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ABSTRACT
The aim: Is to investigate the dynamics of the morphofunctional development and physical health of students who were engaged in strength sports while studying at university.
Materials and methods: The study involved 360 male students of different faculties between the ages of 17 and 20. Two groups of students were formed: experimental and
control groups. The EG students (n=40) were engaged in strength sports (powerlifting, athletics, Crossfit); the CG students (n=320) were training according to the current
program of physical education. The study of the morphofunctional development of students was carried out taking account of the indicators of body length, body weight,
handgrip test, heart rate, blood pressure, and vital capacity. The level of students’ health was examined according to the methodology of the assessment of the physical health
level by G. L. Apanasenko.
Results: It was established that strength sports at university affect physical development, functional abilities of the major systems of an organism, and the health state of
future doctors in a more efficient way than the current program of physical education. It was found that the influence on the indicators of handgrip test, vital capacity, and
heart rate of the EG students was the most prominent positive effect of sports. The evaluation of the calculated indexes (power index, life index) and the level of physical health
confirmed this trend.
Conclusions: The conducted research asserts the necessity of introducing the sports-oriented form of the physical training organization at the medical higher education
institutions of Ukraine to strengthen the students’ health and to maintain the efficiency of the future doctors’ professional activity.
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INTRODUCTION

The system of modern medical higher education is aimed at
training a highly qualified specialist who is able to perform
significant amounts of work without reducing the quality
and intensity and must have a high level of psychomotor
qualities that reflects the requirements for physical and
mental health, physical fitness and working efficiency of
students, future doctors [1, 2]. However, the analysis of the
scientists’ research results [3, 4, 5] showed a low level of
physical fitness of most modern students and a constant
increase in the number of people with impaired health
both at the beginning and in the process of studying at
Ukrainian higher education institutions (HEI).
It is generally accepted that human health is the exclusive
competence of health authorities. However, it is a known
fact that medical sciences study the diagnosis of diseases,
the treatment process, and the means of disease prevention.
Many other sciences, including physical education, solve
the problems of health promotion, physical and mental
development, study the problems aimed at expanding the
functional capabilities of students [6, 7, 8].

The works of scientists [9, 10] note that the biological
age of the students between the ages of 20 and 24 gets
ahead of the stated age by 10-15 years. The studies of G.
L. Apanasenko [11] determine that the share of the male
population in the “safe zone” of health has decreased from 8
to 1 % over the last 20 years in Ukraine. The works of other
scientists [13, 14] mention that the number of students with
low and below the middle level of somatic health increased
from 60 % in 2009 to 85 % in 2019. The scientists [15, 16]
point out that some factors of life and socially hygienic
living conditions, as well as studying at HEI do not provide
optimal health for students. As a result of students testing,
scientists [17] defined the initial level of physical fitness of
the first-year students, among whom 18 % showed a low
level; 49 % – lower than the middle (unsatisfactory grade);
20 % – the middle level (satisfactory grade); 13 % – above
the middle (good grade). No students with a high level of
physical fitness were found.
The research many scientists [17, 18] notes that a significant part of student does not reach even the middle level
of physical fitness during the study that indicates a low effi295
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ciency of the physical education system in Ukraine. Among
the main reasons for the decrease in the physical fitness of
students, the authors highlight the lack of health-promoting
and training orientation of the forms and means of physical
education, low motor activity of students, the lack of interests, motives, and needs for physical exercises, etc. [19, 20].
Some studies [21, 22] also mention that the decline in the
health indicators of students goes back to the health of school
students and university applicants. The basics of health
should be laid at school age, however, according to scientists,
the number of healthy school graduates accounts for 5-25 %,
more than 50 % of them have unsatisfactory physical fitness,
90 % of school graduates have health problems.
The World Health Organization defined approximate
ratios of various factors that ensure and form the health
of modern people, namely: genetic factors (heredity) – 20
%, the state of the environment (climate, environmental
circumstances) – 20 %, the level of health care (medical
care) – 8 %, living conditions and lifestyle (rational work,
physical activity, nutrition, personal hygiene, rejection of
bad habits) – 52 % [23]. According to many scientists [14,
15, 24], the conditions and way of life, with various elements that relate to all aspects of health – physical, mental,
social, and spiritual, are the key elements of improving the
health and efficiency of students.
Physical exercises are of great importance for health promotion and disease prevention [18, 20, 25]. World experience
shows that the physical activity of a person throughout life
prevents diseases and improves health. However, according to
scientists [3, 4, 10], the difficult economic situation, developed
in Ukraine in the post-Soviet period, negatively affected the
development of physical education and mass sports at HEI.
Every year the number of students training in special medical
groups is steadily growing, the number of healthy students is
decreasing. Scientists note that under such conditions, the
formation of a healthy lifestyle, and the involvement of young
students in regular exercises and sports should become one
of the important areas of the HEI’s activities. Scientists [18,
20, 26] consider the introduction of a sports-oriented form
of physical education of students taking into account the
students’ sports choice a promising direction for improving
the system of physical education at HEI. At the same time, the
popularity of the sport among students, the possibilities of the
educational and sports base of HEI, and the specialists among
the teaching staff of the Department of Physical Education
should be taken into account.

THE AIM

The aim is to investigate the dynamics of the morphofunctional development and physical health of students
who were involved in strength sports while studying at
university.

MATERIALS AND METHODS

The study of the morphofunctional development and physical health of students was conducted at I. Horbachevsky
296

Ternopil National Medical University (Ukraine) in 20182020. The study involved 360 male students of different
faculties between the ages of 17 and 20. Two groups of students were formed: an EG (n=40) and a CG (n=320). The
EG students belonged to the sports educational department
and were engaged in such strength sports as powerlifting,
athletics, Crossfit in specialized sports clubs at university.
The CG students belonged to the main educational department and were training according to the current program
of physical education. To investigate the morphofunctional
development of university students, we analyzed the following indicators: body length, body weight, handgrip
test, heart rate, systolic and diastolic blood pressure, and
vital capacity. The level of students’ health was examined
according to the methodology of the assessment of the
physical health level by Professor G. L. Apanasenko [11].
The health level was evaluated in points and it included
the estimation of the body mass index (BMI – the ratio
of body weight to body length), life index (LI – the ratio
of vital capacity to body weight), Robinson’s index (RI – a
product of heart rate and systolic blood pressure), power
index (PI – the ratio of the indicators of handgrip test to
body weight) and heart rate recovery (HRR) after a standard exercise (20 squats in 30 sec) (Table І). The research
was conducted in the 1st – 4th terms of study. Medical
examinations were conducted by the doctors of medical
center of the university.
The methods of investigation: analysis and generalization
of the scientific and methodological literature, observation,
pedagogical testing, medical and biological methods, and
methods of mathematical statistics. The authenticity of the
difference between the indicators of students of EG and CG
was determined by Student’s t-test and the dynamics of the
indicators during studying were examined.

RESULTS

The analysis of the students’ body length showed that a
significant difference between the indicators of the EG and
CG was not detected at all stages of the study (р>0.05).
During the 1st and 2nd years of study, the body length of
students in both groups increased, but no significant difference between the indicators of the 1st and 2nd years was
found (р>0.05) (Table II). This indicates that both classes
according to the current program of physical education at
medical universities, and classes in the specialized sports
clubs of strength sports do not affect the body length of
the HEI students significantly.
The study of the body weight dynamics shows that in
the 1st – 3rd terms of study, the indicators of the EG
and CG students did not differ significantly (р>0.05).
In the 4th term, the body weight of the EG students
was significantly lower than that of the CG students by
2.9 kg (р>0.05). A comparative analysis of the students’
body weight at the beginning and at the end of the study
showed that it increased significantly by 3.7 kg in the CG
(р<0.001) and did not change authentically in the EG
(р>0.05) (Table II). It proves the positive impact of sports
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Table І. The physical health level evaluation according to the methodology by G. L. Apanasenko (male, points)
The indicators investigated

The level of physical health
Low

Below the middle

Middle

Above the middle

High

BMI, kg/m2

18.9 і <

19.0-20.0

20.1-25.0

25.1-28.0

28.1 і >

Numerical score

-2

-1

0

LI, ml/kg

50 і <

51-55

56-60

61-65

66 і >

Numerical score

-1

0

1

2

3

PI, %

60 і <

61-65

66-70

71-80

81 і >

Numerical score

-1

0

1

2

3

RI, s.u.

111 і >

95-110

85-94

70-84

69 і <

Numerical score

-2

-1

0

3

5

HRR, sec

180 і >

120-180

90-120

60-90

59 і <

Numerical score

-2

1

3

5

7

The amount of points

3і<

4-6

7-11

12-15

16-18

Table ІІ . Comparative characteristics of the EG and CG students’ physical development indicators while studying at a medical university (Mean±SD)
Terms of study

EG (n=40)

CG (n=320)

Significance value

176.1±1.25

175.9±0.77

р>0.05

2nd

176.4±1.24

176.3±0.75

р>0.05

3rd

176.5±1.24

176.4±0.74

р>0.05

4th

176.9±1.23

176.5±0.72

р>0.05

1st

72.7±1.36

72.5±0.59

р>0.05

2nd

73.1±1.41

73.8±0.45

р>0.05

3rd

73.2±1.28

75.0±0.52

р>0.05

4th

73.3±1.29

76.2±0.54

р<0.05

Body length, cm
1st

Body weight, kg

Handgrip test, kg
1st

38.9±1.20

38.6±0.72

р>0.05

2nd

41.3±1.18

39.5±0.68

р>0.05

3rd

43.2±1.16

39.9±0.65

р<0.05

4th

46.5±1.15

40.4±0.66

р<0.001

1st

3982.4±97.11

3960.7±52.13

р>0.05

2nd

4144.1±96.84

4038.3±48.20

р>0.05

Vital capacity, ml

3rd

4295.9±92.58

4097.5±47.74

р>0.05

4th

4427.3±89.30

4155.4±47.22

р<0.05

Legend: Mean – arithmetical average; SD – standard deviation; р – the significance of difference between the indicators of EG and CG due to the Student’s t-test
on the physical development of medical students. The
established trend of the CG students’ weight gain shows
that the current conditions of studying at HEI, which are
characterized by large amounts of educational material,
long-lasted staying in classrooms in a position, low motor
activity, nervous and emotional stress, especially during
exams sessions, lead to the body weight gain. At the same
time, classes according to the current methodology for
physical education do not effectively influence the stabilization of students’ body weight. The body weight of

the students who regularly attend specialized clubs in
strength sports at university remains stable during the
period of study.
The study of the handgrip test showed that the strength
of the arm muscles of the students of both groups did
not differ significantly in the 1st and 2nd terms of study
(р>0.05) (Table II). The indicators of the EG students’
handgrip test started to exceed significantly the indicators
of the CG students from the 3rd term: by 3.3 kg in the 3rd
term (р<0.05) and by 6.1 kg in the 4th (р<0.001). During
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Table ІІІ. Comparative characteristics of the EG and CG students’ functional state indicators while studying at a medical university (Mean±SD)
Terms of study

EG (n=40)

CG (n=320)

Significance value

1st

71.0±1.15

70.9±0.52

р>0.05

2nd

69.6±1.13

70.9±0.51

р>0.05

3rd

69.3±1.12

71.2±0.53

р>0.05

4th

68.7±1.10

71.3±0.53

р<0.05

Heart rate at rest, beats/min

Systolic blood pressure, mmHg
1st

120.2±1.09

120.1±0.42

р>0.05

2nd

120.1±1.06

120.0±0.42

р>0.05

3rd

119.9±1.06

120.2±0.41

р>0.05

4th

119.8±1.05

120.2±0.42

р>0.05

Diastolic blood pressure, mmHg
1st

70.5±0.63

70.9±0.37

р>0.05

2nd

70.2±0.62

70.8±0.36

р>0.05

3rd

69.8±0.60

70.7±0.36

р>0.05

4th

69.6±0.60

70.7±0.35

р>0.05

Legend: Mean – arithmetical average; SD – standard deviation; р – the significance of difference between the indicators of EG and CG due to the Student’s t-test
the research, the muscle strength of the students of both
groups increased, but indicators improved significantly in
the EG (р<0.001), and insignificantly in the CG (р>0.05).
It indicates by far better effect of the classes in specialized
clubs in strength sports on the physical development of
students – future doctors.
The analysis of the vital lung capacity showed that a significant difference between the indicators of the EG and CG
students was not detected in the 1st – 3rd terms of study
(р>0.05). It was recorded only in the 4th term – 271.9 ml
(р<0.05) (Table II). The investigation of the vital capacity
dynamics indicates that the indicators of the respiratory system significantly improved during training in both groups,
but the difference between the indicators of the 1st and 4th
terms was 444.9 ml in the EG (р<0.001), and 194.7 ml in
the (р<0.05) that proves the positive effect of sports on the
functional abilities of the respiratory system of students.
The analysis of resting heart rate shows that a significant difference between the indicators of the EG and CG
students was not detected in the 1st – 3rd terms of study
(р>0.05). In the 4th term, the heart rate of the EG students
was 2.6 beats/min better than that of the CG students
authentically (р<0.05) (Table III). During the study, the
heart rate of the students of both groups tended to improve.
However, the indicators improved by 2.3 beats/min in the
EG, and only by 0.4 beats/min in the CG (р>0.05).
The study of blood pressure points put that the indicators
of both systolic and diastolic pressure were the same for the
EG and CG students authentically in the 1st-4th terms of
study (р>0.05) (Table III). During the research, the blood
pressure of the EG students had a tendency to improve,
but the indicators did not change authentically (р>0.05).
The analysis of body mass index stated no significant
difference between the indicators of the EG and CG stu298

dents during the whole study (р>0.05) (Table IV). The
investigation of the dynamics of the body mass index
shows that body mass index was deteriorating in the CG,
the worst value was recorded in the 4th term (24.20 kg/m2).
The index was stable in the EG during all terms of study
that confirmed the positive influence of sports, in contrast
to classes according to the current program of physical
education. The evaluation of the body mass index proved
that in accordance with Table I, the index of the students
of both groups was within normal limits. However, given
the negative dynamics of the body mass index of the CG
students, it can be argued that this index will continue to
deteriorate in the senior years of studying.
The analysis of the life index showed that no significant
difference between the indicators of the EG and CG students was found in the 1st and 2nd terms of study (р>0.05).
The life index of the EG students was significantly better
than that of the CG students by 4.94 ml/kg (p<0.05) in
the 3rd term and by 6.88 ml/kg (р<0.001) in the 4th term
(Table IV). During the study period, the life index of the EG
students improved by 5.68 ml/kg authentically (р<0.05),
and the index of the CG students worsened not authentically (р>0.05). According to Table I, the life index in the
CG was assessed as below the middle at all stages of the
study, and in the EG it was assessed as the middle in the
1st – 3rd terms, and above the middle in the 4th term. It
indicates a positive impact of sports on the performance
of students’ respiratory systems.
The analysis of the power index showed that the power
index in the EG and CG did not differ authentically in the
1st and 2nd terms of study (р>0.05). In the 3rd term, the
power index of the EG students was significantly better in
comparison with the CG students’ by 5.78 % (р<0.05), in
the 4th term – by 10.37 % (р<0.001) (Table IV). During
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Table IV. Comparative characteristics of the EG and CG students’ physical health while studying at a medical university (Mean±SD)
Terms of study

EG (n=40)

CG (n=320)

Significance value

BMI, kg/m

2

1st

23.37±0.48

23.41±0.28

р>0.05

2nd

23.36±0.46

23.79±0.27

р>0.05

3rd

23.36±0.45

23.95±0.28

р>0.05

4th

23.35±0.44

24.20±0.29

р>0.05

LI, ml/kg
1st

55.75±1.72

55.94±0.63

р>0.05

2nd

57.86±1.69

55.51±0.64

р>0.05

3rd

59.91±1.70

54.97±0.65

р<0.01

4th

61.43±1.71

54.55±0.64

р<0.001

PI, %
1st

53.57±1.89

53.72±0.91

р>0.05

2nd

56.49±1.86

53.41±0.87

р>0.05

3rd

59.02±1.88

53.24±0.88

р<0.01

4th

63.39±1.90

53.02±0.87

р<0.001

RI, с.u.
1st

85.34±1.77

85.24±0.67

р>0.05

2nd

83.49±1.76

85.46±0.66

р>0.05

3rd

83.09±1.73

85.62±0.67

р>0.05

4th

82.31±1.68

85.71±0.68

р>0.05

137.1±3.09

134.8±1.76

р>0.05

2nd

126.3±3.02

129.7±1.73

р>0.05

3rd

117.9±2.97

124.6±1.71

р>0.05

4th

110.4±2.93

119.2±1.70

р<0.05

1st

1.51±0.64

1.47±0.22

р>0.05

2nd

4.98±0.58

1.78±0.21

р<0.001

3rd

7.09±0.60

2.04±0.20

р<0.001

4th

7.21±0.59

2.55±0.21

р<0.001

HRR, s
1st

Physical health level, points

Legend: Mean – arithmetical average; SD – standard deviation; р – the significance of difference between the indicators of EG and CG due to the Student’s t-test
the period of study, the power index improved significantly by 9.82 % in the EG (р<0.001), and did not change
authentically in the CG (р>0.05). It indicates a positive
effect of sports on strengthening the organisms of future
doctors. The estimation of the power index according to
Table I showed that the power index of the CG students
corresponded to a low level at all stages of the study, and
the index of the EG students – to a low level in the 1st –
3rd terms, and below the middle in the 4th term, which
emphasizes the advantage of classes in specialized groups
in strength sports at the university.
The analysis of the Robinson’s index showed that a significant difference between the EG and CG was not detected at
all stages of the study (р>0.05). However, during the study,
the Robinson’s index improved by 3.03 c.u. in the EG, and
remained unchanged in the CG (Table IV). It proves a pos-

itive impact of sports on improving the functional abilities
of the cardiovascular system of students. The evaluation of
the Robinson’s index defined that the functional abilities reserves of the cardiovascular system of the students of both
groups corresponded to the middle level in the 1st term.
In all other terms, the Robinson’s index was estimated as
the middle in the CG, and as above the middle in the EG.
The analysis of heart rate recovery showed that in the
1st – 3rd terms, the indicators of the EG and CG were
significantly equal (р>0.05). In the 4th term, the heart rate
recovery of the EG students was found to be better than the
CG students by 8.8 s (р<0.05) (Table IV). The analysis of
the dynamics of the cardiovascular system recovery showed
that the heart rate recovery improved in both groups, but
it accounted for 15.6 s in the CG (р<0.001), and 26.7 s in
the EG (р<0.001). It emphasizes the efficiency of sports in
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terms of the improvement of the students’ cardiovascular
system. The assessment of this parameter in accordance
with Table I determined that the heart rate recovery of
the CG students corresponded to below the middle level
in the 1st – 3rd terms, and the middle in the 4th term; in
the EG the below the middle level was recorded in the 1st
and 2nd terms, the middle level in the 3rd and 4th terms.
The study of the physical health level showed that the
level of health of the EG and CG students was the same
authentically only in the 1st term (р>0.05). At all other
stages of the study, the EG students were recorded to have
a significantly higher level of physical health than the CG
students (р<0.001) (Table IV). The analysis of the dynamics
of physical health showed that there was a tendency for
health improvement in both groups. However, the level
of health improved by 1/08 points in the CG (р<0.01),
and by 5.7 points in the EG (р<0.001) that confirms the
results of many studies [5, 13, 17] on the positive impact
of sports on improving students’ health. The assessment
of the physical health level of students in accordance with
Table I designated that the level of health corresponded
to a low level in the CG at all stages of the study, and in
EG, it corresponded to a low level in the 1st term, below
the middle in the 2nd and 3rd terms, and the middle in
the 4th term.
Thus, the research concludes that strength sports affect
physical development, functional abilities of the major
systems of an organism, and the health state of future
doctors in a more efficient way than the current program
of physical education at a medical university. In addition
to the development of physical qualities, the morphofunctional development of students and health improvement,
physical exercises help increase the body’s resistance to
adverse factors of educational activities, prevent somatic
diseases, prolong active life, increase academic success and
professional efficiency of future doctors.

DISCUSSION

The most important human value is health. Good health
and high resistance to adverse environmental factors are
the important conditions for active longevity, successful
learning, productive professional activities, personal
and family happiness. Only a physically, spiritually, and
mentally healthy person can realize the potential most
effectively and at the same time feel like a sound member
of society [6, 8, 9].
The studies of many scientists [21, 27] showed that in
the developed countries, the issues of physical education
and mass sports among students are of great importance,
considering them as the most cost-effective and efficient
means of preventing diseases, strengthening the gene pool
and solving a number of other social problems. Thus,
analyzing the experience of the physical improvement
process organization at HEI in Poland, Yu. Voyner [28]
found that 120 hours are devoted to physical education
classes at most of the state HEI (41 % of universities),
which are implemented during the 1st and 2nd terms of
300

study. About 28 % of Polish HEIs devote 180 hours to solve
the tasks of purposeful physical improvement of students,
realized during the 1st – 3rd terms of study. As a rule, after
completing the compulsory physical education program
of the 1st and 2nd years of study, a student continues to
attend elective classes in sports clubs. Moreover, there are
significant discounts for tuition or increased scholarships
for the active members of sports clubs. In the US, the
physical education system of students functions mainly by
means of sports training in the relevant sports clubs, so a
future specialist has the opportunity to develop physical
abilities in the chosen sport, which one considers the most
interesting and favorable for physical improvement [29].
In China, the initial courses of study necessarily provide
for the solution of general physical training tasks, and in
the senior courses, physical improvement is carried out by
means of sports training [30].
The main purpose of the physical education of the students of Ukrainian HEI is to increase the physical culture of
young people, which primarily involves their engagement
in an active lifestyle. Currently, the experts have no doubt
that the formation of the students’ positive motivation for
sports directly affects the efficiency of the physical education process [31, 32]. The conducted research showed
that the current system of physical education at HEI of
Ukraine is not effective enough to strengthen the health of
students. Our results are confirmed by the conclusions of
many scientists [1, 4, 12] who believe that the traditional
form of physical education classes leads to a decrease in
students’ interest in physical education. Many scientists
[7, 16, 20] argue that one of the most relevant forms of
physical education organization is a sports-oriented form
of training. Each student can choose the sport that is the
most suitable and that brings pleasure. It is necessary to
take into account the popularity of sports among students,
which may be determined by questionnaires, the opportunities, and conditions of sports facilities of a HEI, as
well as sports specialists among the teaching staff of the
Department of Physical Education.
The investigation of research, aimed at solving the problems of physical education of students [20, 21, 22], showed
that the organization of physical education of students on
the basis of their division into groups by interests in sports
increases motivation for classes, affects the regularity of
their attendance, promotes their health, and increases their
physical fitness.

CONCLUSIONS

The conducted research suggests that strength sports in
specialized groups of universities are more effective than
the current program of physical education for the physical
development, functional abilities of the body’s major systems, and the level of physical health of future doctors. It
was found that the influence on the indicators of handgrip
test, vital capacity, and heart rate of the EG students was the
most prominent positive effect of sports. The evaluation of
the calculated indexes (power index, life index) and the level
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of physical health confirmed this trend. It was found that
the level of physical health, which was determined by the
method of Professor Apanasenko, of the EG students was
significantly better than that of the CG students’ at the end
of the study (p<0.001), and was assessed as the middle in
the EG, and as a low in the CG. This asserts the necessity of
introducing the sports-oriented form of the physical education organization at the medical HEI of Ukraine to maintain
the efficiency of the future doctors’ professional activity.
The prospects for future research are aimed at studying
the level of physical health of university students – future
doctors, who in the process of studying attended sports
groups in various sports.
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