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The relationship between leisure satisfaction, physical activity level
and healthy life-style behaviors of sport science students during the
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Abstract
Background
and Study Aim
Material and
Methods

Results

Conclusions:
Keywords:

The purpose of the study was to determine the relationship between leisure satisfaction, physical activity
levels and healthy life-style behaviors of sport science students during the COVID-19 pandemic in distance
education.
In total, 218 sport science students participated in this study voluntarily. The short form of International
Physical Activity Questionnaire was administered for the determination of physical activity level of
distance education students. Their physical activity levels were categorized as inactive, minimally active,
and physically active by using Metabolic Equivalent Term method. Health-promoting Life-style Profile
Questionnaire was used with self-actualization, health responsibility, exercise, nutrition, interpersonal
support, and stress management subscales. The leisure satisfaction scale was administered for the
determination of leisure satisfaction.
Results of Pearson’s Product Moment Correlation Analyses indicated that there were positive significant
correlations between “HLSB” and three sub-dimensions of “IPAQ” (MIA, VIA and Total). It was found positive
correlation between “HLSB” and all sub-dimensions of “LSS” (Psychological, Educational, Social, Relaxation,
Physiological and Aesthetical). Also, a significant positive correlation was found between four subdimensions of “LSS” (Social, Relaxation, Physiological and Aesthetical) and one sub-dimensions of “IPAQ”
(W). It was observed that one sub-dimensions of “LSS” which is “Aesthetical”, and a positive correlation
between all sub-dimensions of “IPAQ” was found.
The findings of the present study indicated that healthy life-style behaviors were indicators of LSS and
IPAQ and also aesthetical was found between IPAQ of sport science students.
sport science students, leisure satisfaction, healthy life-style behaviors, physical activity

Introduction1
In today’s world, with the development of technology,
the concept of time has become more important, and
methods of utilizing time and the value of being effective
increase every single day. Because individuals who use
their time efficiently are both contended in their personal
and family lives and they perform successfully at work.
Therefore, the effective use of time can help students
of sports science fulfill their academic and sportive
responsibilities, attain the level of success that is expected
of them and achieve personal satisfaction.
Higher education, within the university setting, some
institutions offer only distance education, while others
provide both distance and conventional education. And
also distance education students physical activity levels
dramatically decrease from adolescence to adulthood,
as people get older. Especially, late adolescence and
university years are seemed to be very critical period for the
increased level of risky health behaviors such as irregular
meals and sleep patterns, inactivity, bad eating habits and
risk-taking behaviors like illicit drug, alcohol and tobacco
use [1]. The development an individual’s health may be
provided by having and controlling better health status,
© Ali Özkan, Fatih Yaşartürk, Gürkan Elçi, 2021
doi:10.15561/20755279.2021.0501

and by reaching a fully healthy potential. In order to reach
this target, the individual should keep away from violence,
not smoke cigarettes, avoid communication problems with
his/her family, not use drugs, control a healthy weight, and
limit alcohol intake, etc. [2]. Individuals who turn such
behaviours into attitudes are healthy individuals as long
as they keep being healthy and aim to even improve their
health status. Behaviours that are developed to be healthy
may be behaviours that the individual believes in and he/
she applies in his/her life in order to remain healthy and
keep away from sickness [3]. Healthy lifestyle behaviour
is the control of all the behaviours and attitudes that affect
health and arrangement of all the behaviours suitable for
a healthy life [4]. Within this composition of behaviours,
physical activity is nowadays becoming more prominent.
As it is known, immobility plays an important role
in disability, and increases mortality risks. Today, it is an
undeniable fact that regular physical exercise prevents or
at least retards some chronic diseases [5, 6]. Furthermore,
for a healthy society the individual should give importance
to undertaking endeavours to protect his/her health. For
this reason, depending on the relationship between activity
levels and health, it is important to determine the frequency,
duration, intensity and type of physical activity required
for a healthy lifestyle [7]. In this sense, individuals begin
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to consciously increase their physical activity, become
healthier, and their leading of a healthy life increase their
quality of life. If the physical activity of individuals during
their studentship years become a habit, it will help them to
lead a healthy life in their future life after graduation. In
this sense, the students’ knowledge and application of the
aspects of healthy life and physical activity will give him/
her an advantage in terms of quality of life. The results
obtained in our research show that in general, the average
points for healthy lifestyle behaviour of the students are at
medium levels. This result may be put in a “good” category
for our country which is a developing one. However,
the sample in our research is made up of sports science
students, therefore, we can say fairly that the healthy,
intellectual, and cognitive capabilities expected from
university education have not been sufficiently obtained. It
is observed both in the media and in research that healthy
lifestyle behaviours are debated all over the world and that
endeavours are made, and efforts are spent in order to turn
it into a habit. If individuals want to have a healthy future
or if it is their aim to increase the quality of their life, it
is necessary that they should adapt these behaviours to fit
their lives. Therefore, having habits of physical activity
from childhood onwards, making physical exercise an
essential part of one’s life and at least increasing daily
physical activity are all important factors with respect to
maintaining one’s health and decreasing the risk of health
threats that individuals may face in the future.
In this sense, increasing people’s awareness of their
physical activity also increases the quality of life for
individuals, and makes them healthier. If physical activity
habits are engrained in people’s lives during their school
years, then this will be a foundation for a healthy life in
their future years. In this sense, if students know about
the aspects of a healthy lifestyle and physical activity and
if they apply these factors, this will provide them with
advantages in their quality of life [8]. This study which
has been designed within this context will be a basis for
sport science students so that they can exhibit healthy
behaviours and be good role models for their athletes to
ensure that society grows old healthily. In this context, in
order for the individual to be healthy, exhibit a healthy
life-style and increase his/her life quality, he/she should
increase his/her level of physical activity. In order that the
individual can lay the foundation for a healthy life, he/she
should make physical activity and exercise a habit in his/
her student years at school so that this will have a lasting
impact on him/her. The role of the elementary school
teacher is very important in this respect, because his/
her students who are in childhood usually consider him/
her as a role model. In this sense, the fact that students
perceive a healthy life-style and that they apply it in their
daily lives will provide them with advantages from the
viewpoint of a healthy life. Regular physical activity is a
key health behavior from a public health perspective, as
it has a remarkable impact on health. In respect to upper
respiratory tract infection (URTI), caused by pathogens
like COVID-19, physical activity may ameliorate
pathological out-comes, by promoting the release of
258

stress hormones responsible for reducing excessive local
inflammation within the respiratory tract and by inducing
the secretion of anti-inflammatory cytokine. Several
evidences have also demonstrated that physical activity
can be effective in ameliorating the mental well-being and
having the potential to prevent symptoms of mental health
disorder such as depression and anxiety [9].
The concept of leisure time is defined as time spent
away from compulsory duties such as sleeping, working,
and eating and what is important is that people spend their
leisure time more efficiently with quality activities [10].
Leisure time is generally referred to in correlation with
positive concepts such as happiness, entertainment, and
satisfaction, and is seen as an element that can bring about
a positive lifestyle [56]. Leisure activities are important
as they stimulate cultural and economic development,
increase work efficiency, and support education and
academic competence. In other words, leisure time is
when individuals feel free and can express themselves
[11]. Leisure time is a very comprehensive concept
associated with tourism, artistic and cultural activities,
and especially physical activity [12, 13].
Leisure satisfaction is the positive perceptions or
feelings formed as a result of engaging in leisure activities
[14]. This concept is also defined as the positive emotions
that individuals attain as a result of satisfying their needs
through recreational activities [15]. Additionally, leisure
satisfaction indicates the level of fulfillment individuals
perceive from leisure activities [16]. Leisure satisfaction
significantly affects an individual’s perception of life
satisfaction [17] and is an active component of increasing
quality of life and experiencing positive feelings towards
life itself [18]. The concept of leisure satisfaction can
contain a wide range of variables, which is demonstrated by
the fact that the demographic, socio-cultural, educational,
psychological, and economic factors that influence it
[18, 19] differ among individuals. The literature review
shows that regular participation in leisure activities leads
to higher satisfaction as well as multivariate improvement
in individuals [20-22].
The positive correlation between leisure satisfaction
and job satisfaction, motivation, quality of life, education
level, and life balance [18, 23, 24] emphasizes how
important, productive, and effective leisure time activities
are for the individual.
The objective of this study was to determine the
relationship between leisure satisfaction, physical activity
levels and healthy life-style behaviors of sport science
students during the COVID-19 pandemic in distance
education.
Material and Methods
Participants
In the study, two hundred eighteen male and female
(male – n=128; female – n=90) students at Faculty
of Sport Science in Bartın University participated
voluntarily. Before data collection, the students were
given information comprehensibility of the questions.
Health-promoting life-style behaviors and physical
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activity data were obtained with the questionnaire form
by mailing with students.
Research Design
We utilized the descriptive survey model for research
purposes. Descriptive survey models are conducted on
the whole population or a group or sample to make a
general judgment in a population composed of many
elements [57].
Data Collection Tools
The Leisure Satisfaction Scale (LSS)
The “Leisure Satisfaction Scale (LSS)” developed
by Beard and Ragheb [14] now the short form, which is
the form used Hawkins et al. [25]. It was adapted into
Turkish by Gökçe and Orhan [26] a 5-point likert scale
and the scores go from “1 – Almost never true” to “5 –
Almost always true”. There are 24 items on the scale and
6 sub-dimensions, namely Psychological, Educational,
Sociological, Physical, Relaxation, and Aesthetic. The
findings of the item analysis conducted on the Turkish
validity of the measurement tool confirmed the sixfactor structure of the scale. Although many methods
are recommended for content validity, according to [27]
the item, reliability, and validity analyses conducted
following the production of the measurement tool
actually prove the content validity of the tool. The
internal consistency coefficient for the Turkish validity
and reliability study of LSS was 0.90 for the general total,
0.77 for the psychological sub-dimension, 0.77 for the
educational sub-dimension, 0.76 for the sociological subdimension, 0.80 for the relaxation sub-dimension, 0.79
for the physical sub-dimension, and 0.79 for the aesthetic
sub-dimension. Since this result is between 0.60-0.80,
which [28] stated as quite reliable, it means that LSS has
internal consistency reliability.
Health-promoting life-style profile scale
The participants were asked to provide information
about the demographic factors, such as age, gender, and
education. Health-promoting Life-style Profile Scale
was used for collecting data on their health behaviors.
Health-promoting life-style profile scale was developed
by Walker et al. [29] and composed of 48 items and 6
subscales and consists of questions about health-promoting
behaviors. The subscales were on self-actualization (SA),
health responsibility (HR), exercise (E), nutrition (N),
interpersonal support (IS), and stress management (SM).
The total score reflects the healthy life-style behavior.
Four more items were added to the scale, and now the
scale is composed of 52 items [30]. Each respondent was
asked to rate each item on likerts’ 1 to 4 response scale
where 1 corresponds to never, 2 sometimes, 3 often, 4
regularly. Alpha coefficient reliability of the scale was
0.92, and alpha coefficient reliability of the subscales
varied from 0.70 to 0.90. The reliability of the scale for
Turkish population was tested by Esin [4] and Akça [31].
Alpha coefficient reliability of the scale was 0.91 in Esin’s
study and 0.90 in Akça’s study.
International Physical Activity Questionnaire (IPAQ)
IPAQ is a validated instrument to determine physical
activity level of the participants [32]. IPAQ measures the

frequency, duration, and level of intensity of physical
activity in the last seven days across all contexts and
allows for the calculation of metabolic equivalents (MET).
MET presents the weekly amount of physical activity. It
is a product of frequency, duration, and intensity of the
physical activity performed in the last seven days. Physical
activity level was measured as hours per week (MET-hours/
week) calculated according to the existing guidelines [33].
Based on the self-reported MET, frequency, and intensity
of the physical activity, people can be classified into groups
having low, moderate and high level of physical activity.
Inactive (sedentary, low) group included the participants
who reported lower than 600 MET-min/week of exercise.
Minimally active (moderate level of physical activity)
group included the participants who reported 601-3,000
MET-min/week of exercise, and physically active group
(high, recommended level) included the participants who
reported more than 3,000 MET-min/week of exercise. In
this study, PA levels of the participants were evaluated
through Turkish short version of IPAQ [34]. Translation
and validation study of Turkish version for the university
students indicated an evidence for construct validity,
criterion validity (accelerometer-IPAQ short form)
(r=0.30), and test-retest stability (r=0.69) [34].
Statistical Analysis
Means, standard deviations and range variability values
are given as descriptive statistics, and the relationship
between leisure satisfaction, healthy life-style behaviors
and physical activity level was evaluated by Pearson’s
Product Moment Correlation Analysis. All analyzers were
executed in SPSS for Windows (version 16.0) and the
level of statistical significance was set at p<0.05.
Results
The leisure satisfaction, physical activity levels and
healthy life-style behaviors of sport science students
during the COVID-19 pandemic in distance education in
Bartın University as assessed in this study are displayed
in Table 1, 2, 3 and 4 respectively. Table 3 shows the
correlations between healthy life-style behaviors and
physical activity level.
Descriptive characteristics of the subjects across body
composition are shown in Table 1. Table 1 shows the
average, standard deviation and range variability values
of the body composition of sport science students during
the COVID-19 pandemic in distance education in Bartın
University. According to this table, the highest rate was
reached in BMI for male and the lowest rate in female
university students. Results indicated that the subjects
have normal body mass index.
Table 2 indicates the average values of physical
activity of the university students proved that the students
had physical active group. As expected, male students
had better scores when compared to the female students
in all parameters listed. The mean values for physical
activity were in the physically active group for both male
and female students. The mean values for physical activity
were in the physically active group for male but the mean
values for physical activity were in the moderate level of
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Table 1. Average, standard deviation and range variability values of the body composition of the sport science students
Age
(years)
Mean
Sport Science
21.53
Students
Min.
(n=218)
18
Mean
Male Students 21.64
Min.
(n=128)
19
Mean
Female Students 21.38
Min.
(n=90)
18

Body Weight
(kg)
Mean
STD
68.42
13.72
Min
Max
44
128
Mean
STD
75.63
12.44
Min
Max
44
128
Mean
STD
58.28
7.85
Min.
Max.
45
78

Participants

STD
1.91
Max
29
STD
1.85
Max
26
STD
1.99
Max.
27

Height
(cm)
Mean
172.73
Min
150
Mean
178.32
Min.
156
Mean
164.85
Min
150

STD
8.71
Max
193
STD
6.08
Max
193
STD
4.95
Max
176

BMI
(kg/m2)
Mean
22.72
Min
17.9
Mean
23.73
Min
18.08
Mean
21.43
Min
17.99

STD
3.20
Max
35.45
STD
3.41
Max
35.45
STD
2.60
Max.
27.30

BMI: Body mass index, kg: kilogram, cm: centimetre, m2 : square meter, min: minimum, max: maximum
Table 2. Average, standard deviation and range variability values of the physical activity of the sport science students
Participants

W

Sport
Science
Students
(n=218)

Mean

STD

Mean

STD

Mean

STD

Mean

STD

899.85
Min.
0
Mean
1004.6
Min.

1125.12
Max.
7276
STD
1286.7
Max.

586.51
Min.
0
Mean
641.2
Min.

878.66
Max.
3000
STD
1014.3
Max.

1644.22
Min.
0
Mean
1995
Min.

1934.28
Max.
11520
STD
2161.8
Max.

3130.58
Min.
0
Mean
3640.9
Min.

2931.83
Max.
12076
STD
3187.4
Max.

0

7276

0

6300

0

11520

0

12076

Mean
750.75
Min.

STD
828.00
Max.

Mean
509.66
Min.

STD
635.37
Max.

Mean
1145.33
Min.

STD
1422.83
Max.

Mean
2404.75
Min.

STD
2356.50
Max.

0

3118

0

3000

0

7560

0

8398

Male
Students
(n=128)
Female
Students
(n=90)

MIA

VIA

T

Physical
Activity
Physically
Active Group
(3000 - >METdk/week)
Physically
Active Group
(3000 - >METdk/week)
Moderate Level
of Physical
Activity
(600-3000METdk/week)

W: Walking, MIA: Moderate Intensity Activity, VIA: Vigorous Intensity Activity, Total: T
physical activity group.
Table 3 shows the healthy lifestyle behaviors of the sport
science students. According to this table, the highest rate
was reached in self-actualization sub-scale and the lowest
rate in exercise. This finding depicts the contradictory
attitude of university students towards exercise.
Table 4 shows the leisure satisfaction of the sport
science students. According to this table, the highest rate
was reached in relaxation sub-scale and the lowest rate in
aesthetic.
As seen in Table 5, Results of Pearson’s Product
Moment Correlation Analyses indicated that there were
positive significant correlations between “HLSB” and
three sub-dimensions of “IPAQ” (MIA, VIA and Total)
and was positive correlation between “HLSB” and all
sub-dimensions of “LSS” (Psychological, Educational,
Social, Relaxation, Physiological and Aesthetical). Also,
a significant positive correlation was found between
260

four sub-dimensions of “LSS” (Social, Relaxation,
Physiological and Aesthetical) and one sub-dimensions of
“IPAQ” (W). At the end of this table result observed that,
one sub-dimensions of “LSS” which is “Aesthtetical”, a
positive correlation was found between all sub-dimensions
of “IPAQ”.
Discussion
This study explored the relationship between leisure
satisfaction, physical activity levels and healthy life-style
behaviors of sport science students during the COVID-19
pandemic in distance education.
It is important to find out the relationship between
physical activity and healthy life-style behavior as
the results would convey the need for more efficient
opportunity of physical activities in student’s life. Physical
activity is defined as any bodily movement produced by
skeletal muscles that require energy expenditure. Physical
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Participants

Table 3. Average, standard deviation and range variability values of the healthy life style behavior of the sport science
students

Sport
Science
Students
(n=218)
Male
Students
(n=128)
Female
Students
(n=90)

Self
Realization
(SR)
Mean
41.98
Min.
16
Mean
42.69
Min.
16
Mean
40.97
Min.
28

STD
6.22
Max.
52
STD
6.29
Max.
52
STD
6.00
Max.
51

Health
Responsibility
(HR)

Exercise

Nutrition

(E)

(N)

Mean
27.14
Min.
13
Mean
27.67
Min.
15
Mean
26.37
Min.
13

Mean
14.85
Min.
5
Mean
15.46
Min.
8
Mean
14.00
Min.
5

STD
6.08
Max.
40
STD
6.04
Max.
40
STD
6.10
Max.
40

STD
3.47
Max.
20
STD
3.56
Max.
20
STD
3.46
Max.
20

Mean
18.98
Min.
6
Mean
19.64
Min.
6
Mean
18.03
Min.
12

STD
5.72
Max.
24
STD
6.96
Max.
24
STD
3.02
Max.
24

Interpersonal
Support

Stress
management

Healthy Life
Style Behavior

(IS)

(SM)

(HLSB)

Mean
22.74
Min.
16
Mean
23.32
Min.
17.9
Mean
21.93
Min.
16

STD
3.71
Max.
28
STD
3.68
Max.
28
STD
3.61
Max.
28

Mean
20.88
Min.
10
Mean
21.67
Min.
14
Mean
19.74
Min.
10

STD
4.06
Max.
28
STD
3.93
Max.
28
STD
4.00
Max.
27

Mean
146.31
Min.
54
Mean
149.98
Min.
54
Mean
141.08
Min.
82

STD
21.76
Max.
192
STD
22.07
Max.
192
STD
20.30
Max.
190

Participants

Table 4. Average, standard deviation and range variability values of the Leisure Satisfaction Scale (LSS) of the sport
science students

Sport
Science
Students
(n=218)
Male
Students
(n=128)
Female
Students
(n=90)

Psychological
(PSY)

Educational

Social

Relaxation

Physiology

Aesthetic

(EDU)

(SOC)

(REL)

(PHY)

(AES)

Mean
3.65
Min.
1
Mean
3.66
Min.
1
Mean
3.64
Min.
1

Mean
3.87
Min.
1
Mean
3.93
Min.
1
Mean
3.80
Min.
2

STD
0.80
Max.
5
STD
0.88
Max.
5
STD
0.69
Max.
2.5

STD
0.82
Max.
5
STD
0.86
Max.
5
STD
0.74
Max.
5

Mean
3.75
Min.
1
Mean
3.81
Min.
1
Mean
3.66
Min.
2

STD
0.78
Max.
5
STD
0.85
Max.
5
STD
0.67
Max.
5

Mean
3.97
Min.
1
Mean
3.94
Min.
1
Mean
4.01
Min.
2.5

STD
0.78
Max.
5
STD
0.84
Max.
5
STD
0.69
Max.
5

Mean
3.62
Min.
1
Mean
3.65
Min.
1
Mean
3.59
Min.
1.25

STD
0.78
Max.
5
STD
0.81
Max.
5
STD
0.75
Max.
5

Mean
3.62
Min.
1
Mean
3.65
Min.
1
Mean
3.57
Min.
2.5

Leisure
Satisfaction
Scale (LSS)
STD
0.77
Max.
5
STD
0.81
Max.
5
STD
0.65
Max.
5

Mean
3,74
Min.
1
Mean
3.77
Min.
1
Mean
3.75
Min.
1

STD
0.78
Max.
5
STD
0.84
Max.
5
STD
0.69
Max.
5

Table 5. The relationship between leisure satisfaction, physical activity levels and healthy life-style behaviors of sport
science students
Variables
SR
HR
E
N
IS
SM
HLSB
W
MIA
VIA
T

PSY

EDU

SOC

REL

PHY

AES

LSS

W

MIA

VIA

T

.307**
.150*
.226**
.142*
.334**
.272**
.310**
.102
.078
-.025
.046

.338**
.192**
.264**
.168*
.321**
.283**
.342**
.126
.095
.006
.081

.372**
.195**
.288**
.159*
.418**
.284**
.373**
.140*
.115
-.001
.088

.358**
.137*
.268**
.120
.336**
.270**
.327**
.138*
.105
.027
.102

.257**
.209**
.400**
.196**
.364**
.202**
.341**
.149*
.102
.079
.140*

.395**
.240**
.290**
.168*
.413**
.289**
.393**
.141*
.211**
.176**
.233**

.397**
.220**
.340**
.187**
.428**
.314**
.409**
.156*
.138*
.050
.134*

.140*
-.025
.116
.069
.123
.103
.104
1
.222**
.273**
.630**

.210**
.186**
.266**
.087
.129
.209**
.248**
.222**
1
.350**
.616**

.294**
.216**
.321**
.163*
.202**
.270**
.325**
.273**
.350**
1
.869**

.310**
.189**
.336**
.160*
.219**
.281**
.328**
.630**
.616**
.869**
1

*p<0.05; ** p<0.01; PSY – Psychological; EDU – Educational; SOC – Social; REL – Relaxation; PHY – Physiology; AES –
Aesthetic; LSS - Leisure Satisfaction Scale.
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inactivity (lack of physical activity) has been identified as
the fourth leading risk factor for global mortality (6% of
deaths globally). Regular physical activity and exercise
help improve physical fitness (aerobic fitness, muscular
fitness, flexibility, and body composition) of individuals
and, therefore, promote a healthy life-style [35]. Also,
regular physical activity and exercise help improve
physical fitness of individuals, thus promoting a healthy
life-style.
Sedentary life-style leads to a greater risk of
developing coronary heart disease, hypertension, high
blood lipid profile, type 2 diabetes, obesity, and some
forms of cancer, like colon and breast cancer. Many studies
reported that engaging in physical activity and exercise on
regular basis lowers blood pressure, improves lipoprotein
profile, C-reactive protein, and other CHD biomarkers,
enhances insulin sensitivity, and plays an important
role in weight management [36-38]. On the other hand,
physical inactivity and lack of exercise result in many
problems including threatening or limiting a healthy
life. Although some students were found to be a similar
physically active, but body fat percentage were high due
to their diet. Body fat percentage can differ according to
age, nutrition, race, environmental factors and gender.
On the other hand, health and physical fitness improves
quality of life. It is known fact that modern technology
results in a sedentary lifestyle [39, 40].
The present study depicted that distance education
sport science students in Bartın University are physically
active group in terms of physical activity level and have
an average score in healthy life-style behaviors and
leisure satisfaction. But Özkan [41] found that distance
education students in Hoca Ahmet Yesevi University are
minimally active in terms of physical activity level and
have an average score in healthy life-style behaviors.
Türkmen et al. [42] and Çelik et al. [43] reached to
similar findings in their researches, which were carried
on students in Çanakkale 18 Mart University and Bartın
University in Turkey. Besides another study which
focused on the university students’ physical activity levels
found that 50% of them were inactive or exercising below
the recommended level [44]. In another study carried out
in Turkey, Nacar et al. [45], found that even the Sports
High Schools do not have sufficient sport facilities for the
students. Therefore, it is difficult to expect the students to
have awareness of healthy lifestyle behaviors without the
existence of necessary conditions [41].
Although the LSS total score and total score averages
of all sub-dimensions were close according to the gender
variable, the results proved to be in favor of the male
participants. Studies conducted by Acar and Yılmaz [46]
on the leisure satisfaction of university students, by Aydın
and Yaşartürk [47] on elite athletes studying at university,
by Serdar and Demirel [48], on sports science students, by
Uluç, Duman, and Acar [49], with university students, by
Yaşartürk [50] on sports science students, and by Yaşartürk
and Bilgin [51], on university students competing in
handball are in line with this study. According to the gender
variable, the average scores of men in LSS and its subdimensions were higher than that of women. Additionally,
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when Doğan, Elçi, and Gürbüz [52] examined the average
scores according to the gender variable in their study, they
found that women got higher scores in educational and
physical sub-dimensions, while men got higher scores in
psychological, sociological, relaxation, and aesthetic subdimensions. In a study conducted on physical education
and sports teaching students Erdemli and Yaşartürk [53]
examined the average scores according to the gender
variable and reported that results were in favor of women
in the psychological and physical sub-dimensions and in
favor of men in the education, sociological, relaxation,
and aesthetic sub-dimensions. Cengiz and Yaşartürk [54]
examined the average scores according to the gender
variable in their study on fitness participants and found that
women got higher scores in the physical and sociological
sub-dimensions, and men in the psychological, education,
relaxation, and aesthetic sub-dimensions. Hadi, Erdem, and
Duman [55] did not find a significant difference between
individuals participating in recreational sports activities in
terms of gender variables in LSS and its sub-dimensions.
Results of other studies in the literature present similarities
with our study, which shows that men attain more
satisfaction than women as a result of leisure activities.
The findings show that leisure activities significantly
affect participants and leisure satisfaction will increase as
the frequency of participation in such activities increases.
Conclusions
In conclusion the satisfaction sports science students
attain from leisure activities will improve academic selfefficacy through individual and active participation, make
students more mentally resistant during the COVID-19
pandemic and increase their motivation for education and
healthy living.
Recommendations
Sports science students are recommended to do mental
activities as well as physical activities, in order to develop
healthy lifestyle habits during the pandemic period, as it
will help them become less vulnerable to COVID-19.
During the pandemic, doing physical activities at
home will be just as productive, therefore, sports science
students are recommended not to disregard the importance
of being active.
The satisfaction sports science students acquire from
leisure activities will improve their living standards and
it is recommended that they undertake various activities
that will increase their motivation, particularly during the
pandemic.
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Abstract
The aim of the article is a comparative analysis of the morphofunctional characteristics of athletes of
Background
and Study Aim various types of martial arts as factors of success.
The study participated students involved in martial arts (n = 29; age - 17.53 ± 0.15 years). The first group
Material and
(group 1 - wrestlers) included judo, sambo, wrestling athletes (n = 12, age - 18.58 ± 0.38 years). The
Methods

Results

Conclusions

Keywords:

second group (group 2 - athletes of percussion martial arts) included athletes of karate, taekwondo (GTF),
taekwondo (WTF), (n = 17; age - 18.12 ± 0.26 years). Determined 46 morphofunctional indicators: length
and body weight; chest circumference in a pause, on inhalation and exhalation; length and circumference
of the segments of the upper and lower extremities; wrist dynamometry. A goniometric study of the range
of motion in the joints of the upper extremities was carried out. The dynamic grip strength was determined
by the maximum frequency of hand squeezing in 10 seconds. To characterize the data, the median was
determined - the first (25%) and third (75%) quartiles. Differences between groups were assessed using
nonparametric criteria of Wilkinson-Mann-Whitney (U) and Rosenbaum (Q).
Athletes in group 1 had a greater interquartile range compared to athletes in group 1 in the following
indicators: body weight; chest circumference in a pause, on inhalation and exhalation; hand dynamometry
of the right and left hands; maximum frequency of the hand grip in the impulse mode with the left hand;
shoulder width; circumference of the shoulder, forearm, thigh and lower leg. Athletes of percussion martial
arts were characterized by large values of the shin length. The amplitude of abduction and adduction in
the right wrist joint, the amplitude of abduction in the left wrist joint was greater in the wrestlers. Athletes
of percussion martial arts had a large amount of extension of the left wrist joint, flexion of the right elbow
joint, extension and abduction of the right shoulder joint.
Analysis of morphofunctional indicators of athletes of various types of martial arts confirmed the specific
effect of the sport on the body of athletes. The features that are the factors of success are highlighted. For
wrestlers, these include hand strength in various modes. It allows to implement quickly and efficiently grip.
This is the basis for a successful wrestling technique. Sufficient development of the muscles of the limbs
ensures the execution of throws in wrestling. The lengthened calf size contributes to a more effective kick
in martial arts. Goniometric features of movements reflect the possibility of high-quality gripping, striking
or blocking. The used morphofunctional indicators can be applied to predict the success of athletes in
various types of martial arts.
martial arts, anthropometric indicators, goniometric criteria, physical development, success.

Introduction1
The effectiveness of sports activity is predicted on
the basis of a comprehensive assessment of the athlete’s
characteristics. An important place among them is taken
by the state of health, somatotype, level of physical
qualities. Analysis of anthropometric status and physique
is considered the basis for achieving success in a particular
sport [1].
Body shape and morphology are the leading factors
in sports performance. The study of anthropometric
© Olha O. Podrihalo, Leonid V. Podrigalo, Wladyslaw Jagiello,
Olexandr V. Podavalenko, Irina P. Masliak, Yuri M. Tropin,
Margarita A. Mameshina, Volodymyr О. Galimskyi,
Inna І. Galimska, 2021
doi:10.15561/20755279.2021.0502

indicators and somatotype is used to assess and analyse
the state of a certain population and possible trends in
growth and development over a certain period of time [2].
These indicators are used in sports science to study various
aspects of the impact of exercise on athletic performance.
This line of research allows us to identify promising
athletes in many sports [3]. Other studies have confirmed
the importance of anthropometric indicators and body
proportions for the growth of skill in various sports [4,
5]. Dopsaj еt аl. [6] studied the body composition of
elite martial arts athletes. It was concluded that the body
composition of athletes is one of the main predictors of
success. The authors have developed a model of body
structure, reflecting the specifics of the type of martial arts.
The analysis of biometric data of single combats
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athletes allows to highlight the peculiarities of the
somatotype [7]. These data are the basis for prediction.
The authors note that the specific anthropometric profile
of an athlete is the basis for predicting success in sports.
Features of physical development and constitution of
freestyle wrestlers were evaluated in other studies [8].
The authors have established the characteristic features of
the somatotype. It is noted that the brachymorphic body
type prevails in wrestlers. This is assessed as a success
factor.
The somatotype is one of the elements that
distinguish athletes from people who do not go in for
sports systematically [9]. The importance of studying
the somatotype of martial arts athletes using various
methods is emphasized. This allows you to make a
forecast and assess the effectiveness of training athletes.
The effectiveness of the forecast depends on the tests and
indicators used. These tests should reflect the specifics of
the sport [10].
The increase in success in martial arts depends on the
optimal body composition, the development of muscle
strength, flexibility, anaerobic and aerobic potential [11].
The authors propose strategies for training athletes based
on monitoring body weight.
Features of physical development determine the
style of conducting a duel in single combats [12]. The
authors have established the relationship between the
style of fighting, the functional asymmetry of the brain
in elite Greco-Roman wrestling athletes. They are rated
as an important predictor of success. Casals еt аl. [13]
determined anthropometric indicators that predict the
effectiveness of special tests in judo. Regression models
were built based on the results obtained. An increase in
muscle and bone mass, and less severity of ectomorphia
were associated with better performance of athletes in a
special fitness test.
The aim of the study was a comparative analysis of the
morphofunctional characteristics of athletes of various
types of martial arts as factors of success.
Materials and methods
Participants
The study participated students involved in martial
arts (n = 29; age - 17.53±0.15 years). The level of
sportsmanship ranged from athletes with little training
experience to experienced athletes with long training
experience. There were no differences between the groups
in terms of skill level. The participants were divided into
2 groups depending on the type of martial arts. Group 1
includes athletes (n = 12) wrestling (judo, sambo, GrecoRoman and freestyle wrestling). The average age of the
athletes in this group was (18.58 ± 0.38) years. Group 2
includes athletes (n = 17) percussion martial arts [karate,
taekwondo (GTF), taekwondo (WTF)]. The average age
of the athletes in this group was (18.12 ± 0.26) years.
Differences in age between the groups are insignificant
(p> 0.05).
Research Design
The study design involved the determination of 46
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morphofunctional indicators. The measurements were
carried out in accordance with the requirements of the
international unified method of anthropometric research
[14]. The study determined: body length and weight; chest
circumference in a pause, on inhalation and exhalation;
the length and circumference of the segments of the upper
and lower extremities; wrist dynamometry.
A goniometric study of the range of motion in the joints
of the upper extremities was carried out. An IGaging®
electronic goniometer (China) was used. The study
determined the following: adduction, abduction, flexion
and extension in the wrist joints; flexion and extension
in the elbow joints; adduction, abduction, flexion and
extension in the shoulder joints.
The maximum grip frequency (MX) in the pulsed
mode was determined using an electronic device “Kepai”
(China). The research methodology assumed considering
the maximum number of device compressions in 10
seconds. One compression was equivalent to 10 kg.
This study was approved by the Bioethics Committee
for Clinical Research and conducted according to the
Declaration of Helsinki. All participants gave their
written consent to research (protocol of the Commission
on Bioethics of the Kharkov State Academy of Physical
Culture No. 35/09-10) and were informed about the
purpose and test procedures and about the possibility of
withdrawal of consent at any time for any reason.
Statistical Analysis
Statistical analysis of the data obtained was carried
out using licensed Excel spreadsheet packages. To
characterize the data, the median was determined: the first
(25%) and third (75%) quartiles. Differences between
groups were assessed using nonparametric criteria of
Wilkinson-Mann-Whitney (U) and Rosenbaum (Q).
Results
The results obtained are shown in tables 1, 2.
The presented results confirm the differences in
morphological parameters. The wrestlers had a greater
interquartile range in comparison with athletes of
percussion single combats in a number of indicators.
These include: body weight; chest circumference in a
pause, on inhalation and exhalation; hand dynamometry of
the right and left hands; maximum grip frequency in pulse
mode with the left hand; shoulder width. Differences in
the values of the wrist dynamometry were also confirmed
using Rosenbaum index. For the right hand, Q = 7, for the
left - Q = 9, p <0.05.
The perimeters of the limb segments (circumference
of the shoulder, forearm, thigh and lower leg) were also
characterized by a large interquartile range in wrestlers.
Differences in the circumference of the right shoulder,
right forearm and left shoulder were confirmed using
Wilkinson-Mann-Whitney index (respectively, U=47,
U=49, U=44, p<0.05). The group of athletes of percussion
martial arts was characterized by large values of the
longitudinal dimensions of the limb segments – the length
of the lower leg.
The results of determining the range of motion in the
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Table 1. Anthropometric indicators of single combats athletes
Indicator
Body length, cm
Body weight, kg
Chest circumference, cm
Chest circumference on inhalation, cm
Chest circumference on exhalation, cm
Hand dynamometry of the right hand, kg
Hand dynamometry of the left hand, kg
Maximum grip frequency in pulse mode
with the right hand, abs.
Maximum grip frequency in pulse mode
with the left hand, abs.
Shoulder width, cm
The length of right shoulder, cm
The length of right forearm, cm
The length of left shoulder, cm
The length of left forearm, cm
The length of right thigh, cm
The length of right lower leg, cm
The length of left thigh, cm
The length of left lower leg, cm
Circumference of the right shoulder, cm
Circumference of right forearm, cm
Circumference of the left shoulder, cm
Circumference of left forearm, cm
Circumference of right thigh, cm
Circumference of right lower leg, cm
Circumference of left thigh, cm
Circumference of left lower leg, cm

group 1 (n=12)
1
Midpoint
quartile
173.25
175.5
66.50
75.0
88.25
96.00
91.75
99.75
81.75
92.00
38.00
46.00
35.00
49.00

180.0
90.0
101.0
106.25
96.50
61.00
53.00

group 2 (n=17)
1
Midpoint
quartile
170.00
178.00
63.00
68.00*
86.00
89.00*
92.00
94.00*
84.00
87.00*
32.00
39.00*
30.00
40.00*

3
quartile
185.0
74.00
95.00
99.00
91.00
44.00
40.00

3 quartile

24.75

28.50

33.25

18.50

25.00

33.25

22.00

28.50

32.50

16.75

20.50*

30.00

39.00
33.75
26.75
33.75
26.75
38.00
34.75
38.00
34.75
33.25
29.25
32.25
27.25
54.75
36.75
54.75
36.50

42.25
35.50
27.00
35.50
27.00
40.00
36.00
40.00
36.00
34.25
31.00
33.75
30.25
59.00
39.00
58.50
39.00

45.75
36.00
28.12
36.00
28.12
41.75
37.50
41.75
37.50
39.12
33.00
39.37
32.00
60.75
40.75
60.87
41.25

38.00
32.00
25.00
32.00
25.50
38.00
35.00
38.00
35.00
28.00
25.00
27.50
24.00
52.00
35.00
52.00
35.00

41.00*
34.00
25.00
34.00
26.00
40.00
37.00*
40.00
37.00*
30.00*
27.50*
30.50*
27.00*
54.50*
37.00*
54.00*
36.00*

42.00
35.00
28.00
35.00
28.00
43.00
39.00
43.00
39.00
33.00
28.00
32.00
28.00
59.00
38.00
59.00
37.00

Note: * - differences are significant (p <0.05)
Table 2. Goniometric indicators of single combats athletes
Joint, movement (degrees)

Right wrist joint

Left wrist joint
Right elbow joint
Left elbow joint
Right shoulder joint

Left shoulder joint

flexion
extension
abduction
adduction
flexion
extension
abduction
adduction
flexion
extension
flexion
extension
flexion
extension
abduction
adduction
flexion
extension
abduction
adduction

1 group (n=12)
1
Midpoint
quartile
62.55
73.10
52.80
58.30
37.75
45.20
37.85
47.60
67.15
72.70
61.25
66.10
50.00
51.40
35.45
43.40
105.25
113.20
18.40
21.90
119.40
126.40
21.90
25.50
109.75
129.10
34.15
51.90
63.65
121.10
22.10
38.00
130.25
144.00
39.30
53.60
128.80
144.20
27.75
31.00

Note: * - differences are significant (p <0.05)

267

3
quartile
83.30
64.05
54.00
53.05
77.60
73.65
57.80
48.05
121.05
22.70
132.8
25.95
142.65
58.00
161.65
108.95
156.25
58.40
172.6
61.20

2 group (n=17)
1
Midpoint
quartile
68.75
75.70
52.10
63.60
31.80
36.60*
35.20
40.20*
64.25
69.20
64.45
75.50*
33.55
43.50*
36.75
40.10
113.65
121.60*
19.45
21.50
120.00
131.60
24.40
26.40
115.05
118.40
40.55
63.00*
137.15
162.20*
27.95
33.70
122.80
139.70
34.45
56.90
143.20
157.70
25.10
30.70

3
quartile
79.15
70.85
52.60
44.15
87.25
85.30
51.20
47.20
131.85
25.80
139.80
30.65
140.45
66.80
179.45
62.45
149.15
66.25
165.75
43.10

PHYSICAL
EDUCATION
OF STUDENTS

joints of the hands are shown in Table 2.
The results of goniometric indicators also confirm
the differences in the interquartile range of athletes in
different types of martial arts. This indicator in wrestlers
was higher for abduction and adduction in the right wrist
joint, abduction in the left wrist joint. Percussion athletes
were characterized by a greater interquartile range for
extension of the left wrist joint, flexion of the right elbow
joint, extension and abduction of the right shoulder joint.
The magnitude of flexion of the right elbow joint was also
greater according to Rosenbaum criterion (Q = 9, p <0.05).
Discussion
Physical development, somatotype and physical
performance are the most significant factors of success
in martial arts according to the available literature
data. However, the features of development, which are
predictors of success in specific types of martial arts,
have not been definitively established. This led to the
relevance of this study. The choice of indicators for the
study was determined based on the specificity of sports.
Conducting techniques and strikes by athletes necessitates
the development of muscular strength of the limbs and an
increase in the range of motion in the joints. Therefore,
the most adequate research tool is anthropometric and
goniometric indicators.
The correctness of this assumption is supported by the
available data. Rossi [15] emphasizes the importance of
controlling anthropometric parameters in martial arts. It
is concluded that this is the most objective and effective
criterion for assessing the preparation of athletes for
competitions. Nichas et al. [16] note that anthropometric
features are an important factor in karate success. The
authors conducted an extensive kinanthropometric study
of South African athletes. The positive relationship
between the level of skill and the studied indicators was
confirmed. Similar results were obtained by Gorski and
Orysiak [17]. The authors found that the force of kicks
of taekwondo athletes correlated with muscle mass and
lean body mass. It is concluded that it is necessary to
consider the anthropometric characteristics of athletes
when assessing the level of skill.
The research design used by us (comparison of the
characteristics of athletes of various types of martial
arts) is widely used in sports science. A similar design
option is used in the work of Apriantono et al. [18]. This
analysis allows us to assess the specificity of the influence
of the sport on the body of athletes. It also allows you
to highlight the indicators and features that are most
important for success.
The use of quartiles for data analysis is quite common
in sports science. Small samples of athletes determine the
nonparametric distribution of trait values. Determination
of the quartile interval in this context allows one to
adequately assess the differences. Korobeynikov еt
аl. [19] confirmed the validity of this approach when
analysing the functional state of kickboxers.
Shariat et al. [20] conducted a comparative analysis of
the kinanthropometric characteristics of judo, karate and
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taekwondo athletes. It was found that judo athletes were
characterized by a higher percentage of body fat, a greater
amount of skin and fat folds and a lower amount of lean
mass. It is concluded that it is necessary to consider
the body composition of athletes in the selection and
prediction of the growth of skill.
The established increase in body weight among
wrestlers reflects the specificity of the sport. The
effectiveness of the techniques depends on the technical
and physical components of the training of athletes. The
last component is largely due to body weight. In addition,
training in wrestling is based on increasing muscle mass.
It also makes body weight more important for success.
The smaller value of body weight among representatives
of percussion martial arts, in our opinion, illustrates the
peculiarities of conducting a duel. The need to constantly
move leads to additional energy costs. Less body weight
reduces these costs. Jaksic et al. give similar results [21].
The authors studied the influence of martial arts training
on the morphofunctional state of athletes. An increase
in the main parameters of physical development (body
weight, chest circumference), an improvement in strength
indicators were confirmed.
Body weight is the most frequently used anthropometric
indicator as a criterion for the effectiveness of training. Its
dynamics allows predicting the growth of sportsmanship.
In the work of Gaamouri et al. [22] control of body weight
and somatotype components was used to assess the
effectiveness of the use of dietary supplements. A similar
approach was used by Martinelli et al. [23] to assess the
status of taekwondo athletes in the pre-competition period
and during post-competition recovery. Similar results
are given by dos Santos et al. [24]. The use of the main
anthropometric indicators (body length and weight, limb
circumferences) and the characteristics of the somatotype
made it possible to evaluate the effectiveness of the use of
the enriched diet of Jiu-Jitsu athletes. Villarroel еt аl. [25]
analyzed the state of Jiu-Jitsu athletes. The length and
weight of the body, indicators of the level of fat are the
most informative indicators in monitoring the functional
state of athletes.
Bugaevsky et al. [26] note the importance of studying
the somatotypes of athletes to improve the quality of
training in single combats. The results of such a study
of female sambo athletes are proposed to be used for
the development and planning of training-competitive
algorithms.
An increase in the interquartile range in wrestlers for
all indicators of chest circumference indicates a greater
adaptive potential. These data confirm the available
results. Tumanian and Martirosov [27] made a similar
conclusion when analyzing the features of the physique
of Greco-Roman and freestyle wrestlers.
The specificity of the sport illustrates the increase in the
intervals of hand strength indicators in static and impulse
modes. Success in wrestling largely depends on a quick
and high-quality grip. Such a grip allows the reception
to be carried out successfully and effectively. These
capabilities reflect wrist dynamometry and maximum grip
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frequency. The results obtained allow us to consider the
high level of wrist dynamometry and the maximum grip
frequency as factors of success in wrestling.
Tests based on frequency characteristics of movements
are widely used in martial arts. Ojeda-Aravena еt аl.
[28] studied the relationship between body composition
characteristics and physical performance in taekwondo
athletes. Determination of the frequency of strikes was
used as a functional test. Correlation of the test results
with the level of muscle mass was confirmed.
The increase in shoulder width in wrestlers reflects
the increased development of the muscles of the shoulder
girdle. It is also a factor in the success of most of the
throws. The large size of the circumferences of the right
and left shoulder and forearm in wrestlers illustrates a
higher level of development of the muscles of the limbs.
This is necessary for high-quality grip and receptions.
Representatives of percussion single combats were
characterized by large values of the interquartile range
of the shin lengths. In our opinion, this also reflects the
specifics of the sport. In these martial arts, success is
determined by effective striking. As you know, the most
powerful blows are delivered by feet. An increase in the
length of the lower leg changes the biomechanical features
of the movements when such strikes are delivered,
increases their effectiveness, and allows strikes to be
made at a greater distance.
The increase in the range of motion in the elbow
joints in athletes of percussion martial arts illustrates
the trajectory of movement of the hands when striking.
That is, this quality increases the likelihood of success in
percussion martial arts.
A large range of motion in the wrist joint in wrestlers
reflects better development of the hand. This increases the
likelihood of a good and fast grip for effective reception.
Thus, the analysis of goniometric parameters confirms the

conclusions made in the analysis of morphological criteria.
The range of motion of the wrist joint was higher in the
wrestlers. This affects the grip quality. Among athletes of
percussion single combats, goniometric indicators reflect
the specifics of conducting a fight. Right elbow flexion,
right shoulder extension and abduction are indicative
of the effectiveness of hand striking. Increasing the
amplitude of these movements allows you to hit harder.
An interesting fact is that in athletes of percussion martial
arts, an increase in the interquartile range for the indices
of extension of the left wrist joint was found. In our
opinion, this illustrates the features of defense, the ability
to block enemy strikes. In this context, it is important that
the difference is confirmed specifically for the left hand,
which blocks the opponent’s right hand punches.
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Abstract
The aim of the study is the determination of flexibility and mobility levels (norm values) for female physical
Background
and Study Aim education students and analyses of the motor asymmetry.
In the study, 10 female physical education and sport students whose mean body weight was 59.3 kg and
Material and
body height were 167.7 centimeters were included. Flexibility and mobility performance was measured
Methods

Results

Conclusions
Keywords:

by using tests such as a Forward-Backward Split (FBS0), Leg Raise forward (LRF0), Leg Raise Sideward (LRS0),
Side Spit (SS0), Arm-Trunk Angle (AT0), Seat and reach hip angle degree (SRHA0). Data analysis in the study
was made by using the IBM SPSS statistics 26 program. To handle the results of the study, the Independentsamples T-test and percentile(s) statistics were used. Norm values were given in four categories (20th, 40th,
60th, 80th) and middle fifty (50th). Calculation of the angle degrees was made by using the Kinovea-0.9.4-x64.
exe program.
The findings have shown that the forward-backward split and leg raise forward angle degree when the
right leg was ahead is significantly higher (better flexibility) than the forward-backward split and leg raise
forward angle degree when the left leg was ahead (p<0.05). However, differences in the leg raise sideward
angle degree in the right and left leg were not statistically significant (p>0.05).
The study determined the level (norm values) of flexibility and mobility of female physical education
students. The right leg flexibility and mobility level resulted to be significantly higher in comparison to
the left leg.
range of motion, functional skills, coaching, sport science students, norm values.

Introduction1
The learning process in sport science is characterized
by the demonstration of the elements by a coach, sports
instructor, or teacher. Therefore, in the learning process
in sports science, especially when technological tools
are insufficient, practical teaching methods are also
needed besides theoretical methods. Therefore, students
should strengthen their motivation for independent
motor activity [1-3]. The practical skills required for
sports instructors may differ based on sport branches,
exercise type, and needs of the sport’s practitioners. All
theoretical and practical skills are divided into different
categories, and most of them can be learned in sport
science institutions. In this respect, to raise the quality of
the coaches, sports instructors, teacher, etc., it’s in need
to determine physical level required to guarantee success
in the teaching process of each sport and exercises. Also,
the individual level of every student’s physical fitness
should be taken into account when lesson programs are
prepared [4-6].
Because the coaches do not execute movements with
maximal effort when they teach athletes, a high level
of power, speed, endurance, etc. may not be required.
However, to demonstrate/imitate any element and show
sequence, it may require an efficient level of range of
motion (ROM), which is provided by flexibility (muscle’s
ability to stretch) and mobility (actively moving through a
© Milaim Berisha, 2021
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range of motions) [7, 8]. Therefore, evaluation criteria of
each lesson in physical education and sport science faculty
should include needed physical preparation for being a
coach. To clarify it, a certain percentage of the successful
evaluation of students may be based on practical skills.
For the physical education and sport students’ full
assessment, it is necessary to analyze the parameters of
the functional condition of the body [9-11]. To provide
a qualitative evaluation, firstly, the norm values must be
determined for flexibility and mobility in sport science
students. Heretofore, there is a lack of literature that
determines the level (norm values which are supposed to
be used in the evaluation process of students) of flexibility
and mobility of sport science students. All these values
can be found in the literature as norm values for the seat
and reach test. This test is in use since 1988 as a part of
EURO-FIT and some modified versions of seat and reach
test [12-14], the test whose validity and reliability are
debatable. Although the validity and reliability of the test
are sufficient, flexibility and mobility of the body should
be measured in more than one body joint [15, 16]. The
reliability and validity of the instruments used to measure
flexibility and mobility are also debatable, and all these
should be updated and replaced by new methods and
instruments.
In the light of this information, the aim of the study
is the determination of flexibility and mobility levels
(norm values) for female physical education students and
lateralization analysis. Besides this, the study aims to
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determine flexibility and mobility level in all main body
joints by using new methods and instruments which can
be seen in the methodology part.
Material and Methods
Participants
In the study, 10 female physical education and sport
students whose mean body height was 59.3 kg and body
height were 167.7 centimetres were included. The students
included in the study and parents were informed about
the benefits and risks (even there is no risk detected) of
the study. The study was made according to the Helsinki
Declaration which protects the privacy of the volunteers.
The study was approved by the ethics committee of
“Istanbul Gelisim University”.
Tests included in the study.
Forward-Backward Split (FBS0): The test’s main
aim is to measure the active flexibility of the lower
limbs and hips muscles such as iliopsoas (psoas major,
iliacus), quadriceps femoris group (rectus femoris, vastus
lateralis, vastus medialis, sartorius), and hamstrings
(biceps femoris, semitendinosus, semimembranosus etc.)
[17]. The angle reference point was the hips (greater
trochanter) and the angle line was put across the legs to
the ankle (lateral malleolus). In exceptional situations
(if the athlete’s knee was not straight), the angle tool’s
reference point was the thigh plane to the knee. The test
was applied on two sides: right leg forward position, and
left leg forward position. Calculation of the angle degrees
was made by using the Kinovea-0.9.4-x64.exe program.
The results had recorded us a different variable for the
left and right leg and the results were given in degrees
[15, 16].
Leg Raise forward (LRF0): The test’s main aim is to
measure the mobility (the ability of the athlete to apply
movements from a wide-angle and in different directions
as far as the joints allow) of the lower limbs flexor
muscles such as an iliopsoas, pectineus, rectus femoris,
sartorius, adductor longus, tensor fasciae latae, etc., [17].
The reference of the measurement, where the angle was
based on, was the hips (greater trochanter). The angle
line was put across the raised leg to the ankles (lateral
malleolus) and the angle’s other line was put across the
upper body exactly on the vertical line on the coronal
plane (frontal plane). Calculation of the angle degrees was
made by using the Kinovea-0.9.4-x64.exe program. The
results of the test were determined by the angle degree
between raised leg and upper body [15, 16].
Leg Raise Sideward (LRS0): The test’s main aim is to
measure the mobility (the ability of the athlete to apply
movements from a wide-angle and in different directions
as far as the joints allow) of the lower limbs abductor
muscles such as gluteus medius, gluteus minimums, tensor
fascia lata, gluteus maximus, etc. [17]. The reference of
the measurement was the angle based on was the coccyx
(tailbone). The angle line was put across the raised leg to
the ankles (lateral malleolus) and the angle’s other line
was put across the upper body exactly on the vertical line

on the sagittal plane. Calculation of the angle degrees was
made by using the Kinovea-0.9.4-x64.exe program. The
results of the test were determined by the angle degrees
between raised leg and upper body [15, 16].
Side Spit (SS0): The test’s main aim is to measure
the active flexibility of the lower limbs adductors such
as pectineus, gracilis, adductor brevis, adductor longus,
adductor magnus, etc. [16]. The angle reference point was
the coccyx bone and the angle line was put across the legs
to the ankle (lateral malleolus). Calculation of the angle
degrees was made by using the Kinovea-0.9.4-x64.exe
program. The results were given in degrees [15, 16].
Arm-Trunk Angle (AT0): The test’s main aim is
to measure the active flexibility and mobility of the
shoulders and upper limbs muscles such as triceps
brachii, posterior deltoid, teres minor, teres major,
latissimus dorsi pectorals abdominal and sternocostal
part, etc. [17]. The angle reference point was the upper
limit of middle axillary line (biacromial elevation level)
and the angle line was put across the hand joint (styloid
process of ulna) and hips (greater trochanter). Calculation
of the angle degrees was made by using the Kinovea0.9.4-x64.exe program. The results had recorded us
an angle given between the trunk and raised arms [15,
16]. The test was applied in two body planes which are
evaluated as different variables: ATA0SHF: Arm-Trunk
Angle (shoulder flexion), and ATA0SHE: Arm-Trunk
Angle (shoulder extension).
Hip active flexibility (modified seat and reach test:
seat and reach hip angle degree SRHA0)
Hip passive flexibility was measured by using the
modified sit and reach test. The test application was made
by following the instructions of the seat reach test [13, 14].
Instead of using the seat and reach the box, measurements
were made by using Kinovea-0.9.4-x64.exe program
(Kinovea, 2021). Instead of measuring the reach distance,
during the test hip angle degree was measured (as the
center of angle were determined greater trochanter, firstline were from greater trochanter to acromion and second
line from the greater trochanter to the lateral epicondyle
of the femur), and clinical hip angle degree (as the center
of the angle, lumbar spine, the first line of angle starts
from lumbar spine (L5) across the lumbar spine (L1) to
thoracic spine, and second-line starts from the lumbar
spine (L5) to the lateral epicondyle of the femur were
determined) [17].
Statistical analysis
Data analysis in the study was made by using the
IBM SPSS statistics 26 program. The normality of the
data was tested by the skewness and kurtosis analysis.
Based on the normality of the data, differences between
two independent variables were calculated by using the
Independent-samples T-test analysis. Determination of
the level (norm values) of flexibility and mobility, and
percentile(s) statistics were used. Norm values were given
in four categories (20th, 40th, 60th, 80th) and middle fifty
(50th).
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Results
The findings given in Table 1 show that the FBS angle
degree when the right leg was ahead was significantly
higher (better flexibility) than the FBS angle degree when
the left leg was ahead (p<0.05). In addition, the LRF
angle degree resulted to be significantly lower in the right
leg in comparison to the left leg (p<0.05), which means
better flexibility and mobility expressed in the right leg.
Differences in LRS angle degree in the right and left leg
were not statistically significant (p>0.05), nevertheless
the angle degree average of the right leg was lower than
the average of the left leg, which means that flexibility
and mobility of the right leg are higher in comparison to
the left leg.
As figures 1-4 show, table 2 determines the level
(norm values) of FBS0 and LRF0 for the right and left
leg. Norm values were given in four categories (20th,
40th, 60th, 80th) and middle fifty (50th). Based on the
skewness and kurtosis values, all variables seem to be
normal (mesocortical).
Figures 1-4 represent the flexibility and mobility levels

of female physical education and sport science students,
where the asymmetry level is determined based on data
in table 2.
As figures 5-7 show, table 3 determines the level
(norm values) of SS, and LRS0 for the right and left
leg. Norm values were given in four categories (20th,
40th, 60th, 80th) and middle fifty (50th). Based on the
skewness and kurtosis values, all variables seem to be
normal (mesocortical).
Figures 5-7 represent the flexibility and mobility
levels of female physical education and sport students,
where the asymmetry level is determined based on data in
table 3. In addition, the SS test (figure 5) helps to compare
differences between flexibility and mobility levels in the
same muscle group (differences in SS and LRS tests).
As figures 8-10 show, table 4 determines the level
(norm values) of AT0 (arm-trunk angle in shoulder flexion
and extension), and SRT measured in centimeters (SRT),
and as the angle degree of the hips (SRHA0). Norm
values were given in four categories (20th, 40th, 60th,
80th) and middle fifty (50th). Based on the skewness

Figure 1. Min., Max., and Middle fifty of FBS-RL test

Figure 2. Min., Max., and Middle fifty of FBS-LL test

Figure 3. Min., Max., and Middle fifty of LRF-RL test

Figure 4. Min., Max., and Middle fifty of LRF-LL test
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Table 1. Flexibility and mobility asymmetry level of the forward-backward split, leg raise forward, leg raise sideward
Variables
FBS
LRF
LRS

X̄ ±SD
FBS-RL

139.9±20.2

FBS-LL

132.9±21.7

LRF-RL

100.7±12.0

LRF-LL

109.7±9.8

LRS-RL

104.2±9.8

LRS-LL

108.0±14.0

p
.007*
.001*
.277

P<0.05*; FBS: Forward-Backward Split , LRF: Leg Raise forward, LRS: Leg Raise Sideward, FBS-RL: Forward-Backward
Split (Right Leg), FBS-LL: Forward-Backward Split (Left Leg), LRF-RL: Leg Raise Forward (Right Leg), LRF-LL: LRS-RL: Leg
Raise Sideward (Right Leg), LRS-LL: Leg Raise Sideward (Left Leg)
Table 2. Flexibility and mobility level (norm values) of the forward-backward split, leg raise forward
FBS0

LRF0

FBS-RL

FBS-LL

LRF-RL

LRF-LL

X̄ ±SD

139.9±20.2

132.9±21.7

100.7±12.0

109.7±9.8

Skew.

.495

.829

.018

.649

Kur.

-1.297

-.786

-1.970

-.709

Percentiles

Range

53.6

57.7

28.8

26.9

th

20

119.1

115.8

87.3

99.5

40th

130.7

118.0

93.2

104.9

th

50 *

132.0

124.2

101.4

107.1

60th

145.3

137.0

106.4

110.2

80th

166.7

163.1

114.1

123.4

Skewness: > 1 - positive skew, ± 0 - normal, < - 1 - negative skew; FBS0: Forward-Backward Split, LRF0: Leg Raise forward,
FBS-RL: Forward-Backward Split (Right Leg), FBS-LL: Forward-Backward Split (Left Leg), LRF-RL: Leg Raise Forward
(Right Leg), LRF-LL: Leg Raise Forward (Left Leg), 50th*: middle fifty

Figure 5. Min., Max., and Middle fifty of SS test

Figure 6. Min., Max., and Middle fifty of LRS-RL test
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Table 3. Flexibility and mobility level (norm values) of side split, leg raise sideward
LRS0

SS

LRS-RL

LRS-LL

139.2±12.25

104.2±9.8

108.0±14.0

Skew.

-.315

.141

-.675

Kur.

-1.622

-2.147

-.645

Range

31.4

22.9

38.3

20th

123.6

94.0

88.1

40th

134.3

96.3

110.2

50th*

143.0

103.4

110.7

60th

146.9

109.9

111.1

80th

152.3

116.0

123.1

Percentiles

X̄ ±SD

Skewness: > 1 - positive skew, ± 0 - normal, < - 1 - negative skew; SS: Side Split, LRS0: Leg Raise Sideward, LRS-RL: Leg
Raise Sideward (Right Leg), LRS-LL: Leg Raise Sideward (Left Leg), 50th*: middle fifty

Table 4. Flexibility and mobility level (norm values) of arm-trunk angle, seat and reach test variations
AT0

SRT

ATA SHF

ATA SHE

SRHA0

SRT cm

X̄ ±SD

147.0±19.3

117.8±10.5

41.8±11.5

13.9±7.1

Skew.

.695

.036

1.240

.205

Kur.

-1.412

-.113

-.043

-1.173

49.7

38.1

29.2

20.9

20

133.5

105.9

34.0

34.0

40

135.8

115.6

34.6

34.6

50 *

136.2

117.4

34.9

34.9

60

144.6

119.6

38.7

38.7

80

173.8

128.1

0

Range
th

Percentiles

th
th
th
th

0

59.2

59.2

Skewness: > 1 - positive skew, ± 0 - normal, < - 1 - negative skew; AT : Arm-Trunk Angle, ATA SHF: Arm-Trunk Angle
(shoulder flexion), ATA0SHE: Arm-Trunk Angle (shoulder extension), SRT: Seat and Reach Test, SRHA0: Seat and reach
Hip Angle Degree, 50th*: middle fifty
0

Figure 7. Min., Max., and Middle fifty of LRS-LL test

0

Figure 8. Min., Max., and Middle fifty of ATA0SHF test
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Figure 9. Min., Max., and Middle fifty of ATA0SHE test

Figure 10. Min., Max., and Middle fifty of SRHA0 test

and kurtosis values, all variables seem to be normal
(mesocortical).
In figures 8-10, based on table 4 results minimal,
maximal, and middle fifty of the ATA0SHF, ATA0SHE,
and SRHA0 tests were determined.
Discussion
In this study, the level (norm values) of flexibility
and mobility were determined (see table 2-4) for female
physical education students and the differences in
flexibility and mobility were analyzed from a lateralization
perspective (see table 1).
Based on the first table of the study, as can be seen
in figures 1 and 2, the forward-backward angle degree
when the right leg is ahead was significantly higher (better
flexibility) than the forward-backward angle degree when
the left leg was ahead. In addition, the figures 3 and 4
shows the leg raise forward angle degree resulted to
be significantly lower in the right leg in comparison to
the left leg, which means better flexibility and mobility
expressed in the right leg. According to Yin et al., right hip
torn out angle degree resulted to be higher (600) compared
to left hip torn out angle degree (590) in adolescent ballet
dancers. These differences seem to be significant in nontrained athletes [18]. According to the literature, the
asymmetry levels are less in trained athletes compared
to non-trained ones [19-22]. Therefore, improvements
in flexibility and mobility may reduce the asymmetry
levels in students. Literature showed that performance
asymmetries can be altered by intense long-term practice
[23]. On the other hand, differences in leg raise forward
angle degree in the right and left leg were not statistically
significant. Nevertheless, the angle degree average of the
right leg was lower than the average of the left leg, which
means that flexibility and mobility of the right leg were
higher in comparison to the left leg.
In the light of the previous information, based on

the current motor status of the participants, the levels
(norm values) of flexibility and mobility of male physical
education students were determined in tables 2-4.
Based on the significant asymmetry, norm values were
determined separately for right and leg hand and leg. The
norm values were determined to measure flexibility and
mobility [8, 24] in tests such as forward-backward split,
leg raise forward, leg raise forward, leg raise sideward,
side split, arm-trunk angle (shoulder flexion), arm-trunk
angle (shoulder extension), sit and reach test, seat and
reach hip angle degree [8, 15, 16]. To see more clearly
asymmetry differences were given results in tables 2-4
and figures 1-10 where angle degrees simulations based
on the table results of the study.
According to the literature, tests included in the study
have no part of fitness, and functional tests are used to
measure the performance level of physical education and
sport students. Besides this, many studies seem to be
focused on the wellness, and performance of the students,
but not focused on the skills of the students which may
improve their coaching performance [1, 9, 25-28].
Therefore, not the inclusion of the flexibility and mobility
tests into test batteries can be considered as a missed
point of selection tests to measure the performance of the
physical education and sport science students.
According to the study results and literature, it can be
concluded that flexibility and mobility play key roles in
the learning process of the new elements in different sport
such as gymnastics, dance, ballet, etc. For this reason,
the independence of the coaches in motor activity may
improve their coaching performance. In presenting the
theoretical section of the subject “Physical Culture” to the
students of the senior courses, it is necessary to strengthen
their motivation for independent motor activity [1]. To do
this is necessary to determine the physical and motor level
[29, 30] of the population who are supposed to use the
motor skills in the future job, as the physical education
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and sport science students are supposed to use practical
skills in the coaching process.
Conclusions
As a conclusion, forward-backward angle degree
when the right leg was ahead resulted to be significantly
higher (better flexibility) than the forward-backward
angle degree when the left leg was ahead. In addition, the
leg raises forward angle degree resulted to be significantly
lower in the right leg in comparison to the left leg, which
means better flexibility and mobility expressed in the
right leg.
According to the previous information, based on the
current motor status of the participants, the levels (norm
values) of flexibility and mobility of male physical
education students were determined. Based on the
significant asymmetry, norm values were also determined
separately for right and leg hand and leg.
The literature investigation has shown that the
flexibility and mobility tests (forward-backward split, leg
raise forward, leg raise forward, leg raise sideward, side
split, arm-trunk angle) are not included in the test batteries
which are in use to measure the physical education and
sport students’ performance. Besides this, flexibility
measurement is also based just on the seat reach test,
and does not include all body joints where flexibility is
expressed.
In the light of previous information, determination
of norm values of flexibility and mobility by using tests
such as a forward-backward split, leg raise forward, leg
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Abstract
Body image is a multidimensional construct that involves mental representations of the body, feelings,
Background
and Study Aim cognitions, and behaviors. The objective was to compare body image among different categories of
Material and
Methods
Results

Conclusions

Keywords:

obesity, investigate the relationship between obesity and body image, and examine the association of
physical activity, meal habits, sleep, and smoking with body image.
Fifty-five undergraduate students Mean age 19.7±0.90 were divide into three obese categories: Obese
Class I (30 < 35 kg/m2), Obese Class II (35 < 40 kg/m2) and Obese Class III (≥40.00 kg/m2). Body Image
measured through (MBSRQ-AS).
ANOVA revealed no significant difference among BMI categories on body image global score F (2,52) =
0.074, p = 0.928. Pearson product-moment correlation could not establish significant relationship between
body image and BMI (r= -0.00, n=55, p= 0.998). We found a strong association of smoking with body
image X(1) = 6.909, p=0.009. However, the statistical analysis of data could not establish any significant
association of PA X(1) = 0.044, p=0.978; sleep X(1) = 2.403, p=0.121; and number of meals X(1) = 0.654,
p=0.721; with body image among obese individuals.
The university students exhibited low body image. Higher scores on Self-Classified Weight describe how
individuals perceive their weight and how they believe others perceive it. The low scores on Appearance
Evaluation determine unhappiness with their physical appearance. Interestingly, most students are getting
sufficient sleep, and a high percentage of the students’ population is not smoking. The university needs to
encourage physical activity and healthy eating behavior.
obesity, university students, body mass index, morbid obese, severely obese

Introduction1
Body image is a multidimensional construct that
involves mental representations of the body, including
the size and shape of body structures and feelings,
cognition, and behaviors related to them [1]. In general,
body image is one’s attitude towards body size, shape,
beauty, and assessments of emotional experiences
concerning physical traits [2]. Body image is defined as
the internal representation of own outer appearance [3].
This internal view of the physical self has perceptual,
affective, cognitive, and behavioral components [4,
5]. The feelings and thoughts associated with the selfperception of appearance may lead to changes in behavior
and ultimately affect overall functioning [5]. It is evident
that body image is strongly influenced by many different
factors and can be altered in certain situations [6]. It was
observed that severe and morbid obesity is a stigmatized
condition, where people face social exclusion, community
judgment, and discrimination in many areas of their lives
[7], so they experience social isolation, lack of confidence,
life dissatisfaction, and negative excitements [8].
Researchers have shown body image to be an essential
part of a person’s self-concept and have linked it with
body dissatisfaction concern that affects psychological
wellbeing and traits, primarily associated with eating
disorders and obesity [9-11]. Studies have indicated that
body image is highly correlated with men’s and women’s
© Rakesh Tomar, Varghese C Antony, 2021
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280

overall self-concept [12, 13]. A negative body image has
been associated with low self-esteem [14, 15]. Negative
body image and body dissatisfaction have been implicated
as risk factors for various forms of psychopathology,
including depression, anxiety, and disordered eating [1619]. Consequently, persons who are dissatisfied with their
bodies are likely to be at significant risk for psychological
dysfunction.
Obesity is a global epidemic that affects over 650
million adults [20]. People are commonly aware that
the difficulty in maintaining weight within the “normal”
range of body mass index (between 18.5 and 24.9) stems
from widespread environmental factors that promote
overeating, physical inactivity, and passive leisure
activities [21]. Physical activity was associated with
overweight/obesity. Physically inactive people are more
likely to gain weight and have a higher risk of obesity
than those who are physically active [22, 23]. Recent
studies show that university students are not sufficiently
physically active as per the recommendations of the World
Health Organization [24-26].
Obesity is a leading risk factor for premature mortality
and numerous chronic health conditions that reduce
the overall quality of life. The prevalence of obesity
has increased to epidemic proportions in developed
and developing countries during the past two decades.
Adolescence and young adulthood may be critical periods
for the development of obesity as elevated body mass
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index (BMI) during this time is associated with chronic
obesity, higher morbidity, and premature mortality
[27,28]. There are many physical, economic, social,
familial, emotional, and behavioral consequences of
obesity. One of the most common psychological problems
is the defect in body image [29]. In the university student
population, overweight and obesity affect 23% and 14%
of American undergraduate students, respectively [30].
In the Kingdom of Saudi Arabia (KSA), recent studies
revealed increasing consumption of animal products and
refined foods in the diet at the expense of vegetables
and fruits [31]. These dietary changes were accused of
increasing the prevalence of overweight and obesity
observed among Saudi children, adolescents, and adults
in the last few decades [32, 33]. One out of four adult
males and three adult females had obesity [34]. The two
most contributing factors leading to the obesity epidemic
in Saudi Arabia are an imbalanced diet and lack of
regular physical activities [35-38]. Studies revealed the
prevalence of overweight 21.8% and obesity15.7% among
male college students in Saudi Arabia [39]; another study
documented that 49.8% of male undergraduate students
were overweight or obese [40].
College students are highly exposed to unhealthy
eating habits, leading to body weight gain [41]. A high
risk of body image and eating disorders within the college
population has been found and is on the rise. The dramatic
lifestyle change going from high school to college is a
stressor that has been shown to influence the risk of
weight gain and disrupt eating patterns in college students
[42, 43]. The prevalence of obesity, body dissatisfaction,
and body image appears to be increasing among the Saudi
population. While looking at the reviews, we learned
that there was a big gap in the literature on body image
research, especially on the male population. The present
study objective was to compare the body image among
different categories of obesity. Other objectives were to
investigate the relationship between obesity and body
image; and examine the association of physical activity,
meal habits, sleep, and smoking with body image.
Material and Methods
Participants
Participants were male undergraduate students from
King Fahd University of Petroleum & Minerals, Saudi
Arabia. We randomly selected 60 participants with BMI
≥ 30 kg/m2. Online questionnaires (MBSRQ-AS and
IPAQ-S) were sent to all 60 participants. Fifty-five students
returned both questionnaires completed in all aspects
and therefore removed five students with incomplete
responses. The age of the students ranged from 18 - 25
years. Based on self-reported BMI, and according to the
Center for Disease Control and Prevention, three obese
categories were formed: Obese Class I (30 < 35 kg/m2,
Obese), Obese Class II (35 < 40 kg/m2, Severely Obese)
and Obese Class III (≥40.00 kg/m2, Morbidly Obese) [4446].
Study Design
The participants were asked to provide demographic

details (name, age, height, weight, time spent on physical
activity, smoking habits, hours of sleep, and meal habits).
All participants were informed regarding the aims and
procedures, written informed consent was obtained
prior to the enrolment, and confidentiality was ensured.
Research Committee of King Fahd University of
Petroleum and Minerals has approved this study through
project IN191040, 29 March 2020. Exclusion criteria
included anyone who did not complete a minimum of
one semester in any undergraduate program; participants
undergoing body image or obesity-related therapies were
excluded from the study. The questionnaires body image
(MBSRQ-AS) and physical activity (IPAQ-S) were
prepared in google forms and sent to participants through
their emails with a link. The authors sent a reminder
email after seven days to ensure the highest response rate
possible.
Measuring Tools
Body Image
The Multidimensional Body Self Relations
Questionnaire Appearance Scale (MBSRQ-AS) is
considered the most comprehensive measure for
assessing body image. The 34-item version of the
scale, which evaluates only appearance-related body
image constructs. Precisely, the 7-item Appearance
Evaluation measures feelings of physical attractiveness
and satisfaction/dissatisfaction with one’s looks. The
12-item Appearance Orientation subscale assesses the
extent of investment in one’s appearance, and the 4item Overweight Preoccupation subscale evaluates fat
anxiety, weight vigilance, dieting, and eating restraint. All
items were rated on a five-point Likert-type satisfaction/
dissatisfaction scale. The subscales of the current measure
demonstrated excellent psychometric properties among
both genders and different cultural groups. It is reliable
based on internal consistency (Cronbach’s alpha = .73 to
.89 on the subscale level) and test-retest reliability (r= .74
to .91) according to the published manual [47].
Physical Activity
International Physical Activity Questionnaire
(IPAQ-S) is a seven items self-reported questionnaire
that measures the intensity, frequency, and duration of
physical activity of respondents in the last seven days. It
estimates total physical activity in MET-min/week and
time spent sitting [48].
Statistical Analysis
The demographic characteristics of the data were
summarized using numbers and percentages. The
descriptive statistics were computed to assess the
status of participants’ body image. Analysis of Variance
(ANOVA) was employed to compare the significant
mean difference among obese groups and body image
factors. The correlation coefficient was used to measure
the relationship between obesity and body image.
To determine the association between qualitative
demographic variables and body image, Chi-square was
analyzed. All statistical analyses were performed using
IBM SPSS version 24.0. The level of significance for
acceptance was P < 0.05.
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Results
Demographic and other characteristics
The mean age and BMI of participants were 19.67
± 0.90 and 34.98 ± 4.47, respectively. Based on BMI,
participants were categorized into Obese Class I (30< 35
kg/m2), Obese Class II (35<40 kg/m2) and Obese Class III
(≥40 kg/m2). Out of the total 55 participants, 26 (47.3%)
participants were in Obese Class I, 18 (32.7%) in Obese
Class II, and 11 (20%) in Obese Class III.
Descriptive statistics based on different obese
categories were presented in Table 1. The majority
of participants (89.1%) in the present study were not
smoking. Half of the participants (50.9) took three meals
daily, while 34.5% reported taking more than three meals
every day. Concerning sleep, most participants (70.9%)
reported having sufficient sleep (≥7 hours). Participants
were not active enough in the current study. More than
half of the participants (56.4%) were low active, and only
7.3% were highly active. The mean body image score in
this study was 2.91±0.34.

Comparison of Body Image among three classes of
obesity
Table 2 shows the comparison of Body Image among
different categories of obesity. Participants in three obese
groups were demographically similar with no significant
difference age, F (2,52) = 0.436, p = 0.649. ANOVA
revealed no significant difference for body image global
score between categories of obesity, F (2,52) = 0.074,
p = 0.928. Further, no significant difference was found
for scores of body image sub scales between obese
categories. Appearance Evaluation, F (2,52) = 0.078,
p = 0.925, Appearance Orientation, F (2,52) = 1.162, p
= 0.321, Body Areas Satisfaction, F (2,52) = 0.737, p =
0.484, Overweight Preoccupation F (2,52) = 0.668, p =
0.517 and Self Classified Weight, F (2,52) = 1.103, p =
0.340.
Relationship of Obesity Categories and Body Image
To examine relationship between body image and
obesity, Pearson product moment correlation was
employed. After analyzing data, we could not find

Table 1. General and Demographic Characteristics of Participants
Obese Class I
BMI (kg/m2)
(30 <35)
26 (47.3)
31.02±0.96
19.61±0.63

Obese Class II
BMI (kg/m2)
(35 <40)
18 (32.7)
38.74±1.37
19.83±1.24

Obese Class III
BMI (kg/m2)
(≥40)
11 (20)
41.93±2.17
19.54±0.82

21(80.8)
5(19.2)

17(94.4)
1(5.6)

11(110)
0(0)

49 (89.1)
6 (10.9)

11(42.3)
12(11.5)
3(46.2)

5(27.8)
11(61.1)
2(11.1)

3(27.3)
5(45.5)
3(27.3)

19 (34.5)
28 (50.9)
8 (14.5)

7(26.9)
19(73.1)

3(16.7)
15(83.3)

6(54.5)
5(45.5)

16 (29.1)
39 (70.9)

11(42.3)
13(50)
2(7.7)
674.03± 1006.54

12(66.7)
4(22.2)
2(11.1)
601.55±939.00

8(72.7)
3(27.3)
0(0)
439.63±459.58

31 (56.4)
20 (36.4)
4 (7.3)
603.43±890.97

2.92±0.39
2.45±0.70
3.06±0.61
2.75±0.54

2.89±0.30
2.38±0.72
3.32±0.73
2.54±0.57

2.93±0.27
2.35±0.91
3.32±0.56
2.69±0.58

2.91±0.34
2.41±0.74
3.20±0.64
2.67±0.56

Overweight Preoccupation

2.66±0.68

2.84±0.65

2.93±0.88

2.77±0.71

Self-Classified Weight

4.34±0.48

4.52±0.49

4.27±0.51

4.39±0.49

Participants Characteristics
Participants n (%)
Mean BMI
Age (Mean ± SD)
Smoking Status n (%)
No Smoking
Smoking
Meal Status n (%)
> 3 Meals
3 Meals
<3 Melas
Sleep Status n (%)
>7 hrs Insufficient Sleep
≥7 hrs Sufficient Sleep
Physical Activity n (%)
Low Active
Moderate Active
Highly Active
MET Minutes Per Week
Body Image (BI)
BI Global Score
Appearance Evaluation
Appearance Orientation
Body Areas Satisfaction

Total
55
34.98 ± 4.47
19.67 ± 0.90

Data is shown as mean ± standard deviation; categorical variables were shown as frequency (percent) and N number
of participants
282
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significant relationship between body image Global score
and BMI (r= -0.00, n=55, p= 0.998).
Association of Physical Activity, Sleep, Smoking and
Meal Status with Body Image
Chi-square was used to find the association between
physical activity, sleep, smoking, meal status, and body
image. We found a strong association of smoking with
body image X(1) = 6.909, p=0.009. The statistical
analysis of data could not establish any significant
association of PA X(1) = 0.044, p=0.978; sleep X(1)
= 2.403, p=0.121; and number of meals X(1) = 0.654,
p=0.721; with body image among obese individuals.
Chi-Square data was presented in Table 3. The majority
of participants (76.4%) had low body image. Data in
Table 3 shows that the highest number of participants
(43.5%) with low body image was in the moderately
active group.
With regard to smoking majority of non-smokers
(72.7%) had low body image in this study. Interestingly
only (12.7%) participants who had high body image are
consuming three meals a day. The majority of participants

(58.2%) who were getting more than 7 hours of sleep had
reported signs of low body image.
Discussion
Body image is an essential component of self-image.
Obesity is a leading risk factor for premature mortality
and numerous chronic health conditions that reduce the
overall quality of life. The objective was to assess and
compare the body image of young male students among
different obese categories, investigate the relationship
between body image and obesity, and examine the
association of physical activity, meal habits, sleep, and
smoking with body image.
Overall, the sample had a low body image when the
overall means of each of the five body image subscales
were examined. The mean for four of the five subscales
was slightly above three; therefore, the participants
were trending towards a more negative overall body
image. The highest body image subscale mean was
in the Self-Classified Weight Subscale, with a mean
of 4.39, and the lowest mean, 2.41, was found in the

Table 2. ANOVA, Comparison of Body Image among different obese category
Variable

Obese Class I

Obese Class II

Obese Class III

P Value

BI Global Score

2.92±0.39

2.89±0.30

2.93±0.27

0.928

Appearance Evaluation

2.45±0.70

2.38±0.72

2.35±0.91

0.925

Appearance Orientation

3.06±0.61

3.32±0.73

3.32±0.56

0.321

Body Areas Satisfaction

2.75±0.54

2.54±0.57

2.69±0.58

0.484

Overweight Preoccupation

2.66±0.68

2.84±0.65

2.93±0.88

0.517

Self-Classified Weight

4.34±0.48

4.52±0.49

4.27±0.51

0.340

Data is shown as mean ± standard deviation
Table 3. Association of Physical Activity, Sleep, Meal Status and Smoking with Body Image (Chi Square)
Variables

High Body Image, n (%)

Low Body Image, n (%)

Overall
Physical Activity (PA)
Highly Active
Moderate Active
Low Active
Smoking
Non-Smoking
Smoking
Meal Status
<3 Melas
> 3 Meals
3 Meals
Sleep Status
>7 hours Insufficient Sleep
≥7 hours Sufficient Sleep

13(23.6)

42(76.4)

1(1.8)
7(12.7)
5(9.1)

3(5.5)
24(43.6)
15(27.13)

0.978

9(16.4)
4(7.3)

40(72.7)
2(3.6)

0.009*

5(9.1)
1(1.8)
7(12.7)

14(25.5)
7(12.7)
21(38.2)

6(10.9)
7(12.7)

10(18.2)
32(58.2)

Data is shown numbers (n) and percentages (%)
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Appearance Evaluation Subscale. These values indicate
that participants believed their current weight status was
similar to how others perceive them as obese. Lower
scores on Appearance Evaluation means unhappiness
with physical appearance or dissatisfaction individuals
are with their looks.
In our study, most university obese male youth are
less physically active 56.4%, and only 7.3% were highly
active as per the MET minutes per week. Results reported
that 85.4% of participants were taking three or more meals
per day. Regarding sleeping time, 70.9% of participants
have a sufficient sleep that is ≥7 hours sufficient sleep.
Interesting to note that the majority of the obese students,
89.1% were non-smokers.
The results of the study revealed that participants
had high scores on appearance orientation and body
area satisfaction. However, no significant difference
was observed that reflects how they pay attention to
their appearance and engage in extensive grooming
behaviors. They contented with most areas of their body.
In the current study, most of the students were enrolled
in freshman courses, and Blair and colleagues reported
that freshman courses were at higher risk for eating
disorders and body shape dissatisfaction [49]. The study
results revealed no significant differences in body image
global score and its subscales among different categories
of obesity.
Scores in all three categories were quite similar to
each other. This homogeneity may have affected the body
image. Further, no significant relationship between body
image and obesity was observed. In this study, participants
were all obese, so they had no considerable variability in
body mass index. Body image is the subjective component
of one’s body image and the degree of satisfaction with
one’s body size or specific body parts [50]. Another reason
may be shortcomings in self-reporting by the participants,
while self-reporting participants may overestimate and
underestimate psychopathology [51].
The study did not find any significant relationship
between the level of physical activity and body image.
Based on the results from the number of days engaged
in physical activity and the number of minutes per day,
many of the students in this study were not meeting the
American College of Sports Medicine recommendations
on physical activity. Studies have also found that physical
activity behaviors decrease during the transition from
high school to college [52, 53], partly explaining why
the college population sampled was not meeting physical
activity requirements.
Previous research has found that students engage
in intense study periods, often working long hours and
neglecting diet and appearance [54]. A recent study on the
male population revealed no relationship between physical
activity and body image satisfaction [55]. Findings of
previous studies on athletes noted that although athletes
engage in high levels of physical activity, they can also
report body image dissatisfaction depending on the type of
sport [56-59]. The relationship between physical activity
and body image satisfaction is neither simple nor direct.
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The majority of participants getting sufficient
sleep seven hours or more, but it was observed that no
significant association with body image. The result was
not in line with our findings; previous studies found that
bodyweight dissatisfaction has been associated with sleep
impairment [60].
In the present study, 65.4% of participants take
three or more meals per day. However, no significant
association of meals with body image recognized. Our
finding did not support previous study that suggested
meal patterns and food consumption were associated with
body dissatisfaction and overfat status among adolescents
[60]. Some previous studies reflect that the number of
meals taken a day was inversely related to obesity [6163]. Body image (dis)satisfaction and perception were
associated with food consumption (processed foods and
ultra-processed food) [64].
It is fascinating those participants in this study, 89.1%
student population, were not smoking. The percentage of
non-smokers was similar to an earlier study conducted on
university males in Saudi Arabia [65]. The results of the
study revealed that a strong association between smoking
and body image.
Limitations and Implications
One limitation of the study was that a convenience
sample was utilized. The sample of this study is
undergraduate students from just one university in the
eastern province of Saudi Arabia; thus, generalization
of results was not recommended. As in any study that
relies on self-report, there are questions of possible bias,
including the possibility of the students’ overestimating
or underestimating specific behaviors associated with
participation in physical activities and body weight.
We recommend conducting studies with a more
heterogeneous sample. More awareness of university
support services needs to be present across the campus.
The university need to encourage physical activity
healthy and eating behaviors. More awareness of healthy
food items throughout campus dining centers would
encourage on-campus students to make healthier choices.
We also recommend special programs on body image,
weight management, and nutrition management for obese
students to improve their quality of life.
Conclusions
The university students exhibited low body image.
Higher mean scores on Self-Classified Weight describe
how individuals perceive their weight and how they
believe others perceive it. The low scores on Appearance
Evaluation determine unhappiness with their physical
appearance. The results indicated no significant difference
between obese categories and body image. No correlation
was established between obesity and body image. A high
percentage of the students’ population is not smoking.
The university needs to encourage physical activity and
healthy eating behavior. Body image is viewed as a multidimensional concept, and to understand better needs more
interventional studies.
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The aim of this study is to examine the electromyographic responses to Nordic curl and prone leg curl
exercises, having two different mechanics.
The athletes performed the prone leg curl and Nordic curl exercises in random order, 6 repetitions each.
Electromyographic data of semimemranosus, semitendinosus, biceps femoris and rectus femoris muscles
were recorded by 8-channel electromyography in order to examine the muscle responses to exercises.
Total duration of exercise, cumulative integrated electromyographic values and muscle activation rates in
5 different intensity zones determined according to MVC% values have been compared.
Prone leg curl exercise occurred in less time than Nordic curl exercise. According to the cumulative
integrated electromyography data results, all muscles showed similar muscle activation in both exercises.
Comparing the muscle activation rates in the five intensity zones, more muscle activity was observed for
Nordic curl exercise in the first intensity zone, while prone leg curl exercise was more active in the third and
fourth zones. During the prone leg curl exercise, the muscle activation rate of the dominant leg is higher
in the first intensity zone, whereas the non-dominant leg in the fourth intensity zone has a higher muscle
activation. During the Nordic curl exercise, the muscle activation rates of the dominant leg in the first and
fifth intensity zones are higher, whereas the nondominant leg in the fourth intensity zone is higher.
Prone leg curl exercises can be preferred in order to stimulate high muscle activation in a short time.
Comparing the two exercises there was no significant difference in muscle activity in dominant and
nondominant legs.
muscle activation, intensity zones, performance, exercise, training

Introduction1
Football, which has reached 275 million active players
today, is the arguably most popular sport in the world [1].
Football is a contact sport with high technical, tactical and
physiological demands [2, 3]. Therefore, the risk of injury
in football is quite high [4]. For amateur footballers, the
rate of injury is even higher. In amateur football, it has
been reported that injuries occur on average 20 to 37
times in every 1000 matches and 2 to 4 times in every
1000 training sessions [5]. Among the injuries that occur,
hamstring muscle injuries are seen as one of the most
common lower extremity musculoskeletal injuries [6–9].
While an average of 5-6 hamstring injuries occurs in
each team during a season, it accounts for 12% to 16%
of all injuries in adult men’s football [10]. Hamstring
muscle injuries account for about 16% of all injuries in
men’s amateur football. However, compared to other
sports, hamstring muscle injury repetition rate is higher
in football, and this rate is 16 [11, 12]. While mild muscle
strains can recover with a 2–6-week rest, more severe
tears and ruptures may require surgical interventions and
the treatment period may take months. They also have a
repetition rate of up to 34%, especially in the first few
weeks after returning to the game [9, 13]. The hamstring
muscle group plays an active role in branches that include
deceleration, acceleration, jumping, hitting and changing
© Murat Çilli, Merve N. Yaşar, Onur Çakir, 2021
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direction [10, 14, 15]. Hamstring injuries are generally
non-contact injuries and often occur as a result of sprinting
[16, 17].
In the extant literature, the risk factors associated with
hamstring injuries have been investigated, and the idea
that such injuries are multifactorial in nature has been
generally accepted [18]. However, it is known that variables
such as athlete’s age, playing position, hamstring injury
history, muscle structure, fatigue, flexibility and strength
are effective in hamstring injuries [19]. In particular, the
differences in strength between the agonist and antagonist
muscles seem to trigger the risk of injury [20]. As a result
of unilateral loading, asymmetric strength development
may occur between agonist antagonist muscles. Athletes
often try to develop the quadriceps muscle and neglect
the hamstring muscle group. As a result, a strength
imbalance might occur and the risk of injury increases
[10]. It has been reported that muscle imbalances in the
knee joint affect the occurrence of injury, and players with
untreated strength imbalances have an approximately
4.66 times higher risk of injury [21]. As another factor,
it is known that the imbalance of strength between the
dominant (D) and non-dominant (ND) leg plays a role in
injuries. In single-leg dominant sports such as football,
a significant asymmetry may develop between dominant
and non-dominant legs [22]. It is emphasized that both
legs should be used effectively and efficiently in order
to display a high-performance level in football [23, 24].
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Strength differences and imbalance between dominant
and non-dominant legs can be observed especially during
the return to the field after an injury [25]. It is aimed to
increase and strengthen muscle activation by including
some exercises in the prevention and rehabilitation of
hamstring muscle group injuries. Choosing appropriate
exercises to strengthen the hamstring muscle is important
in minimizing injuries [26]. There are many different
resistance exercises for the hamstring muscle group.
These exercises can be evaluated in two separate groups
as resistance exercises performed on the field with body
weight and on machines at gyms. It is known that the
prone leg curl (PLC) exercise is preferred frequently
among hamstring exercises performed on machines at
gyms. In the PLC exercise, the athlete performs flexion
and extension exercises in the knee joint against a certain
resistance. Eccentric and concentric muscle activation
occurs in the hamstring muscle group. On the other hand, it
has been observed that eccentric exercises performed with
body weight have positive effects, including reduced risk
of hamstring muscle and tendon injuries, improved lower
extremity strength and sprinting ability [27]. Eccentric
exercise has been successfully used for injury prevention
in a case study involving an Australian Footballer with
recurrent hamstring injuries [6]. A decrease in both the
frequency and severity of hamstring injuries has been
observed with the addition of the widely used Nordic curl
(NC) exercise, to the training program of professional
rugby [28] and elite football players [10]. In a similar
study conducted on football players, it was reported
that the hamstring injury rate decreased in athletes who
applied the NC in the pre-season period. It has been
observed that there are reductions of 60% and 85% in
new and recurrent injuries, respectively [29]. Gabbe et
al. [30] reported a hamstring injury frequency of 4% in
the intervention group versus 13% in the control group.
Interestingly, another study compared conventional
hamstring exercises with the NC, and it was observed that
a 10-week the NC study was more effective in developing
maximum eccentric hamstring muscle strength [31].
Although the NC is a popular training exercise widely
used by strength and conditioning coaches and physical
therapists, the question of hamstring activation level has
been included in a limited number of studies [14, 32].
Depending on the type of exercise, muscle activation time
and the stress level on the muscle change.
It can be argued that examining the effects of the
PLC and the NC exercises on hamstring muscle group
is important in choosing the appropriate exercise.
Understanding muscle responses to exercises can be
effective for the design of strength training and injury
prevention programs [33]. In this study, it is aimed
to examine the muscle responses to the NC exercises
performed on the field with body weight and the PLC
exercises performed on the machine.
Material and Methods
Participants
The study group was composed of 20 active athletes

(mean±SD age: 17.3±0.80 years, height; 178±0.06 cm,
weight; 68.3±8.34 kg, BMI; 21.7± 2.51 kg/m2, body fat;
11.86%±4.30) who voluntarily agreed to participate, were
in the U-19 football team, and did not have an injury that
would interfere with the study process. The athletes had 5
years of athletic background and trained at least four times
a week. For the study group, the team who had training
experience in hamstring exercises with two different
mechanical properties were chosen. The athletes were
informed about the tests as well as the possible risks and
benefits. Before the study, ethical approval (E-26428519044-8855) was received from Sakarya University of
Applied Sciences Ethics Committee.
Research Design.
Experimental Approach to the Problem:
The NC is a hamstring exercise that can be easily applied
on the field without any special equipment, while the PLC
is a hamstring exercise that is performed on a machine
and is commonly used in gyms. Even though both of the
exercises are used for the hamstring muscle development
and rehabilitation, they have different mechanics.
This study was carried out to investigate whether the
hamstring muscle activity differentiates according to
these exercises performed with different mechanics.
The athletes performed 10 minutes of general warmup exercises (jogging) and a special warm-up protocol
that included 10 minutes of running specific to football,
jumping, and dynamic stretching exercises. To warm up
for the tests, PLC and NC exercises were repeated a few
times. Afterwards, athletes’ electromyographic (EMG)
signals during the maximal voluntary contraction (MVC)
of the hamstring and quadriceps muscles were recorded.
The athletes performed 6 repetitions of the PLC and NC
exercises in random order at their own speed. During both
exercises, surface EMG signals of SM, ST, BF and RF
muscles were recorded with the 8-channel Delsys Bagnoli
EMG system at 2000 Hz sampling frequency.
Procedures
The hair on athletes’ hamstring and quadriceps was
shaved off and their skin was cleansed by a liquid skin
cleanser that contains 70% of alcohol. The electrodes were
placed on the muscle belly point of the SM, ST, BF, and
RF muscles with medical flexible plasters (10x10mm) in
accordance with the Seniam guidelines [34]. The quality
of the signal was checked after all electrodes were placed.
Then, the MVC measurement positions, which were used
by Konrad [35], (Figure 1, 2) were applied to determine
the MVC values of the athletes’ hamstring and quadriceps
muscles.
The MVC measurements were performed three
times. Upon instruction, the athlete was asked to perform
maximal contraction for 5 seconds and rest for 5 second
afterwards. The athletes rested for two minutes between
MVC measurements of the hamstring and quadriceps
muscles. After the MVC measurements, the athletes
performed the PLC and NC exercises with two-minute
intervals in random order. The exercises were performed
in 6 repetitions and the athletes determined the speed
of the exercises themselves. In order to equalize the
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Figure 1. MVC measurement of the quadriceps muscle [35]. Figure 2. MVC measurement of the hamstring muscle [35].
resistance during both exercises, upper extremity body
mass was calculated with the segmentation method for
the athletes’ resistance during the NC exercise. Then, the
weight at the same value with the upper extremity was
determined as the resistance during the PLC exercise that
is performed on the machine. The segmentation procedure
was carried out by proportioning the body weight to the
relative weight values of the upper extremity body parts
(Table 1).
Table 1. Relative weight values of body parts [35]
Body Part

Head

Body

Upper
Arm

Fore
Arm

Hand

Relative
Weight

0.073

0.507

0.026

0.016

0.007

Anthropometric Measurements
Athletes’ body weight, body fat and body mass
indices were measured using the Tanita (Segmental Body
Composition Monitor InnerScan BC-545N –Japan); their
height were measured using a portable stadiometer with 1
mm accuracy (Seca 213 Germany).
Prone Leg Curl Exercise
The athlete laid face down on the PLC machine and
the machine pads were adjusted on the achilles tendon
(Figure 3). He pulled the pad toward the hamstring muscle
group at his own pace, waited for one to two seconds
when the pad touched the hamstring muscle group and
then returned to the starting position. The athlete was
instructed not to move his knee joint during the exercise.
The exercise was performed 6 times.
Nordic Curl Exercise
An assistant applied pressure on the lateral malleolus
to stabilize the athlete and isolate the hamstring muscles
(Figure 4). The athlete tried to maintain his position while
he was stabilized by his ankles and slowly leaned forward
to make his body as straight as he could. Then, returned to
the starting position by pushing himself up with his arms
from the ground. The athlete was instructed not to move
his hips and that the body should be completely straight
from head to knees during the exercise. The assistant
firmly held the athlete’s lower legs during the exercise.
The head, upper body, hips and thighs lined up. The
exercise was performed 6 times.
290

EMG Analysis
Band pass filter and moving average procedures
were applied on the raw EMG data within the range of
10-500 Hz. The total duration of PLC and NC exercises
were calculated. The cumulative integrated EMG values
of each muscle during the exercises were calculated.
MVC% values were calculated using the EMG data of the
maximal isometric contraction (figure 5). The exercises
were categorized into 5 different intensity zones based on
the MVC% values (0%-20%, 20%-40% 40%-60%, 60%80% and 80%-+). The intensity zones were numbered
from 1 to 5, referring to the lowest and highest intensity,
respectively (Table 2). The total duration of the exercise,
which refers to the activity of each muscle on the intensity
zones, was calculated in percentages.
Statistical Analysis
The normal distribution of the data obtained from
EMG analyses was analysed with the Shapiro Wilk
test. The duration in which the PLC and NC exercises
were performed, muscle activity during the exercises
(cumulative integrated EMG), activity rates of the PLC
and NC exercises in the five intensity zones based on the
MVC% were compared using the Wilcoxon Signed-Rank
Test.
Table 2. Intensity Zones (IZ) determined based on the
MVC% values
Intensity Zones
80%
0%-20% 20%-40% 40%-60% 60%-80%
and + of
of MVC% of MVC% of MVC% of MVC%
MVC%
1st IZ

2nd IZ

3rd IZ

4th IZ

5th IZ

The Freidman Test was used to compare the activity
rates of each muscle in the 5 intensity zones during both
exercises. Pairwise Multiple Comparison Test was used
to determine the source of the difference. Statistical
significance for all analyses was set at p<0.05.
Results
The results obtained from the D leg and ND leg EMG
data that belong to muscle responses given to PLC and
NC exercises are presented in the tables and graphs below.
Total mean durations of the PLC and NC exercises
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Figure 3. Prone Leg Curl Exercise

Figure 4. Nordic Curl Exercise
after 6 repetitions were compared and it was observed that
the PLC exercise was performed in a shorter time than the
NC exercise (Table 3) (p<0.05).
Table 3. Durations of the PLC and NC Exercises
Exercises
Time (s)

Prone Leg Curl
26.65

Nordic Curl
30.11

The total muscle activity of each muscle during PLC
and NC exercises were compared using cumulative
integrated EMG data (Figure 6). It was observed that
cumulative integrated EMG values during PLC and NC
exercises were similar for each muscle (p> 0.05).
Activity rates of the muscles analysed in two different
exercises in different intensity zones were compared in
Figure 7. The results showed that the activity rate of the
NC exercise was higher for the ST muscle of the ND leg
in the first intensity zone (PLC: 32%, NC:42%) (p<0.05).
In the third intensity zone, the activity rate of the PLC
exercise was higher for the BF muscle of the ND leg
(PLC: 25%, NC:19%) (p<0.05). Activity rate of the PLC

exercise was higher for BF muscle of the D leg in the
fourth intensity zone (PLC: 14%, NC: 9%) (p<0.05). The
activity rates of the muscles in both exercises were similar
in the second and fifth intensity zones (p>0.05).
Figure 8 shows the activity rates of D leg and ND
leg muscles in different intensity zones during the PLC
exercise. The results showed that the activity rate of the D
leg was higher for the ST muscle in the first intensity zone
(D:37%, ND:30%) (p<0.05). In the fourth intensity zone,
the activity rate of the ND leg was higher for the ST muscle
(D:5%, ND:10%) (p<0.05). The activity rates of D and ND
legs were similar in the other intensity zones (p>0.05).
Figure 9 shows the activity rates of D leg and ND
leg muscles in different intensity zones during the NC
exercise. The results showed that the activity rate of the
D leg was higher for the ST muscle in the first intensity
zone (D:51%, ND:42%) (p<0.05). The activity rates
of D and ND legs were similar in the second and third
intensity zones (p>0.05). In the fourth intensity zone, the
activity rate of the ND leg was higher for the ST muscle
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Table 2. Intensity Zones (IZ) determined based on the MVC% values
Intensity Zones
0%-20% of MVC%

20%-40% of MVC%

40%-60% of MVC%

60%-80% of MVC%

80% and + of MVC%

1st IZ

2nd IZ

3rd IZ

4th IZ

5th IZ

a. Filtered EMG signal of semitendinosus muscle

b. MVC% of EMG signal of semitendinosus muscle

c. Cumulative Integrate EMG of semitendinosus muscle

d. Muscle activation of semitendinosus muscle for 5 intensity zones
Figure 5. Sample data for the analysis process of EMG data during the PLC and NC exercises: a. EMG data that was
applied a band pass filter within the range of 10-500 Hz: b. MVC% values that were normalized using the EMG values
during the maximal isometric contraction: c. Cumulative integrated EMG data: d. Five different intensity zones that
were created based on the MVC% values.
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Figure 6. Comparison of Cumulative Integrated EMG Values of Each Muscle During PLC and NC Exercises: D.ST: Dominant
semitendinosus, D.SM: Dominant semimembranosus, D.BF: Dominant Biceps femoris, D.RF: Dominant rectus femoris,
ND.ST: Nondominant semitendinosus, ND.SM: Nondominant semimembranosus, ND.BF: Nondominant bicepsfemoris,
ND.RF: Nondominant rectus femoris.

Figure 7. Comparison of activity rates of the muscles in 5 intensity zones during the PLC and NC Exercises * Symbol
refers to the significance of the difference between the PLC and NC (p<0.05). The letters refer to the significance of
the difference between activity rates in each intensity zone (p<0.05). D.ST: Dominant semitendinosus, D.SM: Dominant
semimembranosus, D.BF: Dominant Biceps femoris, D.RF: Dominant rectus femoris, ND.ST: Nondominant semitendinosus,
ND.SM: Nondominant semimembranosus, ND.BF: Nondominant bicepsfemoris, ND.RF: Nondominant rectus femoris.
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Figure 8. Comparison of activity rates of D and ND legs in the five intensity zones for the PLC exercise * Symbol refers to
the significance of the difference between the D leg and ND leg (p<0.05). ST: Semitendinosus, SM: Semimembranosus,
BF: Biceps femoris, RF: Rectus femoris

Figure 9. Comparison of activity rates of D and ND legs in the five intensity zones for the NC exercise * There was a
significant difference between the D leg and ND leg (p<0.05). ST: Semitendinosus, SM: Semimembranosus, BF: Biceps
femoris, RF: Rectus femoris.
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(D:2%, ND:8%) (p<0.05). The activity rate of the D leg
was higher for the SM muscle in the fifth intensity zone
(D:12%, ND:4%) (p<0.05).
Discussion
This study aims to examine the muscle responses
of football players to the PLC and NLC exercises by
electromyography. The PLC and NC exercises were
performed 6 times and it was observed that the PLC
exercise took place in a shorter time. Supporting this
study, Jones et al. [36] observed higher peak velocity
and average velocity values in the power clean exercise
performed on the machine in their study, where they
compared the kinetic responses to free weights and power
cleans exercise on the machine.
Another study compared the kinematic, kinetic and
muscle activity between pneumatic and free weight
resistance. It has been found that the work in the pneumatic
machine is performed with a larger average and maximum
speed compared to free weights [37]. This situation stems
from the fact that both exercises are mechanically different
from each other. The PLC exercise occurs only in the knee
joint while more joints participate in the NC exercise. The
NC appears to be a more complex and advance exercise
and it is slower than the PLC exercise in the application
phase. Another factor is that the time between repetitions
is longer in the NC exercise therefore it is thought that the
total duration of the exercise is longer.
According to cumulative integrated EMG data
in the PLC and NC exercises, it was observed that the
activation of the muscles throughout the total exercise
was similar. Pedersen et al. [38] their study comparing
flywheel inertial leg curl and nordic hamstring exercises
on football players, concluded that the muscle activity
of both exercises in the concentric phase was similar. In
their study, Schick et al. [39] found that the bench press
exercise performed with free weight showed more muscle
activation in the medial deltoid compared to the smith
machine bench press exercise. This may be due to the
same resistance during both exercises.
When the activity rates of the muscles in the intensity
zones of the PLC and NC exercises were compared,
a higher activation rate was observed only for the
nondominant ST muscle in the first intensity zone in the
NC exercise. In a study examining muscle activation
during Nordic curl exercise, Monajati et al. [8] found that
the activation of the hamstring muscles increased, the knee
angle remained high between 60 and 40 ° (> 70%), and
then dropped to 27% of the maximal isometric voluntary
contraction at the end of the exercise. Hamstring muscle
activation was examined during the Nordic hamstring
exercise, which was performed as 6 sets and 5 repetitions
in amateur football players, and the hamstring muscle
activity in the descent phase gradually increased as the
number of sets increased. These increases were seen in
the first half of the range of motion [40]. The reason for
this difference is thought to be due to the higher muscle
activation in the NC movement between repetitions,
especially in the low intensity zone. It was observed that

the PLC exercise showed a higher activity rate in the third
and fourth intensity zones. Supporting the findings of
this study, Scmitt et al. [41] found that the biceps femoris
muscle was most active during leg curl exercise compared
to other hamstring exercises. Oliver and Dougherty [42]
examining the activity of hamstring and gluteus maximus
muscles during razor curl and traditional prone hamstring
curl exercises with EMG, found that more muscle
activation was seen during prone hamstring curl exercise.
In another study, Pedersen et al. [38] found that the
flywheel inertial leg curl exercise in the concentric phase
showed higher muscle activation compared to the Nordic
curl. Schoenfeld et al. [43] examined the muscle activation
in the proximal and distal directions of the medial and
lateral hamstrings on two separate hamstring exercises
(stiff-legged deadlift, and the lying leg curl), and they
found that the lower lateral and lower medial hamstring
were activated during the Lying leg curl. Hegyi et al. [44]
examined various hamstring exercises with high-intensity
electromyography, and found that one of the exercises with
the highest activation in both the eccentric phase and the
concentric phase was the Prone Leg Curl. In this direction,
the PLC exercise can be preferred to provide higher muscle
activation. Again, the activation rate of each muscle in
the 5 intensity zones during each exercise differed from
each other. Activity rate tended to decrease from the low
intensity zone to the high intensity zone. The reason for
this is that during the six repetitions, we included not
only the phases in which the muscle was active, but also
the time between repetitions, so the muscles may have
worked more at lower intensity. Comparing the activation
rates between D and ND legs in each intensity zone during
the PLC exercise, the activity rate of the D leg in the first
zone and the ND leg in the fourth zone was found to be the
highest. In their study in which they measured the strength
and fatigue of hip abductors with EMG, Jacobs et al. [45]
found that hip adduction peak torque was higher in the
dominant leg compared to the nondominant leg. In the
same vein, Mondal et al. [46] concluded that the dominant
leg showed a higher level of EMG activity in their study in
which they measured EMG activities in resting standing
positions in D and ND legs on 30 football players. In a
study examining the contralateral power imbalances in the
D and ND lower extremities in soccer players, they found
that the D leg produced a higher power output at 40% and
60% of the maximal force in the knee extensor and flexor
muscles [47].
When the activity rates between D and ND legs during
the NC exercise were compared in each intensity zone, the
D activity rate was found to be higher in the first and fifth
intensity zones, while the activity rate of the ND leg in the
fourth intensity zone was found to be higher. Vaisman et
al. [22] measured the muscle power of the dominant and
non-dominant legs on two groups, non-athletes and single
leg dominant professional soccer players. They could not
find a significant difference between the powers of both
the single leg dominant professional soccer players’ D and
ND leg max powers. Lanshammar et al. [48] evaluated
quadriceps and hamstring muscle strengths in the D and

295

PHYSICAL
EDUCATION
OF STUDENTS

ND legs in women aged 20-39 with maximum isokinetic
concentric contractions at an angular velocity of 90 °/s.
They found that muscle strength in knee flexors was 86%
weaker in the dominant leg, whereas it was 5.3% stronger
in knee extensors compared to the non-dominant leg.
As a result, when we look at the PLC and NC exercises
in general, we can say that the D and ND leg work at a
similar rate.
Conclusions
The study revealed that the PLC exercise took shorter
time than the NC exercise. According to the cumulative
EMG data results, all muscles showed similar activity
during both exercises. Upon comparing the activity
rates of muscles in the PLC and NC exercises in the five
intensity zones, the NC exercise showed more activity in
the first intensity zone. However, the PLC showed more
activity exercise in the third and fourth intensity zone.
While the activation rate of the D leg was higher in the
first intensity zones during the PLC exercise, the activity
rate of the ND leg was observed to be higher in the fourth
intensity zone. While the activity rate of the D leg was
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Nutrition knowledge is related to dietary behavior in athletes. Therefore, it may also have an impact on
performance. Athletes with better nutrition knowledge have more healthy dietary habits. This metaanalysis study focused on the impact of gender on the nutrition knowledge levels of physical education
and sports stakeholders.
This study adopted a meta-analysis research design, which is used to analyze, synthesize, and interpret
quantitative findings from an array of studies through advanced statistical techniques. A meta-analysis
involves combining the findings of studies carried out in different places and at different times on the
same topic and obtaining a quantitatively accurate result based on a large sample. This study employed
the Comprehensive Meta-Analysis (CMA, v. 2.0) to determine effect sizes and the variance of each study
and to compare groups. Cohen’s kappa intercoder reliability and outlier tests were performed using the
Statistical Package for Social Sciences (SPSS).
We focused on 31 studies with a total sample size of 4575. We calculated the effect size of each study.
We found a statistically significant effect size in favor of female stakeholders (d = 0.15; 95% CI -0.22 -0.09)
in the fixed effects model, which was a weak result according to Cohen’s classification. We determined a
statistically significant effect size in favor of female stakeholders (d = 0.15; 95% CI -0.29-0.01) in the randomeffects model. These results suggest a slight difference in nutrition knowledge levels between male and
female physical education and sports stakeholders. This result can pave the way for further research.
It is understood from the physical education and sports stakeholders that there is a weak difference in the
nutritional knowledge levels of women compared to men. It is thought that people who study on sports
nutrition and nutrition programs will benefit from the present finding. In addition, it is estimated that the
researches to be carried out on the relevant subject will take the current study as a reference.
nutrition knowledge, gender, meta-analysis, sports nutrition

Introduction1
All people consume food at the right amount and at the
right time to satisfy their needs for energy and nutrients
they need to stay healthy and have a high-quality life [1].
People take in nutrients for growth, survival, and good
health. Health depends on a balanced diet depending on
consuming enough nutrients for energy. Malnutrition
or undernutrition causes underdevelopment and poor
health [2]. Food is a basic need, and meeting that need
is essential to good health and paves the way for meeting
other basic needs [3].
Nutrition education programs are based on the premise
that superior nutrition knowledge can translate into better
dietary and lifestyle choices. A large-scale survey in the
United Kingdom shows a positive correlation between
nutrition knowledge and intake of less fat and more fruit
and vegetables [4]. Nutrition knowledge determines what
food athletes choose to consume [5]. Studies on athletes
focus on general concepts of health protection [6,7] and
sports-specific nutrition knowledge [8]. Other factors are
© Şakir Tüfekçi, Hulusi Böke, Oğuzhan Altungül, 2021
doi:10.15561/20755279.2021.0506

related to psychological, social, economic parameters,
lifestyle, beliefs, or food choices. There is a growing body
of research on the nutrition knowledge of athletes [9–11].
Nutrition knowledge is related to dietary behavior
in athletes. Therefore, it may also have an impact on
performance. Athletes with better nutrition knowledge
have more healthy dietary habits [9,10]. Nutrition
education programs are designed to increase nutrition
knowledge because it is expected to help athletes develop
better dietary habits, become healthier, and improve their
performance. Athletes know about nutrition as much as
or more than the general population. Female athletes
with nutrition knowledge perform better and participate
more in physical sports than their male counterparts [12].
Some evidence suggests that educated or elite athletes and
female athletes have better nutrition knowledge than male
athletes. Athletes may have more nutrition knowledge
than non-athletes. These results are primarily derived
from descriptive studies and require validation based on
well-defined and designed studies and populations [9].
In their systematic review, Heaney et al. found that
women had more nutrition knowledge than men [9].
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Zawila et al. evaluated the sports nutrition knowledge and
attitudes of 60 female undergraduate cross-country runners
in two states. They reported that the runners scored greater
than 70% on iron, functional foods, and hydration [13].
Female student-athletes learn about sports nutrition from
university courses and nutritionists, whereas male studentathletes learn about it from strength and conditioning
coordinators and athletic trainers. Besides, both male and
female athletes turn to magazines, family members, and
coaches as reliable sources of information [14].
Earlier studies have reported different results
concerning the effect of gender and ultra-resilience
disciplines on nutrition knowledge [11]. Jessri et al.
found that female athletes had significantly more
nutrition knowledge than male athletes [15]. On the other
hand, Arazi and Hosseini determined that male athletes
had significantly more nutrition knowledge than noncollegiate female athletes [16]. Dunn et al. concluded
that female athletes scored slightly higher than their
male counterparts in the Nutrition and Knowledge
Questionnaire and each recommendation section [17].
However, Rash et al. and Rosenbloom, Jonnalagadda, and
Skinner did not find any difference in nutrition knowledge
levels between male and female athletes [8, 18]. Canbolat
and Çakıroğlu reported that male trainers had higher
nutrition knowledge scores than female trainers [19].
Çongar and Özdemir did not find a significant difference
in nutrition knowledge levels between male and female
physical education teachers [20].
Research shows that athletes generally see their
trainers as a source of nutrition knowledge [21–23],
which shows how important an educational role trainers
and teachers play. This paper aimed to take into account
all the stakeholders of physical education and sports
(professional athletes, students-athletes, trainers, teachers,
etc.) and show the big picture in terms of nutrition
knowledge.
Most studies on education in Turkey and other
countries look into the effect of gender on nutrition
knowledge. Gender is also regarded as an important factor
that determines results or indicates a correlation. An event,
phenomenon, or situation is regarded as a “variable”
[24,25]. A meta-analysis study is needed to determine
the effectiveness of studies investigating the impact of
gender on the nutrition knowledge of physical education
and sports stakeholders. This meta-analysis will fill a gap
in the literature on the impact of gender on the nutrition
knowledge of athletes and will offer a new perspective to
nutritionists and teams working on athlete diet. We think
that our results can be used in nutrition training activities.
They will also guide sports nutrition trainers and help
them carry out their training activities more consciously.
This meta-analysis study focused on the impact of gender
on the nutrition knowledge levels of physical education
and sports stakeholders. In addition, within the scope
of the meta-analysis study, it was tested whether some
variables that are thought to affect the overall effect size
and which are frequently presented in the studies of the
authors in the literature, have a moderator effect.
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Material and Methods
Data collection.
The sample consisted of scientific articles, master’s
thesis, and Ph.D. dissertations. The databases ULAKBİM,
YÖK, Google Akademik, EBSCOhost, and Web of
Science were screened to access them. The inclusion
criteria were as follows:
Criterion 1: Published or unpublished scientific
articles, master’s thesis, and Ph.D. dissertations.
Criterion 2: Appropriate research design: The included
studies should adopt a screening design and use gender as
an independent variable in order for us to calculate effect
sizes.
Criterion 3: To calculate the effect sizes, we focused
on fundamental statistical data (mean, standard deviation,
sample size) on the effect of gender on the nutrition
knowledge levels of physical education and sports
stakeholders.
Criterion 4: Publication year: Studies conducted
between 2000 and 2020.
Criterion 5: Language: Turkish or English.
We used a PRISMA flow diagram to collect data
(Figure 1) [26].
Study design:
This study adopted a meta-analysis research design,
which is used to analyze, synthesize, and interpret
quantitative findings from an array of studies through
advanced statistical techniques. A meta-analysis involves
combining the findings of studies carried out in different
places and at different times on the same topic and
obtaining a quantitatively accurate result based on a large
sample [27-31]. This study employed the Comprehensive
Meta-Analysis (CMA, v. 2.0) to determine effect sizes
and the variance of each study and to compare groups.
Cohen’s kappa intercoder reliability and outlier tests
were performed using the Statistical Package for Social
Sciences (SPSS).
Data analysis:
Statistical software packages were used to calculate
effect sizes and the variance of each study and to conduct
between-group comparisons. The standardized effect size
developed by Cohen was used to calculate the effect size
of each study [32]. Men consisted of the experimental
group, while women consisted of the control group.
Therefore, a positive effect size favored man, while a
negative one favored woman. The data were analyzed at a
significance level of 0.05 because all studies took 0.05 as
the significance level.
The second researcher coded the interview data of four
randomly selected participants to check the coding and
determine whether the coding agreement was adequate.
Intercoder reliability was calculated using the formula
[Reliability = (number of agreements) / (number of
agreements + number of disagreements) *100] suggested
by Miles and Huberman. The intercoder reliability
was 0.93. An intercoder agreement greater than 0.70
indicates adequate reliability [33]. Establishing coding
protocol reliability is critical for a meta-analysis [34,35].
Therefore, two experts (faculty members with a Ph.D.
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Additional records identified from other sources
(n = 0)

Records detected by database scan
(n = 6.690)

Records remaining after duplications removed (n = 6)

Scanned records (n = 6684)

Full text articles evaluated for eligibility (n = 112)

Excluded records (n = 6572)

Full text articles not included in the
study, by reasons (n = 80)

Studies included in qualitative synthesis
(n = 1)

Studies included in quantitative synthesis (meta-analysis),
effect size and sample size
(n = 31; ES: 31; N: 4575)

Experimental (n = 19)
Review (n = 1)
Language difference (n = 1)
Inappropriate and incomplete data (n = 51)
Inaccessible (n = 8)

Figure 1. PRISMA flow diagram
in physical education who teach in related programs of
sports sciences faculties) filled out the codings separately.
Afterward, they came together and discussed the parts on
which they disagreed until they reached a consensus. The
intercoder agreement was 80.2%. Some researchers [34]
argue that Cohen’s Kappa statistic is more reliable given
the chance factor due to the lack of options in agreement
levels based on intercoder frequency data. The intercoder
reliability index was 0.78, indicating almost perfect
agreement [36–38].
Hunter and Schmidt argue that a researcher should
pay attention to studies with very different effect sizes
when determining outliers because he/she cannot fix a
bad dataset without excluding those studies [39]. Hedges
and Olkin state that removing an outlier from a dataset is
the right decision provided that the overall average is not
affected and that the model fit improves. They propose
various methods for detecting outliers. According to
their methods, studies deviating relatively excessively
in forest plot axes are outliers [40]. We used forest plot,
standard residuals, z-score (4.80), and heterogeneity
(Q=1083.73,10; p<0.57) to identify outliers. All in all,
we did not detect any outliers. Therefore, the sample
consisted of 31 studies.
Results
We analyzed the data derived from the studies to seek
answers to the research question. This section addressed
the publication bias, fixed-effects model, homogeneity,
random-effects model, and moderator analysis findings.
Most individual effect sizes were grouped
symmetrically in the funnel (Figure 2). Moreover, the
individual effect sizes were grouped around the middle

line showing the overall effect size. Figure 2 shows no
publication bias. However, we also had to analyze the
publication bias statistics because not all individual effect
sizes were grouped symmetrically in the funnel. Table 1
shows the statistics as a way to address publication bias.
Rosenthal’s Safe N Test shows that the meta-analysis
result was statistically significant (p = .000) (Table 1). We
needed 136 more studies with a zero-effect size in order
for the meta-analysis result to be non-significant (p>
.05). The sample consisted of studies we accessed after a
rigorous search (qualitative, quantitative, and theoretical)
in all accessible library catalogs and digital databases.
Kendall’s Tau coefficient (Begg and Mazumdar Rank
Correlations) was statistically insignificant (-.00 ve p =
.05), indicating the absence of publication bias. Egger’s
Linear Regression (p = .92> .05) also showed no
publication bias (95% confidence interval).
Combined findings according to fixed and random
effects model (tabl.2).
According to the fixed effects model, women had
slightly more nutrition knowledge than men. However,
according to Cohen’s classification, gender had a weak
effect because the effect size was less than 0.20 [41]
(fig.3).
The homogeneity test result was Q=125,390
(Q-statistics). Thirty degrees of freedom were 43.773
(X2 Table 2). The null hypothesis of homogeneity of the
distribution of effect sizes was rejected in the fixed effects
model because the Q-statistic value exceeded the critical
value of the chi-square distribution. In other words, the
distribution of effect sizes had heterogeneity according to
the fixed-effects model. The I2 value, which complements
the Q statistic, yields more accurate results regarding
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Figure 2. A funnel plot of effect sizes of studies on the impact of gender on nutrition knowledge levels of physical
education and sports stakeholders
Table 1. Tests results for publication bias of studies subjected to meta-analysis
Tests

Test data
Z-value for observed studies
P-value for observed studies
Alpha
Tails
Z for alpha
Number of observed studies
Safe N (FSN)
Tau
Z-value for Tau
P-value (one-tailed)
P-value (two-tailed)
Standard Error
95% lower limit (one-tailed)
95% upper limit (two-tailed)
t-value
sd
P-value (one-tailed)
P-value (two-tailed)

Rosenthal’s Safe N Test

Begg and Mazumdar Rank Correlations

Egger’s Linear Regression

-4.53
.00
.05
2
1.95
31
136
-.00
.05
.47
.95
1.12
-2.41
2.19
.09
29
.46
.92

Table 2. Combined findings according to fixed and random effects model and homogeneity test

-0.156

0.03

0.00

-0.22

-0.09

-4.73

0.00

125.39

Random

31

-0.152

0.07

0.00

-0.29

-0.01

-2.15

0.03

Lower
limit
302

30

I2

31

Df (Q)

Fixed

Upper
limit

Q-value

Heterogeneity

p

Null hypothesis
Z-value

Variance

Standard
error

Effect Size

Effect size and 95% confidence interval
Number
of Studies

Model

76.07
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Meta Analysis
Study name

Dunnigan, 2010
Holley, 2018
Kimmel, 2019
Mitchell, 2004
Overstreet, 2012
Shields, 2009
Andrews et al., 2016
Blennerhassett et al., 2018
Holden etal., 2018
Jessri et al.,2010
Sobana, 2016
Bakhtiar et al.,2021
Citarella et al.,2019
Demirci and Toptab Demirci,2018
Havarmale, 2017
Heikkilâ et a., 2017 (a)
Heikkilâ etal., 2017(b)
Kaya et al., 2016
Özdoöan ve Özçelik, 2011
Saribay and Kirbas, 2019
Spronk et al., 2015
Akyl, 2007
Çimen, 2012 (a)
Çimen, 2012 (b)
Duman, 2011
Pahin, 2020
Akyl ve Gürbüz, 2010
Gümübdaö ve Kartal, 2017
Kabakça ve diöerleri, 2012
Dursun, 2020
Canpolat ve Çakyroölu, 2016

Statistics for each study
Std diff

Standard

in means
-0,46
0,45
-0,41
-0,13
0,00
-0,93
0,04
-0,35
0,45
-0,65
0,57
0,52
-2,12
-0,08
-0,02
-0,31
-0,62
-0,12
0,13
-0,09
-0,41
-0,54
-0,12
-0,26
-0,26
-0,93
-0,01
0,52
-0,22
-0,04
0,72
-0,15

error
0,21
0,17
0,18
0,17
0,15
0,25
0,19
0,23
0,31
0,14
0,20
0,20
0,80
0,23
0,20
0,11
0,24
0,13
0,11
0,11
0,21
0,15
0,33
0,22
0,29
0,18
0,20
0,33
0,26
0,18
0,40
0,07

Lower Upper

Variance

limit
-0,86
0,12
-0,76
-0,47
-0,29
-1,42
-0,32
-0,79
-0,15
-0,93
0,17
0,12
-3,68
-0,52
-0,41
-0,53
-1,08
-0,38
-0,09
-0,31
-0,82
-0,84
-0,77
-0,70
-0,84
-1,27
-0,40
-0,13
-0,72
-0,40
-0,06
-0,29

0,04
0,03
0,03
0,03
0,02
0,06
0,03
0,05
0,09
0,02
0,04
0,04
0,64
0,05
0,04
0,01
0,06
0,02
0,01
0,01
0,04
0,02
0,11
0,05
0,09
0,03
0,04
0,11
0,07
0,03
0,16
0,00

limit
-0,05
0,77
-0,06
0,21
0,29
-0,43
0,41
0,10
1,05
-0,37
0,96
0,92
-0,55
0,36
0,37
-0,09
-0,15
0,14
0,34
0,13
-0,00
-0,24
0,53
0,17
0,31
-0,58
0,38
1,17
0,28
0,32
1,50
-0,01

Std diff in means and 95% Cl
Z-Value p-Value
-2,19
2,68
-2,27
-0,76
0,00
-3,67
0,23
-1,53
1,45
-4,56
2,82
2,53
-2,64
-0,36
-0,09
-2,73
-2,59
-0,91
1,13
-0,84
-1,98
-3,57
-0,37
-1,17
-0,90
-5,24
-0,04
1,57
-0,85
-0,22
1,82
-2,16

0,03
0,01
0,02
0,45
1,00
0,00
0,82
0,13
0,15
0,00
0,00
0,01
0,01
0,72
0,93
0,01
0,01
0,36
0,26
0,40
0,05
0,00
0,71
0,24
0,37
0,00
0,97
0,12
0,40
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0,07
0,03
-4,00

-2,00

0,00

Favours A

2,00

4,00
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Figure 3. Forest plot
Table 3. Categorical moderator results on the effect of gender on nutrition knowledge
Moderator
k
d
SE
%95 CI
**
Research type
31
Scientific article
25
-0.16
0.03
-0.23;-0.08
Master’s thesis
6
-0.14
0.07
-0.28; 0.00
**
Research site
31
In Turkey
10
-0.17
0.14
-0.45; 0.09
Outside of Turkey
21
-0.13
0.08
-0.29; 0.02
**
Stakeholder type
27
High school students
3
-0.11
0.07
-0.26; 0.04
Undergraduates
11
-0.09
0.14
-0.37; 0.17
Professional athletes
10
-0.05
0.13
-0.54; -0.01
Trainers
3
-0.134
0. 37
-0.79; 0.68
* p <0.05 significance level
** Two or fewer subgroups were not included in the moderator analysis.
heterogeneity [30, 42]. I2 shows the ratio of residual
variance to the total variance concerning effect size.
Unlike the Q statistic, the I2 statistic is not affected by
the number of studies. In the I2 interpretation, 25% shows
low heterogeneity, 50% moderate heterogeneity, and 75%
high heterogeneity [43]. The model was converted to a

Qbetween
0.19

p
0.66*

0.05

0.81*

1.39

0.70*

random model as the homogeneity tests (Q and I2) for the
gender variable showed high heterogeneity among the
studies. Moderator analysis (Mixed effect analysis) was
performed to identify the reasons for the heterogeneity
(Table 3).
Borenstein et al. recommend moderator analysis to
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identify the reasons for heterogeneity among studies.
Therefore, we analyzed some moderators to explore the
causes of the heterogeneity [44].
The analysis showed that research site, research type,
and stakeholder type did not play a moderating role in the
average effect size (p>0.05). A meta-regression analysis
was conducted to determine whether publication year was
a moderator. The results showed that more recent studies
had smaller effect sizes in favor of men. However, the
difference was statistically insignificant (coefficient=
[.02]; p=.22). Another meta-regression analysis was
performed to identify whether the sample size was a
moderator. The results showed that sample size had no
moderating effect on the effect sizes (coefficient=.00;
p=.96).
Discussion
The study revealed that gender had a weak effect on
the nutritional information of physical education and
sports stakeholders, and women had a slightly higher level
of knowledge than men. It also reveals that the research
region, publication type and stakeholder types do not have
a moderator effect.
We need to determine how much people know about
nutrition to help them develop healthy dietary habits [45].
Akıl and Gürbüz found that male and female athletes
had similar nutrition knowledge levels [46]. Süel, Şahin,
Karakaya, and Savucu did not find a relationship between
gender and nutrition knowledge among elite basketball
players [47]. Earlier studies have reported similar results
[11, 18, 20, 48].
Canbolat and Çakıroğlu reported that male trainers had
higher nutrition knowledge scores than female trainers
[19]. There are other studies with similar results [49–53].
Kızıltan focused on mineral consumption and determined
that male students had more nutrition knowledge than their
female counterparts [54]. Arazi and Hosseini observed
that undergraduate male athletes had significantly more
nutrition knowledge than non-collegiate female athletes
[16].
Şahin and Taşkıran asked sailors to evaluate their
nutrition knowledge. The results showed that female
sailors had significantly more nutrition knowledge than
their male counterparts. The results also showed that
female sailors had significantly higher basic nutrition,
nutrient-health knowledge, and food preference scores
than males [55]. Citarella found that female ultramarathon
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Abstract
Students are often injured while playing sports. The main condition for preventing injuries is the correct
Background
and Study Aim technique of movements. In the literature, rock climbing has not been analyzed in terms of prevention of

Material and
Methods

Results

Conclusions
Keywords:

student injuries. Therefore, the development of programs to prevent injuries of students-rock climbers is
relevant. Aim: to determine the impact of the use of exercises in a closed kinematic chain on the technical
skill and the number of injuries to the elbows of student-rock climbers based on the analysis of the onearm hang technique.
First, to substantiate the correct technique in rock climbing, the technique of performing one-arm hang
was analyzed by 20 leading male climbers of Ukraine and 20 students - novice male climbers. Then a
randomized control study was conducted. The participants in the randomized control study were 40 male
students-climbers in the intervention group and 44 male students-climbers in the control group aged 1819 years. The one-arm hang technique was determined based on the angles between the shoulder and
the collarbone during the movement. The experiment lasted 1 year. At the beginning and at the end of the
experiment, the analysis of the one-arm hang technique was carried out. The number of elbow injuries in
both groups was also recorded.
The main parameters of the one-arm hang technique for qualified and unskilled climbers have been
substantiated. For qualified climbers, one-arm hang involves the muscles of the shoulder girdle, torso,
and legs. In unskilled climbers, one-arm hang is provided only by the muscles of the arm. In a control
randomized study, there was a significant improvement in the results of biomechanical analysis of the
hang technique in athletes in the intervention group (p <0.001). The use of exercises in a closed kinematic
chain significantly reduces the incidence rate of elbow injuries in student-climbers (p <0.05). The odds
rate of mild elbow injuries in the control group was 4.625 times higher than the intervention one (95% CI:
1.198; 17.854), the odds rate of moderate injuries in the control group was 5.588 times higher than in the
control group than the intervention one (95% CI: 1.143; 27.324).
Exercises in closed kinematic chains are an effective means of improving climbing technique and injury
preventing to university students during rock climbing.
kinematic chain, training, trauma, elbow, bouldering

Introduction1
Currently, the importance of physical culture and sports
is increasing. Sports activities contribute to the increase
of motor intelligence, the development of psychological
qualities. This is necessary for building a career, showing
individuality, and being successful in all areas of activity.
Sports activities are of particular relevance for students.
However, sports are also accompanied by injuries of
varying degree. This leads to spending a lot of time to
recover from injuries, skipping classes, and psychological
problems [1–4]. In this regard, the problem of student
injuries during sports is widely covered in modern
literature according to the databases Endnote, Web of
Science, Scopus, PubMed. This indicates the high urgency
of this problem in the world [5–7].
Clifton et al. [5] described the epidemiology of injuries
sustained in basketball by high school girls in the period
© Serhii Kozin, Zhanneta Kozina, Marina Jagiello,
Marko Joksimović, 2021
doi:10.15561/20755279.2021.0507

from 2005-2006 to 2013-2014 school years and student
women’s basketball in the period from 2004-2005 to
2013-2014 school years. Clifton et al. [5] concluded that
the injury rate was higher in students than in high school
students, and higher in competition than in training. In a
study by Fraser et al. [6] is described the epidemiology
of ball contact injuries in 11 sports associations (men’s
football, women’s field hockey, women’s volleyball,
men’s baseball, women’s softball, men’s and women’s
basketball, men’s and women’s lacrosse, men’s and
women’s football), in the period from 2009-2010 to 20142015 academic years. The percentage of ball contact
injuries was highest in women’s softball, women’s field
hockey, and men’s baseball. Although more than half
were injuries without wasting time, such serious injuries
as concussions and fractures were reported.
Hurtubise et al. [7] conducted a study of gender
differences in severe injuries in various sports. Hurtubise
et al. [7] concluded that women are at increased risk of
severe injury, especially concussion, and this should be
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taken into account when planning preventive measures.
Jin [8] found that college students were injured when they
were playing football. It was revealed that every student
is an athlete, on average involved 1.6 different sports. The
average number of hours of sports per year was 371.6
hours, respectively. The average total number of sports
injuries sustained by athletes was 1.7 per participant,
80.8% of respondents reported having at least one sports
injury. Thus, the number of injuries among students
involved in sports is high.
The data of other authors also testify to the high injury
rate of students involved in sports [9–11]. The authors
[12, 13] note the high prevalence of injuries among
students involved in various sports. In most studies,
traumatic exposure was defined as the participation of
one student-athlete-amateur in one workout or game, and
was expressed as an exposure on the athlete (AEs). This
value ranges from 1.82 to 15.29 per 1000 student-athletes
who participated in training or games (AEs). Moreover,
women are more likely to be injured than men. The most
traumatic sports are team ball sports and wrestling.
From the point of view of students’ injuries prevention
rock climbing were not analyzed. However, at present,
this sport is becoming more and more popular among
students in connection with the acquisition of the status
of Olympic sport [14]. Therefore, a promising direction,
in our opinion, will be the analysis of injuries among
students involved in rock climbing, and the development
of injury prevention programs.
Injury prevention is based on the correct technique of
movements [15, 16]. The correct technique of physical
exercise is a way of its implementation, where the motor
task is solved most efficiently and rationally [17]. Correct
technique assumes energy efficiency of movement.
It determines the economy of energy and creates
the opportunity to achieve the highest results for the
athlete. Performing movements in the most rational way
prevents injury. At the same time, conditions are created
for biomechanically expedient work of the locomotor
apparatus.
The theory of one of the classics of biomechanics,
Bernshtein [18-20], testifies that the basis of injury
prevention is the effective organization of movement
control from the side of the central nervous system.
Improvement of the organization of movement control is
carried out with the help of neuromuscular training [21,
22]. One of the important components of neuromuscular
training programs for injury prevention is exercise in
a closed kinematic chain [21-24]. Coppack et.al. [21]
showed the effectiveness of closed chain exercises
compared to open chain exercises in preventing injury.
Augustsson et.al. [22] also revealed the effectiveness of
exercise in a closed kinematic chain compared to exercises
in an open kinematic chain to gain muscle mass and
increase the jump up. Lee et.al. [23] showed that inward
movement of the chin in a closed kinetic chain is more
effective in activating the deep flexor of the neck than in
an open kinetic chain. Roh et.al. [24] found that exercise
in a closed kinetic chain is a more effective therapeutic
308

intervention than exercise in an open kinetic chain. This
fact was found to improve the sensorimotor function of
the lower extremities and gait functions such as gait speed
and symmetry.
In our previous studies [25, 26], it was shown that
when one-arm hang is performed in bouldering, the angle
between the shoulder and the clavicle should be about 90120 degrees. In this case, more muscles are involved to
provide one-arm hang. If the angle is greater, then the hang
is provided mainly by the ligaments of the shoulder and
elbow. This is dangerous for the ligaments and can lead
to injury. In addition, with proper hanging, the muscles of
the trunk and legs are included. This helps the muscles of
the shoulder girdle work. In this case, a kinematic chain
is created, consisting of links: fingers, forearm, shoulder,
trunk, legs. At a steep angle, the chain consists of a small
number of links without involving the muscles of the
trunk and legs. Exercises in a closed kinematic chain
allow to use all its links. Thus, the conditions are created
for the formation of the skill of working with the whole
body to ensure the correct one-arm hang. We think that
Closed Kinetic Chain exercises are more effective for
climbing than other sports. Climbing is work exclusively
in a closed kinetic chain.
Based on this, we formulated a hypothesis: in closed
kinematic chains the use of exercises will contribute to
the formation of a rational one-arm hang technique in
climbing and prevent injuries.
Aim: to determine the influence of the use of exercises
in closed kinematic chains on technical skill and the
number of injuries to the elbows of students-climbers
based on the analysis of the technique of performing onearm hang.
Material and methods
Participants and randomization
At the first stage of the study, to substantiate the correct
technique in rock climbing, the technique of performing
one-arm hang was analyzed by 20 leading male climbers
of Ukraine and 20 male students – novice climbers. The
age of all athletes was 22.4 ± 3.2 years, body length –
178.5 ± 12.5 cm, body weight – 72.2 ± 8.5 kg.
At the second stage, a randomized control study
was conducted. The participants of this study were 84
male students, who were engaged in rock climbing at
the amateur level in the cities of Ukraine, aged 18-19
years. All athletes gave written consent to participate
in the experiment. The health status of the athletes was
monitored during the first 2 weeks of the study using
routine medical examinations conducted by a doctor. The
athletes were also followed for 6 months to assess the
baseline injury frequency and the baseline level of onearm hang technique [27-30].
An independent statistician randomized the athletes
in parallel to a control group and an intervention group
using a random distribution method using online random
number generator program. As a result of randomization,
40 athletes were assigned to the intervention group and 44
athletes – to the control group.
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The groups were compared in terms of body length,
body weight, rock-climbing experience, indicators of
one-arm hang technique according to expert judgment,
the results of biomechanical analysis, and the number of
injuries before the start of the experiment within 6 months.
For all these indicators, the groups did not significantly
differ among themselves (p> 0.05). The body length of
the athletes in the control group was 172.5 ± 8.5 cm, the
body weight of the athletes in the control group was 65.2 ±
6.5 kg. The body length of the athletes in the intervention
group was 173.4 ± 8.7 cm, the body weight of the athletes
in the intervention group was 66.1 ± 6.6 kg (p> 0.05).
The groups trained according to the generally accepted
plan 3-4 times a week, the number of training hours was
the same in both groups. At the beginning and at the end
of the experiment, independent experts analyzed the onearm hang technique. The number of elbow injuries in both
groups was also recorded. The baseline rate of all elbow
injuries recorded within 6 months prior to the experiment
was 11 in the control group and 15 in the intervention
group.
We have presented the injury rate as the number of
injuries per 1000 AEs. We defined AEs as the number of
athletes multiplied by the number of all training sessions
in which they participated (AEs = athlete × exposure
(training, competition)) [30]. In our case, the number of
trainings and competitions was the same in the Control
Group and Intervention Group and was 75 before the
experiment and 150 during the subsequent experiment for
1 year. The number of climbers in our case was 40 for
the Intervention Group and 44 for the Control Group. The
injury rate was defined as the number of injuries per 1000
AEs [30].
The number of AEs in the 6 months prior to the
experiment was 3300 in the control group and 3000 in
the intervention group. The risk of injury per 1000 AEs in

the control group and in the intervention group for mild,
moderate, and severe injuries did not differ significantly
(Table 1).
Procedure
At the first stage of the study, the technique of onearm hang in bouldering was analyzed by 20 leading
climbers of the World and Ukraine and 20 novice athletes.
Based on the analysis of the technique for performing
this movement by athletes, the main characteristics of
the correct technique for performing one-arm hang were
compiled. The correct (typical for qualified climbers)
and incorrect (typical for unskilled climbers) hanging
technique were recorded using a Sony FDR-X3000
video camera. Then, using the Kinovea 0.8.15 computer
program, the kinematic characteristics of two models of
technique were analyzed (model 1 is typical for beginner
athletes, model 2 is typical for qualified athletes) based
on the determination of the angles between the shoulder
and the clavicle. The analysis of angles was carried out
from the moment of grabbing the toe to stable fixation
of the hang (t = 30 s, the number of analyzed frames was
10, the frames were selected at regular intervals; the total
number of analyzed attempts was 20 for each model of
equipment). A comparative characteristic of the values of
the measured angles at the point of stable fixation of the
hang was carried out on the basis of 20 measurements for
each model of equipment. A biomechanical analysis of
two models of technology was carried out on the basis
of the laws of classical mechanics (the relationship of
forces acting on a body during tension; interaction of
forces in kinematic chains). On the basis of a comparative
biomechanical analysis of two models of technique, the
main biomechanical characteristics of the correct hanging
technique in rock climbing were given.
At the second stage, elbow injuries were recorded
in the formed groups of climbers (control group and

Table 1. Comparison of injuries of elbows of rock-climbers between the Control (n=44) and the Intervention Groups
(n=40) within six months before the experiment
Injury Degree

Control Group
AEs,
Injuries, No.
No.

Injury
Ratea

Intervention Group
Injuries, AEs, Injury
No.
No. Rate

Mild

6

3300 1.82

7

3000 2.33

Moderate

5

3300 1.52

6

3000 2.00

Severe

1

3300 0.91

2

3000 1.33

IRR (95% CI) a;b;
ORR (95% CI) c
1.047 (0.870; 0.1259) a
0.779 (0.286; 2.124) b
0.744 (0.227; 2.437) c
1.043 (0.882; 1.233) a
0.758 (0.250; 2.292) b
0.726 (0.203; 2.594) c
1.047 (0.870; 0.1259) a
0.779 (0.286; 2.124) b
0.744 (0.227; 2.437) c

p Valued

0.425 d

0.432 d

0.425 d

NOTE: AEs – athlete × exposure (training sessions, competitions); Injury rate indicates the number of injuries per
1000 AEs; IRR – Incidence rate ratio; a Incidence rate ratio for cohort (injuries=no) – the ratio of the probabilities of not
getting injured in the control group and the intervention group; b Incidence rate ratio for cohort (injuries = yes) - the
ratio of the probabilities of not getting injured in the control group and the intervention group; c ORR - Odds Rate Ratio
for group (control / intervention); CI - confidence interval (Lower bound; Upper bound); d By Fisher exact test
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intervention group) for 6 months to determine the initial
level of injury. Then an experiment was carried out, which
lasted 1 year. The groups trained according to the generally
accepted plan 3-4 times a week. The number of training
sessions was the same in both groups during the year and
amounted to 150 trainings. In the intervention group, the
developed injury prevention program was applied. At the
beginning and at the end of the experiment, analysis of
the one-arm hang technique was carried out according to
both the expert judgment and the results of biomechanical
analysis in both groups. The number of elbow injuries in
both groups was also recorded.
Method for determining the level of technical skill of
athletes
The method of biomechanical analysis of the hanging
technique in rock climbing was used to analyze the
hanging technique: 1 – qualified (n=20) and unskilled
(n=20) athletes; 2 – students of the control group (n = 44)
and the intervention group (n = 40). Using the computer
program Kinovea 0.8.15, the kinematic characteristics
of the one-arm hang technique in rock climbing were
analyzed. One-arm hang was chosen for the analysis of
the technique due to the fact that this element is the basis
for other technical elements in rock climbing. Also, the
technique for performing this element was substantiated in
our previous studies [25, 26]. The one-arm hang technique
was determined based on determining the angles between
the shoulder and the collarbone. The angles were analyzed
from the moment the toe was gripped to stable fixation of
the hang (t = 30 s, the number of analyzed frames was 10,
the frames were selected at regular intervals). For each
athlete, 5 attempts were analyzed, the arithmetic mean of
5 attempts was taken as the analyzed indicator.
Technical proficiency was also determined by expert
judgment. The technique of hanging on one hand was
evaluated by four experts – leading rock climbing coaches
in Ukraine. The assessment was carried out on a 12-point
system. The sum of the points given by all four experts
was used.
Trauma registration method
Cases of injuries and diseases of the elbows were
recorded in both groups, first for 6 months to determine
the initial level of injuries, and then during the year of the
experiment. The following injuries were recorded: mild,
moderate, severe. Mild injuries included those that heal
in less than 1 month, moderate injuries – those that heal
in 2-3 months, and severe injuries - those that heal within
6-12 months. Injuries were recorded by interviewing
athletes and coaches.
Intervention program
The basic program, according to which the control
group and the intervention group were trained, were
the same. In the Intervention Group, athletes performed
our proposed additional Exercises in a closed kinematic
chain. The exercises were performed at each workout (3-4
times a week). The intervention program took 15 minutes
for each workout. Athletes and coaches recorded the use
of the intervention program in their diaries.
We used Exercises in a closed kinematic chain in the
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Intervention Group. In our previous studies [25, 26], it
was shown that when hanging on one arm in bouldering,
the angle between the shoulder and the clavicle should
be about 90-120 degrees. In this case, more muscles are
involved to provide hang. This helps the muscles of the
shoulder girdle work. In this case, a kinematic chain is
created, consisting of links: fingers, forearm, shoulder,
trunk, legs. With proper hanging, the muscles of the trunk
and legs are turned on. If the angle is greater, then the
hang is provided mainly by the ligaments of the shoulder
and elbow. This is dangerous for the ligaments and can
lead to injury. At a steep angle between the shoulder and
the collarbone, the chain is made up of a small number of
links without involving the muscles of the trunk and legs.
Exercises in a closed kinematic chain allow you to use all
its links. Thus, conditions are created for the formation
of the skill of working with the whole body to ensure the
correct hang.
Exercises in a closed kinematic chain [28]:
1. Push-ups on the rings. Starting position: support
with two straight arms on the gymnastic rings face down,
feet on toes, the spine is straight. Flexion and extension of
the arms with an emphasis on the rings. Keep your spine
straight, do not lift your feet off the floor. The number
of repetitions is 10-20 times, depending on the level of
preparedness of the students. The height of the rings
is 100-150 cm, depending on the preparedness of the
students.
2. Pull-up in support. Starting position: hold on to a
horizontal bar with a height of 150-180 cm, face up, arms
straight, feet on the floor. The spine is straight. Flexion and
extension of the arms. Keep your spine straight without
lifting your feet off the floor. The number of repetitions
is 10-20 times, depending on the level of training of
students.
Exercises in closed kinematic chains act completely
on the entire kinematic chain, more evenly distribute the
load on all links of the chain [24, 25]. The program also
involved a conscious focus on the inclusion of all muscles
of the closed kinematic chain in the process of performing
each movement.
Statistical analysis
To determine the influence of the developed
technology on the risk of injury, the following indicators
were determined: the reliability of differences between
the control group and the intervention group based on the
results of expert assessment and biomechanical analysis
of the one-arm hang technique, the number of injuries,
the risk of injury, the likelihood of injury, relative risk and
odds ratio using the computer program SPSS-17, option
Crosstabs.
We presented the injury rate as the number of injuries
per 1000 AEs, and we defined AEs as the number of
athletes multiplied by the number of all training sessions
in which they participated (AEs = athlete × exposure
(training, competition)) [30]. The injury rate was defined
as the number of injuries per 1000 AEs [30].
We used Fisher’s exact test and Pearson’s Chisquare test to compare injury rates between intervention
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and control groups. We considered a two-sided p <0.05
statistically significant. The significance of differences in
the number and risk of injuries between the control group
and the intervention group was determined using Fisher’s
exact test and Pearson’s Chi-square test [30].
The risk (probability) of injury (Incidence rate) was
defined as the ratio of the number of injuries to the total
number of athletes in the analyzed group. The relative
risk (Incidence rate ratio) was determined according to
the recommendations of the authors [30]. The relative risk
(relative probability) (Incidence rate ratio) of injury was
determined in two ways: 1 – the ratio of the probability of
not getting injured in the control group and the intervention
group (notation: Incidence rate ratio for cohort (injuries =
no)); 2 – the ratio of the probability of injury in the control
group and the intervention group (symbol: Incidence rate
ratio for cohort (injuries = yes)). The odds rate of injury
was determined as the ratio of the number of injuries
to the number of non-injured athletes in the analyzed
group [30]. Odds Rate Ratio was defined as the ratio of
the chance of injury in the control group to the chance
of injury in the intervention group. The relative chances
(Odds Rate Ratio) of injury were determined according to
the recommendations of the authors [30]. These indicators
were determined separately for all types of elbow joint
injuries analyzed (Mild, Moderate and Severe).
To assess the influence of the developed program on
the level of technical skill of athletes, the groups were
compared according to the Student’s t-criterion before
the experiment and after the experiment in terms of the
angle between the shoulder and the collarbone when they
performed one-arm hang and in terms of expert assessment
of the technique. The groups were preliminarily tested
for all indicators for normal distribution according to the
Kolmogorov-Smirnov test. No significant differences
were found between the obtained distribution and the
normal distribution (p> 0.05). This gave us the opportunity
to apply parametric statistical methods to determine the
significance of differences and the relationship between
expert judgment of technique and the angle between
the shoulder and collarbone. The Pearson correlation
coefficient was determined between the expert assessment
of the technique and the angle between the shoulder and
the collarbone when performing one-arm hang in rock
climbing.
The influence of the prior art on the number of injuries
was determined by the method of Cochran and MantelHansel. The state of the art below the average by expert
judgment (less than 25 points) in combination with the
values of the angle between the shoulder and the clavicle
(more than 120 degrees) is conventionally designated as
1; The level of technology above the average according
to expert judgment (more than 25 points) in combination
with the values of the angle between the shoulder and
the clavicle (less than 120 degrees) is conventionally
designated as 2.
Results
Justification of the correct one-arm hanging technique

in rock climbing
The analysis of the hanging technique in rock
climbing by athletes of different qualifications showed the
presence of two models of the technique for performing
this movement, differing in the main parameters.
Demonstration of these models of technology is shown
in Figure 1 (1, 2). Figure 1 (1) shows the first model of
the hanging technique in rock climbing. It is characterized
by minimal muscle tension in the shoulder and back, a
large angle between the shoulder and the collarbone (146
degrees), and an almost vertical position of the lower spine
with curvature in the upper spine. This type of technique
is typical for unskilled athletes. Figure 1 (2) shows the
second model of the hanging technique in rock climbing.
This model is characterized by muscle tension in the
shoulder, back, and a smaller angle between the shoulder
and the collarbone (90 degrees). The second model of
technique is typical for qualified athletes.
These differences are due to the more pronounced
work of the muscles of the trunk, legs, shoulder in the
second model compared to the first model (Fig. 1-3). Since
the second model (qualified athletes) is characterized by
a pronounced work of the muscles not only of the upper
limb, but also of the trunk, legs, it can be concluded that
the second model requires the development of these
muscles, and cannot be used by low-skilled athletes due
to insufficient development of the muscular apparatus.
In the first model, hanging is carried out mainly due to
the ligamentous apparatus of the joints of the shoulder
girdle with minimal involvement of muscles, which
is dangerous by injury to the ligaments of the shoulder
and elbow joints. In the second model, the hang is also
provided by the inclusion of the muscles of the trunk and
legs, which reduces the load on the ligamentous apparatus
and reduces the likelihood of injury to the ligaments of the
shoulder and elbow joints.
We analyzed both models of hanging technique in rock
climbing from the point of view of the laws of physics
(Fig. 2) and the peculiarities of the interaction of forces
in closed kinematic chains (Fig. 3). We schematically
presented the distribution of stress when performing
a hang in the form of interconnected elements. This
“structure” is attached by one link to the upper support
(d), and is in a hanging state (Fig. 2). Figure 2 (1) shows
a diagram of the first model of the hang technique, and
Figure 2 (2) shows a diagram of the second model of hang
performance. The first model of the hang technique is
characterized by a minimal inclusion of the muscles of
the shoulder girdle, trunk, legs; therefore, the area (b) of
the connection of the links (a, c) is relatively small. The
second model of the hanging technique in rock climbing
is characterized by a larger area (b) of the connection of
the links (a, c) with each other due to the inclusion of a
greater number of muscles of the shoulder girdle, trunk,
legs.
From the point of view of the balance of forces acting
on the body [25, 26], these models are the same: in both
cases, the body weight, which is the product of body mass
(m) and gravitational acceleration (g), is held in the hang
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by the force of fixation on the support, which is equal to
the reaction force of the support Fp (formula 1):
mg + Fp = 0
(1)
where: m – body weight, g – acceleration of gravity, Fp –
the force of fastening on the support, equal to the reaction
force of the support
However, if we consider these models from the point
of view of the regularities that determine the preservation
of the structure under tension, then these models have
significant differences. These differences are due to the
laws of mechanics the tensile or compressive strength of
materials [25].
According to the basic law of strength conditions,
normal stresses σ arise in the sections of the bar during
tensile or compressive deformation. The longitudinal
force N is related to the normal stress σ by the following
relationship (formula 2):
s = N/A
(2)
where: σ – normal stress; N – the longitudinal force in
the cross section of the rod; A – the cross-sectional area
of the bar.
According to formula 2, the stress arising from
hanging in climbing (σ) depends on the longitudinal
force, that is, on the body weight (N), and on the crosssectional area (A), that is, on the muscles and ligaments of
the shoulder girdle that ensure the execution of the hang.
The body weight (N) is the same in the first and second
models, but the cross-sectional area (A) is larger in the
second model. Accordingly, the stress (σ) is greater in the
first model compared to the second, since to formula 2:
A1 <A2, N1 = N2, t herefore σ1> σ2
The higher efficiency of model 2 (typical for qualified
athletes) can also be explained in terms of the addition of

1

forces in the kinematic chain (Fig. 3).
In the first model of the technique, the total force
ensuring the execution of the hang is equal to the sum of
the forces F1, F2. In the second model of the technique,
the number of chain links involved in the movement is
greater than in the first. In this case, all the links of the
kinematic chain are involved in maintaining the entire
structure in the hang. Working muscles determine the
action of the forces F1, F2, F3, F4. As a result, the total
force ensuring the execution of the hang is equal to the
sum of the forces F1, F2, F3, F4.
In general, the addition of forces in the presented
kinematic chains can be represented as a formula
(formula 3):
FΣ = ΣFі
(3)
where: FΣ – the force holding the body in the hang; Fі
– force due to the inclusion of individual interconnected
links of a closed kinematic chain; Fp – the reaction force
of the support.
In the second model, the total force providing the hang
position is significantly greater than the given force in
the first model. This means that in the second model, not
only the muscles of the upper limb (as in the first model),
but also the muscles of the trunk and legs are involved
in maintaining the hanging position. Accordingly, the
upper limb has a lower load compared to the first model
of equipment. This determines the effectiveness of the
second model of the technique and provides the basis
for the formation of the most effective technique of
movements in rock climbing and prevention of injuries.
These provisions became the basis for the
development of a program to prevent injuries of students
during rock climbing lessons. The program was aimed
at developing the correct hanging technique in rock

2

Fig. 1. The phase of fixing the hang in rock climbing, model of technique 1, is typical for beginners (1) and model of
technique 2, is typical for qualified athletes (2) competition)
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Fig. 2. Diagrams of models of stress distribution when hanging in rock climbing (bouldering): 1 - model 1 (wrong
technique, typical for novice athletes); 2 - model 2 (correct technique, typical for qualified athletes); a - the upper
part of the chain (upper limb); b - connection of the upper and lower parts of the chain; c - the lower part of the chain
(trunk); d - support (climbing stand); N is the longitudinal force in the cross section of the rod; A - cross-sectional area
of the rod (muscles and ligaments at the junction of the shoulder and trunk)
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Fig. 3. Diagram of the kinematic chain in various models of hanging in rock climbing (bouldering): 1 - model 1 (wrong
technique); 2 - model 2 (correct technique); Fp - the force of fastening on the support, equal to the reaction force of
the support; FΣ is the force holding the body on the support in the hanging; F1, F2, F3, F4 - forces arising from the
tension of individual muscles; A1, A2, A3, A4, A5 - links of the kinematic chain (A5 - a link resulting from the tension
of intertransmitting muscles); Model 1 - the kinematic chain is formed by a small number of links; the force holding
the body in the hanging (FΣ) is due to the forces F1 and F2: FΣ = F1 + F2: Model 2 - the kinematic chain is formed by a
large number of links; the force holding the body in the hang (F5) is due to the strength of the linksА1, A2 A3, A4: FΣ =
F1 + F 2 + F 3 + F 4
climbing and included special exercises. The exercises
were aimed at developing the skill of turning on all the
links of the kinematic chain when performing a hang. For
this, exercises were used in a closed kinematic chain. A
closed kinematic chain assumes the work of all its links:
the muscles of the shoulder girdle, trunk, legs. The skill
of working all the muscles of the kinematic chain is one
of the basic conditions for correct hanging technique
in climbing and preventing injuries. Therefore, to form
this skill, we used exercises in a closed kinematic chain.

The program also included a focus on correct hanging
technique while climbing.
Influence of the intervention program on the technique
of performing one-arm hang and on traumatism of
students
Before the experiment, the average expert assessment
of the hanging technique in rock climbing by athletes from
the control group was 19.05 ± 0.78, in the intervention
group this value was 19.5 ± 0.87 (p> 0.05). Before the
experiment, the groups did not differ significantly in terms
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of hanging technique. After the experiment, the average
value of the expert assessment among the athletes in the
control group was 26.8 ± 0.83, and in the intervention
group – 32.15 ± 1.18 (p <0.05) (Table 2). This indicates
a positive effect of the use of injury prevention means
in rock climbing on the formation of a biomechanically
functional hang technique.
The results of biomechanical analysis of the hanging
technique in rock climbing in terms of the angle between
the shoulder and the collarbone confirmed the results of
an expert assessment of the hanging technique on one
arm. The correlation coefficient between the value of the
considered angle and the value of the expert assessment
was -0.95 (p <0.001) (Table 2). This testifies to the
coincidence of the subjective assessment of the hanging
technique by experts and the objective indicators of the
hanging technique.
There was a significant decrease in the angle between
the shoulder and the clavicle in the athletes of the
intervention group (p <0.001). In the control group, these
changes are not significant (p> 0.05) (Table 2). The groups
before the experiment did not differ significantly in terms
of the angle between the shoulder and the collarbone (p>
0.05). After the experiment, significant differences were
found between the control and experimental groups in
terms of the angle between the shoulder and the clavicle
(Table 2).
Before the experiment, the value of the angle between
the shoulder and the collarbone in the control group athletes
was 131.91 ± 24.71, in the intervention group this value
was 137.18 ± 6.40 (p> 0.05). This indicates that before
the experiment, the groups did not differ significantly
from each other. After the experiment, the average value
of the angle between the shoulder and the clavicle in the
athletes of the control group was 127.23 ± 9.87, and in
the athletes of the intervention group – 116.32 ± 14.55
(p <0.05) (Table 2). This indicates a positive effect of the

application of the developed program on the formation of
biomechanically functional hanging technique.
The influence of the prior art on the number of injuries
during the experiment was also determined by the method
of Cochran and Mantel-Hansel (Table 3). A high reliability
of the influence of the level of technique proficiency on the
number of injuries was found (p <0.001) (Table 3). Since
prior to the experiment, the groups did not significantly
differ among themselves in terms of the level of climbing
technique, it can be noted that at the end of the experiment
the level of technique significantly affects the number of
injuries.
Table 3. Influence of the level of technique on the number
of students’ injuries during rock climbing lessons
Treatment method name

Chi-Squared
(χ2)

р

Cochran’s

65,070

0,000

Mantel-Haenszel

52,990

0,000

The total number of all recorded elbow injuries during
1 year of the experiment was 29 in the control group and
5 in the intervention group. The number of registered
injuries of varying complexity was as follows: in the
control group: 12 - Mild Degree, 10 - Moderate Degree,
7 - Severe Degree; in the intervention group: 3 - Mild
Degree, 2 - Moderate Degree, 0 - Severe Degree (Table
4).
The risk (Injury rate) of elbow injuries Mild Degree
per 1000 AEs during 1 year of the experiment in the
control group was 1.82 (95% CI, 1.071; 2.403), in the
intervention group – 0.5 (95% CI, 0.064; 0.979). The
incidence rate ratio for cohort (injuries = no) for Mild
Degree elbow injuries was 0.786 (0.643; 0.962) (Table
4). The incidence rate ratio for cohort (injuries = yes) for
Mild Degree elbow injuries was 3.636 (1.106; 11.959)

Table 2. Indicators of hanging technique fulfillment in rock climbing by athletes from the control group (n = 44) and the
intervention group (n = 40) before and after the experiment
Technique indicators
Expert review, points
Statistical indicators of comparison of the control
and experimental groups according to the expert
evaluation of the technique
The angle between the shoulder and the collarbone,
degrees
Statistical indicators of comparison of the control
and experimental groups according to the expert
evaluation of the technique
Relationship between expert judgment of technique
and the angle between the shoulder and the
collarbone

±S

±S

After
experiment
26,8±3,9
32,15±5,31
3,69

t

р

CG
IG
t

Before
experiment
19,05±3,72
19,5±3,9
0,38

2,01
5,54
-

<0,01
<0,001
-

p

>0,05

<0,01

-

-

CG
IG
t

131,91±24,71
137,18±6,40
0,97

127,23±9,87
116,32±14,55
2,82

0,82
5,87
-

>0,05
<0,001
-

p

>0,05

<0,05

-

-

r

-0,95

-

<0,001

Group
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(Table 4). The probability of getting a Mild Degree elbow
injury in the control group was 3.636 times higher (95%
CI = 1.106-11.959, P (Fisher) = 0.017) compared with
the intervention group (Table 4). The risk (Injury rate) of
moderate elbow injuries per 1000 AEs during 1 year of the
experiment in the control group was 1.52 (95% CI, 0.247;
1.883), in the intervention group - 0.33 (95% CI, 0.089;
1.272). The Incidence rate ratio for cohort (injuries = no)
for Moderate Degree elbow injuries was 0.813 (0.683;
0.968); P = 0.039) (Table 4). The incidence rate ratio for
cohort (injuries = yes) for Moderate Degree elbow injuries
was 4.545 (1.059; 19.506) (Table 4). The probability of
getting a Moderate Degree elbow injury in the control
group was 4.545 times higher (95% CI = 1.106-11.959,
P (Fisher) = 0.017) compared with the intervention group
(Table 4). The risk (Injury rate) of severe elbow injuries
per thousand AEs during 1 year of the experiment in the
control group was 1.06 (95% CI, 0.134; 1.795), in the
intervention group - 0 (no severe injuries were found in
the intervention group). The incidence rate ratio for cohort
(injuries = no) for Severe Degree elbow injuries was 0.841
(0.739; 0.956); P = 0.02) (Table 4). The incidence rate
ratio for cohort (injuries = yes) was not determined for
Severe Degree elbow injuries in the control group and the
intervention group, since no Severe Degree injuries were
recorded in the intervention group (Table 4).
The odds (Odds Rate) of getting Mild Degree elbow
injuries in the control group is 0.375, in the experimental
group - 0.081. The chance of getting low-complexity
elbow injuries in the control group was 4.625 times higher
(95% CI = 1.143-27.324, P (χ2) = 0.028) compared to the
experimental one (Table 4).
The chance (Odds Rate) of getting a Moderate

Degree elbow injury in the control group is 0.294, in
the intervention group - 0.053 (Table 4). The chance
(Odds Rate) of getting injuries and diseases of Moderate
Degree in the control group is 5.588 times higher (95%
CI = 1.143-27.324, P (χ2) = 0.028) compared to the
intervention group (Table 4).
The chances of getting injuries and diseases of the
elbow of high complexity in the control group is 0.159, in
the experimental group - 0 (in the intervention group, not a
single injury or disease of the elbow of severe complexity
was found) (Table 4). The probability of not getting
injured (intervention group / control group) is 0.841 (95%
CI = 0.739-0.956, P (Fisher) = 0.008) (Table 4). Injury
odds ratio for Severe Degree injuries was not determined
because no Severe Degree elbow injuries were identified
in the intervention group.
Thus, our study showed that the use of our program
reduces the risk of injury (Incidence rate) of elbows in
student climbers. The incidence rate of injury is reduced
for mild, moderate and severe elbow injuries. Significant
risk reduction was found for moderate and severe
injuries. Severe elbow injuries were not detected in the
experimental group during the course of the experiment.
Discussion
The hypothesis of the effectiveness of the use of
exercises Exercises in a closed kinematic chain for the
prevention of injuries in climbing has been confirmed. We
obtained a significant reduction in injury risk (Injury rate)
in terms of Incidence rate ratio and Odds Rate Ratio for
Mild elbow injuries, Moderate Degree and Incidence rate
ratio (injuries = no) for Severe Degree injuries. It should
be noted that no severe elbow injuries were found in the

Table 4. Indicators of risk of injuries and diseases of the elbow in the Control (n = 44) and Intervention Groups (n = 40)
groups during the year
Group

CG

Mild Degree

Moderate Degree

Severe Degree

Yes* No*IR OddsYes*

AEs, Injury
AEs, Injury
AEs, Injury
Yes* No*IR OddsRate
Yes* No*IR OR
No. Rate*
No. Rate*
No. Rate*

12

66001.82 10

32 0.270.37 10

34 0.230.29

IG

3
37 0.070.08 2
60000.50 2
38 0.050.05
a
0.786 (0.643; 0.962)
0.813 (0.683; 0.968) a
IRR (95% CI)
3.636 (1.106; 11.959) b
4.545 (1.059; 19.506)b
P
P (Fisher)=0.017 d
P (Fisher)=0.02 d
ORR
4.625 (1.198; 17.854) c
5.588 (1.143; 27.324)c
(CI)
2
e
P (χ )=0.023
P (χ2)=0.028 e
P

66001.52 7

37 0.160.1966001.06

60000.33 0
40 0.000.0060000.00
0.841 (0.739; 0.956) a
-b
P (Fisher)= 0.008 d
P (χ2)= 0.013e

NOTE: CG – Control Group; IG – Intervention Group; * – Yes – the number of people injured; no - the number of people
who were not injured; IR – Injury rate (without indicating the number of injuries per 1000 AEs); IRR – Incidence rate
ratio; AEs – athlete × exposure (training sessions, competitions); *Injury rate indicates the number of injuries per
1000 AEs; IRR – Incidence rate ratio: aIncidence rate ratio for cohort (injuries=no); bIncidence rate ratio for cohort
(injuries=yes); c ORR – Odds Rate Ratio for group (control/intervention); CI – confidence interval (Lower bound; Upper
bound); dBy Fisher exact test. eBy Pearson Chi-Square
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intervention group. The data on the effectiveness of the
use Exercises in a closed kinematic chain for the injury
prevention of students during rock climbing have been
confirmed [21-24].
Our study confirmed the provisions formulated in our
previous works [25, 26]. For skilled climbers, the total
hanging force is significantly greater than that for nonskilled climbers. This is due to the fact that in qualified
athletes, not only the muscles of the upper limb (as in
unskilled athletes), but also the muscles of the trunk and
legs are involved in maintaining the hanging position on
one arm when climbing. These muscles create additional
links in the kinematic chain. Accordingly, the upper limb
has a lower load compared to the technique of unskilled
athletes. This provided a theoretical basis for the formation
of the most effective climbing technique, which ensures
the achievement of a sports result and prevents injuries.
Therefore, to activate not only the muscles of the arms,
but also the muscles of the legs and trunk, it is advisable
to use exercises in a closed kinematic chain.
Our study confirmed the theory of Bernstein [26], from
which it can be traced that the basis of injury prevention
is the effective organization of movement control from
the side of the central nervous system. Our methodology
is built according to the interaction of various levels
of movement organization [18]. Signals from muscle
proprioceptors are predominantly received at level A.
These signals indicate the degree of muscle tension and
signals from the organ of balance. Therefore, level A is one
of the main levels for ensuring movement without injury.
Muscle tone and intermuscular coordination are one of
the main conditions for injury preventing. Exercises in
closed kinematic chains affect primarily these aspects of
level A, and this is a confirmation of Bernstein’s theory
[26, 28, 29].
Level B receives signals from muscle, articular,
connective, and skin proprioceptors. In case of violations
/ decrease in the functionality of level B, a selection of
non-optimal synergies is observed when performing
movements. Level B also serves to provide injuryfree movement. Muscle synergy is also one of the key
prerequisites for injury prevention. Exercises in a closed
kinematic chain affect level B. This is a confirmation of
Bernstein’s theory [18]. Our study also confirmed the
theory of motor control [31–36], according to which the
effective organization of movement control by the central
nervous system is the basis of injury prevention.
Thus, the work confirms the data on the need for
the formation of biomechanically grounded technique
of movements for the injury prevention in sports, the
theory of movement control on the need to form a rational
technique to prevent injuries [16, 17]. The work expanded
and supplemented the data [21, 23] on the use of exercises
in closed kinematic chains for the prevention of injuries in
various sports, in particular, in rock climbing.
Our work also includes a climbing injury prevention
program. This is new data. As far as we know, our study is
one of the first to develop and validate a climbing injury
prevention program.
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Conclusions
1. The main parameters of the one-arm hang
technique for qualified and unskilled climbers have been
substantiated. For qualified climbers, when hanging on
one hand, the muscles of the shoulder girdle, torso, and
legs are turned on. In unskilled climbers, hanging on one
arm is provided only by the muscles of the arm. This
increases stress on the ligaments and leads to injury. The
angle between the shoulder and the collarbone is greater
for unskilled versus qualified athletes.
2. The use of exercises in closed kinematic chains
helps to improve the technique of the one-arm hang in
rock climbing. There was a significant improvement in the
results of biomechanical analysis of the hang technique in
rock climbing among athletes of the intervention group:
after the experiment, the angle between the shoulder
and the clavicle decreased significantly in the athletes of
the intervention group (p <0.001), while in the control
group these changes were not significant (p> 0.05). A
high reliability of the influence of the level of technique
proficiency on the number of injuries was found (p <0.001).
3. The total number of all recorded elbow injuries
during 1 year of the experiment was 29 in the control
group and 5 in the intervention group. The number of
recorded injuries of varying complexity was as follows:
in the control group: 12 - low complexity, 10 - medium
complexity, 7 - high complexity; in the intervention group:
3 - low difficulty, 2 - medium difficulty, 0 - high difficulty.
Exercises in a closed kinematic chain reduce the incidence
rate of elbow injury in student climbers. The likelihood
of injury is reduced for mild moderate elbow injuries (p
<0.05). The likelihood of not being injured increases for
all types of injuries (p <0.05). Severe elbow injuries were
not detected in the experimental group during the course
of the experiment.
4. The chance of getting mild elbow injuries in
the control group was 4.625 times higher than in the
intervention group (95% CI: 1.198; 17.854). The chance
of getting moderate elbow injuries in the control group
was 5.588 times higher than in the intervention group
(95% CI: 1.143; 27.324). Exercises in closed kinematic
chains are an effective means of forming the correct
technique and preventing injuries of students during rock
climbing.
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Abstract
The inclusion of beach volleyball in the program of the Olympic Games gave some impetus to the
Background
and Study Aim development of scientific research on various problems of training athletes. Most of the research results

Material and
Methods

Results

Conclusions
Keywords:

are presented in journals included in the Web of Science Core Collection. However, the publication of
research results in journals from national databases remains outside the scope of this database. The aim of
this study is to systematically review the scientific literature on various beach volleyball issues in Russianlanguage scientific resources.
The sources of information were the authoritative database Web of Science Core Collection, Russian Science
Citation Index, Scientific Electronic Library eLIBRARY.RU (Russia), National Repositary of Academic Texts
(Ukraine). Data extraction from these databases was carried out using the keywords “volleyball” / “beach”.
A total of 1,875 documents were found for the keyword “volleyball”. Of these, the keyword “beach” - 273
documents. Further analysis was carried out on 273 documents. The search query results were recorded in
the form of tables and a special text file, which were processed in the VOSviewer 1.6.17 program.
The most significant and more popular subject categories, journals, authors, articles, keywords have been
identified. The relationship between keywords and individual groups of publications has been established.
A method for extracting data from the Scientific Electronic Library eLIBRARY.RU in a semiautomatic mode
is presented. The trends in the development of beach volleyball in various aspects of the training of elite
athletes and the sports reserve, the health-improving function of beach volleyball for youth are shown.
Differences in the content of research between Russian-language and English-language resources are a
good complement to each other. This fact may contribute to solving the problems of beach volleyball and
international cooperation of researchers.
bibliometric analysis, terms, youth, trends, sports selection, sports reserves, health.

Introduction1
Competitiveness in beach volleyball competitions
forces coaches and athletes to look for new approaches to
organizing and conducting the training process. A certain
role in this search is assigned to scientific research, the
results of which are usually reflected in journals from
databases. The most authoritative is the Web of Science
Core Collection (WoS). WoS covers a fairly large number
of publications in various subject categories. The vast
majority of publications in the database are presented
in English. It can be assumed that the leading countries
in beach volleyball have their own publications in the
national language. Such resources may contain quality
scientific research that is not available to most beach
volleyball professionals. In this context, the search for
information in national languages is of great importance.
The analysis of such publications can be presented in
the English-language journals of the WoS database. This
approach is quite justified – it significantly expands the
audience of users. Russia and Ukraine are among the
leaders in beach volleyball. An analysis of resources in
the national languages of these countries can provide new
© Sergii Iermakov, Tetiana Yermakova, Krzysztof Wnorowski,
Abdelkrim Bensbaa, 2021
doi:10.15561/20755279.2021.0508

insights into beach volleyball trends.
The global trends in the development of beach
volleyball are reflected in the studies, the results of
which are presented in the journals of the WoS database.
Dyreson [1] believes that modern beach volleyball should
be viewed as a global phenomenon with transnational
origins. Another study [2] reported an increase in the
popularity of beach volleyball since its inclusion in the
Olympic Games. The authors propose creating a database
that can be used to identify trends for training stages.
Prospects for creating models of behavior of athletes and
areas of technical training are presented in the studies of
Gea et al. [3] and Zemkova et al. [4]. Similar opinions
about the need to identify promising areas of research
can be traced in the works of other authors [5-7]: model
of orientation towards success; forms of partnership
between two athletes that will help in achieving success;
approaches to creating a familiar training environment for
athletes. Research by Giatsis et al. [8] and Medeiros et al.
[9] are devoted to the technical training of athletes in beach
volleyball. The authors believe that serve (standing serve,
jump serve, float jump serve) and spike have different
performance profiles based on technique, player role, and
age. Other studies consider: tactics of team actions [10];

319

PHYSICAL
EDUCATION
OF STUDENTS

attack tactics [11, 12]; competitive activity [13, 14]. In
general, the WoS database presents a fairly wide range of
research areas in beach volleyball.
Survey publications in the WoS database give a good
idea of the trends in beach volleyball development.
Systematic review by Jimenez-Olmedo et al. [15] is
devoted to the analysis of publications on injuries and
pathologies in beach volleyball. The authors distinguish
three areas: studies of injuries of the shoulder, scapula,
knee and foot; study of the incidence, prevalence and
frequency of injuries; infections; the impact of injuryrelated training programs. Monteleone et al. [16] observed
two cases of severe deltoid muscle atrophy not caused
by any trauma. Cheron et al. [17] presents an analysis
of publications on various injuries in beach volleyball.
The authors highlight injuries associated with overload,
cumulative injuries, injuries of the musculoskeletal
system. In a study by Ahmad et al. [18] is identified a
tendency towards an increase in the proportion of athletes
with cartilage damage with age. Closs et al. [19] presented
estimates of the effectiveness of combined methods for
rapid recovery. Other studies on trauma and directions for
recovery include reviews by Doyscher et al. [20], Marques
[21]. Systematic reviews of other beach volleyball issues
in the WoS database have not been found. There is a
predominant focus of research on solving the problems of
injuries and recovery from injuries.
The Russian-language segment of publications in
the Web of Science database (RSCI – Russian Science
Citation Index) on beach volleyball is represented by
5 publications on the following topics: classes with
students using beach volleyball [22-24]; preparation of
national teams for international competitions [25-26].
For the formation of trends in solving the problems of
beach volleyball, 5 publications are clearly not enough.
Therefore, it makes sense to consider other resources:
Scientific Electronic Library eLIBRARY.RU (SEL,
Russia) [27]; National Repositary of Academic Texts
(Ukraine) [28].
SEL research includes several lines of research.
Technical training.
Serve. It is presented the following results of problem
solving: improvement of technique and accuracy of serve
[29]; increasing the speed in attacking actions and serves
[30]; increasing the efficiency of serves [31, 32]. The
studies reviewed have substantiated: the effectiveness of
psychomotor control; main selection criteria; indicators
of efficiency and effectiveness of competitive actions.
Attacking strike. The studies examined: the
effectiveness of an attacking strike in various situations
[29]; approaches to improving the attacking strike
technique [33]; the effectiveness and information content
of the parameters of the attacking strike technique [31,
32, 34]. The studies reviewed revealed: new tactical
patterns of behavior of athletes; directions for improving
technology at the initial stages of training; strengths and
weaknesses of the preparedness of the leaders of Russian
beach volleyball; model parameters of the power variant
of the attacking strike.
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Digging of the ball from the serve. Research topics
are as follows: the influence of the method of digging
the serve on the effectiveness of the digging [29] and on
the passing the ball for hitting [35]; the effectiveness of
competitive activity [31] and the dynamics of parameters
of serving [32]. In the studies reviewed, the following are
determined: directions of pedagogical control; quantitative
and qualitative indicators of competitive activity.
Blocking. The problems of evaluating the effectiveness
of blocking [31] and the dynamics of the studied
parameters [32] are considered. The authors note the
importance of blocking in conditions of confrontation
between athletes.
Defence. The main tactical defence systems are
considered [29]. The priority technical elements of the
game in defence were revealed [35]. Information about
the effectiveness of the game in defence is given [31].
Criteria for the effectiveness of playing actions in defence
[36] and the effectiveness of ball receptions in defence
[32] have been substantiated. The authors lead to the
conclusion that defensive actions are closely related to
the tactics and level of interaction of athletes in the team.
Tactical training. The main tactical defence
systems [29] and the main role of tactical training [37]
are considered. A pedagogical program for assessing
individual technical and tactical actions is presented [36].
The results of changes in the level of technical and tactical
readiness are shown [38]. The authors note that athletes
often have to change tactical patterns of interaction in
order to achieve success.
Physical training. The directions of increasing the level
of physical fitness of athletes [39-43] and the realization of
physical capabilities of athletes [37] are shown. The level
of development of specific physical qualities [44, 45] and
physical conditions of athletes [46-48] was assessed. The
directions of improvement of special physical qualities
of athletes are considered [35, 49]. The importance of
pedagogical control of the current physical condition
of athletes is noted [50-52]. In the studies reviewed, it
is noted that the level of physical fitness of athletes is a
criterion for success in extreme environmental conditions
(wind, sand, sun and other natural factors).
Competitive activity. The dynamics of indicators of
efficiency and effectiveness of competitive actions of the
strongest Russian players is presented [32]. The impact
on athletes of various stress factors caused by competitive
activity has been considered [37]. The psychophysiological
features of the athletes’ competitive potential have been
identified [53]. The quantitative and qualitative indicators
of competitive activity are considered [35]. Pedagogical
observation and analysis of the training-competitive
process were carried out [31, 36, 54, 55]. The stages of
pre-competitive training are highlighted [56]. The criteria
of readiness for competitive activity of the players of
the Russian national team are shown [57]. The methods
of pre-competitive training [58], planning of training
and competitive loads [42] and the peculiarities of the
period of preparation for the return competition [59] are
presented. The estimation of adaptation in the period of
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precompetitive training is given [52]. A rational ratio of
training and competitive loads was revealed [60]. In the
studies reviewed, it is noted that success largely depends
on the rational planning of pre-competitive training,
criteria for the readiness of athletes.
The structure and content of the training process.
Optimal volumes, orientation [61] and intensity of
physical activity are proposed [49, 58, 62]. Estimates
of the influence of training loads on morphological and
functional indicators are presented [63]. The directions
of optimization of individual training loads [64, 65] and
a rational ratio of training and competitive loads [60]
are proposed. Other studies recommend approaches to
the rational construction and planning of training loads
[42]. Pedagogical control of physical activity is of
great importance [54]. For athletes of national teams,
recommendations have been developed on training loads
to prepare for the Olympic Games [29, 32]. Kostyukovet
al. recommends taking into account the external and
internal motivation for training [56]. Dashaev et al.
focuses on the aspects of building psychological training
in the training process [37]. The importance of using
special equipment in the training of athletes is noted by
Sukhanov et al. [66]. In the studies reviewed, the authors
argue that the optimal ratio of the leading factors (volume,
focus and intensity of physical activity) allows achieving
success in competitive activity. Equally important is the
criteria for the psychological readiness of athletes to
overcome extreme factors.
Biomechanical aspects of movement techniques.
The biomechanical features of the combined effects of
movements are considered in the study by Pogrebnoy et al.
[29]. The analysis of the biomechanical components of the
jump was reviewed by Goncharuk [67]. Buczynski et al.
[68] consider the biomechanical analysis of the attacking
spike as an important aspect of the training of athletes.
In other studies, model biomechanical characteristics
of athletes’ movement techniques have been considered
[33, 69]. The authors note that consideration of the
biomechanical aspects of movement technique allows
athletes to achieve the desired results and perform
movements in an optimal mode with minimal energy
consumption.
Beach volleyball as a recreational activity. In a study
by Bich et al. [70] considered the theoretical aspects
of the implementation of health and fitness practices.
Kondrakovet al. [22] recommends using a functional
model of student’s recreational physical culture. The
directions of popularization of beach volleyball in the
context of adaptive physical culture and adaptive motor
recreation are highlighted in the work of Kryvinia et al.
[71]. Other studies recommend the use of beach volleyball
in wellness activities [64, 72]. In the studies reviewed,
the authors argue that beach volleyball is a good tool for
outdoor activities and a healthy lifestyle for young people.
The distribution of the number of publications by
countries in the WoS database for the period 2010-2021
shows the presence of only two publications from Ukraine
and Russia. This points to the need to analyze beach

volleyball scientific resources in national languages.
Analysis of publications in the WoS database shows
that the main attention was paid to the research of trauma
and methods of rehabilitation, individual and team
psychological training. Somewhat less attention is paid to
the technical and tactical training of athletes.
The analysis of Russian-language publications
indicates that there is research on all the main aspects of
training athletes in beach volleyball. The greatest attention
was paid to the research of technical and tactical training
and competitive activity, the training of national teams, the
health-improving orientation of beach volleyball lessons.
We found no studies of sports injuries and rehabilitation
aspects of the training process.
Such an analysis allows us to assert that there are
significant differences in the content of the studies that are
presented in the WoS database and in Russian-language
scientific resources.
The aim of the research is a systematic review
of scientific literature on various problems of beach
volleyball in Russian-language scientific resources.
Methodology
Sources of data.
To analyze the information, we used the following
databases:
• Web of Science Core Collection (WoS);
• Web of Science (RSCI - Russian Science Citation Index);
• Scientific Electronic Library eLIBRARY.RU (Russia)
[27].
• National Repositary of Academic Texts (Ukraine) [28].
The main criterion for choosing databases is the
quality of information sources. Web of Science includes
RSCI (887 best Russian journals, 16.06.2021). Scientific
Electronic Library eLIBRARY.RU includes 5213 Russian
journals. All journals in these databases have passed
preliminary assessment. Periodically, logs that do not
meet the established criteria are excluded from these
databases.
The databases were searched for the keywords
“volleyball” / “beach”.
Search results show:
– Web of Science Core Collection (period 2010-2021,
keyword “beach volleyball”) - 181 articles.
– RSCI - 152 articles for the keyword “volleyball”. Of
these - 5 articles on the keyword “beach”.
– SEL - 1541 articles on the keyword “volleyball”. Of
these - 87 articles on the keyword “beach”.
– National Repositary of Academic Texts (Ukraine) 32 documents on the keyword “volleyball”. Of these,
1 document (2004) on the keyword “beach”.
Research Design
Inclusion and exclusion criteria.
The main requirement for information sources is
quality. Therefore, we chose the authoritative Web of
Science Core Collection database. The search depth in
this database was limited to 10 years. This is due to the
fact that over the past 10 years, the technique, tactics and
other components of beach volleyball have undergone
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great changes. Therefore, earlier studies will not play an
important role in identifying trends in beach volleyball.
Authors who have the “total link strength” criterion
(criterion in the VOSviewer program) equal to zero
were excluded from the analysis of the SEL database
(Russia). Also, publications that do not have annotations
were excluded. These publications are for informational
purposes only and are of little value to our research.
Publications in other languages were excluded from the
RSCI search. The National Repositary of Academic Texts
(Ukraine) was also excluded from the search. A search in
this database showed the presence of only one document
from 2004 (thesis abstract in Russian).
The Web of Science database includes the Russian
Science Citation Index. RSCI is formed from the best
Russian journals, which are presented in the Scientific
Electronic Library collection eLIBRARY.RU (Russia).
These journals were selected by a group of reputable
Russian experts.
From these two databases, data related to publications
in the field of beach volleyball were extracted. Most of the
publications before 2010 were excluded from the review
because their content has lost its relevance.
First step. Revealing global trends in beach volleyball
research. The search query was carried out on the Web of
Science Core Collection (181 articles, period 2010-2021,
the keyword “beach volleyball.” Data set was generated
(section Export / Other File Formats / Record Content:
- Full Record and Cited References / File Format - Plain
Text) and saved as a text file. This file was used for
bibliometric analysis.
The search made it possible to highlight the TOP-10
of the most important subject categories, journals and

authors (Table 1).
Second phase. Identifying trends in beach volleyball
research in Russian-language sources.
A search was carried out in the Russian Science
Citation Index base. A total of 5 articles were found with
the keywords “beach volleyball”. The search results were
included in the data set generated from the Scientific
Electronic Library database.
The search query was conducted on Scientific
Electronic Library (SEL). SEL does not make it possible
to form a search data set. Therefore, we have formed
a data set in which each article is represented by key
data (Table 2). The textual part of this dataset has been
translated into English. The table is an abbreviated version
of the WoS search results. Out of more than 30 fields in
the WoS array, we have left only 7 fields. This is due to
the great complexity of extracting information from SEL.
The generated data set was used for bibliometric analysis.
Table 2. Data collection model for analysing information
from SEL.
Tag
FN

Title
Clarivate Analytics Web of Science
VR 1.0
PT
J
SO
title of the article
AU
authors
PY
year
DE
keywords
AB
abstract
LA
English
SE
Title of edition
ER
closing tag
Note: at the end of the set, you must insert a tag – EF
(closing tag of the list)

Table 1. Results analysis table for Web of Science categories field / Source Titles / Authors (number of articles - n =
181)
Category,
TOP-10
items

Subject area

Source Titles

Authors

Subject area

Total

Items (n; %)
Sport Sciences (91; 50.276 %); Hospitality Leisure Sport Tourism (34; 18.785 %);
Psychology Applied (12; 6.630 %); Orthopedics (9; 4.972 %); Psychology Multidisciplinary
(9; 4.972 %); Rehabilitation (7; 3.867 %); Psychology (5; 2.762 %); Public Environmental
Occupational Health (5; 2.762 %); Communication (4; 2.210 %); Education Educational
Research (4; 2.210 %).
International Journal of Performance Analysis in Sport (8; 4.420 %); Medicine and
Science in Sports and Exercise (8; 4.420 %); Journal of Human Sport and Exercise (7;
3.867 %); Arrancada (5; 2.762 %); Frontiers in Psychology (5; 2.762 %); Journal of Sports
Medicine and Physical Fitness (5; 2.762 %); Retos Nuevas Tendencias en Educacion
Fisica Deporte y Recreacion (5; 2.762 %); British Journal of Sports Medicine (4; 2.210 %);
International Journal of Sports Science Coaching (4; 2.210 %); Journal of Sports Science
and Medicine (4; 2.210 %).
Palao JM (11; 6.077 %); Jimenez-Olmedo JM (8; 4.420 %); Penichet-Tomas A (8; 4.420
%); Perez-Turpin JA (7; 3.867 %); Medeiros AIA (6; 3.315 %); Pueo B (6; 3.315 %); Garcia
GMG (5; 2.762 %); Giatsis G (5; 2.762 %); Kuijer PPFM (5; 2.762 %); Link D (5; 2.762 %).

S
55

119

515

Note: n – number of articles, % – percentage of the total number of articles); S - total; source of information – authors’
own research (16.06.2021).
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Data analysis.
The purpose of the data analysis is to identify the
leading leaders and trends in beach volleyball issues.
We used the guidelines for bibliometric analysis [73-75];
bibliometric analysis and systematic review [76, 77].
For this we used the VOSviewer 1.6.17 program [78].
The methodology for calculating the main indicators for
analysis and identification of the most significant studies
is detailed in the works of van Eck and Waltman [79,
80]. The validity of this approach is confirmed in studies
of human physical activity [81, 82], the impact of the
COVID-19 pandemic on sports [82].
Results
A search query for the keywords “beach volleyball”
in the WoS database forms the section “Analyze Results”.
From this section, information was extracted that relates
to three criteria: Subject area, Source Titles, Authors
(Table 1.). The most significant and more popular are the
following: subject categories - Sport Sciences (50.276%),
Hospitality Leisure Sport Tourism (18.785%); Magazines
- International Journal of Performance Analysis in Sport
(4.420%); Medicine and Science in Sports and Exercise
(4.420%); Journal of Human Sport and Exercise (3.867%);
Authors - Palao JM (6.077%); Jimenez-Olmedo JM
(4.420%); Penichet-Tomas A (4.420%).
Data visualization is shown in Figure 1.
The most significant keywords are presented in a
circle. The size of the circle indicates the importance
of the keyword: the larger the diameter of the circle,
the more significant the keyword is. The relationship of
keywords is defined by lines and distance: the greater the
distance, the smaller the relationship is. Figure 2 shows
the relationship of the keyword “kinematics” with other
keywords.
The most cited documents are shown in Figure 3.
Figure 3 shows that the most cited articles are
Engebretsen et al. [83-85].
The relationship between documents can be traced in
groups of authors (Fig. 4).
The Figure 4 shows that the research topic “The
influence of serve characteristics on performance in men’s
and women’s high-standard beach volleyball” covers 10
interrelated documents in the period 2012-2019 (circle
designation - busca2012).
For the period 2014-2021 (Fig. 5), there is a relationship
between 7 documents, which are concentrated around
the research topic “Physical actions and work-rest time
in women’s beach volleyball” (designation of the circle
- palao2015b).
The result of the analysis of documents in the WoS
database in the VOSviewer program (Fig. 3) allows to
select groups of related documents on various topics.
The research topics of the last 5 years are of the greatest
interest. This topic is the most popular among researchers.
To do this, you need to move the cursor over the topic
of interest in the VOSviewer program. The visual result
will be represented by the relationship lines between
documents.

Analysis of the SEL database (Russia) shows the
relationship of publications by keywords (Fig. 6).
The most requested keyword is “training”. This word
covers 8 interrelated documents (Fig. 7).
Fig. 7 shows that most of the documents are focused
on solving the problems of the training process of athletes.
In the VOSviewer program (section “Creating a map
based on text data”), a map was created based on the text
data of the SEL database. We used the created data set
of SEL database (Table 2). The data visualization map
shows the number of the most significant keywords and
the relationship between them (Fig. 8, 9).
The most commonly used keywords are training,
dynamic, analysis, development (Figure 9). The
authors “Kostyukov”, “Nirka” have the largest number
of documents in the database (Table 3). The authors
“Kostyukov” and “Nirka” are distinguished by the
criterion of “total link strength” (Table 3). The authors
“Kostyukov” and “Nirka” once were leaders in the
Russian rating of beach volleyball athletes. Kostyukov –
Deputy Chairman of the Coaching and Methodological
Commission of the Volleyball Federation (Russia), head
of the scientific group, professor; Nirka – Head coach of
the Russian men’s national beach volleyball team [86].
Table 3. Authors with the largest number of publications.
id

Author

documents

total link
strength

15

Buczynski, AV

4

2

52

Iordanskaya, FA

3

1

71

Kostyukov, VV

17

18

73

Kostyukova, ON

9

14

114

Nirka, VV

6

8

119

Pavlov, PV

4

2

137

Rimavi, AiA

4

7

Search queries on the WoS, SEL databases form
the data for which the most popular publications were
selected by authors, years, subject categories, and
journals. Search queries also made it possible to form a
data set, which was analyzed in the VOSviewer program.
This approach made it possible to observe the relationship
between documents, authors, keywords. All this taken
together made it possible to identify the most popular and
promising areas of research in beach volleyball.
Discussion
The purpose of this systematic review is to analyze
publications on various beach volleyball issues in
Russian-language scientific resources. 333 qualitative
studies were identified in the WoS, SEL databases. Only
two publications of authors from Ukraine and Russia were
found in the WoS database. Also, significant differences
were revealed in the research topics of the WoS database
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Figure 1. Visualization of data by keywords in the WoS database (source: own research based on extracted data from WoS and analyzed with VOSviewer; 16.06.2021).
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Figure 2. Keyword relationship “kinematics” (source: own research based on extracted data from WoS and analyzed
with VOSviewer; 16.06.2021).
and the Russian-language SEL database. The absence of
an English-language interface in the SEL database makes
it difficult for English-speaking researchers to access
publications. This determined the need for the analysis of
Russian-language publications on beach volleyball with
the subsequent submission of the article to the journal of
the WoS database. Complementing this is the fact that
SEL’s base is located in a country that has been one of the
world’s leading beach volleyball leaders for many years.
A comparative analysis of the TOP-5 most cited
publications shows:
- WoS is represented by the following topics: injuries
and diseases of athletes; monitoring of athletes’ motor
activity; jumping loads.
- SEL is represented by the following topics: beach
volleyball in the context of youth health promotion;
adaptive responses in athletes; intensification of the
training process; psychophysiological features of athletes’
competitive potential.
In this context, the most important criterion is the
relationship between research groups that are formed

around one topic. This relationship can be established by
extracting the required data from the WoS / SEL databases
with analysis in VOSviewer.
Research topics in the SEL database are presented in
several directions. We have identified three of the most
important: beach volleyball in the context of recreation
and youth health promotion; beach volleyball in the initial
stages of training athletes; beach volleyball in the context
of elite sports.
Beach volleyball in the context of recreation and
health promotion.
Kondrakov et al. [22] developed a functional model of
a student’s recreational physical culture. The components
of the model are the following: motivational and
cognitive. The approaches proposed by the authors allow
students to achieve the physiologically necessary weekly
normal motor load. Similar recommendations for young
people and people with disabilities are given by Kryvinia
et al. [71]. The authors propose programs for active
participation in beach volleyball and seated volleyball
competitions as part of the All-Russian Beach Volleyball
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Figure 3. The most Cited Authors’ documents (Source: Own research based on extracted data from WoS and analyzed with VOSviewer; 16.06.2021).
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Figure 4. The relationship between a group of documents: 2012-2019, a fragment of Fig. 3 (Source: Own research based on extracted data from WoS and analyzed with
VOSviewer; 16.06.2021).
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belindger (2021)
medeiros (2014b)

nunes (2020)
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schmidz (2021)

pelzer(2020)

Figure 5. The relationship between a group of documents, 2014-2021, a fragment of Fig. 3 (Source: Own research
based on extracted data from WoS and analyzed with VOSviewer; 16.06.2021).
Festival. Bich et al. [70] were developed recommendations
for updating the development of a healthy lifestyle for
the urban population: revival of industrial gymnastics;
active explanatory work of volunteers and lecturers of the
Society “Knowledge”. This approach is more targeted at
the poor.
Rimavi et al. [46] developed a methodology for
preparing young men 16-17 years old for passing the
control standards of the 5th stage of the All-Russian
physical culture and sports complex “Ready for Labor and
Defence” (GTO). At the heart of the 48-hour plan (over
8 months) of beach volleyball lessons, there are three
types of training (general and special physical, game).
This is 2/3 of the total training time. There is an increased
number of laureates of the golden sign of the GTO in the
group (by 34.1%). Kortava [64] proposes to actively use
beach volleyball in resort areas. The author substantiates
the sequence of using the basic means of physical culture:
aerobic cyclic exercises, strength exercises for the main
muscle groups, beach volleyball. In another similar study,
it was shown that it is possible to control the value of
the training load during recreational beach volleyball
exercises [87].
328

Kostyukov et al. [88] believe that beach volleyball
practice for 16-17 years old boys for two months improves
the norms of the 5th stage of the GTO complex. A similar
approach was used by Rimavi et al. [46]. The authors
present a beach volleyball plan for boys aged 16-17 (48
hours, 8 weeks). The results of 9 tests improved. Three of
them are tests from the GTO complex program: 3 km run
(characterizing the development of endurance); long jump
and throwing of a sports equipment 700 g (characterizing
speed-power abilities). There is an improvement in test
results by 34.1%. Yarysh [89] reports that the health and
rehabilitative effects of adult beach volleyball training
largely depend on the number of players on the court and
the length of the game. By changing these parameters,
you can have a different effect on the human body.
We believe that the studies reviewed provide an
opportunity to use beach volleyball to prepare the
population for national forms of testing. Particular
importance should be attached to involving young people
in beach volleyball.
Some other studies are presented with short reports on
the topic:
– The use of beach volleyball facilities to prepare for
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Figure 6. Data visualization by keywords (source: own research based on extracted data from SEL database and
analyzed with VOSviewer; 16.06.2021).
the delivery of the standards of the GTO complex full texts. However, the existence of such studies indicates
[90].
a certain interest in the development of topics related to
– improving the physical fitness of the younger health promotion through beach volleyball.
generation by means of the school sports section in
Beach volleyball in the early stages of training
the conditions of a rural school [91].
athletes.
– recommendations for amateur athletes, which
The initial stages of training young athletes in beach
increase efficiency and accelerate the recovery volleyball have their own distinctive features: selection
process after exercise [92].
of young athletes; planning training loads in accordance
– the content of beach volleyball in the school section with the age characteristics of the child’s body; motivation
and the dynamics of indicators of physical fitness and to be busy; health promotion and others. Nesterenko et
health of adolescents 14-15 years old [93].
al. [61] consider the training of young female athletes
– features of the recreational and health-improving 14-15 years old in the context of two microcycles. The
effect of playing beach volleyball on the human body first cycle of a one-year macrocycle: 30-35% of the total
[94].
time is allocated for general physical training; the volume
Unfortunately, short messages do not contain enough of technical training is 35-40%; the volume of tactical,
information and require additional search and analysis of game and special physical training - 25-35%. The second
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Figure 7. Data visualization by keyword “training” (source: own research based on data extracted from SEL database
and analyzed with VOSviewer; 16.06.2021).
cycle of a one-year macrocycle: general physical training
is planned in the amount of 20-25% of the total time;
technical - 30-35%; tactical, game and special physical
training - 40-50%. Koval’chuk et al. [95] established
the optimal ratio of the types of the body constitution
of young female volleyball players. The authors used
data from medical records and subjective assessment of
external indicators of physique. Kudashova et al. [96]
studied the morphological and functional indicators
of girls 9-11 years old who have been playing beach
volleyball for 5 months. The authors did not find the
effect of training loads on morphological and functional
indicators. The relationship between morphofunctional
indicators and the level of development of physical
qualities and the accuracy of performing technical
actions was established. The authors also assessed the
peculiarities of adaptation of the organism of volleyball
players to physical activity in the preparatory period.
Medium and above average relationships were established
between functional and technical indicators and low with speed capabilities. Samoday [97] surveyed 25 pupils
of primary training groups (age 12 years). The indicators
of self-assessment of the mental state of young men were
considered. A slightly overestimated assessment of wellbeing, activity and mood was revealed. According to the
psychological indicators of concentration, steadfastness
and concentration of attention, the average level of their
development was established.
In our opinion, the recommendations of the authors
fully meet the requirements of the theory and methodology
of youth sports. It should be noted that such research is
purely pedagogical. We believe that the use of modern
330

instrumental techniques will be a good addition to such
studies.
Some other studies are presented with short reports on
the topic:
– analysis of body composition components [98].
– gives a brief description of the psychological and
structural features that affect the choice of role in
volleyball at the initial stage of training [99].
– analysis of the training of the sports reserve in beach
volleyball in the Russian Federation [100].
– psychological characteristics of young athletes at the
initial stage of sports training [97].
Unfortunately, short messages do not contain enough
information and require additional search and analysis
of full texts. However, the fact of the existence of such
studies indicates a certain interest in the development
of topics related to the preparation of a sports reserve in
beach volleyball.
Beach volleyball in the context of elite sports
The level of physical activity in elite beach volleyball
requires proper pedagogical and medical supervision.
These directions are of particular importance for the
national teams of the country. From these positions,
Iordanskaya et al. [42] consider the diagnosis and
assessment of the functional state of athletes in the
context of the preparation of Russian national teams. The
functional diagnostic testing program has been tested over
8 years of dynamic observations. The criteria for assessing
the adaptation of the functions of the cardiovascular and
autonomic nervous system, urgent adaptation to physical
activity and recovery have been developed. This approach
allows to determine the “weak links” of adaptation and
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Figure 8. Data visualization of the relationship of 10 keywords (source: own research based on extracted data from the
SEL database and analyzed with VOSviewer; 16.06.2021).
factors limiting performance. In another study of athletes
of national teams of Russia [56], pre-competition changes
in the indicators of the psychological status of athletes
were revealed. The authors conclude that the parameters of
the psychological status (external and internal motivation
for training with statistically significant improvements) of
athletes should be used in the process of monitoring the
level of their noise immunity and competitiveness at the
stages of pre-competitive training.
Pogrebnoy et al. [29] considered the features
of technical and tactical training, training process,
competitive activity and psychological training of elite
athletes. The authors highlighted the biomechanical
features of the combined effect of the arm swing on the
athlete’s peak power output when jumping on a sandy
surface. Differences in the physiological reactions
of athletes were revealed, taking into account their
position on the field. The optimal physiological zones

of the intensity of work and recovery of athletes during
games have been determined. The authors recommend a
psychological technique for increasing the effectiveness
of psychomotor control, improving the technique
and accuracy of the delivery. The importance of a
biomechanically justified technique of pushing an athlete
off a sandy surface is shown in the work of Gorchanuk
[69]. The author provides a comparative biomechanical
analysis of the repulsion technique of athletes from hard
and sandy surfaces. Particular attention should be paid
to the phase of the last step before pushing off and the
position of the feet in contact with the sandy surface. In
another similar study [67], the author recommends: when
pushing off, it is necessary to maintain the horizontal
position of the feet throughout the period of interaction
with the support; perform jumping exercises both on dry
and slightly wet sand.
It should be noted that the study of biomechanical
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Figure 9. Relationship of the keyword “training” with other words (source: own research based on data extracted from
SEL database and analyzed with VOSviewer; 16.06.2021).
parameters of athletes’ movement technique is limited by
environmental conditions. Large errors in measurements
are possible when an athlete moves on a sandy surface.
In our opinion, special attention should be paid to the
possibility of using measuring equipment on sandy
surfaces.
Another study [62] considered the method of early
diagnosis of the state of bone metabolism in elite athletes
at the stage of pre-competition training. The authors
concluded that with prolonged extreme (or forced loads
exceeding the limits of physiological tissue resistance),
the formation of overvoltage or microtrauma is possible.
This leads to disruption of the structure and function of
the tissues of the skeletal system. The authors present the
main directions of building an injury prevention system:
early diagnosis of bone metabolism overload.
Nirka et al. [32] analyzed the three-year dynamics
of efficiency and effectiveness indicators of competitive
actions of the strongest Russian athletes. There was no
significant lag of the Russian athletes from the TOP-5
teams of the world tour in the efficiency and effectiveness
of playing elements. The authors presented approaches to
the formation of the Olympic time periods of the process
of long-term training of athletes of the national team.
In a study with the participation of athletes from
national teams of the country [58], a methodology for
332

training athletes is presented, which contains: projective,
meaningful, technological and control and accounting
modules. The presence of such modules increases the
ability to effectively manage the pre-competitive training
process. The structure of the stage of direct preparation
includes the retractor (12 days), preparatory (15 days)
and pre-competition (9 days) mesocycles. The authors
revealed statistically significant improvements in 48.5%
of measurements. This is 2.3 times more than with
traditional training.
In our opinion, Russian-speaking resources are well
represented by studies with the participation of athletes
from national teams. The high level of reliability of the
results is confirmed by the fact that the research programs
have been developed and implemented by an integrated
scientific group of Russian national teams. It is also
important that these studies had financial state support.
Among the results of other studies, the following can
be highlighted:
– The relationship between psychophysiological
abilities and sports results has been shown. This
made it possible to develop the main directions for
improving the process of annual training of athletes
[37].
– Identified priority technical elements of the game in
defence and special physical qualities that require
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improvement and development [35].
The psychological status of the athlete has been
determined. Indicators of psychomotor skills are
presented, which can be used as model characteristics
in the selection and diagnosis of players [101].
Some other studies are presented with short reports on
the topic:
– The development of psychophysiological indicators
and the training program for beach volleyball judges
[102, 103].
– A program for monitoring the health and functional
state of athletes [104].
– The effectiveness of the competitive activity of
athletes [105].
– Psychological support for the training of athletes
[106].
– Adaptive reactions of the body of athletes to physical
activity in mid-altitude conditions [107].
– Adaptation of athletes’ sports movements technique
[108].
– Computer technologies for biomechanical analysis of
attacking blow in beach volleyball [109].
– Features of training elite athletes in the pre-Olympic
season [110].
– A program to improve interpersonal compatibility in
pairs of athletes [111].
Unfortunately, short messages do not contain enough
information and require additional search and analysis of
full texts. However, the existence of such studies indicates
a certain interest in the development of topics related to
the training of elite athletes.
In our opinion, the above studies are more focused on
the training of athletes from student teams and amateur
athletes. In this context, we have extracted publications
from the SEL database on the topic “beach volleyball in
the process of physical education of university students”.
The need to borrow beach volleyball techniques for
the full and comprehensive development of young people
is shown in the study by Rozhnov et al. [112]. In another
study [22], a functional model of a student’s recreational
physical culture was developed, which is focused on the
formation of students’ knowledge of means, methods
and organizational forms of independent studies in
recreational areas. Smirnov [113] believes that optional
beach volleyball classes are a good means of physical
self-improvement of students. This is confirmed in other
studies [24, 38, 48, 72, 114, 115].
In the context of the studies reviewed, we note that
beach volleyball is widely used as a means of promoting
the health of student youth. To this can be added the
opportunities for youth to participate in beach volleyball
competitions. This approach allows us to build a coherent
system of training student and children’s beach volleyball
teams.
Some other studies are presented with short reports on
the topic:
– motivation to practice beach volleyball among
students [116].
– development of coordination abilities and speed
–

qualities of senior pupils in the process of beach
volleyball [117].
– models of development and popularization of
volleyball in Kazakhstan [118].
– increasing the motor activity of 16-17 years old boys,
based on the use of beach volleyball means [119].
Unfortunately, short messages do not contain enough
information and require additional search and analysis of
full texts. However, the existence of such studies indicates
a certain interest in the development of topics related to
the physical education of young people and strengthening
their health by means of beach volleyball.
It should be noted that the quality of the short messages
does not allow us to draw convincing conclusions on the
topics covered in them. This is due to the fact that short
reports do not give us the opportunity to reproduce the
full cycle of the stated research. Brief communications
are evidence of the need for high-quality forward-looking
research on the topics stated in them.
In our opinion, the characteristic features of the
Russian-language resources of the SEL database are the
following:
– research with the participation of athletes from the
national teams of the country (with a sufficient level
of state financial support) and other elite athletes;
– research focused on improving the health of
schoolchildren and university students;
– research with a low level of funding;
– research in the context of the theory of sports and
the theory and methodology of physical education of
various groups of the population;
– research with sufficiently large opportunities to
attract participants - schoolchildren, students, people
with disabilities, world-class athletes;
– research carried out in various climatic conditions
(coasts - the Baltic Sea, the Caspian Sea, the Black
Sea, the South Caucasus coast; sandy areas in
recreation areas among a large number of large and
small rivers and other bodies of water).
All of these aspects give some advantages in organizing
and conducting research on beach volleyball problems
in comparison with others (countries whose authors
are represented by publications in the WoS database).
Ultimately, this affects the quality of the research itself.
Conclusions
The approaches to extracting data from the SEL
database and presenting them in international formats of
the WoS database can be used in systematic reviews on
other topics. The research results have a good rationale
for their use in the training of novice athletes, university
students, youth and elite athletes. Differences in the content
of research between Russian-language and Englishlanguage resources are a good complement to each other.
This fact may contribute to solving the problems of beach
volleyball and international cooperation of researchers.
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