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PE3IOME

BBEAEHUE. Mo gaHHbIM nuTepaTypbl, UHTpaonepaLroHHasa sanekTpoHenpoctumynauma (M3C) nocne aytoHerponnactuku (AH) ycko-
pAeT pereHepaLMOHHbI POCT akCOHOB. Her3BeCcTHO, NPOABNAETCA N MONOBON AMMOPGU3M B pereHepaumn nepndepryeckrx HepBoB
nocsie AH v npun npumeHeHnn ogHoKpaTHon N3C.

LIEJ1b. BbiABMTb BO3MOXHbIe CBA3aHHbIE C MNOJIOM OTANUMNA pereHepaLmn celanuiiHoro Hepaa nocne AH pesekuUoOHHOro AedekTa ero
6onbluebepLoBoli nopunn 1 ogHokpaTHoi I9C y KpbIC 3penoro Bo3pacTa.

MATEPUAJIbI U METOJbI. BoinonHeHa pe3ekuusa 1 AH 6onbluebepLioBoii Topumy cefanuiHoro Hepea 72 Kpblcam My»ckoro (n = 39)
1 xeHckoro (n = 33) nona. Cepua 1 — HeCTUMYNMPOBaHHbIV KOHTPOJb, cepuaA 2 — ceaHc N3C 40 muHyT. Mo cnepam-oTneyaTkam nan
paccumnTtbiBanu 6onbluebepLoBbiil PyHKLMOHaNbHbIA MHAEKC (TFI); onpegenanu ructomopdomMeTpuyeckre napameTpbl MAENVHOBBIX
HepBHbIX BOJIOKOH (MB) 60nbLuebepLoBOro HepBa.

PE3YJIbTATbl U OBCYXKAEHUE. B cepun 1 yepes 2 mecsiia nocsie onepaummn y camuoB BbisiBIeHbl 60MbluMe 3HAYEeHWA YNCTIEHHON
nnotHoct MB 60nbluebepLOBOro HepBa 1 AIMaMeTPOB akCOHOB, YeM Y caMoK. Yepes 4 mecALa AnaMeTpbl akCOHOB 1 AvameTpbl MB
6onblue y camokK. Yepes 6 MecsALEB Y CaMOK 6osblue ToNWHa MruenHoBbix o6onodek (MO). TFI B cepun 1 CHUKAETCA K KOHLY OMbITa,
0CcobeHHO y camLoB. B cepun 2 yepes 2 1 4 Mmecsila noce onepaymmn y camok graMeTpbl akcoHos, MO 1 frameTpbl MB 6onbLue 3Ha-
YyeHuit cepum 1, yepes 6 mecsAleB 6onblue Tonbko MO 1 anameTpbl MB. Y camuoB cepum 2 yepes 2 1 4 mecsAua nocne onepauum MO
n gnameTp MB 6onblue, yuem B cepun 1, a Yepes 6 MecALEB BCE Pa3MepHbIe NapaMeTpbl y CamMLIOB CcepUi 2 BbllLe, YeM Y CamLIOB cepun 1.
TFI B cepun 2 6onblue 3HaUeHUi B cepui 1 1 BO3pacTaeT K KOHLY OrbiTa, 0COGEHHO Y CaMLIOB.

3AKJTIOYEHUE. Yepes 2 mecsina nocne AH y camuoB pocT 1 anddepeHUnpoBKa HEPBHbIX BOJIOKOH OCYLLECTBAAIOTCA ObICTpee, Yem
y CaMoK, flanee OTIMYMA MHBEPTMPYIOTCA. HecMoTpA Ha yBennyeHne rucTomoppoMeTpryecKrx noKasaTenemn pereHepauum, y HeCTMy-
NNPOBAHHbIX XMBOTHBIX K KOHLY ornbiTa TFl cHUaeTcs, 0co6eHHO Y camuoB. Y CTYMYNIMPOBaHHbIX KPbIC MO CPaBHEHWIO C HECTUMYNMPO-
BaHHbIMV MOPdOdYHKLMOHaNbHbIE MOKa3aTen pereHepaLm Ha BCEX CPOKax OMbiTa Nyuylle, B 60/bLLIEN Mepe y CaMLIOB.

KJNTIOYEBDIE CJIOBA: kpbica, cefanuiyHbiit HepB, ayTOHEMPOMIACcTIKa, UHTPaoNepaLyoHHas SNeKTPOCTUMYNALS, Gonblue-
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Gender-related Differences in Rat Sciatic Nerve Regeneration
after Autoplasty and Intraoperative Electroneurostimulation

Nathalia A. Shchudlo, Nadezhda V. Kubrak,

National llizarov Medical Research Centre for Traumatology and Orthopedics, Kurgan, Russia

Tatyana N. Varsegova’, Tatyana A. Stupina

ABSTRACT

INTRODUCTION. According to the literature, intraoperative electrical neurostimulation (IES) after autoneuroplasty (AN) accelerates the
regenerative growth of axons. It is unknown whether sexual dimorphism occurs in peripheral nerve regeneration after AN and with
single-dose IES.

AIM. To identify possible gender-related differences in the regeneration of the sciatic nerve (SN) after AN resection of the defect of its
tibial portion and a single IES in mature rats.

MATERIALS AND METHODS. 72 male (n = 39) and female (n = 33) rats underwent resection and AN of the tibial portion of the SN.
Series 1 — non-stimulated control, series 2 — IES session 40 minutes. The tibial functional index (TFl) was calculated from the paw
prints; Histomorphometric parameters of myelinated nerve fibers (MF) of the tibial nerve (TN) were determined.

RESULTS AND DISCUSSION. In series 1, 2 months after surgery, males were found to have higher values of the numerical density of
MVs of the WBN and axon diameters (DA) than in females. After 4 months, YES and MV diameters are larger in females. After 6 months,
females have greater myelin sheath (MS) thickness. TFl in series 1 decreases towards the end of the experiment, especially in males. In
series 2, 2 and 4 months after surgery, in females the DA, MS, and MF diameters were greater than the values in series 1; after 6 months,
only MS and MF diameters were greater. In series 2 males, 2 and 4 months after surgery, the MS and MF diameter are greater than in
series 1, and after 6 months, all dimensional parameters in series 2 males are higher than in series 1 males. TFl in series 2 is greater than
the values in series 1 and increases towards the end of the experiment, especially in males.

CONCLUSION. 2 months after AN, the growth and differentiation of nerve fibers in males is faster than in females, then the differences
are inverted. Despite the increase in histomorphometric indicators of regeneration, in unstimulated animals, by the end of the
experiment, TFl decreases, especially in males. In stimulated rats, compared to unstimulated ones, the morpho-functional indicators of

regeneration at all periods of the experiment are better, to a greater extent in males.
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BBEOEHUE

HecmoTpa Ha Xopowo [OOKyMeHTMpPOBaHHble pe-
reHepaTopHble MOTEHUUN BOJIOKOH nepudepuyeckon
HepBHOW cucTembl [1], NoBpexaeHNA HepPBOB OCTaloTCA
MWPOBOI KINHUYECKO NPobemMon 13-3a LWNPOKOW pac-
NPOCTPAHEHHOCTM U HeJOoCTaTOUYHOW 3bPeKTMBHOCTU
CYLLIeCTBYIOLMX MeTOHOB JleueHnsa, oCobeHHO npu aHa-
TOMMUYECKMNX NepepbiBax HEPBOB, NMOCKONbKY YAOBNETBO-
puTenbHoe BoOCCTaHOBNeHVe GYHKLUWIA MOBPEXAEHHOro
HepBa y B3pOC/blX YacTo He pocTuraetca [2] m3-3a He-
[LOCTaTOYHOW CKOPOCTU U CNeundpmuyHOCT pereHepauun
N HeobpaTUMbIX N3MEHEHUI OpraHoOB-MuLLIeHel. Ha pas-
NINYHBIX MOJeNAX MOBPeXAeHUA N pereHepauun HepBOB
NPOAEMOHCTPMPOBaHbl CBA3aHHble C MOMOM OTANYKA
HellpopereHepaLumn, OfHaKO NoNyyeHHble AaHHble HOCAT
npoTnBopeumnBbin xapaktep. Pham T.L. et al. B akcnepu-
MEHTEe Ha MbllLax foKa3anu, YTo Y CaMOK HepBbl POroBULbl
pereHepupytoT 6bicTpee, YeM y camuoB [3]. AHanornyHble
ZaHHble nonyunn Jones K.J. B onbiTax ¢ MLeBbiIM HEPBOM
xomaAukoB [4]. OaHako Tetzlaff J., Tanzer L., Jones K.J. npu
aKCOTOMUW NULEBOrO HepBa TrPbI3yHOB [JOKa3anu, 4To
BBeJeHMe TeCTOCTePOHa yckopsAeT PyHKLMOHaNIbHOe BOC-
CTaHOBJIEHME 1 YBeIMUYMBaEeT CKOPOCTb pereHepauun He-
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pBoB [5]. Kovacic U. et al. 06Hapy»kunnu, 4To y camoK Kpblc
pereHepauma akCOHOB MKPOHOXHOIO HepBa Mocsie ero
pa3faBnnBaHUA HauMHanacb paHblle, oTpacTalLmne ak-
COHbI ObII ANMHHee Ha 15 %, Houuuenuus cTonbl B Te-
yeHue 24 Hegenb 6bi1a Ha 20 % obWwKpHee, YemM Y CamMLIOB
Npv 04MHaKOBOM KONNYeCTBE pereHeprpyoLL X akCOHOB
[6]. OgHaKo nNocne nepepesku 1 Wea cefannHOro Hepaa
6onee ObicTpana pereHepauua Habnoganacb y camuos [7].

B HacToAwee BpemA Ana CcTUMynAuMM pocta Henpwu-
TOB aKTMBHO WCNOJb3yeTCA BHeLHee 3neKTpuyeckoe
none — 3NeKTPOCTUMYAALNIO — aKTUBMUPYIOLWME HeN-
poTpodurueckne daktopbl, cnocobcTeyowme 6onee ns-
6upaTenbHOMY NpopacTaHMio aKCOHOB K OpraHaM-muLue-
HAM [8-11], yTO NO3BONAET YCKOPUTb M YNYYlWNTb BOC-
CTaHOBJIEHUE ABUraTeNbHbIX N YYBCTBUTENbHbIX QYHKLMN
[12-14]. Pap aBTOpPOB BbIABUNM CneundryecKyto Ana nona
peakuuio Ha anekTpocTumynauuio. Maffiuletti N.A. et al.
NPV NOBEPXHOCTHOW CTUMYNALMUN YeTblPEXriaBON MbllLi-
ubl 6egpa 20 MyumH 1 20 XeHWUH obHapyxunu 6onee
HU3KNIA CEHCOPHBIN Nopor 1 6onee BbICOKYI0 CEHCOPHYIO
N CYyNpamoOTOPHYI0 BO3OYAMMOCTb Y EHLMH MO CpaBHe-
HUIO C MY>KUMHAMW, YTO CUMTAIOT JOKa3aTeNlbCTBOM Hell-
podusnonornyeckoro o6bAcHeHNA 6onee Bbipa>keHHOro
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BocnpuAatua 6onu. [15]. Ye X. et al. He BbIABUAM NONOBbIE
pasnuumsa abCcontoTHOM CUsbl CrMbaHnA NOKTEBOrO CyCTa-
Ba MocJie CeaHCoB BbICOKOYACTOTHON HEPBHO-MbILLEYHON
3NeKTPOCTUMYNALNN, HO OTHOCUTENbHAA Bbl3BaHHaA cua
6blna MOYTK B AiBa Pasa Bbile Y »KEeHLWMWH MO CPaBHEHMIO
C My>XUMHaMU, YTO yKa3blBaeT Ha Heob6XoAMMOCTb Aanb-
Helwwero novcka $akTopoB WAN MeXaHM3MOB Habnioga-
eMblX MoNoBbIX pasnuunin [16]. Mpwn anekTpocTUMynaumnmn
NPOKCUMaNbHOW KyNbTW NepeceyeHHOro MMLEeBOro Hepsa
1 BBEAl€HM MPOMMOoHaTa TeCToCTepOoHa 3NeKTPOCTUMYNA-
LMA cOKpallana flaTeHTHbIN Nepuoj pereHepaunn — Bpe-
MEHHYI0 33aflepXXKy obpa3oBaHUA HEMpUTOB, a TecToCTe-
POH ycKopsAn o0bLyto CKOpoCcTb pereHepaymm [17].

Ocoboe MeCcTo B K/IMHMYECKOW MpaKTUKe 3aHUmaet
OAHOKpaTHasA MHTpaonepaurioHHasa 3NeKTPOCTUMYNALMA
(M3C). dKCcneprMeHTanbHble NCCNEfOBaHUA pereHepaLnn
HepBHbIX BOMOKOH Mocne ayToHenponnactukm (AH) no-
Kazanu, 4to 10-MUHYTHbIN N 60-MUHYTHbIA ceaHcbl M2C
YCKOPANN POCT akCOHOB 13 MeCTa BOCCTaHOBJIEHWA U CMO-
cobcTBoBan GyHKUMOHaNbHOMY BOCCTaHOBfieHMO [18,
19]. OcTaeTca Hen3yyeHHbIM BONPOC, MPOABAAETCA NN MNo-
noson gumopdram B pereHepauun nepudeprnyecknx He-
PBOB Yepe3 ayTOHepPOTPaHCNIaHTaTbl U NPV NPUMEHEHUN
ofgHokpatHom N3C.

LEJIb

BblfABUTb BO3MO»KHble CBfi3aHHble C MOJIOM OTNYKA
pereHepauumn 6onbwebepuoBoro Hepa nocne AH pe-
3eKUMOoHHOro fedekta 6GonbluebepuyoBoi nopuun ce-
JanuwHoro Hepea 1 ogHokpaTHon M2C y Kpbic 3penoro
BO3pacTa.

MATEPUAIJIbl U METOAbI

DKCMepUMEHT BbIMOSIHEH Ha 72 nabopaTopHbIX Kpblcax
nuHum Wistar my»ckoro (n = 39) u xeHckoro (n = 33) nona
(Bo3pact — 8-15 mecAues, Bec — 360-460 r). XKMBOTHble
COAepXanncb B KOHTPONMMPYEMbIX FTMTMEHNYECKNX YCITOBU-
AX, UMeNU JOCTYN K BOAE N KOPMY. DKCMEPUMEHT BbIMOSHEH
cornacHo EBponenckon KOHBEHLUN NO 3alMTe NO3BOHOY-
HbIX »MUBOTHbIX, [dupektuse 2010/63/EU Esponeinckoro
napnameHTa n CoeTta EBponerickoro coto3a no oxpaHe »m-
BOTHbIX, MICMONb3yeMbIX B Hay4HbIX Lenax n C 2.2.1.3218-
14; TOCTy 33217-2014; TOCTy 33215-2014. [OusaiiH wnc-
cnefoBaHUA ofo6peH NOKaNbHbIM 3TUYECKM KOMUTETOM
OIbY «HaunoHanbHbIN MeAVLMHCKUIA  nccnenoBaTesb-
CKUIN LeHTPp TpaBMaTonorum 1 optoneanm UM. akagemmka
IA. Unnzaposa» MuH3gpasa Poccun (npotokon N2 2 (57)
oT 17.05.2018). 1na Hapko3a 1 06e360111MBaHNSA >KNBOTHbLIM
BHYTPUMbILWEYHO BBOAUAM 0,8 Mr rugpoxnopuga Kcuna-
3nHa u 0,4 mr TunetamuHa/3onasenama Ha 100 r maccbl
Tena, Nocsie Yero Ha NpaBom Gefpe 1 rofieHn BbICTPUranm
LIEePCTHbIN MOKPOB.

B ycnoBumAx onepauroHHON nocne 06paboTKu KoXu
MNOAHO-CNNPTOBOWM HAaCTOMKOM N BHEMPOEKLMNOHHOMO pas-
pe3a KOXWM OCYLLeCTBAANN [OCTYN K NpaBoOMy CeAanuLLHo-
My HEpPBY Ha YPOBHe cpefHel TpeTn begpa OCTPO-TYMbIM
crnocobom vepes apyrnasyo Mblwuy. Mcnonb3ysa 8-kpat-
Hoe yBenunuyeHve onepaumoHHoro Mukpockona (OPMI-6,
lepmaHusa), oCTPbIM COCYAUCTBIM MUKPO3OHAOM U HOX-
HULaMK A MPUASKTOMUW BbIMOAHAAN 3nuacymKynap-
Hble MPOAOJIbHbIE 3MNMHEBPOTOMUYECKME pa3pesbl AN
BblAeneHnA 6onblebepLoBO NOPLMK CEAANNLLHOIO He-
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pBa. [Tocne peseKkumn ee yyacTka NPOTAXKEHHOCTbIO 6 MM
ocylwecTBNANN  MHTePPACUMKYNAPHYIO  ayTONOMMUYHYIO
nnacTuky nonyuymslweroca pgedekra C MCMoNb3oOBaHUEM
MUKPOXUPYPrMYeckoro LIOBHOTMO MaTepuana Kanubpa
9-0 1 10-0. B cepnn 1 no okoHYaHun AH paHy NOCAOWMHO
ywmnBanm paccacbiBaloWMMCA LWOBHbIM MaTepuanom Ka-
nnbpa 3-0. B cepun 2 cpasy nocnie AH Ha NpoKCMManbHbIN
Yy4yacTOK HepBa YCTaHaBnMBanuM 3neKTpopbl. Vcnonb3sya
cuctemy gna snektpoctumynaumm «HenCn-3M»', B Teue-
Hue 40 MMHYT MHTPaonepaLnoHHO NPOBOAMAN CTUMYNA-
LU0 MPOKCMMANIbHOrO OTpPe3Ka HepBa MOHOMOMAAPHbIMU
3NeKTPUYECKNMU MMMYNbCaMN NPAMOYrofibHOM GOopMbl
c amnautygon 0,25 mA, yactoton 20 'y 1 [ANTENbHOCTbIO
100 mKc. PaHy ywmBanm no okoH4yaHum ceaHca M3C. Ce-
pyua 1 — HeCTMMYNMPOBAHHbIN KOHTpONb — cepua AH;
cepua 2 — cepua AH + M2C.

Mocne 2, 4 n 6 mecAUeB onbiTa oUeHUBaNU GYHKLUK-
OHanbHOE BOCCTAHOBJIEHME KOHEYHOCTW MOCPeACTBOM
aHanv3a cnefoB-OTNEeYaTKOB Nan KpbiC Ha MeLlexOfHOMN
JOpOXKe. [InA 3TOro NpoOBOAUAW PYUHble WN3MepeHUA
cnegyowmx napametpos (B Mm): PL — anvHa otneyvartka
CTOMbI OT NATKN A0 3-ro nanbua; TS — paccToaHne mexay
1-m n 5-m nanbuamuy; IT —pacctoaHne mexgy 2-m n 4-m
nanbuamu; KPL, KTS n KIT — gaHHble KOHTpanatepanbHOn
koHeuHocTn; OPL, OTS u OIT — gaHHble onepupoBaHHOMN
KOHeuyHocTu. PaccuntbiBanu TFl — nHaekc ¢yHKumumn 6onb-
webepLOBOro HepBa, KOTOPbIA MNPV HOPMaNbHOW GYHK-
unn paseH 0, a Npu nNonHon notepun ¢yHKUMM paseH 100.
Bain J.R. et al. (1989) npumeHann mogndnumposaHHyto [20]

dopmyny:

TFI=-37,2 (OPL - KPL) / KPL + 104,4 X
X (OTS - KTS) / KTS + 45,6 (OIT - KIT) / KIT - 8,8.

Yepes 2, 4 n 6 mecAaueB nocie onepaynn KpbiC Bbl-
BOAMIN M3 3KCNepumeHTa. MicceueHHble obpasubl 60mb-
webepLoBbIX HEPBOB Ha YPOBHE CpefHeN TPeTUN rofieHn
nocne anbAerngHo-ocMneBon GuKcaumm 3aknioyanm
B apanauT. MNonyToHKMe cpe3bl M3roTaBAMBanu Ha yib-
Tpamukpotome Nova (LKB, LUseuus), okpawmsanu no-
NINXPOMHbBIM METOAOM — METUSIEHOBbIM CUHUM, a3ypoM
Il M OCHOBHbIM HYKCMHOM. MUKPOCKONUIO Cpe3oB 1 No-
nyyeHvie undpoBbIX N306paxKeHUN oCyLWecTBAANM C MOo-
MoLblo MUKpocKona AxioScope.A» 1 LdpoBon Kamepsl
AxioCam (Carl Zeiss Microlmaging GmbH, TepmaHusa).
lmctomopdomeTtpuposanu 400-500 MUenHU3NPOBaH-
HbIX HEPBHbIX BOJIOKOH Y KaXkAOro »KNBOTHOMO Mpu yBe-
nnyeHnn x1000. OnpegenAann Ux YNCNEHHble NAOTHOCTY
B 1 MM? nnowagmn nyyka, MU3mMepann gnameTpbl BOJIOKOH,
NX aKCOHOB 1 TOMNLLMHY MUENTMHMU3MPOBaHHbIX 060NI0YEK.
[nAa cpaBHeHWA C HOPMOW MCNOMb30Banu rncTtomopdho-
MeTpuyeckme aaHHble oT 10 B3pOC/IbIX MHTAKTHbIX CAMOK
N CaMLiOB KpbIC, GIN3KMX NO BO3PaACTy K ONepupOBaHHbIM
KpblCaM Ha MOMEHT 3BTaHa3nnm — 16-18 mecAues (B AaH-
HOW rpynne OTCYTCTBYIOT CTaTUCTUYECKN 3HAUYMMble pas3-
nMUMA Mexgy uccnegyeMbiMn KONMYECTBEHHbIMW NOKa-
3aTenamu).

' PeructpaunoHHoe ygoctoBepeHue Ne ®C3 2011/10004
oT 28.04.2017, 000 «MeaunLHCKe CUCTeMbI», . YenabuHck
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CraTcTyeckyto 006paboTKy [aHHbIX  BbIMOMHWAN
B KOMMblOTEpHOM Nporpamme Attestat sepcum 9.3.12 lNpo-
BEPKY BbIOOPKU Ha HOPMaNIbHOCTb PacnpeaeneHna 3Have-
HWUI OCyLecTBNANM Kputepriem Konmoropoga, nonapHoe
CpaBHEHME 3KCMEPUMEHTANbHbBIX CEPUI MeXay cobol
N C KOHTponeM — Kputeprem MaHHa — YWUTHW. 3HaueHnA

2 Paspabotunk — V.M. Farigblwes, cepTuduKat o perncrpauum
B PocnateHTe N2 2002611109

napameTpoB MNPEeACTaBAANV B BUAE MeAuaH W KBapTu-
nen — Me [Q1; Q3].

PE3YJIbTATbl U OBCYXOEHUE

CBeToONTUYECKOE UCCNIEfOBAHME NMOKa3aslo, YTo Yepes
2 mecsiua nocsie AH cepganuuwHoro Hepsa B 6osbliebep-
LIOBOM HEPBE Ha YPOBHe CpefHel TPeTu rofneHn Bo BCex
cepuAx 1y camok (puc. 1A, 1B), n y camuos (puc. 1C, 1D)
BbISIBNAIOTCA pPEreHepupoBaBLUE MUENVHW3NPOBaHHbIE

Puic. 1. OparmeHTbl monepeyHbIX NONYTOHKMX CPe30B 60sbLLe6EPLIOBLIX HEPBOB KPbIC
Fig.1. Fragments of transverse semi thin sections of the tibial nerves of rats

Mpumeuarue: 2 mecaya onsima: camku cepuu AH (A), AH + M3C (B), camyel AH (C), AH + V3C (D); 4 mecaya oneima: camku
AH (E), AH + M3C (F), camubl AH (G), AH + 3C (H); 6 mecauyes oneima: camku AH (1), AH + 3C (J), camuywi AH (K), AH + U3C (L).
Okpacka memusieHo8bIM CUHUM, a3ypom Il u 0cHo8HbIM gykcuHoM, x1000.

Note: 2 months of experiment: females of the AN series (A), AN + IES (B), males AN (C), AN + IES (D); 4 months of experience: fe-
males AN (E), AN + IES (F), males AN (G), AN + IES (H); 6 months of experience: females AN (1), AN + IES (J), males AN (K), AN + IES
(L). Stained with methylene blue, azure Il and basic fuchsin, x1000.
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1 6e3MMENNHOBbIE HEPBHbIE BOJTIOKHA, a TakXe pereHepa-
LIMOHHBIe KnacTepbl. Yepes 4 n 6 mecaueB nocsie onepaummn
BM3YyallbHO OTMeYaeTcA yBennyeHne pasmepoB MUENUHN-
3MPOBaHHbIX BOMOKOH (puc. 1E-L), uto 6onee 3ameTHO B ce-
puax AH + N3C (puc. 1F, TH, 1J, 1L).

KonuuectBeHHble unccnefoBaHna 6onbluebepLoBOro
HepBa MoKasasnu, YTO YMCIIeHHaA NIOTHOCTb pPereHepupo-
BaBLUMX MUENMHUN3MPOBaHHbIX BOMIOKOH Yepe3 2 mecaua
nocne onepaunn B cepuax 6e3 M3C He JocTUraeT HOPMbI
(pwnc. 2), 0cOBEHHO Yy CaMOK: YMCIeHHAA MAOTHOCTb BOJIO-
KOH Y camoK cocTaBnseT Bcero 44 % (p = 0,0002) ot Hop-
Mbl, @ y camuoB — 74 % (p = 0,0406). B cepuax c anekTpo-
CTUMyNALMEN AaHHbIA NapameTp Ha 3TOM CpPOKe COMocTa-
BMM C HOPMOW Kak y caMok (p = 0,8452), Tak 1 y camuoB
(p=0,6461).

Yepe3 4 mecALa UYMCNIEHHOCTb BOJIOKOH BO3pacTaeT
1 NpeBbIWaeT HOPMY, UYTO 6osiee BbipaXkeHo Y caMmLoB obe-
nx cepuin: B cepum AH oHa mpeBblaeT HOPMY Ha 63 %
(p = 0,0003), B cepun AH + M3C — Ha 58 % (p = 0,00005),
a y camok npesbiwaeTr Hopmy B cepun AH Ha 38 %
(p =10,0005), cepumn AH + N5C — Ha 32 % (p = 0,00576).

Yepes 6 mecALeB UMC/IeHHasA NIOTHOCTb BOJIOKOH Y ca-
MOK 06eux cepuin He N3MeHAETCA (PUC. 2) N OCTAeTCA 3Ha-
4YMMO BblLLe HOpMbI: B cepun AH — Ha 33 % (p = 0,00001),
cepun AH + N3C — Ha 36 % (p = 0,0006). Y camLOB B cepum
AH cHmXaeTca go 3HaueHun camok (p = 0,145), a B cepum
¢ 3C npeBbiwaeT HopMy Ha 47 % (p = 0,00007).

B cepun AH (Tabn. 1) uepes 2 mecAua nocne onepayum
AVaMeTpbl akCOHOB pereHepupytowmnx MB 6onblie y cam-
LoB Ha 6 % (p=0,037), a uepes 4 MmecAla y CaMOK — Ha 6 %
(p=0,045), anameTpbl MB — Ha 8 % (p = 0,008). Yepes 6 me-
cALEeB TONLWMHA MUENNHOBbIX 000/104eK pereHepupyoLLMX
MB 6onblue y camok — Ha 16 % (p = 0,014). TFl B cepvn AH
CHMXKaeTCA K KOHLY onblTa, 0CO6eHHO Y camuoB (puc. 4).
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B cepun AH + N3C (tabn. 1 u puc. 3) yepes 2 meca-
Lua nocse onepauum y camok AmaMeTpbl aKCOHOB, TOJ-
wrHa MO n guameTtpbl MB 6onblue 3HauyeHuin cepun AH
Ha8% (p=0,02),17 % (p=0,029) 1 12 % (p = 0,02), uepes
4 mecaua — Ha 4 % (p = 0,045), 22 % (p = 0,034) n 12 %
(p = 0,038), uepes 6 mecsAUeB TONLWMHA MUENNHOBDIX
obonoyek n guameTtpbl MB 6onbuwe Ha 13 % (p = 0,039)
n11% (p=0,013).Y camuos cepun AH + M3C yepes 2 me-
cAua nocsie onepaymnm ToWwmMHa MUENIMHOBBIX 060104YeK
n anametp MB 6onbue cepumn AH Ha 29 % (p = 0,0523)
n9 % (p =0,029), yepes 4 mecAua — Ha 17 % (p = 0,008)
n 12 % (p = 0,003), a uepes 6 mecALEeB BCe pa3MepHble
napameTpsbl y camuos cepun AH + 12C Bbllwe, yem y cam-
uos cepun AH Ha 11 % (p = 0,005), 24 % (p =0,02) n 15 %
(p =0,009) cOOTBETCTBEHHO.

TFI B cepun AH + N3C 6onblue 3HaueHun cepun AH
1 BO3pacTaeT K KOHLy onbiTa, 0c06eHHOo y camL0B (puc. 4).

Hy>XHO OTMeTuTb, YUTO B KOHLe onbiTa C¢ cepumn AH
y CaMOK 1 CaMLIOB AnameTpbl akCOHOB COCTaBAAT 55 %
OT HOPMbI, TONWMHa MuenuHa — 61 % n 51 %, a gna-
MeTp BONIOKOH 54 % 1 ¢ 51 % OT HOPMbl COOTBETCTBEHHO.
B cepnn AH + M2C yepe3 6 mecAleB gnameTpbl akCOHOB
y CaMOK 1 caMuoB cocTaBnaT 57 % n 61 %, a TonwunHa
MuennHa — 69 % n 64 % OT HOPMbl COOTBETCTBEHHO,
a 3HayeHnA ONaMeTPOB BOJIOKOH conocTtaBuMbl — 61 %
OT HOpMbI (CcM. Tabn. 1).

Mpn aHann3e cnepoB-oTNeYaTKOB CTOM KPbIC Ha ne-
LIEXOAHON [OPOXKKE YCTAaHOBMIEHO CyL|eCTBEHHOEe CHU-
»eHune TFl. B cepun AH yHKLMOHANBbHBIN MHAEKC HUXKE,
yem B cepumn AH + M2C Ha npoTAXKeHnn BCero onbiTa, 0Co-
6eHHO Yy camuoB (cm. puc. 4). K 6 mecauam nocne onepa-
LUKN 1y CaMLIOB, U Y CaMOK OH OKa3sblBaeTcA ellye bonee
HU3KMM, 4yeM Yyepes 2 n 4 mecaua (cm. puc. 4), yto ceuge-
TENbCTBYET O PerpeccMpoBaHnm ABUraTENbHON GYyHKLUN
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Puc. 2. YncneHHas NaoTHOCTb MUENMHU3UPOBAHHbBIX HEPBHbIX BOJTIOKOH 60sbLue6epLioBOro Hepsa (B 1 MM?) uepes 2, 4

1 6 mecsaues nocne onepauuv — Me [Q,; Q,]

Fig. 2. Numerical density of myelinated nerve fibers of the tibial nerve (in 1 mm2), 2, 4 and 6 months after surgery —

Me [Q1; Q3]
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Ta6nuua 1. PaamepHble XapaKTepUCTUKIM (MKM) MUENNHN3MPOBAHHbBIX HEPBHbIX BOSIOKOH 60/1blLe6bepL0BOro HepBa Ca-
MOK 1 CaMLIOB KpbIC B Hopme U onbiTe Me [Q,; Q,]: Dax — AnameTpbl akcoHOB, Lmyel — TonwuHa MennHOBbIX 060104ekK,
Dmf — AnamMmeTpbl MNENNHN3NPOBAHHDBIX BOJTOKOH
Table 1. Dimensions (um) of myelinated nerve of the fibers tibial nerve of female and male rats in norm and the
Me experiment [Q1; Q3]: Dax- axonal diameters, Lmyel — myelin sheaths thickness, Dmf — myelin nerve fibers

diameters
Cpok/Mon .
Term / Gender Cepusn / Series Dax Lmyel Dmf
1,77 0,46 2,68
Cepusa 1/ Series 1 [1,45; 2,15] [0,42;0,52] [2,25; 3,18]
n=3 p'2=0,0209 p'2=0,0292 p'2=0,0209
2 mecAua/camkm / p't"=0,0373* p'*M=0,7133 p'*"=0,3271
2 months/females
. 1,92 0,54 3,01
Cepua nz ! ie"es 2 [1,56; 2,33] [0,46; 0,63] [2,51; 3,60]
B p*2=1,000 p*2=0,02092 p*2"=0,2482
. 1,88 0,41 2,71
Copun 1/Series | [1,41; 2,40] [0,32; 0,50] 2,15;331]
2 mecsaua/camupi / n= p'2=0,0663 p'2=0,0523 p'2=0,0461
2 months/males
Cepus 2 / Series 2 1,89 0,53 2,94
n=3 [1,47; 2,35] [0,46;0,61] [2,41;3,55]
2,38 0,58 3,51
Cepua 1/ Series 1 [1,81; 3,00] [0,46; 0,65] [2,83; 4,26]
n=9 p'2=0,0496 p'2=0,0348 p'2=0,0342
4 mecaua/Camku / p' = 0,0454* p'~"=0,3797 p'™ =0,0081
4 months/females
. 2,48 0,71 3,94
Copun2 | Series 2 [1,94; 3,08] [0,65; 0,79] [3,22;4,78]
- p* 2 =0,04543 p*2=0,0376 p*2"=0,0376
2,23 0,53 3,24
Cepua 1/ Series 1 ! ! !
4 mecayalcamup / neo [1,65; 2,87] [0,40; 0,63] [2,52; 4,03]
4 months/males p'2=0,07364T p'2=0,0084 p'2=0,00268
n=15 Cepus 2 / Series 2 2,35 0,62 3,62
n=6 [1,82; 2,94] [0,50; 0,75] [2,91;4,37]
2,42 0,64 3,65
Cepua 1/ Series 1 [2,35; 2,58] [0,60; 0,68] [3,58; 3,90]
n=7 p'2=0,07186T p'2=0,03876 p'2=0,01368
6 mecaues/camku / p'™=0,9233 p'=™=0,01413% p'=™=0,0675T
6 months/females
. 2,55 0,72 4,04
Cepua nz ! ie"es 2 [2,00; 3,27] [0,60; 0,89] (3,21; 5,06]
- p*2*=0,1000 p*2=0,10034 p*- = 0,4652
. 2,42 0,54 3,50
Cepus 1/ ge"es 1 [1,84: 2,84] [0,44; 0,62] [2,79; 4,04]
6 mecaues/camup! / n= p'2=0,0045 p'2=0,02013 p'2=0,0098
6 months/ males
Cepua 2 / Series 2 2,71 0,67 4,05
n=6 [2,02; 3,53] [0,53;0,83] [3,14;5,12]
Hopma (nHTaKTHbIE KpbICbl) / 4,44 1,05 6,81
Norm (intact rats) n=10 (4,17; 4,60) [0,89; 1,16] [6,50; 6,89]

Mpumeyuarue: Cepusa 1 — AH, cepua 2 — AH u M13C, p’?—ypogeHb 3Ha4uMocmu om/uyuli npu NONapHoOM cpasHeHuu cepuli
Tu2, p'™™ — yposeHb 3Ha4umocmu omauyuti camok (f) u camyos (M) cepuu ypogeHs 3Havumocmu omauyud 1, p* —
ypOBeHb 3HAYUMOCMU OMJIUYUU CAMOK U CAMUO08 cepuu ypogeHb 3Hayumocmu omauyuti 2 no kpumeputo MaHHa — YumHu,
pasnuyus 0ocmosepHsi npu p < 0,05.
Note: Series 1 — AN, series 2— AN and intraoperative electrical stimulation. p’-? — level of significance of differences in pair-
wise comparison of series 1 and 2, p''" — level of significance of differences females and males of series 1, p?** — level of sig-
nificance of differences females and males of series 2 according to the Mann-Whitney test, differences are significant at p < 0.05.
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B Dmf ] Dax B bomf

Puc. 3. [lnarpammbl, oTpakaiowme pasHuLly 3HaueHWi (%) AnameTpoB akcoHOB (Dax), TONWMHbI MUENTIMHOBbIX 0605I0ueK
(Lmyel) n grnameTpoB MMENNHOBBIX HEPBHbIX BOIOKOH (Dmf) Ha 3Tanax skcnepumeHTa cepun AH + M3C B cpaBHeHMM
c cepuen AH. F — camkn, M — camupl

Fig. 3. Diagrams reflecting the difference in values (%) of axon diameters (Dax), thickness of myelin sheaths (Lmyel) and
diameters of myelin fibers (Dmf) at the stages of the experiment of the AN + IES series in comparison with the AN series.
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4 months

6 mecsues /

4 bax [ Lmyel B Lmyel
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B Cepua AH/AN [l Cepust AH + USC /AN + IES

2 mecsaua /
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6 mecsaues /
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—47,95

-93,64

B Cepus AH/AN [l Cepusi AH + U3C /AN + IES

Puc. 4. lnHammKa nHaekca GyHKUMm 6onbluebeplioBoro Hepsa, rae TFl = 0 — HopMmanbHasa GyHkuuma, TFI = -100 — non-

HasA notepsa GpyHKuUK. F — camkun, M — camubl

Fig. 4. Dynamics of the tibial nerve function index, where TFI = 0 — normal function, TFI = =100 — complete loss of func-

tion. F — females, M — males

B cepun AH. CBA3aHHaA C NOMOM pa3HuULa NoKasaTtenen
TFl B cepun AH nopTBepxpaeTca CTaTUCTUYECKM yepes
4 mecaua nocne onepauuu (p = 0,0473).

B cepun AH + M3C Kpbic ob6oero nona Habnopaetca
nonoXxutenbHas gnHamuka TFl, K 6 mecsiuam OH MoBbILLa-
eTcA (cM. puc. 4), UTo pacLieHMBaeTCA Kak NONOXNTeNIbHanA
AnHamuka. TFl K koHuy onbita B cepun AH + U3C Bbiwe
y CaMLIOB, 3HaUYMMOCTb OTINYMA OT CAMOK Ha YpPOBHe CTa-
TUCTMYEeCKON TeHaeHUun (p = 0,0568).

B cuny Bblpa)keHHON MeXnHAMBMAYanbHON Bapua-
TnBHOCTU TFI pa3Hmua sToro nokasatena B cepuAx AH
n AH +M3C nopgTBepAmnach CTaTUCTUYECKM TONTIbKO Y CaM-
LIOB B CPOK 6 MecALeB nocne onepauun (p = 0,0338).

AHanmns sKCNepuMeHTaNbHbIX AaHHbIX MOKasas, 4YTo
yepes 2 1 4 mecAua nocsie nepecevyeHns bonbuebep-
LlOBO MOpUMUM CeAanuLHOro HepBa KpPbIC Y HECTUMY-
NMPOBaHHbIX CaMLOB MO CPABHEHUIO C caMKaMu 60b-
lee KOJINYeCTBO pereHepupymoLMx akCOHOB AoCTuUraeT
YPOBHA CpefHel TpeTu rofieHn, 0 Yem CBUAETeNbCTBY-
loT 6osiee BbICOKME 3HAUYEHUA YUCIEHHON MJIOTHOCTU
MUWENMHN3NPOBAHHbBIX ~ BOJIOKOH  6oJbluebepLOBOro
HepBa. JTO cornacyeTcAa C JaHHbIMW OpPYrux aBTOPOB,
BbIABMBLUMX MOC/e Nepepeskn 1 Wea cefannHoro He-

pBa 6onee ObicTpoe OTpacTaHWe pereHeprpoBaBLINX
aKCOHOB Yy camuoB [7]. Kpome TOro, B BbIMNOSIHEHHOM
HaMu nccnefoBaHMKM Yepes 2 MecAla nocsie onepauun
y CamuUOB MO CpPaBHEHMWIO C CaMKaMW pereHepupoBaB-
e MUeNUHMU3NpPOBaHHbIE BOJIOKHA KMeloT 6onbline
OvameTpbl akcoHoB. OpgHako B mocsiepylolmne CpPoKu
onbiTa pereHeprpoBaBLiMie HepBHble BOJIOKHAa CTaHO-
BATCA KpyMnHee y caMoK (4epe3 4 mecAua nocsie onepa-
L1KM 3TO OTNNYME [OCTOBEPHO, a Yepe3 6 — Ha ypOBHe
CTaTUCTUYECKON TeHAeHL M), NpY 3TOM Yepe3 4 mecAla
y CAaMOK KpyrnHee aKCOHbI, a Yepe3 6 MecALeB OCTOBEp-
HO 6onblue TonwmHa MO pereHepupyoWMX BOJIOKOH.
OTnnuma CTPYKTYPHbIX MapaMeTpOB pereHepupyoLmnx
BOJIOKOH COrfnacylTca C pe3ynbTaTamMy McCnefoBaHuA
aBuratenbHom GyHKLMM KOHEeYHOCTU: yepe3 4 mecAua
nocne onepauun 60nbluebepUoOBbIi GYHKLUOHANBHBIN
WHAEKC JOCTOBEPHO HMXe y camuoB. C Apyroi ctopo-
Hbl, 6onee BblpaXXeHHOe CHUXeHMe 60MbluebepLoBOro
GYHKUMOHANbHOro MHAEKCa Yy CaMLOB B HalUX OMblTaxX
cornacyeTca C pesynbTaTaMu UCCreoBaHNA APYrMX aB-
TOPOB — B 3KCNEPUMEHTaxX C MOABELIVBAHNEM HUPKHEN
KOHEYHOCTM Yy CaMOK yullie, YeM y CaMLiOB, COXpaHAiach
byHKLMA Mblwy [21].
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B BblINO/IHEHHOM MCCIeA0OBaHMN CBA3AHHbIE C NOSIOM
OT/INYNA BbIABNIEHbI TaKXe U B CTUMYIMPOBAHHbLIX MOA-
rpynnax »KMBOTHbIX. [JMameTpbl pereHepupyLwmnx Heps-
HbIX BOJIOKOH B cepuax ¢ MOC Ha Bcex cpokax onbiTa
6bINN KpyrnHee, YeM Y HeCTUMYJIMPOBAHHbIX »KMBOTHbIX
Kak y caMoK, Tak 1 y camuos. [lpyn 3ToM npupocT gua-
METPOB akCOHOB yepe3 2 1 4 mecsAua nocne onepaunn
6bIn CTAaTUCTUYECKM 3HAUMMbIM TOMbKO Y CaMOK, a yepes
6 mecALeB — ToNbKo Y camuoB. [Mpupoct TonwmHbl MO
pereHepupyoLMX HePBHbIX BONOKOH npu M3C no cpas-
HEHWIO C HECTMMYTMPOBAHHbIMU »KMBOTHbIMMU OblN CTATU-
CTUYECKM 3HaUMMbIM 1 Y CaMUOB, 1 Y caMoK. Hanbonee
BbIPaXKEHHbI NPUPOCT pa3MepHbIX MapamMeTPOB pereHe-
PUPYIOLLMX HEPBHbIX BOJIOKOH OTMeYeH yepes 6 MecALeB
nocne onepaymnn B rpynne camuos. IMEHHO B 3TOT CPOK

OnbiTa BbIABNEHO JOCTOBEPHOE OTNnYmne nogrpynnbl CTU-
MYNMMPOBaAHHbIX CaML OB OT noAarpynnbl CTUMYyNMpPOBaH-
HbIX CaMOK MO BeJINYNHE 6onbu1e6epu,oeoro q)yHKLlI/IO-
HaNnbHOIo NHAeKcCa.

3AKJTIOMEHUE

Yepes 2 mecaua nocne AHy camuoB pocT u anddeper-
LMpOBKa HEPBHbIX BOMOKOH OCyLlecTBAAeTcA ObicTpee,
yeMm y caMoK, fafiee oTiMunA nHBepTUpyloTcA. HecmoTpa
Ha yBennuyeHue rnuctomopdomeTpryecknx mnokasartenen
pereHepauny, y HeCTUMYTMPOBAHHbIX »KUBOTHbIX K KOH-
Ly onbiTa cHuKaeTca TFl, ocobeHHO y camuoB. Y cTumynu-
POBaHHbIX KPbIC MO CPaBHEHUIO C HEeCTUMYUPOBAHHbI-
MU MOpPOdYHKLMOHaNbHbIe MOKasaTeny pereHepaunmv
Ha BCeX CpOKax oMnbiTa Nyulle, B 6onbluei mepe y CamLiOB.
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€KTOM, HayyHoe 060CHOBaHMe, METOLONOrNSA, NpoBefeHmne
NCCefoBaHWA, Kypaumua AaHHbIX, HanucaHne 1 pefakTu-
poBaHue TeKcTa cTaTbn; Bapcerosa T.H. — npoBegeHune
nccnenoBaHWsA, aHaNM3 AaHHbIX, HAaNMCaHWe YepHOBMKaA
pykonucu; Kybpak H.B. — npoBefieHne nccnepoBaHusa, aHa-
nn3 paHHblx; CtynuHa T.A. — npoBefeHne nccnefoBaHus,
aHaNN3 JaHHbIX.

UcTtouHnkmn puHaHcmpoBaHud. [laHHOe nuccnegoBaHue
He 6blNo NoAAepPKaHO HUKAKMMYM BHELIHVMU MCTOYHUKAMU
dVHaHCMpoBaHKA.

KoHGNUKT nHtepecoB. ABTOPbI AEKTAPUPYIOT OTCYTCTBUE
OPYruxX sIBHbIX U MOTEHLMANbHbIX KOHGNNKTOB UHTEPECOB,
CBA3aHHbIX C Ny6nVKaumen HacTosLeln CTaTby.

3Tuuyeckoe yTBepxKaeHume. ABTOpbl 3aABNAIOT, YTO BCE NPO-
Luefypbl, NCMONb30BaHHbIe B JaHHOWN CTaTbe, COOTBETCTBYIOT
3TUYECKMM CTaHAAPTaM yuypexxaeHUn, NPOBOAMBLLNX NCChe-
[oBaHue, 1 COOTBETCTBYIOT EBpONenckon KOHBEHLUN MO 3a-
LWNTe MO3BOHOYUYHbIX XNBOTHbIX, Aupektnee 2010/63/EU
EBponelickoro napnameHta n Coseta EBponeickoro co-
032 MO OXpaHe XUBOTHbIX, NCMONb3YeMblX B HayUYHbIX Lienax
n CIN 2.2.1.3218-14; TOCTy 33217-2014; TOCTy 33215-2014.
MpoBepeHne nccnegoBaHna ogobpeHoO NOKaNIbHbIM 3TU-
yeckum komutetom OrbY «HaumoHanbHbIN MeaAULNHCKNN
nccnenoBaTenbCKUM LLeHTP TPaBMaToNloOrnM 1 opTone-
ann nm. akagemunka lLA. Unnsaposa» MuH3sgpasa Poccum
(npotokon Ne 2 (57) ot 17.05.2018).

[ocTyn K flaHHbIM. [laHHble, NOATBEPKAAOLLME BbIBOAbI 3TOrO
NccnefoBaHUs, MOXHO MOyYnTb MO 060CHOBaHHOMY 3anpocy
Yy KOppecnoHAnpyoLero aBTopa.

ADDITIONAL INFORMATION

Nathalia A. Shchudlo, D.Sc. (Med.), Leading Researcher of the
Experimental Laboratory, National llizarov Medical Research
Center for Traumatology and Ortopedics.

ORCID: https://orcid.org/0000-0001-9914-8563

Tatyana N. Varsegova, Ph.D. (Biol.), Senior Researcher of the
Laboratory of Morphology, National Illizarov Medical Research
Center for Traumatology and Ortopedics.

E-mail: varstn@mail.ru, office@rncvto.ru;

ORCID: https://orcid.org/0000-0001-5430-2045

Nadezhda V. Kubrak, Junior Researcher of the Experimental

ARTICLES

Laboratory, National llizarov Medical Research Center for
Traumatology and Ortopedics.

ORCID: https://orcid.org/0000-0002-7494-8342

Tatyana A. Stupina, Ph.D. (Biol.), Leading Researcher of the
Laboratory of Morphology, National llizarov Medical Research
Center for Traumatology and Ortopedics.

ORCID: https://orcid.org/0000-0003-3434-0372

Author Contributions. All authors confirm their authorship
according to the international ICMJE criteria (all authors

370118V IYNIDIMO | 1V 13 OTANHDHS 'V VITVHLVN

69


https://orcid.org/0000-0001-9914-8563
https://orcid.org/0000-0001-5430-2045
https://orcid.org/0000-0002-7494-8342
https://orcid.org/0000-0003-3434-0372
https://orcid.org/0000-0001-9914-8563
https://orcid.org/0000-0001-5430-2045
https://orcid.org/0000-0002-7494-8342
https://orcid.org/0000-0003-3434-0372

Wyaono HA. 1 OP. | OPUTNMHATIbHAA CTATbA

70

contributed significantly to the conception, study design and
preparation of the article, read and approved the final version
before publication). Special contributions: Shchudlo N.A. —
project administration, conceptualization, methodology,
investigation, data curation, writing and editing the text of the
article; Varsegova T.N. — investigation, formal analysis, writing
— original draft; Kubrak N.V. — investigation, formal analysis;
Stupina T.A. — investigation, formal analysis.

Funding. This study was not supported by any external
funding sources.

Disclosure. The authors declare no apparent or potential
conflicts of interest related to the publication of this article.
Ethics Approval. The authors declare that all procedures used

BECTHUK BOCCTAHOBWUTE/IbBHOM MEOULIUHDI | 2024 | 23(6)

in this article are in accordance with the ethical standards of
the institutions that conducted the study and are consistent
with the European Convention for the Protection of Vertebrate
Animals, Directive 2010/63/EU of the European Parliament
and of the Council of the European Union on the protection
of animals used for scientific purposes and SP 2.2.1.1.3218-14;
GOST 33217-2014; GOST 33215-2014. The study was approved
by the Local Ethics Committee of the National llizarov Medical
Research Center for Traumatology and Ortopedics, Protocol
No. 2 (57) dated 17.05.2018.

Data Access Statement. The data that support the findings
of this study are available on reasonable request from the
corresponding author.

Cnucok nutepaTtypsbl / References

Clements M.P, Byrne E., Camarillo Guerrero L.F, et al. The wound microenvironment reprograms schwann cells to invasive mesenchymal-like cells to
drive peripheral nerve regeneration. Neuron. 2017; 96: 98-114.e117. https://doi.org/10.1016/j.neuron.2017.09.008

2. Palispis W.A., Gupta R. Surgical repair in humans after traumatic nerve injury provides limited functional neural regeneration in adults. Exp. Neurol.
2017;290: 106-114. https://doi.org/10.1016/j.expneurol.2017.01.009

3. PhamT.L, Kakazu A., He J., Bazan H.E.P. Mouse strains and sexual divergence in corneal innervation and nerve regeneration. FASEB J. 2019; 33(3):
4598-4609. https://doi.org/10.1096/f).201801957R

4. Jones K.J. Recovery from facial paralysis following crush injury of the facial nerve in hamsters: differential effects of gender and androgen exposure.
Exp Neurol. 1993; 121(1): 133-138. https://doi.org/10.1006/exnr.1993.1079

5. Tetzlaff J, Tanzer L., Jones K.J. Cellular localization of androgen and estrogen receptors in mouse-derived motoneuron hybrid cells and mouse facial
motoneurons. Dev Neurobiol. 2007; 67(10): 1362-1370. https://doi.org/10.1002/dneu.20505

6. Kovacic U., Zele T, Osredkar J., et al. Sex-related differences in the regeneration of sensory axons and recovery of nociception after peripheral nerve
crush in the rat. Exp Neurol. 2004; 189(1): 94-104. https://doi.org/10.1016/j.expneurol.2004.05.015

7. Stenberg L., Dahlin L.B. Gender differences in nerve regeneration after sciatic nerve injury and repair in healthy and in type 2 diabetic Goto-Kakizaki
rats. BMC Neurosci. 2014; 15: 107. https://doi.org/10.1186/1471-2202-15-107.

8. HuangJ,Ye Z,HuX, Lu L, Luo Z. Electrical stimulation induces calcium-dependent release of NGF from cultured Schwann cells Glia. 2010; 58(5):
622-631. https://doi.org/10.1002/glia.20951

9. Koppes A.N., Nordberg A.L., Paolillo G.M,, et al. Electrical stimulation of schwann cells promotes sustained increases in neurite outgrowth. Tissue Eng
Part A. 2014; 20(3-4): 494-506. https://doi.org/10.1089/ten.TEA.2013.0012

10. Patel N., Poo M.M. Orientation of neurite growth by extracellular electric fields. J. Neurosci. 1982; 2(4): 483-496.
https://doi.org/10.1523/JNEUROSCI.02-04-00483.1982

11. McCaig C.D., Sangster L., Stewart R. Neurotrophins enhance electric field-directed growth cone guidance and directed nerve branching. Dev Dyn.
2000; 217(3): 299-308. https://doi.org/10.1002/(SICI)1097-0177(200003)217:3<299::AID-DVDY8>3.0.CO;2-G

12. Xypses A.T., Maptenb U.W., Cambinos B.B. n ap. ManonHBasnBHble MeTOAbl NeyeHns noBpexxaeHnn nepudepunyecknx HepBoB. [eHnin opToneauu.
2012; 1: 85-88. [Khudyaev A.T, Martel LI, Samylov V.V, et al. Little-invasive techniques of treating peripheral nerve injuries. Genij Ortopedii. 2012;
1:85-88 (In Russ.).]

13. baxaHos C.M., Llysanos C.J., baxapes PM. un pp. CpaBHWTENbHbIN aHanM3 OGNMXKaMWKUX Pe3ynbTaToB  XMPYPruyeckoro JeyeHus
NaLUMeHTOB C 3aKpbITbiMA  TPaKLUMOHHbIMW  MOBPEXAEHUAMM nNneyeBoro crieTeHus. [lenun optonegun. 2022; 28(5): 631-635.
https://doi.org/10.18019/1028-4427-2022-28-5-631-635[BazhanovS.P, ShuvalovS.D.,BakharevR.M.,etal. Comparisonofshort-termsurgical outcomes
of patients with closed brachial plexus traction injury. Genij Ortopedii. 2022; 28(5): 631-635. https://doi.org/10.18019/1028-4427-2022-28-5-631-635
(In Russ.)]

14. Wyposa E.H. MpygHukosa O.I., KauecoBa A.A. n gp. YnyuweHune ¢yHKLMOHANIBHOFO COCTOSHUA MaLWMEHTOB C MOCAEACTBUAMU MO3BOHOYHO-
CMWHHOMO3rOBOI TPaBMbl MPY 3MUAYPaNbHON 3NEKTPOCTUMYIALMN: NPOCNEKTVBHOE UCCnefjoBaHMe. BeCTHNK BOCCTaHOBUTENbHOW MEAULMHDI.
2023; 22(6): 28-41. https://doi.org/10.38025/2078-1962-2023-22-6-28-41 [Shchurova E.N., Prudnikova O.G., Kachesova A.A,, et al. Improvement of
Functional State of Patients after Spinal Cord Injury During Epidural Electrical Stimulation: Prospective Study. Bulletin of Rehabilitation Medicine.
2023; 22(6): 28-41. https://doi.org/10.38025/2078-1962-2023-22-6-28-41 (In Russ.).]

15. Maffiuletti N.A., Herrero A.J,, Jubeau M., et al. Differences in electrical stimulation thresholds between men and women. Ann Neurol. 2008; 63(4):
507-512. https://doi.org/10.1002/ana.21346

16. Ye X, Gockel N., Vala D., et al. Wide-Pulse High-Frequency Neuromuscular Electrical Stimulation Evokes Greater Relative Force in Women Than in
Men: A Pilot Study. Sports (Basel). 2022; 10(9): 134. https://doi.org/10.3390/sports10090134

17. Sharma N., Marzo S.J., Jones K.J., Foecking E.M. Electrical stimulation and testosterone differentially enhance expression of regeneration-associated
genes. Exp. Neurol. 2010; 223(1): 183-191. https://doi.org/10.1016/j.expneurol.2009.04.031

18. Calvey C., Zhou W.,, Stakleff K.S., et al. Short-term electrical stimulation to promote nerve repair and functional recovery in a rat model. J. Hand Surg.
Am. 2015; 40(2): 314-322. https://doi.org/10.1016/j,jhsa.2014.10.002

19. Koh G.P, Fouad C,, Lanzinger W., et al. Effect of Intraoperative Electrical Stimulation on Recovery after Rat Sciatic Nerve Isograft Repair. Neurotrauma
Rep. 2020; 1(1): 181-191. https://doi.org/10.1089/neur.2020.0049

20. Bain J.R., Mackinnon S.E., Hunter D.A. Functional evaluation of complete sciatic, peroneal, and posterior tibial nerve lesions in the rat. Plastic and
reconstructive surgery.1989; 83(1): 129-138.

21. Mortreux M., Rosa-Caldwell M.E., Stiehl I.D., et al. Hindlimb suspension in Wistar rats: Sex-based differences in muscle response. Physiol Rep. 2021;

9(19): e15042. https://doi.org/10.14814/phy2.15042

CTATbU


https://doi.org/10.1016/j.neuron.2017.09.008
https://doi.org/10.1016/j.expneurol.2017.01.009
https://doi.org/10.1096/fj.201801957R
https://doi.org/10.1096/fj.201801957R
https://doi.org/10.1006/exnr.1993.1079
https://doi.org/10.1006/exnr.1993.1079
https://doi.org/10.1002/dneu.20505
https://doi.org/10.1002/dneu.20505
https://doi.org/10.1016/j.expneurol.2004.05.015
https://doi.org/10.1016/j.expneurol.2004.05.015
https://doi.org/10.1186/1471-2202-15-107
https://doi.org/10.1186/1471-2202-15-107
https://doi.org/10.1002/glia.20951
https://doi.org/10.1002/glia.20951
https://doi.org/10.1089/ten.TEA.2013.0012
https://doi.org/10.1089/ten.TEA.2013.0012
https://doi.org/10.1523/JNEUROSCI.02-04-00483.1982
https://doi.org/10.1523/JNEUROSCI.02-04-00483.1982
https://doi.org/10.1002/(SICI)1097-0177(200003)217:3%3c299::AID-DVDY8%3e3.0.CO;2-G
https://doi.org/10.18019/1028-4427-2022-28-5-631-635
https://doi.org/10.18019/1028-4427-2022-28-5-631-635
https://doi.org/10.18019/1028-4427-2022-28-5-631-635
https://doi.org/10.38025/2078-1962-2023-22-6-28-41
https://doi.org/10.38025/2078-1962-2023-22-6-28-41
https://doi.org/10.1002/ana.21346
https://doi.org/10.1002/ana.21346
https://doi.org/10.3390/sports10090134
https://doi.org/10.3390/sports10090134
https://doi.org/10.1016/j.expneurol.2009.04.031
https://doi.org/10.1016/j.expneurol.2009.04.031
https://doi.org/10.1016/j.jhsa.2014.10.002
https://doi.org/10.1016/j.jhsa.2014.10.002
https://doi.org/10.1089/neur.2020.0049
https://doi.org/10.1089/neur.2020.0049
https://doi.org/10.14814/phy2.15042
https://doi.org/10.14814/phy2.15042

