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ABSTRACT

The authors evaluated the level of physical health of students in grades 2-6 based on a comprehensive
analysis of indicators of the functional state of the body. The study made it possible to identify among
students a high-risk group for the formation of diseases at certain stages of training. The data obtained will
allow predicting the likely changes in the health status of students and conduct appropriate corrective and
rehabilitation measures in order to ensure the success of educational activities while minimizing their

"physiological cost."
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1. INTRODUCTION

Health is a scientific, practical, and global issue. This is
evidenced by the efforts of the World Health Organization,
problematic international conferences, as well as the
National Security Concept of the country. However, at
present, the health of schoolchildren has deteriorated
significantly. The deterioration of the health of
schoolchildren is due to the influence of numerous factors
of a socio-economic and environmental nature, the mass
introduction of hygienically untested copyright programs
into educational institutions.

Undoubtedly, a post-industrial society requires the
development of a high-efficiency mind that assimilates
advanced cognitive paradigms and knowledge systems.
Recent studies show that innovations in the content and
technology of the educational process are not always
adequate for the functional and adaptive capabilities of the
child's body [3, 5]. The introduction of innovative teaching
technologies in a comprehensive school is usually
accompanied by an intensification of the educational
process, an increase in mental and emotional stress [9].

The individual life of an organism is a process of
continuous adaptation to a changing environment in order
to achieve adequate interaction with the outside world.
Children have their specifics of adaptation. The child's
body is in the process of continuous growth and
development. The child has lowered the threshold of
external differentiation, which makes him more vulnerable
to environmental influences. Therefore, training in
experimental, developmental programs often leads to
functional disorders and diseases [7]. It is known that
painful symptoms are preceded by more subtle shifts that
are not subjectively perceived in the initial stages of
occurrence. Such shifts affect the homeostatic regimes,
regulatory systems, the psychoemotional sphere, and the
autonomic system of the body. As a result, students in the
learning process acquire a wide range of various diseases

and functional pathologies. Moreover, there is a violation
of the foundations of social adaptation. Schoolchildren
have an active-negative attitude towards learning.

In order to solve the problem of preserving and
strengthening the health of students, it becomes necessary
to carefully study the interaction and mutual influence of
age development and learning experience. It is necessary
to disclose early functional disorders in schoolchildren and
to identify individuals with non-specific (prenosological)
conditions of the body. Particular attention is necessary for
the conditions of healthy children since, during overloads,
their level of adaptive capabilities of the body is provided
due to tension or overstrain of regulatory mechanisms
against the background of changes in homeostatic modes
and decrease inefficiency.

The physiological approach to assessing health
corresponds to the classification of body conditions
adopted today [6], which includes:

conditions with sufficient functional (adaptive)
reserve;

»  pre-nosological conditions in which adverse
changes in the body's work are compensated by a
higher than healthy tension of regulatory
systems;

» premorbid states, which are characterized by a
decrease in the functional reserves of the body,
overstrain of regulatory systems;

» conditions of failure of adaptation,
decompensation, development of diseases.

Mass screening studies of the functional state of the
body are necessary for identifying groups of children at risk
of a decline in health. These studies will allow creating a
holistic view of the individual health profile of the child.

The most significant deviations in the system should be
considered as stress at various levels, which must be
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corrected by various measures. These circumstaagase
fundamentally new approaches. The approaches hsetts
take into account the fundamental biological cheratics
of the body. These characteristics are generalatgy and
adaptive capabilities, functional (adaptive) resemand the
state of compensatory mechanisms [4].

From the standpoint of health protection, an imgmairt
place is taken by the organization of physical etioo.
For the upbringing of the child, it is necessaryuge new
physical education technologies in the context of
innovative educational programs. New fitness techgieto
are aimed at improving the functional state of twaly.
New technologies make it possible to provide homeasta
of physiological systems with functional resouroshijch
means that each child can maintain a sufficieniyhh
level of physical health throughout the entire peériof
schooling [8, 10].

In terms of what we said, we conducted a
comprehensive study of the impact of innovativéntray
programs and an extended motor regime on the fumati
state of the body and the health of students.

2. METHODSAND MATERIALS

The studies conducted in a longitudinal mode toak: p
students in grades 2-6, studying in the primaryoaich
according to the system of developing education
L.V. Zankova, and in grades 5-6 at the gymnasiunoac
under the traditional motor regime (2 physical edioo
lessons per week) with an annual volume of 68 h@wusng
the period of study in elementary school (from tbst3rd
grade), these students received sanatorium-contpgnsa
treatment at the sanatorium once a year. Partlldies were
conducted with students of grades 2—6 who studiedrding

to a similar educational program with extended matode.
The advanced motor mode is based on the improvitgd da
performance of physical exercises, with a totaliahamount

of 170 hours. The fithess model was built basedthen
traditional system with priority training and fisgefocus.

The expansion of the motor regime was supposed to
establish the optimal balance between the staticdgnamic
components in the regime of a child's day in theitmns of
using intensive educational technologies (the et
system of L.V. Zankov, school-gymnasium). The pagof
these measures is to reduce fatigue and maintedratsle
dynamics in the health status of students throughetentire
period of study.

The control group consisted of students in gradés 2
who studied according to the traditional educational
system with two physical education lessons per wedk wit
a priority educational orientation.

G.L. Apanasenko proposed assessment of somatic
health levels, assessment systems [1]. Evaluatisterss
are based on a set of clinical and physiologicdicators:
correspondence of body weight to its length, powdexy
life index, Robinson index, or double product, Reith
index. The complex of clinical and physiological
indicators allows a certain extent characterizing lével
of somatic and physiometric development, aerob&rgn
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production, reactivity, and fithess of the cardiemaar
system of the child's body. An assessment of thigitheal
and corporate health of school children was cardatl
based on individual medical records and the corarusf
a pediatrician.

The survey was conducted twice a year — in the fall
and spring in the middle of 1 and 4 quarters. Itlusing
these periods that a reaction to training loadsbiserved —
an optimal level of adaptation to the middle of first
quarter is formed. The maladaptation develops i@ th
fourth quarter in the case of irrationally constedtc
training sessions.

The norm was taken as a marker, the expression of
which is the range of variations of various indicato
which preserves the rationality of the functional
manifestations of the organism as a whole, and it is
individual physiological systems.

3.RESULTS

A comprehensive analysis of the level of somaticlthea
was carried out in the study of somatic health ofisnts

in the conditions of identical innovative educatibn
programs and various regulated motor modes. Thigsisia
showed that students in grades 2—6 do not achiésafa
level" of health, i.e., the level at which the prdd
incidence rates are 0 (Table 1, 2). Whereas acupriti
the results of the clinical examination, the numioér
practically healthy children (health group 1) was %7in
the innovative class with the traditional motor regiin
primary school and 8 % in the gymnasium, and in the
innovative class with the extended motor regime 924
throughout the study period. This data means that t
results of a medical examination do not reveal
prenosological health disorders.

At the same time, some patterns were discovered that
minor changes to most of the integral functiondigators.
Students in elementary school had a relatively loereel
of somatic health. In particular, during the secar
third years of schooling, boys' somatic health was a
much lower level than during the period of trainmtgthe
middle level of the school. At the same time, in thass
of developing education with the extended motormegi
the boys had the lowest points for the entire peadbthe
examination (except for the spring of the 5th gjgdeable
1). It becomes clear that the physiological "pridet
mastering innovative programs within the 5-hour wegekl
volume of physical activity was relatively high fohis
contingent of children, and excessive spending of
"reserves" of the body took place. Adaptation to an
innovative educational environment was due to aively
high voltage of the regulatory mechanisms and body
systems that provide homeostasis. As a result atiger of
adaptability narrowed, there was a risk of failure of
adaptation. These processes can lead to a dedredise
activity of various functions, a radical restruabgy of the
morphofunctional substrate. As a result, the bodpléty
to respond more subtly and effectively to the exér
environment, especially in an emergency, is lost.
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Table 1 Levels of somatic health of boys in conditionsrofavation (L.V. Zankov system, gymnasium) and
traditional training systems and various volumemotor activity

.| <5 Indicators (M £ m)
REQ 2 =< . 0 _ _ nle _ » | Somatic
& 35 EE| Lifeindex, £ | Powerindex,| £| Robinson Index| £|% |Roufier Index| £
©Cs38 28 mi/kg S % S| conv.units | 8|2 g conv.units | § health,
= points
2nd | EMM 44, 7#1.5 0 42.52.9 0 87.5:2.3 1,0 19.0t0.9 | -6 -5
grade/| TMM 46.142.2 0 39.#1.7* | O 88.9:3.2 1| 0| 9311 | 0 1
autumn| TR 48.714.0* 0 | 52.33.8*** | 2| 113.%6.0*** 0| 0| 12.20.8** | 4 -2
2nd | EMM | **40.8+43.1 | 0 | **38.2¢4.1 | O 88.9+2.9 1,0 17.2+15 | -6 -5
grade/| TMM |**51.442.8** | 1 | **459+5.7* | 1| ***722+44.2** | 3 | 0 | 8.40.8*** | O 5
Spring| TR 50.0t+4.1 0 | 52.3t3.1¥* | 2| **851+1.9 2| 0| 11.#0.7* |4 0
3rd | EMM 42.31.3 0| **54.1+1.3 | 2 **06.9+2.0 1| 0| »125+1.2 |4 -1
grade/| TMM | **40.6+1.4 | 0 | ***57.2+6.1* | 2 | **78.4+1.9** | 2 | -1 | **12.0+0.9 | -4 -1
autumn| TR | 51.142.5%* | 1 | **585+2 9% | 2| 86.2£5 7% 110 13.6:1.2 | -4 0
3rd | EMM | **481+29 | 0 | *479+34 |1 **89.2+3.4 1| 0| *10.3+t09 | -4 -2
grade/| TMM | **51.5+3.1* | 1 *BAT+2.2 | 2| **71.4+45%** | 3| -1| *10.8+0.9 | -4 1
Spring| TR *49.7+0.1 0 | *47.0+3.8 | 1| *B3.3t+3.7** 2| -1| 14.61.1* |4 -2
5th | EMM | ***62.3+05 | 2 | **58.7+5.7 | 2 90.9+:2.7 1| -2 8.2+14 0 3
grade/| TMM 61.9:7.1 2 | *67.241.9 | 4| ***85.3+x1.9* | 2| O *7.9+1.2 0 8
Spring| TR | **585+1.2* | 2 | *59442.0 | 2| **745+2.1** | 3 | -1 | 15.140.8** | -6 0
6th | EMM | *56.0+2.2 | 2 50.7#5.5 2 **86.0+1.2 1| -1| 10407 |-4 0
grade/| TMM 50.79.2 1| 65.96.9" |4 83.1+2.9* 2 | -1| *12.1+0.9* | -4 2
autumn| TR *55.8£1.8 2 59.6£3.2* | 2 | ***107.8+2.9*** | 0 | O | *12.2¢1.0 | -4 0
6th | EMM 56.0t5.7 2 | **60.0+4.4 | 2 **94.3+3.5 1 -1] 11509 |-4 0
grade/| TMM | **64,1+3.5%* | 2 | **85946.2** | 4 | ***104.4+1.9* | 0 | O 12.#10 | -4 2
Spring| TR 55.6t4.5 2 62.2:2.1 3| ***04.8+2.7 1| 0| 14.140.6* | -4 2

Note: (left) * - significance of differences withthe same class at the beginning and end of the ¥eat p <0.05; ** — at p <0.01;
** _ at p <0.001; (right) * — significance of défences between boys from a class with extendedrmaide (EMM), traditional
motor mode (TMM) and traditional form of educati@rR): * — at p <0.05; ** — at p <0.01; *** — at p <@01.

The third year of study is one of the essentialahod
periods in the child's life. By this period, thevdlpment
of mechanisms of long-term adaptation strongly
determines both the process of successful leamamidgthe
further course of the somatic and sexual developroén
the child. This circumstance is significant to ddes since
this period is critical for the development of atihag and
reproductive functions of the body. There is a dyita of
deterioration in the level of somatic health by trel of
the 3rd grade in boys from the innovative class with
extended motor mode. This dynamic indicates a dsere
in the compensatory-reserve capabilities and tedigtion
of the disease development possibility in the fetur

It should be emphasized that a similar nature of
adaptive changes was observed in the 3rd grade and
among boys from a class with a traditional form of
education (Table 1). Moreover, low levels of somatic
health were primarily due to the results of the Rarttest,
used for the integrated assessment of the adaptive
capabilities of the cardiovascular system and #edth of
the body as a whole.

In general, according to Ruthie test, the boys'
conditions performance was assessed as "mediocre" or
"weak." This rating is set independently of the ediomal
system and the mode of motor activity of childrén.
higher level of somatic health was observed in hals
studied in an innovative class with a traditional tono
regime. Boys with a traditional motor regime were
compared with their peers from the innovative clagh
an extended motor regime and with boys from a clags
a traditional form of education. Traditional mot&il boys
showed a tendency to increase somatic health bgrbe
of each school year due to improved indicators ifef |
index, strength index (p <0.01) and Robinson index
(p <0.001). In addition, this contingent of student
recorded the best performance indicators of the
cardiovascular system under the Roufier test. Soyei
consider the indicators of boys who studied under th
program of L.V. Zankova with extended motor mode, by
the end of the 2nd year of schooling, the perforreaof
these boys can be assessed as "unsatisfactory." The
performance of boys with a traditional form of edima
can be assessed as "weak." The performance of boys f
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the Zankovsky class with the traditional motor moithe,

performance can already be assessed as "satigfactor

(Table 1). Intense mental activity is a rather stbu
mobilization and activating factor in the process#s
growth, development, and adaptation of the organésrd,
the expansion of its functional capabilities. Unjes$
course, the intellectual and emotional stress duwétsgo
beyond the capabilities of the individual. For exéden the
summing up volume of high mental and physical stias
the day regimen of boys from the Zankovsky clas$ wit
extended motor regime gives, as it is not paradbxibe

Advances in Health Sciences Research, volume 28

opposite negative effect. The more dramatically the
magnitude of the parameters of the situation in tvlitiés
necessary to adapt, the more intense the regulsystgms
are for boys. Such a dynamically recurring adapsitze

of the body is characterized by maintaining a Hegtel of
tension of regulatory systems and a violation oé th
conjugation between indicators of somatic develogmen
and functional parameters to a greater extent. déta
allow classifying them as a '"risk group" since a
disharmonious developing child has a higher
predisposition to fatigue, overwork, and disease.

Table 2 Levels of somatic health of girls in conditionsimfiovation (L.V. Zankov system, gymnasium) and
traditional educational systems and various voluafesotor activity

£ = Indicators (M + m)
3 ? E e vy % . % Roufigr Roufier % vp .
< g 5 Life index, | £ _Power ‘€ | Robinson Index € Ma_tchmg Index. conv € | Somatic
© 3 £ ml/kg g index,% 8| conv. units 8| weight to un’its 8 | health,
2 S length points
2nd EMM 45931 1| 51239 |3 84.93.0 2 0 17.81.2 | -6 0
grade/ | TMM 42,425 |0 |39.43.2%* | O 79.6£2.9%* 2 -1 9.0+0.7*** | 0 1
autumn | TR 40.4:1.7* |0|41.1421.1%* | 1 | 104.54.6** |0 0 12.8:0.6** | —4 -3
2nd EMM | *40.8#1.3 |0| 50.3:2.8 | 1 | **67.4x6.6 |4 -1 *14.00.9 | -4 0
grade/ | TMM | *44.5+0.2* |0 |**46.9+2.7* | 2 | **72.2+4.9** |3 0 9.14£3.2* | 0O 5
Spring TR | *45.0£2.1* | 0 | **46.3+4.1* | 2 | ***84.6+5.9*** | 2 0 13.411 | -4 0
3rd EMM 39.#24 |0| 48.858 |2 | *094.1+22 |1 -1 12.6.0.8 | 4 -2
grade/ | TMM | **40.4+2.6 |0|**38.8+1.6* | O 71.4¢5.9%+* 3 -1 **15.6+0.6*| —6 -4
autumn | TR 452¢1.5* | 0| 45.8:4.2% | 2 | *79.5+3.5%* |2 -1 14.3t1.1* | -4 -1
3rd EMM 41,9426 |0| 48.86.7 | 2 92.7+4.0 1 -1 10.3:0.8 | -4 -2
grade/ | TMM 42.+2.5 |0]39.62.6** | O 72.7#6.6%** 3 -1 13.2+1.1* | 4 -2
Spring TR | *49.4+2.9** | 1| 44 'A#3.9* | 1 |**105.3+5.9** | 0 0 15.4+0.8** | —6 -4
5th EMM 48 #4.7 |1| 50.16.2 | 2 92.44.4 1 0 9.2¢0.9 0 4
grade/ | TMM 49473 |1 |**51.4+19| 3 | **90.6+2.7 |1 0 **17.2+1.4*| —6 -1
Spring TR 52.0t1.2* | 2| 45.%3.6* | 1 | ***84.6+2.8* | 2 0 14.9+0.8** | -6 -1
6th EMM | *448t41 |0| 50.54.0 | 3 | **765+28 |2 -1 **15.2+1.0| -6 -2
grade/ | TMM | 48.A#25* |1|*55.6£5.9** | 4 [***103.2+2.9*** | O -1 18.416 | -6 -2
autumn | TR | 53.22.6 *** | 2| 49.1+2.7 | 2 | **03.1+3.8** |1 0 14.6:1.1 | -6 -1
6th EMM 46.43.8 |1| 52.328 |3 **89.1+4.6 1 -1 *12.8+0.7 | -4 0
grade/ | TMM *45.0¢3.5 |0|*59.2+6.8** | 4 | **111.245.9** | O 0 *16.0+1.3** | -6 -2
Spring TR | 55.31.9** | 2| 49.24.2* | 2 |**103.2+6.7*** | O -1 14509 | -6 -3

Note: (left) * — significance of differences withihe same class at the beginning and end of e e at p <0.05; ** — at p <0.01;
*** _ at p <0.001; (right) * — significance of défences between girls from the class with extemdeidr mode (EMM), traditional
motor mode (TMM) and traditional form of trainingR): * — at p <0.05; ** — at p <0.01; *** — at p <@01.

In the 6th grade, a significant decrease in thelle¥
somatic health was noted. This data, due to thenhawgj
of puberty. This period of child growth is intersyst, and
intrasystem heterochrony intensifies. Moreover,
imbalance of most functions occurs.

The progressive deterioration in the level of saenat
health in the 6th grade against the backdrop of
deterioration in adaptive capabilities and a desem
useful resources allows considering this periodtotly at

the

a school for boys as a critical period for the fation of
diseases. To develop effective preventive measubhes,
pediatrician's conclusion on the state of healtld an
appropriate analysis of the structure of functioaald
chronic diseases based on the data of the clinical
examination is significant.

It should be emphasized that all the above
considerations are entirely valid for girls. In fpaular, in
girls from an innovative class with a traditional tao
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regime, trained in conditions of an increased vawhthe
mental and low volume of physical activity, stagtifrom
the 3rd and 6th grade, the level of somatic healts
stably in the negative range (Table 2). It musabsumed
that the total amount of all physiological and naémbsts
of the body for a mental activity with a limited meoof
motor activity is excessively high for girls. Rediamcy is
manifested despite the school's health activiti€ke
danger is that the resulting overstrain  of
psychophysiological mechanisms can lead to disvopaf
the processes of growth and development, which iska r
factor for the development of diseases. Although,
according to individual authors, these changes atoyat
cause disease, they reduce the adaptive capabiitiehe
body. They are combined into the concept of
prenosological and premorbid conditions. Howeverrethe
are works [2, 9] that indicate a significant prevake of
chronic pathology among groups of children with low
somatic health.

Girls from the innovative class with an extended moto
regime developed a different nature of changehkeéridvel
of somatic health. Their high physical developmesais
accompanied by an increase in the degree of adaptat
vigorous physical exertion, an expansion of thecfiomal
capabilities of the respiratory system, and anease in
the relative strength of the hand (Table 2). Preshim
regulated physical education classes (5 hours a)waek
the context of innovative programs have a diregidot on
ways to increase adaptive potential. In this mode, a
fundamentally different neuroendocrine and energy
organization of growth processes arises in the'diddy.
The functional reserve boundaries of the body are
expanding, and its development is shifting to ahbig
level. High values of maximum aerobic abilities and
working capacity in this group of children also icatie the
development of the energy potential of the bodye @hta
show that there are prerequisites for a good state o
somatic health and a reduction in the risk of diseall
this dictates the need to increase the effectiwenogsports
and fitness technologies aimed at increasing thesipal
development, resistance, and endurance of the éemal
body.

4. CONCLUSION

In general, the results of a comprehensive rapdsssnent

of the level of somatic health were carried ouading to

the method of G.L. Apanasenko. An analysis of the data
allows concluding the unfavorable dynamics in ttegesof
health of schoolchildren who studied in the comdisi of
application of intensive educational technologidhe
presence of the identified data is confirmed using
physiological methods of the risk contingency. Ae th
same time, the bulk of students leave the "safe'zof
health. This situation is dangerous because, with an
inadequate daily regimen, a pathological process ca
develop in a child. Against this background, the
intensification of the educational process can eaas
deterioration in the biological reliability of théody,
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change the adaptation strategy. To a greater exiteist
threatens the body of boys. It becomes clear thanwh
choosing an educational model, it is necessargke into
account the individual and age-specific charadiesisof
the adaptation of children and adolescents. Thiaitiga
load in intensity and volume should be adequatettier
growth of the level of functioning with sufficient
functional reserve.

The educational process should be health-saving.
However, for this, there should be a reasonably ateur
idea of the somatic, vegetative, psychophysioldgica
motor, and energy status of students in the contéxt
various programs and methods of educational agtivit
Teacher activities should include familiarizationttwthe
results of medical examinations, psychophysioldgécad
physiological-hygienic testing, and take them iat@ount
in educational work. A departure from the traditional
system of physical education is needed, as wellseagech
for new sports and fitness technologies. These sssue
should be addressed primarily based on specific
guidelines.
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