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Abstract:

Purpose. To determine the strength of the relationship between the body mass index and the functional state of
the neuromuscular apparatus of students with different levels of somatic health in order to correct the educational
process in physical education classes. Materials and methods. The study involved 216 students of the Medical
University of Nizhny Novgorod (Russia) aged 19.6+1.4 years. Of these, 101 male students took part in the study,
namely, 59 of them had a basic medical group, and 42 people had a preparatory medical group for physical
culture and sports, and 115 female students, of which 71 people had a basic medical group, and 44 people have a
preparatory group. To determine height and weight indicators, as well as body mass index, a certified height
meter with floor scales was used. We correlated the obtained data with the gradation of body mass index
according to the recommendations of the World Health Organization. The state of the neuromuscular apparatus
was assessed using two tests: the tapping test and the accuracy of muscle efforts. The tapping test was carried out
according to the standard method. The strength assessment was determined by the method of carpal
dynamometry with the calculation of absolute and relative strength indices. In addition, the accuracy of muscle
efforts was monitored and correlated with a standardized scale for interpreting the results. To determine the
relationship between body mass index and the state of the neuromuscular apparatus, the correlation coefficient
was used. Results. It was found that among the male representatives of the preparatory group, the body mass
index approaches the state of obesity. In the study of the coefficient of strength of the nervous system, an
average type is observed in all representatives of the student youth, however, in the girls of the main group, there
is a tendency to shift towards a strong type of the nervous system, especially for the right hand, and a more
pronounced increase in the coefficient of functional asymmetry was recorded in the boys of the preparatory
group. According to the values of absolute and relative strength indicators of the hands of both hands,
significantly low strength characteristics were recorded in boys and girls of the preparatory group. The accuracy
of muscle efforts shows a higher adaptability in the performance of the test among the students of the main
group. Conclusions. Correlation analysis demonstrated a relationship between an increase in body mass index
and a tendency to a weak type of nervous system, as well as a certain increase in strength indicators and a
decrease in the accuracy of their reproduction with various muscle efforts in the absence of visual control.
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Introduction

One of the important indicators of the state of well-being of a society is the level of health of children,
adolescents and young people (Ruegsegger, & Booth, 2018). Often occurring socio-economic turbulence in the
society of modern people, profound changes in the body associated with the effects of acceleration and
retardation (Sattarov, & Karelina, 2018) can affect not only human health, but also the anthropometric and
functional parameters of his body, especially this may manifest itself in adolescence (Eksterowicz, & Napierata,
2020). An objective integral indicator of the state of health and harmonious balance in the work of all systems of
the human body is its physical development (Luo et.al., 2018). It is a criterion for the state of human metabolic,
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endocrine, immune and other biological processes. It is known that unfavorable sociobiological factors can
significantly worsen physical development, making it disharmonic (Zhang et al., 2019; Zurita-Ortega et al.,
2019). The impact on the child's body of negative environmental factors begins to manifest itself at school age
(Krasnozhon, 2017). Further vocational training may continue to negatively impact students' health (Glazkova et
al., 2020). Therefore, some researchers recommend that student youth be classified as a risk group for health
reasons (Yu-Xiang et al., 2018). By the time they graduate from university, only a quarter of graduates can be
considered practically healthy (Meermanova et al., 2017). These data indicate the need for specialists from
various sciences to study the issue of the health status of students (Momot et al., 2020).

Modern education at universities is characterized by an increase in digital learning, significant in
intensity and volume of educational and psycho-emotional stress among students. One of the triggers of this
process is inactivity, the presence of bad habits at the same time as the lack of a rational diet, the functioning of
the body at the limit of its capabilities (Gerber et al., 2017; Eksterowicz, & Napierata, 2020). The decline in
human health is caused by the above-mentioned mechanisms that contribute to a significant strain in ensuring the
homeostatic functions of the body (Hayano et al., 2019; Christiani et al., 2021).

The decline in the quality of health among modern students is manifested in a dynamic increase in the
complexity of teaching physical culture in educational institutions of higher education (Gerber et al. 2017,
Glazkov et al., 2020). In the process of implementing the discipline of physical education, one should pay
attention to the study of various factors that may affect the effectiveness of the educational process (Limorenko,
2022). Differences in morphofunctional indicators of students, as well as somatic and physical health, in
particular, relate to the above factors (Bocharin et al., 2023). When studying the morphofunctional status, the
main indicator of the physical development of an individual is body weight, which acts as an integral indicator of
the level of various processes occurring in the body (Lee, 2008). To characterize the state of weight, the ratio of
length and body weight is used, this is called the body mass index (Bocharin, & Guryanov, 2023; Jha et al.,
2021). According to the materials of George et al. (2023), there is a direct relationship between the quality of
physical fitness and the physiological characteristics of the nervous system, which is manifested in the adaptive
reactions of the body. In particular, the tapping test is widely used to determine the properties of the nervous
system (mobility, lability, strength) (Nopin, 2022), Chaabouni et al. (2022). A necessary point for assessing the
neuromuscular apparatus of a person is the assessment of the accuracy of muscle efforts, which is carried out
using a hand dynamometer. The result obtained acts as a criterion of fitness, which depends on the state of the
volitional sphere of the individual, the level of his physical fitness and functional state (Baiguzhina et al., 2020).
Despite the available scientific data on these issues, it remains relevant to study the relationship of these
parameters with each other, taking into account the body mass index of students with different states of somatic
health. The study of these issues, in our opinion, will make it possible to perform a correction in the educational
programs of physical education, taking into account the health of students, which will increase the health trend of
physical culture.

Purpose. To study the possibilities of substantiating a personalized approach to physical education of
students with different levels of somatic health by determining the strength of the relationship between the body
mass index and the functional state of their neuromuscular apparatus.

Material & methods

The study involved 216 students aged 19.6+1.4 years who studied at the Medical University of Nizhny
Novgorod (Russia). Of the surveyed, there were 101 male students (59 people had the main medical group for
physical culture and sports, 42 people had a preparatory medical group) and 115 female students (71 people had
the main medical group for physical culture and sports, 44 people - preparatory medical group). All the students
examined before participating in the experiment signed an informed voluntary consent and could at any time
refuse to continue participating in it, which is fully consistent with the Declaration of Helsinki 2008.

We calculated the representativeness of the sample using the formula: n =z—z , where n is the size of the
sample, t is the probability that the specified degree of inaccuracy will indeed not be exceeded, k is the
coefficient taking into account the degree of responsibility of the work performed is 0.3 (Bocharin, & Guryanov,
2023). The study was carried out in the morning hours in a quiet, well-ventilated room with a constant
temperature from +20 to +22 C°, and before it began, the subjects were given time to relax. To determine the
length and weight of the body, we used a stadiometer with floor scales VMEN-200-50/100-D1-A (Russia). This
device is able to automatically calculate the body mass index (BMI), on the basis of which the assessment of
deficiency or excess body weight was carried out, in accordance with the gradation of body mass index
indicators according to the recommendations of the World Health Organization (WHO Global Database on Body
Mass Index (BMI), 2012).

The state of the neuromuscular apparatus was assessed using two functional tests: the tapping test and
the accuracy of muscle efforts. The tapping test was carried out using standard forms with 6 squares drawn on
them (Nopin et al., 2022). On a signal, the subject should put dots in the square at the fastest possible pace, and
the transition to the next square was carried out only on command (at intervals of 5 seconds), in a certain
sequence and without interrupting work. To process the results, the number of points in each square was counted
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and then the dynamics of the maximum rate of hand movement was determined. To assess the strength of
nervous processes, the coefficient of strength of nervous system (CSNS, arbitrary units) was calculated for each
hand, and the coefficient of functional asymmetry (CFA, %) was also determined. To study the power indices, the
absolute force (kg) was determined using a hand dynamometer DMER-120 (Russia) with the calculation of the
relative power index, %. A muscle effort accuracy test was also used. During the first attempt, the subject
squeezed the dynamometer with maximum effort, and during the second attempt, with half of the maximum
effort, without visual control over the device indicators.

The value of deviations from the set value (in %) muscle effort accuracy (MEA) was calculated by the
formula: MEA = [(ME;:2 — ME,) x 100%], where ME, is the first muscle effort, ME, is the second muscle
effort. Muscle effort accuracy was assessed on a five-point scale in accordance with the standardized scale
(Mandrikov, & Mitsulina, 2006), Table 1.

Table 1. Scale for assessing the accuracy of muscle efforts

Evaluation, points Indicators, %
’ Youths female students
«5» 0-6.6 0-4.3
«4» 6.7-15.3 4.4-15.9
«3» 15.4-33.0 16.0-39.0
«2» 33.1-41.8 39.1-50.6
«1» 41.9 and higher 50.7 and higher

Data processing took place using the method of variational statistics using the software packages
Statistica 10.1 for Windows and Microsoft Excel 2016. The arithmetic mean (M), standard deviation (c) and
standard error of the mean (m) were calculated for each sample. The obtained data were checked for the
normality of the distribution using the Kolmogorov-Smirnov criterion with the Lillifors correction. When
comparing the subjects by gender and medical group, one-factor analysis of variance ANOVA was chosen as a

criterion. The relationship between the body mass index and the state of the neuromuscular apparatus was
Couri¥ ¥

LW:_J. and the level of statistical

(o

assessed using the Pearson correlation criterion (r) using the formula py , =

r
significance of the obtained correlation was checked by the Student 's criterion coefficient t = —, where m is

m

interpreted as a correlation error. Differences were considered significant at p 0.05..

Results
The values of anthropometry, tapping test and dynamometry of the hands in male and female students 1s
of different health groups are presented in Table 2.

Table 2. Features of physical development and the state of the neuromuscular system in students of
different health groups, M+m

Male students | Female students
Medical group
Toxazarenb main medical | preparatory medical | main  medical | preparatory medical
group group (n=42) group group (n=44)
(n=59) (n=71)
Body length, cm 178.5+2.4 183.5+£2.6* 167.1£2.2 163.5+2.3"
Body weight, kg 74.6+2.2 81.1+3.5* 60.6+1.5 64.9+2 3"
Body mass index, kg/m2 22.9+1.1 24.1£1.9% 22.1£1.7 22.8+1.1
CSNS for the right hand, arb. units +10.440.13 +7.8+£0.26* +9.540.12 +7.2+0.23
CSNS for the left hand, arb. units +9.2+0.23 +6.3+0.18* +6.3+0.26 +5.9+0.32"
CFA, % 17.3+0.28 24.7+0.36* 16.4+0.42 22.8+0.37"
Dynamometry of the right hand, kg 45.6£0.35 42.6+0.18* 25.7£0.19 23.4+0.32°
Dynamometry of the left hand, kg 44.5+0.28 41.6+0.26* 24.840.21 21.9£0.29"
Power index, % 60.5 51.8 41.5 34.7

Note: "*" - the indicators are statistically significant among the boys of the main and preparatory groups (p
<0.05); "#" - indicators are statistically significant among girls of the main and preparatory groups (p <0.05)

Statistically significant differences were established in terms of body length and weight both among
male students of different health groups and among female students. Body length and body weight in the
representatives of our preparatory group were 2.8 and 8.7% higher than in the boys of the main group,
respectively, p 0.05, the length and weight of the body were 2.2 and 7.1% higher, respectively, compared with
the female students of the main group, p 0.05.
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Only male students showed statistically significant differences in BMI, while in the preparatory group it
was higher by 5.2%, which corresponded to the state of pre-obesity (p 0.05).

Female students of different health groups do not have statistical significance in the above indicator. In
professional athletes, simultaneously with the determination of BMI, the central obesity index is evaluated to
prevent the phenomenon of overweight. However, all the subjects are students who, apart from physical
education, do not engage in any other physical activity.

Analysis of the results of the tapping test in Table 2 is presented as the result of calculating the
coefficient of strength of the nervous system (CSNS). The calculation of this indicator was carried out according
to the formula, taking into account difference in the sums of counting points in each square and in the first
square. The interpretation of the results was carried out by calculating the coefficients with negative or positive
signs, characterizing the strength of the nervous system. A strong type of nervous system was observed for the
right hand in the boys of the main group, and the average type - for the left hand of the same group of subjects.
We noted the same type in the boys of the preparatory group for both hands, as well as in the students of the
main and preparatory groups. I would like to note that in the representatives of the main group, the strength
coefficient of nervous processes approaches +10 (this is more significant for the right hand), which characterizes
their tendency to shift the characteristics of the type of nervous system of the strong type. It is impossible not to
note the dominance of the right hand among almost all the subjects.

According to the observation of the coefficient of functional asymmetry (CFA), an increase in the
imbalance of the nature of symmetry was found in all subjects of the preparatory group, in comparison with the
main group of students, p 0.05.

According to the results of the dynamometry test, the predominance of a high level of strength abilities
among students of the main group was established, p 0.05. This is manifested in the parameters of the absolute
strength of both hands, where in boys they were 7.0 and 6.5% higher than the students of the preparatory group,
and in girls - by 9.4 and 11.7%, respectively, p 0.05. The same dynamics was recorded when assessing the
strength index value.

Then, the accuracy of muscle efforts was assessed on the basis of carpal dynamometry. To determine
this parameter, the students made two attempts: first, they compressed the dynamometer with maximum force,
and then - half of the first attempt, without visual control of the device reading, Figure 1.
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Fig. 1. Accuracy of muscle efforts in students of different health groups

The indicator of the accuracy of muscle efforts allowed us to establish that differentiation without visual
control was worse in students of the preparatory group. For example, this parameter was determined in the value
of 10.3%, in the students of the main group, and it differs from the boys of the preparatory group by 80.6% in an
upward direction. Among the female students of the main group of MEA was 9.4%, which is 68.1% better than
among the students of the preparatory group. These data indicate that the skeletal muscle control system turned
out to be more adapted in students in the main health group and informs about the specificity of the adaptation of
the muscular system to this functional test.

Correlation analysis (Fig. 2) shows that the BMI index has an inverse correlation with the strength
coefficient of the nervous system (r = 0.21, p 0.05) and a positive relationship with the coefficient of functional
asymmetry (r = 0.41, p 0.05).
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Fig. 2. Correlation of BMI with coefficients of nervous system strength, functional asymmetry,
absolute and relative hand strength, and muscular effort accuracy

When analyzing relationships with the muscular system, it was found that BMI has direct correlations
with carpal dynamometry (r=0.51, p 0.05), strength index (r=0.38, p 0.05) and muscle effort accuracy (r=0.44, p
0.05). It can be assumed that an increase in the ratio of body length to body weight can affect the strength
indicators of carpal dynamometry, while increasing the spread in the accuracy of values when using
dynamometry without visual control. The established relationship between BMI and the parameters of strength
and endurance of the nervous system is confirmed by the tendency to a weak type of nervous system in
conditions of increasing body weight, as well as a shift in the coefficient of asymmetry towards the mismatch of
the functions of the nervous system in the tapping test.

Dicussion

In the study of weight and height anthropometric indicators, body mass index is very popular among
researchers, due to the simplicity and accessibility of measurements (Bocharin, & Guryanov, 2023; Kolokoltsev
et al., 2023). In conjunction with this method, testing of power indices is used as the physical qualities of a
person, including those studying at universities. Wrist dynamometry can be used as an instrumental approach to
studying the strength of skeletal muscles, which makes it possible to evaluate both absolute indicators of the
muscular system and indicators of relative strength, as well as the accuracy of muscle efforts. This allows you to
objectively study the strength preparedness of students and correlate the obtained indicators with anthropometric
data (Lee, &Gallagher, 2008). In addition, it seems relevant to monitor psychomotor functions to ensure
effective control of movements, which is a multilevel process of performing a motor task, implemented in the
form of a tapping test (Baiguzhina et al., 2020).

Statistically significant differences in body length and body weight are observed among students of
different health groups. At the same time, these differences for BMI are established only for male students.
Among the young men of the main group, a strong type of nervous system for the right hand and an average type
for the left hand prevailed according to the results of calculating the strength coefficient of the nervous system.
The same indicator characterized the average type of nervous system in all the girls participating in the
experiment. These data do not contradict the results of other researchers (Chaabouni et al., 2022; Georgi et al.,
2023).

When calculating the coefficient of functional asymmetry, an increase in this indicator among students
of the preparatory group is noted, while it is more pronounced among male students. Increased capabilities in the
indicator of absolute wrist strength were demonstrated among boys and girls of the main health group, while, by
the nature of relative strength, there was a decrease in strength indicators among students of the preparatory
group. In assessing the accuracy of muscle efforts, a higher specificity of adaptation of the muscular system to a
functional test was observed in students of the main group. According to the results of the evaluation of the
relationships, direct correlations were established between the body mass index, the coefficient of asymmetry of
dynamometric tests, the parameters of relative strength and accuracy of muscular efforts. A moderate inverse
correlation has been established in the indicators of the body mass index and the strength coefficient of the
nervous system. The results of our studies supplemented the materials of the works of other authors and do not
contradict their conclusions (Baiguzhina et al., 2020; Jha et al., 2021).

The analysis of functional indicators and BMI of students of different health groups showed the
presence of interrelations between them. The data obtained make it possible to comprehensively plan curricula
for the implementation of the discipline of physical culture and sports. We believe that making adjustments to
the organization of physical education will increase the effectiveness of the health-improving orientation of
physical culture at universities.
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Conclusions

Monitoring of the body mass index index showed it in the zone of pre-obesity in young men of the
preparatory group. Observation of the state of the nervous system demonstrated the presence of an average type
of nervous system for almost all subjects, but the students of the main group have a tendency to a strong type for
the right hand. A sufficiently pronounced increase in the coefficient of functional asymmetry was noted in the
young men of the preparatory group, which characterizes their relative misalignment in the work of the nervous
system.

The assessment of strength characteristics showed their decrease in representatives of the preparatory
health group. At the same time, the students of the main group have a fairly high level of adaptation according to
the results of the test for the accuracy of muscle efforts without visual control. The presence of correlational
relationships is demonstrated in body mass index indicators and a tendency to a weak type of nervous system. In
addition, a slight increase in the strength of the flexors of the hand corresponds to a decrease in the accuracy of
reproduction in the test for the accuracy of muscle effort. We assume that the application of these research
results will provide a qualitative approach to the organization of physical education classes and simulate the
effectiveness of physical education teaching in universities.

Conflicts of interest. The authors declare no conflict of interest.
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