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INTRODUCTION
According to the WHO, the incidence of neuropsychiatric 
diseases is continuously growing all over the world and 
these conditions are included in the group of so–called 
“diseases of civilization” by some authors. From this point 
of view, the progression of neuropsychiatric diseases in 
a population is regarded as the “price of adaptation” to 
rapidly changing spiritual, moral and socio–ecological 
living conditions, as well as to a significant increase in the 
information flow in which modern society operates [1].

According to a prospective study of the state of schoolchil-
dren nervous system in dynamics of 1980–2008, increase 
in the neurogenic symptoms frequency was noted with 
prevailing headaches (52.4%), cerebral asthenic syndrome 
(56.6%), motor disinhibition (28.9%), various obsessive 
movements (33.8%) [2]. The close interconnection between 
the state of nervous system and somatic state of school-
children was determined [2; 3]: since 1980, the level of 
pathological lesions by somatic pathology in the presence 
of functional disorders of the nervous system has been in-
creased in 1.7 times, in the presence of chronic neurogenic 
diseases – in 1.9 times [2]. Research over the past decade 
also confirms a trend toward an increase in neuropsychiatric 
disorders among children [4-8]. It indicates the need for 
timely detection of functional disorders in the brain activity 
of schoolchildren in order to correct these conditions and 

prevent their transition to chronic pathology with addition 
of concomitant psychosomatic pathology.

Today, most of the researches is devoted to study of 
neurophysiological characteristics of schoolchildren with 
various pathologies [9-12], while the dynamics of the 
functional state of the schoolchildren’s brain assigned to 
the group of practically healthy ones [13-16] remains on 
the sidelines .

THE AIM 
The aim of the study was to monitor the functional state 
of the brain of generally healthy Ukrainian schoolchildren 
according to computer encephalography (сEEG).

MATERIALS AND METHODS
To achieve this goal, 125 generally healthy (according to 
medical records) schoolchildren of both sexes were ran-
domly selected and divided into 3 age groups: 1) childhood 
(8–12 years old, n = 49); 2) early adolescence (13–16 years, 
n = 42); 3) late adolescence (17–18 years, n = 34). The 
studies were carried out with the prior written consent of 
the parents and the verbal consent of the schoolchildren 
in compliance with the bioethical standards provided for 
by the Helsinki Declaration.

ELECTROENCEPHALOGRAPHIC MONITORING  
OF THE BRAIN FUNCTIONAL CONDITION IN MODERN  
UKRANIAN SCHOOLCHILDREN

10.36740/WLek202012114 
 
Iryna V. Redka1,2, Oksana Ya. Mykhalchuk2, Zhanna V. Sotnikova-Meleshkina2

1KHARKIV MEDICAL ACADEMY OF POSTGRADUATE EDUCATION, KHARKIV, UKRAINE
2V.N. KARAZIN KHARKIV NATIONAL UNIVERSITY, KHARKIV, UKRAINE

ABSTRACT
The aim: To monitor the brain functional state of generally healthy Ukrainian schoolchildren according to computer electroencephalography (EEG).
Materials and methods: EEG examination of 125 practically healthy (according to medical records) schoolchildren of both sexes, which were divided into 3 age groups: 1) 8–12 
years old (n = 49); 2) 13–16 years old (n = 42); 3) 17–18 years old (n = 34). EEG was recorded at rest with eyes closed and during functional tests (eye opening, hyperventilation). 
Visual and spectral analyzes of the EEG were carried out, types of EEG were determined according to A.E. Zhirmunskaya. (1991) in the adaptation of N.L. Gorbachevskaya et al. (1999).
Results: The peak frequency of alpha activity is in the range of 9 to 11.5 Hz, with a tendency to increase as you grow older. A disorganized type of EEG with a predominance of 
alpha activity dominates with an organized type of EEG. For most schoolchildren, normal EEG reactivity predominates in response to functional tests. The detection rate of short 
fragments of pathological activity in the background did not exceed 8%, but increased to 20% with hyperventilation. 
Conclusions: Only a third of modern Ukrainian schoolchildren classified as “healthy” have a physiological type of EEG, which indicates the optimal functional state of the brain. 
The remaining part of generally healthy schoolchildren have EEG changes, which reflect initial functional disorders mainly at the level of nonspecific structures and the brain stem.
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Table I. The distribution of schoolchildren in accordance with the peak frequency of alpha band EEG

Peak frequency  
of alpha band EEG

Childhood
8–12 years old

(n = 49)

Early adolescence 
13–16 years old

(n = 42)

Late adolescence
17–18 years old

(n = 34)

Absent 0.0% 4.8% 0.0%

8.0–8.5 6.1% 0.0% 2.9%

8.5–9.0 14.3% 7.1% 2.9%

9.0–9.5 20.4% 4.8% 17.6%

9.5–10 12.2% 19.0% 23.5%

10–10.5 24.5% 23.8% 23.5%

10.5–11.0 18.4% 11.9% 14.7%

11.0–11.5 4.1% 11.9% 11.8%

11.5–12.0 0.0% 16.7% 2.9%

Table II. The distribution of schoolchildren by type of background EEG activity

EEG Types
Childhood

8–12 years old
(n = 49)

Early adolescence 
13–16 years old

(n = 42)

Late adolescence
17–18 years old

(n = 34)

organized 10.2% 35.7% 32.4%

dyssynchronous 20.4% 11.9% 23.5%

disorganized with a 
predominance of alpha activity 55.1% 31.0% 38.2%

disorganized without alpha 
activity 4.1% 9.5% 0.0%

hypersynchronous in alpha 
activity 10.2% 7.1% 2.9%

hypersynchronous beta activity 0.0% 4.8% 2.9%

EEG was monopolar recorded using an averaged refer-
ence electrode from 21 leads, located in accordance with 
the 10x20 system. The EEG study protocol included the 
following events: 1) a resting state with eyes closed (5 
minutes); 2) resting state with open eyes (2.5 minutes); 
3) hyperventilation (3 minutes).

A visual analysis of the EEG was performed with the iden-
tification of types according to the classification of A.E. Zhir-
munskaya. (1991) in the adaptation of N.L. Gorbachevskaya 
et al. (1999) to childhood [1; 3], as well as spectral analysis 
for standard frequency ranges: delta (0.5–4 Hz), theta (4–8 
Hz), alpha (8–12 Hz), beta–1 (12–20 Hz), beta–2 (20–30 Hz).

The study was carried out in accordance with the national 
norms of bioethics and statement of Helsinki declaration 
(1975, version of 2013) for medical research involving 
human subjects, including research on identifiable human 
material and data.

RESULTS
Qualitative and quantitative characteristics of alpha activ-
ity are key in assessing the functional state and degree of 
maturity of brain structures.

It was found that during the second childhood period 
the peak frequency of the alpha rhythm is 24.5% in the 

frequency range 9.5–10 Hz, in 22.4% – in the frequency 
range 9–9.5 Hz, in 20.4% in the range of 10–10.5 Hz. In 
adolescence, in the overwhelming majority of school-
children, the peak frequency of the alpha rhythm is in the 
range of 11–11.5 Hz (45.2% and 35.3%, respectively) and 
10–10.5 Hz (28.6% and 23, 5% respectively). It should 
be noted that under conditions of relative rest with closed 
eyes, 3.2% of schoolchildren of adolescence showed areas 
without frequency peak in alpha activity (Table 1).

The typical topographic distribution of the alpha activ-
ity of the background EEG is characteristic of 72.1% of 
schoolchildren, and the smoothing of zonal differences 
was found in 27.9%.

In the vast majority of schoolchildren, the focus of max-
imum alpha activity was in the parietal (in 43.2% on the 
left and 44.0% on the right) and occipital (in 41.6% on the 
left and 46.4% on the right) areas. A focus shift of maxi-
mum alpha activity to the central regions was observed in 
11.2% of schoolchildren in the left hemisphere and 7.2% 
of schoolchildren in the right hemisphere.

On the background EEG, 2.4% observed areas of alpha 
activity depression lasting from 1 to 5 seconds against a 
background of medium-amplitude activity. At 1.6% of 
schoolchildren, outbreaks of high–amplitude alpha rhythm 
were observed mainly in the frontal leads.
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In the frontal and occipital leads, sites of beta activity 
were observed in 4.0% and 4.8% of schoolchildren, re-
spectively.

Single discharges were sometimes recorded on the back-
ground EEG, which in clinical electroencephalography are 
considered as epi-phenomes such as acute waves (single – 
2.4%, outbreaks – 8%), acute + slow wave complex (3.2%).

Short-term outbreaks of high-amplitude theta waves 
bilaterally-synchronously were detected on the background 
EEG in 8.0% of schoolchildren, and diffuse theta waves 
were detected in 15.2% of schoolchildren.

The following distribution of schoolchildren by the 
typology of background EEG was established: 42.4% – 
disorganized type with a predominance of alpha activity, 
24.8% – organized type, 20.0% – dyssynchronous type, 
7.2% – hypersynchronous alpha rhythm type, 0.8% is a 
type of EEG hypersynchronous in beta rhythm, 4.8% is 
a disorganized type with a predominance of slow-wave 
activity. Age-related features of the distribution of EEG 
types are presented in table 2.

An analysis of the activation reaction, reflecting the ma-
turity of the brain structures and the mobility of nervous 
processes, revealed the presence of an adequate reaction in 
the form of alpha rhythm depression in 96.0% of school-
children. At the same time, 1.6% of schoolchildren had 
no reaction to light activation, and 2.4% of schoolchildren 
experienced a paradoxical reaction in the form of an in-
crease in the amplitude of the alpha rhythm.

A hyperventilation test, traditional in clinical neuro-
physiology, was used as a load test. It was found that 81.6% 
of schoolchildren had an adequate reaction of rhythm 
synchronization in response to hyperventilation, 4.8% had 
excessive rhythm synchronization, 4.0% had no reaction, 
and 8.8% of schoolchildren experienced a disorder of the 
form a significant increase in the number and duration 
of flashes of slow wave activity or the dominance of slow 
wave activity.

Compared with the background activity, some school-
children observed: increased beta-rhythmic activity in the 
frontal (10.4%) and occipital (15.2%) leads; an increase in 
the number of theta waves is diffuse (24.0%); an increase 
in the frequency of flashes of high-amplitude theta (19.2%) 
and delta (11.2%) waves bilaterally-synchronously; an 
increase in the frequency of alpha rhythm depression 
(4.0%) and a slowed alpha rhythm alternating with theta 
activity (6.4%) An increase in epileptiform activity was 
also observed: acute alpha waves (single – 8.0%, outbreaks 
– 8% ), peak wave activity (4.0%), and acute + slow wave 
complexes (2.4%).

DISCUSSION 
The trajectory of the brain development is largely genetical-
ly determined, but at the same time, environmental factors 
can influence this process. For example, children brought 
up in boarding schools are characterized by a higher power 
of slow-wave EEG activity [17-20]. A similar pattern was 
observed in children living in families with a low socio-eco-

nomic status, which are characterized by poor nutrition or 
unsanitary living conditions [21; 22]. The effects of learning 
[23] and motor activity [24] on the nature of the EEG pat-
tern are also known. Thus, morphological and functional 
changes in the student’s body and socio-economic factors 
create the prerequisites for the formation of central nervous 
system dysfunction [1, 22], which prompted us to conduct 
EEG monitoring in healthy pupils.

It is known that from preschool to adolescence, the 
human brain changes significantly due to trimming of 
unused synapses and myelination of long axons [25], which 
is reflected in the characteristic features of the electroen-
cephalogram at rest, consisting in decreasing the power 
of the delta and theta ranges from increase in age [14-16; 
26-29]. It is reflected in our data on an increase in the peak 
frequency of alpha activity in healthy schoolchildren as 
they grow older.

Summarizing the results of EEG monitoring, it can be 
stated that only 27% of Ukrainian schoolchildren are char-
acterized by optimal functional state of the brain, while 
the remaining part of schoolchildren have an average of 
1–1.3 disturbances in the activity of cerebral structures, 
mainly of a functional nature. Among them, changes to 
the functional activity of median nonspecific structures 
(35%), brain stem (23%), diencephalic structures (13%), 
and also diffuse changes in the whole brain (15%) come to 
the fore. Changes in the cortical/subcortical balance (8%) 
and changes in the activity of limbic structures (7%) are 
much less common.

It should be noted that according to our results the fre-
quency of functional disorders at the level of diencephalic 
structures increases significantly, starting from early ado-
lescence, reaching a twofold increase in schoolgirls. This 
is consistent with literature data on the increased activity 
of diencephalic brain structures in early adolescence due 
to activation of higher autonomic centers and hormonal 
imbalance [13; 27].

According to [2], diffuse changes of a cerebral nature in 
schoolchildren may become a risk factor in the develop-
ment of prenosological forms of neurovegetative disorders 
(e.g., vegetative lability) with subsequent manifestation in 
neurocirculatory dystonia.

In 2% of the examined schoolchildren (the period of the 
second childhood), a focus of epi-activity was detected, 
however, according to a survey of parents and school-
children, the corresponding clinical symptoms were not 
observed. It should be noted that our data are consistent 
with data [30-32], in which the frequency of detection 
of typical epileptiform discharges on healthy children by 
EEG ranges from 1.2 to 5.0%. Most likely, epileptiform 
discharges in the absence of a connection with clinical 
manifestations or hereditary burden of epilepsy should be 
considered as a feature of the individual development of 
the central nervous system.

7% of schoolchildren showed paroxysmal brain activity, 
and 1% of schoolchildren had a paroxysmal state of the 
brain, which prevailed during the second childhood. This 
may be due to the lower maturity of cortical–subcortical 
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interactions during the second childhood, which contrib-
utes to an increased reactivity of cerebral structures to 
disturbing influences.

To date, there is no single generally accepted classifica-
tion of EEG types. In foreign literature, a typology of EEG 
phenomena proposed in [33] is widely used: slow diffuse 
activity with or without low–frequency alpha activity; focal 
non-epileptic anomalies (slow–wave activity or decreased 
activity); a mixed increase in slow-wave and high-frequency 
activity; disturbances in the activity of the frontal lobes in the 
form of excessive theta or alpha activity; violation of frontal 
asymmetry; high–frequency alpha activity in the caudal 
areas; excessive spindle-shaped beta activity mainly in the 
rostral regions; total low-amplitude EEG; epileptiform ac-
tivity (peak wave, sharp waves, paroxysmal EEG). However, 
in our opinion, this approach describes only individual EEG 
patterns that can occur in various functional states. A more 
holistic approach is that proposed in [26; 34; 35], since it 
considers the presence of not only individual EEG phenom-
ena, but also zonal differences, the nature of organization, 
and the frequency-amplitude characteristics of the EEG: 
high-frequency alpha activity in the caudal areas; excessive 
spindle-shaped beta activity mainly in the rostral regions; 
total low-amplitude EEG; epileptiform activity (peak wave, 
sharp waves, paroxysmal EEG).

According to data [26], in healthy children (7–9 years 
old), organized (72%), disorganized with a predominance 
of alpha activity (15%) and asynchronous (13%) types of 
EEG are found. Our data are somewhat at variance with 
the above, since the disorganized type of EEG with a pre-
dominance of alpha activity (42.4%), organized (24.8%) 
and asynchronous (18.4%) types of EEG prevailed in the 
contingent studied by us. Perhaps this is due to differences 
in the age composition of schoolchildren, which was sig-
nificantly wider in our study (8–18 years). According to a 
longitudinal study [26], the typology of EEG is preserved 
throughout school age, with the exception of puberty, when 
a disorganized EEG with a predominance of alpha activity 
becomes an organized type of EEG.

Various types of EEG (with the exception of organized) 
are due to a shift in the balance between the synchroniz-
ing and desynchronizing brain structures. So, in [35] it is 
indicated that the asynchronous type of EEG is associated 
with inhibition of the activity of nonspecific thalamic 
nuclei and increased activity of the reticular formation 
of the brain stem and posterior hypothalamus. A type of 
EEG hypersynchronous in alpha activity is formed under 
conditions of inhibition of the activity of the brain stem 
reticular formation and posterior hypothalamus against 
the background of increased activity of nonspecific tha-
lamic nuclei.

According to the data of [36], the asynchronous and 
hypersynchronous EEG variants can be a consequence of 
perinatal pathology. In both cases, the dominant complaints 
are emotional instability, anxiety, agitation, restlessness, 
sleep disturbance, increased fatigue, and school difficulties.

Despite the fact that the asynchronous type of EEG has 
the highest genetic determinism, at the same time, there is 

a connection between this type of EEG and a violation of 
the blood supply to the vertebra-basilar basin [36].

The disorganized type with a predominance of slow-
wave activity is presumably due to the state of irritation 
of the non-specific and associative thalamic nuclei against 
the background of inhibition of the activity of the re-
ticular formation and posterior hypothalamus [35]. A 
disorganized type of EEG with a predominance of slow-
wave activity indicates the inferiority of the subcortical 
systems providing the optimal tone of the cerebral cortex. 
At the same time, complaints appear testifying to emo-
tional lability, mental exhaustion and impaired attention 
function [36].

CONCLUSIONS
Despite the nosologically non-specificity of electroen-
cephalographic studies, they make it possible to identify 
the category of schoolchildren who should be assigned to 
the group of neurological risk. According to our data, only 
a third of modern Ukrainian schoolchildren classified as 
“healthy” have a physiological type of EEG, indicating an 
optimal functional state brain. In most schoolchildren, 
EEG changes reflect initial functional disorders, localized 
mainly at the level of nonspecific structures and the brain 
stem. Since early adolescence, schoolgirls double the fre-
quency of functional disorders at the level of diencephalic 
structures.

Such changes in the functional state of the brain, not ac-
companied by clinical manifestations, when combined with 
other risk factors create the prerequisites for the formation 
of neuropsychiatric pathology in the absence of adequate 
health–improving measures.
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