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Abstract. The level of bimanual coordination in men and women is represented by different effectiveness, which is
explained by the peculiarities of the organization of the sensorimotor sphere in women and men. The processes of
excitation and inhibition are complementary and contribute to the effective construction of the motor system. The aim
of the study is to study the sexual characteristics of cortical activation in the delta range and to identify intersystem
cortical relationships in the implementation of complexly coordinated bimanual movements. The level of brain activity
was assessed by recording the delta rhythm during electroencephalography, and the results of the coordination
index using the method of supportmetry. Significant differences in the inhibitory activity of the cerebral cortex and
the functional relationships of its centers have been revealed, which causes differences in the resulting effectiveness
of motor programs. In the female group, high activity in the delta range of the left frontal associative cortex and a
pronounced connection between the occipital and premotor regions on the right are of leading importance in the
formation of the motor program. In men, hemispheric asymmetry with inhibition of the right hemisphere contributes
to a more perfect result.
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Pestome. YpoBeHb G1iMaHyanbHOM KOOPAUHALWK Y UL, MYXCKOTFO M XEHCKOro MOMOB NPeACTaBIeH pa3Hon pe-
3yNbTaTUBHOCTbLI, YTO 0O BACHAETCSH 0COBEHHOCTAMM OpraHn3aLn CEHCOMOTOPHON CAPepbl Y KEHLLMH 1 MYXKYMH.
Mpouecchl BO30YXAEHNS 1 TOPMOXEHNS SBNSIOTCA B3aMMOAOMNOSHAIOWMUMN U CNOCOBCTBYIOT 3P PEKTUBHOMY
NOCTPOEHMIO ABUraTeNbHON cucTeMbI. Lienblo nccnegoBaHus SBnseTcs n3yyeHne nonoBbix 0cobeHHOCTeln ak-
TMBAL MM KOpPbI B AenbTa-ananasoHe v BbISBNEHNE BHYTPUCUCTEMHBIX KOPKOBbIX B3aMOCBSA3e Npu peanu3aLnm
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CNOXHOCKOOPANHUPOBAHHBIX GUMaHyanbHbIX ABUKEHWUA. YPOBEHb aKTUBHOCTW MO3ra OLeHUBANCs peructpaumen
AenbTa-puTMa npu NpoBeaeHun dnekTposHuedanorpadum, a pesynsTathl nokasaTens KOOpAUHALMM — C MOMOLLbH
MeTofa CynnopTMETPUM. BbisiBrieHbl AOCTOBEPHbIE Pa3ninyus B TOPMO3HON aKTUBHOCTY KOPbI BOMbLUNX NONyLWapwii
M (hyHKLNOHAMbHBIX B3aWMOCBS3SIX €€ LIEHTPOB, YTO 00YCIIOBAMBAET Pasnnyns pesynbTupyloLLel 3hhekTUBHOCTY
BbIMOSTHEHMSt MOTOPHBIX MPOrpamm. B keHckol rpynne Befyllee 3HauyeHne B (hopMUPOBAHNUM MOTOPHOIA MPOrpaMMbi
NMEET BblCOKasi akTUBHOCTb B ieNbTa-ananasoHe NeBoii poHTanbHOM acCoLMaTUBHON KOpbI W BbIpaXeHHas CBA3b
3aTbINIOYHOI U NPEMOTOPHOI 06NacTy cnpasa. Y MyX4uH MexXmnornylapHas acuMMeTpusi C TOPMOXEHWUEM NPaBoro
nonywapus cnocobcTeyeT Gonee COBEpLIEHHOMY pesynbTaTy.

KntoueBhble cnoBa: npoun3BoribHas ABuratenbHad akTMBHOCTb, 3neKTp03Hu,e¢)anorpad)Mﬂ, 6mmaHyaanaﬂ KoopAnHauna,

KOpKoBas aKTUBHOCTb

INTRODUCTION

Sex differences in motor functioning do not cause doubts
among modern researchers [1, 5, 8, 11, 15], but the nature
of these differences is still insufficiently studied. Rhythmic
bimanual movements are represented in the central ner-
vous system as a motor program of their tact, within which a
strategy of locomotion execution is formed [10, 12]. Activity
of various centers of cerebral hemispheric cortex and their
interrelation are a leading factor in initiating and correcting
engrams of movements [3, 5, 7, 15]. Excitation and inhibi-
tion processes are complementary and contribute to effec-
tive construction of a motor system [1, 9, 16]. A commonly
accepted technique for recording the electrical activity of
the brain — electroencephalography — makes it possible to
record slow waves in a delta-band and assess inhibition of
cortical areas of large hemispheres [4].

AIM

The aim is to examine sex-specific features of cortical
activation in the delta band and to identify intrasystem cor-
tical interconnections in realizing coordinated complex bi-
manual movements.

MATERIALS AND METHODS

The research was conducted in the laboratory of phy-
siology of motor activity of the Research Institute of Phy-
siology, united with the single-profile department of the
Federal State Budgetary Educational Institution of Higher
Professional Education “Kursk State Medical University” of
the Ministry of Health of Russia.

53 men and 51 women aged 18 to 24 years took part
in the experiment on the basis of informed voluntary con-
sent. Participants had to undergo an assessment of bi-
manual coordination by means of suportmetry [10]. As part
of this method, participants had to perform four tasks of

varying difficulty; the results were used to evaluate time
required to perform a task, number of errors, time spent
in and out of the task contour, as well as to calculate an
integral index of coordination. Then, after completing the
tasks, electroencephalogram was recorded for 2 minutes.
A «10-20» international system of electrodes was used for
recording, within which activity from 21 calyx electrodes
was recorded. The data obtained from electrodes Fp1-A1,
Fp2-A2, C4-A2, C3-A1, T3-A1, T4-A2, 01-A1, 02-A2 were
used, since these electrodes reflect activity of main corti-
cal areas responsible for movements.

Electrode impedance did not exceed 20 kOhm, sen-
sitivity was established at 7 pV/mm. Further computer
processing of a signal was carried out by the fast Fourier
transform method, with no fewer than 30 epochs of 2 s
averaging [4, 6].

An electroencephalograph-analyzer EEGA-21/26
“Encephalan-131-03" (Taganrog, Russia) was used in
the experiment. Statistical processing was performed
by comparing mean values of a power spectrum in two
groups. Quantitative indices were evaluated for conformity
to normal distribution using the Kolmogorov-Smirnov cri-
terion (when the number of subjects was more than 50).
If there was no normal distribution, quantitative data were
described using median (Me), lower and upper quartiles
(Q1-Q3). Categorical data were described with absolute
values and percentages [2].

RESULTS

The lowest values were recorded in C3-A1 leads when
comparing the parameters in delta range (Table 1) in wo-
men. Values in T3-A1 were higher by 13%, in Fp1-A1 by
29%, in T4-A2 by 51%, in O2-A2 by 67%, and in Fp2-A2 by
79%. Mean values in O1-A1 are 9% higher than the median
in C3-A1 and 63% higher in C4-A2. The highest value is in
Fp2-A2. The lowest value of the power spectrum in men
was registered in C3-A1. The values in T3-A1 are higher by
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Table 1
The average values of the EEG power spectrum in the delta range in women
and men when performing arbitrary bimanual purposeful movements
Tabnuya 1
CpepHue nokasatenu cnektpa mowHoctn 3l B AenbTa-AnanasoHe y XKeHLWMH U MyX4YUH
Npy BbINOMHEHUN NPOM3BONbHbIX GMMaHyanbHbIX LeneHanpaBrieHHbIX ABUKEHUN
OteepneHue aHueanorpammsl / Electroencephalogram leads
'pynna / Group
Fp1-A1 Fp2-A2 C3-A1 C4-A2 01-A1 02-A2 T3-A1 T4-A2
KeHuwwHbl / Women 8,31 (Me) | 11,56 (Me) | 6,45(Me) | 10,4949,73 | 7,03+3,93 | 10,80 (Me) | 7,28 (Me) 9,72 (Me)
(M£SD) (M£SD)
Mysumhbl / Men 9,43 (Me) | 11,83 (Me) | 8,62 (Me) | 11,36+7,54 | 10,85+6,46 | 13,58 (Me) | 8,68 (Me) | 9,95 (Me)
(M+SD) (M£SD)

Note: M — the average value; SD — the standard deviation; Me — the median.

lMpumeyaHue: M — cpefHee 3HaveHve; SD— CTaHOapTHOe OTKMOHeHWe; Me — MeaumaHa.
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Fig.1. Comparative characteristics of the average values of the
EEG power spectrum in the delta range in women and
men when performing arbitrary bimanual purposeful
movements
Puc.1. CpaBHuTenbHasi XapakTepucTUKa CpegHUX MokasaTtenew

cnekTpa MowHocT A B AenbTa-guanasoHe Y KeHWMH
M MYXYWH NPYU BbINOSHEHNUN NPON3BONbLHbLIX GUMaHyasb-
HbIX LeSieHanpaBneHHbIX ABUKEHUI

1%, by 9% in Fp1-A1, by 15% in T4-A2, by 37% in Fp2-A2,
and by 56% in 02-A2. Mean value in C4-A2 is 26% higher
than median in O1-A1, and 32% higher in C3-A1. The maxi-
mum value was detected in 02-A2, indicating high delta ac-
tivity in the occipital lobe on the right side.

Comparative analysis of mean values female and male
groups (Fig. 1) showed that Fp1-A1 reflects left frontal lobe
activity. Values in the male study group were 13% (p <0.001)
higher than in the female group. Fp2-A2, showing functio-
ning of the right frontal lobe, were 2% (p <0.001) higher

JKeHLWHbI MyxunHbl
Fig. 2.  Correlation pleiades of the power spectrum of female and
male subjects in the delta range when performing arbitrary
bimanual purposeful movements
Puc. 2. KoppensiuvoHHble nnesiabl CNEKTPa MOWHOCTU UCMbITYye-

MbIX XX€HCKOro n My>XCKoro nona B AenbTa-guMana3oHe npu
BbIMOJIHEHUN NPOU3BOJIbHbIX 6uma|-|yanb|-|b|x ueneHa-
npaBneHHbIX ABWXKEHWN

in males. C3-A1 (projection of the central premotor cortex
on the left) is 34% higher (p <0.001). C4-A2 which is the
projection of the central premotor cortex on the right, is 8%
higher (p <0.001). O1-A1 shows functioning of the left oc-
cipital region, and appears to be higher by 54% (p <0.001).
02-A2 (the right occipital region) is higher by 26%, T3-A1,
the left temporal region projection, is higher by 19%, and
T4-A2, the right temporal region projection, is higher by 2%
(p <0.001). Comparative analysis of a power spectrum in
delta-band revealed predominance of brain activity in all
areas in males compared to females.

When conducting correlation analysis between brain ac-
tivity indices in delta-band of a power spectrum in males, the
absence of interconnections between left and right hemi-
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spheres is observed (Fig. 2). At the same time, the density
of connections is higher in right brain areas. In women, the
connection between the right and left hemispheres is pro-
vided by interaction between the left frontal cortex on the
left and the central premotor cortex on the right. At the same
time, the connection strength in male group in Fp2-A2 —
C4-A2 is 15% higher (p <0.001), in T4-A2 — 02-A2 is
17% higher (p <0.001), in Fp1-A1 — C3-A1 is 34% higher
(p <0.001), in Fp2-A2 — T4-A2 is 34% higher (p <0.001).
C4-A2 — 02-A2 was 14% higher in women (p <0.001).
The central premotor area on the right side is the multipolar
center, it has the highest value of a total correlation coeffi-
cient in women. Similarly, it has bilateral correlations of high
density together with the occipital region on the right side.
Central premotor cortex on the right is also the area of high
correlation with the maximum value of a total coefficient
in men. However, correlations of high density are located
between the frontal associative cortex on the right and the
right temporal area.

DISCUSSION

The delta rhythm has a thalamocortical nature [4], and
indicates inhibitory activity of specific thalamic nuclei due to
mirror neurons located in the cortex [9], reflecting processes
of memory consolidation and cognitive activity [7, 15, 17].
Since motor activity is a combination of excitation and inhi-
bition processes, this rhythm will have a significant effect on
implementing motor programs [1, 9, 16]. Maximum activity
in the left frontal lobe in women can indicate deep inhibition
processes of tertiary motor fields of the associative cortex on
the left. At the same time, a bridge between the left and right
hemispheres, which is located between the left frontal lobe
and the central premotor cortex, may account for lower indi-
cators of bimanual coordination in women compared to men.
The pronounced association between occipital and central
premotor areas on the right may have an inhibitory effect on
retrieval processes of existing engrams from memory.

The male group is characterized by higher delta-band
activity in all electrodes, indicating a deeper inhibition of
structures. Mapping of functional connections in this group
allows us to suggest the absence of mutual influences be-
tween the hemispheres and a pronounced right-sided asym-
metry of activity. The bilateral connection of high density
between frontal and temporal lobes on the right can speak
about mutual inhibition of tertiary motor fields of frontal as-
sociative cortex and vestibular centers on the right. Thus,
under the conditions of suportmetry tasks performance, it
has a positive influence on a better result.

Bimanual coordination indices have significant diffe-
rences in women and men, thus confirming previously

obtained data [11, 13]. Results differ due to distinctions in
tactics during task performance. Thus, there are differences
in initiation and correction of motor programs in cortex [12,
14]. Registration of delta brain activity allows us to evalu-
ate inhibition of centers involved in movement. The female
group is characterized by active inhibition of the left frontal
associative cortex, the presence of a “bridge” linking the
hemispheres in the left frontal and right central premotor
areas, and pronounced connections between the central
premotor and occipital cortex on the right side, which to-
gether shows a less effective strategy for performing a mo-
tor act compared to men. Delta activity is more pronounced
in men and indicates deeper inhibition in all cortical centers.
The absence of connections between hemispheres with
pronounced right-sided asymmetry of activity and mutual
suppression of temporal and frontal areas on the right re-
flects a more efficient process of bimanual coordination.

CONCLUSION

1. Women and men revealed different strategies for per-
forming arbitrary bimanual goal-directed movements.

2. Females have high activity in the delta-band of the
left frontal associative cortex and pronounced association
of the occipital and premotor areas on the right side which
influences the formation of motor programs.

3. Interhemispheric asymmetry in men inhibits the right
hemisphere and contributes to a better motor functioning.
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AONONMHUTENBbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOpbI BHECN CYLUECTBEHHbIN
BKNapj B pa3paboTky KOHLEeNnuuu, NpoBeAeHue uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, NPOYY M 0f0BpUNN UHaNbHYHO
Bepcuto nepeq nybnvkayuen.
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KoHnukT mHTepecoB. ABTOpPbI 4EeKNapupytT OTCyT-
CTBME SBHbIX W MOTEHLMANbHbIX KOH(IIMKTOB UHTEPECOB,
CBS3aHHbIX C Nybrmkaumen HacTosLWEN CTaTby.

WUcTouHuk chmHaHcupoBaHmMA. ABTOpbI 3asBnstoT 06
OTCYTCTBUM BHELUHEro PUHAHCMPOBAHUSA NpU MPOBeLeHUM
uccnenoBaHms.

WUHhopMmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOpbI MOSTYYUNN NUCbMEHHOE cOrnacue nauueHToB Ha ny-
Brmkaumio MeAULIMHCKNX JaHHbIX.
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