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Summary 
Background. The objective of the study was to explore the dynamics of the functional state of 
the central nervous system (CNS) and neurophysiological processes of girls 16-18 years old in 
the context of their transition to a new level of social organization.
Material and methods. The functional state of the CNS was studied in girls 16-18 years old in 
a state of relative muscular rest through observation of visible motive reactions, Loskutova’s 
method, and in the fifth minute of renewal after the physical loading with variable power. 
Results. We found that 17 year-old girls had the best functional CNS capabilities. The 
reduced adaptive capacity of the CNS in 16 year-old girls is due to their necessity for adaptive 
reorganization of regulatory mechanisms to new social conditions: examinations and university 
entry. After physical activity, 16 and 18 year-old girls registered stress reactions, indicating 
decreased CNS adaptation. 
Conclusions. 17 year-old girls were observed at rest to have better CNS functionality compared 
to the other age groups. Analysis of the dynamics of the functional CNS states of 16–18 year-old 
girls after exercise resulted in the identification of two main reaction types: 1) reduction of the 
basic criteria at high initial values; 2) increase of criteria of a general functional state of a brain 
at low raw data. 

Keywords: central nervous system, general functional state, load, youth period, simple visual-
motor reaction

Streszczenie
Wprowadzenie. Celem pracy było zbadanie zmian funkcjonowania ośrodkowego układu 
nerwowego oraz specyfiki procesów neurofizjologicznych u dziewcząt w wieku 16-18 lat 
w wyniku przejścia na nowy poziom organizacji społecznej. 
Materiał i metody. Stan funkcjonowania ośrodkowego układu nerwowego był badany 
u dziewcząt w wieku 16-18 lat na podstawie przestojów widocznych reakcji motywacyjnych 
metodą T. Loskutova w stanie relatywnego odpoczynku mięśniowego i w piątej minucie 
odnowy po obciążeniu fizycznym o zmiennej mocy. 
Wyniki. Wyniki badań wykazały, że dziewczęta w wieku 17 lat miały najlepsze możliwości 
funkcjonalne ośrodkowego układu nerwowego. Zmniejszenie zdolności adaptacyjnych 
ośrodkowego układu nerwowego u dziewcząt w wieku 16 lat wynika z konieczności reorganizacji 
i przystosowania mechanizmów regulacyjnych do nowych warunków społecznych: 
egzaminów i przyjęcia na uniwersytet. Po aktywności fizycznej u dziewcząt w wieku 16 i 18 lat 
zaobserwowano reakcję stresową, która wskazuje na obniżenie mechanizmów adaptacyjnych 
ośrodkowego układu nerwowego. 
Wnioski. U dziewcząt w wieku 17 lat w stanie odpoczynku zaobserwowano lepsze 
funkcjonowanie ośrodkowego układu nerwowego w porównaniu z innymi grupami 
wiekowymi. Analiza zmian w stanie funkcjonowania ośrodkowego układu nerwowego 
u dziewcząt w wieku 16-18 lat po wysiłku pozwoliła zidentyfikować dwa główne typy reakcji: 
1) obniżenie podstawowych kryteriów przy wysokich wartościach początkowych; 2) wzrost 
kryteriów ogólnego stanu funkcjonowania mózgu przy niskich danych surowych. 

Słowa kluczowe: ośrodkowy układ nerwowy, ogólny stan funkcjonowania, obciążenie, okres 
młodzieńczy, prosta reakcja wzrokowo-ruchowa
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Introduction

The period of youth is characterized by a variety of changes in all functional systems of the body: the end 
of growth, development and transition to an adult level. At this time, all systems establish cooperation. Girls 
synchronize their reproductive system by strengthening neurohormonal connections between the central 
nervous system (CNS) and hypophysis and peripheral links with the ovaries. The role of the cerebral cortex in 
adjusting the body’s functions increases, the strength of nervous system processes changes, the ratio of excitation 
to inhibition in the CNS aligns and autonomic nervous system ripening completes [1, 2]. All transformations are 
closely related to the changes in the relationship between the endocrine and nervous systems. So if in adolescence 
the influence of hormonal mechanisms of regulation over the nervous system prevails, as a result of ontogenetic 
alterations, new relationships with a prevalence of influence of the nervous mechanisms of regulation of all 
systems are established [3, 4, 5, 6]. Knowledge of these phenomena becomes more relevant in the context of 
studying the transition processes from one educational system, high school, to another, that of higher education 
institutions. Consequently, the mechanisms of central and humoral control over human abilities during this 
period come to the fore [7, 8, 9, 10].

The main activity in adolescence is education, and ultimately appropriate and successful professional 
orientation towards a future specialty [11]. The manifestation of activity in the social sphere results in nervous 
system activation, which is the basis for the implementation of intellectually mnestic activities. The CNS 
provides information transformation, carries out its processing and produces target answers, i.e., commands for 
sustained actions aimed at the achievement of positive results for the organism [12, 13, 14, 15, 16, 17]. Therefore, 
an important role is played by the evaluation of various characteristics of the adaptive and compensatory 
mechanisms of the youthful organism while changing school systems. This alteration in the main nervous 
processes can be detected by diagnosing sensorimotor reactions illustrating the interaction between mental 
and neurophysiological mechanisms and are the basis of successful intellectual activity [18, 19]. The study of 
indicators of sensorimotor reactions is used in neurophysiological studies of different population segments [20, 
21, 22, 23, 24, 25, 26].

In a field this diverse, we study the dynamics of basic criteria characterizing the CNS functions of girls of 
different ages. The importance and necessity of this kind of research is well recognized [24, 27, 28, 29, 30, 31]. 
Our work is devoted to the study of the problem of the general functional state (GFS) of the CNS and peculiarities 
in the neurophysiological processes taking place in 16-18 year-old girls in the context of their transition to a new 
level of social organization. 

To achieve the main goal, we have identified the following tasks:
1. to study the main criteria for estimation of the general functional state of the CNS of girls 16–18 years old 

in a state of relative muscle rest;
2. to investigate the dynamics of the general functional state of the brain of girls 16–18 years old in the 

implementation of burden with variable power;
3. to conduct comparative analysis between the studied criteria of girls 16–18 years old.

Material and methods

The research was carried out in the Tsoneva Laboratory of Age Physiology of Sports, Department of Biology 
and Health of the State Institution “Ushynsky South Ukrainian National Pedagogical University”. 51 16-18 year-
old girls were examined, and divided into three groups: group I – 16 year-olds (n=23); group II – 17 year-olds 
(n=12); and group III – 18 year-olds (n=16).

The study was conducted in accordance with the basic provisions of the Council of Europe Convention on 
Human Rights and Biomedicine (dated 4th April 1997), and Helsinki Declaration of the World Medical Association 
on ethical principles of conducting scientific medical research with the participation of a person (1994–2008).

The dynamics of the functional state of CNS was studied by means of Reflexometry by the method of T. 
Loskutova [9, 32, 33]. To measure the time of a simple visual-motor reaction, the Lightning device developed and 
patented by Bosenko was used [34].

Research was conducted as follows: the surveyed, in response to light stimuli, have to quickly press a button 
with the thumb of their “working” hand. The reaction time is displayed on the experimenter’s indicator, recorded 
and memorized. In total, there are 60 signals in the series, an interval between each varies between 3 and 6 seconds, 
in order to avoid reflex actions based on set times. The test duration is up to 6 minutes. Research terms are limited 
by afferent effects, that is instrumental in the decline of tone of CNS. Thus, instruction requires pressing the button 
as quick as possible, so that motivation is utilized to promote tone of the nervous system. In this way, conditions 
were created to identify the abilities to formulate and appropriately maintain a functional brain state [7, 9].

Functional status of the central nervous system...
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According to the time of the latent period of the visual-motor reactions, a graph of the distribution of values 
is constructed, characterizing the individual level of the general functional brain state and also the protocol of 
inspection with the sizes of three indexes unsealed – functional level of the system (FLS), reaction stability (RS) 
and level of functionality (LF) and significance of 60 latent periods. 

Upon receiving instruction in the moment of organization of ready condition, the functional system forms 
to realize a simple motive reaction. Its formation is related to the necessity of association of the different 
functional specialized nerve centers for the unique system which, in turn causes coherence of time parameters 
for these centers in synchronizing their activities [32, 33, 35]. It is necessary to note that based on the influence 
by modality and intensity of the irritant and the level of complexity and automation of the irritant and the 
functional readiness of the nervous system, the latent period can vary considerably. However, the time of the 
reaction-answer for a stimulus cannot be below a certain physical limit or “uncontinuous minimum” of about 
100 milliseconds [36].

Reflexometry was carried out in a state of relative muscle relaxation and at the fifth minute of recovery after 
physical bicycle ergometric load, as carried out according to the methodology of D. Davydenko and coauthors 
[37]. According to this method, the load power increased continuously at constant speed (33 W per minute) 
from zero to a certain level determined by the heart rate of 150 beats per minute, whereupon it dropped to zero 
with the same speed. The frequency of pedaling for all surveyed was identical at 60 revolutions per minute. The 
rotation (reverse) of load was performed at the same time for all tested heart rates (150 to 155 beats/min) that 
is, at the same physiological price, the surveyed reached a different load capacity.

Statistical analysis of data was performed using the statistical package SPSS 16. The critical level of 
significance in checking statistical hypotheses was assumed to be p ≤ 0.05. To describe selective distribution, 
M indicated the arithmetic mean and m indicated the error of the arithmetic mean. In order to study the effect 
of loads on the functional state of the studied system for comparison of two dependent selections, the Wilcoxon 
criterion was applied [38].

Results 

The comparative characteristics of the studied parameters of the general functional state (GFS) of brain in 
norm for girls (youth period of ontogenesis) and in adults are presented in Table 1.

Table 1. Indices of the general functional state of the CNS in the state of relative muscular rest of girls of youth age and adults

Criteria of functional state 
CNS, c. u.

Contingent

16 years old
(n=23)

17 years old
(n=12)

18 years old
(n=16)

Adults
(Loskutova’s 

method)
Functional level of the 

system (FLS) 4.75±0.07 4.61±0.09 4.74±0.06 4.2–5.5

Reaction stability (RS) 1.93±0.10 1.67±0.12 2.03±0.12* 1.0–2.8
Level of functionality (Lf) 3.61±0.11 3.23±0.10 3.66±0.12* 2.7–4.0

Note: * p<0.05 in relation to 17 year-old girls; c. u. – conventional units

According to the reference values, the magnitude of the functional level of the system, reaction stability and 
level of functionality using Loskutova’s method, all surveyed can be divided into three main groups: the lowest, 
highest and middle functional center of the CNS. The optimum, according to many scientists, is the average level 
of activation (tone) of the brain [9, 30].

According to the indicators of stability of the reaction (Figure 1), the average level of the general functional 
state of the brain was observed in 34.78% of 16 year-old girls, 58.33% of 17 year old girls and 31.25% of 18 year-
old girls. A higher percent with a high functional CNS level is registered in 18 year-old girls (62.5%), with the 
lowest in 16 year-old girls (26.09%).

Based on the values of the functional level of the system, which is characterized by mechanisms representing 
tension of tonic non-specific influences, the middle level of GFS in the brain was determined in 43.48–58.33% of 
girls aged 16-18 years old. Moreover, a higher percent fell on the first course of studies, and the lower percent in 
the 16 year-old girls.

Only by the integrative index of the functional state of the CNS – a level of functional capabilities allowing us 
to judge the ability of the nervous system to formulate and maintain a functional system for a long time – there 
was an increase in the average level of the surveyed 17 and 18 year-old girls compared to 16 year-old girls: 
43.48% – girls of I group; 66.67% – girls of group II and 62.5% – girls of group III.

Functional status of the central nervous system...
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Figure 1. Levels of the general functional state of the brain of girls aged 16-18 in a state of rest (based on Loskutova)

Under the effect of dosed physical activity in a closed cycle, the probed indices of surveyed girls changed 
differently: there was an increase and decrease of indicators in different age groups. For the type of pattern 
established, we identified two main types of dynamics of the GFS parameters of the surveyed brain at metered load 
with reverse. They differ in orientation, depth of developments and quantitative ratio: with a high level of brain 
functional state, as a rule, decreasing in indicators, and at low output values, an increase in criteria (Figure 2). 
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Figure 2. Changes in indicators of general functional state of the brain in girls aged 16-18 years old after physical activity
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The identified features are consistent and confirm previously noted regularities in the reaction of the 
functional CNS state to a wide range of surveyed both on mental, and on metered-dose and maximum muscular 
load [3, 9, 32]. There is also a third type of reaction to the GFS of the brain – an absence of similar or multidirectional 
changes of the studied parameters. This type is considered rigidity in the system and response inadequacy.

Discussion

In this study of a comparative analysis of reflexometry in the relative rest state of the three age groups, 
we found that 17 year-old girls had the best CNS functionality. Leaving school is the beginning of a new social 
phase in the lives of adolescents. So a slight percent reduction in CNS criteria in girls of group I, in our opinion, 
due to the need for adaptive restructuring of regulatory mechanisms to the new social conditions of man: 
examinations and university entry. A similar distribution can also be explained by the fact that girls at this age 
have not yet fully and functionally formed brain structures, and the maturation and development processes of 
the body as a whole are not complete. It is also possible to relate the results to the features of the adjustment and 
compensation processes occurring in the youth’s body and endocrine remodeling accompanying this age period 
of ontogeny [12, 39, 40].

Reduction of regulatory mechanisms of the CNS in the surveyed 18 year-olds is confirmed by longitudinal 
studies of youth functionality carried out in the Tsoneva Laboratory of Age Physiology of Sports from 2014-
2018. Studies have established the strain of adaptive capacity regulatory systems of the youth body at age 18 
[33]. To assess the dynamics of the functional state of the CNS on the load of different orientation, the use of the 
methodical proposals of Baevskiy and Berseneva has been suggested previously [41]: shift in the ± 25% range 
is considered an activation reaction, ± 50% – stress response of regulatory mechanisms, and changes within 
± 50% – overexertion response with possible failure of adaptive mechanisms. In our view, this approach gives 
a more objective individual description of the adaptive reactions of the CNS to physical and mental load and 
possibly other factors. Consequently, our research into simple visual motor reactions after physical activity 
have established that the stability of the reaction of tension of the regulatory systems of the CNS was observed 
in almost half the 16 year-old girls (43.47% of cases) and less in the 17 and 18 year-olds (33.33% and 31.25%, 
respectively) (Table 2). The resilience of response reflects the stability of the functional CNS state. Therefore, 
the less dispersion of response time, the tighter its distribution.

Table 2. The range of deviations of the reference level of indicators of the functional state of the CNS of girls aged 16-18 
years old after physical activity in a closed cycle (%)

Improvement, % Groups of girls FLS SR LF

± 25 %
16 years old 100 47.83 82.61
17 years old 100 66.67 100
18 years old 100 68.75 87.50

± 50 %
16 years old 0 43.47 17.39
17 years old 0 33.33 0
18 years old 0 31.25 12.50

More
± 50 %

16 years old 0 8.70 0
17 years old 0 0 0
18 years old 0 0 0

Note: FLS – functional level of the system, RS – reaction stability, LF – level of functionality

By the functional level of the system, girls of all age groups showed reaction activation. However, by level of 
functionality, as an integral criterion for the CNS, some differences were also recorded. Indeed, all surveyed 17 
year-old girls, who studied at the first year at the university, the positive dynamics of this criterion is revealed. 
However, girls of other age groups were registered with the reaction of tension of the regulatory systems of 
the CNS: 17.39% in 16 year-olds and 12.50% in 18 year olds, indicating CNS fatigue after physical activity and 
a need to increase the recovery period after completing physical activity. Voltage response that registered on the 
physical activity of surveyed 16 and 18 year-old girls also testifies to declining CNS adaptation in the surveyed 
girls of these age groups. It can be concluded that these age periods are transitional in the youth period.

In summary, we found that identifying the functional CNS status using the time of a simple visual motor 
reaction represents physiological processes, occurring in the brain at rest and with certain load types. With 
a great deal of reliability, this method measures the adaptive and compensatory reserves during ontogenesis. 

Functional status of the central nervous system...
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The method expands and complements knowledge about the adaptation of adolescents as measured using other 
methods.

Conclusions

17 year-old girls in a state of rest had the best functional possibilities of the CNS compared to other age 
groups. 

Analysis of the dynamics of the functional CNS state in 16-18 year-old girls after implementation of physical 
load allowed the identification of two main types of reaction: 1) a decline in basic criteria at high initial values; 
2) an increase of GFS values of the brain at low initial data.

The physical load with the change of power revealed 16 and 18 year-old girls have tension response of 
regulatory mechanisms that illustrates decreased adaptation mechanisms of the CNSs of these girls.

The reflexometry method adequately reflects the physiological processes of the brain and can be used to get 
additional information in the application areas of physiology, sports medicine, and psychology.
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