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(yn. Akagemuxa Jlebenesa, x. 6, Caukr-IlerepOypr, Poccuiickas ®Penepanusa, 194044)

2 PenepaTpHOE TOCYIAPCTBEHHOE OIOKETHOE yUpexaeHne Hayky « HCTUTYT IIUTOIOTHH
Poccuiickoii akagemuu nHayk» (Tuxopenkwuii ip., a. 4, Cauxr-Ilerepbypr, Poccuiickas Penepamus, 194064)

Pesiome

BBEJEHHUE. AxryanbHocTh HcCIeI0BaHUA 00yCIOBIEHA TIOCTOSHHBIM BEIEHUEM II0 BCEMY MHUPY BOEHHBIX KOH(MIMKTOB U
BBICOKOTEXHOIOTHYHBIX JIOKATbHBIX BOMH C MIPUMEHEHHEM COBPEMEHHBIX KACCETHBIX O0EIPHUIIACOB M PA3IMYHBIX paket. [Ipu
HTOM YBEIHYHUIOCH KOIHYECTBO TPABM KPYNHBIX HEPBOB KOHEYHOCTEH, 4acTo ¢ 06pasoBaHueM (0IbIIuX 1e()eKTOB HEPBHBIX
crB0s10B. OHUM U3 CIIOCO0OB BOCCTAHOBJIEHHA AHATOMUYECKOM II€TOCTHOCTH MOBPEKIEHHBIX HEPBOB ABIIETCS COCIUHEHHE
MIPOKCHMAJBHOTO ¥ AUCTAIBHOTO KOHIIOB HEPBA C TIOMOII[BI0 PA3TMYHBIX 110 PA3MePaM KOHAYHUTOB U3 OHOerpafupyoIux MaTe-
PHAJIOB OMOJIOTHYECKOTO ¥ CHHTETHIECKOTO TPOMCXOKICHHU.

ITEJIb. Ouenutb BO3MOKHOCTH U 3()(DEKTHBHOCTH BOCCTAHOBIEHHUS yTPAueHHOH NP TpaBMaX WHHEPBAIMY TKaHEH Imocie
3aMeIeHusa o0IMUPHBIX [e(eKTOB HEPBOB KOHIYUTAMHU Ha OCHOBE IIOJHMKAMPOIAKTOHA C KOJJIAT€HOBBIM IejleM ¥ HUTAMHU (H-
OpOMHA IIeNKa B 9KCIIEPUMEHTE Ha Ta00PaTOPHBIX KUBOTHBIX.

MATEPHUAJIBI 1 METO/BL. B ycnosusx sxcnepumenTa Ha 10 1a60paTOPHBIX JKUBOTHBIX (KPbICAX) BHIIOIHEHO MOJEIHPO-
BaHue 06IUPHOTO Aed)eKTa CeTaTuINHOr0 HepBa ¢ IOCIeAYIOIMM €ro 3aMelIeHHeM C TOMOII[bI0 ITOMUKATIPOIAKTOHA C KOJLIIATEHO-
BBIM TeJieM U HUTAMH QuOponHa menka. Pesyabrarsl )y HKIIHOHATBHOTO COCTOSHHUS BOCCTAHOBICHHBIX HEPBOB B IIOCIEONEPAIIH-
OHHOM TIEPHOJIE OIIEHUBAJIH HKCIIEPUMEHTANBHO-KINHUIECKHUMHE, 3ITeKTPO(DUHONOTHIECKUMHE U MOP(OIOTHIECKUME METOIAMH.
PE3YJIBTATBI. [Ipu ananuse ocobeHHOCTEH IIOBEIEHHS 1A00PATOPHBIX JKABOTHBIX B II0CIEOIIEPAIIMOHHOM IIEPUOJIE YCTAHOB-
JIeHo, uTo mocie 1,5 Mecsna mocie onepanuy KUBOTHBIE TPAKTHIECKH B IOIHOM 00'beMe M0Ib30BAIUCH KOHEYHOCTHIO, T/Ie BBITIOJ-
HANACH IIACTHUKA KOHAYHUTOM CEJalWIIHOTO HepBa. Ha OCHOBAHWH pe3yJbTaToB CTUMYJSIMOHHON 3IEKTPOHEHpoMUorpaduu
y *KHBOTHBIX OIBITHOM TPYIIIIbI OTMEUAH BOCCTAHOBIEHHE M-0TBETOB, AMIIUTYIa KOTOPBIX Hapacrania. [locie sBTaHA3HY HKH-
BOTHBIX BO BpeMs 3a60pa KOHIYHUTA B 00JaCTH HKCIIEPUMEHTAIBHOTO OMEPATHBHOTO BMEIIATEIbCTBA BOKPYT HEro He ObIIIO BhIpa-
JKEHHBIX PyOII0BO-CIIACUHBIX H3MEHEHHI, KPOME TOT0, OTMEeYaINCh MPU3HAKK OHoerpajanuu uMiianrara. [Ipu Mmopdosorunye-
CKOM HCCJIeJOBAHMH BBIABIEHO IIPOPACTAHKE AKCOHOB U3 TPOKCHMAIBHOTO KOHIIA CEIAUIIHOr0 HepBa B JUCTANbHBIH.
SARJIIOUEHME. Ilpu samemenuu neexra Hepsa ¢ MOMOIIbI0 KOHAYHUTA, COCTOSIIEr0 M3 MOJIUKAIL C KOJIJIAT€HOBBIM TejieM
7 HUTIMHE (pUOPOUHA IIeTKA, MBI YCTAHOBUIH IIPOPACTAHUE AKCOHOB M3 MPOKCHMAIBHOTO KOHIIA CETaNUIHOT0 HEPBA B IHC-
TAJIbHBIN. Peakiuu OKpyRaomux TKaHeH B MecTe MMILIAHTAI[MY KOHIYHUTA B BU/E IPU3HAKOB BOCIAJIEHH U (DOPMUPOBAHUS
rpy0ObIX pyOI0B He BBIABUIIN, OTMEUYAIH IIPU3HAKY Oroferpajanun uMinanTara. KoHayuT us monukamnporakToHa ¢ KOJIareHo-
BBIM TeJieM U HUTIMHU (puOpOnHa IeaKa MOKeT ObITh UCIIOIb30BAH /I 3aMEIeHHUs 1e(eKTOB HEPBHBIX CTBOJIOB.
KaroueBbie cIoBa: TpaBMa HepBa, OONIUPHBIH Te()eKT HepBa, PEKOHCTPYKTUBHbIE ONEPAI[HH, IOTUKATIPOIAKTOH, KOJLIare-
HOBBIH rejib, HUTH (pUOPOUHA IIeNKa

Mas yumupoeanus: Opnos B. I1., Huwum A. IO., F'aspuniok B. JI., Hawyerxuna IO. A., Toaxaw I1. I. Bocemarhosienue
Jeghexma Hepsa ¢ NOMOWDBIO UMNAAHMAMA CME0AQ Hepsa, codepicalyezo Gubpour wearxa, 8 skcnepumenme /|
Poccuiickuti neiipoxupypeuieckuii scypran um. npog. A. JI. Ioaenosa. 2025. T. XVII, No 3. C. 77-87. DOI:
10.56618/2071-2693_2025 17 3 77.
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Abstract

INTRODUCTION. The relevance of the study is due to the constant conduct of military conflicts and high-tech local wars
around the world using modern cluster munitions and various missiles. At the same time, the number of injuries to large nerves
of the extremities has increased, often with the formation of large defects in the nerve trunks. One of the ways to restore the
anatomical integrity of damaged nerves is to connect the proximal and distal ends of the nerve using conduits of various sizes
made of biodegradable materials of biological and synthetic origin.

ATIM. To evaluate the possibility and effectiveness of restoring tissue innervation lost in trauma after replacing extensive nerve
defects with polycaprolactone-based conduits with collagen gel and silk fibroin filaments in an experiment on laboratory
animals.

MATERIALS AND METHODS. In an experiment on 10 laboratory animals (rats), a simulation of an extensive sciatic
nerve defect was performed, followed by its replacement using polycaprolactone with collagen gel and silk fibroin filaments. The
results of the functional state of the restored nerves in the postoperative period were evaluated experimentally by clinical,
electrophysiological and morphological methods.

RESULTS. When analyzing the behavior of laboratory animals in the postoperative period, it was found that after 1.5 months
after surgery, the animals almost fully used the limb, where the sciatic nerve conduit was performed. Based on the results of
stimulation electroneuromyography in animals of the experimental group, the restoration of M responses was noted, the
amplitude of which increased. After euthanasia of animals during conduit sampling in the area of experimental surgery, there
were no pronounced scar-adhesive changes around it, in addition, signs of implant biodegradation were noted. Morphological
examination revealed the complete germination of axons from the proximal end of the sciatic nerve to the distal one.
CONCLUSION. When replacing the defect of the ends of the experimentally damaged nerve with a conduit consisting of
polycaprolactone with collagen gel and silk fibroin filaments, we established the germination of axons from the proximal end of
the sciatic nerve into the proximal one. Reactions of the surrounding tissues at the site of conduit implantation in the form of
signs of inflammation and the formation of rough scars were not revealed, signs of implant biodegradation were noted.
A conduit made of polycaprolactone with collagen gel and silk fibroin filaments can be used to replace defects in nerve trunks.
Keywords: nerves of the extremities, nerve injury, extensive nerve defect, reconstructive surgery, polycaprolactone, collagen
gel, silk fibroin filaments

For citation: Orlov V. P., Nisht A. Yu., Gavrilyuk B. L., Nashchekina Ju. A., Tolkach P. G. Restoration of a nerve
defect using a nerve stem implant containing silk fibroin in an experiment. Russian neurosurgical journal named
after professor A. L. Polenov. 2025;XVII(3):77-87. (In Russ.). DOI: 10.56618/2071-2693_2025_17 3_77.

Benenue

Hepsable cTBOIBI IeprpepUUYecKOll HEePBHOI
CHCTEMbI IIPH OIIPeeIeHHBIX YCIOBUIX 00/1a1a0T
MIOCTTPABMATHYECKUM PereHepaTOPHBIM ITOTEHITH-
aJoM, OJHAKO Jake MPU HAJOMKEHUN SITHHEBPAIb-
HOTO IIIBa IIP0o0JieMa BhICOKOH CTEIeH! WHBAJIUIU-
3aruu 60IBHBIX 0 CUX MOp akTyasbHa [1-4]. Kpo-

Me TOr0, CyILIeCTBEHHOM IPOo6IeMON ABISIETCI BOC-
CTaHOBJIEHHE OOJBIINX TPABMATHYECKUX HHUACTA-
30B HEPBOB — OT 5 ¢M u 6osee [5, 6]. C 310l 11e71B10
AKTHUBHO CI/IHTe3I/IpyIOTCH HMILJIAHTAThI B BUJ€ HaA-
MPaBIANIINAX TPYOIATHIX KOHCTPYKIIKH [ 7] 13 6uo-
COBMECTHMBIX MAaTepHAaJiOB, KOTOPhIE OyIyT CIIO-
co6CTBOBATh HAIIPABJIEHHOMY POCTY AKCOHOB.
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OCHOBHBIMHU TIOJIMMEPAMHU, WCCJIEI0BAHHBIMHU
B KOHTEKCTE pPereHepaTHBHOM MEIUIIUHBI, ABJII-
IOTCA CHHTETHYECKHE TTOJTUMEPhI HA OCHOBE IT0JIH-
O-THIPOKCUKUCIOT (IOTUTAKTU, TTOTUTIUKOIUI,
monu (e-gamponakron) (IIKJI) u mx comommme-
pbl) [8-11]. Cpeau TyOynHpOBaHHBIX TKAHEHHIKE-
HEPHBIX MOJUMEPHBIX KOHCTPYKIIMH KOHIYUT W3
ITKJI o6magaer onTUMAIbHBIMA MEXaHUYECKUMU
CBOMCTBAMH U CIOCOOHOCTBIO K OHOZerpamaluu
[12, 13]. ITKJI — 5T0 YaCcTUYHO KPUCTATIHIECKUAIN
JIMHEWHBIA TOMOIIOJINMED, II0JydaeMbld U3 OTHO-
CHUTEJIBHO [ELIeBOr0 MOHOMEpA &£-KaIlPOJIAKTOHA
[14, 15].

Buocosmectumocts dubponna menka (PII) u
OTCYTCTBHE Yy HEro IUTOTOKCUYHOCTHU OBLIO TOKa-
3aHO WCCJENOBAHUIMU I VILro W in UIVO, YTO IO-
3BOJIAET UCIO0JIb30BaTh BookHA u3 @I B knunHu-
Jeckoi npaktuke [19-21].

Konnaren (Kos) mupoko nmpuMeHsieTcss B TKa-
HEBOM WHIKEHEPUH B Ka4eCTBe KOMIIOHEHTA [JIs
UMILIAHTATOB MepudepriecKux HEPBOB, TAK KakK
cpeau BCceX TPHPOAHBIX IIOIUMEPOB obgagaer
YIOBJIETBOPUTEIbHBIMHU (PHU3UKO-MEXaHUIECKUMHU
XapaKTePUCTUKAMH U SBJISETCA OCHOBHBIM KOM-
TOHEHTOM BHEKJIeTOYHOTO MaTpukca [22-24].

Ilens unccremoBaHuA — OIEHUTH BO3MOMKHOCTH
¥ 5 PEeKTUBHOCTH BOCCTAHOBJIEHHS yTPaYyeHHOH
Ipu TpaBMax WHHEPBAIMK TKAHEH IOcjiae 3ame-
[IeHUsA OOIUPHBIX Ne(PeKTOB HEPBOB CHHTETHYE-
ckumu kougyuramu us [IKJI ¢ KosmmareHoBbIM re-
JIeM U HUTAMU (PpuOpPOUHA IIeIKa B 9KCIEPUMEHTE
Ha 1a60paTOPHBIX KUBOTHBIX.

ITOT UCKYCCTBEHHBIN MMILJIAHTAT ObLI CUHTE-
supoBaH Ha 6a3e Mucruryra nuronorun Poccuii-
CKOM akaJeMWu HayK (IIaTeHT Ha W300peTeHue
Ne 2811502).

Marepuaabl 1 METOXBI

IIpoBenenue skcIEPIMEHTAIBHOTO UCCIEN0BA-
HHUA MBI Pa3lesIuiu Ha TPU Tana. Bece aTams! sKc-
TIepUMeHTAIbHOTO WCCIENOBAHUA BBIIOIHAINCH
¢ cobmronernueM MeskIyHaApOTHBIX PEKOMEHAAITNH
10 IPOBEIEHHUI0 MEeTUKO-O0HUO0IOTUIECKUX HCCIE0-
BaHUU C HCHOJIb30BaHHWeM :KUBOTHHIX (Henema,
1985 r., 2000 r.).

IlepBeiii sTam ObLI IOCBSLIEH BHIIOIHEHUIO
MozenupoBaHUA TpaBMbL. Breimomneno 10 sxcne-
PHMEHTAIBHBIX OIEPATHUBHBIX BMEIIATEIbCTB Ha
1a60paTOPHBIX JKUBOTHBIX (KpBICh TuHuH Wistar,
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Fom e

Puc. 1. Buemrnuit Buj ummianrara: @ — Tpyoka (KOHAYHUT) U3
IIKJI; 6 - BomoxHa pubponHa menka

Fig. 1. External appearance of the implant: a — tube (conduit)
made of PCL; 6 - silk fibroin fibers

camiiel maccoi 250-300 r). B kauecTBe KOHIywH-
TOB NPUMEHAIHN OHOmerpagupyollne MaTPUIbI
B Bujie Tpy6ok u3 ITKJI ¢ KommareHoBsiM rejiem u
HUTIMHU QUOPOUHA IIeTKa C BHYTPEHHUM JHaMe-
TpoMm 1,5 mMm (pumc. 1). Bee omepamuu mposomguiu
B CTEPHUJIBHBIX YCIOBHUAX C IMIPEABAPUTEIBHO IIPO-
CTEePUIN30BAHHBIME MOJUMEPHBIMU TPYOKAMH U
HUTAMYU (puOPOUHA LIENTKA.

C menbio 00e360IMBaAHUS KpPbICAM BBIMIOJIHS-
I¥ HeWHTaJAINOHHYI0 aHecTeszuio 20 %-M pac-
tBopom Someruna (Virbac S.A., ®pannus), xo-
TOPBIA BBOAWJIM BHYTPHOPIOIIMHHO B [03€
20 mr/r. J[omosIHUTENIBHO B XOZI€ OMEpaIluy II0
MOKa3aHUIM IOIKOKHO BBOIUIM SOJIETHI B 103€
10 mr/kr. O6HakeHMe CemaNHUIHOIO HEepBa BHI-
TMOJHANN TOCJIOHHO M3 3aJHEJIaTepaIbHOT0 M0-
cTyIia Ha ypoBHe cpexuei Tpetu 6expa. [loce uc-
ceueHus (pparMeHTa HEPBA AJTHUHOH 1 CM IIPOTEe3u-
poBaHMe AuacTa3a MPOKCUMATIBHOTO U JIUCTAND-
HOTO KOHIIOB HEPBa COETUHAIU C IIOMOIILIO CHH-
TEeTHYECKOTO0 KOHIYUTA TOJ ONTUYECKHUM yBeJH-
YEeHHWeM C HCII0JIb30BAHHUEM OIEePaIMOHHOTO0 MU-
Kpockora Leica ¢ 6MHOKYIAPHBIM OTBOJIOM JIJIS ac-
CHCTEHTA, IIPHU 9TOM C KaKI0¥ CTOPOHBI HAKIAbI-
Basu 10 ABa y3710BbIX 1[-06pasubix mBa (Prolen
8/0) (puc. 2).

Ha Bropom srame mas KOHTpPOas (QyHKI[HO-
HAJILHOTO COCTOSHUS CEIAJIMIIHOTO HEpBa B IIO-
CJIe0IIepaIMOHHOM ITePHOJIe TPOBOIUIN HEHPOdU-
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Puc. 2. DTansl onepaTUBHOTO BMEIIATEIbCTEA: @ — BHIIEIEHHE Ce/JATUIIHOTO HePBa; 6 — NccedeHne (pparMeHTa HepBa; 6 —
IpoTesupoBaHue fuacTa3a IPOKCUMAJIbHOIO U JUCTAJBHOI0 KOHITOB HEPBA BBIIIOJHANHN C IIOMOIIBI0O CHHTETHYIECKOTO KOHAYHUTa
Fig. 2. Stages of the surgical intervention: a - isolation of the sciatic nerve; 6 — excision of a nerve fragment; 8 — prosthetic repair of
the diastasis of the proximal and distal ends of the nerve connected using a synthetic conduit

3MOJIOTUYECKOE HCCJIeIOBAHUE B Hadalle DKCIEPU-
MeHTa, B 1,5 Mecdana u yepes 3 mecdna.

Ilepudepuueckuii HePB y KPbIC pereHEPUPYET
1,5-3 MM B ieHB, 3TO IT03BOJIAET COKPATUTD BpeMs
HAOJIIOIeH A 3a JKUBOTHBIMY U 32 00Jiee KOPOTKHH
BpPEMEHHOM NMPOMEKYTOK HU3YyUUTDH JeHEePBAI[UOH-
HOo-peuHepBaruoHubii mporecc (JIPII) B umccie-
nyemoii mbrmire [25, 26].

Heiipodusunomornueckoe wuccieqoBaHme Ipo-
Boguau Ha siexkTpomuorpade «Heitpo-MBII mu-
kpo» upmsel «HeiipocodT» (r. ©Banoso, Poccus).
Hna uccnenoBanusa JIPII ucmonbzoBanu KoHIIEH-
TPUUYECKHE WroJbYaThie BJIeKTpombl (=25 wMmw,
d=0,3 mMm), anda wucciaemoBaHusi M-BOJIHBI TpH-
MEHSJIHU CKAJBIOBBIE HrOJBUYATHIE DIEKTPOIBI
({=25 mm) pupwmsr «Hetipocodrr».

Merop uronsuaroi saegrpomuorpadun (OMI)
I03BOJIAET OLleHUTH BhrpaskeHHocTs [IPII B mopa-
JKeHHOH MBIIIIIIe, IPHA TPaBMax HepBa. JTO CBA3a-
HO C TeM, YTO IIOCJIe IIOJTHOM WM YacCTUYHOU Je-
HepBaIluM BOJIOKHA CKEIIETHBIX MBIIII] HAYUMHAOT
reHeprpPOBATh CIOHTAHHYI0 AKTHBHOCTD — IIOTEH-
nuanbl Quopuamanuit (Ild) u momoxuTenvubIE
octpsble BoiHEI (IIOB). Ot dheHOMEHBI ABAAIOTCA
OMHUMH U3 HAnboJee APKUX SIEKTPUIECKUX IPO-
ABJEHUY feHepBaluu. B 3aBrcuMOCTH OT Komuye-
crBa IIOB u I1¢h MBI MOKEM CyAUTDH O CTEIIEHH BBI-
PaKeHHOCTHU JIeHEePBAIIUHU U OIEHUTH OBICTPOTY U
xXapakTep pernHepBaIuu.

IIpumensnu mBe OCHOBHBIE METOIUKH 3JICK-
tpoueripomuorpaduu (QHMI): ctumynanuonnas
OHMTI" — uccnemosanue M-BOJIHBI — B METOH HC-
cleI0BaHUS € IIOMOIbLI0 uroawdaroir OMI ¢ ana-
JIN30M CIIOHTAHHOW AKTHBHOCTH MBIIIEYHBIX BO-
JIOKOH (puc. 3).

Puc. 3. Cxema ycTaHOBKY 3/I€KTPOJOB IS NCCIELOBAHMII
M-BONHBI OT 7I€BOI HKPOHOKHOM MBILIIIBI

Fig. 3. Electrode placement diagram for M-wave imaging of the
left gastrocnemius muscle

Perucrpuposanu M-sonuy u JIPII ¢ ukpomo:x-
HOM W mepenHeil 60JbIIe0epIIOBOM MBIIIILI OIle-
PUPOBaHHOM CTOPOHEI (ciieBa). B Hauase skcnepu-
MeHTa, ITocje 00e300/IuBaHUA, BCEM KpbIcaM ObLIa
ompejesieHa CylrpaMakCUMaabHAS CHJIA CTUMYJIA
JUIST PErucTpaliuu aocToBepHod M-BoaHBI Ycra-
HOBJIEHO, YTO npu cuiie Toka 4,0-8,0 MA, mpexbas-
JIIEMOr0 Ha CTHUMYJIHPYIOIIUHN JIEKTPO, aMILIH-
Tyna M-BOSHBI OT MKPOHOKHOM MBIIIIIIHI COCTABH-
na (26,5+4,1) mB, narearmocts — (1,22+0,46) mc.
Cuna Toka Qs CynpaMaKCHUMAJIbHOM CTHUMYJIS-
U MOKeT He npeBbimarsh 10 MB, Tak Kak, Hauw-
Hag ¢ 6-7 MB, amnauryna M-BonHEBI He yBenu4U-
Baercs (puc. 4).
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Puc. 4. M-BonHa 0T 1€BOM HKPOHOKHON MBIIIITBI 10 HAYajla SKCIIEPHMEHTA
Fig. 4. M-wave from the left gastrocnemius muscle before the start of the experiment

IIpu cune Tora 6,0 MA amniauryga M-BoaHBI
OT TepenHel 6OoJbINe6epIIOBOM MBIIIIIBI COCTABU-
ma (19,5+2,1) B, marearaocts — (1,0+0,16) mc. Ta-
KUM 00pas3oM, CHJIa TOKA [AJIS CyIIpaMaKCUMAaIbHOM
CTHUMYJIAIINY MOKeET He mpeBbIaTh 8,0 mB (puc. 5).

KouTpoabHoe Heiipodusnomorniueckoe uccie-
JIoBaHUe IMPoBOAUIH Yepe3 1,5 mecana u 3 mecd-
114, iepeji BBIBOJIOM KMBOTHBIX U3 DKCIIEPUMEHTA.

Yepes 1,5 wMecdila mOpu CTHMYJIAIUOHHOH
OHMI' perucrpupoBanuch IpU3HAKUA pereHepa-
WY AUCTAJHHOTO YyYacTKa CemauIHOro (60b-
1re6epIroBoro U Majao0epIoBOT0) HEPBA B BHJIE pe-
ructpanuu M-BONHBI ¢ mepeaHei 6oibiiebepio-
BOM ¥ MKPOHOIKHOM MBIIIIIEI ciieBa (puc. 6).

2,5 mc

+

+

+ + + + + +

Peroneus (Tibialis Ant.)

25 mB

+

6 MA, 0,2 mc, 1Ty,
* BepxHss TpeTb 6eapa

+

M-BosiHa OT JIEBOM MKPOHOKHON MBIIIIIHI Yepes
1,5 mecdAra perucrpupoBaiach C MaKCHMAaJIbHOH
ammauryznoi (8,5+1,7) mB, dopma M-orBera 6n11a
MIPaBUILHOH, yBEJITMYEHHOU JIUTEeIbHOCTH (pHcC. 7).

ITpu uccnemosaunu I PII B teBoit MKPOHOKHOMN
MBIIIIIE COXPAHAINCH NPUBHAKHU IeHEPBAI[MOH-
HBIX mporieccoB (Taba. 1) (BajepoBckas aereHe-
panusg IUCTAJhHOTO yUYacTKa HepBa) B BU/E CIIOH-
taauou akTuBHOCTH — [1OB 1 I1d (puc. 8).

Yepes 3 mecsna JeHepBAIMOHHbBIE ITPOIECCHI
B MBIIIIAX TPAKTHYECKH 3aKOHUYHUJINCH, BHIABIISI-
nuck equanuHble [I0OB u I1d (puc. 9).

I[Tpu SHMI' uepes 3 wmecsna aMmILIUTyIA
M-BOJIHBI OT MKPOHOKHOM MBIIIIIHI YBEINIUIACD

Amnavtyaa M-oTBeTa
20

18
16
14
12
10

Amnnutyna, MB

o NN oo

Puc. 5. M-BonHa oT nepesHei 60nbe6epIioBoi MBIIIITEL 10 HAaYajla SKCIePHMEHTA
Fig. 5. M-wave from the anterior tibialis muscle before the start of the experiment
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2
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2
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Peroneus (Tibialis Ant)  + + + + + + +

Puc. 6. M-BonHa ot nepejHeii 601b11e6epiioBoil MeIis! yepes 1,5 mecsina nocie onepanuu. Cuna Toka crumynsnuu — 5,0 MA,
amnautyna M-sonus: — (5,6+2,1) mB, narerraocTs - (1,0+0,46) mc

Fig. 6. M-wave from the anterior tibialis muscle 1.5 months after surgery. Stimulation current was 5.0 mA, M-wave amplitude was
(5.6+2.1) mV, latency was (1.0+£0.46) ms
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6 ——\,—/g\r’\ E 4
r 1+ 3 + + + + 10 MA, 0,2 mc, 1Ty, & + s
10,0 MA <C 3
5 neB., m. gastrocnemius, n. Ischiadicus
N N S G 2
j 3 10 MA, 0,2 mc, 1Ty
10,0 MA 1
L > . . . . nes., m. gastropnemius, n. Ischiadigus 0

8 _'\/\T/U 10 MA, 0.2 MG, 170 2 4 6 8
Ischiadicus (Gastrocnemius) (Kpbica) — 100wmA

Puc. 7. M-BosiHa 0T HKPOHOKHON MBIIIIEI 9epe3 1,5 mecsara mocre oneparuu. Cuia Toka crumyisanun — 10,0 MA, aMmiuTyna
M-Boaus! - (8,5+1,7) mB, narenrnocts - (1,3+0,46) mc

Fig. 7. M-wave from the gastrocnemius muscle 1.5 months after surgery. Stimulation current was 10.0 mA, M-wave amplitude was
(8.5+1.7) mV, latency was (1.3+0.46) ms

Ta6anna 1. PeHOMEHBI CIOHTAHHON aKTHBHOCTH 4epes 1,5 mecana
Table 1. Spontaneous activity phenomena at 1.5 months

Komuuaecrso Suaternue Yacrora, Avnnuryna,
DenomeH IIpoaBnenus .
QubprIIATII I'g MEB
IToTenumans: puOPUIIAIAH YMepeHHbIE 10 ++ 1 120
M -
IlosuTuBHBIE OCTPBIE BOJIHBI HOHE 20 +++ 5 63
CTBEHHbBIE
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Puc. 8. [IpusHaku qeHepBanuoHHON aKTUBHOCTH B JIEBOM MKPOHOMKHOM MBIIIIE B Buae MHOKecTBeHHBIX [IOB u mpu Menbiem
ronmyectse [1d
Fig. 8. Signs of denervation activity in the left gastrocnemius muscle in the form of multiple POVs and a smaller number of PFs
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F + + + + + + + + +
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F + + + + + + + + +

QEMG [WwabsioH No yMonyaHuio]

et e s e A L . . . . a

Puc. 9. CnorTanHas aKkTHBHOCTD B JIEBOM HKPOHOKHOM MBIIIIIIE
Fig. 9. Spontaneous activity in the left gastrocnemius muscle

Ta6auna 2. PeHOMEHBI CHOHTAHHONH AKTUBHOCTH Yepe3 3 MecAlna

Table 2. Spontaneous activity phenomena at 3 months

Konnuecrso Yacrora, Avmuuryna,
Denomen IIposiBnenus . 3HaueHue
pubprsaIIIi T MkB
ITorennmansr pubprLIAIIII Hesnaunrensabie 1-2 + 8 39
IlosuTuBHBIE OCTPHIE BOJIHBI Hesuaunrensubie 2-3 + 5 38
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Puc. 10. M-BorHA OT HKPOHOKHON MBIIIIBI Yepes 3 MecdI[a Iocje oOIepanui
Fig. 10. M-wave from the gastrocnemius muscle 3 months after surgery

o (16,3%+2,1) mB), uro cocrasuasier 61,1 % ot wuc-
XOIHOUM aMILIATYIbI, TaTeHTHOCTD — (1,3+0,43) Mc
(puc. 10).

Ammuiutyna M-BosHBI OT mepemHed OoJblie-
0epIIoBOi MBIIIIILI yBeauuuiaach 1o (13,1+2,1) mB,
4T0 cocTaBisaeT 67,1 % OT UCXOMHON aMIIIUTYIbI,
mareHTHOCTH — (1,1+£0,12) Mmc (puc. 11).

Taxkum o6pasoM, ompeneisieTcs 3IEKTPODU-
3HM0JIOTHYeCKasd KapTHHA BOCCTAHOBJIEHHUS IHC-

TAJIbHOTO y4acTka HepBa. Ammiauryna M-BoaHBI
OT HKPOHOKHOM MBIIIIBI CjieBa OblIa paBHA
(16,3%2,1) mB, uto cocrasaser 61,1 % oT mokasa-
Tesied Hayasa skcrnepuMenTa. OT nepemgueir 60Ib-
1m1e0epIioBOM MBIIIIBI aMIIATYHa M-BOJHBI CO-
crasuiaa (13,1+2,1) MB, yro coorBeTcTBOBAJO
67,1 % oT morasaresiell HaYaIa SKCIIEPUMEHTA.

Bo Bpems mabmrofenus s3a KpbicamMu Tpoduye-
CKHe U3MEHEHUs B KOHEYHOCTH ObLIN He3HAYUTE I b-
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Peroneus (Tibialis Ant.)

Puc. 11. M-Bonua oT nepegHeii 60/1b11e6epiioBoi MbILIIIBL Yepes 3 Mecdlla I0CyIe Onepanuu
Fig. 11. M-wave from the anterior tibialis muscle 3 months after surgery
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Puc. 12. Poro npenapara MecTa HMIJIAHTAIUA KOHAYUTA: @ — BHEIIHWH BUJ UMIIAHTHPOBAHHOIO KOHAYUTA IIEPE] er0 HCCeIeHIEM
IJI THCTOJIOTHYIECKOT0 HCCIe[0BAHN; 6 — BUJ MCCEYEHHOr0 MILIAHTATA Ha [IIIACTHKE C IOMETKOM IIPOKCUMAIBHOTO U JUCTAIBHOTO
KOHIIOB HepBa (K JUCTAIbHOMY KOHILY (DHKCHPOBAH (PArMeHT HKPOHOKHON MBIIIIITHI)

Fig. 12. Photo of the conduit implantation site preparation: a — appearance of the implanted conduit before its excision for
histological examination; 6 — view of the excised implant on the plastic with markings of the proximal and distal ends of the nerve

(a fragment of the gastrocnemius muscle is fixed to the distal end)

r I e

Puc. 13. [lanHbIe THCTOIOTHIECKOT0 UCCIE0BAHN A, TOKA3BIBAIOHE I0THOE TPOpACTaAHNe HEPBA: @ — IPOKCUMATbHBINA YIACTOK
HepBa, IOMePeUHBIH cpes, yB. X100, OKpacka reMaTOKCHINH-303MHOM; 6 — IUCTAIBHBIN yUACTOK HEPBA, IIOMEePEUHBIH Cpes, YB.
x400, 0OKpacka reMaTOKCUIHH-303UHOM; 6 — IPOKCUMAIBHBIA YIaCTOK HEPBA B KOHAYHTE, IPOLOIbHEIH cpe3, yB. x100, okpacka
reMaTOKCUIMH-303MHOM; 2 — JUCTANbHBIN YIaCTOK HEPBA B KOHAYHUTE, IPOJOIbHBIA cpes, yB. x100, 0Kpacka reMaToOKCHUINH-303UHOM;
0 — AUCTATBHBIN yYaCTOK HEPBA B KOHIYUTE, IPOAOIbHBIN cpes, yB. x400, oxpacka o Masiopy; e — AUCTATbHBLA y4aCTOK HEPBa

B KOHZYHTeE, IPOJOIBHEIN cpes, yB. x100, okpacka mo Manmopu

Fig. 13. Histological examination data showing complete nerve invasion: a — proximal portion of the nerve, cross section, x100
magnification, hematoxylin and eosin staining; 6 — distal portion of the nerve, cross section, x400 magnification, hematoxylin and
eosin staining; 8 — proximal portion of the nerve in the conduit, longitudinal section, x100 magnification, hematoxylin and eosin
staining; 2 — distal portion of the nerve in the conduit, longitudinal section, x100 magnification, hematoxylin and eosin staining;
0 — distal portion of the nerve in the conduit, longitudinal section, x400 magnification, Mallory staining; e — distal portion of the
nerve in the conduit, longitudinal section, x100 magnification, Mallory staining
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OPUTHUHAJBHBIE CTATbHU

HBIMM ¥ K UCXOAY 3 MECSIEB IIOJHOCTHIO IIPOILIH.
Tax:xe oTMedasioch Xopoiiiee ¥ ObICTPOE BOCCTAHOB-
JIeHVie aKTUBHBIX [BUKEHUH B KOHEYHOCTH.

Ha Tperbem srame IpPOBOAMIN THCTOJIOTHYE-
CKOe WCCJIe[J0OBaHHE IIPOKCHUMAIbHOTO U AUCTAIb-
HOTO KOHIIOB HEpBa M BO3MOKHOCTB €ro pereHepa-
uuu yepes3 KoHAYUT. Uepes 3 MecAIla KUBOTHBIX
W3 SKCIIEPUMEHTA BBIBOJUIIN METOLOM SBTAHA3UU
BBeZeHueM BHyTpubpromuuuo 20 %-ro pactsopa
Soneruina B fose 60 mr/kr. [locae nmpenaposku me-
CTa UMIIJIAHTAIIUHU UCCEKAJH (bpaI‘MeHT cegaInuI-
HOT'0O HepBa U I'OTOBHUJIU IIpeIapaThbl OJd THCTOJIO0-
TUYeCcKoro ucciaenopauus (puc. 12, a, 6).

HpI/I peBu3nu MeCTa UMIIJIaAaHTAIlu Mbl HE Ha-
OJI0AaNTN MPU3HAKOB BBIPAYKEHHOrO0 pPyOIIOBOTO
mpoiecca, a OTMedYajd Havyajlo Ouomerpagaluu
KOHYHTA.

PesynbraThl rECTOIOTHYECKOTO HUCCIIEOBAHUS
HoKa3aHbI Ha puc. 13.
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