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Abstract. Introduction. The relevance of the work is due to the need to develop ambidexterity as a manual skill of
future surgeons in order to speed up the performance of operations and minimize trauma to the specialist, as well as
reduce the risk of blood-borne infections. Ambidexterity can be developed by performing special exercises at home,
and an objective assessment of changes in the state of the neuromuscular apparatus can be carried out using surface
electromyography. The aim of the study is to develop an effective version of exercises for the development of fine motor
skills using EMG assessment of the dynamics of the functional state of the motor units of the muscles of the forearms of
the non-dominant hand. Materials and methods. The ten-day experiment involved 10 people aged 18-23 years, who
were evenly divided into two groups, which once a day performed exercises to develop fine motor skills of the fingers,
and the second group additionally performed exercises to develop interhemispheric connections. EMG registration was
carried out by electromyograph Biopac Student LAB Basic Systems. The reliability of differences in dependent samples
was determined using the nonparametric Mann-Whitney criterion; for dependent samples, the Wilcoxon criterion was used.
Results. Performing fine motor skills training in combination with exercises that activate the work of both hemispheres
of the brain more effectively contributes to the development of motor skills of the non-working hand. The formation of
interhemispheric interactions increases the number of involved motor units and the degree of their synchronization.
Conclusion. The development of interhemispheric connections allows for more effective mastery of manipulations with
the non-working hand due to the involvement of a larger number of motor units in the process of muscle contraction.
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Pestome. BeedeHue. AkTyanbHOCTb paboTbl 06ycnoBneHa NnoTpe6HOCTbI0 hopMUpOBaHMS aMONOEKCTPUN Kak
MaHyanbHOro HaBblka Oy4yLmMX XMpPYpProB ANs YCKOPEHWS BbIMOSIHEHNS onepaLui, MUHUMU3aLmMm TpaBMaTusagmum
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cneunaniucTa, a Takxe CHUXEHUS pucka 3aboneBaHus reMOKOHTaKTHBIMU MHeKLUMAMU. AMOUOEKCTPUIO MOXHO pas-
BMBATb C MOMOLLbIO BbIMOSHEHUS CrelnarnbHbIX yNpaxHeHnn AoMa, a 06bEeKTUBHYI OLEHKY U3MEHEHWI COCTOAHUS
HEPBHO-MbILIEYHOrO annapaTa NPoBOANTb C MOMOLLbIO MOBEPXHOCTHO anekTpomuorpadum (OMI). Uens uccne-
doeaHus — pa3paboTka 3peKTUBHOIO BapuaHTa yNpaxHEHUI Lns pa3BUTUS MENKON MOTOPUKM C MPUMEHEHNEM
OMT-0LeHKM AUHAMUKY (DYHKLMOHAMBHOTO COCTOSIHUSA ABUraTeNbHbIX €4UHUL, MbILUL, NPEANIeYUn HeBeAYLLeR pyKu.
Mamepuanbi u MemodsbI. B pecaTuaHeBHOM akcnepumeHTe yyacteoBanu 20 Yenosek B Bodpacte 18-23 ner, koTo-
pble BbINN paBHOMEPHO pasferneHbl Ha ABe rpynmbl, 06e U3 KOTOPbIX OANH pPa3 B CYTKU BbINOMHANN YNPaXHEHUs 4ns
pasBUTMS MESKON MOTOPUKI NanbLeB pyK, BTOpas rpynna npy 3TOM AOMNOHUTENBHO BbINOMHANA YNpaXHeHUs 4ns
pa3BUTUS MEXMONyLIapHbIX cBa3eir. Pernctpauns IMI ocyliecTBnsnack npy nomowm anekTpomumorpada Biopac
Student LAB Basic Systems. [locToBepHOCTb pasnuyuin 3aBUCKUMbIX BbIGOPOK ONpeaensnn ¢ NOMOLLbK Henapame-
TpU4ECKoro kputepus MaHHa—YWTHU, ANS 3aBUCUMbIX BbIOOPOK NPUMEHANN KpUTEPUIA YUINKOKCOHA. Pe3ynbmamal.
BbinonHeHne TpeHuHra no pas3suTMIO MENKO MOTOPUKM B COMETAHWUM C YNPaXKHEHUSIMU, aKTUBMPYOLMMU paboTy
ABYX NosyLiapuin ronoBHOro Mosra, 6onee adhekTMBHO cNOCOOCTBYET PasBUTUIO MOTOPUKI Hepaboyen pyku.
dopmupoBaHKe MEXNONyLIApHbIX B3aMMOAENCTBUI YBENIMYMBAET KONUYECTBO BOBMIEYEHHBIX ABUrATENbHbIX eau-
HWL, 1 CTENEeHb WX CUHXPOHU3aLNK. Bbieodbl. Pa3BunTue MexnonyluapHbix cBs3en no3sonset 6onee ahdekTMBHO
ocBanBaTb MaHWUMynAuMM Hepaboyemn pykoi 3a CYET BOBIEYEHMS B NPOLLECC COKpaLLeHns MbilwL Bonbluero yucna
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KnioueBble cnoBa: ambuaekcTpus, anekTpoMmuorpadus, Menkas MoTopuka

INTRODUCTION

Formation of manual skills is one of the elements of trai-
ning surgeons in higher medical educational institutions [1].
Using not only the right but also the left hand — ambidex-
terity — allows not to transfer instruments from one hand to
the other during surgeries, thereby having the ability to per-
form surgical manipulations with the non-dominant hand [2].
Ambidexterity also contributes to the more productive lear-
ning process, reduces the overall level of emotional stress
and mental strain [3, 4]. The ability to use non-dominant
hand minimizes trauma to the specialist, reduces the risk
of various blood-borne infections. Ambidexterity in surgeons
lowers the level of the patient’s discomfort, increases speed
and quality of the procedure, helping to reduce indicators of
surgical stress and patient’s rapid recovery [5].

Manual skills are usually developed using special simu-
lators [6]. However, ambidexterity can be effectively devel-
oped by performing special exercises at home [7]. Electro-
myography (EMG) is used in biomechanics, ergonomics and
sports research to objectively assess changes in the state of
motor units (MU) [7,8]. EMG is a suitable method for asses-
sing physiological processes occurring in the neuromuscular
system during the development of special motor skills of non-
dominant hand [9].

AIM

The aim of the study is to develop effective version of
exercises for the development of fine motor skills using
EMG — assessment of the dynamics of functional state

of motor units of muscles of the forearms of non-dominant
hand.

MATERIALS AND METHODS

The ten-day experiment involved 20 people aged 18 to
23 years, who were evenly divided into two groups. Both groups
performed exercises once a day to develop fine motor skills of
the fingers, used in rehabilitation of patients after upper limb in-
juries [11]. The second group additionally performed exercises
aimed at developing interhemispheric connections [12].

The changes in the state of MU of the non-dominant
hand were assessed using surface EMG (recorded using
BIOPAC STUDENT LAB BASIC SYSTEMS electromyo-
graph). Statistical analysis of the data was performed using
the STATISTICA program, version 6.0. The reliability of dif-
ferences in dependent samples was determined using the
nonparametric Mann-Whitney criterion; for dependent sam-
ples, the Wilcoxon criterion was used.

RESULTS

After a week of the experiment, the time of completing
tasks with non-dominant hand (Table 1) decreased in both
groups. Moreover, the students in the second group showed
more significant progress compared to those in the first group.

The results of the dynamics of amplitude and fre-
quency of the total bioelectrical activity of muscles of
non-dominant hand of students in the first and second
groups before the study and after a week of performing
the exercises are presented in Tables 2 and 3.
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Table 1
Time of completing tasks to assess fine motor skills of the non-dominant hand before
and after completing a set of exercises in the first and second experimental groups
Tabnuuya 1

Bpems BbinonHeHus 3aaaHnin Ans oLeHKU MenKoi MOTOPUKM HeBeayLueli PyKO [0 W Mocre BbINONHEeHUs
KOMMeKca ynpaxHeHU B NepBOi U BTOPON IKCNIEPUMEHTANbHbIX Fpynnax

Obwas BbiGopka 1 2-9 rpynna nocne
-5 rpynna nocne
[0 BbINOMHEHNS BbINOSTHEHMS
BbINOMHEHMUS KOMN-
komnnekca, ¢/ o komnnexca, ¢ /
BbinonHsiemoe 3agaHue / Task to be performed nekca, ¢/ 1%t group after nd

Total sample before . 2M group after
. completing ;

the execution of the completing the

the complex, sec

complex, sec complex, sec
3acterHyTb nyrosuLbl / Button up 43 22 18
Mpogetb HUTKY B uronky / Thread a needle 25 17 13
BcTaBuTb CTepeHb B 0TBEPCTIE NyroBuLbl (ByCUHBI) 1 NOaHSTH ee / 17 12 8

Insert the rod into the hole of the button (bead) and lift it up
Hoctatb cnnyky 13 kopobka 1 3axeub ee / 12 9 7
Take a match out of the box and light it
CobpaTb MOHETHI C NIOCKON MOBEPXHOCTH, MOMOXUTb 15 10 6
ux B kowwenek / Collect coins from a flat surface
and put them in a wallet
CTepeTb NacTUKoM NpeaBapuTENbHO HAPUCOBAHHbIE KPECTUKM / 9 5 3
Erase the previously drawn crosses with an eraser
OTBUHTUTB raiiky pykoii / Unscrew the nut by hand 5
HamoTtaTtb HUTKY Ha kaTywwky / Wind the thread onto the spool 4
Table 2
Maximum amplitude of oscillations on the electromyogram of the non-working hand
before and after performing a set of exercises
Tabnuua 2

MakcumanbHas amnnuTyAa OCUUNNALMI Ha 3NIEKTPOMMOTPaMMe HepaboUen pyku

40 U nocrne BbINOJIHEHMUA KOMNNeKca ynpa)KHeHMﬁ

[lo akcnepumeHTa / Before the experiment Mocne akcnepumeHTa / After the experiment
MOMEHT MaKkc1MarnbHOro MOMEHT MaKCc1MansHoro MOMEHT MakcyManbHOro MOMEHT MaKcUManbHOro
Ipynna / Group CoKpaLleHusi, MkB / paccnabnenus, MkB / CcoKpaLeHns, MkB / paccnabneHus, MkB /
moment of maximum moment of maximum moment of maximum moment of maximum
contraction, pV relaxation, pV contraction, pV relaxation, pV
1 7831362 250167 8441366 104+37,9
2 792+38,1 180+8,3 1052+43,7* 81+2,6*

* p <0.05, statistically significant differences, Mann-Whitney test.
* p <0,05, cTaTUCTUYECKM 3HAYMMBIE OTAMYMS, KpUTEPU MaHHa—YuUTHN.

The mean amplitude and frequency of EMG oscilla-
tions in both groups before the study did not differ statis-
tically significantly. After exercises, the amplitude in both
groups changed in a similar way: during maximum con-
traction it became higher, and at the moment of relaxa-
tion it was lower than before the experiment. In students
of the second group, the changes were statistically sig-
nificantly different from the data before the experiment.

The frequency of EMG oscillations after a week of training
changed in a similar way. In this case, students of the first
group showed a significant decrease in the frequency of oscil-

lations only under conditions of maximum relaxation relative
to the background. Meanwhile, in individuals of the second
group, statistical differences in the frequency of oscillations
on the EMG were significant both against the background of
maximum contraction and with maximum relaxation.

DISCUSSION

We have shown that the motor skills of non-dominant
hand of a healthy person can be significantly improved as a
result of a week of training, if the exercises are performed
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Table 3
Maximum oscillation frequency on the electromyogram of the non-working hand
before and after performing a set of exercises
Tabnuua 3

MakcumanbHas yacToTa OCLMUNIIALMIA Ha 3NTEKTPOMMOrpaMme Hepaboyeit pyku

00 1 nocne BbIMNOMIHEHNUA KOMMJIeKCa yﬂpa)KHeHVIVI

[lo akcnepumeHTa MMocne akcnepumeHTa
MOMEHT MaKCc1MansHoro MOMEHT MaKC1ManbHOro MOMEHT MaKC1ManbHOro MOMEHT MaKC1ManbHOro
lpynna / Group COKpaLLieHms, MKB / paccnabnenus, MkB / CoKpalLLigHus, MKB / paccnabnenus, MkB /
moment of maximum moment of maximum moment of maximum moment of maximum
contraction, uV relaxation, pV contraction, uV relaxation, puV
1 343+20 110+18,2 369+24,5 44+5.3*
2 347245 79,2+10,6 460,9+43,7 35+5,6"

* p 0,05, cTaTUCTUYECKM 3HAYUMBIE OTANYMS, KpUTEPU MaHHa—YUTHN.
*p <0.05, statistically significant differences, Mann-Whitney test.

once a day every day. Not only the time of completing test
tasks to assess fine motor skills improves, but the electrical
activity of the forearm MU also changes: amplitude and fre-
quency of oscillations during contraction increase. Students
in the second group showed higher values of the maximum
amplitude and frequency of contraction on the EMG. This
means that as a result of the development of interhemi-
spheric interactions, a larger number of neuromotor units
were recruited, and their impulse activity increased [13].

It is shown that bimanual hand movements are asso-
ciated with a symmetric facilitation of neural activity medi-
ated by both increased intrahemispheric connectivity and
enhanced transcallosal coupling of SMA and M1. The sup-
plementary motor area is a key structure that stimulates or
suppresses activity in the motor cortical network controlling
uni- and bilateral hand movements [14].

The frequency and amplitude of EMG oscillations during
maximum relaxation, which mainly reflect the activity of the
end plates of muscle, were also lower in students of the se-
cond group. This indicates a more pronounced decrease in
the tonic impulses of MU as a result of fatigue [15]. It has
been previously established that the proportion of the am-
plitude of low- and high-frequency ranges significantly cor-
relates with relative levels of phosphate, which may be a con-
sequence of depletion of energy reserves in myocytes [16].

CONCLUSION

1. Exercises aimed at developing interhemispheric con-
nections allow mastering manipulations with non-dominant
hand more effectively.

2. Transcallosal coupling contributes to the involvement
of a larger number of MU in contraction.

3. As a result of more effective contraction, fatigue develops
in the muscles, leading to a decrease in neuronal impulses.
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AOMNOJIHUTENIbHAA NHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHECIN CYLUECTBEHHbIN
BKnajg B pa3paboTky KOHLENLWW, NpoBeAeHne uccnenosa-
HWUS M NOArOTOBKY CTaTbM, NPOYNN M 0Q00PUNK UHATBHYIO
Bepcuto nepep nybnukauyuen.

KoHdnukT uHTepecoB. ABTOpbI [eknapupyT OTCyT-
CTBME SBHbIX M MOTEHUWANbHbIX KOH(MNKTOB WHTEPECOB,
CBS3aHHbIX C Nybrmkaumen HacTosLEN CTaTbi.

WUcTouHuKk puHaHcmpoBaHuMA. ABTOPbI 3asBNSAOT 00
OTCYTCTBUM BHELIHEr0 (OMHAHCUPOBaHUS NpW NPOBEAEHUM
“ceneaoBaHms.

WUHhopMupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOMYYMNN NUCbMEHHOE COrnacye NauMeHTOB Ha ny-
Brmkaumio MeANLIMHCKNX JaHHbIX.
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