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OnepaTuBHoe neyeHue MO6MNbHOM NNOCKO-BaNbryCHOM
AecdopMaumm cTON Y AeTeH CTapluero WKOJIbHOro
BO3pacTa ¢ UCNOJIb30BaHUEM OCTEOTOMUMU NATOYHOM
KOCTU Ha OCHOBe NpeponepaLuoHHOro KOMNbIOTEPHOro
MO/ e/IMPOBAHMUA: PeTPOCNEKTUBHOE KOrOpTHOE
uccnepoBaHue

AWN. Cocun, 0.B. Koxesnukos, U.B. I'pnbosa, C.3. Kpanuxa

HaumoHanbHbIM MeaWUMHCKWIA MCCe0BaTeNbCKUIA LIEHTP TpaBMatosiorum u optonegun uM. H.H. MpuopoBa, Mocksa, Poccus

AHHOTALINA

06ocHoBaHue. OHOM M3 NPU3HAHHBIX XUPYPrUYECKUX METOAMK NEYEHNUS NIOCKO-BanbrycHOW AedopMauun cTonbl y aeTei
cTapwe 12 net, no3BonsoLLLEN OLHOMOMEHTHO BbINOHUTD MHOTOMIOCKOCTHYH0 KOPPEKLMIO, SIBSIETCA 0CTEOTOMUSA NATOYHOM
KOCTM 1Mo 3BaHcy. AKTyanbHbIM BONPOCOM [10 HACTOSALLLEr0 BpEMEeHM 0CTAETCS NpeAonepaLMoHHOe MiaHUpoBaHKUe NapaMeTpoB
c(hopMUpOBaHHOr0 AMacTasa C LeSbio YMEHbLLIEHUA KONUYECTBA Cly4aeB rno- U r1nepKoppeKLmMm aedopMaLmy.

Liensb. OueHnTb pe3ynbTaThbl 0CTEOTOMUM NMATOYHOM KOCTU NO JBaAHCY C UCMONL30BaHMEM pa3paboTaHHoro cnocoba npefone-
PaLMOHHOIO NaHUPOBaHWA W dUKcaLumn MHAMBKUAYaNbHOM H-06pa3Ho PeKOHCTPYKTUBHON NACTUHOM.

Matepuanbl u MeTogpl. B faHHoe uccnepnoBaHue bbiiM BRIKOYEHB! 64 pebéHKa B Bo3pacte 12—17 neT ¢ cumnToMaTtnye-
CKOM MJIOCKO-BanbrycHoin AedopMauyeit cTon, KoTopble 6blav nofeneHbl Ha ABe FPynMbl: B 0CHOBHOW rpynne Npov3BOaUNy
npezonepaLMoHHoe NiaHMpoBaHWe Mo pa3paboTaHHOMY MeTofy, B KOHTPOJIbHOW NPUMEHSNCA UCKIIOYMUTENIBHO MHTpaonepa-
LIMOHHBIN KOHTPOMb KoppeKumu. [lns uccnenoBaHus 3ddeKTMBHOCTM pa3paboTaHHOro MeTofa MCMO/b30BaaM AMHAMUYECKYH
OLIEHKY PeHTTeHOMETPUYECKWX NOKa3saTenen 1 pe3ynstatos onpocHuka AOFAS fio 1 nocne onepaumu. TakKe yunTbiBanu us-
MeHeHWe nokasatenen rpynn no Foot Posture Index 6 n nogometpuyeckum nnaekcam Chippaux-Smirak u Stasheli.
Pe3ynbtathl. B 0cHOBHOM rpynne npu cpaBHEHUM C KOHTPOJIbHOM 0TMEYEHO COKpalLieHre nepuofa 0TEYHOCTM Nnocre onepa-
LMK, a TaKXKe CPOKOB Hayana NoJTHOLLEHHOW OMopbl HA KOHEYHOCTb, 3HAUUTESIBHOE CHUMEHME KONIMYECTBA Cy4aeB HEMoHOM
Koppekumu. MMpu n3yyeHmu rpynn no wkane Foot Posture Index 6 1 nogoMeTpuYeCKUM MHAEKCAM OTMeYeHa CXOXas [UHa-
MWKa NoKa3saTenei.

3aksntoueHue. MpuMeHeHne paspaboTtaHHoro crnocoba npefonepaumroHHOro NaHUPOBaHKUA NpY onepauymn 3BaHca NoKasano
B0 3 HEKTMBHOCTL B fle4eHUM MOBUIIBHOI NNOCKO-BanbrycHoi AedopMaLyi CToN Y fieTel CTapLUero LWKOIbHOMo Bo3pacTa.

KnioueBble cnosa: Mo6unbHOE NIOCKOCTONME; NIOCKO-BabrycHas AedopMaums CToM; 0CTEOTOMUA Mo 3BaHCy; NOAPOCT-
KOBbII BO3PAcT; NpefonepaLnoHHOe NaHUpoBaHMe.
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Surgical treatment of mobile planovalgus
deformation of feet using calcaneal osteotomy based
on preoperative computer modeling in adolescent:

a retrospective cohort study

Anton 1. Sosin, Oleg V. Kozhevnikov, Inna V. Gribova, Svetlana E. Kralina

N.N. Priorov National Medical Research Center of Traumatology and Orthopedics, Moscow, Russia

ABSTRACT

BACKGROUND: Evans calcaneal osteotomy is one of the recognized surgical techniques for the treatment of flat-valgus foot
deformity in children over 12 years of age, which allows simultaneous multiplanar correction. Preoperative planning of the
formed diastasis parameters to reduce the number of cases of hypo- and hypercorrection remains an urgent issue.

AIM: To evaluate the results of Evans calcaneal osteotomy using the developed method of preoperative planning and fixation
with the individual H-shaped reconstructive plate.

MATERIALS AND METHODS: This study included 64 children aged 12-17 years with symptomatic planovalgus deformity,
who were divided into two groups: in the main group, preoperative planning was used according to the developed method;
in the control group for intraoperative control of correction was used only fluoroscopy and visual assessment. To study the
effectiveness of the developed method, we used dynamic assessment of radiometric parameters and AOFAS questionnaire
results before and after surgery. We also took into account the changes in the Foot Posture Index 6 and the Chippaux-Smirak
and Stasheli podometric indices.

RESULTS: In comparison with the control group, the main group showed a reduction in the swelling period after surgery, as
well as the timing of the onset of full limb support, and a significant decrease in the incomplete correction. Similar dynamics
was observed when studying the groups according to the Foot Posture Index 6 scale and podometric indices.

CONCLUSION: The use of the developed method of preoperative planning during the Evans operation has shown its effectiveness
for the treatment of flexible flatfoot deformity of the feet in adolescence.

Keywords: flexible flatfoot; planovalgus deformity; Evans calcaneal osteotomy; adolescence; preoperative planning.
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OPUTHATTBHBIE VICCTIE JOBAHNA

OB0CHOBAHUE

Cratnyeckas MobunbHas nnocko-BanbrycHas gedopma-
M8 cTon — ofiHa U3 Hambonee YacTo BCTPEYAILLMXCA OpTo-
NeAMYecKUX NaTonorui y feTei Bcex Bo3pactoB. Begywmmu
K/IMHUYECKUMU NPOSBNEHUSMM, MO KOTOPbIM OLEHWUBAETCS
cTeneHb TAXECTH fedopMaumu U onpepenseTcs TaKTUKa
NeyeHus), ABMAKOTCA CHUXEHWE BbICOTbI NPOAOSLHOM0 CBO-
A3 W Yron BasbryCHOr0 OTKJIOHEHWUS! 3aJHEro oTAena CTonbl
MpyW BEPTUKaNbHOW Harpyske [1].

Mo naHHBIM pAaa Hay4HbIX UccnenoBaHun [2, 3], y ne-
Tel JOLWKONBHOMO BO3pacTa 4yacToTa BCTPEYAeMOCTU MO-
BuNbHOro NNOCKOCTONMSA, aCCOLMUPOBAHHOTO C BaslbryCHO
YCTaHOBKOW 3afiHEr0 oTaena, Konebnetcs ot 24 po 54%.
B nopaensiowemM bonbKMHCTBE CNy4aeB BbISABAAETCA
acumnToMatuyeckas dopma: gedopMauus He Bbi3bIBaeT
anob u He BIKUSET Ha PU3NYECKYIO aKTUBHOCTb pebeHKa.
B nanbHeiweM no Mepe pocta pebéHKa oTMevaeTcs obLuas
TEHAEHUMA K YMEHbLUEHUIO PacnpoCTPaHEHHOCTH NNOCKO-
CTONMUSA C 04HOBPEMEHHBIM YBEIMYEHWUEM YACTW NaLUEHTOB
C cuMnToMaTuyeckoi Gopmoin natonoruu. Tak, B rpynne
JNL, CTapLUero LKonbHoro Bo3pacta (12-18 net) Mobunb-
Has nnocKas ctona Habnoaaetca B cpefHeM y 15% peTei,
cpeaym KoTopbix Ha gosio Il v Il cTeneHu TAXKeCTU NPUXOANT-
ca o 70% [4, 5]. MNpeBanupoBaHue KIIMHUYECKN 3HAYMMBIX
dopM y faHHoi rpynnbl 06yCN0BIMBAET MO3ULMI0 MHOTWX
aBTOPOB 0 HE0OXOAMMOCTU aKTUBHOW TaKTUKM JIEYEHHUS.

OBLUeNpUHATLIMA MOKa3aHUAMW K OMepaTUBHOMY feye-
HWKO CYMNTOMATMYeCKOW MOBWIIBHOM NNOCKO-BasbryCHOM Ae-
dopMaumm cTon sBnsoTcs HeaddeKTUBHOCTb KOHCEpBaTMB-
HOro JleYeHnsa U coxpaHeHue Bonesoro cuHapoMa [6]. OaHoi
U3 NPU3HAHHBIX XMPYPrUYECKUX METOLMK JIEYEHUS MNIOCKO-
BanbrycHonm AedopMauun CTonbl, MO3BOMAIOLIEN OJHOMO-
MEHTHO BbINOSTHUTb MHOMOMIOCKOCTHYIO KOPPEKLMIO, SIBNSETCS
0CTE0TOMUSA NATOYHOW KOCTU Mo 3BaHcy. [laHHoe BMeLuaTenb-
CTBO [JAET BO3MOXHOCTb YCTPAHUTL CMeLLIEHUe TapaHHOW KOCTH
W HapYXHYI0 IeBUALIMIO NEPEHETO OTAENA, a TakKe Meananv-
31poBaThb NonoxeHue byrpa natouHo Kocty [7].

[laHHas onepauus, onucaHHasa B 1975 ropay [8], 3aknto-
YaeTcA B YAJIMHAIOLLEH OCTEOTOMMM HA YpOBHe MepefHe-
ro KOHUA MATOYHOW KOCTW MO MSIOCKOCTW, NapanniefibHoM
NATOYHO-KyBOBUAHOMY cycTaBy, M Ha 1,5 cM no3agm Hero
(o niMHKUK, NpoxoasLLeit Mexay nepeaHen u cpegHen da-
CeTKaMu NofTapaHHoro cyctaea) [9]. B panbHenweM opu-
TMHaNbHas MeTOMKAa HEOLHOKPAaTHO M3MeHsnach. TaK,
B 1995 rogy V.S. Mosca u coaBT. MoanduumpoBanm MeTo-
LVKY, NPeAnoxus hopMMpoBaTh AuacTta3 TpaneLyeBULHON
dopmbl [10]. [pyrve u3MeHeHus Kacanucb HampaeneHus
MJIOCKOCTU 0CTEOTOMMUM, GOPMBI CHOPMMPOBAHHOIO AMacTa-
3a, MCNOb30BaHWA PasNUYHbIX ayTo- WK annoTpaHCniIaH-
TaToB, @ TaKXe NMPUMEHEHUs CMHTETUYECKUX MaTepuanos
(nopmcTblii THTaH) [11-13].

AKTyanbHbIM BOMPOCOM [0 HAaCTOALLEr0 BPEMEHM OCTa-
€TcA NpenonepaLMoHHOe MNaHUpPOBaHKWe NapameTpoB chop-
MMpOBaHHOTO AMacTasa. PasMepbl AuacTasa onpefensor
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No BU3YalbHOM KOPPEKLMM OTBEAEHUS MepefHero oTaena
CTOMbI MNW MO MHTpaoMnepaLyroHHon GlopoCKoNUM B Nofo-
LUBEHHOW npoeKumu. [laHHbIA MeTof BBMAY HEBO3MOMHOCTH
BbIMOJIHEHMS MOJTHOLEHHOM Harpy3o4Hoii npobbl ABnseTcs
HETOYHBIM, YTO B MTOre MPUBOLAMT K HEperynspHbIM pesynb-
TaTaM Y pasHbix xupyproB [14].

B 2019 rogmy coTpyaHUKamu OTAENEHMS AETCKOM OpToneaum
HMWL, TO um. H.H. MNMpropoea bbin nonyyeH naTeHT Ha MH-
aveuayanbHylo H-o6pasHylo peKOHCTPYKTMBHYIO NAAcTUHY
13 TMTaHa [15], KoTopas bnarogaps CBOMM XapaKTepucTUKaM
cMmora 3QdeKTUBHO peLunTb npobneMy cTabunbHOM (uKca-
UMM hparMeHTOB MATOYHOW KOCTU M KOCTHOIO TpaHcmniaHTa-
Ta. [laHHas nnacTUHa U3roTaBnMBaeTCs N0 MHAUBUAYANbHBIM
napaMeTpaM, MNONYYeHHbIM Ha 3Tane NpefonepaLMoHHON
MOArOTOBKW, N0 pa3paboTaHHOMY METOAY KOMMbIOTEPHOTO
MOJeNMPOBaHMS.

Lenb uccnepoBaHus — OLEHUTL pe3ynbTaThl OCTEO-
TOMMM NSATOYHOW KOCTM MO 3BaHCY C UCMONb30BaHUEM pas-
paboTaHHoro cnocoba npefonepauMoOHHON0 NAaHUPOBaHMS
u dmKcaumu nHavemayansHon H-o0bpasHon peKoHCTpYKTMB-
HOW NAaCTUHOMN.

MATEPUAJIbI U METO/IbI

Iln3anH uccnepoBanms

MpoBeseHo KOropTHOE KOHTPONMPYEMOe PeTpoCHeKTUB-
HOe UCCef0BaHMe.

Kputepum cootsetcTBus

Kpumepuu sksouerus. B paHHoe uccnepnoBaHue bbinm
BKJI0YEHbI NauMeHTbl B Bo3pacTe ot 12 no 17 net, npoxoams-
LUMe OrepaTMBHOE JieYeHMe MNIOCKO-BabrycHon aedopMa-
LW cTon no MeToauke JBaHca B ycnosuax 10-ro otaenexmns
HMWL, TO um. H.H. MNMpuropoea ¢ 2017 no 2023 rog.

Kpumepuu ucknwoyqerus:

 OTCYTCTBME B aHaMHe3e CTOWKMX Xanob Ha 6omb u
YTOMASIEMOCTb B CTONAX NpW 00bIYHON Harpy3Ke;

* YKa3aHue Ha pUruaHoCTb XOTA Obl OHOTO U3 KOM-
NOHEHTOB AedopMaLuu (CYNMHALMOHHANA YCTaHOBKA
nepefHero oTaena, NoABbIBUX B TapaHHO-Najbe-
BWUAHOM CYyCTaBe, BaJibl'yCHOE MOI0XEHME NATOYHOM
KoCTH);

*  HanMyme TapaHHO-NATOYHBIX U MATOYHO-NAAbEBUAHBIX
KOoanmumu;

* HEBPOJIOrMYECKWE HapyLUEHMs: NPUOBPETEHHBIE KITU-
HUYECKU 3HAYMMble MOTOPHO-CEHCOPHbIE HelponaThu,
CBSI3aHHbIE C [JBMXEHMEM HUKHUX KOHEUHOCTEW, Ha-
cnefoBaHHbIe HeWpo- U MUoNaTuK;

+ HecobniofeHne NpoTOKONa uUccnepoBaHua (0TcyT-
CTBUE MPOXOXAEHWUS aHKeTUPOBaHWA Mo pycudm-
LMpOBaHHbIM BepcuaM onpocHuka AOFAS, ouen-
KM YCTaHOBKM cTonbl Mo Kputepusm Foot Posture
Index 6 (FPI-6) u BbINONHEHUA MIAHTOCKOMMM [0
¥ Nocie ONepaTUBHOIO NEYEHNUS B YCTaHOBIEHHbIE
CPOKM).

285


https://doi.org/10.17816/vto629169

286

ORIGINAL STUDY ARTICLES

B ocHoBHyto rpynny 6biiu BKIOYEHbI NALMEHTBI, KOTOPbIM
BbINO/HANUCL NPeAonepaLUMoHHOe NaHUPOBaHWe Ha BUp-
TyanbHbIX TPEXMEPHbIX Mofensx u dukcaums dparMeHToB
MATOYHOW KOCTM MHAMBMAYanbHoW H-o0bpasHoW nnacTUHOW.
OcTanbHble NaUMeHTbl, C WMHTPAONepaLMOHHON OLEHKOW
KoppeKummn 6e3 npefonepauuoHHOre NaaHUpoBaHus, Bbin
BKJTIOYEHbBI B KOHTPONBHYIO Tpynmy.

MeTobl OLLEHKM LieneBbIX NoKa3aTtenen

Bce nauueHThl, BKIOYEHHBIE B MCCNEOBaHWE, Ha 3Tane
cbopa aHaMHe3sa NpoLIM aHKEeTUPOBaHME Mo pPycMdULMpo-
BaHHbLIM onpocHukaM AQFAS.

KnuHuueckoe obcnegoBaHue

KnuHuyeckoe o0cnefoBaHue MNaUMEHTOB, OLEHKa
YCTAHOBKW CTOMbI NpU BEPTUKanbHOM Harpy3ke, 6e3 Heé
W npu xopbbe onMMcbIBaNMUCh MO OBLLENPUHATOMY NPUHLMMY
OpTONeAMYecKoro 0cMoTpa [6]: OUeHMBanNUCL MoKasaTenu
B3aMMOPACMO/OXEHNUA OTAENI0B CTOMbI, MOOUNIBHOCTL YCTa-
HOBKM CTOMbl, B TOM YMUCE PUTMAHOCTb CYMWUHALMOHHOM
YCTaHOBKU MepefHero OTAeNa, MOJoKEeHWe 3afiHero oTaena
Mpu NoabEMe Ha NoNynanblibl, HAPYLIEHWS TOPCUN HUMKHUX
KOHeYHocTel v obLmid naTTepH xoaebbl. [laHHbIe KnuMHWYe-
CKOro 0CMOTpa KnaccuduumpoBanu no Kputepuam FPI-6 —
CTaHAAPTM3NPOBaHHO HannbHOM CUCTEMBI OLIEHKW MONOXKe-
HWA CTOMbI MO B3aUMOPAaCNON0XEHWIO NepeaHero, CpeaHero
u 3agHero otgenos [1, 16]. TakuM obpasoM, B perucTpaum-
OHHOM KapTe MCCNeRYeMbIX YYUTHIBASIMCb HE TOSIKO Kaye-
CTBEHHble NoKa3aTenn fedopMaummn (Hasmume KOMMNOHEHTOB
naedopMaummn, BbicoTa MPOAONLHOMO CBOAA MPU Harpyske
1 0e3 Heé M [p.), HO MU KONNYECTBEHHbIE XapaKTEPUCTUKM:
CyMMa b6anioB No KaxaoMy u3 6 TecToB M03BOASET A0CTO-
BEPHO KnaccMuuMpoBaTb YCTAHOBKY CTOMbI KaK MPOHMPO-
BaHHYI0, CYNMHUPOBAHHYI0 UM HEWTPasbHYI0 M UCTOMb30BaTh
3TV [aHHble AN AMHAMUYECKOro HabnopeHus.
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WHcTpyMeHTanbHoe obcnepoBaHue

WHcTpymeHTanbHoe 0bcnefoBaH e MaLMeHToB BKIIKOYAIO0
peHTreHorpaduto cTon B NpAMON M BOKOBOI MPOEKLMM B Ha-
rpy3Ke C onpefenieHUeM penpe3eHTaTUBHbIX PEHTTEHOMETPHU-
UECKWX MoKasaresiel (cTeneHb naockocTonus no boraaHosy,
HapyleHre yrna Meary, yra MHKIMHALMK MATOYHOM KOCTH
Ha OOKOBOW NPOEKLMW M YINa TapaHHO-NATOYHON AWBEPreH-
UMW B npaMoii npoekumn (yron Kite)), KoMnbioTepHyto ToMo-
rpaduio HUKHUX KOHEYHOCTEMN W NAAHTOCKOMNMIO MO CTaHAapT-
HoMy npotokony [16, 17].

KomnbloTepHyto ToMOrpadmio HUKHUX KOHEYHOCTEW Npo-
BOAWNM C Liefblo 6onee AeTanbHoW OLEHKW CTPYKTYPHBIX W3-
MEHeHWV U AeopMaLin KOCTel CToMbl, COOTHOLLEHUIA CTPYK-
Typ noaTapaHHoro u LllonapoBa cycTaBoB, OLEHKM CTeMeHu
OMCNOKALMM TapaHHOW KOCTW M UCKJIYEHUA Tap3alibHbIX
KOanMUMI, a TaKKe Co3[aHusa TPEXMepHOW Moaenu fedop-
MWPOBaHHO CTOMbI 415 NPELONEepPaLyoHHOO NiaHMPOBaHMS.
PesynbTaTbl nnaHTocKonuM oueHnBanu no uHpekcam Chip-
paux-Smirak (CSI) u Stasheli (SI) [16].

MpeponepauyoHHoe niaHUpoBaHUue

Pa3pabotaHHbi cnocob npenonepalMoHHOro niaHWUpo-
BaHuA [18] Ha TpEXMEPHBIX MoAENsaX 3aKJIlo4aeTcsa B Creay-
I0LLLEM: B KOMMNbIOTEPHOM NporpamMe ansa 3D-MofennpoBaHus
Ha nosy4yeHHON TPEXMEPHON MOAEeNW CToMbl NaLMeHTa onpe-
JEeNsieTcs NNOCKOCTb XMPYPrUYECKO Koppekuun fedopMa-
UMM NeprneHAMKYNApHO MIOCKOCTU NATOYHO-KY6oBUAHOO
cycTaa (puc. 1a), B AaHHOW NAOCKOCTU OMpefensieTca npo-
[ONbHas OCb 3afHErc OTAeNa CTOMbl U KacaTesbHas JIMHUSA
K HapyXHOMy Kpat KyboBWOHOM KOCTM, Ha NepeceyeHu
KOTOPbIX OMPEeLeNsieTcss yroi OTBEAEHWUS KyDOBULHOW Ko-
¢t (puc. 1b), coctansiowmii B HopMe ot 0 go 5° [19], 3a-
TEM Ha CO3[aHHOW TPEXMEPHOW MOAENN NepneHaMKYNsapHO
MOCKOCTU XMPYPrUYECKOI KOPPEKLMM, Ha paccTosiHum 1,5 cM
OT MOCKOCTU NATOYHO-KYOOBMAHOMO CYCTaBa, BbIMOMHSAETCS

Puc. 1. 3tanbl MofienvpoBaHus onepaLmu Ha cTone: @ — NOATOTOBKa TPEXMEPHOI MofeN, BbIBop YPOBHA 0CTEOTOMUM, b — onpefeneHue
yIMa oTBeAeHMa KyboBUAHOM KocTh, ¢ — (opMMpoBaHUe AMacTasa.

Fig. 1. Stages of preoperative modeling: @ — preparation of a three-dimensional model, choice of osteotomy level, b — determination

of the cuboid abduction angle, c — diastasis modeling.
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OPUTHATTBHBIE VICCTIE JOBAHNA

BUPTya/lbHas OCTEOTOMMS MATOYHOM KOCTWU M OTHOCWTESNIbHO
MeAManbHOr0 KOPTUKANBLHOMO CNo MATOYHOM KOCTU KaK ocH
Mofenupyetcs GopMMpoBaHMe OTKPLITOTO KAMHA [0 BOCCTa-
HoBneHWs pedepeHTHbIX 3HaveHun yra (puc. 1c). Mo nony-
YEHHbIM NMapaMeTpaM OTKPbITOTO KMHA C UCMO/b30BaHWEM
PacCTOSHUA MEXAY HapyXHbIMU KOpTUKanamu ¢parMeHToB
W ero BHYTpPEHHEro 0bbEMa paccuMThIBAETCA pasMep UHAM-
BuAyanbHoM QuKcupytoweit H-06pa3Hoii peKOHCTPYKTUBHOM
MacTUHbI M 06BEM KOCTHOTO TPaHCMaHTaTa, HeobxoanMMoro
LNs 3anonHeHus obpasoBaBLLerocs Aedekta.

TexHUKa XMpYpruyecKoro BMeLLaTeNbCTBa

Bce naumeHTbl OblIM NpoonepupoBaHbl ABYMS XUPYp-
ramMu, UMEKLIMMU OMbIT B ONepauusx no npogumio cTonbl
bonee 10 net Kaxabli. B cooTBeTCTBMM C MeTOAMKON one-
paumMn 3BaHca NPUMEHSAN NOCNOMHBIA AOCTYN K TeNy NATOY-
HOM KOCTM MO Hapy)XHOI NoBepxHOCTU cTonbl. [apannensHo
MATOYHO-KYOOBMAHOMY CYyCTaBy W OTCTYMWB OT HEro K3aau
Ha 1,5 cM, BbIMOMHAAM OCLMINIATOPHON MUK NMONEPEeYHYio
0CTEOTOMUIO NATOYHOW KOCTWU MeXAY MeduanbHOW U nepes-
Hel CyCTaBHbIMM (haceTKaMu MATOYHOM KOoCTW. B oCHOBHO
rpynne MeamanbHbIA KOPTUKANbHbIA COWA MATOYHOW KOCTU
COXPaHANCA MHTAKTHBIM M GOPMMPOBANCS KITMHOBUAHBIN Y-
actas. B KOHTponbHOIA rpynne MCNonb30Banm KNacCUYecKyio
TEXHWKY C MOJIHO MONepeYHoi 0CTeoTOMMEN U hopMUPOBa-
HWeM TpaneuueBMAHOrO Auactasa. B obnactb octeoromum
yCTaHaBNMBanM paclUMpuUTenb, NPWU NMOMOLLM KOTOpOro pas-
ABUranu GparMeHThbl KOCTW.

B ocHoBHol rpynne, copMMUPOBaHHON MO M3BECTHLIM
napameTpaM, [uacTa3 QUKCMPOBanM WHAMBUAYANbHOW
H-06pasHoi nnacTMHOW M NAOTHO 3aMONHANM KOCTHO-MNMa-
CTMYECKUM MaTepuanoM. B KoHTponbHOM rpynne pa3mep au-
acTasa KOHTPOSMPOBACA MHTPAONEPALMOHHO MO BU3YaslbHOM
OLeHKe KOHMrypaumm CTonbl, MOMOXKEHUN MATOYHON KOCTH
BO (pOHTaNbHOW NpoeKummn n pesynbtataM J0M-KoHTpons.
MonyyeHHbIM Anactas B KOHTPOLHOM rpynne duKcupoBsancs
CTaHAAPTHON HAKOCTHOM MNACTUHOM.

3ateM paHy NOCNOWHO YWMBaNW WM HaknapblBanu
TUMCOBYIO MOBSA3KY OT MACTHO-(aNnaHroBbiX CYCTaBOB
L0 BEepXHel TpeTu roneHn Ha 8 Hepenb. B cnyyae BbI-
MOSIHEHWA aXWJIIOTOMUM TUNCOBYI0 MOBSA3KY AOMOSHANM
CbEMHOW MOAYNbHOW 3afHEN NOHIEeTON OT CpefHeN TpeTu
rofieHn oo BepxHei TpeTu beapa Ha CpPoK &4 Hepenw (na-
nlee — CHATWE NOHTeTHl U Havaso pa3paboTku ABMMKEHUI
B KOJIEHHOM CYyCTaBe).

Xonbba € NMOMHOLEHHOW Harpy3Koi Ha NpoonepupoBaH-
HYt0 CTONY paspeLuanack Noc/e BbISIBNEHWSA HA KOHTPONbHbIX
PEHTreHorpamMMax MNpu3HaKoB YAOBNETBOPUTENBHOW Nepe-
CTPOMKU TpaHCMIaHTaTa B 0611acTu 0cTeOTOMMM.

MocneonepaunoHHbIiA Nepuog,

Mocne onepauuu Bce nauueHTbl cobnopany oproneau-
YECKMI PEXUM C BO3BbILIEHHLIM MOJIOXEHWEM MPOOnepu-
POBaHHOM KOHEYHOCTW B TeYEHWe NepBOi Heaenn (CPoKoM
ot 3 o 7 aHeit). KoHTponb AMHAMUKK OTEKA CTON NPOBOAWIN
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M0 K/AMHUYECKUM npu3HaKaM. [1o yMeHbLUeHUN OTEYHOCTM
naumMeHTaM nocne COBMECTHOW KOHCYMbTaLuMmM ¢ Bpa4yoM-pe-
abunuTonoroM HasHauyanM MHAMBMAYaNbHBIA KYpC BepTUKa-
N3aummM U paspaboTKu LBUMKEHMIA.

Mocne BLINWCKM U3 CTaLMOHapa BCex NaUMEHTOB Habnio-
[anv B aMbynaTopHOM peuMe B YCTaHOBMEHHbIE CPoKU. [To-
Crie CHATUSA TUMCOBOV MOBSA3KM W BOCCTAHOBIEHWUS NATTEpHa
xonbbbl, a 3aTeM yepe3 6 MecsaueB 1 1 rog nocne onepa-
TMBHOIO fIeYeHUs! NaLMeHTbl NPOXOAWIM NOBTOPHOE aHKe-
TMpOBaHWe, OPTOMEeAMYECKU A OCMOTP C oueHKon no FPI-6,
MNaHTOCKOMNMIO W peHTreHorpaduio NpoonepupoBaHHOM CToMbI
B NpSAMON 1 DOKOBOW NPOEKLMAX C Harpy3KoMm.

CraTUCTUYECKUN aHanu3

CratucTyeckan 0bpaboTKa AaHHbIX UCCNe0BaHNS Npo-
BOAMNACL C NpUMeHeHWeM nporpamm StatSoft Statistica 10
u Microsoft Excel 2016. Mcnonb3osancs 95% [oBepUTeNbHbIN
WHTEpBas.

3Tnyeckas JKCnepTu3a

WccnenoBaHue onobpeHo 3ThyeckuM KommutetoM QIBY
«HMUL, TO uM. H.H. MNMproposa» MunsppaBa Poccuun. Agto-
pbl B NMUCbMEHHOW QOPMe MOMyYWM COrnacue MalueHToB
(y vy mo 15 netT — cornacue Ux 3aKOHHbIX NpeAcTaBUTENEl)
Ha y4acTue B MCCNEeLOBaHMM.

PE3YJIbTATbI

Mocne otbopa mcTopuin 6oNe3HU NO KPUTEPUSAM BHJTIOYE-
HUSL U UCKIIOYEHNS B KOFOPTY MCCNeNoBaHWSA Dbk 0Tobpa-
Hbl 64 MauueHTa ¢ NJIOCKO-BabrycHoi aedopMauyen cTon,
13 HUX 52 Manbumka (81,25%) u 12 nesouek (18,75%). Meau-
aHa Bo3pacTa cocTaeuna 13 ner.

BceM naumeHTaM BbIMOHANOCL OMEpaTUBHOE JieHeHUe
B 06BEME 0CTEOTOMMM NATOYHOM KOCTM MO JBaHcy. 32 naum-
eHTaM (51 cTona) Ha 3Tane MpefonepaLMOHHOA NOArOTOBKM
BbIMOJHANM MIaHMPOBaHKUe Ha TPEXMEPHbLIX MOAENSAX MO pas-
paboTaHHOMY MeTofy, Ha OCHOBaHWM KOTOPOro 3apaHee Nof-
Oupanu pasMep MHAMBMAYaNLHOI NACTUHLI (OCHOBHAA Fpyn-
na). OcTanbHble NaLMEHTLI ObiIM BKIIOYEHBI B KOHTPOMBHYIO
rpynny. Cratuctudyecku obe rpynnbl conocTaBuMbl MO Mony,
BO3PaCTy, pe3ysibTaTaM OLeHKY no wkane FPI-6 n no peHT-
reHOMEeTPUYECKUM MOKa3aTesiAM [0 onepauym.

Bo Bpems onepaumn 0TMeYanuch Cydau ThIILHOTO CMe-
LLeHWs AuCTanbHoro GparMeHTa NATOYHOM KOCTM Mpu dop-
MMUPOBaHUM AMacTasa. [lpU BO3HWUKHOBEHWW [LaHHOMO OC-
NOXKHEHUS BbIMOSHANUCL [OMONHUTENBHAA MaHMNYAALMS
(parMeHTOM U ero BpeMeHHas QuKcaumsa cnuuei. B KoH-
TPONBHOM rpynne faHHoe cMeLleHne oTMeYeHo Y 11 naumeH-
TOB, B OCHOBHOW Ipynne — TONLKO Y 4.

Ha peHTreHorpaMMax nauueHToB Ha BTOpble CYTKW nocie
onepaLyn B KOHTPOMLHOM rpynne y 3 feteit Habnopanm ae-
(eKTbl 3aMnofIHeHUA AmacTasa. Y BCeX MauMeHTOB OCHOBHOM
rpynmbl Obl10 0TMEYEHO MOJHOLEHHOE 3anofiHeHUe ChopMM-
poBaHHOro Auactasa (taon. 1).
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Tabnuua 1. Yactota 0CNOKHEHWIA B paHHEM NOC/IEONEPALMOHHOM Nepuoae
Table 1. The frequency of complications in the early postoperative period

TbinbHOE cMeLLeHue C
Nyyau peakuum
DledekT 3anonHeHus ZAUCTanbHOro lMnepkoppekuus 6onesHm
fpynna JmacTasa thparMeHTa NATOYHOM pedopMauum YpaHENNaHTTa
KOCTU
abc. | % abc. | % abc. | % abc. %
OcHoBHas (BbINOSHANOCH
npenonepaunoHHoe NNaHMpoOBaHME), - 0 4 12,5 - 0 2 6,25
n=32
KoHTponbHas (MHTpaonepaLmMoHHBIN 3 937 1 34,37 4 125 ! 3.12

KOHTpO/Ib KOppeKLum), n=32

B paHHeM nocneonepauMoHHOM nepuoge (co AHs onepa-
LMW [0 [IHA BBINMCKYM) B 00EMX rpynnax B CPEAHEM 3aXMBhe-
HWe NoCNeonepaLyoHHOI paHbl MPOMCXOAMNO B CTAaHAAPTHbIE
cpoku 12—16 gHen. Mo cpaBHEHWIO C KOHTPOMLHOW B OCHOBHOM
rpynne NauueHToB ObINO BbISBMEHO CTaTUCTUYECKW 3HAUM-
MO€ COKpALLeHWe CPOKOB COXPaHEHUS OTEYHOCTU cTonbl (c 12
(+3) po 8 (x2) AHeit), 4To 3aKOHOMEPHO NpUBOAMNO K bonee
PaHHWM CpOKaM Havana BepTuKanu3aumu. B cesa3m ¢ HeBo3-
MOXXHOCTbIO BbINOIHEHWUS NOMHOLEHHOW Harpy3o4HoM npo-
Obl OLIEHKY pPEHTreHOrpamMM B paHHEM MocneonepauyoHHOM
nepuoge BbINONMHANM 6e3 Harpy3ku € LieNbio KOHTpOns no-
JIO}KEHWS BHYTPEHHMX (MKCATOpOB M TpaHcnnaHTaTa. Y Bcex
MauMeHTOB OCHOBHOM rpynnbl 6blI0 OTMEYEHO MOJTHOLIEHHOE
3anonHeHue chopMUpOBaHHOMO AMacTasa.

Cpoku ynoBneTBOPUTENBHOW KOHCONMAAUMU (parMeH-
TOB MATOYHOM KOCTM, NO3BONSKLLEN HayaTb BEPTUKAMbHYH
HarpysKy, B OCHOBHOM W KOHTPOSIbHOW TPYNne 3HauYMTENbHO
pasnuyanuck. B KoHTponbHoi rpynne npu dmkcaumm obnactu
0CTEOTOMUM CMINLLAMU CPeAHMe CPOKW KOHCONMAALIMU COCTaB-
nsanu 2,7 Mecaua (x0,16). B ocHoBHoiA rpynne — 2,4 MecsAua
(0,14).

Mo pesynbTaTaM KIMHUYECKOTO OCMOTPA B NEpUOL Ha-
yana nosTHOLLEHHOM 0Nopbl Ha CTOMY B KOHTPOJIbHOM rpynne
ObiNio BbISBEHO 4 Ciy4as rMNEPKOPPEKLMM: B NMONOXEHUN
CTOA Yy NauMeHTOB Obina oTMEYeHa CYNUHALMOHHO-afayK-
LMOHHas YCTaHOBKA MepefHero oTaena. YctaHoBKa nofg-
AaBanacb OJHOMOMEHTHOW PYYHOW KOPPEKLUMM, OJHAKO
npu xogpbe peunaueupoBana. YcTaHoBKa He bbina aHTan-
TMYecKoi — xanob Ha 601 NaumeHTbl He NpeabABNAM.
MaumeHTaM HasHa4ancs Kypc Maccaxa v neuyebHoi dus-
KYNbTypbl C Liefbl0 KOPpPeKUUM ycTaHoBKU. B anHamuke
yepe3 1 rof, y 3 NaUMEHTOB YCTaHOBKA CKOPPEKTUPOBaNach.
B ocHoBHOM rpynne NauMeHTOB CNy4yaeB rMNepKOpPpeKLyil
He BblsBNEHO (Tabn. 1).

Ha cpoke 6 MecsiueB nocne onepaumu y Bcex 60NbHbIX
Bbino oTMeueHo yMeHblUeHWe cTenexn gedopmaumu. B oc-
HOBHO rpynne Habnoganock BOCCTaHOBAEHME Yriia NPOAob-
Horo ceoAa Ao HopMbl B 89% cnyuaeB (B OCTanbHbIX Cyya-
aX — po | creneHn no boraaHoBy). B KOHTponbHOM rpynne
AaHHbIN NoKa3atenb gocturan 72% (B ocTanbHbIX CiTyyasx —
[ v I cTenenn no boraaHosy).

DAl https://doiorg/10.17816/vt0629169

HecMoTps Ha pasHyto cTeneHb KOPPEKLWK, BC MaLMEHTbI
YKa3blBanu Ha yMeHbLUEHWe Boneii 1 yBeNMyeHWe TonepaHT-
HOCTW K M3NYECKOI Harpy3ke, YTO BNOCEACTBMM COXpaHS-
nocb Yepes 6 MecsLes M 1 rof nocse onepawuu.

Mo pesynbTaTaM nNpoOBOAMMOIO0  aHKETUPOBAHWUS
no onpocHuky AOFAS yepes 6 MecsiLeB y nauMeHToB 0be-
WX rpynn 6bin BbISBNEH COMOCTABUMBbIA NPUPOCT CPELHErD
banna B amHamuke. OgHaKo npu obcnenosaHum yepes 1 rog
B KOHTPOJIbHOW Tpynmne BbIIBUIOCh HEKOTOPOE CHUMEHUE
cpenHero banna.

Mpy KMMHMYecKoM ocMoTpe ¢ BannbHoi oueHKoi no FPI-6
B 0benx rpynnax 6bbina BbisBNEHa CX0Xas AMHAMMKA MOKa-
3atenent (-7 (x2) 6annoB). KnuHu4ecKan oLeHKa YCTaHOBKM
CTOM Y BCEX MaUMEHTOB KraccuduuMpoBaHa Kak HeWTpanb-
Has.. py oLeHKe AMHAMMKM NapaMeTpOB NIAHTOCKOMUYECKUX
uHaexcoB CSI u Sl B obeux rpynnax BbiBNEHO MX COMoOCTa-
BMMOE YMEHBLUEHME 0 CPELHWUX 3HAUEHWUN B UX BO3PACTHbIX
KaTeropusx [16]. PesynbTat B TeyeHue 1 roga nocne onepa-
Ln B 0benx rpynnax B LeSiIoM ocTaBancs 6e3 U3MeHeHui
(tabn. 2).

Knunuyeckuin npumep

Maument C., 13 net. [lnarHo3 — nnocko-BanbrycHas ae-
topmauwms cton. [ocTynun B oTaeneHe ¢ xanobamm Ha bonm
B MPaBoii CTONe NpW LIUTENLHONM HarpysKe, ObICTPy0 yTOM-
nseMocTb Npu xoasbe.

KnuHuyecku: nnocko-BanbrycHas pedopmaums obemx
cTon (bonee BblpaXeHHas cnpaea), LedopMaums MobunbHa,
O4HOMOMEHTHO NacCUBHO BbIBOAUTCS B CPELHEE NOJOMKEHWE.
Konnuecto 6annos no cucteme FPI-6: +11 cnpaBa (Bblpa-
XEHHas NPOHMpOBaHHas ycTaHoBKa), +9 cnesa (puc. 2a). Pe-
3ynbTathbl NnaHTockonmm: CSI— 1,12, SI — 1,53.

Ha peHTreHorpamMmax npaBoii cTonbl (puc. 2b, c): TapaH-
HO-MATOYHBIN YroNn B NPAMOIA NPoeKuMM — 42°, yron npo-
ponbHoro csoga — 160°, BbicoTa NpoAo/bHOMO CBOAA —
12 mm (Il cteneHb no boraaHosy), yron Meary B 6okoBOiA
npoeKumm — 18°, yron MHKIMHALMU NATOYHOM KocTh — 18°,

lpun aHKeTupoBaHuu no onpocHuky AOFAS nonyyeH pe-
3ynbTat 64 banna.

MauueHTy bbino BoinonHeHo KT-uccnenoBaHue cTon u ro-
NEHOCTOMHBIX CYCTAaBOB C UMUTALMEN BEPTUKATIBHON Harpy3Ku.
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Tabnuua 2. [inHaMuka oLeHku o wranam FPI-6, AOFAS 1 0CHOBHbIM PeHTreHOMETPUYECKUM NOKa3aTensaM
Table 2. The dynamics of the assessment according to the FPI-6, AOFAS scales and the main rentgenometric parameters

OcHoBHas rpynna

KoHTponbHas rpynna

MNokasarenb

Do onepauumn | Yepes 6 mecsiueB | Yepes 1rog | [lo onepauumn | Yepes 6 mecsueB | Yepes 1 rop,
FPI-6 +8,4 (£1,6) +1,8 (£1,4) +2,2 (£1,2) +8,2 (£1,2) +2,0 (£1,6) +2,3 (1,8)
Yron npogonbHoro cBojga  154° (6,2) 132° (£2,3) 134° (+£3,2) 156° (£5,4) 140° (+2,4) 142° (+4,2)
Yron Meary 18° (+2,4) 5,4° (£2,4) 6,3° (£2,4) 17.4° (£2,2) 6,6° (x2,2) 6,8° (+2,3)
Yron VHKNMHALAM 16.2° (+4.4) 34,3° (+2.4) 32.2° (+3,4) 18° (+2,4) 35,7° (+3,5) 33,1° (3,3)
MATOYHON KOCTU
Yron Kite 42,2° (+2,4) 26,4° (£2,4) 26,6° (+2,4) 44,1° (+2,4) 25,3° (£2,4) 27,6° (+2,4)
AQFAS 62,22 (£12,59) 93,56 (+4,58) 91,16 (+5,7) 62,42 (£12,59) 92,14 (£5,15) 90,23 (6,59)

Mo pe3ynbTataM KOMMbHOTEpHOW ToMorpaduu Ha 3Tane
npenonepaLMoHHoi NOAroToBKM bbina co3aaHa BUPTyanbHas
TpEXMepHas Mojenb NpaBsoii ctonbl. Ha nonyveHHon Mope-
7 B NAIOCKOCTU XUPYPrUYECKOW KOpPEKLMM Bbio BbIMONHE-
HO M3MepeHue yra oTBefeHus KybosupHoi koct — 20°,
a TarKe hopMMUpOBaHWe KITMHOBUAHOTO AMacTasa Ao NosHoi
KOppeKuMM iaHHoro yrma. [lanee 6biio BbINOAHEHO U3Mepe-
HWe napaMeTpoB OTKPLITOro KinHa (10,4 MM) 1 BblYMCIEHME
06bEMa HeobXoaMMOro KOCTHOrO TpaHcniaHTata (5,2 Mn)
(puc. 1).

[ng yctpaHeHus fedopMaumnm NpaBoi CTOMbI BbINOSTHEHDI
0CTEOTOMMS NATOYHOM KOCTU N0 MeToAuMKe IBaHca C coxpaHe-
HWeM MeauManbHOro KopTuKana, uKcaums MHAMBUAYabHON
H-06pa3Hoi peKOHCTPYKTMBHOM MNacTUHOW, fedeKT 3anon-
HEeH OCTEOWHAYKTMBHbIM MaTepuanoM (rybuaTtbil KOCTHbIN
annoTPaHCN/IaHTaT HeobxoaMMOoro 06LEMaA).

Yepe3 6 MecsLeB cO [HA OMepaLuu Npu KIMHAYECKOM
OCMOTpE B MONIOKEHUN CTOSA bSO BLISBNEHO YMEHbLUEHWE
pedopMauuu npasoii cTonbl: +3 6anna no cucteme FPI-6.
PesynbTtathl nnaHTockonum: uHaekc Chippaux-Smirak — 0,6
u Stsaheli — 0,71 (puc. 2d).

PesynbTaThl peHTreHorpadun npaeoi CTOMbl C BEPTU-
KanbHOW Harpyskoil yepe3 6 MecseB CO [HA Onepauuu:
TapaHHO-NATOYHLIA YroN B NpAMONA Npoekumn — 25°, yron
npoaonbHoro ceoga — 138°, BbicoTa NPOAOALHOMO CBOAA —
25 MM (I cteneHb no borpaHosy), yron Meary B bokoBoA
MpoeKuMM — 8°, yron MHKIIMHALMKU NATOYHOM KocTn — 28°
(puc. 2e, f

Mo pe3ynbTataM aHKeTMPOBaHWA uepe3 6 MecsLEB
no onpocHuky AOFAS nosydeHHbIM NPUpOCT NOKasaTtens co-
ctaun 32 6anna. Yepes 1 rog, pesynbTar cOXpaHANCA.

OBCYXAEHUE

Mo paHHbIM nuTepatypbl [20], Haubonee YacTbIMK OC-
NOXKHEHMAMM, BO3HUMKAKOLWMMK Nocsie onepauun 3BaHca,
BLICTYMAKT rMNo- NMbo runeproppekums aedopMauuu
W TbiNIbHOE CMeLLeHne LUCTaNbHOro GparMeHTa NATOYHOM
KocTW. OCHOBHOW MPUYMHOWM AAHHBIX OCIOXHEHWH, NO Ha-
LEMY MHEHUI0, SIBNAETCA COXKHOCTb NpeaonepauuoH-
HOr0 MNJIAaHUPOBAHWUSA NPU BbIMOSIHEHUM BMeLLATeNbCTBA
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¢ hopMMpOBaHMEM TpaneLMeBMAHOr0 anacTasa. [pu TaKoil
METOAMNKE MEXaHW3M KOppeKLMW NpeanonaraeT ClOXHoe
CMHXPOHHOE MHOrOMOCKOCTHOE nepeMelleHue dparmeH-
TOB MATOYHOW KOCTH, TapaHHOW KOCTK, @ TaKKe BCero ne-
pefHero v CpefHero OTAENI0B CTOMbl, TOYHOE MHAWBUAYANb-
HOEe MyIaHUpOBaHME KOTOPOro ABNISETCA KPaHE CIOXHBIM
[21]. Kak cnepcTBue, XMpYpru BolHYX AeHbl Npuberathb K UH-
TpaonepaLvoHHOMY ONpefeneHnio NapaMeTpoB AuacTasa
be3 HeobXoMMOro Harpy3ouyHoro TecTa, YTo M MPUBOAUT
K N0A06HLIM 0CIOXHEHWAM.

Mpu npoBeAeHMM onepaumin y NaLMeHTOB OCHOBHOM rpyn-
Mbl HAMK BbIMOJHANIOCh COXPaHeHWe MeaMabHOM0 KOpTUKa-
na NATO4HOM KOCTH, CHOPMMPOBaHHbIN anactas uMen GopMy
KnuHa. [aHHas MopuduKaumsa nokasana pap cregytLmx
NpenuMyLLEeCTB:

* UCK/OYeHWe (aKTopa MHOrOMIOCKOCTHOMO CMeLLle-
HWA QMCTaNnbHOrO (parMeHTa No3BOAMNIO YNPOCTUTL
MofenupoBaHue onepaumn. C y4éToM cMeLleHus
(parmMeHTa TOMbKO B MIOCKOCTH, NepneHAUKYNApHON
MA0CKOCTM NATOYHO-KYBOBUAHOrO CycTaBa, Npy KOM-
MbIOTEPHOM MOZENIMPOBaHMM M03TanHO BOCMPOM3BO-
OV KOppeKLmMio AeopMaumy Ha 0CHOBE U3BECTHBIX
KafaBepHbIX UccnenoBanui [21]. ®opMupoBaHue KIK-
HOBWJHOr0 AMacTasa BOKPYr MeA1anbHOro KopTUKana
KaK ocW, B COOTBETCTBUM C MEXaHWU3MOM «HaTArMBa-
toLLelica TeTUBBI JIyKa», NPUBOAMT K MEPEMELLEHMIO
BCero mepefHero otaena. Benep 3a nepeMellequeM
nepegHero oTAena MPOMCXOAUT ABUKEHUE TapaHHOW
KOCTU Ha YPOBHE MOJATapaHHOro cycTaBa Mo M3BECTHOM
TPaeKTOpUM, COOTBETCTBYIOLLIEN UHBEPCUM;

* BO3MOXHOCTb MOJIENIMPOBaHUA OMepaLmuu B UTOre Mo-
3B0AMNA He JOMYCTUTb MMMO- M MMNEpKOPPeKLMM fe-
(opMaumu B NocnieonepaLMoHHOM Nepuoje, a TakKe
TOYHO CM/1IaHMPOBaTb pa3Mepbl KOCTHOTO TPaHCMNaHTa-
Ta A5 NOHOLIEHHOrO 3anoIHEHUA AuacTasa;

* MATOYHO-KYOOBUAHLIA CyCTaB UMEET CNIOXHOE CTPO-
€HMe CYCTaBHbIX MOBEPXHOCTEMW: MIOCKME, KOCO Ha-
MpaBreHHble B CAarUTTanbHOM MIOCKOCTH, C HATMYMEM
BbICTYNAlOLLEro 3j1eMeHTa No MOJOLIBEHHON MOBEPX-
HOCTU — MNATOYHOTO OTPOCTKA KyBOBMAHOW KOCTM
(Processus calcaneus) [9]. 3Ta ocobeHHOCTb CTpOeHMS
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Puc. 2. Mauwent C., 13 net, anarHo3 — nnocko-BanbrycHas nedopmaums cTon: @ — BHELUHWUA BUL CTOMbI 40 Onepaumm, b — peHTreHorpa-
¢ua oo onepauum ¢ HarpysKoii (DoKoBas NPOeKLUMS), C — PeHTreHorpadus 40 onepaLymm ¢ HarpysKoi (NpsMas NpoeKkuus), d — BHELLHWIA
BML Yepe3 6 MecsileB nocre onepaumu, e — peHTreHorpadms Yepes 6 MecsLieB ¢ Harpy3skoii (bokoBas npoekums), f — peHTreHorpadust
yepes 6 MecsALEB C Harpy3sKou (MpsiMas npoeKLms).

Fig. 2. Patient S., 13 years, diagnosis — planovalgus foot deformity: @ — view of the foot before surgery, b — radiography before
surgery with a load (lateral projection), c — radiography before surgery with a load (AP projection), d — patient appearance 6 months
after surgery, e — radiography after 6 months with a load (lateral projection), f — radiography after 6 months with a load (AP projection).
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Pe3K0 OrpaHW4MBAET POTALMOHHbIE [BUMKEHUS B CY-
CTaBe, YTO M03BOJISIET NepefaBaTb CYNUHALMOHHOE U
MPOHALMOHHOE [IBUMEHME MATOYHOW KOCTW BCel NaTe-
panbHoi KonoHHe. 04HaKo OHa COBEpLUEHHO He Mpe-
NATCTBYET MOAOLIBEHHOMY CMELLEHU0 KyboBMAHOM
KOCTU W, COOTBETCTBEHHO, ThITLHOMY CMELLEHUIO C-
TanbHOro parMeHTa NATOYHOM KOCTU Npu GopMUpo-
BaHMM amactasa. CoxpaHeHWe MeamManbHOro KopTu-
Kana OrpaHN4MBaeT CMeLLeHne dparMeHTa NATO4HON
KOCTW, 4YTO BKyMe C POTaLMOHHOM CTabuUNbHOCTbIO
CycTaBa No3BOJISIET WCMOMb30BaTb BOCCTAHOBJEHUE
yrna oTBeeHns KyDOoBWUOHOM KOCTU B rOPU3COHTaNBHOM
MNOCKOCTU KaK XOPOLUWA OPUEHTUP MPU BbINOSHEHWM
KoppeKumm.

B cuny orpaHnyeHHOCTM 0TOOpaXKEHUA MSAMKUX TKaHeM
npu KT-uccnepoBaHnu, a TaKKe CMNOXHOCTU UX MOLENN-
pOBaHUS NpU KOPPEKLMM [aHHbI cnocob He no3sonser
B MOJIHOM Mepe Y4MUTbIBATb HaTSXKEHWE CYXOMMUIUIA 1 Kan-
CYNIbHO-CBSI30YHOIO annapara CToMbl NpW MaHWPOBaHNUM
onepauuu. Kak npumep MOXHO MpUBECTU OMUCAHHOE
B NIUTepaType B/IUSHWE HATAXKEHUS CYXOMMAWUA KOPOTKOW
ManobepLoBoii MblLLLbI Ha CTeNeHb CybnioKcaLum Ha ypoB-
He NATOYHO-KYDOBMOHOIMO CycTaBa M HATSKEHUS CYXOMM-
nMA BJIMHHOW ManobepLoBoii MbllwLbl HA GopMUMpoBaHUe
Ay npoaonbHoro ceopa [22]. HecMoTps Ha 310, CTeneHb
WHTpPaoMnepaLnoHHON KOPPEKLMM, paccunTaHHas npeaso-
JKEHHbIM MeTof0M, 0becneymna XopoLLniA KITMHUYECKUI pe-
3ynbTaT U AOCTUXEHUE pedepeHTHbIX YIO0BbIX 3HAYEHMI
Ha pPeHTreHorpamMMax C Harpy3KoW, Y4TO MOXET 03HauaTb,
YTO Ha JaHHOM 3Tane MATKOTKaHHbIM KOMMOHEHTOM MOXHO
npeHebpeus.

3HaumTeNbHOE COKpaLLeHWe BPEMEHM OnepaLmn 1 YMeHb-
LLEHWEe B LLENOM OMepaTUBHOI arpeccum 3a CYET MUHUMM3a-
LMW TPaBMMPYIOLLMX KOCTb U MATKME TKaHM MaHWNynsumm
BO BpeMsl nofbopa cTeneHn KOppeKLmMu No3BoWio B noche-
onepauLMoHHOM Nepuofe HayaTb bonee paHHIO BepTUKANK-
3aUuMi0 NaumeHTa.

CpoKv ynoBneTBOpUTENBHON MEPECTPOMKW TpaHCnaHTa-
Ta, NO3BONSAIOLLEN Ha4aTb MOHOLIEHHYHD HarpysKy Ha cTony,
Y NauMeHTOB KOHTPOSIbHOM M OCHOBHOW rpynn pasnuyanuch
HE3HaYMTENbHO.

B ocHoBHo# rpynne Bbinn BbISBNEHbI ABa Cilyyas peak-
LMW BonesHu TpaHcmIaHTaTa B paHHEM MocneonepauroHHOM
nepuofe: OTMeYanuCb 3HauWUTeNbHAs OTEYHOCTb obnacTu
YCTaHOBKW METaIOKOHCTPYKLMK, 0BUNbHOE Cepo3Hoe OT-
penseMoe. Y [aHHbIX NaUMEHTOB Obina NpoBefeHa AeceH-
cMbunusupytoLan Tepanus (xnoponupamMuH, AeKCaMeTasoH).
B TeueHune Hepenm B 0bonx cydasx CoCTOSHUE KynMpoBanoch
(B TeyeHme 7 [Heit B 0QHOM Clyyae U 5 fHel — B Apyrom).

B xope pabotbl Hap uccnepoBaHWeM ObinW BbISBNEHDI
cnabble cTopoHbl paspabotaHHoro Metoga. K HUM oTHocaTcs
HeobXoAMMOCTb UCTO/b30BaHUS KOMMbIOTEPHOM TOMorpaduu
C BepPTMKaNbHOW Harpy3Kon (Mnu eé UMUTauMen), a Takke
onpefenéHHbIi HaBbIK MCNOMb30BaHWA NPOrpaMM As TpEX-
MepHOro MOZENMpOBaHMs.

T.31,Ne 3, 2024
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3AKJTIOHEHUE

MpumeHeHue paspaboTaHHoro crnocoba nmpeponepa-
LMOHHOTO NJaHUPOBaHMsA U GuKcauum dparMeHToB no-
Ka3ano cBow 3Q(GeKTUBHOCTb AN NIeYeHUs MoBUIbHOIA
N0CKO-BaNbrycHol aeopMaLmMm CToN y fieTeii cTapLuero
BO3pacTa.

MonyyeHHble XOpOLUME [ONITOCPOYHbIE pe3ynbTaThbl
KoppeKuun fedopMauum JaKT OCHOBaHWE CYUTATb 3Ha-
YeHUs yrna OoTBeAEHWUS KyBOBMAHOM KOCTU OCHOBHbIM
OpUMEHTMPOM Ha 3Tane npeAonepaLuMoHHOro NiaHUpoBaHus
Ha TpéxmepHbIx Mozensax. OaHako HeobxoanMo nposeje-
HWe ucceoBaHuii bonee BbICOKOr0 YPOBHS JOCTOBEPHO-
CTU ANS NOSHOLEHHOTO NOATBEPXKAEHUS 3P DEKTUBHOCTY
MeTopa.

JOMO/THUTE/IbHO

Bknap, aBTopoB. Bce aBTOpbl NOATBEP}AAIT COOTBETCTBME CBO-
ero aBTOPCTBA MexOyHapoaHbIM KputepusM ICMJE (Bce aBTOpHI
BHEC/IM CYLLECTBEHHbIA BKNaf B pa3paboTKy KOHLenuuu, npose-
AEeH1e WccnefoBaHma W NOATOTOBKY CTaTby, MPOYAM 1 0fobpuam
(uHanbHylo Bepcvio nepen nybnukaumeit). Hambonbwuin BKnag,
pacnpenenéH cnegywowmm obpasom: AN. Coci — opraHumsa-
LMS MCCnefoBanus, cbop U aHanu3 NUTepaTypHbIX MCTOYHUKOB,
Kypaums naupeHToB, cbop AaHHbIX MCCNefoBaHUs, MOAroToBKa M
HanucaHve TekcTa cTatek; 0.B. KowesHnkoB — xupyprudeckoe
neyeHve MaLMeHTOB, KypaLwmsa MpoLecca HammcaHua cTaTbk, pe-
AaKkTupoBaHue ctatbu; W.B. TpnboBa — Kypauws naumeHToB,
cbop [aHHbIX WCCNEAOBaHMUA, XMPYPryecKoe nedeHne naumeH-
TOB, pefaKTMpoBaHue TekcTa ctatbk; C.3. KpanvHa — Kypauus
naLmeHToB, cbop JaHHbIX MCCNef0BaHNSA, XMpYpPruyecKoe fledeHne
NaLMEeHTOB.

WUcTouHMK dmHaHcupoBaHus. ABTopbl 3asBAAOT 06 OTCYTCTBUM
BHELLUHEro (VMHaHCMPOBaHWsA NpW MPOBEEHMWN UCCNEeAoBaHUA U
MOAroToBKe NMybimKaLum.

KoHdnuKT nHTepecoB. ABTOpLI AEKNAPVPYIOT OTCYTCTBME ABHBIX W
MOTEHLMANbHbIX KOH(PIMKTOB WHTEPECOB, CBA3aHHbLIX C NPOBEAEH-
HbIM MCCIelOBaHWEM W NyBMKaLMEN HACTOALLLEN CTaTby.
WHdopmupoBaHHoe cornacue Ha ny6aukaumio. ABTops! Noay4MM
MMCbMEHHOE Coracue nayeHTa Ha nybavKaLmio ero MeaMLMHCKNX
AaHHbIX 1 GoTorpadmii.
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Neuro-microcirculatory interrelationships
in patients with kyphoscoliosis associated
with neurological deficits

Anton G. Nazarenko, Alexander I. Krupatkin, Alexander A. Kuleshov, Igor M. Militsa,
Marchel S. Vetrile, Igor N. Lisyansky, Sergey N. Makarov

N.N. Priorov National Medical Research Center of Traumatology and Orthopedics, Moscow, Russia

ABSTRACT

BACKGROUND: The use of laser Doppler flowmetry with spectral wavelet analysis of blood flow fluctuations allows us to
assess the functional state of thin unmyelinated nerve fibers and objectify the dynamics of recovery processes in patients with
kyphoscoliotic spinal deformities associated with spinal cord compression.

AIM: To study the features of neuromicrocirculatory relationships in patients with kyphoscoliosis associated with neurological
deficits before and after surgical treatment.

MATERIALS AND METHODS: 20 patients with spinal deformities associated with neurological deficits of varying severity were
examined using the LDF method and operated on. Patients were examined before surgery, 1-2 weeks after surgery following
regression of acute postoperative pain syndrome, 3—6 months, 6—12 months, and more than a year after surgery. The scope of
the study included a general examination with a detailed assessment of the neurological status, radiation diagnostics (postural
radiographs of the spine, computed tomography and magnetic resonance imaging of the spine with assessment of spinal canal
stenosis). Patients with severe kyphoscoliotic deformities underwent CT myelography followed by the design of individual full-
size 3D plastic models of the spine and myeloradicular structures. LDF with wavelet analysis was carried out at all periods
of the survey. A perfusion study with determination of the average microcirculation was carried out at the level of the pad of
the distal phalanx of the big toe using a two-channel LAKK-02 device with a semiconductor laser (sensing in the red Raman
and infrared IR channels). The obtained LDF results were processed by spectral amplitude-frequency wavelet analysis to
characterize microcirculation regulation factors in the ranges of sympathetic adrenergic regulation (0.02-0.046 Hz), sensory
peptidergic influences (0.047-0.069 Hz), myogenic oscillations (0.07-0.145 Hz).

RESULTS: After surgery, the activity of trophotropic sensory peptidergic nerve fibers, the values of perfusion of the
microcirculatory channel increased and was maintained starting from the early postoperative period. Ergotropic sympathetic
adrenergic activity was significantly decreased in the period of 6-12 months after surgery. Maximum mobilization of trophotropic
neurogenic mechanisms of sanogenesis was observed in the period of 6-12 months after surgery.

CONCLUSION: The obtained data indicate a significant participation of thin nerve fibers in the recovery processes after
decompressive surgeries in the spinal canal zone and the creation of anatomical conditions for neurophysiological repair at
the spinal cord level. The use of the LDF method with spectral wavelet analysis of blood flow fluctuations makes it possible to
objectify the dynamics of thin unmyelinated nerve fibers and recovery processes in patients with kyphoscoliotic deformities of
the spine associated with spinal cord compression.

Keywords: kyphosis; scoliosis; neurological deficit; laser doppler flowmetry; microcirculation; wavelet analysis.
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DyHKUMOHANbHAA OL,EHKA TOHKUX
HEeMUeIMHU3UPOBAHHbIX HEPBHbIX BOJIOKOH

y NauMeHToB ¢ KU(POCKOSIMO30M, aCCOLLUMPOBAHHBIM
C KOMNpeccuei CNMHHOro Mo3ra

A.T. HazapeHko, A.W. KpynatkuH, A.A. Kynewos, N.M. Munuua, M.C. Betpuna,
W.H. Jiucanckun, C.H. Makapos

HauuoHanbHbIN MeaWLIMHCKMIA UCCnefoBaTeNbCKUI LEHTP TpaBMatonioruv 1 optoneaum um. H.H. Mproposa, Mocksa, Poccus

AHHOTALIMA

06ocHoBaHue. Vcnonb3oBaHWe MeToAa Jla3epHON JONMNEPOBCKON (GIOYMETPUM CO CMEKTPasbHBIM BEMBNET-aHaNN30M KO-
nebaHui KpoBOTOKA MO3BONSET OLEHUTb (QYHKLMOHANIBHOE COCTOSIHWE TOHKMUX HEMUENMHW3WUPOBAHHBIX HEPBHBLIX BOJIOKOH
U 00BEKTMBM3MPOBATb AMHAMUKY BOCCTAHOBMUTENBbHBIX MPOLECCOB Y MALMEHTOB C KU(DOCKOIMOTUYECKUMM AedopMaLmaMm
N03BOHOYHMKA, acCOLMMPOBaHHBIMU C KOMMPECCHEN CMIMHHOTO MO3ra.

Lienb. M3yunTb 0c00EHHOCTM HEPOMUKPOLIMPKYNATOPHLIX B3aMMOCBSA3€H Y NaLMEHTOB C KU(OCKOIMO30M, acCOLMMUPOBAHHBIM
C HEBPOJIOrUYECKUM JedULMTOM, A0 W MOC/Ee 0NepaTUBHOIO NIEYEHMS.

Marepuanel u Metoabl. 06cnefoBaHb! ¢ ucnonb3oBakveM Metoa JIA® u npoonepupoBaHbl 20 naumeHToB ¢ AedopMaLmMaMu
MO3BOHOYHMKA, ACCOLMMPOBAHHBIMUA C HEBPOSIOTUHECKMM Ae(UUMTOM pasnuyHOM cTeneHu BbipaxeHHocTH. 06cneaoBaHme na-
LIMEHTOB NPOBOAMNIOCH 0 Onepauum, Yepes 1-2 Hefienm nocse Heé (nocnie perpecca ocTporo nocneonepauymoHHoro 6onesoro
CMHApOMa), Yepe3 3-6 Mecaues, 6—12 MecsLeB 1 bonee rofa nocne onepaumu. 06bEM McCNeA0BaHMS BKIKOYAN 00LLMIA OCMOTP
C NOLPOBHOI OLIEHKOM HEBPOSIOMMYECKOr0 CTaTyca, JyyeByld AMArHOCTUKY (MOCTypaiibHble PEHTreHorpaMMbl MO3BOHOYHMKA,
KOMIBKOTEPHYI0 M MarHUTHO-PE30HaHCHYI0 TOMOrpaduio MO3BOHOYHWKA C OLIEHKOW CTEHO3a MO3BOHOYHOrO KaHana). MaumeH-
TaM c rpybeiMu KndockonmoTuieckummn fedopMaumamu npoBoaunace KT-muenorpadums ¢ nocnegyiolwmm npoexTMpoBaHUEM
MHOVBMOYaNbHBIX NOHOPa3MepHbIX 3D-Mofenelt NO3BOHOYHMKA M MUENOPaLUKYNISPHBIX CTPYKTYp M3 nnacTuka. Ha Bcex cpo-
Kax obcnenoBaHus bbina nposeaeHa JIA® ¢ BelieneT-aHanu3oM. MiccnenoBaHne nepdysun ¢ onpeaesieHMeM CPpeaHero noKa-
3aTens MUKPOLMPKYNALMM NPOBOAMIOCH Ha YPOBHE MOAYLLEYKM AMCTanbHOW danaHri boMblIoro manbua cTonbl ¢ MCMoNb30-
BaHWeM [ByxKaHanbHoro annapata JIAKK-02 ¢ nonynpoBoSHMKOBLIM 11a3epoM (30HAMPOBaHWE B KPAacHOM U MHGpaKpacHOM
KaHane). MonyyenHble pesynbratbl JIAD obpabaTbiBanvck METOLOM CEKTPANIBHOMO aMMIMTYAHO-4aCTOTHOIO BEMBIET-aHaIN3a
LNA XapaKTepUCTUKW (DaKTOPOB PErynsiLMM MUKPOLMPKYNAUMM B [ManasoHax CUMMAaTUYECKOM afipeHepruyeckon perynsuum
(0,020,046 T'u), ceHcopHbIx nentuaeprdeckux sausHuiA (0,047-0,069 '), MroreHHbIX ocumnnsaumi (0,07-0,145 Tw).
PesynbTartbl. [ocne onepauuu Bo3pacTana U NOLAEpPXHMBaNach aKTMBHOCTb TPOQOTPOMHBIX CEHCOPHBIX NENTULEPTUYECKUX
HEpPBHbIX BOJIOKOH, BEIMYUHBI Nepdy3uM MUKPOLIMPKYISTOPHOTO pyc/a, HauyMHas C paHHero NocnieonepauMoHHOro nepuoaa.
JproTponHasa cuMnaTUYecKas aspeHepruyeckas aKTMBHOCTb 3HaUMMO CHIXKanack B nepuop, 6—12 MecsLeB nocne onepaumu.
MakcumManbHas Mobunusaums TpodOTPONHLIX HEMPOreHHbIX MEXaHU3MOB CaHoreHesa oTMevanach B nepuof, 6—12 Mecsues
nocne onepawum.

3aksitoueHue. onyyeHHble AaHHbIE CBUAETENBCTBYIOT O 3HAUMMOM Y4aCTUM TOHKUX HEPBHbIX BOSIOKOH B BOCCTaHOBUTESb-
HbIX MpoLeccax nocne AeKOMMPECCUBHBIX OMepauui B 30He MO3BOHOYHOMO KaHana W Co3[aHUs aHaTOMUYECKUX YCNOBMIA
ANs HelpodK3MonorMyecKomn penapaLmm Ha ypoBHe CinHHOro Mo3ra. Mcnonb3osaHue MeTofa JIA® co cneKTpanbHbIM BeliB-
NeT-aHanu3oM KonebaHuii KpOBOTOKA MO3BOJISIET 00bEKTUBM3MPOBATL ANHAMUKY COCTOSHUS TOHKUX HEMUENMHWU3MPOBAHHBIX
HEpBHbIX BOJIOKOH W BOCCTaHOBUTESbHBIX NPOLIECCOB Y MALMEHTOB € KUGOCKONMOTUYECKUMI AedOpMaLMAMM MO3BOHOUHMKA,
accouMMpoBaHHbIMU C KOMMPECCHEN CMMHHOMO Mo3ra.

KnioueBble cnoBa: Kndos; CKONMO3; HEBPOOrMYECKMii AednLMT; NasepHas LoNNiepoBcKas GnoyMeTpusi; MUKPOLMPKY-
NALMS; BeNBNET-aHaNu3.

Kak uutnpoBsartb:

HasapeHro A.l'., Kpynatkuu AW, Kynewos A.A., Munnua WM., Betpuna M.C., JiucsHckmin U.H., Makapos C.H. OyHKLoHabHas OLLeHKa TOHKUX HEMUENMHU-
31POBaHHbIX HEPBHBLIX BOJIOKOH Y NALMEHTOB C KMGOCKOMMO30M, aCCOLMMPOBAHHBIM C KOMMPECCHeN CMHHOro Mo3ra // BEeCTHWK TpaBMaTonorum 1 optone-
v M. H.H. Mpuroposa. 2024. T. 31, N2 3. C. 295-304. DOI: https://doi.org/10.17816/vto630428

Pykonucb nonyyena: 17.04.2024 Pykonucb opno6peHa: 24.04.2024 Ony6nukoBaHa online: 17.07.2024
&
3KO®BEKTOP Cratba noctynHa no mmuer3vv CC BY-NC-ND 4.0 International

© 3ko-BekTop, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/vto630428
https://doi.org/10.17816/vto630428

ORIGINAL STUDY ARTICLES

BACKGROUND

Spinal deformities, such as kyphosis and scoliosis,
may lead to spinal canal stenosis and subsequently to
compression of the vascular-nerve structures, including
the spinal cord. Imaging modalities for radiological—clinical
and anatomical diagnostics [1] do not show the quantitative
characteristics of the degree of damage and restoration of
spinal cord function and the dynamics of the neurological
status. Moreover, stenosis can cause changes in neurologic
function parameters, such as the myelinated type A fibers
and thin unmyelinated C-fibers. Myelinated structures
contribute to specific functions within the body such as
movements and deep sensitivity. Conversely, unmyelinated
sympathetic and thin sensory fibers are involved in adaptation
processes, tropism, patho- and sanogenesis, and pain
systems. Sympathetic activity is associated with dystrophy,
and sensory peptidergic nerve fibers play a crucial role
in restorative processes, sanogenesis, and recovery [2].
In evaluating myelinated structures, including in spinal
stenosis, electroneuromyography (ENMG) methods are
used to determine the diagnostically significant indicators,
namely, the amplitude of action potentials, motor and
sensory response parameters, impulse conduction velocity
and F-wave [3], and evoked potentials (somatosensory,
cognitive, etc.) [4]. However, the state of thin unmyelinated
and poorly myelinated fibers in spinal stenosis has not been
studied; this may be due to the fact that these fibers have
low conduction velocity and thus cannot be assessed using
traditional ENMG. Thin fibers in the limbs are represented by
sympathetic vegetative postganglionic C-fibers (vasomotor,
to a lesser extent sweat-secreting, etc.) and sensory
A-delta and C-fibers for pain and temperature sensitivity
(sensory function, as well as trophic function, associated
with neuropeptide secretion). Parasympathetic innervation is
absent in the tissues of the limbs. In the field of vertebrology,
some studies have investigated the function of thin nerve
fibers. For example, using the thermography method, the
role of the somatosympathetic reflex in the diagnosis of
discopathy of the lumbar spine was determined [5].

Laser Doppler flowmetry (LDF) with spectral wavelet
analysis of blood flow oscillations is a commonly used
noninvasive method for assessing microcirculation [2,
6-9]. In the amplitude—frequency wavelet spectrum of
the LDF records of microhemocirculatory signals, several
characteristic frequency intervals ranging from 0.005 to 2 Hz
were identified, each of which was associated with a specific
physiological effect in skin microcirculation. This facilitates
noninvasive assessment of the regulation of microcirculatory
tissue systems. These include active tone-forming effects
(endothelial, neurogenic, and myogenic) and passive effects
caused by changes in pressure in microvessels (cardiac
and respiratory) [2, 10]. Because the tone-forming ranges
of 0.02-0.046 Hz and 0.047-0.069 Hz are associated,
respectively, with sympathetic vasomotor adrenergic and
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sensory peptidergic influences on microvessels, respectively,
the functional state of vasomotor sympathetic and sensory
peptidergic innervation can be diagnosed noninvasively
[2, 10]. This technique was first proposed in 2004 [10].
Regarding the range of microvessel perfusion oscillations,
sympathetic adrenergic influences and accompanying
angiospastic manifestations are considered ergotropic and
sensory peptidergic, myogenic, and endothelial influences
are trophotropic. The predominance of ergotropic factors is
associated with degenerative—dystrophic processes, and the
prevalence of trophotropic components of the regulation of
microcirculatory tissue systems is linked to regeneration and
restorative processes [2].

Notably, microcirculatory tissue systems are among the
first to respond in the development of sanogenesis; therefore,
the use of LDF indicators with wavelet analysis of blood flow
oscillations before and after spinal surgeries is promising
for the detection of the vector of functional dynamics [2, 9].

MATERIALS AND METHODS
Study design

A monocentric cohort retrospective comparative study
was performed.

Eligibility criteria

At the N.N. Priorov National Medical Research Center
of Traumatology and Orthopedics, 20 patients with spinal
deformities associated with neurological deficits of varying
severity were examined using the LDF method and operated
on: 17 patients were below 18 years old (13.9+2.6 years) and
three were adults. In the pediatric group, 10 cases of grade
IV idiopathic kyphoscoliosis with Frankel neurological status
C (seven patients) and D (three patients) and seven cases of
thoracolumbar kyphosis that developed against hypoplasia
of the Th12-L1 vertebral bodies were noted. This group of
patients had spinal canal stenosis of 54.1+19.1%, assessed
according to computed tomography (CT) myelography of
the deformity apex in the sagittal plane. In adult patients,
kyphotic deformity of the thoracic and thoracolumbar spine
was registered. Examination showed a spinal canal stenosis
of 53.3+16.4%. Frankel neurological status C (two patients)
and D (one patient) were noted.

Study conditions

The patients were examined before the surgery, 1-2 weeks
after surgery following regression of acute postoperative pain
syndrome, and 3—6 months, 6—12 months, and more than a
year after the surgery.

Method of medical intervention

Instrumental correction and fixation of the deformity
without direct decompression of the spinal canal were
performed in seven patients and two-stage surgical treatment
involving dorsal stabilization of the spinal deformity and
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anterior decompression of the spinal canal in ten patients.
Posterolateral decompression of the spinal canal was
conducted in three patients.

Methods of recording outcomes

General examination including assessment of the
neurological status and radiation diagnostics (i.e., postural
radiographs of the spine and CT and magnetic resonance
imaging of the spine with assessment of spinal stenosis) were
carried out. Patients with severe kyphoscoliosis underwent
CT myelography with subsequent design of individual full-
size 3D models of the spine and myeloradicular structures
made of plastic.

LDF with wavelet analysis was performed in all stages
of the examination (Figs. 1-3). A perfusion study, with
determination of the average microcirculation index (M, in
perfusion units (p.u.)), was performed at the level of the
pad of the distal phalanx of the big toe using a two-channel
LAKK-02 device with a semiconductor laser (probing in
the red and infrared channels) [2, 9]. The LDF results were
processed using spectral amplitude—frequency wavelet
analysis to characterize the factors of microcirculation
regulation in the ranges of sympathetic adrenergic regulation
(0.02-0.046 Hz), sensory peptidergic influences (0.047-
0.069 Hz), and myogenic oscillations (0.07-0.145 Hz). The
maximum average amplitude of oscillations in each range,
normalized by the root-mean-square deviation (o), was
determined by the equation A/, where A is the amplitude
value in p.u. according to the previously described technique
(2, 91 (Figs. 1-3).

Wavelet analysis (Red+IRed)
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Statistical analysis

Statistical processing was performed using the Biostat
4.03 program. The Mann—Whitney test was used to compare
two samples. Quantitative data were presented as mean *
standard deviation.

Ethical considerations

The study was conducted according to the standards
of the local ethics committee (meeting no. 7, dated August
5, 2021) and the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. All patients
(or their representatives) signed an informed consent to
participate in the study.

RESULTS

After surgical treatment, the relative magnitude of spinal
canal stenosis in patients in the postoperative period was
27.5£14.7% (before surgery: 54.1£19.1%). Eight patients with
the Frankel C neurological status (in the form of lower mixed
deep paraparesis) showed positive dynamics up to Frankel D.
Seven of 12 patients with preoperative neurological status
Frankel D did not show changes in neurological deficit,
whereas five patients showed regression of neurological
disorders up to Frankel E. The outcomes of surgical
treatment of patients were assessed as good. In 13 patients
(65%), regression of neurological deficit was detected
during the follow-up period of 3-6 months after surgery.
The delta of deformity correction in this group of patients
was 29.3£12.1%.
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Fig. 1. An example of recording the wavelet spectrum of blood flow fluctuations according to laser Doppler flowmetry data before surgery.

Note. Horizontally — frequency ranges in Hz: e (endothelial), n (neurogenic), m (myogenic), rv (respiratory venular), c (cardiac). Vertically —
the amplitude of fluctuations in blood flow in perfusion units. The red arrow is the activation of oscillations in the range of sympathetic
adrenergic regulation of microvessels in the infrared channel. Sensory peptidergic activity has not been recorded.
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Fig. 2. An example of recording the wavelet spectrum of blood flow fluctuations according to laser Doppler flowmetry 8 months after
surgery.

Note. Horizontally — frequency ranges in Hz: e (endothelial), n (neurogenic), m (myogenic), rv (respiratory venular), ¢ (cardiac). Vertically —
the amplitude of fluctuations in blood flow in perfusion units. The red arrow indicates the absence of sympathetic adrenergic activity in
the infrared channel and its marked decrease in the red recording channel. The blue arrow indicates the pronounced activity of sensory
peptidergic regulation in the infrared recording channel.
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Fig. 3. An example of recording the wavelet spectrum of blood flow fluctuations according to laser Doppler flowmetry 1.5 years after
surgery.

Note. Horizontally: frequency ranges in Hz — e (endothelial), n (neurogenic), m (myogenic), rv (respiratory venular), c (cardiac).
Vertically — the amplitude of fluctuations in blood flow in perfusion units. The red arrow indicates the absence of sympathetic
adrenergic activity in the red and infrared recording channels. The blue arrow is the activation of sensory peptidergic regulation in
the infrared recording channel. The double blue arrow is the synchronization of the frequency of myogenic activity in the red and
infrared channels.
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Fig. 4. Frequency of activity of sympathetic adrenergic and sensory peptidergic regulation of microvessels in the wavelet spectrum of blood flow

fluctuations, %.

Note. H — sympathetic adrenergic regulation of microvessels, SP — sensory peptidergic regulation of microvessels, IRed — infrared.

Figure 4 and Table 1 present the results of the study using
the LDF method.

Examples of recording the wavelet spectrum of blood
flow oscillations are shown in Figures 1-3.

Based on the data presented, during the postoperative
recovery, clear dynamics of the functional state of thin nerve
fibers were noted (Fig. 4). Under physiological rest conditions
in healthy individuals (control group), the sympathetic
adrenergic regulation was predominant, whereas
trophotropic sensory peptidergic activity was detected in
the wavelet spectrum in no more than 30% of cases. In
patients in the preoperative period, this distribution was
preserved; however, in precapillary microvessels (red channel
recordings), sensory peptidergic regulation was not detected
in the wavelet spectrum. After the surgery, a progressive

change in the vector of nervous control of microcirculatory
tissue systems was noted, namely, a distinct increase in the
contribution of trophotropic sensory peptidergic innervation
against a decrease in the representation of the ergotropic
sympathetic adrenergic channel of regulation. The highest
trophotropic contribution was observed in the time interval
of 6—12 months after the surgery, regarding it as the most
active recovery period.

The quantitative indices of the state of microcirculation
and its regulation are of interest (Table 1). The preoperative
period was characterized by low values of perfusion (M,
p.u.) of the microvascular bed in the red recording channel,
reflecting predominantly nutritive blood flow, absence of
trophotropic sensory peptidergic oscillations in the same
recording channel, and relatively low values of the amplitudes

Table 1. Indicators of laser Doppler flowmetry before and after surgical treatment

Examination An./o An./o Asp./o Asp./c Am./c Am./c M, p.u. M, p.u.
interval R IR R IR R IR R IR

Before surgery 0.45£0.12  0.53+0.11 - 0.38+0.08  0.38+0.04  0.24+0.03 1.1£0.07 1711
;Jrzgx’;“'ks after 0402  0.64:0.04* 057:0.12* 053:0.05¢ 041009  0.3:0.08  2.3:0.05* 10415
gaf’gg‘r;”ths after 0.6+0.1  0.65:0.06* 041:0.08* 054:0.04* 039:0.07  0.19:0.1  2.34:0.04*  13+14
2;::6’:;0"”‘5 after  037.007%  044:0.06* 047:0.11*  043:0.04° 043:003  028:005  5.4+0.09* 13+2.3
Morethan Tyear o o015 05:012  032:0.07* 0546012  035:0.1  034:0.04*  72:11%  187+15*
after surgery
Control 04+0.09  048:0.1  027:0.1  0.29+0.1  045:0.07  04+0.03  51+0.09  11.8+13
(n=20) 410, L4oxU. L1EU, L7%U. 49U, 410, xU. Reud B

Note. *, p <0.05 for data in dynamics after surgery compared with preoperative results; R, red channel; IR, infrared channel.
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of myogenic blood flow oscillations associated with capillary
perfusion. Positive changes of microvascular indices were
determined after the surgery. The M value significantly
increased, especially in the red recording channel. Moreover,
the activity of sensory peptidergic nerve fibers increased and
was maintained starting from the early postoperative period.
Sympathetic adrenergic activity significantly decreased
6—12 months after the surgery.

DISCUSSION

In the present study, the laser Doppler flowmetry method
was used to evaluate thin unmyelinated nerve fibers. LDF
is widely used in modern fundamental and clinical medicine
to evaluate microcirculatory tissue systems. In PubMed
alone, approximately 12,000 publications on this topic in
various fields of medicine were found. The advantages of
the method are noninvasiveness, harmlessness of research,
and the possibility of unlimited control over time, and for
Russian devices of the LAKK series, it is also a computer
guantitative analysis of records using spectral wavelet
analysis of blood flow oscillations. This quantitative approach
enables evaluation of the factors regulating microcirculation,
including the functional state of thin unmyelinated nerve
fibers involved in the innervation of microvessels (vasomotor
sympathetic and sensory peptidergic). This is especially
valuable for traumatology and orthopedics, as the results of
LDF characterize not only the purely vascular component of
tissue tropism implemented at the level of microcirculation
but also the condition of the nervous component of tropism
implemented through thin nerve fibers [2, 9]. Currently, this
opportunity has become even more crucial owing to the
fact that neurophysiological diagnostics in traumatology
and orthopedics, including vertebrology, is based on an
electrophysiological approach with an assessment of
conductivity along myelinated nerve fibers. However,
this approach is ineffective for diagnosing unmyelinated
innervation.

The choice of the skin of the plantar surface of the big toe
as the LDF registration zone was due to the high density of
unmyelinated fibers, including perivascular, in the skin of the
plantar and palmar surfaces in humans [9].

Results indicate that the contribution of trophotropic
sensory peptidergic regulation begins to increase 3—6 months
after surgery, reaches a maximum in 6-12 months, and
decreases slightly, but remains a year or more after surgery.
In this context, the participation of the ergotropic channel of
regulation associated with sympathetic fibers is maintained
at all stages; however, their contribution to the control of
microcirculatory tissue systems decreased starting from
month six after surgery, reaching a minimum in 6—12 months.

Among the quantitative parameters of microcirculation,
the average perfusion value M demonstrated a clear
progression in dynamics after the surgery. In quantitative
terms, for cases of representation in the wavelet spectrum,
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the activity of the trophotropic sensory peptidergic channel
of regulation (the values of the normalized amplitudes
of blood flow oscillations of the corresponding genesis)
increased significantly after surgery, and the activity of the
ergotropic sympathetic channel (the values of the amplitudes
of oscillations of the sympathetic adrenergic genesis)
significantly decreased 6—12 months after surgery.

The obtained data indicate the significant participation
of thin nerve fibers in the recovery processes after
decompression surgeries in the spinal canal zone and
in creating anatomical conditions for neurophysiological
reparation in the spinal cord.

CONCLUSION

Using the LDF with spectral wavelet analysis of blood
flow oscillations enables evaluation of the dynamics of the
state of thin unmyelinated nerve fibers and recovery process-
es in patients with kyphoscoliotic spinal deformities associ-
ated with spinal cord compression. After surgery, the activity
of trophotropic sensory peptidergic nerve fibers and micro-
circulatory bed perfusion increased and were maintained
since the early postoperative period. Ergotropic sympathetic
adrenergic activity significantly decreased 6—12 months after
surgery. Maximum mobilization of trophotropic neurogenic
mechanisms of sanogenesis was noted 6—12 months after
the intervention.
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Decision-making in unicompartmental knee
arthroplasty using radiological parameters
in South Asian populations

Aswin Vijay, Haemanath Pandian, Pradeep Elangovan, Arunkumar K. Vijayakumari,
Ganesh Anantharaman, Sheik M. Tajudeen, Rajan Raghul

Chettinad Hospital and Research Institute, Chennai, India

ABSTRACT

BACKGROUND: Many patients who visit orthopedic surgeons mainly complained of knee pain, which is often diagnosed as
osteoarthritis affecting the medial compartment, whereas the lateral compartment and patello-femoral joint remain relatively
unaffected.

AIM: This study aimed to establish criteria for patient selection and validate an evidence-based approach for selecting
candidates for unicompartmental knee arthroplasty (UKA). Key considerations in patient selection for UKA include identifying
the presence of bone-on-bone osteoarthritis in the medial compartment, ensuring a functionally normal anterior cruciate
ligament, maintaining full-thickness cartilage in the lateral compartment, verifying a functionally normal medial collateral
ligament, and confirming the absence of severe damage lateral to the patello-femoral joint.

MATERIALS AND METHODS: From a consecutive cohort of 390 patients with medial knee pain, preoperative radiographs of
bilateral knee including anteroposterior/lateral/Rosenberg/20° valgus stress views were collected, and results were tabulated.
Patients were categorized into appropriate groups. The suitability for UKA was determined based on the Oxford radiological
decision aid, history, examination, and radiographic assessment including stress radiographs.

RESULTS: The Oxford radiological decision aid demonstrated 92% sensitivity and 88% specificity. According to the radiographic
assessment, 49% of the knees were considered suitable for Oxford UKA (OUKA), whereas 51% were deemed unsuitable.
Among the 51 knees identified as unsuitable for OUKA, 40% did not meet one radiographic criterion, 38% did not meet two
criteria, 22% did not meet three criteria, and <1% did not meet four criteria.

CONCLUSION: The Oxford radiographic decision aid safely and reliably identifies the appropriate patients for meniscal-bearing
UKA and achieves good results in this population. The widespread use of this radiological decision aid should improve the
results of UKA.

Keywords: Oxford radiological decision aid; unicompartmental knee arthroplasty; osteoarthritis.
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"pMHﬂTMe peLueHun 06 OAHOKOMMNOHEHTHOM
JHAoMNpoTe3npoBaHUMU KOJIEHHOro cycraBa

C UCnoJjib3oBaHUeM PEeHTreHosIorn4eCKux napamMeTpos
B I0)KHOQ3MaTCKOM nonynauuum

A. Bumxan, X. langwan, M. Inanrosan, A.K. Bugxxaskymapu, I'. AHaHTXapamaH,
.M. TapxyauH, P. Parxyn

bonbH1La 1 UccneaoBaTenbCKUA MHCTUTYT YeTTuHag, YeHHai, NHaua

AHHOTALIMA

06ocHoBaHMe. 3HauMTeNIbHOE YMCNO MaLMEHTOB 0bpaLLalTCs K XMpypraM-opToneaaMm ¢ anobamu Ha bonb B KoneHe, KO-
TOpas YacTo AWarHOCTUPYETCA KaK 0CTe0apTpuT, MOpaKalolui MeauanbHblii OTAEN, B TO BPEMSA KaK NaTepanbHblii 0TAen
W Ha[IKONeHHO-6eipeHHbIN CYCTaB OCTATCA OTHOCUTEIBHO HE3aTPOHYTHIMK.

Lienb. YctaHoBneHue kputepueB 0TbOpa NaLMeHTOB M MPOBEPKA Hay4yHO 0BOCHOBaHHOro MOAXoAa K 0TOopy KaHAMAAToB
Ha OHOMBILLENIKOBOE NPOTE3UPOBAHUE KOMEHHOrO cycTaBa. KnoueBbiMA MOMEHTaMM NpK 0TOOpe NaUMEHTOB AN OAHOMbI-
LLESIKOBOrO MPOTE3MPOBAHMS KOJIEHHOTO CYCTaBa ABNAIOTCS BbISBJEHME OCTE0APTPO3a KOCTb B KOCTb B MEJMANbHOM OTCE-
Ke, obecneyeHne QyHKLMOHANBHO HOpPMaNbHOW NepefHen KpecToobpa3HOM CBA3KM, COXPAHEHWE MOJHONM TOMLLMHBI XpALLA
B JlaTepanbHOM 0TCEKe, NpoBepKa (YHKUMOHANbHO HOpMarbHOW MefduanbHOW KonnatepanbHOi CBA3KM W MOATBEPXAEHUE
OTCYTCTBMSA CEPbE3HOI0 NOBPEXAEHNA NaTennopeMopanbHOro cycTaBa B natepaibHOM HanpaBneHum.

Marepuanbl u MeTogbl. Y 390 nauneHToB ¢ 60/bI0 B MeWabHOM YacTM KONEHHOro CycTaBa Obiiu cobpaHbl Npeaonepaum-
OHHbIE PEHTTEHOrpaMMbl KONEHHbIX cycTaBoB, Bkioyas AP/LAT/Rosenberg view/20° valgus stress view, 1 pesynbtartsl 6biimn
CBefeHbl B Tabnmuy. MaumeHTsl bbinM pacnpeAeneHsl N0 COOTBETCTBYIOLWMM rpynnaM. 0T6op KaHAMAATOB Ha OLHOMBILLENKO-
BOE MPOTE3MPOBaHWE KONEHHOMO CYCTaBa onpefensncs ¢ nomoLubio OKChOopACKO PEHTIEHONOMMYECKOH CUCTEMBI NPUHATUSA
peLLeHuii, aHaMHe3a, 0CMOTPa, peHTreHorpadnyecKon OLEHKY, BKIIOYAs CTPECC-PEHTTEHOrPaMMBI.

Pe3synbtathl. OkcdhopacKas peHTTeHON0rMYecKas cMcTeMa NPUHATUSA peLLeHuii MPOAEMOHCTPUPOBaNa YyBCTBUTENBHOCTb 92%
u cneunduuHocTb 88%. Mo pesynbTatam peHTreHorpaduyecKoi oueHKM 49% KoneHHbIX CycTaBoB bblv NpU3HaHbI NPUroA-
HbIMW [71S1 NPOBEIEHUS 0AHOMBILLIENIKOBOTO NPOTE3MPOBaHUS KOJIEHHOrO cycTaBa, a 51% — HenpurogHbiMu. Cpegm 51 Ko-
JIEHHOTO CYCTaBa, MPU3HaHHbIX HenpuroaHbiMK, 40% He COOTBETCTBOBaNM OLHOMY PeHTreHorpaduyeckoMy Kputepuio, 38%
He COOTBETCTBOBANN ABYM KputepusaM, 22% — TpeM u MeHee 1% — YeTbIpEM KpuTepusM.

3akuioyeHmne. OKcdopcKas peHTreHoNornyecKas cMcTeMa NpUHATUSA peLleHnin 6e30nacHo M HaLEXHO onpegensieT Noaxo-
AALWMX NaLMEHTOB AN MPOBEAEHNUS OAHOMBILLEIKOBOrO NPOTE3UPOBaHNA KOEHHOr0 CycTaBa C MEHUCKOBOM OMOpOW U Mo-
3BONSAET JOCTUYb XOPOLLUMX pe3ynbTaToB B AaHHOW nonynsumu. LLpokoe ncnonb3oBaHWe 3TOr0 peHTreHONIOrMYecKoro noco-
B1sA N0 NPUHATUIO PELLEHWI LOMKHO YNYYLIUTL Pe3yNbTaThbl 0HOMBILLENKOBOrO NPOTE3MPOBAHUS KOJIEHHOTO CyCTaBa.

KnioueBble cnoBa: OKCd)Op,D,CKaFI peHTreHonorn4yeckaa cucteMa nNpuHATUA pEUJEHMVI; 04HOCYCTaBHad apTponaCcTuKa Ko-
JIEHHOro CyCtaBa; OCTe0apTpuT.

Kak uutnpoBartb:

Bupkait A, Manawvat X., InaHrosaH M., Bupkaskymapu A K., AHaHTxapamaH I, TamxyaunH LLUM., Parxyn P. MpuHsTvie pelueHns 06 0AHOKOMMOHEHTHOM 3H-
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OPUTHATTBHBIE VICCTIE JOBAHNA

BACKGROUND

Most commonly found in older individuals, knee
osteoarthritis (OA), which results from the wear and tear
of knee joint, is a degenerative joint disease that leads to
articular cartilage loss [1]. OA is a progressive disease that
can lead to disability. The intensity of clinical symptoms may
differ among individuals; however, they generally become
more severe, frequent, and debilitating with time [1]. The
progression rate also varies individually. Common clinical
symptoms encompass gradual onset of knee pain aggravated
by activity, knee stiffness, swelling, pain after prolonged sitting
or resting, and worsening pain. Treatment for knee 0A is
initiated with conservative methods and advanced to surgical
options if conservative treatment proves ineffective [2].

Many patients who visit orthopedic surgeons complained
of knee pain, which is often diagnosed as OA affecting the
medial compartment, whereas the lateral compartment and
patello-femoral joint remain relatively unaffected [3]. Total
knee arthroplasty (TKA) has been the conventional treatment
of choice; however, this procedure involves removing healthy
joint surfaces. Recently, a trend has developed toward less
invasive surgery with unicompartmental knee replacement
(UKR) gaining a high popularity [3].

Compared with TKA, patients who underwent UKA
experience faster recovery, achieve superior functional
outcomes, face lower morbidity and mortality rates, and
report higher levels of satisfaction. Moreover, UKA was
reported to be more cost-effective than TKA in both the
short and long terms. UKA has been in existence since
the 1950s; however, the initial designs were plagued with
complications [4]. With the evolution of component designs
and instrumentation, the survivorship of UKA has significantly
improved. In the United States, the utilization rates of UKA
from 2002 to 2008 had steadily increased, followed by a
subsequent decline [3]. According to data from the 2018
Australian National Joint Replacement Registry, partial knee
replacement constituted 8.6% of primary knee arthroplasties
in 2017, showing a decline from its previous representation
of 16.9% in 2003 [5]. The National Joint Registry of England
and Wales also reported a similar UKA use rate of 8.9% in
2017, which has remained consistent over the past decade [6].

Since the establishment of the Indian Joint Registry in
2016, a similar trend of UKA use has been observed. UKA
utilization has steadily increased, starting from 0.33% of
TKAs in 2016, to 2.85% in 2019. However, the trend declined
in 2020, with UKA accounting for 1.67% of TKAs.

However, not all arthroplasty surgeons perform UKA,
and a small percentage of surgeons perform most of these
procedures. In addition, attitudes toward UKA tend to be quite
rigid among surgeons, with some being strong advocate,
whereas others are vocal critics [7].

Aim: this study aimed to establish the criteria for patient
selection and validate an evidence-based approach for
selecting candidates for UKA. Key considerations in the patient
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selection for UKA include identifying bone-on-bone OA in the
medial compartment, ensuring a functionally normal anterior
cruciate ligament, maintaining full-thickness cartilage in the
lateral compartment, verifying a functionally normal medial
collateral ligament, and confirming the absence of severe
damage laterally to the patello-femoral Joint.

MATERIALS AND METHODS

Research design

From a consecutive cohort of 390 patients with medial
knee pain, preoperative radiographs of both knees including
standing anteroposterior (AP), true lateral, posteroanterior
(PA) view with 20° flexion, valgus stress view with 20°
flexion, and skyline view were taken (Fig. 1), and results were
tabulated. UKA suitability was determined using the Oxford
Radiological Criteria (decision aid), history, examination, and
radiographic assessment including stress radiographs.

The X-ray knee instability and degenerative scoring
system (X-KIDS) is currently being used as a tool to determine
the optimal treatment choice between UKA or TKA for an
individual knee.

Regarding UKA, the X-KIDS scoring system lacks robust
evidence to support its application.

Consequently, a novel atlas-based radiographic Oxford
decision aid has been developed. This new tool is tailored for
medial Oxford UKA (OUKA) within the context of anteromedial
OA (AMOA).

The Oxford decision aid (Fig. 2) comprises five distinct
sections, each dedicated to evaluating one of the five
criteria: standing AP, true lateral, PA view with 20° flexion,
valgus stress view with 20° flexion, and skyline view. Within
these sections, radiographic views are presented alongside
illustrative radiographs that showcase instances where the
criteria are fulfilled. Conversely, exemplar radiographs were
also included to illustrate situations where the criteria are not
satisfied. The assessment of each criterion was conducted
through a binary, yes-or-no question format, characterized
by a polar response. Importantly, all five criteria must be
met collectively to warrant the consideration of OUKA as a
suitable intervention for AMOA.

To evaluate the effectiveness of this decision aid, its
sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy in identifying cases suitable
for OUKA were determined (Fig. 3, 4). This evaluation was
conducted solely through radiographic assessment.

Conformity criteria

Inclusion criteria:

+ patient with knee pain, aged >30 years.
Exclusion criteria:

« age <30 years;

« fractures around the knee and tibia;

« ligamentous injury of the knee;

« tumors;
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Fig. 1. Patient positioning for X-rays.

+ Charcot's disease;
« skeletally immature knees.

Research facilities
Chettinad Hospital and Research Institute, Chennai, India.

Research duration
Two years.

The main research outcome

In this section, the primary endpoints were described.
They could be “true” (lethal outcome, serious adverse effects,
etc.) or “substitute” finishing point (biochemical parameters
and quality of life assessment scores). Usually, the main
research outcome is characterized by safety, efficiency, and
affordability.

Ethical review

Ethical committee approval was obtained from Chettinad
Academy of Higher Education — Institutional Human Ethics

DAl https://doi.org/10.17816/vt0629134

Committee for Student Research (CARE IHEC-I) with ID
no. IHEC-1/1219/22 approved on 06/09/2022.

Statistical analysis

Principles of samples size calculating: sample size cross-
sectional study.

N=z/(2 )SD"2/e"2/,
n=1.64"2x0.6x(1-62)/0.05"2=390~400,

where z=1.64 (1.e) 90% CI, SD=0.6%.

RESULTS

Research sample (participants / respondents)

A total of 390 knees were subjected to assessment based
on the Oxford decision aid criteria. The use of the radiographic
decision aid led to the identification of 49% (191 knees) of the
knees as suitable candidates for OUKA, whereas the remaining
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Radiographic Assessment for Medial
Oxford” Partial Knee Replacement (PKR)

Patient Name:

* Seethe package insert for complete indications, contraindications and
patient selection criteria

* Recommended X-rays: AP weight bearing, true lateral, valgus stress &
skyline. (Varus stress or Rosenberg/standing PA 20° flexion if bone-on-bone

not seen on AP X-ray)
+ Only proceed if all criteria are satisfied’

Criterion Example X-rays

(1) Medial
Bone-on-bone

X-ray:

* AP weight bearing

* Varus stress (20°
flexion) or Rosenberg/
standing PA 20° flexion

If bone-on-bone is not seen on AP weight
bearing view perform varus stress or
Rosenberg/standing PA 20° flexion X-ray.

If these do not show bone-on-bone consider
arthroscopy. Only perform PKA if there is
exposed bone on both the femur and tibia
in the medial compartment.

Date of Birth: Hospital Number:
Which Knee:
Comments:

Conclusion

Bone-on-bone
(or bone loss)

Meets criteria

[:,No

Bone-on-bone

Does not
meet criteria

(2) Functionally
Intact ACL
X-ray:

* True lateral

(femoral condyles
overlapping)

D Functional ACL

(preserved
posterior tibia)

Meets criteria

D Absent ACL

(posterior erosion/
subluxation)

Does not
meet criteria

(3) Full Thickness

Lateral Cartilage

X-ray:

+ Valgus stress
(20° flexion)

Repeat if inadequately
stressed or X-ray not parallel
to joint surface.

(4) Functionally

Normal MCL

(correctable intra-articular
deformity)

X-ray:

« Valgus stress
(20° flexion)

Repeat if inadequately
stressed or X-ray not parallel
to joint surface.

D Full thickness

(ignore
osteophytes)

Meets criteria

I:I Lateral narrowing

Does not
meet criteria

I:' Correctable

deformity
(Normal medial
opening)
Meets criteria

D Not correctable

(Incomplete
medial opening)

Does not
meet criteria

(5) Acceptable
Patellofemoral Joint

X-ray:
« Skyline

PF) acceptable if:
« Normal
« Medial facet OA, with or with

PFJ not acceptable:

grooving & subluxation

« Lateral facet OA, without bone loss

Meets
criteria

out bone loss
Does not

meet criteria

« Lateral facet OA, with bone loss,

Fig. 2. Oxford radiological decision aid.
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DECISION AID'S PREDICTIVE PERFORMANCE IN IDENTIFYING SUITABILITY
FOR UNICOMPARTMENTAL KNEE ARTHROPLASTY:
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Fig. 3. Decision aid's predictive performance in identifying suitability for unicompartmental knee arthroplasty.

Sensitivity analysis: Skyline and stress-X-ray

mSensitivity (%)  m Specificity (%)

98%

96%
96%
95%
94%  94% 94% 94%
94%
93% 93% 93% 93%
92%
90%
88%
86%
84%

All radiographic and clinical findings

Fig. 4. Sensitivity analysis of skyline and stress X-rays.

51% (199 knees) were not deemed suitable. Remarkably high
levels of agreement were observed, both within observers
(intraobserver agreement with Cohen’s kappa of 0.90) and
between different observers (interobserver agreement with
Cohen'’s kappa of 0.85).

Among the knees identified as unsuitable for OUKA
(51%), 40% (79 knees) failed to meet a single radiographic
criterion, 38% (75 knees) fell short of meeting two criteria,
22% (43 knees) did not meet the three criteria, and an

uPPV (%)

DOl https://doiorg/10.17816/vt0629134

mNPV (%) mAccuracy (%)

90% 90%

89% 89%
88%

Radiographic and clinical findings - No skyline X- Radiographic and clinical findings - No Stress X-
ray ray

insignificant portion <1% (1 knee) did not fulfill the four
criteria (Fig. 5).

In knees that did not meet the radiographic criteria,
observations were as follows: 67 knees (46%) showed
partial-thickness cartilage loss in the medial compartment,
69 (45%) exhibited posterior bone loss on true lateral
radiographs, signifying ACL insufficiency, 113 (67%)
displayed evidence of lateral compartment disease, 21
(11%) demonstrated signs of MCL shortening, and 31 (16%)
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1%

B Not met 1 criteria
B Not met 2 criteria
@ Not met 3 criteria
O Not met 4 criteria

Fig. 5. Radiographic assessment of X-rays.

exposed evidence of bone loss with grooving affecting the
lateral patello-femoral joint (Fig. 6).

Undesirable phenomena
No undesirable phenomenon was observed in this study.

DISCUSSION

The X-KIDS was conducted based on the evaluation of
five radiographic views, namely, standing AP, lateral, PA,
varus, and valgus stress views. The knees were assessed
for narrowing, presence of osteophytes, and subluxation in
the coronal and sagittal planes [7].

The evaluation for joint space narrowing included
examining both the medial and lateral compartments. A
compartment is deemed narrowed when bone-on-hone
arthritis is detected in standing AP, standing PA 15° flexion, or
varus and valgus stress views. Upon identifying the bone-on-
bone arthritis compartment, 3 points were credited, provided
that the opposite knee compartment maintains a joint space
width of =5 mm on all views. However, if the joint space
width in the other compartment is <5 mm, it was scored
6 points [1].

Osteophytes are assigned a score of 1 point for the
presence of either a medial or lateral osteophyte. Subluxation
is evaluated using both standing AP and lateral views. In the
AP view, 1 point is allotted for subluxation; however, this
point is deducted if the subluxation is corrected on varus
or valgus stress views. Subluxation observed in the lateral
view credited 2 points, with a maximum total of 3 points
achievable if uncorrectable subluxation is evident on both AP
and lateral views [6].

T.31,Ne 3, 2024
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B Partial-thickness cartilage loss
in medial compartment

B ACL insufficiency

I Lateral compartment disease O MCL shortening

B Lateral patello-femoral joint involvement

Fig. 6. Specific findings in X-rays of patients that failed to meet
the criteria.

Overall, knees can accumulate a maximum of 10 points. A
score of 3-4 indicates that UKA is the preferred treatment. A
score of 5 suggests that UKA might be suitable pending clinical
findings and surgical correlation, while a score exceeding
5 points indicates that TKA is the more appropriate choice [6].

However, in clinical practice, the standing radiographs
of some patients exhibit bone-on-hone arthritis, particularly
in the medial compartment. In such cases, the value of
conducting standing AP view in 15° flexion and varus
stress views in 20° flexion to further evaluate the medial
compartment appears limited because it does not alter the
knee scores.

The X-KIDS score raises additional concerns, one of
which pertains to the incorporation of osteophytes as a
predictive factor for outcomes. However, these osteophytes
do not affect functional outcomes or likelihood of surgery
failure. Moreover, X-KIDS falls short in its evaluation of the
patello-femoral joint. Lastly, inherent problems occurred
in the calculation of scores using the X-KIDS system.
Given its reliance on a points-based framework, a risk of
misinterpretation associated with X-KIDS utilization is
possible [7].

Collectively, these findings imply that the Oxford decision
aid holds valuable utility in identifying suitable candidates
for OUKA among individuals who fulfill the criteria for joint
arthroplasty.

Summary of the primary research results

The Oxford radiological decision aid has shown high
sensitivity and specificity in predicting the suitability of medial
OUKA. lts use is expected to be associated with improved
implant durability and better functional outcomes.
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Research limitations

The functional outcome of patients selected for UKA was
not evaluated in the study.

CONCLUSION

The Oxford radiological decision aid demonstrates high
sensitivity and specificity in forecasting the appropriateness
of medial OUKA. Its application is anticipated to correlate with
superior implant longevity and favorable functional results.
Furthermore, the decision aid maintains a low false-positive
rate. Given that surgeons meticulously assess the knee
during the surgical procedure, any false positives can be
promptly recognized, thus averting the occurrence of OUKA
in any patients.
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AHHOTALIUA

060cHoBaHMe. AKTYanbHOCTb NPO6IEMbI MEAVLIMHCKON peabunutaumy aeTeit, nepeHecLumX 3abosieBaHMe KOCTHOW CapKOMOW,
ypesBblYalHO BbICOKA M 0bycnoBnieHa 3aboneBaeMocTbi0 Haubonee couManbHO 3HAUYMMOT0 KOHTUHTEHTA HacesieHus, YBeNu-
YEHWMEM MPOJOIIKUTENBHOCTM JU3HM NaLMEHTOB, CTPAAAOLLMX KOCTHBIMU CapKOMaMM, a TakKe pasBUTUEM OTAANEHHbIX Op-
TONeAMYECKVX NOCNeACTBUN, YTO TpebyeT NOMUCKA BbICOKO3h(EKTUBHBLIX MHOrOKOMIOHEHTHBIX MPOrPaMM He TOJIbKO NeYeHus,
HO 1 peabunuTauum.

Lienb. MakcManbHoe BoCCTaHOBIEHWE /151 OCTATOYHbIX CNOCOBHOCTEl KayecTBa XM3HU AeTeld, BOMbHbIX KOCTHBIMW CapKo-
MaMM, C MOMOLLbI0 MPUMEHEHNS OPTE30B B PasfiMyHbIE NEPUONEPALMOHHbIE NEPUOADI.

Matepuansl u MeTopabl. B uccnepoBaHue Gbinv BKIoYeHb! 61 naumeHT ¢ 3aboneBaHUAMU ONYXONAMW KOCTEH, NoNydaBLUmMe
NpOTUBOOMYXOJIEBOE NEYEHWE, NEPEHECLLME XMPYPrUYECKOe BMELLATENLCTBO B 0ObEME YAaneHUs onyxoau ¢ UMMaHTaLuen
3Hponportesa. MeguumHcKas peabunurauma HauMHanacb C MOMeHTa NOCTAHOBKYW [MarHo3a U NpoBoAMNack Bo BCe Nepuosbl
MPOTMBOOMNYX0NEBOM Tepanuu s afanTauun nauueHTa K NpoBOAMMOMY JIEYEHMIO, BOCCTAHOBJIEHMS BYHKLMIA B nocneone-
PaUMOHHOM Nepuofe M BO BpEMS PEMUCCUM U MUHUMW3ALMK NOCEACTBUNA arpeCcCUBHOMO CMELMArbHOMO JIEUeHUS.
Pesynbtathl. OueHKa QyHKLMOHANBHOMO pe3ynibTaTa MpoBOAMIACck N0 MeXAyHapoaHol wkane MSTS. ®yHKumsa KOHeYHoCTH
no wkane MSTS 6bina oueHeHa yepes 12 n 24 Mecsaua noce onepaunu. HeynoBneTBOpUTENbHBIX Pe3y/bTaToB MONyHeHOo
He 6b1n0. B TeueHne 24 MecsLeB QYHKUMOHANbHBIA Pe3ynbTaT YayuLKUnICcs.

3aknouenune. HeobxoauMbl AMHAMUYECKW U3MEHSIOLLAACA MHAMBUAYaNbHAA NporpamMMa peabunutaumm feTei ¢ KOCTHBIMU
CapKoMaMM, COOTBETCTBYIOLLAA COCTOSHUIO M NOTPEOHOCTAM MauMeHTa Ha MOMEHT HabmaeHus, UHAMBMAYaNbHbIA Noabop
0pTe30B, @ TaKXKe CBOEBPEMEHHAs XMPYpryecKas KOppeKLmMs opToneanYecKuUX NocneACcTBIN, KOTOpas [OMKHA BbINOHATLCA
B CTaLMOHapax 0pToneauyecKoro npoduns.
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ABSTRACT

BACKGROUND: The urgency of medical rehabilitation for children with bone sarcoma is extremely high due to the significant
impact on a socially important population and the increasing life expectancy of patients with bone sarcomas, leading to long-
term orthopedic complications. This necessitates the development of highly effective, comprehensive programs not only for
treatment but also for rehabilitation.

AIM: Maximizing the recovery of residual quality of life abilities in children with bone sarcomas through the use of orthoses
during various perioperative periods.

MATERIALS AND METHODS: The study included 61 patients with bone tumors who underwent anti-tumor treatment and
surgical intervention involving tumor removal with endoprosthesis implantation. Medical rehabilitation began from the moment
of diagnosis and was conducted throughout all periods of anti-tumor therapy to help patients adapt to the treatment, restore
functions in the postoperative period, and during remission, as well as to minimize the effects of aggressive specialized
treatment.

RESULTS: The functional outcome was assessed using the international MSTS scale. Limb function according to the MSTS
scale was evaluated 12 and 24 months after surgery. No unsatisfactory results were observed. Functional outcomes improved
over the course of 24 months.

CONCLUSION: A dynamically evolving individualized rehabilitation program for children with bone sarcomas is necessary,
tailored to the patient's condition and needs at the time of observation, along with personalized selection of orthoses and timely
surgical correction of orthopedic consequences, which should be performed in orthopedic specialized hospitals.

Keywords: bone sarcomas; arthroplasty; rehabilitation; orthotics.
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OPUTHATTBHBIE VICCTIE JOBAHNA

OB0CHOBAHUE

AKTyanbHoCcTb MpobnemMbl MegUUMHCKOM peabunuta-
UMM [eTeid, nepeHECIUMX 3aboneBaHMe KOCTHOW CapKOMOW,
upesBbIYaliHO BLICOKA W 0bycnoBneHa 3aboneBaeMocTbi
Hanbonee COUManNbHO 3HAYMMOr0 KOHTMHIEHTA HaceseHus,
YBENIMYEHUEM MPOJOIIKMTENBHOCTM KWU3HW MaALMEHTOB, CTPa-
AAOLLMX KOCTHBIMM CapKOMaMM, a TaKKe pasBUTUEM OTAa-
NEHHbIX OPTOMEAWNYECKUX NOCNEeACTBUM, YTO TpebyeT nouc-
Ka BbICOKOI(()EKTMBHBIX MHOMOKOMMOHEHTHBIX MpOrpamMMm
He TOJbKO J1eYeHus, HO W peabunuTaumu. NaumeHTbl oHKoMo-
rM4ecKoro npodmns ¢ BOBEYEHUEM B NATONOMMYECKUIA Npo-
LLecC CErMeHTOB OMOPHO-[BMraTeNlbHOM annapara 3a4acTylo
Mo/BEpraloTca BbICOKOTEXHOOMMYECKOMY OMepaTUBHOMY fe-
yeHuto. Kak npasuno, 3To 06LWMpHbIE onepauum, Tpebytowme
ASUTENbHOrO MocneonepaLmnoHHoro BocctaHoBnerus. U 6es
CBOEBPEMEHHO Ha4aToii afleKBaTHOM (QU3NYECKON peabunu-
TaLuMM HEBO3MOXHO MOSHOLEHHO BOCCTaHOBUTb YTEPSIHHbIE
WM CHUMEHHbIE QYHKLMM KoHeyHocTH [1]. Ha cerogHALLHMIA
AeHb 000CHOBaHHbIM, 06napalmM HeobxoauMbIM Tepa-
NEeBTUYECKUM [AeHCTBMEM SABNSAETCA KOMMEKCHBIA nopxon,
K paHHen peabunutaumu 6ONbHBIX C KOCTHBIMKM CapKOMa-
MW C MCMONIb30BaHMEM 3HAOMPOTE3UPOBAHUS B COYETAHUM
C PEKOHCTPYKTMBHO-MNACTUHECKUMI OMEpaLmMaMU, OpTe3u-
POBaHMA M KOpceTupoBaHWs, dapMakoTepanuu, NeyebHom
(U3KyNbTYpbI M PU3MOTEPaNUM (NOKabHBIX HU3KOYACTOTHbIX
MarHuTo-, nasepo-, anexkTpoTepanum) [2].

3a nocnegHue roAbl BbIKWMBAEMOCTb OHKOMOTUYECKUX
MaumMeHTOB ynyyiumnack. oatoMy B HacTosLiee BpeMs CTa-
HOBUTCS aKTyaslbHbIM He TOJIbKO CreLuanu3npoBaHHoe fe-
UeHue, HO M YNYYLLEHWe KayecTBa XW3HW. Peabunutaums,
NpoBOAMMas [0 XMPYPrUYecKoro tana JIeYeHUst KOCTHbIX
CapKoM, TaK Ha3blBaeMasi npepeabunuraums, MoxeT NoMoub
MOBbICUTb TONIEPAHTHOCTb K TOKCMYHBIM M BPELHBIM Hexe-
natenbHbiM 3pdekTam [3]. Mpepeabunutauma HaumHaeTcs
nocne nocTaHoBKM AuarHo3a. OHa BKIIIOYAET (QU3MYeCKylo
M NCUXOMOTMYECKYK OLIEHKY, KOTopas yCTaHaBnMBaeT WC-
XOLHbIA QYHKUMOHANBHBIN YPOBEHb, BLIABMISET HapyLUEHMS
W NMOMOraeT CHU3WTb YacToTy M/UnKM TsXecTb Byaywmx no-
cnencteuin. lpyn 3@deEKTUBHOM Ha3HaueHUM QU3NYECKUX
ynpaxHeHWn npepeabunutauma nonesHa A COKpaLleHus
MPOLOKUTENBHOCTH NpebbiBalnsa B BobHULE W Nocreone-
PaLMOHHBIX OCMOXHEHUH, @ TAKIKe YNYyYLLEHUs BOCCTaHOBe-
HWA U KayecTBa WU3HKU Nocne onepaumm [4].

B ocHoBHble HanmpaeneHus peabunutauuu, NOMUMO
BOCCTAHOBUTENbHBIX MELULIMHCKUX MEepONpUSATUA, PEKOH-
CTPYKTMBHOM XWPYPTWW W CaHATOPHO-KYPOPTHOIO NeYeHus,
BXOAAT MPOTE3UpPOBaHWe U OpTe3upoBaHue. Bo ucnonHeHwe
ctatbn 10 QepepanbHoro 3akoHa «0 couManbHOM 3aluTe
nHBanupoB B Poccuickon ®epepaumnu» [paBuTenscTBoM
Poccuickoit ®epepaumm 30 pekabps 2005 r. 66110 NpuHATO
pacnopsikeHne N2 2347-p o6 ytepxkaeHun QPepepantHoro
nepeyHs peabUnMTaLMOHHBIX MEepomnpUATUIA, TEXHUYECKUX
CpeAcTB peabunuTaumm u ycnyr, NpefocTaBnseMblX MHBaK-
Ay. Opresbl, cornacHo MepepanbHOMy NepeyHto, OTHOCATCS
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K TEXHW4YECKUM CpeAcTBaM peabunutaumu [5]. Optes (oT rpey.
orthos — npsAMoi, NpaBUIbHLIA) — 3T0 TEXHUYECKOE Cpef-
CTBO, NpUMeHseMoe NS duKcaumm, pasrpy3ku, KOpPeKLmK,
aKTUBU3aLMM W, B KOHEYHOM MTOre, BOCCTAHOBNEHMUS UNN 3a-
MELLEeHUS QYHKLMMA MpY NaToNOrMYeCKUX COCTOSIHUSX Cer-
MEHTOB KOHEYHOCTU WK Tynosuwia. OpTesupoBaHne BXOAUT
B OCHOBHbIE HanpaBneHus peabunuTaumm, NoMUMO BOCCTaHO-
BUTENBHbIX MEAMULMHCKUX MepOomnpUATUIA, PEKOHCTPYKTUBHOM
XMPYPruM U CaHaTOPHO-KYPOPTHOIO JIEYEHUS,, M NpeacTaBnseT
0cobblii BUA peabunutaumm, HanpaBneHHbIA Ha BOCCTAHOB-
neHve QyHKUMKM OTAENbHBIX OPraHoB C UCMONIb30BaHWUEM Op-
Te308. OpTeavpoBaHMe Kak MeTof peabunutauum no3sonseT
[061TbCA paHHEN BEPTMKANM3aLMmM U Harpy3Ku NOpaXeEHHOM
KOHEYHOCTH, 4TO CMocoOCTBYET BOCCTAHOBNEHMIO (DYHKLIMO-
Ha/bHOr0 COCTOSIHUA B MaKCMMasnbHO KOPOTKME Cpoku [6].
OpTesbl MCNOMb3YHITCA NpU JIEYEHUN HeCTabubHOCTU CyCTa-
Ba, OrpaHMyeHun QyHKUUM, NOCNie OPTOMEAMHECKMX Onepa-
LM ansa pa3paboTku, cTabunmsaumm u 3almTsl cycTasos [7].
OpTe3anpoBaH1e NO3BONISET AOCTUYb PAHHETD [03MPOBAHHOIO
YBENMYEHUS UHAMUYECKON Harpy3ku MOBPEXAEHHOI0 KO-
NeHHOr0 CycTaBa, YT0 NPUBOLUT K CTabUNBbHOMY YMyuLLEeHUIo
(YHKUMM noBpexaeHHoro cerMeHTa y aeteit [8]. CoBpeMeH-
Hble OpTe3bl 4151 MALMEHTOB NPY OTBUCAKOLLEN CToME MO3BO-
NS0T YAYUIWNTD QYHKLUMIO HUKHEN KOHEYHOCTM, 0ropocno-
COBHOCTb U YCTONUMBOCTL MNP CTOSHWM, PUCYHOK NOXoaKw [9],
B TOM uucne y Aeted, 60MbHbIX 310KaYECTBEHHBIMU OMyX0-
namu, nonyyatowmx xummotepanuio [10]. OcHoBHas dyHKuus
OpTeE30B — 3T0 pasrpy3ka MOBPEKAEHHOMO y4yacTKa KOCTy
[11]. 3ddeKT pasrpy3ku NpuU HaNOMEHUM opTe3a CBSA3aH,
0YEBMIHO, C TEM, YTO YaCcTb Macchl Tela CHUMaeTcs ¢ Tpyb-
yaTbIX KOCTel, NePeHOCMTCA Ha KOpMyC OpTe3a W nepefaeT-
cs Ha onopy Yepe3 Hero [12]. OpTesupoBaHMe NpuMeHseTcAa
MPU CIOXKHBIX OMepaLmaX, TaKUX KaK PeseKummn KocTen Tasa
unu cybToTanbHas pesexums 6onbLuebepLoBoi KOCTM MO No-
BOZY CapKoM, MO3BOMISET XOAMUTb C OMOPOM Ha KocTbim [13,
14]. LLlapHupHble OpTe3bl LIMPOKO MPUMEHSAKOTCA C LEeNbio
MMMOOUNM3aLMK/GUKCaLMN NOCTOSHHO UM MEPUOSNYECKM,
B 3aBMCMMOCTM OT 3Tana peabunutaLum npu sHAOMPOTE3NpPO-
BaHWUW KPYMHBIX CYCTAaBOB KOHEYHOCTEN Y LETEN U B3POCHbIX
[15, 16], nubo npu ynaneHuy sHAONPOTE3a BCNEACTBUE HECTA-
BunbHocTy [17]. Y BCex naumeHToB, NePEHECLUMX TEXHUHECKM
CN0KHOE 3HAONpPOTE3UPOBaHWE NyeyeBoro ubo TasobeapeH-
HOro cycTaBa, 000CHOBaHO NpUMeHeHWe MMMObMIM3auuu
KOHEYHOCTW B OTBOASALLEM OpTE3e CPOKOM Ha 5-6 Hefenb
C Uenbio npodunakTku BoiBuxa [18-20].

Xupyprudeckoe neyeHue OOMbHBIX KOCTHBIMU CapKOMa-
MW MOXET DbITb COMPSMEHO C LIENIbIM PSAOM OC/IOXHEHUN
U NOCNeLCTBUIA, CBA3AHHbLIX C HEOOXOAMMOCTBIO yAaneHus
Bonblworo 06bEMa TKaHEM M CNOXHOW PEKOHCTPYKLUMEN.
Mpu 3HAONPOTE3MPOBAHUM KPYMHBIX CYCTaBOB Pa3BMBAlOT-
CS OC/IOKHEHWS! XMPYPrUYECKOro JIEYEHNS — KaK MexaHu-
yeckue, TaK U MHGDEKUMOHHBIE, 4TO TpebyeT BbIMONHEHMS
pesHponpoTesupoBaHusa. OpToneguyeckue nocnefcTBUS
MpOTUBOOMYXONEBOr0 JieYeHUs LeTel, HOMbHBIX KOCTHbI-
MW CapKOMaMM, TaKKe Hen30exHbl, CBA3aHbl C 0OBEMOM
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Tabnuua 1. XapakTepucTuKa naumeHToB, 60bHBIX CapKoMaMu Ko-
cTen

Table 1. Patients’ data

Vol. 31 (3) 2024

MNokaszatens n %
Bcero 61 100
Manbunku 36 590
JleBoyKu 25 41,0
Bospact 4-8 i19T, M=12,28+0,493;
Me=13,00 [9,00; 16,00]

OcteocapkoMa 46 75,4
Capkoma OuHra 10 16,4
XoHapocapkoMa 2 3.3
AHeBpu3ManbHas KoCTHas KucTa 1 1,6
MeTacTasbl B A/MHHbIE TpybuaTble 9 33
KocTun

[ncceMnHMpoBaHHbIe 21 34,4
MaTonoruyeckui nepenom 7 1,5

W arpeccUBHOCTbH) MPOBEAEHHOTO NPOTUBOONYXO/EBONO Jie-
YEHMs, B TOM YMC/Ie JIy4eBOro M XMpYPru4ecKoro, U aHato-
MO-(YHKLMOHaNbHBIMKU 0CODEHHOCTAMM aKTUBHO pacTyLLero
AeTCKoro opraHuama. C uenbio NpodmnaKTUKK 0CI0KHEHWI
1 MOCNeACTBMI LienecoobpasHo NpoBefeHWe paHHEN Meau-
LMHCKOM peabunutaumm [21].

MATEPWUAJIbI U METObI

Jln3aiiH uccneposaHus

MpoBeneHo PeTPOCNEKTUBHOE OTKPLITOE HEPaHAOMU3MPO-
BaHHOE KOHTPOSIMpyeMOe KOTOPTHOE UCCief0BaHMe.

NN. Priorov Journal of Traumatology and Orthopedics

KpMTepMM cooTBeTCTBUA

B HacTosLLee uccnenoBaHuWe bbinn BKOYeHbI 61 NaLUuWeHT,
nepeHecLLme 3aboneBaHune ONyXonaMK KOCTeN W NosyvaBLUmMe
npotmBoonyxoneBoe nedenune B [bY3 «HayyHo-npakTnueckuii
LEHTp Creuuanm3vMpoBaHHOW MeLMLMHCKON NOMOLLM AeTaM
uM. B.®. BoitHo-HAcereuxoro [13M» ¢ 2011 no 2023 r. (tabn. 1).

Cnoco6 MeauLMHCKOro BMelLaTebCTBa

lporpamma neyeHns geteid, 6OMbHBIX KOCTHBIMUA CapKo-
MaMW, COCTOSNA M3 HEOaAbIOBAHTHOM MOAMXMMUOTEPANUM
(MXT), NOKaNbHOro KOHTPOSIS ONYXOMM XUPYPTUYECKUM W/
Ny4yeBbIM METOAOM, afAbOBAHTHOW NOMXMMMOTEPANUU U CO-
NPOBOXanack KOppeKLUMeit nocneacTeuin NpoTMBOONYXose-
BOM Tepanuum 1 6oe3HM No Mepe UX pasBUTUS.

MeaMUMHCKas peabUnuUTauMA HauuHanacb C MOMEH-
Ta NOCTAHOBKM AMarHo3a M NpoBoaunack BO BCE Nepuopbl
NPOTUBOONYXO/IEBOM Tepanuu C LENbio afanTauuy naumeH-
Ta K NPOBOAMMOMY JIEHEHUIO, @ TaKKe 1 BOCCTAHOBJIEHMS
(GYHKUMIN B noCnieonepaumMoHHOM Nepuoae U B peMUcCUm
ANA MUHMMM3aUMK NOCeCTBUI arpecCMBHONO crieuuanbHo-
ro nevenms (puc. 1).

Xupypruyeckoe neyeHue B 00bEME YAaneHWUs onyxonu
C MMNNaHTaumelt aHaonpotesa nepeHecnu 61 (100%) naumeHT.

Llenbto peabunutaumoHHoro neyeHms bbino BoccTaHoBNE-
HUE MaKCUMaJbHOrO /19 0CTATOYHbIX CNOCOBHOCTEN KayecTBa
HU3HU AeTeld, 60NbHbIX KOCTHBIMM CapKoMaMi. MeuUMHCKan
peabunuTauma npoBoaunach C MOMEHTa YCTaHOBNEHNA ana-
rHO3a (paHHAA, WM NpepeabunuTaums) 40 OKOHYaHWA CeLm-
anbHOro NPOTMBOONMYX0IEBOIO JIEYEHWSA U B PEMUCCHM Y Maum-
€HTOB C NOCNeACTBUAMM CreLUanbHOro IeHeHNs 1 60NesHH.

B npepmonepaumoHHoM nepuoae (npepeabunutaumm) Ho-
LLEHWe OpTe3a NOKa3aHO BO BeCb Nepuop, NPoBEAEHUs Mo-
JIXMMMOTEPANUA NPU HaJIMYWM OCTEOSIMTUYECKOTO NPOLLECCa,

HeoapbloBaHTHasa MXT
lNpenonepauvonHblii, 84—105 aHei

v

Xupypruyeckoe nevenue + JIT
PaHHMI nocneonepauuoHrHbiid, 0—-21 aeHb

v

ApnvioBaHTtHasa NMXT
Mo3aHni NnocneonepaunoHHbIn, 22—60 aHen

v

AnbroBaHTHas NMXT
OToanéHHbIN nocneonepaumoHHbIi, 2 Mec. — 1 rog,

v

PeMuccusa
locneacTeus NpoTMBOONYXO/EBOIO IeYeHUs

Puc. 1. CxeMa cooTHOLLEHUS NepuoAoB peabunutaumm 1 3Tanos NpoTUBOONYX0NEBON Tepanuy.
lpumeyanue. NXT — nonnxmmmotepanus, JIT — nyyeBas Tepanus.

Fig. 1. Scheme of correlation between rehabilitation periods and stages of antitumour therapy.
Note. TIXT — polychemotherapy, JIT — radiation therapy.

DOI: https://doiorg/10.17816/vto611025
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Mo Tmuny dukcaumm

MerasngonpoTe3bl (I‘Io 061BEMY pe3eKuum

Mo KoHCTPYKLMK

Puc. 2. Knaccudukaums aHgonporesos.
Fig. 2. Classification of endoprostheses.

NaToyIorYecKoro NnepenoMa UaM OnyXoneBoW KOHTPAKTYpbI.
OpTe3bl NPUMEHSANMCH C MOMEHTA YCTaHOBNEHWS HannumMs na-
TonoruyecKoro ovara. OcHoBHas yHKUMA 0pTe30B B AaHHOM
nepuone — 310 UMMOBMAM3auUMs C Lenbio GUKCaLMK OTIOM-
KOB, yMeHbLLeHUs 60/1eBOr0 CMHAPOMA, MOBBILLEHNS OMOpO-
cnocobHocTv Ibo pasrpysku MOBPEMAEHHOIO yyacTKa Ko-
cTu. HowweHue opTe3a NoKasaHo BO BECh Nepu1og, NMPOBELEHMS
MXT npu HaAMuMM OCTEONIMTMYECKOrO MpoLecca BCleaCcTBUe
Yrpo3bl pasBUTUS NAToONOrMYECKOro Nepenoma.

B paHHeM nocneonepauMoHHOM NepUOLE 0pTE3UPOBaHUE
KaK MeTof peabunutaumm nossonseT fobuTtbcs paHHen Bep-
TUKaNU3aLmUm 1 Harpy3K1 NopayKEHHON KOHEYHOCTH, YTO Cro-
cobcTByeT BOCCTaHOBNEHMIO (YHKLMOHANBHOMO COCTOSIHMS
B MaKCMMarbHO KopoTkue cpoku. OpTes HafeBancs B nanare
peaHuMaumm B 1-2-e cyTKM nocne onepaumm Ha GoHe obes-
bonuBaHms, cegaumm.

HaunHas ¢ 21-x CyTOK M 40 OKOHYaHWs MPOTMBOOMYXO-
NeBOro JleyeHus, B NO3JAHEM W OTAANEHHOM Noc/eonepa-
LMOHHOM nepuoaax, GopMupoBanuck MHAMBUAYASbHbIE
nporpammbl peabuUnuTaLmmK, COOTBETCTBYIOLUME COCTOSIHUMIO
1 NoTpebHOCTAM nauueHTa Ha MOMEHT HabmoaeHus. Opre-
3bl UCMONb30BANIUCH NPY JIEYEHUN HeCTabUNbHOCTU CyCTaBa,
orpaHuyeHu YHKLMM, NOCNe OPTOMEAMYECKUX OMnepaLuii
ANs pa3paboTku, cTabunmsaumm 1 3almTbl CyCTaBoB.

MeToabl perucTpaLmm UCXoA0B

lpuMeHaNUCL cnepylolwme MeToAbl KOHTPOAS: KOHTPO/b
MCXOLHOM0 COCTOSHUS, aKTUBHBIWA, CTAaTUCTUYECKUIA, UCTOPU-
YECKUIA KOHTPOSb.

JTnyecKas JKCnepTusa

Mpy NpoBeAEHNUM KIIMHUYECKOTO UccneaoBaHus bbinm co-
bntopneHbl TpeboBaHMA XenbCMHKCKOM Aeknapauum 1975 roaa,
nepecmotpeHHoi B 2008 rogy, M monyyeHo pa3pelleHue
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MexaHuyeckue )

3neKTPOMarHuTHbIe )

)

3J'IEKTp0MEXaHVI‘-IECKVI8)

NOKaNbHOro He3aBUCMMOrO 3ThYeckoro KomuteTa [BY3 «Ha-
YYHO-NPaKTUYECKUN LEHTP CMELManm3npoBaHHON MeauLUMH-
CKOM nomoluy petaM uM. B.®. BoitHo-HAceneukoro J3M»
ot 27.04.2023 1.

PE3Y/IbTATbI U OBCYXOEHUE

Y neTei ycTaHaBAMBANMCh BCe BUALI OHKONOTUYECKUX Me-
rasHAoNPOTE30B, B TOM YMC/IE YIIMHAIOLWMECS HEMHBA3UBHbIE
ABYXcycTaBHble (puc. 2).

JHponpoTe3npoBaHue 6bino BbiNosHEHO 61 naumeHTy
(tabn. 2).

PacnpeneneHue no KOHCTPYKUMW M MeXaHU3MY LUCTPaK-
LMK NMOKa3aHo Ha puc. 3.

lMocne 3HAOMPOTE3MPOBaHUA Y BCEX MaLMEHTOB Npume-
HANUCb LUAPHUPHbIE OpTe3bl C Liefblo MMMobunmsaumm u/
UNM GUKCaUMM MOCTOSHHO WNKM NEpUOAMNYECKM, B 3aBUCU-
MOCTU OT 3Tana peabunuTauMm npyu 3HAONPOTE3UPOBAHMM

Tabnuua 2. YcTaHOBNEHHBIE OHKOMOMUYECKME SHAONPOTESb
Table 2. Types and locations of oncological endoprothesis implanted

Pe3euumpoBaHHbIN cycTaB | n | %
ToTanbHbIV 6onbLIEbepLIOBOI KOCTH 1 1,6
[oneHoCToMHbIN 1 1,6
[No3BOHOK 1 1,6
ToTanbHbIl NneYeBoi KOCTU 5 8,2
Ta3obenpeHHbIii 6 98
MneueBoi 6 98
ToTanbHbIii befpeHHoON KocTU 10 16,4
KoneHHblii, bonbluebepLioBas KocTb 12 197
KoneHHblii, beapeHHas KocTb 19 31,1
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2; 3%

11; 18%

O Yanuuawolmecs MHBa3uBHbIe
B YamHAoLWmMecs HeMHBasuBHbIE

O CraHaapTHble
@ MogaynbHble
m 3D

Puc. 3. PacnpeneneHue yCTaHOBMEHHbIX MMMMAHTATOB MO KOH-
CTPYKLMM.

Fig. 3. Distribution of placed implants by construction.

KPYMHBIX CYCTaBOB KOHeYHOCTel. [oCKonbKy ycTaHaBAMBa-
JIUCb OHKONOrUYECKWE MerasHAeNpoTesbl, NPeanoyTeHne oT-
[aBanoch AJIMHHBIM 0pTE3aM C Peryn1pyeMbiMU LIaPHUPaMK.
Mpn 3HLONPOTE3MPOBaHUM KONEHHOMO CycTaBa AMHA OpTe-
3a BblbMpanach YyTb HUXE Max0BOW CKNAAKM A0 JIOAbIKKM.
Mpn HeobX0AMMOCTH B Cly4ae HEBPONOTMYECKUX HapYLLEHMIA
npucoeamHsANach noaaepkka cronbl. Mpy 3HRONPOTE3MPOBa-
HWM JBYXCYCTaBHLIMW NpOTE3aMM OpTE3UPOBAach BCA KOHEY-
HOCTb.

Mpu 3HpoONpOTE3UPOBaHMM Ta30beapeHHOro cycTaBa
npeanoyTeHne OTAABANOCh KOHCTPYKLMSAM, MO3BONSHOLUM
[OCTUYb OTBELEHUS OMEpUPOBAHHON KOHEYHOCTW, B psLe
Cy4aeB ANS JOCTUXKEHWS OTBELEHUS Y MaNieHbKUX LeTent
CTaHAAPTHble OpTe3bl JOMOJHANMCL LUMHAMK BuneHckoro.
BepxHsis KOHEYHOCTb OpTe3upoBaach abayKLUMOHHBLIM opTe-
30M. Y BCEX MaLMEHTOB, MEPEHECLUMX TEXHUYECKU COMHOE
3H0NPOTE3MpOBaHMe NieyeBoro NMbo TasobegpeHHOro cy-
cTaBa, 060CHOBaHO NpUMeHeHNe UMMOBWIM3aLMM KOHEYHO-
CTV B OTBOASALLEM OpTE3e CPOKOM Ha 5—6 Hemenb C Lenbio
NpodUNaKTUKY BbiBUXA. CeayeT 0TMETUTb, YTO OHKONOTUYe-
CKOe 3HA0NpOTE3NPOBaHMe B JETCKOM BO3pacTe COMPSIKEHO
C pasBUTMEM psifia OCNIOXKHEHUIA. B HacTosLLee BpeMs obLue-
NPUHSATON CYMTAETCA KNacCUPUKaLMs 0CNOXKHEHUIA 3HAONPO-
TeaupoBaHua no wkane E.R. Henderson (2014) [22]. Ocnox-
HEHWs 3HAOMpPOTE3NPOBaHUsA Bbinn oTMeyeHbl y 19 (31,1%)
naumeHToB (puc. 4).

Pe3HponpoTe3anpoBaHne BCNEACTBUE HACTYMMUBLUMX WH-
(eKUMOHHBIX ocnoxHeHun notpeboBanock 4 petam (6,5%).
OpTe3npoBaH1e KOHEYHOCTM BbIMOJHAMIOCh BCEM MaLUMeHTaM,
nepeHECIUMM  peaHaonpoTesvpoBaHue. MMMobunusauums
KOHEYHOCTM B OpTe3e OCYLLECTBASIACh BCEM MaLMeHTaM,
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Puc. 4. PacnpeneneHne ocnoxHeHuii no knaccudmkaumm Henderson.

Fig. 4. Distribution of complications according to the Henderson
classification.

NepeHECLUMM YCTAHOBKY Creiicepa, B CNy4Yae BbINOIHEHMS
ABYX3TarnHoro pesHionpoTesnpoBaHus.

OHKONorMyeckoe 3HAONPOTE3NPOBAHME  COMPSAXKEHO
C pasBMTUEM He TObKO OCNOMHEHMIA, HO W MOCNEeLCTBUIA.
OpTeanpoBaHMe B peMUCCHM HaNpaBIEHO Ha KOpPPEKLMIO fe-
(opMaLmK, yMeHbLLEHME e€ NPOrpPeCcCcMpoBaHUA U YAepXaHue
COCTOSIHUSA KOppeKLmK Bo BpeMa apuxeHus. [lonbop optesos
OCYLLLECTBAANCS MHAMBUAYANbHO ANA MOBbLILUEHWUS OMopo-
cnocobHocTM KoHeyHocTy. [pu napese cTon UCMONAL30BaUCh
Bpelickbl Ha roNEeHOCTOMHBIN CYCTaB B COMETAHWM C AMHAMUYe-
CKWUM CTOMofepIKaTeneM.

MaumeHTbl, He JOCTUrLLME PEMUCCHW WM BbILIEALINE
U3 pEMMCCUM BCIEACTBUE Pa3BUBLLErOCS PeLMamMBa, Obinn
NpU3HaHbl MHKYpabenbHbiMU. OpTesupoBaHWe NPOBOAMIOCH
C LieNIblo COXpaHEHMSt MAaKCMMAbHO BbICOKOT0, HAaCKOMBKO 3T0
BO3MOXKHO, Ka4ecTBa 0CTaBLUENCA Y HUX uM3HU. KonuuecTBo
W MPOACTHKUTENBHOCTb f0ObIX MPOLeayp Y NanamMaTuBHbIX
BoMbHBIX OMpefensaaMcb MHAMBWAYaNbHO, OPTE3VPOBaHUE
MPUMEHANOCh 1A coxpaHeHns ByHKuuMM 1 onopocrnocobHo-
CTW KOHEYHOCTM.

[Ina oueHKM QYHKUMOHaNbHOrO pesynbTata npoBse-
LEHHOTO NleYeHMs TaKXKe MCnonb3oBanach 0bLienpuHATas
MexayHapopaHas wkana MSTS (Musculoskeletal Tumor So-
ciety) [23], nockonbKy cneupanbHbIX NEAVATPUYECKUX LUKan
OLIEHKN (YHKUMOHANbHOro pe3ynbTata B HAcTosLLee BpeMs
He cyuwectsyeT. lokasatenn wkanbl MSTS 80-100% pac-
LIEHMBANM KaK OTnMuHbIN pesynbrtaT, 60-80% — Kak xopo-
wui, 40-60% — Kak ymoBneTBOpUTENbHBIA, MeHee 40%
OT HOpManbHOW GYHKUMM — KaK Hey[oBNeTBOPUTENb-
Hblii. OYHKUMA KOHEYHOCTM No WKane MSTS 6bbina oueHeHa
yepes 12 u 24 MecaLa nocse onepaumu (tabn. 3).
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Tabnuua 3. OueHka yHKUMM Nno Wwrane MSTS
Table 3. Functional evaluation according to MSTS scale

T.31,Ne 3, 2024

BecTHwK TpaBMaTonoriv 1 opToneami uM. HH. Mproposa

M+SE; SD Me [Q25; Q75]
Cerment
12 Mec 24 Mec 12 Mec 24 Mec
KoleHHbIL BelDeHHAS KOCT 91,00+3,59 98,17+0,40 96,5 98,5
+ OEAp 11,353 0,983 [84,0; 98,25] [97.00; 99,00]
KoneHHbliA, bonbluebepLioBas KocTb 56,00:11,54 74,50£10,49 45,0 76,5
’ 30,529 25,704 [35,0; 89,01 [51,5; 98,0
ToTanbHbiii, GempeHHas KocTb 56,80+12,43 52,00+3,51 45,0 55,0
+ 0eAp 27,806 6,083 33,5; 86,0] [45,0; -]
MeveBoit 77,00+5,89 88,025+3,96 790 90,0
13,191 793 [65,0; 88,0] [80,00; 94,75]
TasobenpenHbil 75,60+5,56 85,67+6,00 78,0 98,0
p 12,442 10,408 [65,0; 85,0] [74,00; -]
ToTaNbHbil TU1EYEBOi 69,00+12,01 83,67+6,23 58,0 790
20,809 10,79 [56,0; -] [76,0; -]

Kak BuaHO M3 npepcTaBneHHoW Tabnuubl, HeymoBneT-
BOPUTENIbHBIX PE3yNbTaToB MOMYYeHO He OblNO, B TeueHue
24 MecsaueB QYHKUMOHANBHBIA Pe3yNbTaT YiyuLLMACA.

3AKJIKYEHUE

B 3akuitoueHne Mbl xoTenn bbl 0CTaHOBMTLCA Ha psfe BO-
MpOCOB, KOTOPbIE, KaK HM CTPaHHO, A0BOJIbHO YacTo BO3HUKaA-
10T Y A€TCKUX OHKOJIONOB:

« MoXHO M cuuTaTb BblpaXKeHHbIM 60neBol CUHAPOM

MpW 3/10Ka4eCTBEHHOM 00pa30BaHWUM NPOTUBONOKA3a-
HWeM NS opTe3upoBaHKA? HeT, NOCKONbKY, BbINOMHAS
MMMOBUAM3aLMOHHYI0 PYHKLMIO, OpTe3 crnocobcTayeT
yMeHblLUeHMIo 60/1eBOro CMHAPOMa;

+ Kak ponro Hy»Ho HocuTb opTe3? CpoK HoLLeHUs opTe-
3a onpefenseTcs MHAMBUAYANbHO, 3aBUCUT OT 06bEMa
nopaKeHnst KOHEYHOCTH, OCITOXKHEHWI U MOCNeCTBUIA;

« CnocobctByeT v opTe3 pa3suTUi0 ocTeonopo3a? Her,
OH M03BOJIAET aleKBATHO HarpyKaTb KOHEYHOCTD;

« CnocobctByeT nm opTe3 ycyrybnieHuio MbilLeYHON
atpodun? Her, oH cnocobecTBYeT NoanepaHuio Hop-
MaslbHOT0 MBILLEYHOr0 TOHYCa;

+ Kakoi opTe3 nyuwle: UHAMBUAYANLHO U3rOTOB/EHHBIN
unm rotoBbin? neansHoro optesa He CyLLECTBYET.

Moaxon K OpTE3MpOBaHMI0 OAHO3HAYHO OMKeEH ObITb UH-
AVBULYaNbHbIM, MOCKOBKY HE0OX0AUMO peLLaTh YHUKaMbHbIE
npobnembl KoHKpeTHoro GombHoro. besycnoBHo, opteaupoBa-
HWe NO3BONSET [OCTUYb PaHHET0 JO3WUPOBAHHOID YBENIMYEHMS
OAVHAMUYECKON HarpysKu MOBPEXAEHHOM CYCTaBa, YTO Mpu-
BOOMT K CTabunbHOMY ynyuLleHnio GyHKUMM MOBPEXAEHHOTO
cerMeHTa y feteid. CoBpeMeHHbIe 0pTe3sbl MO3BONSHOT YITyULLUTL
(YHKUMIO KOHEYHOCTM, OMOpOCMOCOBHOCTL M YCTOMYMBOCTD
MpW CTOSIHWM, PUCYHOK MOXOLKM, B TOM Yunciie Y AeTen, 60bHbIX
3/10KaYeCTBEHHBIMW OMYXONIAIMK, KaK Ha (hoHe NpOTMBOOMYXO-
NeBOM Tepanum, Tak v B pemuccun. HeobxoanMbl AHaMUYeCKK
U3MEHAIILLaNACA MHAMBMAYaNbHAsA NporpaMMa peabunurauumm,

DO https://doi.org/10.17816/vt0611025

COOTBETCTBYIOLLAA COCTOSIHMIO M MOTpebHOCTAM naumMeHTa
Ha MOMEHT HabnoaeHns, UHAMBULYANbHLIA Noabop opTesos,
a TaKkKe CBOEBPeMEHHas XUPpYpruyeckas KoppeKums, Kotopas
[0MKHA BbINONHATLCA B CTaLWOHapaX OpTONeAMYecKoro npo-
¢uns. NpodurnakTnka 0CNOKHEHWIA U OPTONEAMYECKUX NOCNEN-
CTBUIA Y A€TEN C KOCTHbIMM CapKOMaMM JOCTUraeTcs paHHUM
MPOBELEHNEM KOMIJIEKCHBIX peabunuTaLMoHHbIX Meponpus-
TUH, BKJIOHAIOLLMX METOAbI KUHEe3uTepanuu, ¢usnoTepanum,
OpTe3MpOBaHNs, KOPPUTMPYHOLLMX OMepaTUBHbIX BMELLIATENbCTB
¥ MeaVKaMeHTO3HOW NOAePIKKM.

AO0NOSIHATESIbHO

Brnag, aBTOpoOB. Bce aBTOpbI NOATBEPXK/AAIOT COOTBETCTBME CBOETO
aBTOPCTBA MeXAyHapoaHbIM kputepumam ICMJE (ce aBTopbl BHEC/N
CYLLECTBEHHBIM BKNaf B pa3paboTKy KOHLENUMW, NpoBefeHue mc-
Crel0BaHWs U MOAOTOBKY CTaTbW, MPOYNM U 0f06pUIM GUHAMBHYID
BEpCHIo nepen nybnmnkaLmen).

WUcTounuk dmHaHcHMpoBaHMA. ABTOpLI 3asiBNAOT 06 OTCYTCTBUM
BHELLUHEro (WHaHCMPOBaHWsi MpW MPOBEEHMM UCCefoBaHuA U
MOAroTOBKE NybAMKALIMN.
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Differential diagnostics of musculoskeletal pain
in spondyloarthrosis and osteoarthrosis using
magnetic resonance imagraphy

Yuriy 0. Novikov', Artem A. Bogachev?, Mikhail B. Tsykunov? 4

1 Bashkir State Medical University, Ufa, Russia;

ZPirogov National Medical and Surgical Center, Moscow, Russia;

3 N.N. Priorov National Medical Research Center of Traumatology and Orthopaedics, Moscow, Russia
4Pirogov Russian National Research Medical University, Moscow, Russia

ABSTRACT

BACKGROUND: Musculoskeletal pain (MSP) has now become a non-infectious epidemic and is the second leading cause of
disability, resulting in a significant loss of productivity among the able-bodied population in all industrialized countries. The
main conditions most commonly encountered in outpatient appointments are spondyloarthritis (SA) of the lumbar spine and
osteoarthritis (OA) of the knee. These diseases have similar pathogenesis and are accompanied by aseptic inflammation,
involvement of muscules and ligaments, leading to the formation of various movement disorders, antinociceptive insufficiency,
and peripheral and central sensitization. In this study, the results of magnetic resonance imaging (MRI) are presented, which
can be used in early diagnosis of MSP, as well as dynamic control of treatment.

AIM: To evaluate neuroimaging signs in patients with SA and 0A depending on the cause of the disease.

MATERIALS AND METHODS: Analytical one-stage study was performed with 158 patients with established clinical diagnosis
of MSB, who were divided into four groups: primary knee OA (46 patients), posttraumatic OA (48 patients), spondylogenic 0A
(40 patients) and OA of 0| stage (24 patients) To study neuroimaging signs the examination was performed on MRI devices
Siemens Magnetom Aera 1.5T and General Electric Signa 1.5T.

RESULTS: MRI examination revealed stage Ill spondyloarthritis in 47.2% of patients, and stage Il in 30.1%. Of the total number
of patients, 33.3% had fragmentation of the inner and outer menisci of the knee joint, longitudinal damage of the inner meniscus
was detected in 30.1% of cases and osteophytes of the knee joint in 30% of cases. Intervertebral disc sequestration (2.4%) and
stage | spondyloarthrosis (7.3%) were the least common. When comparing the groups, more pronounced neuroimaging signs
were detected in posttraumatic and primary 0A, while they were significantly lower in spondylogenic genesis. No differences
between the groups were found in the spine examination.

CONCLUSION: The study showed high informativeness of MRI in OA, which allows early diagnosis and differential diagnosis of
the disease.

Keywords: musculoskeletal pain; spondyloarthritis; osteoarthritis; magnetic resonance imaging.
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AHHOTALIMA

06o0cHoBaHuMe. MolileyHo-cKkeneTHas 60nb (MCB) B HacToslLLee BpeMs NPUHANA XapaKTep HEMHDEKLIMOHHO 3NMaeMuUn U 3a-
HWMaeT BTOPOEe MECTO CPeAM NpUYMH UHBASMAHOCTH, NPUBOAA K CYLLECTBEHHOIM NOTEpe NPOU3BOAUTENBHOCTM Cpeay TPYLO-
cnocobHoOro HaceneHus Bo BCEX MHAYCTPUanbHO paseuTbix cTpaHax. OcHOBHbIMU 3abonieBaHusAMM, KoTopble Haubonee YacTo
BCTpeyarTca Ha aMbynaTopHOM NpuéMe, ABNSKTCA cnoHannoapTpo3 (CA) nosicHyHOro oTAena No3BOHOYHKMKA U 0CTE0APTPO3
(OA) KoneHHoro cyctaBa. 3Tv 3ab0sieBaHUS UMEIOT CXOLHbINA MAaTOreHe3 W COMPOBOXKAAKTCA aCEeNTUUECKUM BOCNaNeHneM, Bo-
BIEYEHWEM B NMPOLLECC MBILLEYHOTO M CBS304HOIO annapata, NPMBOAALLMM K (OPMUPOBaHMIO pa3HO0DpasHbIX ABUraTesNbHbIX
HapyLLEHWIA, aHTUHOLMLLENTUBHON HE0CTaTOYHOCTH, Nepudepuyeckon U LIeHTpanbHOW CeHcuTu3auuu. B naHHoOM uccnefo-
BaHWM NpeACTaBeHbl pesyNbTaTbl MarHUTHO-pe3oHaHcHoM ToMorpaduu (MPT), koTopble MOFYT MCMOMb30BaTLCSA MPU paHHeN
pvartoctuke MCDB, a TakKe MHaMUYECKOr0 KOHTPOAS B MpoLiecce JieYeHus.

Lienb. OueHKka HelpoBU3yanM3aLUmMoHHbIX Npu3HakoB Yy naumenTtos ¢ CA u OA B 3aBUCMMOCTM OT reHesa 3abonieBaHus.
Marepuans! u MeToabl. BoinonHeHo aHanUTMYecKoe 0AHOMOMEHTHOE UcCie0BaHMe C yyacTheM 158 naumeHToB ¢ ycTaHOB-
NEHHBbIM KITMHUYeCKUM AuarHo3oM MCB, KoTopble Bbiiv pa3feneHbl Ha YeTbipe rpynnbl: nepeuyHbii OA KoneHHoro cycTaBa
(46 yenoBek), noctTpaBMaTtnyeckuit OA (48 yenosek), cnoHamnoreHHbln OA (40 yenosek) u OA 0-I ctagum (24 yenoseka).
[ng n3yyeHus HelipoBU3yanM3aLMOHHBIX NPU3HAKOB 0bcnefoBaHMe NpoBoAMAOCh Ha annapatax MPT Siemens Magnetom
Aera 1.5T u General Electric Signa 1.5T.

Pesynbtathl. [lpu MPT-o6cnenoBanmv y 47,2% naumentoB BbisiBunn cnongunoaptpos Il craguu, y 30,1% — |l cTagum.
3 obuiero konnuecTa nauueHToB 33,3% MMenu noBpexaeHne B BUAe GparMeHTaLmu BHYTPEHHETO U HApYKHOr0 MEHUCKOB
KoneHHoro cyctaea, B 30,1% cnydyaeB BbiSIBUIM MOBPEX/EHME BHYTPEHHErO MEHWUCKA B BMAE MPOAOSILHOMO pacluenieHus
1 B 30% cnyyaeB — ocTeo(UTbI KONEHHOMO CycTaBa. Pexke BCEro BCTPeYannCh CEKBECTPALMS MEXMO3BOHKOBOMO AMCKa —
2,4% v cnoHaunoaptpos | crapgum — 7,3%. MNpu cpasHeHun B rpynnax bonee BbipaXKeHHble HEMPOBU3YanM3aLUMOHHbIE NpK-
3HaKW BbISBASNMCb NPY NOCTTPaBMaTUYeCcKoM 1 nepauyHoM OA, npu CNOHANOrEHHOM reHese OHM Bbiin CYLLECTBEHHO HUKE.
Mpy uccnefoBaHMM NO3BOHOYHMKA Pa3fMumiA B rpynnax yCTaHoBJIEHO He Bbino.

3aknoueHue. ViccnepoBaHne Nokasano BbICOKYK MHGopMaTuBHOCTL MPT npu OA, no3BonsioLLyto OCYLLECTBAATb PaHHION
AMarHocTUKy W NpoBoauTb auddepeHLmManbHyo AUarHocTUKy 3aboneBaHms.

KnioueBble cfioBa: MbllLeYHO-CKeNneTHas bob; CnoHAMN0apTPo3; 0CTe0apTPO3; MarHUTHO-PE30HAHCHAaA TOMOI'paCbVIFI.
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BACKGROUND

Currently, musculoskeletal pain (MSP) is a crucial medical
and social problem, ranking second among the causes of
disability according to the Centers for Disease Control and
Prevention. It presents an economic burden for society
owing to the increased risk of temporary or complete loss
of working capacity and decreased labor productivity; in the
USA, the annual costs of treating patients with MSP account
for 9% of the total national costs [1, 2]. The most common
causes of MSP are spondyloarthrosis (SA) and osteoarthritis
(0A) of the knee joint [3, 4].

Spondyloarthrosis (OA of the facet joints of the spine) and
gonarthrosis (OA of the knee joint) have a long progressive
course. The disease affects the entire complex of joint
and periarticular tissues, namely, the synovial membrane,
articular cartilage, muscles, and ligamentous apparatus,
resulting in the development of pain and impaired joint
function and congruence. Notably, the main mechanism
of disease development is chronic inflammation, leading
to sensitization of nociceptors in the joint area. In SA,
inflammation develops as a result of microtrauma of the
muscular and ligamentous apparatus of the spine due to
static and dynamic overloads, leading to locomotor disorders.
Pain and sanogenetic hypertonicity play crucial roles in
disease occurrence, which then contributes to the formation
of myofascial trigger points. Moreover, OA is accompanied
by the development of enthesopathy and inflammation of
the synovial bursae, often involving the collateral ligaments
and infrapatellar bursa. Furthermore, local damage to the
ligamentous apparatus of the spine causes acute back pain in
SA. Significant pathogenetic mechanisms leading to chronicity
and a progressive disease course include degenerative-
dystrophic changes and microcirculation disorders [5-9].

According to the International Classification of Diseases,
10th revision, OA is classified into primary, post-traumatic,
secondary, and unspecified. Primary OA is largely due to
hereditary predisposition caused by abnormalities in the
formation of cartilaginous tissue of the joints that is, it is
associated with risk factors. These risk factors include
connective tissue dysplasia, sex, age, weight, mechanical
overload, and inflammatory, metabolic, and endocrine
diseases. [10-12]. Secondary OA is primarily associated with
traumatic joint injury. It is often due to articular cartilage
damage associated with meniscus injury [13]. Some studies
distinguished spondylogenic OA, which is associated with
degenerative changes in the spine, which leads to static and
dynamic overloads of the knee joint [14-16].

The main imaging modality for SA and OA is radiography,
which allows determining the severity of degenerative
changes in the joint, assessment of the functional state of the
ligamentous apparatus, and differential diagnostics [17, 18].

Moreover, many studies revealed a discrepancy between
radiographic changes and the clinical presentation of SA and
OA. Hannan et al. [19] studied 6880 patients aged 25-74 years.
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Among patients with stage II-1V knee 0A, 47% complained of
knee pain. A total of 1004 patients (14.6%) reported knee pain;
only 15% of them had radiographic changes of stage II-IV
OA. Furthermore, Zhou et al. [20, 21] showed the insufficient
reliability of radiographic examination in SA. According to the
Institute of Rheumatology of the Russian Academy of Medical
Sciences [22], radiography does not allow direct visualization
of the cartilage, of which thickness can only be determined
indirectly by the width of the joint space. The authors point
out false-positive and false-negative study results in 40%
of those examined. Thus, radiolucent OA was identified, of
which development remains controversial [23]. Pain in this
variant of OA is believed to be sclerotomic in nature. In this
study, the radiolucent type of OA was considered stage 0 knee
0A, which emphasized the absence of radiographic signs, but
with the presence of a characteristic clinical presentation.

In recent decades, magnetic resonance imaging (MRI) has
been widely used to visualize SA and OA, allowing diagnosis
of the early signs of the disease. The advantage of MRl is its
high-contrast resolution, which enables the detection of even
minor differences in soft tissue contrast and obtaining MRI
images in any views, identifying various pathologies of the
spine and joints, diagnosing degenerative disease of the joint
and surrounding tissues, and assessing cartilage thickness
[24-27].

This study aimed to evaluate neurcimaging signs in
patients with SA and OA depending on the disease origin.

In addition, to radiographic and magnetic resonance
staging of the severity of SA and OA, it is crucial to use
a rehabilitation diagnosis according to the International
Classification of Functioning (ICF). The ICF allows describing
joint dysfunctions that have developed in a patient and is
a tool for integrating assessment criteria when describing
these dysfunctions [28]. It is a descriptive tool, and not a
scale.

MATERIALS AND METHODS
Study design

An analytical cross-sectional study was conducted.

Eligibility criteria

The inclusion criterion was a diagnosis established at
least 1 month before the start of the study.

The exclusion criteria were newly diagnosed SA and OA of
the knee joint, other concomitant diseases and conditions that
prevent the examination, and back and knee pain associated
with other specific processes (e.g., cancer, infection).

Study conditions

The study was conducted at the Pirogov National Medical
and Surgical Center from October 2023 to December 2023.
The assessment included an initial clinical examination of the
patient and MRI diagnostics, which was usually performed
the following day.
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This study was performed as part of medical diagnostic
measures conducted in accordance with the standards for the
provision of primary healthcare for OA of the knee joint and SA.

Study outcomes

Determination of the incidence of neuroimaging signs in
knee OA of various origins.

Subgroup analysis

The criterion for distributing patients were divided into
groups based on the origin of knee OA determined during
clinical examination, namely, primary, post-traumatic,
spondylogenic, and degree 0 osteoarthrosis of the knee joint.

Methods for recording outcomes

Each patient underwent a full clinical examination before
neuroimaging, including palpation assessment of pain points
in periarticular tissues and visual assessment of the range of
motion in the knee joints and spinal configuration disorders,
such as flattening of the lumbar lordosis, hyperlordosis, and
scoliosis, to assess the current state of the lumbosacral
spine and knee joints. All patients underwent MRI using
Siemens Magnetom Aera 1.5T and General Electric Signa 1.5T
in transverse, sagittal, and coronal views, according to T1W,
T2W, and STIR with suppression of fat tissue in transverse,
sagittal, and coronal views.

Ethical considerations

Voluntary informed consent was obtained from each
examined patient with knee OA, which complies with the
ethical standards of the Helsinki Declaration (2013).

Statistical analysis

The results were statistically analyzed using the Statistica
13.0 software package. When comparing several groups, the
Kruskal-Wallis test was used. P <0.05 indicated statistical

Table 1. Distribution of subjects by sex and age
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significance. The Bayes method was used to calculate the
probability of an event (MRI criterion).

RESULTS

Study participants

The study included 158 patients aged 37-72 years (mean
age: 58.54 + 8.36 years) who complained of pain in the knee
joints and lumbosacral spine, including 53 men and 105
women (Table 1).

During the clinical examination, the anamnestic
characteristics were clarified, namely, the presence of pain
and its localization, starting pain, and gait disturbance
(lameness). These indicated what preceded the occurrence of
OA of the knee joint (e.g., physical activity, injury, and disease).
The presence of hereditary factors, metabolic disorders (e.g.,
diabetes mellitus, gout, and obesity), and unfavorable factors,
such as professional environment, uncomfortable postures,
monotonous movements, and vibration, were clarified. The
range of motion in the lumbar spine and knee joints was
assessed, and the presence of painful points and spinal
configuration disorders (i.e., flattening of the lumbar lordosis,
hyperlordosis, and kyphosis) were detected. Based on the
data obtained, primary, post-traumatic, and spondylogenic
osteoarthrosis and osteoarthrosis of the knee joint stage 0
were determined (patients underwent X-ray examination of
the knee joints no more than 6 months before the visit). This
was used as basis for patient distribution.

To assess the function of the knee joints according to
the ICF, we used tables for assessing pain associated with
loading (Table 2), joint mobility during testing of the passive
range of motion (Table 3), joint mobility during testing of the
active range of motion (Table 4), and the ICF assessment
of pain during palpation of periarticular tissues (Table 5),
proposed by Prof. M.B. Tsykunov [28].

Age | Male Female | Total
37-48 years old 7 15 22
49-60 years old 14 27 4
61-72 years old 32 63 95
Total, n (%) 53 (33.5) 105 (66.5) 158 (100)

Table 2. Assessment of pain associated with loading according to ICF (b28015 pain in lower limb)

Sign characteristic | ICF assessment

No pain 0

Inconstant; mild pain is noted with heavy loads, which occurs periodically after excessively prolonged physical 1
activity or physical activity in difficult conditions

Constantly noted with impaired stability of the joint or spine (sensation of displacement) and/or heavy and
excessively prolonged loads on the joint and/or periodically intensifies with little physical activity and/or noted 2
during walking long distance (more than 2 km)

Noted during prolonged walking and inconstantly with household loads 3
Noted during short-distance walking, constantly with household loads or constant severe pain

BOI: https://doi.org/10.17816/vt0629188
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Table 3. Assessment of knee joint mobility according to ICF (b710) during passive movement testing (goniometry)

Sign characteristic

ICF assessment

Passive range of motion is not limited (96%—-100% of normal)
Passive range of motion is slightly limited (50%—-95% of normal)

Passive range of motion is moderately limited (25%—49% of normal)

Passive range of motion is severely limited (5%-24% of normal)

Passive range of motion is absent (0%—4% of normal) or ankylosis

0

N~ ow N -

Table 4. Assessment of knee joint mobility according to ICF (b710) during active movement testing (goniometry)

Sign characteristic

ICF assessment

Active range of motion is not limited (96%—100% of normal)
Active range of motion is slightly limited (50%-95% of normal)
Active range of motion moderately limited (25%—49% of normal)
Active range of motion is severely limited (5%—24% of normal)
Active range of motion is absent (0%—4% of normal) or ankylosis

0

S~ oo NN -

Table 5. Pain on palpation of periarticular tissues according to ICF (628015 pain in lower limb)

Sign characteristic

ICF assessment

No pain

Minor pain
Facial reaction
Limb withdrawal

Patient screams during palpation or does not allow the joint to be palpated

0

N~ ow N -

The MRI indicators were analyzed, and the main criteria
for assessing neuroimaging disorders in the knee joint and
spine were established depending on disease origin.

Research results

The predictive Bayesian approach provides basis for
ensuring the quality of risk analysis and allows establishing
probable relationships between the variables of interest.

The approach considers that the risk cannot be adequately
described and assessed simply by summing up probabilities
[29, 30].

When analyzing the clinical examination data, which
included the anamnestic characteristics of all the patients,
each sign was represented by a logical variable with two
possible values (1 or 0). The occurrence of the sign in each
group was calculated as percentage (Table 6). Then, the

Table 6. Syndromes and risk factors in groups of patients with knee osteoarthritis, n (%)

Primary Post-traumatic Spondylogenic Osteoarthritis
Syndrome osteoarthritis osteoarthritis osteoarthritis deg. 0
(n=46) (n=48) (n=40) (n=24)
Knee and spine pain 46 (100) 48 (100) 40 (100) 24 (100)
Painful points 43 (93.5) 47 (97.9) 40 (100) 23 (95.8)
Limited movement in the knee joint 45 (97.8) 45 (93.7) 37 (92.5) 21 (87.5)
Limited movement in the lumbar spine 38 (82.6) 32 (66.7) 40 (100) 15 (62.5)
Gait disturbance (lameness) 46 (100) 43 (89.6) 27 (61.5) 13 (54.2)
Violation of the spine configuration 41 (89.1) 38 (79.2) 39 (97.5) 20 (83.3)
Hereditary predisposition 41 (89.1) 26 (54.2) 33 (82.5) 11 (45.8)
Presence of injuries 25 (54.3) 47 (979) 23 (575) 7(29.2)
Metabolic disorders 43 (93.5) 38 (79.2) 23 (57.5) 9 (37.5)
Physical and psychoemotional 38 (82.6) 40 (83.3) 35 (875) 17 (70.8)

overload at work
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decimal logarithms of the sign frequencies were obtained,
which were considered as diagnostic coefficients. Afterward,
the smallest value was subtracted from the values of the
four sign coefficients, obtaining a zero value. By multiplying
each coefficient by 10, the final diagnostic score was obtained
(Table 7). The median values of the ICF assessments in
patients with knee OA are presented in Table 8.

Clinical examination showed that gait disturbance
(lameness) can be highly considered as a differential
diagnosis in patients with primary and post-traumatic OA of
the knee joint (Table 7). The maximum score in differential
diagnostics is determined in the column “Limitation of motion
in the lumbar spine” for spondylogenic and primary OA.
Identifying provoking factors, such as metabolic disorders,
are crucial for differential diagnosis; they have the maximum
value in primary and post-traumatic OA, and injuries are
more often detected in post-traumatic OA. Regarding
hereditary predisposition, a higher score was revealed in
primary and spondylogenic OA. However, it should be noted
that the difference in most signs for differential diagnostics
is insignificant, which explains the complexity of differential
diagnostics of OA. The above necessitated a neurocimaging
examination.

Table 7. Differential diagnostic scores in study groups
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Diagnostic criteria of the MRI study consisted of
qualitative and quantitative disorders. The qualitative
signs were assessed according to the “presence—absence”
principle; prevalence was calculated in each group. Group 4
was not included in the calculations (Table 9). Analysis of the
final diagnostic scores (Table 10) showed that the maximum
number of diagnostic scores was obtained in post-traumatic
OA with signs of “incongruence of articular surfaces” and
“partial inveterate rupture of the posterior cruciate ligament,”
whereas diagnostic scores were relatively high in cases of
partial inveterate rupture of the anterior cruciate ligament. In
primary OA, the diagnostic scores were lower and were more
often high in cases wherein narrowing of the joint space and
partial inveterate rupture of the posterior cruciate ligament
were noted. In spondylogenic OA, the scores were higher in
cases wherein disk sequestration and disk extrusion were
observed. The remaining diagnostic scores were not of such
significant importance for differential diagnostics.

Tables 11 and 12 present data obtained from a detailed
group-by-group assessment of quantitative changes (the
width of the joint space of the knee joint and facet joints of
the lumbar spine). If a significant difference in the width of
the joint space of the knee joint was obtained (p=0.0001), no

Primary Post-traumatic Spondylogenic Osteoarthritis
Syndrome osteoarthritis osteoarthritis osteoarthritis deg. 0

(n=46) (n=48) (n=40) (n=24)
Knee and spine pain 0 0 0 0
Painful points 0.3 0.1 0.1 0
Limited movement in the knee joint 0.4 0.4 0.2 0
IS_Lrirrzi;ed movement in the lumbar 12 0.2 9 0
Gait disturbance (lameness) 2.8 2.3 1 0
Violation of the spine configuration 0.5 0 0.9 0.3
Hereditary predisposition 2.7 0.6 2.4 0
Presence of injuries 2.5 4.9 2.5 0
Metabolic disorders 4 33 1.8 0
Physical and psychoemotional 05 06 07 0

overload at work

Table 8. Median values of ICF scores in patients with knee osteoarthritis of different origin, points

ICF assessment criteria Primary

Post-traumatic

Spondylogenic Osteoarthritis

osteoarthritis osteoarthritis osteoarthritis deg. 0
Pain associated with loading 2 3 3 1
Passive range of motion 1 2 1 0
Active range of motion 1 3 1 0
Pain during palpation of periarticular 9 3 3 1

tissues
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Table 9. Diagnostic MRI criteria in groups of patients with knee osteoarthritis, n (%)
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Primary Post-traumatic Spondylogenic
Criterion osteoarthritis osteoarthritis osteoarthritis

(n=46) (n=48) (n=40)
Presence of high-intensity fluid 15 (32.6) 21 (43.7) 5(12.5)
Partial inveterate rupture of the anterior cruciate ligament 12 (26) 35(72.9) 3(75)
Fragmentation of the medial and lateral meniscus 11 (23.9) 37 (77) 4(10)
Longitudinal damage of the medial meniscus 19 (41.3) 44 (92.6) 17 (42.5)
Presence of osteophytes 17 (36.9) 40 (83.3) 4(10)
Degenerative damage to cartilage tissue 20 (43.4) 20 (41.6) 5(12.5)
Longitudinal damage of the lateral meniscus 7(15.2) 12 (25) 8 (20)
Narrowing of the joint space to 1-2 mm 24 (52.1) 7 (14.5) 3(75)
Incongruence of articular surfaces 4 (8.6) 41 (85.4) 1(2.5)
Partial inveterate rupture of the posterior cruciate ligament 1(2.1) 5(10.4) -
Spondyloarthrosis stage | 6 (13) 3(6.2) 4 (10)
Spondyloarthrosis stage |l 15 (32.6) 21 (43.7) 13 (32.5)
Spondyloarthrosis stage |l 25 (54.3) 24 (50) 23 (57.5)
Disk protrusion 7(15.2) 3(6.2) 13 (32.5)
Disk extrusion 4 (8.6) 1(2) 8 (20)
Disk sequestration - - 4 (10)
Table 10. Diagnostic scores of MRI changes in patients with knee osteoarthritis

Primary Post-traumatic Spondylogenic

Criterion osteoarthritis osteoarthritis osteoarthritis

(n=46) (n=48) (n=40)
Presence of high-intensity fluid 4 6 0
Partial inveterate rupture of the anterior cruciate ligament 6 i 0
Fragmentation of the medial and lateral meniscus 3 9 0
Longitudinal damage of the medial meniscus 0 4 0
Presence of osteophytes 6 7 0
Degenerative damage to cartilage tissue 5 6 0
Longitudinal damage of the lateral meniscus 0 8 7
Narrowing of the joint space to 1-2 mm 7 2 0
Incongruence of articular surfaces 4 14 0
Partial inveterate rupture of the posterior cruciate ligament 7 4 0
Spondyloarthrosis stage | 3 0 3
Spondyloarthrosis stage |l 2 3 4
Spondyloarthrosis stage |l 0 0 1
Disk protrusion 3 0 6
Disk extrusion 5 0 9
Disk sequestration 0 0 10

Table 11. Joint space width in osteoarthritis and spondyloarthritis in groups

Group

Joint space of the knee joint

Joint space of the facet joint

Primary osteoarthritis (n=46)
Post-traumatic osteoarthritis (n=48)
Spondylogenic osteoarthritis (n=40)
Kruskal-Wallis test, p

3.43+0.28

5.16+0.30

5.5140.32
0.0001

1.100.04

1.09+0.05

1.11+0.08
0.12
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Table 12. Joint gap width of facet joints depending on the stage of spondyloarthritis

Stage of spondyloarthrosis

Joint cavity of facet joint

Kruskal-Wallis test, p

1.730.6
1.38+0.02
0.86+0.03

0.0001

significant differences were noted when measuring the facet
joints (p = 0.12). However, a significant difference (p = 0.0001)
was found in the width of the joint space of the facet joints
depending on the stage of SA.

Measurement of the sizes of the collateral ligaments
conducted during the study is of particular interest. The length
of the lateral ligament ranged from 5.45 cm to 6.30 cm,
and the transverse size ranged from 0.43 cm to 0.74 cm in
diameter. Furthermore, the length of the medial collateral
ligament ranged from 4.47 cm to 5.10 cm, and the transverse
size was from 0.40 cm to 0.53 cm in diameter.

Adverse events
No adverse events were noted during the study.

DISCUSSION

Summary of the main results of the study

The study confirmed neuroimaging signs in patients
with SA and OA of the knee joint, depending on the disease
pathogenesis, some of which, such as the presence of hone
growths in the form of osteophytes, degenerative changes in
cartilage tissue in the form of a violation of its integrity, the
presence of high-intensity fluid, MRI signs of SA, protrusions,
extrusions, and sequestration of the disk, have been described
in the literature. Additionally, the diagnostic scores for the
main signs of the disease in groups were calculated, and the
sizes of the joint space of the knee joint and facet joints were
determined, as well as the sizes of the joint space of the facet
joints, depending on the stage of SA.

Discussion of the main result of the study

Study results demonstrate that disease development is
influenced by various factors. Similarities in pathogenesis
between different diseases causes certain difficulties for
clinicians in differential diagnostics.

MRI is a relatively informative modality for establishing
the pathological process in the knee and facet joints.
However, information in the literature on the use of
neuroimaging studies in OA of various origins is insufficient.
The pathogenesis of stage 0 knee OA remains controversial.
Notably, the disease is characterized by sclerotomic spread
of pain due to mechanical action in the ligaments, tendons,
and periosteum at the level of Ly,-L,, [31, 32].

Study limitations

This study did not conduct a neuroorthopedic examination
of patients (i.e., goniometry, tensoalgometry, and

BOI: https://doi.org/10.17816/vt0629188

scoliosometry), which may have its own characteristics in
people with musculoskeletal pain. The analysis focused on
neuroimaging changes that affect locomotor disorders.

CONCLUSION

Neuroimaging examination is the most informative
method for diagnosing injuries and degenerative changes
in the knee joint. The developed criteria can be used in
practical work for diagnostics, which enables assessment
of the severity of knee joint damage in OA. The developed
scoring system for diagnostics allows differential diagnostics
of various types of knee OA.
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JOMO/IHUTE/IbHO

Bknap aBTopoB. Bce aBTopL NOATBEPKAAIOT COOTBETCTBYE CBO-
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WUcTouHnK ¢pmHaHCcUpoBaHUA. ABTOPbI 3asIBAIT 06 OTCYTCTBUMM
BHELLHero ®uHaHCMpOBaHWA NP NPOBEAEHUN WUCCNEL0BaHNA 1
MOAroTOBKE NyBAMKALMN.
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Neural network model development for detecting
atypical mitoses in histological slides

Gennadiy N. Berchenko, Nina V. Fedosova, Mikhail G. Kochan, Dmitriy V. Mashoshin

N.N. Priorov National Medical Research Center of Traumatology and Orthopedics, Moscow, Russia

ABSTRACT

BACKGROUND: Modern computer systems allow digitizing and examining images of histological preparations, which led the
authors to the idea of using Machine Learning (hereafter — ML) tools usage in digital pathohistology. The ability of neural
networks to find sub-visual image features in digitized histological preparations provides the basis for better qualitative and
guantitative image analysis. Existing machine learning methods provide good accuracy and speed in recognizing various
images, which gives hope for their wide application, including in oncologic diagnostics.

AIM: Use methods of mathematical modeling to identify pathological mitoses in histological preparations as the main sign of
the difference between malignant and benign tumor growth.

MATERIALS AND METHODS: Histological images of the N.N. Priorov National Medical Research Center of Traumatology and
Orthopedics were used as a data set for the neural network model. The model was tested using 188 histologic slides from
67 patients treated at the institute. Histological preparations were scanned on a Leica Aperio CS2 microscope with a x400
resolution and converted into JPEG format with further processing. Next, the test images were analyzed in streaming mode
using the created neural network model in order to obtain the coordinates of the desired diagnostic object — pathological
mitosis and the probability with which the model found the object of this category. The obtained images were analyzed by a
pathologist to determine whether the detected object corresponded to pathological mitosis.

RESULTS: The authors have chosen an architecture, developed a methodology for training a neural network, and created
a model that can be used to detect pathologic mitoses in histologic preparations. The authors do not attempt to replace the
physician, but show the possibility of an integrated approach to data analysis by a computer system and a pathologist.
CONCLUSIONS: The developed mathematical model of neural network used as a part of technological solution for recognizing
pathological mitoses in scanned histological preparations can be used as a tool to reduce the time of research and increase the
accuracy of diagnosis by a pathologist.

Keywords: neural network; mathematical model; artificial intelligence; tumor; pathological mitosis; machine learning; bone
pathology.
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Pa3spaboTrka Mogenu HepoHHOM ceTu
ANA BbiSBJIEHUA NATONOrUYECKUX MUTO30B
B FMCTOJIOrMYECKUX Nnpenaparax

I"H. bepueHko, H.B. ®epocosa, M.I. KouaH, [1.B. MawowwmH

HaumoHanbHbIM MeaWUMHCKWIA UCCeoBaTeNbCKUIA LIEHTP TpaBMatosiorum u optonegun uM. H.H. MpuopoBa, Mocksa, Poccus

AHHOTALINA

06ocHoBaHMe. CoBpeMeHHble KOMMbIOTEPHbIE CUCTEMBI MO3BONSIOT OLMGBPOBLIBATHL M UCCEA0BaTb M306paXeHns rUcTono-
MYECKMX NPenapaToB, 4YTO HATOJIKHYNI0 aBTOPOB Ha MAEI0 UCMO/b30BaHUS MHCTPYMEHTOB MaLLMHHOIO 00y4eHmMs B LudpoBon
nartorucTonorui. Bo3aMoXHOCTU HEMPOHHBIX CETel HaXOAUTb CybBM3YasbHbIE 0COBEHHOCTM M306paXkeHMs Ha ouMbpOBaHHbIX
TMCTONOMMYECKUX Npenapatax CO3AaloT OCHOBY ANS NYYLIEro KauecTBEHHOrO0 M KOJIMYECTBEHHOrO aHanu3a M300paeHui.
CywiecTBytolime MeTOAbl MaLLUMHHOTO 00YYeHWUst AAlOT XOpOLUME MOKA3aTenm Mo TOYHOCTM M CKOPOCTW MpW pacno3HaBaHWm
Pa3NNYHbIX M30DpaKeHUiA, UTO NO3BONAET HAAEATLCA Ha WX LUMPOKOE MPUMEHEHWE, B TOM YMCTIE U B OHKONOTUYECKOW Aua-
THOCTHKe.

Lenb. Vcnonb3oBatb MeTogbl MaTeMaTM4ECKOr0 MOAENMPOBaHUSA [J1S BbISIBNIEHWS NaTONOMMYECKUX MUTO30B B MMCTONOMU-
YECKWX Npenapatax Kak 0CHOBHOrO MpU3HaKa pasnuums 3/10Ka4eCTBEHHOIO M [0OPOKaYeCcTBEHHOMO OMYX0/EeBOro MpoLecca.
Marepuanbl u MeTogbl. B KauecTe Habopa AaHHbIX )18 MOZENM HEPOHHOM CETU MPUMEHSNIUCH TUCTONOMNYECKMe M30bpa-
xenua HMULL tpasmatonorum u optoneamn uM. H.H. MNpuoposa. TecTupoBaHue Mofeny BbiNosHEHO ¢ noMolbio 188 ructo-
JIOTMYECKUX CTEKON 67 NaLMeHToB, NPOXOAMBLUMX NeYeHWe B UHCTUTYTe. [UcToNorMyeckue npenaparbl bbian 0TCKaHMPOBaHbI
Ha MuKpockone Leica Aperio CS2 ¢ paspewenueM x400 n npeobpa3sosaHbl B dopmat JPEG ¢ nocnepytoweit 06paboTroi.
[lanee B NOTOKOBOM pexuMe Obin BbINOSHEH aHanW3 TeCTOBbIX W300paXeHuii C UCMONb30BaHWEM CO3AaHHOM MOLENMN Heu-
POHHOM CETM C LeNbio NONYYEHUs KOOPAMHAT MCKOMOTO 00beKTa AMarHOCTUKM — NaToIOrMYecKoro MMT03a U BePOSATHOCTH,
C KOTOpO# MofieNb Haxoauna obbeKT AaHHOM KaTeropuu. MonydeHHble n3obpaxenus Obiv npoaHanMavpoBaHbl BpauoM-na-
TOJIOr0AHATOMOM Ha NpeAMET COOTBETCTBUA BbISB/IEHHOr0 00bEKTa NaToNorMyecKOMy MUTO3Y.

Pe3ynbTtatbl. ABTOpbI Bblbpanu apxuteKTypy, pa3pabotanu MeTofonoruio 0byyeHUs HEMPOHHOM CETWU W CO3AanuU MOLENb,
KOTOpYI0 MOXKHO MCMOAb30BaTh A1 0BHapy:KeHWs NaTof0rMyeckux MUTO30B B MMCTONIOMMYECKUX npenapatax. ABTOpbI He Mbl-
TalTCA 3aMEHNUTb BPaya, a NOKa3blBaKT BO3MOXHOCTb KOMMIEKCHOrO NOAX0AA K aHanu3y AaHHbIX KOMMbIOTEPHON CUCTEMON
1 BPa4OM-MaTo/IOr0aHaTOMOM.

3aksioueHme. PaspaboTaHHas MaTeMaTuyecKas MoJieNb HEMPOHHOI CETH, UCMONb3yeMas B COCTaBE TEXHOOMMYECKOro peLue-
HWSA NS pacno3HaBaHWs NaToN0rMYECKUX MUTO30B B OTCKAHMPOBaHHbIX MACTONOMMYECKUX NpenapaTax, MOXET NpPUMEHATLCS
KaK MHCTPYMEHT [1A COKpaLLEH!s BpeMEHU UCCNeA0BaHNSA U MOBbILIEHUS TOYHOCTM AUArHOCTMKMW Bpaya-naTonoroaHaToMa.

KnioueBble cnosa: HEVIPOHHaﬂ CeTb; MaTeMaThyeCKasa MoJeJlb; MCKYCCTBEHHbIVI WHTENNEKT; 0nyXoJib; NaToONOrMYEeCKMIA
MWUTO03; MallMHHOE 06yqume; KOCTHas natojiorus.
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BACKGROUND

The morphological research method has significantly
expanded the diagnostic capabilities of clinicians, making
the pathologist an integral participant in the diagnostic
process. The volume of work involving biopsy studies is
continuously growing, reflecting the increasing importance
of analyzing biopsy materials in diagnostics and treatment. In
modern pathological anatomy, clinical pathology is becoming
increasingly significant; this concept is closely related to
surgical pathology in English-language literature, denoting
a branch of science that deals with intravital diagnostics
based on the results of studying the material obtained from
biopsies.

The specific aims of pathomorphological studies include
clarification of clinical diagnoses or their establishment
in unclear cases; identification of the initial stages of the
disease; recognition of inflammatory, hyperplastic, and tumor
processes; determination of the degree of malignancy of
neoplasms; and the dynamics of changes under the influence
of the treatment. Together with clinicians, pathologists
participate in determining the scope of surgical intervention,
establishing the activity of the process and the severity of the
lesion, assessing the effectiveness of treatment, and so on.

Morphological examination is mandatory for diagnosing
tumors and tumor-like diseases of the musculoskeletal
system. Bone tumor diagnostics is one of the most complex
areas in clinical oncology, which can be explained by the
rarity of such tumors, their diversity, and the pronounced
heterogeneity of individual nosological forms. Thus, it is
necessary to adhere to a certain algorithm in conducting a
pathological anatomical study, which implies a sequence of
certain actions to make a diagnosis.

In the pathomorphological differential diagnostics of
benign processes of the musculoskeletal system (i.e., benign
tumors and tumor-like diseases) and malignant tumors,
one of the most objective criteria for their distinction is the
determination of pathological mitoses [1]. It is particularly
difficult to differentiate benign processes from low-grade
sarcomas, such as osteosarcoma, chondrosarcoma,
fibrosarcoma, and angiosarcoma. Based on morphological
features, mitoses are conventionally classified into normal
(i.e., typical) and atypical (i.e., pathological). The biological
significance of typical mitosis consists in a strictly identical
distribution of chromosomes between the daughter nuclei of
a dividing cell, which ensures the formation of genetically
identical daughter cells and maintains continuity in a series
of cellular generations. Mitotic division ensures the growth
of multicellular eukaryotes by increasing the population of
tissue cells. The presence of pathological mitoses indicates
a disruption in the normal course of mitotic division and often
leads to the emergence of cells with unbalanced karyotypes,
which leads to the development of mutations and aneuploidy.
Pathological mitoses are often registered in carcinogenesis,
radiation disease, cancer, and precancerous hyperplasia.
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In today’s world, neural networks are widely used in
image recognition tasks. However, there is currently no
single industrial solution for recognizing morphological or
histological images. The use of neural networks and machine
learning, which allow automating the process of recognizing
characteristic patterns of cells and the intercellular matrix,
as well as providing a specialist with the analysis results as
auxiliary information for making an informed decision when
making a diagnosis, will significantly reduce the time for data
processing, improve the quality of diagnostics, and reduce
the physical and mental load on the pathologist-expert.

The problems of this study are associated with the
following difficulties:

1. First, there is no methodology for selecting and refining
the architecture of a neural network for analyzing histological
images, and as a result, there are no pretrained models
created on data sets from histological images, which slows
down research.

2. Second, there are no high-quality prepared data sets
from histological images in the public domain.

3. Third, the development of artificial intelligence (Al)
models for the pathohistological diagnostics of tumors, if they
exist, is not presented in a sufficient number of publications
from both a medical and technical point of view, which was
the reason for using trial and error in this study.

In addition, the size of atypical mitoses is very small,
and the forms are diverse. All these points are aggravated
by disagreements among experts in recognizing atypical
mitoses.

In this paper, we demonstrate a new approach and
methodology for developing a mathematical Al model for
detecting specific objects in histological images characteristic
of oncological diseases of the musculoskeletal system. This
study is based on the idea of the presence of pathological
mitoses as one of the main criteria for the malignancy of a
tumor process in bone tissue.

This research aims to evaluate the possibility of searching
for pathological mitoses using an artificial neural network
and to create a prototype of a software solution to assist
a doctor in the differential diagnostics of benign processes
(i.e., benign tumors and tumor-like diseases) and malignant
tumors of the musculoskeletal system.

The following problems were solved within the research
and development work:

- assistance to a pathologist in the pathomorphological

diagnostics of oncological diseases;

+ additional training of the Al model to minimize the

number of false responses;

» automated stream processing of an array of

histological images.

The study objectives were the following:

+ selection of the neural network architecture;

« formulation of nonfunctional requirements for the

data set and its creation in accordance with these
requirements;
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+ development of a mathematical model for the analysis
of images of digitized histological preparations of
patients with tumors and tumor-like diseases of the
musculoskeletal system in streaming mode without
the participation of a pathologist.

Based on the results of this work, we can state the
development of an Al model, as well as software, for stream
processing of digitized histological preparations using this
model. Despite the successful and promising initial results,
further testing and refinement of this tool in an oncology
institution is required, which will allow its use in everyday
clinical practice.

MATERIALS AND METHODS

A collection of histological images, collected by Professor
G.N. Berchenko for over more than 30 years of his work as
the head of the pathological anatomy department of the
N.N. Priorov National Medical Research Center of
Traumatology and Orthopedics, was used as a data set for
training the neural network model.

Model creation and training

The first rather serious problem that we faced was the
determination of neural network architecture for creating
the model. Therefore, existing reviews were used to select a
suitable architecture [2-4].

We analyzed the architecture of the Faster R-CNN neural
network [2-4] for object detection [5-8] as having the best
indicators of precision and recall, according to the results
of tests conducted at the beginning of the study (May 2018).

Initially, only images taken with a photo attachment
to an Olympus BX51 microscope under immersion at a
magnification of x1000 were used to train the model. This
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approach enabled the creation of a model that, starting
with 300 images in the training data set, could identify the
desired objects with high accuracy. However, attempts to
search for objects in images taken at a magnification of
x400 were unsuccessful. This fact made it impossible to use
the model to recognize scanned histological preparations on
a Leica SC2 scanning microscope, which has a maximum
magnification of x400, and to perform stream processing
of histological preparations. We were compelled to search
for ways to solve this problem. After several unsuccessful
attempts to refine the model, We empirically came to the
solution to select images taken with an attachment to an
Olympus BX51 microscope in the amount of 1,200 pieces (i.e.,
600 pairs) of photographs of the same pathological mitosis at
a magnification of x1000 and x400.

A separate task was the formulation of nonfunctional
requirements for images. We had to determine what image
size was required to train the model. On the one hand, the
image size should be comparable to the microscope’s field
of view; on the other hand, it is necessary to calculate the
minimum number of image pixels sufficient to create the
model. If, at a magnification of x1000, the image had a size
of 1632x1229 pixels (Fig. 1), the size of the selected element
was 90x87 pixels (Fig. 2). At a magnification of x400 (Fig. 3),
the size of the selected fragment was only 30x40 pixels
(Fig. &). Therefore, first, it was necessary to determine the
requirements for the image size that should be used in this
model.

In addition, it was necessary to change the neural
network architecture to create the model. Initially, the Faster
R-CNN architecture was used. However, the created model
showed the following results based on functional testing. The
original files with histological images were “cut” into sections
of 1024x1024 pixels and streamed through the model. We

Fig. 1. Photograph of a histological image of a
294 fragment of a malignant tumor with the presence
of pathological mitosis, taken at a magnification of
%1000, resolution 1632x1229 pixels.

Fig. 2. A fragment of the image “pathological
mitosis”, selected for recognition by the model at a
magnification of %1000, resolution 90x87 pixels.

DOl https://doiorg/10.17816/vt0626361
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Fig. 3. Photograph of pathological mitosis at a
magnification of x400, resolution 1632x1229 pixels.

Fig. 4. A fragment of the image “pathological
mitosis”, selected for recognition by the model at a
magnification of %1000, resolution 30x40 pixels.

obtained 3,000 to 10,000 files with a file size of 600 to
1500 MB from just one digitized image. Even with 1% of false
responses, they obtained up to 100 false positive images
that needed to be rechecked by a pathologist, which did not
correspond to the aim of this study, which was to simplify and
speed up the doctor's work during the primary processing of
histological images. Increasing the number of images that
were used to create the model also did not help to reduce
the percentage of false responses. Therefore, it was decided
to change the architecture of the neural network..

We considered a neural network with the Mask R-CNN
architecture developed by Facebook Research. One of the
features of the network with the Mask R-CNN architecture is
its ability to highlight the contours (or “masks”) of instances
of different objects in photographs, even if there are several
such instances and they have different sizes and partially
overlap. Since the key problem for this study was the ability
to train the model to recognize images that have different
sizes (i.e., magnification), we hoped that this architecture
would help solve this problem.

In addition, the Mask R-CNN architecture was open
source [9], which was important for this study. The model
was retrained using the open-source Detectron architecture
(Mask R-CNN) [10]. Detectron2 enables working with both
Model Zoo (i.e., a set of pretrained models) and CNN-Zoo
(i.e., the most famous neural network architectures, including
Faster R-CNN, Mask R-CNN, RetinaNet, DensePose, Cascade
R-CNN, Panoptic Feature Pyramid Network [FPN], and
TensorMask). This architecture enables using synchronous
batch normalization and new data sets for object recognition.
It has integrated modules that enable modifying the model
architecture. In addition, Detectron2 enables using various
data set formats, which makes it easy to train the models
additionally using the automatic labeling function.

DO https://doiorg/10.17816/vt0626361

Pretrained models usage significantly reduces the
additional training time for the model, since the main weights
of the model have already been calculated. The additional
training time is reduced from several months to several
hours, and the computer power required for additional
training can be an Nvidia video card that supports CUDA
software. All these conditions were critical in this study, since
technical resources are very expensive, and their use would
significantly increase the cost of the study.

In this study, we used the Nvidia RTX1070 video display
card and the CUDA 11.3 software package. All the Detectron2
capabilities, as well as the open-source code, enabled using
it as the main tool in this study.

One of the main quality criteria for the created
mathematical model is the minimum number of false
responses. However, in many cases, for diagnostics, a
pathologist needs to see not only pathological mitoses, of
which the number can be very small, but also all sorts of
premitosis. Therefore, an expert physician studied all false
responses of the model to determine whether a certain finding
of the model can be considered false (therefore, the model
needs to be further trained) or this identified object should
be left in the resulting sample, and only the physician can
decide whether this finding is evidence of malignancy or not.
For this purpose, based on the results of the initial testing of
the model on histological preparations, an expert pathologist
analyzed the false positive findings of the mathematical
model. Based on the conclusion, further additional training
of the model was performed.

For this purpose, individual categories of similar images,
from the model’s point of view, were allocated to separate
subcategories, and additional images of these subcategories
were added to the data set so that each subcategory had an
equal number of images.
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Fig. 5. The model returned a response indicating that it successfully found the “mitosis” object.

Model testing

The model was tested in several stages. Initially, testing
was conducted on new images taken at x400 and %1000
magnification using a photo attachment to the Olympus
BX51 microscope. The completed control testing of the
mathematical model of the neural network showed its high
accuracy and the possibility of obtaining good results.

Functional testing of the model was performed using 188
histological slides of 67 patients who sought consultation
at the N.N. Priorov National Medical Research Center of
Traumatology and Orthopedics. Histological preparations
were scanned on a Leica Aperio CS2 scanning microscope
with a resolution of x400 and converted to JPEG format.
Then, the JPEG image was “cut” using a computer program
into square sections comparable to the field of view of a
microscope of 1024x1024 pixels. Then, all the obtained
squares of the scanned images were analyzed in streaming
mode using the developed neural network model. The neural
network model presented the result of the image analysis
as a JSON file containing the coordinates of the identified
diagnostic object (i.e., mitosis) and the probability with which
the model classified this object in this category (Fig. 5).

After that, the identified “mitosis” object was outlined in the
image with a square with a diagonal of X, Yimin / Xmax Yimax
using a script, where X, Ymin are the minimum coordinates
of the object, and X,,, Vimax @re the maximum coordinates of
the object. In addition, the probability of the object belonging to
this category was revealed (Fig. 6). The resulting images were
analyzed by a pathologist to confirm or refute the resemblance
of the identified object to pathological mitosis.

In addition to searching, the program counted the number
of objects detected. If the sides of the squares that outlined
the images intersected (Fig. 7), the objects were considered
identical, and the total number of pathological mitoses
revealed did not increase.

RESULTS

Clinical testing of the neural network model that
determines the search object “pathological mitosis” in
scanned images of histological preparations is illustrated by
the following clinical examples.

During the study, 188 histological slides of 67 patients
with both benign tumors and tumor-like processes and
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Fig. 6. The result of a program for drawing an object on an image.
The model detected pathological mitosis with a probability of 97.4%.
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Fig. 7. The model defined one object as several.
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Fig. 8. The model found the object “pathological mitosis” with a
probability of 99.2%.

malignant tumors of the musculoskeletal system were
scanned and processed using a neural network model. The
results of the morphological analysis were presented as a set
of images, in which the sought-after objects (i.e., pathological
mitoses) and the probability with which the model classified
the revealed object into this category were highlighted in a
square frame (Fig. 8).

The images in which the model found the “pathological
mitosis” objects were presented to an expert pathologist.
After analyzing all the images, the expert confirmed that the
pathological mitoses revealed on the histological preparations
of patients with a probability higher than 70% (Fig. 8) indicated
the presence of a malignant tumor of the musculoskeletal
system. The “pathological mitosis” objects, detected by the
model with a probability lower than 60%, were not pathological
mitoses. The expert also confirmed that histological
preparations on which the model did not reveal “pathological
mitosis” objects with a probability of 70% or higher can be
diagnosed as a benign tumor or tumor-like process.

Metrics and characteristics of the created model

Having received a histological image, the model can give
two responses:

+ Positive indicates the presence of the “pathological

mitosis” object in the image;

» Negative indicates the absence of the “pathological

mitosis” object in the image.

In this case, during the training process, intermediate
control testing of the trained mathematical model of the
neural network is performed with the calculation of the
following parameters:

+ True Positive (TP) indicates the number of correct

responses about the presence of pathological mitosis;

+ False Positive (FP) indicates the number of false

responses about the presence of pathological mitosis;

+ True Negative (TN) indicates the number of correct

responses about the absence of pathological mitosis;
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+ False Negative (FN) indicates the number of false

responses about the absence of pathological mitosis.

The main metric of the model is the accuracy parameter.
It indicates the proportion of correct responses of the
algorithm. This parameter measures the percentage of
correctly classified images and is calculated by the equation
(TP+TN)/(TP+TN+FP+FN). It is noteworthy that this metric is
useless in problems with unequal classes, so it is necessary
to ensure that the same number of objects is maintained in
each category.

For additional assessment of the algorithm quality,
the precision and recall metrics are introduced. Precision
determines the extent that one can trust the model. It
shows the percentage of images that are identified correctly.
In other words, when the model searches for an object,
precision indicates the frequency it does so correctly, which
is calculated as TP/(TP+FP).

Recall determines the number of violations that the model
finds. It shows the proportion of objects out of all objects of
a given class found by the algorithm, that is, how often it is
identified when an image is assigned to a given category.
Recall is calculated as TP/(TP+FN).

At the same time, both metrics characterize different
aspects of the quality of the trained mathematical model,
namely, the higher the precision, the fewer false responses,
the higher the recall, the fewer false omissions. Precision and
recall, unlike accuracy, do not depend on the ratio of classes
and are therefore applicable in conditions of unbalanced
samples.

The harmonic mean (or F-measure) was used as the final
measure of quality assessment:

F=2xprecisionxrecall/(precision+recall).

The F-measure is the standard in machine learning for
obtaining the average accuracy. It reaches its maximum when
recall and precision are equal to one and is close to zero if
one of the arguments is close to zero.

Characteristics of the obtained model:

e precision = 0.99834;

« erecall=1;

« e accuracy = 0.958.

We calculate the F-measure as F
(0.99834+1) = 0.99917.

Similarly, from the equation recall
obtain:

TP/(TP+FN) = 1=>TP = (TP+FN) =>FN=0; TP = 1.

Substituting the value revealed into the equation, we
obtain:

Precision = TP/(TP+FP) = 0.99834 => FP = 0.0016.

Thus, the probability of obtaining false positives, according
to the internal characteristics of the model, is less than two
tenths of a percent (i.e., from 4 to 10 false responses per
histological slide). This paper provides the following case as
a clinical example.

(2x0.99834x1)/

TP/(TP+FN) we
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Patient E, born in 1996, at the age of 17 noted the
appearance of a tumor-like formation in the distal part of
the right femur. In 2016, surgery to remove the neoplasm was
performed at the healthcare facility at the place of residence;
the histological conclusion was osteochondral exostosis.
Subsequently, the patient noted a relapse of the neoplasm.
In 2019-2022, she was examined at the healthcare facility at
the place of residence; continued growth and deterioration
were detected, and therefore, it was recommended to contact
a federal center. The patient contacted the N.N. Priorov
National Medical Research Center of Traumatology and
Orthopedics. The presented CT scans from 2019 to 2022 and
magnetic resonance imaging from 2022 revealed a massive
parosteal neoplasm that had spread into the soft tissues of
the thigh and lower leg, with involvement of the femoral
vascular bundle, sciatic nerve, and popliteal vascular-nerve
bundle in the tumor process. When reviewing histological
preparations from 2016, a bone neoplasm was detected,
which was represented by bundles of fibroblasts and
osteoblast-like cells randomly located in the collagen stroma
with mild nuclear atypia, single pathological mitoses, signs
of atypical osteogenesis, namely, afunctionally located bone
trabeculae of varying degrees of maturity, and infiltrative
tumor growth into the adjacent striated muscle fibers.
Histological conclusion included the histological presentation,
taking into account the data of radiation diagnostic methods,
corresponding to parosteal osteosarcoma of the Gl of the
distal right femur.

Within the software testing, histological preparations
were scanned and examined using the developed software.
Single figures of pathological mitoses were revealed in
the histological preparations, which is consistent with the
histological conclusion of this study.

DISCUSSION

In most of the analyzed studies, the pathologist’s
responses are compared with the result of the mathematical
model, which, in our opinion, is a conceptual error, since
pathologists themselves do not always agree on the
diagnosis, and the diagnosis made by the majority of votes
is not always correct. From the standpoint of this study,
it is advisable to use Al models as a tool for the primary
processing of the incoming flow of graphic information
received during scanning of histological preparations.

In addition, in the process of analyzing publications on
similar topics, we noticed that scientific studies in the field
of pathohistological diagnostics use neural networks not to
detect specific histological patterns, but to classify or, at best,
segment histological images, which significantly reduces
the accuracy of the work and, as a result, the reliability of
the study. In addition, such an approach is impossible in
streaming mode and requires additional time and knowledge
in the field of computer technology from the doctor, which
can complicate the work of the pathologist. Therefore, we
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believe such tools most probably will not be in demand
among specialists.

We are aware of the study by Pantanowitz et al. [11], which
reported the implementation of an Al-based algorithm for the
automatic detection of prostate cancer, but the magnification
of x6 and x200 used by that study on histological preparations
when training the model casts doubt on the possibility of
using this model in clinical practice. The image classification
method used in that article [11] does not search for objects
in the images, as shown by the illustrations. Using the
classification method, it is possible only to determine the
category to which the image belongs, the probability with
which the model assigns the image to this category, and
a heat map. Due to the low accuracy of the classification
method, high requirements are imposed on the images, in
terms of size, magnification, and preprocessing. All image
fragments, both used to create the model and processed by
the model, must be of the same size and be performed at
the same magnification. The classification method cannot
process all histological slides and identify fragments on
them that belong to a particular category. In addition, the
work under consideration does not present either the issues
of choosing the neural network architecture for creating the
model, or the requirements for the images.

The main problem with using the classification method
is the need to use a large number of prepared images to
create the model. The study by Pantanowitz et al. reported
1,357,480 labeled image areas [11]. However, as it is known,
models constructed using the classification method require
preliminary preparation of the image data set, while the topic
of image preprocessing is not mentioned in this article.

The study by Pantanowitz et al. [11] focused on the
development of a deep learning algorithm to improve the
assessment of prostate cancer according to the Gleason
scale. However, the article did not present the most important
aspect, namely, what pathohistological features were trained
in the “machine vision,” on the basis of which differential
diagnostics was performed between adenocarcinomas with
different degrees of malignancy. In addition, the classification
method was also used in that study. If the images in the
data set used to train and test the Al model have significant
differences, a large number of omissions and false responses
can occur, which makes it impossible to use the model in
clinical practice. Therefore, we question both the possibility
of using the classification method for histological diagnostics
in clinical practice and the practical value of the Al model
created in the said study [11].

The first rather serious problem that we faced was the
choice of the neural network architecture. Theoretically,
the more layers a neural network has, the better the result
it can show. However, as the layers of a neural network
increase, its accuracy sharply decreases, which is caused by
the disappearance of the gradient (i.e., backpropagations).
This happens because the backpropagation process finds the
derivatives of the entire network, moving from the last layer
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to the first layer. According to the chain rule for calculating
derivatives, the derivatives of each layer are multiplied by
each other to calculate the derivatives of the input layers.
The repeated multiplication process makes the derivatives
and, therefore, the weights infinitely small. Therefore, the
thresholds of the input layers are not updated during the
training process. Since these input layers are critical for
recognizing key elements of the input data, this results in
inaccuracy of the entire network and slow learning speed.

Therefore, we analyzed the architecture of the neural
ResNet, which uses residual blocks that bypass one or more
layers. The residual block trains the residual function, and
adding residual blocks allowed preserving large gradients
to the original layers, mitigating the vanishing gradient
problem.

To create a neural network model, we used the open-
source framework Detectron2, released by Facebook Al
Research. Detectron2 enabled working with both Model Zoo
(a set of pretrained models) and CNN-Zoo (the most famous
neural network architectures). In addition, Detectron2 enabled
using various data set formats, which made it easy to train
the models additionally using the automatic labeling function.

Knowing the specifics of the problem being solved,
namely, searching for objects measuring 30x40 pixels in
an image measuring 4K pixels, it was necessary to take
these features into account when choosing the architecture
implementation.

We compared the architectures of the ResNet network
with a depth of 50 layers. ResNet extracted the signs from
the last convolutional layer of the stage 4, which is called C4.
In Detectron2, the architecture of this network was presented
as ResNet-50-Cé.

We tested another version of the architecture using the
FPN technology, which uses a descending architecture with
lateral connections to construct a pyramid of functions in the
network from single-scale input data. Despite the relevance
of the problem, the we were able to find only a few scientific
studies on the creation of a mathematical Al model for
detecting pathological mitoses, cells, and elements of the
intercellular matrix, presented in Russian or international
publications. We compared their results with existing scientific
publications [12]. Similar to other studies mentioned, they
tested the model on image fragments, as well as data sets
in the public domain (MIT0S2012), and compared the results
with that of the developed model.

The ResNet-101 architecture, which has 101 layers, was
not previously tested due to the large number of layers
and, as a result, the high probability of a large number of
false responses. Using the pretrained model from Model
Zoo Detectron2, we additionally trained the model using the
aforementioned architecture. However, the testing results
were unsatisfactory. The model metrics became worse, and
functional testing showed poor results.

Another serious problem that we had to solve was the
processing of large-sized images. The size of a scanned
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histological image ranges from 600 MB to 1.5 GB, whereas
the image of pathological mitosis, which the model must find,
does not exceed approximately 400 bytes (i.e., 30x40 pixels).
In the process of creating and training the model, we faced
the problem of detecting small objects in large areas, which
is discussed in the article [13]. Due to the high quality of
the original images, we were able to divide the image
into segments of approximately 400 KB. The algorithm for
constructing the model is similar to that proposed in the work
of Simonyan and Zisserman [14]. Images taken at different
magnifications were used to train the model.

As noted earlier, despite the relevance of the problem,
we were unable to find scientific studies on the creation
of a mathematical Al model for detecting pathological
mitoses, cells, and elements of the intercellular matrix,
presented in Russian or international publications. Most of
the studies found were of a review or descriptive nature
[15-17].

As far as we know, this is the first report on the creation
of an Al-based algorithm that allows for the streaming
detection of pathological mitoses characteristic of malignant
bone tumors in digitized histological preparations, as well as
the first example of the clinical use of an Al-based algorithm
in bone and joint pathology.

We also reviewed other studies on the use of
mathematical models for cancer diagnostics. In studies
on the development of a deep learning algorithm to
improve prostate cancer Gleason grading [11, 12], they
were unable to find out what pathohistological signs the
mathematical model was trained on. In addition, these
studies did not indicate anything about the architecture
used and the creation of the data set, and the choice of
model architecture took up a significant part of this study.
The quality and size of images that were used to train and
test the Al model affected its metrics and the possibilities
of using it in diagnostics. We question the applicability of
the classification method for histological diagnostics due
to its inaccuracy, as well as the practical value of the Al
models created in such studies [11, 12, 17, 18] due to the
lack of information about the neural network architectures
used. In addition, we [11, 12, 17, 18] did not mention the
problems we encountered in the process of creating the
model, for example, increasing the accuracy of the model
and eliminating false responses.

According to this paper, the main problem that still
prevents the use of Al models in clinical practice is
the lack or insufficient understanding of the basics of
pathomorphology on the part of specialists who create Al
models, which, as a result, ignores the experience of a
pathologist. Mathematicians engaged in data analysis are
too keen on comparing neural network architectures and
do not try to find practical applications for them. We did
not find a single work where histological image data sets
were used to test the MASK R-CNN architecture. Studies
containing information on testing and comparing neural
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network architectures were performed using the Pascal VOC
or COCO data sets [6-13].

In addition, specialists who create terabyte databases
of digital images often have neither basic knowledge nor
experience in creating neural networks and, as a result, do not
understand at which magnification these images should be
taken and what quality of digitalized histological preparations
are suitable for creating Al models. At the same time, expert
pathologists are skeptical about new technologies and are
in no hurry to share either their accumulated experience and
knowledge, or their own data sets of histological images
captured over many years of work.

Therefore, in existing approaches to the use of Al in
histological diagnostics, there is a significant gap between
the mathematical and medical components of this study. All
the articles that were studied had a clear bias in one direction
or the other, missing the very idea of creating an approach
to diagnostics that is understandable to both a doctor and a
mathematician, namely, the “task—tool” link.

This paper reports on the development of an Al model
for stream processing of digitalized histological preparations
and the introduction of this tool into everyday clinical practice.
The mathematical model was developed by a team of
mathematicians and programmers using the object detection
method and the open architecture of the Detectron neural
network (Mask R-NN). The created model was tested on an
external data set by an expert pathologist with over 30 years
of experience in this field to identify pathological mitoses in
malignant tumors of both low and high grades of malignancy
of the bone and joint system.

As a result of the conducted research, we recommend
adhering to certain rules when setting a problem, which
should be formulated by specialized medical personnel,
as well as when constructing a mathematical model. The
basic rules for constructing a model are presented as
follows:

« selection of neural network architecture based on the
analysis of work on testing this architecture and its
suitability for the task;

« formulation of nonfunctional requirements for data set
images for both creating and using the model;

+ creation of a data set in accordance with the
nonfunctional requirements for the architecture
selected;

» labeling the data set in accordance with the criteria of
expert pathologists;

+ use of more than a thousand image fragments for
training one category;

« use of three or more categories for recognition;

» absence of jumps or attenuation of metrics during
training;

» repeated functional testing on a data set of more than
100 images.
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CONCLUSION

This paper has developed a mathematical model of the
neural network, used as part of the hardware and software
complex for the continuous recognition of pathological mitoses
in scanned histological preparations, which can be used as a
tool to help a pathologist conduct diagnostics. According to this
paper, further elaboration of the model by adding modern re-
search in the field of mathematical methods to the CUDA library
of mathematical functions, as well as the development and
implementation of data set optimization methods when training
the model, are the most promising areas of Al development that
must be used for processing and analyzing histological images.
This technology will reduce the time and improve the quality of
the study, thereby increasing the chances of early diagnostics of
the disease and, as a result, the success of patient treatment.
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Brnap, aBTopoB. Bce aBTOpbl N0ATBEPXKAAIOT COOTBETCTBME CBOETO
aBTOPCTBA MeXIyHapoaHbIM Kputepmsm ICMJE (Bce aBTopbl BHEC/N
CYLLLECTBEHHBIM BKMaf, B pa3paboTKy KOHLENLWKW, NPoBeLeHe MC-
Cle0BaHUs U NOArOTOBKY CTaTbM, MPOYNM M 0406punv GuHanbHyo
Bepcuvio nepef nybnunkaumen).

UcTounuk dhmHaHcmpoBanus. PaboTa BbiNoiHeHa B paMKax peanu-
3alMW Hay4HO-MCCNeoBaTeNbCKOM paboThl MO rocy[apCTBEHHOMY
3apanunto, PK N° 124040100041-5, «PaspaboTtka mMaTeMaTmyecKon
MOZENN HEMPOHHON CETW ANA CUCTEMbI MOLAEPIKKM MPUHATUA pe-
LLEHUS BPa4OM-NaTofioroaHaToMoM B [MarHocTvKe 3aboneBaHui
OMOpHO-ABMraTesbHOr0 anmnapatan.

KoHdnuKT nHTepecos. ABTOPbI EKNApUPYIOT OTCYTCTBME SIBHBIX U
MOTEHLMaNbHLIX KOHMMKTOB MHTEPECOB, CBA3aHHbLIX C MPOBEAEH-
HbIM MCCNeloBaHVEM W MybiMKaLMen HaCTOALLEN CTaTby.
WHdopMupoBaHHoe cornacue Ha nybnukaumio. ABTopsl Noy4m-
7 MUCbMEHHOE COrlacke 3aKOHHbIX MPefCcTaBUTeNen NaLueHTa Ha
NyBAMKaLMI0 MeAULIMHCKMX AaHHbIX 1 GoTorpaduii.
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Evaluation of the elemental composition

and radiological density of bone tissue when
replacing a metaphyseal defect with bioceramic
phosphate-silicate granules (experimental study)

Andrey A. Rozhdestvenskiy!, German G. Dzuba', Denis A. Polonyankin?

1 Omsk State Medical University, Omsk, Russia;
2 Omsk State Technical University, Omsk, Russia

ABSTRACT

BACKGROUND: It is known that bioceramic implants containing various calcium or silicon compounds in isolation demonstrate
osteoconductive effect in the replacement of post-traumatic bone defects. The combined use of these elements in single
material should potentiate the organotypic filling of the bone cavity by creating favorable ion microenvironment and staged
biodegradation.

AIM: To identify the correlation of radiological indicators of the density of newly formed bone tissue and content of micro- and
macronutrients in a bone defect when it is replaced by bioceramics with various mass ratio of calcium phosphate and silicate.
MATERIALS AND METHODS: The study was performed on male rabbits of the “white giant” breed, which, after receiving a
standardized delimited metaphysical bone defect, implants with variable ratio of calcium phosphate and calcium silicate (in
proportions of 40/60, 50/50 and 60/40 wt. %) were used to replace it. The results were evaluated using multispiral computed
tomography and scanning electron microscopy energy dispersive analysis with detection by the method of correlation analysis
of possible connections between the obtained data.

RESULTS: Quantitative indicators of calcium and phosphorus content in bone regenerate in all groups increased mainly in the
period from 30 to 60 days, and silicon content, reaching maximum amounts by the 30th day of the experiment, subsequently
decreased monotonously, which showed participation of this element in the starting regenerative processes, and its decrease
served as a marker of organotypic restructuring. In the elemental analysis of newly formed bone tissue during implantation
of bioceramics containing phosphate and calcium silicate in the proportion of 60/40 wt. %. The highest amounts of calcium,
phosphorus and silicon and the highest density of newly formed bone tissue were noted, which had direct correlation, and this
pattern was observed both in the early stages (30 days) and throughout the experimental study.

CONCLUSION: Analyzing the data obtained, it can be concluded that it is advisable to study the features of the course of
reparative osteogenesis depending on the ionic environment, as well as the high potential of using synthetic bioceramics in
general and the prospects of using implants on the basis of phosphate-silicate composites for bone defects replacement.

Keywords: osteogenesis; experiment; implant; calcium phosphate; calcium silicate; multispiral computed tomography; scan-
ning electron microscopy; energy dispersive analysis.
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OueHKa 3/71eMEHTHOro COCTaBa M PEHTreHOJI0rM4ecKom
NAOTHOCTM KOCTHOM TKAHW NPU 3aMeLLeHUU
MeTadusapHoro aedeKkra 6MoKepaMUyeCKUMM
dochar-cMAUKATHBIMU FrpaHyNaMu
(axcnepumeHTanbHoe uccnepgoBaHue)

A.A. Poxxpecteenckuit!, I.T. O3i06a’, [.A. MonoHsHKuUH?

1 OMCKMiA rocyapCTBeHHBIA MeaMUMHCKMA YHuBepeuTeT, OMcK, Poccus;
Z OMCKMiA rocyAapCTBEHHbII TexHUYeCKuit yHuBepcuTeT, OMcK, Poccust

AHHOTALMA

06ocHoBaHuMe. W3BecTHO, YTO OMOKEpaMUYECKME MUMNAHTaTbI, M30JIMPOBAHHO COLEPIKALLME Pa3fNyHble COEANHEHUA Kalb-
LMS UM KPEMHUS, LEMOHCTPUPYIOT OCTEOKOHAYKTUBHbIN 3QEKT Npyu 3aMeLLeHU NoCTTpaBMaTUYECKUX LedeKTOB KOCTHOM
TKaHW. COBMECTHOE MCMoJb30BaHWE 3TUX 3/1EMEHTOB B €MHOM MaTepuane A0KHO MOTeHUMPOBaTb OPraHOTUMMYECKOE 3a-
MOMHEHWe KOCTHOM NOIOCTU NYTEM Co3AaHNsA 61aronpusTHOrO MOHHOTO MUKPOOKPYIKEHWSA W CTaAuiiHO Broaerpagaumm.
Lienb. BbisiBUTb KOppensuuio peHTreHoNorMYeCcKUX NoKasaTesneld NIOTHOCTU HOBOOBPA30BaHHOM TKaHW U COLEPIKaHUsA MU-
KPO- 1 MaKpO3/IeMEHTOB B KOCTHOM fiedeKTe Npu ero 3aMeLLieHun BUOKepaMMKOIA C PasfiNiyHbIM MaccoBbIM COOTHOLLIEHUEM
doctata 1 cuMKaTa Kanbuus.

Martepuanbl M MeToabl. MccnepoBaHue BbINOMHANOCH HA KPOSIMKax-CaMuax nopofpl Oenblit BeNMKaH, y KOTopbX nocne
MNOJy4YeHUs CTaHAAPTU3UPOBAHHOMO OTFPaHUYEHHOr0 MeTadK3apHOro KOCTHOMO AedeKTa ANs ero 3aMeLLeHust UCMoMb30-
Ba/M MMNMaHTaTbl C BapbUpyeMbIM COOTHOLLEHMEM (ocdaTta Kanbums M cunukata Kanbumsa (B nponopumsx 40/60, 50/50
n 60/40 macc.%). OueHka pesynbTaToB NpoBOAMAACch METOAAMU MyNbTUCTIMPANIbHON KOMMbIOTEPHOW TOMOrpaguu 1 pacTpo-
BOVA 3/1eKTPOHHOW MUKPOCKOMKM M 3HEPTOANCNIEPCUOHHOTO aHaNN3a C BbISIBIEHWEM METOA0M KOPPEeNsLMOHHOTO aHann3a Bo3-
MOXXHBIX CBA3E/ MEXAY NOSy4eHHbIMU AaHHBIMU.

PesynbTatbl. KonnuecTBeHHbIEe MOKa3aTeNn COAepKaHUA Kanbums 1 gocdopa B KOCTHOM pereHepate BO BCeX rpynnax Ha-
pacTanu npeumyLiecTBeHHo B cpoky oT 30 Ao 60 cyToK, a NoKasaTenu KpeMHus, A0CTUras MakcuMyMa K 30-M CyTKaM 3Kc-
NePUMEHTa, B LabHEMLLEM MOHOTOHHO CHUXaMCh, Y4TO CBUAETENbCTBOBANO 06 Y4acTUM 3TOro MUKPO3IEMEHTA B MYCKOBbIX
pereHepaTopHbIX MPOLECCaX, @ ero CHUMEHME CYXKMNO MapKepPOM OpraHOTUMMYECKOW NepecTpoiiku. B xoae aneMeHTHoro
aHanu3a HoB00OpPa30BaHHOM KOCTHOWM TKaHW MpY UMMNaHTaLUMM BUOKepaMuKK, copepxaluer gocdaTt v CUIMKaT Kanbums
B nponopumm 60/40 Macc.%, Obinn 0TMeUeHbl HanbonbLLee KOMYECTBO KanbLus, Gpocdopa 1 KpeMHUs U HaubonbLuas NnoT-
HOCTb HOBOOOPa30BaHHOM KOCTHOW TKaHW, YTO MMENO NpAMYI0 KOPPESIALMOHHYIO CBA3b, MPUYEM 3Ta 3aKOHOMEPHOCTb HabJlio-
Ailanacb Kak B paHHue cpokm (30 CyTOK), Tak W Ha NPOTSIKEHWUM BCErO IKCMEPUMEHTASIbHOMO MCCIEA0BaHMS.

3akntoueHne. AHanusnpys NoayyeHHble AaHHbIE, MOXHO CAeNaThb BbIBOL O LieNecoobpasHocTh u3ydeHus ocobeHHocTen Te-
YeHMs penapaTMBHOTO OCTEOreHe3a B 3aBMCUMOCTW OT MOHHOTO OKPYXEHWS, @ TaKXKe BbICOKOM NOTEHLMae UCNosb30BaHNs
CUHTETMYECKON DMOKEpaMUKM B LIESIOM W NEepCNeKTMBHOCTU MPUMEHEHUS UMMJIAHTATOB Ha ocHoBe (OChATHO-CUIMKATHbIX
KOMMO3WUTOB AN 3aMeLLEeHUS KOCTHBIX AedeKTOB.
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BACKGROUND

Bone tissue deficiency resulting from osteodestructive
processes requires organotypic replenishment. In addition
to posttraumatic osteogenesis [1] and Ilizarov bone
transport methods [2], free bone autograft implantation
is an ideal method for bone tissue restoration, which has
been recognized in orthopedics in recent decades [3]. With
the development of medical technologies and a detailed
study of the patterns of bone tissue reparation, the optimal
range of materials used increasingly includes bioceramic
implants that have undergone a transformation from
bioinert and biotolerant to those that optimize and potentiate
reparative regeneration at cellular and molecular levels [4].
Owing to its biochemical composition, the implant induces
a favorable microenvironment, affecting the elemental
composition of the bone, which has an activating effect
on osteogenic differentiation of cells, and its staged
degradation contributes to the organotypic replacement
of the bone defect [5]. Hence, researchers are particularly
interested in studying essential (magnesium, copper, zinc,
manganese, and iron) and conditionally essential (boron and
silicon) microelements of bone tissue, which have varying
mechanisms of action in reparative regeneration and can
therefore be differentially used in implantable materials.
For example, it was revealed that copper, manganese, and
zinc are cofactors of enzymes responsible for the synthesis
of collagen and glycosaminoglycans, which in turn serve as
the basis for bone matrix restoration [6], and their combined
deficiency leads to a significant decrease in the calcium level
in skeletal tissues [7]. Boron has a dose-dependent effect
on the differentiation of bone marrow stromal cells. At a
concentration of up to 100 ng/ml, it induces a positive effect,
which is confirmed by an increase in levels of osteocalcin;
type | collagen; bone morphogenesis proteins 4, 6, and 7;
osteopontin, bone sialoprotein, and Runx2; however, at a
level >1000 ng/ml, boron inhibits histogenesis [8, 9]. Silicon
is crucial in the synthesis of sialoproteins and type | collagen
[10] and activates the differentiation of osteoblasts, thereby
increasing the osteogenic cellular potential [11]. Several
studies have shown that at the initial stages of reparation,
the contents of phosphorus and calcium in the intercellular
fluid relatively increase, and the concentration of silicon
significantly increases by 150-200 times [12]. In the future,
as the bone regenerate matures, a reverse trend is expected,
including a decrease in the silicon content and an increase in
phosphorus and calcium levels [13]. Such a pattern can serve
as a marker of an adequate course of the reparative process.

Thus, data on the active participation of silicon in
osteogenesis indicate the possibility of developing artificial
implantable materials used to replace bone defects,
containing silicon along with calcium and phosphorus. Testing
of such composites and studying the dynamics of changes in
the content of these elements in reparative regeneration of
bone tissue are relevant.

Vol. 31 (3) 2024

DAl https://doiorg/10.17816/vt0b24522

N.N. Priorov Journal of Traumatology and Orthopedics

This study aimed to identify the correlation between
radiographic indicators of the density of newly formed
bone tissue and the content of micro- and macroelements
in a bone defect when it is replaced with bioceramics with
different mass ratios of phosphate and calcium silicate.

MATERIALS AND METHODS
RESEARCH DESIGN

An experimental, single-center, prospective, blind,
continuous, controlled study was conducted.

ELIGIBILITY CRITERIA

The study was performed on 3-month-old male white
giant rabbits weighing 4000+200 grams.

STUDY CONDITIONS

The study was conducted at the Omsk State Medical
University (OmSMU) of the Ministry of Health of Russia.

METHOD OF MEDICAL INTERVENTION

An implant with a variable ratio of calcium phosphate
(hydroxyapatite, HA, Ca;y(P0,),(0H),) and calcium silicate
(wollastonite [WT] and B-CaSi0;) containing gelatin as a
binding component (RU patent no. 2785143, dated 12/05/2022)
was developed and manufactured at OmSMU. Macroscopically,
the implant represented a set of spherical granules ranging
in size from 0.2 mm to 1.0 mm in diameter, containing HA/
WT in a proportion of 60/40 wt.%, 50/50 wt.%, and 40/60
wt.%. The use of these ratios was explained by the choice
of the starting point of the study, which was determined at
equilibrium amounts of the components, and by identifying
the potential for improving regeneration with an increase in
the proportion of calcium phosphate or silicate.

Table 1 presents the elemental composition of the initial
powders from which the implantable granules were made.

No significant differences were found in the mass
fractions of calcium and gelatin in the initial powders in all
groups. The highest amount of phosphorus was noted in the
60/40 group, which had a significant difference with the 40/60
group, and that of silicon was observed in the 40/60 group,
which was significantly different from the 60/40 group.

Table 2 shows some physical characteristics of the
implantable granules.

The physical properties of the granules at any ratios of the
initial elements did not differ, and the specified parameters of
the proposed implantable material seemed comparable and
optimal in terms of physicochemical characteristics for its
use in replacing bone defects.

The animals were randomly divided into four groups
(24 animals in each group): the control group (group 1),
wherein the defect was not filled, and three main study
groups, wherein the animals were implanted with a material
with different ratios of calcium phosphates and silicates into
the formed bone defect (group 2 with HA/WT ratio 60/40
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Table 1. The composition of composite powders used to produce granules and the proportion of gelatin in granules, wt. %

Mass fractions of elements in powders

HA /WO Proportion of gelatine
calcium phosphorus silicon
60/40 35.3:0.2 9.9+0.1* 8.8+0.2* 18.7+0.5
50/50 33.9+0.6 8.5:0.2 10.7+0.7 18.410.7
40/60 33.620.7 6.8+0.1* 12.7+0.4* 20.410.3
Note. * — differences between groups are statistically significant, HA — hydroxyapatite, WO — wollastonite.
Table 2. Physical characteristics of granules
HA / WO, weight.% HVq 52» Mpa Pav, 9/cm® Piruer 3/CM3 P, %
60/40 22.2+0.4 1.09+0.03 2.3520.07 52.2+2.1
50/50 26.7:0.4 1.07+0.03 2.6120.12 59.6+2.2
40/60 24.110.3 1.01+0.04 2.27+0.14 55.4+3.0

Note. HV 4, — Vickers microhardness, p,,, py, — average and true density of granules, P — granule porosity, HA — hydroxyapatite, WO — wol-

lastonite.

wt.%, group 3 with HA/WT ratio 50/50 wt.%, and group & with
HA/WT ratio 40/60 wt.%). Subsequently, at days 30, 60, and
90, eight animals of each group were withdrawn to analyze
the results of the experimental study.

All animals underwent a standardized compression defect
of the metaepiphyseal part of the femur under intramuscular
sedation with a solution of tiletamine hydrochloride and
zolazepam hydrochloride (with the dosage calculated based
on body weight), which was filled with the test material
in the experimental groups, whereas in the control group,
plastic replacement of the defect was not performed. Surgery
involved the formation of a full-layer fragment of the cortical
plate measuring 10 x 5 mm along the anterior—outer surface
of the distal metaepiphysis using a milling saw, followed by
its impression to a depth of 8 mm. Moreover, the volume

of the formed defect cavity was identical in all series of
the experiment and amounted to 400+20 mm? (RU patent
no. 20802431, dated August 28, 2023). After elevation of
the osteotomized fragment, the formed post-compression
bone cavity remained intact (Fig. 1a), or 0.4 cm? of synthetic
material was placed in the defect site (Fig. 1b). The cortical
plate was fixed in the maternal bed, and the soft tissues were
sutured layer by layer.

OUTCOME RECORDING METHODS

Bone tissue response to implantation and the
dynamics of reparative processes were monitored by
X-ray examination (Toshiba Radrex digital X-ray diagnostic
complex) and multispiral computed tomography (MSCT,
Toshiba Aquilion CXL 128 X-ray computed tomograph) at the

Fig. 1. CT of the metaphyseal defect area: @ — the zone of compression defect of the distal metaphysis of the femur of a laboratory
animal, group 1 (CT-scan), b — the zone of compression defect of the distal metaphysis of the femur of a laboratory animal, group 3

(CT-scan).
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initial stages of follow-up (on day 7 after surgery), and on
days 30, 60, and 90 after implantation. The density of newly
formed bone tissue was measured using MSCT scans in
the sagittal projection in standardized indices, Hounsfield
units (HU) in five selected identical points located in the
area of the proximal, distal sections and the geometric
center of the hone cavity, subcortical zones under the
resected part, and the contralateral cortical plates. When
compared in groups, the indices were summed up and
subjected to statistical analysis according to the Misch
scale [14], proposed for assessing newly formed bone
tissue with the allocation of four variants of regenerate
density indices depending on the measurement results. In
variant 1, the density exceeding 1250 HU corresponded to
an isolated initial layer of compact bone; that from 850 to
1250 HU corresponded to bone with uniform expression
of compact and spongy substance, that from 350 to 850
HU corresponded to bone with a porous compact plate
and loose spongy substance, and that less than 350 HU
corresponded to an almost complete absence of a compact
layer and unformed trabecular spongy bone.

The elemental composition of the tissue in the area
of the bone defect being replaced was analyzed with
scanning electron microscopy and energy-dispersive
analysis (SEM-EDA) using a JCM-5700 scanning electron
microscope equipped with a JED-2300 (JEOL) X-ray
energy-dispersive spectrometer. The average longitudinal
section 2 mm thick of the metaphyseal femur in the
defect area was assessed in animals withdrawn from the
experiment on days 30, 60, and 90. Before the analysis,
soft tissues, including the periosteum, were carefully
removed from the surface of the bone fragment, and
then the bone was dried at 38°C for 4 weeks. To orient
the structure of the defect, milling grooves were applied
to the macropreparation, limiting the defect area. The
study field was lowered by 4 mm from the center of the
resected cortical plate, thereby reaching the center of
the defect. Using the SEM-EDA method, micrographs and
data on the content of calcium, phosphorus, and silicon
in the samples and maps of their distribution in the
structure of the near-surface layer of the studied bone
tissue fragment were obtained.

STATISTICAL ANALYSIS

Statistical processing of the results was performed on
a personal computer using statistical functions in Microsoft
Excel 2020 and the Statistica 10.0 application package. As
part of descriptive statistics, the indicators of the median,
lower, and upper quartiles were calculated. To test the
hypothesis of normal data distribution, a Gaussian curve
was used. The hypothesis of normality was rejected in most
samples; thus, the significance of differences was determined
using nonparametric statistics. To compare two independent
groups, the Mann—-Whitney U-test was used. The critical
level of significance when testing statistical hypotheses was
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0.05. To identify possible relationships between the signs,
a correlation analysis was performed using the Spearman
rank correlation method. As a result, a number of correlation
coefficients (r;) were obtained for the number of variables
selected for analysis.

ETHICAL CONSIDERATIONS

The study was performed in compliance with the
principles of humanity set out in the directives of the European
Community (86/609 / EEC) and the Helsinki Declaration,
based on the approval of the Ethics Committee of OmSMU
(no. 128, dated 02/03/2021).

RESULTS

In the postoperative period, the experimental animals
were under daily follow-up with control and assessment of
vital and laboratory parameters. In days 1-6, changes in the
clinical status and behavior of rabbits were observed. In the
first 24 hours, the study animals were apathetic, adynamic,
did not lean on the operated limb, and refused food. By the end
of day 6, the animals had fully restored mobility, appetite, and
support ability of the operated limb. In the early postoperative
period (day 12), one of the rabbits in the control group had
a femur fracture in the area of the formed defect; a slight
displacement of the fragments allowed it not to be excluded
from the study. In the remaining animals, no traumatic or
bacterial complications were detected, which allowed the
study to be completed to the final point of withdrawal from
the experiment [15].

Control MSCT study performed on day 7 after surgery
showed that in all the main groups, the granules completely
filled the formed defect, whereas no signs of their migration
and pathological periosteal or endosteal reaction were
noted. The median density on day 7 after implantation in all
experimental groups of animals were very close and ranged
from 290 to 305 HU (p >0.05). The median tissue density in
the defect area in the control group without implantation
of the material at the same time was 108 HU, which was
significantly lower than those in the experimental groups.

Subsequently, the MSCT presentation in the control
group and in the groups with implantation of materials
with different ratios of calcium phosphate and silicate was
heterogeneous; however, in all groups, the bone tissue
density indicators significantly increased by week 12 of the
study (Fig. 2). Thus, in group 1 (Fig. 2a), the average tissue
density in the area of the formed defect by the end of the
first 4 weeks was 189.1 [175.0; 198.5] HU, and by week
12, demonstrating consistent positive dynamics, it reached
287.1 [276.0; 296.5] HU. Such relatively high average data
did not fully correspond to the MSCT presentation, wherein
convincing signs of bone regeneration were revealed only in
the area of the osteotomized cortical layer and the adjacent
endosteal zone. In the central parts of the metaphyseal
defect, the parameters of the tissue filling the defect were
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Fig. 2. Density indicators of newly formed bone tissue in the implantation zone of the material in groups: @ — group 1, b — group 2,

¢ — group 3, d — group 4.

significantly lower than the density indicators characteristic
of unformed spongy bone, which determined the minimum
level of the integrative result, which did not correspond to
type 4 according to the Misch classification.

In group 2 (Fig. 2b), according to the MSCT study results,
after 30 days of follow-up, the newly formed tissue with
inadequate homogeneity occupied almost the entire volume
of the bone defect and reached the minimum values of intact
bone in density, corresponding to type 4 according to the
Misch classification. Subsequently, throughout the entire
follow-up period, a stable tendency toward compaction and
restructuring of the bone regenerate was noted, as expressed
in achieving an average density of 421.0 [411.0; 430.0] HU
by day 90 (type 3 according to the Misch classification), and
the dispersion of indicators in different studied areas became
minimal.

In group 3 (Fig. 2c), according to the MSCT study, on
day 30 after surgery, the average value of the density of
newly formed tissue was 202.0 [195.5; 222.0] HU, which
was significantly lower than the standard density values of
bone tissue according to Misch. The density that determines
unformed bone was not achieved by day 90 of the study (322.5

DAl https://doi.org/1017816/vt0b24522

[311.0; 335.1] HU), with a non-critical spread of maximum and
minimum values.

Moreover, less positive dynamics of osteogenesis was
recorded in group 4 (Fig. 2d) according to MSCT data. On day
30 of follow-up, the average value of the density of newly
formed tissue was almost two times lower than the density
of unformed spongy bone and amounted to 184.0 [175.5;
195.5] HU. An 18% increase by day 60 and a less obvious 7%
improvement by day 90 allowed this indicator to approach
only a little closer; however, it still did not correspond to
the bone density of type 4 according to the classification of
S. Misch.

In assessing the dynamics of the studied indicators in
different groups, it should be noted that by day 30 of the
experiment, the average value of bone density in group 2
significantly exceeded the similar result in other groups
(p <0.01); however, the growth of the parameter in question
in days 30—60 was most pronounced in group 3 (p=0.0474),
milder in groups 1 and 4 (p=0.0481), and weaker in group 2
(p=0.0491). In days 60-90, the greatest increase in bone
density was registered in group 2 (p=0.042), and less intense
and almost identical dynamics were revealed in the other
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experimental groups (p=0.046). Moreover, the final integrative
indicators in days 60 and 90 indicated complete replacement
of the defect with newly formed bone tissue with obvious
signs of the beginning of organotypic restructuring in
group 2 (p <0.01). The studied indicators in groups 1 and 4
demonstrated similar dynamics and very close values at the
control points of the study, confirming the slow, incomplete,
and uneven replacement of the defect with unformed spongy
bone (p=0.048). In group 3, despite a significant increase
in bone density in days 30-60 of follow-up, which reached
63.8%, the final result by day 90 (with an increase dynamics
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@ 250 P
200
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of 22.2% from days 60-90) did not reach the reference values
characteristic of unformed spongy bone (p=0.046) (Fig. 3).
At the next stage of the study, the bone samples were
analyzed using the EDA method. In assessing the amount
of calcium, phosphorus, and silicon in the bone tissue
of the area of the repaired defect, similar dynamics of
the ratio of elements in the study area were recorded
in all groups, and the dynamics of changes in absolute
quantitative values were the same (p=0.041). However,
calcium, phosphorus, and silicon content significantly
differed between the groups at different times of the

30 Days 60 Days

90 Days

Follow-up period

Fig. 3. Diagram of the average density of newly formed bone tissue in the groups during the entire follow-up period.

Table 3. Changes in the content of calcium, phosphorus and silicon on the surface of the cut of newly formed bone tissue (according to

the terms of the experiment), Me [LQ; HQ]

fl ‘ Timi Groups
ements imin
g Control 60/40 50/50 40/60
o 30 1461 2061 1475 131
y [13.95: 15.22] [19.75: 21,551 (2.1 16.1] [10.29: 12.72]
o 26.11 35.51 27 19.95
Calcium, weight % day 60 [23.75: 28.45] [32.75: 40.01]* [22.45: 27.65] [17.26; 2155]
- 28.41 36.02 24,08 275
y [26.15: 30.22] [30.93; 38.25]* [21.95: 26.95] [19.5: 23.51]
o 30 6.64 15.58 12.55 8.69
y [6.39: 718] [13.67: 1741]" [10.76; 14.65]* 784 9411*
Phosphorus, dav 60 10.10 1771 13.53 12.02
weight % y [973: 11.49] [16.35: 18.95]* [11.41; 16.65]* [963; 13.11]
oy 90 175 18.56 1611 .61
y [11.23: 12.32] [17.9: 19.17]* [12.18; 15.35]* [10.58; 12.44]
o 30 0.75 195 145 0.98
y [0.51; 0.81] [179; 2.15p* [1.15; 1.74]* [0.97: 1.15]
- . 0.23 051 0.17 0.13
Silicon, weight%  day 60 [0.21: 0.28] [0.25: 0.81]* [0.11; 0.33] [0.03; 0.18]
4oy 90 0.04 0.17 0.11 0.05
y [0.02; 0.09] [0.08; 0.23]* [0.05; 0.19]* [0.02; 0.07]

Note. * — differences between groups are statistically significant (p <0.05).
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study (Table 3). Calcium levels increased predominantly
throughout the monitoring period in all groups (p <0.04).
However, they reached their highest value in group 2 by
day 30 of follow-up and, at all subsequent times, exceeded
the indicators in other groups by 18.3%-44.6% (p=0.03),
with a relatively more uniform distribution of elements in
the studied areas (Fig. 4).
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The final calcium levels in the group without bioceramic
implantation exceeded those in groups 3 and 4 (p=0.045).
Similar dynamics were revealed in the change in phosphorus
content in the samples (p=0.045). However, unlike calcium,
the final mass fractions of phosphorus in groups 1, 3, and
4 were statistically proportionate, although they remained
one-third less than that in group 2 on average (p=0.046).
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Fig. 4. Micrography of the surface of a bone sample of a labora-
tory animal with implantation of granules of the composition HA/
WT 60/40 wt.% on day 30 (a, b), maps of the distribution of calcium
(c), phosphorus (d) and silicon (e) in this area.
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The silicon content in all groups demonstrated the opposite
trend, as it changed from maximum amounts on day 30 of
the experiment to an almost tenfold decrease by day 90.
The highest silicon content in the bone defect area was
registered in the group of animals that were implanted
with a material containing the smallest amount of calcium
silicate (group 2, HA/WT 60/40 wt.%). Moreover, the silicon
content in the samples decreased at all stages of the study
as the proportion of silicon salt in the granules increased
(from 40 to 60 wt.% when changing from materials with
a HA/WT proportion of 60/40 wt.% to granules containing
calcium phosphate and silicate in a ratio of 40/60 wt.%).
Not only the low amount of silicon found on day 30 in group
4 was unexpected, but also the tenfold difference in this
indicator by the end of the experiment (day 90) compared to
the data in group 2 (p=0.002), owing to its maximum values
in the initial powders.

According to data of the EDA analysis of the areas of
the restored bone defect, it can be concluded that, at all
monitoring periods, the content of calcium, phosphorus,
and silicon was significantly higher in group 2 than in the
other groups (p=0.02), which was evident by day 90 (p=0.02)
(Table 4). Furthermore, the decrease in the silicon level in
the studied macropreparations of group 2 at all monitoring
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periods occurred less rapidly with similar positive dynamics
of calcium and phosphorus indicators.

When conducting Spearman’s correlation analysis,
significant correlations of medium and high strength were
revealed between the level of microelements in the structure
of newly formed tissue and bone density in all groups, except
for phosphorus in group 3 (in this case, no correlation was
noted). The strongest correlation was noted in relation to the
amount of silicon and the density of newly formed tissue in
groups 1 and 2 (=—0.848 and r=-0.775, respectively). A direct
correlation between calcium content and tissue density was
revealed in all study groups and was assessed as a moderate
correlation. Changes in the amount of phosphorus in the bone
tissue structure did not always correspond to an increase
in the density of newly formed tissue; thus, in group 2, a
moderate correlation was noted (r=0.458), and in group 3, no
correlation was found (r=0.158) (Table 5).

DISCUSSION
SUMMARY OF THE MAIN RESULTS
OF THE STUDY

The study results indicate that implants containing
calcium phosphates and silicates can be used to fill

Table 4. The distribution of trace elements in the structure of the newly formed tissue on the 90th day of the study, Me [LQ; HQ]

Group Calcium, weight.%

Phosphorus, weight.% Silicon, weight.%

28.41
[26.15; 30.22]

36.02
[30.93; 38.25]

24.08
[21.95; 26.95]

2175
[19.55; 23.51]

11.75 0.04
[11.23; 12.32] [0.02; 0.09]
18.56 0.17
[17.94; 19.17] [0.08; 0.23]
14.1 0.1
[12.18; 15.35] [0.05; 0.19]
11.61 0.05
[10.58; 12.44] [0.02; 0.07]

Table 5. Spearman correlation coefficient for the levels of calcium, phosphorus and silicon in biopsies by weight.% and bone density in HU

Group Elements r p | t (N-2)

Ca/HU 0.691 >0.001 6.526

1 P/HU 0.733 >0.001 1319
Si/HU -0.818 >0.001 -9.673

Ca/HU 0.681 >0.001 6.298

2 P/HU 0.458 0.001 3.503
Si/HU -0.775 >0.001 -8.34

Ca/HU 0.573 0.0002 4,74

3 P/HU 0.158 0.27 1.08
Si/HU -0.696 >0.001 -6.58

Ca/HU 0.573 >0.001 474

4 P/HU 0.559 0.00003 4.58
Si/HU -0.694 >0.001 -6.54

Note. Ca — calcium, P — phosphorus, Si — silicon.
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bone defects, owing to their properties of osteoinduction
and osteoconduction in the absence of a pathological
inflammatory reaction of the surrounding tissues. The most
pronounced osteogenic effect, confirmed by radiation and
microscopic research methods, was observed in group 2,
wherein materials with a ratio of calcium phosphates and
silicates of 60/40 wt.% were implanted into the metaphyseal
defect zone.

DISCUSSION OF THE MAIN RESULT
OF THE STUDY

The capacity for physiological, reparative regeneration
and post-load remodeling is a fundamental characteristic
of bone tissue, determining the cycles of replacement and
remodeling. These processes include the recruitment and
differentiation of populations of osteoblastic and osteoclastic
cells which activity is coordinated and regulated by a complex
combination of biological, biochemical, and physical factors
[16, 171. Among the most crucial biological components
responsible for the reparative activity of bones, various
growth factors that manifest as a result of the activation of
platelet alpha granules such as PDGF, VEGF, TGF, IGF-I, IGF-II,
FGF, TGF-B1, and others [16], biologically active substrates
(endostatins, angiopoietins, and thrombospondin 1) [18],
T-lymphocytes, and pro-inflammatory cytokines, particularly
interleukin-17F (IL-17F) [19], are traditionally considered.
Several studies highlighted the reorganization of complete
hormonal regulation of damaged areas of the skeleton, on
which the adequacy and nature of the restorative processes
generally depend, noting that it is the cascade of endocrine
changes that accompanies physiological and reparative
regeneration of bone tissue at all its stages [2023]. In some
studies, the process of regulation of intercellular behavior and
interaction of determined and induced cellular elements with
the extracellular matrix and cytoskeleton is considered as the
most critical component of osteogenesis, and the integrins
that implement it are actively involved in angiogenesis, cell
migration, and general regulation of the cell cycle and in the
differentiation of osteoblastic and osteoclastic structures [24].

A problem in the course of reparative regeneration in
the area of a bone defect is the need for its clear orientation
toward organotypic replacement, as in the early stages of
replenishment of lost structures, the growth of connective
tissue with its subsequent fibrosis stops the process of
neo-osteogenesis. In contrast, the connective tissue growth
factor, under certain conditions, acts as the most crucial
regulator of skeletogenesis, ensuring the physiological
course of mesenchymal condensation, chondrogenesis, and
osteogenesis [25]. Some experimental studies have shown
that the connective tissue growth factor, which is expressed
and secreted by osteoblasts during proliferation, regulatory
induces osteogenic differentiation in the osteoblasts, and
its pathological expression becomes a component of new
mechanisms for the development of non-organotypic
replacement and secondary osteoporosis [26]. Fibrosis
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becomes an unjustified non-specific reaction of the body,
physiologically ensuring the isolation of the remaining
bone cells from contact with the external environment,
but hindering the differentiation and specialization of
connective tissue, especially in contact with abiogenic
structures (e.g., implants and endoprostheses) [27].
Following this logic, the replacement of the defect with
bioimplants has the same risks of uncontrolled growth
of undifferentiated connective tissue. This process can be
hindered, or more precisely, organotypic replenishment of
the defect can be facilitated by staged degradation of the
implanted material and by creating a microenvironment
that would induce or facilitate the development of further
differentiation of growing osteogenic structures. In this
regard, relying on the studied mineral composition of bone
tissue, many researchers pay attention to the presence
and distribution of essential elements in the damage zone.
Notably, during bone tissue formation, the concentration of
some macro- and microelements increases, in particular
calcium, phosphorus, and silicon [12]. It is logical to create
such concentrations of these components that would,
on the one hand, be able to direct histogenesis in the
proper direction and, on the other hand, provide growing
tissues with the optimal amount of the required elemental
material. Although widely used in modern traumatology
and orthopedics, the isolated use of bioimplants consisting
of various calcium or silicon compounds has also some
drawbacks. It has been established that implants made of
calcium phosphates have a serious issue of uncontrolled
biodegradation, when slow resorption inhibits the
processes of osseointegration, and rapid dissolution can
lead to insufficient filling of the bone defect [28]. The
use of hydroxyapatite promotes osteogenesis processes;
however, this process develops mainly on the bioimplant
surface, and undifferentiated connective tissue can form
in its center with insufficient degradation [29]. Silicon in
bioimplants has a different mechanism of action; gradually
releasing, it potentiates osteogenesis by acting primarily
on the vascular component of granulation tissue [30].
Because bone tissue, being highly specialized, develops and
is restructured under conditions of oxybiotic nutrition, the
induction of endothelial cell function through the activation
of VEGF and the main fibroblast growth factor provides the
necessary biological effect [31, 32]. A high concentration of
silicate ions, more than 20 times higher than the initial one,
was revealed in the growth zones of young bone, with their
maximum amount being in the cytoplasm of osteoblasts,
where orthophosphoric acid potentiates their differentiation
and increases the concentration of osteogenesis markers,
including the procollagen type | carboxy-terminal propeptide
[12]. A significant disadvantage of materials made with
silicon (bioglass) is that they undergo biodegradation much
faster than calcium phosphates, which does not allow them
to be used as an osteoconductive framework for relatively
slowly growing bone [33].
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Some studies have shown that the use of implantable
materials based on composites, including calcium phosphate
and silicate, in replacing bone tissue defects shows
comparatively better results than their separate use [13, 34,
35]. The combined use of these substances can potentiate the
strengths of each of the components and relatively neutralize
the weaknesses. Accordingly, the study of the features of
changes in the amounts of phosphorus, calcium, and silicon
in growing bone tissue can provide indirect information on
the features of its regeneration and the dependence of the
elemental composition on the stage of the process and
determine the optimal ratio of the studied components in
the implant composition. A highly informative tool for such
a study is the combined SEM-EDA method, which allows
visualization of the surface morphology of biological object
samples, identification of the qualitative and quantitative
elemental composition of their surface layer, and collection
of data on the integral and local distribution of atoms of
chemical elements in the mapping mode [36].

In general clinical practice, the widely used test for
monitoring and visualizing bone tissue regenerative processes
is routine X-ray examination, owing to its availability, sufficient
degree of objectivity, and simplicity. Its significant drawback
is the lack of objective criteria that allow identifying,
evaluating, and comparing areas of reparative activity. The
next generation of X-ray methods, multispiral computed
tomography, which enables detecting areas of interest in
numerical values, HU, does not have this drawback. The basis
for comparing bone tissue density is the scale proposed by
Misch and Kircos in 1999. They indicated 150 HU as the lower
limit of bone density; however, in some studies, bone tissue
was diagnosed at a density >200 HU, that of muscle tissue is
148 HU, and undifferentiated tissue is from 5 to 135 HU [37].
The consensus opinion is that organotypic bone remodeling
is detected with an optical density of the tissue under study
exceeding 350 HU [38-40], which was adopted as the main
criterion in the present study.

The starting point of the study was determining the
radiographic density of bone defect structures during their
initial filling with phosphate-silicate granules. Since day
7 after defect replacement, the median densities in the
experimental groups did not have a significant difference and
significantly (more than 2 times) exceeded this indicator in
group 1 without defect replacement with implants. it can be
recognized that the initial radiographic density of bone defect
structures was determined by the density of the implanted
material and did not depend on the ratio of phosphates and
silicates in its composition. By day 30 after implantation, a
decrease in density indices by 3.5% was noted in group 2 and
by more than 50% in groups 3 and 4 and a moderate increase
in the control group by 75% (up to 189 HU). We believe that
such a significant decrease in density indices by this time in
the experimental groups was primarily due to the primary
fragmentation and degradation of the implanted material
and the low area of newly formed bone tissue. According
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to previously obtained data, its area ranged from 8.51 [6.25;
9.971in group 2 to 6.11 [4.75; 8.21] in group 3 and 3.68 [2.87;
4.88] in group 4 [15]. A less significant decrease in density in
group 2 was explained by a large amount of new bone.

Additionally, the residual granules of the implanted
biocomposites had a direct effect on the radiographic density.
Morphometric study showed that all the groups contained
fragments of granular material (15-35 pm in size) tightly
embedded in the newly formed trabecular structure. However,
by day 90, their quantity did not exceed 7.9% of the total
defect volume in group 2 and remained at 17.4% and 17.3%
in groups 3 and 4, respectively, whereas the area of newly
formed bone tissue in group 2 was 23.06 [19.51; 26.01]%, 17.5
[15.4; 20.8]% in group 3, and 7.6 [4.5; 9.3]% in group 4 [15].
Consequently, the area of newly formed tissue had a greater
effect on the radiographic density of the regenerated segment
than the remaining, partially resorbed, granule fragments.

Comparison of the data obtained with SEM and MSCT with
the determination of correlations between them became the
main objective of the study.

The study of the elemental composition of bone preparations
using the EDA method showed that in group 2, at all follow-
up periods, the content of calcium, phosphorus, and silicon
was not only the highest, but also had a statistically significant
difference with the control and experimental groups, with the
amount of calcium and phosphorus increasing only until day 60
and the silicon content decreasing tenfold by day 90. In group
4, the mass fractions of calcium and phosphorus, although
increasing until day 90, were the lowest and comparable with
the indicators in the control group. Significantly higher level
of silicon was determined on day 30 in the control group, but
significantly lower level than in other experimental groups
was noted. The data of group 3 occupied an intermediate
position, but were closest to the indicators of group 4. Thus,
the maximum accumulation of calcium in the bone defect zone
was revealed in group 2, which was generally proportional to
its concentration in the powders.

Based on the data obtained, it can be assumed that the
focus on the number of elements in the original material
cannot be accepted as an isolated factor determining the
resource of ionic action. This study showed a more crucial
role of the ratios of calcium phosphates and silicates in the
implanted material for the manifestation of their regenerative
potential. The best potentiating effect with a mass content
of 60% HA and 40% WT in granules, indicating the greatest
expression and duration of bone tissue formation, is explained
by an earlier and higher degree of material degradation,
including with the use of tissue active cellular elements
(e.g., giant cells of foreign bodies), with subsequent faster
capture and accumulation of them by osteoblastic cells.
Notably, when using phosphate-silicate implants with a HA/
WT ratio of 40/60 wt.%, the MSCT density of newly formed
tissue in the area of the formed defect by day 90 was lower
than in group 1, where the metaphyseal defect area remained
unfilled.
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The results obtained by the SEM-EDA method were
compared with those with the objective X-ray presentation.
It revealed that the best results of defect replacement were
noted in group 2, where hone structures were registered
by day 30, which continued organotypic reorganization on
days 60 and 90 of the experiment and eventually reached
the density of mature spongy bone. In other experimental
and control groups, the bone regenerate density indices by
day 90 of the study significantly fell behind the results of
group 2, with closer values recorded in animals of group
3 and the lowest and comparable ones in groups 1 and 4.
The correlation between the radiographic data obtained and
the levels of calcium, phosphorus, and silicon showed a
high closeness of the relationship between the amount of
calcium and bone regenerate density, which is a studied
and explainable pattern. The direct correlation between the
high silicon content in the early stages of connective tissue
specialization and the radiographic bone density revealed
in this study confirms the importance of this microelement
in regenerative processes, and its decrease can serve as a
marker of organotypic restructuring. Conversely, according
to the data obtained, the probable optimal ratio of calcium
phosphate (hydroxyapatite) and calcium silicate (wollastonite)
was approximately 60/40 mass%. The data of the experiment
indicate that a further increase in the calcium silicate content
leads to a slowdown in organotypic restructuring and in the
formation of the bone regenerate. The prospects of the study
are identification of the limits of the regenerative potential
of implants with a proportional decrease in the amount of
silicon in the implanted biomaterials.

The results of this study demonstrate the feasibility
of evaluating the features of the course of reparative
osteogenesis depending on the ionic environment, as well
as the high potential for the use of synthetic bioceramics
in general and the possibility of using implants based on
phosphate-silicate composites to replace bone defects.

CONCLUSION

The stages of accumulation of calcium, phosphorus, and
silicon ions are directly associated with the radiographic
indicators of bone regenerate density and change in the
processes of regeneration and specialization of the structures
of the damaged area.

Quantitative indicators of calcium and phosphorus content
in the bone regenerate increase mainly in days 30-60, and
silicon indicators reach their maximum values by day 30
of the experiment and then slowly decrease. This indicates
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CpaBHuTenbHbIW aHanu3 adpgeKTUBHOCTH
NPOTOKOJIOB OYUCTKU KOCTHOrO0 MaTpUKca

[.B. CmoneHues', 10.C. Jlykuna'2, J1.J1. BuoHbiwes-A6pamos!, H.b. CepexHukosa's3,
M.T. Bacunbes!
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AHHOTALIMA

06ocHoBaHuMe. [laHHas cTaTbs ONMCLIBAET MPOTOKO OUYUCTKM KCEHOrEHHOTO KOCTHOTO MaTpUKCa, UCTIbITaHHbINA KONNEKTUBOM
aBTopoB B cTatbe «OnpeneneHue 3bdEKTUBHOCTM NPOTOKONA [ELeoNapnU3aLmm KCEHOreHHOr0 KOCTHOro MaTpuKca B UC-
CneaoBaHusX in vitro v in vivox (pe3ynbTaTbl UCMbITAHWIA BbIM onucaHbl B XypHane «BecTHUK TpaBMaTonoruv 1 optToneamm
uM. H.H. Mpunoposa», 2023, Tom 30, N2 4, c. 435-447, doi: https://doi.org/10.17816/vt0622849).

Lienb. MpoBecT! cpaBHUTENbHBINA aHaU3 METOA0B (U3NYECKON M XUMUYECKOM OUMCTKM KCEHOTEHHOW CMOHMMO3HOW KOCTHOM
TKaHW NOCPeACTBOM TOMOrpauyecKoro, Mopgonornieckoro Uccne0BaHuil.

Matepuanbl u MeTogbl. KceHOreHHyto CNOHMMO3HYH TKaHb GeipeHHbIX KOCTEN KPYMHOro poraToro cKoTa (parMeHTUpoBau
Ao pasmepoB 10x10x10 MM 1 obpabatbiBanu BogoM, rMNepTOHUYECKUM, FUMOTOHUYECKUM pacTBopamu U 3% wnm 6% pac-
TBOPOM MEPEKUCU BOLOPOAA B Pa3/MYHbIX COYETaHMAX. 3aTeM MPUMEHSAN NYOOKY0 BTOPUYHYKO OYMCTKY OpraHUM4ecKUMM
PacTBOPUTENIAMM WM METOZ0M CBEPXKPUTUYECKOH BMIIOMAHON SKCTpaKumu, nocne yero nposoanin AAMP 'H ¢ uenbio onpe-
LeNeHus criefoB peareHToB. IPHeKTUBHOCTb ONTUMANBHOTO NPOTOKO/1A ONPEeLEeNsU C MOMOLLbK MUCTONIOTMYECKOro 1 TOMO-
rpaduyecKoro Uccne0BaHuiA ¢ PacyeToM KoaQhULMEHTA OYMCTKM MO AEHCUTOMETPUYECKMM MOKa3aTensM.

Pe3ynbTathl. B cooTBETCTBMM C pacyETHBIM N0 AEHCUTOMETPUYECKUM MOKA3aTeNAM KO3 ULMEHTOM 0UUCTKU, MeXTPabeky-
NAPHOE NpOCTPAHCTBO KOCTHOI TKaHU NOC/ne BO3AECTBUA NPOTOYHO BOLOW U TUMO- M FMNEPTOHUYECKUMM PacTBOPaMM C Mo-
cnepytoLLeit ounctkon 3% pactsopoM H,0, HelOCTaTOYHO OYULLIEHO, MUCTONOTMYECKMIA aHann3 noka3an Hanuuve ot 0 fo 60%
0CTEOLMTOB A/ pasHbIX MPOTOKONOB 04MCTKU. [lpu 3ameHe Ha 6% pacteop H,0, KO3 dULMEHT OUMCTKM BhILLIE, OfHAKO Ha-
bniofaeTca LecTpyKUMS KOCTHO TKaHu. [lononHuTenbHas rnybokas oumMcTKa no3sonseT fLoOUTLCA BLICOKOW CTEMEHN 0YUCTKM
MpU COXPaHHOCTK CTPYKTYPbI, HO NMpYU NMPUMEHEHUM OPraHUYECKUX pPacTBOPUTENEN WX Crefibl 0OHApYKUBAKOTCA B MaTPUKCE,
B CBA3M C YeM bonee 3hdEKTUBHLIM ABNSETCA UCMOMb30BaHUE CBEPXKPUTUYECKOH (DIOMIHONM IKCTPAKLMW.

3aknoyehue. MocnenosatenbHoe UCnonb3oBaHWe NpoTouHon Boabl, 0,5% pactBopa NaCl, 3% pacteopa H,0, ¢ nocnenyto-
Len obpaboTkoil B cK-CO, ABnseTca 3PeKTUBHLIM MPOTOKOIOM OUUCTKW KCEHOrEHHO CMOHMMO3HON KOCTHOM TKaHMW.

Kniouesble cnoBa: KOCTHas TKaHb; JeLennionapusaums; dbniouaHas skctTpakums; MuKpo-KT; KceHoreHHas.
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Comparative analysis of the effectiveness of hone
matrix purification protocols
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TN.N. Priorov National Medical Research Center of Traumatology and Orthopedics, Moscow, Russia;
ZMendeleev University of Chemical Technology of Russia, Moscow, Russia;
3 Sechenov First Moscow State Medical University, Moscow, Russia

ABSTRACT

BACKGROUND: This article describes the protocol for the purification of xenogenic bone matrix tested by a team of authors in
the article «Determining the effectiveness of a xenogeneic bone matrix decellularization protocol in in vitro and in vivo studies»
(the test results were described in the journal N.N. Priorov Journal of Traumatology and Orthopedics. 2023;30(4):431-443,
doi: https://doi.org/10.17816/vt0622849).

AIM: To conduct a comparative analysis of methods of physical and chemical purification of xenogeneic spongy bone tissue by
tomographic and morphological studies.

MATERIALS AND METHODS: Xenogenic bovine femoral spongiosa tissue was fragmented to the size of 10x10x10 mm and
treated with water, hypertonic, hypotonic, hypotonic solutions, and 3% or 6% hydrogen peroxide solution in various combinations.
Deep secondary purification with organic solvents or supercritical fluid extraction was then applied, followed by "H NMR to
determine traces of reagents. The efficiency of the optimal protocol was determined by histologic and tomographic studies with
calculation of the purification factor by densitometric indices.

RESULTS: In accordance with the purification coefficient calculated by densitometric indicators, the intertrabecular space of
bone tissue after exposure to flowing water and hypo- and hypertonic solutions followed by cleaning with a 3% H,0, solution
is not sufficiently purified; histological analysis showed the presence of 0 to 60% osteocytes for different cleaning protocols.
When replaced with a 6% H,0, solution, the purification coefficient was higher, but bone destruction was observed. Additional
deep purification allows a high purification rate while preserving the structure, but when organic solvents are used, their traces
are detected in the matrix; therefore, the use of supercritical fluid extraction is more effective.

CONCLUSION: The sequential use of flowing water, 0.5% NaCl solution, 3% H,0, solution followed by sc-CO, treatment is an
effective protocol for the purification of xenogeneic spongy bone tissue.
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OPUTHATTBHBIE VICCTIE JOBAHNA

Ob0CHOBAHUE

lpMMeHeHWe OCTEONNACTUYECKUX MaTepuanos, Ha-
MpaBNeHHbIX Ha YyBenuueHue 06bEMa CoBCTBEHHOW KOCTM
1 Ha 3aKpbITUE KOCTHbIX Ae(EKTOB, Ye JaBHO BOLLO B eXe-
LHEBHYI0 NMPaKTUKy OpTONEAOB, HEMpPOXMPYProB, YemoCTHO-
NMLEBBLIX XMpyproB v ctoMatonoros. o 5% nepenomos, 20%
BbICOKO3HEPreTUYECKUX TPaBM W 3a4acTylo MyaHoBble OpTo-
neavyeckue npoLeaypbl, HanpUMep, CNOHAWIOAES, MPUBOAAT
K HecpaLueHuam [1, 2]. TeKyLimin 3010TON CTaHAAPT Jie4YeHMs
KOCTHbIX Ae(eKToB — ayToreHHas KOCTb, NONy4eHHas npe-
Y[ BCEro U3 noAB3/A0LLIHOr0 rpebHs naumueHTa Unm UHbIX No-
Kanu3auui, TaKuX KaK BepTeNibHas 30Ha beppa, byrpuctocTb
bonblebepuoBoit koctu [3-5]. HecMoTps Ha cBOKO MMMyHO-
COBMECTUMOCTb, KOCTHbIW ayTOTPaHCMIaHTaT MOXET ObiTh
B3AT B OFPaHMYEHHOM KONMYECTBE W BbI3bIBaTb COMYTCTBYHO-
Lyto 3aboneBaeMocTb (601e3HEHHOCT) AOHOPCKOMO y4acTKa
[6—8]. AnnoreHHas 1 KCeHoreHHast KOCTHas TKaHb — asbTep-
HaTUBHbIe B1ONOrMYecKVe MaTepuanbl A1S eYeHNs KOCTHO
TKahm [3, 8, 9.

[Ina poctvenus buocoBMecTMMOCTW MaTepuana, oT-
CYTCTBMS OTTOPXEHWA MPU MONMYYEHUWN KOCTHOMO MATpUKca
HeobxoaMMo pelumnTb NpobneMy MOMAHOTO YAANEHWS aHTU-
reHoB M3 1cxopHoro Matepuana. OgHako rpybas obpabotka
CHUXAET U MOTEHLMANbHBIE MOJIOXKUTENbHBIE CBOMCTBA UM-
nnauTaToB. [Ins coxpaHeHUs OLHOMO U3 BaXKHEMLLMX CBOWCTB
KOCTHbIX UIMMJIaHTaTOB, OCTEOKOHAYKLMM, He0bX0aMMO coxpa-
HEHWe MUKPOApPXWTEKTOHWUKU KOCTH, 3apsfia e€ NOBEPXHOCTH,
LUEPOX0OBATOCTM W NOJHOTO YAANEHUs KIETOK KOCTHOTO Mo3ra
W KMpa (YyKEpPOOHbIX KIETOK, BKIOUAs KNETKU KPacHOro
W KENTOro KOCTHOMO MO3ra XWBOTHbIX). HaTMBHas CTpyKTypa
CO3JaET NOAXOAALLYI0 CPefy ANA KNETOYHOro (hyHKUMOHM-
poBaHusa 1 auddepeHumnposky [10]. [euenntonspusauma —
3T0 TeXHMKA YAAneHUs KNEeTOK U MMMYHOTEHHbIX BELLECTB
13 TKaHel, COXPaHAs NP1 3TOM eCTECTBEHHBIN BHEKIIETOUHBIN
matpukc [11, 12], B npouecce KOTOPOM MCMOSb3YETCA XUMU-
yeckoe, (hepMEHTaTUBHOE UM MEXaHUYECKOE paspyLLEHMe.
MpoToKoNbI AeLennionapu3aumnm paspabaTbiBaloTcs ¢ Y4ETOM
TaKuX (aKTOPOB, KaK MNOTHOCTb TKAHW, KNETOYHOCTb U Ha-
JIM4We NUNKULOB, YTO 0COBEHHO BaXKHO AN KOCTHOW TKaHM,
COLepXaLLeN HuUpbl, AJ1A KOTOpOW Aeuensonspusaums co-
yeTaeTcs co ctaamen penunuamsaumu [13, 14]. Neuennons-
PM30BaHHbBIN KOCTHBIA MaTPUKC COLEPXUT (aKTopbl pocTa,
(GMOPOHEKTUH, renapuHCYNbdaT, XOHAPOUTUHCYNbGAT U rma-
NYPOHOBYH KWUCTOTY, KOTOPble MHAYLMPYIOT AuddepeHLmpoB-
Ky Me3eHXMMarbHbIX CTBOJIOBbIX KIETOK B ocTeobnactel [15].

B npouecce peuennionapusauMm npoucxoauT HeKOTopoe
HapyLLeHWe CTPYKTYpPbl KOCTHOro Matpukca. [ns cospaHus
uneanbHbIX MaTepuanos HeobxoayMMo cTabunbHoe CocTosHME
MeXOy NofAepXaHueM CTPYKTYpbl MaTpuKca U yaaneHueM
KNIETOYHOr0 KOMMOHeHTa [16], 4To ABIAETCA OCHOBHOW Npo-
bnemo.

ToyHas M nonHas [euennionapu3auMs HeBO3MOX-
Ha, no3toMy 3QGdeKTUBHAA LeLenNonapu3aums LOmK-
Ha MaKCMMWU3MPOBATb WU3bATUE KIETOUHbIX KOMMOHEHTOB

T.31,Ne 3, 2024

DAl https://doiorg/1017816/viab634164

BecTHwK TpaBMaTonoriv 1 opToneami uM. HH. Mproposa

1 reHeTMYECKOro MaTepuana, CBOAA K MUHUMYMY paspyLue-
HWe CTPYKTYPbl MaTpMKCa, YTO NO3BOAMT COXpaHUTb buono-
TMYECKYH0 aKTUBHOCTb U cneumnduryeckue bruoMexaHuyeckue
xapakTtepuctukm [17].

KoHKpeTHble npoLieaypbl AeLennonapu3aumnm Bapbupyot
1 MOTYT BKJIH0YaTh KOMOMHALMIO DU3NYECKUX, EpPMEHTATMB-
HbIX M XMMMYeckux npoueccoB. Pusnyeckas aeuennonapu-
3aumMs ABNAETCA HaMMeHee paspyLIMTENbHBIM €€ METOMOM,
MpM 3TOM BOMBLUMHCTBO KOMMOHEHTOB U CTPYKTYpPbl BHEKNE-
TOYHOr0 MaTPUKCa OCTalOTCA HETPOHYTLIMK MOCNe BO34eN-
ctBui [18]. B kauecTBe pu3anyeckux MeToaoB BO3AENHCTBUSA
npuMensiotca ¥Y3-Bosnenctene (nateHT PO N2 2166252),
BO3JEMCTBUA LEHTPoDeXHOM cunbl (nateHT PO N2 2172104),
BO3JENCTBMA MarHuTHoro nons (nateHT PO N2 2223104).
OpHako cama no cebe ¢m3nyeckas [LeLennonapu3aLms
HEe MOXET MOJIHOCTbIO YAANUTb KIETOYHbIN feTpuT (dpar-
MEHTbI K/IETOK) U3 TKaHW. YacTo e€ UCnonb3yloT B COYETaHNM
C OOMOHUTENBHBIMUA XUMUYECKUMU UK epMeHTaTUBHBIMU
MeTogamu [19]. Tak, npuMeHeHne (epMeHTHBIX MpenapaToB
HapAdy C ApyrvMuW npeaniaraeTcs ANS AenpoTeoHU3aumm ny-
TEM (epMeHTaumm B 2-5% pactBope TpuncuHa (nateHt PO
N2 2301633) unm B 0,01% pactBope xeMoTtpuncuHa (nateHt PO
N2 2223104). Cpeoy XMMUYECKUX pacTBOpUTENE HanbonbLLel
nonynsipHocTbto 0bnaaatot 6—10% pacTBopbl NepeKUcH BOLO-
poAa, cnupToadmpHble pacTeopbl (nateHTsl PO N2 2166252,
N® 2172104, N© 2223104, N° 2377959).

[ins nogTBepxaeHns adbdeKTMBHON AeLennionapu3aumm
HEeobX0AMMO YUMTBIBATb KaK MUHUMYM TPW XapaKTepUCTUKHU
B cooTBeTcTBUM ¢ PM. Crapo u coast. [20]:

* OOWMH MUNIMIPaMM 06e3BOXKEHHBIX [ELieNoNApU3N-
POBaHHbIX TKaHel JonXeH coaepxartb MeHee 50 Ha-
HorpamMoB fgyxuenodeyHoii JHK;

+ AnuHy Bcex ocTaBlumxcs dpaxkumin JHK pomxHbl co-
cTaBnATb MeHee 200 nap 0cHOBaHMIA;

* [euennionapu3upoBaHHble 06pasubl He [O0MXKHbI
UMeTb SICHOro AApa NpU OKPaLUMBAHUU FeMaToKCUIU-
HOM W 303MHOM, a TaKe Npu oKpalumsaHun DAPI.

MoMMMO KonMYeCTBEHHOTO OMpefeneHns OCTaBLUErocs
KNIETOYHOr0 MaTepuasa BaHa OLEHKAa MaKpOCKOMUYECKUX
1 MUKPOCKOMUYECKUX M3MEHEHWI B CTPYKTYpPE, ANA YEro Mo-
ryT 6bITb MCNOMb30BaHbI MeTOALI MUKpOCKonuK [21], MUKpo-
KOMIbOTepHOM ToMorpadum [22, 23].

B HacTosiLLee BpeMsl B TKaHEBbIX BaHKax MCMONb3YIOT Co-
yeTaHue GU3NYECKMX, XMMUYECKMX U BUONOTMYECKUX METOLOB
ONs JOCTUEHWUA HaWNyJLLEero KnetoyHoro addekTa. B pam-
Kax Hallen Hay4Hoii paboTbl cTaBunach 3agava paspaboratb
3Q(hEKTUBHBIN MPOTOKON OYUCTKU KCEHOTEHHOW KOCTHOM
TKaHW, MCMONb3ys CPaBHUTENbHbIN METOA aHanu3a no pe-
3ynbTaTaM KOMMIEKCHOMO UCCNefoBaHMs KOCTHOTO MaTepu-
ana, BKJII0Yas MMCTONOrMYECKYID U MUKpOTOMOrpadnyecKyio
(Mmkpo-KT) oueHkn. MukpoToMorpaduyeckoe uccnefoBaHue
ABNSETCA CTaHOAPTHbIM MHCTPYMEHTOM ANS BU3yanu3auuv
CTPYKTYpbl KOCTHOM TKaHW. OpHako mMukpo-KT MoxkeT cny-
HUTb CKPUHWHIOBBIM MHCTPYMEHTOM OLIEHKM OYMCTKU KOCT-
HOW TKaHM NOCPEACTBOM pacyéta [EeHCUTOMETPUYECKUX
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MnoKasaTefieln MexTpabeKkynspHoro npoctpaHcTBa. B pabote
MPeanoXeH METOA OLEHKM YMCTOTbI MeTpabekynspHoro
MPOCTPAHCTBA, YTO paHee He MPUMEHSANIOCh ApYrMM ucche-
[0BaTeNsMu, No KpaiiHel Mepe B M3BECTHBIX HaM NUTepaTyp-
HbIX UCTOYHUKAX.

Lienb uccnepoBaHus — NpoBeCTM CPABHUTENbHBIN aHa-
N3 METOA0B (M3NYECKON U XMMUYECKOIM OUMUCTKU KCEHOTEH-
HOM CMOHrMO3HON KOCTHOM TKaHW MOCPeLCTBOM ToMorpadu-
YecKoro, MophoIorMyecKoro UccnesoBaHuil.

MATEPWUAJIbI U METOAbI

06BbeKT uccnenoBaHus

06beKTOM Uccnef0BaHMsA ABNANACh KCEHOTeHHas TKaHb
DefpeHHbIX KOCTel KPYMHOro poraToro CKoTa B Bo3pacTe
24 MecsueB, npuobpeTéHHas Ha MAcoKoMbuHate «OcTaH-
KuHo» (MockBa, Poccus). Mocne TpaHCMOPTUMPOBKM B OX-
NaXAEHHOM BUAE KOCTM XpaHunu npu TeMnepatype -20 °C
B MOpo3usbHoM KaMepe MDF-794 (Sanyo, AnoHus) ons noa-
LepKaHUs 0CTEOMHLYKTUBHOIO noTeHuuana. Mepen ounct-
KO KOCTW OblAM pa3MOpOKeHbl, CMOHMMO3HasA KOCTb 0TO-
bpaHa u ¢parmeHTMpoBaHa o pa3MepoB 10x10x10 MM
C ucnosb3oBaHWeM neHTouHoi nunbl KT-210 («KT Cepeuc»,
Poccus).

IlM3anH uccnepgoBaHms

WccnepoBaHue BKoYano 4ga atana:

* CpaBHEHWEe MeTOAVK NMEPBUYHON OYUCTKY (rUNepToHM-
UECKWI, TMMOTOHUYECKMIA PacTBOpbI U PacTBOpbI Nepe-
KUCM BOAOPOJA Pa3HON KOHLEHTPALMU B Pa3fUyHbIX
COYETaHUAX);

* CPaBHEHWe METOAMK rNyboKOM (BTOPUYHOM) OUMCTKM
CMECbI0 OpraHMYecKux pacTBopuUTeNel (3TaHoN-X/10po-
dopM, rekcaH-nponaxon) ¢ NocneayoLLUM yaaneHeM
WX BaKyyMMpOBaHWEM B TEYEHWE 5 YacoB W OUMCTKM
C MOMOLLbI0 TEXHONIOTMU CBEPXKPUTUYECKON (rtona-
HOW 3KCTPaKLMK.

Tabnmua 1. MeToAMKN 0UMCTKYM KCEHOMEHHOTO KOCTHOTO MaTpHKCa
Table 1. Methods of purification of xenogenic bone matrix
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N.N. Priorov Journal of Traumatology and Orthopedics

PexxuMbl NepBUYHON 0YUCTKU

lepBuUYHas ounCTKa BKIOYaNa e CTafuu:

* BO3[eMCcTBME rMnepToHMYeckuM (7% pacTeop xnopuaa
HaTpus) («JleHPeakTnB», X4, Poccus), Mam runoToHm-
yeckuM pactBopoM (0,5% pacTBop xopuaa Hatpus),
WNW NPOTOYHOI BOJOM B TeYEHWe 4 YacoB Npu KOMHaT-
HOW TeMnepaTtype Ha opbuTanbHoM Leikepe PSU-20i
(BioSan, Jlateus) npu 120 obopoTax B MMHYTY B Ba-
KyyMe C MCMO/b30BaHWEM 3KCMKATOPa M BaKyyMHOro
Hacoca. CooTHoweHue 06BbEMA KUAKOCTU K 0O6BEMY
Matepuana (V xupakoctu/V matepuana)=10:1;

+ BO3[ENCTBME HU3KOKOHLEHTPUPOBaHHBIM (3%) wnw
BbICOKOKOHLIEHTPUPOBaHHBIM (6%) pacTBOpOM nepexu-
cu Bogopoza MeauumHekon (OAQ «CamapaMennpoMy,
Poccus) B ynbTpassykoBod BaHHe [1CB-12035-05
(«MCB-Tanc», Poccus) npu Temnepatype 40 °C B Te-
YeHue 8 yacos.

0603HayeHNe METOAMKW OUUCTKW C YKa3aHWEM BO3[ei-

CTBUS NpUBESEHO B Tabn. 1.

PexxuMbl rny60oKoi 0uUMCTKM

[nybokas ouncTKa NpUMeHsNach K Matepuany, O4MLLEH-
HOMY COrJIacHO MpOTOKoJTY, pa3paboTaHHOMY Mo pesynbTaTam
nepBoro 3tana uccnenosaHus. [lepBuyHas ouncTKa coctos-
na 3 nocnefoBaTeNibHOr0 BO3AECTBUA NPOTOYHON BOAOM
(V Bopbl/V mMatepuana=10:1) B TeueHue 4 yacoB M rumoto-
HWYECKOro pacTBopa B TEYEHWE 2 YacoB Ha BCTPAXMBAKOLLEM
ctone npu 120 obopotax B MUHYTY B BaKyyMe NpyU KOMHaT-
HOM TeMnepartype c nocnepytouleir obpabotkon B 3% pac-
TBOpE MEpPeKUCH BOLOPOAA B YbTPa3ByKe Npu TeMnepatype
40 °C B Teyenue 8 yacos. [lns ryboKoM OUUCTKM UCMONB30-
BaNMCb CMECU OPraHUYecKnX pacTBopuTenen (3raHon-xnopo-
dopM, rekcaH-nponaHon) ¢ cooTHowweHneM 50:50 no 06bEMY
MpY KOMHaTHOW TeMnepaType B TeyeHWe 24 4acoB C nocneay-
IOLLMM YAaneHWeM UX BaKyyMUpOBaHWEM B TeueHue 5 yacos
WM TEXHONIOMUA CBEPXKPUTUYECKOW BIIOMAHON 3KCTPaKLmK,
npoBoauMas Ha yctaHoBke Waters-5000 (Waters, CLUA)

PeareHTbl
Homep
MEeTOAUKM

7% pacteop NaCl | 0,5% pacteop NaCl

3% pactBop
H,0,+Y3

6% pactBop

H,0 npor. H,0,+Y3

1-1 +

1-2 +

2-1 +
2-2 +
3-1

3-2

+ +

+ +

lpumeyarue. H,0 npot. — npotouHas Boga, H,0, — nepekucb BOAOPOAA MeAULMHCKaS, Y3 — ynbTpasByKoBas BaHHa.

Note. H,0 npor. — running water, H,0, — hydrogen peroxide medical, Y3 — ultrasonic bath.

DOl https://doiorg/1017816/viab634164
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Tabnuua 2. MeToauku rnyBoOKON OUYMCTKU KCEHOMEHHOMO KOCTHOMO
MaTpuKca

Table 2. Methods of deep purification of xenogenic bone matrix

PeareHTbl
Homep ck-CO, | OpraHuyeckue pactBopuTenu
MeToAUKU
4-1 - 3JraHon, xnopodopM
4-2 - [ekcaH, nponaHon
4-3 + -

npu aasneHun 450 bap, Temnepatype +35 °C, ckopoctut no-
ToKa cK-C0, 2+0,5 Mn/MUH B TeueHme 8 yacos.

0603HayeHWe METOAMKM OUUCTKM C peareHTaMu BO3fel-
CTBUS YKa3aHo B Tabn. 2.

MukpoToMorpaduyeckoe uccneoBaHme

CkaHupoBaHWe 06pa3sLoB BbIMOIHEHO HA PEHTTEHOBCKOM
mukpotoMorpade Bruker SkyScan 1172 (Bruker Belgium,
Benbrus) B pexuMe, yKa3aHHOM C MOMOLLBIO NPOrpaMMHO-
ro obecneueHmns SkyScan. Ha ocHOBe Nosly4eHHBIX TEHEBbIX
NpOEKLMIA NpOU3BELEHA PEKOHCTPYKLMA B nporpamme NRe-
con no anroputMy Qenbaxkamna. Mpu npenBapuTENLHOM Npo-
CMOTpe ceyeHmii Obin BblIbpaHbl NapaMeTpbl PEKOHCTPYKLIMHK
W OMHaMUYECKMIA AManasoH ANs AOCTUXKEHWS OMTUMAbHOM
KOHTpacTHOCTW 1300paeHus.

N306pakeHns 06bEMHLIX Moaenen obpa3uoB nosy-
yeHbl ¢ momoLlblo nporpammbl CTvox, BXxoasLlel B NakeT
nporpaMMHoro obecneyeHus pns Tomorpada. [ns no-
CTPOEHUs 0OBEMHBIX MOLeiell UCNOMb30BanCcA anropuT™m
MarchingCube, KoTopblit sBNsieTcs anroputMoM MocTpo-
€HWA NOBEPXHOCTM Ha OCHOBE MOAENM SBHOr0 3ajaHus
LeCTUrPaHHbIX BOKCenen, pa3pabotaHHoi JlopeHceHoM
n KnaiHom (1987).

DleHcuTOMeTpUYECKOE UCCNef0BaHue

[leHcuTOMETpUYECKOE  UCCiefoBaHUe  MpPOBELEHO
Ha Tex e obpasuax npu Bbibope 30Hbl MHTEpPeca 5x5x5 MM,
PacnonoXeHHON B LEHTPasIbHOM YacTy 0bpasua, ¢ NOMOLLb
nporpamMmbl CTAn 1.20.3.0 (puc. 1).

MnotHocTb Mo WwKane XayHcgunga (HU) bbina onpegene-
Ha ons 00béMa Kyba. KonmyecTBo M3MepeHUMii Ha Kaxpabli
METOf, OYMCTKM PaBHO AecATU. PesynbTathl JeHCUTOMETpUM
OLieHVBaNMCh B COOTBETCTBMM C Tabn. 3.

PesynbTaTbl  AEHCMTOMETPUYECKOrO  MCCIEA0BaHUS
NPeACTaBneHbl B BUAE COOTHOLUEHMS BeLUecTs/bMOTKaHM

Tabnuua 3. [lnanasoH NioTHOCTU ANS BELLECTBA/TKAHM
Table 3. Density range for substance/fabric

T.31,Ne 3, 2024
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Puc. 1. 3o0Ha uHTepeca Ans pacyéta AEHCUTOMETPUYECKMX MOKa-
3aTesient.

Fig. 1. Area of interest for the calculation of densitometric pa-
rameters.

B LiHTpasnbHOM YacTu 0bpasuoB 06béMoM 5x5x5 MM B npo-
LieHTax oT 06LLero 06bEMa Kak cpefiHMe 3HaueHuUs No pe3ysib-
TaTaM TPEX U3MePEHHUH.

CreneHb 04UCTKU KCEHOTEHHOTO KOCTHOMO MaTpMKCa Mpes-
CTaBfieHa KO3 dULMEHTOM OYMCTKM, PACCHUTaHHbIM Mo dop-
Myne:

V Bo3nyxa
"V TKaHM MeKTpabeKynApHOro MPOCTpaHCTBa |

Kou

lcTonoruyeckoe uccnegoBaHue

Bce 0bpasubl GpuKcMpoBanym B HeiTpanbHOM GopManuHe,
AeKanbLuHMpoBany, 0be3soXxuBanM, 3anmBanu B napagu,
noslyyany cpesbl TONLUMHON 4 MUKPOHA, OKpalLMBanu remMa-
TOKCUIIMHOM-303MHOM UM MUKPOCUPUYCOM KpacHbIM. M3yuanu
MpU CTaHAapTHOM CBETOBOW, ()a30BO-KOHTPACTHOM U nons-
PU3aLMOHHOIM MUKPOCKONuM B MuKpockone Leica DM 4000
B LED (Leica Microsystems Wetzlar GmbH, [epMaHus) ¢ Ka-
mepon Leica DFC 7000 T.

Mopdonornyeckuin aHanu3 copepxKaHus 0CTeOLMTOB
B KOCTHOM TKaHW Obln OCHOBaH Ha XapaKTepHbIX Mopdono-
TMYECKMX 0COBEHHOCTAX 3TUX KNETOK U UX creunduyecKoMm
pacrnonoXeHun U He TpeboBan AOMOSHUTENBHOMO UMMYHO-
TMCTOXMMUYECKOTO MccnefoBaHus. OcTeoumTbl — OCHOBHbIE
KJTETKM KOCTHOM TKaHW OBanbHOW GOpMbl, C YNOLLEHHBIMU

BewectBo (TKaHb) |

Dvana3oH nioTHocTH no wkane XayHchunaa, HU

Bo3ayx
TkaHb MeXTpabeKynApHOro NpoCTpaHCTBa
MwHepan13oBaHHas KOCTHast TKaHb

-1000—816
-816—+301
+314—+2487
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SAPaMU U MHOTOYUCIEHHBIMM OTPOCTKaMM, JIEXALLME B 0CO-
BbIX MONOCTAX MEKKNETOUHOr0 BELecTBa — KOCTHbIX Nla-
KyHax.

MopdoMeTpuyeckuin aHanu3 cofepxaHus KOCTHbIX Na-
KYH C 0CTaBLLUMMUCA nocnie 06paboTKM KNeToUHbIMU SApaMH
ocTeoLnToB 6bin BbinonHeH Ha 100 Thic. MKM? nfoLwaam o6-
pa3L0B KCEHOKOCTM B nporpaMMe ImageJ npu yBennyeHuu
x200 B 10 nonsx 3peHus ans Kawgporo obpasua. [laHHble
npeAcTaB/eHbl B BUAE CPeHUX 3HAUYEHUI U OLWKUBOK cpes-
Hero. CTaTMCTMYeCKMiA aHanu3 NpoBOAMNCS C MCMONb30Ba-
HueM nporpamMmHoro obecneyenns GraphPadPrism 9.0.0.
3HauMMOCTb pa3fMynin OLEHWUBANIK C MOMOLLBI OAHOMAK-
TopHoro aHanu3a ANOVA c TecTOM MHOXeCTBEHHOrO CpaB-
HeHust Totokn. 3Hauenus p <0,05 cumtanuce cTaTMCTUYECKU
3HaYMMBbIMK.

CneKTpocKonus AAepHOr0 MarHUTHOIO pe3oHaHca

KauectBeHHOe onpepeneHue 0CTaTONHbIX KONMYECTB pac-
TBOpUTENei nocse GUHaNBHOM0 06e3XKUpMBaHUA NPOBOAUIN
MEeTOJO0M SIIepHOr0 MarHUTHoro pesoHaHca (AMP 'H), uc-
nosb3ys B KaYeCTBe BHYTPEHHEro cTaHzapta beHson (cnek-
pbl AMP 'H 3apeructpupoBaHbl Ha cnektpometpe Bruker
Advance-400 (BrukerBioSpin GmbH, [epmaHus), paboyas Ya-
crota 400 Mru, B C,D;H). 06pasubl ans AMP rotosunn nytém
3JKCTPaKLMM MaTpuKca pasmepoM 10x7x3 MM B 3 Mn beH3ona

Tabnuua 4. Pesynbtatbl TOMOrpaduyeckoro UccefoBaHus
Table 4. The results of the tomographic examination
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B YKYNOPEHHbIX BUanax B LueNKepe-UHKybaTope be3 Harpe-
BaHus Npu ckopocTy BpaLuenns 120 rpm B TeueHmne 10 cyTok,
LEeHTpUdYrpoBaHus U ynapuBaHUs 3KCTpaKTa B BaKyyMe.
Ocrarok pactsopsim B 0,6 mn C,D;H. B npobupky ans AMP,
copepxallyl npubnusutensHo 0,4 Mn ferTepupoBaHHOTO
pacTBopuTens, aobaensnum 3 MKn obpasua 3KCTparMpoBaH-
HOro pacTBopa.

CraTucTMYeCKUK aHanus

MpUMeHsNCA AN aHann3a 0CTEOLMTOB W yKasaH B pas-
Aene cTatbu «[UCTONOrMYeCKoe UCCIIef0BaHuey.

3Tnyeckas JKCnepTu3sa

B paHHoiA pabote aTMYecKkas aKcnepTu3a He Tpebosanach
BBU/LY OTCYTCTBUSA BO3LEMCTBUSA Ha XMBbIE OpraHW3Mbl B Npo-
Liecce UccnenoBaHus.

PE3YJIbTATbI

B cootBeTCTBMM C pe3ynbTaTaMu MUKpOTOMOrpadmuyecKo-
ro uccnepoBaHua (Tabn. 4), MaKPOCKOMUUYECKUX U3MEHEHWIA
B TpabeKynApHOM KOCTHOW CTPYKType Mocne BO3AENCTBUSA
B COOTBETCTBUM C YKa3aHHbIMU BhblLLE MPOTOKONAMU OYUCT-
Ku He Habnioganocb. CoxpaHHOCTb KOCTHOM CTPYKTYpbl OT-
YETNMBO MOATBEPIKAAETCA pesynbraTaMu rUCTON0rUYecKoro

3D-peKoHCTpyKLMA | Mukpo-KT cpes

3D-peKoHCTpyKUUA | Mukpo-KT cpes
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UccnenoBaHUs MpU MCMOMb30BaHMM (Da30BO-KOHTPAcTHOW  0bpasuax MpUCYTCTBOBANW NPU3HAKW HapyLUEHWS MMKpO-
W NONSPU3ALMOHHONA MUKPOCKONUK (Tabs. 5).

Y obpasuoB 1-1 u 3-1 KocTHble TpabeKynbl 0ObIYHOW  MNIOLAAM MEKTPAbeKYNAPHOro NPOCTPAHCTBA: KOCTHbIE Tpa-
TONWMHLI POPMMPOBANM AUEUCTYID CeTb, YTO XapaKTep-  OeKynbl CTAHOBUIUCH TOHbLUE, Obinn Bonee pbixio U napan-
HO AnA HopManbHOW rybyaton KocTu. Bo Bcex OCTanbHbIX  JIESIbHO PaciofioXKeHbl, NOSBASANOCh MHOO MeNKUX TpabeKys.

CTPYKTYPbI M apPXUTEKTOHUKN KOCTHOI TKaHM C YBENIMYEHUEM

Tabnuua 5. MukpocKonua 06pasLoB KCEHOTeHHOro KOCTHOTO MaTpuKca

Table 5. Microscopy of xenogenic bone matrix samples

Homep
MeTOAUKU

CBeTn0no/bHasi MUKPOCKONKS,
reMaToKCU/IMH-303MH,
yBesimyeHue x50

MonspusaumnoHHas Mukpockonus, | Pa3oBo-KOHTpacTHas MUKPOCKONMS,
NUKPOCUPUYC KPACHbIN, reMaToKCU/IMH-303MH,
yBenuyenue x50 yBenmyenue x100

1-1

1-2

2-1

2-2

3-1

3-2
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Tabnuua 6. Mopdonornyeckue napameTpbl 06pasLOB KCEHOTeHHOI KOCTHOM TKaHU

Table 6. Morphological parameters of xenogenic bone tissue samples

Homep KocTHas Y¥upoBble knetku/obonoukn | KpoeHocHble
PacnonoxeHue Tpabekyn Tpabekynbl
MeTOAMKM | CTPYKTypa JMWPOBbIX KNETOK cocyapl
1-1 CoxpaHeHa HopmanbHoe HopManbHble CoxpaHeHbl Het
Pbixnoe, napannensHo
1-2 CoxpaHeHa P ToHKkue CoxpaHeHbl Ectb
pacnonoxeHHble
2-1 CoxpaHeHa Pbixnoe Menkue CoxpaHeHbl Het
B HekoTopbIX y4acTKax
2-2 CoxpaHeHa  pbixJioe, eCTb NapannenbHo ToHkme CoxpaHeHbl Her
PacnonoxeHHble
3-1 CoxpaHeHa HopManbHoe HopManbHble CoxpaHeHbl Her
3-2 CoxpaHeHa Pbixnoe ToHKue CoxpaHeHbl Her

B cootBeTcTBMM C MOpdonorMyeckuMmM napameTpamm 06-
pa3uoB (Tabn. 6), OUNLLEHHBIX MO MPUMEHSEMBIM METOAMKAM,
B HE3HAUMTENbHOW YacTW NaKyH COXPaHAINCb OCTEOLMTHI,
MeMOpaHbl aaunoLMTOB (KMPOBBIX KNETOK) KOCTHOMO MO3ra,
B 0OHOM 13 0bpa3LioB HabnaanUch KpOBEHOCHBIE COCYAbI.

OBCYXAEHUE

TakuM obpa3oM, npu BO3LEHCTBUW TUMNEPTOHUYECKOTO
pacTBOpa XOpOLUO COXPAHAKTCSA KOCTHble Tpabekymbl, Ko-
Topble QOPMUPYIOT SYEUCTYI0 CETb, XapaKTepHY0 Ans HOp-
ManbHOM rybuaToil KOCTM, OfHAKO FMMEepTOHUYEcKUA pac-
TBOP XYXX€ OCTasIbHbIX B/IUSIET Ha BbIMbIBAHWE OCTEOLMTOB.
MneptoHnyeckuin pacteop otaenset [HK or Genkos [24,
25]. [MNOTOHWMYeCKUe PacTBOPbI MOTYT JIErKO BbI3bIBATb JIN-
31C KJIETOK C MOMOLLBI NMPOCTBbIX 0CMOTUYECKUX 3 (eKToB
C MMHUMAsbHBIMWU M3MEHEHWUAMM MOJIEKYN MaTpuUKca U ap-
XUTEKTYpbl B COOTBETCTBUM C JINTEPATYPHLIMU LaHHBIMM [25].
OpHaKo npu YeTbIpEX4acoBOM BO3AEUCTBUM MMMNOTOHMYECKUM
PacTBOPOM OTMEYANUChb HE3HAYMTESNbHBIE HAPYLLEHWS CTPYK-
Typbl: KOCTHble TPabeKymbl CTaHOBUIUCH TOHbLUE, bbin 60-
nee pbIXJI0 U NapannenbHo pacnonoxeHsl. Bcé 3o B utore
MOXET MPMBECTU K CHUXEHMIO KOCTHOW NIOTHOCTM, Ynpyro-
CTM W 3NaCTUYHOCTM C NOCNEAYHLLMM MOBLILLEHNEM NIOM-
KOCTM KOCTW. B cOOTBETCTBMM C NUTEpaATYpPHBIMU LaHHBIMY,

Tabnuua 7. Mopdonornyeckuit aHanu3 CoAepIKaHus 0CTeoLMTOB
Table 7. Morphological analysis of osteocyte content

TUNO- M UNepTOHUYECKWE pacTBOpbl IQPEKTUBHO NN3NpYIOT
KNIETKM, HO HE3PHEKTVUBHO YAANSAIOT KeTo4Hble ocTaTky [20].
BospencTBre nMpoTo4HOM BOAOI XOPOLLO COXPaHSIET KOCTHBIE
TpabeKynbl, 0CTaBNAS HaMMEHbLUEE KONMYECTBO OCTEOLUTOB
B MeTpabeKynsapHoM npoctpaHcTBe (1abn. 7). CoxpaHHocTb
YKMPOBbIX KIETOK B pe3y/ibTaTe NepBUYHOMA OYUCTKU B BOOHBIX
pacTBOpax yKa3bIBaeT Ha He0CTaTouHO 3QQEKTUBHYIO fenn-
NWAM3aLMio 1 TpedyeT AOMNONHUTENBHBIX METOAO0B OYMCTKM.
MpennoKeHHbIN CKPUHMHIOBLIN MeTo[, OnpegeneHus
Ko3pdUUMEHTA OYMCTKM MO [LEHCMTOMETPUYECKOM NAOT-
HOCTM, OMpedeNéHHOM No pesynbTataM MUKpo-KT, pmaér
BO3MOHOCTb ObICTPO OLEHMTb CTEMEHb OYUCTKU MEeMTpa-
BekynapHoro npoctpaHcTBa. 3T0T MeTof, ABNSETCA rPydbIM
U He MOXET DObITb UCMONb30BaH B KA4eCTBE €LMHCTBEHHOIO
METOAA KOHTPOJIA, OfHAKO OH HaUMeHee TPYAOEMKWIA, Hau-
bonee BbICTPbLIA U MOXET BbITb NPUMEHEH A1 NEPBUYHOMO
CKPWUHMHra B MpoLecce 04UCTKM. MexTpabeKkynspHoe npo-
CTPaHCTBO, 3aM0IHEHHOE PETUKYNSIPHOW W 3KMPOBOM TKaHbIO,
0cB0DOXKAAETCA B NPOLIECCE OYMCTKM, 3AMOIHSASACH BO3LYXOM.
Mpu pacuéte KoaddUUMEHTA OUUCTKU MUHEPANM30BAHHBIN
KOMIMOHEHT KOCTW He Y4MTbIBasCS, NOCKONBbKY ero Koyinye-
CTBO B 0ObEME CBA3AHO C YAANEHHOCTHIO OT HALKOCTHULI
1 YMeHbLUAETCA OT Nepudepun K KOCTHOMO3roBOMY KaHany.
B cootBeTCTBMM C PacyETHLIM NO AEHCUTOMETPUYECKUM MO-
Ka3atensaM KoadQUUMEHTOM OYUCTKU MeKTpabeKynspHoe

Home MpoueHT cogepXKaHus KOCTHBIX JIaKyH C OCTaBLUMMUCA KonuuecTBo KOCTHbIX NaKyH
P | nocne 06paboTKM AApaMM 0CTEOLMTOB OT 06LUEro Yucna | C OCTaBLUMMMUCA ALPAMU OCTEOLMTOB B KOCTHOI TKaHM
METOAMUKU 2
naKkyH B o6pasue (wT/100 TbiC. MKM? 06pasua)
1-1 34,0441 13,617
1-2 7711 3,3+0,5
2-1 25,9+3,7 10,715
2-2 77415 3,3+0,7
3-1 12,6+2,3 4,5+0,8
3-2 5,2+1,3 2,8+0,7
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Tabnuua 8. CooTHoLLEHMe BelLecTs/OUOTKaHel B 06bEMe 06pa3LoB (%) 1 Ko3GPUUMEHT ounCcTKM
Table 8. The ratio of substances/biological tissues in the volume of samples (%) and the purification coefficient

Homep MeToguku

BewecTBo/610TKaHb 1-1 1-2 2-1 2-2 31 3-2
Bo3pyx 174 18,9 12,0 277 8,5 21,9
TkaHb MeTpabeKynsApHOro NpoCcTpaHCTBa 72,1 56,5 73,1 66,5 790 66,6
MuHepan130BaHHbI KOMMOHEHT KOCTH 10,5 24,6 14,9 5,8 12,6 11,6
KoadpuumeHT ouncTim 0,24+0,05 0,33+0,06 0,16+0,04 0,42+0,06 0,11+0,04 0,33+0,06

MPOCTPAHCTBO KOCTHOM TKaHW Nocye BO3AEMCTBUA NPOTOYHOM
BOZOW M TMMNO- W MMNEPTOHUYECKUMM pacTBOPaMu 3amnosiHEHO
B MEHbLLEN CTENEHNU BO3AYXOM U B BOMbLUEN — WHbIMKM Be-
LiecTBaMM (BO3MOKHO, KJIETOYHBIMM OCTaTKaMU PETUKYNSp-
HOM W XUPOBOM TKaHu) (Tabn. 8).

B cBA3M ¢ HE06X0AMMOCTbIO YANEHNA IM3UCHBIX KNeTou-
HbIX OCTaTKOB HeobXoauMMo JOMONHUTENBHOE BO3[ENCTBUE.
®u3nyeckne MeTOAblI OYUCTKM TKaHU B OMpPeAeNnEHHON CTe-
neHn 3QGEKTUBHEI M 0011afa0T NPEMMYLLLECTBOM Nepes ApY-
TMMW METOAMM B HU3KMX MMMYHHBIX peaKkumsax TKaHu nocne
WX NPUMEHEHMSA 33 CYET OTCYTCTBUA BO3LENCTBUA XMMUYECKMX
peareHToB, KOTOPbIE MOMYT 0CTaBaTbCA B CNENOBbIX KOnYe-
CTBaX MOC/Ie UCNONb30BaHUS B METOAMKE 0YUCTKU. OHM npu-
MEHSIOTCA 11 U3MEHEHWS QU3NHECKMX XapaKTEPUCTUK TKa-
HW, pa3spyLUeHns KNIETOYHOW MeMBpaHbl, BbI3bIBaHWSA M31Ca
KNETOK W, HaKOHeLl, YAANeHUst KIeTOK M ApYroro COmepHu-
Moro [26].

Y3-Bo3mencTBue MOXKET MPUBECTU K JIU3UCY KIETOK,
HO Yallle ucrnonb3yeTca Ana obneryeHuss XMMMYecKoro Bo3-
OENCTBUS W yOaNneHWs KNeTouyHoro Matepuana. MssecTHo,
4TO NepeKMcb BOLOPOLA, B3aMMOLENCTBYA C IMNUAAMM KIle-
TOYHbIX MEMOpaH, NOBPEXAAET UX, MHAKTUBUPYET M YCTPaHS-
€T LUMPOKMM CMEKTP MUKPOOpraHn3MoB. CoBMeCTHOe B3aUMo-
LeicTBUE MEPEKUCH BOAOPOAA U YNbTPa3ByKa YBENMYMBAET
3 PEeKTUBHOCTb OYUCTKU, KOTOPas 3aBUCKT OT KOHLLEHTpaLmK
nepexkucu Bogopofa. 0bpaboTka ynbTpasBYKOM NpUBOAMT
K HapyLUEHUIO LLeNIOCTHOCTM KIETOYHOM MeMbpaHbl, 00pa3o-
BaHWIO NMOP W IN3UCY KNeToK. Kak cneacTeue, YBeNMUMBAETCS
MPOHWLLAEMOCTb MEMBPaHbI, YTO CNOCOBCTBYET NPOHUKHOBE-
HWI0 Nepekucy Brybb MaTpukca 1 obneryaer ero. [1pu obpa-
BoTKe KOCTHOrO MaTpuKca 6% pacTBOpPOM NMepeKMCH BOAOPOAa
B OCTEOLMTaX sfep HabnoaaeTcs B HECKOMbKO pa3 MeHbLUE,
yeM npu obpaboTke B 3% pacTBope, CieaoBaTesbHO, ero UM-
MYHOTEHHOCTb HUXeE, HO 00Llas KOCTHasA CTpyKTypa bonee
pbiX/an, TpabeKynbl CTAHOBATCA TOHbLUE M PeXe, YTo Mof-
TBEPKAAETCA [AaHHLIMW FMCTONIONMYECKOrO U MUKPOTOMOrpa-
¢uryecKoro mccnenoBaHuin. TaknM 06pasoM, UCMonb30BaHMe
6% pacTBOpa nepeKMCW BOAOPOAA Bbi3biBAET AECTPYKLMIO
M HEXenaTenbHO C TOYKU 3PEHMA COXPAHHOCTU apXUTEKTO-
HUKM.

Ha ocHoBaHuu pe3ynbTaToB NepBoro atana uccieaoBaHus
MPOTOKO/ NEPBUYHON OUMCTKM BKIIIOYAET NOCNeaoBaTeNlbHoe
BO3[€/CTBME MPOTOYHOW BOLOW B TEYEHWE 4 YacoB, rMMOTo-
HWYECKUM PacTBOpOM B TeueHWe 2 YacoB M 3% pacTBopoM
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Mepexkncu BOJOpoAa B YNbTpasByke B TedeHue 8 uacos.
Mpu u“cnonb3oBaHUM yKa3aHHOr0 MPOTOKONA COXpaHseTcsa
HOpMarbHas KOCTHas CTPYKTYpa, O[LHAKO TaKXe COXpaHeHbl
MeMOpaHbl aAMNoOLMTOB (UMPOBbLIX KIETOK) KOCTHOMO MO3-
ra, KonuyecTtso octeountoB ¢ aapamu ~10%. KoadduumeHt
ouncTkm coctaenset 0,68+0,06.

Cnepytowmm atanoM pabotel ObiN0 MccnenoBaHWe BO3-
OEelCTBMA OpraHUYeckux pacTBopuTeneii (cMecu 3TaHona
C x10pod)OPMOM W TeKcaHa ¢ MPONaHoIoM) U CBEPXKPUTUYE-
CKOW (IOMAHOMN IKCTPAKLMM AMOKCUAOM YINIepoAa Ha KCeHo-
reHHbIN KOCTHBbI MaTpUKC, MOABEPTHYTLIN NMEPBUYHON OUNCT-
Ke.

I deKTMBHOCTL UCNONB30BAHUA BCEX ITUX METOLOB MOA-
TBEPMKAAETCA pe3ynbTaTaMu TOMOrpaMyecKoro 1 rmcTonory-
YECKOro MCcCef0BaHNU: COXPaHHOCTbI0 MUKPOAPXUTEKTOHUKM
(KocTHble TpabeKynbl (OPMUPYIOT XapaKTepHyl ANs Hop-
ManbHOW ryb4aTon KOCTW SYEUCTYI0 CeTb, KOCTHBIW MaTpUKC
MMeeT HOpPMaJibHYl0 TOHKOBONIOKHUCTYH) CTPYKTYpY), JiN3u-
COM KJIeToK (B NaKyHax coxpaHeHo MeHblue 10% octeouutoB
C AALpaMu, 0CTaslbHble NaKyHbI MYCTbIE) U NOMHBLIM YAANEHUEM
KNETOYHbIX 0CTAaTKOB (MeMOpaHbl aAMMOLIMTOB KOCTHOMO M03ra
oTcyTcTBYIOT). Ha puc. 2, 3 npuBeaeHbl pesynbTathl TOMOrpa-
(M4ECKOro M rMCTONOrMHECKOro UCCeA0BaHMiA 41 0bpasua,
OYMLLIEHHOrO N0 MeToAmKe 4-3. PesynbTaThbl uccnegoBaHuii
00pa3sLioB, OUMLLEHHbIX N0 METoAWKaM 4-1 u 4-2, npeacTaB-
NS0T c060M aHaANOMMYHYI0 KapTUHY.

KoadmuUMEHT 0UMCTHM KCEHOTEHHOTO KOCTHOTO MaTpuK-
ca nocne rnyboKoi 04UCTKU NpU BO3AEACTBUM OPraHUYECKUX
pacTBopuTeNeii U CBEPXKPUTUYECKOI (IIOMAHOM 3KCTpaKLmMm
(4-1, 4-2, 4-3), B COOTBETCTBUM C pe3ynbTaTaMu TOMOrpa-
duyeckoro uccnepoBaHus (puc. 3), coctaenset ~0,90+0,07
Ans 06pasuoB, O4YMLLEHHbIX Mo MeToauke 4-1, ~0,92+0,04
Ansa 0bpasuos, 04MLLEHHbIX N0 MeToamke 4-2, u ~0,91+0,05
Ans 00pasuoB, OYMLLEHHBIX N0 MeToAWKe 4-3, YTO 3HauM-
TeNbHO MPEeBbILIAET KOIPGHMLMEHT OYMCTKM NOCNEe NEepBUY-
HOro BO3AEHCTBUA.

OpraHuyeckue pacTBOpUTENM OKa3blBaloT BO3LEWCTBUE
Ha JIU3MC KNETOK NyTEM peruapartaumu, conmobunusaumm
W yoaneHus nunuaos, 3QGheKTUBHO YAANAT KNETKU U3 NNoT-
HbIX TKaHel M WHaKTMBMPYKOT nuporeHbl. OfHaKo pacTBo-
puTenn crnocobHbl ClUMBaTb M 0Caxaatb Oenku, BKIYas
KonnareH [20]. Mpn XMMUYECKOM BO3AENCTBMM HA KOCTHYHO
TKaHb OPraHUYeCKUMM PacTBOPUTENAMU BO3MOMKHO CHUXKE-
HWe HeKoTopbIX GaKTOpoB pocTa, 61oNOrMYECKON aKTUBHOCTH

375


https://doi.org/10.17816/vto634164

376

ORIGINAL STUDY ARTICLES

NN. Priorov Journal of Traumatology and Orthopedics

Puc. 2. PesynbTatbl TOMorpaduyecKoro uccnenoBaHmus 00pasua, 04ULLEHHOTO Mo MeToauKe 4-3: @ — 3D-peKoHCTpyKums, b — MuKpo-KT

cpes.

Fig. 2. Tomographic results of the sample purified by technique 4-3: @ — 3D reconstruction, b — micro-CT slice.

Puc. 3. Mukpockonus 0bpasua, 04MLLEHHOM0 N0 METOAMKe 4-3: @ — CBETNONOMbHAsA, reMaTOKCUMH-303MH, YBenuyeHue x50; b — no-
NAPU3aLMOHHasA, MUKPOCUPUYC KPacHbIiA, yBenndyeHne x50; ¢ — §a30Bo-KOHTpaCTHas, reMaToKCUIIMH-3031H, yBenuyeHune x 10.

Fig. 3. Microscopy of the sample purified by method 4-3: @ — light-field, hematoxylin-eosin, magnification x50; b — polarization, picro-
sirius red, magnification x50; ¢ — phase-contrast, hematoxylin-eosin, magnification x10.

MosTy4eHHbIX MaTPUKCOB B 6OMbLLMHCTBE CITy4aeB U CHUMEHME
BruocoBMecTMMOCTH, yBeNMYEHWe YacToTbl OTpULIATENbHOM
MMMYHHOI0 OTBETA M3-3a 0CTaTOYHbIX peareHToB [26].
CornacHo pe3ynbTaTaM CMEKTPOCKONUM SAEPHOT0 Mar-
HWUTHOIO Pe3oHaHca, CnefoBble KONMYECTBA peareHToB Aei-
CTBUTENBHO MPUCYTCTBYIOT MOCNE YOANEHWUS OpraHUYeckux
pacTBOpUTENeli BaKyyMUPOBaHWEM, YTO MOXKET NOBbILLIATH UM-
MyHoreHHoCTb. B cnektpax IMP H 06pasLioB, 06pabotaHHbIX
OpraHWYeCKMMK PacTBOPUTENAMM, 0BHAPYKEHbI XMMUYECKMe
COBMIY, KOTOpbIe COOTBETCTBYKT CNEfOBbIM KONMYeCTBaM
3TaHoNa, nponaHona, rekcaHa (puc. 4) [27]. Ha puc. 4a npeg-
craBneH cnexTp AMP TH BbITAMKM 13 MaTPUKCA, OYMLLEHHOM
cMecbio ataHona (CH,CH,0H) 1 xnopodopma (CHCL,). Cornac-
Ho G.R. Fulmer u coasr. [27], npu ucnonb3oBaHuu beHsona
(C,DsH) B KauecTBe BHYTpeHHero CTaHAapTa XUMMYecKue
cABuWru rpynn ataHona npuxoaarcs Ha 0,50; 0,96 n 3,34 m.a.,
XMMUYECKMe cABuUru rpynn xnopodopMa — Ha 6,15 m.a. No-
CnefHuiA coBur Ha cnekTpe He obHapyxeH. [lpyrve casuru
MPUCYTCTBYIOT Ha CMEKTPE C HE3HAUMTENIbHBIM CMELLIEHUEM.
Ha puc. 4b npenactasneH crektp AMP 'H BbiTsxKu
U3 MaTpuKca, oumileHHoro cMecbio rekcaHa (CH4(CH,),CH,)
n nponaxona ((CHs),CHOH). CornacHo G.R. Fulmer u coasr.
[27], npu ucnonb3oBaHWM HeH30M1a B Ka4eCTBe BHYTPEHHErD
CTaHAapTa XMMUYECKIUe CABUTM FPYNN NponaHonia NpUXoAATCS
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Ha 0,95 u 3,67 M.A., XMMWUYECKWe COBUMM Fpynn rekcaHa —
Ha 0,89 u 1,24 m.p. CaBur, xapaKTepHbIil Ans rexkcaHa, 0b-
HapyxeH npu 1,27 M.A4., CABUTW, OTHOCSLLMECS K MPONaHony,
npu 0,95 u 3,64 M.a. O6Hapy:KeHHbIe CABUMM CBULETENLCTBY-
10T O CNENOBLIX KONMMYECTBaX OPraHM4eCKMX pacTBOpUTENel
Ha NoBEPXHOCTU MaTPUKCOB.

Ha puc. 4c npepctasned cnektp AMP H BbiTAMKM
M3 MaTpUKCa, OYMLLEHHOrO CBEPXKPUTUYECKOW (JIloULHOM
3KCTpaKumen. Ha cnekTtpe obHapyeHbl eAWUHCTBEHHble
CILBMIM MaJioil MHTEHCMBHOCTU, CUHITIET, B TOM XKe obnacTw,
rAe Haxoautcs Boaa. CBEPXKPUTUYECKMIA AMOKCMA, Yyrepo-
0a YAAnseT 0CTaTKM KIETOK NpK NPONYCKaHWM Yepe3 TKaHM
C KOHTPOJIUPYEMOW CKOPOCTbIO, aHaIOMMYHOM CYLLKE B KpU-
TUYECKON TOYKE, ANA YAANeHUs KJIETOK NPpU MUHUMaSIbHOM
M3MEHEHUN MeXaHUYECKMX CBOUCTB MaTpuKca [28]. Mpu akc-
Tpakumu B CO, ynaneHne nunupoos m3 TKanu Ha 14% 3g-
(eKTMBHee, YeM TPaAMLMOHHAS IKCTPaKLMa nunuaos [29].
B nutepartype coobLiaetca o BoamMoxHocTH ck-CO, cnyxutb
cTepuansytolmMM areHToM [28, 301, ogHako 3ToT addeKT
MPUMEHMUTESIBHO K KOCTHOW TKaHW TpebyeT A0NOSHUTENBHO-
ro U3y4eHus.

TexHonorns CBepXKPUTUYECKON (IIOMAHON 3KCTpaKLMK
BbICOKO3(PEKTMBHO OUMLLLAET KOCTHBbI MaTPUKC U He 0CTaB-
NSAET CRefloB OpraHWYECKMX pacTBOPUTENEN, OCTAaTOYHOE
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Fig. 4. NMR spectra of extracts from samples purified with: @ — ethanol+chloroform (4-1), b — hexane+propanol (4-2), ¢ — sk- CO,
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KOJIMYECTBO KOTOpbIX Morno 6bl notpeboBaTb KOHTPONS
B rpouecce Npou3BoAcTBa. [1o nUTepaTypHbIM AaHHbIM,
npu obpabotke B ck-CO, copepaHue NMNUAOB CHUXaeTCA
po 0,1% [29]. OcTaBLumiics nocne BO3AEACTBUS YITEKUCTIbIN
ras npeacTaBnseT coboi ecTeCTBEHHbIA KOMMOHEHT TKaHeM!,
He ABNAETCSA TOKCUYHBIM W JIETKO BbIBOAMTCA.

TakuM 06pa3oM, 3deKTUBHBIA NPOTOKON OYUCTKU Crle-
LYHOLLMIA:

* BO3[EMCTBME NPOTOYHON BOLOW B TEUEHME 4 YACOB;

« Bo3gelictue 0,5% pacteopom NaCl B TeyeHue vaca;

- Bo3peiicteue 3% pactsopom H,0, npu Y3-Bo3aeiicTaim

B TeueHue 8 yacos;

- BO3feicTBUe cBEpXKpUTU4eckuM CO, B TeueHue 8 ya-

cos npw faeneHun 450 bap, Temneparype +35 °C.

B Hawei paboTe 04MCTKa KOCTHOrO Matpukca ¢niona-
HOW 3KCTpaKuMen ABnAeTcA 3P(EKTUBHON 3aBepLUAOLLEN
CTafiMen NpoToKONa 04YMCTKU. [1pn NOHOM OUUCTKE MeXTpa-
BeKyNApHOro NpOCTPAHCTBA KOCTHOM TKaHW OT KJETOYHOMO
KOMMOHeHTa HabniojaeTcs nomHas COXpaHHOCTb MUKpO-
1 MaKpOCTPYKTYpbl KCEHOreHHOr0 KOCTHOMO MaTpuKCa.

3AKJIKYEHUE

B xope BbinonHeHus pabotbl bbin BhibpaH Hambonee 3g-
(GEKTUBHBIN NPOTOKONT OYMCTKU KCEHOTEHHOW CMOHTMO3HOM
KOCTHOW TKaHM C UCMOSIb30BaHWEM COYETaHMA (U3NYECKO-
ro U xuMuyeckoro Bosgencteus. lNopobpaHbl napameTpel,
peareHTbl MU MeToabl BO3LEWCTBUSA, MO3BONAOLLME MPOBe-
CTW MOJIHYI0 OYUCTKY MeXTpabeKynsipHOro npocTpaHCTBa
OT KPOBEHOCHBIX COCYA0B, KNETOYHbIX 3/1EMEHTOB, COXPaHWB
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MUKPOApPXMTEKTOHUKY HATUBHOWM KOCTHOW TKaHW, YTO MNOA-
TBEPKAAETCA TMCTONOMMYECKUM U TOMOrpadUyecKnM uccne-
[0BaHNAMM C Y4ETOM K03 dULMEHTa 0UMCTKM, pacCUMTaHHO-
r0 Ha OCHOBE [LEHCUTOMETPUYECKO MNOTHOCTU.

AOMO/IHUTE/IbHO

Bknap aBTopoB. Bce aBTopbl NOATBEPAAKT COOTBETCTBME CBOEMO
aBTOPCTBA MeX/yHapo/HbIM KpuTepusim ICMJE (Bce aBTOpLI BHEC/N
CYLLLeCTBEHHBIM BKIA B pa3paboTKy KOHLENLWKW, NpoBeLeHe mc-
CneaoBaHUs U NOArOTOBKY CTaTby, MPOYM U 0400puiv GuHanbHyto
BEpCHIO Nepen nybnmnkaLmen).

WUcTounuk cduHaHcmpoBaHus. ABTOpbl 3asBNISOT 06 OTCYTCTBUM
BHELLHEro (MHaHCMPOBaHWA MpW NPOBEAEHUM UCCNe0BaHUS U
MOAroTOBKE NyBAMKALMN.

KoHdnuKT nHTepecos. ABTOpbI JeKIapupyIOT OTCYTCTBUE ABHBIX 1
MoTeHUManbHbIX KOHMMKTOB MHTEPECOB, CBA3aHHbIX C NPOBEAEH-
HbIM MCCNeloBaHVeEM W NybiMKaLMen HaCTOALLEN CTaTby.
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Oco6eHHocTH hopMMpOBaHUA KOCTHOrO pereHepara
U MeTabonmMsM MapKepoB KocTeobpa3oBaHus

y NauMeHTKU ¢ caxapHbiM amabetoM 1 Tuna

U amMabeTuyecKoin HeupoocTeoapTponaTuen

(cTona Lllapko)

N.C. bapaoros'-3, E.B. Aprémosa', M.B. Mapwmkos?, H.B. Apbirun2

1 HaumoHanbHbIi MeAMLMHCKVIA UCCTIeoBaTENbCKUI LIeHTp 3HAOKpUHoorM, Mockea, Poccus;
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AHHOTALNA

BeepeHue. Xupyprdeckoe neyeHue AuabeTMYecKoM HEMPOOCTE0ApPTPONATUM SBNSETCA CNOXHBIM HanpaBeHeM B TpaBMa-
TONOMUM-OPTONEANM HE TONBKO M3-3a TAXMENBLIX HApyLIEHMIA BMOMeXaHUKKU W rpybbix fedopMaumii LUCTaNbHOTO CErMeHTa
HUXHEN KOHEYHOCTH, HO M MOTOMY, YTO 3T SIBNEHWS CONPOBOXAAIOTCA MHOMMMM HapyLUEHWAMW coMaTuyecKoro ctatyca. Oco-
6oe 3HaueHWe UMEET BbIPaXEHHOE CHUXEHWE MUHEPaNbHOM MIOTHOCTU KOCTHOW TKaHW. [laHHas paboTa npu3saHa npounsio-
CTPMpOBaTh 0COBEHHOCTM IeYeHNs 3TOM NaToNoruM.

OnucaHue KnuHUYecKkoro cnyyas. [lpeacTaBneH KAMHUYECKUIA CllyyYai JieYeHUst MONOAON NaumMeHTKN 34 neT ¢ caxapHbIM
pvabetoM 1 Tuna, hopMupoBaHueM auabeTnueckoi HelipoocTeoapTponatv (ctona LLlapko), acenTuyeckM HEKPO30M TapaH-
Ho# KocTu npasou ctonbl. B 2019-2020 rr. npoBeaeHO KOHCEPBATUBHOE M XUPYPrUYECKoe JIeYeHWUe, HanpaBieHHOe Ha Ky-
MWUpOBaHWE aKTUBHOM cTagum cTonbl LLlapKo, Koppekunio fedopMaumm 1 cTabunmsaumio AMCTaNnbHOrO CErMEHTa KOHEYHOCTU
(nsiTo4HO-60NbLIEGEpLOBLIA apTPOLE3). Bbin AOCTUTHYTLI YA0BNETBOPUTENbHBIA PE3YNbTaT JIeYeHWs, NOJHas aKTUBM3aLMs
yepes 8 MecaeB nocne npoBeAéeHHoN onepaumn. OgHako B 2021 r. NauMeHTKa NoayYMna 3aKpbITbi HU3KO3HEPreTUYECKUI
nepenoM aucrtansHoro Metadmsa npasoi 6onbluebepuoBon Koctu. o NoBoAy AaHHOrO 3nNM30fa NauMeHTKa obpallaeTcs
33 MeMLIMHCKOW NOMOLLbH Ha CTaiuM KOHCONMAALMW NepesioMa co CMeLleHeM GparMeHTOB M xanobamu Ha peuuavs Ba-
PpycHo AedopMaumm, eLlg bonblee YKOPOUEHWe KOHEYHOCTM, OTEK 06nacTu roieHocTonHoro cyctaa. MaKT TpaBMbI OTpU-
Liana, YTo No3BOMIUNO0 PacLeHMBaTb UMEIOLLMIACSA NepesioM bonbluebepLOBOA KOCTU KaK NaToforMyeckuit. B cBAsm ¢ 3TuM Bbi-
nosiHeHa orepauus: 0CTe0TOMUS BepLOBbIX KOCTEN B 30He KOHCONMAALMW NaTONOrMYeCKoro nepenoma C Liefblo KOppeKLmuu
AedhopMaLmMn 1 KOMMEHCALMM UMEIOLLEr0Cs YKOPOUEHMs] KOHEYHOCTH 3a CHET hopMUPOBaHNA AUCTPAKLIMOHHOIO pereHepara.
B npouecce neyenns oTMevanucb runotpodus, 3ameieHHoe GopMMpoBaHME KOCTHOMO pereHepara, Yto notpebosano npo-
JIOHTMPOBAHHOrO MPUMEHEHMS anmapaTta BHELUHel GUKcaLuu U NpoBeAeHMs CeLMPUYEcKon MeaMKaMEHTO3HOW Tepanuu,
HanpaBfieHHON Ha CTUMYNALMIO ocTeoreHesa. 1o OKOHYaHUM Kypca 0TMEYeHO YBESIMYEHNE MUHEPabHOW MIOTHOCTU THaHH,
MNOTHOCTU PereHepaTa PEHTTEHONOMMYECKM M 1abopaTopHO (KOHTPO/b MapKepoB KOCTE0OpPa30BaHKs) U NONYYEHNE YA0BNET-
BOpUTENBLHOTO QYHKLMOHANBHOMO pe3ynbraTa.

3aksioyeHme. YcnelHbIn pe3ynbTat B AaHHOM KIIMHUYECKOM Cilyqae JOCTUIHYT MpW coueTaHuu OpTONeANYecKoro XUpypru-
YECKOro M KOHCEpBATUBHOIO JIEYEHUS CO CeLMPUYECKO MeIKaMeHTO3HOMW Tepanuen Y KOMOpbuaHoro nauueHTa co CHu-
JKEHHOW MUHEpanbHOM MIOTHOCTBI0 KOCTHOM TKaHW, BbICOKOW BEPOSTHOCTBLH) OCNOXHEHWUA B YCIIOBUAX MYNbTUAMCLMIIIMHAP-
HOro noaxoAa.

KnioueBble cnoBa: KnuHuyeckuin cnydam; ctona LLlapko; octeoapTponatus; octeoneHus; MuHepanbHas Na0THOCTb KOCT-
HOW TKaHW; NATO4YHO-60nbLLEebEpLOBLIN apTPOLE3; KOCTHBIN pereHepar.
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Features of the formation of bone regenerate

and metabolism of bone formation markers

in a patient with type 1 diabetes mellitus and diabetic
neuroosteoarthropathy (Charcot foot)
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! Endocrinology Research Centre, Moscow, Russia;
ZRussian University of Medicine, Moscow, Russia;
3 |lyinskaya Hospital, Krasnogorsk, Russia

ABSTRACT

BACKGROUND: Surgical treatment of diabetic neuroosteoarthropathy is a complex area in traumatology — orthopedics not
only because of severe biomechanical disorders and gross deformations of the distal segment of the lower limb, but also
because these phenomena are accompanied by many disorders of the somatic status. Of particular importance is a pronounced
decrease in bone mineral density. This case is intended to illustrate the features of the treatment of this pathology.

CLINICAL CASE DESCRIPTION: A clinical case of treatment of a 34-year-old young female patient with type 1 diabetes mellitus,
development of diabetic neuroosteoarthropathy (Charcot foot), and aseptic necrosis of the talus of the right foot is presented.
From 2019-2020 conservative and surgical treatment was carried out aimed at stopping the active stage of Charcot foot,
correcting deformity and stabilizing the distal segment of the limb (calcaneotibial arthrodesis). A satisfactory treatment result
was achieved, complete activation 8 months after the operation. However, in 2021 The patient suffered a closed low-energy
fracture of the distal metaphysis of the right tibia. Regarding this episode, the patient comes in at the stage of consolidation of
a displaced fracture and complaints of recurrence of varus deformity, even greater shortening of the limb, and swelling of the
ankle joint. The fact of injury is denied, which allows us to regard the existing fracture of the tibia as pathological. In this regard,
an operation was performed: osteotomy of the fibula and tibia in the area of consolidation of the pathological fracture in order
to correct the deformity and compensate for the existing shortening of the limb due to the formation of a distraction regenerate.
During the treatment, malnutrition and delayed formation of bone regenerate were noted, which required prolonged use of an
external fixation device and specific drug therapy aimed at stimulating osteogenesis and improving bone mineral density. At the
end of the course, there was an increase in the mineral density of the tissue, the density of the regenerate radiologically and
laboratory (control of bone formation markers) and a satisfactory functional result.

CONCLUSION: A successful result in this clinical case was achieved by combining orthopedic surgical and conservative treatment
with specific drug therapy in a comorbid patient with reduced bone mineral density and a high probability of complications in a
multidisciplinary approach.

Keywords: case report; Charcot foot; osteoarthropathy; osteopenia; bone mineral density; calcaneotibial arthrodesis; bone
regenerate.
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KJIHNHECKIE CITYHAM

BBEJEHUE

[nabetnyeckas HepoocTeoaptponatus (AHOAI) senset-
€S TAXKEMBIM OCNOXHEHWEM caxapHoro auabeta v npefcras-
nseT coboii nporpeccupylollee NopaXKeHWe KOCTHOW TKaHW,
NposBASIOLLEECs BOCMAIEHUEM M pe30pbLMeit KOCTU U B psaLe
C/ly4yaeB NpUBOASLLEE K Pa3BUTUIO CTOWKOW AedopMauuu
LMCTanbHOMO CErMeHTa HUXHEN KOHEUHOCTM, BbI3BaHHOM ne-
pudepuyeckoit Heiiponatuei [1, 2].

HeliporeHHas perynauus TpOQUKM TKAHEN KOHEYHOCTEW
OCYLLECTBNISETCSA B OCHOBHOM [BYMS TUMaM1 HEMUENIMHU3N-
POBaHHbIX BOJIOKOH — CUMMATUYECKVUMM U CEHCOPHBIMU.

CvMnaTnyeckas HepBHas CUCTEMA KOHTPONMpYET CKe-
NeTHbIN roMeocTas, rMaBHbIM 06pa3oM Yepe3 aapeHepru-
yeckue peuenTopbl (AP), KoTopble NpeAcTaBnieHbl Ha KOCT-
HbIX KJIETKaX-MMLLEHAX — ocTeobnactax WM ocTeoKnacTax
[3, 4]. PacnpepeneHne cUMMaTUYECKMX HEPBOB B CKeneTe
MNEKOMUTAIOLWMX [0 CUX MOP MJIOXO OMWCAHO, MPUCYTCTBUE
CMMMaTMYeCKoro 3BeHa mepudepuyecKoi HepBHOW cucTe-
Mbl OnpegenseTca Ha ypoBHe beapeHHoi Koctu. Cumnatu-
YECKWe NepuoCTabHbIE BOJIOKHA Pa3BETBIIAIOTCA B KOCTHOM
MO3re ¥ KOMMaKTHOW KOCTU, O YEM CBMAETENbCTBYET WUM-
MYHOTMCTOXMMUYECKAs MO3WUTMBHOCTb TKaHell B OTHOLUE-
HWUM TUpo3uHruapokeunassl (T1), HedponenTtuaa Y. Menkue
BETBM MEPMOCTA/IbHbIX HEPBHBLIX BOJIOKOH, MPOXOAsLLME
Yepe3 KOPTUKAsbHYK KOCTb, CBA3aHbI C KPOBEHOCHBIMM CO-
cymamm $osbKMaHOBCKOIO W raBepcoBa KaHanos. HekoTopble
MOryT NPOXOAMTB Yepe3 NapeHXUMy KOCTHOM Mo3ra 1 3aKaH-
UMBATbCA Ha CTEHKaxX CUHYCOMAOB, NMEPUBACKYNAPHBIX CTpO-
MarbHbIX KneTKax. T -MMMyHOpeaKTUBHbIE BOJIOKHA 00bIYHO
MMEIOT CrpanbHyl0 MOpGONOrui0 U 0XBaTbIBAKOT KPOBEHOC-
Hble COCyAbl, C KOTOPbIMU OHW CBfA3aHbl. B uenom obnactu
MWHEPAIM30BaHHOW KOCTWU, KOTOpble MOABEPraloTCcs Hau-
BbonbLLeMy MexaHU4ecKOMy BO3LENCTBMIO U HArpy3Ke, MMeT
CaMyto BbICOKYH0 CKOpOCTb MeTabosinaMa u KoCTHOro obmeHa.
OHu TakKe Haubonee BaCcKYNApPU3MPOBaHbI U UMEKT CaMyLo
BbICOKYI0 M/I0THOCTb CUMMATUYECKUX U CEHCOPHBIX BOJIOKOH.
N HapgKoCTHWLA, M KOCTHBIA MO3r MOAyYakoT HopafpeHep-
TMYECKME BOJIOKHA (4acTo CBA3aHHbIE C COCYAMCTON CETbio),
a TaKXKe BA30AKTWUBHblE MHTECTMHANbHbIE MOAMNENTUL-UM-
MyHopeakTuBHble (BUMN-MMMyHopeaKT1BHbIE) BONOKHA (HacTo
CBSI3aHHbIE C MapeHXUMON).

[okasatenbcTBa ponu AP B ckeneTHoMm MeTtabonusme
BbiM NonyyeHbl B X04e UCCNE0BaHUN Ha rpbi3yHax, rae
dapmakonormyeckas cTUMynauus B-aapeHepruyecKux
CMrHanoB MOBNIUANA HAa KOCTHYI Maccy. 3HauuTenbHas
noTeps MUHEPaNbHON NNOTHOCTU KOCTHOM TKaHu (MIIKT)
bbina obHapyxeHa y Mblllel, NOyYaBLUMX U3oMnpoTepe-
Hon (B-aJpeHepruyecKuii aroHUCT), TOrAa Kak NleyeHue
NponpaHoNoNoM (HeCeNeKTUBHLIM [B-afpeHepruyeckum
aHTaroHUcToM) 61aroTBOPHO BAMANO HA MNOTHOCTb KOCTH
[5]. JInHMM ocTeobnacTUYECKUX KNETOK U NEPBUYHBIE KYSb-
Typbl 0CTE06/1aCTOB B OCHOBHOM 3KCMPECCUPYIT MOATUN
B2AP co cnaboit unu Heonpepaensiemoit akcnpeccuent B1AP
n B3AP [6, 7].
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B2AP TaKKe MAeHTMDMLMPYETCA Ha NOBEPXHOCTM OCTEO-
KNnacToB, OfHaKO Ouonormyeckas 3HauMMOCTb MPSAMOrO
addekta ctumynsaumm B2AP Ha ocTeoKnacTbl TpebyeT Aanb-
HEeMLero M3y4eHus, XoTA coobLianock 0 NpsMoM 3ddek-
Te ctumynauum BAP Ha auddepeHUMPOBKY OCTEOKNACTOB;
aHanu3sbl B 3TOM UCCNEe0BaHUM MPOBOAMIUCH C KETKaMu
KOCTHOrO MO3ra, KOTOpble MOryT COLEepXaTb 0CTeobnacTsl,
aKcnpeccupytowme B2AP. Kpome Toro, XonuHeprudeckoe
BMIMSIHWE CNOCOBHO NPMBOAMTL K YBETMHEHUIO KOCTHOM Macchl
NYTEM aKTUBaLMU HUKOTMHOBLIX peLienTopoB (a2nAChR), akc-
MpeccupyeMbiX 0CTEOKIAacTaMm, MHIMbupys pe3opbumio KocTu
U 3anycKas anonTo3 ocTeoKacTos [8].

HokayTHble no B1AP MbiluM MMeNM HU3KYK Maccy B be-
OPEHHbIX KOCTAX M MUHUMAJIbHBIA KOCTHBIA aHabonuyeckui
OTBET HA OCEBYI0 KOMMPECCUOHHYIO Harpy3Ky. IToT GeHoTun,
no-BMAMMOMY, AOMWHUPOBAN Haa (GEeHOTMNOM, MHAYLMPO-
BaHHbIM feduumutoM P2AP, MOCKONbKY MbIWK € ABOWHBIM
HokayToM B1/2AP Takxke uMenu QeHOTUN HWU3KOM KOCTHOM
Macchbl, CBA3aHHBIA CO CHUMEHMEM CKOPOCTU KocTeobpaso-
BaHWSA 1 OTCYTCTBMEM OTBETA HA KOMMPECCUOHHYIO Harpy3Ky.

3T pe3ynbTaTbl NO3BONAIOT MPELNONAOKUTL, YTO Nepe-
Aava curHanos BTAP u B2AP okasblBaeT npoTUBOMNOOMKHOE
BO3JEMCTBME Ha KOCTU: Nepedada curHanos B1AP okasbiBaeT
npeobnagatolumin aHabonMyeckuin CTUMYI, TOra Kak nepe-
Oaya curHanos B2AP sensetcsa Katabonmueckoii [9].

lapacumnaTyecKmx BONIOKOH B KOHEYHOCTSX, 0COBEHHO
B AMCTaNbHbIX OTAENax, NpaKTUYeCKU HET, BO3MOXHbI KIU-
HWYECKM HE3HAYMMBIE MO YMUCITY BOJIOKHA B MPOKCUMAJbHBIX
30HaxX HWKHUX KOHEYHOCTEN, NPOHUKAIOLLME Mo cocyaaM ne-
PVBaCcKyNsApHO U3 Tasa.

NMMyHOTMCTOXMMUYECKOE OKpalUMBaHWE LUCTaNbHOMO
MeTapu3a befpeHHOM KOCTU B MCCnefoBaHUM Ha nabopa-
TOPHBIX MbILIAX BbISIBUIO BE3WKYNSAPHBIA TPAHCMOPTEP aLle-
TunxonuHa (VAChT) — nosouTenbHble HeMpoHasbHble BO-
JIOKHAa B MedyNnnisipHbIX MeXTpabeKynsapHbIX NpOCTpaHCTBaX,
raBHbIM 00pa3oM B HemocpefCTBEHHOW bnM3ocTu oT KocT-
HbIX 6anoK. Ytobbl KapTMpPOBaTh LEHTpasbHbIi BEreTaTUBHLIN
nyTb, ObINO NpOBELEHO PeTPOrpagHoe TPaHCHEMpOHasbHOE
pacnpocTpaHeHue pekoMOMHAHTHOrO BUpYca nceBnobeLLeH-
CTBa, UHOKYNMPOBAHHOTO B AMCTaNbHbIN MeTadu3 beapeHHo
KocTu. MeyeHble BUpYCOM aHTUTENa bblan naeHTMdMLMpoBa-
Hbl B LLEHTPaIbHOM aBTOHOMHOM 5iipe KpecTL0BOro CerMeHTa
CMMHHOTO MO3ra XMBOTHbIX, aHATOMUYECKUX YJacTKax, orpa-
HWYEHHBIX ANS TeN MapacuMNaTUYECKUX NperaHrMOHapHBbIX
Kknetok [10].

Bonee Toro, aktuauus nAChR cneumnduyeckummn aroHu-
CTaMU MOKET MHAYLMPOBaTb Nponmdepaumio ocTeobnactos,
4TO TaKXKe cnocobCTBYeT yBeNMYeHU KOCTHOW Macchl [11].

HapkocTHuua n TpabeKynsipHble KOCTHble OTAenbl borato
MHHEePBUPOBaHbI rYCTOW CETbI0 CEHCOPHBIX BOJIOKOH, YYBCTBU-
TesbHbIX K MEXaHWUYECKON CTUMYNALMK. XOTA QYHKLMOHAIb-
Has 3HAYMMOCTb 3TOro (U3MOMOTMYECKOrO MpoLecca eLé
He M3yyeHa B [LOCTAaTOYHOW CTEMEHW, KaK CEHCOPHble, TaK
1 CMMNATUYECKUE HEPBHbIE BOJIOKHA B KOHEYHOCTSAX CMocob-
Hbl NpopacTaTb B OTBET Ha Bocnanenue [12, 13].
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B HopManbHoOI BefpeHHOW KOCTW OTHOCWTeNbHas NoT-
HOCTb YYBCTBUTENbHBIX HEPBHBIX BOJIOKOH KaSlbLIMTOHWUH-TeH-
poacteeHHoro nentuaa (CGRP+) u HerpotpodHoi peuenTop-
HOM TMPO3MHKMHa3bI 1, unmn TrkA (TrkA+), Ha eanHULY 00BEMa
paBHa: HaIKOCTHWLA > KOCTHBIW MO3r > MUHepan130BaHHas
KocTb > xpsaw, — 100:2:0,1:0 coorBetcTBEHHO. TOT daKT,
YTo OOMBLUMHCTBO CEHCOPHBIX HEPBHBIX BOJIOKOH, MHHEPBHU-
PYHOLLMX CcKeneT, aKkcnpeccupytoT TrkA+, MOXET 4acTWU4HO
06BACHATL, NOYeMy METOAbI JieYeHUs, BNOKUpyloLLMe NyTb
NGF/TrkA, oueHb 3ddeKTMBHbI B 0CnabneHun cKeneTHom
bonm [14].

MexaHuueckas Aedopmauus, cBf3aHHas C nepeno-
MaMu WM fedeKTaMu KOCTel, aKTMBMpYeT BOJIOKHa Ab-
unm C-Tuna, KoTopble MepeaatoT nepBoHaYanbHble boneBble
CTUMYTIbl B COOTBETCTBYIOLLME 00M1aCTU KOpbI FOSI0BHOMO MO3-
ra, 4To NPMBOAMT K 3 HEKTOPHOMY BbICBODOXAEHUIO KaTeXo-
NaMWHOB CUMMATMYECKUMU HepBamu [15, 16].

Ha oKOHYaHusX CeHCOpHbIX HEPBOB MMEETCS LUMPOKUN
CMEKTP peLienTopoB, KoTopble 06HapyXuBalT creumduyec-
Kue MefuaTopbl BOCMANEHUS, U aKTMBALMS 3TUX PeLIenTopoB
3anycKaeT paf NOCNELyIOWMX U3MEHEHUH, TakuX Kak doc-
(opunupoBaHMe W aKTUBALMA MOHHBIX KaHanoB (Hampumep,
Nav1.7 Nav1.8, Nav1.9, TRPV1 n TRPAT1), uTo TaKxKe npusoamnt
K CeHCMbUNM3aLmm 1 aanbHemLLeMy BbICBODOXAEHWIO HEMpO-
TpaHcmuTTepos [17].

UuTokuHbl (ructamun, TNF, IL-1B, IL-6, IL-17A), nunmna-
Hble MeauaTopbl (MpoctarnanamH E2 (PGE2), neiikotpueH B4)
1 dakTopbl pocta (NGF, HelipoTpodnyeckuin GpaKTop ronoBHO-
ro Mosra (NGF) BDNF) npoayumpytotcst B 0CHOBHOM TY4HbIMU
KNeTKamu, Hentpodunammn, Makpodaramu u knetkamu Th17
U y8T U BHOCAT CyLLLECTBEHHBIA BKNAA B CEHCUBMAU3aLMIO
CeHCopHbIX HepBoB. HanpuMep, ceasbiBaHue TNFa u ero pe-
uentopa (peuentop TNFa 1, TNFR1) Ha okoHuaHusix docdopu-
nmupyeT KaHanbl Nav1.8, 4tobbl 065ierymTb OTKPBITUE KaHasoB.
Takum obpasoM, BannepoBcKas fereHepauus U BocnaneHue
ABNAKTCA NEPBUYHBIMU peaKLMAMM Nepudepuieckux HepBoB
BO BpeMs nepenoma Kocty [18].

AHabonnyeckun 3ddeKT HerMponenTMaOB NposABNSeTCA
3a CYET NpAMOro CBA3bIBAHMA C KIETKaMU KOCTHOM Mpouc-
XOX[EHWUSA, a TaKKe BO3AEHCTBUA Ha SHAOTENMANbHbIE KNET-
KM B XOfie HeoBacKynoreHesa [19-21].

Mepudepuueckas HepBHas cUCTEMA UFPAET BaXHYIO POib
B Pa3BUTMM BOCMA/INTENbHOTO OTBETA B TKAHAX NMYTEM pery-
NAUMN aKTUBHOCTM MECTHOM UMMYHHOW cucTeMbl. [lo faH-
HbIM NUTepaTypbl (3KCMEepUMEHTaNbHbIE UCCIIEA0BaHMSA),
3¢ depeHTHOE 3BEHO NApPacMMNATMYECKON HEPBHOM CUCTEMBI
OKa3blBAET NPOTMBOBOCMA/ITENBHOE AECTBUE NMYTEM BiK-
AHWSA Ha pasNUyHble MOATUMbI PELLENTOPOB K aLEeTUNIXOUHY
(nAChR), HaxoasLimMecs Ha NOBEPXHOCTU UMMYHOKOMMETEHT-
HbIX KNETOK, TEM CaMblM MOAYIMPYS UX aKTMBHOCTb. AKTH-
Baums a/nAchR nopaenseT NpoAyKUMI0 NPOBOCMANUTENbHbIX
LMTOKMHOB NMYTEM CHWXEHWS TPaHCNOKaLmn saepHoro dak-
Topa NF-kB [22-24].

B octpon cTapmn nuabetuyeckoii HelipoocTeoapTpona-
TUW NaTONOTMYECKME U3MEHEHUS 3aTParmBaloT KOCTHBIA MO3r
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M XapaKTepuU3YKTCA NePCUCTUPYIOLMM OTEKOM W BOCMane-
HWEM, 3aTparvBaloWMM TaKXKe MepUapTUKYNAPHbIE TKaHMW.
Hekynupytoweecs BocnaneHne NpuBOANUT K NpOrpeccupoBa-
HWIO MaTeIOrMYecKoro npouecca, fedopMauun 1 Kak cneg-
cTBMe — K nepenoMaM. [lpo- U npoTvBOBOCNANUTENbHBIE
MeAMaTopbl Y4acTBYKT B CJIOXHOM MpoOLEcCe aKTMBaLMM
W pa3peLLeHnUn BOCNANEHMS, BaXHYI0 pPojib B KOTOPOM Mrpa-
eT MakpodaranbHas cucteMa. Cranu nosBNATbCS AaHHble
06 ydactum MakpodaroB B octeoreHese. OgHaKO [0 KOHUA
He SICHO, KaKkoi ¢eHotun Makpodaros, M1 unm M2 (npo-
BoCnanuTenbHblii M1-deHoTun, npoTMBOBOCNANUTENbHBIN
M2-deHoTnn), ycunuBaeT OCTEOTeHHY0 AU epeHUMpoBKY
Me3eHXUManbHbIX KNEToK in vitro. Pag uccneposatenen co-
obwwatot, yto M1-Makpodaru MoryT cnocobcTBoBaTh paHHew
U CpefHeil CTaaMaM 0CTeoreHe3a, Toraa kak M2-makpodaru
cnocobCTBYIOT MUHEpanu3auuy MaTpuUKca ropasfo No3e.
CootBeTcTByloLLEe NepeksitodeHme ¢ GeHoTuna M1 Ha deHo-
TMN M2 MOXeT MMeTb peLLaloLLee 3HaUeHUe 1S 3aXKMBIEHMS
MepenoMoB KOCTEN U 0CTeOMHTErpaumMmn uMniaxTara [21].

K coxaneHuio, HaKonneHo AOCTAaTOMHO CKYAHOE KONu-
4yecTBO faHHbIX 0 natoreHese [IHOAI, a pesynbTtatbl Me-
OMKaMEHTO3HOr0 BO3JEMCTBUA Ha NOKaNbHbIA 0CTEONOpOo3
He YBEHYaNNCh YCMEXOM.

PesynbTaTbl 0nepaTMBHOIO JIeYEHUS KOCTHO-CYCTaB-
Hoi natonorun (0Cob6eHHO C UCMONb30BaHUEM BHYTPEHHMX
MW BHELUHWX MEeTanjoKOHCTPYKUWA) BO MHOTOM 3aBUCST
OT CMOCOBHOCTM KOCTHOM TKaHM K penapauuu, K TOMy e
BonbHble caxapHbiM AuabeToM C TAMXENBIM NOBPEXAEHNEM
nepudepuyecKoi HepBHOW CUCTEMbI UMEKT HU3KWI pereHe-
paTopHbliA NOTEHUMAN MAFKOTKaHHBIX AedeKToB [25, 26]. [laH-
Hble 00CTOATENbCTBA 00YCIOBNMBAOT BLICOKUIA PUCK TaKMX
OCNTOXHEHWH, KaK 3aMefieHHas KOHCOMMAALMA UK Hecpa-
LLIeHWe NepenoMoB, OTCYTCTBUE UMW 3aMeasIeHHoe GopMUpo-
BaHMe KOCTHOTO aHKW/03a (nocne BbINOMHEHUs apTpoaesa),
naTonoruyeckme NepesioMoi.

OMUCAHWUE KNTMHWYECKOIO CJTYYAA

MaumenTtka B., 34 net, ¢ caxapHbiM guabetom 1 Tuna,
AAMTENbHOCTBI0 3aboneBanns 29 net, byoyuu B AEKPETHOM
OTMYyCKe, NepBblii pa3 obpaTtnack 3a MEAMLIMHCKOM NOMOLLbIO
B 2019 . XapakTtep npoeccMoHanbHoOM LeATeNbHOCT — Me-
OVUMHCKan cecTpa. Mpeabsensna xanobbl Ha OTEK, aedop-
MaLMI0 U YKOPOUEHHe MPaBOM HUMKHEN KOHEYHOCTH, a TaKKe
yMepeHHble 6011 B 06n1acT rosieHoCTonHoro cycTasa (5 ban-
noB no BuayanbHoi aHanoroBoi WwKane (BALL)).

3nu3opa nepsbin

Bec naumeHTKM Ha MOMEHT NepBMYHOr0 obpalleHns co-
cTaenan 55 Kr, poct — 158 cM, nepeasuranack 6e3 cpeacts
JononHuTenbHol onopel. [lpu obcnegoBaHny BbisBeHa To-
Enas aucTanbHas NoMHeponaTus, Yicno 6annos no Wwka-
ne HAC («Herponatnyeckuit AUCHYHKUMOHANBHBIA CYET»)
[27] — 20. TemnepatypHasa u 6oneBas 4yBCTBUTENLHOCTb
Ha cTone OTCYTCTBOBA/M, YTO CBUAETENLCTBOBA/O 0 rpyboit
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Puc. 1. BHewHuiA BUA, KOHEYHOCTH.
Fig. 1. Appearance of the limb.

NaToNorum TOHKMX HEMUETMHM3MPOBAHHBIX BOIOKOH. Mpu uc-
Clef0BaHNW apTepuanbHOr0 KPOBOTOKA BbISIBNEHbI NPU3Ha-
KW MeAuacKiepo3a, KPOBOTOK Ha 3afHen bonbluebepLioBoii
apTepuy MarucTpanbHO-U3MEHEHHBIN, NIMHEHas CKOpoCTb
KpOBOTOKa — 45 cM/c, Ha TbiNIbHOW apTepum CTOMbl — Ma-
TUCTPabHO-U3MEHEHHBIN, IMHENHAs CKOPOCTb KPOBOTOKA —
30 cM/c. OTMeyanuch yMepeHHbIN OTEK obacTi npaBoro ro-
NEHOCTOMHOrO CcycTaBa (OKPYMHOCTb +2 CM MO CPaBHEHUIO
C KOHTpanaTtepasbHOM KOHEYHOCTbIO), TUMEPTEPMUA KOKHBIX
nokpoBoB (+5 °C No cpaBHEHWUIO C KOHTpanaTepasbHoi Ko-
HEYHOCTbI0), BapycHas aedopMauus (NATOYHO-TMBMANBHLINA
yron 6e3 Harpysku 30°, ¢ HarpysKoin — 45°), AnuHa beapeH-
HOro CerMeHTa W roJIeHN NPaBoM U JIEBON HUKHUX KOHEYHO-
CTel OQMHAKOBbI, YKOPOUYEHWE MPaBOW HUKHEN KOHEYHOCTH
3a CYET AMUCTaNbHOro CerMeHTa Ha 2 cM (puc. 1).

Mpn peHTreHoNorMyeckoM o6CENOBaHUM BbISBNEH IU3UC
TapaHHOIA KOCTW NpaBoii cTonbl Ha 2/3 oT cBoero 06bEMa (npe-
MMYLLIECTBEHHO Tefa TapaHHOM KOCTM) CO CNabo BbIPaKeHHbI-
MV Npu3Hakamu cHuxerusa MIKT: ucToH4eHne KOpTUKaNbHOM
MAACTUHKK, KpyrHosyencTas TpabekynspHas MUKPOCTPYKTYPa,
YCUNeHHas peHTreHonpo3paqHocTb (puc. 2, 3).

Bbino Ha3HayeHO KOHcepBaTWUBHOE JieueHue: UMMobu-
Nn3auma GYHKUMOHANBHOM MOSIMMEPHON MOBA3KOW, Orpa-
HWYeHWe Harpy3ku Ha OonbHyl KOoHeyHocTb. B npouecce
MMMOOUNM3aLmMK Ha BbicoTe AedopMaumn B NPOEKLUMN Ha-
PYMHOM JToAbIXKM chopMMpoBanach HeponaTuyeckas a3sa
pa3MepoM 1x1 cM, Wagner 2, KoTopas 3axuna nocne npe-
KpaLLeHMs UCMOb30BaHNA UMMOBUIN3aLMK U e3KEeLHEBHbIX
nepeBs3ok ¢ 10% pactBopom beTaguHa. Ha doHe KoHcepBa-
TUBHOTO JIeYeHUs Yepe3 4 MecsLla 0TMeyeHa cnabononoxu-
TeNbHas AMHaMUKa: CHUMEHWe oTéuHocTu (+1,5 cM) u pas-
HULbI TEMMEepaTypbl KOXHbIX NOKPOBOB ([0 +3°), CHWKEHME
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Puc. 2. PeHTreHorpamMma B nepeHe-3afHel NPOEKLMM [0 JIEYEHMS.
Fig. 2. X-ray image in anterior-posterior projection before treatment.

bonesoro cuuapoMa (o 3 6annos no BALL). OnHako cTeneHb
AedbopMaumm He YMeHbLUWNAch, W, YYMTLIBAA HapyLUeHue
0MopocnocobHOCTH, BLICOKMIA pUCK 06pa3oBaHus Heipona-
TMYECKWX A3B W MPOrpeccMpoBaHms KIIMHUYECKUX NposiBe-
HWK, BbINO NPUHATO peLueHne 0 HeobxoaMMOCTU XMpyprude-
CKOTO JIeYeHUs.

B ¢espane 2020 r. BbinonHeH nATo4HO-BonbLuebepLo-
Bbli apTPOAE3 B MOMOXEHUM KoppeKumu. [Mon, cnnHanbHow
aHecTe3neil M reMOCTaTUYECKUM TYPHUKETOM HapyKHbIM

Puc. 3. PeHTreHorpaMMa B HOKOBOM NPOEKLMM 10 NEYEHMS.
Fig. 3. X-ray image before treatment in lateral projection.
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L-06pa3HbIM JOCTYNOM C pe3eKuMen HapYKHOMN JIOABIMKM
npou3BefeHbl yaaneHue GparMeHToB IM3MPOBAHHON TapaH-
HOW KOCTW, 06paboTKa CycTaBHbLIX MOBEPXHOCTEH MATOYHOM
1 BonbluebepLoBON KOCTH, UKCALMA C KOppeKumen Bapyc-
Hoi fedopmaumm B annapare Wnusaposa.

B 6nmxanweM nocneonepauuMoHHOM nepuoge npo-
BOAMICb aHTUOMOTUKONPOOMNAKTUKE — LedTpuaKcoH
1,0 Mn 2 p/neHb B/M, npodunakTMka TpOMOO30B — KJIEK-
caH 0,4 n/k 1 p/neHb, NepeBA3KYU CO CMMPTOBLIM PacTBOPOM
xnoprekcuamta 0,5% [0 CHATUS WBOB (3aXMBNEHME One-
PaLMOHHON paHbl NEPBUYHOE). YUMTbIBAs BbICOKYH BEPOSAT-
HOCTb NpOpe3biBaHUs TKAHEN CNMLAMKN U BHYTPUKOCTHBIMH
CTEPHAMM, Pa3BUTMSA THOMHBIX OCJIOXHEHUIA B YCIOBUAX
AMCTanbHOM HeMponaTim, peKoMeH[10BaHa NosHas pasrpys-
Ka onepupoBaHHOI KOHEYHOCTMU.

Yepe3 5 MecsLeB nocne onepauuu oTMevanuchb crnabo
BbIPaXEHHbIN OTEK AMCTANbHOrO OTAENa rofieHn U CTombl
(+1 c™), dmsnonornyeckuii NATOYHO-TUOManNbHLIA yron (5°).
PeHTreHonormyeckn Habnioganucb NpusHaku GopMupoBa-
HWA KOCTHOMO NATOYHO-60nbLIEbepLOBOr0 aHKWUN03MpoBa-
HWA (OTCYTCTBME 3aMbIKATENIbHOM MNACTUHKU MEXAY MATOY-
HOW ¥ 60MblIebepLoBOi KOCTAMKM, OPMUPOBaHME eaMHOM0
KOPTMKANLHOTO COA B 30HE KOHTAKTa), OLHAKO MPU3HaKK
cHuenna MIKT ctanm bonee BbipaeHbl, Y4T0, BEPOSATHO,
LOMNONHMTENBHO 06YCNOBNIEHO OTCYTCTBUEM Harpysku. [lpo-
U3BEAEH AEMOHTaX annapata Mnu3aposa, HanoxeHa noniu-
MepHasi UMMOBMIM3MPYIOLLAA MOBA3KA.

PaspelueHa nocTeneHHo Bo3pacTaloLLas Harpyska B no-
NIMMepHoI UMMObUIU3UPYIOLLIEl NOBSA3KE B TeueHue 4 Mecs-
LLeB Nnocne AeMoHTaxa annapata Minu3aposa, no ucteyeHuu
KOTOpPbIX PEHTrEHONOMMYECKN ONPEeLeNsfnch YBeNUYeHue
MIKT po npefonepauuoHHbIX 3HAYEHWIA, PEMOLLENMPOBaHME

Z

Puc. 4. BHeluHW BWA, KOHEYHOCTH Yepes 8 MecALEB Nocsie onepaumn.
Fig. 4. Appearance of the limb 8 months after surgery.
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Puc. 5. PeHTreHorpamMMbl Yepes 8 MecsiLieB Noc/ie onepauyu.
Fig. 5. X-ray image 8 months after surgery.

KOCTHOM TKaHW — MepecTpoiika obLei TpabekynsapHoii Tek-
CTypbl. bbin paspelwéH nepexos Ha optoneauyeckyto 0byBb
C KOMreHcaumen yKopo4eHUs KoHeYHocTn (4 cm). K atomy
BpeMeHu 60neBoi CMHAPOM NaUMEHTKY He becnokoun, na-
TONOTMYECKas MOABMIKHOCTb OTCYTCTBOBaNa, OJHAKO CO-
XpaHancs cnabo BblpaXeHHbIN OTEK LMCTaNbHOM0 CerMeHTa
KoHeyHocTH (+1,5 cM) (puc. 4, 5). B TeyeHue maHHoro ne-
p1ONepaLyroHHOro Nepuoaa NleYeHUs OCNOXKHEHUI He OT-
Meyanoch.

3nusop, BTOPOM

B mapre 2021 r. naumeHTKa obpaTunacb NOBTOPHO C Xa-
nobamu Ha cnabele 6onu (3 banna no BALL), yKopoueHue
KOHEYHOCTU M Hanuume fedopMauuu Ha YpPOBHE HUMKHE
Tpetn roneHun. Co cnos bonbHoii, gedopmaums passunach
nocTeneHHo B TedeHmne 2 MecaleB. OakT nonyyeHns TpaBMbl
oTpuuana, 3a MeAMLMHCKOW noMoLubio He obpalanack. 0T-
Meyanoch yBeNMYeHMe Macchl TeNa Ha 7 Kr.

KnuHnyeckn onpenensnncb 0TE€YHOCTb (+2,5 cM), yme-
peHHas runeptepmus (+2°) u BapycHas fedopmaums (30°)
JVCTabHOrO 0TAeNa rofieHu bes noaBUIKHOCTY Ha YKa3aHHOM
ypoBHe. [lepeMelanack cobofHo, 6e3 cpeacTs [OMONHM-
TeNbHO onopbl (puc. 6).

PeHTreHonorMyecku BbiSIBNEH CrMPaneBUaHbIA NepesioM
MeTadu3apHoii 30HbI 60MbLIE6EPLIOBOM KOCTH CO CMeLLIEHWEM
Ha CTagumM KoHconMaaumm ¢ obpasoBaHMeM 0O6bEMHOM KOCT-
Hol Mo3onn. Kak 1 paHee, 0TMeYanuch NpU3HAKKU CHUKEHUS
MIIKT (puc. 7, 8).

Ha MOMEHT noBTOpHOrO NOCTYNNIEHMs B CTaLMOHap OT-
meyeH peduumt 25-0H ButammHa D — 18 Hr/mr (30-100)
Ha (oHe xpoHuyeckoii boneshm noyek (XBIM), C3a (ckopocTb
K11y60uKoBOM unbTpaLmMm — 49 M/MuH/1,73 M?), HopMarb-
HOr0 YPOBHS KanbLMs, CKOPPEKTMPOBAHHOMO Ha anbbyMuH,
(ocdopa, 4To conNpoBOKAANOCH rMNEprapaTMpeo3oM (napa-
TMpeonaHbi ropMoH — 106,8 nr/mn (15-65)). Mo pe3ynbTta-
TaM [BYX3HEpreTMYeCKOW PeHTreHOBCKoW abcopbunomeTpum
(neHcuToMeTpum) MIKT B npoKcMManbHoM otaene 6eapeHHo
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Puc. 6. BHewuHuin BUA, KOHEUHOCTU (BUJ, C3aM).
Fig. 6. Appearance of the limb (posterior view).

KOCTU BbisiBfieHa ocTeoneHus ao -2 SD no Z-score, ao -1,7 SD
B NOSCHWYHOM OTZENe NO3BOHOYHMKA, ocTeonopo3 Ao -3,0 SD
B JTy4E€BOI KOCTH.

Mpu uccnegoBaHWM MapKepoB KOCTHOW  pesopbumm
M KocTeobpa3oBaHus BbisiBNeHO cnepytowee. OcTeo-
KanbUWH — MapKep KocTeobpasoBavus (ButamuH K-
u BuTaMUH D-3aBMCKUMBIN BENOK, NMpUCYTCTBYET B KOCTHOW
W 3yDHOI TKaHM, CUHTE3MpYeTcs ocTeobnactamu U OfOHTO-
bnactamu, bonbluas YacTb 0bpasytolLerocs ocTeoKanbLMHa
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OTKJ1a[bIBAETCA BO BHEK/IETOYHOM MaTpUKCe KOCTH, NOABEp-
raeTcs MUHepanusauuu B npowecce GpopMUpOBaHMA HOBOM
KOCTHOI TKaHM, ocTaBLiasca yactb 6enka (10-40%) nocry-
naeT B KPOBOTOK) — HaxoAmnca B pedepeHCHOM auanasoHe
20,53 Hr/mn (14-42), C-KoHUeBOW TenonenTUa KonnareHa
| Tuna (Hanbonee 3HauMMbIN NPOAYKT Aerpafauun Konna-
reHa: B Mpouecce pe3opbumn ocTeoknactaMu TenonenTuapl
BbICBODOKAAOTCA B KPOBOTOK M BLIBOAATCSA MOYKaMM) y na-
LMEHTKM ¢ nepenomoM coctasun 0,438 Hr/mn (0,1-0,85).

Ha ocHOBaHUM KNMHUKO-aHAMHECTUYECKUX AaHHBIX Che-
NaH BbIBOL O MaToNIOrMYeCcKOM XapaKTepe MepenioMa, pexo-
MEH[0BaHO XMPYPruyecKoe NeYEHMe.

lMog cnMHHOMO3roBoOW aHecTe3nen 6e3 KpOBOOCTaHABM-
BalOLLIEro TYPHUKETa HanoxeH annapat Mnu3apoea Ha 4 Mo-
pynsx. [lpousseneHa ocTeoToMus ManobepLoBOi KoCTy
U3 HapyxHoro goctyna 2,0 cM u bonbluebepLoBoi KocTy
u3 poctyna 4,0 cM no nepepHe-BHYTPEHHEN MOBEPXHOCTY
Ha BbicoTe AeopMaLMmM B 30He UMEIOLLLECA KOCTHOW M030-
nu. MpodunakTuka oCoXHEHWIA, NepPeBA3KM OMepaLMOHHbIX
PaH U PEXWUM Harpysku BbiM UAEHTUYHBI MPOBOAUMBIM pa-
Hee. 3aXKMBNIEHWE paH MEPBUYHOE, OCNOXHEHUI B bnmkKan-
LLeM MocneonepaLMoHHOM nepuofie He Habnonanock.

Yepe3 10 pHelt mocne onepauuu Hayata 3TanHas ao-
3MpoBaHHas AMUCTPaKUMA B 30HE OCTEOTOMWUM Ha MepepHe-
3aHUX CTEPHAX, COOTBETCTBYHOLUMX Ocu HonbLuebepLoBom
Koctu, 0,75 MM/cyT, Ha MeaunanbHoM cTepxHe — 1,0 MM/cyT.
Kaxgble 2 Hegenu nNpoBOAMNIOCh peHTreHorpaduyeckoe mc-
CriefioBaHWe [J1 OLEHKU CTeneHU KoppeKuun aedopMaumuu
W KOHTPONIA yAIMHeHus. Tocne KoppeKLmm YrioBoro cMeLLe-
HuA (puc. 9) cKopoCTb AMCTPAKLMKM Ha TPEX CTepHAX bbina
oamHakoBoit — 0,75 MM/cyT. Yepes 8 Heaenb nocne Havyana
LVCTPaKLMK, KOTa AMacTas Mexay KOCTHbIMU parMeHTamMu

Puc. 7. PeHTreHorpamMma B nepegHe-3agHen NPOEKUMA.
Fig. 7. X-ray image in anterior-posterior projection.

DOI: https://doiorg/1017816/vt0623895

Puc. 8. PentreHorpamma B 60K0BOI NpoeKLuu.
Fig. 8. X-ray image in lateral projection.
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Puc. 9. PentreHorpamMma B nepefHe-3afHel MPOEKUMM nochne
OKOHYaHWSA KOppeKLmMKM BapycHol fedopMaumu.

Fig. 9. X-ray image in anterior-posterior projection after correction
of varus deformity.

cocTaenifan 40 MM, Bbina LOCTUrHYTa KOMMEHCALMA YKopoYe-
HWsA 1 aedopMaLmMn KOHEYHOCTH, AMCTPaKLMA Bbina ocTaHOoB-
neHa. K atoMy BpeMeHM 0TMeYanucb HayanbHble MPU3HaKKM
(opMMpOBaHMsA KOCTHOTO pereHepata, peHTreHoNorn4eckue
npu3Haku cHuxkenusa MIKT octaBanucb Ha NpexHeM ypoB-
He. MapKepbl KOCTHOro MeTaboniMaMa He BbIXOAMNW 3a npe-
Oenbl pedepeHca — ocTeoKanbuuH 34,76 Hr/mn (11-43),
C-KoHueBon Tenonentug KonnareHa | Tvna — 0,346 Hr/mn
(0,3-0,57). Mocne Koppekuun aeduumta Butammuna D (npu-
€M Konekanbumdepona 50 000 ME exeHenenbHo B TeYeHwe
8 Hepenb BHyTpb, danee 2000 ME exeHEBHO BHYTpb) Ypo-
BeHb [Tl HopManusoBancs v coctasun 61,7 nr/mn (15—65).

B nocnepytoLLieM peHTreH-KOHTPONb OCYLLECTBISNICA eXe-
MecsiuHo. [110THOCTb KOCTHOrO pereHeparta yBenmMuMBanach, ofi-
HaKo oTMeYanach oTpuLaTenbHas amHammka MIKT. Yepes 4 Me-
cAua mocne onepaumm obHapyXeHbl NpU3HaKkW runotpodum
pereHepaTa — €ro CyKeHWe U WU3BUTas JIMHWSA MOHUKEHHOM
MAOTHOCTY, PacriofioXeHHas NonepeyHo, OrpaHNYeHHas 30HON
C MOBbILUEHHOM MOTHOCTBIO KOCTHOM TKaHM (CKIepo3) Ha ypoB-
He cpefHeil YacTV pereHepara; 370 TaKKe COMpOBOXAAN0Ch
06LUMMK Npu3HaKaMm cHkeHHon MIIKT (puc. 10).

B cBA3n c ¢opmupoBaHMeM runotpodum pereHepata
Ha QoHe CTaHLAPTHOrO SIEYEHUs NPUHATO peLLeHue o JobaB-
NEHWM K Tepanuu Tepunapatuaa 20 MK B [ieHb MOAKOXHO,
LNMTENBHOCTL JieYeHns cocTaBuna 6 Mecsues. Tepunapa-
TMA — PEKOMOMHAHTHBIA YeN0BEYECKU A MapaTUPeoULHbIN
FOPMOH, KOTOPbI SIBASIETCA aKTUBHBIM (parMeHTOM 3HAO-
FEHHOT0 4eN0BEYECKOro MapaTropMoHa U GU3NoNornyecKoe
LelCTBME KOTOPOro 3aK/YaeTcs B CTUMynAUuM hopmu-
pOBaHMs KOCTHOW TKaHW MOCPeACTBOM MpSAMOr0 BAWAHUS
Ha ocTeobnacTbl. HecMoTps Ha puCK pa3BUTUS OCTIOKHEHUHN,
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Puc. 10. PeHTreHorpaMMa B KOCO# NPOEKLMW C NpU3HaKaMu rmno-
Tpodmm pereHepara.

Fig. 10. X-ray image in oblique projection with signs of regenerate
malnutrition.

CBA3AHHbIX CO CHUXEHHOM YCTOMYMBOCTBIO K MEXaHUYECKOMY
BO3/EMCTBUIO HA TKaHM (KaK CNefcTBMe Heilponatum), U Ha-
THOEHWS, paspeLUeHa J03MpoBaHHas Harpyska He bonee 25%
OT Macchbl TeNa.

Yepes 4 Mecsiua NeyeHus TepunapaTMAcM OTMEYeHo
UeThIPEXKPATHOE YBENUYEHWe MapKepa KocTeobpa3oBaHus
(octeokanbumHa) — 133,1 Hr/mn (11-43). Mo pe3ynbTatam
AeHcuToMeTpum oTMeyeHo yeennyeHe MIKT Ha 97% B ny-
4eBOil KocTu 1 [0 5% — B beapeHHoi KocTu. o peHTreHo-
NIOTMYECKUM [aHHBIM BbISIBNIEHA MOMOXUTENbHAA AMHAMMKA
B OTHOLLEHUW (OPMMPOBaHMS KOCTHOMO pereHepara: yBesn-
YeHue NIOTHOCTH, OJHOPOJHOCTHM, CHUXEHME NpOSBIEHWIA
obuiero cHmkenna MIKT. Ewwé yepes 2 MecsiLa oTMeYanocb
(opMMpoBaHMe KOPTUKANbHOM NNACTUHKM Ha BCEM NpOTAXE-
HWW pereHepata, Nocse Yero NPUHATO peLLEHNe O JeMOHTa-
e annapata Mnu3apoBa, 06LumMi1 CPOK NPUMEHEHMSA KOTOPOTO
coctasun 10 mecsues (puc. 11).

JNanbHenwwii nepuopn, peabunutaumn 6bin aHanoruyeH
npeablgylieMy anu3ody: GuKcaums B NOAMMEPHOW UMMO-
BunuampyloLLeli NoBA3Ke Ha NPOTSIKEHUM 4 MecsLEeB ¢ no-
CTeNeHHO Bo3pacTawllel Harpyskon. B nocnepymoulem,
yepes 12 MecsiLieB nocsie NOBTOPHOW OnepaLyuu, — Nepexos,
Ha roToBYl0 OpTOMNeaMUYecKyo 00yBb W CTeNbKM be3 KoMneH-
caLyW YKOpOYEeHHS, BO3BPALLEHME K MOIHOLEHHOM HarpysKe
(puc. 12).

OBCYXOEHWUE

B HekoTopbIx paboTax 3apybexHbIX aBTOPOB OMKUCAH OMbIT
apTpoaesa 3afiHero oTAeNa CToMbl U NATOYHO-60MbLUebepLo-
BOTO apTpoAesa npu NiedeHnn ctonbl LapKo ¢ yanuHeHvem



https://doi.org/10.17816/vto623895

KJIHNHECKIE CITYHAM

Puc. 11. PeHTreHorpamMMmbl nocie fileMoHTaxa annapara Mnusaposa.
Fig. 11. X-ray images after dismantling of Ilizarov device.

bonbluebepLoBoOi KOCTM 3a CYET AMCTPAKLMOHHOIO 0CTEO-
reHe3a [28-31]. MNpeumyLecTBaMM JaHHOTO METOAA KOCTHOM
MNacTuKu SBNsioTca abcontoTHas buocoBMecTUMOCTb U PU3N-
0/10TMYHOCTB, LUMPOKME BO3MOXHOCTY MO BOCMONTHEHMIO yTpa-
YeHHoro 0bbEMa KOCTM 1 KoppeKuuu fedopMaumm, a Takke
HW3Kas cebecTonMocTb.

lpUMeHsIeTCA 0CTEOTOMMS KaK B MPOKCUMarbHOM YacTu
BonbluebepLoBOM KOCTW, TaK U B AUCTANbHON, B TOM YuCie
C MHTpaMeayNSPHbIM PETPOrpasHbIM OCTEOCHHTE30M MO 3a-
BEpLUEHWM 3Tana AMCTpaKLMKM B annaparte BHELUHeN (UKca-
umm [31]. ABTOpbI AaHHOM PaboTbl CYMTAOT NPEMMYLLECTBOM
3TOW METOAMKU CTUMYNALMIO KpOBOODpaLLeHWs Ha ypoBHe
JMCTaNbHOrO CErMeHTa HUKHEW KOHEYHOCTU (B 30He MSToY-
Ho-60nbLLebepLIOBOro apTpose3a) 3a CHET 0CTEOTOMUM JyC-
TanbHOM 30HbI 60/bLIEBEPLIOBOI KOCTW, MPK 3TOM, OAHAKO,
YKa3blBas Ha bonee AMTeNbHbIN CPOK GOPMUPOBaHUS pere-
HepaTa B HUXHEW TPETM FofIeHM N0 CPaBHEHWIO C OCTEOTOMUEN
B NMPOKCMManbHOM MeTadm3apHOM 30He — NpUBIU3UTENEHO
10 v 8 Mec, COOTBETCTBEHHO.

Ham npepncrasnsetcs, uyto BbibOp 30HBI OCTEOTOMMM
Ha YpOBHe AucTanbHOro otaena 6onbluebeploBon KocTy
MPOrHOCTUYECKU MeHee OnaronpusiTeH W He OKa3blBaeT
3HaYMMOr0 MONOMUTENBHOTO BAMAHWA Ha (opMUpOBaHUE
nATOYHO-60NbLLEDEPLIOBOrO aHKMI03a (MCXOAA U3 M3BECT-
HbIX 0cobeHHoCTel naToreHesa cronbl Lapko). BeinonHexue
0CTEOTOMUW Ha 3TOM YPOBHE MOXET BbITb NPOAMKTOBAHO Bbl-
HY}KI,EHHBIMK 06CTOATENBCTBAMM, KaK M MPOMCXOAUNO B OMK-
CaHHOM KJIMHMYecKoM cnyyae (hopMupoBaHKe naronoruye-
CKOr0 NepenoMa co CMeLLEeHUEM).

K coxaneHuto, H1 B 0fiHOI 13 paboT He onucaHbl 0cobeH-
HOCTM KOCTHOW pereHepaumu B ycnoBusx cHikeHHon MIKT,
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Puc. 12. BHewHwit BUL KOHeYHocTel yepe3 12 MecsueB nocne
onepaumu.

Fig. 12. Appearance of limbs 12 months after surgery.

COMYTCTBYIOLLEr0 MEAMKAMEHTO3HOIO JIeYeHWUs, HanpaBneH-
HOro Ha KOMMEHCaLMIo 0CTe0Nopo3a.

HaKonneH onbIT Ha3HaYeHWs NPenapaToB As feyeHus
0CTEO0Nnopo3a y MaUMeHTOB C PasfIMYHbIMU CTAAMUAMM HEW-
poOCTE0apTPONaTUK. MMeloTcs faHHble paHAOMU3MPOBaH-
HbIX WUCCNE0BaHWA MO MPUMEHEHUI0 NpenapaTtoB rpynmbl
buchocdoHatoB (MammapoHaT W aneHapoHaT), KoTopble
UCMONb3YKTCA LNA JNEeYEHUs] CUCTEMHOMO OCTEONopos3a.
Kak u3BecTHo, MexaHu3M peicteus bucthochoHaToB 3a-
KJ04aeTCst B UHTMOMPOBaHMM KOCTHOW pe3opbuum nyTeM 3a-
MeZJ1eHNA NPEeBPaLLeHNs NpeaLeCcTBEHHUKOB 0CTEOKIACcToB
B aKTMBHbIE OCTEOKJIACTbl, @ TAKIKE MOAABNEHUN aKTMBHO-
CTU 3pesiblX 0CTEOK/ACTOB. B hyHKLUMOHANbHOI aKTUBHOCTH
0CTEOKNacToB BoibLUOe 3HaueHWe UMetoT MPOTOHOBLIA Ha-
COC M BMOCKHTE3 KNETKON MeTanNonpoTeuHas, noaBneH1e
Kotoporo 6ucdocthoHaTamm NpMBOANUT K HecnocobHocTu
KNETKW K PacTBOPEHWI0 MUHEPasoB HEOPraHNYeCKoro 1 op-
raHUYeCKOro MaTpUKca — KoJlareHa M HeKoNareHoBbIX
benkos [32].

JlaHHble MPEeKIMHUYECKMUX WUCCIeN0BaHUA O BAWSHUM
oucdocdoHaToB Ha penapaTMBHbIA OCTEOTEHE3 MPOTMBOpE-
UMBLI, O[IHAKO MCCEN0BAaTENN CXOAATCA BO MHEHUM, YTO OUC-
docdoHaTbl Ha paHHMX 3Tamax pereHepaLuy cnocobcTByioT
(opMUpOBaHN0 06BEMHBIX pPEreHepaToB, MOBLILLEHUO Me-
XaHWYECKON MPOYHOCTU KOCTW, HO B MOCNEAYIOLLEM NPUBO-
OSAT K 3aMefi/IeHMI0 MPoLiecca PeMOAESIMpOBaHMs pereHepata
[33]. B cnyyae peKOHCTPYKTUBHOMO XMpYPrUYecKoro JieyeHus
cTonbl LapKo ¢ npuMeHeHWeM MeTannoQuKCaTopoB W/mim
YAJMHEHWEM KOCTel rofieHu 3a CYET AMCTPAKLIMOHHOTO 0CTeo-
reHesa W30/ IMPOBaHHOe NpUMeHeHne brucdocdoHaToB MoXKET
MPUBECTU K HEYOBNETBOPUTENbHBIM pesyrbTaTaM.
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B paHAOMM3MpOBaHHOM MCCNEfOBaHUM Y NauMeHToB
co ctonoi LLlapko oueHnBanack ap$eKTUBHOCTb TepUnapaTt-
Aa Ha (oHe KOHCepBaTMBHOIO JieUeHUst — MMMobunu3aumm
KOHEYHOCTM MpM MOMOLLYM MONIMMEPHBIX MOBA30K WK TyTo-
poB. ExxeiHeBHOe BBefleHMe NpenapaTa He CoKpaLlano Bpe-
MS JIEYEHWUS MO CPABHEHWI C KOHTPOMbHOW rPynmnoi, ofHa-
KO OTMeYanocb NoBblLLEHME MApKepoB KOCTeobpa3oBaHus,
YTO MOXKET CBMAETENLCTBOBATH 0 TEHAEHLMM K MOBLILIEHMIO
MPOYHOCTHBIX XapaKTEPUCTUK KOCTHOW TKauu [34, 35]. I¢-
(eKTUBHOCTb TepunapaTiaa B X04e PeKOHCTPYKTUBHBIX BMe-
watenbctB Ha JHOATI He uccnepoBaHa.
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OnepaTuBHOe Nle4yeHUe ABYCTOPOHHEro CMOHAWUO0NMN3A
L5 nosBoHKa y npodeccuoHaNnbHOM FTMMHaCTKM
C Ucnonb30BaHWEM UHAUBUAYANIbHOU KOHCTPYKLUM

M.C. Betpuna, A.A. Kynewwos, C.H. Makapos, W.H. JlucaHckui, B.P. 3axapuH,
A.N. Kokopes, H.A. AraHecoB

HauuoHanbHbIN MeaWLIMHCKMIA UCCNefoBaTeNbCKUI LEHTP TpaBMatonioruy 1 optoneaum uM. H.H. Mproposa, Mocksa, Poccus

AHHOTALMA

Beepenune. CnoHaunonu3 sBnseTCA OAHOW M3 Hauboniee YacTbiX MPUYMH 0OAM B MOACHWLE Y AETei M NOAPOCTKOB, Mpo-
deccroHanbHo 3aHnMMatoLmMxcs cropToM. 0TMeYaeTcs, YTo CMOHAMIONMS Yallle HabNioAaeTcs Npy 3aHATUAX BULAMM COpPTa,
KOTOpble CBA3aHbl C MOBTOPHOW OCEBOI HarpysKoi U/unuM rMnepaKcTeH3uel NOSCHUYHOMO OTAea NO3BOHOYHMKA C poTaLy-
el. B 6onbLUMHCTBE Cy4aeB JieyeHUe CMOHAMN0NN3A, BKIKOYAA Cily4al ero BO3HUKHOBEHMS Y NpodeccMOHaNbHBIX COpT-
CMeHOB, — KOHcepBaTuBHoe. OnepaTMBHOE JieYeHWe MOKa3aHO TOMbKO MW He3heKTMBHOCTM KOHCepBaTUBHOW Tepanium
WAM MPU NPOTPeccUpoBaHUM cuMnToMaTukK. OfHON M3 Haubosee YacTbiX METOLMK OMEpPaTMBHOMO SIEYEHUs CMOHAMII0AM3]
ABNAETCA BOCCTAHOBNIEHME LIENIOCTHOCTU JYMKM C MCMOJSIb30BaHWUEM PasfIMYHBLIX METalIOKOHCTPYKUMIA. lpumeHenne apam-
TUBHbIX METO/I0B [ U3rOTOB/IEHNS MHAMBUAYA/bHBIX UMIIAHTATOB B HAacTOALLEee BpeMs N03BONSET U3roTaB/IMBaTb Nepco-
HaNM3MPOBaHHble UMNNaHTaThl, obnajaloLmMe pAaoOM NpenrMyLLECTB. B cTaTbe onmMchbiBaeTca NepBblid OMbIT UCMONb30BaHMS
WHAMBUAYaNbHOr0 UMMNaHTaTa s ONepaTMBHOIO SIEYEHUs CMOHAUIONM3a U NPUBOAUTCS KpaTKuMii 0630p nUTepaTypbl.
OnucaHue KMHWYecKoro ciyyas. [lpeAcTaBneH KIMHMYECKWUA Ciyyai niedyeHus 16-neTHeln naumeHTKy, npodeccuoHanb-
HO 3aHUMaloLLLENCs CMOPTMBHOM MMMHACTMKON. MpuBeAEHO OnKUCaHMe aHaMHe3a, KIIMHUYECKUX NPOSBMIEHUIA U cneumanbHbIX
METO[0B AMarHoCTMKM. OnmcaHbl NpeonepaLyoHHoe NilaHUpoBaHuWe, MPOEKTUPOBaHNE MHAMBUAYABHOTO MMMJIAHTaTa, Npo-
Be/IeHMe orepaLyn 1 OTAANEHHbIE pe3yNbTaTbl leyeHus. B KpaTKoM NuTepaTypHOM 0630pe NpeacTaBiieHbl pe3ynbTaTbl KOH-
CEpBaTMBHOTO JIeYeHWs, OCHOBHbIE NMOKa3aHMs M MeTO/Ibl ONepaTUBHOM Tepanuu COHAMIONM3a, 000CHOBaHA BO3MOMHOCTb
NPUMEHEHNS UHAMBULYANbHO U3TOTOB/IEHHOMO MMMMIAHTaTa /1Sl ero OMepaTMBHOTO JIEYEHUA.

3akntouenue. [Ing onepatMBHOIoO feYeHWs CNOHAUNONM3a L5 no3BOHKA U BOCCTAHOBJIEHMS LIEIOCTHOCTM LYXKW NO3BOHKA
0e3 ¢uMKcaLMu NO3BOHOYHO-ABUrATENILHOMO CErMeHTa BO3MOMKHO UCMOJb30BaHWEe MHAMBUAYAbHO U3MOTOBJIEHHOMO MMMJIaH-
TaTa. [lpMMeHeHNe KacTOMU3MPOBAHHLIX UMM/IAHTATOB OMUAAEMO MO3BOJIAT YNYYLIMTL PE3yNbTaTbl MPWU COYETAHWM CMOH-
AWN0NN3a C aHOMaIMAAMU U MHAMBUAYANbHBIMA 0COBEHHOCTAMM KOCTHBIX CTPYKTYP MO3BOHKA, B TOM YMC/E Y MaLMEHTOB,
npodeccuoHanbHO 3aHUMaloLLIMXCA CTIOPTOM.

KnioueBble cnoBa: cnoHAWM0NNU3; CNOHAUNONN3 Yy CNOPTCMEHOB; PEKOHCTPYKUUA AYyrM NO3BOHKA; aAAUTUBHbIE TEXHOJ10-
rMn; NnepCcoHaIM3MpoBaHHbIe UMMJIAHTATbI; MHDMBVI,U,yaJ'IbeIVI MMIMJIaHTaT.
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Surgical treatment of L5 spondylolysis in an athlete
using custom-made implant

Marchel S. Vetrile, Aleksandr A. Kuleshov, Sergey N. Makarov, Igor N. Lisyansky,
Vitaliy R. Zakharin, Alexey |. Kokorev, Nikolay A. Aganesov

N.N. Priorov National Medical Research Center of Traumatology and Orthopedics, Moscow, Russia

ABSTRACT

BACKGROUND: Spondylolysis is one of the most common causes of lower back pain in children and adolescents who are
professionally involved in sports. It is noted that spondylolysis is observed more often when practicing a number of sports that
are associated with repeated axial load and/or hyperextension of the lumbar spine with rotation. In most cases, the treatment
of spondylolysis, including cases of its occurrence in professional athletes, is conservative. Surgical treatment is indicated
only if conservative treatment is ineffective or if symptoms progress. One of the most common methods of surgical treatment
of spondylolysis is to restore the integrity of the arch using various metal structures. The use of additive methods for the
manufacture of individual implants currently allows the manufacture of personalized implants with a number of advantages.
The article describes the first experience of using an individual implant for surgical treatment of spondylolysis and provides a
brief review of the literature.

CLINICAL CASE DESCRIPTION: A clinical case is presented involving the treatment of a 16-year-old female patient who is a
professional gymnast. The report includes a description of the patient's medical history, clinical manifestations, and specialized
diagnostic methods. The preoperative planning, design of a custom implant, the surgical procedure, and long-term treatment
outcomes are detailed. A brief literature review highlights the results of conservative treatment, the main indications and
methods of surgical therapy for spondylolysis, and justifies the use of a custom-made implant for its surgical treatment.
CONCLUSION: For the surgical treatment of L5 spondylolysis and restoration of vertebral arch integrity without limiting motion
on L5-S1 level, the use of a custom-made implant is possible. The use of customized implants may improve outcomes in cases
where spondylolysis is combined with abnormalities and individual characteristics of the vertebral bone structures, including
the patient's sports activity.

Keywords: spondylolysis; spondylolysis in athletes; direct spondylolysis repair; additive technologies; personalized implant;
custom-made implant.
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KJIHNHECKIE CITYHAM

BBEJEHUE

Cnongmnonus — pedeKT (Wenb) MeXCyCcTaBHOMO cer-
MeHTa [lyrv Mo3BOHKA, KOTOPbIA MOXET HabnopaTbes ¢ of-
HOM WK [ABYX CTOPOH U SIBNIIETCSA OJHOM M3 YacTbiX NPUYUH
Bonu B nosicHuue Y AeTel U NOAPOCTKOB, NPOdECCUOHANBHO
3aHuMatoLwmxca cnoptom [1].

Yawie Bcero neyeHne CMOHAMNONMN3A, BKIKYAA Clydyau
€ro BO3HUKHOBEHWS Y NPOdEeCCMOHaNbHbIX CNOPTCMEHOB, —
KOHcepBaTWBHOe. B cryyasx, Korga CnoHAMNonu3 nposens-
etca 60neBbIM CMHAPOMOM, PEKOMEHAYIOTCA OrpaHuyeHue
(U3UYECKMX Harpy30K, HOLLUEHME KOpCeTa B TeyeHmne 6—12 He-
LeNb, (pU3noTepaneBTMYECKOE NeYeHMe, KYpC HECTEPOUAHBIX
NpOTMBOBOCMANUTENbHBLIX NpenapaTos. Mo AaHHbIM NiuTepa-
Typbl, A0 98% cnyyaeB KOHCEPBATMBHOIO JIEYEHUS NPUBOAAT
K KynMpOBaHWUIO CUMMTOMATUKM M BO3BPALLEHUIO K COPTUB-
Hol akTuBHocTm [2]. CpalueHune 30HbI CNOHAUNONN3HOM fe-
(eKTa Npu KOHCEpBATMBHOM Jle4eHUn oTMeyvatoT B 50-75%
cnyyaes [2, 3].

OnepaTvBHOE fleYeHMe NOKa3aHo TOMbKO Mpu Headhdek-
TUBHOCTW KOHCEPBATMBHOTO JIEYEHUS WM MPU NPOrpeccupo-
BaHWM cumnToMaTuku. OfHoW M3 Hanbonee YacTbiX METOAMK
0onepaTUBHOIO IEYEHUS CMOHAMNO0NN3a ABNSETCSA BOCCTAHOB-
NeHne LieNOCTHOCTU [yXKKM, Ha3blBaeMoe B aHr0sA3bIYHON
nutepatype direct repair [4]. Onepauns NpoBOAMTCS C UC-
Mo/b30BaHNEM TPaHCMEAUKYNAPHBIX BUHTOB, BBOAMMBIX B L9
MO3BOHOK, B COYETAHMM C CybnaMUHApHO YCTaHOBEHHBIMM
Kptoukamu unm U-0bpasHo M30rHYTOro CTepiHs, NpoBeaéH-
HOrO MOA OCTUCTLIM OTPOCTKOM.

MpUMeHeHWe apaMUTUBHBIX METOAOB ANS M3rOTOBEHUA
WHAMBULYaNbHBLIX UMMIAHTATOB B HacTosILLiee BpeMs M03Bo-
NAET U3roTaBNMBaTb MEpPCOHANU3MPOBaHHbIE UMMJIAHTATbI,
obnafalowime psaoM npeuMyllecTs. B cratbe onucbiBaetcs
nepBbli OMbIT NPUMEHEHWS UHAMBMAYANbHOMO UMMaHTaTa
ANS ONepaTMBHOIO JIEYEHNS CMIOHAMONN3a.

OMUCAHWUE KNTMHUYECKOIO C/TYYAA

MNauneHtka T., 16 net, bbina rocnMTanM3MpoBaHa
B 2021 rogy B ®IBY «HMWLL, TO uM. H.H. Mpuoposa» Muk-
3apaBa Poccuu ¢ kanobamu Ha bonb B MOSCHUYHO-KPECTLIO-
BO# 061aCTW, 3HAUMTENTBHO YCUNMBAIOLLYHOCS MPY PU3NHECKOI
Harpyske.

N3 aHaMHesa 3aboneBaHus: NauuMeHTKa 3aHUMaeTcs
CMOPTUBHOW MMMHACTUKOM C 4-NeTHero Bo3pacta, Ha MOMEHT
rocnuTanM3auuv UMena 3BaHue KaHamaaTa B MacTepa cnop-
Ta, ABNANack YneHoM cbopHo KoMaHLbl 061acTi, NPU3EpPOM
Yemnuonata Poccum no cnopTuBHOM ruMHacTUKe 1 ap. [Mocne
MHTEHCMBHbIX TPEHMPOBOK M COPEBHOBAHMWI 3a NONroAa Ao ro-
cnuTanu3aumm Havana becrokoutb 6onb B obnactu nosc-
HWYHO-KPECTLL0BOrO 0TAENa NO3BOHOYHMKA, YCUIIMBABLUASACS
npu GM3nYecKUX Harpy3Kax. BoipaxeHHblii boneBon cuHapoM
BbIHYAW MaLMEHTKY 0CTaHOBUTb TPEHWPOBOYHBINA NpoLecc.
lpoBoavMas B TedeHMe 3 MeCSALIEB KOHCEpPBATMBHas Tepanus
(bu3moTepaneBTUYECKOE NeYeHUe, NeyebHas TMMHACTUKa)
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W OrpaHuyeHne GU3NUECKMX Harpy30K NPUBENN K YMeHbLLe-
HWIO MHTEHCUBHOCTYW BoneBoro cuHapoMa. TeM He MeHee Ha-
KNOHbI TYMIOBMLLA BMepEd, Hasagd, poTaUMOHHbIE [BUKEHMS
BbI3bIBa/IM 60Mb, YTO HE MO3BONWIIO BOCCTAHOBUTL MPEMHMUIA
ypoBeHb M3KMYeCKOl aKTUBHOCTU. AMbynatopHo no Mecty
JKUTENbCTBA NAUMEHTKE BbINOJIHEHbI UCCIIEA0BAHUSA METOLOM
MarHUTHo-pe3oHaHcHoi (MPT) M KoMMbloTepHOW ToMorpa-
¢um (KT), BbiCTaBNeH AMarHo3 «crnoHaunonu3 L5 nossoHKa».
Cnycta 3 Mecsaua nocne gebiota 3abonesaHns naumeHTKa
obpatunacbk ¢ BblleyKa3aHHbIMK kanobamu B HMUL, TO
uM. H.H. Mpuoposa. Mpn ocMoTpe BbISBNEHO, YTO Cruba-
HWe 1 pa3rubaHue TynoBWLia COMPOBOXAAIOTCA BoneBbIMM
OLLyLeHMaMN B 0bacTv MosicHMUbl, napaBepTebpanbHble
MbILULbI YMEPEHHO HanpsxeHbl. [lpy nanbnaumm oTMeyaeT-
cs DONe3HEHHOCTb Ha YpOBHE NapaBepTebpasibHbIX MbILLL
B MOSACHWYHO-KPECTLOBOM O0TAene. B HeBponornyeckoM
cTaTyce — OTCYTCTBME 0Y4aroBOM CUMMTOMATUKK, CUMNTOMBI
HaTAXEeHMs oTpULaTeslbHble, Nape30B, NaToiorMyeckux ped-
NEKCOB, HapyLUEHWs YyBCTBUTENILHOCTU U YHKLMK Ta30BbIX
opraHoB HeT. o aaHHbIM onpocHuKoB Ped's QL — 76 ban-
nos, 0D — 20%, VAS — 5 6annos.

MauveHTKe NpoBeseHa NyyeBas AnarHocTUKa. o AaHHbIM
peHTreHorpaduv No3BOHOYHMKA NOATBEPHAEH CMOHANNONMS
L5 no3BoHKa. [lapaMeTpbl carutTansHoro banaHca TynosuLLa,
Mo AaHHbIM MOCTYpanbHOW peHTreHorpadum, 6e3 3HauMMbIX
OTK/OHEHWN OT HopMbl (PI=60°, PT=14°, SS=46°, LL=65°,
TK=38,5°) (puc. 1a).

Mo AaHHbIM MynbTUCMpanbHoM KT noscHUYHO-KpecTLo-
BOr0 OTZeNa NO3BOHOYHMKA onpefenseTcs bunatepanbHbii
CMOHAMNONM3HBIN LeeKT MEKCYCTAaBHOM 4acTu AyxKu L5
no3BOHKa (puc. 1b, c, d). Mo aaHHbIM MPT nosicHUYHO-KpecT-
LLOBOrO OT/eN1a NO3BOHOYHMKA, NPU3HAKM CTEHO3a NO3BOHOY-
HOMO KaHana OTCYTCTBYHT, rMAPOdUIBLHOCTD MEXMO3BOHKO-
BbIX AMCKOB HE HapyLueHa (puc. le).

Ha ocHoBaHWM JaHHBIX KIIMHWYECKOTO 0CMOTPa U fonon-
HUTENbHbIX UCCIEA0BaHNI YCTAHOBEH KITMHUYECKWIA ANarHo3
«cnoHaunonu3s L5 nos3soHka» (M43.0 no MKB-10).

YuutbiBas coxpaHsatoLmics 60n1eBoi CUHAPOM, OrpaHUYm-
BaOLLMI (DU3MYECKYHO, B TOM YKCIIE CMIOPTUBHYHO, aKTUBHOCT,
HeaQGeKTUBHOCTb KOHCEPBATUBHOM Tepanuu 1 AaHHbIe Nyye-
BOM AWarHOCTMKM, NaLMEHTKe PEKOMEHAO0BAHO ONepaTMBHOE
neyenue. [puHATO pelLeHWe BbLINMOAHUTL BOCCTAHOB/EHWE
LieNIOCTHOCTW AyXKW LS no3BoHKa npu NoMoLuy MHOMBMAY-
arnbHO U3rOTOBNEHHOW KOHCTPYKLMM.

CosMecTHo ¢ uHxeHepamn 000 «KoHMeT» BbinosiHeHa
KOMNbIOTEPHAA PEKOHCTPYKLUMA cerMeHTa L5-S1 Ha ocHo-
BaHuu faHHbix KT. M3roToBneHa nonHopa3MepHas cTepeo-
nutorpaduyeckas Mogenb cermeHTa L5-S1. Ha ocHoBaHum
NPeACTaBEHHOr0 NPOEKTa UHAMBMAYAbHOW KOHCTPYKLMM
WH)KEHepaMu BbIMOSIHEHO MPOEKTUPOBaHUE KOHCTPYKLUMU
OJ1S BOCCTAHOBNEHUS LENOCTHOCTW OyXKu L5 no3BoHKa.
KoHcTpykuma coctosna u3 QurypHo mnacTuHbl, COOT-
BETCTBYHLLEN aHAaTOMUYECKOMY penbedy LopcanbHoi Mo-
BEPXHOCTU AYXKM L5 No3BOHKA M HUXHEW NOBEPXHOCTH
ocTMCTOro OTpocTKa L5 mo3BoHKa. Takxe Ha nnacTuHe
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Puc. 1. [laHHble Ny4eBoil AMarHOCTUKKM: @ — NOCTypasbHasi PeHTreHorpacms No3BOHOYHWKA B HOKOBO NpoeKunm, b, ¢, d — KoMMbloTepHas

ToMorpadus, e — MarHuUTHO-pe3oHaHcHas ToMorpadus.

Fig. 1. Radiological imaging: @ — postural radiography of the spine in lateral projection, b, ¢, d — computed tomography, e — magnetic

resonance imaging.

CMpOEKTMPOBAHO [1Ba KPOYKOOOpasHbIX BbICTYNa Ans cyob-
NaMUHapHON (MKCaLMM, MO HAPYMHbIM KPasiM MacTUHbI
C 0benx CTopoH — 0TBEpCTUSA B MPOEKLWM ToueK BBOJA
TpaHCNeaMKYNAPHbIX BUHTOB. TaKKe CNPOEKTUPOBaHO JBa
TpaHCNe AMKYNAPHBIX BUHTA C FOJIOBKOI NOA TOPLIEBOM KAty
(puc. 2). CnpoeKTUpOBaHHAsA KOHCTPYKLMS W3roTOBJIEHA

€ ucnonb3oBaHueM apautuBHbiX TexHonorun 000 «KoH-
MeT» U3 cnnaga Ti-6Al-4V ELI (puc. 3).

Xop onepauuu: B MONOMKEHWM NALMEHTKU Ha KUBOTE
nof WHTYBAUMOHHLIM HApPKO30M BbINOSHEH pa3pe3 KOMM
U NOAKOMHO-XKMPOBOW KNETYaTKN N0 JIMHWM OCTUCTbIX OT-
pocTkoB ot L5 go S1. [lponsseaeHo ckenetupoBaHme ayru LS

Puc. 2. MpoeKT UHANBUAYANBHON KOHCTPYKLIMK.
Fig. 2. The project of an individual implant.

DOl https://doiorg/10.17816/vto634755
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Puc. 3. MonHopasMepHas 3D-Moaenb NOACHUYHO-KPECTLIOBOTO CErMeHTa U MHAMBMAYabHAA METaIOKOHCTPYKLMS.
Fig. 3. The full-size 3D model of the lumbosacral segment and custom-made implant.

C COXpaHeHWeM HafoCTUCTOW CBA3KW. BbinonHeH remocras.
C noMoLLbl0 BbICOKOOBOPOTUCTOM APESM U KOCTHBIX JIOXEK
MPOU3BELEH KIOpETaX 30HbI CMOHAMNO0NM3A C 06enx CTOpoH
(puc. 4a, b). C noMoLLbio NaMUHOTOMOB YAaneHa MexocTu-
ctaa ceaska L5-S1. M3orHytbiM pacnatopoM BbINOSHEHO

CKeNeTUpOBaHUe [LYXKW B MeCTe ocyLlecTBneHus cybna-
MWHapHON GuKcaumu. YcTaHoBEHa WHAMBMAYanbHas nna-
CTMHA Ha CKENeTUPOBaHHYK AyXKy L5 no3soHkKa, npuyém
MnacTuHa NpoBefieHa MeXay OCTUCTBIMW OTPOCTKaMM COOT-
BeTCTBEHHO L5 1 ST no3BoHKOB. YpecKoxHO Nof KOHTPOsIeM

Puc. 4. ®nioopocKonuyeckwii KOHTPONb BO BPeMs Onepauvu U BHELUHWI BUA YCTaHOBNEHHON KOHCTPYKUMM: @, b — 06paboTka 30Hbl

CMOHANNONN3A, C — YCTaHOBKA TPaHCMeAMKYNAPHbIX BUHTOB, d, @ — J0M-KOHTPO/b MOMOMEHNUA KOHCTPYKLUMK, f — BHELLHWIA BUA, YCTa-

HOBJIEHHOW KOHCTPYKLMM, COXpaHEHHast HAOCTUCTas CBA3Ka.

Fig. 4. Fluoroscopic control during surgery and the appearance of the installed implant: a, b — preparing of the spondylolysis zone, c —
pedicular screws isertion, d, e — fluoroscopic control, f — appearance of the installed custom-made imlant with preserved supraspinous

ligament.

DOI: https://doiorg/10.17816/vt0634755
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Puc. 5. OTnanéuHbliit pe3ynbTat Yepes 3 Mecsila nocne onepaumu: @, b, ¢, d — BHeLIHWI BUA 1 06BEM ABUMKEHWIA, e, f — nocTyparbHas
peHTreHorpams NO3BOHOYHMKA, MOMOKEHUE KOHCTPYKUMM MPaBUIbHOE, QMKCALMA 30HbI CMOHAMO0NM3a CTabuibHas, caruTTanbHbIi
BanaHc He HapyLUeH.

Fig. 5. 3 months follow-up: a, b, ¢, d — appearance and range of motion, e, f — postural X-ray of the spine, implant position is correct,
fixation is stable, sagittal balance is normal.

C NPUMEHEHWEM 3/IEKTPOHHO-OMTUYECKOr0 npeobpa3soBatens
(30M) 1 BU3yanbHOro KOHTPOSIA YEPE3 OTBEPCTUA B KOHCTPYK-
UMM B KOpHM ayr L5 no3BoHKa ¢ 0bemx CTOPOH NpoBOAAT-
CS TPaHCNeaMKYNApHble BUHTBI (pUc. 4c). Mpn BKpyuMBaHUM
BMHTOB 3@ CYET KOHCTPYKLMM UX TONOBOK NAacTUHA Ni0THO
npuxata K OyXKe N03BOHKA M (uKcupoBaHa. [lpoBeéH
PeHTreH-KoHTponb npu nomowm 301 B [ABYX MpoeKuu-
X, MOATBEPXKAEHO NPaBUNbHOE MONOKEHUE WMMNAHTAToOB
(puc. 4d, e, f). PaHa npoMbITa pacTBOPOM aHTUCENTUKA, MO-
C/IOVHO YLUKTA, BBIMONHEH BHYTPUKOMKHBIA KOCMETUYECKMIA
wos. Kposonoteps coctaBuna 50 mn. locneonepaunoHHoe
TeueHne 6e3 ocobeHHocTeid. MauneHTKa BepTMKanMU3MUpOBa-
Ha B nepBble CyTKW nocne onepauun. OTMeyana yMepeHHble
6omm B obracTu nocneonepauMoHHON paHbl, KOTOpble Kynu-
pOBaHbl NMPUEMOM HECTEPOMAHBIX NPOTUBOBOCMAUTESNBHBIX
npenapatoB B TeyeHue 3 AHeli. BbinonHeHo KoHTpombHOE
KT-uccnenoBanue, noATBEPAEHbI NPaBUIIBHOE MONOXEHME
MMNNaHTaToOB M (MKCcauMsa 30HbI CnoHaunonu3a. Ha natble
CYTKM Nocne onepauuu NauMeHTKa BbiNUCaHa nof ambyna-
TOpHOe HabnioAeHue. PaHa 3axuia NepBUYHbIM HaTAXKEHNEM.

Yepes 1 MecAl OCYLECTBNEH KOHTPOJbHBIA OCMOTP.
MaumeHTKa yKe NpucTynuna K yMepeHHbIM (U3NYeCcKUM
HarpyskaM B MMHacTUHYeCKOM 3afe, 0fHaKo oTMeyana He-
3HaumMTeNbHbIA 60MEBOI CMHAPOM B MOACHUYHOM OTAENe
(2 6anna no VAS). Mo aaHHbIM peHTreHorpaduu, NonoXeH1e
METa/NIOKOHCTPYKLMU KOPPEKTHOE. [IBUXKEHNS B MOSCHUYHOM
oTAENe NO3BOHOYHWKA B NOHOM 00bEMe (puc. 5).

Yepes 3 Mecsila ¢ MOMEHTa Ornepauun MaumeHTKa BO3-
0bHOBMNA TPEHMPOBOYHLIA MpOLECC B MOSHOM 06BEMe
W MpUHANA y4acTue B COpPeBHOBaHMsAX. bomeBbix owyuie-
HAW B MOSICHWYHOM OTAENIe MO3BOHOYHMKA He OTMeyaeTr
(Ped’s QL — 98 bannos, ODI — 10%, VAS — 0 6annos).
Yepes 6 MecsLEB noc/e onepauymm NpoLuna Bce KBanuduxa-
LMOHHbIE UCMbITAHWSA M MONYYMNa 3BaHWE «MacTep CriopTa,

DOl https://doiorg/10.17816/vto634755

BbICTynana Ha Yemnmonate Poccum n Kybke Poccum no cnop-
TUBHOW MMMHACTUKeE.

Ha koHTponbHbix KT M nocTypanbHbiX peHTreHorpamMmax
uepe3 2 roga — MOMOXEHME KOHCTPYKLMM NpaBuUNbHOE,
(uKcauma 30HbI CoHaunonu3a cTabunbHas, no aaHHbIM KT
ONpeaenaTCs JINWb HE3HAUMTENbHbIE YYaCTKWU KOHCONMAa-
UMM 30H CMOHAMIO0AM3], NMOSHOE CpaLLleHMe C 3aKpbITUEM
CMOHAWNONM3HBIX Ae(eKToB oTCYTCTBYET (pUC. 6).

OBCYXEHUE

CnoHaumnonus senseTcs ofHoi U3 Hanbonee yacTbIx Npu-
unH 60 B 0bnacTn nosicHuLpl y cnoptcMenos [1, 5. OTMe-
YaeTcs, YTo CMOHAMNONK3 Yalle HabnoaaeTcs Npy 3aHATUAX
BMOAMM CMOPTa, KOTOPble CBA3aHbI C MOBTOPHOW 0CEBOM Ha-
TPY3KOW W/ TUNEP3KCTEH3WEH MOACHUYHOTO OTAEena rfo-
3BOHOYHMKA C poTauMen. 3TM BUAbI CMOPTa BKIOYAKOT MUM-
HaCTUKY, TaHubl, GyTboN, NnaBaHue batTreppnsem n bpaccom
u ap. [6, 7]. Y noapocTKOB, 3aHUMAIOLLIMXCA CMOPTOM, BblLle
PWCK pa3BUTWSA CMOHAMN0IN3A, NPU 3TOM B CPELHEM AMArHo3
ycTaHaBnuBaetcs B BospacTe 15 ner [2, 8].

[lnarHoctuka cnoHAUNoNM3a, Kak Npasuno, He NpeacTaB-
NseT TPYAHOCTel: NpW Hanuuum Xxanob Ha 6onm B noscHULEe
BbIMOJTHAETCA PEHTTEeHOrpadus NOSICHUYHO-KPECTLIOBOrO OT-
[ena Nno3BOHOYHMKA C QYHKUMOHaMbHBIMM Npobamu (cruba-
HWe W pa3rubaHWe TYNOBULLA), HA KOTOPOM B psAe Clyyaes
MOHO BM3YanM3upoBaTh LLENb MEXCYCTABHOW YacTh LyX-
Ku. bonee MHGOPMaTUBHBIMW NS BbISBNEHWA CNIOHAUN0U3-
HOro AedpeKTa ABNSIOTCA PEHTTEHOrPaMMbl, BbIMOHEHHbIE
B TPEXUETBEPTHOW NpoeKummn. be3ycnoBHo, Ha COBPEMEHHOM
3Tane AnA BepudMKauuM AuarHosa BbimonHsioTcs MPT-
n KT-uccnenosanus. Mo ganHbiM KT noctoBepHo BU3yanusu-
pyeTca AedeKT MeMCYCTaBHOM YacTW YK U ero XapaKTep.
Mo paHHbIM MPT onpepensieTca cTeneHb AereHepaTUBHbLIX
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Puc. 6. OTnanéHHbIi pesynbTat yepe3 2 rofia (NooXeHne KOHCTPYKLMM NpaBuibHOE, (UKCALMA 30HbI CIOHAWNONM3a cTabunbHas): a, b —
peHTreHorpadus npu crubaHum U pasrubaHuM TyNoBuLLa — [BKEHUA B cerMeHTe L5-S1 coxpaHeHbl, ¢ — 06bEMHAA PEKOHCTPYKLMA
KOMIIblOTEpHOI ToMorpaduu, d, e, f — NpU3HaKKM NULLIb YaCTUYHOTO CPALLEHWUSA 30H CMIOHAMNONM3A.

Fig. 6. 2 years follow-up (implant position is correct, fixation is stable): a, b — radiography flexion and extension X-ray, motion on L5-S1
level is preserved, c — CT reconstruction, d, e, f — absents of complete fusion of spondylolysis defects, fixation is stable.

W3MEHEHWUI AWCKa, LyrooTpocTyacTbix cycTaBoB. Kpome
Toro, no faHHeiM KT 1 MPT MoXHO ycTaHOBUTbL pan dak-
TOPOB, WMMEILLMX NPOrHOCTUYECKOE 3HAYeHWe B ycnexe
KoHcepBaTuBHoro neuvenus. K. Fujii ¢ coaBt. onpegenvnu
TpU cTagmMm (OPMUPOBAHWA CMOHAMIONU3HOMO LedeKTa
no KT — paHHIo, NporpeccupyioLLylo 1 3aBepLualoLLyto-
ca [9]. K. Sairyo ¢ coaBT. NpuUwWM K BbIBOLY, YTO paHHSSA
cTapus cnoHpunonusHoro fedekrta no faHHeiM KT B co-
YeTaHWM C MOBLILUEHWEM YPOBHSA CUrHaNa B KOpPHE LYXKM
npu T2-B3BeweHHoM pexumMe MPT saBnsaetca bnaronpuar-
HbIM MPELMKTOPOM KOCTHOrO CpalleHus fedekta y feTen
npu KoHcepBaTUBHOM nedenuu [10].

Mpu cnongunonuse, conposoXaaloLiemcs 6oneBbiMM
OLLlLLIeHWSIMK, B TOM YUCIIEe Y CMOPTCMEHOB, B MEPBYIO 0Ye-
pefb MPOBOAAT KOHCEpBAaTMBHOE JieyeHWe. PekoMeHaytoT-
CA orpaHuyeHue QU3MYECKUX HArpy3oK, HOLUEHWe KopceTa
B TeyeHue 6—12 Hepenb, Gn3MOTEPaneBTMYECKOE NeYeHMe,
KYPC HECTEPOMAHBIX NPOTMBOBOCMA/IMTENBHBIX NPEnapaTos.
(OyHKUMOHaNbHOE BOCCTAHOBMUTENLHOE JIEYEHME CMOPTCME-
HOB M apTMCTOB DaneTa BKJIIOYAET TPU 3Tana: KynupoBaHue
bonesoro cMHApoMa, BOCCTaHOBNEHME OMOPOCMOCOBHOCTM
W CTabubHOCTW NO3BOHOYHWUKA, BOCCTAHOB/EHME CrieLmab-
HbIX JBUraTesibHbIX HaBbIKOB. KpoMe 3Toro, Npu HapyLLeHusx
Kanbumin-pocdopHoro 0dMeHa y BOMbHBIX CO CMOHAUNOM-
30M Ha3Ha4aloTCs Npenapartbl, COAepXalumne aKTUBHYI0 hop-
My BUTaMmuHa D, u npenapatbl Kanbuus [11].

DOl https://doiorg/10.17816/vto634755

Mo paHHBIM HeKOTOpbIX aBTOPOB, KOHCEPBATUBHOE Jeye-
HWe NPUBOJMT K KYNWpOBaHMIO CUMMTOMAaTUKM U BO3BpaLLe-
HWIO K CMOPTMBHOM aKTMBHOCTM [0 98% cnydaes [2]. Cpatue-
HWe 30HbI CMOHAMNONM3HOTO AedeKTa NpyU KOHCEPBATUBHOM
neyeHun otMevatot B 50-76% cnyyaes [2, 12].

[ins npodeccuoHanbHbIX CMOPTCMEHOB 3aTpPYLHUTENBHO
OrpaHuyMBaTh (U3MYECKWe HArpy3KU [NMTENbHbIA MepUos
BPEMEHMU, HapyLLEHWe OpTONeMYEcKOro pexmMa BeJET K CHU-
WeHno 3 EeKTUBHOCTM KoHcepBaTMBHOM Tepanuv [11]. Tpu co-
XpaHsatoLLemcs AedeKTe MEKCYCTaBHOM YacTu AyXKu boneson
CMHLPOM MOXET BO3BPaLLaTbCA BO BPeMS TPEHWUPOBOYHOIO
npoLiecca, YTo CTaBuT BOMPOC 06 0nepaTUBHOM JIEHEHUN.

OCHOBHbIM METO[lOM OMepaTMBHOMO NleYeHUs CMOHAU-
nonu3a ABNIAETCA TaK HasblBaeMas onepauus no npsMoMy
BOCCTaHOBJIEHUIO LieNOCTHOCTU ayxku (direct repair of the
defect in the pars interarticularis). bblnu NpeanoKeHbl pas-
NnyHble MeToapl onepaunu: J.H. Scott B 1968 r. npeanoxun
(MKCMpOBaTb 30HY CMOHAMNON3A C MOMOLLBI0 CEPKIAKHO
nposonoku [13], J.E. Buck B 1970 r. onucan Meton dpuKcaumm
30Hbl CMOHAMMIONM3a C MOMOLLBK KaHIONIMPOBAHHBIX BWH-
TOB, NPOBEAEHHBIX Yepes LyHKy no3soHKa [14], E. Morscher
B 1984 r. paspabotan ycTpoiicTBO, npencTaBnatowee coboi
BMHT, Ha KOTOPbIi HaKpyuMBancs u GUKcMpoBancs ¢ Nomo-
LLIbHO raiiKkn cybnaMmHapHbIN KproYoK [15].

B HacTosiee BpeMs npu CnoHAMNONM3e yalle Bce-
o NpPUMEHSIOT UKCaLMI0 TPaHCMEANKYNSPHBIMUA BUHTaMK
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1 U-06pasHbiM cTepHeM, 3aBefEHHBIM 33 OCTUCTLIN OTpO-
CTOK [12], a TaKKe TpaHCMNEANKYNAPHBIMU BUHTaMM B COYeTa-
HWK ¢ cybnamMmuHapHbIMK Kpioukamu [13]. Kpome Toro, npeano-
¥eH psAL MoaUdUKaLMI JaHHbIX METOAMK C UCMONb30BaHNEM
MasionHBa3mBHbIX foctynoB [16-21].

BaxHbIM NpenMyLLECTBOM 3TUX METOLMK ABNSETCS BO3-
MOHOCTb BbIMOMTHUTb KOMMPECCUIO B 30HE COHAUNONM3HOTO
pedeKTa U COXpaHUTb MOMABUMKHOCTb B MO3BOHOYHO-ABMra-
TENIbHOM CErMeHTe.

TeM He MeHee BO BCeX MPUMEHSIEMbIX Ha CErOAHALLHMIA
AeHb METOAMKAX UCMOMb3YKTCA He CMeLuanbHO U3roTOBEH-
Hble UIMMNJIAHTaTbl, @ CEPUIHBIE 3IEMEHTbI METaIOKOHCTPYK-
UM, NpefHasHAYeHHbIX ANSA BbIMOHEHUS CErMEeHTapHOM
(UMKCaLUMM NO3BOHOYHWMKA NMpKU PasnuuHbIX 3aboneBaHMsAX
U nospexpaeHusx. CtepxeHb AnA UCMosb30BaHWSA Heobxo-
OMMO 3HAUMTENbHO W3rubaTb, a cybnaMuUHapHble KPHOUKM
He BO BCEX C/ly4asX ynobHO N BO3MOXHO YCTAHOBUTb.

HepeokvM npu cnoHguionuse sBNSeTCA Hanuuue AuC-
MAACTUYECKMX U3MEHEHMI 3a[iHUX IEMEHTOB MO3BOHKOB —
spina bifida [22, 23]. 310, B CBOI 04Yepefb, MOXET Bbl3blBaTb
C/NOKHOCTW NPYW YCTAHOBKE 3/IEMEHTOB KOHCTPYKLMM.

WUmetowmiica 8 HMUL, TO um. H.H. MpropoBsa onbIT npu-
MEHEHUS WHOMBULYaNbHO M3rOTOBMEHHBIX KOHCTPYKLMNA
LS 0MepaTUBHOIO JieueHus aedopMaLmii N03BOHOUHWKA [24]
Mo3BONWA MPEANONUTb UCMONb30BaHWe JaHHOTO MOAX0Aa
W 408 feYeHns cnoHawnonusa. penMyLLecTBOM TaKoro pe-
LUEHMS, Ha HaLL B3ISf, ABNSAETCS NOHOE COOTBETCTBUE UM-
MnaHTaTa aHaTOMUYECKUM CTPYKTYpaM M03BOHKA, Kakue bl
WHAMBMAYaNbHbIE 0COBEHHOCTU WM aHOManuu pasBUTUS
npu 3TOM HK npucyTcTBoBann. KoMnbloTepHoe MoaenvpoBa-
HWe MO3BONSET BbINOJHUTL MPOEKT KOHCTPYKLMMW, BUPTYanu-
3auUMi0 e€ YCTaHOBKM BO BpeMs onepaumu. Takxe Hemano-
Ba)HOW ABNSETCSA BO3POCLUAA AOCTYMHOCTb UCMO/b30BaHMS
a[LAMTUBHBIX TEXHONOMMIA NS M3rOTOBNIEHNS KAacTOMM3MpO-
BaHHbIX UMMNaHTaToB. [ybnnkaumin o NpUMeHeHUN NHAMBHU-
LYanbHO W3rOTOBJIEHHBIX UMMJIAHTATOB Aff ONepaTUBHOMO
NeyeHWs CMOHAWI0NM3a B IUTepaType HeT. [puopuTeT 1 Ho-
BM3HA NPELNOKEHHOro Cnocoba NeyeHns ¢ MCnosb3oBaHNEM
WHAMBUAYaNbHO U3rOTOB/IEHHOIO MMMIaHTaTa NOATBEPHAEHI
COOTBETCTBYIOLLUMM NaTeHToM Poccuiickoi Depepaumm [25].

OTcyTcTBME MONMHOMO 3aKPbITUS 30H CMOHAMIONINU3A
yepe3 2 ropa no AaHHbIM KT y npeacTaBneHHon naumeHTKu
He MOBAMANO Ha KIIMHWYECKUIA pe3ynbTaT: Jaxke npu Bbico-
KMX CMOPTMBHBIX Harpy3kax bonb He 6ecroKouT, NMpu3HaKoB
HecTabunbHOCTU HeT. 3T0 CBMAETENbCTBYET, Ha HaLl B3N,
0 A0CTaTOYHOM CTabUNbHOCTM NPOM3BEAEHHON PUKCALMM, He-
06X04MMOCTb YhaneHWs METaIOKOHCTPYKLMM OTCYTCTBYET.

TakuM 06pa3oM, NpeanoXKeHHbI METOL U NPUMEHEHWE
WHOMBUAYANbHO M3rOTOBAEHHOI0 WMMM/aHTaTa Mo3BOSUIU
yCMeLIHO NPOBECTU Onepaumio U A0BUTbCA NONHOrO QYHK-
LMOHANBHOTO BOCCTAHOB/EHWS U BO3BPALLEHUS MALMEHTKHU
K TPEHWPOBOYHOMY MPOLIECCY M YHaCTUIO0 B COPEBHOBAHMSX.

MpennioxeHHas MeTOAMKA MpefycMaTpuBaeT BHaua-
Ne YCTaHOBKY MHAMBUAYaNbHOM (UKCUpYloLeid nnactu-
Hbl ¥ Nocnenylollee NPOBEAEHWNE BUHTOB Yepe3 OTBEPCTUA
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B MNIaCTUHe, YTO COMPSIKEHO C HEOOXOAMMOCTLIO MSIOTHO
YOAEPKUBATL MIACTUHY Ha LyXKe AJIA COXPaHEHWUs! OpueH-
TMPOB ¥ TOYHOCTW MPOBEAEHUS TPAHCMELUKYAPHOIO BUHTA.
B manbHeiiweM nnaHupyeTcs paccMoTpeTb Moan@UKaumio
KOHCTPYKLMM NpeanoXeHHOro UMMaHTaTa ¢ BO3MOMXHOCTbIO
YCTaHOBKM B NEPBYI0 04epeb CEPUIHbIX TPaHCMeAUKYSPHBIX
BWUHTOB U YCTaHOBKU WHAMBWAYANbHOM MNIACTUHbI HA BUHTLI
C NocneayoLen KOHTPaKUMen 1 GuKcaumei.

3AKJIO4YEHUE

OnepatBHOoe neyeHne cnoHaunonmsa L5 no3BoHKa
1 BOCCTaHOB/IEHWE LIeIOCTHOCTM [IYKKM M03BOHKA 0e3 (uK-
caLuM No3BOHOYHO-[BUraTeNIbHOr0 CerMeHTa BO3MOKHO Bbl-
MOJIHATb C UCMOMb30BaHWEM UHAMBUAYANLHO U3TOTOB/IEHHOMO
uMmnnaHTata. lloTeHuManbHo NPUMEHeHUEe KacTOMU3UPOBaH-
HbIX UMMJIAHTATOB MO3BOJIUT YNYYLINTb PE3YNbTaThl MPU CO-
YeTaHWM CMOHAMNO0IN3A C aHOMANMAMU U MHAMBULYASIbHBIMM
0Cc06EHHOCTAMM KOCTHBIX CTPYKTYp NO3BOHKa. B mocnepyto-
LLeM BO3MOXKHO PaccMOTPeTb MOAM(UKALMIO KOHCTPYKLMU
KacTOMM3MPOBaAHHOIO MMMNnaHTaTa ansa bonee yaobHoii n be-
30MacHOW YCTAHOBKM M BO3MOXHOCTU NPOBOAUTL PEAYKLIMIO
MO3BOHKA NpU COYETAHWUM CNIOHAMNONU3A CO CMIOHAMNONNCTE-
30M |-l cTenexn.
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Konnanc KoctHoro ayroTpaHcnaaHTara.
Knunuuyeckoe HabnopeHme ocnoXXHeHUs M 0fHOrO
U3 BapMAHTOB peLleHus JaHHOW npobneMbl

B.B. Yeborapeés, A.A. OukypeHko, I'.B. KopobyLwkuH

HaumoHanbHbIM MeaWUMHCKWIA UCCeoBaTeNbCKUIA LIEHTP TpaBMatosiorum u optonegun uM. H.H. MpuopoBa, Mocksa, Poccus

AHHOTALINA

BeepeHue. Bonpoc 3aMeLueHMs NOAHOCTONHBIX OCTEOXOHApPaNbHbIX Ae(eKTOB TapaHHOM KOCTM KpaiHe akTyaneH. KoctHas
ayToMIacTMKa XOpOoLLO 3apeKOMeHA0Bana cebs Npu fieYeHn NaLMEHTOB C AaHHON NaToMOTMeN, HO Y 3TOW METOAUKM MMEKTCA
W HepocTaTku. MMnnaHTaums aByx u 6osiee KOCTHBIX ayTOTPAHCMIAHTATOB NpU BOMbLLMX OCTEOXOHApPANbHBIX AedeKTax Mo-
JKET COMPOBOXAATLCSA CHUXEHMEM NPOYHOCTU KOHTAKTa [JOHOPCKOM KOCTU C PEeLMNUEHTHO OKpYXKatoLLelt KoCTbio, MpUBOAUT
K (OpPMUPOBAHMIO KUCT U HECTabUNBbHOCTM ayTOTpaHCNaHTaTa.

OnucaHve KaMHUYecKoro ciyvas. BaweMy BHMMaHMIO MPeAcTaBnieHo ABa KIMHWMYECKMX ciyvas. B ogHoOM HabniopeHu
BbIMOIHEHA XOHAPOMACTUKa TapaHHOM KOCTM C M03aUyHOW YCTaHOBKOW KOCTHBIX ayTOTpaHCnnaHTatoB. Yepes 6 mecsues
Mo noBody HecTabuUnbHOCTU KOCTHOTO ayToTpaHCMiaHTaTa, COMpOBOXAaloLelics 60MeBbIM CUHAPOMOM, BbIMONHEH apTpo-
[e3 TONIeHOCTONHOro cycTaBa. Yepes 6 MecsueB noc/e onepauuu tonesoi cuHapoM no wkane VAS ymeHbwuncs ¢ 7/10
0o 3/10, no AOFAS coctasun 74/100 6annos, no FAAM — 70/84 6annos. Bo BTOPOM KMHUYECKOM Hab0A€HNUN BbINOSIHEHA
MoaudMLMpOBaHHas MO3anMyHas XOHAPOMIAcTMKa ¢ npuMmeHeHneM AMIC-TexHonormMM, ¢ NPOBU3OPHON (UKCaLMEN crnLei
KOCTHbIX ayToTpaHcnnaHTaToB. Yepes 6 MecsaueB no faHHbIM KT onpeaensanack 0CTeOMHTErpaLms KOCTHbIX ayTOTPaHCNaH-
TatoB 6e3 0bpa3oBaHua cybxoHApanbHbIX KUCT. 1o AaHHBIM OMPOCHUKOB TaKXe MpOCNeXMUBanach NooXuUTeNbHas AUHa-
MuKa: nokasatenb VAS ymenblumncsa ¢ 7/10 go 1/10, AOFAS ynyuwwncs ¢ 70/100 go 90/100 6annos, FAAM — c 72/100
po 83/84 bannos.

3aksioueHme. BemylumM KputepueM XOpoLLEro pesynbTaTa KOCTHOW ayTonnacTUKKU SBNSIETCA CTabUNbHOCTb ayToTpaHCnaH-
TaTa, YTo A0CTUraeTcA JOCTAaTOYHOM A/IMHON TPaHCNaHTaTa U MPOYHOCTLIO uKcaumu. MpeanoxeHHbI cnocob NpoBU3opHOM
(UMKCaLWW KOCTHOrO ayTOTPaHCMIaHTaTa UL NpyU MO3anyHOM XOHAPONAACTUKE SBNAETCA BOCMPOM3BOANUMBIM, 3 deKTHB-
HbIM 1 Mano3aTpaTHbIM MEeTO[,0M, NO3BONAIOLLMM COXPaHATb CTAOMIBHOCTb KOCTHOMO ayToTpaHCNAaHTaTa, ero press-fit KoH-
TaKT C TapaHHOW KOCTbIO.

KnioueBble cj10Ba: KOCTHBIM ayTOTPAHCMIIAHTAT; MO3an4HasA XOHAPOMIACTUKA; 0CTEOXOHAPANbHLIN AedeKT TapaHHOW Ko-
CTH; HECTAbMNBHOCTb ayTOTpaHCMNaHTaTa.
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Bone autograft collapse.
Clinical case of the complication and clinical case
of the solutions to this problem

Vitaliy V. Chebotarev, Aleksandr A. Ochkurenko, Gleb V. Korobushkin

N.N. Priorov National Medical Research Center of Traumatology and Orthopedics, Moscow, Russia

ABSTRACT

BACKGROUND: The issue of full-thickness osteochondral defect replacement in the talus is highly relevant. Bone autografting
has proven effective in treating patients with this pathology, but the method has its drawbacks. The implantation of two or
more bone autografts in large osteochondral defects may result in reduced contact strength between the donor bone and the
recipient’s surrounding bone, leading to the formation of cysts and autograft instability.

CLINICAL CASES DESCRIPTION: We present two clinical cases for your consideration. In the first case, chondroplasty of the
talus was performed with mosaic implantation of bone autografts. Six months later, due to instability of the bone autograft
accompanied by pain, ankle joint arthrodesis was performed. Six months postoperatively, the pain score on the VAS scale
decreased from 7/10 to 3/10, the AOFAS score was 74/100, and the FAAM score was 70/84. In the second clinical case, a
modified mosaic chondroplasty using AMIC technology with provisional fixation of bone autografts with a pin was performed.
Six months later, CT scans showed osteointegration of the bone autografts without the formation of subchondral cysts. The
questionnaires also demonstrated positive dynamics: the VAS score decreased from 7/10 to 1/10, the AOFAS score improved
from 70/100 to 90/100, and the FAAM score increased from 72/100 to 83/84.

CONCLUSION: The leading criterion for a successful bone autograft procedure is the stability of the autograft, which is achieved
through adequate graft length and secure fixation. The proposed method of provisional fixation of the bone autograft with a
pin during mosaic chondroplasty is a reproducible, effective, and cost-efficient technique that ensures the stability of the bone
autograft and maintains its press-fit contact with the talus.

Keywords: bone autotransplantat; mosaic bone plastic; osteochondral defect of talar dome; collapse bone autograft.
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KJIHNHECKIE CITYHAM

BBEJEHUE

KocTHas ayTonnacTuka sBNSeTCS OLHUM W3 CaMbIX
PacnpoCTPaHEHHBIX METOL0B 3aMELLEHNUS MOHOC/IONHBIX
0CTEOXOHApaNbHbIX AedeKToB TapaHHoW KocTu [1]. OHa
3apeKoMeHaoBana cebs Kak LIMPOKO BOCMPOM3BOJMMAS
METOAMKA C XOPOLMMU W OT/IYHBIMK pe3ynbTatamu. [lo-
Ka3aHWUAMU K NMPUMEHEHUI0 KOCTHOW ayTOMMacTUKW ABNS-
H0TCA OCTEOXOHAPabHbIN fedeKT nowwazabio 6onee 1 cm?,
cybxoHApanbHble KUCTbI, @ TaKKe MOBTOPHblE onepauuu
nocne U30AMPOBaHHOW CTUMYNALMM 30HbI OCTEOXOHApPaslb-
Horo fedeKTa. MeToMKa KOCTHO ayTONNACTUKU BKIIKOYAET
yAaneHue nopaxEHHoro XpAwa v cybxoHapanbHON KoCTU
C mocnepylollei YCTaHOBKOW B MOATOTOBIEHHOE JIOXE
KOCTHOro aytoTpaHcnnantata [2, 3]. Hecmotpa Ha pac-
MPOCTPAHEHHOCTb W MONYNAPHOCTb KOCTHOW ayTONNaCcTUKU
OCTEOXOHApaNbHbIX AedeKTOB TapaHHOM KOCTM, 0bpa3oBa-
HUe CybXoHApaNbHBIX KUCT ABNAETCA HEraTuBHLIM 3 deK-
TOM, KOTOPbIi MOXET 0Ka3aTb BIUSIHUE HA [0/r0CPOYHbIe
pe3ynbrathl [4]. CybxoHApanbHbIe KUCTbI NOC/e XOHAPONa-
CTUKU MOTYT ObITb CBA3aHbI C 0COOEHHOCTAMU UMMTAHTaLMN
KOCTHOr0 ayTOTPaHCMNaHTaTa, TaKUMW KaK [JIMHa TpaHc-
NnaHTaTa, 0C0OEHHOCTb YCTAHOBKU (KOHTAKT «J0HOpCKas
KOCTb/TapaHHas KOCTb»), MEXAY KOCTHOW TKaHbl ayTo-
TpaHCnNaHTaTa U TapaHHON KOCTbI0 MOXET 06pa30BbIBaTh-
CAl LeNb, YTO NOJ, BO3AEHCTBUEM CMHOBMANbHOMN XUOKOCTH
NPUBOAMT K nocefytoemy hopM1poBaHuio cybxoHaparb-
HbIX KWCT. [Ipn KPaTKOCPOYHBIX M CpeSHECPOYHbIX Habsto-
LEHVAX [aHHOEe OCNOXHEHMe NpoTeKaeT beccMNTOMHo,
O[lHaKO He MOXeT ocTaBaTbcA 6e3 BHMMaHuA [5]. OgHUM
U3 BeAywMx (aKTopoB, BAMSIOLLMX HA COCTOATENIbHOCTb
KOCTHOr0 ayToTpaHcnlaHTaTa U CTabunbHOCTb KonnareHo-
BOM MaTpuLbl, ABAAETCA CTabUABbHOCTb KOCTHOrO ayTOTpaH-
CnnaHTaTta, Kotopas AOCTUraeTCs TONIbKO C MOMOLLbK ero
HafEXHoM QuKcaummn u gocTatoyHoro press-fit apdekra.
HecTabunbHbIN KOCTHBIN ayTOTpaHCNNaHTaT CONPOBOXAa-
eTcA 60neBbIM CUHAPOMOM, HapyLIEHWEM OMOPHOW (YHK-
UMM CTOMbI U OTPaHUYEHUEM ABUXKEHWA B FONIEHOCTOMHOM
cyctaBe. [JaHHOe OCNOXHEHWE BCTpEYAEeTCA LOCTATOYHO
PefKo, O[HAKO MMEET KpaiiHe HeraTuMBHble MOCNEACTBUS,
TpebyloLime NocneayoWwmx PeBU3NOHHBIX ONepaLvii.

B pabote npeactaBneHa MoauduKaumsa yxe M3BeCT-
HOW METOAMKM MO3aWyHOW ayTOXOHAPOMIACTUKK, MO3BO-
nsowas co3aatb bonee HaLEXHY PUKCALMIO KOCTHOMO
ayTOTpaHCNNaHTaTa, YTo HarnpaBneHo Ha CHUXEHWE pUCKa
(opMUpoBaHMsA CyBXOHAPANbHBIX KUCT U HECOCTOATENBbHO-
CTW ayToTpaHcniaHTaTa (nateHT PO N2 RU2802399 «Cnocob
M03aU4HOW ayTOXOHAPONIACTUKM NOAHOCIOMHBIX KOCTHO-
XpsilleBbIX AedeKTOB CYCTaBHOW MOBEPXHOCTU TapaHHOIA
KOCTW Yy MauMeHTOB C XOHAPONATMEl M acenTUUECKUM He-
KPO30M»).

Hamu npepacTtaBneHbl KIMHUYECKUIA Cyyal ¢ HecocTo-
ATENBHOCTBI0 KOCTHOMO ayTOTPAHCMIAHTaTa M KITMHUYECKUIA
C/yyaii ¢ NpUMeHeHUEM MOAMGULIMPOBAHHON TEXHUKM MO3a-
MYHOW KOCTHOM ayTOXOHAPONACTUKK TapaHHOM KOCTH.

T.31,Ne 3, 2024

DOl https://doi.org/10.17816/vt0623878
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ONUCAHUE KNTMHUYECKUX CNYYAEB
KnuHnyeckun cnyyan 1

MaumeHt A., 58 net, uMetowmit oxmnpeHne, bonn bec-
nokosaT ¢ 2018 roga, nocne nogeopota cronbl, ¢ 2021 roga
boneBol CUHLPOM YCWUNMACH, KOHCEpBaTUBHas Tepanus
0e3 cywlectBeHHOro nonoxutensHoro 3ddekta. Mo paH-
HbIM ONpOCHUKOB, noka3satenb AOFAS coctaeun 59 6annos,
FAAM — 66 6annos, VAS — 7 6annos. [aumeHT obcnepoBaH
PeHTreHonornyecku, BoinonHeHo MPT-uccienoBaHve roneHo-
cTonHoro cyctasa. o gaHHLIM MPT onpefensncsi 0CTe0X0H-
ApanbHblA AedeKT B naTepanbHOM OTAeNe Kynosa TapaHHoM
KocTu (puc. 1), no NOBoAy Yero NauMeHTy U3 NaTepasnbHoro
[OCTYNa BbLINOMHEHA M03aKM4Has KOCTHas ayTomyiacTuKa
C NMPUMEHEHWEM KOlareHoBoM MeMbpaHbl (puc. 2).

Yepes 4 Mecqaua nocnie onepauuyv NauMeHT cTan oT-
MeuaTb ycuneHue bonesoro cuHgpoma. o pauHbiM KT

Puc. 1. MaumeHT A., 58 neT, faHHble 06cnenoBaHuiA nepes onepa-
umen. MPT roneHoctonHoro cyctaBa (T2-pexum). MonHOCNOWHbIN
OCTEOXOHApPasbHbINA Ae(EKT C 30HOM OTEKA KOCTHOrO Mo3ra pa3me-
pamu 16,2 MM (npogonbHo), 10,9 MM (nonepeyHo), 11 MM (rybuHa).

Fig. 1. Patient A., 58 years old, before surgery. MRI of the ankle
joint (T2 mode). A full-layered osteochondral defect, with a zone of
bone marrow edema, measuring 16.2 mm (longitudinally), 10.9 mm
(transversely), 11 mm (depth).

Puc. 2. MaumeHT A., 58 net, peHTreHONOrMYECKUI KOHTPOMb Nocse
BbIMOSIHEHWS XOHAPOMACTUKM.

Fig. 2. Patient A., 58 years old, X-ray after chondroplasty.
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Puc. 3. Maument A., 58 net, KT-KapTuHa yepes 6 MecsLeB nocne
onepauuu. Onpeaensnucb HecTabUIbHOCTb KOCTHBIX CTONBMKOB,
JIU3MC BOKPYF KOCTHbIX ayTOTPaHCMN/1aHTaToB.

Fig. 3. Patient A., 58 years old, CT control 6 months after surgery.
Bone grafts collaps, lysis around bone autografts was determined.

yepes 6 MecsLEB Mocne onepauuu onpepensnach HecTa-
BunbHOCTb KOCTHOrO ayToTpaHcnnaHTata (puc. 3). B ces-
31 C NepcuCTMpYIoLLMM 60NeBbIM CUHAPOMOM, CHUXEHMEM
ABUraTe/bHOM aKTUBHOCTU M OTCYTCTBUEM 3HAUMTENLHON No-
NOXUTENbHOW AMHAMMKM MO AaHHBIM OMPOCHUKOB B paMKax
PEBU3MOHHOM OMepaLmMn, HanpaBNeHHOW Ha KynupoBaHWe
boneBoro cMHApoOMa, NauMeHTy Bbin BLIMOHEH apTPOAE3 ro-
NeHOCTOMHOrO CycTaBa (puc. 4).

Yepes 8 MecALEeB nocnie onepauuy nauMeHT oTMeyan no-
JIOXMTENbHYID IMHAMKKY, boneBoi cuHapoM no wKane VAS
¢ 7/10 ymeHblumncsa go 3/10, nokasatens AOFAS coctasun
74/100 bannos, FAAM — 70/84 6annos.

YunTbiBas HeCcTabMNbHOCTL KOCTHOMO ayTOTPaHCMIAHTa-
Ta, HaMU NPeAJIoKEH cnocob MO3anyHOW XOHAPOMIACTUKM,
MO3BONAKLLMA YCUANTL (QUKCALMIO KOCTHOTO ayTOTpaHC-
nniaHTara.

Knuunyeckuin cnyvai 2

MaumeHT b., 36 neT, oTMeYan peunauBMpYOLLME NOABbI-
BMXM B rOJIEHOCTOMHOM CycTaBe, 6011eBoi CUHAPOM B TeUeHMe
6 MecsueB, No AaHHbIM MPT — ocTeoxoHApanbHbIi LedeKT
TapaHHoii koct (puc. 5). Mo AaHHbIM onpocHWKoB: VAS —
6/10 6annos, AOFAS — 55/100 6annos, FAAM — 44/84 6an-
10B.

MauueHTy BbIMONHEHa MoAM(UUMPOBaHHas MeETOAMKA
M03aM4HOM XOHAPONNACTUKM C NPOBM30OPHOM (MKCaLuen
CMULEN U NPUMEHEHWEM KONMareHOBOM MeMOpaHbl (naTeHT
PO N2 RU2802399 «Cnocob Mo3auyHo! ayToxoHApOnaacTu-
KW MOJTHOC/OMHBIX KOCTHO-XpSLLEBbLIX Ae(EKTOB CyCTaBHOM
MOBEPXHOCTW TapaHHOW KOCTM Y NaUMEHTOB C XOHApONaThei
M acenTUYECKUM HEKPO30M») (puc. 6).

[ocTyn K ocTeoxoHapansHoMy fedeKTy ocyLecTBAsAncs
C NOMOLLbID OCTEOTOMUM MeAMaNbHON NofbIKKU. KOCTHBIM
3abOpLUMKOM N0J, KOHTPOSIEM 3IEKTPOHHO-0MTUYECKOIO Npe-
obpa3oBaTens ymaneHa CKJIEPO3MPOBaHHas, acenTUYEcKM
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Puc. 4. Maument A., 58 net, peHTreHorpaMma nocne apTpofesa
rofIeHOCTOMHOrO CycTaBa.

Fig. 4. Patient A., 58 years old, X-ray after ankle fusion.

M3MEHEHHaA TKaHb B MpefAeniax 3[A0POBOM KOCTU W XpsLle-
BOV TKaHW. [lanee M3 cKaTa MATOYHOM KOCTM 3abupancs
CTPYKTYPHbIN KOCTHbIA ayToTpaHcniaHTaT. MeTozioM press-fit
KOCTHbIM ayTOTPaHCM/aHTaT YCTaHOBNEH B CHOPMMPOBaHHOE
NoXe TapaHHOM KocTW. MIMNNaHTMPOBaHHbIA KOCTHbIN ayTo-
TpaHCNNAHTaT UKCUPOBAH CMMLIEN K HUKENEeKaLLEeN TapaH-
HoOW KocTu (puc. 6a). B HaweM KnumHu4ecKoM HabmiogeHun
A1 NOJIHOrO YAANEHNS! M3MEHEHHON XPALLEBOW W KOCTHOM
TKaHW CHOPMMUPOBAHO BTOPOE JOXKE ANA MO3auU4HOW WUM-
MNaHTaLUWMW KOCTHOMO ayToTpaHcnnaHTata (puc. 6b). B noa-
TOTOB/IEHHOE J10XKe NPOM3BeeHa UMM/IaHTaLMUs KOCTHOTO ay-
ToTpaHcnnaHTaTa (puc. 6c¢). Mocne Mo3anyHoN UMMaHTaLUM
KOCTHbIX ayTOTPaHCM/IAHTaToOB CNMLa yhaneHa, Ha KOCTHble
ayToTpaHCnaHTaThl GUKCUPOBaHa KonnareHoBas MeMbpaHa
C MOMOLLbK MOPMHOBOIO renst ¢ KnesiLei CnocobHoCTbIo.

Puc. 5. Mauwuent b., 36 net, MPT roneHoctonHoro cycrasa (T2-
pexuM). MoNHOCNOMHBIA 0OPMIIEHHBIA OCTEOXOHAPANbHBIN fie-
(EeKT C KWUCTO3HOM MEepecTporKoi W 30HOM OTEKA KOCTHOMO Mo3ra
pasmepamm 194 MM (npogonbHo), 13,1 MM (nonepeuto), 10,3 MM
(rnybuHa).

Fig. 5. Patient B., 36 years old, MRI of the ankle joint (T2 mode).
A full-layered decorated osteochondral defect, with cystic rear-
rangement and a zone of bone marrow edema, measuring 19.4 mm
(longitudinally), 13.1 mm (transversely), 10.3 mm (depth).
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Puc. 6. Mauvent b., 36 neT, 3Tanbl BbINOIHEHUS MO3aUYHOA ayTOXOHAPOMIACTUKW: @ — WHTpaornepauMoHHas KapTuHa KOCTHOro ayTo-
TpaHCN/aHTaTa, (PUKCMPOBAHHOTO CMIMLEH K TapaHHOW KOCTW, b — WHTpaonepauMoHHas KapTvHa neper YCTaHOBKOW BTOPOr0 KOCTHOrO
ayToTpaHcnaHTaTa, ¢ — MHTpaonepaLMoHHas KapTuHa nocsie YCTaHOBKM [1BYX KOCTHbIX ayTOTPaHCMaHTaToB.

Fig. 6. Patient B., 36 years old, stages of mosaic autochondroplasty: @ — the impacted bone autograft is fixed with a k-wire to the un-
derlying bone, b — intraoperative picture of the formed bed after removal of osteochondral defect, c — intraoperative picture after the

impaction of two bone autografts and removal of a spoke.

Puc. 7. Maument b., 36 net, pe3ynbtar feveHus yepes 6 MecsLeB
nocne onepauuu. KT-uccnepoBanuwe: npocnexuBaeTcs napa CTpyK-
TYPUPOBAHHBIX ayTOTPAHCMIAHTaTOB Be3 NpU3HaKOB JIN3uca WK He-
cTabunbHoCTH.

Fig. 7. Patient B., 36 years old, outcome 6 months after surgery.
CT examination: 2 of structured autografts are traced, stable, with-
out signs of lysis or instability.

Puc. 8. MaumeHT b., 36 net, AaHHbIE KIMHUYECKOTO 0CMOTpa.
Fig. 8. Patient B., 36 years old, clinical examination data.

DOl https://doiorg/10.17816/vt0623878

MenmanbHas nogbixka GUKcUpoBaHa ABYMS BUHTAMM, paHbl
MOC/IOMHO YLUKTBI.

Yepes 6 Mecsaues no paHHbIM KT npocnexvBanuch ABa
CTPYKTYPMPOBaHHbIX ayToTpaHcnnaHTata 6e3 npusHakoB
nm3nca unu HectabunsHoctn (puc. 7). Tlo aaHHBIM onpoc-
HWKoB nokasartenb VAS coctaBun 1/10 6annos, AOFAS —
90/100 6annos, FAAM — 83/84 6annos (puc. 8). MauueHt
BEPHYNCA K CBOEMY MPEKHEMY YPOBHIO BUraTeNbHOM aKTUB-
HOCTMW.

OBCYXOEHWUE

MonynsapHocTb KOCTHOMW ayTonnacTUkyM obycnoenexa fo-
CTYMHOCTbI0, BOCNPOU3BOAMMOCTbBIO W MPEeLCKa3yeMOCTbIo,
4TO HaLLJO CBOE OTPaXEeHUE B XOPOLUMX CPEAHECPOYUHBIX pe-
3y/ibTaTax JIeYeHNUs NALMEHTOB C NOSIHOC/0MHBIMM OCTEOXOH-
ApanbHbIMKM fedeKTaMu TapaHHOW KocTW. HecMoTps Ha wm-
POKYI0 pacnpoCTPaHEHHOCTb M MOMYNAPHOCTb MPU fleYeHUH
MaLMEeHTOB C KPYMHbIMKU OCTEOXOHAPANbHBIMU AedeKTamu,
METOAMKA KOCTHOW ayTOMNacTMKW He NIULWIEHA He0CTaTKOB.
Tak, 3apybexHble KONnern 0TMeYakT XOpOLUME U OTIIUYHbIE
[O0NTOCPOYHbIe pe3ynbTaThl (47,7+32,68 Mecaua) y 797 naum-
eHTOB (MeTaaHanu3 23 nybnuKauumi) co cpeaHUM pasMepom
Aedexra 135,5 Mm2. pn aHanu3e ocloxHeHui y 13 naum-
EHTOB OTMevanucb (OpMMpOBaHUS CYOXOHAPANbHBIX KUCT
B MecTe npoBefeHns xoHaponnactukm [6]. |. Savage-Elliot
¥ COaBT. B CBOEM UCCne0BaHMM 0coboe BHUMaHWe yaenmim
OLleHKe 0bpa3oBaHmusA CyOXoHApanbHbIX KUCT. Y 24 n3 37 na-
uueHToB (64,8%) no paHHbIM MPT onpepensnock Hanuuue
KMCT B MeCTe XOHAPONNACTUKYU NpU CTaHAAPTHOM YCTaHOB-
Ke CTPYKTYPHBIX KOCTHbIX ayTOTPaHCMNaHTaToB MeTOLOM
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press-fit. CraTUCTMYECKM 3HAUUMOI NPUYKHOI NOSBNEHNUS
KUCT SIBNANCA BO3pacT NalUMEeHTOB; TaK, B CTapLued BO3-
pacTHom rpynne (cpeaHui BospacT 42,7 roja) naHHoe oc-
JIO}XHEHMe BCTpevanoch yaile, YeM y iy bonee Monogoi
Bo3pacTHoM rpynnbl (32,7 roga) [4]. Y. Shimozono 1 coaBr.
npoaHanuaupoBanu pesynbTathl JieyeHus 500 nauueH-
TOB C OCTEOXOHApPaNbHbIMU AedeKTaMU TapaHHOW KOCTW.
OcnoxHenus Bctpeyanucb B 10,8% cnyyaes, B YacTHOCTH
bonesHeHHOCTb AOHOPCKOrO MecTa, MH(EKUMOHHbIE OC-
JIO}KHEHMS, NOBpEXAeHNe NoBepXHOCTHOrO ManobepL,oBoro
1 UIKPOHOXHOTO HEpBOB, NepefHuii TapaHHo-bonbwebepuo-
Bblii UMMUILKMEHT, OTCYTCTBME MHTErpaLMu KOCTHOIO ayTo-
TpaHCNaHTaTa U 30Hbl octeotomun [7]. B pabote P.C. Kreuz
1 COaBT. 0TMEYANO0Ch OTCYTCTBME MHTETPALMM KOCTHOIO ayTo-
TpaHcnnaHTata y ogHoro 13 35 naumenToB [8]. K.M. Feeney
U CO0aBT. NpoaHanusupoBamu 23 pabotbl M 797 naumeHToB
M OTMETUNIM HeCTabunbHOCTb KOCTHOrO ayToTpaHcniaHTaTa
B 1,9% cnyuaes [6]. CornacHo KOHCEHCYCY N0 BOCCTaHOBE-
HWIO XPALLEBOW TKaHWU TOJIEHOCTOMHOMO CyCTaBa, COCTaBNs-
IOLLMMM yCMEeLIHOW KOCTHOW ayTOMacTUKU TapaHHOM KOCTH
ABNAIOTCA CIeAYLLME KPUTEPUM: BOCCTAHOB/IEHWE KOHIPY-
3HTHOCTM TapaHHOM KOCTW, KOCTHBIWA ayTOTpaHCMNaHTaT fof1-
JKeH bbITb JOCTAaTOYHON ASIMHBI (oNnTUManbHo — 12—15 MM),
a TaKKe KOJIMYECTBO KOCTHBIX TpaHCMaHTaToB bonee fByx
MOJET HEraTMBHO CKa3blBaTbCA Ha pe3ynbTatax. B ciyyasx,
KOrAa KOCTHbIA fedeKT npeBbllLaeT pa3Mep 04HOM0 KOCT-
HOro TpaHCMNaHTaTa, LeiecoobpasHo 1cnonb3oBaHue ABYX
KOCTHBIX TPaHCMIAHTaToOB, WMMAHTUPOBaHHbLIX B QopMe
nonyMecsaua [1]. Mo HalweMy MHeHWIO, NP1 UCMONb30BaHUK
LBYX M Dosee KOCTHBIX ayTOTpaHCMNaHTaToB B BUAE CTON-
OWKOB ANs NyyLLero BOCCTaHOBNIEHUS OAHOPOAHOIO XpsLLe-
BOr0 MOKPbITUA TapaHHOM KOCTM LienecoobpasHo NoKpbiTHe
KOCTHBIX ayTOTPaHCMNAHTATOB KOMIareHoBoW MeMbpaHoid.
HepoctatouHo nnoTHas nocagka KOCTHOMO ayToTpaHCMIaH-
TaTa ABNAETCS OCHOBHOM MPUYMHON 0Opa30BaHMA CYOXOH-
APanbHbIX KUCT U HecTabunbHOCTM ayTOTpaHCMNaHTaToB
[1]. HemanoBaxHoW COCTaBRsOLLEN YCNELLHOW ayTonna-
CTUKM SBNSETCA W YpOBEHb MOCALKM ayToTpaHCMIaHTaTa:
TaK, BO3BbLILLEHME KOCTHOTO ayTOTpaHCM/aHTaTa Haj no-
BEPXHOCTbIO TapaHHOM KOCTU Ha 1 MM ycunmMBaeT AaBneHue
Ha TpaHCnnaHTaT Ha 675% npwu natepanbHO PacnoOMKeH-
HOM JedekTe M Ha 255% B MeaManbHO pacrnoioXeHHOM
pedekte. Kock 1 coaBT. onpeaenunm, YTo AMHa KOCTHOMO
ayToTpaHcnnaHTaTta 12-16 MM obecneunBaeT 3HaUUTENTbHO
nyywyo cTabunbHOCTb, YeM KOCTHBIA ayToTpaHcniaHTar
ASvHoi 8 MM [9]. [Ing cHUMKeHWA pucKa AaHHOMO OCMOXHe-
HWS Mbl UMNIAHTUPYEM KOCTHbIA ayTOTPaHCMNAHTAT B OUH
YPOBEHb C MOBEPXHOCTbIO TapaHHOW KOCTU U UCMOSb3YyeM
MPOBM30PHYI0 QUKCALMIO CIMLLEN KOCTHOMO ayToTpaHCnaH-
Tata (anuMHa Kotoporo coctaenset 10-12 MM) K noane-
XaweMy rybuatomy cnolo TapaHHol KocTu. [ns nyuywero
BOCCTAHOBJIEHMS XPSLLEBOW MOBEPXHOCTU Mbl YKNaAbIBaEM
Ha KOCTHbIM ayTOTpaHCMaHTaT KONnareHoBylo MeMbpaHy,
(duMKcMpoBaHHyto GUBPUHOBBLIM refieM C KilesiLLeid CnocobHo-
cTbto. [poBU30pHas GUKCALMA CNIULEN SBNAETCS LOCTYMHBIM
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1 BOCMPOW3BOAMMBIM METOAO0M, NO3BOALIUM YCTaHaB/ M-
BaTb KOCTHble CTONOMKM ¢ HaxnéctoMm ao 50% 6e3 notepu
npoyHocTH press-fit dukcaummn. TakKe ycnoBueM ycneww-
HOro pe3ynbTaTa, HapsALy C MeXaHU4eCKOW NPOYHOCTbIO ay-
TOTPAHCNIAHTATOB, ABNAETCA YNy4yLIeHUe pereHepaTUBHOM
cnocobHoCTW TKaHeW MocpeacTBOM ucnonb3oBaHusa PRP
(nnasma, oboraléHHas Tpomboumtamm) [10]. [Ins npenot-
BPALLEHUS KOCTHOW pe3opbumn BOKpYr ayToTpaHCniaHTaTa
W OKa3aHus CTabunM3upylOLLEro BIUSHUS HA OCTEOMHTE-
rpaLmio BO3MOXKHO NPUMEHeHUe aHTMpe3opbTUBHOM Tepa-
num [11]. TakxKe HeobxoaMMo yuuTbIBaTb (aKTOPbI pUCKa
CO CTOPOHbI NaUMeHTa: ero Bo3pacT, MHAEKC Macchl Tena,
«LeNyloLwmnecs» 0CTe0XOHAPasbHble NOPaXeHWs, Hannume
0cTeoapTpo3a, AedopMauMu 3afHero otaena CTomnbl, He-
CTabUNbHOCTb rONIEHOCTOMHOMO cycTaBa. A peBU3MOHHLIMM
OnepaumaMy NPy OCNOXHEHUAX ABAAKTCS MOBTOPHANA XOH-
ApOniacTMKa, 3HA0NPOTE3UPOBAHUE U apTPOLE3 TOEHO-
cTonHoro cycTaea [12].

3AKJIOYEHUE

KocTHas aytonnacTika ABNAETCA OQHWM M3 CaMbIX BOC-
NPOU3BOAMUMBIX M 3PDEKTUBHBLIX METO0B BOCMOSHEHMS
0CTEOXOHApaNbHbIX AedeKToB TapaHHOM KocTu. OpHako
MMnNNaHTauua AByX U fonee KOCTHbIX adYTOTPaHCN/1IaHTATOB
MOET COMPOBOXAATHCA CHUMXEHUEM MPOYHOCTM KOHTaK-
Ta «[IOHOPCKas KOCTb/PELIMMUEHTHAs OKPYXaloLlas KOCTb»,
NPMBOAUTL K (OPMUPOBAHMI0 KUCT M HECTabWUNBHOCTK ay-
TOTpaHCnnaHTaTa. BeagylMM KputepueM XopoLUero pesyib-
TaTa KOCTHOW ayTOMNacTUKM ABNSAETCA CTabMNbHOCTL ayTo-
TpaHCMNaHTaTa, KOTopas AOCTMraeTcsl A0CTATOYHONM AJIMHO
TpaHCnnaHTaTa W MPOYHOCTbI0 duKcauuu. MpeanoKeHHbIN
cnocob NpoBM30PHOIA BUKCALMM KOCTHOTO ayToTpaHCnaHTa-
Ta CNMLER NpYM MO3aU4HOW XOHAPOMIACTUKE ABNAETCA BOC-
NpOM3BOANMBIM, 3O(EKTUBHBIM M Majl03aTpaTHLIM METOLOM,
MO3BOJIAIOLLMM COXPaHATb CTabUNBHOCTb KOCTHOMO ayTOTPaH-
CMNaHTaTa, ero press-fit KOHTaKT ¢ TapaHHOI KOCTbIO NpU Bbl-
MOJIHEHWUM MO3aMYHON KOCTHOW ayTOMNaCcTUKM.

AO0MNOJIHUTE/IbHO

Brknap aBTopoB. Bce aBTopbl NoATBEpIKAAIOT COOTBETCTBME CBOEMO
aBTOPCTBA MeXOyHapoaHbIM kputepmam ICMJE (ce aBTopbl BHEC/N
CYLLLECTBEHHBIM BKIA B pa3paboTKy KOHLENLWKW, NpoBeLeHe mC-
CNeaoBaHUs U NOArOTOBKY CTaTby, MPOYNM U 0400punv GuHanbHyto
BepCHto nepep nybnmKaumen).

WUcTouHuk cduHaHcupoBaHUA. ABTOpbI 3asBMAICT 06 OTCYTCTBUK
BHEWHero (QUHAHCMpOBaHWA MNpU MpOBEEHUN UCCNeLoBaHWs
1 NOAroToBKe NybAMKaumm.

KoHbnuKT uHTEpecoB. ABTOpbI AEKNApUPYHOT OTCYTCTBUE SABHbBIX
1 MOTEHLMANbHBIX KOHAJIMKTOB MHTEPECOB, CBA3aHHBIX C MPOBEAEH-
HbIM MCCNeloBaHMEM W NybAMKaLMeN HACTOALLEN CTaTbU.
WndopmupoBaHHoe cornacue. ABTOpbI MONYYMAN MUCHMEHHOE
cornacue NauueHToB Ha NybnMKaLmio UX MeAMUMHCKUX [aHHbIX
(22.12.2022).
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Kudockonuornueckue pecdopmanum no3BoHOUHUKa,
accouMMpoBaHHble C BbICOKUM PUCKOM pasBUTUSA
HeBponoruyeckoro aepuuura. 063op Auteparypsol

A.T. HazapeHko, A.A. Kynewos, .M. Munuua, M.C. Betpuna, U.H. JIncanckun, C.H. Makapos

HaumoHanbHbIM MeaWUMHCKWIA UCCeoBaTeNbCKUIA LIEHTP TpaBMatosiorum u optonegun uM. H.H. MpuopoBa, Mocksa, Poccus

AHHOTALINA

MpeactaBneH 0630p nuUTepaTypbl, MOCBALWEHHON KUPOCKONMOTMYECKMM JedopMaumaM C BbICOKMM PUCKOM rpyboro nep-
BMYHOrO HeBponoruyeckoro feduumta. 0630p HOCUT MHTErPATUBHBIN XapaKTep U NPOBELAEH C UCMONb30BaHWeM 6a3 AaHHbIX
MeIMLMHCKONM NnuTepaTypbl U nouckoBbiX pecypcoB PubMed, Google Scholar u eLibrary. B 0b3ope 3aTpoHyThl creayiowme
acneKTbl: 3TUONOMUS U NaTOreHe3 HeBPONOTMYECKOr0 AedUuMTa, BbI3BAHHOrO eCTECTBEHHBIM TEYEHWEM AedopMauum, oc-
HOBHble MPUHLMMbI U HANpaBIEHWUS XUPYPruYeCKOro NeYeHUss HEBPOOTUYECKM OCITOKHEHHBIX AedOpMaLMii NO3BOHOYHMKA.
B HayuHoW nuTepaType onMcaHbl OCHOBHbIE MEXaHU3Mbl Pa3BUTUS HEBPOJIOTMYECKOT0 AeduumTa: MexaHu4eckas KoMnpeccus
CMMHHOIO MO3ra M ero TPaKums, HapyLLeH1e KpoBoobpaLleHus Ha BepLuuHe fedopMaumn. MeToabl XMpypryeckoro ieyeHus
HEBPOJIOTMYECKN OCNOKHEHHBIX KUDOTUYECKMX M CKONMOTUYECKUX Ae(OpMaLMii MEHANIUC COMNTACHO PasBUTMIO MHCTPYMEH-
Tapusi M NoaxonoB B BepTebponorun. B nepeoit nonoBuHe XX Beka bbinn onucaHbl pasnuyHble MeToabl AEKOMMPeccuu no-
3BOHOYHOMO KaHana, Takue KaK NTaMUH3KTOMMS, KOCTTPaHCBEP33KTOMUSA, MOBMIM3aLMS CIMHHOMO MO3ra U MOJEeNMpOBaHue
N03BOHOYHOrO KaHana. Pa3BuTie M aKTMBHOE NpUMEHEHWE BO BTOpOW MosioBuHe XX BEKa B MPaKTUKe MHCTPYMeHTapus (cy-
BnamMuHapHble KPHYKM, TpaHCNEeANKYNAPHBIE BUHTbI) NO3BOSIUO BLINOHATL OAHOBPEMEHHO C AEKOMMPEccUei NO3BOHOYHOMO
KaHana QuKcaumio, ctabunusaumio 1 Koppekumio gedopMaumm no3soHouHMKa. CoueTaHue pa3nuyHbIX MeTOA0B cTabunmsa-
LMW 1 KOppeKumn aedopMauuv ¢ 04HOBPEMEHHON AeKOMMPeccuen No3BOHOYHOMO KaHana obecneymBaet ycnoBus Ans Boc-
CTaHOBNEHUS BYHKLUMW NOBPEXLEHHOTO CMIMHHOMO MO3ra, NPUBOAS K PErpeccy HEBPOJIOTMYECKOro AeuuuTa U HeponyLle-
HUIO TSXKENON MHBANMAM3aLUMW NaLMeHTa.
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Kyphoscoliotic spinal deformities associated
with high risk of developing neurological deficits.
Literature review

Anton G. Nazarenko, Alexander A. Kuleshov, Igor M. Militsa, Marchel S. Vetrile,
Igor N. Lisyansky, Sergey N. Makarov

N.N. Priorov National Medical Research Center of Traumatology and Orthopedics, Moscow, Russia

ABSTRACT

This is a literature review on kyphoscoliotic deformities with a high risk of severe primary neurological deficit. The review is
integrative in nature and was conducted using medical literature databases and search resources such as PubMed, Google
Scholar, and eLibrary. The following aspects are covered: the etiology and pathogenesis of neurological deficits caused by the
natural progression of deformities, the main principles, and directions of surgical treatment for neurologically complicated
spinal deformities. The scientific literature describes the primary mechanisms of neurological deficit development: mechanical
compression and traction of the spinal cord, as well as impaired circulation at the apex of the deformity. Surgical methods for
treating neurologically complicated kyphotic and scoliotic deformities have evolved with advancements in spinal instrumentation
and approaches. In the first half of the 20t century, various spinal canal decompression methods were described, including
laminectomy, costotransversectomy, spinal cord mobilization, and spinal canal remodeling. In the second half of the 20t
century, the development and active use of spinal instrumentation (sublaminar hooks, pedicle screws) enabled simultaneous
decompression, fixation, stabilization, and correction of spinal deformities. Combining different stabilization and deformity
correction methods with concurrent spinal canal decompression creates the conditions for restoring spinal cord function,
leading to a regression of neurological deficits and preventing severe patient disability.

Keywords: kyphosis; scoliosis; neurological deficit; vertebrotomy; decompression.
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0B30PHI

BBEJEHUE

Ckonuotuyeckue n kudotnyeckne gedopmaummn no3so-
HOYHWKA NpU eCTECTBEHHOM TEUYEHWUM MPOrpeccupytoT, Npu-
BOAA He TONbKO K HapyLIeHWK rnobanbHbIX napameTpoB
banaHca v 61oMexaHUKW NO3BOHOYHMKA, HO U K HapYLUEHMIO
HeBponoruyeckoro cratyca. CoyeTaHue CKONMOTHYECKOW
U Kudotuyeckon aedopMaumu B nMTEpaType BCTpeYaeTcs
Nof TePMUHOM «Kuockonmos» [1].

OpHoii M3 BaxKHbIX NpobieM ecTeCTBEHHOTO TeYeHus fe-
(opMauuii NO3BOHOYHWKA ABNAIOTCA MaHMdecTaumus 1 npo-
rpeccupyloLLee passuTie AUCHYHKLMM CIMHHOM MO3ra, KIK-
HWYECKW NpOABNAILIMECS HEBPONIOrMYECKUM LeQuUMTOM.
HeBponornyeckuit geduumt, cBA3aHHbIM C LedopMaument
M03BOHOYHMKA, MOXET ObITb Mano3aMeTHbIM B KIIMHUYECKOIA
KapTuHe [2].

HecMoTps Ha ycoBepLUEHCTBOBaHME XUPYPrUYecKUx Me-
TOAOB JieueHns AedopMaLmii NO3BOHOYHUKA C KOMMpeccHei
CMMHHOTO MO3ra, ONTUMalbHbII XMPYPrUYeCKMiA MOAXOL, K fe-
(opMaLyaM C BbICOKUM PUCKOM PasBUTMS HEBPOSIOrMYECKOTO
AeduunUTa 0CTAETCA CMOPHBIM.

MET0A0/10rMs NOUCKA UCTOYHMUKOB

WccnepoBaHne npeacTaBneHo WHTErpaTMBHbIM 0630-
poM nuTepatypsl. [lpoBegeHo ¢ Ucnonb3oBaHMeM ba3 faH-
HbIX MEAMLIMHCKOW NUTepaTypbl M MOWUCKOBBIX PECypcoB
PubMed, Google Scholar u eLibrary no kiou4eBbiM crno-
BaM «neurological deficit», «myelopathy», «neurologically
complicated deformities». MpoaHanuauposaHo 180 muccne-
[0BaHUiA. Bce uccnepoBaHua B nuTepatype MpencTaBieHbl
€AMHWYHBIMU HaAOMIOLEHNAMU MW CEPUAMM  KITMHUYECKUX
cnyyaeB B GopMate «Ciy4an-KOHTPOsIb», Y4TO FOBOPUT O Bbl-
COKO# aKTyaNnbHOCTM M He0CTaTO4HOM pa3paboTaHHOCTW faH-
HOM TeMbl. 3a nocnefHue 5 net bbino onybnukosaHo 17 pabot
no [aHHOW TeMaTHKe.

OBCYXAEHWUE

MNatoreHes HeBpoJIornyecKoro ,D,edJVI UuTa

MaToreHe3 Hesponoruyeckoro aeduumta y 6onbHbIX
¢ AedopmaumsaMu MO3BOHOYHMKA ABNSETCA He A0 KOHUA
U3yyeHHbIM. B HayuHoi nuTepaType, Kak 0TEYECTBEHHOM,
TaK W 3apybeKHON, OMMUCHIBAKOT PSAL OCHOBHBIX MEXaHW3MOB:
MeXaHUYEeCKY0 KOMMPECCUI0 CMIMHHOMO MO3ra Ha BepLUMHE
AedopMaLmi, NOBPEXEHNE CMIMHHOMO MO3ra B pesynbTaTe
€ro MEXaHW4ECKOT0 PacTAXEHMS, a TaKKe Ux codeTaHus. Co-
yeTaHMe MEXaHMYECKOW KOMMPECCUMM M TPaKLMU CMMHHOMO
Mo3ra B YCNOBUAX KUGocKonuotuyeckon gedopmaummn npu-
BOAMT K HapyLLEHU0 KpoBOObpaLLeHUst B CMMHHOM Mo3re [3].

Kudotnueckve gedopMaumm No3BOHOYHWKA BCTPeYaloTca
pexe, YeM CKONIMOTUYECKME, HO NMpU 3TOM YacToTa KoMMpec-
CUM CMIMHHOTO MO3ra U HEBPOJIOTMYECKUI SedULMT NpU HUX
BO3HMKaIOT yalle [4, 5]. Hanbonee 3HauMMbIM OCNOXHEHU-
€M KOMMpEeccun CMUHHOTO MO3ra Ha BepLUMHe AedopMaumu
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sBnsetca Muenonatus. CpeaHss yactota pa3suTtus Beprebpo-
reHHOM MUeNonaTn Npu KMGOCKONMOTUYHECKUX fedopMaLim-
X NM03BOHOYHMKA cocTaBnseT 21,1% u KnMHnYeckn nposens-
eTCS pa3NYHBIMKU BapuaHTaMy HEBPOOTrMYecKoro feduumra
[6]. KnuHuyeckne nposiBneHns BapbUpyIoT 0T QYHKLMOHANb-
HO HE3HAUMMBIX [0 rpybbIX HapyLUEHWA HEBPOJIOTMYECKOND
cTaTyca — napanapesa u nnermm [7].

Komnpeccus cnuHHoro Mosra B 60SIbLUMHCTBE Cly4aeB
NPSMO NPONOpLMOHaNbHa BEMMUYMHE yria KUGOCKoMoTuye-
CKOW fedopMaunm 1 NPUBOAUT K HEAOCTaTOMHOCTU KPOBO-
CHabXeHUs CMMHHOTO MO3ra, ero AeMUeNMHM3aUUM U atpo-
¢um [7]. B3anMocBA3b KOMNPECCUMM CIMHHOTO MO3ra U YImo-
BOM AedopMaumMm No3BOHOYHMKA, MPUBOASALLEN K MUenona-
TMM, OMKUCanM B 3KcnepuMeHTe Masini u Maranhao. ABTopbl
M3rOTOBUIIM 3KCMEPUMEHTANBHYH MOJESb AYPanbHOr0 MeLLKa
3 WmpoKon dacumm bedpa, B KOTOpYO MOMeCTUIM BanmoH,
PaBHbIii CpeLHEMY AWNAMETPY CMMHHOM MO3ra, HaNOSIHEHHbIA
BOZOM, NOAKJIOYEHHBIA K MAHOMETPY C UCXOAHLIM AaBNIEHU-
eM 20 MM Bog,. cT. Bo BpeMs aKcmepuMeHTa BOCMpOKU3BOAU-
nacb yrnoeas aedopMaums (kudos) mogenm go 110° ¢ 3a-
Mepamu NepesHe3afHero v latepo-natepansHoro AuameTpa.
Mpn nedopmauum 50° grnametp Mogenm oypanbHOrO MeLUKa
Obin paBeH AvaMeTpy MoAenM CUHHOro Mo3ra (bannoHa).
Mpn nedopmaumm 60° paenenve B bannoHe Havano npe-
Bblwatb 30 MM BOA. CT. — CpefHee BEHO3HOE AaBIEHME.
Mpu 90° naBneHue yBennumMBanoch B ABa pasa. ABTOpbI AeNa-
10T aKLIEHT Ha ToM, 4To npyu 60° B CIMHHOM MO3re NPOUCXOANT
BEHO3HbIV 3acToi, npu aedopMauum bonee 90° Bo3HMKalOT
PUCKU Pa3BUTUSA ULLIEMUM.

S. Kleinberg n A. Kaplan (1952 r.) onucbiBanu MexaHu-
UECKOe MOBPEXAEHWE CMMHHOTO Mo3ra B pe3ynbTaTe TpaK-
LW Npu KndocKonnoTUyeckon aedopmaLyv No3BOHOYHMKA.
ABTOpbI 06BACHAIOT TaKoW MexaHWU3M MOBPEXAEHUs Maro-
MOABUIKHOCTBIO CMIMHHOTO MO3ra U3-3a ero GUKCMpYIoLLEro
annaparta: TBEpaon Mo3rosoi obonoyku (TMO), 3ybuatbix
CBA3OK, CMMHHOMO3roBbIX HepBoB [8]. Ha BeplumHe Kndosa
CMUHHOM MO3r MNIOTHO NpUNeraeT K 3afHeil NMOBEPXHOCTY
Ten no3BoHKoB. KpoMe Toro, CNuHHOW MO3r cAaBnMBaeTcsa
B nepegHe3agHeM Hanpasnenun TMO, kotopas ¢uKcKupoBa-
Ha K Yepeny 1 KpecTLly, HO UMeeT HebOoNbLLYI0 3NaCTUHHOCTB,
Hanborbllee HaTsKeHWe KoTopoid dopmupyeTcs no 3agHen
cteHke [9] (puc. 1).

Mpun pacceyenun TMO eé faBneHue Ha CMMUHHOW MO3T
yMeHbLUaeTcs. 3TUM 0b6bACHAETCS perpecc HeBposoruye-
CKoro feduumTta, KOTOpbIM MOXET HacTynuTb Mmocne na-
MUH3KTOMMM C pacceyeHneM TBEPLOK MO3roBoi 060104KM
(mypotomum) [9, 10].

KpoBocHabeHne CNWHHOrO Mo3ra W3MeHSETCs Npu ero
Komnpeccun 1 Tpakuuu. KposoobpallieHne cnnHHOMO Mo3ra
xopowo onmcan G. Dommisse (1974 r.), KoTopbI NORYEPKM-
BaJ1 BAYXHOCTb CErMEHTapHOr0 KPOBOCHabKeHus 1 aHacToMo-
308. [py KOMNpeccum 1 TpaKuM1 CMIMHHOTO MO3ra MPOUCXOAUT
CAaB/IEHUE COCYAOB, YTO NPUBOAMUT K BEHO3HOW 0OCTPYKLMK
1 YMeHbLUEHMIO KPOBOTOKa. Mpu ycuneHum obeTpyKumm apte-
pyanbHbIA KPOBOTOK COOTBETCTBEHHO YMeHbLUAETCA. [MMNOKCUS
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Puc. 1. CxemaTnyeckoe usobpaxeHue Kudo3a, noKasbiBatoLLee KOMNpPeccuio CNIMHHOMO Mo3ra B 0611acTi BepLumMHbl AedopMauuu. Teépaas
060J104Ka HaTAHYTa M CAABNMBAET CMIMHHOM MO3T OTHOCUTENIbHO MepeHei NoBepXHOCTH TeMa No3BoHKa B 0611aCTV BepLUIMHbI Kudo3a.

lpumeyanue. TNMNC — nepenHas npogonbHas ceaska, 3[C — 3aaHas npogonbHas ceaska, TMO — TBEpaas MosroBas 0boouKa.

Fig. 1. A schematic representation of kyphosis showing compression of the spinal cord in the area of the apex of the deformity. The dura
is stretched and compresses the spinal cord relative to the anterior surface of the vertebral body in the area of the apex of the kyphosis.

Note. MNC — anterior longitudinal ligament, 3MC — posterior longitudinal ligament, TMO — dura mater.

MPUBOLUT K CHUXEHMIO (YHKLMM CMIMHHOTO MO3ra U MosiB-
NEHWUK0 HEBPOMOTUYECKOM cuMnToMaTUKK. KpoBocHabeHue
B BEPXHErpyLHOM OT/elie MO3BOHOYHUKA UMEET HaUMEHbLLee
KONMYECTBO apTepuid, NUTAIOLWMX CErMeHTbI CMMHHOIO Mo3ra
Ha AaHHoM ypoBHe. KpoMe Toro, nepdopaHTHbE apTepu,
oTX0AfALLUME OT MepefHen CMMHHOMO3rOBOW apTepuu, B 3TO
obnacT1 uMetoT MeHbLUMI Kanubp [11]. Jlioboe ycuneHHoe Ha-
TAXKEHUE CMMHHOTO MO3ra B YCIOBUSAX KU OCKONMOTMYECKON
AedopMaumn npuBeaET K MOBPEXAEHUI0 HEPBHOM TKaHMW.
Mpu HapacTaHuv pedopMauun, 0cobeHHO eciu OHa Npouc-
XOOMT 33 KOPOTKUIA NEPUOL BPEMEHU, KaK MpU CKayKe pocTa
B NOAPOCTKOBOM BO3pacTe, CMMHHOM MO3r BbICTpO nopBep-
raeTcs AeMCTBMIO TPaKLMOHBIX CWM, MPWU 3TOM MeXaHW3Mbl
ajjanTauuW He YCMeBaloT pa3BMBATbCA [N KOMMeHcaUuu
nospexaeHui [12].

B 2006 r. C.MN. MupoHos, C.T. Betpuna u coasT. npea-
CTaBWUNM UCCNieJ0BaHNe, B KOTOPOM U3ydanucb ocobeHHo-
CTW CMUHANBHOTO KPOBOOBPALLEHNS U MUKPOLMPKYNALUN
B 000/104Kax CMUHHOrO MO3ra Mpu KUAOCKONMOTUYECKUX
AedopMaumax No3BOHOYHUKA. B uccnenoBannm nogyepku-
BaeTCA BO3MOXHOCTb KONaTepanbHOro KpoBoobpalleHus
B CUCTEME CMMHaNbHbIX apTepui. ABTOpamMu BbISIBNIEHO,
YTO MPY NOCTENEHHOM Pa3BUTUN KMPOCKONUOTUHECKON fe-
dopMaumMn NpoMCXoaMT afanTauus CUCTEMbI CMIUHAMBHOIO
KPOBOCHabXXeHWS 33 CHET YBEJIMYEHMSA KPOBOTOKA B CUCTEME
3afHeii cniMHanbHoi apTepuu. [pu BO3HUKHOBEHMM CTEHO3a
M03BOHOYHOr0 KaHasa MPoOMCX0AUT KOMMEHCALMs KpoBOTO-
Ka B CMWHHOM MO3re Mo MepefHUM U 3afHUM pajuKyno-
MeZynnspHbIM apTepusam. Mpu KoppeKumn KudockonuoTu-
YecKoii AeopMaLMv NPOMCXOANT YNyULLIEHWE CMIMHAMBHOIO
KpoBoobpalleHns B cucTeMe apTepuu AfaMKeBWYa M3-3a
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YMEHBLLEHMA HaTAXeHUA MexpébepHbix cocynos. B cocy-
Aax CMUHHOrO MO3ra BbISB/EHO YNyylleHWe NoKasaTeseil
MUKPOLMPKYNALMUK NOCe KOPPEKLIMM CKONMOTUYECKOW Jie-
dopmaumm Il n IV ctenenn (o 75-90°), Ho Npu KoppeKLum
bonee TAMENbIX AedopMaumnin no3BoHo4HMKa (120-140°)
MoKasaTenn MUKPOLMpKYNauuM B rybokux cnosx obono-
YeK CrMHHOro Mo3ra bbiin cHuKeHbI [13].

MeToap! onepaTtuBHOro JieyeHUA

Xvpyprisyeckue noaxobl K JIe4eHUH0 HEBPOOTUYECKY OC-
NOXHEHHBIX AedopMaLMii MO3BOHOYHMKA U3MEHSIUCH Mpo-
MOPLMOHANBHO PasBUTHIO XUPYPrUYECKUX NOAX0A0B, MHCTPY-
MEeHTapus W fieii BepTedpoIor1yeckmx KON onpeaeneHHoro
nepuozia BpeMeHM.

JlaMUH3KTOMMS, KOCTTpaHCBEP33IKTOMUS

BapuaHTbl Xxvpyprveckoro neveHus Kudockonmotuye-
CKMX fedopMaumii NO3BOHOYHMKA, acCOLMMPOBaHHbIX C He-
BPOOrMYECKUM Ae@uuUUTOM, BbIM NpeanoeHbl B Hayane
npowioro Beka [14]. bonbluoe pacnpocTpaHeHue nonyunnm
MeToabl [IeKOMMpeccuu MO3BOHOYHOMO KaHana Ha OCHOBE
NaMWUH3KTOMUM Ha BepLUMHe KudocKonuoTuyeckoi nedop-
MaLyK, KOCTTPAHCBEP33KTOMMM M BEHTPASIbHOW [LeKOMMNpec-
cun. B 1900 ropy V. Ménard coobwmn 06 ucnonb3oBaHum
KOCTTPaHCBEP33KTOMMM TpaHCTOpaKanbHbIM goctynom [15].
B 1995 ropy B. Ahlgren n H. Herkowitz onucanu 3apHebo-
KOBOM AOCTYM K PYAHOMY OTAENY MO3BOHOYHMKA C BOTHY-
TOM CTOPOHBI C Lefblo BbIMOJHEHUS KOCTTPAHCBEP3IKTOMMU
[16]. J. Lonstein, R. Winter, J. Moe u coasrt. (1980 r.) ony-
ONMKOBanM CPaBHUTENbHBIN OTYET O 43 KNMHUYECKWX Clyya-
fIX OMEpaTMBHOIO NIEYEHWUS! HEBPONOTUYECKN OCIOKHEHHBIX



https://doi.org/10.17816/vto629012

0B30PHI

fedopMauMin  NO3BOHOYHMKA. XMpYpruyeckue MeToAWKM
BKJ/IIOYANW BEHTPasibHYID AEKOMMPEeCCUio CMMHHOMO Mo3ra
1 NaMWUHIKTOMWIO. JTaMUHIKTOMMA NMOKa3ana HauxyaLume pe-
3ynbrathl: y 6 u3 10 naumreHToB Habnoaanock nporpeccupo-
BaHWe HeBposoruu. [lepeaHsas LeKOMNpeccus CNIMHHOIO Mo3-
ra jana Hawnydlime pesynbTathl: ynyylleHue Habnmopanoch
y 16 u3 25 naumentoB [17]. Onepaumn c UCNoNb30BaHWEM
NaMUHIKTOMUW He NPUBOAMIN K Perpeccy HeBPOSIOrMYECKOM
CMMMTOMATHKM, NOCKOJIbKY MeXaHW3M KOMMPEeccuu CMIMHHOM
Mo3ra 00yc/ioBfieH Knepeau NexalunuMu oT Hero CTpyKTypa-
MW. YaneHue 3afHUX CTPYKTYp LecTabunnsupyeT no3BoHOY-
HWK, 4T0 NpuBOAMT K Bonee BLICTPOMy MpOrpeccupoBaHmio
KMOTUUECKOr0 KOMMOHEHTa fedopMaumn U elwé bonbLueil
KOMMpeccum CnuHHoro Mo3ra [9, 18, 19].

Mo6unusaums cnuHHoro Mo3ra

M MOAenvpoBaHWe NO3BOHOYHOO KaHana

B 1947 rogay 0. Hyndman coobwun o nepsoM cnyyae
natepanbHOM TPaHCMO3MLMM CMMHHOMO Mo3ra y bonbHoro
C UAMONATUYECKMM KUGOCKONMO30M U KOMMPECCHEN CrvH-
Horo Mo3ra. [loMMMO NaMUH3KTOMUM NPeANoKeHa pe3eKLms
KOpHeli [iyr NO3BOHKOB, MOMEPEYHbIX OTPOCTKOB W TONIOBOK
pebep Ha BorHyTon cTopoHe aedopmauymu. lNocne pesekumu
BbILUEOMMCAHHBIX KOCTHBIX CTPYKTYP BbINOMHANACh HEBPOTO-
MU TPYAHBIX CMIMHHOMO3rOBLIX HEPBOB, MPW 3TOM CMWUHHOM
MO3I CMeLLasNcs B CTOPOHY BOTHYTOW CTOPOHbI AedopMa-
LMW, NpUHAMas HoBOe nonoeHue. Yepes 3 Mecsua otMme-
YEHO MOSIHOE BOCCTAHOB/EHWE HEBPOJIOTMYECKOrO CTaTyca
[18]. AHanornyHble pe3ynbTaTbl MOAOKWTENBHON OUHAMUKK
B HEBPOJIOTMYECKOM CTaTyce MpU AaHHOM TWMe Onepauuii
npeactasuu B 1949 r. K. McKenzie n F. Dewar, B 1956 . —
J. Grafton Love u coasr., B 1960 r. — J. Barber u C. Epps,
B 1989 r. — G. Cantore u coasr., B 2006 . — E. Shenouda
u coast. [9, 17, 20-24].
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Mobunm3auus cnuHHOMo Mo3ra U MofLeNIMpoBaHm1e No3Bso-
HOYHOr0 KaHana, onucbiBaeMble B IUTepaType Kak TpaHcno-
3MLMA CMIMHHOTO MO3ra, NO3BOJIWAMN J0BUTLCA 3HAUNTENBHOTO
yBenuueHns obbEMa [eKOMNpeccuu W UCNpaBnieHus reo-
MeTpWM NO3BOHOYHOTO KaHarna, 0becreynB CTOMKUA perpecc
HEBPOJIOTMYECKOW CUMMTOMATUKW. 3T0 [AET BO3MOXKHOCTb
BbINOIHUTL HEobXoAUMYt0 CTabunusaumio KuhocKonMoTUYe-
CKOV AedopMaLm NO3BOHOUHWKA, CHU3UTL PUCK NPOTpeccy-
poBaHusa fedopMaLMu U HECOCTOATENBHOCTU CMOHAMIOLE3]
B OT[a/IEHHbIE CPOKM Mocsie onepauum (puc. 2).

AHanorunyHblii cyyaid NpUMeHeHUs TPaHCMO3ULMW CMIMH-
HOrO Mo3ra NpeLCcTaBuiM B OTEYECTBEHHOW NuTepaType
B.B. HosukoB u coasrt. B 2016 rogy. MauueHTKe ¢ purnaHbIM
rPYAHBIM KndocKonuosoM [V cTeneHmn, 0CNOMHEHHBIM Mue-
nonaTtuen rpyaHoro OTAENA B BUAE HWKHETO CMacTUYecKo-
ro napanape3a 6e3 HapyLieHWs QYHKLUWW Ta30BbIX OPraHoB,
BbINO/HEHa NepesHeb0KoBas TPAHCNO3MLMA CMIMHHOTO MO3ra
Ha ypoBHe Th7-Th11 no3BoHKOB U3 NPaBOCTOPOHHErO TPaHC-
TOpaKanbHOro [OCTyna C K/IMHOBMAHOW BepTebpoToMueii
Ha yposHe Th7-Th11, koppeKumeii nedopMaumn No3BOHOY-
HWKa C MOMOLLbI0 TPAHCNEAMUKYNAPHONM BUKCaLMU U 33HUM
CNOHAWMNOAE30M ayTOTPaHCMIAHTAaToOM. ABTOPbI MOAYEPKM-
BAOT MONOMMTENBHBIA KSIMHUYECKUA U KOCMETUYECKUN pe-
3ynbTaT C yAyulleHWeM HeBPONOrMyecKoro cratyca (perpecc
HWXHEr0 CnacTUYecKoro napanapesa) [26].

lMepepHss pekoMnpeccus ¢ MHCTPYMEHTaNbHOM

KoppeKuueit u dpukcaumeit aedopMauum

YcTpaHeHue cTeHo3a MO3BOHOYHOMO KaHana MyTéM pe-
3eKUMM KOCTHBIX CTPYKTYpP, CLABMBAIOLLMX CMUHHOM MO3T,
MO3BOMISET UL KYNMPOBaTb UMEIOLLMNCSA HEBPOIOTMYECKUN
aeduumt. MeTtoabl 0LHOMOMEHTHON AEKOMNpeccun, uKca-
LMW U/MN KOPPEKLMN TAXKENBIX KU(OCKONMOTUYECKUX Ae-
(opMaLmin ¢ ucnonb3oBaHMEM LOPCasbHOM GUKCALMK CTan

Puc. 2. ¢ — koMnbloTepHas ToMorpadms No3BOHOYHWKA MOCIIE BBIMOSHEHWSA KOCTTPAHCBEP33KTOMUM (M3 IMYHOTO apxMBa aBTopa): NyH-
KTUP — 30Ha PEe3eKLMM, KENTBI 0Ban — HOBOE MOJIOMKEHMe CMIMHHOMO Mo3ra Nocsie onepauum; b — cxeMatyHoe U3obpaxeHue obnactu
Pe3eKLMM NpyU MOAENMPOBaHWM NO3BOHOYHOMO KaHana [25].

Fig. 2. @ — computed tomography of the spine after bone transversectomy (from the author’s personal archive): dotted line — resection
zone, yellow oval — new position of the spinal cord after surgery; b — schematic representation of the resection area when modeling

the spinal canal [25].

DAl https://doiorg/1017616/vta629012

419


https://doi.org/10.17816/vto629012

420

REVIEWS

BO3MOKHbIMW NOCNIe BHELPEHUA TPAHCNEAMKYNAPHOU QUK-
cauum [27-30].

B 2013 . L. Lenke npepcTaBun peTpocneKTMBHBIA Myib-
TULEHTPOBOW 0030p 147 KJIMHWYECKWX CIy4aeB, B KOTOPbIX
Bbina BbINONHEHA pe3eKumMs NO3BOHOYHOIO cTonba (vertebral
column resection, VCR) Kak M30/MpOBaHHLIM 3aHUM, TaK
U KOMOMHMPOBaAHHLIM NepefgHesagHuM goctynom. Y 39 u3
147 naumenToB (27%) 0TMeYanocb MHTpaornepaLMoHHOe He-
BPO/IOTMYECKOE OCNIOXHEHME (M3MEHEHWe COMAaTOCEHCOPHbIX
MOTEHLMAN0B MOHUTOPUHIA CMIMHHOTO MO3ra WM OTpuua-
TenbHbIn wake-up TecT). Bribop onepatusHoro goctyna VCR
He OKa3bIBaJl 3HaYMMOT0 BAMSHUSA Ha Pa3BUTUE OCNOMKHEHWI
[22]. B 2005 r. J. Smith u coaBT. UcNoNb30BanK TONBKO 3afHUN
poctyn npu BoinonHeHun VCR B coyeTaHnm ¢ KOCTTpaHCBep-
33KTOMMEl NPY ONEepaTUBHOM JIeYeHUW KUGOCKONNO3a, acco-
LMMPOBAHHOTO C HEBPONOrUYeckUM aeduumtoM. 3T0T AoCTyn
obecneunBaeT BM3yanu3aLMio LypanbHOro MeLUKa U KOppeK-
unio fedopmaumm [28, 31-33].

B 2008 r. K. Song 1 coaBT. NpeacTaBUAM UCCE0BaHUE
pesynbTaToB 0MepaTUBHONO JIeYeHWs NaLMEeHTOB C Nporpeccu-
pyloLLei MUenonaTuei, KoTopbIM Obina NpoBeLeHa NepeaHas
LeKoMNpeccus, AopcanbHas TpaHcneauKynsapHas cTabunu-
3auma 6e3 Koppekuun aedopMaumun. B 7 cnyyasx bbina Bbl-
MoJIHeHa OfHO3TanHas orepaums, B OCTajlbHbIX 9 — ABYX-
sTanHas. lpu AMHaMUy4ecKoM HabnofeHUW NONoXMUTENbHaS
AVHaMWKa HEBPONIOTMYECKOro craTyca oTMeueHa y 14 u3
16 naumeHToB. B cnydyae c TAMENo#W npepsonepaLyoHHOM
HeBponorueit (knacc A no Frankel) n3ameHennin B HeBposio-
FMYecKoM cTaTtyce He Habnoganoch [34]. AHanorvyHble pe-
3ynbtatl nonyunnm B 2010 1. L. Lenke u K. Ishidan B 2015 1.
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Puc. 3. Tunbl octeotomuit no Schwab [38].
Fig. 3. Types of osteotomies according to Schwab [38].
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P. Chen, C. Chang, H. Chen u coasr. [35-37]. OnHako nokasa-
Hus ons VCR (6-1 Tun no Schwab) (puc. 3) He Bbinu noapob-
HO onucaHbl B nuTepatype. B. Shi u coaBT. B npoBeAgHHOM
OBYXJIETHEM DETPOCNEKTMBHOM WCCNE0BaHMM MOKa3ainu,
4TO NOTEHLMANbHBIMW MOKA3aHUAMM K 0CTEOTOMUM 6-r0 TUNa
no Schwab AomKHbI ObITb NALMEHTLI C BPOXKAEHHBIM KO-
CKONIMO30M, C KIIMHOBUAHBLIMW MONYMNO3BOHKAMU UM MHOTO-
YPOBHEBbLIM NEPEHUM CHHOCTO30M TeJl NO3BOHKOB B 06nacTu
BepLUMHbI AedopMaumn. TpeboBaTenibHas K TeXHUKe OCTeo-
Tomusa VI Tvna no Schwab npu Hannuum Hagnexalumx noxa-
3aHW MOXeT 0becreunTb yO0BNETBOPUTENBHYI0 KOPPEKLIMIO
AedopMaLym ¢ yny4LeHMeM HeBpOoru4eckoro craryca [39].

[Ina KoppeKuMu TAXKENBIX pUriaHbix fgedopMaumin ¢ uc-
nosb30BaHWEM 3afHEero A0CTyna M OCTEOTOMUM Ha OLHOM
YPOBHE B NUTEpaType onucaHbl MOAUGUKALMM TPaULMOH-
HbIX OCTEOTOMWW, TaKMe KaK anuKanbHas jopaosupyloLLas
octeotomms (apical spinal osteotomy, ASO) [40], Moaudm-
umpoBaHHas VCR (mVCR) [41], anukanbHas cerMeHTapHas
pe3eKUMOHHas ocTeoToMus [42], 3aKpblBaloLLe-0TKPbIBal0-
wascs KnuHoBuaHas octeotomus (closing-opening wedge
osteotomy, COWQ) 1 3aKpbIBaloLLasca KIMHOBUAHAA OCTeo-
Tomua (closing wedge osteotomy, CWO) [28, 43].

A. Patel u coasr. (2018 r.) npeacTaBuiM UccieaoBaHue,
B KOTOPOM OMMCbIBaNM 3 GEKTUBHOCTL MoaMbUKaLmMU anu-
KanbHoii 0cTe0TOMMM N03BOHOYHMKA (ASO) — oaHOYpOBHE-
BOM aCMMMETPUYHO 3aKpbIBatOLLIEN OCTEOTOMUM U3 33JHET0
poctyna. Hesponoruyeckuin geduumt 6bin aMarHocTUpoBaH
0o onepauun y 9 naumenTos (knacc A no Frankel —y 1,B —
y3,C—y5 E—y 17). Mpn HabniogeHnn B nocneonepa-
LIMOHHOM Nepuope oueHKa no Frankel ynyywwunack ¢ A no B
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B 1 cnyyae, c B po D — B 2 ciyyasx u go E — B 1 cniyvae;
BO BCEX 5 CNyyasX, B KOTOPbIX MpefonepauMoHHas OLEeHKa
no Frankel cootBetcTBOBana knaccy C, oueHKa ynyywmnach
po knacca E. Yepe3 2 roga y Bcex MauMeHTOB HEBPONOru-
UECKWI CTaTyC OCTasCs Ha MPEXHEM YPOBHE WM YNyyLLImMI-
CAl, 3@ MCKIIIOYEHNEM OJHOTO NauMeHTa, Y KOTOporo cpasy
nocne onepauuu paseunacb napannerus. ABTopbl NpuLLAM
K BbIBOAY, YTO AaHHas MOAMGMKaLMA NOKa3bIBAET XOpOLLMe
K/IMHUYECKME M PEHTTEHOMOMMYECKNe pesynbTaThl C YAoBeT-
BOpUTENbHBIMM MOKa3aTenaMu Koppekuun [44]. Hecmotps
Ha T0, yto onepauus VCR npuBOAMT K pe3Koi KoppeKuuw
KudoTuyeckon gedopMaumy No3BOHOYHMKA, NOCNEAyHOLMe
CpeAHEecpOYHbIE W AONTOCPOYHbIE MCCIEA0BaHUS MOKa3au
BbICOKMUI YPOBEHb OCNOXHEHWUIA B BUAE MEPeoMa CTEPIKHEV
[45-49].

MepeaHss pekoMnpeccus u nepeaHss cTabunusaums

Mpu BPOXKAEHHBIX KMbOCKonMoTMYeckux Aedopmaumsx
MOryT 0TMEYaTbCsl MHOXECTBEHHbIE MOPOKM Pa3BUTUS N03BO-
HOYHMKA. B Takux cnyyasx ycTaHOBKa [OpCaNibHOM CUCTEMBI
(QUKCaLMM TeXHUYECKM 3aTpyAHeHa. [oaobHbIN ciyyan npen-
ctaBunmn B 2016 . A.A. KyneLuoB v C0aBT. B KIIMHUMYECKOM Npy-
Mepe NaLMeHTa ¢ BPOXKAEHHOW AedopMaumen NO3BOHOYHMKA,
annasven KopHei Lyr rpyaHbIX U MOSAACHUYHBIX MO3BOHKOB,
KOMMPECCUOHHBIM CMUHAMBLHBIM CUHAPOMOM (FpyaHas Mue-
NONaTHs, HUXKHUIA CNacTUYeCKWUN rMyBboKuiA napanapes ¢ Ha-
pyLueHneM dyHKUMM Ta3oBbix opraHoB (knacc C no Frankel;
ASIA: nBukeHue — 81 6ann, ykon urnoit — 84 banna, npu-
KocHoBeHue — 84 banna). BeinonHeHa peseKums No3BOHKOB
Ha BepwwWHe fedopMauuM TPaHCTOpaKasbHbIM [OCTYMOM
yepe3 noxe IV pebpa. lMocne pocTueHns mexomnpeccumn
CMMHHOTO MO3ra BbLINOSHEHO BBELEHWE TPAHCMEAMKYNAp-
HbIX BUHTOB B TeJla MO3BOHKOB, BO (DPOHTAIbHOI MIOCKOCTU
crepeam K MeTanioKOHCTPYKLUMK C MOMOLLbI0 laBcaHa nog-
BSI3aH Y/I0XEHHbIN Ha HOKOBYKD MOBEPXHOCTb TeN MO3BOHKOB
pebepHbIM ayToTpaHCnaHTaT. Yepes 6 MecsLeB 3auUKCHpo-
BaHa MoNoMXuTeNbHas AMHaMMKa. MauneHT nepedBuraetca
camocTosTeNnbHo, be3 AononHUTENbHOM onopbl. BocctaHos-
NeHWe MbILLeYHON cunbl B KOHeYHoCTsX Ao 5 6annos (knacc E
no Frankel; ASIA: npemkenne — 100 6annos, ykon urnoin —
112 6annos, npukocHoBeHne — 112 6annos) [50].

3AKJIK4YEHUE

B natoreHese pa3BuTHSI MOBPEXAEHWUS CMIUHHOMO MO3ra
B YCN0BUAX AeOpMaLMM KITIOYEBYHO POSib UrPaeT HapyLueHue
KpoBOODpaLLEeHNst B CIMHHOM MO3re Ha BepLuMHe AedopMa-
LMK, a TaKKe MeXxaHMYeckas TPaKLMs B YCNOBMSAX aHaTOMMU-
YECKOM ManonofBMKHOCTA CMIMHHOTO M03ra B NO3BOHOYHOM
KaHane. Jlyyiume pe3ynbTaTbl B OTHOLUEHUW BOCCTAHOBNIEHNS
(yHKLMA CNMHHOTO MO3ra onucaHbl Npy paHHel AeKoMnpec-
CUW HeBpasbHbIX CTPYKTYp M CTabunusaumm 6e3 KoppeKuum
Aedopmaumu.

PasBuTMe MeTOLOB TpaHCMeaMKyspHO# uKcaumu no-
3BOHOYHMKA 00ECneynno OHOMOMEHTHYI0 [LeKOMMpeccuio

T.31,Ne 3, 2024
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CMMHHOIO MO3ra M KOPPEKLMI0 KNOCKonMoTuieckux aedop-
Maumi. Mpu TAXKENBIX KUPOCKONMOTUYECKUX AedopMaLmaxX
C LJMTENbHO MPOTEKAIOWMM HEBPONTOMUYECKUM LednumToM,
Pa3BUBLUMMCA B pe3ynbTaTe KOMMPECCUM CMIMHHOM0 MO3ra,
Mobunu3aums cnuHHoro Mo3ra U3 3apHeboKoBoro goctyna
C [opcanbHoi GMKcaumei nokasana nyywun noteHuman
perpecca Hesponoruyeckoro feduuuta. OfHaKo B KIMHK-
YECKOM MPaKTUKE BCTPeYaloTca AedopMaLmm NO3BOHOUHUKA,
MpU KOTOpbIX 3afHUA UNnu 3afHeb0KOBO MeTop, feKoMrpec-
cum 1 duKcaumn HenpuMennM. [laHHas ocobeHHOCTb cBsi3a-
Ha C TEXHUYECKOW HEBO3MOXHOCTbIO YCTAHOBKU AOPCabHbIX
cucteM dukcauun, obycnoBNeHHON aHaTOMUYECKUMU 0CO-
BeHHOCTAMM MO3BOHOYHMKA. B Takux cnyyasx BeHTpanbHas
LeKoMMpeccus 1 cTabunusaums SensTca eaMHCTBEHHO BO3-
MOXHbIM CMocoboM omepaTUBHOIO JieueHus, obecneunsas
perpecc HeBpoorUyecKoro feduunta.
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Brnap aBTopoB. Bce aBTOpbl NOATBEPKAAIOT COOTBETCTBME CBOETO
aBTOPCTBA MeXyHapoaHbIM Kputepmam ICMJE (ce aBTopbl BHEC/N
CYLLLECTBEHHBIM BKMaf, B pa3paboTKy KOHLENLWKW, NPOBELeHe HC-
CNeoBaHUs U NOArOTOBKY CTaTby, MPOYNM W 0406punv GuHanbHyto
Bepcuio nepen nybnvkaumen). Hanbonblumii BKNaA pacnpenenéH
cnenylowwmm obpasom: .M. Munmua — cbop u aHanu3 nutepa-
TYPHBIX MCTOYHWMKOB, Hamucanue TekcTa ctatby; Al HasapeHko,
AA. KynelwioB — pefaKTMpOBaHWE M HammMcaHWe TeKCTa CTaTby;
M.C. Betpuna — pefakTupoBaHue TeKcTa cTaTbi; W.H. JlucsH-
CKWIA — cbop UTepaTypPHBIX UCTOYHUKOB, PeAKTMPOBaHWeE TEKCTa
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UcTounuk duHaHcupoBaHua. ABTopbl 3asBnAlT 06 OTCYTCTBUM
BHELUHero (uHaHCKPOBaHWA MpW MPOBEAEHUM UCCNefoBaHUS U
MOAroToBKE MybAMKALMK.

KoHdnuKT nHTepecoB. ABTOpbI JEKIApUPYIOT OTCYTCTBME AIBHBIX U
MoTeHUManbHbIX KOHMMKTOB MHTEPECOB, CBA3aHHbIX C MPOBEAEH-
HbIM MCCNeloBaHMEM W NyDBAMKaLMEN HACTOALLEN CTaTbU.
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AHHOTALIMA

lNpeacTaBneHHbIN 0630p NUTEPATYPbI NOCBALLEH TAKOW HACcyLHOM NpobneMe, Kak NepesnoM AMCTaNbHOro MeTasnudusa nyde-
BOM KOCTW. AKTyanbHOCTb 0630pa 06ycnoBneHa BbICOKOW PacrpOCTPAHEHHOCTBLH) U PaCTyLLei YacTOTOM AaHHOMO TUMna nepe-
JIOMOB, a TaKXe BONbLIMM KONMYECTBOM NPOTUBOPEYNIA, COMPOBOXAAIOLLMX NPAKTUHECKM KaXKAbIA acneKT 3TOM NaTonoruu.
HecMoTps Ha BHYLINTENBbHBIN 00BEM [laHHbIX, MOCBALLEHHBIX NEPeIoMaM AUCTaNbHOMO KOHLA JTy4eBOM KOCTHU, B COBPEMEHHOIA
Hay4HOI MTEpaType 0TMEYaeTCsA OTCYTCTBME 0BLLENPUHATLIX aNropUTMOB NeYeHUs JAHHOW MaToNorUu BEPXHEN KOHEYHOCTH.
MopaBnsioLlee HOMBLUMHCTBO Hay4HbIX CTaTeN MO [aHHOW NMPoBIeMaTUKe UMEIOT HU3KYH CTeNeHb HAYYHOW J0Ka3aTeNbHOCTY.
Bcé 310 roBoput 0 He0bX0AMMOCTM JanbHENMLUMX UCCNeA0BaHWIA, 0bnafalolmMx JOCTAaTOMHOM HAaY4YHOWM [O0KA3aTeNbHOCTLIO,
B MEpBYI0 04Yepefb PaHLOMU3MPOBAHHBLIX KOHTPOIMPYEMBIX MCMbITaHMA. He MeHee BaMHbIMM SBMAKOTCA cMCTEMATM3auus
U OCMBICTIEHME YIKE M3BECTHOM MHPOPMALMK, YeMY W NOCBALLEH 3TOT 0630p. [laHHbIN 0630p HOCUT aHANMTUYECKUIA XapaKTep
W NPOBEAEH C MCMONb30BaHWeM 0a3 AaHHbIX MeaMLMHCKOM NnTepaTypbl U nouckoBbix pecypcos PubMed (MEDLINE), Google
Scholar u eLibrary. B npepcraBneHHoM 0630pe 3aTpoHyTHI CieAyIOLLME aCMEKTbl: aHATOMMS, AMArHOCTUKA, KaccupuKaums,
KOHCEepBaTUBHOE U XUPYPrUYECKOE NIEYEHME, a TaKKe NoceonepaLMoHHOe BeIeHNE NepenoMoB IUCTaNbHOM0 MeTasnudusa
ny4eBoi KocTu. Ocoboe BHUMaHWe yAeNeHo pasfnyHbIM TEXHUKAM XUPYPrUYECKOr0 NIEYeHUs, ONMCcaHbl JOCTOMHCTBA U Heflo-
CTaTKM Hanbonee pacnpoCTPAHEHHBIX XUPYPruYeCcKUX METOAMK.

KnioueBble cnoBa: nepesnoM; nyyeBad KOCTb; JUCTanNbHLIN 0TAEN J'IyLIEBOﬁ KOCTH; KUCTb; 1aflOHHaA NnacTUHa; OCTEOCUH-
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Distal radius fracture: review
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ABSTRACT

The presented literature review is devoted to such a pressing problem as distal radius fracture. The relevance of the review
is due to the high prevalence and increasing frequency of this type of fractures, as well as a large number of controversies
accompanying almost every aspect of this pathology. Despite the impressive amount of data devoted to distal radius fractures,
modern scientific literature shows the absence of generally accepted algorithms for the treatment of this pathology of the
upper extremity. The overwhelming majority of scientific articles on this problem have a low degree of scientific evidence.
All this suggests the need for further studies with sufficient scientific evidence, primarily randomized controlled trials.
Systematization and comprehension of the already known information are equally important, and this review is devoted to
it. This review is analytical in nature and was conducted using medical literature databases and search resources PubMed
(MEDLINE), Google Scholar and eLibrary. The following aspects are covered: anatomy, diagnosis, classification, conservative
and surgical treatment, and postoperative management of fractures of the distal metaepiphysis of the radius. Special attention
is paid to various surgical treatment techniques, and the advantages and disadvantages of the most common surgical methods
are described.

Keywords: fracture; radius; distal radius; wrist; volar plate; osteosynthesis; surgical treatment; conservative treatment.
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0B30PHI

BBEJEHUE

MepenoMbl OuCTanbHOrO MeTasnudusa ayyeBoOi KOCTM
(OMIJK) sBnsioTCA OLHUMU U3 CaMbIX PacnpoOCTPAHEHHBIX
nepenomoB y B3pocnoro Hacenenus [1], u ux KonmuyecTBo
exerogHo yeenuumsaetcs [2]. lpu 3toM cpeay B3poCnbIX
po 48% cnyyaes nepenomoB IM3IJIK npuxopautcs Ha pabo-
TocnocobHoe HaceneHue [2].

B nutepatype HeT eanMHOT0 MHEHMs OTHOCUTENBHO BbiBO-
pa Mex/y KOHCepPBaTMBHBLIM UM XUPYPrUYECKUM MeToaamu
JIeYeHMs,, @ COBPEMEHHbIE AaHHbIE O MPEBOCXOACTBE KAaXAO0ro
13 MeTOL0B NeYeHNs PasHATCA.

0bLienpu3HaHo, YTo XMpyprdeckoe neyeHue obecreun-
BaeT aHaTOMWYECKYH Peno3numio, cTabuibHyl QuKcaumio,
cnocobcTBylowme bonee paHHEMY Hauany peabunutauum,
COKpALLIEHNI0 CPOKOB HETPYZOCnocobHoCTU U NpodunaKTuke
0CTe0apTpo3a. Bcé 310 HaxomuT CBOE oTpaXKeHue B yBeM-
YEHUM MPOLIEHTA XMPYPruYecKoro feYeHWs Mo OTHOLLEHMIO
K KOHcepBaTMBHOMY. Tak, B 2005 r. okono 86% Tepanum ne-
PenioMoB AMCTa/IbHOTO OTAENa Sy4eBOM KOCTW MPUXOLMUNOCH
Ha KoHcepBaTWBHOe NeyeHue, a B 2014 rogy 3ToT noKasatenb
coctaenan yxe 77,5%. B 10 e BpeMs KOIMYECTBO NaLMEHTOB,
ANS NIEYEHWUs KOTOPbIX MCNONb30BaNach BHYTPEHHSN (UKca-
unms, ysenmumnock ¢ 8,75% B 2005 . o 20,02% B 2014 T. [3].

MosBnAOTCA HOBbIE NOAXO0ABI K KNacCUUKaLmMmM U Xupyp-
TMYECKOMY NEYEHWI0 NepenioMoB AUCTaNbHOMO OTaena Nyye-
Bo¥i Koctu. B 2016 ropy P. Brink 1 D. Rikli 6narogaps aaHHbIM
KOMMblOTepHOW ToMorpaduv co3aanu HoBYH KnaccuduKaumio
“four-corner concept”, roe BBeNM NOHATUE KIOYEBOrO
¢parmenTa [4]. B 2020 rogy W. Hintringer n coasrt. npencTa-
BWIM KNnaccuUKaLyIo, OCHOBaHHYH Ha MOHATUM KIlOYEBOTO
dparMeHTa.

lMoHuMaHWe BUOMEXaHUKM NepenoMoB AWCTaNbHOrO OT-
Aena ny4yeBon KOCTW M OCHOBaHHbIE Ha 3TOM KJlaccuduKkaumm
M03BOJISKOT C HOBOW CTOPOHbI MOLOMTH K BOMPOCY XMPYpru-
YECKOro JIeYEHUs JaHHOro TUna nospexaeHns. Beé bonblue
BHUMaHUWA YOenseTca KoHuenuuu dparMeHT-cneumduyHoil
¢ukcaumn npu nepenomax AM3IJIK [5-7]. Takxke nonynsap-
HOCTb HabupatoT cnocobbl MUHU-MHBA3MBHOTO OCTEOCUHTE3A
nepeoMoB AMCTasbHOrO oTAena NydeBon Koctu [8-10].

Bcé ato ykasbiBaeT Ha HeobxogumocTb bonee ry6o-
KOT0 MOHUMaHUs COBPEMEHHBIX KiaccuduKauuid, MeToaoB
1 pesynbTatoB nedvenus nepenomos OMIJIK. [laHHas cTaTbs
npencraenseT coboi 0b3op npobneMbl neyeHns nepenomoB
AVCTanbHOro OTAENa JTy4eBOM KOCTU C YYETOM aKTyallbHOW
nMTEpaTypbI.

METOA0/10r 14 NOUCKA UCTOYHUKOB

Mouck n oTbop UCTOYHMKOB NMPOBEAEHbI C UCMOMb30Ba-
HueM 6a3 [aHHbIX MEAULMHCKOW NUTepaTypbl U MOMCKOBbIX
pecypcoB PubMed (MEDLINE), Google Scholar u eLibrary
Mo cregylowmM KyeBbiM crioBam: «distal radius», «distal
radius fracture», «AMCTanbHbIA OTAEN Jy4eBOM KOCTM»,
«OUCTaNbHbIN MeTasanudu3 ny4yeBOi KOCTU», «Nepenom
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AMCTanbHOro MeTaanudu3a NTy4eBoi KOCTUY, «MEPESIOM AMC-
TanbHOro OTAEeNa Nly4eBoit KocTu». lNepBas YacTb 0630pa no-
CBSlLLieHa 06LLMM BOMpOCaM M aHAaTOMUM JUCTaNbHOMO KOHLA
ny4eBom KocTu. [lanee nogpo6HoO onucaHbl Knaccudmkaums,
AnarHocTuka u neyvenue nepenomos [M3IJIK.

OBCYXAEHUE

AHaTtoMus

JlapbeBuaHas fIMKa, NONYNyHHas fIMKa U CUrMOBULHAA
BbIpe3Ka ABNATCS CYyCTaBHbIMM NOBEPXHOCTAMM AUCTANbHOTO
oTZena ny4eBor KOCTU U BOTHYTbI MO OTHOLLEHUKO K NMPOKCU-
ManbHOMY psRy KocTei 3andacTba [11].

lepenHss NoBepxHOCTb BOTHYTa, HaKNOHEHA BMepep,
W K Hell MpUnexuT KeaapaTHblii npoHatop. Mo nepeaHen
MOBEPXHOCTM NIy4eBOM KOCTU NPOXOAMT NIMHUA BOAOpa3fena
(puc. 1), Bnepsble onucaHHas Nelson u Orbay [12]. Jlunus
BOJOpasfena — 370 YCN0BHas NMHKA, 0b03HavaloLwas Hau-
Bonee BbICTynaloLWuiA B NaAOHHOM HarpaBfeHUW OTAEN Jlyde-
BoW KocTu [12]. KnuHnyeckoe 3HayeHune nMHUM Boaopasaena
Bbino onucaHo M. Soong W coaBT.: NNACTWHBI, BLICTYNALLME
33 JIMHMI0 BOAOPa3/ena, YBeNMUMBAKOT PUCK MOBPEXEHMS
cyxoxunui crubatenen [13, 14]. OnucaHa TakKe nuHUA, pac-
noioXKeHHas Ha 3—-5 MM NpoKcUManbHee JIMHUM BOAOPa3-
Aena 1 CoOTBETCTBYIOLLAA MECTY NPUKPENNIEHUs AUCTaNbHOM
4acTU KBaApaTHOro MPOHaTopa, — JIMHUA KBa[PaTHOro Npo-
Hatopa (puc. 1) [15].

JlaTepanbHas NoBepXHOCTb NMPOXOAMT BAONb aTepasib-
HOro Kpasl J1y4yeBOM KOCTH, 06pasys LUMMOBUAHbIA OTPOCTOK.
[lucTanbHas yacTb LUMOBULHOMO OTPOCTKA CIYMWUT MECTOM
MPUKPENEHNs CYCTaBHOW Kancynbl U KamncybHOM yTonLLe-
HWA KonnatepanbHoi cBA3KK. bonee npokcuManbHas obnactb

Puc. 1. MepeaHss noBepxHOCTb AMUCTANIbHOTO OTAENA JIy4EBOM KO-
CTh ¢ 0603Ha4eHneM nuHuM Bopopasaena (WS) u ninHum KkBappart-
Horo npoHatopa (PQ).

Fig. 1. Anterior surface of the radius with the watershed line (WS)
and pronator quadratus (PQ) line indicated.
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Y OCHOBaHWA LUMOBUAHOMO OTPOCTKA 06ecneunBaeT NpuKpe-
MeHe NaeyenyyeBoi MblLLLbI.

3apHAsA NoBEPXHOCTb AMCTabHOO OTAENa Ny4eBOM KOCTU
HepoBHas, BbIMYKJ1as W CYKUT TOUKOW OMOPbI 1S CYXOXKHU-
nma pasrubatens. BoicTynatowmin gopcanbHblid byropok (By-
ropok Jlucrepa) nexut B 5—10 MM oT AuUCTaNbHOM CYCTaBHOM
noBepxHocTW. Ha MeamanbHoW cTopoHe 6yropka Jluctepa
UMeeTcs rnagKas bopo3ga And NpOXOXKAEHUS CYXOXWIMUs
ANuHHoro pasrubatens 6onblioro nanbua. YctaHoBneHo,
YTo paccTosiHMe MeXay JIMHWEN KBajpaTHOro NpoHaTtopa
1 BepLUMHOM Byropka Jluctepa cocTaBnsieT NpuMepHo 22 MM,
YTO MOKET MMETb KIIMHWMYECKOE 3HAYeHWe, BINAS Ha Bbl-
Bop LMHBI BUHTA XMPYProM MpU OCTEOCMHTE3E NEpesioMoB
IOM3JIK [15]. Takke, cornacHo HeoaBHUM WUCCEeNOBaHUAM,
nepenoMmbl byropka Jluctepa [16, 17] n paxe ero ¢opma [18]
MOTYT CNYWTb NpedpacrnonaralwmM $haktopoM paspbiBa
LNMHHOrO pasrubatens 6onbluoro nanbLa npu nepenoMax
OM3IJIK.

MenuanbHas noBepxHOCTb AMCTANBHOIO OTAENa Ny4eBom
KOCTU MpefcTaBfieHa CUrMOBMAHOW BbIPE3KOW C CYCTaBHOA
MoBEPXHOCTHI0. [MCTanbHbIl OTAEN Ny4eBOW KOCTM BpaLla-
€TCs BOKPYr FONOBKM JIOKTEBOM KOCTU bnaroaaps BOrHyTO
(opMe CUrMoBMAHOM BbIPE3KY.

CornacHo D. Rikli n P. Regazzoni [19], auctanbHbliii otaen
NY4EBO M NOKTEBOM KOCTM, NIy4e3ansCTHbIA CYCTaB U auC-
TasnbHbIA Ny4eN0KTEBOM CYCTaB MOXHO aHaTOMMYECKM YCNOB-
HO NpPeACTaBUTb KaK MOfeNb, COCTOALLYIO M3 TPEX KONOHH:
Ny4eBOW, NPOMEXYTOUHOM M JIOKTEBOW (puc. 2).

JlyyeBas KonoHHa obpa3oBaHa LUMNOBUAHBIM OTPOCTKOM
Ny4YeBOW KOCTW, NafbeBULHON IMKOW U ABNAETCS MECTOM
NPUKPENIeHNs yye-NabeBULHO-TONIOBYATON, ASMHHOI Ny-
Ye-noNylyHHOM CBA30K M MyieyenyyeBon Mbilwubl. JlyyeBas
KOJIOHHA CITYXXWUT OMOPOW 1A 3anACTbs NPW NY4EBOW U JIOK-
TeBOW [AeBMaLMK, a e€ CBA30YHbIA annapaTt npensTcrayeT
TPaHCAALMK 3anscTbs B JiydeBylo CTOpOHY. [lpu nepenome

Puc. 2. KononHas mMogens D. Rikli n P. Regazzoni.
Fig. 2. The three-column model by D. Rikli and P. Regazzoni.
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TAra nieYeNy4eBoi MbILULbI B MeCTe e€ NPUKPENNEeHUs K Ny-
4eBOM KOJTOHHE MOJKET BbI3BaTb CMELLEHWUE MO BbICOTE U B NIy-
YEBYH0 CTOPOHY.

lpoMexyTouHas KonoHHa obpa3oBaHa NOAYIYHHON M-
KOM N CUrMOBWAHOM Bblpe3Koid. Ha Heé npuxoauTcs ocCHoBHas
0CeBast HarpysKka, MMEHHO el He0bX0AMMO YLeNsATb 0CHOBHOE
BHMMaHME NpK OLIEHKE KOHIPY3HTHOCTM CYCTaBa U MexaHuye-
CKOM 0CU 3anACTbA.

JloKTeBas KonoHHa npefcTaeieHa AUCTabHBIM OTAEN0M
NIOKTEBOM KOCTU U TPEYrofibHbIM GUBPO3HO-XPALLEBBIM KOM-
nnekcoM. JIoKTeBas KONOHHA ABMISETCA KIOYEBOW ANS CTa-
BunbHOCTV AMCTanbHOrO Ny4YeNoKTEBOMO CYCTaBa M poTaLuu
npeanneybs.

JlnarHoctuka

PentreHorpacus
PyTuHHOe obcnemoBaHMe Npy Noo3peHUn Ha NepesioM
OMCTaNbHOrO OTAeNa Ny4eBOM KOCTW BKIIOYAET PEHTTEHO-
rpauio ny4e3anscTHOro cycraBa B NpsMoW, H0KOBOM Npo-
eKumsAxX. TaKke CyLecTBYeT HECKONIbKO MpOEKUMiA, No3Bo-
nsaowux bonee [eTanbHO OLEHUTb COCTOSIHME CYCTaBHOM
MOBEPXHOCTW, a B CNy4Yae XWUPYPruyeckoro NeUeHus c uc-
MosIb30BaHUEM MNACTUH — M3YUYUTb NONOXKEHWE NPOBELEH-
Hbix BUHTOB [20]. K 3Tum npoekumsaM oTHocatca bokoBas
npoekuus ¢ HaknoHoM 15-30° [21, 22], Kocas nmpoeKuus
C npoHaumen nog, yrnom 45° [20, 23] n popcanbHas TaHreH-
uManbHas npoekums (puc. 3) [21, 24].
CyLiecTByeT NATb OCHOBHBIX PEHTreHorpadmyeckux no-
Ka3aTenei Ans OLEHKU OWUCTaNnbHOro OTAEeNa Ty4eBOM KOCTH:
* BbICOTa Jly4eBOMN KOCTH;
*  HaKJIOH JTy4eBOM KOCTM (Ny4eBas MHKIIMHALMS, HAKIOH
[IM3JK Bo (poHTanbLHOM NIOCKOCTH);

* BapMWaHT JIOKTEBON KOCTH;

* NafoHHbIN HakioH (HaknoH JOM3JIK B carutTanbHoi
MI0CKOCTH);

* Jly4eBOE CMeLLEHMe.

TaKe cnemyeT OLEeHMBaTb BHYTPUCYCTAaBHOE CMELLEHME,
CMELLEH1E CUTMOBUHOM BbIPE3KM, KOHrPYSHTHOCTb AUCTaNb-
HOro Ny4eNOKTEBOrO CYCTaBa M Haiuuue MepenoMoB LKMo-
BMHOMO OTPOCTKA JIOKTEBOM KOCTW.

KoMmnbloTepHas ToMorpacgus

HeycTpaHEHHoe BHYTpMCYCTaBHOE CMeLLEHWe NPy Nepeo-
max [IM3JIK 6onee 2 Mm B 100% cnyyaeB NpuBOANT K NOCT-
TpaBMaTMYECKOMY apTpo3y [25] 1 ABNSIETCA OAHMM U3 OCHOBHbIX
MOKa3aHU! K XUpYprudeckoMy NiedeHmnio. MIMEHHO KoMnbloTep-
Has Tomorpadwms (KT) sensietcs He3aMeHUMBIM UHCTPYMEHTOM
ONA OLEHKU NOBPEKAEHUS CYCTABHOM MOBEPXHOCTM MpM Me-
penomax [IMIJIK v B 3T0M OTHOLLIEHWUM UMEET NPEUMYLLIECTBO
nepes peHTreHorpaduent [26, 27]. NpeHTMdUKaLma Hammums
M CTENEHW MOBPEXIEHUS CYCTaBHOM MOBEPXHOCTM BaXHa
MpU OLiEHKE MepesioMOB [MCTaNbHOMO OTAEeNa fyyeBoi KOCTH
C TOYKW 3PEHUS NpeaonepaLroHHOro nnaHuposanms [21].

KomnbloTepHas ToMorpadus noMoraeT npu Knaccu-
¢vKaumm [28], onpepeneHWM COCTOSHUA AMUCTaNbHOMO
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Puc. 3. [lopcanbHas TaHreHUMasnbHas MpOeKUMsi: @ — CxeMaTudecKoe U3o0paeHne, b — u3obpaxeHue ¢ 3MeKTPOHHO-OMTUYECKOrD

npeo6pasoBarens.

Fig. 3. Dorsal tangential view: a — schematic representation, b — C-arm image.

JIY4EsIOKTEBOrO CycTaBa [26], OLieHKe CTEMEHM CPALLEHMS KO-
ctn. HemanosaxHoii ssnsetca ponb KT B nocneonepaum-
OHHOM OLIEHKe, 0COBEHHO Ans onpefeneHUsi KOPpPeKTHOCTH
MPOBEJEHNS BUHTOB, FA€ OHA BHOBb MOKA3bIBAET CBOE Mpe-
MMYLLLECTBO Nepen peHTreHorpaduen [29].

TakKe MMeIOTCA aKTyanbHble AaHHbIE, YKasblBalLime
Ha nosb3y npumeHenmns KT uHtpaonepauuorHo [30].

MarHuTHo-pe3oHaHcHas ToMorpacdus

MarHuTHo-pe3oHaHcHas ToMorpadus He siBnseTcs nep-
BOOYEpEeaHbIM UCCeloBaHWEM M He obnafaeT npeuMyLle-
cTBaMu nepef peHtreHorpaduen u KT npu yctaHoBneHuu
pvarHosa nepenoMa IMIJTK, ogHako MoeT bbiTb NonesHbIM
AMarHOCTUYECKUM MHCTPYMEHTOM A5 ONpeaeneHus MoBpex-
LEHWS CBA3OK M MATKUX TKaHEH, acCOLMUPOBAHHBIX C 3TUMM
nepenomamu [21].

Knaccudukauus

CywiecTByeT MHOXeCTBO KiaccuduKauuidi nepenoMoB
[OM3JIK. MNepeble kKnaccuduKaummn, [0 NOSBNEHUS PEHTIEHA,
0CHOBbIBA/IUCb TOMIbKO Ha KIIMHMYECKMX Mpu3Hakax. B nep-
BYIO 04epefib K HUM OTHOCATCA PasfiNyHbIE MOHUMBI, TaKue
KaK nepenoM CMuta, «nepenoM wodépa» u T.4. OHn nomo-
ratoT 3aMoMHUTb CUMMTOMbI U MEXaHW3M TpaBMbl, OLHAKO
BecnonesHbl Ang oNKUCaHUA TSKECTU TPaBMbI UK Ompefiene-
HWSA MOKa3aHWii K XmpyprudeckoMy nedenmnio. C nosieneHmeM

DAl https://doiorg/1017816/vta627103

M BBELEHWEM B MEAMLMHCKYH MPaKTUKY peHTreHorpaduw
NOSIBNSAIOTCA M Pa3BMBAlOTCA KnaccuuKauuu, OCHOBaH-
Hble Ha JaHHbIX 3Toro uccneposaHus: Nissen-Lie (1939),
Gartland & Werley (1951), Lidstrom (1959), Older’s (1965).
Frykman (1967) 6bin 0oHWUM U3 MepBbIX, KTO OCO3HaN BaX-
HOCTb MEepesioMOB LUMIOBUHOM OTPOCTKA JIOKTEBOW KOCTW.
B ocHoBy knaccudmkaumm Melone (1984) nerna cteneHb no-
BPEXAEHMS CYCTaBHOW moBepxHocTW. B 1992 rogy KnuHuKa
Maiio npegnoxuna cobCTBEHHYIO KnaccudmKaumio, aHa-
noruyHylo Knaccugukaummn Frykman. OcHoBHoe BHWUMaHWe
B Heil yAenseTcs pacnpocTpaHeHUo nepenoMa Ha Jiyyesa-
MACTHBIA UAMW JTY4eNOKTEBOI CyCTaB. 3a 0CHOBY KlaccudmKa-
unm Fernandez, npenoxerHoi B 1993 ., 6bin B3AT MeXaHNU3M
MOBPEXAEHMSI.

Hanbonee nonHaa knaccudmkaums, knaccupmkaums A0
(Arbeitsgemeinschaft fiir Osteosynthesefragen), beina pas-
paboraHa MionnepoM u ero Konneramu B 1986 r. u Bknoyana
27 onucanui. Mo3xe oHa bbina M3MeEHeHa U cTana BKJIO-
yaTb TPMU KaTeropum, 0CHOBaHHbIE Ha BOBMIEYEHUM CYCTaBa
(BHECYCTaBHOM, YaCTU4HO CYCTABHOW M MOSHbINA CYCTaBHOIA),
C TpeMsi MOATMMAMM, JOMOHUTENIBHO OMUCHIBAKLMMU Xa-
pakTep nepenoMa. B panbHenweM knaccuukaums AO beina
obHoBneHa M opaboTaHa ¢ BbIXOAOM HOBOMO CMPaBOYHMKA
no KnaccuduKaummu nepenomos u BuiBuxoB (2018). Tak, co-
rMacHo 0OHOBNEHHOM KnaccuuKaumm, bbino NpuHATO pe-
LeHne KaccuduuMpoBaTb NEpENoM Jy4eBoii U JIOKTEBOVA
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KOCTeii 0TAeNbHO ApYr OT Apyra, @ NPy NOJHbIX BHYTPUCYCTaB-
Hbix nepenoMax (tun C) bbinm fobaBneHbl yTouHeHUs (KBa-
MmdUKaumm), yKasbiBaloLLMe Ha CTabubHOCTb AMCTaNbHOIO
J4eNIOKTEBOTO CyCTaBa.

Takoe pasHoobpasue Knaccudmkaumii 0bycnoeneHo oT-
CYTCTBMEM YHWUBEPCANIbHOM HaAEXHOM M yoobHOM B UCnosib-
30BaHuM Knaccudumkaumm nepenomos [OM3IJIK. Knaccudu-
KauuM B MEAMLMHE He TONbKO SIBNSIOTCA MHCTPYMEHTaMM
Ana ynobHoro obLieHns Mexay BpadyaMu B KIMHWMYECKOM
MpaKTUKe W Hay4HOW AeATeNbHOCTH, HO M B uaeane Hanpas-
NAIKOT NleyeHue. [1ns 3T0ro 0HM JONMKHBI BbITb penieBaHTHLIMY,
BOCMPOW3BOAUMBIMU, HAJEXHBIMK, HaJJfiexaluM obpasoM
MPOBEPEHHBIMK UM, YTO Haubonee BaxHO, NPOCTHIMU B UC-
Mo/b30BaHUM W NOHUMaHWK. T1o faHHBIM IUTEpaTYpbI, MHOTO-
uncneHHble Knaccumkaumm nepenomos [AM3IJIK He cootBeT-
CTBYHOT AaHHBLIM TpeboBaHMAM B nonHoi Mepe [28, 31, 32]. 31o
YKa3blBaeT Ha LienecoobpasHOCTb MOSBNEHUS HOBbIX Knac-
cnbuKaumin, obnapaowmnx HeobXoAMMBIMKM NapaMeTpaMy.
W HoBble KnaccuduKaumm AencTBUTENBHO NosBAstoTcs: “four-
corner concept”, onucanHas P. Brink u D. Rikli 8 2016 roay,
u knaccuourkaums W. Hintringer (2020). HacKonbko yaauHbl-
MW SBNAKOTCS AaHHble KNaccudUKaLmm, 0CTaETcA NpeAMEToM
ANS NOCNeayoLWwmUx UCCNefoBaHU.

JleyeHue

Llenblo ycnewHoro KOHCEpBATUBHOTO WAW XUPYPru-
YECKOro JIeYeHWUs ABNSIETCA BOCCTAHOB/IEHWE aHATOMMUM.
BoccTaHoBMTb aHaTOMMYeCKMe B3aWMOOTHOLUEHMS [aneKo
He BCerfa ynaétcs MaeanbHo, OAHAKO CyLIecTByHT obLie-
NPUHATBIE PEHTTeHorpadmyeckne Kputepun npuemnemMoro
CMeLLeHMs OTNOMKOB. K HUM OTHOCATCA YKOpOUeHHe fnyye-
BOM KOCTU MeHee 2 MM, HaKJIOH NIy4eBOW KOCTU He MeHee
10 rpapycos, ot 10 rpagycoB TeinbHOro 1 fo 20 rpagycos
NaJiOHHOr0 CMELLEHNS, @ TaKKe BHYTPUCYCTaBHOE CMeLle-
HWe MeHee 2 MM.

3akpbiTas peno3vums U runcosas MMMobunusauus

HecMoTps Ha aKTUBHOE pa3BUTME M COBEpLLEHCTBOBA-
HWe XMPYPrUYECKOW TEXHWUKM, NOSBNEHWE HOBLIX MeTano-
duKcaTopoB, KoHcepBaTMBHOE JieyeHue nepenomos [AM3JIK
NYTEM 3aKPbITOK Peno3uuuM 1 runcoBoi MMMOBUIM3aLMK
UCTOPUYECKM ObIN0 1 OCTAETCA OCHOBHBIM METOAOM Jieue-
HMA CTabunbHbiX nepenomoB [M3IJIK 6e3 3HaumTeNbHOMO
CMeLLeHNs OTNIOMKOB. TaKe KOHCepBaTUBHOMY JieueHMmio,
MPUYEM C MeHbLUei OMIALKON Ha CTabWUNbHOCTb, OTAAETCA
npennoyTeHne y UL, Noxuoro Bo3pacta (65 neT u cTapLue).
BonbWMHCTBO aKTyanbHbIX MCCNEA0BaHMIA, HanpaBneHHbIX
Ha CpaBHEHWe pe3yNbTaToB KOHCEPBATUBHOIO U XWpypruye-
CKOr0 JIEYEHUA Y NOXWIbIX HOMBHBIX, YKa3bIBAOT Ha OTCYT-
CTBME 3HAQUMMOW PasHWLbl B CPeLHECPOYHbIX M [LOTOCPOY-
HbIX (YHKUMOHaNbHbIX pe3ynbTaTax y 06enx rpynn nau1eHToB
NP1 MeHBLLIEM KOJTMYECTBE OCMOXHEHUH Y NULL KOHCEPBATMUB-
Hoit rpynnbl [33-36]. TeM He MeHee CyLIECTBYKT AaHHble,
LEMOHCTpUpYtoLLMe nyyliMe GYHKUMOHaMbHbIE pe3ymbTathl
y onepupoBaHHbIX NaumeHToB Monoxe 60 net [35].
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YpecKoXKHbIN 0CTEOCMHTE3 CMLLAMU

TexHUKa YpeCKOXHOro OCTEOCHMHTE3a CruULAMM Npu ne-
penoMax OM3JIK Bnepsbie 6bina npeanoxeHa B 1908 rogy
A. Lambotte, KoTopbiii nepBbIM Ucnonb3oBan Ans GuKcauum
OJHY CMULLY, POBEAEHHYI0 Yepe3 LUMIOBUAHBINA OTPOCTOK JTy-
yeBon Kocu [37]. C Tex nop AaHHas TexHWKa noasepranach
Pa3fMuYHbIM [OMONHEHUAM U MOANGUKALMAM: U3MEHAICh
KOJMYECTBO, MONOXEHUE U TOYKU BBeAeHus cnuu. [oBops
0 UPECKOMKHOM (UKCALMN CMIMLLIAMU, HEBO3MOKHO He ynoMsi-
HyTb 0 TexHuke Kapandji, Bnepsble onucaHHoi B 1976 ropy.
Co BpeMeHeM 6ofbLLYH0 MOMYAPHOCTL Hayan 3aBOEBbIBATb
OCTEOCMHTE3 NafOHHBIMU MAACTUHAMK, YTO 0OBACHSETCH
npenMyLLEeCTBaMM, KOTOpbIe, KaK npeanonaraetcs, obecne-
UMBaeT [laHHasA TeXHWKa. CunTaeTcs, YTO OTKPLITas penosuums
W BHYTPEHHAS (QUKCAUMA C NOMOLLbID NAf0HHOW MNACTUHBI
obecneumBaloT NyudLLyK aHaTOMMYECKYIO PEno3vLMi0 U CTa-
BunbHOCTL UKCaLMW W YTO AaHHas TEXHWKa NPeBOCXOAMT
(GUMKcaUmMo cnvuamm ¢ ToUKW 3peHusa buomexaHuku. U pen-
CTBMUTEJIBHO, COIMIaCHO AaHHBIM aKTyanbHbIX MeTaaHasu3oB,
OCTEOCMHTE3 MNIAaCTUHOM Ha PaHHMX CPOKax Mocne onepauuu
(3 n 6 MecsLeB) nEMOHCTPUPYET ONpeLenéHHble NpeuMy-
LLeCTBa N0 CPaBHEHMIO C OCTEOCMHTE3OM Cnuuamu: bonee
BbICOKWUW bann no wkane DASH [38, 39], 6onblumin 06bEM
askeHun [38, 40], nydwyio cuny xsata [40]. TeM He MeHee
uepe3 rof, nocse ornepauuu Bce 3TM mapaMeTpbl He UMeloT
K/IMHUYECKM 3HAYMMOM PasHWLbl, W NaumeHTbl 0beux rpynn
OTMeYaloT OT/IMYHbIE pe3ynbTathl NeveHust [38—40]. Takas ke
TeHAEHUMS COXPAHSAETCA U Yepe3 5 J1eT nocne onepaumnn [41].
Mpu 3TOM BCe aBTOPbI MeTaaHanM30B CXOAATCA BO MHEHWMMU,
4TO OCTEOCMHTE3 CMULLAMM COMPSXEH C Donee BLICOKUM pu-
CKOM OC/OXKHEHMWI, @ UMEHHO MOBEPXHOCTHBIMU MH(EKLMSA-
MW. C 3KOHOMWUYECKON TOUKM 3pEHMS OCTEOCWHTE3 ChuLaMm
fBnseTca bonee AewwésbiM cnocoboM neyeHns nepesnoMoB
[IM3JTK B cpaBHEHMM C OCTEOCMHTE30M BOJISIPHOM NNAaCTUHOM
[42]. TakvM 06pa3oM, YPECKOMHBIA OCTEOCMHTE3 CMULaMU
OCTaETCA HefoporuM, MpocTbiM U 3DHEKTUBHBIM METOAOM
neyenms nepenomos OM3JIK.

BHewHsasa dukcaums

BHeLwHAs duKcaumsa npenctasnseT cobon eLé oauH Me-
1o, neyenns nepenoMoB [IM3IJIK, ocHoBaHHbINM Ha NpuHLMNE
nurameHToTaKcmca. [okasaHueM K MCroNb30BaHuI0 BHELLHEN
(GuKcaumm ABNSETCS OTKPbITHIN NepenoM ¢ fedeKToM Mar-
KUX TKaHeW, MHPEKLMOHHBIN NpoLecc B 06nactv nepenoma,
MpU KOTOpPOM MPOTWUBOMOKA3aHO NPUMEHEHWE BHYTPEHHe-
ro ¢umKkcatopa. Takie [aHHas TEXHUKA MOXeT ObiTb npu-
MEHeHa y NauMeHTOB C MOMUTPaBMOW ANS BPEMEHHOI
UK OKOH4YaTenbHOM dukcaumm nepenoMa IM3IJIK. Aktyans-
Has nuTepaTypa Nno AaHHOW TeMaTuKe B OCHOBHOM MOCBS-
LLleHa CPaBHEHUIO Pe3ynbTaToB JieyeHusa nepenomos AM3IJTK
C UCMONb30BaHNEM BHELUHEW GUKCALMM U BHYTPEHHEN BUK-
caumm nlafoHHon nnactuHoi [43-50]. B cootBeTcTBMM C AaH-
HbIMK 3TUX MCCNEA0BaHW BOMBbLUIMHCTBO aBTOPOB CXOAATCS
BO MHEHUM, YTO BHYTPEHHAS dUKCaLMsa NNACTUHON ABNSETCS
Donee BbIFOAHOM COMMAcHO AaHHbIM WKan [43, 44, 46, 50],
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PEHTTEHONOTMYECKUM MOKasaTtenam [43, 45, 47, 50], obbémy
ABWKeHWN [43, 4547, 49, 50] n cune xBara [43, 46]. OpHa-
KO MHOTMe U3 aBTOpPOB OTMEYAKT, YTO YEM MeHbLLE BpeMe-
HW MPOLLO C MOMEHTa onepaumu, TeM bonee CyLlecTBEHHA
pa3HuLA MO BbILLEONUCAHHLIM NoKa3saTensM. B otnanéHHoM
nocneonepaunoHHOM NepuoLe, HECMOTPS Ha COXpaHstoLLe-
€ca MpeuMyLLecTBO QUKCaLMM NNACTUHON, pasHuLa Mexay
3TUMM BapuaHTaMu (MKcaLMW BO MHOTOM HUBENMpYETCS
M 334acTylo He ABNAETCA CTaTUCTUYECKW 3HauMMON [43, 46,
48]. Elé ofHUM He[OCTaTKOM BHELLHeH (GuKcaummu aBniseTca
boniee BbICOKas YacToTa OCNOXHEHUA MO CPABHEHMIO C BHY-
TPEHHeN QUKcaLMent, BKIYasA UHEKLMOHHBIE OCTIOKHEHUS
[50]. CywiecTBytoT UCCEA0BaHMSA, HAaNPaBEHHbIE HA YMEHb-
LIEHMEe YacTOTbl AaHHbIX OCNOXHEHWW, B YacTHOCTM Npes-
naraeTcs UCMO/b30BaHWE BUHTOB, MOKPbITIX KOMMO3WUTHBIM
MaTtepuanoM, CoCToALLMM K3 haKTopa pocTa GpubpobnacTos-2
u anatura [51].

OTKpbITas peno3vuus U BHYTPEHHss (uKcaums

nnacTuHom (TbinbHas/napaoHHas/dparMeHT-

cneunduyHan)

TolIbHAS nAacmuHa

B 1990-x ropax npu nepenomax [AM3IJIK ctanu wupoko
UCMONb30BaTbCA ThilbHbIE NAACTUHBI [52]. BHYTPeHHAS duK-
cauus nepesioMoB AUCTaNbHOMO OTAENA JIy4eBOi KOCTU Npu-
MEHSETCA B C/ly4asX 3HAuMTENbHOMO [OPCaNbHOM0 OCKOfb-
yatoro mepenoMa u/unu popcanbHoro cMelleHus. OfHaKo
LOBOJSIbHO BbICTPO ThiIbHbIE MAACTUHBI NOTEPSNIM NOMynsp-
HOCTb M3-33 COOBLUEHMI O BLICOKOW YacToTe pasfpareHus
CYXOXWUNMIA 1 pa3spbiBOB JJIMHHOTO pa3rubatens bonbLuoro
nansua [53]. B pe3ynbrate ThinbHble NIacTUHbI TpebytoT yaa-
NeHWs ropasfo yalle, YeM fafoHHble. 10 JaHHBIM pa3HbIX
aBTOPOB, 4acToTa YAaNeHWs ThibHLIX MIacTUH Konebnet-
ca or 8 no 51% [54]. TeM He MeHee COBPEMEHHBINA AM3alH
TbUTbHBIX MIACTUH NO3BONIAET A0OMTLCA pesynbTaToB, CpaB-
HWUMBIX C JTAA0HHBIMM MIACTUHAMK He TONBKO (YHKUMOHANBHO
W PEHTreHoNnorm4eckn [55, 561, HoO M B OTHOLLEHMM YacTOTbI
MoCneonepaLmMoHHbIX 0CNIOXKHEHUN [54, 56, 57].

JladoHHas nnacmuHa

Mocne nosieneHns nagoHHoM nnactvHbl B Havane 2000-x
ronos Bce 6onblle BHUMaHWA NpU feYeHUM NepenomoB
OM3INK ctano ynenaTbca BHYTpEHHEN (UKCaUMM MMEHHO
3TOM NAACTMHOW, KOTOpas cuuTaeTcs bonee COBEPLUEHHOV
M0 CPaBHEHMIO C ThbIIbHOW. XUPYPrudeckuit JOCTyn npu AaH-
HOM TexHWKe sBNseTcA bonee QU3MONOTMYECKUM U fydLUe
coxpaHsieT MeTadu3apHoe KpoBocHabxenue [58]. K Hepo-
CTaTKaM NafioHHbIX MJACTUH OTHOCAT TaKUE OCHOMHEHUS,
KaK pa3pblB ANMHHOTO crubatens 6omblwioro nanbLa KUCTH
(M3-3a TpeHWs NPy BbICTYNaHUM MAACTUHBI AMUCTaNbHEe IMHUA
BOZOpa3fena), NPOHMKHOBEHWE BMHTOB B CYCTaB W pasfpa-
JKEHME CYXOXWUNMiA pasrubatenen, BbI3BaHHOE BbICTYNALLM-
MW BUHTaMu B JopcanbHOM KopTukane. CywectsyeT 6onb-
LIOe KonM4ecTBo 0630p0OB M MeTaaHanM30B, CPaBHUBAILLMX
0CTEOCMHTE3 IaJIOHHON NNACTUHOW U LpYrue XUpYpruyeckue
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TEXHUKK, Ucnonb3yeMble npu nepenoMax [AM3IJIK [38-41,
43-50, 55, 56]. HecMoTps Ha KONWMYECTBO MCCNEAOBaHWNA,
KOHCEHCyca OTHOCWUTENTbHO TOr0, KaKon Bug, duKcauuu sB-
NseTCA NYYLIMM C TOYKM 3peHnst YHKUMKM Npu Nepenomax
OM3IJIK, po cux nop He cywecTByeT. TeM He MeHee chny-
YaeB YAaneHus BONAPHBIX MJAcTUH OTMEYaeTcs MeHbLLe,
yeM TbibHbIX. Tak, cormacHo 063opy M. Yamamoto u co-
aBT., BK/oYaloLLeMy 52 ctatbu 1 3690 naumeHToB, CpeaHss
yacToTa yaaneHus nnactuH coctaesmna 9% [59].

®pazmeHm-cneyuguyHas puxcayus

Mpu pparMeHT-cNELMPUYHOM OCTEOCUHTE3E MCMONbB3Y-
10T pasnuuHble KOMOMHALMKU HEBONBLUMX HU3KONPOMUILHBIX
MNacTUH UNK Apyrux MeTannodmMKcaTopos, KoTopble obecrne-
UMBAKOT PasNUyHble KOMOMHALMU KOHCTPYKUMA B 3aBUCMMO-
CTW OT KapTWHbI NEpesioMa 1 3aAeicTBOBaHHbIX GparMeHToB.
OparMeHT-cneumduUyHas GuKcaums 0bbIYHO NOKa3aHa B Tex
cnyyasx, Korga TpebyeTcs crabunusauus onpefenéHHbIX,
KaK NpaBunio, BHYTPUCYCTaBHbIX, parMeHToB nepenoma [6].
KpoMe Toro, aaHHbIN BUA QUKCALMM MOXKET UCMOMb30BaTb-
CS B KQ4eCTBe ayrMeHTaLuW B KOMBMHaLMW C NpUMEHEHWEM
CTaHAAPTHBIX MAACcTUH [6]. 3Ta MeToAMKA TEXHUYECKM CNOX-
Ha, 3aBUCUT OT OMbITa XUPYpra, KaKk npasuno, TpebyeT 6onb-
Le BpeMeHu 1 bonee ofHoOro xupyprideckoro goctyna. Moka
HeT J0CTaTOYHOro KONMyecTBa MHGOpMaLmK, YTobbl cienatb
0[HO3HaYHble BbIBOAbI 00 3 (EKTUBHOCTU parMeHT-CreLm-
(GuyHOM PUKCauMM B cpaBHeHWM ¢ bonee TpaaUUMOHHBIMU
BMOAMU XMPYPruyeckoro sieyeHus. [JaHHble ucciefoBaHuii
MOKa3blBakoT, YT dparMeHT-cneunduyHas dukcaums sens-
€TCS BO3MOXHO ONUMEN NpU JIEYEHUN CHIOXHBIX BHYTPUCY-
cTaBHbiX nepenomoB [IM3JIK, ogHako pesynbTathl SieyeHus
COMOCTaBMMBbI C TaKOBLIMW NP OCTEOCUHTE3E N1aJOHHOM Nna-
cTuHom [60].

Aptpockonus

ApTpocKkonus KUCTEBOro cycTaBa MpW BHYTPUCYCTABHbIX
nepenomax [M3JIK, BnepBble nonyumBlias pacnpocTpa-
Helue B 1990-x ropgax, nNpomomKaeT BbICTPO pa3BMBaTLCA
U 3aBoéBbIBaTb nonynapHoctb [61]. OCHOBHbIMM Lenamu
apTPOCKONMUM NMPU OCTEOCUHTE3E BHYTPUCYCTABHbIX NEpeno-
MOB fIBIAKOTCA JOCTUXEHWe Dosnee TOYHOWN aHAaTOMUYECKO
penosvumm, OLeHKa W npu HeobxoaUMOCTH BOCCTAHOBIEHME
COMYTCTBYIOLUMX CBSI30YHBIX MOBPEXAEHMUIA, a TaKKe yaa-
neHve cBOBOAHBIX OCTEOXOHAPANbHBIX Ten (aebpuaMeHT).
BonblUMHCTBO UccnenoBaHWin CBUAETENLCTBYET B MOMb3Y
TOro, YTO apTPOCKONUSA AeACTBUTENILHO UIPaeT BaHYH posb
B [IMArHOCTUKe NOBPEXJEHUIN CBA3OK, a TaKXKE LAET BO3MOX-
HOCTb OJHOMOMEHTHOTO JIEYEHMS 3TUX NOBPEXAEHUN [61—64].
MonouTtensHoe BAUSIHWME apTPOCKOMMM Ha BOCCTaHOBJIEHME
CYCTaBHOW MOBEPXHOCTW fBNsAETCA bonee CMOPHOW TEMOW.
Tak, B 10-netHeM nuTtepatypHoM ob63ope M. Saab u coasr.
OTMEYaKOT, YTO HEKOTopble UCCNENO0BaHUSA CBUAETENbCTBYHOT
0 JIy4LUEM BOCCTaHOBNIEHUW KOHTPY3HTHOCTU CYCTaBHbIX MO-
BEPXHOCTEN C MOMOLLbK apTPOCKONWM, HO ipyrie, 0COBEHHO
nocnepHue, AalT MeHee ybeauTenbHble pe3ynbrathl [64].
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CornacHo paHAOMW3UPOBAHHOMY MYNBTULIEHTPOBOMY WC-
cnepoBaHuio C.A. Selles 1 coaBT., apTpocKonuyeckuit fe-
BpMAMEHT MpW 0CTEOCUHTE3E BHYTPUCYCTABHBIX NEPESIOMOB
OMIJIK He ynyywaeT pe3ynbTaThl JIEYEHWUS B CPaBHEHMM
C ocTeocuHTe30M be3 apTpockonum [65]. TeM He MeHee Bce
aBTOpbI WUCCNEAOBaHUA eaMHOIIacHbl B ToM, YTo ans bonee
00BEKTMBHOIO OMPeLeNeHNs posin apTPOCKONUM NpU BHYTPU-
cycraBHbix nepenoMax AIM3IJIK HeobxoamMo bonblue paHzo-
MW3WPOBaHHBIX UCCNenoBaHuiA cpean 6oNbLUMX 0AHOPOAHLIX
rpynn nauueHToB [61, 64, 66].

NMMobunusaums u peabunuraums

OAHMM M3 OCHOBHBIX NPUHLMNOB NleyeHns nepenoMoB AQ
ABNSETCA paHHAS MobWUIM3aLms, ofHaKo, HECMOTPS Ha 3To,
LaXe B CNy4ae XMPYPrUYECKOro JieYeHns CPOK MMMobmK-
3aUMM CUNbHO pasHWTCA, MOpOi JocTturas 6 Hepenb [67].
TeM He MeHee aBTopbl HONBLUMHCTBA aKTyaslbHbIX MCCe0Ba-
HWI MPUXOLAT K BbIBOAY, YTO MMMOBWAM3aLMA nocne onepa-
TMBHOTO JieyeHus nepenomos AM3IJTK ¢ nomoLbio lafoHHOM
Onokupylowwen nnactuHbl He Tpebyetcs [67, 68]. K cxomum
BbIBOZAM 0 TOM, YTO PaHHSAS MOBUNM3aLUMA NMONOKUTENBHO
BIMSIET HA PYHKLMIO OMEpUPOBAHHON KOHEYHOCTH, NPUXOAAT
C. Zeckey u coaer. u S. Quadlbauer u coaBT. B cBOMX Npo-
CMEKTMBHbIX paHA0MU3MPOBaHHbLIX KOHTPOIUPYEMBIX UCCe-
poBaHusx [69, 70].

Inupemua COVID-19 BHecna MHOrQYUCNIEHHBIE W3-
MEeHeHUs B BefleHMe NauueHToB c nepenomamn OM3IJIK,
B YaCTHOCTM, 3HAYUTENBHO YBENMYMAA KOJIMYECTBO NNL,
3aHMMaloLWMXCa camocToaTeNbHOW peabunutauuen [71].
3T0 YBEIMYMIIO MHTEPEC K CPAaBHEHWIO pe3ynbTaToB pea-
bunuTaumm, NpoOBOAMMON NOJL KOHTPONIEM CMELManUCTa,
M camocTonTenbHOW peabunutaumn. 3ddeKTUBHOCTD
LaHHbIX BapuaHTOB peabunutauum 40 CUX NOP He ACHA.
B MHOrouncneHHbIx paHA0MU3UPOBAHHBIX MCCNIeA0BaHUSX
CpaBHMBANUCb PYHKLMOHANbHbIE Pe3ynbTaThl NALUEHTOB,
npoxoAsLmx dpr3uoTepanmio nof, KOHTpPOsEM, € Nporpam-
MaMM A0MALLHWX YNpaXHeHUA. bonblUMHCTBO UccnefoBa-
HWIA NpeANonaratoT, YTo NPorpamMMa ynpaxHeHU Ha LoMy
TaK Xe 3dPeKTUBHA, KaK pu3noTepanua nop Habnwoge-
HUeM, M obecneumBaeT aHanormyHble GyHKLMOHANbHbIE
pesynbrathl [67, 68, 72]. TeM He MeHee HeobXx04MMbI fanb-
HedlMe paHAOMU3MPOBaHHblE KOHTPOAMUPYEMble ucchie-
A0BaHUA AN OLEHKU TOYHOW ponu GuanoTepanuu u He-
obxogumocTu du3noTepanum B peabunutaumm nepesioMoB
OM3JIK.

BbiBoabl

bonbluoe KONMYECTBO CYLLECTBYIOLLMX MCCEL0BaHMN,
nocBAWEHHLIX nepenomam JM3IJIK, otnuyatotcs HeopHo-
3Ha4HbIMK BbiBoAaMu. OfHOW M3 BO3MOXHBIX MPUYMH Ta-
KOM TEHAEHLMN MOXKET BbITb OTCYTCTBUE €AMHOI 0bLLenpU-
3HaHHOW U Ucnosb3yeMoi BceMu Knaccudmkaummn. U3 Bcex
CYLLECTBYHLIMX KNaccuuKauuii Haubonee HaaEKHOW AB-
naetca knaccudumkauma A0, ogHaKo faxe e€ BOCNpOM3BO-
AMMOCTb MOXHO CYMTaTb BbICOKOM TOJIbKO NpU pasfefieHnm

Vol. 31 (3) 2024

DOI: https://doiorg/1017816/vta627103

N.N. Priorov Journal of Traumatology and Orthopedics

nepenoma Ha tunel (A, B u C). Npu nonbiTke pasgenuts ne-
penoMbl Ha noaTunbl (A1, A2 v 1.4.) e€ BoCnponU3BOAMMOCTb
pe3Ko cHuxaetca [32].

OnTuManbHbIi MeTod, GUKCauuW Npu nepenomax Auc-
TanbHOTO OTAENIa NYY4eBOM KOCTM OCTAETcA NpesMeToM
OMCKyccuii. HecMoTpA Ha 0YeBMAHYH TEHOEHLMIO YBENU-
UEHWS MPOLIEHTA XMPYPru4ecKoro NieYeHUs npu LaHHOW
naTenormm, KOHCepBaTMBHOE NeyeHWe BCE eLé sBnseTcs
npuemMnemMbiM MeToaoM Bbibopa, 0COBEHHO Y MOMKMUIbIX
nauueHToB [33-36]. Mpu 3TOM NpU XMPYpruyeckoM eye-
HUM 06LLeNpU3HAHHOTO METOAa, ABNAKLLErocs 30/10TbiM
CTaHAapTOM, He cywlecTByeT. 370 ABNAETCA CEACTBUEM
OTCYTCTBMA [LOCTAaTOYHOrO KONMYECTBA paHLOMWU3NPOBaH-
HbIX UCCNE0BaHWI C BLICOKUM YPOBHEM [J0KA3aTeNIbHOCTH,
ybenuTenbHo NoKa3blBaoLLMX NPEUMYLLLECTBA KaKoro-nnbo
U3 METOA0B XMPYPruyecKoro neyveHus. bonee Toro, no aaH-
HbIM NUTepaTypbl, pe3ynbTaThl JIeYeHUs Ha cpoke 1 rog
u bonee ABNAIOTCA COMOCTaBUMBIMM MPU Pa3HbIX MeToAax
Xvpyprudyeckoro nedyenus. K TakoMy xe BbiBOLY NpUXOQUT
AmepuKkaHcKas aKafileMusi XUpyproB-OpTONefoB B CBOMX
KJIMHWUYECKNX peKoMeHaauumsx [73].

3AKJTIOYEHUE

[ina BbIpaboTKM CTaHAAPTM3WMPOBAHHOMO MoAxoaa K Ne-
yeHno nepenomoB [M3JIK coxpaHsieTcs HeobxoaMMoCTb
MPOBELEHNS NPOCMEKTUBHBIX PaHAOMU3UPOBaHHbIX KOHTPO-
NIMPYeMBIX UCCNe0BaHUM, HEMOCPEACTBEHHO CPABHUBAIOLLMX
pa3nu4Hble OnepaTMBHbIE U HEOMepaTUBHbIE MeToabl neye-
HWS M aKLEHTMPYIOLMX BHUMaHWE Ha OLIEHKE OTAANEHHBIX
pe3ynbTaToB Tepanuu. lpu 3TOM cucCTeMa OLEHKM JieYeHus
TaKKe HYMAeTCA B CTaHAAPTU3aLMN.

Ha paHHbIn MoMeHT MeTop, NeveHuns nepenomoB [AM3IJTK
[0NKeH BblbUpaThCs MHAMBUAYANBHO B KaXKAOM KOHKPETHOM
C/ly4ae, MCXOLA U3 3arpoCcoB M HYWA, NaLMEeHTa, HO MpU 3TOM
OCHOBbIBAsACb Ha OMbITe XMpYpra.
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ABSTRACT

The article presents historical information about the creation of the school of traumatology and orthopedics in Arkhangelsk, in
memory of its founder V.F. Tsel (1898-1974), who made a huge contribution to the formation and development of the Northern
Medical Institute itself, as well as his students and followers.
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{OBWJIEN

B 2023 rony ncnonHmnock 125 neT co AHA poXAEHUA Npo-
deccopa B.®. Lienb — ocHoBatens 1 nepeoro 3aBefytoLLero
Kadenpoi TpaBMartonoruu, OpToneaun U BOEHHO-MOPCKOIA
xupyprim (BMX) camoro ceBepHOro MevLMHCKOrO By3a Mupa
[1, 2]. OH BHEC DonbLUOK BKNAA B pasBuTUe MeauLMHbI EB-
poneickoro CeBepa, npopaboTaB nosiBeKa Ha XMpypruyecKux
Kadeapax ApxaHrenbCKoro rocyaapCTBEHHOM0 MEAULIMHCKOTO
uHcTUTyTa (ATMN).

Bnagumup  ®épopouy
(BonbaeMap TeogopoBuy)
LUenb poawncs 14 wmapra
1898 ropma B c. [lonnHoBKe
KoHcTaHTMHOBCKOW BOSOCTM
Camapckoi rybepHun B Kpe-
CTbAIHCKON ceMbe. OKoHuMn
MeOWUMHCKUA  daKynbTeT
ToMcKoro  yHuBepcuTeTa
(1924 r.), roe ero nmpenopa-
BaTensamu 6bin BblgaoLme-
s y4éHble. B nctopum 3toro
yHuBepcuTeTa Bblnn Takue U3BECTHbIE XMpypri, Kak J.I0 Ca-
mwes’, M. Tuxos?, chopMupoBaBLLME CBOM HaYuHbIE Xi-
PypruyecKue LUKOMbI, U3 KOTOPbIX BbILLIM MHOMME W3BECT-
Hble y4éHble-xupypru (H.A. boropas, H.W. bepesHerosckui,
AM. Hukonbckui, MN.H. 06pocos, .H. LigeTkos, A.®. MMoHo-
Mapés, A.M. Anbbuukmin u gp.) [3].

Monopon cneunanuct, B.O. Llenb nepsei cBOM Bpayeb-
HbIi OMbIT MOAYYNUN B CenbCkux bonbHuuax Camapckon ry-
bepHun. B despane 1929 r. cyabba 3abpocuna ero B Ceep-
HbIli Kpal (HbiHe ApxaHrenbckas obnactb (AO)). B To Bpems
Bnagummnp MEnopoBry nosyumn nepebIii OMbIT OpraHW3aTopa
30paB0O0XpaHeHUss — OT 3aBefyHLLEro XMpypruyeckuMm ot-
Aenexuamn o rmasHoro Bpada LIPB. Ye Torma oH Havan
npenofaBaTth XMPYpPruto v 3aBefoBan y4ebHoM YacTblo Maii-
MaKCaHCKoro (efbALIepcKoro yuunmwa, a B 1936 r. nepe-
WEN Ha AO/MKHOCTb accUCTeHTa Kadeapbl obLei xupyprum
ApxaHrenbckoro MefuHCTUTYTa. B TpyaHoe BoeHHoe BpeMs
Obln MobunusoBaH B TpyaoBYylo apMuio (1942-1943 rr.), roe
paboTan rnaBHbIM Bpa4yoM M XMpYproM NasapeTa B farepe
AN8 3aKI04EHHBIX Npu KotnacckoM Mocto3asoge [3].

B 1943 r. B.®. Llenb ycnewHo 3alwuTun KaHAWAATCKYIO
pucceptaumio Ha Temy «[lepenoMbl noabKeK (MexaHW3M
MPOUCXOKAEHMS, KIIMHUKA W nedyeHne)». 3ateM Bnagumup
(®énopoBny cHoBa BepHyncs B I. ApxaHrenbck, bbin yT-
BEPIIEH Ha [OMKHOCTb AOLEHTa Kadeapbl rocrnuTanbHou
XMpYPruvM M HaBCErda CBA3aN CBOK CyAbby ¢ MEAMLIMHCKUM
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uHctutyToM [4]. Mop pykosoacTeOM npodeccopa M. [asbi-
fosa’ B 1953 . B.O. Llenb 3alumiiaeT JOKTOPCKyto auccepra-
Um0 Ha TeMy «KoxHas MnacTuKa si3B U He3aXKUBAIOLLMX PaH>.
Bnagumup ®énopoBry Npu3HaH BCEMM ero Konneramm BUPTY-
03HbIM XMpYProM LUMpoKoro npodmns. OH NPOBOAMA KOXHO-
nnacTuyeckue onepauuy, snepsebie B AO onepupoBan feten
C BPOXKAEHHOW PacLLEeSIMHON BEPXHEN rybbl U TBEPAOI0 HEDa,
BHEPUIT XMPYPrudecKne MeTozbl JIEYEHUS BPOXKAEHHOTO Bbl-
Buxa begpa u koconanoctu. Mpodeccop B.®. Lienb noctosHHo
nposensAn 3aboty o JanbHeMWeM COBEpPLLEHCTBOBaHUN ne-
uebHoi paboTbl, BLICTYNan MHULMATOPOM BHEPEHUS B NpaK-
TUKY BCEr0 HOBOTO, NEPefoBOro, COBPEMEHHOMO [J1S1 JIEYEHNS
BOMbHBIX (YPECKOCTHBIA KOMMPECCUOHHO-ANCTPAKLMOHHBIN
octeocuntes (HKO0) no [A. Mnusaposy, KocTHas romMonna-
CTUKa, PEKOHCTPYKTMBHbIE OMepaLMM Ha KpymHbIX CycTa-
Bax U T.A.). VIM npepsioxeHbl opuriHanbHas MoauduKaLms
TMNCOBOM MOBA3KW LN (PYHKLMOHANBHOTO JIEYEHUs Mmepe-
noMa NofabhKeK, pa3paboTaHbl HOBble CMOcobbl onepauyi
MPU PacXOXKAEHUM NPAMBIX MbILLL| KUBOTA, KOpPPUIMpYHOLLME
octeoromMuy befipa nNpy BapycHo AedopMaLm LelKK, 3Tan-
Has MeTOAMKA «BOCMMTAHUS» MTANbAHCKOMO JIOCKYTA KOMM
LNA NNACTUKM HE3aXMBAIOLLMX A3B M paH, (UKCaUma HeCBO-
BOAHBIX KOXHBIX JIOCKYTOB NpY 3aKpbITUW LedEKTOB NOKPOB-
HbIX TKaHEW U MHOrOe Apyroe [4—6].

Mop pykosoacTBoM Bnagumupa ®époposuya B ApxaH-
renbCcKoid obnacTHomn knuHuyeckoi 6onbhnue (AOKB) cospa-
€TCA 6 cneunanu3MpoBaHHbIX OTAENEHWUN: aHecTe3MoNorum
W peaHuMaLuu, XUpYpruyeckoe, TopakanbHoe, TpaBMaToo-
TMYECKOe M JEeTCKOe OpTonefuyecKoe, KOCTHOTYBepKYNEsHoe,
Herpoxupyprideckoe. MNpu kanHuke npodeccop B.®. Llenb
OTKpbIBAET 3KCMEPUMEHTaNbHYD Nabopatopuio A1 npose-
[EHUS HayuyHbIX UcceaoBaHuid. Pa3suBaeTca aHecTe3nono-
ruyeckas cnyx6a, 0CBaMBaKOTCS HOBbIE METOAbI OMEPATUBHBIX
BMELLATENbCTB HA OpraHax rpyaHOM W OpHOLIHOM NonocTy,
LIEHTpanbHOi W nepudepuyecKoin HepBHON CUCTEME, OMOp-
Ho-[BuratenbHoM annaparte (00A) [1, 3-5].

Bnagummp ®égopoBuy Obln M3bpaH Ha [LOMKHOCTb
BToporo npodeccopa Kadenpbl rocnuTanbHoOW XMpyp-
run (1956 r.), a ¢ Masa 1959 r. BosrnaBun 3Ty Kadenpy [6].
OH nposiBun cebs yMenbiM 0praHU3aTopoM, XOPOLUMM JIeK-
TOPOM W OMbITHBIM KNMHMLMCTOM. Bbin uHMLMaTopoM npe-
nofaBaHWsA CTy4eHTaM CTapluMX KYpCOB MHCTUTYTa OCHOB
TpaBMaToNiorun 1 optoneauu, TybocTeonorum n YemoCcTHO-
nuueBon xupypruu. Bnagumup ®énoposuy BocnuTan MHo-
rux xupyproB. OH OXOTHO nmepepaBan CBoW boraTblil onbIT
CTYAEHTaM UM BpayaM, Obin [yLIEBHbIM YENOBEKOM, €ro

! Canuwes 3pact faspunosuy (1851-1901, Tomck) — xupypr, BeinyckHuk MMXA, opamHapHbii npodeccop no Kadeape rocnutanbHoi
XMPYPrUYeCKoN KIMHUKM W LeCMYPrisv C yHeHWeM 0 BbIBUXaxX U nepenomax ToMCKOro yHuBepcuTeTa.

2 Tuxos MnatoH WBaHoBwu (1865, TypuHck Tobonbckoii rybepHum — 1917, Metporpan) — pycckuii Bpau-xupypr, BbiMyckHUK KasaHckoro
YHWUBEpPCUTETA, OpAMHapHBIA Npodeccop no Kadeape rocnUTanbHOM XMPYpruyeckon KIMHUKKM TOMCKOro yHuBepcuTeTa, ¢ 1912 . —

MpOpPEKTOp YHUBEpCHUTETA.

3 Nasbinos laBpuun Muxainosuy (19.02.1894, r. Opnos BaTtckoi rybepHun, Heive KuposcKoit obnactn — 21.04.1959, ApxaHrenbck) —
XMpYPT, &-p Mea. Hayk (1938), npodeccop (1942), noLnONKOBHUK MeAMLMHCKOW cnyxObl, 3aBeaylolwmii Kadeapoi rocnmTanbHoi

xupypruv ATMI.
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NOBUAN CTYAEHTbI, (YBOKO YBaKanu nauueHTbl, OH Nofb-
30Baics OFPOMHBIM aBTOPUTETOM CpeaW COTPYAHUKOB WH-
CTUTYTCKOW KnuHuku. B 1971 rogy B.®. Llenb oprannsosan
W BO3rNaBuUn HoByw Kadeapy TpaBMaToioruu, opToneamu
n BMX. 3a Bpems pabotbl B ATMU Bnagumup ®époposuy
nposBun ceba Kak BLYMUMBBIA KJIMHWLMCT, OMbITHBIA XM-
PYpr 1 CaMOOTBEPKEHHDIN HAY4HbIN PabOTHUMK, OH HE TOJbKO
CaM TPYAMNCA Hap, pa3pelueHneM paja HayyHbIX npobnem,
HO W NpUBNEKaN NOYTU BECb KONEKTUB Bpayel. bnaronaps
ero PyKoBOACTBY Obinn 3awumwieHbl 3 goktopckue (A.A. Ku-
poB*, «CBoBogHaA nepecaaKa NOSHOC/OMHON KOXM U BOC-
CTaHOBMNEHWE MHHEPBALMK B Hel (KITMHUKO-TUCTONIOrMYeCcKoe
W 3KCNepuMeHTanbHoe uccnepoBaHue)» (1964 r.), [.B. Monos,
«3nekTporacTtporpadus 1 3NeKTPOTEPMOMETPUSA KeNyAKa
B YCNOBUAX KIMHUKM U 3KcnepumeHTa» (1972 r.), 0.K. Cu-
LOPeHKOB, «OTpaXKEHHbIE peaKLMM XKenyaKa npyu MecTHOM
XPOHMYECKOM COYETaHHOM BO3LEWCTBMM X0N104a M Brlarm»
(1973 r.)) n 10 KaHaMpaTCKux aucceptaumin. OH astop 90 ny-
bnmkauuii, 3 usobpeteHuin u 6 paunpennoxenni [1, 4, 5].

Bnagumup ®égoposuy opraHuzosan v Bosrnaemn Ap-
XaHrenbcKoe 06LlecTBO TpaBMaToNOroB-0pTONENOB, U3-
bupancsa uneHoM npaeneHus BeecotosHoro obuiecTsa, bbin
rnaBHbIM Tpasmartonorom AO, uneHoM npaenenus Poccuii-
CKOro obulecTBa TpaBMaTonoroB-0pTONEA0B. 3a 3acnyru
B NOArOTOBKE BpayebHbIX KafpoB, pa3BuTUeE TPaBMaToJIO-
ro-oproneguyeckon cnyxbebl, ynydweHue Kadyectsa Jie-
yebHo paboTbl B AQ, HayuHble JoCTUXEHUA npodeccop
B.®. Llenb HarpaxaéH opaeHamm «3Hak [Mouétax» (1961 r.),
Tpynosoro KpacHoro 3Hamenu (1968 r.) u Megansamu, otMe-
yeH 6narof,apcTBEHHBIMU FPaMOTaM1 MUHUCTPA 3[1paBOOX-
paHeHWs, aAMUHUCTpaLUM obnacTu, aenapTaMeHTa 3fpa-
BooxpaHeHus, pektopa ATMU [1, 3, 6]. Ero 3Hanu u ytunm
BedyllMe TpaBMaToNoruM-opTonenbl cTpaHbl. [loknaabl
0 BOCCTaHOBUTENIbHOW Xupyprum npodeccopa B.O. Lenb
MoNb30Bannch BOMbLLIMM YCMEXOM Ha KOH(EepeHUMsaX yueé-
Hbix B MockBe, Jlennnrpage, Opecce, EpeBane, Yexocno-
Bakuu [3]. Bnagumup ®épopoBuy cTan opraHM3aTopoM
AVMHaMUYHO pPa3BUBAIOLLENCA Hay4HOW TpaBMaTomoro-op-
TOneaMYecKon cnyxobl.

CoTpynHukM Kadenpbl nop, ero pyKoBOACTBOM 3aHUMa-
;mcb npobnemMammu TpaBMaT3Ma B CYAOPEMOHTHOM, SIECHOI
U nepeBoobpabaTbiBaloLLen NMPOMBILLIEHHOCTU, B CENbCKOM
X03fIMCTBE, HO MPUOPUTETHLIM CTaN0 MCCNefoBaHWe BAMS-
HWA MECTHOTO B/TA}KHOIO XO/I0[a Ha 3aXKMBJIEHME NepesioMoB
TpyBuaThiX KOCTEM, HAa CEKPETOPHYI0 U MOTOPHYH (BYHKLMK
XenyaKa B 3kcnepuMenTe [1].

Ha kadeppe c MoMeHTa e€ 0cHOBaHWSA paboTany A0LEHTbI
3nb3a AnbopenosHa Jlych (1922-1998) u Pumma Anexcan-
AposHa Knenukosa (1929-2007) [1].

J.A. Jlycb — xupypr, TpaBMaTonor-oprones, 3aciyeH-
Hbii Bpay PO (1991 r.), KaHAMAAT MeAMLIMHCKMX HayK (1957 T.),
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poueHT (1966 r.). MHoro net Bena CTYAEHYECKWUA Hayu4HbIN
KPY)KOK, Ha 3aHSITUAX KOTOPOro MPOBOAMNMCH KIIMHUYECKME
W 3KCMepuUMeHTanbHbIe paboTel no npodunio kadenpsl. Ha-
Y4Hble UHTepeckl Inb3bl ANbOpeaoBHbI BKIIOYaU BOMPOCH
TonorpadmyecKoi U BapuaHTHOW aHaToMuW, 0COBEHHOCTU
pereHepauuu KocTHol TKaHu Ha CeBepe, ayTo- u annonna-
CTUKY KOCTHOW TKaHW, XMPYPrUYECKOE JieYeHUe XPOHUYECKOTo
0CTEOMWENNTA, NMPUMEHEHWNE KOMMPECCUOHHO-ANCTPaKLMOH-
HOr0 OCTEOCMHTE3A MPM NIEYEHUN MPUOBPETEHHON M BPOXKAEH-
Hon matonorum OflA, aKkcnepuMeHTanbHO-Mopdonoruyeckme
UCcnefoBaHus No BonpocaM apTponnactuku. OHa — aBTop
KaHaupatckoil aucceptaumn «K Bonpocy o TonorpaduyecKoii
aHaTOMMM TONCTBIX KULoK» (1957 1) [1, 4, 7].

Jnb3a AnbdpenoBHa BHenpuna B MPaKTUKY 3[paBoOX-
paHeHus pag ycoseplueHcTBoBaHuM: YK[O npu nepenomax
M NOXHBIX CyCTaBax KOCTEM KOHEYHOCTel, MnacTuKy CBS-
304HOr0 anmaparta KOJIEHHOTO CyCTaBa, BOCCTAHOBMTENbHbIE
onepaumMu Ha KUCTK, aHruorpadmio B TpaBMaTonorv 1 opro-
nenun. Paspabotana MeToauKy JileYeHus 0CTPOro U XpOHNYe-
CKOro 0CTEOMMENMTA C MPUMEHEHUEM BMONOTNYECKON NacTbl.
Astop 75 nybnukaumi M 25 pauMoHanM3aTopcKMX Npeaso-
eHuit. HarpawaeHa 3HakoM «OTNIMYHUK 3paBo0XpaHeEHNS»
(1965 r.), Mepanblo «BetepaH Tpyna» (1985 r.), opaeHom Tpy-
nosoro KpacHoro 3Hamenu (1986 1) [1, 4].

WUma Pummbl AnekcaHgpoBHbl KnenukoBoi XxopoLio us-
BECTHO He TonbKo B CeBepHoM pervoHe. PA. KnennkoBa —
OETCKWNA TpaBMaTonor-opronef, KaHAMAAT MeOMLMHCKUX
HayK (1966 r.), 3acnyxeHHbin Bpad PCOCP (1982 r.), poueHT
(1972 r.). Hay4Hble MHTepeckl: BONPOCHI AETCKOW opTonemuu,
TPaBMaToNIOrUM U KOCTHOW MNACTUKKM, OpraHW3aLmus LEeTCKOM
TpaBMaToJI0r0-0pTONeaAMYECKON CryXObI B ropoge v obnactu.
PA. KnenukoBoi NofrotoeneHa M 3allMileHa KaHaMaaTCKas
aucceptaums «AyTo- M rOMoTpaHCNaHTauma dacumum B Kc-
nepumenTes (1966 ) [1, 4, 7.

Pumma AnekcaHgpoBHa BHedpuna B MpakTWKy 34pa-
BOOXPAHEHUS KOHCEpBATWBHbIE M OMEepaTUBHbE METOAbI
U cnocobbl nedvenust getent ¢ natonorueit OLA (BpoKAEH-
HbIM BbIBUXOM befpa, CKONMO30M), KOCTHYI0 U dacumanb-
HYI ayTo- M FOMOMMAcTUKY. YyeHuUa U nocnefoBaTeslb
npodeccopa B.®. Lenb, oyeHb feATenbHbIA MO HaType
uenosek, P.A. KnenukoBa ctana uHMLmMaTopoM BbleNeHus
LETCKO OpTOMeaun KaK caMoCTOATENbHOrO HanpaBieHus.
E€ opraHu3aTopckwid TanaHT cnocobcTBOBan ycnewHoMy
pasBUTUIO JETCKOI OpTOMeAUYecKoi cinyxbel, KoTopas 3a-
HUMaeTcA 60MIbHBIMU CKONIMO30M MO3BOHOYHWKA HauMHas
C POAMIBHBIX AOMOB, LETCKUX CafioB, LUKOJ, B TOM YUCiE
cneumanusmpoBalHbX. P.A. Knenukosa pabotana B Tec-
HOM COTPYZHUYECTBE C KOAJIEraMn BeAYLLMX YUPEIK AeHUi
CTpaHbl, B YaCTHOCTM ¢ MHCTUTYTOM [eTCKoiA TpaBMaToNo-
ruv v optoneauu uM. L. TypHepa, LieHTpanbHbIM UHCTUTY-
TOM TpaBMatosiorumn u optoneauv uM. H.H. Npuoposa. beina

4 Hupos Anekcanap Angpeesny (1913, a. MpunyuHoe ApxaHrensckoi obnact — 1977, 1. ApxaHrenbCK) — HeMpoXuUpYpr, 4-p Mef. HayK,
npogeccop, pekTop ApXaHreNbCKOro roCyAapCTBEHHOTO MeAULIMHCKOTo MHCTUTYTA (1953-1961).
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Y4YaCTHULLEN MHOTUX KOHepeHLwii U cbe3aoB Bpadei. [no-
A0TBOpHO npepcTaBnsna A0 B KoMuUTETe MO OXpaHe 3[0-
poebsi BepxosHoro Coseta PCOCP (1990-1993 rr.). MHoro
neT oHa coBMellana paboTy Ha Kadenpe ¢ BOMKHOCTbO
HayYanbHWKa CaHWUTapHOW aBmaumu (2, 4, 8, 9].

Mo WHMUMATMBE M NpU HENOCPEACTBEHHOM Y4acTuu
PA. KnenukoBoii OTKpbIBasMCb CMELMaAnM3NPOBaHHbIE OT-
penenus B 6onbHMUax ApxaHrenscka u CeBepofBMHCKa,
LUKOMa-UHTEpHAT 18 AETeN CO CKONMO30M MO3BOHOYHMKA
B I. ApxaHrenbcKe, LEHTp ANS NleyeHus AeTeil C LeTCKUM
uepebpanbHbiM napanuyom B I. CeBepoasuHcke. Co3paHHas
Mnof e€ PyKOBOACTBOM CUCTEMA OpraHU3aumMu AeTCKOM TpaB-
MaTonoro-opTonefuyeckon cnyxbel nonyuuna opobpeHue
cneumanuctoB B Poccum 1 3a eé npegenamu [1, 4].

B 1974-1990 rr. Kadenpoi TpaBMaToNOrMK, OpTONELMM
n BMX 3aBemoBan Oner Knaeauesuu CupopeHkos (1925-
2001). 0.K. CupopeHkoB — TpaBMartosor-oprones, 3acny-
eHHbin Bpad PCOCP (1989 1), AOKTOp MEAMUMHCKUX HayK
(1973 r.), npodeccop (1975 r.). HayuHble MHTEpeChI: aKTyasb-
Hble BOMPOCHI TPaBMATONIOrUK M OPTONEAWM, PerMoHabHO
natonorun OJJA, npodunakTvka TpaBMaTuaMa, 0cobeHHOCTH
KOHconupaumu nepenomoB Ha Cesepe, TpaBMaTU3M Ha npej-
NPUATUSAX CYLOPEMOHTHOM U CYLOCTPOUTENBHON NPOMBILLIEH-
HOCTW, MHOXECTBEHHasi U COYETaHHas TPaBMa, CMEPTHOCTb
W netanbHocTb oT TpasM B AQ, peabunutaums 60nbHbIX
W MHBaNMEOB C NOCNEACTBMAMW TpaBM U 3aboneBaHusMM
OLA. Oner KnaBameBuy 6bin yyacTHMKOM Benmkon OtevecT-
BEHHOW BOWHbI. [ocne peMobunusaumm noctynun B ATMHU,
KOTOPbII OKOHUMN ¢ oTmumeM (1956 r.). Pabotas Ha Kade-
Ape rocnuTanbHOM XWpYpriW, BEN KypC BOEHHO-MONEBOM
xvpyprun. Ha Kadenpe TpaBMatonoruum, optoneauu u BMX
¢ 1972 r. Havan paboTaTh JOLEHTOM, a 3aTeM — 3aBefylo-
wwum. Mop pykosoacTeoM npodeccopa B.®. Llenb 3awmtun
KaHOMAATCKYl auccepTaumio «BnusHue 3aboneBaHuit nps-
MO KULLIKM Ha CEKPETOPHYHO 1 MOTOPHYI0 (QYHKLIMIO JKeNyaKay»
(1963 r.), 3aTeM — poKTOpCKylo auccepTaumio «0TpaeHHbIe
peakumu Xenyaka npu MeCTHOM XPOHUYECKOM COYeTaHHOM
BO3JeNCTBUM xonoda v Bnaru» (1973 1) [2, 4, 5, 10].

3a 16 net ero pyKoBOACTBa KAMHWYecKas 6a3a Kade-
Apbl nocTeneHHo Beipocna Ao 270 Koek u ykpenunack. OT-
KPbIIMCb HOBblE TPaBMATONOTMYECKME OTAENIEHUS B FOPOAAX
HosonguHcke, CeBeponsuHcke, Kotnace, Benbcke. B psane
MOSMKIIMHUK CTanM YHKUMOHMPOBaTL TPaBMAToNornyeckue
KabuHeTbl, OKasblBaloLMe ambynaTopHylo MOMOLLb Hace-
neHuto obnactu. [MosBMNach BO3MOMHOCTb KOOPAMHALMM
W ynpaBneHus BCei Cyxboi M3 eaMHOro LIEHTPa, KOTOPbIM
cTana Kadeppa TpaBMatonorum u optoneaum [1, 4, 5].

B 1990-2006 rr. kadenpoi 3aBegoBan BuinycKHUK ATMU
l[eHHaauit Muxaiinosuy MeaBeneB — TpaBMaTosor-opTones,
3acnyeHHbIn Bpady PO (1998 r.), 3aBeaytowumin kadeapoil
TpaBMatosoruu, optonegmn u BX (1990-2006 rr.), pokTop
MeamuMHCKUX Hayk (1994 r.), npodeccop (1995 r.). M. Men-
BefleB paboTan accuCTEHTOM, a 3aTeM [OLEeHTOM Kadepapbl
TpaBMartonoruu, opronegun n BMX ¢ MoMeHTa e€ opraHu3a-
unn. OfHOBPEMEHHO PYKOBOAMI OTAENIEHUEM TPaBMAaTONIOMUH
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u optonegum AOKD, a Takke coBMeLLan AoMHOCTb Havasb-
HWKa CaHWTapHOI aBMaLym ¢ paboTton 6opTxmpyproM-TpaBMa-
TonoroM [2, 4, 5, 8].

Pe3ynbTatbl MHOTONETHUX UCCNE[0BaHMIA Ka4eCTBa Jieye-
HWSA TPaBMAaTOJIOTMYECKUX NaLMEHTOB B PaOHHBIX U rOpOf-
CKUX BosbHMUAX OH 0606LLMA B KaHAMAATCKON AMcCepTaLmm
«TpaBMaTU3M B CENIbCKOM XO3AWCTBE W €ro NpoQuIaKTUKa
(no Matepuanam Kaprononbckoro, lpumopckoro u Xonmorop-
CKOro paitoHoB ApxaHrenbckoii obnactu)» (1970 r.), Kotopyio
OH ycreLwHo 3awwmtun B NepoM MocKOBCKOM MeANLIMHCKOM
MHCTUTYTE, U [OKTOPCKOW AuccepTaumu «ITpaBMatonoruye-
CKas nomolb HaceneHuio EBponeiickoro Cesepa, mytv no-
BbiLEeHUS IDPEKTUBHOCTU U €€ NNAHUPOBaAHME B YCIIOBUAX
NoKanbHbIX KatacTpod» (1994 1) [4, 5].

M. MenBeneB — opTonen-TpaBMaToor BbiCLUEN Ka-
TEeropuu, KoTopoMy bbisiM JOCTYNHbI COBPEMEHHbIE CIIOXK-
Hble METOAMKM OMepaTUBHOIO JIEYEHMS MOBPEXAEHUI
u 3abonesaHuit OJJA. OH sBNANCA MHULMATOPOM BHeLpe-
HUS B CMELWaNU3MpoBaHHbIX yupexaeHusax ropoga Ap-
XaHrenbcKka u obnact Metoga YKA0 no IA. Unusaposy
(1965 1) 1, 4, 5].

l[annHa BnapumupoBHa [1aTKoBa — TpaBMaTonor-opro-
nef, KaHAMAaT MeAULMHCKUX HayK (1986 r.), accuctenT (1972—
2008 rr.), poueHT Kadeapbl TpaBMaTonorum, oproneamm u BX
(2008-2014 rr.). I.B. MNaTKoBOM Ha base rapHU30HHOMO rocnu-
Tans bbln BHECEH psAL PaLMOHANN3ATOPCKUX MPeasIoKeHuiA
Nnpu neyeHuu 3abonesaHnii u nospexaeHnin O[JA BoeHHOCY-
Xawwmx. BHepuna B NpakTuKy 3apaBooXpaHeHNs pasnnyHble
BapuaHTel YK[0 no IA. Unu3apoBy npu neveHnu noBpex-
LeHUii 1 3aboneBaHWii OMOPHO-[BUraTeNIbHOMO annapara,
CErMEeHTapHYK M YaCTMYHYK pe3eKUMI0 KOCTEM Mo NoBOAY
[00pOKaYECTBEHHBIX ONYXOMel C anonaacTMKoOM 06bIYHBIMM
1 IMOpUIM3MPOBAHHBIMK TPAHCMNAHTaTaMu, UCMOMb30BaHWe
runepbapuyecKon OKCUreHauuu B KOMMJIEKCHOM JeYeHUw
neperpy3oy4Hoi 6onesHu, BHYTPMBEHHOE BBELEHWE 030HMPO-
BaHHbIX PacTBOPOB W 030HMPOBAHWE KPOBU NpU MOJIUTPaBME
W OTHECTpeNbHbIX NepesioMax, JieyeHue KOHTpaKTypbl [ionto-
UTPeHa MEeTOflOM «OTKPbITas KUCTb» € npumeHeHneM YK[O0
1 OPUrMHaNBLHOW MMMNCOBOM NOBA3KM W Ap. 3alumTiia KaHau-
[ATCKYH0 AMCCEpTaLMIO Ha TeMy «PereHepaums KOCTHON TKaHM
npu neyeHuu nepenomos B annapate 'A. Unu3saposa nocne
ANWUTENBHOMO OXNaXKAEHUA KOHeuHocTH B Boge» (1986 T.) [2,
4,8, 10].

YcnewHo npopomkun paspaboTKy pasnuyHbIX BapuaH-
TOB KOPPUTMpYIOLIMX OMepauuii Ha KPYMHbIX cycTaBax EB-
reHun Anekcanaposud JlebeguHueB — TpaBMaTonor-opro-
nef, KaHAMAAT MeaUUMHCKUX HayK (1982 r.), 3acnyeHHbI
Bpay PO (2007 r.), accuctent (1977-1995 rr.), noueHTt (1995—
2008 rr.) Kadenpbl TpaBMaTonoruu, oproneaumn u BX. Astop
KaHAMOATCKOW AuccepTaumu Ha TeMy «BnusHue mecTHoro
XPOHUYECKOr0 OXNaXAEHWUA BO BMIAXHOM Cpefe Ha pereHe-
pauuio KocTHo! TKaHu» (1982 r.). UccnepoBanus [.B. Matko-
Bou U E.A. JlebeauHueBa ybeanTenbHO NOKa3anm CHUMKeEHWe
aKTMBHOCTM pereHepaLyu KOCTU Npu NepesioMe U yMepeH-
HOW AMCTPaKUWW OTIOMKOB, MOABEPTLUMXCA OXNAXAEHMIO
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BO B/IAXHOM cpefe, C NPOSBNEHUAMU CTOMKUX HapyLLEHWI
KpOBOCHabKeHMs KOHEYHOCTU M 0bMeHa BeLLecTB B KOCT-
HOW TKahu [2, 4, 8, 10].

[lobpoii namaTbio 0 npodeccope B.®. Lienb u ero yueHnKax
ABNSETCA NPOAO/IKEHUE COBMECTHOW NJI0A0TBOPHON paboThl
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Nosppasnsaem C.A. [IxymabekoBa ¢ 60-neruem!
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Congratulations to Sabyrbek A. Jumabekov
on his 60 anniversary!

ABSTRACT
Brief biographical information and scientific achievements of Sabyrbek A. Jumabekov, congratulations on the 60t anniversary.
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T.31,Ne 3, 2024

BecTHwK TpaBMaTonoriv 1 opToneami uM. HH. Mproposa

asrycte 2024 r. ucnonusietca 60 net C.A. [xymabeko-

BY — 3aBefytoLLieMy Kadeapoi TpaBMaToorim, oprone-
LM 1 IKCTPEMANbHOW XMpYprum Kbiprbi3cKoi rocynapCcTBeH-
HOM MeaMUMHCKOM akagzeMumn uM. UK. AxyHbaesa. Cabbipbex
AptucberoBuy [IxyMabekoB — [LOKTOp MeOMUMHCKUX HayK,
npodeccop, akageMuk HaumoHanbHoi akageMumn Hayk Kbip-
rbiackon Pecnybnuku (KP), MHocTpaHHbIM uneH PoccuidcKoi
aKaJieMuW HayK, 3acnyXeHHbIn aesTtenb Hayku KP, 3acnymeH-
Hbin Bpay KP, nBaxapl naypeat locnpemuu KP B obnactv Ha-
YKU U1 TEXHUKW, NaypeaT MexrocynapcTBEHHON NPEMUM CTPaH
CHI" B obnactu Haykn u obpa3oBaHus «3BE3abl Coppyxe-
ctBa». OH sBnseTcA KaBanepoM opaeHa «MaHac» |, Il cTe-
nenmn Kbiprbiackoid Pecnybnuky, opaeHa Opyxosbl Il crenequ
Pecnybnukm KasaxctaH.

Mocne oKoHyaHus Kbiprbisckoro rocynapcTBeHHOro Me-
amumHckoro uHctutyTa C.A. xymabeKoB noctynun B acnu-
PaHTYpy, a 3aTeM B [LOKTOpaHTYpY Ha Kadenpy TpaBMaTosioruu
1 opToneamm KpbIMCKOro MEAULIMHCKOTO MHCTUTYTa B T. CuM-
deponone. B 1991 r. oH ycnewHo 3awMTUN KaHAMAATCKYH
pucceptaumio Ha TeMy «KnuHuko-6uoMexaHnueckoe o60-
CHOBaHWe 0CTeoTOMWM NpU yAnMHeHuu beppa annapatoMm
AN. bnuckyHoBa» B I. Mockse, a B 1995 1. B Bospacte 30 net
brecTaLLe 3aLMTUN JOKTOPCKYHO0 AvccepTaumio B MOCKOBCKOI
MeAMLMHCKOW aKajeMun Ha TeMy «YinuHeHue begpa anna-
patoM A.W. banckyHoBa».

Tpynosas pestenbHocTb C.A. [IkymabekoBa B Kbiprobis-
cTaHe Hayanack B 1995 r. B Kbiproiackom HUW kypopTonorum
11 BOCCTaHOBUTENBHOTO JIEYEHUS HA AO/KHOCTU 3aBefyHoLLero
Hay4HbIM oT1enom optoneaumu. C 2002 no 2004 r. oH pabotan
AVpeKTopoM buLLKeKcKoro fenapTaMeHTa 3[paBo0XpaHEHMS
W TepputopuanbHoro ynpaeneHus PoHpa obssatensHoro
MeJMLMHCKOro cTpaxoBaHus. Hakonnewuein npodeccuo-
HaNbHbIA OMbIT M opraHu3atopckue cnocobHoctn C.A. [ky-
mabekoBa nposBunmnch B oTKPbITUKM B 2004 I. BullKeKckoro

DOI: https://doiorg/1017816/vto634803

Hay4YHO-MCCNeS0BaTeNbCKOro LEHTPa TPaBMaTonoruM U op-
Tonegmm MunuctepcTBa 3apaBooxpaHenns KP. 3a kopoTkui
NepuoL, BPEMEHU LieHTP Obil OCHALLEH CaMblM COBpPEMEH-
HbIM J1le4ebHO-AMarHocTUYeCKUM 0b60pyaOBaHUEM W JOCTUT
YPOBHS U3BECTHBIX MPOGUIIBHBIX MHCTUTYTOB CTPaH bnnHero
U panbHero 3apybexbs. B 2011-2012 rr. C.A. [bxymabekos
pabotan MuHucTpoM 3apaBooxpaHenns KP. B nepuop pabotsi
B KayecTBe MMHUCTpa OH A0buncs noBbileHWs 3apaboTHoi
nnatbl MeapaboTHUKaM pecnybnuku B 3 pasa, B pesynbTa-
Te yero Oblna NpUoOCTaHOBNEHA TEKYYECTb KafpoB, 0COOEH-
HO cpeau MeApaboTHMKOB CpPefHero M MNafLlero 3BeHa.
Mo mHuumatuee akagemuka C.A. [xymabekoBa BnepBble
Obin opraHusoBaH EBpasuitckuit KoHrpecc Ha bepery Wc-
cbik-Kynsa ¢ yuactveM npepgcrasutenent 17 cTpaH JanbHero
u bnvxkHero 3apybexbs, Ha KOTOPOM BbINM NPUHATHI YCTaB
1 nonoxeHue o EBpasuiickoM KoHrpecce, u C.A. [bxymabe-
KOB Dbl eAMHOMMAcHO M3bpaH ero MOYETHLIM NPE3NAEHTOM.
Axkapemuk C.A. [hxymabekoB aBnsetcs npesuaeHToM Acco-
uMaumm Tpaesmatonoros-optonenoB Kbiproisckoin Pecnybnm-
KM, YneHoM BceMupHoro xupyprveckoro obuiecTtsa opTone-
nos-Tpasmarosioros SICOT, EFORT, AAQS, ASAMI, COA, TOTT.
B 2008 r. Cent-Jlyncckumit yrmsepeutet (CLUA) npucsonn emy
3BaHWe MOYETHOrO Mpodeccopa yHUBEpPCUTETA U BbiAan au-
nnom «npodeccopa-susutopa». OH Takke ABNAETCA NOYET-
HbIM YneHoM Accoumaumm opTonesoB-TpaBMaTosIoNoB LUTaTa
Muccypu (CLLA), nouétHbiM uTenem ropopa CaHta-Kpys,
Kanudophua (CLUA). HayyHble pa3paboTki, BbIMOAHEHHbIE
nop, pykosoacteoM npodeccopa C.A. hxymabekosa, Haluim
LUMPOKOE MPUMEHEHME B MPaKTUYECKOM 3[paBo0XpaHeHuy
He TonbKo B Kbiprbi3cTaHe, HO U 3a ero npegenamu.

C.A. [xymabeKoB nogrotoBun 12 LOKTOPOB HayK, 51 KaH-
[VaTa MEULMHCKUX HayK; B CTaMM 3aBepLUEHMA 25 KaHau-
JATCKVX U 6 [OKTOPCKMX aucceptaumin. [ina Pecnybnuku Ka-
3aXCTaH MM NOLToToBNEHbI 1 JOKTOP HayK, 4 KaHAMAaTa HayK
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u 75 Bpadein TpaBMatonoros-optonegoB. [ns Poccuickoi
(®epepaunm NoarotoBneHbl 4 KaHAMAATA HayK W 32 TpaBMarto-
nora-optonefa. Cabbipbek AptucberoBuy sBNAeTCA aBTOPOM
bonee 620 HayuHbIx TpynoB, 119 u3obpeTeHuit n 28 paumoHa-
NM3aTOPCKUX NPELOXKEHUN, 4 MOHOrpaduii — «YAMHeHue
Benpa BHYTPUKOCTHBIM aucTpakTopoM» (2003 r.), «Mukpo-
XMPYPruyecKas AWCKIKTOMUS U JieYeHUe BTOPUYHBIX pyb-
LLOBO-CMaeyHbIX NPOLECCOB 3MMAYPanbHOr0 NpOCTPaHCTBa
MPW TPbIXKaX MOACHUYHO-KPECTLOBOMO OTAENA MO3BOHOYHU-
Ka» (2004 r.), «Xupypruyeckoe NeyeHue MOBPEMLEHMIA, UX
nocneacTBuiA U AereHepaTUBHbIX MOPAXEHUA rPYLONOSCHNY-
Horo otaena no3BoHouHMKa» (2008 r.); «CeeK cKeneTMHUH
CbIHbIKTapbIH 3aMaHban aapbinoo» (2014 ).

TpynoBas pedatenbHoctb C.A. [lkymabekoBa HeogHo-
KpaTHO oTMedeHa Mwun3ppaBoM, npasutenbcTBoM KP, op-
raHusaumamm 3apybexxHbix ctpaH. OH aBnseTca naypeatom
locynapctBeHHOM npemuu Kbipreickoit Pecnybnmku B 06-
N1acTu KayecTBa, ABaabl NaypeatoM [ocyaapcTBEHHON mpe-
Mun B 0bnacTu Hayku u TexHukn Kbiprbisckoi Pecrybnvkm,
naypeatoM MoslofiéxHoi npemumn Kbiproiackoii Pecnybnvkm.
Harpaxnén Mepanamm « 1000 net anocy «MaHac»» (Kbiprbis-
CTaH), «3a 3acnyru B BOEHHOM MeanumHe» 06LLepoccHitcKom
opraHu3auum «PoccuicKuiA coto3 BeTepaHoB AdraHucTaHa,
30/10TOM Mefanbio «XMpypr — 30/10Tble pyKu» B 061acTi Ha-
YKU 1 TexHuKn MexayHapopHoi npemun Myctadbl Kamanb
Aramiopka (Typums), bonbLuoit 3on0Toi Meaanblo BceMupHoii
OpraHu3aunn UHTenneKTyanbHon cobcteeHHocTn npu OOH
(XeHeBa), 3onoTOM Mefanblo AMepuKaHCKoro buorpadmye-
CKOr0 MHCTUTYTA 3a BbIAAKLLUMIACS BK1AZ, B 0611aCTM MUPOBOIA
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opToneauu 1 TPaBMaToorMM U Mefanbio «LLIENKOBbINA MyTb»
3a BKJIag B yKpennenue 3ao0poeba (KHP). HarpaxaéH opae-
HoM KembpumpapKckoro buorpadmyeckoro LieHTpa 3a 0cobble
3acnyru B obnactu optoneauu (CLUA), opaeHoM [uporoBa
(Poccus), opaeHom [pyx6ebl Il crenequ (KasaxcraH), opaeHoM
«3a 3acnyru» lapnameHtckoro ueHtpa (Poccus). HeopHo-
KpaTHO Obln laypeatoM W Harpaxaancs MexayHapoLHbIMU
npemuamu «PyxaHusaT», «Hambic», «Canat» (Kblproisctan),
«Ankon-Manac — Yenosek roga» B 00MacT MeguUMHbI
B HOMUHaLMK «JTyuLumii xupypr rofax (EBponelickuii npoexT),
MosoféxHoi npemuen Kbiprbiackoii Pecnybnukm B HOMUHa-
UMM «Hayka 1 HoBble TEXHONOTMU», CTan JlaypeaToM Mex-
AyHapoaHou npeMun «3BEé3abl Coapy:KecTBay», HarpaxpaeH
CoBeToM rocygapctB — YydacTHukoB CHI B obnactn Hayku
u obpasoBaHus u ap. KaBanep opaeHa «Manacy» | u Il ctene-
HW Kbipriisckoi Pecnybivkm.

Csoi 60-neThui tobuneit Cabbipbexk Aptucberosuy BeTpe-
yaeT B pacuBeTe TBOPYECKWX 3aMbIC/IOB U BAOXHOBEHUS,
OH nonoH cun u 3Hepru. Konnektms Kadepnpel TpaBMato-
1orMK, OpTOMEAUU U 3KCTpeManbHoW xupyprim Kbiprbisckoi
rocynapCTBEHHOM MeaMUMHCKOM akagemmn uM. UK. AxyH-
DaeBa Xenaet eMy yCrexoB Ha MOMpULLE HayKU W 3ApaBo-
OXPaHEHMs, TaNnaHTIUBbIX YYEHUKOB, 3[0POBbS, CEMENHOMO
Gnarononyyns 1 [ONTMX NET HU3HW.

Pedakyus xcypHana «Becmuuk mpasmamonoauu

u opmoneduu uM. H.H. [puoposa» npucoedursemcs
K no3dpaenieHusM U cesaem robunspy doszux sem
meopyecKoll ¥u3HU Ha 671020 HAYKU U KpenKo2o0
3dopoess!
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NMamatu Anatonua Hukonaesuua lanbHeBa

AHHOTALIUA

23 aBrycta 2024 ropa Ha 82-M rogly u3Hu cKoHyanca AHatonmii Hukonaesuwy LLlanbHeB — [OKTOP MeAMLIMHCKMX HayK, Na-
ypeart npemuu [pautenbcTBa Poccum B 06/1aCTV HayKM M TEXHUKM, OAMH U3 cTapeiwux coTpyaHukos HMULL TpaBMatonorumn
u optoneaun umenn H.H. Mpuoposa. Konnektus UUTO um. H.H. MNpropoBa ckopbut o HeBocnonHMMOK yTpare.
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In memory of Anatoly N. Shalnev

ABSTRACT

On 23 August 2024, Anatoly Nikolayevich Shalnev, Doctor of Medical Sciences, winner of the Russian Government Prize in
the field of science and technology, one of the oldest employees of the National Medical Research Center of Traumatology
and Orthopedics named after N.N. Priorov, passed away at the age of 82. The staff of National Medical Research Center of
Traumatology and Orthopedics named after N.N. Priorov mourns the irreparable loss.
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HEKPOJIOP

T.31,Ne 3, 2024

BecTHwK TpaBMaTonoriv 1 opToneami uM. HH. Mproposa

23 asrycta 2024 roga Ha 82-M rogy XM3HM CKOHYancs
Anatonuit Hukonaeeuu LanbHes.

AHatonuin HukonaeBuy Hayan CBOH TpYLOBYH LeATeNb-
HocTb B 1962 rogy nabopaHToM [lonspHoro Hay4Ho-Uccneao-
BaTeNbCKOro MHCTUTYTa B I. MypMaHcke. B 1970 roay okoHumn
ApxaHrenbCKUN rocyaapCTBEHHBIA MELULMHCKUIA MHCTUTYT.
Mo OKOHYaHWM MHCTWTYTa paboTan HayyHbIM COTPYAHWKOM
B Nnabopatopuv no nepecagke opraHoB W TkaHeit AMH CCCP,
B panbHenweM — B HAW mummyHonorum AMH CCCP. Kan-
Avpatckas aucceptaums AHatonus Hukonaesuya «Cuctema
CBEPTbIBaHMSA KPOBU M (MOPUHONM3A B paHHEM NOCTULLEMMU-
YEeCKOM Nepuofe TYPHUKETHOTO LUOKa» BbIMNOMHAMACh B Na-
bopatopum Akagemmn MeguumMHckux Hayk CCCP u Bbina 3a-
wmwweHa B 1987 roay.

C 1986 ropa AHatonuin Hukonaeswy LLanbHeB Tpyamncs
B LINTO um. H.H. MpuopoBa, roe Bo3rnaensn naboparopuio
natoduU3nonorMm TpaBMaTUYECKUX MOBPEXLEHUA OMOPHO-
ABuvratenbHoro annaparta. B 1994 ropy oH Bo3rnasun otgen
3KCMEPUMEHTANIbHOW TPaBMATONOMMW U OPTOMEAMUM, CO3LaH-
HbIiA NYTEM CIMAHUA ABYX NlabopaTopuit: SKCNepUMeHTasbHOIA
TPaBMatoNoruu M OpToNeaMM U Natopuanonorum TpaBMaTtu-
YEeCKMX MOBPEXAEHWA OMOPHO-ABMraTeNIbHOMO annapara,
1 6bin ero beccMeHHbIM pyKoBoauTeneM. HayuHble uHTEpe-
cbl AHatonusa Hukonaesuya 6binn HanpaeneHsbl Ha U3yyeHne

DOI: https://doiorg/1017816/vto6355%

naToM3nN0NOrMYecKUX acneKToB TPaBMATONIOr0-0pToneam-
UecKoM matonoruu, paspaboTKy W COBEpLUEHCTBOBaHUE 3¢-
(EeKTUBHBIX METOL0B MArHOCTUKW U JIEYEHUA TPaBM M 3a-
BoneBaHWin onopHo-ABuUraTenbHoro annapara. OH aKTUBHO
y4acTBoBan B BbIMNOSIHEHWM HayuHbIX 33fay, UMeloLLMX 060-
POHHOE 3HaueHue.

B 1995 rooy A.H. WanbHeB ycnewHo 3aliMTUN AOKTOP-
CKYI0 [AMccepTaumMio Ha TeMy «JleueHue OrHeCTpenbHbIX
U THOWMHO-OCNOXHEHHBIX PaH C MOMOLLBI0 aHTUOKCUAAHTOB
W YrNepOAHbIX TKaHEBbIX COPOEHTOBY.

Anatonuin Hukonaesuy — aBtop 6onee 100 neyaTHbIx pa-
0o, B TOM uncne oaHoi MoHorpadmm, CoaBTOp 0AHOO OTKPbI-
18, aBTop NATM U30bpeTeHnit. MNog, ero pyKoBOACTBOM ycneLu-
HO 3alUMLLEH pAL KaHAMAATCKUX aucceptaumid. B 2006 ropy
Anatonuii Hukonaesuy 6bin HarpaXKa€H HarpyaHbIM 3HAKOM
«0TnnMyHKK 3apaBooxpaHeHus». B 2008 roaoy 3a pa3pabotky
U 0CBOEHME NPOM3BOACTBA KOMMEKCA BbICOKOI(PQEKTUBHOI
HeneTanbHOro HeccTBONBHOMO rPaAaHCKoro U ciyxebHoro
opyxusi oH 6bin ynoctoeH npemum [paButensctea Poccuii-
cKoii Depepaumn B 061aCTU HayKM U TEXHUKAW.

Konnektus LIUTO mm. H.H. Mpuoposa ckopbut o He-
BocnosiHuMon yTpaTte. CBetnas naMATb 0 TaNaHTIUBOM
yenioBeKe, YYEHOM, UccCrefoBaTene HaBCerga OCTaHeTCS
B CepALax ero Apy3en, Konner U y4eHUKOB.
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