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ABSTRACT

BACKGROUND: The aim of the research was to reveal the individual features of synchronization of neuronal networks
in people with different level of self-regulation of the functional state of the CNS.

METHODS: The research sample included 38 athletes, meditation practitioners, and people with increased anxiety aged
20-40. We analyzed the baseline EEG record with opened eyes for 30-60 minutes, test with eyes closed for 10-30 minutes,
and mental calculation test. EEG sampling rate was 250 Hz.

RESULTS: It was possible to distinguish the areas (epochs of analysis) of synchronization at one dominant frequency
of the alpha rhythm in the group of leads individually for each participant. The analysis of synchronized leads allowed
us to find four different individual patterns. The regular synchronization of fronto-centro-temporal leads was typical of
athletes and meditators. People with increased anxiety levels had synchronization of centro-occipital and temporal leads
accompanied by asymmetry between left and right hemispheric leads.

CONCLUSIONS: The obtained data make it possible to determine the current type of individual EEF pattern, predict the
capacity of regulation of one’s functional state, and be used as a scientific basis of developing means for correction of the
functional state of the nervous system and for training of self-regulation skills.

(Cite this article as: Koryukalov Y, Popova T, Erlikh V. Individual electroencephalogram pattern and regulatory processes of
the brain. Gazz Med Ital - Arch Med Sci 2018;177: .DOI: 10.23736/S0393-3660.17.03725-1)
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Functional disorders of the central nervous
system (CNS) affect cerebral connections,
which makes the full-scale self-regulation and
adaptive activity impossible.!:2 The main regu-
lator of biorhythms and related vital process is
the association of the pineal gland and the hy-
pothalamus, and the key part in the functional
state regulation is played by the thalamus.3
Cerebral biorhythm is associated with indi-
vidual features of self-regulation mechanisms
and the flexibility of neurodynamic process-
es.*7 The more the number of interactions be-
tween cortical areas in the alpha wave band is
the higher the flexibility of neurodynamic pro-
cesses is. Implementation of individual opera-
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tions by natural neuronal networks causes the
formation of neuronal ensembles — relatively
large populations of nervous system cells in-
volved in a particular neural computation.8

It is obvious that one of the main mecha-
nisms of functional associations of neurons
is the synchronization of their activity. As a
rule, such synchronization is rhythm-related.
The leading part in the organization of neuro-
nal ensembles is probably played by the alpha
rhythm. It is established that the “functional
core” organizing bioelectrical activity of the
brain in other bands is formed by alpha oscilla-
tions.% 10 Though there are many studies dedi-
cated to the alpha rhythm and its role in regula-
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tory processes, the mechanisms of interaction
and synchronization of neuronal networks,
individual as well, are under-investigated. The
study of synchronization of neuronal networks
will help in better understanding the mecha-
nisms of their functional organization in regu-
latory activity and achievement of the planned
results.

The aim of the research was to reveal the
individual features of synchronization of neu-
ronal networks in people with different level
of self-regulation of the functional state of the
CNS.

Materials and methods

Thirty-eight students and postgraduates of
South Ural State University, aged 20 to 40
(mean age 26+4), were recruited as partici-
pants for the series of electroencephalographic
studies. The participants were divided into
three groups: the 1st group, or group I, includ-
ed athletes (N.=14) engaged in acyclic sports
(First-Class and Masters of Sport); the 2nd
group, or group II, included the participants
of the same age (N.=12) regularly practicing
psychophysical self-regulation (PPR); the 3rd
group, or group I, included the participants
of the same gender (N.=12), aged 23-40, who
had depression with expressed anxiety for over
6 months (mental stress group — MSG).

Electroencephalogram (EEG) was recorded
with the help of 8 and 16 cup electrodes con-
nected with ear-clip electrodes and located in
accordance with the 10-20 system. We ana-
lyzed the baseline record with opened eyes
for 30-60 minutes (BR), test with eyes closed
for 10-30 minutes (CE), and mental calcula-
tion test (CC). EEG sampling rate was 250
Hz. Computer-aided electroencephalogra-
phy included spectral, period, and correlation
analysis performed with the help of developer’
software.

Results

Using the period analysis we assessed spec-
tral and frequency characteristics of theta,
alpha and beta rhythms on electroencephalo-
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grams. The spectral analysis of the alpha ac-
tivity in the participants revealed that through-
out the whole EEG record it was possible to
distinguish the areas (epochs of analysis) of
synchronization at one dominant frequency
of the alpha rhythm in the group of leads. The
detailed examination of the large array of data
on the spectral analysis of EEG revealed the
following features of synchronization between
leads.

Both in the baseline record and in other
tests of each participant there was a regular
synchronization at a dominant frequency of
the alpha activity in 50% of leads (or more). It
was noted that synchronization was observed
between the certain set of leads (8-10 leads of
16), i.e. there was a pattern (picture) of syn-
chronization between the groups of leads of
the cerebral cortex. Each participant had his
own repeated pattern of alpha rhythm synchro-
nization.

A long-term EEG recording (over 30 min-
utes) allowed us to distinguish a criterion of
synchronization pattern which could be de-
scribed as synchronization appearing at one
frequency of the alpha rhythm in 45% of EEG
leads (Table I). Such synchronization reflected
the circuit of neuronal network, and this pic-
ture was repeated throughout the EEG record
of each participant. This recurrent picture of
synchronization received a name of “synchro-
nization pattern”.

Thus, it was revealed that each participant
both in the baseline record and at functional
tests had a regular synchronization between
the certain leads specific for the participant
(Table II). The repeated pattern involved syn-
chronization in more than 45% of leads. The
rate of recurrence of such synchronization var-
ied within the range of 5 to 70 seconds, de-
pending on the participant and the functional
test. In the baseline records the mean rate of
recurrence of “synchronization pattern” was
within the limits of 10 to 40 seconds. Along
with that, the minimal period of the synchroni-
zation pattern recurrence was observed in the
group of athletes being equal to 10 +5 seconds
at the average, and the maximal period was
observed in the MSG — 30 +7 seconds at the
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TABLE 1.—Synchronization pattern in the baseline record (9.8 Hz). Participant Gre-ov, 33 years old. Spectrum and

frequencies (alpha) 38s, epoch 4.

Lead A max S max A mean S mean A full S full F dominant F mean Index
FplAl 1.5 2.3 0.89 0.91 12 12 9 9.4 20
Fp2A2 1.6 2.4 0.79 0.81 11 11 9 10.2 18
F3Al 2.0 4.1 0.91 1.1 12 15 9.8 9.8 13
F4A2 1.7 2.7 0.78 0.91 10 12 9.8 9.8 16
C3A1 2.1 4.4 1.0 1.3 14 18 9.8 9.4 25
C4A2 2.0 3.9 0.9 1.2 12 17 9.8 9.8 26
P3A1 2.5 6.2 1.1 1.6 15 22 9.8 9.4 17
P4A2 1.9 3.6 1. 1.4 13 20 9.8 9.8 21
Ol1Al 2.0 4.1 1.3 2.0 18 27 10.9 10.9 25
02A2 2.9 8.6 1.4 2.6 20 35 10.2 10.2 10
F7A1 1.8 3.1 0.8 0.84 11 11 9.8 9.8 20
F8A2 1.5 2.3 0.7 0.77 9.8 10 10.9 10.2 10
T3Al 1.7 2.8 0.81 0.88 11 12 9.8 9.8 24
T4A2 1.6 2.7 0.75 0.82 10 11 9.8 9.8 14
T5A1 1.6 2.4 0.85 0.83 11 11 10.9 10.9 19
T6A2 1.3 1.7 0.71 0.65 9.9 9.1 9 10.2 24

A: spectrum amplitude, pV/s; S: spectrum power, uV ~2/s"2; F: frequency; Hz: Index of the rhythm - %.

TABLE I.—Synchronization pattern in the baseline record (9.8 Hz). Participant Gre-ov, 33 years old. 623 s, epoch

114, mental calculation test.

Lead A max S max A mean S mean A full S full F dominant F mean Index
FplAl 1.7 3.0 0.83 0.88 11 12 9.8 9.8 11
Fp2A2 1.2 1.5 0.6 0.43 8.3 6.0 9.8 9.8 11
F3Al 1.9 34 0.86 0.92 12 12 9.8 9.8 4
F4A2 1.1 1.3 0.68 0.51 9.5 7.1 9.8 10.2 5
C3A1 1.7 3.1 0.94 1.1 13 14 9.8 10.2 19
C4A2 1.4 1.9 0.68 0.54 9.5 7.5 9.8 9.8 13
P3Al 1.7 2.9 0.97 1.1 13 15 11.7 10.5 10
P4A2 1.4 1.9 0.68 0.59 9.5 8.2 9.8 9.8 10
O1A1 2.5 6.1 1.2 1.8 16 25 11.7 11.3 31
02A2 1.6 2.6 0.78 0.76 10 10 11.7 10.9 3
F7A1 1.4 2.0 0.79 0.76 11 10 9.8 10.2 15
F8A2 1.2 1.5 0.53 0.36 7.4 5.1 9.8 9.8 10
T3A1 1.4 2.0 0.81 0.77 11 10 11.3 11.3 18
T4A2 1.2 1.5 0.45 0.27 6.2 3.8 9.8 9.8 7
T5A1 1.9 3.7 0.92 1.0 12 14 11.3 11.3 24
T6A2 1.3 1.6 0.46 0.3 6.4 42 9.8 9.8 9

A: spectrum amplitude, pV/s; S: spectrum power, pV ~2/s"2; F: frequency; Hz: Index of the rhythm - %.

average, which was two times higher than in
the groups of athletes and relaxation exercise
practitioners.

These facts comply with the theory of regu-
lar activation of cortical neuronal network via
thalamo-cortical connections involving the
striatum.!! The thalamus serves as a filter of
the flow of mode-specific impulses.

The frequency of the alpha rhythm mainly
associated with synchronization pattern was
individual for each participants; it was chang-
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ing both at the implementation of any func-
tional test and at transition to another test
(Figure 1) and corresponded to the dominant
frequency oscillations.

Discussion

The same character of oscillations of syn-
chronizations between EEG leads was ob-
served for alpha, theta, and even beta bands,
but only for the alpha rhythm it was regular
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Figure 1.—Changes in the frequency of the alpha rhythm as-
sociated with synchronization patterns in 1-hour EEG record.

and stable throughout the EEG record. For that
reason, we performed the analysis of alpha
synchronization patterns.

Further study of synchronization between
EEG leads in the participants revealed that the
observed variations of alpha synchronization
could be classified into four different individu-
al types of patterns.

The first type of pattern was presented by
synchronization between fronto-centro-tem-
poral cortical leads (“frontal type” of synchro-
nization pattern, Figure 2). The second type of
pattern was associated with regular interaction
of fronto-centro-occipital leads at the same fre-
quency of the alpha rhythm (“longitudinal type”
of pattern). The third type was characterized by
the regular synchronization between centro-
temporo-occipital leads (“posterior type” of
pattern). The fourth type was associated with
synchronization between centro-temporal leads
with occasional involvement of frontal or oc-
cipital leads (“transverse type” of pattern).

It should be noted that each type of pattern
involved synchronization between leads on
somatosensory zone of the cortex — the projec-
tion of conduction tracts from thalamus cores.
The essential role of the caudo-thalamo-cor-
tical system in the functional state regulation
was argued by many scientists 12 13 who also
underlined the capacity of this system in distri-
bution of the local activation of neocortex via
activating effects of the thalamus.

The analysis of the results showed that the
first type of synchronization between fronto-
centro-temporal leads was the most common
(22 participants of 38, or 58%). The second
most common type was synchronization of
fronto-centro-occipital leads; this pattern was
observed in 8 participants (21%). The rarest
types were synchronization between centro-
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Figure 2.—Types of regular alpha synchronization of leads.

temporo-occipital leads (5 participants, 13%)
and synchronization of temporo-central leads
(3 participants, 8%).

Interestingly, the similar distribution of
synchronization patterns was observed in
the groups of athletes and meditators (prac-
titioners of relaxation exercises on visualiza-
tion and concentration of attention). In these
groups, approximately 80% of the participants
had the pattern of synchronization between
fronto-centro-temporal leads, and the remain-
ing 20% - the patterns of synchronization be-
tween fronto-centro-occipital leads or between
centro-fronto-occipital leads.

In contrast, the MSG (mental stress group)
almost did not have the pattern of synchroni-
zation of fronto-centro-temporal leads (1 case
of 12), while the most common pattern was a
regular synchronization between fronto-cen-
tro-occipital leads (5 of 12 participants); there
were also patterns of synchronization between
centro-temporo-occipital leads (3 of 12 partici-
pants) and between temporo-central leads (3 of
12 participants).

Speaking of the common pattern of syn-
chronization between fronto-centro-occipital
leads (longitudinal type of pattern) in the MSG
and the common pattern of synchronization
between fronto-centro-temporal leads (frontal
type of pattern) in the groups of athletes and
meditators it should be noted that the index of
the alpha rhythm in frontal and temporal leads
of the frontal type of synchronization pattern
was at the average by 50% than the index of
the alpha rhythm in the longitudinal type of
pattern.

Interestingly, the first type of pattern was
mainly expressed in the athletes and relaxation
exercise practitioners, i.e. people who could
control their emotions. Some experts 1417

27272018



ELECTROENCEPHALOGRAM AND REGULATORY PROCESSES OF BRAIN

note the correlation between the frontal alpha
rhythm power with emotional stability. Our
findings on the strength of fronto-temporal al-
pha band connections prove this assumption.

All the participants of the MSG had an ex-
pressed asymmetry of synchronization pattern
involving shift and reduction of boundaries
towards the left or right hemisphere. In other
words, the MSG group had synchronization
between symmetric leads less often than the
groups of athletes and meditators.

Some authors 18: 19 argue that people with
expressed neuroses or increased anxiety have
a prominent hemispheric asymmetry (over
25%) associated with partial disturbances both
of thalamo-cortical and interhemispheric func-
tional connections. Our findings indicate the
asymmetry of thalamo-cortical connections
between the left and right hemispheres associ-
ated with excitability of subcortical structures
and the limbic system.

In the baseline record with opened eyes
hemispheric asymmetry in the group of ath-
letes was 15-20%, in the group of meditators
—10-15%, and in the MSG — over 30% (Table
III). With eyes closed hemispheric asymmetry
of the alpha rhythm power in the MSG was
less than 20% approximating to 10-15% of the
groups of athletes and meditators.

TABLE Ill.—Asymmetric synchronization pattern in the
baseline record. Spectrum and frequencies (alpha),
184 s, epoch 31. Participant E-va, 24 years old.

Lead F dominant F mean Index
FplAl 9.4 9.8 14
F3A1 9.4 9.4 11
C3A1 9.4 9.4 18
P3A1 9.8 9.8 31
O1A1 9.4 9.8 18
Fp2A2 9.4 11.3 11
F4A2 9.4 9.8 22
C4A2 94 9.8 28
P4A2 9.8 9.8 38
02A2 10.5 10.5 24
F7A1 9.4 9.4 11
T3Al 9.4 9.4 17
TS5A1 9.8 9.8 17
F8A2 12.9 10.5 7
T4A2 8.2 8.2 13
T6A2 10.5 10.5 33

A: spectrum amplitude, pV/s; S: spectrum power, pV *2/s"2; F:
frequency; Hz: Index of the rhythm - %.
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Considering the increased excitability of
the limbic system (tonsils, striatum) observed
in such people 20-22 it may be assumed that the
striatum increases excitability of the thalamus
and functionally related cortical areas changing
the normal succession of inhibition-excitement
cycles in the caudo-thalamo-cortical system.

The findings of our electroencephalograph-
ic studies indicate that functional cyclicality
is typical of the body both at rest and during
adaptive and compensatory transformations.
The obtained results suggest the presence of
individual, probably genetically determined
mechanisms for the central organization of ad-
aptation processes.

The recurrent generalization of the alpha
rhythm following the synchronization pattern
at the frequency close to the pattern frequency,
i.e. synchronization at one frequency of more
than 90% of leads, apparently indicates the
low-frequency rhythmic activity of reticular
function (RF). The RF is known to provide the
generalized activation of vast cortical areas;
working at a low frequency the RF contributes
to the formation of resting condition.23, 24

Thus, our studies confirm the idea of the cen-
tral organization of functional states different in
people with different physical fitness levels.25

Conclusions

The detailed studies of long-term electro-
encephalogram record allowed us to specify
and describe the individual features of central
mechanisms. For instance in the groups of
athletes and meditators we observed, both at
rest and more rarely at functional testes, cyclic
changes of activity of the thalamo-cortical and
the stem modulation systems of the brain at the
frequency of the alpha rhythm. The observed
regular synchronization of more than 50% of
EEG leads with domination of fronto-central
cortical areas in athletes and meditators is
combined with a high level of self-regulation
and better performance both of cognitive tasks
and at exercising involving small groups of
muscles.

The low-frequency activity of the reticu-
lar function is observed at the frequency of
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the alpha rhythm, which is typical for the
thalamo-cortical system; along with that, this
system provides the realization of “filtering
mechanism” for processing of specific cogni-
tive information while solving the set task of
for processing of the information on the inter-
nal environmental condition. At the frequency
over 9.5 Hz, so-called “sounding” mechanism
for control of the body condition and its rela-
tions with the environment may be initiated.

In the MSG the change of synchronization
pattern occurs 2-3 times more rarely as com-
pared to the group of athletes and meditators.
Less coordinated interaction of two modula-
tion systems and larger level of their activ-
ity resulting in domination of beta and theta
rhythms over the alpha rhythm also indicate
the low level of self-regulation of the function-
al state of the CNS in such people. It is com-
bined with the sensitivity to stress factors and
increased anxiety.

The obtained data make it possible to deter-
mine the current type of individual EEF pat-
tern, predict the capacity of regulation of one’s
functional state, and be used as a scientific ba-
sis of developing means for correction of the
functional state of the nervous system and for
training of self-regulation skills.
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