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MocneonepaLmoHHbIf aNUAYpanbHbIN GUBPO3 ABNAETCA BAaXKHOW NPUUMHON HEYAO0BNETBOPUTENBHBIX PE3Y/NILTATOB XMPYPrUYECKOro eUeHUs NaTono-
M NO3BOHOYHWMKa U pa3BuTUA Failed Back Surgery Syndrome (FBSS).

Llenb: Ha ocHoBe U3ydeHns GOPMbl AypPasbHOMO MELLKa B 30He JAMUHIKTOMMUM BbIABUTL MOpdONorMyeckme 0cobeHHOCTM GopMmUpoBaHMa u Npodu-
NaKTUKM 3nugypanbHoro pubposa B IKCMEPUMEHTE.

Martepuan u meTtogbl: NPOBeLEHO ONEpPaTMBHOE BMELLATENbCTBO Kpbicam-camuam nopoabl Wistar 8 Bo3pacte 4-5 mecaues B 06bEME NaMUHIKTOMUM
Ha ypoBHe LVI-SI. }XMBOTHbIX pa3aenvnu Ha Age rpynnbl. B ocHoBHOM (A) rpynne (n=7) }XMBOTHbIM ANA NMPOGUAAKTUKM Pa3BUTMA INUAYPASbHOTO
¢$vbpo3a Npu 3aKpbITUM pPaHbl Ha TBEPAYIO MO3rOBYIO 060N0UKY OCYLLECTBAANM annauKaumio rens AHTUaaresuH®, a B rpynne cpasHeHus (B) (n=7)
annavKauua rens He NPOBOAMAACh. MKUBOTHbIX BbIBOAMAM U3 SKCMEPUMEHTA Ha 28 CYTKM. [MCTONOTMYECKMIA MaTepyan OKpaLLMBaau reMaToKCUIMHOM
1 303MHOM. Ha rMcToNOrMYeckmx npenaparax M3Mepsaau NonepeyHblit M NPOAOAbHbIA pa3sMepbl KaHana, NIoLWaab, NePUMETP U OLeHUBaM Aedopma-
LMo AypasbHOTO MeLLKa. KOHTpoNem CyKuam 340poBble Kpbichl (n=7).

Pe3ynbTathl: Y }KMBOTHbIX rPynMbl B Ha ypoBHE NAMWUHIKTOMMUU MPOUCXOAMT CTaTUCTUYECKM 3HAYMMOE YBENNYEHME OTHOLLEHUS NonepeyHoro/npo-
[L07IbHOTO CEYEHMA [ypabHOTO MELLKA, YEM Y FPYNMbl UHTAKTHbBIX }XMBOTHbIX (p<0,05) NPeMMyLLECTBEHHO 3@ CYET YBEIMYEHUA NONEPEYHOTO CEYEHNS,
TOrZa KaK NPOZO/IbHbIN pa3mep U3MEHA/CA MeHbLLe. B rpynne A napameTpbl USMEHANUCH HE3HAUMMO B CPABHEHUM C FPYNMNON UHTAKTHBIX }KUBOTHbIX,
4TO YKa3bIBaET Ha To, YTO npenapaT AHTUaAre3nH® He No3BonseT cHOPMMPOBATLCA COEAUHUTENBHOTKAHHOMY pybLYy, CRUMAIOLLEMY AypasbHbIi Me-
LLIOK, ¥ BbI3BaTb ero aedbopmaLimio 1 usmeHeHus Gopmbl. B 30He onepaTMBHOro BMeLaTenbCTBa B rpynne A BbifiB/eHbl FPaHyNEMbl C HaIMYMEM KNETOK
Muporosa-/laHrxaHca, Kak B MATKWX TKaHAX, Tak U B NPOCBETE NMO3BOHOYHOTO KaHana. [laHHble M3MeHEeHUs BbIABNEHbI B NEPUONEPALIMOHHbIX TKAHSAX,
UTO CBMAETENLCTBYET O PeaKLMK OpraHM3ma Ha MHOPOAHOE Te/o — reflb, U CBA3aHO € 0cOBeHHOCTAMM ero 6UOCOBMECTUMOCTU.

3ak/l04eHmne: B KIMHUYECKOMN MPaKTHUKe HET ONTUMasbHbIX MaTePUanos ANA NpesoTBpaLleHns snuaypanbHoro ¢pnbposa. OueBnaHa HeobxoaMMOCTb
OaNbHeNLWmMX UccnesoBaHNUi € Leablo NOAYYEeHUA MMNIAHTOB, CNOCOBHbIX MHIMBUPOBATL U YMEHbLIATb 06pa3oBaHue anuaypanbHoro ¢pubposa.
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Ana uutuposanmsa: LypbirnHa UA, usoteHko All, fonbabepr OA, CopokosukoB BA, JlapnoHos CH. Mopdonornyeckue ocobeHHOCTU GopmUMpoBaHUs
1 NPOGUNAKTMKM 3NnaypanbHOro ¢pubposa B aKcnepumeHTe. BecmHuk AsuyeHHsl. 2022;24(2):176-84. Available from: https://doi.org/10.25005/2074-0581-
2022-24-2-176-184

MORPHOLOGICAL PATTERNS OF DEVELOPMENT AND PREVENTION OF
EXPERIMENTAL EPIDURAL FIBROSIS

L.A. SHURYGINA', A.P. ZHIVOTENKO!, O.A. GOLDBERG/, V.A. SOROKOVIKOV'? S.N. LARIONOV!

1 Irkutsk Scientific Center of Surgery and Traumatology, Irkutsk, Russian Federation
2 Irkutsk State Medical Academy of Postgraduate Education — Branch Campus of the Russian Medical Academy of Continuing Professional Education, Irkutsk,
Russian Federation

Postoperative epidural fibrosis is an important cause of unsatisfactory results of surgical treatment of spinal pathology and the development of failed
back surgery syndrome (FBSS).

Objective: To identify the morphological patterns of development and prevention of experimental epidural fibrosis based on the shape of the dural
sac in the area of laminectomy.

Methods: Male Wistar rats aged 4-5 months underwent laminectomy at the level of L6-51. The animals were divided into two groups with 7 animals
per group. In the main group (Group A) the animals were treated with Antiadhesin® gel applied to the wound to prevent the development of epidural
fibrosis, while in the group of comparison (Group B), the gel was not applied. Another 7 healthy animals were used as a control group. The animals
were taken out of experiment on the 28th day. Histological slides stained with hematoxylin-eosin were used to measure the width and length of the
dural sac, its area, perimeter, and calculate its deformity index.

Results: In group B at the level of laminectomy, the ratio of the width to length of the dural sac was significantly higher than in the control group (p<0.05),
mainly due to the enlarged width, while the length did not change significantly. In group A these parameters did not differ from the control group, which
indicated that application of Antiadhesin® prevented formation of a connective tissue scar which could compress the dural sac and cause its deformation.
In group A in the area of surgical intervention, granulomas with Pirogov-Langhans cells were detected, both in the soft tissues and in the lumen of the
spinal canal. These findings in perioperative tissues might be related to biocompatibility and indicate their reaction to a gel as a foreign body.
Conclusion: In clinical practice optimal materials for the prevention of epidural fibrosis are missing. There is an obvious need for further research in
order to obtain implants capable of inhibiting and reducing the formation of epidural fibrosis.
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BBEOEHMUE

Xvpyprva MO3BOHOYHWMKA CTPEMMUTENbHO COBEPLUEHCTBYETCA
B CBA3N C YBEAUYEHWEM MPOAO/IKUTENBHOCTU KU3HWU HaCeNeHUA.
Cpeay naupeHToB B BO3pacTe cTaplue 65 neT YacToi NpuumHomn ob-
paleHns K Bpady ¢ 601IMMU B CNIMHE U HUMKHUX KOHEYHOCTAX ABAA-
I0TCA fiereHepaTUBHO-AUCTPOdUYECKUEe 3a601€BaHMA NO3BOHOYHMKA
[1, 2]. B 3701 cBA3M, C KaxKAbIM FOLOM 3HAYUTENLHO YBEINYMBAETCA
KO/IMYECTBO onepaumit Ha NO3BOHOYHMKE. OCHOBHbIM ONEepPaTMBHbIM
BMeLIaTeNbCTBOM A1 KyNMpoBaHWA 6071€BOr0 CMHAPOMA Npu He-
3pEKTUBHOCTM KOHCEPBATMBHOIO NeYEHUA ABNAETCA AEKOMNPECcUa
HeBpPasIbHbIX CTPYKTYP B 06bEME NAMUHIKTOMUM UK TEMUNAMUHIK-
Tommu [3]. OpHaKo, HECMOTPA Ha PajuKanbHYIO LEKOMMPECcUto,
pesynbTaTbl ONepaLyii Ha NO3BOHOYHMKE HEPEAKO ManoyTelnTeb-
Hbl. 3TO MOMET 6bITb CBA3aHO C Pa3BUTMEM PyOLLOBOI TKAHU B 3NU-
[YPanbHOM NPOCTPAHCTBE, BCAEACTBME PEAKLIMMU Ha XMPYpruyeckoe
noBpexaeHve TKaHel [4, 5].

M3BecTHO, 4TO anNuAypanbHbiii Gnbpo3 (IP) moKeT BbisbiBaTb
cAaBaeHne uan GUKcaLmio HEPBHOTO KOPELLKa M MO3roBblx 060n0-
YeK, YTo AenaeT ux bonee YyBCTBMTENbHBIMM K PACTAXKEHMIO. DUKCK-
POBaHHbIV KOPELLIOK He MOXKET CMeLLaTbeA, AedbopmupyeTcs, B CBA3MU
C YeM HapyLIAETCA ero KPOBOCHAOXKEHWE M TPAHCMOPT aKComNasmbl,
W, KaK CNeAcTBME, BO3HUKAKOT aTpodusa HEMPOHOB CNMHAMIBHOTO raH-
VA, LEMUENNHU3ALIMA aKCOHOB M popmMMpoBaHUe cTolKoro 6one-
BOro cMHApoMa [6, 7]. MocneonepaumoHHbli P ansetca ogHOW M3
BaYKHbIX MPUYMHON HEYLOBNETBOPUTENbHBIX PE3YNLTAaTOB XMPYPru-
YECKOTro /IeYEHUS NATONOMMM MO3BOHOYHWMKA M peuunavBa 601eBOro
CMHAPOMA B reTeporeHHon cTpykType Failed Back Surgery Syndrome
[4, 8]. HepeaKo, BblpaXKeHHOCTb 601K B 06/1aCTV NOACHUYHOTO OTAEe-
Nla NO3BOHOYHMKA WU/IM NO XO4Y HEPBHOMO KOPELLKA KOpPennpyeT co
CTeneHbto BblparKeHHOCTM 3P B NO3BOHOYHOM KaHane [8-10]. Mpwu
chopmmnpoBaHHOM ID peBU3NOHHAA XMPYPrUA CTaHOBUTCA Bonee pu-
CKOBaHHOM M TEXHUYECKM CNOXKHOM U UMEET 6o/1ee BbICOKMIA YPOBEHD
OC/IOKHEHWUI. MI3BECTHO M O CHUMKEHWMM BEPOATHOCTM ycnexa 4o 30%
nocne BTopoi, 15% nocne Tpetbelt M 5% nocne YeTBEPTOM onepaLmu
Ha No3BOHOYHMKe [11-13]. Kpome TOro, NOBTOPHbIE OMNepaLum moryT
NPUBECTU K pa3pbiBy TBEPAON MO3roBolM 060/104KM, NOBPEXKAEHUIO
HEePBHbIX KOPELLKOB, 0OW/bHOMY KpPOBOTEYEHWIO, POPMMUPOBAHUIO
NaxMMeHWHIWUTA C Pa3BUTMEM CTOMKOro 6onesoro cuHapoma [12, 14,
15]. 3T M3MEHEHMA 3HAUMTENbHO YMEHBLLAIOT UK AaxKe nepeyép-
KMBAIOT NONOKUTE/bHBIA 3QPEKT onepaLm, NPUBOAA K CHUKEHUIO
KayecTBa KM3HW BM/IOTb A0 WMHBAAMAM3aUMM NauueHTos. Mpodu-
NaKTMKa I ABAAETCA OCHOBOMN CHUMKEHWA YaCTOTbl OCNOKHEHMI NpK
MOBTOPHbIX ONEPATMBHbIX BMELLATENbCTBAX M Y/YUYLIEHMA UX UCXOL0B
[16, 17].

LLInpoKko pacnpocTpaHeHbl cpescTsa B popme NpoTUBOCMNAEY-
HbIX 6apbepoB A9 YMEHbLEHUA YacToTbl Py6LIOBO-CNAaeyHoro Qu-
6po3a, MX NPUMEHEHME MO3BONAET YMEHbLMUTb BbIPAKEHHOCTb 60-
NIeBOro CUHAPOMA M YAYYLIWNTb KAYeCTBO KM3HM NaLMEHTOB. [enesble
dopmbl NpoTHBOCNaeYHbIX bapbepoB, 6aarogaps CBOMM aAre3vBHbIM
N TEKYYMM CBOMCTBaM, MOKPbLIBAIOT MONHOCTbIO aHAaTOMUYECKMe no-
BEPXHOCTM B OMEPaLMOHHOW paHe, c034aBas MOAUPUUMPOBAHHYIO
KOHIPYSHTHOCTb MeXKay TKaHamMM [14, 18].

B nocnefHve oecatMneTns npousBeaeHO 3HaYUTENbHOE KO-
4eCTBO MaTePUaoB U U3LENNIA MEAULMHCKOTO Ha3HaYeHUa 41a npe-
[L0TBPALLEHMUA UK CHUNKEHMA GUOPO3a B 30HE ONEPATUBHOIO BMELLA-
TenbcTea [14, 19]. OZHMM U3 TaKUX CPEACTB ABNAETCA CUHTETUYECKAn
rManypoHMAasa, KOTopas NPMMEHAETCA ANA YMEHbLLUEHWS OTEKA B TKa-
HAX NYTEM GEPMEHTATUBHOIMO PacTBOPEHMS INIOKO3aMMHHbIX CBA3eM
MeXy rManypoHOBOW KMCNOTOWM U COEANHUTENbHOW TKaHbH. YUUTbI-
Ban BbILUEOMNMCAHHbIE CBOMCTBA, MOXKHO MPEANONOXKNUTb, YTO annu-

INTRODUCTION

Spinal surgery is developing rapidly due to the increase in
life expectancy of the population. Among patients above 65 years,
degenerative and dystrophic diseases of the spine are a common
reason for visits of a doctor presenting with pain in the back and
lower limbs [1, 2]. In this regard, every year the number of opera-
tions on the spine significantly increases. The main surgical inter-
vention for pain relief in case of failure of conservative treatment
is laminectomy or hemilaminectomy for decompression of neural
structures affected [3]. However, despite radical decompression,
the results of spinal surgery are often unsatisfactory. This may be
due to the development of a scar in the epidural space as a reac-
tion to surgical tissue injury [4, 5].

It is known that epidural fibrosis (EF) can cause compression
or fixation of the nerve roots and meninges, making them more
sensitive to stretch. The fixed root cannot be moved, it becomes
deformed, and therefore its blood supply and transport of the ax-
oplasm are disturbed, and, as a result, atrophy of spinal gangli-
on neurons, axon demyelination, and the development of a per-
sistent pain syndrome occur [6, 7]. Postoperative EF is one of the
important causes of unsatisfactory results of surgical treatment
of spinal pathology and recurrent pain among the heterogeneous
manifestations of failed back surgery syndrome (FBSS) [4, 8]. Of-
ten, the severity of pain in the lumbar spine or along the nerve
root correlates with the degree of EF in the spinal canal [8-10].
With the formation of EF, repeating surgery becomes more risky,
technically complex and results in a higher complication rate. It is
also known that the success rate reduces to 30% after the second
spinal surgery, 15% — after the third, 5% — after the fourth ones
[11-13]. In addition, repeated operations can lead to a rupture of
the dura mater, injury of the nerve roots, profuse bleeding, and
the formation of pachymeningitis with the development of a per-
sistent pain syndrome [12, 14, 15]. These changes significantly
reduce or even exclude the positive outcome of the operation,
leading to a decreased quality of life up to the disability of pa-
tients. Prevention of EF is the basis for reducing the incidence of
complications in repeated surgical interventions and improving
their outcomes [16, 17].

Drugs widely used as anti-adhesion barriers reduce the fre-
quency of cicatricial fibrosis; their application can relieve the pain
and improve the quality of life of patients. Gel forms of anti-ad-
hesion barriers, due to their adhesive and liquid features, com-
pletely cover anatomical surfaces in the surgical wound, creating
a modified congruence between tissues [14, 18].

In recent decades, a significant number of materials and
medical devices have been created to prevent or reduce develop-
ment of fibrosis in the surgical area [14, 19]. One of such agents
is synthetic hyaluronidase, which is used to reduce swelling of tis-
sues by enzymatically breaking glucosamine bonds between hyal-
uronic acid and connective tissue. Given the properties described
above, it can be assumed that the application of hyaluronic acid in
the epidural space can prevent the development of adhesive epi-
duritis. However, compounds used to stabilize the hyaluronidase
may affect its anti-adhesion properties [9]. In this regard, Ji GY et
al (2015) conducted a study to evaluate the efficacy and safety
of the use of an anti-adhesion gel containing sodium hyaluronate
with various stabilizing components, such as 1,4-butanediol digly-
cidyl ether (HyFence LV® DEB-gel) and carboxymethylcellulose
sodium salt (CMC-gel Antiadhesin®) [9]. The authors believe that
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KaLwA rmanypoHOBOW KUCIOTbI B 3NWUAYPaIbHOE NPOCTPAHCTBO MOXKET
npeaoTBpaTUTL pa3sBuTMe pybLOBO-CMaeyHoro anuayputa. OfHako
COeMHEHWS, UCMONb3yeMble A5 CTabuam3aummn GepmeHTa rnanypo-
HMAA3bl, MOTYT BAMATb Ha €€ NPOTMBOCNAeYHble cBOMCTBA [9]. B aToM
ceasm, Ji GY et al (2015) nposenu uccneposaHue ana oueHku addek-
TUBHOCTU ¥ 6€30MacHOCTV MPUMEHEHMA NPOTUBOCMAEYHOTO res, Co-
[LepKalLero r1anypoHaT HaTpuA € PasNUYHBIMK CTaBUANZMPYOWMMM
COCTaBNALWMMU — AUIUUMANAOBbIM 3¢mpom 1,4-6yTaHamona (O96-
renb HyFence LV®) 1 HaTpueBOl CONbIO KapbOKCUMETUILLENNIONO3bI
(KMU-renb AHTHagresvn®) [9]. ABTopbl yTBEPXKAAIOT, UTO resin apdek-
TWBHbBI 418 NPOGUNAKTUKM PybLIOBO-CNAaeyHOro aNuaypuTa, a YMcno
nob0YHbIX peaKkLWii Npu UX WUCNONb30BaHUM CTAaTUCTUYECKM Maso.
OLHaKO TaK¥Ke 0TMEeUYEHO, YTO YMCI0 NOBOYUHBIX PEaKLMIA CO CTOPOHbI
HepBHOM cucTembl B rpynne ¢ KML, 66110 mMeHblue, yem B rpynne ¢
[36. U BCE e, NpX MCMONb30BaHWM B KayecTBe NPOTUMBOCMAEYHOTO
6apbepa rvanypoHata Hatpua ¢ 36 puck NobouHbIX peakumit co
CTOPOHbI HEPBHOM cucTembl Bbilwe. OfHUM U3 HEAOCTaTKOB Mpea-
CTaB/IEHHbIX UCCNE0BAHMUI ABNAETCA OTCYTCTBME MOPDOIOrUYECKUX
[aHHbIX, NoaTBEPKAaoLWMX 3PdeKTMBHOCTL Npenapata AHTUAAre-
3UH®, YTO U MOCNYXKMIO OCHOBaHMEM A1 NPOBEAEHWA HACTOALLETO
nccnefoBaHuA.

LLENb UCCNEAOBAHMUA

Ha ocHoBe u3yueHus Gopmbl AypasbHOTO MeLUKa B 30He fa-
MWH3KTOMUU BbIABUTL MOPOOTMYeckme ocobeHHoCTH GbopmrpoBa-
HUA 1 NPOGUNAKTUKM SNMAYPanbHOMO pMBPO3a B SKCNEPUMEHTE.

MATEPUAN U METOAbI

IKCNepuMeHTasIbHOE  WUCCNeAOoBaHWE MPOBEAEHO HA  Kpbl-
cax-camuax nopogbl Wistar 8 Bo3pacte 4-5 mecaues. OnepaTusHoe
BMELLATE/IbCTBO BbINOMHEHO B OObEME NAMMHIKTOMUU HA ypoBHE
LS. MuBOTHbIX pasgennau Ha Ase rpynnbl. OcHosHas (A) rpynna —
CeMM }KMBOTHbBIM BbINOSIHEHA TAMUHIKTOMMA, @ NMPU 3aKPbITUM PaHbI
Ha TBEPAYI0 MO3roBYl0 000/1I04YKY OCYLLECTBAAAMN aNMIMKALMIO rens
AHTUAAresuH®; u rpynna cpaBHenus (B) (n=7) — 6e3 annauKkauuu
rens. KoHTponem cnyunu 3g0posble Kpbicbl (n=7). Mpu BBEAEHMM
B paHy rens AHTMaAresMH® nocneaHuii Nerko pacTekaertca B paHe u
npeacTaBaseT coboi TEKYYYHO KUAKYIO Maccy. HUBOTHbIX BbIBOAWUAU
U3 3KCNEPUMEHTA Ha 28 CyTKU. XMpYpruyeckan npoueaypa v noaro-
TOBKA MCTONOIMMYECKMX NPENapaToB C OKPACKOW reMaTOKCUIMHOM M
3031HOM OnMcaHbl paHee [20-22]. UccnepoBaHue NPoOBOAMAN METO-
[IOM CBETOBOW MMKPOCKOMNWM C UCrMonb3oBaHMem muKpockona Nikon
80i (Japan). Ha ructonornyeckmux npenapatax B rpynnax Msmepanu
nepeaHe3afHuM (NPO40NbHOE CEYEHUE) 1 NOMEPEYHbIM pasmepbl, OT-
HOLLEHWe NonepeyHoro/NPoLOIbHOTO CEYEHMS, NIOLAAb, NEPUMETP.

MpoToKoN MccnenoBaHUA Of0OPEH JIOKA/IbHBIM 3TUYECKUMU
KOMUTETOM MpPKYTCKOrO Hay4yHOro LLEHTPa XMPYPrumM U TPaBMaTosIo-
rum — npotokon Ne 1 ot 22.01.2019 r. IKcnepuMMeHT Ha KpbICcax Bbl-
MOJHEH B COOTBETCTBMM C HOPMAMM FYMAHHOTO OOpaLLEHWs C Ku-
BOTHbIMM, KOTOPbIE PErMaMeHTUPOBaHbI U yTBepPKAeHbI MpuKkasamm
MuHucTepcTBa 3apaBooxpaHeHna CCCP Ne 742 ot 13.11.1984 r. «06
YTBEPKAEHUM NPaBWUA NPoBeseHMA PaboT ¢ UCNONb30BaHMEM JKCNe-
PUMEHTaNbHbIX }KUBOTHbIX» 1 N 48 ot 23.01.1985 r. «O KoHTpONe 3a
npoBegeHMemM paboT € MCNONb30BAHMEM SKCMEPUMEHTANBHbBIX K-
BOTHbIX», @ TaK}Xe B COOTBETCTBUM C MEXAYHAPOAHbIMU PEKOMEHAA-
LMAMM NO NPOBELEHMNIO SKCNEPUMEHTANbHbIX UCCNEA0BAHUM Ha K-
BOTHbIX Mogensx [23].

CTaTUCTUYECKMIA aHaNW3 BbINOAHA/CA C UCNOb30BaHMeM SPSS
21.0 (IBM Corp., USA) n Microsoft Office Excel 2016 (Microsoft Corp.,
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the gels are effective for the prevention of cicatricial epiduritis, and
the number of adverse reactions when using them is statistically
small. However, it was also noted that the number of adverse reac-
tions of the nervous system in the CMC group was less than in the
DEB group. And yet, when using sodium hyaluronate with DEB as
an anti-adhesion barrier, the risk of adverse reactions in the ner-
vous system is higher. One of the shortcomings of the presented
studies is the lack of morphological data confirming the effective-
ness of Antiadhesin®, which served as the basis for this study.

PURPOSE OF THE STUDY

To determine the morphological patterns of development
and prevention of epidural fibrosis in the experimental animals
based on the study of the shape of the dural sac in the area of
laminectomy.

METHODS

An experimental study was carried out on male Wistar rats
aged 4-5 months. Laminectomy was performed at the L6-51 lev-
el. The animals were divided into two groups. The main group
(Group A) included seven animals who underwent laminectomy,
and before the wound was closed, Antiadhesin® gel was applied
to the dura mater. Group of comparison (Group B) also included 7
animals who were operated without gel application. Healthy rats
(n=7) served as control group. When the Antiadhesin® gel was
applied to wound, it easily spread in the tissues as a liquid mass.
The animals were taken out of the experiment on the 28th day.
The surgical procedure and preparation of histological specimens
stained with hematoxylin and eosin have been described earlier
[20-22]. Light microscopy was performed using a Nikon 80i micro-
scope (Japan). Anteroposterior (length) and transverse (width) di-
mensions, the ratio of the width and length, area, and perimeter
were measured on histological slides.

The study protocol was approved by the local ethics com-
mittee of the Irkutsk Scientific Center of Surgery and Traumatol-
ogy; protocol No. 1 dated January 22, 2019. The experiment on
rats was performed in accordance with the standards of humane
treatment of animals, which are regulated and approved by the
orders of the USSR Ministry of Health No. 742 dated November
13, 1984 “On approval of the rules for conducting work using
experimental animals” and No. 48 dated January 23, 1985 “On
control over the work using experimental animals”, as well as in
accordance with international recommendations for conducting
experimental studies on animal models [23].

Statistical analysis was performed using SPSS 21.0 (IBM
Corp., USA) and Microsoft Office Excel 2016 (Microsoft Corp.,
USA). Data are presented as mean, standard deviation (MSD),
and median (25;75 percentiles). Differences between the 3
groups were analyzed using the Kruskal-Wallis method. In the
subsequent comparison of the mean ranks of all pairs of groups,
the Bonferroni correction was applied at a two-sided significance
level. Statistical significance was determined at p<0.05.

RESULTS AND DISCUSSION

Histological examination revealed a significant deformity of
the dural sac in the animals of Group B, while in group A the de-
formity was practically not observed. (Fig. 1A, B and Table).
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USA). [laHHble npeAacTaBieHbl B BUAE CPEAHEro 3HauyeHua U CTaH-
[apTHOro oTKNoHeHWA (M1SD) u meamaHbl (25;75 nepueHTUNAMM).
Pasznnumna mexay 3 rpynnamv npoaHann3npoBaHbl C UCNO/Ib30BaHK-
em metogda Kpyckana-Yonnuca. Mpu nocnegyroLiem anocTepuopHom
CpaBHEHUW CPefHWMX PaHroB BCeX Map rpynn bblia npUmeHeHa no-
npaska boHdeppoHM Npu ABYCTOPOHHEM YPOBHE 3HaYMmocTu. CTatu-
CTUYECKas 3HAYMMOCTb bbisia onpeseneHa npu p<0,05.

PE3YNILTATbI U UX OBCYXOEHUE

WccneposaHve rMcTomopdosorMyeckux NpenapaTos BbIABUIO
rpybyto aedopmaLpio LypanbHOro MeLLKa Y KUBOTHBIX FPYNMbl CPaB-
HeHwus (B), Toraa Kak y KpbiC OCHOBHO rpynnbl (A) AedopmaLns npak-
TUYECKM He npocnexunsanace. (puc. 1 A, B utabn.).

CTaTUCTUYECKMIA aHanM3 [AEeMOHCTPUPOBA, YTO Y MMBOTHbIX
rpynnbl B Ha ypoBHE NTAMUHIKTOMMM NPOUCXOAMT CTATUCTUYECKM 3Ha-
YMMOe yBENMYEHWE OTHOLLEHWA NOoNepPeYHoro/NPoLoNbHOMO ceYeHuUs
[OYPanbHOrO MELLKA, YeM Y FPYNMbl MHTAKTHbIX XMBOTHbIX (p<0,05),
NPEUMYLLECTBEHHO 33 CYET YBEMYEHUA MOMEPEYHOTO CEYEHMA, TOI-
[la Kak NpoJoNibHbIA pasmep U3MEHs/ICA MeHblue. Takxe B rpynne
B cTaTMCTMYECKM 3HAYMMO YBESIMUMBANICA NEPUMETP B CPABHEHUM C
rPynnoi HeoNepUpPOBaHHbIX XKMUBOTHbIX (p<0,05) 3a CYET M3MEHEHMSA
dopmbl U sedopmauymn aypanbHOTo mMellka. B rpynne A napametpsl
M3MEHSAINCb HE3HAYMMO B CPABHEHUM C TPYNNOW UHTAKTHBIX KMBOT-
HbIX, W 3TO YKa3bIBAET Ha TO, YTO NpenapaT AHTUAAre3nH® He No3Bons-
eT chOpMMUPOBATLCA COEANHUTENBHOTKAHHOMY pybLYy, CKUMatoLLeMy
ZypasibHblii MELLOK, 1 BbI3BaTb ero AedopmaLinio U usmeHeHus dop-
Mbl.

Heobxoa¥MO OTMETUTb, YTO Y BCEX KMBOTHBIX OCHOBHOW rpyn-
nbl (A) Npu Mcnonb3oBaHUMKM AHTUAAre3NHA® BbIsIBNEHbI TPAHYNEMBI C
Hannunem KneTok Muporosa-/laHrxaHca Kak B MAMKUX TKAHAX B 30HE
onepaumuu (puc. 2), Tak U PacroNOKEHHbIX UHTPaAypanbHo (puc. 3),
YTO MOMKHO PACLIEHUTb KaK PeakLMo Ha MHOPOAHOE TENO, UK e C
No3unLMi BUOCOBMECTUMOCTU U AerpajaLumm rens.

MccnepoBaHva KNeTOUHOM U MOJIEKYNAPHON Buonornn mexa-
HM3MOB 06pa30BaHNA PyBLOBbIX TKAHEN CBUAETENLCTBYIOT O BaXKHOM
ponu ¢pubpobnacTos. B akTMBaLMM GMOPOBNACTOB yyHacTBYeT HaKTop
pocTa dpubpobnactos (bFGF), dakTop pocTa COeaUHUTENBHOW TKaHM
(CTGF) n TpaHchopmupytowmii dakTop pocta (TGF), KoTopbie umetoT
CW/IbHbIE accouMauMu C CeKpeumen KonnareHa ¢ubpobnactamm u

1A

Puc. 1 A (2pynna A xcugomnsix) u 1 B (2pynna B #usomHeix). 28-e cym-
Ku. OmmeyeHo ompeskamu AB — nonepeynsiti pasmep u CD —npodone-
Holl pa3mep. OKPAcKa 2emMamoKCUIUHOM U 503UHOM. Y. x20

Statistical analysis showed a significant increase in the ratio
of the width to length of the dural sac at the level of laminectomy
in group B compared to the control group (p<0.05), mainly due
to an increase in the width, while the length was less subject to
changes. Also, in group B, the perimeter increased statistically sig-
nificantly in comparison with the group of non-operated animals
(p<0.05) due to a change in the shape of the dural sac. In group
A, the parameters changed insignificantly in comparison with the
control group, which indicates that Antiadhesin® prevented the
formation of a connective tissue scar that compresses a dural sac
and causes its shape changes.

It should be noted that in all animals of the Group A, when
using Antiadhesin®, granulomas with Pirogov-Langhans cells were
detected both in soft tissues in the operation area (Fig. 2) and
intradurally (Fig. 3), which can be regarded as a reaction to a for-
eign body, or related to biocompatibility and degradation of the
gel.

Studies of cellular and molecular biology of the mechanisms
of scarring indicate the important role of fibroblasts. Fibroblast
activation involves fibroblast growth factor (bFGF), connective tis-
sue growth factor (CTGF), and transforming growth factor (TGF),
which have strong associations with fibroblast collagen secretion
and cell proliferation. TGF-B, which is secreted by resident mac-
rophages and platelets after surgery, also promotes fibroblast
proliferation. Collagen is synthesized 5-6 days after the opera-
tion. Within 1 week, collagen fibers enlarge and maturate, and
the remaining fibroblasts transform into quiescent cells. Granula-
tion tissue gradually transforms into a scar. In the absence of sec-
ondary damage factors, the process lasts about 4 weeks. Thus, 4
weeks after the operation, we can state the presence or absence
of the antifibrotic effect of the drug, which corresponds to the
concept of the experimental model we used.

According to Wang K et al (2020), quantitative analysis of fi-
broblasts after 4 weeks shows no significant differences between
the groups with or without application of a gel with cross-linked
hyaluronic acid [6], which does not contradict to our data and
does not require to increase the duration of the experiment.

The clinical efficacy of application of Antiadhesin® gel in de-
compressive operations on the spine was studied by Shvets VV et

1B

Fig. 1 A (Group A animal) and 1 B (group B animal). 28"
day. AB—width; CD - length. H&E. x20
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Ta6auya lNoxkazamenu OypanbHO20 MeWKa, USMEPAEMbIE HA 2UCMOsI02UYEeCKUX NPenapamax

_ lpynna B WHTaKTHbIE
n=7 n=7
p
MSD
Me [25q;75q]

1058,86+246,56 1416,414252,37 858,65+4,08 p=0,001

Nonepeutoe cevenmte 983,01 1349,99 860,32 p,,=0,479
e, ’ [893,51;1109,45] [1246,32;1426,34] [860,33;860,41] p,,=0,080
p,,=0,0009

752,86 +191,05 835,10+201,81 746,12+8,16 p=0,525

MpogoAbHOE Ceueite, 774,95 858,960 749,44 p,,=0,99
nuKc. [541,46;885,30] [608,48;1021,76] [749,4;749,5] p,,=1,0
p,,=0,99

1,44+0,27 1,77+0,47 1,15+0,007253 p=0,009

OtHowenne 1,47 1,76 1,15 p,,=0,70
nonepeyxoro / [1,24; 1,67] [1,30;2,11] [1,15;1,15] p,,=0,20
npoAo/IbHOIo ce4yeHunA pz , 0,007
638001,7+245933,6 980607,5+386035,5 544970,7+8164,97 p =0,027

607630,5 9152445 548304,0 p,,=0,12

Nnowaap, nukc.” [410387;868707] [639483;1184614] [548304;548304] p,,=10
p,,=0,04

3111,5+671,1 3899,9+727,9 2737,9+40,83 p =0,027

2933,4 3782,2 2754,6 p,,=0,12

MepumeTp, NMKc. [2578,8;3572,3] [3362,1;4171] [2754,6;2754,6] p,,=1,0
p,,=0,04

MprmeyaHna: p — CTaTUCTUYECKaA 3HAYMMOCTb Pas/IMunii NoKasaTenet Mexay Bcemn rpynnamu (no kputepuio Kpyckana-Yonmca); p,, — CTaTUCTUHECKaA 3HAYMMOCTb
pasnunii mexay rpynnamu A v B; p, . — CTaTUCTMYECKaA 3HAYMMOCTb MEsKAY FPYnNoil A 1 KOHTPONEM; P, , — CTaTUCTMYECKAA 3HAYUMOCTb MEKAY FPynMoii B v KoHTponem
(anocTepropHoe cpaBHeHMe cpesHUX PaHroB Ans nap)

Table Dimensions of the dural sac on the histological slides

Control
n=7
p
M#SD
Me [25q;75q]

1058.864246.56 1416.414252.37 858.65+4.08 p=0.001

Width, pix. 983.01 1349.99 860.32 p,,=0.479
[893.51;1109.45] [1246.32;1426.34] [860.33;860.41] p, ,=0.080
p,,=0.0009

752.864191.05 835.104201.81 746.1248.16 p=0.525

_ 774.95 858.960 749.44 p,,=0.99

Length, pix. 12

[541.46;885.30] [608.48;1021.76] (749.4;749.5] p.,=1.0

p,,=0.99

1.4410.27 1.77+0.47 1.15£0.007253 p=0.009

. . 1.47 176 115 p,,=0.70
Width/length ratio (1.241.67] [1.30;2.11] [1.15;1.15] b, .=0.20
p,,=0.007

638001.74245933.6 980607.5+386035.5 544970.7+8164.97 p=0.027

Area, i 607630.5 915244.5 548304.0 p,,=0.12

' [410387;868707] [639483;1184614] [548304;548304] p.,=1.0
p,,=0.04

3111.54671.1 3899.94727.9 2737.9+40.83 p=0.027

perimeter.pix 2933.4 3782.2 2754.6 p,,=0.12
oL [2578.8;3572.3] [3362.1;4171] [2754.6;2754.6] p. =10
p,,=0.04

Notes: p — statistical significance of differences in indicators between all groups (according to the Kruskal-Wallis test); p, ,— statistical significance of differences between
groups A and B; p, _ — statistical significance between group A and control; p, , — statistical significance between group B and control (post hoc comparison of average ranks

for pairs)
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Puc. 2 B epynne A 8 100% criy4aes 8biABEHbI 2PAHYNEMBI C HAAUYU-
em Knemok [Tupo208a-/1aHeXaHCa 8 MAKUX MKAHAX 8 30HE ohepayuu
(ykazaHo 3enéHol cmpenkoli). OKpacka 2emamoKCUUHOM U 503UHOM.
¥8. x100

Fig. 2 In group A, granulomas with Pirogov-Langhans cells (green
arrow) in soft tissues of the surgical area were detected in 100% of
cases. H&E. x100

nponudepaumein Knetok. TGF-B, KOTOpbIN CEKPETUPYETCA MECTHLIMM
MaKkpoparamu v TPOMBOLMTaMM Noc/ie onepauuu, Takxe crnocob-
cTyeT nponndepaumm ¢nbpobnactos. KonnareH cuHTesmpyercs ye-
pes3 5-6 aHel nocne onepauuun. B TedyeHne 1 Heaenn BONOKHA KO-
NareHa yBeNMYMBAKOTCA WM CO3PEBAOT, @ OCTasBwmeca GnbpobnacTbl
TpaHchopMUpPYLOTCA B MOKoswwmecs ¢dnbpobnactel. MpaHynALMOHHAA
TKaHb NOCTENEHHO TPaHchOpMUpPYeETCH B pyOLOBYIO TKaHb. Mpu oTcyT-
CTBMM BTOPMYHBIX GAKTOPOB NOBPEKAEHWA NPOLLECC ANNTCA OKONOo 4
Hegenb. Takum obpasom, yepes 4 Hegenun nocae onepaLyuv MOXKHO
KOHCTAaTMPOBaTb Ha/IMuMeE WK OTCYTCTBME aHTUPUBPO3HOTO adderTa
npenapara, To eCTb COOTBETCTBYET KOHLEMLMM UCONb30BAHHOW HaMM
9KCNEPUMEHTAIbHON MOAENMN.

Mo maHHbIM Wang K et al (2020) kKonnyecTBeHHbIM aHanu3 ¢u-
6pobnactoB uepes 4 Hepenu ceuaeTenbCTBYET 06 OTCYTCTBUM Cy-
LLECTBEHHbIX PA3IMUMIA MEXAY rpynnamu ¢ NPUMeHEHUeM rens co
CLUMTOV TMasypOHOBOM KMCNOTOM M 6e3 TakoBOro [6], UTO TaKkKe He
NPOTMBOPEYUT HALLMM LaHHbIM U He TPebYET yBENNYEHMA CPOKOB IKC-
nepumeHTa.

KnuHuuyeckas sdPeKTMBHOCTb MPUMEHEHMA rens AHTuagre-
3VH® NP AEKOMMPECCUBHBIX OMEPaLMAX Ha NO3BOHOYHMKE M3ydeHa
Lsew BB ¢ coasr. [18]. B nccnepoBaHumM y4acTBoBaio TpMALATL Na-
LIMEHTOB, KOTopble Hblv pasaeneHbl Ha ABe rpynnbl: B NepPBOii nocie
[EKOMNPECCUMM HEBPANbHbIX CTPYKTYP MO3BOHOYHOMO KaHajia BBO-
Aunu renb AHTUAAresnH®, Bo BTOPO — GU3MONOTMYECKMIA pacTBOp.
BblparKeHHOCTb pybLOBO-CNaeyHOro npouecca BepnuduLMpoBanu no
JaHHbIM MPT; 60/1€B0OV CMHAPOM U CTEMEHb OrPAaHUYEHNS KU3Heae-
ATE/IbHOCTM OLLEHMBANM C NOMOLLBIO BM3ya/bHO-aHA/I0r0BOM LUKasIbl
6021, onpocHuKa OceecTpu Yepes 2 Heaenun, 2 mecaua v 1 rog no-
cne onepaumu. ABTOPbI 3aKNOYMAN, YTO NPUMEHEHME rens AHTUAA-
re3uH® CHU3MN0 BEPOATHOCTL POPMMUPOBAHMA PYBLLOBOTO NpoLiecca B
aNMaypanbHOM MPOCTPAHCTBE MNO3BOHOYHOrO KaHana B 35% cnyyaes
MO CPABHEHWUIO C KOHTPONIEM. TeM He MeHee, HalKn U ApyrMe MHOro-
YMC/IEHHbIE 3KCNEePUMEHTasIbHbIE UCCEL0BAHNA CBUAETENLCTBYIOT O
HeobX0AMMOCTV AabHeWLMX Pa3paboToK C Lenbto nosydeHus buo-
COBMECTUMbIX MUMMNNAHTOB CMOCOBHbIX MHIMOMPOBATL UM YMEHbLUATb
obpa3oBaHue anuaypanbHbIx pybuos [14].

Puc. 3 B epynne A Knemku [Tupo2osa-/1aH2xaHCa pacnosnoxeHs! UH-
mpadypaneHo (ykasaHo 3enéHol cmpenkoll). OKpacka 2eMamoKcunu-
HOM U 303uUHOM. Y8. x100

Fig. 3 Pirogov-Langhans cells located intradurally (green arrow) in the
animal of Group A. H&E. x100

al [18]. The study involved thirty patients who were divided into
two groups: in the first group, after decompression of the neural
structures of the spinal canal, Antiadhesin® gel was injected, and
in the second group, saline was administered. The severity of the
cicatricial changes was verified by MRI data; pain syndrome and
the degree of disability were assessed using the visual analogue
scale of pain and the Oswestry questionnaire 2 weeks, 2 months
and 1 year after surgery. The authors concluded that the use of
Antiadhesin® gel reduced the likelihood of scarring in the epidur-
al space of the spinal canal in 35% of cases compared with the
control. Thus, our and other numerous experimental studies in-
dicate the need for further development of preventive measures
in order to obtain biocompatible implants capable of inhibiting or
reducing the formation of epidural scars [14].

CONCLUSION

In clinical practice, there are no optimal materials for the
prevention of epidural fibrosis. There is an obvious need for fur-
ther research in order to obtain implants capable of inhibiting
and reducing the formation of epidural fibrosis.
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3AKNIOMEHME

B KAMHMYecKoM NPaKTUKe HET ONTUMaNbHbIX MaTePUANOB ANA

npesoTepaLleHus anuaypanbHoro ¢ubposa. OueBuaHa Heobxoau-
MOCTb JaNbHEMIUMX UCCEL0BAHMIA C LE/bio NOAYYEHUA UMMIAHTOB,
CNocobHbIX MHIMBMPOBATL U YMEHbLLATb 06pa3oBaHMe aNUAyPanbHO-

ro ¢pubposa.

JINTEPATYPA REFERENCES

1. Karukonda TR, Mancini N, Katz A, Cote MP, Moss IL. Lumbar laminectomy 1. Karukonda TR, Mancini N, Katz A, Cote MP, Moss IL. Lumbar laminecto-
in the outpatient setting is associated with lower 30-day complication my in the outpatient setting is associated with lower 30-day complica-
rates. Global Spine J. 2020;10(4):384-92. Available from: https://doi. tion rates. Global Spine J. 2020;10(4):384-92. Available from: https://doi.
0rg/10.1177/2192568219850095 0rg/10.1177/2192568219850095

2. TpuHb AA, HukntuH AC, FOcynos CP. Xvpypryeckas TakTUKa 1e4eHus CTeHo3a 2. Grin AA, Nikitin AS, Yusupov SR. Khirurgicheskaya taktika lecheniya stenoza
NMO3BOHOYHOTO KaHasa Ha MOACHUYHOM YPOBHE Y JIUL, MOXKMIOTO U CTapyecKo- pozvonochnogo kanala na poyasnichnom urovne u lits pozhilogo i starchesk-
ro Bo3pacta. Helipoxupypeus. 2020;22(1):93-102. Available from: https://doi. ogo vozrasta [Surgical treatment of spinal canal stenosis at the lumbar level in
org/10.17650/1683-3295-2020-22-1-93-102 the elderly and senile patients]. Neyrokhirurgiya. 2020;22(1):93-102. Available

from: https://doi.org/10.17650/1683-3295-2020-22-1-93-102

3. Sobti S, Grover A, John BPS, Grewal SS, George UB. Prospective randomized 3. Sobti S, Grover A, John BPS, Grewal SS, George UB. Prospective randomized
comparative study to evaluate epidural fibrosis and surgical outcome in comparative study to evaluate epidural fibrosis and surgical outcome in pa-
patients undergoing lumbar laminectomy with epidural autologous free fat tients undergoing lumbar laminectomy with epidural autologous free fat graft
graft or Gelfoam: A preliminary study. Int J Appl Basic Med Res. 2018;8(2):71-5. or Gelfoam: A preliminary study. Int J Appl Basic Med Res. 2018;8(2):71-5.
Available from: https://doi.org/10.4103/ijabmr.JABMR_349_17 Available from: https://doi.org/10.4103/ijabmr.lJABMR_349_17

4.  usoteHko A, WypbirvHa WA, Kowkapésa 3B, Tonbbepr OA. MuToreH-ak- 4.  Zhivotenko AP, Shurygina IA, Goldberg OA, Koshkaryova ZV. Mitogen-aktivirue-
TUBMPYEMble MPOTEMHKMHA3bl M WX 3HAYMMOCTb B pPenapaTMBHOM Mpo- mye proteinkinazy i ikh znachimost' v reparativnom protsesse pri laminek-
uecce Npu NAaMUHIKTOMUU: GyHAAMEHTaNbHble acnekTbl. CospemeHHble tomii: fundamental'nye aspekty [Mitogen-activated protein kinases and their
npobnemel Hayku u obpaszosaHus. 2020;(4):151. Available from: https://doi. significance in the reparative process in laminectomy: Fundamental aspects].
org/10.17513/spno0.29919 Sovremennye problemy nauki i obrazovaniya. 2020;(4):151. Available from:

https://doi.org/10.17513/spno.29919

5. Mohi Eldin MM, Abdel Razek NM. Epidural fibrosis after lumbar disc surgery: 5. Mohi Eldin MM, Abdel Razek NM. Epidural fibrosis after lumbar disc surgery:
Prevention and outcome evaluation. Asian Spine J. 2015;9 (3):370-85. Available Prevention and outcome evaluation. Asian Spine J. 2015;9 (3):370-85. Avail-
from: https://doi.org/10.4184/asj.2015.9.3.370 able from: https://doi.org/10.4184/asj.2015.9.3.370

6. Wang K, Li XL, Liu J, Sun X, Yang H, Gao X. Using cross-linked hyaluronic acid 6. Wang K, Li XL, Liu J, Sun X, Yang H, Gao X. Using cross-linked hyaluronic acid
gel to prevent postoperative lumbar epidural space adhesion: In vitro and gel to prevent postoperative lumbar epidural space adhesion: In vitro and
in vivo studies. Eur Spine J. 2020;29(1):129-40. Available from: https://doi. in vivo studies. Eur Spine J. 2020;29(1):129-40. Available from: https://doi.
0rg/10.1007/s00586-019-06193-w 0rg/10.1007/s00586-019-06193-w

7. Bolat E, Kocamaz E, Kulahcilar Z, Yilmaz A, Topcu A, Ozdemir M, Coskun ME. 7. Bolat E, Kocamaz E, Kulahcilar Z, Yilmaz A, Topcu A, Ozdemir M, Coskun ME.
Investigation of efficacy of Mitomycin-C, sodium hyaluronate and human Investigation of efficacy of Mitomycin-C, sodium hyaluronate and human
amniotic fluid in preventing epidural fibrosis and adhesion using a rat amniotic fluid in preventing epidural fibrosis and adhesion using a rat lami-
laminectomy model. Asian Spine J. 2013;7(4):253-9. Available from: https:// nectomy model. Asian Spine J. 2013;7(4):253-9. Available from: https://doi.
doi.org/10.4184/asj.2013.7.4.253 0rg/10.4184/asj.2013.7.4.253

8. Bosscher HA, Heavner JE. Incidence and severity of epidural fibrosis after back 8.  Bosscher HA, Heavner JE. Incidence and severity of epidural fibrosis after back
surgery: An endoscopic study. Pain Pract. 2010;10(1):18-24. Available from: surgery: An endoscopic study. Pain Pract. 2010;10(1):18-24. Available from:
https://doi.org/10.1111/j.1533-2500.2009.00311.x https://doi.org/10.1111/j.1533-2500.2009.00311.x

9. Ji GY, Oh CH, Moon BG, Yi S, Han IB, Heo DH, et al. Efficacy and safety of 9. Ji GY, Oh CH, Moon BG, Yi S, Han IB, Heo DH, et al. Efficacy and safety of sodi-
sodium hyaluronate with 1,4-butanediol diglycidyl ether compared to sodium um hyaluronate with 1,4-butanediol diglycidyl ether compared to sodium car-
carboxymethylcellulose in preventing adhesion formation after lumbar boxymethylcellulose in preventing adhesion formation after lumbar discecto-
discectomy. Korean J Spine. 2015;12(2):41-7. Available from: https://doi. my. Korean J Spine. 2015;12(2):41-7. Available from: https://doi.org/10.14245/
org/10.14245/kjs.2015.12.2.41 kjs.2015.12.2.41

10. Ross JS, Robertson JT, Frederickson RC, Petrie JL, Obuchowski N, Modic MT,  10. Ross JS, Robertson JT, Frederickson RC, Petrie JL, Obuchowski N, Modic MT, et
et al. Association between peridural scar and recurrent radicular pain after al. Association between peridural scar and recurrent radicular pain after lum-
lumbar discectomy: Magnetic resonance evaluation. ADCON-L European Study bar discectomy: Magnetic resonance evaluation. ADCON-L European Study
Group. Neurosurgery. 1996;38(4):855-63. Group. Neurosurgery. 1996;38(4):855-63.

11. Quan M, Hwang WH, Kim JH, Kim YY. Analysis of pain markers and epidural ~ 11. Quan M, Hwang WH, Kim JH, Kim YY. Analysis of pain markers and epidural
fibrosis caused by repeated spinal surgery in Sprague-Dawley rats. BMC Mus- fibrosis caused by repeated spinal surgery in Sprague-Dawley rats. BMC Mus-
culoskelet Disord. 2021;22(1):16. Available from: https://doi.org/10.1186/ culoskelet Disord. 2021;22(1):16. Available from: https://doi.org/10.1186/
$12891-020-03920-z $12891-020-03920-z

12. Daniell JR, Osti OL. Failed back surgery syndrome: A review article. Asian 12. Daniell JR, Osti OL. Failed back surgery syndrome: A review article. Asian
Spine Journal. 2018;12(2):372-9. Available from: https://doi.org/10.4184/ Spine Journal. 2018;12(2):372-9. Available from: https://doi.org/10.4184/
asj.2018.12.2.372 asj.2018.12.2.372

13. Eisenmenger L, Clark AJ, Shah VN. Postoperative spine: What the surgeon 13. Eisenmenger L, Clark AJ, Shah VN. Postoperative spine: What the surgeon
wants to know. Radiologic Clinics of North America. 2019;57(2):415-38. wants to know. Radiologic Clinics of North America. 2019;57(2):415-38. Avail-
Available from: https://doi.org/10.1016/j.rcl.2018.10.003 able from: https://doi.org/10.1016/j.rcl.2018.10.003

14. Xwusotenko All, Kowkapésa 3B, Copokosukos BA. Mpodunaktika nocneo- 14. Zhivotenko AP, Koshkaryova ZV, Sorokovikov VA. Profilaktika posleoperat-

nepaumoHHOro pyBLOBO-CNAeYHOro 3NUAYPUTa: COBPEMEHHOe COCTOAHME
Bonpoca. Xupypaus no3soHoyHuKa. 2019;16(3):74-81. Available from: https://
doi.org/10.14531/ss2019.3.74-81

182

sionnogo rubtsovo-spaechnogo epidurita: sovremennoe sostoyanie voprosa
[Prevention of postoperative epidural fibrosis: Current status of the issue].


https://doi.org/10.1186/s12891-020-03920-z
https://doi.org/10.1186/s12891-020-03920-z
https://doi.org/10.1186/s12891-020-03920-z
https://doi.org/10.1186/s12891-020-03920-z

Hlypvizuna VA c coasm. Dmaypaasseiii pubpos B DKCIIepUMeHTe

BECTHMK ABUMILIEHHEI
Tom 24 * No 2 * 2022

15. Takenaka S, Makino T, Sakai Y, Kashii M, Ilwasaki M, Yoshikawa H, et al.
Prognostic impact of intra- and postoperative management of dural tear on
postoperative complications in primary degenerative lumbar diseases. The
Bone & Joint Journal. 2019;101-B(9):1115-21. Available from: https://doi.
0rg/10.1302/0301-620X.101B9.BJJ-2019-0381.R1

16. Bahrami R, Akbari E, Rasras S, Jazayeri N, Khodayar MJ, Foruozandeh H, et
al. Effect of local N-acetyl-cysteine in the prevention of epidural fibrosis in
rat laminectomy model. Asian Journal of Neurosurgery. 2018;13(3):664-8.
Available from: https://doi.org/10.4103/ajns.AJNS_294_16

17. XusoteHko All, CopokoBukos BA, Kowwkapésa 3B. KnuHudeckuii cayyait dop-
MWPOBAHWA afre3nuBHOTO apaxHouanTa Ha GpoHe anuaypanbHoro pubposa Kak
NpUYKMHA NOBTOPHBIX XMPYPrYeckux BMellaTenbcTs. Acta Biomedica Scientifi-
ca. 2019;5(3):54-61. Available from: https://doi.org/10.29413/ABS.2020-5.3.8

18. LUBew, BB, Konecos CB, Kapnos WH, MaHTtenees AA, CkopvHa MB, fopbatiok
[OC. MpoTuBOCNaeyYHbI renb «AHTUAATE3UH» NPU AEreHepPaTUBHbIX 3ab0-
NeBaHUAX MOACHUYHOTO OTAEeNa MNO3BOHOYHMKA. Xupypeus MO360HOYHUKA.
2018;15(2):39-50. Available from: https://doi.org/10.14531/ss2018.2.39-50

19. Wang H, Sun W, Fu D, Shen Y, Chen YY, Wang LL. Update on biomaterials for
prevention of epidural adhesion after lumbar laminectomy. Journal of Ortho-
paedic Translation. (2018);13:41-9. Available from: https://doi.org/10.1016/].
jot.2018.02.001

20. Tonbpbepr OA, HusoteHko Al, Camoiinosa /1T, Copokosukos BA, LUypbiru-
Ha UA. N3meHeHne GOpMbI AypanbHOMO MeLLKa Ha MOAEN TAMUHIKTOMUK
Ha pa3HbIX CPOKaX penapaLMoHHOro NpoLecca B akcnepumeHTe. Acta Biomed-
ica Scientifica. 2020;5(6):259-64. Available from: https://doi.org/10.29413/
ABS.2020-5.6.34

21. XuoteHko A, fonbabepr OA, CopokosukoB BA, Kowkapésa 3B, LUypbiru-
Ha MA. dopmupoBaHue anuaypanbHoro ¢prvbposa Npy NoBpexKAEHUM TBEPAOIA
MO3roBoi 060MI0YKM MPU NAMMUHIKTOMMUM B 3KcnepumeHTe. CospemeHHbie
npo6naemsbl Hayku u 06paszosarus. 2019;4:60. Available from: https://doi.org/
10.17513/spno0.29118

22. UWypsbiruHa WA, WypbiruH MT. Crocob npuezomosneHus npenapama KocmHol
MKaHU U Habop 0515 e20 ocyujecmeneHus. MaTteHT Poccuiickoit depepaumm N
2500104. 10.12.2013.

23. Percie du Sert N, Ahluwalia A, Alam S, Avey MT, Baker M, Browne WJ, et al.
Reporting animal research: Explanation and elaboration for the ARRIVE
guidelines 2.0. PLoS Biol. 2020;18(7):1-65 Available from: https://doi.
org/10.1371/journal.pbio.3000411

Khirurgiya pozvonochnika. 2019;16(3):74-81. Available from: https://doi.
0rg/10.14531/ss2019.3.74-81

15. Takenaka S, Makino T, Sakai Y, Kashii M, Iwasaki M, Yoshikawa H, et al. Prog-
nostic impact of intra- and postoperative management of dural tear on
postoperative complications in primary degenerative lumbar diseases. The
Bone & Joint Journal. 2019;101-B(9):1115-21. Available from: https://doi.
0rg/10.1302/0301-620X.101B9.BJJ-2019-0381.R1

16. Bahrami R, Akbari E, Rasras S, Jazayeri N, Khodayar MJ, Foruozandeh H, et al.
Effect of local N-acetyl-cysteine in the prevention of epidural fibrosis in rat lam-
inectomy model. Asian Journal of Neurosurgery. 2018;13(3):664-8. Available
from: https://doi.org/10.4103/ajns.AINS_294 16

17. Zhivotenko AP, Sorokovikov VA, Koshkaryova ZV. Klinicheskiy sluchay formiro-
vaniya adgezivnogo arakhnoidita na fone epidural'nogo fibroza kak prichina
povtornykh khirurgicheskikh vmeshatel'stv [Formation of adhesive arachnoid-
itis with epidural fibrosis as a cause of repeated surgical interventions (clinical
case).]. Acta Biomedica Scientifica. 2019;5(3):54-61. Available from: https://
doi.org/ 10.29413/ABS.2020-5.3.8

18. Shvets VV, Kolesov SV, Karpov IN, Panteleev AA, Skorina IV, Gorbatyuk DS.
Protivospaechnyy gel' «Antiadgezin» pri degenerativnykh zabolevaniyakh poy-
asnichnogo otdela pozvonochnika [Antiadhesion barrier gel for degenerative
diseases of the lumbar spine]. Khirurgiya pozvonochnika. 2018;15(2):39-50.
Available from: https://doi.org/10.14531/ss2018.2.39-50

19. Wang H, Sun W, Fu D, Shen Y, Chen YY, Wang LL. Update on biomaterials for
prevention of epidural adhesion after lumbar laminectomy. Journal of Ortho-
paedic Translation. (2018);13:41-9. Available from: https://doi.org/10.1016/j.
j0t.2018.02.001

20. Goldberg OA, Zhivotenko AP, Samoylova LG, Sorokovikov VA, Shurygina IA.
Ilzmenenie formy dural'nogo meshka na modeli laminektomii na raznykh sroka-
kh reparatsionnogo protsessa v eksperimente [Change of the shape of the
dural sac in the laminectomy model at different stages of the reparation in
the experiment]. Acta Biomedica Scientifica. 2020;5(6):259-64. Available from:
https://doi.org/10.29413/ABS.2020-5.6.34

21. Zhivotenko AP, Goldberg OA, Sorokovikov VA, Koshkaryova ZV, Shurygina IA.
Formirovanie epidural'nogo fibroza pri povrezhdenii tvyordoy mozgovoy obo-
lochki pri lyaminektomii v eksperimente [Formation of epidural fibrosis in case
of dura mater damage during laminectomy in the experiment]. Sovremennye
problemy nauki i obrazovaniya. 2019;4:60. Available from: https://doi.org/
10.17513/spno.29118

22. Shurygina IA, Shurygin MG. Sposob prigotovleniya preparata kostnoy tkani
i nabor dlya ego osushchestvleniya [A method for preparing a bone tissue
preparation and a kit for its implementation]. Patent Rossiyskoy Federatsii No
2500104. 10.12.2013.

23. Percie du Sert N, Ahluwalia A, Alam S, Avey MT, Baker M, Browne W], et al.
Reporting animal research: Explanation and elaboration for the ARRIVE guide-
lines 2.0. PLoS Biol. 2020;18(7):1-65 Available from: https://doi.org/10.1371/
journal.pbio.3000411

(i) CBEAEHMA OB ABTOPAX

LypbirnHa UpnHa AneKkcaHapoBHa, AOKTOP MEAULIMHCKUX HayK, Mpodeccop,
3aMecTUTEeNb AMPEKTOPA NO Hay4yHOM paboTe, MPKYTCKUIA HayuHbIN LLEHTP Xu-
pypru 1 TpaBMaTonorum

ORCID ID: 0000-0003-3980-050X

SPIN-Kog;: 6745-5426

Author ID: 161435E-mail: irinashurygina@gmail.com

usoteHKo AnekcaHap MeTpoBuu, Hay4HbI COTPYAHMK Hay4YHO-KAMHUYECKO-
ro OTAeNa HeMpPOXMPYPrn, VPKYTCKMIA HayuHbIA LIEHTP XMPYPTUK 1 TpaBma-
TonorMm

ORCID ID: 0000-0002-4032-8575

SPIN-kog,: 8016-5626

Author ID: 959049

E-mail: sivotenko1976@mail.ru

fonbpa6epr Oner ApOHOBUY, KaHANAAT MEAULMHCKUX HayK, BEAYLLWA Hayy-
HblVA COTPYAHMK, MPKYTCKMIA Hay4HbIN LEHTP XMPYPriuM U TPaBMaToNOMMK
ORCID ID: 0000-0003-1040-284X

SPIN-kog: 1591-9935

Author ID: 559901

E-mail: goldberg.ol@yandex.ru

(i) AUTHOR INFORMATION

Shurygina Irina Aleksandrovna, Doctor of Medical Sciences, Full Professor,
Deputy Director for Science, Irkutsk Scientific Centre of Surgery and Trauma-
tology

ORCID ID: 0000-0003-3980-050X

SPIN: 6745-5426

Author ID: 161435E-mail: irinashurygina@gmail.com

Zhivotenko Aleksandr Petrovich, Researcher, Research Clinical Department of
Neurosurgery, Irkutsk Scientific Centre of Surgery and Traumatology

ORCID ID: 0000-0002-4032-8575
SPIN: 8016-5626

Author ID: 959049

E-mail: sivotenko1976@mail.ru

Goldberg Oleg Aronovich, Candidate of Medical Sciences, Leading Researcher,
Irkutsk Scientific Centre of Surgery and Traumatology

ORCID ID: 0000-0003-1040-284X

SPIN: 1591-9935

Author ID: 559901

E-mail: goldberg.ol@yandex.ru

183


https://doi.org/10.14531/ss2018.2.39-50
https://doi.org/10.1016/j.jot.2018.02.001
https://doi.org/10.1016/j.jot.2018.02.001
https://doi.org/10.1371/journal.pbio.3000411
https://doi.org/10.1371/journal.pbio.3000411
https://doi.org/10.1016/j.jot.2018.02.001
https://doi.org/10.1016/j.jot.2018.02.001
https://doi.org/10.1371/journal.pbio.3000411
https://doi.org/10.1371/journal.pbio.3000411
mailto:irinashurygina@gmail.com
mailto:goldberg.ol@yandex.ru
mailto:irinashurygina@gmail.com
mailto:sivotenko1976@mail.ru
mailto:goldberg.ol@yandex.ru

Shurygina IA et al Experimental epidural fibrosis

AVICENNA BULLETIN
Vol 24 * No 2 % 2022

CopoKOBUKOB Bnagnmmp Anekceesuu, JOKTOP MEAULMHCKMX HayK, npodec-
cop, AMpPeKTop MPKYTCKOTO Hay4YHOro LEHTPa XMPYPruu M TPasBmaTonormu;
3aBefyloLmMit Kadeapoit TpaBMaToIorMM, opToneamnn 1 Hempoxupyprn Up-
KYTCKOM roCyfapCTBEHHON MEAMLMHCKON aKageMuu MocaeAmnioMHOro 06-
pa3oBaHus — dunmnana PoCCMNCKON MeAMLIMHCKON akaZeMnm HEMNPEPLIBHOIO
npogeccmoHanbHoro 06pasosaHus

ORCID ID: 0000-0002-9008-6383

SPIN-kog;: 8379-4458

Author ID: 441270

E-mail: vasorokovikov@mail.ru

Napvonos Cepreii HUKonaesuy, JOKTOP MeAULIMHCKUX HAYK, BEAYLIMIA Hayy-
HblVi COTPYAHWK, 3aBeAYIOLLMIA HAaYYHO-KAMHUYECKOrO OTAE1a HEMPOXMUPYPriK,
MIPKYTCKWIA HayUHbIVA LIEHTP XMPYPriuu 1 TPAaBMATONOTMM

ORCID ID: 0000-0001-9189-3323

SPIN-koa: 6720-4117

Author ID: 639993

E-mail: snlar@mail.ru

MHdopmaumsa 06 UCTOUHMKE NOALEPKKM B BUAE rpaHTOB, 060pyaoBaHMs,
NeKapCcTBeHHbIX NpenapaTos

®UHAHCOBON MOAJAEPIKKM CO CTOPOHbI KOMMaHWA-NPOU3BOAMTENEN eKap-
CTBEHHbIX NPENapaToB ¥ MeMLIMHCKOro 060pyA0BaHUA aBTOPbI HE NONYYau

KoH$AUKT nHTepecos: oTcyTcTayeT

<] ALLPEC 4111 KOPPECMOHAEHLMM:

¥usoreHko AnekcaHgp MNetposuy
Hay4HbIN COTPYAHWMK HAYYHO-KIMHWUYECKOro oTAena Helpoxupyprum, UpkyT-
CKUIA Hay4HbIN LIEHTP XMPYPTUU U TPABMATONOTUU

664003, Poccuiickan ®enepaums, r. UpryTck, yn. bopuos Pesontouuu, 1
Ten.: +7 (914) 8752067
E-mail: sivotenko1976@mail.ru

BK/IAL ABTOPOB

PaspaboTka KoHLEeNUMu 1 ausaiiHa nccneposaHua: LLWA, CBA
Cbop matepuana: LLUNA, TOA

Cratuctnyeckas 0bpaboTka aaHHbIx: JICH

AHanu3 nonyyeHHbIx AaHHbix: LKA, XA, TOA

MogrotoBka TekcTa: MKAI

PepaktnposaHue: CBA, JICH

06Lwan oTBETCTBEHHOCTL: CBA

30.03.22
30.06.22

Mocmynuna
lMpuHAmMa 8 neyame

184

Sorokovikov Vladimir Alekseevich, Doctor of Medical Sciences, Full Professor,
Director, Irkutsk Scientific Centre of Surgery and Traumatology; Head of the De-
partment of Traumatology, Orthopedy and Neurosurgery, Irkutsk State Medical
Academy of Postgraduate Education — Branch Campus of the Russian Medical
Academy of Continuing Professional Education

ORCID ID: 0000-0002-9008-6383
SPIN: 8379-4458

Author ID: 441270

E-mail: vasorokovikov@mail.ru

Larionov Sergey Nikolaevich, Doctor of Medical Sciences, Leading Researcher,
Head of the Scientific and Clinical Department of Neurosurgery, Irkutsk Scien-
tific Centre of Surgery and Traumatology

ORCID ID: 0000-0001-9189-3323

SPIN: 6720-4117

Author ID: 639993

E-mail: snlar@mail.ru

Information about support in the form of grants, equipment, medications

The authors did not receive financial support from manufacturers of medicines
and medical equipment

Confilicts of interest: The authors have no conflicts of interest

[<] ADDRESS FOR CORRESPONDENCE:

Zhivotenko Aleksandr Petrovich
Researcher, Research Clinical Department of Neurosurgery, Irkutsk Scientific
Centre of Surgery and Traumatology

664003, Russian Federation, Irkutsk, Bortsov Revolyutsii str., 1
Tel.: +7 (914) 8752067
E-mail: sivotenko1976@mail.ru

AUTHOR CONTRIBUTIONS

Conception and design: ShIA, SVA

Data collection: ShIA, GOA

Statistical analysis: LSN

Analysis and interpretation: ShIA, ZhAP, GOA
Writing the article: ZhAP

Critical revision of the article: SVA, LSN
Overall responsibility: SVA

Submitted
Accepted

30.03.22
30.06.22


mailto:vasorokovikov@mail.ru
mailto:snlar@mail.ru
mailto:sivotenko1976@mail.ru

