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Abstract:

Timely correction of students' educational process of physical education refers to an important and necessary and
urgent problem of physical culture. Research aim. To conduct a comparative index assessment of female
students' in various medical health groups for physical education physical development, body component
composition and motor qualities with a significant time interval. Materials and methods. An index assessment of
the 1368 in 17-20-year-old girls physical development was carried out in 2009-2010 (n = 756) and in 2019-2020
(n = 612) academic years. Physical development was assessed using the following indices: Quetelet; Quetelet 11
(BMI); Rohrer; Pinier; Erisman proportionality index; strength and Robinson index. In girls of all populations,
the component composition of the body was studied with the calculation of the bone, fat and muscle composition
of the body values according to Mateika formulas. Using motor tests, the state of physical fitness of all girls was
studied. Results. It was found that the values of all female students' assigned to a special medical group
anthropometric indices were significantly lower than such indicators values in girls of the main medical group in
all years of observation, p<0.05. The results of the data analysis of the survey of girls' population in the 2019-
2020 academic year, compared with the data of female student’s survey in the 2009-2010 academic year,
indicate a higher body weight, a deterioration in physique, a decrease in the strength abilities of modern girls.
There was an increase in fat mass and the Robinson index in modern girls, which indicates a decrease in the
reserve capacity of the heart muscle for physical exertion. This is confirmed by lower results of testing the motor
qualities of girls surveyed in the 2019-2020 academic year. Conclusions. The data of the physical development
monitoring in combination with the results of the analysis of the body component composition and physical
fitness of female students in different populations and health groups allowed determining the vector of changes
in physical health. The data obtained make it possible to make adjustments to the planning of the students'
educational process of physical education.

Key Words. physical education (PE), female students, indices of physical development, motor qualities,
body component composition

Introduction
In many countries, the attention of medical professionals, specialists and scientists in the field of
physical culture and sports to various population groups health study using quantitative anthropometric
indices has been re-intensified (Takagishi et al., 2017; Jan Junger et al., 2019; Noor Fatin Nazieffa Fakri,
Hairul Anuar Hashim, 2020; Mazin et al. al., 2021). This method of assessing physical health is based on the
calculation using mathematical formulas of quantitative values of the human body anthropometric dimensions
ratio. The peculiarity of the index assessment of human physical development is the simplicity of examination
and calculations, relative reliability, the possibility of using this method for mass screening surveillance,
especially among young people. Assessment of the physical development in certain population groups is
important for creating standards of physical development (Krutsevich et al., 2019) and identifying the
relationship between body mass index and a person's physical activity level (Syuro Ito et al., 2020). The
research materials obtained in this way can be used to modernize physical culture and wellness technologies
in PE classes in educational institutions.
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Quantitative parameters of human physical development are considered by researchers as an
informational marker of the course of metabolic, hormonal, immune, morphological and other processes of
the body's vital activity (Lee, Gallagher, 2008). Physical development depends on the characteristics of the
natural, climatic, environmental, social and other factors impact on the body which can affect the
morphofunctional parameters of the body and be a trigger in the occurrence of various diseases in humans
(Yang, & Dong, 2017; Kolokoltsev et al., 2018; Soleh Solahuddin et al., 2021). The calculation of the
anthropometric Pinier index value makes it possible to assess the type of constitution of the human body
according to the scheme of M. V. Chernorutsky with the allocation of hypersthenic, normosthenic and asthenic
somatotypes (Fefelova et al., 2015).

It is important to study the specifics of anthropometric and functional indicators in girls of fertile age,
in whom the state of physical health determines the gene pool of generations (Komissarova et al., 2016). The
scientific literature presents materials on the dynamics of physical development indices during the menstrual
cycle in female athletes aged 18-20, engaged in football and girls not involved in sports (Budzyn Vira et al.,
2019). The authors expressed the opinion that the obtained results of the index study can be used in predicting
the female football players' sports results.

There are significant changes in society associated with turbulence in the political, economic, social
and everyday life of modern people, the influence of the acceleration and retardation process on young
people's body (Sattarov, & Karelina, 2018; Ushakova, et al., 2017). Such processes can affect a person's
somatic health (Kolokoltsev et al., 2021), morphological and functional parameters of his/her body, especially
in the adolescent period of the body's development (Cronin et al., 2020). Therefore, an index assessment of
the physical development of the body in combination with the study of its component composition and motor
qualities of a person can serve as an informative marker of changes in the state of physical health of different
generations of people.

It remains relevant to monitor young peoples of different populations physical development index
assessment with a significant time interval and taking into account their component body composition, motor
qualities, the state of somatic health and the medical health group for physical education (Prontenko et al.,
2020). A comparative survey of female students with an interval of 10 years allows identifying the specifics
and assessing the vector of changes in the parameters of physical development. This makes it possible to
make adjustments to the organization of health-saving and health-forming physical culture technologies in
student groups, taking into account the identified features of female students' physical health.

Research aim. To conduct a comparative index assessment of female students' in various medical
health groups for physical education physical development, body component composition and motor qualities
with a significant time interval.

Material & methods

Morphofunctional examination of girls in different populations aged 17-20 was carried out in 2009-
2010 and 2019-2020 academic years of their studies at one of the Universities in Siberia (Russia). A total of
1,368 girls were examined, 756 of them in 2009/2010 and 612 in 2019/2020 academic years. According to the
results of the medical examination, 516 girls had a somatic disease and were assigned to a special medical group,
852 girls were healthy and engaged in physical education in the main medical group. The distribution of the
number of girls by medical health groups in different years is shown in Tables 1 and 2. Physical education
classes for female students were conducted according to the generally accepted curriculum for higher education
institutions. Using a generally accepted anthropometric technique, anatomical parameters of the body were
measured (body length, cm; body weight, kg; chest circumference at rest, cm; girth dimensions of some parts of
the body, cm; thickness of skin-fat folds; mm).

To calculate the Robinson index, the resting heart rate, beats/min was measured; systolic and diastolic
blood pressure, mmHg were determined. The hands muscles strength (both hands) (kg) was determined. To
assess physical development, the indices were used: Quetelet mass-growth index (body weight / body length),
g/em; Quetelet IT or BMI (body weight/body length?), kg/m?; Rohrer (body weight/body length®), kg/cm®; Pinier
index (standing body length, cm — body weight, kg + chest circumference on exhalation, cm), CU.; Erisman
proportionality index (chest circumference, cm — weight / 2), cm. Functional indices were calculated: force index
(dynamometry of the hand, kg / body weight, kg) x 100, %; Robinson index (resting pulse rate, beats/min x
systolic blood pressure, mmHg, 100), CU. The determination of the main components in the body composition
was carried out according to the formulas Mateika, 1921. Characterization of the girls' motor qualities
development was carried out using a battery of motor tests (The president's challenge: Physical fitness test,
2011). The completed research project does not endanger or infringe on the rights of the examined girls in
accordance with the ethical principles of the Human Rights Committee of the Helsinki Declaration of 2008. For
statistical processing, the licensed software package Statistica 6.0 was used. The reliability of the difference in
indicators was determined by the reliability criterion of the t - Student. The difference in the values of the
indicators at p <0.05 was considered significant.
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Results

The index evaluation of the anthropometric indicators of girls is presented in Table 1.

Table 1. Indices' of physical development values in girls of different populations and medical health groups,

M:tm
2009-2010 academic year 2019-2020 academic year
Index M am Special medical M am Spemal
medical group _ P medical group medical group P

(n=472) group (n=284) (n=380) (n=232)
Quetelet, g/cm 360.2+6.23 375.347.12 <0.05 375.3£6.45 395.6+9.12 <0.05
Quetelet II, kg/m? 20.3+0.22 22.0+0.23 <0.05 21.7+£0.25 23.7+0.34 <0.05
Rohrer, kg/cm® 11.540.13 12.0+0.15 <0.05 11.840.21 13.3+£0.27 <0.05
Erisman,cm 4.1+0.8 3.9+0.07 <0.05 3.7+0.07 3.540.09 <0.05
Pinier, CU. 22.4+0.29 24.6+0.32 <0.05 23.5+0.35 26.8+0.42 <0.05

It was found that in all years of observation, the values of weight and height anthropometric indices
indicators in students assigned to a special medical group were significantly higher than the values of such
indicators in girls of the main medical one, p <0.05. A higher body weight of girls examined in the 2019-2020
academic year was registered, compared with the 2009-2010 academic year in both medical groups. The lowest
value of the Erisman index, characterizing the human chest development, was registered in girls of a special
medical group in the 2019-2020 academic year (3.5+0.09 cm), p <0.05. An increase in the Pinier index in the
2019-2020 academic year indicates deterioration in the physique of girls in the main and special health groups
(4.9 and 14.0%).

It seems important to distribute the number of girls by the value of the Quetelet index II (BMI), which
describes the state of human body weight, Table 2.

Table 2. Distribution of girls of different generations number in health groups by the value of the Quetelet
II index, %

2009-2010 academic year 2019-2020 academic year

KauecTBeHHast XapaKTepUCTHKa Main Special medical Main Special

nunexca Kerne 11 medical group group medical group medical group

(n=472) (n=284) (n=380) (n=232)
Lack of body weight 27.3 19.3 27.1 224
Normal body weight 69.4 58.1 65.2 47.4
Excess body weigh 32 144 6.0 18.9
Obesity (degree I) - 7.0 1.6 8.2
Obesity (degree 1) - 1.1 - 3.0

The number of girls according to the value of the Quetelet II index has significant differences in
different populations and medical health groups. The increase (+) and decrease (-) in the 2019-2020 academic
year compared to the 2009-2010 academic year in the number of female students according to the qualitative
characteristics of the body mass index (BMI) is shown in Figure 1.
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Fig. 1. Change in the number of female students by the value of the Quetelet II index in the 2019/2020
academic year compared to the 2009-2010 academic year

In the 2019-2020 academic year, there was a decrease in the number of girls with normal body weight
in both medical groups (by 6.1 and 18.4%, respectively, Figure 1). In the special medical group, the number of
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girls with a body weight deficit (16.1%) and obesity of the I* and " degrees. (17.1 and 3.0%, respectively)
significantly increased. The number of girls of the main medical group of health who have a body weight deficit
has practically not changed. However, there was an increase in the number of girls with overweight (87.5%) and
obesity of the I*. (1.6%). The presented data indicate girls of both medical groups negative dynamics of the body
weight state in the 2019-2020 academic year population.

Confirmation of the deterioration in the indicators of modern female students' physical development is
the results of the girls' in different populations and medical health groups body component composition analysis
compared with the 2009-2010 academic year, Figure 2.
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Fig. 2. Girls' in different medical health groups component composition of the body during different years
of observation

In the 2019/2020 academic year, compared with the 2009-2010 one, there was a significant increase of
20.9% in the girls of the main group fat content in the body and 56.9% in the girls of the special medical group.
The content of muscle mass in the girls' body decreased in the 2019-2020 academic year by 17.7 and 13.3%,
respectively. The amount of the bone component in the girls' body practically did not change during the
observation period (p >0.05). Deficiency, overweight and obesity, physical inactivity in girls, negatively affected
the strength index and decreased systolic blood output by the heart (Robinson index), Table 3.

Table 3. Values of functional indices indicators in girls of different populations and medical health groups, M +£m

Academic year
Index 2009-2010 2019-2020
Main Special Main Special
medical group medical group medical group medical group
(n=472) (n=284) (n=380) (n=232)
P ind
o the loft Foand. % 28.6+2.44 234134 23.9£2.79" 19.4+1 345"
g ;’gleerrli‘g‘if’l‘lan ny 29.242.17 24.2+1.26% 25242.11* 20.141.23*
, /0
Robinson index, CU. 92.4+4.34 107.2+5.25% 102.5+4.12" 122.7+6.2*

Note. * - the significance of differences in the indicators values between health groups; # - the significance of
differences in the indicators values in different years of observation, p <0.05

It was found that the strength index of both hands in the girls of the main medical group was
significantly higher than in the girls of the special medical one during all the years of observation, p <0.05. The
monitoring results indicate a decrease in hand strength in girls of both medical groups in the 2019-2020
academic year compared to the 2009-2010 academic year, p <0.05.

An important functional index, characterizing the systolic blood output of the heart muscle is the
Robinson index. A significantly lower volume of cardiac output was found in girls of the special medical group
compared with the result of girls of the main medical one in all years of examination, p <0.05. At the same time,
in the 2019-2020 academic year, compared with the 2009-2010 academic year, there was a decrease in systolic
blood output of the heart muscle in girls of both groups, p <0.05. The comparative decrease in strength abilities
and the deterioration of the Robinson index in MMG and SMG girls in the 2019/2020 academic year compared
to the 2009/2010 academic year is shown in Figure 3.

599

JPES®  www.efsupit.ro



MIKHAIL KOLOKOLTSEV, ELENA ROMANOVA, TATIANA MARTIROSOVA, GALINA PURTOVA,
ANTON VOROZHEIKIN, MAXIM GURYANOV, NATALYA BALASHKEVICH, PAVEL TYUPA,

SERGEY AGANOV
25
19,7
20
15 ——
10,9
10 —
5
=S
0
5 _IStrenginindex of iheiefi hand  Strengin index of the right Robinson index
hand
,10 S I
15 4+—
-1 4 171 '13,6 4r 0
an 10,5 17,1 -10,7
FAV)
Bas Main Medical reciai Medical Group

Fig. 3. Decrease in strength abilities and the Robinson index in girls in the 2019/2020 academic year
compared to the 2009/2010 academic year

As can be seen from Figure 3, girls of both health groups showed a decrease in strength abilities in the
2019-2020 academic year compared to the 2009-2010 academic year. In the girls of the main medical group, the
value of the Robinson index worsened by more than 10%; and in the special medical group by 19.7%.

An increase in the number of overweight and obese girls, a decrease in strength abilities and reserve
capabilities of the heart led to a decrease in the motor qualities values of girls examined in the 2019-2020
academic year compared with the 2009-2010 academic year in both medical groups, Figure 4.
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*Note. - test number: 1- 30 m run of the high start, s; 2- 1000 m run, min, s, 3 -sit-up, the number of
times in 30 s; 4 -hanging on the crossbar, s.; 5 -seated forward bend, cm; 6 - standing long jump, cm

Fig. 4. Decrease in the motor test indicators values in the 2019/2020 academic year compared to the
2009/2010 academic year

The data shown in Figure 4 indicate a decrease in the indicators values in all motor tests in the 2019/2020
academic year compared with the indicators of the 2009-2010 academic year. The greatest decrease in testing
indicators was noted in the special medical group compared to the main one.

Dicussion

Due to major changes in the economic, political, social and other spheres of human activity, it is relevant
to conduct monitoring observations of the young people's in different populations physical health with a
significant time interval. Such studies are of scientific and practical interest, taking into account the component
composition of the body, motor qualities, the state of somatic health and the medical group of youth health for
physical education (Prontenko et al., 2020; Kolokoltsev et al., 2021). Therefore, such studies are timely and
relevant.

We found that the values of indicators describing the state of body weight in students assigned to a
special medical group were significantly higher than the values of indicators in girls of the main medical one,
which is associated with the presence of somatic diseases. Among the girls examined in the 2019-2020 academic
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year, compared with 2009-2010, both medical groups showed a negative characteristic of the body mass index.
In the 2019-2020 academic year, the number of overweight and obese girls has increased significantly. An
increase in the number of overweight and obese youth is noted in the materials of other researchers (Mazin et al.,
2021). The predominance of adipose tissue content with a large body mass index value is indicated by our study
of the body component composition. Such a study reflects not only the state of an individual's physical
development, but is also a marker of the state of physical and somatic health and motor activity of a person
(Syuro Ito et al., 2020).

We found that a decrease in the physical fitness of female students with overweight or body weight
deficiency is closely related to the muscular component of the body composition (Kolokoltsev et al., 2018). The
scientific literature presents data on a 2-fold decrease in the strength ability of the muscles of the hands of
students with deviations from normal body weight (Solodovnikova et al., 2017). A similar relationship between
human anthropometric indicators and excess body weight and obesity is noted by other authors (Zerf
Mohammed et al., 2017). In our research, such students showed a low result in all motor tests, which confirms
the research results of previous authors. Deterioration of systolic work of the heart muscle in modern girls plays
a significant role in reducing the results of motor testing. The negative dynamics of the Robinson index in
modern girls indicates a decrease in the reserve capabilities of the cardiorespiratory system (Zerf Mohammed et
al., 2017).

The data obtained as a result of monitoring of physical development indices, indicators of body component
composition and motor tests can be regarded as negative changes in the characteristics of somatic and physical
health of modern girls, which requires further study of this issue.

Conclusions

The results of the physical development indices values analysis in modern female students indicate an
increase in their number of overweight and obese compared with the results of the survey in the 2009-2010
academic year. The study of the component composition of the body confirms the negative vector of an increase
in the body mass index due to an increase in the fat and a decrease in the muscle component of the girls' body,
which led to a decrease in the strength index values. This, along with the deterioration of the systolic work of the
heart, caused a decrease in the physical fitness of modern girls. The most negative dynamics of physical health is
observed in girls assigned to a special medical health group.

The data we obtained from monitoring female students' in different populations and medical health
groups physical health using an index assessment of anthropometric parameters allowed us to determine the
vector of changes in the young people's physical development. In combination with the results of the analysis of
the body component composition and the physical fitness of girls, these data make it possible to reasonably make
adjustments to the planning of the educational process of students' physical education.
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