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AKTyasIbHiCTb TeMH. BuBueHHS e(pEKTMBHMX METOAIB BIJHOBIICHHS IMiCIIA
TPaKmiMHUX ymKoKeHb nepudepuunux HepsiB (ITH), mo gacto BUHUKAIOTH
BHACJIIIOK PI3HOMAHITHUX TPaBM, BKIIOYHO 3 OOMOBHMH, € METOIO IIi€l
aucepraiii. Tpakuiitai TpaBmu nepudepuunnx HepsiB (TTIIH) € nommupenoro
$hopMOIO ypakeHb, 110 BHHUKAIOTH 3 PI3HOMAaHITHUX puduH. [1i1 gac 601oBuX
J{ TIOIMIKOMKEHHS HEPBIB MOXKE CTATUCS HE JIUIIE BHACIIIOK MTpsAMOi il
pPaHOBOTO areHTa 3 iX PO3TATHEHHSM, aje W uepe3 MmaaiHHsS a00 CTHCHEHHS
€JIEMEHTaMH CIIOPYI. o immux  npuanH  TTIIH — wamexars
JOPOKHBO-TPAHCIIOPTHI MPUTOAM, KaraTpaBMu, MpodeciiHuii crnopt Ta
arporedHi  (aktopu. Ili ypaxeHHS CyNpOBOIKYIOTHCS BHUPAKEHUMU
(GYHKIIOHATBHUMU TOPYIICHHSAMH, BKJIIOYAIOUM 3HW)KEHHS M SI30BO1 CHIIHM,
BTpary 4YyTIMBOCTI, OOMEXEHHS PYXOBHUX (YHKLIM, PO3BUTOK XPOHIYHOTO
00JHOBOTO CHHIPOMY, a TaKOX MOPYIIEHHS pOOOTH 1HHEPBOBAHUX OPTraHIB.
Yepe3 ckiagHicTh pereHeparuBHux rmpoueciB y [IH Taki TpaBMu wyacto
CYNIPOBOUKYIOTHCSI TPUBAJIUM TIE€PIOJIOM BiTHOBJICHHS, BHUCOKHM PH3UKOM
iHBa/iAM3alii Ta 3HAYHUMHM CKOHOMIYHMMH BHTpAaTaMH Ha JIIKyBaHHS 1

peadiiTaitito.

Ju3aiin excniepumenTy. JlociimkeHHs c(hOKyCOBaHO Ha TPaKIMHIN TpaBMi
cigaudoro HepBa (TYCH) y urypiB, 3Mozienb0BaHii 3a IOIOMOTOI0 TTPUCTPOIO

"NeuroStretch". [locmimxeHnHs BHKOHAHO Ha 58 OUIMX MIypax-CamIisx,



YTPUMYBaHHMX Yy CTaHJApTHUX yMoBax BiBapito Y «lHCTUTYT Heipoxipyprii
iM. akan. A.Il. PomomanoBa HAMH Vkpainu». /[ mOpiBHSUIBHOI OLIIHKH
e(EeKTUBHOCTI CIOHTAHHOI pereHepaimii Ta MIKPOXipYpPTriuHUX METOIIB
nikyBanHa nicas TYCH TtBapunu Oynu po3nofiieHi Ha wmicTh rpyn. I'pyna |
(n=8) Oyia KOHTPOJHHOIO Ta BUKOPHUCTOBYBAJIACS JJISI BU3HAUYCHHS BHXITHUX
nokazHukiB. Y Tprox rpymax (II, III, IV, mo n=10 y koxHiil) BHUBYaIU
NPUPOAHY  pEreHeparito: yciM  TBapWHAM [HWX TPyl  HAHOCHIIHU
craggaptuzoBane TYCH muisixom po3tsrHeHHs HepBa (mpubnu3no Ha 157%
npu cuil Onu3bko 2 H), a oliHKYy cTaHy IPOBOAMWIIN Yepe3 pi3HI TEPMIHH MICIIs
tpaBmu — 15 ni6 mst ['pynm I, 30 716 ans Tpynu 111 ta 60 116 most ['pynm IV.
JIBi rpynu Oyiau OpUCBSYEH] XIpypriuHomy JikyBaHHio. ¥ I'pym V (n=10)
yepe3 30 ni6 micas HaHeceHHs a”anoriyHoro TYCH npoBoawin BUCIYEHHS
yIIKoKeHOo1 aiasHku Hepsa (YJIH) Ta i BiZHOBICHHS 3a JOTIOMOTOIO TEXHIKH
TyOysi3a1li 3 BUKOPUCTAHHSIM CHJIIKOHOBOTO KOHAYITY; (DiHAJIBHY OIIIHKY B ITiH
rpyni npoBoawin yepe3 60 16 micas onepauii (90 116 micns tpasmu). Y I'pyni
VI (n=10) Takox uepe3 30 ni6 micisg TYCH BuxkonyBanu Buciuenns YJIH, ane
BIJIHOBJICHHS ~ IIUTICHOCTI HEpBa  3MIMCHIOBAJIM  IUISAXOM  HaKJIaJlaHHS
MIKpOXIpypridHUX €MiHEBpaJIbHUX MIBIB; (IHAIBHY OIIHKY TYyT TaKOX
npoBoauin uepe3 60 ni6 micis omeparuBHOrO BTpydaHHs (90 mi6 micns
TpaBmu). [l monemtoBanHs crangaptuzoBaHoro TYCH Oyno po3pobiieHo Ta
BUKOPHCTAHO OPHUTIHAIbHMI 3anaTeHToBanuii mpuctpiii NeuroStretch (ITarent
Ha KopucHy Mmojenb Ne u2024 05518), ctBopeHuit Ha 6a31 MOAMGIKOBAHOTO

panopo3smuproBaya Weitlaner-Loctite.

Metoan paociipkeHHsl. Y 3a3Ha4eHl CTPOKH TIPOBEACHO (PYHKITIOHAJBHI
(«tect xonmpOu uepe3 TyHenby (“Walking track test”)), mopdonoriuni ta
MopdomeTpuuHi  gocmipkeHHs.  DyskmioHaneHmit  iHgeke CH  (sciatic
functional index, SFI) po3paxoByBasnu 3a popmynoro Bain-Mackinnon-Hunter.

Jlnst  CBITJIOONTUYHOI  MIKpOCKOIii  OloioriyHuid  Marepian  (iKCyBaH,



3HEBOJHIOBAJIM, 3aJIUBAJIM B MapadiH Ta OTPUMYBAIH 3pi3H TOBIIMHOIO 5 MKM.
3pi3u 3a0apBiOBajIyd TeMaTOKCHIIHOM Ta €03MHOM, TioH1IoM 3a Hiccenewm,
cynanom III 3a metomom A.C. T'opnenansze, mikpopykcuHOM 3a BaH-I130HOM.
JIst ynbTpacTpyKTypHOTO JOCIHIIKEHHsT MaTepian (iKCyBaiu, 3HEBOHIOBAIIH,
3aJIMBaJIi B €TMOKCHJIHI CMOJIHM, OTPUMYBAJIHM YJIBTPATOHKI Ta HAMMBTOHKI 3pi3H,
3a0apBIIOBAIIM 1X Ta JOCHIIKYBAJIU 32 JOTIOMOTOIO €JIEKTPOHHOTO MIKPOCKOIa
Ta cBiTIOBOro  Mikpockomna. [IpoBoawiu  mMoppoMETpUYHMN  aHali3
VABTPACTPYKTYPHUX 3MiH. CTaTHUCTHYHY OOpOOKY MaHMX 3[IMCHIOBAJIN 32
nonomoroto nporpamuoro mnakety STATISTICA 10.0, GraphPad Prism v. 8.0
Ta R.

Orpumani pe3yabratu. 3a JaHUMU (PYHKI[IOHAJIBHOTO TECTY BCTAHOBIICHO,
o0 npupoaHa perenepailis (Ha 60-ty no0y micis TYCH, I'pyna 1V) nokazana
HaWBUIIMN TIOTEHIIAJ (PYHKIIOHAJBHOIO BITHOBJICHHSA (Maiike TOBHE
BiiHOBIIeHHS ¢yHKIII 3a SFI, -2.753) mopiBHSIHO 3 XIpypriYyHUMH METOJIAMH.
EnineBpansuuii moB (I'pyna VI) Oy menm edexrtuBaum (-10.598 SFI), a
tyoax (I'pynma V) — MiHiManbHO edekTuBHUM. Mopdoaoriuni JOCTIKEHHS
BUSBWIM cTaaiHicTh 3MiH Yy CH micig TpakuidHOiI TpaBMH: BiJ TOCTPOi
nereHeparii Ta 3amaineHHs (mo 15 mi0), yepes pemapamiro Ta (iOpo3He
pemonentoBanHs (30 mo6a), 10 XpoHIYHUX 3MiH Ha 60-Ty 100y, 1110 BKJIIOYATIH
YaCTKOBY pereHepaiiito ta QopmyBaHHs (iOpo3y. BaxnuBo, mo B rpyimi
CIIOHTaHHOI pereHeparii (yHKIIOHATbHE BIAHOBICHHA OyJ0 3HAYHUM,
HE3BaXalUd Ha PO3BUTOK (PiOpo3HUX 3MiH. BomgHouac iHTpaHEBpadbHUIA
¢$10po3 MIATBEpAUB CBOIO POJIb SK KIIIOUOBUM MATOJOTIYHUN MpoILEC, IO
oOMeXy€e 3arajlbHUM TOTEHIliad pereHeparlii, 0coOJMBO MpPU XIPypPriuHHUX

BTPYYaHHSX, K1 Ilependadanu pe3eKIiio HepBa.

BucnoBku. Po3pobnenuit npuctpiit "NeuroStretch" € mpoctum, noctynHum Ta

e(heKTUBHUM 1HCTPYMEHTOM JIJIsl CTBOPEHHSI CTaHIapTU30BaHO1, BIATBOPIOBAHOT



MOJIel TPAKLIMHOIO YUIKO/DKEHHSI CIIHUYOrO HEepBa y IIypiB, LIO JO3BOJISIE

KOHTPOJIFOBATH CTYIIHb PO3TATHEHHS.

TpakuiiiHe yIIKOMKEHHS CIAHMYOTO HEpBa y IIypiB, 3MOJAEIhOBaHE 3a
nonomoroto npuctporo "NeuroStretch" (posraruenns ~157%), Bukinkae
MOCTIIOBHI  MOPPOQPYHKITIOHAIbHI 3MiHHM, IO BKJIIOYAIOTh TOCTPy hazy
nere”eparlii ta 3amaieHHs (mo 15 ni0), ¢asy pemnapaiii Ta aKTUBHOTO
¢d10po3Horo pemonentoBanHs (30 100a), Ta a3y XpOHIYHUX 3MIH 13 HACTKOBOIO

perenepaiiieto Ta popmyBaHHsIM cTiiikoro Gidbpo3y/pyodis (60 1ob6a).

B ymoBax naHoi mMojeni TpakI[IHHOrO YUIKOKEeHHs (0€3 MOBHOTO pPO3PUBY
HEpBa) CIOHTaHHA pereHeparis 3abe3medye 3HAYHE, Maibke TOBHE
BIIHOBJICHHS ()YHKIII1 CITHUYOTO HepBa MpoTsarom 60 110, He3Ba)kalouud Ha

BUPaXe€H1 MOP(OJIOTIUHI O3HAKH THTPaHEBPAIBHOTO PiOPO3Y.

Mikpoxipypri4di MEeTOMM JIiKyBaHHS, 3aCTOCOBaHi Ha 30-Ty 100y MiCis TpaBMH
(pe3eKIlis YIIKOMKEeHOI MUISHKA 3 HACTYIIHUM eIHEBpaJbHUM IIIBOM abo
3aCTOCYBAHHSIM CHJIIKOHOBOTO KOHJyiTa — TyOakem), B yMOBaxX JaHOTO
EKCIIEPUMEHTY BUSIBWJIMCS MEHII e(QEeKTUBHUMH 1751  (DYHKIIIOHAIBEHOTO
BIJIHOBJICHHS ~ TIOPIBHSHO 31  CIOHTaHHOIO  pEereHepalli€lo;  30Kpema,
CHIHCBPAIBHUN IIIOB IIPU3BIB 1O YACTKOBOTO BITHOBJICHHS, TOMI SK
e(eKTUBHICT, TyOaxy Oyna MiHIMaJIbHOIO, 110, WMOBIPHO, TIOB'S3aHO 3

O0OMEXEHHSIMU BUKOPUCTAHOTO KOHAYiTa Ta pO3BUTKOM PyOLI€BOi TKAHUHH.

[aTpaneBpanbamii  GiOpo3 € KIFOUOBMM TATOJOTIYHUM  TPOIECOM, IO
PO3BUBAETHCS MICS TPAKI[IHHOTO YIIKOMKEHHS HEpBa 1 CYTTEBO OOMEXKYeE
MOTEHIlIa] pereHepaii, OCOOMMBO TMpH XIPYypridyHUX BTPYYAHHIX, IO

BKJIIO4YAIOTh pGBCKHiIO HCPBaA.

KurouoBi cjioBa: TpakuiiiHa TpaBMa nepudepuyHOro HepBa; CIAHUYHUIA HEPB;

EKCIIepUMEHTAIbHA MOJIENb; HEHpOMaTUYHUM O17b; (PYHKIIIOHATBHUNA 1HACKC
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Vorodi M.V. Reconstructive neurosurgical treatment of traction injury of the
sciatic nerve under experimental conditions. — Qualifying scientific work as a
manuscript. Dissertation for the degree of Doctor of Philosophy in the field of
knowledge 22 «Health Care» in the specialty 222 «Medicine». — Bogomolets
National Medical University of the Ministry of Health of Ukraine, Kyiv, 2025.

Relevance of the topic. The aim of this dissertation is to study effective
methods of recovery after traction injuries of peripheral nerves (PN), which
often occur as a result of various traumas, including combat injuries. Traction
peripheral nerve injuries (TPNI) are a common form of lesions arising from
various causes. During combat operations, nerve damage can occur not only as
a result of the direct action of a wounding agent causing stretching but also due
to falls or compression by structural elements. Other causes of TPNI include
road traffic accidents, catatravmas (fall from height injuries), professional
sports, and iatrogenic factors. These lesions are accompanied by pronounced
functional impairments, including decreased muscle strength, loss of
sensitivity, limited motor functions, development of chronic pain syndrome,
and impaired function of innervated organs. Due to the complexity of
regenerative processes in PN, such injuries are often accompanied by a long
recovery period, a high risk of disability, and significant economic costs for

treatment and rehabilitation.

Experimental Design. The study focuses on sciatic nerve traction injury
(SNTI) in rats, modeled using the "NeuroStretch" device. The study was
conducted on 58 white male rats, housed under standard vivarium conditions at
the State Institution "Romodanov Neurosurgery Institute of the National
Academy of Medical Sciences of Ukraine". For a comparative assessment of
the effectiveness of spontaneous regeneration and microsurgical treatment
methods after SNTI, animals were divided into six groups. Group I (n=8)

served as the control group and was used to determine baseline parameters. In



three groups (II, III, and IV, with n=10 in each), spontaneous regeneration was
studied: all animals in these groups received a standardized SNTI induced by
stretching the nerve (approximately 157% stretch under a force of about 2 N),
and evaluations were performed at different time points post-injury — 15 days
for Group II, 30 days for Group III, and 60 days for Group IV. Two groups
were dedicated to surgical treatment. In Group V (n=10), 30 days after
inducing a similar SNTI, the damaged nerve segment (DNS) was excised, and
repair was performed using the tubulization technique with a silicone conduit;
the final evaluation in this group was conducted 60 days post-operation (90
days post-injury). In Group VI (n=10), also 30 days post-SNTI, the DNS was
excised, but nerve integrity was restored by applying microsurgical epineural
sutures; the final evaluation here was also performed 60 days after the surgical
intervention (90 days post-injury). An original patented device, NeuroStretch
(Utility Model Patent No. 12024 05518), based on a modified
Weitlaner-Loctite retractor, was developed and used to model standardized

SNTI.

Research Methods. At the specified time points, functional ("Walking track
test"), morphological, and morphometric studies were conducted. The sciatic
functional index (SFI) was calculated using the Bain-Mackinnon-Hunter
formula. For light microscopy, biological material was fixed, dehydrated,
embedded in paraffin, and sections 5 um thick were obtained. Sections were
stained with hematoxylin and eosin, thionin according to Nissl, Sudan III
according to A.S. Gordeladze's method, and picrosirius red according to van
Gieson. For ultrastructural examination, the material was fixed, dehydrated,
embedded in epoxy resins, and ultrathin and semi-thin sections were obtained,
stained, and examined using an electron microscope and a light microscope.

Morphometric analysis of ultrastructural changes was performed. Statistical



data processing was performed using STATISTICA 10.0, GraphPad Prism v.
8.0, and R software packages.

Obtained Results. Functional test data showed that natural regeneration (on day
60 after SNTI, Group IV) demonstrated the highest potential for functional
recovery (almost complete functional restoration according to SFI, -2.753)
compared to surgical methods. Epineural suture (Group VI) was less effective
(-10.598 SFI), and tubulization (Group V) showed minimal effectiveness.
Morphological studies revealed the stages of changes in the sciatic nerve after
traction injury: from acute degeneration and inflammation (up to 15 days),
through repair and fibrous remodeling (30 days), to chronic changes on day 60,
which included partial regeneration and fibrosis formation. Importantly, in the
spontaneous regeneration group, functional recovery was significant despite
the development of fibrotic changes. At the same time, intraneural fibrosis
confirmed its role as a key pathological process limiting the overall potential

for regeneration, especially in surgical interventions involving nerve resection.

Conclusions. The developed "NeuroStretch" device is a simple, accessible,
and effective tool for creating a standardized, reproducible model of sciatic

nerve traction injury in rats, allowing for controlled stretch intensity.

Traction injury of the sciatic nerve in rats, modeled using the "NeuroStretch"
device (stretch ~157%), induces sequential morphofunctional changes
including an acute phase of degeneration and inflammation (up to 15 days), a
phase of repair and active fibrous remodeling (30 days), and a phase of chronic
changes with partial regeneration and formation of persistent fibrosis/scar

tissue (60 days).

Under the conditions of this traction injury model (without complete nerve

rupture), spontaneous regeneration provides significant, almost complete



recovery of sciatic nerve function within 60 days, despite pronounced

morphological signs of intraneural fibrosis.

Microsurgical treatment methods (epineural suture or tubulization), applied 30
days post-injury with resection of the damaged segment, proved less effective
for functional recovery compared to spontaneous regeneration in this
experimental model; specifically, epineural suture led to partial recovery, while
the effectiveness of tubulization was minimal, likely due to limitations of the

conduit used and scar tissue development.

Intraneural fibrosis is a key pathological process that develops after traction
nerve injury and significantly limits the potential for regeneration, especially in

surgical interventions involving nerve resection.

Keywords: peripheral nerve traction injury; sciatic nerve; experimental model;
neuropathic pain; sciatic functional index; chronic pain; functional recovery;
nerve regeneration; peripheral nerve; peripheral nerve injury; axonotmesis;
nerve conduction; demyelination; electron microscopy; mine-explosive injury;

NeuroStretch.






