2.028 0.751 2.702 0.007 0.378

Motivation advantage <--- Cycling 3.719 1.133 3.281 0.001 0.785

Place advantage <--- Cycling 2.212 0.922 2.399 0.016 0.307

Social advantage <--- Cycling 3.638 1.189 3.060 0.002 0.517

Health advantage <--- Cycling 3.192 0.986 3.238 0.001 0.579
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Results
One-sample t-test was used to investigate the role and 

importance of research components. The output results are 
shown in Tables 6.

Table 5. Model fit indicators

Fit indicators CMIN/DF P GFI IFI CFI RMSEA

Amount 1.996 0.0001 0.814 0.819 0.815 0.077

FIGURE 1. Structural Equation Model

Table 6. One-sample statistics

Variable Mean±Std. Dev. Std. Error Mean

Environment advantage 4.68±0.369 0.028

Social advantage 3.20±0.720 0.055

Financial advantage 4.26±0.596 0.045

Place advantage 2.90±0.922 0.070

Health advantage 4.27±0.524 0.040

Motivation advantage 4.18±0.595 0.045

The average score of the environmental advantages item 
(4.68) indicates a favourable situation, in which the usefulness 
of the SB for the environment and the lower environmental 
pollution have a higher average. Also, the average score of the 
health advantages item (4.27) indicates the favourable situa-
tion that health and well-being and maintaining the fit of the 
bicycle have a higher average. The average score of the financial 
advantages item (4.26) also indicates the favourable situation 
that the fair cost of using anSB has a higher average. The aver-
age score of the motivational advantages item (4.18) indicates 
a favourable situation, which means that the continuation of 
using SB and the introduction of the SBsystem to others have 
a higher average. The average score of the social advantages 
item (3.20) indicates a relatively favourable situation, which is 
a higher average than the increase in awareness of the environ-
ment and the creation of an ecological environment. However, 
the average score of the place advantages item (2.90) indicates 
the relatively unfavourable situation in which the appropriate 
number of stations and the appropriate schedule of the sta-

tions have the lowest average. Also, according to the coeffi-
cients of the path explained in the structural equation model, 
the motivational advantage (0.78), health advantage (0.55), 
environmental advantage (0.52), social advantage (0.52), and 
financial advantage (0.38) and spatial advantage (0.62) have 
the highest impact.

Discussion
In general, assessing the outbreak of COVID-19 through-

out the world requires a comprehensive and systematic under-
standing. In addition, the focus of the effects of this crisis on 
countries’sports industry sports services, especially people’s 
physical activities. Therefore, one of the topics that can be 
examined in this period is to perform healthy activities with 
respect to social distance, because of the use of shared bicycles 
is considered as a suitable temporary solution. Therefore, one 
of the topics that can be examined in this period is to perform 
healthy activities regard to social distance, which because of 
the use of SB is considered as a suitable temporary solution. 
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However, attention to the issue of home quarantine has al-
ways been a complex challenge for politicians. As a result, the 
present study seeks to identify the advantages of using anSB.
According to the research findings, the advantages of cycling 
are of great importance, and each has significant effects on 
its own. This finding is consistent with those of Mueller et 
al. (2015), Gatersleben and Appletonet (2007), Saplıoğluand 
Aydın (2018), Karanikola et al. (2018). Willis, Manaugh, and 
El-Geneidy (2015) state that these factors, especially under-
standing the advantages of cycling, reflect the attitude towards 
cycling and other modes of transportation. The following are 
an analysis of each of the advantages of the shared bike:

Motivational advantage
The importance and high impact of motivational advan-

tage reflect the value of SB use among its users. Acommitment 
to SB systems leads to the continued use of shared bikes. Users 
of these systems are extremely interested in introducing SB 
to other citizens for transportation in the city. Analysing the 
research of Handy and Jing (2011) reveals that individual atti-
tudes and limitations are the most critical determinants of cy-
cling. This can be considered the most critical factor for users 
of this device compared to public transportation during the 
outbreak of COVID-19. As a result, paying attention to the 
motivational needs of users against the use of this device is one 
of the essential priorities of decision-makers.

Health advantage
The importance and impact of health benefits reflect the 

high value of SB use among its users. Cycling can meet the 
health expectations of its users. The use of SB is effective in 
improving the health and well-being of citizens and aids in re-
laxing and reducing stress, especially during the COVID-19 
outbreak, while also helping them to maintain fitness and 
improve their physical fitness during quarantine. Mueller et 
al. (2015) stated that the effect of increasing physical activity 
had the highest estimate on the health advantages, which far 
exceeded the harmful effects of traffic accidents and air pol-
lution on health. Therefore, paying attention to this aspect of 
advantage compared to public transportation during the out-
break of COVID-19 can improve the immune system of users, 
in addition to aiding in controlling the widespread outbreak 
of this disease.

Environmental advantage 
The importance and impact of environmental advantages 

also show the high value of SB use among its users. Cycling, as 
a means of transportation, seems to be useful for the environ-
ment compared to the public transportation; it is very efficient 
in terms of energy consumption and can minimize environ-
mental pollution through anenvironmentally friendly produc-
tion process. In their research, Qiu and He (2018) showed that 

bicycle sharing significantly reduced traffic, reduced energy 
consumption, reduced emissions, and overall environmental 
protection. Because the use of public transportation causes en-
vironmental pollution and is a significant factor in the spread 
of the disease, to the use of SB is a crucial factor in this issue.

Social advantage
The relatively moderate importance and impact of social 

advantage suggest that by informing and raising awareness 
about the environment, as well as safe transportation meth-
ods during the outbreak of epidemics, more users can be en-
couraged to use SB. Attracting specific audiences and creating 
environmental and personal health attitudes in them can lead 
to an increase in SB users. Handy and Xing (2011) stated that 
the social environment and the development of bicycle use 
policies and programs are effective in increasing the rate of 
cycling. However, during this period, social constraints have 
made this issue of moderate importance.

Financial advantage
The importance and impact of financial advantages reflect 

the value of using anSB to its users. The fair cost of using SB 
and the association of good value for money is vital for general 
bike users. Cycling also saves time and money, which is valu-
able for users. In this regard, Börjesson andEliasson (2012) 
stated that with the development of bicycles and increasing 
their speed and comfort, the use of bicycles for users will be 
affordable. As a result, the development of bicycle-based net-
works in the city can provide better support to users during 
the outbreak of epidemics.

Place advantage
The low importance and impact of place advantages sug-

gest that creating and deploying the right number of bike sta-
tions in residential areas and easy access to them, as well as 
creating the right schedule for stations, increases the number 
of SB users during the outbreak of epidemics. Branion, et al. 
(2019) state that the greater availability of bicycle infrastruc-
ture, especially SB stations and bicycle lanes, is associated with 
a greater chance for cycling in the city. As a result, it is suggest-
ed that while developing available places for users, attention 
should be paid to maintaining control over the outbreak of 
epidemics to use public transportation.

Maintaining regular PA during self-isolation (quarantine) is 
essential for preventing future chronic health conditions due to 
sedentary lifestyles. In times of crisis, functional medical care and 
community service are of the highest priority.To prevent physi-
cal and mental distress, governments, public health officials, and 
the public itself should also care for maintaining PA during the 
COVID-19 epidemics (Jakobsson et al., 2020). Therefore, target-
ed studies on community transportation can improve health and 
thus increase life expectancy during the epidemic.
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Abstract

Introduction: Patients with knee osteoarthritis were reported to have quadriceps weakness and impaired knee 
function, related to pain. It is unclear whether body composition is a causal factor to the above findings. Aim: 
The purpose of this study was to investigate differences in pain, quadricep strength, and knee function among 
obese women and women of normal weight with knee osteoarthritis. Methods: Fifty women with a mean age of 
55 years were involved in this study. The inclusion criteria were bilateral knee of knee osteoarthritis with a visual 
analogue pain scale difference (>1) between each knee. Patients all underwent assessment of the pain intensity, 
isokinetic strength of knee muscles, and knee function. Results: The analysis showed that there were significant 
differences between groups in pain intensity (p=0.004) and quadriceps strength (p=0.003) but were not signifi-
cant on the Lequesne index score (p=0.05). Significant differences in the intensity of knee pain and quadriceps 
strength occurred between the obesity II group with the normal weight group (p=0.004), overweight (p=0.017) 
and with obesity I (p=0.017) suffering from knee osteoarthritis. Conclusion: Normal weight people with knee 
osteoarthritis are at risk of suffering knee pain that causes reduced physical activity. This inactive condition will 
also result in a decrease in quadriceps muscle strength, which can increase the risk of knee deformity. Therefore, 
proper education and training programmes are required to anticipate this, so as to prevent the progression of 
knee osteoarthritis. 

Keywords:  obesity, knee osteoarthritis, analogue pain scale, quadriceps muscle, knee joint 

Introduction
Obesity prevalence has increased in all age groups; spe-

cifically, in 2018, 21.83% of the Indonesian population was 
considered obese (Kesehatan et al., 2019). Obesity is a com-
plex and multifactorial disorder arising from interactions be-
tween genotypes and environmental factors, namely social, 
behavioural, cultural, physiological and metabolic (Michael, 
Schlüter-Brust, & Eysel, 2010; Ng et al., 2014). Some chronic 
diseases are associated with obesity, such as hypertension, type 

2 diabetes mellitus, cardiovascular disease, respiratory disor-
ders, and various musculoskeletal complications. 

One of the most common musculoskeletal complications 
is knee osteoarthritis, which is a chronic disease that mani-
fests as pain, stiffness, swelling, and muscle weakness (Neogi, 
2013); it causes functional impairment due to lower limb 
muscle weakness and is one of the most common diseases in 
older persons (Bindawas & Vennu, 2015). Knee osteoarthritis 
very often causes disability and is progressive, which is expe-
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rienced by nearly 80% of people aged 55 years (Im & Kim, 
2014). Pain in knee osteoarthritis is closely related to decreas-
ing quadriceps strength (Messier, Glasser, Ettinger, Craven, & 
Miller, 2002). Meanwhile, quadriceps muscle weakness may 
contribute to the worsening of knee pain (Segal et al., 2010). 
Also, quadriceps strength is one of the intrinsic factors af-
fecting knee functions (Palmieri-Smith, Thomas, Karvonen-
Gutierrez, & Sowers, 2010). 

Obesity is a critical risk factor in the progression of knee 
osteoarthritis. Various studies have consistently shown an 
association between obesity as measured by body weight or 
body mass index (BMI), with the prevalence and incidence of 
knee osteoarthritis. One of them is a survey conducted by the 
National Health and Nutrition Examination Survey, showing 
that the risk of knee osteoarthritis increases almost four times 
in women with obesity, and 4.8 times in men who are obese 
(Ho-Pham, Lai, Mai, Doan, & Nguyen, 2016). During the sin-
gle-leg stance phase, the knee will take 3-6 times body weight 
(Melchiorre, 1996). Each weight gain will be multiplied by this 
number, illustrating how much weight passes through the knee 
on someone who has more weight when walking. The increase 
in axial load will cause a resultant shift in the force acting on 
the knee joint towards the medial and an increase in knee ad-
duction movement on the knee thereby increasing the load that 
passes through the medial compartment of the knee, which can 
trigger knee osteoarthritis, especially in the medial compart-
ment of the knee (Melchiorre, 1996). Among obese people who 
also experience knee osteoarthritis, there is an increase in knee 
pain that causes limited activity, as well as the risk of needing a 
knee joint replacement (Ho-Pham et al., 2016). 

According to Landsmeer et al. (2019) a linear relationship 
between BMI and the incidence of disability due to knee pain 
due to knee osteoarthritis exists, which is thought to be be-
cause an increase in body weight will increase the axial load 
that passes through the knee joint, resulting in higher pain 
intensity. Patients will tend to rest their knees by decreasing 
physical activity, causing quadriceps muscle weakness and at-
rophy. Furthermore, quadriceps muscle weakness that occurs 
in obese sufferers who experience knee osteoarthritis can be 
aggravated by the fatigue in quadriceps muscle due to the large 
load at the time of weight-bearing and sedentary lifestyle that is 
common among obese people. Weakness in the knee extensor 
muscle can cause knee weights to increase 21% higher com-
pared to healthy knees (Mikesky et al., 2006). Furthermore, 
overloading with quadriceps muscle weakness can increase 
the risk of deformity in the knee of an osteoarthritis sufferer. 
The above factors are thought to cause higher progression in 
obese people with knee osteoarthritis in comparison to peo-
ple of normal weight with knee osteoarthritis (Madry et al., 
2016). Disease progression that is not handled properly can 
increase a person’s disability, especially in walking, the ability 
to climb stairs, rise from sitting and standing for an extended 
period. The disability will reduce independence in the activi-
ties of daily life and the quality of life and ultimately can cause 
handicaps. However, there are limited studies regarding pain, 
quadriceps strength, and knee function in obese women with 
knee osteoarthritis compared to normal-weight people with 
knee osteoarthritis. 

The purpose of this study was to investigate the differenc-
es in the analogue pain scale, quadriceps muscle, and knee 
joint between obese and normal-weight sufferers with knee 
osteoarthritis.

Methods
Study design and Participants

The design of this study was cross-observational. Fifty 
female participants were included in this study: 25 partici-
pants with normal weight (BMI<25 kg/m²) and 25 partici-
pants with obesity (BMI≥25 kg/m²), classified as Asian Pacific 
(World Health Organization, 2000), aged 40-59 years old, 
who had a diagnosis of knee osteoarthritis, according to the 
American College of Rheumatology criteria (Altman et al., 
1986). Both knee joints had arthritic change grade 2 or higher 
in the Kellgren-Lawrence grading scale (Kellgren & Lawrence, 
2006); both knees had pain without swelling confirmed by 
ultrasonography, performed by a senior radiologist who had 
performed ultrasonography for more than five years; the 
difference of visual analogue scale (VAS) was less than eight 
points between each knee joint. The satisfaction of the inclu-
sion criteria was confirmed based on a health history ques-
tionnaire. 

Subjects who experienced knee joint infections or other 
joint abnormalities in the lower extremities were obese after 
the occurrence of knee osteoarthritis, had impaired balance, 
proprioceptive sense and coordination, laxity in the collateral 
ligament of the knee joint, valgus and varus deformity, pros-
thesis and orthosis which serves to correct the joints of the 
knee joint limitations of the scope of the knee joint, neuro-
muscular disease (i.e., stroke and peripheral neuropathy), car-
diovascular disease and hypertension were excluded.

Settings and locations of data collection 
The research was conducted in Central Java, Indonesia 

(Semarang and Gombong). The testing took place in the 
Rehabilitation Laboratory of the Physical Education of 
Universitas PGRI Semarang and the Laboratory of Midwifery 
of the Sekolah Tinggi Ilmu Kesehatan Muhammadiyah 
Gombong. The baseline study was started in May 2019 and 
ended in July 2019. 

Outcome measures
In this study, the participants were given a clear explana-

tion of the measured parameters and methods of measure-
ment. For each testing protocol, all participants received ver-
bal directives and visual demonstrations from the examiner. 
The participants warmed up prior to the measurement. 

Each subject had X-ray radiographs of both knees and 
completed pain evaluation as part of the study. Using the VAS 
scale, a score between 0 to 10 points of the combined pain in 
both knees was obtained, followed by separate scores for each 
knee, to identify which was more and less painful. At the same 
time, quadriceps strength tests were performed after approxi-
mately 10 min of warm-up consisting of the stretches to ham-
string, quadriceps, and calf muscles, and then a light level of 
stationary bike exercise. 

An a priori power analysis was performed to determine 
the sample size using a two-sided hypothesis test at an alpha 
level of 0.05 and a power of 0.8. The results of a previous study 
indicated that 25 knees would be required to detect a signifi-
cant between-group joint proprioception difference of >1°, the 
primary outcome measure (Hurley, Scott, Rees, & Newham, 
1997).

All observations and measurements were carried out by 
the same investigator. The body mass and height of each par-
ticipant were measured to calculate their BMI by dividing body 
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mass (kg) by height in meters squared (m²). After an over-
night fast, body composition was measured by bioelectrical 
impedance analysis equipment (Body Composition Analyser 
Tanita AB-140 Viscan, Tanita Corporation of America, Inc., 
USA). Height was measured with a stadiometer. The strength 
and endurance of the knee extensor and flexor muscles were 
evaluated using an isokinetic dynamometer (CSMI Medical 
Solutions, MA, USA). The maximal strength of the quadri-
ceps and hamstring was measured for each knee at 60 °/s (4 
repetitions) and 180 °/s (20 repetitions), and mean power for 
each was calculated (Gur & Cakin, 2003). The maximum peak 
torque (Nm) for each velocity was also recorded. This measure 
has excellent intra-rater reliability in patients with knee osteo-
arthritis (Kean, Birmingham, Garland, Bryant, & Giffin, 2010). 
VAS scale measurements, quadriceps strength, and Lequesne 
Functional Index (Basaran, Guzel, Seydaoglu, & Guler-Uysal, 
2010) from the normal weight and obese women groups were 
compared at the end of the study. 

Written informed consent was provided by the partic-

ipants, and all procedures were handled according to the 
Declaration of Helsinki. The study obtained approval from the 
ethics committee of Universitas PGRI Semarang.

Statistical analysis
Statistical analysis was performed using SPSS version 22 

(SPSS Inc., Chicago, IL, USA). The normality of all data was 
checked using the Shapiro-Wilk test (p>0.05). A paired t-test 
was used to compare the difference in muscle strength between 
the two groups. The difference in pain intensity and quadri-
ceps strength was determined using the One Way Anova test, 
while differences in knee function were determined using the 
Kruskal Wallis test. Post hoc analysis was carried out to find 
differences between groups. Statistical significance was accept-
ed at p<0.05.

Results
There was a total of 50 female patients in this study. The 

detail of the demographic data was shown in Table 1. 

Table 1. Characteristics of subjects

Characteristics Obesity Non-obesity

Age (years) 55±2.7 55±17

BMI (kg/m²) 28.93±2.33 23.84±1.3

Dominant leg (right/left) 23/2 18/7

More painful knee (right/left) 17/8 14/11

Duration of knee pain

<6 months 5 7

6-12 months 9 12

>12 months 11 6

Visual analogue scale 5.90±1.39 3.53±1.37

This study showed no significant difference in the inten-
sity of knee pain as measured by VAS (p=0.06). In the obese 
and normal groups, the mean VAS reported was 5.86±0.96 cm 
and 5.3±1.13 cm, respectively, for the obese group with knee 
osteoarthritis and the normal group with knee osteoarthritis. 
Obese subjects with knee osteoarthritis had lower quadriceps 
strength (127.87±13.51 N) compared to those in the normal 
group with knee osteoarthritis (117.82±15.02 N). The differ-
ence in quadriceps strength was statistically significant between 
the two (p=0.016). The Lequesne index score describes the knee 
function sufferers of knee osteoarthritis. In the obese group, the 

median score was 8, with a minimum score of 4 and a maxi-
mum score of 12.5. There was no significant difference between 
this group and the normal group who had a median of 6, with 
a minimum score of 4 and a maximum score of 12 (p=0.139). 
With respect to knee extensor muscle strength, the knees of 
obese subjects showed significantly lower strength than the 
knees of normal weight subjects at angular velocities of both 
60°/s (54.98±13.36 Nm vs 63.00±9.96 Nm, p=0.01) and 180°/s 
(37.78±9.55 Nm vs 44.68±11.77 Nm, p=0.01).  However, there 
was no statistically significant difference in knee flexor muscle 
strength at angular velocities of 60°/s or 180°/s either (Table 2).

Table 2. Results pain, quadriceps strength and knee function

Variable
Obesity Non-obesity

p
M±SD M±SD

VAS 5.86±0.96 5.3±1.3 0.06

Quadriceps strength 127.82±13.51 117.82±15.02 0.016*

Isokinetic peak torques (Nm)

Extensor 60 º/sec 54.98±13.36 63.00±9.96 0.01*

Extensor 180 º/sec 37.78±9.55 44.68±11.77 0.01*

Flexor 60 º/sec 27.10±6.70 29.88±6.57 0.06

Flexor 180 º/sec 23.30±7.25 25.50±5.61 0.07

Lequesne index score 8 (4-12.5)** 6 (4-12)** 0.139

Legend: M±SD - mean ± standard deviation (*p < 0.05; *Median (min-max))
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The analysis showed that there were significant differenc-
es between groups in pain intensity (p=0.004) and quadri-
ceps strength (p=0.003), but they were not significant on the 
Lequesne index score (p=0.05). Significant differences in inten-
sity of knee pain and quadriceps strength occurred between the 
obesity II group both with the normal weight group (p=0.004), 

overweight (p=0.017) and with obesity I (p=0.017) suffering 
from knee osteoarthritis. There were no significant differences 
in the Lequesne index scores between the four groups. No sig-
nificant differences in pain intensity, quadriceps strength, and 
knee function were also found between normal-overweight, 
normal-obesity I, and over-obese I weight groups (Table 3).

Table 3. Differences in pain, quadriceps strength and knee function 
based on BMI classification

Variable
p

Pain

Normal weight-obesity II 0.004

Overweight-obesity II 0.017

Obesity I-obesity II 0.017

Quadriceps strength

Normal weight-obesity II 0.014

Overweight-obesity II 0.002

Obesity I-obesity II 0.025

Knee function

Normal weight-obesity II 0.118

Overweight-obesity II 0.066

Obesity I-obesity II 0.121

Discussion
The results of this study indicate that there is no significant 

difference in pain intensity in the obese and normal groups 
with knee osteoarthritis. This result is not in accordance with 
the research of Marks (2007), which shows that there is a re-
lationship between obesity and pain intensity: subjects who 
have a higher BMI complain of significantly higher pain in-
tensity than subjects who have a lower BMI do. The research 
of Cimmino, et al. (2005) states that in addition to body mass 
index, pain intensity is also influenced by several other factors: 
female sex, age over 70 years, low level of education (defined as 
formal education less than five years), BMI >30, duration of ill-
ness more than seven years, the presence of comorbidities, and 
generalized knee osteoarthritis. The population of the study 
subjects were all women, none were over 70 years old, there 
was only one person who had knee pain longer than seven 
years, three people who had comorbidities (dyslipidaemia and 
diabetes mellitus), all were in the obesity group, and there were 
no subjects who experienced generalized knee osteoarthritis. 
Homogeneity and the low sample size with accompanying fac-
tors that emerged in the study population caused researchers 
to suspect that these factors did not affect the absence of dif-
ferences in the intensity of knee pain experienced by subjects 
in the two study groups. This study shows a statistically signif-
icant difference in pain intensity between the obesity II BMI 
(>30 kg/m²) with the normal weight, overweight, and obese I 
groups who suffer from knee osteoarthritis. This is consistent 
with the research of Cimmino, et al. (2007), which determined 
there is a significant relationship between BMI >30 kg/m² with 
the intensity of pain complained of by patients with knee os-
teoarthritis. Also, Jinks et al. (2006) asserted that a BMI >30 
kg/m² was also a strong predictor for the progression of mild 
pain to pain with severe intensity after three years. The avail-
able evidence corroborates the alleged relationship between an 
increase in body mass index and variations in pain conditions. 

In weight-bearing joint osteoarthritis, such as knee and hip, 
mechanical-structural factors are thought to play a greater role 
in the relationship between BMI and knee osteoarthritis com-
plaints (Janke, Collins, & Kozak, 2007). Research by Thorp et 
al. (2007) has shown that, for subjects with mild knee osteoar-
thritis, radiography plays an important role in calculating the 
increased burden on the knee compartment from the knee ad-
duction moment, which is significantly related to the increase 
in pain complaints. Metabolic factors that are thought to play 
a role in the relationship between obesity and pain intensity 
are changes in glucose homeostasis. Glucose homeostasis may 
also be an important factor related to pain (Janke, Collins, & 
Kozak, 2007). Pain experienced by obese sufferers with knee 
osteoarthritis will make the subject reduce his physical activity 
so that there is an increase in body weight and decondition-
ing including the quadriceps muscle which in turn can further 
increase the pain (Janke et al., 2007). Significant decreases in 
muscle strength decreased between groups with a BMI >30 kg/
m² (obesity II) and groups with a BMI below it. Although there 
were no significant differences, quadriceps strength tended to 
decrease between groups of normal weight, overweight, and 
obesity I. The results of this study are in accordance with the 
research of Amin et al. (2009) who found that there was a 
strong significant negative correlation between body weight 
and knee extensor strength. The relationship between quad-
riceps muscle weakness and obesity is thought to be due to an 
increase in body weight, which increases the axial load that 
passes through the knee joint, resulting in higher pain inten-
sity. This finding is supported by the research of Roos et al. 
(2011), states that obese individuals have quadriceps muscles 
with lower resistance to fatigue than individuals without obe-
sity. 

Furthermore, quadriceps muscle weakness can also be 
caused and aggravated by the lifestyle of individuals with obe-
sity, who tend to be sedentary. The strength of the concentric 
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contraction, as well as the eccentric muscles of the quadriceps, 
are weaker in transient women (Lim et al., 2009). Research 
subjects in the obese group with average knee osteoarthritis 
experienced severe functional impairment (median Lequesne 
index 8). Although not statistically significant, subjects in that 
group had a more severe disability compared to subjects in the 
normal group with knee osteoarthritis, who on average expe-
rienced moderate functional impairment (median Lequsne 
index 6). The results of this study did not show significant 
differences in the knee function between obese and normal 
sufferers with knee osteoarthritis, which is in contrast to the 
study of Teichtahl et al. (2008), which found that there is a 
linear correlation between BMI and the incidence of disability 
in patients with knee osteoarthritis. According to Creamer et 
al. (2000), the intensity of pain, obesity and feeling of helpless-
ness are the factors most related to disability. The subjects in 
this study had a mean pain intensity that was not significantly 
different in the two groups, and the mean BMI in the normal 
group was near the upper limit of weight classification more in 
line with the Asia Pacific classification. The two factors that are 
almost the same might cause the level of knee function ability, 
which is not significantly different between the obese group 
and without obesity with knee osteoarthritis.

Based on the results of previous studies, a decrease in 
muscle strength is also believed to be a factor that affects the 
reduced knee function in patients with knee osteoarthritis 
(Dekker, Van Dijk & Veenhof, 2009; Sharma, Lou, Cahue & 
Dunlop, 2000). Decreased quadriceps strength, is a risk fac-

tor for the progression of knee osteoarthritis, due to reduced 
muscle ability to accurately control joint movement (Roos et 
al., 2011). 

In the present study, the quadriceps strength of the sub-
jects in the obese group was significantly lower compared to 
the normal group with knee osteoarthritis. However, this did 
not seem to affect the Lequesne index reported by the study 
subjects in the two groups, so there was no significant differ-
ence in knee function in the two groups. This can occur be-
cause, in addition to muscle strength factors, there are still 
many other risk factors that cause a decrease in the ability of 
knee function that were not examined in this study. 

In this study, the presence of comorbidity is only sought 
based on history and simple physical examination on the sub-
ject of research, so that there may still be other undetectable 
comorbidity factors that could affect the results. Other than the 
existence of the aforementioned factors, psychological and so-
cial disorders can also be a confounding factor, especially in the 
analysis of differences in the functional ability of the knee be-
tween the obese and non-obese groups with knee osteoarthritis.

Obesity, especially obesity II, has been shown to have a 
large influence on the level of pain intensity and decreasing 
quadriceps strength. Given significant decreases in muscle 
strength in obese people with knee osteoarthritis, it is neces-
sary to strengthen the muscle with exercise, especially quadri-
ceps and hamstring, which will be very beneficial in maintain-
ing knee stability and reducing the burden that passes through 
the knee joint.
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Abstract

This study aimed to investigate the association between nutritional status and physical activity in urban and ru-
ral school children in Montenegro, by presenting part of the results of the national survey on childhood obesity in 
Montenegro (2013-2015). The sample included 4725 Montenegrin children: 2381 (50.4%) boys and 2344 (49.6%) girls. 
The self-administered part of the questionnaire for parents included four questions on children’s physical activity. 
Anthropometric measurements were taken in schools. Nutritional status was assessed according to the criteria of the 
U.S. Centers for Disease Control and Prevention (CDC). In the present study, boys reported more physical activity than 
girls did (sports, outdoor play, etc.). The reported share of engagement in various team sports (football, basketball) 
was also higher among the boys than the girls. Rural children reported being more physically active than children in 
urban areas, and their scheduled physical education classes attendance was higher compared with their urban peers. 
There were no differences between children in rural and urban areas with respect to participation in individual/team 
sports. Obese children reported a significantly lower level of physical activity compared with normal-weight children. 
The obtained results suggest that the promotion of physical activity should be emphasized in an interdisciplinary as 
a way of prevention of childhood obesity as one of the significant public health challenges in the 21st century. 

Keywords:  children, physical activity, nutritional status, urban, rural

Introduction
Obesity is a complex multifactorial disease with numerous 

biological, behavioural and environmental determinants (Mead 
et al., 2017). Childhood obesity has become a leading public 
health challenge of the 21st century. According to the World 
Health Organization (WHO), globally, in 2016, the number of 
overweight children under the age of five was estimated to be 
over 41 million (World Health Organization, 2020). Additionally, 
over 340 million children and adolescents aged 5–19 were over-
weight or obese in 2016. The prevalence of overweight and obesity 
among children and adolescents aged 5–19 has risen dramatically 
worldwide from just 4% in 1975 to over 18% in 2016; the rise 
has occurred similarly among both boys and girls (World Health 
Organization, 2020). According to the recent Montenegrin na-

tional survey data, the overall percentage of Montenegrin school-
children who were overweight or obese (U.S. Centers of Disease 
Control and Prevention -CDC criteria) was 24.5%, of which 9% 
were obese (Martinovic et al., 2015).

Childhood obesity is associated with adverse consequences, 
such as psychological problems and lower educational attainment, 
and a higher risk of many harmful comorbidities later in life, in-
cluding type 2 diabetes mellitus, dyslipidemia, non-alcoholic fat-
ty liver disease, coronary heart disease, hypertension, locomotor 
disorders, infertility, and even cancer (Spinelli et al., 2019; World 
Health Organization, 2020). According to some researchers, child-
hood obesity is affecting mainly low and middle-income countries, 
particularly in urban settings (World Health Organization, 2020), 
although some systematic reviews and meta-analyses provide evi-
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dence that raised odds of childhood obesity are found more in ru-
ral areas (J. A. Johnson & A. M. Johnson, 2015). However, most ev-
idence shows that regardless of whether children live in an urban 
or rural setting, the increasingly digitalized world conquers both 
areas and offers fewer opportunities for physical activity through 
healthy play (World Health Organization, 2020). It seems that be-
ing overweight or obese further reduces children’s opportunities 
to participate in individual or group physical activities, which is 
often a circulus vitiosus problem: children become even less phys-
ically active, which makes them likely to become more overweight 
and obese over time (World Health Organization, 2020). Many 
children nowadays grow up in an obesogenic environment that 
promotes energy imbalance through the marketing, advertising, 
affordability and availability of energy-dense foods, coupled with 
decreases in physical activity and increases in sedentary lifestyle 
habits (playing computer games, watching TV, etc.) (Mead et al., 
2017). Consistently with this, some data show that children today 
are about 15% less fit compared with how fit their parents were 
when they were young (Chen, Hammond-Bennett, Hypnar, & 
Mason, 2018).

Regular physical activity in children and adolescents pro-
motes health and fitness. Authorities recommend that children 
and adolescents aged 6 to 17 engage in 60 minutes or more of 
moderate-to-vigorous physical activity daily. Compared with 
those who are inactive, physically active youth have higher levels 
of fitness, lower body fat, stronger bones and muscles and lower 
risk of cardiometabolic diseases (U.S. Department of Health and 
Human Services, 2018).

Many epidemiological studies have confirmed this close as-
sociation between physical activity, physical fitness and adiposi-
ty in school-aged children and youth, while longitudinal studies 
reported an unquestionable inverse relationship between body 
mass index (BMI) and physical fitness (Koulouvaris, Tsolakis, 
Tsekouras, Donti, & Papagelopoulos, 2018). Therefore, physical 
activity should be considered very important for promoting good 
health in children. Children spend half of their daily hours and 
consume at least one-third of their daily calories at school; thus, 
schools are recognized as an ideal place for implementing the 
obesity interventions to most children (Liu et al., 2019).

The goal of obesity prevention can be achieved by improve-
ment of energy balance-related behaviours, which includes both 
physical activity and dietary improvement, which can be changed 
through the environmental influence, especially physical educa-

tion curriculum improvement (Liu et al., 2019).
This study aimed to investigate the association between nutri-

tional status and physical activity in urban and rural school chil-
dren in Montenegro.

Methods
We performed a cross-sectional national study among 

Montenegrin elementary school children from second to seventh 
grade. Details of data collection methods have been described in 
previous reports (Martinovic et al., 2015). The final sample in-
cluded 2381 (50.4%) boys and 2344 (49.6%) girls, aged 7–13 years 
(mean±SD=9.79±1.71 years). 

In the national study, the parental questionnaire was self-ad-
ministered and consisted of five parts. For this study, we chose 
the parts of the questionnaire related to gender, age, urban vs ru-
ral residential area, and child’s physical activity. The questions on 
physical activity were taken from a standardized questionnaire 
(Kerr et al., 2008) and were related to various types of school and 
out-of-school physical activities (individual/team sports, walk to 
school, outdoor play, etc.) weekly, at least one hour per day.

Weight measurements were performed on barefoot children 
in light clothes on a digital scale with accuracy up to 0.1 kg. Body 
height was measured with stadiometer with accuracy up to 0.5 
cm. Body mass index (BMI) was calculated by dividing their body 
weight in kilograms by the square of their height in metres.

We assessed the children’s nutritional status using anthro-
pometric criteria of the U.S. Centers for Disease Control and 
Prevention. In CDC Growth Charts for children and adolescents 
age 2 to 19, BMI is assessed by age- and sex-specific percentiles: 
underweight is < 5th percentile; normal weight is 5th percentile 
to less than the 85th percentile; overweight is the 85th percentile 
to less than the 95th percentile, and obesity is ≥ 95th percentile 
(Centers for Disease Control and Prevention, 2018).

Statistical analysis was performed in IBM SPSS Statistics for 
Windows, Version 22.0. The chi-square test was used to test the 
difference in response frequency with respect to gender, urban/
rural residence and nutritional status of children based on CDC 
anthropometric assessment criteria (p-value less than 0.05 was 
considered significant). 

Results
A small percentage of children (0.8% of boys and 1.6% of 

girls) reported not being physically active at least one hour per 

Table 1. Frequency of responses by gender, place of residence of children (rural/urban) and nutritional status for the question: Over 
a typical or usual week on how many days is your child physically active for a total of at least 60 minutes per day? Response rate: 95%

0 days 1 day 2 days 3 days 4 days ≥ 5 days p

Gender Number (%)

Boy 19 (0.8) 84 (3.7) 166 (7.3) 237 (10.4) 241 (10.6) 1524 (67.1)
<0.001

Girl 35 (1.6) 87 (3.9) 189 (8.5) 316 (14.2) 261 (11.7) 1345 (60.2)

Urban/rural

Rural 5 (0.6) 25 (3.1) 72 (8.9) 116 (14.3) 73 (9.0) 520 (64.1)
0.029

Urban 44 (1.4) 129 (4.2) 251 (8.1) 375 (12.1) 361 (11.6) 1942 (62.6)

Nutritional status 

Underweight 1 (0.4) 11 (4.2) 23 (8.8) 38 (14.5) 23 (8.8) 166 (63.4)

0.001
Normal weight 36 (1.1) 123 (3.9) 257 (8.1) 372 (11.8) 327 (10.4) 2044 (64.7)

Overweight 5 (0.7) 19 (2.8) 48 (7.0) 92 (13.4) 91 (13.2) 433 (62.9)

Obese 12 (3.0) 18 (4.6) 27 (6.8) 51 (12.9) 61 (15.4) 226 (57.2)

Legend: p - statistical significance
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day a week (Table 1). Most examined children (boys and girls) 
reported being physically active for at least one hour, five days 
a week (sports, walk to school, outdoor play, etc.). Boys more 
frequently reported being physically active for at least one hour 
during four or more days a week; this difference was statistically 
significant when compared to girls (67.1% vs 60.2%; p<0.001). 
Most children from both rural (64.1%) and urban areas (62.6%) 
reported being physically active for at least one hour during five 
or more days a week (Table 1). A statistically significant differ-
ence was found between rural and urban children in respect 
to their physical activity responses, in favour of rural children. 
Children who live in rural areas of Montenegro reported be-
ing more physically active during the week when compared to 
their urban peers (p=0.029). In all four nutritional status cat-
egories of children, the most frequent response given regard-

ing physical activity was “at least one hour during five or more 
days weekly”. The most physically active were normal-weight 
children. In contrast, obese children reported lower levels of 
physical activity than their normal-weight peers did (p=0.001) 
(Table 1).

Boys’ participation in team sports was significantly higher 
than girls’ participation (p<0.001) although more than a third 
of the boys and more than half of the girls were not involved in 
club sports (football, basketball, etc.). There was no difference in 
club or team sport participation between rural and urban chil-
dren (p=0.491). The majority of children in all four categories 
of nutritional status responded not being involved in any team 
sport (underweight 53.2%, normal-weight 44.7%, overweight 
46.0%, obese 43.4%), while a statistically significant difference 
was observed between the responses (p=0.021) (Table 2).

Table 2. Frequency of answers by gender, place of residence of children (rural/urban) and nutritional status to the question: 
Outside of school, how many days per week does your child play or practice team sports? Response rate: 93%

0 days 1 day 2 days 3 days 4 days ≥ 5days p

Gender Number (%)

Boy 820 (36.8) 122 (5.5) 252 (11.3) 562 (25.2) 209 (9.4) 266 (11.9)
<0.001

Girl 1163 (54.0) 164 (7.6) 357 (16.6) 273 (12.7) 91 (4.2) 104 (4.8)

Urban/rural

Rural 358 (45.7) 63 (8.0) 109 (13.9) 134 (17.1) 55 (7.0) 65 (8.3)
0.491

Urban 1359 (45.7) 187 (6.2) 422 (13.9) 602 (19.8) 214 (7.0) 252 (8.3)

Nutritional status

Underweight 132 (53.2) 26 (10.5) 25 (10.1) 31(12.5) 13 (5.2) 21 (8.5)

0.021
Normal weight 1370 (44.7) 208 (6.8) 432 (14.1) 574 (18.7) 216 (7.0) 268 (8.7)

Overweight 313 (46.0) 31 (4.6) 85 (12.5) 155 (22.8) 45 (6.6) 51 (7.5)

Obese 168 (43.4) 21 (5.4) 67 (17.3) 75 (19.4) 26 (6.7) 30 (7.8)

In our study, 63.6% of the boys and 59.3% of the girls 
were not engaged in non-team (individual) sports in general. 
Among the children who do participate in non-team sports, 
the share of boys versus the girls was significantly higher 

(p<0.001). There were no significant differences in the physical 
activity between urban and rural children (p=0.224); more-
over, most children from both rural and urban areas (about 
60%) reported not playing any non-team sports (Table 3).

Table 3. Frequency of responses by gender, place of residence of children (rural/urban) and nutritional status to the question: 
Outside of school, how many days per week does your child have activity training or instruction not in a team sport (e.g., 
martial arts, dance, tennis)? Response rate: 91%

0 days 1 day 2 days 3 days 4 days ≥ 5days p

Gender Number (%)

Boy 1359 (63.6) 125 (5.8) 196 (9.2) 269 (12.6) 76 (3.6) 112 (5.2)
<0.001

Girl 1269 (59.3) 207 (9.7) 352(16.4) 186 (8.7) 61 (2.8) 66 (3.1)

Urban/rural

Rural 475 (61.1) 66 (8.5) 88 (11.3) 97 (12.5) 24 (3.1) 27 (3.5)
0.224

Urban 1809 (61.3) 224 (7.6) 402 (13.6) 299 (10.1) 95 (3.2) 121 (4.1)

Nutritional status

Underweight 162 (66.4) 31 (12.7) 22 (9.0) 21 (8.6) 3 (1.2) 5 (2.0)

0.002
Normal weight 1829 (61.0) 247 (8.2) 384 (12.8) 305 (10.2) 100 (3.3) 134 (4.5)

Overweight 407 (61.4) 37 (5.6) 85 (12.8) 87 (13.1) 22 (3.3) 25 (3.8)

Obese 230 (61.8) 17 (4.6) 57 (15.3) 42 (11.3) 12 (3.2) 14 (3.8)

We found no significant difference between reported 
physical education class attendance in terms of gender 
(p=0.091) and nutritional status (p=0.205). A significant 
difference between physical education class attendance 

was observed between rural and urban children (p<0.001). 
Rural children’s attendance in physical education class-
es was much higher compared to that of urban children 
(Table 4).
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Discussion
This study evaluated the association of nutritional status 

with self-reported physical fitness indices in school-aged 
children (7–13). According to our results, the most physi-
cally active were normal-weight children. Quite the oppo-
site, obese children reported lower levels of physical activity 
than their normal-weight peers. These findings confirmed 
that the 60 min/day guideline (World Health Organization, 
2019) for children was negatively associated with overweight 
and obesity, which reveals that being physically active was 
associated with lower BMI, thus providing support for the 
role of physical activity in the maintenance of body weight 
and the prevention of obesity. These findings are consistent 
with results from numerous other studies (Dwyer, Baur, 
Higgs, & Hardy, 2009; Must & Anderson, 2006; Kelishadi et 
al., 2007). In addition, a significant negative relationship be-
tween physical activity (at least 60 minutes for five or more 
days a week) and overweight was also noted in a more ex-
tensive survey of 34 countries involving 162,305 school-aged 
participants (Janssen et al., 2005).

In all four nutritional status categories of children, the 
most frequent response given on physical activity was “at 
least one hour during five or more days weekly”. This re-
sult does not match the 35% increase in obese Montenegrin 
schoolchildren from 2004 to 2015 (Martinovic et al., 2015), 
even though other contributing factors must be considered 
because of the multifactorial aetiology of obesity. There 
are also some reports of a growing prevalence of obesity in 
schoolchildren despite the high levels of physical activity 
(Tambalis, Panagiotakos, Kavouras, Papoutsakis, & Sidossis, 
2013).

‘Furthermore, we cannot exclude the possibility that so-
cial desirability led to an overestimation of the reported lev-
els of physical activity; this is in contrast to Germany, where 
over three quarters of girls and two thirds of boys do not 
achieve the WHO’s recommended levels of physical activi-
ty (Finger, Varnaccia, Borrmann, Lange, & Mensink, 2018). 
As seen in previous research, boys are generally more active 
than girls (Chung, Skinner, Steiner, & Perrin, 2012; Puyau, 
Adolph, Vohra, & Butte, 2002), which is concordant with 
our results. Some studies showed in both genders that phys-
ical activity levels decrease with age, especially during ado-
lescence. The decrease is higher among younger girls (9–12 

years) and older boys (13–16 years) (Puyau et al., 2002), and 
it manifests in many contexts, including active transporta-
tion, physical education classes and leisure physical activity 
(Cumming, Standage, Gillison, Dompier, & Malina, 2009; 
Dumith, Gigante, Domingues, & Kohl, 2011; Erlandson et 
al., 2011). Considering the age of our examinees, this could 
be one possible reason for this difference. A few studies also 
suggest that the mechanism of decline in physical activity 
among adolescents seems to be associated with age (Sherar, 
Cumming, Eisenmann, Baxter-Jones, & Malina, 2010). It is 
believed that biological maturation is a factor that can change 
the pattern of physical activity in children and adolescents. 
The early-maturing girls can have a decrease in interest in 
physical activity practice when they experience the physical 
changes of adolescence, such as increased fat deposition, 
breast development and hip enlargement, which may hinder 
the motor and physiological performance, and consequently 
reduce disposition for physical activity. 

Furthermore, the increasing obligations in daily tasks 
can facilitate the reduction of physical activity. In contrast, 
the physical changes that occur in boys, such as a gain in 
height, body weight, higher proportion of lean mass and 
the widening of shoulders, are beneficial for participation in 
physical activity, as they result in a more appropriate physical 
build for success in many types of physical activity, particu-
larly those that emphasize speed, power and strength (Bacil, 
Mazzardo Júnior, Rech, Legnani, & de Campos, 2015). R. M. 
Telford, R. D. Telford, Olive, Cochrane, and Davey (2016) 
highlighted the role of society as a whole and asked the 
question “Do we accept the premise that young girls are less 
physically active than boys as ‘normal’ or is it because we are 
failing to provide girls with the same level of opportunity 
and support to be equally active?” (McCrorie et al., 2020). 
A greater understanding of the mechanisms underlying this 
difference has the potential to guide physical activity inter-
vention strategies. 

In the present study, children who live in rural areas of 
Montenegro reported being more physically active during 
the week when compared with their urban peers. A similar 
difference in regards to the place of residence was found in 
Scottish study (McCrorie et al., 2020).

Organized sport is a specific type of physical activity and 
is typically defined as “organized, usually competitive, and 

Table 4. Frequency of responses by gender, place of residence of children (rural/urban) and nutritional status: How many days 
per week does your child have gym or physical education class at school? Response rate: 95%

0 days 1 day 2 days 3 days 4 days ≥ 5days p

Gender Number (%)

Boy 32 (1.4) 72 (3.2) 486 (21.9) 1448 (65.2) 163 (7.3) 21 (0.9)
<0.091

Girl 30 (1.3) 76 (3.4) 521 (23.4) 1459 (65.5) 132 (5.9) 9 (0.4)

Urban/rural

Rural 5 (0.6) 20 (2.5) 139 (17.3) 561 (70.0) 73 (9.1) 4 (0.5)
0.001

Urban 50 (1.6) 115 (3.8) 732 (23.9) 1952 (63.8) 187 (6.1) 25 (0.8)

Nutritional status

Underweight 3 (1.2) 6 (2.3) 60 (23.1) 180 (69.2) 11 (4.2) 0 (0.0)

0.205
Normal weight 40 (1.3) 102 (3.3) 716 (22.9) 2038 (65.2) 209 (6.7) 19 (0.6)

Overweight 12 (1.8) 19 (2.8) 136 (20.1) 455 (67.3) 47 (7.0) 7 (1.0)

Obese 7 (1.8) 21 (5.4) 95 (24.4) 234 (60.2) 28 (7.2) 4 (1.0)
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can be played with a team or as an individual” (Eime, Young, 
Harvey, Charity, & Payne, 2013). The highest number of chil-
dren regarding all four categories of nutritional status (over 
60%) were not engaged in team or non-team sports either. In 
contrast, for example, in Australia, organized sport is pop-
ular among children, with two thirds of children aged 5–14 
reporting participation in the previous 12 months (Active 
Healthy Kids Australia, Report 2016).

Based on the data of the present study, rural children’s 
attendance in physical education classes was significantly 

higher than amongst urban children. There is no sufficient 
information to explain this phenomenon adequately, but nu-
merous other studies have been reporting factors like lack 
of space and equipment being barriers to physical activity at 
schools, especially in developed countries (Morton, Atkin, 
Corder, Suhrcke, & van Sluijs, 2016). Overall, the results ob-
tained suggest that the promotion of physical activity should 
be emphasized interdisciplinary as a way of prevention of 
childhood obesity as one of the significant public health 
challenges in the 21st century.
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Abstract

The purpose of this study was to examine the relationship between jump ability and athletic performance 
of athletic throwers based on data taken over two years. The data of 24 1st-year and 2nd-year male university 
throwers was compiled to examine the relationship regarding athletic performance. In summary, the three 
events of standing long jump (SLJ), squat jump (SJ), and counter-movement jump (CMJ) were always in a 
positive correlation with athletic performance in the two-year measurement. Next, SJ was most relevant to the 
athletic performance of the five jump measurement items. Standing triple jump (STJ) and rebound jump (RJ) 
did not improve in two years, and no association with the athletic performance was seen. These results sug-
gest that simple explosive exercises, such as SLJ, SJ, and CMJ, are effective for evaluating the physical fitness of 
throwers. The vertical jump capability is particularly useful for evaluating athletic performance. The innovation 
of this study is found in SJ, which exerts power from a stationary state, and could be significant in optimizing 
athletic performance, which can be enhanced through modified training practices that incorporate SJ. 

Keywords:  Throwers, Jump ability, performance, male, vertical jump 

Introduction
There is much evidence of the relationship between athletic 

performance and jump ability in athletic throwers (Takanashi, 
Aoki, Komura, Yonamoto, & Kaneko, 2009; Hatakeyama, 
Takanashi, & Sasaki, 2011; Maeda, Ohyama, Hirose, & Ogata, 
2018; Aoki, Yoshimitsu, Kazuhiko, Kazunori, & Hisashi, 2015; 
Victor & Artur, 2003; Zaras, Stasinaki, Arnaoutis, & Terzis, 2016). 
Two types of measurement events, horizontal and vertical, are 
used to measure jump abilities. Horizontal jumping events often 
use standing long jumps and standing triple jumps, which are 
known to have a positive correlation with athletic performance 
(Takanashi et al., 2009; Hatakeyama et al., 2011; Maeda et al., 
2018). In contrast, vertical jump types include a jump without 
a counter-movement (squat jump) and a jump using a counter 
movement (counter-movement jump). In addition, the event at 
which a person bounces off the ground multiple times is referred 
to as a rebound jump. Jump events to the vertical also have re-
ported a positive correlation with athletic performance (Tauchi, 

Yoon, Kuriyama, & Takamatsu, 2002). Despite a good example 
of the vertical jump data shown of the world’s top athlete in the 
shot put (Babbitt & Hoffa, 2019), there are few reports of vertical 
jumps overall, which may be attributed to the need of a specific 
device, such as a force plate or a matte switch. 

There is a positive correlation between physical fitness 
and athletic performance, which require instantaneous power 
for movements such as jump ability. This is easy to predict, 
as the throwing distance is almost entirely determined Juby 
the velocity at the time of release (Gregor, Whiting, & McCoy, 
1985; Dapena, 1984; Hunter & Kiggore, 2003; Murakami et 
al., 2006). However, the evidence for the relationship between 
jump ability and athletic performance simply examines the 
relationship between temporary physical fitness and perfor-
mance. Few examples mention the change of the performance 
with the longitudinal change of the jump ability, other than the 
report by Babbit and Hoffa (2019), which shows an example of 
a longitudinal report of the physical strength and performance 
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of one of the world’s top shot putters. It is essential to ensure 
that the improvement of jump ability also improves athletic 
performance. It helps to assess the appropriateness of training 
in practice and to plan training. 

In addition, various events, such as horizontal jumping, 
vertical jumping, and the presence or absence of count-
er-movement, have been used to study the relationship be-
tween jump ability and performance. Some of these jump 
ability measurement events have been treated as one jump 
ability without distinction. However, the physical strength 
reflected by the characteristics of the measurement event 
should be different. To date, there is no evidence to measure 
multiple jump ability. Therefore, this study measured the 

jump ability of male athletic throwers by multiple measure-
ment severity and examined the relationship between athlet-
ic performances.

Methods
Subjects

This study aimed to measure the jump ability of 24 male 
university student-athletic throwers, the data for which was 
to be collected over the course of two years. The group con-
sists of 2 shot putters, 10 discus throwers, 7 hammer throwers, 
and 5 javelin throwers. The athletic performance was scored at 
the Scoring Table of the International Association of Athletics 
Federations (IAAF). Characteristics of the subjects are as 

Table 1. Characteristics of Subjects (1st year)

variable Mean±Standard Deviation

Age 18.4±0.7

Body Height (cm) 177.17±5.28

Body Mass (kg) 88.60±9.70

IAAF Score 753.96±57.64

Legend: IAAF Score - Athletic performance scored at the Scoring Table of the International 
Association of Athletics Federations

shown in Table 1. 
This study was approved by the ethics committee of the 

Juntendo University School of Health and Sports Science 
(No.31-91). Potential candidates were given a verbal or writ-
ten explanation of the study objectives, and those who gave 
written, informed consent to participate were enrolled. The 
data was anonymized in advance to third parties who were 
not related to this study. Therefore, the research was carried 
out in situations in which it was impossible to identify indi-
viduals.

Measurement data
The data in this study were two measurements of the sub-

ject’s 1st and 2nd year between 2010-2018 was used. All mea-
surements were controlled by the same supervisor. 

Standing Long Jump
The operating image of the standing long jump (SLJ) is 

shown in Figure 1 (a). The legs were set to shoulder width, and 
the jump was made by using the recoil of the arms and the legs. 
The subjects were instructed to try to jump as far as possible.

FIGURE 1. The illustration of the method of the jump test - Standing long jump (SLJ), Standing triple jump (STJ), Squat jump 
(SJ), Counter-movement jump (CMJ), Rebound jump (RJ)

Standing Triple Jump
The image of the standing triple jump (STJ) is shown in 

Figure 1 (b). The legs were set to shoulder width, and the re-
coil of the arms and legs were used to make the jump in three 
strides. The subjects were instructed to make an effort to land 
as far as possible.

Squat Jump 
The squat jump (SJ) was measured using a mat switch 

(DKH multi-jump tester, Tokyo, Japan). The mat switch is acti-
vated by pressure. The measurement image is shown in Figure 
1 (c-1). The angle of the knee joint was set at 90 degrees, and 
the jump was made without using recoil. The jump height was 
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calculated from the time it took to land from the departure at 
the time of jumping. 

Counter Movement Jump
The counter-movement jump (CMJ) was measured 

using a mat switch. The measurement image is shown in 
Figure 1 (c-2). The subjects held their hands on their hips 
and leapt using recoil. The jump height was calculated from 
the time it took to land from the departure at the time of 
jumping.

Rebound Jump Index
The rebound jump index (RJ-Index) was measured using 

a mat switch. Five consecutive jumps were carried out on the 
mat. The subjects were instructed to jump as high as possible 
and keep the contact time short between the jumps (Figure 1, 
c-3). Of the five jumps, the highest value was adopted as the 
measured value. This index is a figure that excludes the jump-
ing height by the installation time.

Data Analysis
A comparison of the measurements of 1st and 2nd-year 

students and the difference in the rate of change were made 
using repeated measured t-test. The collected data were 
investigated using Pearson’s accumulation correlation co-
efficient to investigate the association with the athletic per-
formance for each year. The significance level was set at less 
than 5%.

Results
Athletic Performance

The results are shown in Table 2, in which the mean score 
of the subjects in this study was 753.96±57.64 points, which 
is the advanced level that can compete in national compe-
titions in Japan. The mean IAAF Score at the time of the 1st 

year was 753.96±57.64, which advanced to an average score of 
814.50±50.27 at the time of the 2nd year. There was a significant 
difference in the value of this pair (p<0.001). In other words, 
the score of all 24 athletes improved. 

FIGURE 2. The Correlation between Athletic performance and Squat jump (SJ: Squat jump)

Table 2. Results of all measurement types

1st year
Mean±SD

2nd year
Mean±SD 1st vs 2nd % Change Correlation between IAAF 

Score of % Change

IAAF Score 753.96±57.64 814.50±50.27 *** 108.23±4.47***

SLJ (m) 2.72±0.17 2.79±0.16 ** 102.59±3.51** 0.305 

STJ (m) 7.90±0.62 7.96±0.61 100.88±2.61 -0.064 

SJ (cm) 39.47±5.30 40.93±4.89 ** 104.01±5.43** 0.437**

CMJ (cm) 46.42±7.06 47.92±7.42 ** 103.30±4.44** 0.221 

RJ Index 2.08±0.35 1.98±0.40 95.26±12.93 0.142 

Legend: * - p<0.05; ** - p<0.01; *** - p<0.001; 1st vs 2nd - paired t-test at 1st year and 2nd year; %Change - Change of 100% between 1st and 2nd 
year; SLJ - Standing long jump; STJ - Standing triple jump; SJ - Squat jump; CMJ - Counter-movement jump; RJ Index - Rebound jump index

Standing long jump (SLJ)
The results are shown in Table 2 Standing long jump was 

2.72±0.17 m at the time of the 1st year, 2.79±0.16m at the time 
of the 2nd year. There was a significant difference in the value of 
this pair (p<0.01). The association with athletic performance 
was r=0.411 (Table 3) at the time of the 1st year (p<0.05), r 
=0.408 (Table 4) at the time of the 2nd year (p<0.05).

Standing triple jump (STJ)
The results are shown in Table 2. The record was 7.90±0.62m 

at the time of the 1st year, 7.96±0.61 m at the time of the 2nd year 

for standing triple jump. Furthermore, the association with 
athletic performance was r=0.245 (Table 3; ns) at the time of 
the 1st year, r=0.373 (Table 4; ns) at the time of the 2nd year.

Squat jump (SJ)
The values at the time of the 1st year were 39.47±5.30 cm, 

40.93±4.89 cm at the time of the 2nd year for Squat jump. There 
was a significant difference in the value of this pair (p<0.01). 
The association with athletic performance was r=0.528 (Table 
3; p<0.01) at the time of the 1st year, r=0.582 (Table 4) at the 
time of the 2nd year (p<0.01) (Figure 2). 
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Counter movement jump (CMJ)
The values for Counter movement jump were 

46.42±7.06 cm at the time of the 1st year, 47.92±7.42 cm at 
the time of the 2nd year. There was a significant difference in 
the value of this pair (p<0.01). The association with athlet-
ics performance was r=0.538 (Table 3) at the time of the 1st 
year (p<0.01), r =0.511 (Table 4) at the time of the 2nd year 
(p<0.05).

RJ-Index
The RJ-Index showed values at 2.08±0.35 at the time of the 1st 

year, 1.98±0.40 at the time of the 2nd year. There was a relationship 
between the athletic performance of r=0.319 (Table 3; ns) at the 
time of the 1st year, r=0.403 (Table 4; ns) at the time of the 2nd year.

Between-measurement items
The relationship between the measurements of each 

grade and athletic performance is shown in Tables 3 and 4.
The three SLJ, SJ, and CMJ events had a significant 

positive correlation with each other in two-year measure-
ments.

Table 3. Relationship between measurement types in the 1st year

SLJ STJ SJ CMJ RJ

IAAF Score 0.411* 0.245 0.528** 0.538** 0.319

SLJ 0.374 0.759*** 0.831*** 0.560**-

STJ 0.374 0.541** 0.369

SJ 0.867*** 0.454*

CMJ 0.534**

Table 4. Relationship between measurement types in the 2nd year

SLJ STJ SJ CMJ RJ

IAAF Score 0.408* 0.373 0.582** 0.511* 0.403

SLJ 0.274 0.683*** 0.781*** 0.326

STJ 0.513* 0.434* 0.222

SJ 0.849*** 0.474*

CMJ 0.59**

The combination with the highest correlation coefficient 
was SJ and CMJ (the 1st year: r=0.867, the 2nd year: r=0.849). In 
contrast, RJ was significantly positively correlated between SJ 
and CMJ in two years. However, RJ and STJ showed no signif-
icant correlation in two years. 

Correlation of rate of change
We investigated the correlation between the rate of change 

as a reference for verifying the relationship between athletic 
performance and measurement items. As a result, SLJ (r=0.305, 
ns), STJ (r=-0.064, ns), CMJ (r=0.221, ns), RJ (r=0.142, ns) was 
not significantly related to Athletic performance. In contrast, 
SJ showed a significant positive correlation with athletic per-
formance (r= 0.437, p<0.01).

Discussion
The results of this study, showing a significant positive cor-

relation between SLJ, SJ, and CMJ and athletic performance, 
are indeed consistent with previous reports establishing the 
relationship between jump ability and athletic performance 
(Takanashi et al., 2009; Hatakeyama et al., 2011; Maeda et al., 
2018; Aoki et al., 2015; Victor & Artur, 2003; Zaras et al., 2016). 

Prior to their training intervention, the subjects’ perfor-
mance level maintained a mediocre status that could none-
theless compete in the nationwide competition in Japan, but 
in one year it has improved to a high level to finish within 
8th place in the same competition. For this reason, the mea-
surement of jump ability reflects the athletic performance of 
the thrower from the middle class to the high class. Previous 
studies have evaluated the same explosive capabilities, both 

horizontally and vertically. However, the direction and type 
of jump are important issues that have not been thoroughly 
reported. 

The best correlation between these jump events and athlet-
ic performance is seen in SJ at the 2nd year (r=0.582), followed 
by CMJ at the 1st year (r=0.538). In particular, SJ maintained a 
1% level of relevance with athletic performance in both the 1st 

year and the 2nd year. All results were strongly correlated than 
any of the horizontal values. In other words, the jumping pow-
er of athletic throwers is best evaluated in the vertical plane. 
It is difficult to clarify why this is the case for only this study. 
However, historical evidence has reported that SLJ, which is 
a horizontal jump, has little intervention in the muscle group 
of the knee (Toriumi, Amano, & Terasawa, 1988). By analys-
ing vertical jump ability, it is possible to evaluate the relevant 
jumping force of the knee muscle group. This is because that 
group is important for the thrower (Bourdin et al., 2010). In 
addition, it may be possible to predict from the operation of 
the throwing motion. For example, it has been reported that 
the distance of the shot put has a greater influence on the ver-
tical force than the horizontal direction (Kaneko et al., 1998). 
This is believed to contribute to lifting the legs and transmit-
ting ground reaction forces to the shot during the release 
phase of the movement. The results of this study also showed a 
significant positive correlation between the three jumps’ mea-
surements other than STJ and RJ, which had similar results for 
all measurements over the two years. This is to say that ath-
letic performance also improved with jump ability, starting at 
753.96±58.88 in the first grade and rising to 814.50±50.27 by 
the second year. In the field of practice, avoiding going too far 
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in the projection direction is often advised. In other words, in 
order to benefit from ground reaction force, it is thought that 
it is important to exert force in the vertical downward direc-
tion, thus contributing to the significance of the results. 

It is interesting that SJ was the most relevant event to ath-
letic performance, given it is the only one of the five measure-
ment stakes to require an explosive jump from the station-
ary state. SJ’s best reflection of athletic performance suggests 
that it is an important factor for the thrower. As the vertical 
jumping events, SJ and CMJ, are highly correlated with ath-
letic performance (the 1st year: r=0.867, the 2nd year: r=0.849), 
which may lead to improved instantaneous power, including 
technical elements, such as CMJ, by improving simple, instan-
taneous power like SJ. Furthermore, as shown in Table 2 in 
this study, the significant positive correlation between athletic 
performance and the rate of change in SJ (r=0.437, p<0.01) 
also increases the likelihood that SJ is important.

In contrast, there was no significant association between 
RJ and athletic performance in any of the two-year studies, 
in contrast to the results of a report by Tauchi et al. (2002). 
Of the five jump events in this study, RJ is the event at which 
the highest strength stretch shorting cycle (SSC) was required. 
RJ is a high-strength SSC, where the movement characteris-
tics are different from the SLJ and STJ commonly used (Zushi, 
Takamatsu, & Kotoh, 1993). Therefore, RJ showed a differ-
ent result than SJ or CMJ. There is evidence when the javelin 
thrower is better than the other throwers. While this study 
contained only five javelin throwers, it would be prudent to 
consider more athletes of the same event and more of different 
events in future studies. 

Furthermore, RJ and STJ are similar in that they repeat 
the bounce. However, there was no significant correlation be-
tween the pair. STJ may differ from the fact that the first step 
does not use a high-strength SSC and that the magnitude of 
the stride affects it. While STJ continually rose in two years, 
despite lacking significance, RJ did not as it may be a special 
measurement item. In this study, it was not related to other 
jump events, and it was not possible to improve it by training 

as it originally measures the ability of the tendons inherent in 
the body. In addition, weight increase may stagnate the value 
of RJ, but this is expected. Nonetheless, RJ does not need to be 
excluded just because it is not valid for evaluation since it may 
be an important training exercise to maximize the strength of 
the athletes’ tendons. 

Given these results, it can be stated that not only the di-
rection of the jumping force but also the motor characteristics 
influenced this result. SLJ is an explosive exercise, having the 
same as the motor characteristics as SJ and CMJ. In contrast, 
STJ and RJ, which did not have a significant positive correla-
tion with athletic performance, are both continuous. They also 
have something in common to use SSC for tendons. They are 
not events that measure only the ability to exert simple power 
as they measure the technique, as well. For these reasons, a 
simple explosive jump event may be suitable for the physical 
fitness evaluation of the athlete at the level of transition from 
intermediate to advanced.

As mentioned earlier, this study examined five jump 
events, but all events have different characteristics. STJ re-
quires techniques to link landings to the next jump and the 
movement of the centre of gravity. SJ requires an explosion 
from a stationary state. The CMJ requires vertical explosion 
using recoil action. RJ requires a high-strength SSC and had 
no significant association with athletic performance but may 
be necessary for training. On-site coaches and athletes should, 
therefore, understand and evaluate these characteristics.

These results suggest that simple explosive exercises such 
as SLJ, SJ, and CMJ are effective for evaluating the physical fit-
ness of throwers. The vertical jump capability is particularly 
useful for evaluating athletic performance. The innovation of 
this study is found in SJ, which exerts power from a station-
ary state, and could be important in optimizing athletic per-
formance, which can be enhanced through modified training 
practices that incorporate SJ. In contrast, STJ and RJ, which do 
not have a significant association with athletic performance, 
may not be reliable as a physical fitness assessment event, but 
we consider them important for training, nonetheless.
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Abstract

Social capital and knowledge sharing can be defined as the most important asset of educational organizations. 
The current study aims to assess the effect of social capital dimensions on the knowledge-sharing intention 
of physical education teachers in Fars province in Iran. To realize this research, a field study was conducted on 
268 physical education teachers. Analysis of a moment structures (AMOS) version 18 and statistical package 
for the social sciences (SPSS) version 18 were applied for data analysis and hypotheses testing to fulfil the re-
search objectives. To measure the validity and fitness of the model, Structural Equations Modelling (SEM) has 
been applied. The findings indicate that the social capital dimensions had a significant and positive effect on 
knowledge-sharing intention among physical education teachers. The findings also highlight the significant 
role of social capital elements in predicting physical education teachers’ intention to participate in the process 
of knowledge sharing.

Keywords:  social capital, knowledge sharing, physical education, teachers

Introduction
The success of organizations is not only dependent on 

physical resources, but it has a close relationship with ac-
quiring knowledge as well as effective participation of em-
ployees in the process of organizational learning. Efficient 
employees are the most strategic factors for organizational 
success. Considering issues such as knowledge sharing and 
social capital can provide educational organizations with 
dynamic performance. Teachers and the education system 
in each community play an essential role in creating and in-
creasing social capital as well as knowledge sharing. As the 
construction of educational systems has always been criti-
cized for its lack of innovative capacities, or for its inabil-
ity to employ a more efficient education process (Agapiou, 
2002), examining both knowledge management mecha-

nisms and their enablers can provide education systems the 
ability to cope with these challenges, which require schools 
and educational sectors to expand their activities related to 
knowledge management. In this regard, public schools can 
promote the exchange of knowledge as one of the most crit-
ical intangible forms of capital.

Social capital can be defined as a proper theoretical 
framework to explain knowledge-sharing mechanisms in 
educational organizations. As a highly debated concept, it 
is a central construct in contemporary sociology (Coleman, 
1988). Social capital plays a pivotal role in mediating human 
capital and organizational capital and refers to several col-
lective emotional, cognitive and communicative skills and 
resources that are vital for enhancing the existing know-how 
of an organization (Styhre, 2008). Without social capital, 
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the potentials of human and organizational capital cannot 
be exploited completely (Subramaniam & Youndt, 2005). 
According to Styhre (2008), the critical social practice that 
facilitates knowledge sharing can be considered to be the 
most critical way to convey learning. In organizations with 
high levels of social capital, co-workers share their insights 
and know-how. In such organizations, knowledge is not an 
individual property; instead, it is collectively mobilized and 
used in everyday practice. 

Social capital explains how social resources create posi-
tive experiences at work and lead to useful results (Nahapiet 
& Ghoshal, 1998). It facilitates information exchange in or-
ganizations (Lazega & Pattison, 2001) and helps individu-
als work together effectively when they trust and identify 
with one another and can provide organizational advantag-
es (Nahapiet & Ghoshal, 1998). It can facilitate the flow of 
information between individuals. Adler and Kwon (2002) 
concluded that social capital significantly contributes to 
organizational benefits. Nahapiet and Ghoshal (1998) also 
considered social capital necessary for the development and 
distribution of knowledge in organizations. The findings of 
Burt (1997) revealed that managers who had more social 
capital were promoted earlier on in their careers, received 
larger bonuses, and generally obtained a higher return on 
their investment in human capital (Burt, 1997).

In addition to social capital, knowledge is one of the 
primary sources of gaining competitive advantage in a dy-
namic and competitive environment (Wang & Noe, 2010). 
Liebowitz (2001) considered recording, sharing, applying 
and creating knowledge in the organization as the best 
means of influencing internal and external resources. The 
sharing of knowledge enables productivity and investment 
in knowledge-based resources. Knowledge sharing refers to 
disseminating ones’ knowledge and experience to others. To 
develop knowledge efficiently, organizations should encour-
age people to be involved in knowledge contribution and 
knowledge-seeking cycles (Bock, Kankanhalli, & Sharma, 
2006).

The ultimate goal of employee knowledge sharing is to 
attempt to transfer the experiences and knowledge of all 
individuals into assets and organizational resources to in-
crease organizational effectiveness. Knowledge sharing is a 
set of behaviour that involves exchanging knowledge and 
information, which can provide individuals and organiza-
tions with an opportunity to create and utilize knowledge. 
Organizations play a critical part in persuading individu-
als to exchange their knowledge and experience with oth-
ers (Nonaka, 1994). Close interaction and communication 
between people are necessary infrastructure for effective 
knowledge sharing. Stimulating individuals to participate in 
knowledge-sharing activities and the kind of social setting 
that facilitates knowledge sharing are essential domains for 
researchers and managers (Alavi & Leidner, 2001). Social 
capital has been used to explain why people are likely to ex-
change their knowledge with others (Wasko & Faraj, 2005). 
Understanding the different dimensions of social capital 
underpinning information sharing is a prerequisite for ef-
fective knowledge management.

Knowledge sharing is a fundamental tool for achieving a 
competitive advantage (Jackson, Chuang, Harden, & Jiang, 
2006). It seems that knowledge-sharing practices with so-
cial capital in organizations can be closely related. In oth-

er words, indicators such as bilateral engagement and trust 
and integrity, which are part of social capital, can be pri-
marily considered as prerequisites for knowledge-sharing 
behaviour. The need to identify and to explain the effects 
of social capital on knowledge sharing is one of the strate-
gic requirements of organizations to move towards knowl-
edge-based learning organizations.

Providing an appropriate platform and devising appro-
priate strategies can help teachers to gain more knowledge 
and transfer their knowledge to others effectively. The effec-
tive sharing of knowledge leads to a reduction in the costs of 
producing knowledge, and guarantees the dissemination of 
the best practices within the education systems and enables 
the education systems to solve the problems effectively. 
Based on the social capital theory, prior studies pertaining 
to knowledge sharing have been conducted under different 
sharing context, such as sharing in blogs (e.g., Chai & Kim, 
2010), virtual communities (e.g., Chiu, Hsu, & Wang, 2006; 
Wasko & Faraj, 2005), knowledge repository systems (e.g., 
Lin & Huang, 2008), within organizations (e.g., Szulanski, 
Cappetta, & Jensen, 2004), or within teams (e.g., Majchrzak, 
Malhotra, & John, 2005; Staples & Webster, 2008). Social 
capital in the context of school teachers has not been studied 
to date, as the studies are mainly examining social aspects 
and knowledge sharing in corporate settings. The present 
research is one of the few studies that have been conducted 
to study the relationship between knowledge sharing with 
social capital in the field of physical education teaching.

Despite the increasing importance of knowledge sharing 
in education systems, few studies have been conducted to 
examine these concepts among physical education teachers. 
Social capital and knowledge sharing are of fundamental im-
portance in increasing education efficiency, and more atten-
tion to these concepts can improve the effectiveness of phys-
ical education teachers’ performance. Because social capital 
has been defined according to different approaches, it has 
also been conceptualized differently by scholars (Coleman, 
1998). Contrary to other similar studies (Martínez-Ca˜nas, 
Sáez-Martínez & Ruiz Palomino, 2012), that operational-
ized social capital following the framework of Nahapiet and 
Ghoshal (1998) with three dimensions (the structural di-
mension, the cognitive dimension and the relational dimen-
sion), the authors of the present paper employed a differ-
ent social capital framework including “Reliability”, “Social 
cohesion”, “Social Network and Participation”, “Capacity to 
accept criticism”, and “Social interaction”. These dimensions 
of social capital have been found to be useful when explor-
ing knowledge-sharing practices. This study brings critical 
aspects to the debate on how the combination of social di-
mensions supports knowledge sharing.

This study was set up to study the effect of social capital 
dimensions on the knowledge sharing of physical education 
teachers in Fars province in Iran. Conducting such stud-
ies can be critical to promoting the concepts of knowledge 
management in different areas related to sport and exercise 
teaching. In this research, based on the literature review, the 
impact of social capital components on the knowledge shar-
ing of physical education teachers according to the follow-
ing conceptual model (Figure 1) has been studied.

As social capital dimensions increase the exchange of 
knowledge, according to the literature review, it is likely 
that their development among physical education teachers 
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operates as a platform for knowledge sharing. Thus, the fol-
lowing hypotheses were developed in the research model.
According to the research model, the hypotheses were pro-
posed as follows:

H1. “Social cohesion” has a significant effect on “knowl-
edge-sharing intention” among physical education teachers.

H2. “Social Network and Participation” has a significant 
effect on “knowledge-sharing intention” among physical ed-
ucation teachers.

H3. “Capacity to accept criticism” has a significant effect 
on “knowledge-sharing intention” among physical educa-
tion teachers.

H4. “Social interaction” has a significant effect on 
“knowledge-sharing intention” among physical education 
teachers.

H5. “Reliability” has a significant effect on “knowl-
edge-sharing intention” among physical education teachers.

Methods
A field study with a quantitative approach was conduct-

ed among physical education teachers in Fars province in 
Iran to realize this study. Based on a proposed equation for 
measuring the sample size for an SEM approach, a research 
sample (n=268) was selected through convenience sam-
pling. All the respondents were physical education teachers 
in Fars province, Iran; 144 of the respondents (53.7%) were 
male. The average age was 28.0 years (standard deviation of 
5.6 years); 189 of the respondents (70.5%) had up to five 
years of work experience.

A cover letter of explanation with detailed information 
about the research objectives was attached to each survey. 
The questionnaire took 10 to 12 minutes to complete. The 
data collection period took four months, from February to 
May 2018; 251 valid questionnaires were returned to be used 
in data analysis (the response rate was 93.66%). AMOS20 
and SPSS18 were used for data analysis. To measure the di-
mensions of social capital, a researcher-developed question-
naire was used. The knowledge-sharing intention was mea-

sured using a four-item instrument adapted from Taylor 
and Todd’s questionnaire (1995). The dimensions of social 
capital (Reliability, Social cohesion, Social Network and 
Participation, Capacity to accept criticism, Social interac-
tion) were measured using a 24-item instrument extracted 
from a semi-structured interview conducted with 15 aca-
demic experts through a qualitative approach. A Likert-type 
seven-point response scale from “Strongly disagree” (1) to 
“Strongly agree” (7) was employed for data collection. To 
verify the validity of the questionnaires, content and face va-
lidity as well as construct validity were employed. The reli-
ability of the questionnaire was calculated using Cronbach’s 
alpha after a pilot study. The Cronbach’s alpha coefficient 
was found to be 0.85, and the validity of the questionnaire 
was verified by using experts’ point of views. Accordingly, 
at first, 10 copies of the first questionnaire were distributed 
among faculty members and specialists in the field of sports 
management and organizational behaviour, and they were 
asked to comment on the comprehensibility, modification, 
and deletion of items. To verify the construct validity of the 
questionnaire, confirmatory factor analysis was used. 

The value of Cronbach’s alpha coefficients (greater than 
0.7), and the C.R. indexes (greater than 0.8), supported the 
scale reliability (Chin, 2010) (Table 1). The factor loadings 
were higher than the recommended threshold of 0.70, and 
the AVE for each construct ranged from 0.65 to 0.74 (Table 
1), which were higher than the suggested threshold of 0.5 
(Hair Jr, Hult, Ringle, & Sarstedt, 2016), showed proper con-
vergent validity for all constructs.

An assessment of the measurement model was present-
ed in Table 1 to support the scale reliability and validity 
(Table 1).

To measure the validity and fitness of the model, 
Structural Equations Modelling (SEM) has been applied. This 
modelling both investigates the adaptation of the data and 
the conceptual model to determine if it bears a sufficient fit 
and investigates the significance of the relationships in this 
fitted model.

FIGURE 1: The Research Model
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Results
To test the hypotheses, a structural equations model was 

used. Table 2 shows the fit indices of that model. The index-
es of the overall fit of the model included normed chi-square, 

goodness-of-fit index, adjusted goodness-of-fit index, normed 
fit index, comparative fit index and root mean squared error. 
The results of the fit indices of the conceptual model have been 
given in Table 2.

Table 1. Results of measurement properties

AVE (>0.50)CR (>0.70)α (>0.70)OL (>0.70)ItemsConstruct

0.750.830.82

0.89a

0.85a

0.80a

0.88a

SC1
SC2
SC3
SC4

Social cohesion

0.730.850.79

0.85a

0.81a

0.89a

0.91a

0.86a

SNP1
SNP2
SNP3
SNP4
SNP5

Social network and participation

0.700.880.82

0.88a

0.86a

0.86a

0.85a

0.84a

CAC1
CAC2
CAC3
CAC4
CAC5

Capacity to accept criticism

0.640.840.86

0.88a

0.84a

0.83a

0.81a

0.85a

SI1
SI2
SI3
SI4
SI5

Social interaction

0.680.820.81

0.82a

0.88a

0.82a

0.83a

0.81a

RE1
RE2
RE3
RE4
RE5

Reliability

0.690.830.82
0.81a

0.83a

0.81a

0.86a

KSI1
KSI2
KSI3
KSI4

Knowledge-sharing intention

Legend: OL - Outer Loading; Α - Cronbach’s Alpha; CR - Composite reliability; AVE - Average variance extracted; SC - Social Cohesion; SNP - Social 
Network and Participation; CAC - Capacity to Accept Criticism; SI - Social Interaction; RE – Reliability; KSI - Knowledge-Sharing Intention

Table 2. Fit Indices of the Model

Index Cmin/df GFI AGFI NFI CFI RMSEA

Study model 2.49 0.94 0.95 0.93 0.92 0.07

Recommended value ˂3 >0.90 >0.90 >0.90 >0.90 ˂0.10

Legend: GFI - Goodness-of-fit index; AGFI - Adjusted goodness-of-fit index; NFI - Normed fit index; CFI - Comparative fit index; RMSEA - Root 
mean squared error

According to Table 2, the fitness indices showed a good fitness.
Critical ratio (C.R.) and p value were used to test the 

significance of the hypotheses. The critical ratio is comput-
ed through regression weight divided by the standard error. 
Based on the significance level of 0.05, C.R. should be higher 

than 1.96. Those values under 1.96 are not considered to be 
important parameters in the model. Also, the P values lower 
than 0.05 show a significant difference in the computed values 
for regression weights of zero at 0.95 of confidence level. Table 
3 shows the hypotheses, regression weights, and the index 

Table 3. Hypothesis-Testing Results

ResultC.RRegression weightPath

Supported7.440.44***knowledge-sharing intention→Social cohesion

Supported8.310.59***knowledge-sharing intention→Social Network and Participation

Supported9.580.48***knowledge-sharing intention→Capacity to accept criticism

Supported8.850.41***knowledge-sharing intention→Social interaction

Supported10.360.51***knowledge-sharing intention→Reliability

Legend: *** - p<0.001
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of each hypothesis. Table 3 shows the hypotheses, regression 
weights, and the index of each hypothesis.

The findings in Table 3 showed that all dimensions of 
social capital had a positive and significant effect on knowl-
edge-sharing intention among physical education teachers in 
Fars province. 

Discussion
Education systems are often engaged with the question of 

how to do more with fewer resources, and one of the most crit-
ical areas in which remarkable increases in effectiveness are 
to be achieved is the knowledge-sharing process. This study 
demonstrated that social capital plays a significant role as the 
infrastructure of knowledge-sharing performance. Our article 
contributes to the literature on social capital and knowledge 
sharing by introducing different social capital dimensions 
as well as studying these concepts in the physical education 
school domain. 

The purpose of the current study was to assess the effect 
of social capital dimensions on the knowledge-sharing inten-
tion of physical education teachers in Fars province. This study 
provides a model that examines the effects of social capital 
dimensions (Reliability, Social cohesion, Social Network and 
Participation, Capacity to accept criticism, Social interaction) 
on the knowledge-sharing intention of physical education 
teachers. The findings revealed that social capital plays a key 
role in explaining knowledge-sharing performance. 

The results showed that the influence of Reliability, Social 
cohesion, Social Network and Participation, Capacity to accept 
criticism and Social interaction on knowledge sharing was sta-
tistically significant (As demonstrated in Table 3). Focusing 
on social capital and its relationship with knowledge sharing 
promote knowledge in the education system, especially among 
teachers. The results of the research are consistent with the 
findings of Adler and Kwon (2002). Nahapiet and Ghoshal 
(1998) also consider social capital necessary for the develop-
ment and distribution of knowledge in organizations. Harell 
(2009), and Cohen and Prusak (2001) find that there was a 
positive relationship between social capital and the dimen-
sions of knowledge management, which is consistent with the 
results of the current research. Knowledge sharing provides 
physical education teachers with the opportunity to interact 
closely with each other and to exchange their technical, expert, 
and experimental information. Social capital is a critical asset 
that can help any organization create a sustainable competitive 
advantage. The necessity of identifying and explaining the re-

lationship between social capital and knowledge sharing is one 
of the strategic needs of organizations in achieving a knowl-
edge-based and learning atmosphere.

According to Coleman (1998), social capital is produc-
tive and enables the achievement of certain ends. The social 
capital creation provides an opportunity to develop mutual 
understanding, to build trust and to ensure equality to foster 
commitment and cooperation (Cohen & Prusak, 2001). The 
knowledge-sharing process often takes place in collaborative 
settings and, therefore, the social aspects may play an import-
ant role.

To examine and understand how organizations develop, 
the concept of social capital should be brought into the analy-
sis (Styhre, 2008). To reinforce social capital, a trusting atmo-
sphere should be increased in schools and education systems. 
Social capital can be strengthened by encouraging communica-
tion skills among physical education teachers. Communication 
between management and teachers can develop social capital 
and finally job satisfaction among physical education teach-
ers. Thus, management must help to provide formal as well 
as informal communication opportunity to facilitate knowl-
edge-sharing processes. To develop social capital, we need to 
design strategies for reinforcing a culture of trust and willing-
ness to work collectively. As a consequence, managers of edu-
cation systems should carefully consider how social capital is 
nourished and developed at their organizations.

To manage different aspects of knowledge-sharing mech-
anisms, the dimensions of social capital are proper tools: 
Reliability, Social cohesion, Social Network and Participation, 
Capacity to accept criticism, and Social interaction. Our mod-
el is the initial attempt to conceptualize the effect of social 
capital elements on knowledge-sharing intentions in public 
educational sectors. The testing and verification of the mod-
el require more data which can be obtained by conducting 
quantitative and qualitative studies in a variety of educational 
systems.

The study of social capital and knowledge-sharing con-
cepts by conducting quantitative and qualitative approaches 
can be considered by researchers in the field of sport education 
in the future. Future studies on knowledge sharing and social 
capital should focus on different kinds of enablers of and ob-
stacles to knowledge sharing and various aspects of social cap-
ital in public school contexts. A complete understanding of the 
multidimensionality of enablers and obstacles of knowledge 
sharing and intangible capital in the physical education sector 
is highly significant and may promote educational efforts.
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Abstract

Information about the volume and intensity of the physical activity of students is collected through various meth-
ods of inquiry. Questionnaire data needs to be compared with objective criteria of the physical fitness of students. 
The purpose of the present research is a comparison of the International Physical Activity Questionnaire (IPAQ) 
data and the results of functional fitness assessment tests of female undergraduate (n=639) and graduate (n=625) 
students. The IPAQ data were used to determine the level of physical activity in females. Data regarding the BMI 
and self-perceived physical fitness of females are collected. The physical fitness level of the female students was as-
sessed using functional fitness assessment tests. The IPAQ results show significant (p<0.05) differences in the total 
weekly volume of physical activity of females. More weekly physical activity volume was found in female graduate 
students. The advantage in IPAQ results is achieved by significantly (p<0.01) more weekly physical activity in the 
office job. The weekly volume of health and sports physical activity is significantly (p<0.01) higher in female under-
graduate students. The data on the volume of regular daily movement in female groups do not differ significantly. 
The results of fitness testing showed an insufficient level of physical fitness of female students of both groups. BMI 
results of female students are normal. A significant lack of the total volume of physical activity of students of both 
groups in comparison with the IPAQ data of female students of some European countries was revealed. Increasing 
the total amount of physical activity and improving the quality of physical activity is recommended.

Keywords:  female students, physical fitness, IPAQ, fitness tests, BMI

Introduction
Human health significantly depends on the level of phys-

ical activity (PA) and healthy nutrition (Concha-Cisternas et 
al., 2018). Scientists indicate that PA should be systematic and 
regulated by age-appropriate exercise intensity (Bergier et al., 
2018). A detailed study of students’ PA level is vital for assess-
ing the health status of future social elites of society (Bergier 

et al., 2018). The research data suggests that many students 
do not meet the PA recommendations of the World Health 
Organization (Juškelienė & Česnavičienė, 2017). The main 
reasons for the lack of PA of students include a heavy study 
load and enthusiasm for the internet and computer games 
(Kudryavtsev, Kramida, & Osipov, 2016). To collect data on 
the daily PA level of students, scientists use a variety of survey 
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methods. In recent years, the International Physical Activity 
Questionnaire (IPAQ) has become a common tool (Loginov, 
Nikolaev, Vetoshnikov, & Sagadeeva, 2015). The final results 
of the survey of students differ significantly. Some studies 
indicate a sufficient PA level of students of some universities 
(Mulahasanović, A. Mujanović, E. Mujanovic, Atikovic, & 
Maglaj, 2018). Other data indicate a significant PA deficien-
cy in this social group (Pedisic, Rakovac, Bennie, Jurakic, & 
Bauman, 2014). It was found that a significant proportion of 
students did not comply with global recommendations for 
optimal PA levels during the week (Tinazci, EAlrefai, & Musa, 
2019).

It was revealed that the PA level of male students is sig-
nificantly higher than that of female students (Bergier et 
al., 2018). Female students showed lower levels of interest 
in regular PA and sports than male students did (Bukova, 
Zuskova, Szerdiová, & Kuchelová, 2017). The consequence of 
PA deficiency is the deterioration of health and the develop-
ment of obesity in a significant proportion of female students 
(Osipov et al., 2018). The direct dependence between the 
decrease in the level of physical fitness and increase in body 
weight of females has been defined (Kolokoltsev & Iermakov, 
2019). The PA level has been found to be significantly low-
er in obese females, in each type of physical effort, except 
light effort (Gabrys, Nowak, Michalski, Szmatlan-Gabrys, & 
Stanula, 2018). Lack of regular PA has an adverse impact on 
the level of psychological endurance of females (Şar Nuriye, 
Soyer, & Koç, 2018). However, there is evidence that the 
majority of students, particularly females, were within the 
healthy body weight range. At the same time, the PA level of 
female students was not high (Yahia, Wang, Rapley, & Dey, 
2016). Female students, more frequently than male students, 
demonstrated lower indices of participation in PA as well as a 
positive phenomenon seen in the normal BMI and trace val-
ues of overweight in females, which is exactly the reverse to 
males (Bergier, Bergier, & Tsos, 2017).

Scientists state the need to use practical tests to study the 
correlation between subjective assessments and objective in-
dicators PA level of students (Leuciuc, 2018). A widely-used 
self-report tool (International Physical Activity Questionnaire 
(IPAQ) also needs to be modified, and the data reliability 
needs to be improved (Frehlich, Friedenreich, Nettel-Aguirre, 
& McCormack, 2018). To improve the reliability of the PA 
structure and volume assessment, it is necessary to compare 
IPAQ data with the results of the physical fitness testing of 
students. The need to compare IPAQ data with measurements 
of step daily activity of students is emphasized by research-
ers (Marttinen, Fredrick, & Silverman, 2018; Nikolaev & 
Solodilov, 2016). In the Russian Federation, students’ physi-
cal education (PE) scores are assessed by means of tests of the 
Russian Physical Culture and Sports GTO complex (Zyurin, 
Bobkova, Morozov, & Poliyevsky, 2018). Students take part 
in GTO complex tests on a voluntary basis. Many female stu-
dents do not participate in the GTO complex, which does not 
allow for objective conclusions about the state of physical fit-
ness. A problem of determining the total volume and quality 
of physical activity of a significant part of female students of 
Russian universities exists.

The review of scientific data identified the primary pur-
pose of the research: comparison of IPAQ results with objec-
tive physical fitness profile indicators of Russian female stu-
dents (undergraduate and graduate students).

Methods
Participants

Females participants: (n=1264): undergraduate students 
(n=639) and graduate students (n=625). The average age of fe-
male students was 20.36±2.19 years. The average age of female 
graduate students was 23.18±2.24 years. All participants gave 
their informed consent to take part in the studies and had no 
medical contraindications for PE and fitness training. 

Organization and research methods
The research was based in large universities located in dif-

ferent regions of the Russian Federation (Krasnoyarsk Region, 
Nizhny Novgorod Region, and Udmurt Republic). The re-
search was conducted over two months (May-June 2019). The 
PA level of females was assessed using IPAQ. The IPAQ ques-
tionnaire was supplemented with three original questions con-
cerning body mass and height, which allowed for calculating 
the BMI index, as well as self-perceived physical fitness (high, 
good, moderate, and low). Administering the questionnaire to 
the students took place twice, with an interval of four weeks.

The level of physical fitness profile of the participants in 
the study was assessed using Functional fitness assessment 
tests: aerobic fitness test (one-mile run test); rest 5 minutes; 
upper body strength/endurance (push-up) test; rest 3 minutes; 
lower body strength/endurance (squat) test; rest 3 minutes; 
core strength/endurance (plank) test.

Statistical analysis 
Analysis of the results was carried out using the IBM SPSS 

Statistics for Windows 20.0 (Armonk, NY: IBM Corp.). The 
general findings are presented as means and standard devia-
tions (SD). The reliability and statistical significance of the re-
sults were determined using the Pearson test (Chi-square) and 
T-test. The level of significance was accepted p<0.05.

Results
The IPAQ findings are presented in the total time of PA 

spent (minutes). A significant number of participants had dif-
ficulty counting results at the MET (metabolic equivalent of 
task). Also, a more robust comparison with data of other in-
vestigators (represented in time spent - minutes) was required.

The IPAQ results show a significant (p<0.05) predominance 
of the total weekly PA (PA–total) in the female graduate students. 
They have significantly (p<0.01) higher volume of working PA 
(PA–job) during the week. There were no significant differences 
in PA–moving and PA–homework in both groups. In the volume 
of sports and fitness (PA–sport and fitness) a significant (p<0.01) 
prevalence of weekly PA in female undergraduate students was 
revealed. Most of the independent PA scores in both groups are 
positive scores (Good level). BMI indicators correspond to the 
norm in both groups of studied females. In the group of female 
graduate students, BMI data were significantly higher (p<0.05). 

The findings of functional fitness assessment tests are pre-
sented: aerobic fitness test (minutes), plank test (seconds); 
push-up and squat tests (repetitions). The overall results of 
functional fitness assessment tests were found to be unsatisfac-
tory in both groups. Female undergraduate students showed 
significantly (p<0.05) higher results in the aerobic fitness 
test (one-mile run test) and upper body strength/endurance 
(push-up) test. In other fitness tests, there were no significant 
differences between the groups. The main results of the IPAQ 
and fitness tests of females are presented in Table 1.
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The percentage of tests results of female students to standard results of the functional fitness assessment tests is presented in 
Figure 1.

Table 1. The IPAQ and fitness tests results of female undergraduate and graduate students

IPAQ / Functional 
fitness assessment tests 

Female undergraduate 
students (n=639)

Female graduate students 
(n=625)

Job PA 426.74±42.63 883.56±64.18**

PA moving 853.29±37.44 849.23±28.32

Homework PA 795.72±46.29 782.47±52.44

Sport and Fitness PA  796.61±32.45** 512.42±41.23

Total PA 2872.36±159.21 3027.68±186.17*

Self-perceived PF Good level (65.4%)* Good level (61.9%)

One mile run test 7.44±0.27 8.26±0.32*

Push-up test  14.43±2.51* 13.58±2.46

Squat test 52.17±4.75 51.94±4.23

Plank test  0.54±0.13 0.51±0.09

BMI 22.39±0.16 23.06±0.22*

Legend: * - p<0.05; ** - p<0.01.

FIGURE 1. The ratio of the test results of female students with the standard results Functional fitness assessment tests

Discussion
The results obtained differ significantly from the results 

of PA female students’ assessment in several European coun-
tries. The weekly PA volume of Bosnian female students was 
found to be at least 4600 minutes (Mulahasanović et al., 2018). 
Ukrainian female students have a PA of at least 3,100 minutes 
per week (Bergier et al., 2018). The maximum weekly volume 
of the PA of female graduate students is slightly more than 
3000 minutes, as recorded in our studies. The volume of the 
PA of female undergraduate students is lower by approximate-
ly 100–150 minutes per week. The data from other Russian ex-
perts confirm the lower volume of weekly PA Russian female 
students. Scientists point out that the total amount of PA in 
female students is approximately 2900–3200 minutes per week 
(Nikolaev & Solodilov, 2016). A significant increase in the 
volume of PA in Russian female students is necessary because 
the volume of PA is related to significant public health and 
psychological benefits (Acebes-Sánchez, Diez-Vega, Esteban-
Gonzalo, & Rodriguez-Romo, 2019).

The results of the research show that the majority of female 
students (more 60%) assess their level of weekly PA positively. 
The obtained results differ from the estimates of physical ac-
tivity by students of other European countries. In the Czech 
Republic and Poland, only about 33% of students who indi-
cated a preference for fitness PA (Kudlacek, Fromel, & Groffik, 

2020). The global PA recommendations for adolescents and 
students are 60 min of moderate-to-vigorous intensity aerobic 
activity per day, plus three additional bouts of resistance exer-
cise. The scientific literature presents data on the performance 
of female students’ recommended weekly volume of PA only 
taking into account the mandatory attendance of PE classes 
(Marttinen et al., 2018). Compulsory physical education class-
es are not represented in the educational programs of female 
graduate students. The lack of regular PA adversely affects the 
level of physical fitness profile of female students (Osipov, 
Ratmanskaya, T., Nagovitsyn, R., Zhuikova, S., & Iermakov, 
2020). We assume that many female students unreasonably 
indicate a higher level of PA in the IPAQ data. Activities to in-
crease the motivation of female students for regular PE classes 
(Osipov et al., 2017) and to develop young people’s interest in 
increasing the weekly volume of PA are needed (Bogdanov & 
Rychkova, 2019). Developing gender-specific programmes for 
promoting healthy lifestyle behaviours among students is rec-
ommended (Yahia et al., 2016). Foreign students studying at 
Russian universities emphasize the need for additional health 
fitness or sports (Tumakov, Fazleeva, Akberov, & Valeeva, 
2018). 

Experts indicated that university students have several 
modifiable risk factors associated with low levels of PA and 
excess weight (Concha-Cisternas et al., 2018; Grao-Cruces, 
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Ruiz-Ariza, De la Torre-Cruz, & Martinez-Lopez, 2018). The 
female students with low levels of PA had significantly higher 
body mass and body composition parameters: body mass in-
dex and per cent body fat (Podstawski et al., 2019). However, 
the scientific literature provides data on a significant number 
of students who have a low weekly PA level and body weight 
within normal limits (Galle et al., 2019). Some studies show a 
significant prevalence of healthy BMI in students with lower 
PA levels in Ukraine and the Visegrad countries (Bergier et 
al., 2018). Our research also shows the prevalence of normal 
BMI in most female graduate and undergraduate students. We 
assume that most female students associate appearance and 
body weight with a sufficient level of PA. The females happy 
with their appearance consider the weekly PA level positive 
and do not see the need for an increase in PA. 

Given the results of our study, we can affirm that the cur-

rent conditions of student learning are characterized by a sig-
nificant decrease in physical fitness indicators of female stu-
dents. Experts say that the main reason is the low weekly PA 
level of female students. Significantly lower levels of weekly 
PA of Russian female students in comparison with those of fe-
male students of other European countries have been revealed. 
Most of the Russian female students have positive assessments 
of their weekly PA level. Similar assessments of the PA level 
are not completely objective. The prevalence of normal BMI in 
the majority of female students was also revealed. The female 
graduate students have significantly (P<0.05) higher rates of 
BMI in comparison with female undergraduate students. The 
female students with normal BMI have low results in func-
tional fitness assessment tests. Increasing the total amount of 
weekly PA and improving the quality of PA of female students 
is recommended.  
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Abstract

Concerning the low level of physical fitness of Ukrainian students and insufficient motivation to do physical ex-
ercises, one potential solution is the implementation of specific sport-oriented physical education classes, taking 
into account students’ choice of sport. The influence of sambo (self-defence without arms) wrestling training on 
the level and dynamics of students’ physical fitness when studying at higher educational institutions is exam-
ined in the article. The investigation of students’ physical fitness was conducted according to the following tests: 
100-metre race, pull-ups (male), push-ups (female), 3000-metre race (male), 2000-metre race (female), shuttle run 4 
× 9 m, sit-ups (per 1 min), standing long jumps, forward inclinations of the body in sitting position. The significantly 
better (p<0.05–0.001) physical fitness level of students who were involved in the sambo wrestling training during 
studying in comparison with students who were involved in the current system of physical education was deter-
mined, which proves the efficiency of sambo wrestling training. The improvement of students’ physical fitness 
during sambo wrestling classes will have a positive influence on their physical working capacity and the efficiency 
of their studying and future professional activities.

Keywords:  physical fitness, students, sambo wrestling

Introduction
Increasing study load and the intensification of the pedagogi-

cal process at Ukrainian higher educational institutions (HEI) are 
connected with ensuring the psycho-physical readiness of future 
specialists for professional activity. Physical education is an es-
sential component of higher education aimed at the formation of 
a harmoniously developed modern specialist in the conditions of 
rationally organized motor activity (Radziyevsky, 2017; L. Shuba 
& V. Shuba, 2017). It has been proven that systematic physical 
training promotes health, the improvement of physical and men-

tal capacities, and increases the quality of studying (Wernbom, 
Augustsson, & Thomee, 2007; Costa et al., 2016). However, ac-
cording to the data of many scientists (Bolotin & Bakayev, 2015; 
Semeniv, Babych, Bilenkyi, Prystavskyi, & Kovban, 2018), the 
level of physical fitness and health of the students of HEI has de-
creased significantly during the recent years; it has been reported 
that most of the students have had certain health problems. Also, 
to increase the motivation of students to perform physical exercis-
es systematically to ensure their health and professional longevity 
is an acute problem (Batilani, Belem, & Both, 2018; Leuciuc, 2018; 
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Mehmeti & Halila, 2018). A low motivation level of students is 
reflected in theirattendance in physical education classes. The sci-
entists (Mandic, Wilson, Clark-Gril, & O’Neill, 2018; Mozolev et 
al., 2019; Prontenko et al., 2019) consider that the low level of the 
students’ physical fitness is caused by the following: a low level of 
physical fitness of school graduates; studying conditions in mod-
ern HEI characterized by increased study load and a low physical 
activity level; the lack of the students’ interest in traditional classes 
in physical education; the lack of possibility to choose the type of 
physical activity. Concerning the data of many scientists (Altin 
&Demir, 2019; Bergier et al., 2017; Prontenko et al., 2020), one 
potential means of improving the physical fitness of Ukrainian 
students is the implementation of sport-oriented physical educa-
tion classes into the educational process, taking into account the 
students’ free choice of sport. Additionally, the popularity of the 
type of sport among the students, the training base of an HEI, 
and the specialists among the teaching staff of the departments 
of physical education should be taken into account. The analy-
sis of the literature (Troyanov, 2002; Osipov et al., 2017; Slimani, 
Davis, Franchini, & Moalla, 2017) showed that the most popular 
sports among students are modern martial arts and various kinds 
of wrestling. 

The present study aims to investigate the influence of sambo 
wrestling training on the level and dynamics of students’ physical 
fitness at Ukrainian higher educational institutions.

Methods
Ninety-four students (51 male and 43 female) of Zhytomyr 

Ivan Franko State University took part in the research. Two ex-
perimental and two control groups were formed: experimental 
group - EG1 (N=25) and control group - CG1 (N=26) involved 
male students (N=51); experimental group - EG2 (N=21) and 
control group - CG2 (N=22) involved female students (N=43). 
The experimental and control groups included the students of the 
first year of study, aged 17–20, who had significantly identical in-
dicators of physical fitness at the beginning of the study (р>0.05). 
The students of EG1 and EG2 were engaged in sambo wrestling 
classes according to the programme of the authors of the present 
paper (during physical education classes (sports department)); 
the students of CG1 and CG2 were engaged in classes according 
to the current programme of physical education (main depart-
ment). The total number of hours spent on physical education per 
week by the students of both groups was the same and it equaled 
4 hours. 

The implementation of the authors’ programme meant that 
students would master the following minimum required range 
of sambo techniques: self-insurance techniques (falling forward, 
backward, to the right side, to the left side); gymnastic exercises 

(forward and backward rolling, backward rolling with jumping, 
exercises cartwheel, round off, crab position); exercises for the 
development of neck muscles (running around the neck, jump-
ing on the neck, rolling over the neck, etc.); common basic tech-
niques for sambo wrestling (the ability to move correctly on the 
mat during a fight in pairs, different options for grips, etc.); the 
skills of simple methods of fighting in lying position and standing 
(disturbing the balance, back and front chips, throw through the 
thigh, grape-vine, leg takedown, throw taking popliteal arch, in 
standing and on the knees, foot lean on the abdomen, grip of feet, 
side sweep and pace of steps, painful techniques for arm and leg, 
side holding, holding from the head side, holding from the legs 
side, cross-holding, holding above); initial judicial practice.

To achieve the aim of the investigation, we conducted a ped-
agogical experiment from 2017 to 2019. The analysis of the indi-
cators of students’ physical fitness was conducted according to the 
following tests: 100 m race, pull-ups (male), push-ups (female), 
3000 m race (male), 2000 m race (female), shuttle run 4 × 9 m, sit-
ups in 1 min, standing long jumps, forward inclinations of body 
from a sitting position. The examination was conducted according 
to the Regulation on the State Tests and Standards of Evaluation 
of the Physical Fitness of the Population of Ukraine (2014). The 
levels of students’ physical fitness were defined through the total 
points in seven tests. To receive an individual assessment as ex-
cellent and a high level of physical fitness, the total points should 
be 45–50; the higher than the middle level 35–44 points; a middle 
level 25–34 points; below the middle level 15–24 points; a low 
level 10–14 points. Monitoring of the level and dynamics of the 
indicators of students’ physical fitness was carried out four times 
during the first and the second years of study (in 1st– 4th terms); 
i.e., there were four stages of the investigation. Research methods 
included theoretical analysis and generalization of literature, ped-
agogical observation, questionnaire survey, testing, pedagogical 
experiment, and methods of mathematical statistics. During the 
study, the authenticity of the difference between the indicators of 
students by means of Student’s t-test was determined. The signifi-
cance was set at p<0.05 for all statistical tests.

This study complies with the ethical standards of the Act of 
Ukraine “On Higher Education” No. 1556-VII dated 01.07.2014 
and the Letter from the Ministry of Education and Science of 
Ukraine “On the Academic Plagiarism Prevention” No. 1/11-
8681 dated 15.08.2018, and also the principles of the Helsinki 
Declaration of the World Medical Association. Informed consent 
has been obtained from all individuals included in this study.

Results
According to regulatory documents regarding the orga-

nization of the educational process in physical education at 

Table 1. The types of sport in which students would like to be engaged in during physical education classes 

Types of sport Males (N=238) Rating Females (N=197) Rating 

Football 31.5% 1 3.7% 8

Volleyball 4.2% 7 32.9% 1

Basketball 9.2% 4 4.1% 7

Track and field athletics 5.1% 5 5.1% 4

Sambo wrestling 29.8% 2 31.5% 2

Kettlebell lifting 4.2% 6 4.6% 5

Powerlifting 13.5% 3 4.1% 6

Badminton 2.5% 8 14.2% 3
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Ukrainian HEIs, the sections of the department of physical ed-
ucation and relevant studying groups are completed in the 1st 
year of study at the beginning of the academic year concerning 
the sports interests of students, their level of health, physical 
fitness, and sport qualification. The data necessary to com-
plete the sections of the department were obtained by ques-
tioning the students. The sports section involved the students 
who wanted to improve their sports qualification in the kinds 
of sport suggested. The results of the students’ questionnaire 
conducted at the beginning of the 1st year of study (2017) 
(238 male students and 197 female students) determined that 
81.5% of male and 84.8% of female students prefer optional 
classes. Moreover, most of them wanted to be engaged in sport 
sections (football: 31.5% male, volleyball: 32.9% female stu-
dents) and sambo wrestling (29.8% male and 31.5% female) 
(Table 1).

Sambo wrestling benefits from the vast amount of prac-
tical experience gained by all kinds of wrestling, which does 
not require excessive material for mastering skills and which 
is available for self-development and self-improvement (Tron 
et al., 2018; Polat, Cetin, Yarim, Bulgay, & Cicioglu, 2018; 
Dzenzeliuk, 2015). Due to a wide range of technical and tac-
tical actions and high dynamism, sambo wrestling is popular 
among young people. In addition, sambo wrestling has an ap-
plied orientation of skill relevant for various professions, and 
it is used for military physical training in the army and police 
in almost all countries of the world. The range of technical 
and tactical actions recommended and used in the process 
of applied training includes protection against various types 
of attack, as well as throws, strokes, and pain and suffocating 
techniques. The use of special protective equipment when 
studying and improving the sambo wrestling technique helps 
to bring the learning process closer to real situations and does 
not reduce the quality of the performance. The analysis of the 
works of scientists who investigated the influence of different 
martial arts on the body (Dornowski, Jagiello, & Smaruj, 2011; 
Chernozub et al., 2019) proves their positive effect on func-
tional state, physical fitness, working capacity, health and vo-
litional qualities. 

Concerning the results of personal investigations, we cre-
ated and grounded the authors’ programme of the students’ 
physical qualities development by the means of sambo wres-
tling. The tasks of the program are: 1) the increase of the stu-
dents’ desire and interest in physical education classes; 2) the 
improvement of the systematic attendance of physical educa-
tion classes; 3) the increase in the level of students’ physical 
fitness and health; 4) the formation of motivation for regular 
physical exercises; 5) the formation of knowledge, skills and 
abilities of technical and tactical actions in sambo wrestling; 6) 
gaining experience of creative use of physical health-improv-
ing and sports activities for the achievement of personal and 
professional goals. 

In the authors’ programme, the classes are based on the 
methodical principles of physical education (consciousness 
and activity, visibility, simplicity and individualization, sys-
tematic and consistency, progression), and principles of sports 
training (continuity, insightful specialization, the unity of 
gradual increase in load and tendency to maximum loads, un-
dulating and variable loads changes, cycle). The main methods 
of training are steady, variable, interval, repeated, and com-
petitive. The load at the stages of the authors’ programme was 
adjusted by the changes in its volume and intensity, magnitude 

and orientation taking into account the individual abilities of 
each student, the level of readiness, weight category, gender; 
it was determined by the specifics of application and the or-
der of combination of the next components: the type, duration 
and character of individual exercises, the number of repeti-
tions, fights, the intensity of work during their performance 
(the tempo of movements, the speed and time of their perfor-
mance), the weight of load (partner), the technical complexity 
of methods, the duration and nature of the pauses between 
separate repetitions, and the number of exercises. The results 
of the study of the level and dynamics of physical fitness of 
students of both genders are given in Table 2.

The analysis of the results in the 100 m race showed that 
the difference in the indicators of EG1 and CG1, EG2, and 
CG2 was not determined at the beginning of the experiment 
(р>0.05). At the second and the third stages, the speed indi-
cators of experimental groups were 0.1–0.3 sec better than 
those of control groups, but the difference was not significant 
(р>0.05). The considerably better results of the students of ex-
perimental groups are discovered at the fourth stage: the dif-
ference of the male students in 100 m race is 0.4 sec (р<0.05); 
for female students, it is 0.4 sec (р<0.05). 

A comparative analysis of the results of students in pull-
ups showed that only at the first stage; the strength indica-
tors of male students did not differ significantly (р>0.05). At 
all other stages, the results of the EG1 students were signifi-
cantly better than the CG1 students (р<0.01–0.001) (Table 
2). During the experiment, the results of the EG1 students in 
pull-ups were 7.4 times increased (р<0.001); among the CG1 
students, it was 0.9 times increased (р>0.05). The investigation 
of the female students’ results in push-ups showed that at the 
first stage, the strength qualities of both groups did not differ 
significantly (р>0.05). At the second stage, the results of the 
EG2 started to be better significantly (р<0.001) than the re-
sult of the CG2: 5.1 times better at the second stage, 9.3 times 
better at the third stage, and 12.6 times better at the 4th stage, 
which proves a positive influence of the classes according to 
the authors’ programme on the female students’ strength qual-
ities development. The analysis of the dynamics of female stu-
dents’ strength indicators during the experiment showed that 
the results of EG2 were increased significantly (by 13.2 times, 
р<0.001); CG2 was just 0.7 times increased (р>0.05).

The investigation of the level of students’ endurance devel-
opment proved that the male students’ results in 3000 m race 
were equal at the 1st stage (14 min 41 sec and 14 min 43 sec, 
р>0.05) (Table 2). The endurance development indicators of 
the EG1 students were significantly better than those of the 
CG1 students at the second and further stages of the research. 
The analysis of the dynamics of the students’ results during 
the experiment showed that the indicators of EG1 were sig-
nificantly improved by 1 min 50 sec (р<0.001) and equal 12 
min 51 sec at the fourth stage. The results of CG1 were not 
changed; the difference in the initial and final data is just 7.6 
sec (р>0.05). The analysis of the dynamics of female students 
results in 2000 m race proved the similar tendency: the results 
of EG2 were improved significantly during the experiment 
(р<0.001), the endurance development indicators of CG2 re-
mained unchanged. Additionally, no authentic difference in 
the indicators of EG2 and CG2 was determined just at the first 
stage (р>0.05), the results of the female students of EG2 were 
significantly better than the ones of CG2 at the other stages. 

The analysis of the results in 4 ×9 m shuttle run showed 
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Table 2. The dynamics of the physical qualities development of the EG and CG students during the experiment (N=94)

The stages 
of the 

experiment

Male students Female students

EG1 (N=25)
M±SD

CG1 (N=26)
M±SD р (EG1-CG1) EG2 (N=21)

M±SD
CG2 (N=22)

M±SD р (EG2-CG2)

100 m race, sec

1st term 14.4±0.16 14.3±0.14 >0.05 16.9±0.14 17.0±0.15 >0.05

2nd term 14.1±0.15 14.2±0.13 >0.05 16.6±0.12 16.8±0.14 >0.05

3rd term 13.9±0.15 14.2±0.12 >0.05 16.5±0.12 16.8±0.15 >0.05

4th term 13.8±0.14 14.2±0.12 <0.05 16.3±0.11 16.7±0.13 <0.05

р (1–4) <0.01 >0.05 <0.01 >0.05

Pull-ups (male), push-ups (female), reps 

1st term 9.4±0.52 9.6±0.49 >0.05 13.2±0.60 13.1±0.58 >0.05

2nd term 12.5±0.49 10.3±0.51 <0.01 18.7±0.57 13.6±0.57 <0.001

3rd term 14.9±0.46 10.2±0.48 <0.001 23.1±0.55 13.8±0.56 <0.001

4th term 16.8±0.46 10.5±0.47 <0.001 26.4±0.54 13.8±0.55 <0.001

р (1–4) <0.001 >0.05 <0.001 >0.05

3000 m race (male), 2000 m race (female), sec

1st term 881.2±12.71 882.9±12.88 >0.05 802.3±10.91 797.7±10.43 >0.05

2nd term 835.8±12.55 880.4±12.81 <0.05 728.4±10.62 800.2±10.32 <0.001

3rd term 796.4±12.47 877.0±12.75 <0.001 690.7±10.53 804.9±10.25 <0.001

4th term 771.1±12.36 875.3±12.69 <0.001 667.2±10.39 799.1±10.27 <0.001

р (1–4) <0.001 >0.05 <0.001 >0.05

Shuttle run 4 х 9 m, sec

1st term 9.9±0.49 9.8±0.47 >0.05 11.2±0.65 11.3±0.68 >0.05

2nd term 9.6±0.43 9.6±0.45 >0.05 10.9±0.62 11.0±0.65 >0.05

3rd term 9.3±0.42 9.5±0.43 >0.05 10.6±0.61 10.8±0.69 >0.05

4th term 9.1±0.39 9.4±0.42 >0.05 10.4±0.59 10.7±0.62 >0.05

р (1–4) >0.05 >0.05 >0.05 >0.05

Sit-ups in 1 min, reps

1st term 39.2±1.14 39.1±1.17 >0.05 29.3±1.23 30.1±1.19 >0.05

2nd term 42.8±1.13 40.3±1.13 >0.05 36.6±1.25 32.6±1.17 <0.05

3rd term 45.6±1.15 41.6±1.12 <0.05 38.4±1.22 33.2±1.17 <0.01

4th term 48.9±1.16 42.2±1.10 <0.001 42.1±1.18 33.5±1.16 <0.001

р (1–4) <0.001 >0.05 <0.001 >0.05

Standing long jump, cm

1st term 219.3±2.93 220.4±2.89 >0.05 170.2±2.48 171.3±2.55 >0.05

2nd term 228.4±2.95 225.8±2.85 >0.05 177.9±2.52 173.7±2.54 >0.05

3rd term 236.9±3.02 226.1±2.83 <0.05 184.3±2.47 175.9±2.51 <0.05

4th term 243.2±2.96 227.6±2.81 <0.001 188.5±2.43 176.3±2.49 <0.001

р (1–4) <0.001 >0.05 <0.001 >0.05

Forward inclination of body from a sitting position, cm

1st term 8.1±1.07 8.0±1.12 >0.05 12.7±1.05 12.6±1.06 >0.05

2nd term 14.7±1.04 7.8±1.11 <0.001 16.5±1.03 13.5±1.02 <0.05

3rd term 16.2±1.02 7.8±1.10 <0.001 19.8±1.05 14.1±1.06 <0.01

4th term 18.6±0.98 7.7±1.10 <0.001 21.2±1.04 14.5±1.05 <0.001

р (1–4) <0.001 >0.05 <0.001 >0.05

Legend: Mean: arithmetical average; SD: standard deviation; N: number of subjects; EG1 – Experimental group 1; CG1 Control group 1; р (EG1–CG1): 
significance of difference between the indicators of EG1 and CG1 due to the t-test; р (1–4): significance of difference between the indicators of each 
group at the beginning and at the end of the experiment due to the t-test
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that the indicators of dexterity development of the students 
of both groups did not differ authentically at the first, second, 
third, and fourth stages of the investigation (р>0.05) (Table 2). 
The dynamics of the results of students (male and female) in 4 
× 9 m shuttle run have a positive character during the experi-
ment: the indicators were improved in all groups: EG1: 0.8 sec, 
CG1: 0.4 sec, EG2: 0.8 sec, and CG2: 0.6 sec (р>0.05).

The analysis of the male students’ results in sit-ups in 1 
min showed that the results of EG1 and CG1 did not differ sig-
nificantly at the first and the second stages of the experiment 
(р>0.05) (Table 2). The results of EG1 were four times bet-
ter significantly than the indicators of CG1 at the third stage 
(р<0.05), and 6.7 times better at the fourth stage (р<0.001). 
The indicators of EG1 were 9.7 times increased (р<0.001), and 
those of CG1 were not changed (р>0.05) during the exper-
iment. The difference in the results in sit-ups of the female 
students of EG2 and CG2 was not defined at the 1st stage of 
the experiment (р>0.05), and the difference was authentic at 
the further stages. The results of EG2 in this exercise were in-
creased 12.8 times (р<0.001), while in CG2 it was increased 
3.4 times (р>0.05) during the experiment.

The examination of the students’ results in standing long 
jump proved that the results of both male and female students 
did not differ significantly at the first and the second stages 

of the experiment (р>0.05) (Table 2). The result of EG1 was 
10.8 cm better significantly than the one of CG1 (р<0.05) at 
the third stage, and 15.6 cm at the fourth stage (р<0.001). 
The results of EG2 were 8.4 cm better than the results of CG2 
(р<0.05) at the third stage, and 12.2 cm at the fourth stage 
(р<0.001). 

The implementation of the authors’ program promoted 
more efficient development of flexibility of both male and 
female students of EG, in comparison to CG. Therefore, the 
results in forward inclination of body from a sitting position 
were better significantly in experimental groups than in con-
trol groups even at the second stage (р<0.05–0.001) (Table 2). 
During the experiment, the indicators of the students of ex-
perimental groups were 10.5 cm increased in EG1 and 8.5 cm 
in EG2 (р<0.001). 

An individual grade, as well as the level of physical fitness 
of students in accordance with the regulations on the state 
tests and standards, was determined by the total points of 
the results in seven control exercises. The study of the level 
of physical fitness of the students of experimental and con-
trol groups by the total points showed that at the beginning of 
the experiment, total points were the same in EG1 and CG1, 
which equalled 13 points and corresponded to the low level of 
physical fitness (Table 3). 

During the experiment, the level of physical fitness in-
creased in both groups: the total points were 29 points in EG1 
at the fourth stage, which corresponds to the middle level of 
physical fitness, and 17 points in CG1, which corresponds to 
the below the middle level. The greatest increase of grade of 
the students of EG1 was found in the development of strength, 

endurance, speed and strength qualities, and the flexibility test.
The sum of points of EG2 and CG2 was the same at the 

beginning of the experiment (11 points in every group), which 
corresponded to a low level. During the experiment, the sum 
of points was increased: 27 points in EG2 (the middle level), 
15 points in CG2 (below the middle level) (Table 4).

Table 3. The dynamics of the physical fitness level of EG1 (N=25) and CG1 (N=26) male students during the experiment (in points)

Tests
1st term 2nd term 3rd term 4th term

ЕG1 CG1 ЕG1 CG1 ЕG1 CG1 ЕG1 CG1

100 m race 3 3 4 3 4 3 4 3

Pull-ups 1 1 3 2 4 2 5 2

3000 m race 2 2 3 2 3 2 4 2

Shuttle run 4 х 9 m 2 3 3 3 3 3 4 3

Sit-ups in 1 min 2 2 3 2 3 3 4 3

Standing long jump 1 1 1 1 4 2 4 3

Forward inclination of body 2 1 2 1 4 1 4 1

Sum of points 13 13 19 14 25 16 29 17

Table 4. The dynamics of the physical fitness level of the EG2 (N=21) and CG2 (N=22) female students during the experiment (in points)

Tests
1st term 2nd term 3rd term 4th term

ЕG2 CG2 ЕG2 CG2 ЕG2 CG2 ЕG2 CG2

100 m race 2 2 2 2 2 2 3 2

Push-ups 2 2 3 2 4 2 5 2

2000 m race 1 1 2 1 2 1 3 1

Shuttle run 4 х 9 m 2 2 3 3 3 3 4 3

Sit-ups in 1 min 1 1 2 2 3 2 4 2

Standing long jump 1 1 2 1 3 2 3 2

Forward inclination of body 2 2 3 2 4 2 5 3

Sum of points 11 11 17 13 21 14 27 15
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Taking into account the dynamics of students’ level of 
physical fitness during their first and second years of studies, 
we may predict a further increase in the level of physical fit-
ness in the senior years of study on the condition of sambo 
wrestling classes in the sports section of the department of 
physical education at the HEI.

Discussion
The works of scientists (Azhyppo et al., 2018; Prontenko 

et al., 2019) determine that the level of physical fitness of stu-
dents of Ukrainian HEIs is not satisfactory and has a down-
ward trend; the number of students who have health problems 
increases every year. This leads to the students’ excess weight, 
decreased health and efficiency of studying, and significant 
limitations on the ability of young people to choose a profes-
sion and job. 

Researchers (Montesano & Mazzeo, 2019; Mozolev et 
al., 2019) consider one of the possible ways to solve this 
problem to be a students’ free choice of the type of physical 
health-improvement and sports activity, taking into account 
the popularity of the sport among students, the possibility of 

the educational and sports base of the HEI and the special-
ists among the teaching staff of the department of physical 
education. Researchers (Prysiazhniuk et al., 2018) mention 
that the number of students who would like to participate in 
sports sections during their studying at the HEI ranges from 
50 to 80%, which proves the necessity to adjust the physical 
educational process to the interests, motivations, and needs 
of students. Consequently, we developed and substantiated 
the authors’ program of the development of the physical 
qualities of the students by means of sambo wrestling. The 
results of the experiment showed that the physical education 
classes according to the authors’ programme had a positive 
effect on the level of physical fitness of both male and fe-
male students. Thus, under the influence of organized sambo 
wrestling classes, an authentic improvement in the level of 
speed, strength, endurance, speed and strength, a flexibili-
ty of both male and female students is observed. In general, 
improved physical fitness will have a positive effect on the 
students’ mental and physical capacity, their health, well-be-
ing, and the effectiveness of their senior studying and future 
professional activity.
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Abstract

Malaysia has taken a rigorous approach to improving the quality and performance of its football teams. To match 
the strength of world-class football teams, the nation has taken a strategic approach by developing players’ po-
tential through the grassroots level. These players are brought together in sports schools across the country and 
trained by experienced coaches to showcase their talents, potentials, skills, and performance. Therefore, this 
study identifies the relationship between coach leadership style and the motivation of football players in sports 
schools. Furthermore, the study explores the dimensions of coach leadership style that have a high impact on 
improving player motivation. In this regard, a total of 313 footballers participating in the under-14 football tour-
nament organized by the ministry of education and the national football development programme (NFDP) from 
sports schools across Malaysia surveyed as respondents. The findings show that there is a moderate positive 
relationship between coach leadership style and football players’ motivation. Dimensions such as democratic 
and social consideration have a significant impact on increasing football players’ motivation in sports schools. In 
conclusion, the football coach is the most crucial person in ensuring the motivation of football players at a high 
level. They have to use all of their existing skills to build a strong, motivated team and never tire of it when facing 
tough moments in the game. 

Keywords: football, sports school, players’ motivation, coach leadership style, youth 

Introduction
Football is one of the most popular sports throughout the 

world, regardless of gender, age or educational background. It is 
a sport that has a great aura in creating unity among all races 
and communities. Internationally, football teams from South 
American and European countries, such as Brazil, Argentina, 
Uruguay, France, England, Spain, and Italy, are favourites among 
football fans, and their players are revered and idolized. Not to 
be overlooked is the Belgian football team that is now show-
ing consistency and winning the top rating of the Federation 
Internationale de Football Association (FIFA) in recent years 
(FIFA, 2020).

In many countries, the quality of the football team is improv-
ing over time. National football teams, such as those of Japan, 
South Korea, China, Saudi Arabia, and Iran, are the major forces 
in Asia to qualify for the World Cup every four years (Cho, 2015). 
The quality of their games is far superior to that of other Asian 
teams. This situation has been a concern for most other Asian 
football teams as the chances of qualifying for the World Cup 
are increasingly difficult (Amara, 2017). It is even more alarm-
ing when Australia’s presence in the Asia Football Confederation 
(AFC) further complicates the dream of a lower-ranked football 
team to set foot on the world’s leading football field.

As a developing country in Asian football, Malaysia is aware 
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that higher level competition gives them a great opportunity 
to enhance their players’ performance and overall team quality 
further. Therefore, the Football Association of Malaysia (FAM) 
is hoping for better-organized competition to enable them to 
compete against the top teams in Asia. Another opportunity is 
hosting the Asian Games in 2030, which means that Malaysian 
football teams automatically compete in the tournament (Rosly, 
2019). 

Of course, the most important thing to remember is that the 
process of football development starts at an early age. The meth-
od of finding talent from among young children is the most ef-
fective way of uncovering and shaping personalities, especially in 
physical, psychological, decision-making. and tactical develop-
ment (Carroll, 2019). Children with potential should be brought 
together and given the full attention of the government by pro-
viding a wide range of facilities, initiatives, welfare and infra-
structure training centres (Webb, Dicks, Brown, & O’Gorman., 
2019). One measure taken by the Malaysian government is to 
place potential football students in sports schools around the 
country.

Football in Malaysia has experienced a slight decline in per-
formance in recent times. According to FIFA (2020), Malaysia is 
ranked 167th out of 211 countries in the FIFA men’s soccer rank-
ings. The data in April 2020 is very different from the success 
Malaysia had on the international stage two decades ago. For ex-
ample, Malaysia had previously ranked 75th in the FIFA rankings 
in August 1995 (Noor, 2014).

Several studies have found that the decline of Malaysian 
football is due to a lack of motivation among players (Govindan, 
Geok, Yusof, & Omar-Fauzee, 2019). Most players suffer from 
performance loss due to lack of motivation during matches. This 
situation is particularly worrying as it continues from the senior 
squad to the junior team. The national youth squad is among the 
school-aged between 13 and 17 years old. If factors such as moti-
vation are not emphasized earlier, these young players will likely 
follow in the footsteps of senior players as they advance into the 
professional world (Dyakova, Dyakov, & Angelova, 2017).

Presently, a group of junior college football players has been 
gathered and are on-site at sports schools to pursue a more sys-
tematic intensive programme. These players train with a wide 
range of skills by experienced coaches, most of whom are for-
mer professional footballers and qualified teachers in the field of 
sports science (Govindan et al., 2019; Noor, 2014). The question 
arises: can these coaches improve the motivation of the foot-
ball players at the school? The learning environment at a sports 
school is not the same as a regular school; apart from studying, 
students also need to focus on football (Din, Rashid, & Awang, 
2015).

Several previous studies have shown that coach leadership 
style can enhance the well-being, motivation, and satisfaction 
of football among students (Lescroart, Brown, & Paskus, 2015; 
Mouloud & Elkader, 2016). However, the approach adopted by 
the study is very different as it involves respondents of different 
ages, study locations and methods of coaching techniques prac-
tised (Lee & Rengasamy, 2015). Given that Malaysia has a very 
unsettling history of football failure, it is appropriate that a study 
be conducted to examine the motivation level of junior players 
in the 2020s. Also, it is essential to examine the influence played 
by existing coaches to motivate players for the sake of football in 
Malaysia.

Based on recent issues, the study aims to identify the lev-
el of coach leadership style and football players’ motivation at 

Malaysian Sports Schools. It also examined the relationship 
between coach leadership style and motivation among football 
players. Finally, the study details the effects of coach leadership 
style that can influence football players’ motivation.

Methods
The population of this study is athletes involved in foot-

ball games at State Sports Schools (SSS) and Malaysian Sports 
Schools (MSS). A total of 22 SSS and MSS schools exist through-
out Malaysia, for athletes in the age range of 13 to 17 years. All 
athletes in various sports fields are trained intensively in sports, 
including academic accreditation by the Ministry of Education 
Malaysia (MOE) and the Ministry of Sport and Youth (MSY). 
According to the current situation, there are 6252 athletes in SSS 
and MSS. Of these, 550 are footballers between the ages of 13 
and 14 who are participating in MOE-sponsored under-14 tour-
naments. 

Based on the table of Krejcie and Morgan (1970), the min-
imum number of respondents to take in was 234 football play-
ers. To avoid problems such as missing questionnaires, inaccu-
rate findings and incomplete forms, the number of respondents 
should be increased. Therefore, a total of 313 football players 
were selected as respondents in the study using a simple random 
sampling method.

The instrument used to measure coach leadership style is the 
Revised Leadership Scale for Sport (RLSS), which contains 60 
items in total, covering six different dimensions (Zhang, Jensen, 
& Mann, 1997). The dimensions are about the leadership styles 
practised by the coach from the perspective of a young footballer. 
The RLSS has been widely used in studies involving coach lead-
ership styles in various sports and has shown consistent values 
(Nazarudin, Omar-Fauzee, Jamalis, Geok, & Din, 2009; Sullivan 
& Dhurup, 2012). 

Furthermore, another variable was the football players’ mo-
tivation, which was adapted from the work of Pelletier, Rocchi, 
Vallerand, Deci, and Ryan (2013). The instrument called the 
“Revised Sport Motivation Scale” (SMS-II) was divided into six 
dimensions, with a total of 18 questions. Previous studies using 
SMS-II have shown a high degree of reliability and suitability 
for use in different sports environments (Pelletier et al., 2013; 
Schaefer, Vella, Allen, & Magee, 2016). The total number of items 
used for both instruments was 78 items.

In collecting research data, written consent must be made to 
the MOE. Only MOE can allow research to be conducted as this 
study involves students and organizations under their adminis-
tration. Once the consent was obtained, the questionnaire was 
distributed personally by the researcher. In this case, a meeting 
and explanation session was conducted with respondents in the 
selected schools. This method is appropriate, and respondents 
had a fresh understanding of the objectives of the study (Hair, 
Black, Babin, & Anderson, 2014). It is also able to prevent the 
confusion of the respondent when answering the question, and 
the researcher can interact with all the respondents.

Results
The level of coach leadership style and football players’ motivation

To assess the level of coach leadership style, mean values were 
used consisting of five sections, namely very high (4.21–5.00), 
high (3.41–4.20), medium (2.61–3.40), low (1.81–2.60) and very 
low (0.00–1.80). These five categories are appropriate because the 
instruments used in this section are on a five-point scale. Based 
on the study, it found that four dimensions of coach leadership 
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style showed high levels: positive feedback, training and instruc-
tion, social consideration, and social support. 

The other two dimensions were democratic and autocratic 
at the moderate level. Overall, the level of coach leadership style 
variables was high, with a mean value of 3.60, and the standard 

deviation was 0.48. This finding proves that football coaches in 
sports schools across Malaysia have adopted high-style coach 
leadership to train Malaysian footballers under-14. The sum-
mary formulas for each dimension of coach leadership style are 
shown in Table 1.

Table 1. The Level of Coach Leadership Style

Dimensions Mean±SD Level

Democratic
Positive Feedback

Training and Instruction
Social Consideration

Social Support
Autocratic

3.04±0.76
3.80±0.71
3.98±0.68
3.89±0.65
3.64±0.72
3.26±0.77

Medium
High
High
High
High

Medium

Overall 3.60±0.48 High

Table 2. The Level of Football Players’ Motivation

Dimensions Mean±SD Level

Intrinsic Motivation
Integrated Motivation
Identified Motivation

Introjected Motivation
External Motivation

Amotivation

5.47±1.29
5.29±1.30
5.46±1.31
4.91±1.38
3.71±1.76
4.58±1.75

High
High
High

Medium High
Medium

Medium High

Overall 4.90±0.83 Medium High

Table 3. The Correlation Analysis between Coach Leadership Style and Football Players’ Motivation

Dimensions Variables Football Players’ Motivation Sig

1
2
3
4
5
6

Coach Leadership Style
Democratic

Positive Feedback
Training and Instruction

Social Consideration
Social Support

Autocratic

0.488**
0.137*
0.425**
0.499**
0.545**
0.462**
-0.067

0.00
0.02
0.00
0.00
0.00
0.00
0.24

Legend: * - p<0.05; ** - p<0.01

Meanwhile, football players’ motivation level was also 
measured in this study based on the mean values divided into 
seven sections: very high (6.00–7.00), high (5.00–5.99), av-
erage high (4.00–4.99) medium (3.00–3.99), low (2.00–2.99) 
and very low (1.00–1.99), which is appropriate since the in-
strument used to measure football players’ motivation is a sev-
en-point scale. Based on the findings, it determined that the 
three dimensions of football players’ motivation showed high 
levels: intrinsic motivation, integrated motivation, and identi-
fied motivation. The results also show that two aspects of foot-

ball players’ motivation are at the medium level: introjected 
motivation, and amotivation. 

However, there is one dimension in football players’ mo-
tivation at a moderate level: external motivation. When com-
puted, the level of overall football players’ motivation was me-
dium quality with a mean value of 4.90, and the standard devi-
ation was 0.83. The results show that under-14 football players 
in sports schools across Malaysia have an only moderate level 
of motivation. For more details, a summary of each player’s 
motivation dimensions presented, as shown in Table 2.

The relationship between coach leadership style and football 
players’ motivation

The results of the study show that there is a moderate pos-
itive relationship between coach leadership style and football 
players’ motivation, which is clearly explained in the Pearson 
correlation coefficient (r), in which both variables account-
ed for r=0.488, p=0.000 (p<0.01). This fact indicates that the 
motivation of the under-14 football players in sports schools 
across Malaysia is only modestly related to the manner or 
style of their coaches implementing instruction or coaching. 
Although the relationship is simple, it is still essential for prov-
ing the existence of a coach in improving each player’s moti-
vation.

Out of the six dimensions of coach leadership style, five 
showed a significant relationship with football players’ moti-
vation, as shown in Table 3. Four dimensions showed a signif-
icant and modest positive relationship with football players' 
motivation: positive feedback (r=0.425, p<0.01), training and 
instruction (r=0.499, p<0.01), social consideration (r=0.545, 
p<0.01), and social support (r=0.462, p<0.01). Another di-
mension of democratic (r=0.137, p<0.05) had a significant 
positive and poor relationship with football players’ motiva-
tion.

However, there is one dimension that has no significant 
negative relationship with football players’ motivation, which 
is autocratic leadership (r=-0.067, p>0.05), which also sug-
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Table 4. The Regression Analysis between Coach Leadership Style on Football Players’ Motivation

Dimensions Beta t Sig.

(constant)
Democratic
Positive Feedback
Training and Instruction
Social Consideration
Social Support
Autocratic

-0.115
0.102
0.135
0.307
0.137
-0.074

6.959
-1.995
1.376
1.597
3.414
1.829
-1.468

0.000
0.047**
0.170
0.111

0.001**
0.068
0.143

R2 value
Adjusted R2 value
F Value
Sig.

0.330
0.317

25.109
0.000**

gests that coaches who practice autocratic leadership styles 
are less comfortable with football players under-14 in sports 
schools across Malaysia. However, the practice of other coach-
es’ leadership styles shows that the method is favourable and 
enhances player motivation. Table 3 below shows the correla-
tion formulas between coach leadership style and football 
players’ motivation.

The effect of coach leadership style on football players’ motivation
Table 4 shows the study results generated by multiple linear 

regression analysis. This test was conducted to identify which 
dimensions of coach leadership style affect football players’ 
motivation. Based on the adjusted R2 value of 0.317, it shows 
that there is a 31.7% contribution given by the dimensions of 
coach leadership style to football players’ motivation. The input 
is not enormous, but it has a considerable impact on improving 
the motivation of football players in sports schools. Referring 
to the value of F=25.109 in the ANOVA analysis, it found that 
there was a significant difference in each dimension of coach 
leadership style over football players’ motivation (p<0.05).

Based on Table 4, the findings also show that there are 
two dimensions of coach leadership style that contribute 
significantly to football players’ motivation. These dimen-
sions were democratic (β=-0.115, p<0.05) and social consid-
eration (β=0.307, p<0.05). However, the other four dimen-
sions showed insignificant effects (p>0.05): positive feedback 
(β=0.102, p>0.05), training and instruction (β=0.135, p>0.05), 
social support (β=0.137, p>0.05) and autocratic leadership 
(β=-0.074, p>0.05). Thus, the dimensions of coach leadership 
style accounted for 31.7% of the revenue from the adjusted R2 
value of 0.317.

Discussion
The use of RLSS instruments (Zhang et al., 1997) and SMS-

II (Pelletier et al., 2013) in this study is undoubtedly an exciting 
finding after the survey conducted on the respondents’ aspect 
of Malaysia. Of interest is the fact that the respondents of the 
study were among the football players under the age of 14 who 
train in sports schools throughout Malaysia. This phenome-
non makes these players closest to the coach and has a deep 
understanding of their coach’s personality and behaviours.

As expected, the level of coach leadership style in sports 
schools across Malaysia is high. This is due to the growing 
sense of respect among young players who feel that coaches 
are individuals who need to be followed and followed closely 
(Webb et al., 2019). According to Keatlholetswe and Malete 
(2019), a coach is an influential individual in a team, because 
he or she determines the direction and fall or the rise of a 
team. This finding is also supported by Sullivan and Dhurup 
(2012), who stated that coaches are fair, transparent in guid-
ing their players, and tolerant in their characters. Therefore, 
a well-respected coach will surely have the characteristics of 
each player under his guidance.

Meanwhile, the findings for the football players’ motiva-
tion level showed inconsistent results. The dimensions of in-
trinsic motivation, integrated motivation and identified moti-
vation are high. For example, Ryan and Deci (2007) stated that 

athletes with intrinsic motivation would do a great job when 
training because of their deep interest in the role. Of course, 
the amotivation dimension is indicative of a high-quality level 
as most footballers are very excited to be able to train with 
friends and participate in organized games (Schaefer et al., 
2016). This excitement intensified when coaches were contin-
ually giving encouragement, competent guidance, and lower-
ing their egos to understand the needs and needs of players 
over time (Goose & Winter, 2012).

Studies show that there is a simple correlation between 
coach leadership style and football players’ motivation. Baric 
and Bucik (2009) stated that the motivation of each player 
varies based on the behaviour taken by a coach. A coach who 
has a high ego is assertive, does not care about the well-be-
ing of a player and is less likely to drop a player’s motivation 
during training or competition. At a young age, players need 
constant support, guidance, and encouragement to improve 
their self-esteem, confidence and motivation so that their per-
formance is at their peak (Lee & Rengasamy, 2015; Mouloud 
& Elkader, 2016). 

It is alarming to see that only 31.7% of the dimensions in 
the coach leadership style contribute to football players’ mo-
tivation. This contribution comprised only two significant as-
pects of democratic and social consideration. It is clear that 
when coaches have democratic behaviour, they attempt to 
reach out to players with low egoism, ask for players’ views, 
and discuss possible improvements (Nazarudin et al., 2009; 
Noor, 2014). Clearly, Keatlholetswe and Malete (2019) state 
that democracy can also be practised by enhancing good re-
lations with players in addition to effective communication 
methods.

Another dimension that contributes to football players’ 
motivation is social consideration. As previously explained, 
coaches are rational human beings and are caring toward their 
players (Chelladurai, 1980). This behaviour is very comforting 
to young footballers, especially those who are far from family. 
Loving, parenting, caring, aware of health issues and personal 
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issues are the most praiseworthy behaviours that every coach 
should have (Kucukibis & Gul, 2019)were doing three individ-
uals sports (table tennis, weight lifting, judo. It makes football 
players more motivated when they know they are not only well 
cared for but loved.

Football is not just an entertaining game: it is a sport that 
brings unity. Regardless of age, race or gender, the sport of 
football has a huge fan base. When asked, children say they 
want to be football players, as they grow up to be their idols. 
With players’ high salaries and being recognized all over 
the world, these children must be excited to work, play ball 
in their hometown or location and embark on their dream 
of becoming a leading football star. Names like Cristiano 
Ronaldo, Lionel Messi and Neymar have always led to their 

dreams at night.
It is very fortunate for the players at MSS and SSS to be 

selected to practice and seek intensive and systematic guid-
ance. All of them are a national asset of choice among primary 
school students whose talents have been featured in previous 
tournaments. At the age of 14, these groups need to be formed, 
raised, and given proper guidance so that their potential and 
talent can be polished and shine one day. With the concept of 
structured training, adequate time management and nutrition 
according to the pyramid system provided, these young play-
ers can stand out and even shine on the higher stage. Although 
it would be a bit much to put the World Cup on target, it is still 
a privilege among Asian nations that it is realistic for them to 
lift Malaysia’s name in the world of football.
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Abstract

This research aimed to determine the differences between the junior (U20) water polo players of national teams 
of Montenegro, and Australia regarding their anthropometric characteristics and body composition. The first 
sub-sample of the subjects consisted of 18 water polo players of the Montenegrin national team, who occu-
pied the sixth position on the FINA World Men’s Junior Water Polo Championship in Kuwait 2019. The second 
sub-sample consisted of 13 water polo players of the Australian national team, who occupied the eleventh posi-
tion on the championship. The players were tested at the final preparations just before the World Championship. 
Anthropometric characteristics were evaluated using a battery of eight tests: body height, body weight, triceps 
skinfold, biceps skinfold, skinfold of the back, abdominal skinfold, upper-leg skinfold, lower leg skinfold; body 
composition was evaluated using a battery of three tests: body mass index, fat percentage, and muscle mass. 
The results of the t-test revealed that the water polo players of the two national teams do not have statistical-
ly significant differences in the variables. The results obtained in this research showed average team values for 
the estimated variables of water polo players of the two national teams (U20) who participated in the World 
Championship. That can serve as possible model parameters for all teams who want to participate in the U20 wa-
ter polo World Championship. Differences in classification among water polo players may be related to the motor 
abilities, as well as technical and tactical parameters, as their anthropometric parameters were found to be similar.

Keywords:  junior water polo players, body composition of water polo players, anthropometric characteristics of water 
polo players

Introduction
Water polo is a popular sport worldwide. It is a highly dy-

namic and fast team game that, with its abundance of movement, 
is in the category of polystructural sports games. Water polo is a 
sport characterized by numerous complex and dynamic kinesio-
logical activities, which are then characterized by either cyclical 
or acyclical movement. It is contact sport (Cecchi et al., 2019), 
characterized by different swimming intensities, duelling, accel-
eration and deceleration (Gardasevic et al., 2019; Gardasevic et 

al., 2020). In water polo, top results can be achieved only within a 
well-programmed training process. High quality management of 
the training process depends on knowing the structure of certain 
anthropological capabilities and water polo players’ character-
istics, as well as their development. Findings regarding anthro-
pometric characteristics and body composition are crucial for 
complex sports, such as water polo. The anthropometric space is 
defined by the longitudinal dimension of the skeleton, the trans-
versal dimensionality of the skeleton, and the mass and volume 
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of the body. The purpose of knowing anthropometric character-
istics is to improve skills in many sports (Gardasevic et al., 2019; 
Gardasevic et al., 2019; Masanovic et al., 2018). The anthropo-
metric status of top-level athletes is relatively homogeneous, de-
pending on the sport, and can be defined as a model of athletic 
achievement (Gardasevic et al., 2020). Research on anthropo-
metric characteristics and body composition among athletes of 
different sports indicates that athletes of different sports have 
specific characteristics (Gardasevic et al., 2020; Masanovic, 2018; 
Masanovic et al., 2021; Arifi et al., 2019; Popovic et al., 2013), 
mostly because the size of those characteristics contributes a sig-
nificant percentage of total variance associated with athletic suc-
cess (Carvajal et al., 2012). Muscle mass improves performance in 
activities that require muscular strength and endurance, as well 
as those that require enviable aerobic ability (Rico-Sanz, 1998).

It is well known that water polo in Montenegro and Australia 
has a long tradition and the best results in international com-
petitions, especially Montenegro. Montenegrins were the junior 
world champions, and Australians were vice-champions once. 
Montenegro’s junior national team is always top-ranked in Europe 
and the world. 

It was expected that the national teams, especially 
Montenegrins, would continue with good results on the FINA 
World Men’s Junior (U20) Water Polo Championship in Kuwait 
12–20 December 2019, where twenty national teams participat-
ed. It is clear that these were the best players in Montenegro and 
Australia, at age 20, and that they had many years of quality train-
ing to qualify to wear a representative cap. It is well known in 
all sports and, therefore, in water polo that long-term and inten-
sive training is a critical factor that enables athletes to reach and 
remain at the elite representative level (Gardasevic et al., 2019). 
Researchers became interested in determining the models of an-

thropometric characteristics and body composition of the water 
polo players who play for these two national teams in order to 
determine the differences among them.

This research aimed to determine the anthropometric charac-
teristics and body composition of junior (U20) water polo players 
of national teams of Montenegro and Australia, who participat-
ed on the FINA World Men’s Water Polo Championship 2019 
in Kuwait. The variables between these water polo players were 
compared, and the possible differences between them were de-
termined. 

Methods
Sample of subjects

A sample of the subjects consists of 31 water polo players, 
divided into two sub-samples. The first sub-sample of the sub-
jects consisted of 18 water polo players of the national team of 
Montenegro of an average age of 18.44±0.98, who occupied the 
sixth position on the championship. The second sub-sample con-
sisted of 13 water polo players of the national team of Australia of 
an average age of 19.00±0.91, who occupied the eleventh position 
on the World Men’s Junior Championship (Table 1).

Players of the Montenegrin and Australian national teams 
were tested at the final joint preparations in Niksic (Montenegro), 
one week before the World Championship. Because they were in 
the final pre-championship preparations, the final list of players 
was not formed (possibility of injuries or illness are why there is 
often a surplus of players), and the number of players tested was 
different among teams. All participants signed the consent form 
approved by the Institutional Review Board of the University 
of Montenegro, which was in accordance with the Declaration 
of Helsinki as amended by the World Medical Association 
Declaration of Helsinki (World Medical Association, 2013).

Table 1. Final rankings (20 December 2019) at the FINA 
World Men’s Junior Water Polo Championship in Kuwait 2019

National teams Place

Greece 1

Serbia 2

Italy 3

Croatia 4

Spain 5

Montenegro 6

USA 7

Japan 8

Hungary 9

Canada 10

Australia 11

New Zealand 12

Russia 13

South Africa 14

Egypt 15

China 16

Brazil 17

Uzbekistan 18

Iran 19

Kuwait 20
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Sample of variables
Anthropometric research has been carried out with respect 

to the basic rules and principles related to the selection of mea-
suring instruments and measurement techniques, standardized 
in accordance with the International Biological Program guide-
lines. For this study, eight anthropometric measures were tak-
en: body height, body weight, triceps skinfold, biceps skinfold, 
skinfold of the back, abdominal skinfold, upper leg skinfold and 
lower leg skinfold, as well as three body composition assessment 
variables: body mass index, fat percentage and muscle mass. An 
anthropometer, calliper, and measuring tape were used for an-
thropometric measurements. To evaluate the body composition 
and body weight, a Tanita body fat scale (model BC-418MA) 
was used. The scale is based on the indirect measurement of the 
body composition; a safe electrical signal is transmitted through 
the body via electrodes located in the standalone unit. The Tanita 
Scale enables athletes to closely monitor their body weight, body 
mass index, fat percentage, fat mass, muscle mass, and bone mass; 

it also provides a segmental analysis of arms and legs.

Statistical analysis
 The data obtained through the research were processed us-

ing descriptive and comparative statistical procedures. For each 
variable, central and dispersion parameters have been processed. 
The significance of the differences between the water polo players 
of the two national teams in the anthropometric characteristics 
and variables for assessing body composition was determined us-
ing a t-test, with statistical significance of p<0.05 using IBM SPSS 
Statistics 20.0

Results 
In Tables 2 and 3, basic descriptive statistical parameters of 

variables of anthropometric characteristics and body composition 
of the Montenegrin and Australian water polo players are shown. 
First, the central and dispersion parameters of the variables of the 
water polo players of Montenegro were analysed (Table 2).

Table 2. Central and dispersion parameters of variables for the assessment of anthropometric characteristics and body 
composition of Montenegrin Water polo players (N=18)

Variables Min Max Mean±SD Skewness Kurtosis

body height 178.0 201.3 189.60±6.90 .173 -.802

body weight 67.1 117.5 88.69±11.72 -.012 -.550

triceps skinfold 4.3 12.4 7.85±2.38 .566 1.004

biceps skinfold 3.2 9.6 6.35±1.86 .444 -1.092

skinfold of the back 7.8 18.1 12.11±3.31 -.061 -.962

abdominal skinfold 5.8 31.4 16.01±7.45 .312 -.778

upper leg skinfold 6.8 23.0 13.21±4.25 .604 -.682

lower leg skinfold 5.2 16.5 9.96±3.54 .805 .088

body mass index 20.3 29.0 24.59±2.20 .499 -.928

fat percentage 5.5 22.5 13.13±4.39 .048 .170

muscle mass 34.4 54.6 43.47±4.75 .234 -.362

Legend: Min - minimum result; Max - maximum result; SD – standard deviation

Based on the central and dispersion parameters, and the values 
of the skewness and the kurtosis, it can be noted that all the vari-
ables are within the normal distribution boundaries. Generally, 
according to all statistical parameters, it can be concluded that 
this is a good selection of Montenegrin water polo players U20, 

that there is a normal distribution in almost all variables, and that 
the results that prevail are superior to the arithmetic mean, which 
is not statistically significant because not too large a span between 
the results of analysed variables is to be expected regarding water 
polo national team members.

Table 3. Central and dispersion parameters of variables for the assessment of anthropometric characteristics and body 
composition of Australian water polo players (N=13)

Variables Min Max Mean±SD Skewness Kurtosis

body height 182.5 202.0 191.27±5.5173 .286 -.176

body weight 73.3 102.6 89.06±8.1556 -.391 .006

triceps skinfold 4.8 17.0 8.88±3.2046 1.249 2.545

biceps skinfold 3.6 17.9 7.04±3.8675 1.419 1.361

skinfold of the back 7.8 16.0 11.73±3.5436 .626 -.852

abdominal skinfold 4.0 34.6 13.50±8.2407 1.557 2.801

upper leg skinfold 7.4 19.0 11.79±4.1570 .895 -.735

lower leg skinfold 4.0 14.8 9.462±3.4973 .077 -.974

body mass index 21.5 28.5 24.35±1.9797 .867 .372

fat percentage 6.8 20.9 11.31±4.0305 1.241 1.601

muscle mass 38.2 48.2 44.61±3.2602 -1.117 .554
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Table 4. T-test values between of variables of water polo players of Montenegrin national team (N=18) and of Australian 
national team (N=15)

Variables National team Mean±SD Mean Diff. t-test Sig.

body height
Montenegro 189.60±6.90

-1.67 -.721 .477
Australia 191.27±5.52

body weight
Montenegro 88.69±11.72

-0.37 -.099 .922
Australia 89.06±8.15

triceps skinfold
Montenegro 7.85±2.38

-1.03 -1.034 .310
Australia 8.88±3.20

biceps skinfold
Montenegro 6.35±1.86

-0.69 -.660 .514
Australia 7.04±3.87

skinfold of the back
Montenegro 12.11±3.31

0.38 .307 .761
Australia 11.73±3.54

abdominal skinfold
Montenegro 16.01±7.45

2.51 .883 .384
Australia 13.50±8.24

upper leg skinfold
Montenegro 13.21±4.25

1.42 .922 .364
Australia 11.79±4.16

lower leg skinfold
Montenegro 9.96±3.54

0.50 .385 .703
Australia 9.46±3.49

body mass index
Montenegro 24.59±2.20

0.24 .316 .754
Australia 24.35±1.98

fat percentage
Montenegro 13.13±4.39

1.82 1.173 .250
Australia 11.31±4.03

muscle mass
Montenegro 43.47±4.75

-1.14 -.747 .461
Australia 44.61±3.26

Based on the t-test results (Table 4), it can be stated that the values of all the variables are very similar to all water polo players of these two 
countries. There were no significant differences in variables among the water polo players of the two national teams.

Based on the central and dispersion parameters of the 
Australian water polo players (Table 3), it can be stated that the 
values all the variables are very similar to those of the Montenegrin 
water polo players.

By the value of the skewness, it can be observed that in the 
variables of the triceps skinfold, biceps skinfold, abdominal skin-
fold, and fat percentage there was a slight inclination on the side 
of the lower results, which is beneficial for athless because sub-
cutaneous fat is a disruptive factor. In the case of muscle mass is 

opposite. There was a slight inclination on the side of the better 
results. The values of the kurtosis of variables of the biceps skin-
fold and fat percentage form a slight leptokurtic curve, while two 
variables of the triceps skinfold and abdominal skinfold, form a 
significant leptokurtic curve. 

To determine whether there are statistically significant differ-
ences in the analysed variables in the Montenegrin and Australian 
water polo players, participants of World Championship 2019 in 
Kuwait, the statistical procedure t-test (Table 4) was applied.

Discussion
This study aimed to determine the difference in the anthro-

pometric characteristics and body composition of the junior 
(U20) water polo players of the Montenegrin national team, 
who occupied the sixth position, and the water polo players of 
the Australian national team, who occupied the eleventh posi-
tion at the FINA World Water Polo Championship in Kuwait, 
12–20 December 2019. The results were obtained using a bat-
tery of eight tests regarding anthropometric characteristics 
and three tests regarding body composition. By examining the 
basic descriptive statistical parameters, we have analysed the 
best selected junior age water polo players from these coun-
tries. Similar results in their research were obtained by Kondric, 
Uljevic, Gabrilo, Kontić, and Sekulić (2012). They found some 
lower body height 186.92 cm, and lower body weight 84.31 kg, 
in the sample of the 110 best world water polo players, in com-
parison to water polo players from our research, but it was at the 

age of 18 years, when growth and development are not finished. 
Having that in mind, we can say that those of U20 reached sim-
ilar results as water polo players who were the subject of this 
research. When we compare water polo players of these two na-
tional teams with some other athletes, for example, football play-
ers of the same age (Gardasevic & Bjelica, 2020), we can observe 
differences in anthropometric characteristics and body compo-
sition, which speaks in favour of the specificity of each sport in 
terms of new variables. It can be noted that the water polo players 
are taller and have a lower body weight than U19 football play-
ers in Montenegro (body height=179.01 cm; body weight=69.58 
kg) in Bosnia and Hercegovina (body height=180.99 cm; body 
weight=73.65 kg) or in Kosovo (body height=178.15 cm; body 
weight=70.34 kg) (Gardasevic & Bjelica, 2020). A difference 
in fat percentage is also observed; with football players in 
Montenegro it is 9.88%, in Bosnia and Hercegovina 9.65%, and 
in Kosovo it is 8.66% (Gardasevic and Bjelica, 2020). These are 
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lower values in comparison to water polo players of two national 
teams. However, muscle mass is more dominant with water polo 
players, and it is in average 8-9 kg on a higher level than it is 
with football players from the two mentioned countries from the 
research of Gardasevic and Bjelica (2020).  

It can be observed that the water polo players of the 
Montenegrin and Australian national teams are of the ap-
proximately similar mean values of all the variables analysed, 
which is not surprising because these are two national teams of 
the same age, from countries where water polo is popular and 
where water polo coaches are highly skilled. If we analyse the 
final achievements at the championship, then we could say that 
the absence of these differences is a surprise.  Nevertheless, a 
final result at some competition is affected by many other things, 
such as physical preparation, technical and tactical preparation 
psychological preparation, that fact that all players are without 
injuries and penalties, than good timing of form in the champi-
onship, and similar factors. 

U20 water polo players have years of training experience 
and spend many hours in the pool each week. The t-test re-
sults displayed that the water polo players of Montenegrin and 
Australian national team do not differ significantly in the anal-
ysed variables. For all variables, some values are higher for water 
polo players of the Montenegrin national team (skinfold of the 
back, abdominal skinfold, upper leg skinfold, lower leg skinfold 
and body mass index) and some for those of the Australian na-
tional team (body height, body weight, triceps skinfold, biceps 
skinfold, fat percentage and muscle mass), although, insignifi-
cantly for statistics. All of the abovementioned indicates that 
water polo players of the Montenegrin and Australian national 
team have similar anthropometric parameters and body com-
positions. All of these players have long-term training before 
significant competitions, and they are all among best water polo 
players in the world level, so it is not surprising that there are 
no differences in anthropometric characteristics and body com-
position between them. Due to their lifestyle (constant training 
and sports nutrition), all top athletes take care of body composi-
tion; this is confirmed in the research of Melchiorri et al. (2018), 
which found no differences in body weight and body composi-
tion in 13 water polo players after a three-month training pro-
gramme for the Olympic Games. Using the system of bioelec-
trical impedance for high-level athletes involved in long and 
intense training periods helps to evaluate the effects of training 
and to prevent any decrease in the performance level of body 
composition (Melchiorri et al., 2018).

Given that the concentration of the best water polo players 
U20 is at World Championship in Kuwait 2019, the assumption 
is that the mean values of the analysed variables of two national 
teams’ water polo players should be the model values for all such 
clubs in the world. Of course, it is clear that these are the team 
average values of analysed variables, and that the different posi-
tions which water polo players cover as well as their differences 
in stated variables in relation to these positions were not taken 
into consideration.  

Based on the results obtained in this research, before the 
start of the World Championship, it could not be assumed which 
national team would achieve a better placement. The Kuwait 
Championships showed that they were the national teams in 
which the nuances decided the final standings. For example, the 
Montenegrin national team in the quarter-finals lost with one 
goal difference to the Serbian national team in the last minute of 
the game, and thus lost their chance for the medal fight. In the 

finals, the Serbian national team lost to the Greek national team 
by a small result and thus won a silver medal. After the defeat of 
the Serbian national team, the Montenegrin national team fought 
for 5th to 8th place (winning 6th place). All this confirms that 
these are the best water polo players in the world under the age 
of 20, many of whom already play for the senior national teams.

All water polo players of the two national teams had similar 
levels of subcutaneous adipose tissue. Different authors state the 
importance of body fat as a positive fact in water polo (Platanou, 
2005; Peric et al., 2012); however, in other studies, it is not con-
firmed (Vila et al., 2018), and many researchers have demon-
strated that it is a disruptive factor for athletes (Masanovic, 2019; 
Milanovic & Vuleta, 2013). Also, in previous studies of water 
polo players of this age, subcutaneous adipose tissue has been 
shown to be a disruptive factor in defence (Milanovic, & Vuleta, 
2013). It is well known that a low fat percentage is desirable for 
high physical performance in all sports. Although not every 
body composition characteristic is expected to play a role in op-
timal performance in professional sport, lower levels of body fat 
(that are specific to each player) are desirable for optimal perfor-
mance, as body mass must be moved against gravity (Rienzi et 
al., 2000; Gil et al., 2007). 

All the water polo players of the Montenegrin and Australian 
national teams had similar muscle mass values; water polo is a 
strenuous sport that takes place in water and requires signifi-
cant muscle mass. Body height is important for swimming. The 
Montenegrin nation is among the tallest in Europe and the world 
with an average body height of male of 183.2 cm (Gardasevic et 
al., 2017), and Montenegrin water polo players in this study are 
189.6 cm tall, which speaks in favour of the importance of body 
height for water polo. Long arms are important for kicks and 
defence; however, there were no statistically significant differ-
ences between the water polo players of the two national teams, 
which is perhaps surprising, considering that the Montenegrin 
national team dropped out in the quarter-final of the competi-
tion, and the Australian national team did not qualify for the 
quarter-final of the World U20 Championship. The reason for 
the different placement may be found in the different levels of 
technical and tactical preparation, and functional and psycho-
logical preparation between water polo players of the two teams. 
Physical preparation at such championships is essential because 
it is done every day, and we have not analysed it. Experience in 
playing deciding matches at this level of competition can be the 
reason for different placement. The Montenegrin team has more 
experience than the Australian team does.

The national water polo associations of Montenegro and 
Australia should turn to other research studies and check the 
functional-motoric status, psychological preparation as well 
as tactical training of their players, and analyse whether there 
are differences at water polo players that influenced the result 
at this world championship, and whether there is room for im-
provement. The values obtained in this research can be useful 
for coaches of these national teams to compare their players with 
others and prepare their work in a way that enables the reduction 
of adverse parameters and raises the beneficial ones to a higher 
level. That will surely make their water polo players even better 
and more successful. The results obtained in this research can 
serve as model parameters for the estimated variables for water 
polo players (U20) of all clubs in Montenegro and Australia, be-
cause the players that have been analysed were the best and the 
most successful water polo players in their countries, and partic-
ipants in the World Championship in Kuwait 2019. 
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Abstract

One-third of patients with epilepsy do not respond to antiepileptic drugs and may seek complementary and 
alternative treatment modalities. Dietary therapies, such as the ketogenic diet (KD), the modified Atkins diet, as 
well as the medium-chain triglyceride and the low glycaemic index diets, have been successfully implemented 
with some forms of epilepsy and are growing in utilization. The KD is a high-fat, low-protein, low-carbohydrate 
diet that has been used for various conditions for over a century. Insights into the mechanism of action of these 
diets may provide more targeted interventions for patients with epilepsy. Knowledge of these mechanisms is 
growing and includes neuroprotective effects on oxidative stress, neuroinflammation, potassium channels in the 
brain, and mitochondrial function. In this review, we explain the role of physical exercise and the ketogenic diet 
on epilepsy.

Keywords: ketogenic diet, physical exercise, epilepsy 

Introduction
Movement is essential for physical and neurocognitive de-

velopment, ensuring correct growth and giving many benefits 
from childhood to adulthood. In general, motor activity plays 
a pivotal role in psychological, educational, and social terms. 
Indeed, sport practice induces harmonious physical develop-
ment with common significant benefits, independent of sport 
type. In contrast, each sport imposes rules that children learn 
to know and respect step-by-step, improving their social skills 
and cognitive abilities, because regular physical exercise has 
been demonstrated to beneficially affect neural health and 
function and reduce the risk of various neurological diseases 
(Monda et al., 2017a).

The practise of physical activity by subjects with epilepsy 
has been a matter of debate for health professionals dealing 

with this disease, and of concern for the patients themselves, 
as well as families and caregivers. A question frequently asked 
is if exercise could result in an increase in seizures. As physi-
cians themselves were unable to properly counsel, they have 
been discouraged from participating in physical activities or 
sports. Persons with epilepsy must deal with many social and 
cultural stigmas, and restricting physical activity contributes 
to further limitations to normal and healthy living (Pimentel, 
Tojal, & Morgado, 2015).

Epilepsy is a common and prevalent neurologic disease 
found in 2% of the population, affecting people of all ages and 
characterized by a predisposition to seizures as well as neuro-
biological, psychological, cognitive, and social consequences 
(Scheffer et al., 2018). Due to their condition, patients with ep-
ilepsy may develop other medical problems, such as heart dis-
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ease, cognitive decline or dementia, insulin resistance, obesity, 
atherosclerosis, and internalizing problems, such as anxiety 
and depression (Fisher et al., 2014). Commonly, individuals 
with epilepsy tend to have a sedentary lifestyle, which leads to 
poor physical fitness (Capovilla, Kaufman, Perucca, Moshé, & 
Arida, 2016).

Consequently, individuals with epilepsy have low levels 
of maximal oxygen uptake and cardiorespiratory fitness and 
reduced levels of strength and flexibility. The lower aerobic fit-
ness observed in people with epilepsy may be associated with 
their sedentary habits (Rauchenzauner et al., 2017). Physical 
activity should be encouraged in this group, as previous stud-
ies have reported several positive effects of physical exercise in 
people with epilepsy. However, the correct management and 
prescription of physical exercise programmes in epilepsy pa-
tients depend on health professionals’ knowledge(A. Olivares, 
G. Olivares, Mula, Górriz, & Ramírez, 2011).

People with epilepsy (PWEs) have often been advised 
against participating in sports and exercise, mostly because 
of fear, overprotection, and ignorance about the benefits and 
risks associated with such activities (Tsuji, 2017). Although 
the implications of engaging in sports and physical exercise 
for PWEs have been extensively debated, several studies re-
ported that in most cases these activities can have a beneficial 
influence on seizure frequency and severity (Pimentel et al., 
2015). As a result, attitudes regarding sports and epilepsy have 
changed considerably in recent decades, as have recommen-
dations in clinical practice (K.R. Kaufman, & N.D. Kaufman, 
2013).

Epileptic events can be managed with a ketogenic diet, 
although it is by no means clear how ketone bodies regulate 
neuronal events in the brain to control the episodes. The brain 
utilises ketone bodies as an energy source rather than glucose 
with this type of diet. Many studies have been presented to 
explain how the ketogenic diet works physiologically in PWE, 
and these are covered in this review. The ketogenic diet is 
very effective at controlling epilepsy but is difficult to toler-
ate. Hence other diets, especially the low glycaemic index diet, 
have been developed as an alternative (Qi & Tester, 2019). The 
authors proposed that another option for the dietary manage-
ment of seizures is to consume a very slowly digestible glucose 
source, which minimizes the impact on insulin response, in 
conjunction with a source of ketones (preferably those gener-
ated from lipid metabolism) to optimize energy for the brain 
and body.

Physical exercise in PWEs
Determining whether subjects with epilepsy can be in-

volved in specific physical exercises or specific sports requires 
a careful clinical assessment of the individual risk-benefit ra-
tio, particularly with respect to the risk of a seizure occurring 
during the activity and related implications. Factors to be con-
sidered include not only the type of sport and the probabili-
ty of a seizure occurring, but also individual characteristics, 
such as the type and severity of the seizures, the consistency 
of any prodromal manifestations, the history concerning any 
seizure-precipitating factors, the likelihood of adequate super-
vision by family members or other personnel, and the willing-
ness of the informed PWE (or parents) to take a reasonable 
level of risk (Capovilla et al., 2016). A careful medical history 
is essential to ascertain not only the frequency and charac-
teristics of the seizures, but also any previous seizure-related 

accidents or injuries, duration of periods of seizure freedom, 
and degree of adherence to treatment (Pimentel et al., 2015). 
Therefore, choosing a specific physical exercise/sport for a 
person with epilepsy requires consideration of personal atti-
tudes and preferences, health status, as well as medical advice. 
To this point, recommendations for the issuance of certificates 
of fitness for sports activities are needed. In clinical studies, 
exercise has been reported to be associated with reduced epi-
leptic form discharges on electroencephalography (EEG) and 
increased seizure threshold (Nakken, A. Løyning, T. Løyning, 
Gløersen, & Larsson, 1997), and seizures are unlikely to occur 
during incremental physical effort to exhaustion (de Lima et 
al., 2011). These findings are strengthened by studies in an-
imal models of seizures and epilepsy, in which aerobic exer-
cise training was found to retard the epileptogenic process 
to reduce seizure frequency (Vannucci Campos et al., 2017), 
and to promote favourable plastic changes in the hippocam-
pus (Schipper et al., 2016). These benefits can be particularly 
prominent for children with epilepsy, and the involvement of 
these children in sports activities at school should be encour-
aged. Social exclusion is highly prevalent in the teen years, and 
teens with epilepsy are generally less physically active than 
their healthy siblings (Wong & Wirrell, 2006).

Furthermore, regular exercise can improve cognitive func-
tion at all ages (American College of Sports Medicine, 2009), 
and enforcing a sedentary lifestyle can have deleterious effects 
and impact on psychosocial development, independence, and 
mental health. These observations led to the general recom-
mendation that PWEs should engage in physical exercise pro-
grammes or sport activities that do not impose a significant 
risk of injury to themselves or others. Assessing the risks in-
volved in physical/sports activity participation is a responsi-
bility to be shared among physicians, PWEs, and parents if the 
person with epilepsy is a child or adolescent. A few clinical 
cases of seizures apparently precipitated by physical exercise 
have been reported, in some instances in relation to stimu-
lus-related or reflex epilepsy syndromes (Qi &Tester, 2019; 
Scheffer et al., 2018; Tsuji, 2017). However, a causative link 
between these factors and the occurrence of seizures in some 
of the reported instances is speculative, and, in general, sport 
activities are unlikely to provoke or facilitate the occurrence 
of seizures.

Some online sites counselling PWEs provide recommen-
dations regarding different sport activities, and most are quite 
liberal in the sports recommended. Especially for PWEs with 
controlled epilepsy, however, conflicting opinions exist regard-
ing more controversial physical activities, such as sky diving, 
scuba diving, water skiing, climbing, hand gliding, or boxing 
and other contact sports. Most assert that water sports should 
always be performed under a trained supervisor, with a life-
jacket, and that swimming should be done in supervised pools 
(Monda et al., 2017b). Some consider that restrictions for per-
sons with complex partial or tonic-clonic seizures are needed 
even when preceded by warnings for sports, such as skydiving 
and scuba diving. A more radical position is the one not rec-
ommending it in general for PWE because they are life-threat-
ening in case of the occurrence of a seizure (Monteiro, Aroca, 
Margarit, & Herán, 2019). While some do not limit partici-
pation, others do not recommend or counsel caution for the 
practice of combat sports like boxing or martial arts that may 
involve blows to the head.

Nevertheless, as seen in the literature from studies with 



PHYSICAL ACTIVITY, KETOGENIC AND EPILEPSY | M. RUBERTO ET AL.

Sport Mont 19 (2021) 1 111

boxers and other sports that might involve concussions, most 
of these are mild and do not preclude the development of epi-
lepsy nor do they aggravate pre-existing epilepsy. Taking into 
account the articles reviewed, there seems to be currently a 
consensus that sports and physical activity, excluding scuba 
diving, skydiving, and solo hand gliding, should be encour-
aged for all PWEs with controlled epilepsy (seizure-free for 
more than one year). For higher-risk sports like climbing, 
cycling, horseback riding, water sports and swimming, snor-
kelling, among others, PWEs should practice them with a 
friend/ relative, or under the close surveillance of someone 
who knows that the person has epilepsy and how to deal with 
the occurrence of a seizure. 

For those PWEs not well-controlled, limitations should be 
applied according to the seizure type and the particular sport 
or physical activity to be performed, always after discussing 
the risks, benefits and sports possibilities, and the need for 
suitable protective equipment with the assistant physician and 
with the sports professional. The practice of sports is still an 
individual choice and decision because no guidelines are avail-
able according to each particular frequency or type of seizures 
and the intake of antiepileptic drugs (AEDs). However, those 
that continue having seizures only at night, or always preceded 
by an aura enabling the halting of activity should have fewer 
limitations than those with myoclonic, atonic, absence, com-
plex partial, or tonic-clonic seizures. Rice and the Council of 
Sports Medicine and Fitness (Fishman et al., 2017) elaborated 
guidance for clinicians, and they do not recommend special 
precautions for those with controlled epilepsy. For those with 
uncontrolled seizures, an individual assessment for collision, 
contact or limited-contact sports, and avoidance of archery, 
swimming, weightlifting, and powerlifting (Washington et al., 
2001).

Ketogenic Diet and epilepsy
The ketogenic diet (KD) is a nutritional approach consist-

ing of high-fat and adequate protein content but insufficient 
levels of carbohydrates for metabolic needs <20 g d-1or 5% 
of total daily energy intake (Paoli, Bianco, & Grimaldi, 2015; 
Phinney, Bistrian, Evans, Gervino, & Blackburn, 1983), thus 
forcing the body primarily to use fat as a fuel source. The orig-
inal KD was proposed as a 4:1 lipid:non-lipid ratio, with 80% 
of daily energy intake from fat, 15% protein, and 5% carbohy-
drate. Many modifications have subsequently been introduced 
to the original KD, for example, lowering the lipid:non-lipid 
ratio or no restrictions in daily energy (in kilojoules) intake 
with protein and fat. The primary knowledge on the metabol-
ic aspects of KD comes from studies conducted at the end of 
the 1960s (Owen et al., 1967, 1969), which determined that 
fasting (i.e., ingesting no or minimal amounts of food and ca-
loric beverages for periods that typically range from 12 h to 3 
wk) induces a particular metabolic state called “ketosis” (Paoli, 
Bosco, Camporesi, & Mangar, 2015).

Ketosis, the metabolic response to an energy crisis, is a 
mechanism to sustain life by altering oxidative fuel selection. 
Often overlooked for its metabolic potential, ketosis is poor-
ly understood outside of starvation or diabetic crisis. Ketone 
body metabolism is a survival trait conserved in higher or-
ganisms to prolong life during an energy deficit or metabol-
ic crisis. The advantages of ketone body metabolism during 
starvation are clear: providing an oxidizable carbon source to 
conserve precious glucose/gluconeogenic reserves while si-

multaneously satisfying the specific fuel demands of the brain. 
Ketone bodies, when present, act not only as respiratory fuels 
to power oxidative phosphorylation but as signals regulating 
the preferential oxidation and mobilization of fuel substrates.

In the early 20th century, French and American physi-
cians, including Guelpa, Marie, Conklin, and Geyelin, started 
research on fasting and starvation as a treatment for epilepsy. 
It was shown that fasting is more effective in treating children 
than adolescents and that its efficacy decreases with increasing 
age. Following that, researchers explained dehydration, acido-
sis, and ketosis as possible mechanisms by which fasting helps 
in treating epilepsy (Wigglesworth, 1924). Other authors pro-
posed that the diet that produces ketosis could also be used 
in the treatment of epilepsy (Sadeghifar & Penry, 2019). It 
was termed the “Ketogenic Diet”, which was rich in fat and 
deficient in carbohydrates. KD was found to be beneficial over 
starvation in providing similar efficacy but could be used for 
prolonged maintenance. 

Later, in 1946, diphenylhydantoin was discovered, and the 
focus of research shifted to the development of other AED, 
which were convenient to administer. Due to seizures which 
remained uncontrolled despite several trials of AEDs, KD re-
gained its popularity (Bashinski, 1946). In 1972, Dr Robert C. 
Atkins promoted the “Atkins Diet”, which consisted of high fat 
and low carbohydrate and produces ketosis (Dr. Atkins’ diet 
revolution, 1973). After that, “Modified Atkins Diet” was de-
veloped in 2003 (Miller et al., 2003). These diets were more 
palatable and tolerable than previous ones. Subsequently, low 
glycaemic index treatment diet was proposed in 2005, based 
on the hypothesis that stable blood glucose at a lower level 
would result in modulation of insulin release and other meta-
bolic effects, thus improving the incidence of seizure (Pfeifer 
& Thiele, 2005).

Discussion
In general, several studies reported that physical activi-

ty has a positive influence on seizure frequency and severity 
(Vancampfort & Ward, 2019; Vancampfort, Ward, & Stubbs, 
2019). As a result, attitudes regarding sports and epilepsy 
have changed considerably in recent decades, and presently, 
the risk of convulsive seizures during sports practice is mini-
mal in cases of well-managed epilepsy (van Gorp et al., 2019). 
Evaluating the control of convulsive disease is, therefore, a key 
point in allowing sports for children and adolescents. In cases 
of well-controlled epilepsy, both team sports and contact or 
collision sports are allowed, with appropriate equipment, and 
the training of both parents and coaches. These data are not 
applicable in subjects with epileptic encephalopathies or cas-
es of not-controlled seizures or pharmaco-resistant epilepsy 
(Janmohamed, Brodie, & Kwan, 2019).

Patients with epilepsy who wish to participate in sports 
represent a challenging population to counsel and manage be-
cause their condition puts them at risk for possibly life-threat-
ening events; however, most of these risks are manageable. 
High-risk activities for this population include water sports 
and any water-related activity (Pimentel et al., 2015). The ath-
lete with epilepsy who participates in such activities should 
have constant supervision by a responsible adult or a “buddy” 
who can provide immediate assistance and maximally reduce 
the risk of drowning, which is never negligible (Messina et 
al., 2015). The athlete’s frequency of seizures is also a factor 
in determining whether his or her participation in high-risk 
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activities is advisable. Patients with frequent seizures should 
be guided toward activities in which loss of consciousness or 
bodily control is not life-threatening. Athletes with known sei-
zure disorders have not been reported to exhibit a higher inci-
dence of seizures in comparison with their baseline frequen-
cies when they play contact sports (Shehzad, Iqbal, Shehzad, 
& Lee, 2012; Vancini, Andrade, Vancini-Campanharo, & de 
Lira, 2017).

Collision sports associated with a higher number of and 
more forceful impacts resulting in a higher rate of concus-
sions may place the brain at risk of seizures secondary to the 
increase in excitatory neurotransmitters during the acute 
phase of the injury, as has been described in animal models 
of brain injury (Viggiano et al., 2016). Clinical experience to 
date demonstrates that low-impact injuries typically seen in 
most competitive sports do not put athletes with epilepsy at 
increased risk for seizures (Fisher et al., 2014; Monda et al., 
2017a; Pimentel, Tojal, & Morgado, 2015; Scheffer et al., 2018).

Regarding the effects of AEDs in sporting practise by chil-
dren affected by epilepsy, in general, AEDs can slow mental 
processing, trigger physiologic changes, and cause imbal-
ance and fatigue with reduced endurance, all of which neg-
atively affect competitive performance (Chieffi et al., 2017). 
Consequently, athletes who notice these drops in performance 
may limit their compliance with these medications (Moscatelli 
et al., 2016; Operto et al., 2019). Appetite can also be affected 
by the use of medications, with anorexia causing a diminu-
tion of adequate nutrition that affects strength and endurance 
and increases the risk of seizures (Fishman et al., 2017; Owen, 
Felig, Morgan, Wahren, & Cahill, 1969; Paoli et al., 2015; 
Phinney et al., 1983; Washington et al., 2001).

People with chronic diseases, including epilepsy, should 
be encouraged to exercise, as should the general population. 
The mental and physical advantages of regular exercise are re-
garded as highly beneficial to a group that is usually sedentary, 
overweight, and with higher rates of depression. 

Sports medicine professionals should have an understand-
ing of epilepsy syndromes, types of seizures, medications, what 
to do when a seizure occurs during sports practice, the effect 
of physical exercise on seizures, and when restrictions are ap-
plied to the practice of sports (Pimentel et al., 2015). General 
physicians, neurologists and paediatricians should support the 
practice of regular physical exercise and inform patients and 
caregivers about the benefits associated with physical activity 
and the necessary precautions, such as protective gear.

Participation in organized sports provides many physical 
and psychological benefits for patients with epilepsy and can 
be safely incorporated into their lives (Iannone et al., 2019; 
Operto et al., 2019). By providing appropriate education and 
encouragement, a neurologist can ensure that patients are 
properly equipped to make the right choices and manage any 
complications that occur while they are participating in activ-
ities (Operto et al., 2019; Operto et al., 2020).

In conclusion, physical exercise and KD has a positive effect 
on epilepsy and is associated with reduced epileptic form dis-
charges and increased seizure threshold, and seizures are un-
likely to occur during incremental physical effort to exhaustion 
(Rauchenzauner et al., 2017). These findings are strengthened 
by studies in animal models of seizures and epilepsy, in which 
aerobic exercise training was found to retard the epileptogenic 
process, to reduce seizure frequency, and to promote favour-
able plastic changes in the hippocampus (Olivares et al., 2011).
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Abstract

This paper presents the author’s aspiration to determine a connection between cartography and sports. 
Cartography, created even before the advent of writing, allowed man to portray a part of the space in which 
he lived. This way of connecting cartography with other scientific disciplines has been done on several occa-
sions. Its connection with, for example, ecology, climatology, hydrography has been explained, so this will be 
another in a series of works from a wide range of scientific fields with which a connection is made. The aim of 
this paper is to determine possible connections between cartography and sport in all its forms of appearance. 
Sports, once merely a set of physical activities and skills, is now a field in which science is making spectacular 
discoveries related to numerous human works. Interconnected in several ways, they complement each other 
and help each other in accomplishing certain tasks. Cartography seeks topics and ways of presenting interest-
ing and diverse content related to sports sciences and sports activities, while sport in cartography finds help 
in communicating the results of scientific research, and also uses it as an aid and service in numerous sports 
events, thus facilitating work processes. The paper will also explain the use of the cartographic method, which 
is the basic method of work in cartography with implementation procedures, as well as the scientific meaning 
that is manifested through the definition of three categories: spatial, temporal and essential definition. By 
analyzing all of the above, it can be concluded that the connection between cartography and sports has been 
realized for mutual benefit. Cartography expands its possibilities of work and presentation on given topics, 
while sport in all its areas gets a chance to express everything that is important to it and to make it very clear 
and easy to understand. 

Keywords:  cartography, sport map, cartographic method, cartographic sign 

Introduction
The universality of the cartographic display is reflected in 

its connection with many areas of work. The language of ex-
pression is universal and understandable, provided that the 
rules of the cartographic presentation have been followed. 
This universality is reflected in the possibility that, using 
the expressive means, the elements of an area can be shown 
in a manner that will be understood by the users, regard-
less of the degree of knowledge of the displayed space. One 
particular advantage is reflected in the ability of a map to 
eliminate the language barrier, which significantly increases 
the potential number of users. The use of cartographic dis-
plays that relate to activities in sports is very common. They 

can be conditionally divided into two groups: the first is the 
use of maps for the communication and presentation of sci-
entific research related to sports science and the second is 
the mapping of space in terms of displaying infrastructure 
and events of a sporting character. (e.g., Olympic Games, 
World Championships, regional competitions, map of the 
Olympic Village, the layout of facilities where competitions 
at the World Championships are held, etc.). In both cases, 
the connection between cartography and sport comes to a 
clear expression, because cartography in the presentation of 
scientific or event content has the opportunity to be shown 
through numerous possibilities from a wide range of meth-
ods and expressive means, while in contrast sports science 
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and events receive an excellent way of communicating sci-
entific results and providing information to participants of 
events and users of sports infrastructure that were mapped 
(Buric & Barovic, 2005).

The aim of this paper is to determine possible connec-
tions between cartography and sport in all its forms of ap-
pearance.

Methods
Which of the cartographic mapping methods we can 

use depends on several factors that determine their use. 
Mapping methods can be seen through two levels of anal-
ysis. One is the use of a cartographic method as a basic 
scientific method through which we map out the analysed 
themes; another is the choice of an appropriate mapping 
method in relation to the task set, which, in relation to the 
essence of the appearance of the phenomenon, should be 
chosen by the appropriate method by which its qualitative, 
quantitative, or universal characteristics should be shown 
(Ljesevic, 1981).

When it comes to the use of cartographic methods, as 
a basic scientific method, cartography takes place through 
two procedures that need to be carried out in order to fulfil 
the task set. The first is mapping, which represents the sep-
aration of the necessary elements from the space that reflect 
the character of the phenomenon that is being mapped. In 
this process, it is necessary to collect as much data as possi-
ble on the mapping object in order to form a database that 
should be as large as possible. The following procedure is the 
process of obtaining mapped space data, which is realized 
by looking at the mapped content, which enables obtaining 
a larger amount of information than that which is entered 
by primary mapping. By using this method, it is possible 
to define the following scientific categories. Spatial relation-
ships can be defined by positioning the results of the survey 
in relation to the accepted spatial system. This can be done 
in two ways in mapping sports-related topics. One is the in-
put of the survey results into the territory where it was done, 
and the other is the positioning of objects in the space, for 
example, the display of the sports complexes, the Olympic 
villages, and similar. 

Time defining can also be done in many ways, such as 
when communicating scientific research through the pre-
sentation of the movement of the investigated results during 
the defined period and presentation of the results at the 
moment of the research. When displaying the schedule of 
infrastructure related to sports events, this can be done, for 
example, with the development of sports complexes in a de-
fined time interval or positioning at the moment of obser-
vation. The essential definition is the presentation of quali-
tative and quantitative characteristics of the mapped space. 
This way of defining enables determining cause-effect con-
nections, analysis, synthesis, conclusions, as well as many 
other ways of looking at the mapped space. 

When choosing a mapping method, it is necessary to 
take into account the essence of the displayed phenom-
enon because, in relation to this feature, the methods are 
divided into qualitative ones, which include the method 
of qualitative targeting and areas, and the quantitative tar-
geting, which include the methods of isolines, points, and 
cartograms and universal ones like the line of movement, 
characters, cardiograms, and vectors. Among the methods 

listed, it is not possible to make a strict boundary because 
some methods, depending on the choice of the cartographic 
expression agent, can also have qualitative and quantitative 
properties.

Results
Establishing a closer link between cartography and 

sports science can contribute advancements for both scien-
tific disciplines. Through the examination of the results of 
scientific research in sport, cartography will find new ways 
of displaying and perfecting its expressive means by enrich-
ing their number, but also their forms, in order to facilitate 
the use of the map to the potential user and the optimal un-
derstanding of the presented results. The greatly improved 
quality of new maps makes it possible to perceive more val-
ue and more information than in the data used for their cre-
ation. New maps can also be the subject of new research as 
well as determining the causal links between mapped con-
tent that again give new results. Sports science, through a 
cartographic presentation of its results, obtains a very clear, 
easily legible, and recognizable way of communicating its 
research results. As already mentioned, the language of car-
tography is universal, and there are none of the barriers that 
some other ways of presenting research procedures have.

There are more examples in which the connection be-
tween cartography and sports has been established, and in 
this review, we will show this through three examples: use of 
maps in preserving scientific-research works, maps showing 
a skiing complex, and a map used for the competition in 
orientation.

Numerous scientific papers testify about the connection 
between cartography and sports science. One of these stud-
ies treated body mass index (BMI), weight, overweight and 
obesity from 1975 to 2016 through a combined analysis of 
2416 studies based on the population of 128.9 million sam-
ples (Figure 1). The paper cartographically presents BMI, 
the prevalence of obesity and weight loss for girls and boys 
through the presentation of a political map of the world in 
which the method of qualitative reorientation was used, and 
colour was used as the dominant cartographic expression.

With the precise legend, the values of the investigated 
indicators are defined through which the value of the in-
dicators is indicated by the different colour intensities (the 
lighter tones are lower and darker tones are higher). Also, as 
a special addition, the results of the survey for the countries 
are shown, which are not visible on the map of the world 
because of its small scale, for the reason of not compromis-
ing the legibility threshold. Although this map has many 
shortcomings in the sense of omitting a number of manda-
tory elements, in this case, as a thematic map, it has fulfilled 
the function and provided the information presented by the 
work. 

Frequently used maps that display sports complexes, and 
are operated according to the universal rules applicable to all 
centres of this type, represent ski resorts. The map that is being 
processed is a map showing the Livigno Ski Resort, at the bor-
der of Italy and Switzerland (Figure 2). To display the contents, 
methods of vector and signs were used, as well as expressive 
cartographic means: colour, simple geometric signs, symbolic 
signs, numerical scalars, and vectors. The lines show the ski 
runs by the difficulties (black, red and blue) with the symbol-
ic signs of the cable car (gondolas, two-seaters, four-seater, 
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anchors), snowboarding and children’s parks, wi-fi locations, 
parking lots, information points, altitudes of characteristic 
points and site names. Relief shapes are displayed with the use 
of colour and dashes that symbolize the forest cover and shad-
ows to highlight its plasticity. The accompanying legend con-

tains all the topographic characters used to display the content 
so that the user gets complete information about the content 
presented. This map also has a number of shortcomings from 
the group of map elements, but since it is a specialized themat-
ic map, they can be ignored.

FIGURE 1. Body mass index (BMI) mapping for girls and nutrition of boys (NCD Risk Factor Collaboration, 2017)

FIGURE 2. Map of Livigno

Maps used for orientation competitions also belong to 
the group of thematic maps. These are specialized maps that 
have the purpose of providing competitors with informa-
tion that will help them master the set itinerary. Classical 
topographic maps can also be used for making maps used 
for orientation competitions, but specialized thematic maps 
are also available. Depending on the surface of the terrain 
where the competition is held, the proportions belong to the 
group of large scale maps. The map that was the subject of 
the analysis was made for the orientation competition that 

was held within the 11th Cartography and Geoinformation 
Meeting in Buzet in 2015 (Figure 3). The method of quali-
tative targeting, vectors and points was used for the devel-
opment of the map of the old town of Buzet. Colour, simple 
geometric signs and numerical signs were used as a medi-
um of expression. As a special addition to the map, in addi-
tion to the legend, the image symbols of the characteristic 
objects are given, which are at the same time represented 
the control points that the competitors should visit in the 
order. 
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Discussion

The product of cartographic work is a map, as a presenta-
tion of the characteristics of a space that for some reason are 
separated from a particular unit or are presented as a separate 
thematic area to provide information about it. The language 
of the map is universal and has no boundaries. The means of 
expression used are defined by international rules that allow 
the map user to navigate by reading the presented content, 
regardless of possible language barriers that may arise if the 
map issuer is from a country whose language we do not know. 
There is practically no scientific area in which content cannot 

be expressed by cartographic presentation. 
In conclusion, there is a strong connection between cartog-

raphy and sports on several levels. Both need to cooperate and 
explore numerous opportunities. It is practically inconceivable 
to hold a number of sports events without a cartographic pre-
sentation of the facilities, but also the space in which they are 
held. Certainly, such displays facilitate the movement of the 
participants of the events, give guidelines for easier orientation 
of the contestants, and similar. A special connection is made 
when communicating the scientific results that have been 
achieved during the research procedures of numerous areas 
of sports sciences.
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Abstract

This study aimed to compare the influence of ball type on three-point shooting in university basketball players. 
Forty university basketball players were selected for the study (Mean±SD; for male subjects: age 22±1.3 years; 
height 1.68±0.85 m; body mass 66.4±7.1 kg; fat 10.3±2.28% and for female subjects: age 20±1.6 years; height 
1.36±0.88 m; body mass 62.4±6.9 kg; fat 11.6±3.48%). A 2×3 repeated measures ANOVA revealed a significant 
main effect in score with ball type (F(2,76)=48.37, p<0.001, partial eta squared=0.56). Further analysis with post 
hoc testing revealed significant differences between synthetic and leather ball (p<0.001, d=1.27), and rubber 
and leather balls (p<0.001, d=1.48). No significant interaction effect of gender and ball type was found (p=0.706, 
partial eta squared=0.009). An independent t-test found no significant differences in three-point scores between 
male and female players in any ball type. 

Keywords:  ball type, scoring, unopposed throw, ball quality, male versus female 

Introduction
Basketball is a popular sport that is played with a ball. Even 

though many sports use balls, each sport is associated with a 
specific type of ball that is distinctly different from others. The 
performance of players is directly influenced by the proper-
ties or characteristics of the ball (Connor, Sinclair, Leicht, & 
Doma, 2019; Cooke & Davey, 2005; Santos et al., 2020). Teams 
accumulate points in the sport of basketball by putting the ball 
through the hoop. Therefore, shooting is a very important skill 
and directly influences the team’s success (Button, Macleod, 
Sanders, & Coleman, 2003; Knudson, 1993; Malone, Gervais, 
& Steadward, 2002).

A survey paper by Okazaki, Rodacki, and Satern (2015) 
studied various factors that affect shooting in basketball, in-
cluding (a) ball trajectory, (b) segmental movement organi-
zation, and (c) variables that influence shooting performance 
(basket height, ball size, etc.), but the researcher found negligi-
ble data related to the effect of various ball types on shooting. 

Recent studies conducted with different types of balls 
suggest that changing the ball type influences the youth foot-
ballers’ performance during small-sided games (Santos et 
al., 2020), cricket batters’ performance (Connor et al., 2019), 
and tennis players’ performance and physiological responses 
(Cooke & Davey, 2005). Although no recent study has been 
conducted on the influence of the type of basketball used for 
shooting performance, an earlier study by Mathes and Flatten 
(1982) reported that synthetic basketballs do not have the same 
rebound characteristics as leather basketballs. The results also 
suggested that in play, the leather basketball would rebound 
further from backboards and could be dribbled with less effort 
than the synthetic basketballs (Mathes & Flatten, 1982).

Rubber basketballs are made with outer and core material 
as rubber but with a butyl bladder (http://cosco.in). Synthetic 
basketballs are also made with rubber outer material but have 
a leather feel with high grip pebbles and broad, deep grove pat-
terns (http://cosco.in), whereas leather basketballs are made 
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with outer material as leather reinforced with multi-filament 
nylon (http://cosco.in). 

Thus, this study aimed at finding the influence of the type 
of material of ball in three-point shooting through different 
angles from the ring. 

Method
Subjects

For this study, a total of 40 university basketball play-
ers were included with 20 male and 20 female players 
(Mean±SD; for male subjects: age 22±1.3 years; height 
1.68±0.85 m; body mass 66.4±7.1 kg; fat % 10.3±2.28% and 
for female subjects: age 20±1.6 years; height 1.36±0.88 m; 
body mass 62.4±6.9 kg; fat % 11.6±3.48%). The subjects had 
a minimum playing experience of four or more years in the 
university. Subjects with recent records of lower limb or up-
per limb injury, neuromuscular disorder or back injury were 

excluded from the study. A written informed consent form 
was signed by the subjects after explanation of the procedure 
and possible risk involved in the study. The study was ap-
proved by the institutes’ Departmental Research Committee 
with considerations regarding ethical issues reported in 
Helsinki Declaration.

Procedure
A week-long familiarization session was conducted with 

the three different ball types after regular training sessions. 
Anthropometric measurements were recorded a day before 
the assessments. Five different positions were marked on the 
court at three-point arc with angles: 0°, 45°, 90°, 45° and 0°. 
Each participant was allowed five attempts from each angle 
with each ball type. A total of 25 shots with each ball were 
given, and only successful attempts were recorded as having 
scored. Different positions of shooting are shown in Figure 1. 

FIGURE 1. Angles of three-point shooting from the ring

Balls used in the procedure were of the Cosco brand, 
approved by the Basketball Federation of India (specifically 
with product names Cosco Dribble as the rubber ball, Cosco 
Hi-Grip as the synthetic ball and Cosco Championship as 
the leather ball). Different size balls were used for male and 
female subjects as used in the FIBA governed tournaments 
(Size 6 for females and Size 7 for males). 

All the subjects were evaluated on the same day (09:00 to 
16:00) by conducting three sessions with a gap of 2 hours be-
tween the sessions to avoid any carryover effect. At the begin-
ning of every session, subjects first underwent a 10-minute 
warm-up to familiarize themselves with the ball, followed by 
the first trial which included 25 shots in total from five dif-
ferent angles with a particular ball type. After the completion 
of the first trial, a break of 10 minutes of active recovery was 
given, followed by the second trial. The total baskets made 
out of the 25 shots were taken as the score. The best score out 
of the two trials was considered to be the final score.

Statistical analysis
IBM SPSS (version 20.0.0) software was used for the anal-

ysis of the data. Data are presented as Mean±SD. Normality 

of the data was verified using a Shapiro-Wilk test. A 2×3 
repeated measures ANOVA with gender (male and female) 
as between-subject factor and ball type (synthetic, rubber, 
and leather) as within-subject factor was used for analysis of 
the effect of ball type on three-point shooting. Post-hoc test 
with Bonferroni correction was used for further analysis of 
the data. Independent t-tests were used for comparison of 
male and female three-point scores with different ball type. 
Cohens’ d and partial eta squared were calculated as effect 
sizes.

Results
A 2×3 repeated measures ANOVA revealed a significant 

main effect in score with ball type (F(2,76)=48.37, p<0.001, 
partial eta squared=0.56). Further analysis with post hoc 
testing revealed significant differences between synthetic 
and leather ball (p<0.001, d=1.27), and rubber and leath-
er ball (p<0.001, d=1.48). No significant interaction effect 
of gender and ball type was found (p=0.706, partial eta 
squared=0.009). Independent t-test found no significant 
differences in three-point scores between male and female 
players in any ball type. All the data are presented in Table 1.
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Discussion
The main objective of this study was to compare the three-

point scoring ability of university basketball players using dif-
ferent types of basketballs (viz. synthetic, rubber and leather 
balls). The result suggests an influence of ball type in scoring 
ability with more favourable scoring conditions with leather 
balls than rubber or synthetic balls. 

A recent study conducted by Connor et al. (2019) on the 
effect of two different types of cricket balls utilized during a 
competition reported that pace bowlers were more success-
ful in transferring their skill to the one type of ball (Duke™), 
while the spin bowlers were more successful with another type 
(Kookabura™). In the same vein, our findings also showed that 
the type of ball influenced the three-point shooting ability with 
more successful shots with a leather ball. Although the authors 
do not have sufficient evidence to support the statement, there 
may be a possibility of leather balls being more comfortable 
to hold during the throws than rubber or synthetic balls. The 
feeling of the leather grip may have also affected the throws. 

In addition to this, a study by Julian & Price (2017) re-
ported that the official game ball for the National Basketball 
Association (NBA) was changed from leather to synthetic in 
the 2006–2007 season. The NBA argued that a synthetic ball 
to be superior to the leather ball and suggested that it would 
improve performance. However, the league reverted to use 
leather ball after the National Basketball Association Players 
Association (NBAPA) filed an unfair practice labour grievance 
against the league. The NBAPA argued that it decreased per-
formance, in contradiction to the suggestion by the NBA. This 

suggests that the use of leather balls was found to be suitable 
by the players, similar to what our finding suggests.

Previous studies have reported that materials used in 
manufacturing the balls influence the properties of the ball. 
Mathes and Flatten (1982) found that leather basketballs re-
bounded significantly higher than synthetic basketballs on 
different playing surfaces (polyurethane, asphalt, glass, con-
crete, hardwood). A study by Inaba et al. (2017) also found 
different coefficients of restitution, friction, and trajectories in 
table tennis ball post-collision for celluloid and plastic balls. 
These two studies show that material used in ball does affect 
the properties of the ball. Although the researchers did not 
study collisions, differences in the material of the ball must 
have influenced the three-point shooting scores. 

Furthermore, there was no significant interaction effect 
between gender and ball type in the three-point shooting 
ability. Both male and female players showed a similar trend 
in the scoring ability to the ball type, which suggests that the 
differences in scoring ability is not a mere chance of gender 
influence but the type of ball used.

The study concludes that the type of material used in balls 
do influence the three-point shooting in both male and female 
university players. Therefore, the use of leather balls during 
training sessions would be beneficial for players as more score 
during drills would provide more stimulus and motivation. 
Although the cost of leather balls is on the higher side than 
other types of ball, the ultimate goal of training is to improve 
players, and thus the quality of the ball should not be compro-
mised.

Table 1. Mean and SD of scores using different ball type

Ball type Gender Scores
(Mean±SD)

p-value
and ES (d)

male vs female

p-value and ES 
(partial eta squared)

(main effect)

p-value and ES 
(partial eta squared)
(gender×ball type)

p-value and effect Size 
(d) in comparison with 

leather ball

Synthetic
Male 10.65±2.7 0.112

(0.51)

<0.001*
(0.56)

0.706
(0.009)

<0.001*
(1.27)Female 11.85±2.3

Rubber
Male 10.15±1.95 0.089

(0.55)
<0.001*

(1.48)Female 11.4±2.54

Leather
Male 14.05±2.8 0.423

(0.26)
-

Female 14.7±2.25

Legend: SD - standard deviation; ES - effect size; d - Cohens’ d
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•	 A manuscript prepared according to the Guidelines for the Authors;
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consideration of publication elsewhere, that states that all of the authors are in agreement with submission of the 
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affiliations, corresponding author, and manuscript information. See example:
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separated by a comma (and space). Avoid any abbreviations of academic or professional titles. If authors belong to different 
institutions, following a family name of the author there should be a number in superscript designating affiliation.
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2.1.5. Affiliations

Affiliation consists of the name of an institution, department, city, country/territory (in this order) to which the author(s) 
belong and to which the presented / submitted work should be attributed. List all affiliations (each in a separate line) in 
the order corresponding to the list of authors. Affiliations must be written in English, so carefully check the official English 
translation of the names of institutions and departments.

Only if there is more than one affiliation, should a number be given to each affiliation in order of appearance. This number 
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number should also be put after corresponding name of the author, in superscript with no space in between.

If an author belongs to more than one institution, all corresponding superscript digits, separated with a comma with no 
space in between, should be present behind the family name of this author.

In case all authors belong to the same institution affiliation numbering is not needed.
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2.1.6. Corresponding author

Corresponding author’s name with full postal address in English and e-mail address should appear, after the affiliations. 
It is preferred that submitted address is institutional and not private. Corresponding author’s name should include only 
initials of the first and middle names separated by a full stop (and a space) and the last name. Postal address should be 
written in the following line in sentence case. Parts of the address should be separated by a comma instead of a line break. 
E-mail (if possible) should be placed in the line following the postal address. Author should clearly state whether or not 
the e-mail should be published.

2.1.7. Manuscript information

All authors are required to provide word count (excluding title page, abstract, tables/figures, figure legends, Acknow ledge-
ments, Conflict of Interest, and References), the Abstract word count, the number of Tables, and the number of Figures.

2.2. Abstract

The second page of the manuscripts should be the abstract and key words. It should be placed on second page of the 
manuscripts after the standard title written in upper and lower case letters, bold.

Since abstract is independent part of your paper, all abbreviations used in the abstract should also be explained in it. If an 
abbreviation is used, the term should always be first written in full with the abbreviation in parentheses immediately after 
it. Abstract should not have any special headings (e.g., Aim, Results…).

Authors should provide up to six key words that capture the main topics of the article. Terms from the Medical Subject 
Headings (MeSH) list of Index Medicus are recommended to be used.

Key words should be placed on the second page of the manuscript right below the abstract, written in italic. Separate each 
key word by a comma (and a space). Do not put a full stop after the last key word. See example:

Abstract

Results of the analysis of

Key words: spatial memory, blind, transfer of learning, feedback

2.3. Main Chapters

Starting from the third page of the manuscripts, it should be the main chapters. Depending on the type of publication main 
manuscript chapters may vary. The general outline is: Introduction, Methods, Results, Discussion, Acknowledge ments 
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(optional), Conflict of Interest (optional). However, this scheme may not be suitable for reviews or publications from some 
areas and authors should then adjust their chapters accordingly but use the general outline as much as possible.

2.3.1. Headings

Main chapter headings: written in bold and in Title Case. See example:
	Methods

Sub-headings: written in italic and in normal sentence case. Do not put a full stop or any other sign at the end of the title. 
Do not create more than one level of sub-heading. See example:

	Table position of the research football team

2.3.2 Ethics

When reporting experiments on human subjects, there must be a declaration of Ethics compliance. Inclusion of a statement 
such as follow in Methods section will be understood by the Editor as authors’ affirmation of compliance: “This study 
was approved in advance by [name of committee and/or its institutional sponsor]. Each participant volun ta ri ly provided 
written informed consent before participating.” Authors that fail to submit an Ethics statement will be asked to resubmit 
the manuscripts, which may delay publication.

2.3.3 Statistics reporting

SM encourages authors to report precise p-values. When possible, quantify findings and present them with appropriate 
indicators of measurement error or uncertainty (such as confidence intervals). Use normal text (i.e., non-capitalized, non-
italic) for statistical term “p”.

2.3.4. ‘Acknowledgements’ and ‘Conflict of Interest’ (optional)

All contributors who do not meet the criteria for authorship should be listed in the ‘Acknowledgements’ section. If appli-
cable, in ‘Conflict of Interest’ section, authors must clearly disclose any grants, financial or material supports, or any sort 
of technical assistances from an institution, organization, group or an individual that might be perceived as leading to a 
conflict of interest.

2.4. References

References should be placed on a new page after the standard title written in upper and lower case letters, bold.

All information needed for each type of must be present as specified in guidelines. Authors are solely responsible for 
accuracy of each reference. Use authoritative source for information such as Web of Science, Medline, or PubMed to check 
the validity of citations.

2.4.1. References style

SM adheres to the American Psychological Association 6th Edition reference style. Check “American Psychological 
Association. (2009). Concise rules of APA style. American Psychological Association.” to ensure the manuscripts con form 
to this reference style. Authors using EndNote® to organize the references must convert the citations and biblio graphy to 
plain text before submission.

2.4.2. Examples for Reference citations

One work by one author
	In one study (Reilly, 1997), soccer players
	In the study by Reilly (1997), soccer players
	In 1997, Reilly’s study of soccer players

Works by two authors
	Duffield and Marino (2007) studied
	In one study (Duffield & Marino, 2007), soccer players
	In 2007, Duffield and Marino’s study of soccer players
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Works by three to five authors: cite all the author names the first time the reference occurs and then subsequently include 
only the first author followed by et al.

	First citation: Bangsbo, Iaia, and Krustrup (2008) stated that
	Subséquent citation: Bangsbo et al. (2008) stated that

Works by six or more authors: cite only the name of the first author followed by et al. and the year
	Krustrup et al. (2003) studied
	In one study (Krustrup et al., 2003), soccer players

Two or more works in the same parenthetical citation: Citation of two or more works in the same parentheses should be 
listed in the order they appear in the reference list (i.e., alphabetically, then chronologically)

	Several studies (Bangsbo et al., 2008; Duffield & Marino, 2007; Reilly, 1997) suggest that

2.4.3. Examples for Reference list

Journal article (print):
Nepocatych, S., Balilionis, G., & O’Neal, E. K. (2017). Analysis of dietary intake and body composition of female 

athletes over a competitive season. Montenegrin Journal of Sports Science and Medicine, 6(2), 57-65. doi: 10.26773/
mjssm.2017.09.008 

Duffield, R., & Marino, F. E. (2007). Effects of pre-cooling procedures on intermittent-sprint exercise performance in 
warm conditions. European Journal of Applied Physiology, 100(6), 727-735. doi: 10.1007/s00421-007-0468-x

Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, J., Steensberg, A., Bangsbo, J. (2003). The yo-yo inter mittent 
recovery test: physiological response, reliability, and validity. Medicine and Science in Sports and Exercise, 35(4), 697-
705. doi: 10.1249/01.MSS.0000058441.94520.32

Journal article (online; electronic version of print source):
Williams, R. (2016). Krishna’s Neglected Responsibilities: Religious devotion and social critique in eighteenth-century 

North India [Electronic version]. Modern Asian Studies, 50(5), 1403-1440. doi:10.1017/S0026749X14000444

Journal article (online; electronic only):
Chantavanich, S. (2003, October). Recent research on human trafficking. Kyoto Review of Southeast Asia, 4. Retrieved 

November 15, 2005, from http://kyotoreview.cseas.kyoto-u.ac.jp/issue/issue3/index.html

Conference paper:
Pasadilla, G. O., & Milo, M. (2005, June 27). Effect of liberalization on banking competition. Paper presented at the conference 

on Policies to Strengthen Productivity in the Philippines, Manila, Philippines. Retrieved August 23, 2006, from http://
siteresources.worldbank.org/INTPHILIPPINES/Resources/Pasadilla.pdf

Encyclopedia entry (print, with author):
Pittau, J. (1983). Meiji constitution. In Kodansha encyclopedia of Japan (Vol. 2, pp. 1-3). Tokyo: Kodansha.

Encyclopedia entry (online, no author):
Ethnology. (2005, July). In The Columbia encyclopedia (6th ed.). New York: Columbia University Press. Retrieved November 

21, 2005, from http://www.bartleby.com/65/et/ethnolog.html

Thesis and dissertation:
Pyun, D. Y. (2006). The proposed model of attitude toward advertising through sport. Unpublished Doctoral Dissertation. 
Tallahassee, FL: The Florida State University.
Book:
Borg, G. (1998). Borg’s perceived exertion and pain scales: Human kinetics.

Chapter of a book:
Kellmann, M. (2012). Chapter 31-Overtraining and recovery: Chapter taken from Routledge Handbook of Applied Sport 

Psychology ISBN: 978-0-203-85104-3 Routledge Online Studies on the Olympic and Paralympic Games (Vol. 1, pp. 292-
302).

Reference to an internet source:
Agency. (2007). Water for Health: Hydration Best Practice Toolkit for Hospitals and Healthcare. Retrieved 10/29, 2013, 

from www.rcn.org.uk/newsevents/hydration
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2.5. Tables

All tables should be included in the main manuscript file, each on a separate page right after the Reference section.

Tables should be presented as standard MS Word tables.

Number (Arabic) tables consecutively in the order of their first citation in the text.

Tables and table headings should be completely intelligible without reference to the text. Give each column a short or 
abbreviated heading. Authors should place explanatory matter in footnotes, not in the heading. All abbreviations appear-
ing in a table and not considered standard must be explained in a footnote of that table. Avoid any shading or coloring in 
your tables and be sure that each table is cited in the text.

If you use data from another published or unpublished source, it is the authors’ responsibility to obtain permission and 
acknowledge them fully.

2.5.1. Table heading

Table heading should be written above the table, in Title Case, and without a full stop at the end of the heading. Do not use 
suffix letters (e.g., Table 1a, 1b, 1c); instead, combine the related tables. See example:

	Table 1. Repeated Sprint Time Following Ingestion of Carbohydrate-Electrolyte Beverage

2.5.2. Table sub-heading

All text appearing in tables should be written beginning only with first letter of the first word in all capitals, i.e., all words 
for variable names, column headings etc. in tables should start with the first letter in all capitals. Avoid any formatting (e.g., 
bold, italic, underline) in tables.

2.5.3. Table footnotes

Table footnotes should be written below the table.

General notes explain, qualify or provide information about the table as a whole. Put explanations of abbreviations, 
symbols, etc. here. General notes are designated by the word Note (italicized) followed by a period.

	Note. CI: confidence interval; Con: control group; CE: carbohydrate-electrolyte group.

Specific notes explain, qualify or provide information about a particular column, row, or individual entry. To indicate 
specific notes, use superscript lowercase letters (e.g. a, b, c), and order the superscripts from left to right, top to bottom. Each 
table’s first footnote must be the superscript a.

	
aOne participant was diagnosed with heat illness and n = 19.bn =20.

Probability notes provide the reader with the results of the texts for statistical significance. Probability notes must be 
indicated with consecutive use of the following symbols: * † ‡ § ¶ || etc.

	*P<0.05,†p<0.01.

2.5.4. Table citation

In the text, tables should be cited as full words. See example:
	Table 1 (first letter in all capitals and no full stop)
	...as shown in Tables 1 and 3. (citing more tables at once)
	...result has shown (Tables 1-3) that... (citing more tables at once)
	....in our results (Tables 1, 2 and 5)... (citing more tables at once)
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2.6. Figures

On the last separate page of the main manuscript file, authors should place the legends of all the figures submitted 
separately.

All graphic materials should be of sufficient quality for print with a minimum resolution of 600 dpi. SM prefers TIFF, EPS 
and PNG formats.

If a figure has been published previously, acknowledge the original source and submit a written permission from the 
copyright holder to reproduce the material. Permission is required irrespective of authorship or publisher except for 
documents in the public domain. If photographs of people are used, either the subjects must not be identifiable or their 
pictures must be accompanied by written permission to use the photograph whenever possible permission for publication 
should be obtained.

Figures and figure legends should be completely intelligible without reference to the text.

The price of printing in color is 50 EUR per page as printed in an issue of SM.

2.6.1. Figure legends

Figures should not contain footnotes. All information, including explanations of abbreviations must be present in figure 
legends. Figure legends should be written bellow the figure, in sentence case. See example:

	Figure 1. Changes in accuracy of instep football kick measured before and after fatigued. SR – resting state, SF – 
state of fatigue, *p>0.01, †p>0.05.

2.6.2. Figure citation

All graphic materials should be referred to as Figures in the text. Figures are cited in the text as full words. See example:
	Figure 1

× figure 1
× Figure 1.
	….exhibit greater variance than the year before (Figure 2). Therefore…
	….as shown in Figures 1 and 3. (citing more figures at once)
	….result has shown (Figures 1-3) that... (citing more figures at once)
	….in our results (Figures 1, 2 and 5)... (citing more figures at once)

2.6.3. Sub-figures

If there is a figure divided in several sub-figures, each sub-figure should be marked with a small letter, starting with a, b, c 
etc. The letter should be marked for each subfigure in a logical and consistent way. See example:

	Figure 1a
	…in Figures 1a and b we can…
	…data represent (Figures 1a-d)…

2.7. Scientific Terminology

All units of measures should conform to the International System of Units (SI).

Measurements of length, height, weight, and volume should be reported in metric units (meter, kilogram, or liter) or their 
decimal multiples.

Decimal places in English language are separated with a full stop and not with a comma. Thousands are separated with a 
comma.
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Percentage Degrees
All other units of 

measure
Ratios Decimal numbers

	10% 	10º 	10 kg 	12:2 	0.056

× 10 % × 10 º × 10kg × 12 : 2 × .056

Signs should be placed immediately preceding the relevant number.

	45±3.4 	p<0.01 	males >30 years of age

× 45 ± 3.4 × p < 0.01 × males > 30 years of age

2.8. Latin Names

Latin names of species, families etc. should be written in italics (even in titles). If you mention Latin names in your abstract 
they should be written in non-italic since the rest of the text in abstract is in italic. The first time the name of a species 
appears in the text both genus and species must be present; later on in the text it is possible to use genus abbreviations. See 
example:

	First time appearing: musculus biceps brachii
Abbreviated: m. biceps brachii
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Founded in 2003 in Podgorica (Montenegro), the Mon-
tenegrin Sports Academy (MSA) is a sports scientific society 
dedicated to the collection, generation and dissemination of 
scientific knowledge at the Montenegrin level and beyond.

The Montenegrin Sports Academy (MSA) is the lead-
ing association of sports scientists at the Montenegrin level, 
which maintains extensive co-operation with the correspond-
ing associations from abroad. The purpose of the MSA is the 
promotion of science and research, with special attention to 
sports science across Montenegro and beyond. Its topics in-
clude motivation, attitudes, values and responses, adaptation, 
performance and health aspects of people engaged in phys-
ical activity and the relation of physical activity and lifestyle 
to health, prevention and aging. These topics are investigated 
on an interdisciplinary basis and they bring together scientists 
from all areas of sports science, such as adapted physical activ-
ity, biochemistry, biomechanics, chronic disease and exercise, 
coaching and performance, doping, education, engineering 

and technology, environmental physiology, ethics, exercise 
and health, exercise, lifestyle and fitness, gender in sports, 
growth and development, human performance and aging, 
management and sports law, molecular biology and genetics, 
motor control and learning, muscle mechanics and neuromus-
cular control, muscle metabolism and hemodynamics, nutri-
tion and exercise, overtraining, physiology, physiotherapy, re-
habilitation, sports history, sports medicine, sports pedagogy, 
sports philosophy, sports psychology, sports sociology, train-
ing and testing.

The MSA is a non-profit organization. It supports Mon-
tenegrin institutions, such as the Ministry of Education and 
Sports, the Ministry of Science and the Montenegrin Olym-
pic Committee, by offering scientific advice and assistance 
for carrying out coordinated national and European research 
projects defined by these bodies. In addition, the MSA serves 
as the most important Montenegrin and regional network of 
sports scientists from all relevant subdisciplines.

The main scientific event organized by the Montenegrin Sports 
Academy (MSA) is the annual conference held in the first week of 
April.

Annual conferences have been organized since the inaugura-
tion of the MSA in 2003. Today the MSA conference ranks among 
the leading sports scientific congresses in the Western Balkans. 
The conference comprises a range of invited lecturers, oral and 
poster presentations from multi- and mono-disciplinary areas, as 
well as various types of workshops. The MSA conference is attend-
ed by national, regional and international sports scientists with 
academic careers. The MSA conference now welcomes up to 200 
participants from all over the world.

 It is our great pleasure to announce the upcoming 18th Annu-
al Scientific Conference of Montenegrin Sports Academy “Sport, 
Physical Activity and Health: Contemporary Perspectives” to be 
held in Dubrovnik, Croatia, from 8 to 11 April, 2021. It is planned 
to be once again organized by the Montenegrin Sports Academy, 
in cooperation with the Faculty of Sport and Physical Education, 
University of Montenegro and other international partner institu-
tions (specified in the partner section).

The conference is focused on very current topics from all areas 
of sports science and sports medicine including physiology and sports medicine, social sciences and humanities, bio-
mechanics and neuromuscular (see Abstract Submission page for more information).

We do believe that the topics offered to our conference participants will serve as a useful forum for the presentation 
of the latest research, as well as both for the theoretical and applied insight into the field of sports science and sports 
medicine disciplines.
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