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Pedepar

AkmyansHocmp. AHTUGAaKTEpPUAbHBIE CPEICTBA UCIIONB3YIOT B OPTONEAMYECKON MPaKTUKe sl MpoGuIakTuku MHbpeK-
LMY 06JIACTM XMPYPIUUECKOTO BMEIIATENTbCTBA, a TAKKE [l IMIIUPUIECKO Y STUOTPOITHOM aHTUGAKTEPUATHHOM TepaIuut.
Vcronb3oBaHye KaskIO U3 TPYIIT aHTUOAKTePUATbHBIX CPEICTB IMEET 0COOEHHOCTM Ha3HAUeHUS ¥ OTPAHNYEHUS, OTIpe-
Jle/sIIoliie X POJib B SMIIMPUUYECKUX U STUOTPOIIHBIX CXeMax jeueHus: MHMeKMM OIIOPHO-IBUraTeIbHOTO anmnapara.
Ilenv uccnedosanus — 060CHOBATH BBIOOD JIEKAPCTBEHHOTO CPECTBA AJISI IMIMPUIECKOI aHTUOAKTePUAIbHOI Tepanumu
Ha OCHOBaHUM Pe3y/lbTaTOB aHaIM3a JUHAMUKMA Pe3UCTEHTHOCTM K aHTUOAKTepUATbHBIM IIpernapaTaM Beaymux pam(+)
6aKTepuii, BhIIEIEHHBIX OT MAIVIEHTOB C OpToneanyeckoit nudekmei ¢ 2011 mo 2022 r.

Mamepuan u memo0dsl. BbIIOTHEHO PETPOCIIEKTUBHOE MCCIEN0BaHYE JAHHBIX O YYBCTBUTENIbHOCTM K aHTUOGAKTEPUATbHBIM
mpernaparam Begyuyx ['pamM(+) 6akTepuii, U30JIMPOBAHHBIX OT MAL[MEHTOB, HAXOOUBIIMXCS Ha JieueHVH ¢ 1 stHBapst 2011 r. rmo
31 pexabpst 2022 r. Ha ocHOBaHMM MOTyYEHHbIX TAHHBIX MCCIENOBAIM TUHAMMKY M ONPeIeVIv IPOTHO3 Pe3UCTEHTHOCTU
Bemymux pam(+) Bo36yauTeneit. B paMKax JaHHOI CTaThy MPOAHATM3UPOBAHBI 5 TPYIIIT aHTUOMOTUKOB, aKTUBHBIX B OTHO-
eHuy 'paM(+) MUKPOOPraHU3MOB: 6eTa-TaKTaMbl, NIMKOMETHUIbI, OKCa30JIMAMHOHBI, pudaMnuiiuy, Gy3uguesas KUCTOTA.
Pesynemamest. KymynstusHas noast I'pam(+) 6akrepuii, YyBCTBUTETbHBIX K 6eTa-IaKTaMHBIM aHTMOMOTMKAM, COCTaBUIA
60,8%. 3a ucciemyeMblil IepUOL, BpeMeHY BaHKOMUIIMH ObLT aKTMBEH B OTHOIIeHuu 99,65% I'pam(+) 6akrepwii, u 6bLI0
BbIZIeNIeHO TOMbKO 2 mtamMa E. faecium, ycToitunBbIx K nuHe30nuLy. CpefHsis SO pe3UCTeHTHbIX K dy3uaMneBoii KUCIoTe
mraMmMoB MRSA 3a 12-neTHuit nepuon Habmogenus coctasmia 0,7%; MSSE — 14,1%; MRSE — 10%; MSSA — 0%. omns
PE3UCTEHTHBIX K pudaMnuuuny mrammo MSSA 1 MSSE He npeBbiniana 3% Ha BceM MPOTSsKeHUM HabGMIOgeHus. YCTONIm -
BocTb MRSA 1 MRSE k pudamnuimny cocrasisiia B cpegHeM 25 1 16,3% cCOOTBETCTBEHHO.

3akntoueHue. B paMKkax JaHHO CTaTby MbI PACCMOTPEIU IPYIIIBI aHTUOMOTHUKOB, IPEMMYIIECTBEHHO aKTUBHBIX B OTHOIIIE-
Huu I'pam(+) MMKpOOpraHusmoB. MccinenoBaHme IOKa3ano, yTo GeTa-IakTaMHble aHTUOMOTUKY, HECMOTPSI Ha UX IIMPOKOE
MIpUMeHeHYe BO BCeX 06/IaCTIX MeIULIMHbI, COXPAHSIOT aKTUBHOCTh B OTHOIIEHUY 3HAUUTENIbHOI yacTu I'pam(+) 6akTepuit.
MaxkcuMaabHYI0 aKTMBHOCTb B OTHOILIEHUY PacCMaTPUBaeMbIX BO36GyOUTe e/ JeMOHCTPUPYIOT BAHKOMWIIVH Y IMHE30MU],
[IpencraBieHHbIe Pe3YIbTAThl MOMOTYT ONTUMU3UPOBATh SMIUPUUECKYIO aHTUOMOTUKOTEPATUIO, YUUTHIBAST PE3UCTEHT-
HOCTb U JOCTYITHOCTD IIPENapaToB. AHTUOMOTHUKAM LIMPOKOTO CIIEKTPa JeiiCTBUS GyHeT MOCBSIeHa BTOPast YaCTh JaHHOTO
Hay4yHOTO MCCIeJOBaHMSI.

KimioueBbie c10Ba: opromnennueckas MHOEKINs, MMILIAaHTAT-aCCOIMPOBaHHAs MHGOEKINS, MepurnpoTesHass MHbeKIus,
aHTMbGaKTepuanbHas Tepamnms, aHTUOGMOTUKOPE3UCTEHTHOCTD, S. aureus, S. epidermidis, sMmypudeckast Teparnmusi.

IOna umtupoBaums: KacumoBa A.P., BoxkkoBa C.A., Tydanosa O.C., Topguna E.M., TBosmeuxwmii A.H.,
Pykuua A.H., TuxwioB P.M. BbIGOp aHTMOMOTMKOB [JisI JIEUEHUS OPTOIEOMUECKOV MHQEKIM, BbI3BAHHOM
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JIOCTIOPWHBI, TIMKOTENTHUIbI, OKCA30IMIMHOHBI, Qy3uameBast KUCIOTa, pubdaMnuimt. Tpagmamonoeus u opmoneous
Poccuu. 2025;31(2):5-17. https://doi.org/10.17816/2311-2905-17680.

DA< Kacumosa Anuna Pawudosna; e-mail: kasi-alina@yandex.ru

Pykomuch momydyeHa: 26.02.2025. Pykonvich ogo6pena: 25.04.2025. CTaThs onmy6imKoBaHa oHmaitH: 19.05.2025.
© Kacumosna A.P., BoskkoBa C.A., Tydanosa O.C., Topauua E.M., I'Bo3nenknit A.H., Pyknna A.H., Tuxunos P.M., 2025

5 2025;31(2) TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://creativecommons.org/licenses/by/4.0/

KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

Original article @)y |

https://doi.org/10.17816/2311-2905-17680
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Abstract

Background. Antibacterial agents are used in orthopedic practice to prevent surgical site infections, as well as for empirical
and etiotropic antibacterial therapy. Each of the groups of antibacterial agents has specific indications for use and limitations
that determine their role in empirical and etiotropic treatment regimens for musculoskeletal infections.

The aim of the study — to substantiate the choice of a drug for empirical antibacterial therapy based on the analysis
of antimicrobial resistance dynamics in leading Gram-positive bacteria isolated from patients with orthopedic infection
from 2011 to 2022.

Methods. We performed a retrospective study of data on the antimicrobial susceptibility in leading Gram-positive bacteria
isolated from patients who were treated at the purulent osteology department from 01.01.2022 to 31.12.2022. Based on
the data obtained, we investigated the dynamics and determined the prognosis of resistance in leading Gram-positive
pathogens. This article analyzes 5 groups of antibiotics active against Gram(+) microorganisms: f3-lactams, glycopeptides,
oxazolidinones, rifampicin, fusidic acid.

Results. The cumulative proportion of Gram(+) bacteria sensitive to f$-lactams accounted for 60.8%. During the study
time period, vancomycin was active against 99.65% of Gram(+) bacteria and only 2 linezolid-resistant E. faecium strains
were isolated. The average proportion of fusidic acid-resistant MRSA strains over the 12-year follow-up period was 0.7%;
MSSE — 14.1%; MRSE — 10%; MSSA — 0%. The proportion of rifampicin-resistant MSSA and MSSE strains did not exceed
3% throughout the follow-up. MRSA and MRSE resistance to rifampicin averaged 25 and 16.3%, respectively.
Conclusions. In this article, we have considered groups of antibiotics that are predominantly active against Gram(+)
microorganisms. The study showed that f3-lactam antibiotics, despite their widespread use in all fields of medicine,
remain active against a significant proportion of Gram(+) bacteria. The maximum activity against the studied pathogens is
demonstrated by vancomycin and linezolid. The obtained results could help to improve the empirical antibacterial therapy,
taking into account resistance and availability of the drugs. The second part of the study will be devoted to broad-spectrum
antibiotics.

Keywords: orthopedic infection, implant-associated infection, periprosthetic joint infection, antibacterial therapy,
antibiotic resistance, S. aureus, S. epidermidis, empirical therapy.
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BBEJEHUE

Pacryiiee uMcio MaToreHoOB, pe3UCTEHTHBIX K aHTU-
6axTepMaabHBIM IIperapatam, SIBJISIeTCS Cepbe3HOi
nmpo6iemMoit, KOTOpas yXynAllaeT IMPOTHO3 [Jsl Tia-
IIMEeHTOB C MHbeKIMeli OMOPHO-IBUTATeTbHOTO all-
rnapara, yIJIMHSIeT CPOKM JIeueHMsI UM 3Ha4MMO yBe-
JINYMBaeT pacxonbl CUCTEMBI 3IpaBooxpaHeHus [1].
B HeraBHO ONYG/IMKOBAaHHOM OTUYETE 0 OpeMeHY aHTH-
6axTepManbHOI Pe3UCTEHTHOCTU Ha OCHOBE MPOTHO-
CTUYECKUX CTATUCTUUECKUX MOZeJIeli ObIIO TTOKa3aHo,
yTo 3a 2019 r. 3aperucTpupoBaHo 4,95 MIH cMepTeit,
CBSI3aHHBIX C GaKTepuaabHOM YCTOMUMBOCTHIO, B T.U.
1,27 MmuH cMmepTeil, HANPSIMYI0 BbI3BAHHBLIX aHTU-
6MoTMKOpe3ucTeHTHbIMU GakTepysivu [2]. IIpu sToM
OJIHOV 13 Hamubosee 3HAUMMBIX MPOOGIEM SIBISETCS
OTPaHMYEHHOCTh BbIGOpA TMOTEHIMATBHO aKTUBHBIX
B OTHOLIIEHUY BO36YAUTEIEl MMIUIAHTAT-aCCOLUUPO-
BaHHO nHbekun (MAW) mekapcTBEHHbBIX CPEICTB.

V3BecTHO, UTO B CTPYKType Bo3bymurteneit AU
JUAVPYIOT TPAMITIONIOKUTETbHbIe — I'pamM(+) — 6ak-
TepuM C pasInUHbIM MpoduieM UyBCTBUTETbHOCTU
K aHTMOaKTepuaIbHBIM Ipernapatam [3]. Ilybnukaimm
MOC/IeNHUX JIeT TeMOHCTPUPYIOT, uTo Staphylococcus
aureus u S. epidermidis 3aHMMAIOT Benyliyue IIO-
3ULMM He TOAbKO cpeiyu BCeX BUAOB CTaQUIOKOK-
KOB, HO U B 00IIeil CTpyKType Bo36ymuteneit AU
B TPaBMAaTOJIOTUM U OPTOIIeM, XOTSI COOTHOLIEHUE
YacTOThl BbIJleJIeHUsI ITaTOTeHOB BapbupyeT. B Ha-
meM ucciaemoBanum 2024 1. TOKa3aHoO, YTO B TeUeHMe
12-neTHero nepuona B 33% ciaydasix BO30yOUTeNSIMU
opromnenuueckoit uudexuyuu 6u1u S. aureus, B 19% —
S. epidermidis [4]. AHanOTMYHbIe JAaHHbIE MPeJCTaBU-
i A.B. IluckapaiBuiau ¢ coaBTOpaMu, IoKa3as, 4YTO
B TEUEHMeE 6 JIET B CTPYKTYPE BEOYLINX BO3OyIUTENE]
nepunpoTe3Hoit uHderuyuu (TIIIM) KpymHbIX cycTa-
BOB B ux llenTpe momnsa S. aureus coctaBuna 31,9 %,
S. epidermidis — 20% [5]. Cpenu pa3iauM4HBIX BULOB
CcTaMIOKOKKOB [IOJISI MeTUILM/UIMH-Pe3UCTEeHTHBIX
mTaMMoB HepaBHa: 22,5% — MRSA, 66,6% — MRSE
[6]. Kpome Toro, oTmeueHo cHwkeHue nonu MRSA
npu opHoBpeMeHHOM pocte MRSE, XOTs naHHbIN
(daxT cBsSI3aH CKOpee C TepPPUTOPUATBHOM 0COGEHHO-
CTBIO UCCIIeoBaHus [7].

AHTHGaKTepUaNibHble  CPENCTBA  MCIOIb3YIOT
B OpTOIeINUeCcKOii ITpakTUKe 11 MPOGUIaKTUKY UH-
dexiumu 06aCTM XUPYPrUYECKOTO BMeIaTeabCTBa,
a Takxke ISl SMIIMPUUECKON M 3TUOTPOIHOI aHTU-
6axrepuanbHoit Teparuu (ABT) yke cyliecTBylolei
mHpeximu. InurtenbHas ABT siBisieTcsl 4acTbiO CTaH-
naptHoro yneuenus IITIM, u npemnapatsl 115 Hee I10f-
O6MpaT C Yy4eTOM UYBCTBUTETHHOCTU BO30OYAUTENS,
XapaKkTepUCTUK TMalueHTa (Bec, QYyHKIMM TIOYEK U
TeyeHy, ajuleprusl U HellepeHOCUMMOCTb B aHaMHese),
CIIOCOGHOCTY BeIeCTBa MPOHMKATh B KOCTHYIO TKaHb,
a TaKKe BBIMIOJIHEHHO XMPypPrudecKkoii onepauum [8].
Kaxk npaButo, o611ast mpoIo/DKUTETbHOCTL Kypca ABT
cocrasiisieT 12 He. TI0CIIe BBITIOTHEHUST CAaHUPYIOL el

omepanuy C COXpaHeHMeM OPTOIeINYecKoi KOH-
CTPYKLMM MO0 ee OJHOSTAITHOV 3aMeHO M 6 He.
Moc/ie KakAOoro 3Tara B Caydyae BBITIOMHEHUS ABYX-
3TAINHOTO Xupypruueckoro JyedeHusi [9]. Ilpu stom
YCTAaHOBJIEHO, UTO 12-HeeNMbHbIV KypC Tepanmu yalie
BBI3BIBI Y TAIMEHTOB HeKeNlaTeabHble 3(bheKTsl,
B OCHOBHOM >KeJTyIOYHO-KUILIeYHbIe PacCTPOICTBA U
MMKO3bl, B CPaBHEHUMU C 6-HeJeIbHbIM NMPUEMOM aH-
TUOMOTUKOB [9)].

AXTUBHBIMM B OTHOIIeHUM ['pam(+) Bo36GyauTeeii
Cpeny OCHOBHBIX ITPEIapaToB SIBJSIIOTCS 6eTa-jaaKra-
MbI (MEHULIVIIMHBI, 11e(GasoCTIOPUHBI), TTIMKOIENT -
Ibl, OKCa30JIMIUHOHBI, pudaMIuuvH 1 QysuameBas
KWUCIOTa, albTepHATUBHBIE — (TOPXMHOJIOHBI, Te-
TPalMKIWHBI, KIMHOAMULIVH, TPUMETONPUM-CY/Ib-
dbamerokcaszon, dochomuuyu [10]. PammonambHOE
MpUMeHeHVe aHTUOMOTUKOB, C OAHOM CTOPOHBI, SIBJIS -
eTcs 3aJ10roM 3G (PEeKTUBHOTO ¥ 6€30ITaCHOTO JIEUEHMSI,
a C Ipyroit — ogHO¥ U3 Mep MPOGUIIAKTUKMA Pa3BUTUS
pesucTeHTHOCTM GakTepuii. Micronb3oBaHue Kaskaoii
M3 TPYOIl aHTMOAKTEPUANIbHBIX ITPENapaToB MMe-
€T CBOM OCOOEHHOCTV Ha3HAUYeHUsS M OTPaHMUEHMS,
omnpezensiole UX Poidb B IMIOUPUUECKUX U ITUO-
TPOIHBIX CXeMaX JieueHMs MHGPEKINU OTIOPHO-ABUTA-
TeJbHOTO amnrmnapara.

ITpu BBIOOpE JIEKAPCTBEHHBIX cpencTB miss ABT
0C00yI0 HACTOPOKEHHOCTH BBI3BIBAIOT PE3UCTEHT-
Hble K METUUWUIMHY, pPUDAMIUINHY IITaMMbI
S. aureus, S. epidermidis, aMIIUITAJTMH-PE3UCTEHTHbIE
Enterococcus spp. (ARE) ¥ BaHKOMUIIMH-PE3UCTEHT-
Hble Enterococcus spp. (VRE). OTo menaet amb6ynaTop-
HBIIi 9Tall JIeueHUs MPaKTUUecku He 3DPeKTUBHbBIM.
AHaMM3 U3MeHEHUS] aHTUOVOTUKOPE3UCTEHTHOCTU
Heo6XOIVIM JIJISl paliMOHAJIbHOTO BhIOOPA SMITMPUYEC-
Koii ABT u, B T.u., IJisT pa3pabOTKy JIOKAJIbHBIX IIPO-
TOKOJIOB BelleHMs IalueHToB ¢ MAN.

Ilenv uccnedosaruss — 0GOCHOBATh BBIOOD JIeKap-
CTBEHHOTO CPEJCTBA [JISI SMIIMPUUECKON aHTHOaK-
TepuajabHO} Tepanuy Ha OCHOBAHMUM Pe3YIbTaTOB
aHa/MM3a OUMHAMMKM DPE3UCTEHTHOCTM K aHTMOaKTe-
pUabHBIM ITIperapaTtam Bemymmx I'paM(+) 6akrepuii,
BbIJleJIEHHBIX OT MallMeHTOB C OPTOIeINYecKoii MH-
dexmueii c 2011 mo 2022 1.

MATEPUWAJI U METObI
JIu3aiil ucciaegoBaHusa

Tun uccnegoBaHUs — PeTPOCHEKTUBHOE OJHOIIEHT-
poBoe.

N3ydyeHbl [OaHHBIE O PE3UCTEHTHOCTM K aHTU-
OaKkTepuaJbHBIM TIpernaparaMm Bemymmx I'pam(+)
OaKkTepuii, M30MMPOBAHHBIX OT TAIMEHTOB, HaXO-
JUBIIMXCSI HA JIEYeHUU B OTJe/IeHUM THOWMHON OCTeo-
moruu HMUII TO um. P.P. Bpenena c 1 saBaps 2011 r.
mo 31 mekabpst 2022 r. K BemymMm BO36YIUTENSIM
OTHOCWJIM MMKPOOPTaHU3MbI, AOMS KOTOPBIX B 00-
IeM CIeKTpe BO30ymuTeneil OpTOIeOuMyecKoii MH-
dekiuy mpeBbimaga 3,5% IO pesynbTaTaM OITyo-
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JIUKOBAHHOTO DPaHee LIeHTPOBOTO MOHUTOpPUHIa [4].
[ITamMMbI ¢ MMHMMAJIBHOM MOAABJISIONIEN KOHLIEHTpa-
umeit (MIIK) BaHKOMMIIMHA HIpKe 1,5 MI/JT paclieHuBa-
JIV KaK YyBCTBUTETbHbBIE.

ONUOEMUOIOTUIYECKMIT  aHAIMU3  pe3y/bTaTOB
MMUKPOOMOIIOTMYECKOTO UCC/IeNOBAHMS  BBITIOMHS -
qM C TIpUMeHeHMueM IporpamMmbl «Cuctema Mu-
KpOOMOIOTMYECKOTO MOHMUTOPMHIAa “MMKpP0O6-2”»
(«MenllpoekTt-3», Poccus, 2002-2020) u mabopa-
TOPHO/ MHMOPMAIMOHHON CUCTEeMBbI «AKpoOCC-
WmskuaupuHr» (2021-2022). Mukpobuoiornueckoe
McCIeoBaHKue OMoMaTepuana IMAIMEHTOB BBIMOM-
HSJTM B COOTBETCTBUM C MEXKIYHAPOIHBIMU CTaH-
mapramu (Standards for microbiology investigations
(UK SMI)). Do 2021 r. upmentudukanuo 6akTepui
MPOBOAMIM OUOXMMMUYECKUMM METOJOM Ha IIaHe-
nsgx Microlatest (Erba Lachema) ¢ momonipio iEMS
Reader MF (Labsistems, ®unnsaaus), ¢ 2021 r. —
metogoM MALDI-TOF-MS ¢ ucronb3oBaHUEM CU-
crembl FlexControl u mporpaMMHOro obecrieyeHust
MBT Compass 4.1. (Bruker Daltonics, l'epmanmus),
Score > 2,0. UyBCTBUTEIBHOCTh KYJIBTYp OakTepuit
K aHTMOaKTepUaTbHBIM ITperapaTam OIeHUBaJIM B CO-
orBeTcTBUM C TpeboBaumusimu EUCAST (v.1-12)L

[loMyMoO IOMHAMMKM AHTUOMOTUKOUYBCTBUTEID-
Hoctu I'pam(+) Bo3GymuTeseii, O6bUIM HPOAHATIU3U-
poBaHbl 3()GEKTUBHOCTD OCHOBHBIX TIPYIIT aHTU-
OGaKTepUAbHBIX JIEKAPCTBEHHBIX CPEICTB B JIEUEHUN
oproreguueckoi MHGEKIMY Ha OCHOBAHMM JAHHBIX
HAyYHBIX ITyOMMKAIIMIA, & TakKe KyMYJISTMBHAsI Be-
POSITHOCTD ycIlexa (IomafaHusl) Mpy SMIIVPUIECKOM
Ha3HAUYeHUM IPerapaToB JaHHOW TIPYIIIbl HA OCHO-
Be IMHAMMKM BbIIEIEHUS Pe3UCTEHTHBIX MITAMMOB
B Hamem LleHTpe 3a 12 nerT.

CraTucTUUYeCKN aHaIN3

[y onmcaHus KaTeropualbHbIX TepeMeHHbIX MUC-
TI0JIb30BaJIM A6COTIOTHBIE 3HAYEHUS M AOJM OT IeJI0-
ro — n (%). [lepemeHHbIe, UMEWOIIME HEIPEPHIBHBIN
XapakTep pacmnpefeneHusi, ONMUChIBAIU CPEIHUM U
CTAHAAPTHBIM OTKJIOHeHusiMu (M*c), OUCKpeTHbIE
rnepeMeHHble ¥ YHOPSAOUYEHHble AaHHble — MeIu-
anou, 1-3 xBaprwismu (MD [Q,-Q;]). Taxke BbI-
YUCSIA MUHUMAIbHOE UM MaKCMMalabHOE 3HaueHUs
(min; max).

MogenmpoBaHe KpMUBOIi «pe3UCTEeHTHOCTb — Bpe-
MST» TIPOM3BOIMIIU TIpU TToMoIy 6ubnuorekun MGCV.
B kauecTBe 3aBUCHMMOV IepeMEeHHO BhICTYTaJIa OIS
Pe3UCTEeHTHBIX ITAMMOB B rOly, B KaueCcTBe He3aBU-
CUMBIX — BpeMs ¥ Bup Gakrepuit. MopenupoBaHue
HeNMHENHOM 3aBUCUMMOCTM MPOBOAMIM METOAOM
KyOMUeCKOi CIuTaiiH-TpaHcGopManyyu OT BpeMeHU
¢ 5¢dheKToM B3aMMOIENCTBUS C TPYIIIIOBOI IIPUHAM-
JleXHOCThI0. Tak Kak 3aBUCMMasi epeMeHHas Mpu-
Hamiexut auanaszony (0, 1), npuMeHSUIM MOJENb

6eTa-pacripenenenusi. s MCKIIOUEHMSI IKCTpe-
MaIbHBIX 3HaUeHMi1 (0 1 1) BBIMOMHSIIACH CeAYOIIast
TpaHchopMals 3aBUCUMOVI TepeMeHHOVA:

(ye (n-1)+0,5)/n,
roe y — 3aBUCMMAas mepeMeHHas, 1 — KOJIUYEeCTBO
Ha6mogeHnit. CUHTaKCUC MOAETU ObUT CIeYIOIIMM:
gam (y ~ s(time, bs = ‘cr’, k = 5) + name + s(time,
by = name, bs = ‘cr’, k = 5), family = betar()).

Mopesnb xapakTepu3oBaau Ko3hGuieHToOM 1ceB-
nopetepmuHauuy R? HopMaan30BaHHBIM KOpPHEM U3
CpemHeKBaApaTUUHOI omubky (NRMSE), cTerneHsIMu
cBO6GOMBI. [IJIT YTOUHEHMSI JAHHBIX Ha ITOTyYEeHHBIX
MOJeNsIX TeCTUPOBAIU TUIOTE3bl JTMHEINHOTO TpeH-
na. Iy KoppeKUuy MHOKeCTBEHHOTO TeCTUPOBaHUS
TUIIOTE3 UCIIOAb30BAIM CPENHIOK OO JIOXKHBIX OT-
kinoHeHui1 (FDR). Bce pacueTsl BbITTOIHEHBI Ha SI3bIKE
nporpammupoBanus R 4.4.0.

PE3VJIbTATBI 1 OBCY>XIEHUNE

Bemymiumyu 'pam(+) BO3OYIUTENSIMU OPTOIIEmMYEC-
Ko MHbeKIMM 3a aHAIUM3UpyeMblit 12-1eTHNi Tiepu-
om (2011-2022) 6smu S. aureus, S. epidermidis, mipo-
yye Koaryjga3oHeraTuBHbIe BUAbI CTA(PUIOKOKKOB
(CoNS), Enterococcus spp., Corynebacterium striatum,
Streptococcus spp. (Ta6sn. 1). Ha mpoTsbkeHuM mepuo-
Ila HaOTI0MeHNST MEHSIJIOCh COOTHOIIIEHME BhIIeTeHNs
BO30ynuTesnei, OIHAKO 00IIast CTPYKTYpa OCTaBaxach
crabunbHoI (puc. 1). Cpeayt SHTEPOKOKKOB OCHOBHBI-
MU BUJAMU, BbIJIeJIEHHBIMM OT MallMEeHTOB C OpTOIle-
nuueckoii uHbekueit, 6putn E. faecalis v E. faecium,
IIOJIST KOTOPBIX B pasHbie TOMbl COCTaBIsAA OT 4,5 [0
8,2%. IIpu arom cootHouteHue E. faecalis/E. faecium
6bL710 OT 2,2 110 5,5.

OcCHOBHbIE BUJIbI CTPEITOKOKKOB —
S. pyogenes, S. agalactiae, S. dysgalactiae. Oburast mons
CTPENTOKOKKOB B CTPYKType BO36ymuTeneit oprorie-
Iuyeckoit nHdekuu cocrasisia ot 2,0 go 5,53%.

Tabnuya 1
OcHoBHbIe I'pam(+) Bo3OyauTEIM,
BbljIe/IeHHbIe OT IalMeHTOB C OPTOoIeaNYeCcKO
uHdekmeii c 2011 mo 2022 r.

Muxkpoopranmsm n %

I'pam(+) 6akTepuii Bcero 8003 77,5
S. aureus 3272 31,33
S. epidermidis 1950 18,67
CoNS, kpomMme S. epidermidis 605 5,79
Enterococcus spp. 579 5,54
Corynebacterium striatum 467 4,47
Streptococcus spp. 435 4,17
OcranbHble 695

! The European Committee on Antimicrobial Susceptibility Testing — EUCAST. Pexxum mocryma: https://www.eucast.org/
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Figure 1. Dynamics of isolation of the main Gram(+) pathogens from 2011 to 2022

CoBpemeHHble pekoMeHpauuu no ABT oprome-
INYeckoit MHGpeKuuu Haubojee TOJHO OMMCAHbI
B PYKOBOJCTBE IO AMArHocTuke U JjiedeHuio VA2
U POCCHMIICKMX KIMHMYECKMUX PpPEeKOMEeHOALSIX .
Oco6eHHOCTDbIO BeJeHMSI TaKUX TalYIeHTOB SIBJISIETCS
coueTaHMe XUPYPruueckKux U KOHCEPBATUBHBIX METO-
OB JIeUeHUsT aHTUMMUKPOOHBIMY CPeICTBAMU, IIPU-
yeM JJIUTEeJTbHOCTDb NOCTEeIHETO ONpeeseTcs] TUIIOM
XUPYPTUUECKOTO BMeEINIATeNIbCTBA. AHTUMMKPOGHAS
Teparus Ipy opToreIdecKoi MHQeKIMM 4acTo mpo-
BOJMTCS TIO3TAITHO. [TepBbIit 3TAll — MapeHTepaibHOe
BBelleHNe aHTUOMOTHUKOB (0OBIYHO HA CTAIIIOHAPHOM
aTare) MO3BOJISIET BHIOMPATh U3 GOMBIIOTO apceHansa
JIeKapCTBEHHbBIX CPEJICTB, JOCTUTATh MaKCUMaIbHBIX
KOHIIeHTpaluii B CUCTEMHOM KPOBOTOKE 1 oyare MH-
dexuyu. Bropoit atanm — npojjieHHbIN ITepopaabHbIii
MpMeM aHTUMOMOTMKOB Ha aMOY/JIaTOPHOM 3Tarie Ijist
TTOABJIEHMSI OCTABUIMXCS MUKPOOHBIX KIETOK U IPO-
GUIAKTUKY BTOPUYHOTO MHOUIMPOBAHMUSA, HO MPU

HEBO3MOXHOCTU PaAUKAIbHON XUPYPIUYeCcKoit caHa-
LMW WY BBIJEIEHUY BO3GYAUTENS C SKCTPEMaTbHBIM
npoduseM pe3sUCTeHTHOCTU TMIPUMEHSeTCs Ipyrast
TakKTUKa — JJUTeNbHasl (MHOrOA MOXM3HEHHas) Cy-
npeccuBHas Tepanus. JaHHBINA OAX0H, OCHOBAaH Ha
GOJTBIIIOM KOJTMYECTBE HAOGMIOAATETbHBIX M MHTEPBEH-
LIMOHHBIX MCC/IeIOBaHMIA.

Bera-/1akTaMHbIe aHTUOMOTUKU
(MeHUIW/IINHBL, BedanoCcnopuHbI)

Ipynma BKIIIOUaeT GOJbIIOE KOMMYECTBO aHTUOAKTe-
PUANBbHBIX MPEIapaToB, COAEPKAIINUX B CBOEH CTPYK-
Type 6eTa-JIaKTaMHO€ KOJbI[O Y XapaKTePU3YIOIIUXCST
6aKTepUIIVIHBIM JeiiCTBMEM, CPABHUTEILHO HEBBICO-
KOJi 4aCTOTOV HeKenaTelbHbIX peaKiuii, JOCTYITHOC-
TBIO Ui TIAIMEHTa Y MEOUIIMHCKUX OpPTaHU3aIuii.
JOTIOMTHUTENTLHBIMY TTPEUMYIIeCTBaMy HeTa-TaKTaM-
HbIX aHTUOMOTUKOB IJIsSl JIEYEHUS OPTOIEIUYECKOi
MHQEKIMM SBISETCS XOPOIIasi MeHeTpanus B KOCT-

2 PRO-IMPLANT Foundation. Pesxkum mocryra: https://pro-implant.org/
5 Mudexums, acCOUMMPOBaHHAS C OPTONEIMUECKMMY MMIUIAHTaTaMM: KIMHUYecKuMe pekoMmeHpmanmu. 2024. Pexxnm

nmoctyma: https://library.mededtech.ru/rest/documents/60122168/
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HYIO TKaHb ¥ CMHOBUMAJIbHYIO KUAKOCTD [11], a Takke
Ha/IMuMe TepopaIbHBIX (HOPM, UTO AelaeT BO3MOXK-
HBIMM CTYII€HUATYIO TePaIuio Y MPOJTOHTMPOBAHHbBI
Kypc JieueHMs] Ha aMOy/IaTOPHOM 3Tare.

BonbmmHCTBO 6eTa-TakKTaMOB aKTMBHBI B OTHO-
IIEHUM IIMPOKOTO CIIeKTpa Bo36GymuTesneir. OmHAKO
B TPaBMaTOJIOTUM U OPTOMEAUN ISl JedeHUs] mauu-
eHTOB ¢ AU, BpI3BaHHOI ['pam(+) 6akTepuUsIMHU, IIpe-
MMYILECTBEHHO MCIIONb3YIOT aMMWHOIEHULIVIIMHBI,
B T.4. MHIMOUTOP-3allMINEHHbIE, a TAKKe 1edaioco-
PUHBI BTOPOTO ¥ TISATOTO MMOKOJEHUS. AHTUOMOTYIKH,
B GOJIBILIEl CTEIIeHM aKTUBHBIE B OTHOIIEeHUM I'pam(-)
BO3GyauTeseil (1edaqocrnopmMubl 3—4-T0 TTOKOJIEHUS
U KapbarieHeMbl), He OJIKHBI PYTMHHO MCITONb30-
BaTbCS [IJIs JieueHUsT MHGEKINI, BbI3BAHHBIX I'paM(+)
6akTepusmu. IIpeacraBurtensb 1-ro mokoneHus meda-
JIOCIIOPMHOB 11e(a30/IMH 10 HACTOSIIIETO BpeMeHM CO-
XpaHseT CBOI0 3PdEKTUBHOCTh B KAUYECTBE IIpernapa-
Ta BbIOOpA [JIS IePUOIIePaIllMOHHOM MPOQUIaKTUKA
B TpaBMartosaoruu u oproneaun [10], uto, B COOTBET-
ctBumu ¢ CanlluHOM?, MCK/IIOYaeT ero IpuMeHeHMe
IJIS JIedeHUsT MHQEeKIUN.

MapkepoM YyBCTBUTEIBHOCTM CTadMIOKOKKOB
K B-7TaKTaMHBIM aHTUMOMOTMKAM SIBJISIETCS UYBCTBU-
TeJIbHOCTD K IIeDOKCUTUHY (W) METUIIMIUTUHY. [Ipn
YY4aCTUM B STUONOTUM MHGBEKIUM METUIIUUIVH-Pe3U-
CTEHTHBIX IITAMMOB CTa()MIOKOKKOB, aMITUIMUINH-
pesucTteHTHBIX mTaMMOB E. faecalis (ARE), E. faecium
u wrammoB Corynebacterium spp., YCTOMUMBBIX

100

60

[ons pe3ncTeHTHbIX, %

20

10

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030
fon
Puc. 2. Ha6momaemMasi 1 IMpoOTrHO3MpyeMasi pe3yCTEHTHOCTb
E. faecalis Kk aMIUIWIIUHY

Figure 2. Observed and predicted resistance of E. faecalis
to ampicillin

K 6eTa-JIaKTaMHbIM aHTHOMOTMKAM, HEOOXOOMMO Ha-
3HAUeHMe aHTUOAKTEePUAbHBIX TPEnapaToB IPYTUX
TPYII — IJIMKOIMENTUIOB, OKCA30IUANHOHOB, QTOP-
XUHOJIOHOB 1 1p. [12].

3a M3y4YyeHHbII HAMU MepuoHd, BpeEMEeH PETUCTPU-
poBanu 3Hauummoe cHmkeHue MRSA n MRSE, nons
KOTOpbIX B 2022 I. cocTaBuia Toiabko 5,0% 1 9,2% co-
OTBETCTBEHHO B 00ILIEM CIIEKTPE BO3OYIUTENENA.

AMOUIMIMH ¥ aMOKCUIIWIIMH IO HaCTOSIIero
BpeMeHM SIBJISIOTCS TIpernapaTtamMmyu BblOOpa B CIydae
nHbekMM, obyciaoBieHHoi E. faecalis, ipu sTOoM
peKoMeHyeMble OO3bI AJIs JieueHusT MHPeKUUM KoC-
Teil U CyCTaBOB IJIsI aMOUUUAANHA — 8 I/CyT. (B/B),
aMOKCUUMJUIMHA — 6 T/CyT. (BHYTPh)® . Kak Mmokassl-
BAIOT JaHHbIe JIOKAJIbHOTO MOHUTOPUHTA, YPOBEHb
pesucreHTHOCTU E. faecalis X aMOUIWIIMHY OCTa-
eTCcsl HU3KUM, M He TPOTHO3MPYETCsS POCT Koauye-
CTBA YCTOMYMBBIX IITAMMOB B OJIMsKaiiIIe HEeCKOJIb-
Ko yeT (puc. 2). B cayuae mHdekuuu, BbI3BAaHHON
E. faecium, aMWHONEHUIWIIMHBI He TPUMEHSI-
IOT BBUAY IPUPOIHONM YCTONUMBOCTU BO3OYIUTEINS
K JaHHbBIM IIpenapaTam.

AMIMUWIINHE/CYIbOAKTAM TaKKe IIMPOKO IIpU-
MeHSIeTCS IJI CTapTOBOI Tepammy MHGEKINM, BbI-
3BaHHOV MSSA, MSSE, Streptococcus spp., E. faecalis
M aHA3pPOOHBIMM OaKTepPUSIMU. AMIOMUWIIUH Ob6Ja-
JIaeT aHTMOAKTEPUATbHBIM IEICTBMEM B OTHOIIEHUN
YKa3aHHBIX MATOTeHOB, a CyJAbOAaKTaM MHIUOUpPYET
nmpomyuypyemMble 6aktepussmu 6eta-jakramasbl [13].
[IpemnapatT MMeeT 3aperMcTpUPOBAaHHOE TTIOKa3aHUe —
JleueHye KOCTeil ¥ CyCTaBOB UM XOpOIIO ITPOHMUKAET
B KOCTHYH TKaHb, CO3[aBasli B Hell KOHLEHTpaluu,
npeBsbimaomye MIIK mjisg 60JbIIMHCTBA IITAMMOB
CTabMIOKOKKOB M CTPEeNTOKOKKOB [11, 14]. Eme on-
HMM TIPEMMYIIeCTBOM aMIMIWIIMHA/CylIbbaKkTama,
B OTIMYME OT KOMOWMHAIIMM aMUHOIEHUIM/UIMHOB
C KJIaBYJIAaHOBOW KUUIOTOM, SIBJSIETCS BO3MOXXHOCTD
IIMPOKOTO 03UPOBaHMs (paspellieHO UCIO0Ab30BaTh
OO3UPOBKM OO0 12 I/CyT.), UTO IO3BOJSIET BapbUPO-
BaThb €ro 03y B 3aBMCMMOCTM OT Macchl Tena Maiu-
eHTa. [Iyis1 mponmoHrupoBaHHoii ABT Ha ambynaTop-
HOM 3Talle MOXKHO Ha3HAyaTh IepopaabHbie HOPMBbI
aMOKCULIMJUIMHA/K/IaByaHaTa.

[To-HalleMy MHEHMIO, HECMOTpPSI Ha OTCYTCTBUE
3aperMcTpMpoOBaHHOIO MOKa3aHMS [Js JieueHUsl UH-
dexuuii KocTeii M CyCTaBOB, €CTb OIpeleeHHbIe
TepPCHeKTUBbI MPUMEHEHMUs Y IiedaJocropMHa 5-ro
rokojieHust — uedraponuua. LedraponuH ssisieTcst
eIVMHCTBeHHbIM ofobpeHHbIM FDA 1 EMA 6eTa-nak-
TaMHBIM aHTUOMOTVKOM, 00JIaIaf0IMM aKTMBHOCTBIO
MPOTUB METULIVIIMH-PE3UCTEHTHBIX S. aureus [15].
I[TomMmMoO cBOeii akKTMBHOCTM in Vitro B OTHOIIEHUU
S. aureus, edTapoaMH aKTUBEH in Vitro B OTHOIIEHUU
KOaryJa30HeraTUBHBIX CTA(GUIOKOKKOB M CTPEITO-

4 CaullnH 3.3686-21. Paszmen XLIV. [IpodbmiakTiKa MHGEKLNI, CBSI3aHHBIX C OKa3aHMeM MeIVIIMHCKO IToMOIIN. Peskum
nmocryma: https://www.rospotrebnadzor.ru/files/news/SP_infections compressed.pdf.

S TocymapCTBEHHbI peecTp MpeaeabHbIX OTITYCKHbBIX I1eH. Peskum gocryma: https://grls.rosminzdrav.ru/
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KOKKOB, HO He TPOSIBJISIET aKTUBHOCTU B OTHOILIEHUM
E. faecium v mrrammoB VRE [16]. ITo maHHBIM poCCuii-
CKOTO MHOTOILIEHTPOBOTO MCCAef0BaHus, Ipernapar
ObLT aKTMBEH B OTHOLIEHMM BCEX MITaMMOB MSSA
n 82,7% MRSA [17]. B Hamem mnpenpigyiiem uc-
cnegoBaHuM U3 227 MPOTECTUPOBAHHBIX IITAMMOB
S. epidermidis, BbIIEJIEHHBIX OT ITAl[MIEHTOB C OPTO-
reguueckoit mHdeKuyen, IyBCTBUTEIbHBIMU ObLIN
97,5% MSSE u 83,4% MRSE [18]. Kpome Toro, nedra-
pPOJIMH XapaKTepU3yeTcsl JyUlIMM MPOHUKHOBEHUEM
B CMHOBMAJbHYIO KUIKOCTb M KOCTHYIO TKaHb, 4eM
BAaHKOMUIIMH U JnHe3onup [19], a Takke HeicTByer
Ha MMKPOOPTaHM3MbI B cOCcTaBe 6moruieHoK [20], uTo,
Mo-BUAMMOMY, obecrieunBaeT ero 3¢ @deKTUBHOCTb
IIPY JIeUeHUU MalMeHTOB C OCTeoOMUenuTom [21].

Honst Tpam(+) 6akTepuii, YyBCTBUTEIbHBIX K Oe-
Ta-JlakTamaMm, coctaBuia 60,8%, 4TO ZeMOHCTPUPYET
XOPOIIYI0 KIMHUYECKYID 3(@EKTUBHOCTh IIpernapa-
TOB JTAHHO I'PYIIIIBI [JIS JIeueHUsT MHPEKLM KOCTe
U CyCTaBOB, HO He IMO3BOJSIET UX BKIKUUTDH B CXEMBbI
SMIOMUPUYIECKON Tepanum.

B pamkax JaHHOTO MCC/IeLOBaHUSI Mbl He OLleHU-
BN PE3UCTEHTHOCTh MUKPOOPTaHM3MOB K 1edao-
CIIOpMHAM 3-TO U 4-TO TIOKOJeHMi, KapbareHeMam
M MOHOOaKTaMy, TaK KaK MX TPagUIMOHHO paccMa-
TPUBAIOT Kak IperapaTbl, aKTUBHbIE B OTHOLIEHUU
I'pam(-) Bo36yauTeneii.

I'nukonenTuabl (BAHKOMMUILIMH)

BaHKOMMIIMH — 3TO AHTUOMOTUK M3 TPYIIIbI TJIU-
KOMNEINTUAOB, KOTOpbIii ¢ 1950-X IT. MCIIONb3yeTcs
B KJIMHMYECKON MpakTuKe. [MUKOMENTUObI aKTUBHbI
B OTHOIIEHUM OoybIIMHCTBA ['pam(+) aspoOHBIX U
aHA’pPOOHBIX MUKPOOPTraHM3MOB. MeXaHM3M Jeil-
CTBMSI BAHKOMMIIMHA CBSI3aH C MHTMOMPOBAHMEM CUH-
Te3a KJIETOYHO CTEeHKM Y UYBCTBUTEIbHBIX OaKTepuii
ImyTeM CBs3bIBaHMs ¢ D-ananun-D-ajaHMHOBBIM KOH-
LIOM KJIeTOK-TIpeJIeCTBEeHHUKOB KJIETOUHOI CTeH-
ku. Kpome TOro, BaHKOMUIIMH CIIOCOGEH M3MEHSITh
MMPOHMUIIAEMOCTb KJIETOUHOV MeMOpaHbl OaKTepuii
u MeHsITh cuHTe3 PHK. BaHKOMMIIMH OCTaeTcs Ipe-
rmapaToM BbIOOpa )i jedeHus] MHQEKIuii, BbI3BaH-
HBIX METULWIUINH-YCTOMUMBBIMM CTA(PUIOKOKKAMU
[22, 23]. PesuctenTHOCTb ['pamM(+) GaKkTepMii K IJIUKO-
MeNTUIHBIM aHTUOMOTUKAM (BAaHKOMMIIMHY U Teit-
KOIUTAaHMHY) OOYCIOBJIEHA MPOAOYKIMElN (epMeHTOB,
KaTaMU3UPYIOIINX MOAMGMDUKALMIO TENTUAOIIMKAHA
[24]. Tako¥ BapuaHT YCTOMYMBOCTU CBSI3aH C MOBbI-
menyeMm MIIK or 1,5 1o 8 MKI/MJaI U acconuMUpoOBaH
C HeOGMarompusITHBIMM KIVMHUYECKUMU UCXOAAMMI.
I pyroii BapMaHT yCTOMUYMBOCTU KpaiiHe peiKO BCTpe-
YyaeTcs Y CTapMIOKOKKOB — 3TO MOAU(MUKALIMAS MUILIIe-
HM AeiCTBMS BAaHKOMMIIMHA 33 CUeT IIPUoOpeTeHmst
albTepHAaTUBHBIX (epMeHTOB (Nuras VanA, VanB),

YYaCTBYIOIIMX B COOPKE KJIETOYHON CTEHKU. JJaHHBbIN
MeXaHM3M BCTpeuaeTcsl y 9HTePOKOKKOB. B reHome
HEKOTOPBIX IITAMMOB 3SHTEPOKOKKOB OOHApPYysKEHBI
HECKOJIBKO Pas3jIMYHbIX OMEePOHOB, 06eCIIeUMBAIOIINX
CUMHTE3 MOIUGUUMPOBAHHBIX IPEIIIeCTBEHHUKOB
MENTUAOTIMKAHOB KJIE€TOYHOW MeMOpaHbl, JeMOH-
CTPUPYIOLIMX TOHVDKEHHOE CPOJCTBO K IVIMKOIEeNTH/I-
HbIM aHTUOMOTUKAM [24].

[TosiBneHue M30JTOB S. aureus ¢ pe3uCTeHTHOCTBIO
K BaHKOMUILMHY (VRSA) CBSI3BIBAIOT C Tlepemaueli reHa
VanA oT yCTOMUMBBIX K JaHHOMY IIpenapaTry SHTEepO-
KOKKOB [23]. C 2002 1., Korga B Muuurane (CIIA) 6b11
obOHapYy>KeH 1mepBbIit 130T VRSA, Bo BceM Mupe ObII0
BbifiesieHo 52 mramma VRSA [23]. B cooTBeTcTBUM
C HOPMATUBHBIMM TOKYMEHTaMM®, periaMeHTUPYIO-
MMM KOHTPOJIbHBbIE TOUKM UYBCTBUTENBHOCTU K aH-
TubGaKTepuaJIbHBIM IIpernapaTtam, ITaMMBbl S. aureus
ripu MIIK BaHKOMMIIMIHA GoJiee 2 MI/JI CYUTAIOT Pe3UC-
TEeHTHBIMU K IIpenapary. B cBow ouepenn, Koarynaaso-
HeraTMBHbIE CTAOMITIOKOKKY OTHOCSIT K Pe3UCTEHTHBIM
ripu MIIK 6o5ee 4 mr/n. Yeennuenue MIIK npusogut
K CHYDKEHUIO KIIMHUYECKOV 3(PHEeKTUBHOCTU JTeUEHUST
" HeOOXOAMMOCTH TTOMCKA aJbTePHATUBHBIX CTpaTe-
ruit 60puOBI ¢ BO3GyauTenemM. B Poccun mo Hacros-
Iero BpeMeHM He CO00IAIoCh O BhIgeIeHM BaHKO-
MULIMH-PE3UCTEHTHBIX IITaMMOB Staphylococcus spp.
ITo maHHBIM POCCUIACKOTO MHOTOLIEHTPOBOTrO MCCIe-
noBanus «MAPA®OH», B 2013-2014 rr. gons U30isi-
TOoB MRSA ¢ MIIK BankomuiMHa 1 Mr/ia cocraBuia
58,7%, 2 mr/m — 3,9% [17]. YcTOituMBBIe K BAHKOMMU-
[MHY MU30JISIThI KOAry/la30HeraTMBHBIX CTahMIOKOK-
KOB, B T.U. S. epidermidis, KpajiHe pegKO BCTPEYAIOTCS
WK ellle He 3aperMcTpupoBaHbl. Pe3ynbTaThl UC-
CJIeIOBaHMSI YYBCTBUTEIbHOCTM K aHTUMUKPOOHBIM
mpernaparam TaKUX IITAMMOB [OJKHBI ObITH ITO[-
TBEPXKIEHBI, & M30JMAT HampaBjieH B pedepeHTHYIO
nabopaTopuio.

3a 12 ner HabmomeHus B Hamlem LieHTpe He GbUTO
BbIJIe/IeHO HM ogHoro mramMma S. aureus ¢ MIIK BaH-
KoMUIIMHA 6osiee 2 Mr/n u S. epidermidis ¢ MIIK 6onee
4 MKr/mi. Pe3nucTeHTHbIe K BAHKOMMIIMHY IITAMMBbI
E. faecalis 61y BbifeneHbl ABakAbI (B 2017 12020 1T.),
mrammbl  Corynebacterium Spp. — B TSTU CIydasx
(382011-2012rr. 1 2 — B 2021 1.), YTO HE MO3BOJISIET
TOBOPUTb O KaKOM-TO 3aKOHOMEPHOCTU M3MEeHEeHWUS
aKTMBHOCTM BAaHKOMMIMHA (PUC. 3), YTO COOTHOCUT-
CSl ¢ JAaHHBIMM HAYYHBIX ITyonmmKkaimii [25]. B uccre-
IoBaHMM, u3yuawilem posb Corynebacterium spp.
B STMOJIOTMM OPTONEAMYECKOi MH(EeKIM, ObLIa ITPOo-
aHaIM3UPOBaHa UX UYBCTBUTEIbHOCTD K Pa3IMUYHBIM
aHTHMOMOTHMKAM M IOKa3aHo, UTO Bce 128 BK/IIOYEH-
HBIX B MccaenoBanue mrammoB Corynebacterium spp.
OBLIM YYBCTBUTEIbHBI K BAHKOMUIIMHY ¥ JIMHE30-
mmny [26].

¢ The European Committee on Antimicrobial Susceptibility Testing — EUCAST. Peskum goctyma: https://www.eucast.org/
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Figure 3. Observed and predicted resistance of leading
Gram(+) bacteria to vancomycin

Hamu ycTaHOB/IEHO, UTO YacTOTa BbIEIEHUS pe-
3UCTEHTHBIX K BAaHKOMMIIMHY mTaMMOB E. faecium
(VRE) uMena BOJTHOOOPA3HYIO CTPYKTypy. 3a 5 jer
Habmogenust (2011-2015) oTMevanu UxX COKpalieHue
¢ 25 1o 0%, ogHAKO B TeueHue MMOCAeIHMX 6 JIeT J0js
BaHKOMMIIMH-YCTONUMBBIX M3OJSITOB HapacTaeT [0
67%.IlonyuyeHHast MOZe/b TPOTHO3UPYET yBETUUYEHNE
monu VRE 1o 90% B TeueHuMe cienyrouux 8 jgeT, 4To
COOTBETCTBYET aHAJIOTMYHON HEe6IarompuUsITHOI TeH-
JEeHIUY, YCTAaHOBJIEHHOV B MeTaaHa/lIu3e eBpoIeli-
CKUX uccienoBareneii [27].

[lInpokoe MCIIOIb30BaHME BAaHKOMMIMHA B OPTO-
neanyecKoil IMpaKTUKe OIpenessieTcs] ero BbICOKOI
aKTUBHOCTBIO B OTHOIIEHMM OOJbIIMHCTBA I'paM(+)
BO30ymuTeNel, CO3MaHeM B KOCTHOM TKaHM 3¢ dex-
TUBHBIX KOHIIeHTpaluii, mpeBblmnammmux ero MIIK
IJIST  TIOAABJISIIONIETO OOJBIIMHCTBA BO30yIMUTENEN
[11], oTHOCKUTENBHO HU3KOM PaCHPOCTPAHEHHOCTHIO
VCTUHHOM a/lIeprMu U HeBbICOKOJ IieHoM. K orpa-
HUYEHUIO TIpUMEHEHMSI MOXXHO OTHECTM XYIIIYyIo
3(pheKTUBHOCTh 0 CpaBHEHUIO ¢ GeTa-JTaKTaMaMu
B oTHomenuu MSSA u MSSE, HehpOTOKCUUHOCTD
U CJIOKHOCTb A03MPOBaHMs y TMallMeHTOB C Hapylle-
HMEM BbIIETUTENbHOM QYHKIMM TTOYEK.

O monmydyeHusl Hajjiexallero ¥ 6e30MacHOro
KIMHMYECKOIO0 OTBeTa HeoOXOAMMO IOCTIKeHMe WU
yaepskaHue IefieBbIX KOHIIeHTpalyuii BaHKOMMUIIMHA
B IIJIa3Me, KOTOpbIe cocTaB/sioT 15-20 mr/n mjst e-
YeHMsI OpTOIeanuecKoii uHdeKuunu. B 3HaUMTeIbHOI]
Jlofie CjiydyaeB, MO AAHHBIM TepareBTUUECKOTO Je-
KapCTBEHHOT0 MOHMTOPMHTA, TaKas KOHIIEHTPaLVS

npernapara He gocturaercs [28, 29]. B To ke Bpemsi
MOJABJISIIONIee OGONMBIIMHCTBO ITPOV3BOOUTENEN Jie-
KapCTBEHHBIX IpenapaToB BaHKOMMUIIMHA YAAIUIN
M3 MHCTPYKUMIL TI0 ero MpUMeHEeHMI0 BO3MOKHOCTb
IO3UPOBaHMUSI C TIPMMEHEHMEM TepareBTUYeCKOTo
JIeKapCTBEHHOTO MOHUTOPMHTA U OTpaHUUMIIU pa3pe-
IIEHHYI0 MaKCMMaJbHYI0 CyTOUHYIO 103y 2 T.

HecMoTpss Ha TpyZHOCTM [03MpOBaHMUS, COXpa-
HSIOIIAsACS  BbICOKAST aKTMBHOCTb BaHKOMMIIMHA
B OTHOIIIEHMM MMOJABJISIONIEro 60abIIMHCTBA ['pam(+)
6akrepuii (99,65%) B COBOKYITHOCTH C €I'0 HEBBICOKO
CTOMMOCTBIO B CpaBHEHUM C IPYTMMU MperapaTaMmu
¢ aHTU-MRSA axkTMBHOCTbBIO, MO3BOJISIET UCIOIb30-
BaTb JAHHbBII aHTUOMOTUK B COCTAaBE CTAPTOBOI M-
NUPUYECKOI Tepanuy IpU XUPYPTUUECKOM JieueHUM
MaleHTOB C OPTOIEeaNYEcKoii MHGeKIeil Ha mpo-
TSOKEHMM MHOTMX JieT. [Ipy 3ToM 06s13aTeTbHbIM yC-
JIOBMUEM SBseTCS geackananusi ABT npu OoTCyTCTBUMA
MTOJTYYEHHBIX TI0 Pe3y/lbTaTaM MMUKPOOMOIOrMYEeCcKo-
ro MCC/IefOBaHMSI MHTPAOIepalMOHHOT0 MaTepuana
(TKaHeBBIX OMONTATOB W/MIU yOAJEHHBIX KOHCTPYK-
umit) JaHHbIX 00 yuyactum imramMmoB MRSA, MRSE
uu ARE B stmonoruy mHbpekuun. 3PheKTUBHOCTD
NpuMeHeHUs] BaHKOMMIIMHA B KauecTBe Iperapara
IJ1s sMnupudeckoii ABT opTonenyueckoit MHPeRIn
coctaBuaa 70%, T.e. 3a UCCAeoyeMblii mepuom BpeMe-
HM OH ObUI aKTMBEH B OTHomeHuu 99,65% I'pam(+)
OGakTepuii.

OKCa30IUIMHOHBI (JIMHE30JIM I, TeAM30JIA/I)

JIuHe3onnp, BisieTcs epBbIM ITpefcTaBuTeNeM Kiac-
Ca OKCA30JMAVHOHOBBIX aHTUOMOTUKOB, aKTUBHBIM,
KakK ¥ BaHKOMMUIIMH, TOJIBKO B OTHOIIeHUM I'pam(+)
OakTepuii. DTO CUHTETUUYECKUII aHTUOMOTUK, KO-
TOPBI/i MHTUOUPYET CUHTE3 OaKTepUaJbHOro OeyKa
myTeM cBs3biBaHMs ¢ pPHK (6akTepnocraTtuk). B Ha-
CTosIlllee BpeMsI M3BECTHbI HEKOTOPblE MeXaHWU3MbI
YCTOMYMBOCTU K IMHE30IUAY — 3TO MyTalus reHa 23S
pPHK y I'pam(+) 6axTepuii [30], Hammume meTtwias cfr,
a TaKKe HaJM4yMe reHa pe3vCTEHTHOCTU OptrA u poxtA
y E. faecalis u E. faecium [31].

3a BpeMs IIpoBeleHMs HaIlero WcCIegoBaHus
He BbBISIBJIEHO INTaMMOB S. aureus, S. epidermidis
u Corynebacterium spp., pe3UCTEeHTHBIX K JIMHE3OMUAY.
HajimeHo orpaHMuYeHHOE KOJIMYECTBO ITyOIMKALii
0 Pe3UCTEHTHBIX K IMHe3onumy Staphylococcus spp. [32],
TIpU 3TOM Yallle YCTOMUMBOCTD K JAHHOMY Ipernapary
peructpupoBanu y CoNS. Tax, C. Liu ¢ coaBTopamu 3a
4 Toga M30IMpPOBAIN 37 METULIMIIIUH-PE3UCTEHTHBIX
CoNS, pe3ucTeHTHBIX U K JMHE30IMIY, BKIOUas 13
U305AITOB S. capitis, 9 — S. hominis, 8 — S. epidermidis,
6 — S. cohnii u 1 — S. haemolyticus [33].

3a Bech M3yyaeMblii ITIepro, HaMy ObLIO BbIAENIe-
HO JIBa YCTOMUYMBBIX K IMHE30IM Y IITaMMa E. faecium
(2011, 2012). OgHako B HeJaBHEM WCC/IeAOBaHUM,
nposegeHHOM Z. Wang ¢ coaBTOpaMM, MOKa3aHoO, YTO
3a aHAJIOTMYHBIN Tepuon Habmomenus (2011-2022)
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u3 5779 U30ISATOB SHTEPOKOKKOB, BbIIEIEHHBIX OT
MalMeHTOB MHOTOIPOMWIBHOTO CcTalMoHapa (BHE
3aBUCMMOCTHY OT JIOKQ/IM3aluyy MHPEKLMM), YCTONUU-
BOCTBIO K iMHe3onuay (MIIK > 8 mr/n) xapakTepuso-
Basuch 4 mramma E. faecium n 61 — E. faecalis [31].

B oranure or BaHKOMMIIMHA, JIMHE3ONU[, UMeEeT
6osee GIATONPUSTHBIA MPOGUIb 6E30IaCHOCTU I0-
3MPOBaHMS U He TpebyeT KOPPeKLMM pexkuma Impume-
HeHMs y MalMEeHTOB C HapyllleHUeM BbIeIUTEeNbHO
yakuyy mouvex [31]. Takke K IOJOKUTETbHBIM Ka-
YyecTBaM MOXXHO OTHECTM Haluyue mapeHTepaabHOIi
U TepopansbHOi GOPM, UTO JaeT BO3SMOKHOCTb ITPO-
BoauTh cryrneHdatyo ABT. OgHako mMpokoe Ipu-
MeHeHMe JIMHe30IMIa B OPTOIeINYecKoi MpakTuKe
OrpaHMUYEHO OaKTEPUOCTATUYECKUM 3(DPEKTOM, OT-
CYTCTBMEM 3aperMCcTpMPOBAHHbBIX TIOKa3aHuit (jie-
yeHMe MHQEKINM KOCTEe U CYCTaBOB), BO3MOXKHOIA
BBIPKEHHOJ MMENOCyNpeccueil mpu OJIUTETbHOM
NnpuMeHeHUM (MaKkCUMalbHasl MPOLOIKUTENbHOCTD
Kypca cocrasisieT 28 IHei) U BBICOKO LieHOoM [34].
HecMmorTpst Ha yka3aHHbIe HeJOCTATKM, MpernapaT ak-
TUBHO NIPMMEHSIETCS B TPABMAaTOJIOTUM U OPTOIEeAUN
yKe IJIUTeJbHOe BpPeMS BO MHOTMX CTpaHax Mupa.
B 0630pe, o60611at01IeM 16 MCCIeTOBaHMIA U PE3YITb-
TaThl JiedeHUs] 372 MalMeHTOB, MOJy4YaBIIUX JIMHE-
30/IMA, OJISI JIeYeHUS] OPTOIeANYecKoil MHGEKINN,
MOKAa3aHO, YTO [OOCTVDKEHME peMuccum uHOeKuym
66110 fOCTUTHYTO B 80% ciryuaeB. K mpeumyiiecTsam
npernapara aBTOpPbI OTHECIU IINPOKUIA CIIEKTDP aKTUB-
HOCTU B OTHOWEeHuMu I'pamM(+) 6aKTepuii, yCTOMUMBBIX
K JIPYTMM aHTUOMOTHKAM, ¥ OUYe€Hb XOPOIIYI0 610I0C-
TYIHOCTb TIpU MepPOopaibHOM IpueMe, YTO MOTeHLM-
aJIbHO MOKET IIPMBOAUTD K COKpallleHNI0 CPOKOB roc-
mTanu3sanum [35].

V3BeCTHO TaKke, YTO JIMHE3OIN]T, MOKET OBITD aJTb-
TePHATUBHOI JIeBOGUIOKCAIIMHY IIPU KOMOMHALIUMU
¢ pubamnuuyHOoM. Takoe coueTaHue HAEMOHCTPU-
PYeT BBICOKYIO 3(Q(EeKTUBHOCTbh B OTHOIIeHU MSSA
u MRSA B cocTraBe 61oIuieHOK in vitro [36]. OmHaKko
CYILIIeCTBYIOT OTaceHUsI OTHOCUTEIbHO BO3MOKHOTO
PasBUTUS HeKeTaTelbHbIX 9(PGEKTOB U JeKapCTBEH-
HOTO B3aMMOJENCTBUS IIPU IIPUMEHEHUN TAKOM KOM-
ouHauyu [37].

B Hamem IleHTpe nHe30/MA HE BXOOUT B PYTUH-
HYIO CXeMY CTapTOBON smnupuueckoi ABT, a ucromns-
3yeTcsl KaK ajJbTepHaTUBa BAHKOMMUIIMHY Y Mal[MeHTOB
C HUM3KOJ1 BBIIEIUTEIbHOM CIIOCOOHOCTBIO IOYEK, He-
epeHOCUMOCTbI0 BAHKOMULIMHA WJIU TIPU BblAe/IeHUN
BaHKOMUIIMH-PE3UCTEHTHBIX ITAMMOB B aHAMHe3e€.

YyBCTBUTEIBHOCTh KO BTOPOMY IIpenCcTaBuUTe-
JII0 TPYIIbl — Teau3onuay — B HaiieM LleHTpe He
oTpeaensiin.

(I)ysmmenaﬂ Kuciora

dysuameBas KIUCIOTa SBISETCS [IpernapaToM CO CMe-
IIAaHHBIM 3(¢eKTOM [OeicTBUS: 6aKTepUIIUIHBIM
u 6axkrepuocraTuueckumMm. OO6samaeT BBICOKOM 3(h-

(dbexTHMBHOCTBIO B OTHOWmeHuu Staphylococcus spp.,
B T.4. METUIIMUIMH-YCTONUMBBIX, MeHee 3¢ deKTrBeH
B OTHomeHuu Enterococcus spp., Streptococcus spp.
JaHHBIV npenapaT IMPOKO MNPUMEHSUIM [OJIs1 jleue-
Hust uHMeKnuu KocTeit u cycraBoB B CIIIA, oco6eHHO
B KOMOMHauu ¢ pudammuimaom [38].

OTCyTCTBME II€PEKPeCTHOM  Ppe3UCTEHTHOCTU
C APYTMMM KJIacCaMM aHTUOaKTepUaATbHBIX ITpernapa-
TOB (beTa-lakTamamy, MaKpOJIUAAMY M aMUHOTIN-
KO3UAAMMU) SIBJISIETCSI BaXKHOM OCOGEHHOCTBIO 3TOTO
aHTUOMOTHUKA, UTO MOKET OBITh CBSI3AHO C COBEp-
[IEHHO Pa3HbIMU XUMMUYECKUMMU CTPYKTYpaMU ITUX
BEIIeCTB. YCTOMYMBOCTL OakTepuii K (Gy3uamneBoit
KUCJIOTE peaynu3yeTcs 3a CUeT HaJIUUMUS XPOMOCOM-
HBIX MYTallMii, a TakKke MOXKeT ObITh OrocpenoBa-
Ha MOOMJIBHBIMM reHamu — ajutensmu (fusB, fusC,
fusD) ¢akTopa SJ0HralUMMu, HEYYBCTBUTEIBHOTO
K JeicTBUIO Qy3uaMeBoit KUGIOTHI [39]. B Hamem Ha-
OJII0JIeHUM YPOBEHDb PE3UCTEHTHOCTU Staphylococcus
Spp. K (y3uameBoit Kucjiore ObLI CTaOMIBHO HU3-
kuM. CpefHsisl oo pe3UCTEeHTHBIX mTaMMoB MRSA
3a 12-neTHuit nepuopn HabmomeHus coctasuia 0,7%,
MSSE — 14,1%, MRSE — 10%, MSSA — 0%. OpHako,
HEeCMOTpPSI Ha COXPaHSKIMIACS BBICOKUIT YpPOBEHb
AHTUCTA(PUIOKOKKOBOM aKTUBHOCTHU, ITIOC/ETHME
7 JleT mperapaT OTCYTCTBYeT Ha (hapMareBTUIeCKOM
pbIHKe PO, B CBSI3M C 4yeM B MPAKTUUECKOM 31paBo-
OXpaHeHUM He ITPUMEHSeTCS.

Pudamouumu

PudaMnuiiuH mpencTaBisieT coboit GaKTepUINI-
HbI/i aHTMOMOTUK, XapaKTepU3YIOMUIACS BbICOKOI
AKTMBHOCTBIO B OTHOIIEHUM CTA(PUIOKOKKOB, B TOM
Yyucae MeTULIWIMH-YCTONUMBBIX, @ TaKXKe pas3iny-
HBIX BUOB CTPENTOKOKKOB. AKTUBEH B OTHOIIEHUU
BHYTPU- U BHEKJIETOUYHO PAacCIOJ0KeHHbIX MMKPO-
OpraHu3MoB, 06j1aJaeT BbBICOKO aHTUOMOILIEHOY-
HOJ aKTMBHOCTBHIO. ET0 0COGEHHOCTBIO SIBJISIETCS
ObICTpast CeJeKUUST YCTOMUMBBIX INTAMMOB IIPU
MIpUMMEHEHUY B MOHOTEpanuu, 4To O0yC/IaBIMBaET
HeoOXOIMMOCTb €ro Ha3HaueHMUs TOJbKO B cOYeTa-
HUM C OPYTUMM aHTUOMOTUKaMMU. IlepeKkpecTHOI
PE3UCTEeHTHOCTU C APYTMMU aHTUOUOTUKAMU y PU-
dbammuiuHa He BcTpeuaetcs: [40]. PasButume pe-
3UCTEHTHOCTM B OOJBIIVHCTBE CIy4aeB CBSI3aHO
¢ MyTauusiMu B (hparmMeHTe TeHa rpoB, Kogupyoie-
ro B-cyowveauuniry PHK-mmonmmepassi [41]. B mocnen-
HJM€e TOIbI MITAaMMbI CTAMUIOKOKKOB, PE3UCTEHTHDIE
K pudaMIuUINHy, OTHOCAT K KaTerOpMM TPYIHBIX
mnsa spamukaruu (difficult-to-treat) [42]. B cmekTtp
meincTBUS IIpemapaTta He BXogsaT Enterococcus spp.
u Corynebacterium spp., 4YTO He ITO3BOJISIET paccMma-
TPUBATh €ro B KaueCcTBe KOMIIOHEHTa 3MIIUPUUECKO
ABT VAW. DdderTBHOCTh pydaMIUIIMHA P Jie-
yeHUM cTadWIOKOKKOBOV VAW 6blaa moKa3aHa KC-
MepMMEHTATbHO U B KAMHMUUECKUX MUCCAeTOBaAHUSIX
[42, 43, 44].
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B Teuenne nepuona HabmoaeHus B Hailem IleHTpe
IITAMMBI METULWUIVMH-UYBCTBUTENBHBIX S. aureus
u S. epidermidis XxapaKTepU30BaJIMCh BBICOKOI BOCIIPU-
MMUYMBOCTBIO K pudaMIMIMHY 6e3 KaKoii-1nbo ompe-
IeJeHHOM IMHAMMKA U MEXBUAOBBIX Pa3anumnii (oost
PE3UCTEHTHBIX IITAMMOB B CpeIHEM COCTaBmWIa 2
1 2,2% COOTBETCTBEHHO). YCTOMUMBOCTD KyJIbTYyp MRSA
u MRSE K pubaMIUIHY, KaK ¥ K 60JIbIIMHCTBY aHTHU-
OGMOTHMKOB U3 APYIUX IPYIII, OblJa CYIIECTBEHHO BBIIIE
M COCTaBJIsIa B cpegHeM 25 1 16,3% cOOTBETCTBEHHO
(puc. 4). I[Ipu atom, HaumHad ¢ 2019 r. perncTpmMpoBamu
TeHJEHLINIO K CHVDKEHUIO JOY PE3UCTEHTHBIX KyIbTYP
060Mx BUAOB. OmHAKO 3TOT (aKT MOXKET ObITh CBSI3aH
HE CTOJIBKO C MMKPOOVOIOTMYECKUMM OCOOEHHOCTSIMU,
CKOJIBKO C JITUTENTbHBIMM TI€PUOIAMU OTCYTCTBUSI TIe-
popasibHOrO pudaMIMLMHA B allTeuHoi cetu PD. Oto
CYIIIeCTBEHHO OTPAHMYMBAET BO3MOXKHOCTD IIMPOKOTO
MMPUMEHEHMUS 3TOTO BbICOKO3((hEKTUMBHOrO Ipenapa-
Ta B COCTaBe KOMOVHMPOBAHHOI Tepanuu AJjis aMOy-
JIATOPHOTO JiedeHus MauyueHToB ¢ VAU, BbI3BaHHBIX
cTaMIOKOKKAMM.

OnTMMaNbHBIMM 03aMU TIperiaparta JIjs JedeHust
opToneguueckoin MHdeKnuu cuutaiotr 450mMr 2 pasa
mnu 600 mr 1-2 pasa B CyTKM, JaJIbHENIIEE YBEIU-
YyeHMe 103 He yayuliaeT 3¢p(eKTMBHOCTh M COITPOBO-
KIAeTCs 3HAUMTENbHOM 4YaCTOTOM HeKe/laTe/bHbIX
sBiaenuii [42]. Ha maHHBII MOMEHT pudaMIMUIIMH
MPOAOJIKAET OBITh BK/IIOYEHHBIM B OOJBIIMHCTBO
HAIMOHATBHBIX ¥ MEXKIYHAPOIHBIX PEKOMEHAAINIA,
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Puc. 4. Ha6miomaeMasi 1 MpOTrHO3MpyeMasi pe3UCTEHTHOCTh
Benyiyx ['pam(+) 6akrepuii K pudamMnmumuny

Figure 4. Observed and predicted resistance of leading
Gram(+) bacteria to rifampicin

OJTHAKO ero MpuMeHeHMe COMPSDKEHO ¢ BICOKOJ yac-
TOTOJ HeXeJaTeIbHbIX peakiuii U MeKIeKapCTBEeH-
HbIX B3auMMOAENCTBUII [44, 45]. s mpeomoneHmst
IaHHOVI Ipo6eMbl B HeTaBHEM MCC/IeNOBaHMM ObLIa
u3ydeHa 3(PGeKTUBHOCTb KPaTKOCPOUHO CTpaTerum
MIpUMEeHEeHMs 5-AHEeBHOrO Kypca pudaMImIHa B CO-
YeTaHUM C KIMHIAMUIIMHOM Wi QITyTOKCATIUILIN -
HOM C TIOCJIEIYIONMM IepexoqoM Ha MOHOTEPAIUIO,
KOTOpasi OKasajachb COMOCTABMMONM C TPaguIVOH-
HOJ IJINTENbHOM KOMOMHMPOBAHHON Tepanmeii [46].
[IpencraBneHHass CTpaTeruss HasHaueHuUsT pudam-
MMUAIIVHA OT/IMYAETCS OT TPaAMIIMOHHON paHHUM Ha-
YajioM ¥ YAbTPA-KOPOTKMM KypcoM. TpaauIiMOHHO
pudaMIUIMH HAa3HAYAIOT TOJBKO IIOC/TE ITOMHOTO
CTAaHOBJIEHMS T€MOCTa3a B paHe U yHajeHus IpeHa-
Keit Ha 6—12 Hen. B 3aBUCHMMOCTY OT BBITIOJIHEHHOM
ornepauuy [8]. I[lo-BugumMomy, fanpHelillee U3ydeHue
3(pdekTUBHOCTM M 6E30MaCHOCTU ATbTEPHATUBHBIX
cTpaTeruii jedeHus crapuiokKokkoBoii ITIIN Tpe6yet
MPOBEeAEHMS] PAHIOMM3VPOBAHHOTO KOHTPOIMpYe-
MOTO UCCIeI0OBAHMSI.

3AK/TIIOYEHHE

Pe3ynbraThl MpPOBEIEHHOTO MCCIENOBAHUS [I€MOH-
CTPUPYIOT, UTO GeTa-JaKTaMHble aHTMOMOTUKU, He-
CMOTDSI Ha MX IIMPOKOE MMPUMeHeHYe BO BCeX 06/1aCTsIX
MeIUIIMHBI, COXPAHSIOT aKTUBHOCTb B OTHOIIEHUU
60,08% mrTammoB I'pam(+) 6akTepuii. MakCMMaIbHYIO
AKTMBHOCTH B OTHOIIIEHUY PaCcCMaTPUBAEMBIX BO30OY-
IUTesel IeMOHCTPUPYIOT BAHKOMMUIIVH Y JIHE30/M,
K KOTOPBIM ObLIM UyBCTBUTEIbHBI O0jee 99% KIMHU-
yecKux mTaMmoB. OZHAKO OTCYTCTBME y IOCTIeIHe-
ro 6akTepuuyaHOro 3¢gdexra U BbICOKAsT CTOMMOCTD
OTpaHMUYMBAET €ro IPUMEHEHME B COCTaBe CTapTOBOI
SMITUPUYECKOI aHTUOAKTEepUATbHOM Tepanuu Mpu
JleYeHMM TIAUMEHTOB C OPTOMeANYecKoil MHOEeKIy-
eii. Pe3MCTeHTHOCTh CTAaWIOKOKKOB K (y3UAMEBO
KUcIoTe ¥ pudaMIIMIVHY COXPaHSIEeTCSI Ha CTaOMIbHO
HM3KOM YPOBHE, HO UX OTCYTCTBME B HACTOSIIEe Bpe-
MsT Ha apMalleBTUYECKOM pbIHKe P®D nemaeTt HeBO3-
MOKHBIM MpPMMEHEHME 3TUX BbICOKOI((PEKTUBHBIX
MpenapaToB B PYTMHHOM KIMHMYECKON IIPaKTUKE.
Pe3ynbraThl MCCIeOOBAHNUSI MOTYT OBITh YUTEHBI IJIST
ompeneneHus CXeM SMITMPUUECKOI aHTUOAKTepyaIb-
HOJ Tepanmuyu B OTHOEIEHUSIX TPAaBMaTOJIOTO-OPTOIIe-
IMYECKOTo IMpoduIs.

B maHHOJI cTaThe Mbl PaCCMOTPENN IPYIIIbl aHTU -
6aKTepMaIbHbIX JIEKAPCTBEHHBIX CPEICTB TOMBKO MU
MIPeUMYILECTBEHHO aKTMBHBIX B OTHOIIeHUM I'pam(+)
BO30ymuTeseii. AHTMOMOTUKAM C IIMPOKUM CIIEKTPOM
IeVICTBUSI, KOTOpble TaKke MOTYT MCIIONIb30BATh-
cs1 OISl jedeHusl 3abojieBaHMit, BbI3BaHHBIX ['pam(+)
BO30OymuTensiMu  (PTOPXMHONIOHBI, CyIb(aHUIaMU-
IIbl, TETPAUMKIVHBI, JMHKO3aMUIbI, GochoMuimh),
OymeT TOCBsIIeHa BTOpasi 4acTh JAHHOTO HAYYHOTO
MCCIeI0BaHMSI.
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JOIIOTHUTEJIbHASI NTHO®OPMALIMISA

3asnenenHslii 6K1a0 asmMopoe

Bce aBTOpHI cenany SKBMBAJIEHTHBIM BKJIAJ B TIOATO-
TOBKY MyOIMKAIVA.

Bce aBTOpBI Mpouwan M ogo6puian GMHAIBHYIO BEpPCUIO
PYKOTIVCH CTaTbU. Bce aBTOPBI COTTIAaCHBI HECTY OTBETCTBEH-
HOCTb 3a BCe aCIeKThl paboThl, YTOOBI 06ECIIEUNUTh HajJjIe-
skalee pacCCMOTPEHME U pellleHMe BCeX BO3MOYKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAAEKHOCTHIO JTI060IA
yacTu paboThl.

Hcmounuk  ¢QuHnaHcuposaHus. ABTODBI  3aSIBIISIIOT
00 OTCYTCTBMM BHENIHEro GMHaHCHMPOBaHMS IIPU MpoBee-
HUM UCCITENOBAHUS.

Bo3mocHblii KOH(pIUKM UHmMepecos. ABTOPHI IeKia-
PUPYIOT OTCYTCTBME SIBHBIX Y MOTEHIUATBHBIX KOHGIMKTOB
MHTEPECOB, CBA3aHHbIX C MyOIMKaleii HacTOSIIEl CTaTh.

Imuueckasn skcnepmu3a. He npyumeHnMma.

HUngopmupoeantoe coenacue Ha
He TpebyeTcs.

nyonuxkauyuio.
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Abstract

Background. Staphylococcus aureus is one of the most common pathogens causing periprosthetic joint
infection (PJI). Despite the high genetic diversity of S. aureus strains, determining phylogenetic relationships
and, consequently, the source of infection is a challenging task that can only be addressed through detailed
comparison of the genomes of the obtained isolates.

The aim of the study was to assess the feasibility of differentiating the cases of nosocomial periprosthetic joint
infections, using whole-genome sequencing to identify genetic and phenotypic differences between isolates
with the prospect of the application of evidence-based treatment strategies.

Methods. Genomes of 20 S. aureus isolates from 13 patients with PJI were sequenced. Standard microbiological
tests and in silico analysis of genomes using ResFinder, KmerFinder, spaTyper, and SCCmecFinder programs
were employed.

Results. Phylogenetic analysis was performed using core genome reconstruction and identified potential cases
of nosocomial infections, as well as cases of recurrent infections. The relatedness of isolates collected between
2012 and 2019 was demonstrated, along with the evolution of their genomes, including the acquisition and loss
of antibiotic resistance genes. In one case of recurrent infection, the loss of several genes was observed over a
remission period of approximately 5 years. Comparison of phenotypic testing results using the disk diffusion
method and resistance predictions based on genome analysis revealed discrepancies for three isolates containing
the aac(6’)-aph(2”’) gene, which were resistant to tobramycin and gentamicin but susceptible to amikacin. Based
on the treatment outcomes of several recurrent PJI cases, it was hypothesized that radical treatment might be
more effective in cases of infections caused by multidrug-resistant nosocomial strains.

Conclusions. Whole-genome sequencing enables the identification of phylogenetically related isolates, with
shared genetic and phenotypic properties confirming their relatedness. Against the backdrop of high-dose
antibiotic therapy, S. aureus genomes accumulate changes that, through molecular genetic testing, may help
to justify the choice of radical treatment strategy for periprosthetic joint infection, such as prosthesis removal.

Keywords: Staphylococcus aureus, periprosthetic joint infection, nosocomial infection, whole-genome
sequencing, phylogenetic analysis, core genome.
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Cnyyam pa3BuTUS NOBTOPHOM NEpUNpPOTE3HON MHGEKLUK
Staphylococcus aureus: penHpeKuMa UIn peakTMBaLus natoreHa?
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Pecdepar

AxkmyansHocme. Staphylococcus aureus — OOviH U3 Haubosee YacThIX BO36YAUTENE TepUNIPOTE3HON MHDeKIMM
(TITT). HecMoTps Ha BLICOKOE reHeTnYeckoe pa3HoobOpasye MTaMMOB S. aureus, orpeneneHye GuioreHeTUUeCKUX
CBsI3€i, a CJIeOBATENbHO, ¥ MCTOYHMKA 3apakeHUsI SIBJISIETCSI HETIPOCTO 3aadeii, KOTopast MOKET GbITh pelieHa
TOJILKO TIPU MTOAPOOGHOM CpaBHEHMM T€HOMOB TTOTyYaeMbIX U30JISITOB.

Llens — vcCiONb3ysl MMOJTHOTEHOMHOE CEKBEHMPOBAHME C BBISIBJIEHVEM reHeTUIeCKMX ¥ (eHOTUITMYECKUX OTINIMIA
MeXAy U30JATaMM, U3YUUTb BO3MOKHOCTDb IuddepeHIMPOBaHMS CyvyaeB 3apaskeHus MalyieHTOB BHYTPUOOIIb-
HUYHOJ TePUITPOTE3HOM MHGEKIIMET C IEPCIEKTUBOI 060CHOBAHHOTO BbIGOPA TAKTUKY JIEUEHUS TTAI[IEHTOB.
Mamepuan u memodsi. Bbuy OTpesesieHbl HYKJIeOTH IHbIe TI0C/TIeJOBATeTbHOCTY reHOMOB 20 U30ISITOB S. aureus,
TOJTYYEHHBIX OT 13 MaIMEeHTOB C IepPUIIPOTE3HOI MHbEKIME. B paboTe 6bUTM UCITOb30BAHbI CTAHJAPTHbIE MUKPO-
61oIornyUecKye TeCThl M aHa/IU3 reHOMOB in silico mporpammamu ResFinder, KmerFinder, spaTyper u SCCmecFinder.
Pesynomamoi. TpyMeHVB QUIOTEHETUUECKMII aHAIU3 C TTOCTPOEHMEM KOPOBOTO F€HOMA, ObUIM UIAEHTUDUIN-
pOBaHbI TIOTEHIMAIbHbIE Cy4ay BHYTPUTOCIIUTAIBbHON MHGPEKIMH, a8 TaKkKe MCCIeNOBaHbI Cy4ay MOBTOPHOTO
pasBuTus uHbpekuyu. IIokazaHo pOACTBO M30JSITOB, BbIAeIEHHbIX Ha mpoTsbkenuu 2012-2019 rr., a Takke 3BO-
JIIOIMS UX TEHOMOB C MMPUOOpeTeHeM U TOTepeil TeHOB aHTUMOMOTUKOPE3UCTEHTHOCTH. Tak, B OMHOM U3 CJTyya-
€B MOBTOPHOTO pasBuUTHsI MHMeKIMM Obla O6HApYKEHA MOTEPS] HECKOIBKMX T€HOB 3a MEePUO, PEMMUCCUU OKOJIO
5 ner. [Ipu cpaBHEHMM Pe3yabTaTOB (DEHOTUIIMUECKOTO TECTUPOBAHMS U30ISITOB AUCKO-AU(PDY31MOHHBIM METOAOM
U TIpe[iCKa3aHuil pe3sMCTEHTHOCTHM TI0 JAaHHBIM aHa/IM3a TeHOMa GbUIO BBISBIEHO HECOOTBETCTBUE ISl TPEX U30-
JIITOB, COOepXKalluX TeH aac(6’)-aph(2’’) v pe3auCTeHTHBIX K TOOpaMULIMHY M TeHTaMMUILIMHY, HO YYBCTBUTEIbHBIX K
aMuKanyHy. Ha oCHOBaHMYM pe3y/bTaTOB JIeUeHNSI HECKOMbKYX CIy4aeB C IOBTOPHBIM pasBuTyueM IMITH 6bUIO BbI-
IBUHYTO TIPEJIOJIOKEHME, UTO B CIydyae pa3BUTUSI MHGEKIVY, BBI3BAHHOM MY/IbTUPE3UCTEHTHBIM BHYTPUTOCIIN-
TaJbHBIM IITAMMOM, 60Jiee 3¢HEKTUBHBIM MOXET OBbITh ITPOBEIEHNE PAIVKATBHOTO JIEUEeHMS.

3axnouenue. IIoTHOTeHOMHOE CEKBEHUPOBaHMe MMO3BOJISIET BLISIBISTh GUIOTEeHETUYECKM POACTBEHHBIE U3O0JISTHI,
OBITHOCTb TEHETUYECKMX U (DEHOTUIMMUECKUX CBOVCTB KOTOPBIX MOATBEPKAAET UX poacTBO. Ha dboHe mpoBoau-
MOJi BBICOKOJJO3HOV aHTMOAKTEPUATbHO Tepanuy B reHOMax S. aureus HaKaIruIMBaIOTCS MU3MeHeHUsI, KOTOpbIe TPy
MOJIEKY/ISIPHO-TEHETUUYECKOM TECTUPOBAHMUM MOTYT ITOMOYb 0G0CHOBATh BHIOOP PagMKaIbHOI TAKTUKYU JIEUEHUS
MepUIIpOTe3HOM MHDEKIMK — yaaaeHne SHAOMPOTe3a.

KnioueBble cioBa: Staphylococcus aureus, mepunpoTesHast MHQEKLVsT, BHYTPUTOCIUTAIbHAS MHMEKLVSI, IOTHO-
TeHOMHO€e CeKBEHMPOBaHMe, PuioreHeTUUECKMIT aHATU3, KOPOBbIi TeHOM.

[ Ans uuruposanms: Keunmn A.A., Bopo6osa B.C., Ilepammes T.V.,, Kperben C.O., Tpomenunerep W.H.,
IMaBmoB B.B., ®umumnenko M.JI. Ciayyau pasBUTUSI TIOBTOPHOI TMepuUIpOTe3HOV wuHbekuuu Staphylococcus
aureus: peuHeKIMS WIM peakTUBaUusl nartoreHa? Tpasmamonozus u opmonedus Poccuu. 2025;31(2):18-32.
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INTRODUCTION

Periprosthetic joint infections (PJI) are among
the most severe postoperative complications
following primary major joint arthroplasty,
leading to significant functional impairment of
the replaced joint and even fatal outcomes [1, 2].
Timely diagnosis and the assessment of risk fac-
tors for PJI can help to prevent such complications
or facilitate the selection of an optimal treatment
strategy. One of the key factors determining
subsequent antibiotic therapy is the nature
of the causative agent and its characteristics,
including antimicrobial susceptibility. Among
PJI pathogens, Staphylococcus spp. are the
most frequently isolated, with Staphylococcus
aureus being predominant [3, 4, 5]. Identifying
the source of infection is clinically crucial, as
contamination during operation, hematogenous
spread, recurrence of a previous infection, or
contact transmission from a local focus can all
contribute to PJI. Each scenario influences the
course of the disease, response to antibiotic
therapy, and, ultimately, treatment outcomes
[6]. In most studies, the source of recurrent
infection remains undetermined, leaving the
mechanisms of reinfection poorly understood.
Many studies attribute recurrent infection to
the same microorganism based solely on species
identification through standard microbiological
tests [7, 8]. However, given the high genetic diver-
sity of S. aureus strains, accurate differentiation
of two isolates requires more in-depth molecular
genetic analysis of their genomes [9].

In recent years, whole-genome sequencing
(WGS) has been increasingly applied to study
S. aureus isolates responsible for PJI, enabling
the identification of multiple clinically
significant characteristics. WGS allows for the
determination of phylogenetic relationships
between two isolates, the detection of genetic
determinants of antimicrobial resistance [10],
and the prediction of strain virulence based
on the presence of genes encoding various
virulence factors [11]. Beyond these clinically
relevant characteristics, which can affect the
subsequent treatment of a patient, WGS data can
also enhance our fundamental understanding of
disease progression. For example, comparative
genomic analysis of related isolates, such as
those from reactivated primary infections, can
provide insights into new strain characteristics

acquired through horizontal gene transfer or
point mutations. Achieving this requires both
extensive statistical data linking molecular
genetic characteristics with pathogen virulence
and resistance properties, as well as detailed
investigations of newly identified virulence and
resistance factors. Such comprehensive study of
PJI will ultimately contribute to the development
of new strategies for managing and preventing
this type of postoperative complication [12].

The aim of the study was to assess the feasibility
of differentiating the cases of nosocomial
periprosthetic joint infections, using whole-
genome sequencing to identify genetic and
phenotypic differences between isolates with the
prospect of the application of evidence-based
treatment strategies.

METHODS
Bacterial isolates

From 2012 to 2019, twenty S. aureus isolates were
collected at the Tsivyan Novosibirsk Research
Institute of Traumatology and Orthopedics
for whole-genome analysis. These isolates
were obtained from 13 patients undergoing
treatment for PJI after hip arthroplasty. In five
patients, two to three isolates were collected due
to recurrent PJI following treatment. Standard
culture methods using growth media (sheep
blood agar, chocolate agar, and Schaedler agar)
were applied to identify etiologically significant
microorganisms. The isolated microorganisms
were identified using the VITEK 2 Compact
30 analyzer (bioMérieux, France) with Vitek
ID-GP identification cards, Vitek AST-GP67
susceptibility cards, and the API STAPH
system (bioMérieux, France) for staphylococcal
and micrococcal identification. In 2021,
following an agreement with the Federal State
Budgetary Institution “Novosibirsk TB Research
Institute” of the Ministry of Health of the
Russian Federation for microorganism identi-
fication via mass spectrometry, the species
identity of the isolates was validated. Bacterial
cultures were stored at -80°C in Luria-Bertani
medium supplemented with 30% glycerol.

In addition to Vitek AST-GP67 cards, antibiotic
susceptibility was assessed using the standard
disk diffusion method [13]. Antibiotic susceptibi-
lity testing was performed using disks impre-
gnated with cefoxitin (for methicillin resistance
detection), rifampicin (rifampin), linezolid,
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trimethoprim-sulfamethoxazole, levofloxacin,
ciprofloxacin, tigecycline, gentamicin, amikacin,
erythromycin, tetracycline, and clindamycin
(Bio-Rad, USA). Susceptibility criteria were
based on the Russian clinical guidelines on
antimicrobial susceptibility testing*, prepared
following EUCAST (European Committee on
Antimicrobial Susceptibility Testing) standards.
For each patient, data on admission dates,
diagnosis, and antibiotics administered for P]I
treatment were recorded.

DNA extraction

For DNA extraction, 50 ml of pure S. aureus
cultures were centrifuged at 4000 g for 10 mi-
nutes. The pellets were resuspended in 180 ul
of 0.15 M NacCl, followed by the addition of
200 pg of lysozyme (AppliChem, Germany) and
50 ug of RNase (SERVA, USA) and incubated
at room temperature for 10 minutes. A 600 pl
of lysis buffer (300 mM NaAc; pH = 5.4; 40%
guanidine thiocyanate; 0.05% urea; 5% Triton
X-100; 0.1% sodium dodecyl sulfate) was
then added, mixed, and incubated at 65°C for
10 minutes. The lysate was transferred into
spin columns for DNA and RNA Extraction
(BioPharmExpert, Russia), centrifuged at
13.000 g for 5 minutes, and the DNA was
precipitated on the column using 50%
isopropanol with 10 mM Tris-HCI (pH=8.0) and
washed with 80% ethanol. The DNA was eluted
by adding 100 ul of 10 mM Tris-HCI (pH = 8.0)
to the center of the membrane, incubating at
65°C for 10 minutes, and centrifuging at 8000 g
for 2 minutes. DNA purity and concentration
were assessed spectrophotometrically using
A260/A280 ratios and A260 values. The
extracted DNA was stored at -20°C.

Whole-genome sequencing

For WGS, 100 ng of DNA was fragmented via
ultrasound, and sequencing libraries were
prepared according to a previously described
protocol [14]. Fragment ends were repaired using
5 U of T4 polynucleotide kinase (SibEnzyme,
Russia) and 1 U of T4 DNA polymerase
(SibEnzyme, Russia) in 1 x ligation buffer
(30 mM Tris-HCI; pH = 7.8; 100 mM MgClI2;
10 mM dithiothreitol; 1 mM ATP). Deoxy-
adenosine residues were then added to the

fragments using 1 U of Klenow exo-enzyme
(Thermo Scientific, USA), followed by NEB
adapter ligation with 1 U of T4 DNA ligase
(SibEnzyme, Russia). Sequencing was performed
on a MiniSeq platform (Illumina) using the
MiniSeq High-Output reagent kit (300 cycles,
2 x 150 bp) (Illumina) according to the manufac-
turer’s instructions.

NGS data analysis

Adapter sequences were removed from
demultiplexed reads using Trimmomatic v0.32
[15] with the following parameters: “leading” —
20, “trailing” - 20, “minimum length” — 30. The
remaining reads were assembled into contigs de
novo using SPAdes v3.9.0 with default settings
[16]. Files in the scaffolds.fasta format were
used for further analysis. Antibiotic resistance
genes and mutations were identified using
ResFinder [17], while species identity was
confirmed using KmerFinder [18]. Multilocus
sequence typing (MLST) was conducted using
the MLST tool [19]. In addition to ResFinder,
B-lactam resistance was assessed by detecting
mutations in gdpP and pbp4 genes, which may
be associated with cephalosporin resistance
[20]. Phylogenetic analysis was performed
using core genome alignment across all isolates
with  Snippy (https://github.com/tseemann/
snippy) and FastTree 2 [21], using S. aureus
subsp. aureus NCTC 8325 (GenBank assembly
NC_007795.1) as the reference genome. A total of
23.315 polymorphic core genome positions were
included in the phylogenetic analysis. The num-
ber of mutations between genomes of isolates
was estimated from this list. The phylogenetic
tree was visualized using MEGA v10.2.4 [22].
Gene annotation in contigs was performed
using RAST [23]. Spa typing was conducted
using  spaTyper (https://github.com/HCGB-
IGTP/spaTyper) with the Ridom SpaServer
database (http://spaserver.ridom.de/). SCCmec
typing was performed using SCCmecFinder-1.2
[24].

Statistical analysis

Median and quartile calculations were performed
using the standard Python math package.
Bootstrap support values for phylogenetic
analysis were obtained from FastTree 2.

* Russian clinical guidelines on antimicrobial susceptibility testing. Version 2004-02. Smolensk: IACMAC, NSMU; 2024. 192 p.
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RESULTS

Patient sample and isolate
characteristics

A total of 13 patients with PJI following hip
arthroplasty were included in the study. Among
them, eight patients had a single isolate
collected, three had two isolates, and two had
three isolates. A higher number of isolates from
the same patient was associated with recurrent
infections, leading to re-admission. The median
time from primary arthroplasty to admission due
to PJI was 5 months (ranging from 1 week to 10
years) (Table 1).

In 5 out of 11 primary admission cases for
which antibiotic data were available, dual
antibiotic therapy was administered. In three
cases, a single antibiotic was used, and in another
three, three antibiotics were used. For three of
fourrecurrent infections, at least three antibiotics
were prescribed. The most frequently used
antibiotic was the first-generation cephalosporin
cefazolin (11 out of 15 admissions, including
recurrent cases), followed by the glycopeptide
vancomycin (6 cases) (Table 2).

The primary objective of the examination of the
obtained S. aureus isolates was to determine the
cause of recurrence and the source of re-infection:
whether it resulted from reactivation of the same
bacterial strain after prior antibiotic therapy or from
a new strain. However, to enable the identification
of related isolates, the study also included isolates

from patients having a single (primary) admission
due to PJI who were successfully treated within
one admission without recurrence over a follow-up
period of at least two years.

Antibiotic resistance of isolates

The nucleotide sequence of all genomes, except
one (isolate 264), was determined with sufficient
accuracy (N50 value > 70.000 bp). Therefore, all
read genomes were included in the subsequent
analysis. Due to insufficient sequencing data, all
types of analysis were conducted for isolate 264
except for de novo gene annotation. To assess
the prevalence of antibiotic resistance genes
in the studied sample and their phenotypic
expression, all genomes were analyzed using
the ResFinder program. Most isolates (17 out
of 20) were predicted to be B-lactam-resistant
due to the presence of the blaZ or mecA genes
(Table 3). All mec-containing isolates (226,
318, 359, and 412) contained the mecA gene
and belonged to the SCCmec IVc (2B) type.
In five cases, the resistance predicted by the
presence of the blaZ gene corresponded with
the phenotypic data, whereas in one case, the
isolate was found to be susceptible. The opposite
discrepancy was also observed: some isolates
exhibited phenotypic (-lactam resistance
despite the absence of corresponding resistance
genes. This could be attributed to either errors
in phenotypic testing or the presence of uniden-
tified resistance mechanisms.

Table 1
Characteristics of the patients included in the study
Parameter Values
Age, Me [Q,-Q,] 45 [39-58]
Male (n, %) 8 (62)
. <30 days 4
gllgni(f)rs‘fg‘ surgery to 91-365 days 6
§ >365 days 2
DAIR 2
Basic treatment strategy Two-stage treatment 6
Girdlestone procedure 7 with prosthesis replacement (4 cases) or without (3)

DAIR (Debridement, Antibiotics, and Implant Retention) — a surgical procedure for PJI that includes debridement of the infection site,

antibiotic therapy, and prosthesis retention.
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Table 2

Characteristics of S. aureus isolates indicating the time from primary arthroplasty
to admission due to PJI and isolation of the corresponding isolate, and a list
of antibiotics received by patients in the hospital, as well as the number of paired
NGS reads by which genomes were sequenced

A Iﬁ)jrtril%rgfs isoﬁr;e's Time from primaré/ l.:\ertt};rg%asty to admission Antibiotic therapy Nun;ltgsr Ic_>efalziasired
number
1 153 2 years VCM; CPF 1658796
2 406 4 weeks VCM; CFX 1355447
2 1063 4 years MRP; CFX; CPF 3043924
5 379 10 months N/D 2289340
5 212 1 year VCM; CFZ 487278
5 264 17 months VCM; CFZ; CTM; RFP 88448
6 359 4 months N/D 385875
6 318 5 months N/D 759876
6 412 7 months N/D 1690858
7 310 1 year AM; VCM; CFZ 887505
8 419 4 months AM; CFZ 5248835
9 3716 1 week CTM; CFZ; EPM 2264877
10 326 4 weeks CFZ 1326171
10 348 1 month CFZ 648313
11 226 3 weeks VCM 564691
13 399 6 weeks VCM; CFZ; CPF 1794654
13 3692 5 years CTM; CFZ; CPF 2233867
14 217 11 months AM; CFZ 2128946
17 3825 5 months CFZ 322697
18 3808 10 years N/D 3155607

AM — amikacin; VCM — vancomycin; CTM — co-trimoxazole; MRP — meropenem; RFP — rifampicin; CFZ — cefazoline;
CFX — ceftriaxone; CPF — ciprofloxacin; EPM — ertapenem; N/D — no data on which antibiotics were used in therapy.

In addition to ResFinder, which predicts
B-lactam resistance based on the presence
of blaZ or mecA genes, manual searches for
mutations in the gdpP and pbp4 genes were
conducted. Resistance to certain cephalosporins
has previously been shown to develop via
mechanisms independent of blaZ and mecA
genes [25, 26]. Two mutations previously
described in resistant strains were identified in
the studied sample: c.-298C>T (in the promoter)
and p.Asp98Glu in the pbp4 gene of isolate
217, which was phenotypically susceptible
to cefoxitin. This is likely due to the fact that
for the above-mentioned mecA-independent
mechanisms, only data on the presence of
these mutations in resistant strains have been
presented in the literature, but no experimental
studies have confirmed that these mutations
directly cause resistance. An exception is a 36 bp

duplication and a 90 bp deletion in the pbp4
promoter region, which have been linked to
increased gene expression, leading to structural
changes in the bacterial cell wall peptidoglycan
and subsequent resistance [26, 27].

Another discrepancy was observed in
three isolates (217, 226, and 412) that were
phenotypically susceptible to amikacin according
to the disk diffusion method but carried the
aac(6’)-aph(2”’) gene, which confers resistance to
gentamicin and tobramycin. These discrepancies
indicate that WGS-based assessment of S. aureus
antibiotic resistance cannot yet fully replace
phenotypic testing due to gaps in understanding
all possible resistance mechanisms. For all
isolates resistant to ciprofloxacin (226, 318, 359,
and 412), two mutations were detected in the
8yrA (p.Ser84Leu) and griA (also known as parC,
p.Ser80Phe) genes.
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Table 3

List of antimicrobial agents, to which the studied isolates were resistant or sensitive
according to the results of the disk diffusion method, Vitek AST-GP67 susceptibility cards
or genome analysis

Isolate BPC CFXT VCM GMC ERM CPF CLP TOB AM
153 R/? S/S S/S S/S S/S S/S S/? S/S S/S
212 R/R S/S S/S S/S S/S S/S S/? S/S S/S
217 R/? S/S S/S R/R S/S S/S S/? R/R R/S
226 R/? R/R S/S R/R R/R R/R R/? R/R R/S
264 R/R S/8 S/8 S/S S/S S/S S/? S/S S/S
310 R/? S/S S/S S/S S/S S/S S/? S/S S/S
318 R/? R/R S/S S/S S/S R/R R/? S/S S/S
326 R/? S/S S/S S/S S/S S/S S/? S/S S/S
348 R/? S/S S/S S/S S/S S/S S/? S/S S/S
359 R/? R/R S/S S/S S/S R/R R/? S/S S/S
379 R/? S/S S/S S/S S/S S/S S/? S/S S/S
399 S/? S/S S/S S/S S/S S/S S/? S/S S/S
406 R/R S/S S/S S/S S/S S/S S/? S/S S/S
412 R/? R/R /8 R/R /S R/R R/? R/R R/S
419 R/S S/S S/S S/8 S/8 S/S S/? S/S S/S
1063 S/R S/S S/S S/S S/S S/S S/? S/S S/S
3692 R/R S/S S/S S/S S/? S/8 S/? S/S S/S
3716 R/R S/S S/S S/S S/S S/S S/S S/S S/S
3808 S/? S/? S/? S/? S/? S/? S/? S/? S/?
3825 R/R S/S S/S S/S S/S S/S S/S S/S S/S

For each isolate and antibiotic group, data from the genome analysis are listed first, with phenotypic testing data (R - resistant,
S - sensitive, ? — the isolate was not tested) indicated across the slash. BL. — B-lactam, CFXT — cefoxitin, VCM — vancomycin, GMC —
gentamycine, ERM — erythromycin, CPF — ciprofloxacin, CLP — chloramphenicol, TOB — tobramycin, AM — amikacin. The color indicates
results that matched by genome analysis and phenotypic testing (green and blue), those that did not match (yellow and orange), and
results where resistance was shown only by bioinformatic methods without the disc diffusion test (purple). Resistance to doxycycline,
trimethoprim, sulfometaxazole and fosfomycin was determined by in silico methods only: all isolates were sensitive to the listed antibiotics.

Phylogenetic analysis of genomes of
isolates

To determine the genetic relationships among
the PJl-associated isolates, a phylogenetic
analysis was performed using core genome
reconstruction. This approach includes most
of the genome while excluding isolate-specific
regions, simplifying the analysis. Additionally,
MLST was conducted for each isolate. Identical
MLST types indicate close genetic relationships
between isolates and allow comparisons with
strains described in the literature.

According to phylogenetic analysis, all
isolates clustered into six distinct branches,
which aligned with MLST results (Figure 1). The
predominant MLST type was ST97 (9 out of 20
isolates), belonging to clonal complex 97 (CC97),

frequently identified in livestock animals [28, 29,
30]. A separate branch included three isolates
of MLST ST30, previously linked to foodborne
infections [31].

Of particular interest were isolates from
patients with recurrent PJI, marked in Figure 1
with identical colors. In four out of five patients,
recurrent PJI appeared to be caused by the same
strain (isolates highlighted in purple, red, blue,
and orange), suggesting clinical recurrence.
In one case (patient No 13), PJI was caused by
a strain phylogenetically related to another
patient’s strain, who was admitted around the
same time (green). This suggests that during
the initial admission in December 2013, patient
No 13 may have acquired the strain from
patient No 8. This strain was circulating in the
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hospital at that time (isolate 419) and was later
isolated from patient No 13 (isolate 3962) upon
admission in February 2014. The same strain
(isolate 3692) caused a recurrent PJI five years
later, leading to re-admission. Due to the severity
of the recurrent infection, the hip prosthesis was

3808 10 2019 N1is8
153072012 N1
212082013 N5

100 | 379062013 NS
ST97

— 264 02 2014 N5
3825 10 2019 N17
399 12 2013

406 012014 N2

1063 11 2018 N2
412102013% ne 7
Reference
10011 226 04 2013* ST8
% |318112012% ne

35903 2013% ne

100

removed (Girdlestone procedure), as the patient
had already undergone 12 different surgeries for
unrelated medical reasons.

For the remaining four patients (No 5, 13, 6,
and 9) with recurrent infection caused by the
same strain, two cases resulted in prosthesis

217122012 N14 | sT22

3716072019 N9 | sT121

100

310 06 2013 N7

100
100 3718 06 2019
4{ ST15
3809 10 2019
100 3692 08 2019 n13
4[ ST20
100 1419022014 N8

o

0.10

ST30

- HSZG 07 2013 N10

100 ! 348 08 2013 NM10

Figure 1. Results of phylogenetic analysis of genomes of the isolates performed using core genome
reconstruction. Isolate numbers are indicated with the date of hospital admission (month and year) and
patient numbers. Multidrug-resistant isolates are marked with an asterisk. The distances between nodes
reflect genetic differences between the samples. Colors represent patients with recurrent infections: isolates
from the same patient are shown in the same color, with the number in parentheses indicating the MLST.
Numbers at the nodes of the tree indicate bootstrap support levels. Isolates 3718 and 3809 were used

only in the phylogenetic analysis, as they were obtained from patients with infections caused by different

microorganisms
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removal due to treatment failure (Figure 2).
For patient No 5 (isolates 379, 212, and 264),
the primary infection was likely acquired
nosocomially during admission in August 2012,
as the isolate (153) was identical to that of
another patient (patient No 1) admitted for PJI
in July 2012. Two months after initial infection
resolution, the same strain (isolate 212)
reactivated, causing clinical recurrence. After
antibiotic therapy, another recurrence (isolate
264) occurred six months later. The treatment
of PJI resulted ineffective, ultimately leading
to prosthesis removal. Additionally, patients
No 2 (isolate 406) and No 13 (isolate 399)
were likely infected by patient No 5, as their
isolates differed by only 39 and 7 mutations,
respectively.

Patient No 6 (isolates 318, 359, and 412)
underwent two courses of antibiotic therapy.
Four months after the first episode of PJI (isolate
359), reactivation of the same strain (isolate 318)
occurred, with genomic differences amounting
to four mutations between bacterial genomes.
Clinically, this manifested as a recurrence of
PJI. The prosthesis was immediately removed
(Girdlestone procedure), followed by a course of
antibiotic therapy. After a surgical pause and re-
implantation with subsequent antibiotic therapy,

developed, caused by the same strain (isolate
412). The small number of mutations confirmed
the identity of the strains. As a result, another
course of antibiotic therapy was administered,
leading to infection resolution. A new resistance
to aminoglycosides emerged only in isolate 412
(resistance to gentamicin and tobramycin due
to the aac(6’)-aph(2’) gene). A phylogenetic
relationship was identified between S. aureus
isolates from patient No 6 and patient No 11,
from whom isolate 226 was obtained. This isolate
contained the same newly acquired antibiotic
resistance genes as isolate 412, suggesting that
all these isolates likely had a nosocomial origin.
In two other patients (No 2 and No 10) with
recurrent infection, recovery was achieved after
the second course of antibiotic therapy. The
initial infection in patient No 2 (isolate 406) also
appeared to have a nosocomial origin due to its
close phylogenetic relationship with isolate 264
from patient No 5 (only 39 mutations between
genomes). After the first phase of therapy with
ceftriaxone (1.0 g twice daily) and vancomycin
(1.0 g twice daily IV), reactivation of the infec-
tion occurred only after 4 years and 10 months
(isolate 1063). However, given the time elapsed
since operation, this case can be considered
an independent hematogenous translocation

another recurrence of the infectious process infection. A combination therapy regimen
#18Y : T
n'Vy 2935 TR &
#sﬁﬂm_a.... e v
|39 35 15
2 Y @15
|7
#13V - _’_’_’_’_,_,_ZE,_——————’—’—’—’_’“_"
13V @
#5' ,,,42. 1e
8
VY &
#1a 'Y w
#7 K
A 4 =
#10 W5e
HVa
2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 2. Genetic relatedness of the isolates, indicating the approximate date of primary arthroplasty for the
corresponding patient (triangle) and hospital admission due to PJI (green circles). The dashed line represents
the timeline for each patient. Orange and blue lines indicate phylogenetic relatedness of two isolates with
fewer than and more than 100 genomic differences, respectively. Above each such line, the number of single
nucleotide substitutions, insertions, and deletions distinguishing the two genomes is indicated. A minus sign
in a circle denotes prosthesis removal, and the number represents the isolate number
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consisting of ceftriaxone (1.0 g twice daily),
vancomycin (1.0 g twice daily IV), meropenem
(1.0 g three times daily), ceftaroline fosamil
(600 mg twice daily), and ciprofloxacin (400 mg
twice daily) during admission, followed by
trimethoprim-sulfamethoxazole (960 mg twice
daily for 3 weeks) and ciprofloxacin (500 mg
twice daily for 3 weeks) in the outpatient phase,
resulted in infection resolution while preserving
the prosthesis. Notably, isolate 1063, compared to
isolate 406, had lost the blaZ gene while retaining
B-lactam resistance and becoming susceptible to

cefoxitin. This suggests that over such a prolon-
ged period, bacterial selection favored strains
lacking this gene. For patient No 10, both episodes
of PJI, caused by the same strain, were treated
with cefazolin. Infection resolution was achieved
after the second course of antibiotic therapy,
most likely due to a more radical debridement,
including necrotic tissue removal and friction
pair replacement via the double-DAIR procedure.
The relationships between surgical interventions,
phylogeneticrelatedness ofisolates,and treatment
outcomes are presented in Table 4.

Table 4

Relationships between the types of surgery and therapy performed, phylogenetic
relatedness of isolates, and treatment outcomes

s . . .
ks 1%t operation / 2 gperation / 3" operation / " .
E number of isolate Rec. number of isolate Rec. number of isolate Rec. | 4% operation Outcome
1 Spacer Yes Girdlestone Yes Chronic
implantation / 153 procedure / 153 osteomyelitisT
2 Girdlestone Yes Debridement / No Revision THA Recovery
procedure / 406 1063
5 Spacer Yes Spacer re- Yes Girdlestone Yes Chronic
implantation / 379 implantation / 212 procedure / 264 osteomyelitisT
6 Spacer Yes Girdlestone Yes | Debridement/412 | No Revision Recovery
implantation / 359 procedure / 318 arthroplasty
7 DAIR /310 Yes Spacer Yes Girdlestone No Relative recovery
implantation / 310 procedure / 310
8 Spacer Yes Spacer re- No Revision THA Recovery
implantation /419 implantation /419
9 DAIR /3716 Yes Spacer Yes Girdlestone No Relative recovery
implantation / procedure / 3716
3716
10 DAIR / 326 Yes DAIR / 348 No Recovery
11 DAIR / 226 No Recovery
13 Spacer Yes Spacer re- Yes Girdlestone Relative recovery
implantation / 399 implantation / 399 procedure /3692
14 One-stage No Recovery
prosthesis
replacement / 217
17 Spacer No Revision Recovery
implantation / arthroplasty
3825
18 One-stage No Recovery
prosthesis
replacement / 3808

Phylogenetically related isolates are highlighted in the same color. DAIR (Debridement, Antibiotics and Implant
Retention) — a surgical procedure for PJI with prosthesis retention; Girdlestone procedure — prosthesis removal without
spacer implantation; debridement - option for a secondary surgical wound care; chronic osteomyelitis — PJI recurrence;
relative recovery — PJI resolution without further revision THA, the supporting limb is shortened; recovery — 12 months
after revision hip arthroplasty recurrence is not observed; rec. — recurrence.
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Gene composition in genomes of isolates
from recurrent infections

During antibiotic therapy, all isolates from
patients with recurrent P]JI were subjected to
prolonged exposure to antibiotics. Therefore,
changes in the genomes of isolates from one
patient were analyzed. In two patients with
significantly different remission periods (4 years
and 10 months for patient No 10 and less than
a week for patient No 2), the gene composition
remained unchanged, despite the presence of 39
and 35 single nucleotide mutations, respectively,
differentiating the genomes of the isolates.

For patient No 6, who recovered after
treatment, the opposite trend was observed.
The number of single nucleotide mutations
was 4 and 1, whereas the number of new genes
between isolates 359-318 and 318-412 was 2
and 78, respectively. Among these 78 genes,
those encoding capsule polysaccharide synthe-
sis enzymes, adhesins, phage proteins, and
aminoglycoside-N(6’)-acetyltransferase (which
confers resistance to aminoglycosides) were
identified. Additionally, one of the new genes
in isolate 318 (encoding a surface-anchoring
protein) was also found in isolate 412, confirming
their phylogenetic relationship. However, the
source of the new genes in isolate 412 remains
an open question for further study, as most of
them, according to BLAST NCBI analysis, are
present in the genomes of other S. aureus strains,
suggesting horizontal gene transfer from other
bacteria of the same species that must have been
in contact with the infecting isolate.

Isolate 212 from patient No 5 contained
seven additional genes absent in the genome of
isolate 379, including genes encoding mannitol-
1-phosphate  5-dehydrogenase, D-mannitol
permease of the phosphotransferase system,
fibronectin-binding protein, and nickase.
In the same patient, the genome of isolate
264 was sequenced at a depth sufficient for
phylogenetic analysis but insufficient for de
novo gene annotation. The acquisition of new
genes increasing bacterial pathogenicity likely
contributed to the recurrent course of PJI,
ultimately leading to chronic osteomyelitis.

DISCUSSION

Using whole-genome sequencing, we analyzed 13
cases of P]I caused by different S. aureus strains,
five of which involved recurrent PJI (relapse).
These recurrent infections were the main topic
of the study, as their investigation improves
our understanding of how bacteria adapt to
new conditions after treatment [32]. Among all
antibiotics, cefazolin was the most frequently
used (in 73% of admissions), often in combination
with other antibiotics. Literature describes the
cases of the so-called inoculum effect, where
the minimum inhibitory concentration increases
fourfold or more at high pathogen concentrations
in the presence of the -lactamase gene (blaZ),
which hydrolyzes cefazolin molecules with low
efficiency [33, 34]. The blaZ gene was detected
in most isolates (85%), consistent with the high
prevalence of S. aureus resistance to penicillins.

We identified several discrepancies between
phenotypic antibiotic resistance and the
presence or absence of genetic determinants.
Three isolates resistant to gentamicin and
tobramycin but carrying the aac(6’)-aph(2”’) gene
remained susceptible to amikacin, a phenomenon
frequently described in the literature [35].
Therefore, antibiotic resistance determination
should be approached with caution when relying
solely on molecular genetic testing, such as
whole-genome sequencing or PCR.

Among the 20 collected S. aureus isolates,
clonal complex 97 (CC97) strains were the most
prevalent. Many bacteria of this complex are
frequently found in livestock animals [28, 29,
30], and some have been shown to transfer from
animals tohumans [36, 37, 38]. The possibility that
these strains became widespread as nosocomial
pathogens after zoonotic transmission cannot
be ruled out, especially since half of the patients
who underwent operation for hip osteoarthritis
were from rural areas.

A potential nosocomial transmission chain of
the CC97 strain between multiple patients from
2011 to 2019 was identified. However, confirming
this requires a significantly larger number
of isolates. Therefore, the study was focused
on recurrent infections in the same patients.
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WGS data revealed that in four out of five cases,
the infection was caused by phylogenetically
related isolates, with genomic changes
confirming their relatedness. The acquisition
of new aminoglycoside resistance genes was
observed in only one of six cases, likely due to
the use of multiple antimicrobial agents, which
reduced the probability of simultaneous uptake
of multiple resistance genes.

Thus, whole-genome sequencing demonstra-
ted the phylogenetic relatedness of isolates
obtained over long-time intervals from P]JI
patients, including those with recurrent
infections. The findings on genomic changes in
S. aureus strains in both primary and recurrent
nosocomial infections suggest that detailed
molecular genetic testing can aid in selecting
therapeutic strategies based on bacterial genomic
adaptations to antibiotic therapy.

Beyond the tactics of antibiotic therapy,
these results may also influence surgical
management strategies. If bacteria causing P]JI
contain antibiotic resistance genes acquired via
horizontal transfer, a more radical treatment
approach should be considered. When antibiotic
resistance  develops, requiring increased
antibiotic doses that inevitably induce new
mutations, continuing a two-stage treatment
course with repeated spacer implantation not
only loses its effectiveness but also risks the
emergence of multidrug-resistant bacteria. In
such cases, retaining an infected prosthesis is
not advisable. Instead, it should be removed
(Girdlestone procedure), the infected site
should be thoroughly debrided, and spacer
implantation should be avoided. Omitting
spacer re-implantation reduces the cumulative
doses of local and systemic antibiotics,
thereby lowering the mutation pressure on
PJI pathogens. Removing the prosthesis with
subsequent surgical pause (lasting 6-12 months)
shortens the duration of antibiotic therapy,
decreases the risk of new mutations and, conse-
quently, the development of antibiotic resistance,
and enhances treatment efficacy. Revision
arthroplasty after a surgical pause appears to be
a more promising approach in such cases.

CONCLUSIONS

Whole-genome sequencing data allow for
the identification of phylogenetically related
isolates, with genomic changes confirming their

relatedness. The detection of related isolates in
previously treated periprosthetic joint infection
and its recurrence suggests re-infection by
persistent isolates rather than exogenous
contamination during revision arthroplasty,
ruling out surgical site infection as an
epidemiological event. Conversely, the presence
of related isolates in two or more patients
indicates direct nosocomial transmission. Under
high-dose antibiotic therapy, both in primary
nosocomial periprosthetic joint infection and in
recurrent cases, genomic changes accumulate
in S. aureus strains. Detailed molecular genetic
testing, identifying mutations and newly acquired
virulence and resistance genes, can help to justify
a radical treatment strategy for periprosthetic
joint infection that is prosthesis removal.
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Effectiveness of Vancomycin-Impregnated Bone Graft Substitutes
for the Treatment of Chronic Osteomyelitis in Long Bones:
Comparative Analysis

Alexander P. Antipov, Svetlana A. Bozhkova, Ekaterina M. Gordina, Alexander V. Afanasyev,
Magomed Sh. Gadzhimagomedov

Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russia

Abstract

Background. Replacement of bone defects in the surgical treatment of chronic osteomyelitis is a key step to
prevent recurrence of infection and potential fractures at the site of rehabilitation. Bone cement, biodegradable
synthetic materials, as well as autologous, allogeneic, and xenogeneic bone tissue have become widespread
in surgical practice. Giving these materials antibacterial properties will expand their use in the treatment of
bone and joint infections, shorten the treatment time, and improve the patients’ quality of life.

The aim of the study — to analyze the mid-term results of the second stage of surgical treatment for
chronic osteomyelitis in long bones, depending on the type of used vancomycin-impregnated bone graft
material: original biodegradable mineralized material based on allogeneic bone or a commercialy available
biocomposite material consisting of B-tricalcium phosphate and hydroxyapatite.

Methods. The study included 25 patients who underwent the second stage of surgical treatment for
chronic osteomyelitis. After removal of the cement spacer, the defect was replaced in Group 1 (n = 14) with
a biocomposite material ReproBone® Granules with the addition of vancomycin, while in Group 2 (n = 11)
— with an original mineralized allograft impregnated with vancomycin. Laboratory tests, vancomycin
concentration in the drainage fluid, and the presence of infection recurrence within 1-3 years after surgery
were evaluated.

Results. The groups did not differ in gender, age, and duration of the disease. The volume of the cavity defect
was significantly higher in Group 2 (50 ml vs 14 ml; p = 0.0004). The vancomycin concentration in the drainage
fluid from the first day after surgery in Group 2 was more than 10 times higher than in Group 1 (p = 0.0300)
and remained at a high level until the 5% day. Osteomyelitis recurrence was observed in 14% of patients in
Group 1 and was absent in Group 2.

Conclusions. Standard approach to the treatment of chronic osteomyelitis using antimicrobial spacers does
not ensure complete eradication of microbial pathogens that continue to persist in bone tissue. The original
biodegradable mineralized bone graft material based on allogeneic bone creates significantly higher local
vancomycin concentrations and demonstrates clinical efficacy in all applications.

Keywords: chronic osteomyelitis, bone graft substitutes, vancomycin, allogeneic bone, local antibiotic therapy.
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CpaBHUTENbHbIM aHanu3 3¢pHeKTUBHOCTM KOCTHOMIACTMYECKUX MaTepUanos,
MMNPErHMPOBAHHbIX BAHKOMULMHOM, MPU JIEYEHMU XPOHUUYECKOTO
OCTEOMMUENIUTA OJIMHHBIX KOCTEM!

A.II. Autunos, C.A. BoxkoBa, E.M. I'opauxa, A.B. AdanacweB, M.III. l'agxkumaromeioB

@IBY «HayuoHanbHbili MEOUYUHCKUTI UCCIe008AMENbCKULL UEHMP MPAsMamosiozuu U opmoneouu
um. P.P. Bpedena» Mun3dpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

Pedepar

AxmyansHocms. 3aMelleHye KOCTHBIX J1eeKTOB MpU XUPYPTUUECKOM JIeueHU M XPOHUYECKOTO OCTeOMMeNTH-
Ta SIBJISETCS KIIOUEeBbIM 3JIeMEHTOM [IJisl TIpefoTBpaleHs peliuInBOB MHMEKIMM U TTOTEeHIIMAIbHBIX Iepe-
JIOMOB B MecTe caHaiuu. lllnpokoe pacrpocTpaHeHMe B XMPYPTrUUECKON MPaKTUKe MOMYYUIM KOCTHBIN Iie-
MEHT, OMoJerpagupyeMble CMHTETMUECKME MaTepuasibl, a TAKKe ayTOJIOTUYHAS, a//IOTEHHAs] M KCeHOTeHHasI
KOCTHbIe TKaHu. [IpumaHue TakKMM MaTepuajaM aHTUOAKTepUaTbHBIX CBOJCTB MO3BOJUT PACIHIMPUTh UX
MpuMeHeHMe TPy jJedeHun MHOeKIMKU KOCTeil M CycTaBOB, COKPATUTb CPOKU JieueHMs], YIYUIIUTh KauecTBO
SKM3HM TAlIeHTOB.

Ilens uccnedosaHus — MpoaHaAIMU3UPOBATh CPETHECPOUHbBIE PE3YIbTAThI BTOPOTO 3TAa XUMpPYypruyeckoro Jjie-
YeHUs] NAlMeHTOB C XPOHUYECKUM OCTEOMUETUTOM AJIMHHBIX KOCTel B 3aBUCUMOCTHU OT TUIIA UCIIOIb3yeMOTO
KOCTHOIUTACTMYECKOTO MaTepuasia, MMIIPErHMPOBAHHOTO BAHKOMMUIIMHOM: OPUTMHAIBHOTO OMOmerpagupye-
MOT'0 MMHEPAIM30BaHHOIO MaTepuasa Ha OCHOBE aJUTOTeHHO KOCTY MY ODUIIMHATBHOTO 6MOKOMITO3UTHOTO
MaTepuasa, CoCTOsIIEero u3 B-Tpukanbiuiidbocdara u rugpoKkcUanaTuTa.

Mamepuan u memoodsl. B ucciieqoBaHue BKIIOUEHBbI 25 MAlMEHTOB, KOTOPBIM ObL BBITTOJIHEH BTOPOI 3Tall
XUPYPTUYECKOTO JIeYeHUS] XPOHUIECKOTO ocTeomuenuTa. [lowie yaanieHns: IeMeHTHOTO cIielicepa malueHTam
rpymmsl 1 (n = 14) gedekT 3aMelnany 6MOKOMIIO3UTHBIM MaTepuanoM ReproBone® Granules ¢ qo6aBieHneM
BAaHKOMUIIMHA, MAalleHTaM Tpynrbl 2 (n = 11) — opUrnHaabHBIM MUHEPATN30BAHHBIM a/UIOTPAHCIVIAHTATOM,
MMITPETHMPOBAaHHBIM BaHKOMMIMHOM. OIleHMBAIM MOKa3aTeny JabopaTOPHBIX MCCIeNOBaHMIA, KOHIIEHTpa-
LIMI0 BAHKOMMIIYHA B JPEHA)KHOM OTHEe/sIeMOM M Ha/iMuye peluanBoB MHPeKIMK B TeueHue 1-3 jieT mocie
oreparumu.

Pe3ynsmamet. TpyTIbl He pas3iMyuaaIuCh IO MOy, BO3PACTY U IJIUTETbHOCTM 3a601eBaHMsI. OObeM MOIOCTHOTO
nmedekTa 6bIT 3HAUMUTEIHLHO O0sblie B rpyIie 2 (50 Mut mpotus 14 mit; p = 0,0004). KoHileHTpanyst BAHKOMUIIMHA
B IpEHA’KHOM OT/IEJIIEMOM C ITIePBOTO THS ITOC/Ie OIlepaliuy B TPyIIIie 2 MpeBbiiiana 6oee uem B 10 pa3 JaHHbII
rokasaresib B rpymiie 1 (p = 0,0300) 1 coxpaHsiach Ha BBICOKOM YPOBHE JI0 5-T0 qHS. PeliuAMBbI OCTEOMUETNTA
Habmonanuch y 14% naryeHToB B TpyIme 1 1 OTCYyTCTBOBaM B rpytime 2.

3axntouenue. CTaHIAPTHBIN MOAXO[ K JTEUEHUIO XPOHUUECKOTO OCTEOMMUENINTA C UCIOAb30BaHMEM aHTUMMU-
KpOOHBIX CrieiicepoB He o6ecIieunBaeT MOHOM dpaauKaI MUKPOOHBIX BO36YAMTENel, KOTOpPbIe ITPOAO/IKA-
10T IIEPCUCTUPOBATH B KOCTHOI TKaHM. OpUTrMHAIbHBIN OMOderpaaupyeMblii MUHEPATM30BaHHbI KOCTHOILIA-
CTUYECKMIT MaTepras Ha OCHOBE aJZIOKOCTH CO3JaeT 3HAUMTEeTbHO 60jiee BhICOKME JIOKAIbHbIE KOHIIEHTPaIUN
BaHKOMMUIIMHA U IEMOHCTPUPYET KIMHMUYECKYI0 3D heKTMBHOCTD BO BCEX CIydasx MpUMeHeHMs.

KiroueBble cjioBa: XpOHI/I‘{eCKVIﬁ OCTEeOMMEJINT, KOCTHOIIaACTUYeCKMe MaTepnaibl, BAHKOMMIIMH, aJIJIOT€HHaA
KOCTb, JIOKaJ/IbHas1 aHTI/I6I/IOTI/IKOTepaHI/IH.

Ons uurupoBaums: AntunoB A.Il., BosxkkoBa C.A., Topauua E.M., AdanaceeB A.B., T'amkumaromemon M.III.
CpaBHuUTeNbHBIN aHamm3 3GdEKTUBHOCTY KOCTHOIUIACTUYECKMX MATePUaIoB, MMIIPETHMPOBAHHBIX BAHKOMULIVTHOM,
TIpY JIEYEHUY XPOHMYECKOTO OCTEOMMENNTA JIMHHBIX KOcTeit. Tpasmamosiozus u opmonedus Poccuu. 2025;31(2):33-44.
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INTRODUCTION

The replacement of bone cavities formed during
radical surgical debridement of an infection site
is a key element in the successful treatment of
chronic osteomyelitis. This is due to several criti-
cal factors. On the one hand, any residual
bone defect left after debridement that was
not adequately drained becomes filled with
a hematoma, creating a favorable environment
for microorganism proliferation, which may
lead to infection recurrence in 10-20% of
cases [1]. On the other hand, such a defect
increases the risk of fractures under critical
loads on the operated segment. Furthermore,
it is well known that achieving effective local
antibiotic concentrations after radical surgical
debridement of an osteomyelitis site through
systemic antibiotic therapy alone is impossible
[2]. The presence of microorganisms in the form
of small colony variants (SCVs) and biofilms
necessitates a significant increase — by tens
to hundreds of times — in the minimum
inhibitory concentration of antimicrobial
agents [3]. A solution to this problem involves
creating local antibiotic depots by using bone
graft materials with antimicrobial properties
[4, 5, 6, 7]. Various materials are widely used
in surgical practice to replace bone defects,
including autologous and allogeneic grafts
supplemented with antibiotics, bone cements
based on polymethylmethacrylate (PMMA) and
calcium phosphate, biopolymer- and ceramic-
based composites with antibacterial agents, and

xenografts.
The main disadvantage of non-biodegradable
materials (bone cement, biopolymer- and

ceramic-based composites) is the need for a
second surgical procedure to remove the spacer
[5,7,8].Additionally, such operations may present
technical challenges and require specialized
instruments, particularly if the material remains
implanted for an extended period.

The local concentration of antibacterial
agents is determined by the rate of dissolution
and drug elution from the implanted material
into the surrounding tissues. When mixed
intraoperatively with autografts or composite
materials that initially lack antibiotics, there is a
high likelihood of rapid elution, resulting in only
short-term antibiotic action at the defect site [9].

Allografts are widely used for bone defect
replacement in orthopedics. However, they carry

a risk of contamination when implanted into
an infectious site, even after debridement [10].
In our opinion, the most promising approach for
treating patients with infectious bone lesions
is the use of an antimicrobial osteoplastic
material based on purified allograft bone, which
is characterized by a standardized duration of
antibiotic elution. These materials have been
approved for medical use in the European Union,
but no such product is currently registered in
Russia, nor does it have any analogs. At the same
time, using this material in the one-stage comp-
lex treatment of patients with osteomyelitis has
achieved infection control in 90% of cases over
a two-year follow-up period [11], demonstrating
a high potential for developing an original
domestic material with similar properties.
At present, there is a technology for allogeneic
bone purification (patent RU 2722266 C1),
which could serve as the basis for creating
a material with the necessary antibacterial
properties.

The aim of the study — to analyze the mid-term
outcomes of the second stage of the surgical
treatment for patients with long bone chronic
osteomyelitis, depending on the type of bone
graft material impregnated with vancomycin:
an original biodegradable mineralized material
based on allograft bone or a commercially
available biocomposite material consisting of
B-tricalcium phosphate and hydroxyapatite.

METHODS
Study design

This study was a comparative, non-randomized
clinical trial with sequential patient allocation
into comparison groups.

The study included 25 patients who were
admitted for the second stage of the surgical
treatment of chronic osteomyelitis at the septic
surgery department from January 2018 to
January 2022.

Inclusion criteria:

— diagnosed chronic osteomyelitis of long
bones, classified as anatomical type III or IV,
physiological class B according to the Cierny-
Mader classification);

- completed first stage of the surgical
treatment of chronic osteomyelitis, which
involved radical debridement of infection site
with the removal of necrotic and clearly non-
viable tissues, formation of a bone cavity defect,
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and its replacement with an antimicrobial spacer
in the form of PMMA beads;

- no signs of recurrent chronic infection
upon admission, based on clinical and laboratory
data (complete blood count, erythrocyte
sedimentation rate (ESR), C-reactive protein
(CRP), and no local signs of inflammation at the
site of previous operation);

- ability to undergo prolonged (at least
6-8 weeks) antibiotic therapy, including oral
administration, based on microbial sensitivity
data obtained from the microbiological analysis
of intraoperative tissue biopsies and removed
metal implants during the first stage of treatment;

- patient’s informed consent to the use of a
patient-specific implant based on an original
biodegradable mineralized bone graft material
impregnated with vancomycin.

Comparison groups and materials

Patients were sequentially allocated into
comparison groups. Group 1 included 14
patients (2018-2020). During the second stage
of surgical treatment, the bone cavity defect was
filled with ReproBone® Granules (Ceramisys
UK), a biocomposite material consisting of
B-tricalcium phosphate and hydroxyapatite,
with intraoperative addition of vancomycin
(1 g vancomycin per 10 g material). Group 2
included 11 patients (2020-2022). The bone defect
was filled with a patient-specific implant using
an original biodegradable mineralized bone graft
material (patent RU 2722266 C1), impregnated
with vancomycin (1 g vancomycin per 10 g
material) following a proprietary methodology
(patent RU 2839413).

Based on the CT findings about the shape
and volume of the defect obtained after the
first stage of the surgical treatment, blocks of
allogeneic bone graft material of different size
and configuration in the form of cubes with
faces of 5-20 mm, plates of 3-5 mm thickness,
crumbs with a fraction of 0.5-10 mm, as well
as hemispheres were made in advance, which
allowed to adapt the material to the specific
parameters of the defect.

Surgical technique and perioperative
management

The extent of surgical intervention during the
second-stage operation was identical in both
groups, including the removal of the PMMA bead
spacer, radical surgical debridement, filling of
the resulting bone defect with one of the
two described material, and placement of
drainage systems (Redon drains). In Group 2,
a patient-specific allograft made of the original
biodegradable mineralized bone graft material
was used, tailored to the anatomical characteris-
tics of each patient’s defect. Depending on the
clinical picture and drainage output volume, the
duration of drainage ranged from 2 to 5 days.
In all cases, five tissue biopsies (scar and bone
tissue from the bone defect area) were collected
intraoperatively for microbiological analysis.
The study was conducted according to standard
microbiological diagnostic protocols. Samples
were homogenized and cultured on standard
nutrient media, followed by incubation under
aerobic and anaerobic conditions for 14 days.

All patients received intravenous empirical
or targeted etiotropic antibiotic therapy from
the day of operation, based on preoperative
microbiological findings or microbiological
results from previous admissions. If intra-
operative biopsy results warranted, antimicro-
bial therapy was adjusted accordingly, followed
by a switch to oral antibiotics for a total
duration of 6-8 weeks.

The following parameters were analyzed:
medical history (infection duration, number of
previous operations, number of relapses), type of
pathogen, laboratory parameters upon admission
(white blood cell count, CRP, hemoglobin, red
blood cell count), surgery duration, intraoperative
blood loss, bone defect volume, and drainage
duration. Bone defect volume was measured
using a fluid displacement method, where the
cavity was filled with sterile saline and measured
using a 100 ml Janet syringe.

The groups were comparable in gender,
age, disease duration, and the number of prior
debridement operations (Table 1).
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Table 1
Comparison group characteristics
Parameter Group 1 Group 2 Utest,p

Total, n 14 11 0.467
Male, n (%) 9 (64) 9 (82) -
Female, n (%) 5(36) 2 (18) -
Disease duration, years, Me [25-75% IQR] 3.5[1.0-8.5] 5[2-19] 0.344
Age, v.0., Me [25-75% IQR] 34.5 [30-53] 44 [34-51] 0.572
No debridement interventions in the history, n (%) 1(7) 1(9)
1-2 debridement interventions in the history, n (%) 7 (50) 5 (45.5) 0.687
More than 2 debridement interventions in the history, n (%) 6 (43) 5 (45.5)
Localization: shoulder 1(7%) 0 -

thigh 5 (36%) 6 (54.5%) 0.545

leg 8 (57%) 5 (45.5%) 0.323

Determination of local vancomycin
concentration

Local vancomycin concentration was measured
using high-performance liquid chromatography
(HPLC) in drainage fluid on postoperative days
1-5 in both groups. The analysis was performed
on a Shimadzu chromatograph using a Shim-
pack HR-ODS column. The methodology included
transferring 1 ml of daily buffer to an Eppendorf
tube, centrifugation (13.000 rpm for 5 minutes),
and transferring the supernatant to a vial and
placing it in the chromatograph. Injection volume
was 100 pl. Run time was 25 minutes.

Treatment efficacy criteria

The primary efficacy criterion for both groups
was the presence or absence of recurrent chronic
infection over a follow-up period of at least
1 year (median 2.4 years [IQR 1.875-3.125] for
Group 1, and median 2.2 years [IQR 1.95-2.78] for
Group 2). Follow-up data were obtained via in-
person examinations or remote assessments,
including phone consultations, video/photo
evaluation of the operated limb, and the review
of X-ray or CT images with the descriptions
of the treated segment.

Statistical analysis

Data were recorded in electronic spreadsheets,
and statistical analysis was performed using
Microsoft Excel 2019 (version 16.72, Microsoft,
USA) and IBM SPSS Statistics (version 23.0.0.0)
on a macOS Monterey 12.2.1 system. Due to

the small sample size, the median (Me) was
used as a measure of central tendency, and the
interquartile range (IQR, 25-75%) was used
to describe data dispersion. Comparisons of
quantitative variables between groups were
conducted using the Mann-Whitney U test.
Categorical variables were analyzed using the
x> test. Differences were considered statistically
significant at p<0.05. The Fisher’s exact test was
used to compare osteomyelitis recurrence rates
between groups, as it is a non-parametric test
suitable for small sample sizes and binary data
(presence or absence of recurrence).

RESULTS

Groups 1 and 2 showed no statistically significant
differences in terms of gender (p = 0.467), age
(p = 0.572), or disease duration (p = 0.344). Upon
admission for surgical treatment, no differences
in blood laboratory test results were observed
(Table 2), confirming the homogeneity of the
study groups. The only significant difference was
in the volume of the cavity defect. The median
interval between surgical stages was comparable,
being 178.5 days [97.75-272.00] in Group 1 and
130 days [76-169] in Group 2 (p = 0.403).

The bacteriological analysis of intraope-
ratively obtained tissue biopsies revealed
microbial growth in 8 patients (57%) from
Group 1 and 3 patients (27%) from Group
2. The predominant microorganisms were
coagulase-negative staphylococci (n = 7):
Staphylococcus  epidermidis was identified
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in 6 cases (5 MRSE strains and 1 MSSE
strain), and Staphylococcus saprophyticus was
found in 1 case. Propionibacterium spp. was
detected in 4 patients, while Burkholderia
cepacia complex (n = 1) and Ochrobactrum
anthropi (n = 1) were also identified. Microbial
associations were detected in 3 cases.

The average drainage duration was 2 days
[IOR 1-2] in Group 1 and 5 days [IQR 4-5] in
Group 2, which was attributed to the increased
volume of hemorrhagic exudate. This may
have been related to both the reaction to the
allograft and the significantly larger bone defect
volume. The concentration of vancomycin in the
drainage fluid in Group 2 was more than 10 times
higher on the first postoperative day compared
to Group 1 (p = 0.030). Throughout the entire
drainage period, patients in Group 2 exhibited
vancomycin levels thousands of times higher
than the minimum inhibitory concentration
(MIC) for staphylococci (Table 3).

The mean follow-up duration was 2.4 years
[IOR 1.875-3.125] for Group 1 and 2.2 years

[IQR 1.95-2.78] for Group 2. The recurrence
of osteomyelitis was observed in 2 out of
14 patients (14%) in Group 1, while no
recurrences were reported in Group 2 (p>0.05).
In both cases of chronic infectious process
recurrence, intraoperatively obtained materials
showed diagnostically significant microbial
growth:  Staphylococcus  saprophyticus and
Propionibacterium spp. in one case, and
Ochrobactrum anthropi with Propionibacterium
spp. in the other.

DISCUSSION

A review of the scientific literature indicates
that the key criteria for selecting materials to
treat chronic osteomyelitis include their ability
to maintain prolonged local concentrations of
antibacterial agents above the MIC for pathogens
and the absence of undesirable systemic and
cytotoxic local effects. Table 4 presents a
comparative analysis of the main materials
used for bone defect replacement in chronic
osteomyelitis.

Table 2
Investigated parameters of perioperative period in comparison groups, Me [25-75% IQR]
Parameter Group 1 Group 2 Utest,p
Preoperative period
WBC, x10%1 6.3 [4.9-8.45] 6.3 [5.5-7.5] 0.727
CRP, mg/ml 2.025 [0.5-3.3] 3.21[0.88-6.52] 0.134
RBC, x10'/1 4.98 [4.7-5.19] 4.81 [4.63-5.1] 0.219
Hb, g/l 142 [131.25-153.25] 137 [127-151] 0.536
Intraoperative period
Defect volume, ml 14 [8.75-26.25] 50 [35-55] 0.0004
shoulder 10[10-10] -
Eﬁg:ﬁfgﬂ‘?ﬁf“‘img on the thigh 25 [15-35] 47.5 [17.5-66.2] 0.247
leg 11[7.25-22.50] 50 [40.0-152.5] 0.002
Blood loss, ml 125 [50-300] 100 [30-150] 0.244
Surgery duration, min. 82.5[71.25-128.75] 50 [40-65] 0.0003
Wound drainage, n (%) 7 (50) 7 (64)
Postoperative period
Drainage timing, days 3[1-4] 3[2-5] 0.434
WBC, x101 5.95 [5.0-7.7] 7.1[5.950-7.675] 0.437
CRP, mg/ml 3.145[1.9-5.6] 27.275[10.02-64.35] 0.0002
RBC, x10'%/1 4.21[4.03-4.71] 4.39 [4.2-4.5] 0.585
Hb, g/l 122 [114.0-138.5] 127.5 [112.75-137.75] 0.841

Bold font indicates statistically significant values.
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Table 3

Concentration of vancomycin in drainage fluid determined by high-performance
liquid chromatography method

Day Concentration, pg/ml, Me [25-75% IQR] Utest, p
Group 1 Group 2

Ist 280 [265-430] 3119.5[868.75-6990] 0.030

2nd 185 [95-215] 447 [181.9-1511.0] 0.106

3 - 2000.5 [307.75-4078.75] -

4th - 3225[2681-3225] -

5th - 2402.5 [2187.0-2402.5] -

Bold font indicates statistically significant values.
Table 4
Materials for creating a local depot of antibacterial agents
Material Advantages Disadvantages
Autografts with the - high biocompatibility; — limited material volume due to the

addition of antibacterial
agents

Bone cement (PMMA)

Calcium phosphate-based

bone cements

Biopolymer- and ceramic-
based composites with
antibacterial agents

Xenografts

Allogeneic cancellous
bone

— osteoinductive and osteoconductive
properties [41]

- high material strength for filling
segmental defects;

— extensive accumulated experience in
clinical use;

- wide selection of commercially available
materials containing antibacterial agents
[2,5,7]

- high biocompatibility;
- biodegradable material = prolonged release
of antibacterial agents [6, 17, 18, 19, 20]

— ensure slow and prolonged antibiotic
release;

- high biocompatibility;

— availability of commercial products
containing antibacterial agents: CERAMENT
G (BONESUPPORT), Herafill G (Heraeus
Medical), Osteoset-T (Wright Medical)

[12, 19, 37]

- good biocompatibility;

— potential for large-scale production:
readily available in large volumes

[40, 46]

— ability to create a local depot with
sustained high concentrations of
antibacterial agents for an extended period
(over 7 days);

- complete filling of long bone defects;

— preservation of bone’s structural and
mechanical properties;

- high material biocompatibility [10, 11,
21,22]

patient’s physiological constraints;
- additional surgical trauma;
- rapid reduction of local concentration [9]

- non-biodegradable (necessitating repeated
intervention);

- insufficient duration of antibiotic elution;
- risk of antibiotic resistance (in case of low
local antibiotic concentrations);

— limited spectrum of antibacterial agents
[5,7, 8,25, 26,27, 28]

— lower mechanical strength compared to
PMMA-based cements;

- creating a uniform dispersion of antibiotics
within the material is a technically
challenging process [12, 13, 14, 15, 16]

- high cost
- hard-to-predict resorption rate [12, 13, 14,
15, 16]

— high risk of a pronounced immune response
if insufficiently processed;

- use of animal-derived tissues may be
unacceptable for some patients due to
religious or ethical reasons [40, 46];

- no registered medical products with
antimicrobial activity available in Russia
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Modern materials for bone defect
replacement in chronic osteomyelitis can be
categorized into several groups: autologous
grafts, synthetic materials (PMMA, calcium
phosphates), biopolymer- and ceramic-
based composites, as well as allo- and
xenografts. Particular attention is given to
allogeneic cancellous bone, which combines
the advantages of maintaining high local
antibiotic concentrations while preserving the
structural and mechanical properties of native
bone. However, major limiting factors for most
materials include insufficient mechanical
strength or difficulties in predicting resorption
and drug elution rates [12, 13, 14, 15, 16].
Additionally, high costs and the lack of
registered forms with antimicrobial activity
remain significant barriers to the widespread
clinical use of some promising materials.

The use of a biocomposite material based
on B-tricalcium phosphate and hydroxyapatite,
intraoperatively impregnated with vancomycin,
resulted in sustained infection remission in 86%
of cases, aligning with literature data [17, 18,
19, 20]. The replacement of osteomyelitic defects
with the original biodegradable mineralized
bone graft material impregnated with vanco-
mycin was effective in all cases. Similar results
have been reported for osteoplastic materials
based on allogeneic bone impregnated with
antibiotics [21, 22].

The study groups were homogeneous in
baseline parameters except for the median cavity
defect volume, which was significantly larger in
Group 2 than in Group 1 (p = 0.0003975). Despite
the larger defect area in Group 2, intraoperative
blood loss and surgical time were lower, while the
need for drainage persisted longer, which may be
related to the surgical technique or the material
used.

Diagnostically significant microbial growth
in intraoperative biopsy tissue samples was
detected in 57% of cases in Group 1 and 27%
in Group 2. Coagulase-negative staphylococci,
including methicillin-resistant strains (MRSE),
were predominant. Along with the absence
of clinical and laboratory signs of infectious
inflammation this may suggest the low efficacy of
antimicrobial spacers. Apparently, the antibiotic
concentrations achieved in the bone defect
area, particularly vancomycin, are insufficient
against staphylococcal cells that penetrate the

osteocyte lacunar-canalicular network and
can persist intracellularly in osteoblasts for a
prolonged period [23, 24]. The negative impact
of a prolonged interval between the stages of
surgical treatment cannot be ruled out, as it
is known that after the cessation of antibiotic
elution from the spacer, microbial biofilms form
on its surface, as on any foreign body [25, 26,
27, 28]. According to scientific literature, one
of the reasons for the insufficient eradication
of MRSE in the infection site is patients’ non-
compliance with the regimen of prolonged
antibacterial therapy in the postoperative period
[29], though further research is needed.

Theleading causative agents of osteomyelitis
are Gram-positive microorganisms [30, 31, 32,
33, 34], which in the vast majority of cases are
susceptible to vancomycin. At the same time,
vancomycin exhibits low cytotoxic activity and
minimal systemic effects when locally deposited,
making it the drug of choice for impregnating
bone graft materials in the treatment of chronic
osteomyelitis [35, 36, 37, 38, 39].

We identified significant differences in
vancomycin concentration in the drainage fluid
between the groups. The use of an original bone
graft material impregnated with vancomycin
allowed for the creation of higher local antibiotic
concentrations compared to Group 1. Moreover,
the high vancomycin level detected on day 5
suggests the possibility of maintaining elevated
antibiotic concentrations in the infectious
focus over an extended period. The significantly
higher initial concentration of vancomycin in
the drainage fluid in Group 2 may be due to
the highly porous structure of allogeneic bone,
which has a considerably larger total surface
area and pore volume compared with 3-TCP and
HAp granules.

It is important to note that after the application
of the original allogeneic bone graft material,
patients in Group 2 exhibited a statistically
significant increase in CRP levels in the
postoperative period compared to Group 1. This
could be attributed to the body’s natural response
to a larger surgical intervention, as patients
in Group 2 had significantly larger bone defects.

Additionally, the increase in CRP levels may
be associated with several factors reflecting the
body’s specific immunological and inflammatory
response to allograft [40, 41]. Despite processing,
bone allografts may still contain small amounts
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of residual antigens or other biologically active
substances that are recognized by the patient’s
immune system as foreign. This can lead to an
immune response involving the activation of
macrophages and other immune cells, which, in
turn, triggers an increase in CRP levels [42,43, 44].
Furthermore, the resorption process of allografts
involves the activation of osteoclasts — cells that
play a key role in bone tissue degradation. During
resorption, various inflammatory mediators,
including cytokines such as interleukin-1
and tumor necrosis factor-alpha (TNF-a), are
released, stimulating hepatic cells to produce
CRP [45].

It is also known that some allograft
components, especially if they are partially
decalcified or have undergone other processing,
may independently initiate an inflammatory
response by releasing remnants of bone matrix
proteins or other biomolecules that stimulate the
immune response [46]. The local inflammatory
reaction likely determines the tissue exudative
response, necessitating prolonged drainage
of the defect area replaced with the original
allograft. These aspects highlight the need for
a careful control and monitoring of bone graft
materials based on allo- and xenografts, which
are currently under active development.

Compared to synthetic bone substitutes,
the unique porous structure of bone-derived
materials offers significant advantages, providing
the ability for prolonged antibiotic elution to
maintain an effective drug concentration over
the required period. Proper impregnation of
allografts with antibiotics ensures sustained local
antibiotic presence, which is critically important
for infection control [21]. Additionally, allografts
serve as an excellent scaffold for subsequent
osteogenesis, facilitating the gradual filling of
the formed bone defects.

CONCLUSIONS

The standard approach to treating chronic
osteomyelitis by filling the post-debridement
bone defect with antimicrobial bead spacers
fails to achieve complete pathogen eradication.
This suggests that bacteria may persist in the
bone tissue and/or intracellularly. The high

vancomycin concentrations achieved with the
original biodegradable mineralized bone graft
material, as well as its clinical efficacy in all
cases, indicate its potential for further research.
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Abstract

Background. Due to the technological progress in traumatology, there are more opportunities to apply MIPO
(minimally invasive plate osteosynthesis) techniques for treating pelvic ring injuries. However, such problems
as implant malposition due to complicated intraoperative visualization and the risks of postoperative
complications remain relevant.

The aim of the study — to evaluate the effectiveness of 3D printing technology during preoperative planning
and intraoperative navigation in minimally invasive surgery for pelvic injuries.

Methods. This study presents the experience of surgical treatment of 53 patients with various pelvic
injuries using 3D technologies. The patients are divided into 3 groups depending on the location of injury:
Group 1 — with isolated posterior pelvic ring injuries; Group 2 — with anterior and posterior pelvic ring
injuries; Group 3 — with combined pelvic and acetabular injuries. The proposed technique involves the
use of software to generate a digital model, 3D printing, conducting preoperative elaborate preparation
on the plastic model, its sterilization and application as a navigation device during the operation
for accurate positioning of metal fixators in intended directions.

Results. Five patients have dropped out of the study (3 foreigners, 1 patient was transferred to the
psychosomatic department of related medical facility, 1 patient died as a result of pulmonary embolism
at 1.5 months post-op). At the time of writing, 48 patients remained in the study: radiographic signs of
fracture union were noted in 43 (90%) cases, in the remaining 5 (10%) cases, the follow-up period was less
than the average fusion period (3 months). Among 43 patients with confirmed fracture union, the functional
result 8 months after surgery according to the Majeed scale in Group 1 was 92 points, in Group 2 — 89 points,
in Group 3 — 74 points. In 2 patients, after fracture union, screw migration associated with osteoporotic
changes was observed in the posterior pelvis. No other complications were noted.

Conclusions. Accurate reduction and stable minimally invasive fixation of pelvic ring injuries, combined with
3D technologies, are of great importance for early rehabilitation of patients, especially given the morpho-
anatomical variability of the pelvic bones. This approach reduces the incidence of implant malposition and
helps to minimize long-term consequences of the injury. The conducted retrospective study demonstrated
the relevance, safety, and reliability of 3D printing technology in enhancing the diagnosis and treatment of
patients with pelvic bone injuries

Keywords: minimally invasive osteosynthesis of pelvic bones, 3D technologies, minimally invasive pelvic
surgery.
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Ucnonb3oBaHue 3D-TexHONOrMin B MMHU-UHBA3UBHOM XUPYpPrum
TpaBM KOCTei Tasa
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Pedepar

AxmyansHocme. braromapsi TEXHOJIOTMYECKOMY IIPOTPECCY B TPABMATOJNIOTUY TOSIBIISIETCST 6OJTbIIIE BO3MOXK-
HOCTeJ [IJis MpMMeHeHUs] MUHU-MHBA3MBHbBIX METO 0B JieueHUsI TpaBM Ta30BOTO KoJiblla. OgHAKO ocTaeTcst
aKTyaJIbHO Mpo6JieMa MajIbIIO3UIMM UMIIAHTATOB BBUAY 3aTPyAHEHHO MHTPAOTIepallIOHHOI BU3yaImn3a-
LIMM ¥ PUCKOB MOC/IeonepalMOHHbIX OCTOXKHEHUIA.

Ilenv uccnedosarusn — oueHka 3PpEGeKTUBHOCTU UCIIONb30BaHMS 3D-meyaTy Ha 3Tanax MpemornepaluyioHHOM
MOATOTOBKM M MHTPaOoIlepallMOHHOM HaBUTalluu B MUHM-MHBA3UBHOI XUPYPrUM TpaBM KOCTelt Ta3a.
Mamepuan u memoodst. B HACTOSIIIIEM VICCIEIOBAHMY MTPECTAB/IEH OIbIT XUPYPIUUECKOTo JeueHus 53 mammu-
€HTOB C pa3jIMYHbIMM TpaBMamM KOCTelt Ta3a C MCIOIb30BaHMEM aJJUTUBHBIX TeXHOAOTUIA. [lalyeHTsl Mo-
JleJieHbl Ha 3 TPYIINbI B 3aBUCUMMOCTHM OT JIOKAIM3aluu MOBPeXIeHus : IpyIa 1 — ¢ M30AMpOBaHHOI TpaBMO¥i
3aJIHeTO MOYKOJblia; TPYINa 2 — ¢ TpPaBMO¥ 3aiHero 1 IepelHero moaykKosblia; Ipymma 3 — ¢ TpaBMoii 3afHe-
o, IepefHero MoayKoblia 1 BePTAYKHOM BriaAuHbl. [IpeajiokeHHass MeTOMKa MpejinojaraeT UCII0/Ib30BaHNe
MIpOrpaMMHOr0 obecrieueHus Iys1 popMupoBanys 1udpPoBoii Momenu, 3D-1meyaTh Ha IIPUHTEPE, TPOBEIEHME
MpeonepalyoHHONM pacIliMpeHHOV TOATOTOBKY Ha IIJIAaCTMKOBOI MOJen, CTepuUIn3aliuio MOAEIN U UCTIO/Nb-
30BaHMe ee /I HaBUTalMy BO BPeMS ITPOBEIeHMS OIeparvuy sl TOUHOCTY MTO3UIIMOHMPOBAHMS META/UIODUK-
CaToOpOB B 3aJJaHHbIX HAIIPaBIeHUSIX.

Pe3zynemamet. V13 viccieqoBanus BbIObUTO 5 TANMEHTOB (3 MHOCTpaHIlA, 1 malMeHT IepeBeleH B IICUMX0CoMa-
TUYECKOE OTAEIEHNE CMEXKHOT0 JIeYeOHOTO YUpeskaeHus, 1 manueHT CKOHYAJICS B pe3yibTaTe TPOMO03IMO0IMM
JIETOUYHO1 apTepuy uepes 1,5 Mec. rociie onepanym). Ha MOMeHT HalmMCaHUs CTaTbU B MCCIETOBAHUY OCTAIOCh
48 MauMeHTOB: PEHTTeHOJIIOTMYeCKMe MPU3HAKM KOHCOMMUAALMK TepeioMOB OTMeueHbl B 43 (90%) ciyvasx,
B OCTabHBIX 5 (10%) ciydasix cCpoK Hab6/omeHMs 6bUT MEHbIIIe CPeHEro CpoKa cpamenust (3 mec.). yHKI-
OHAJIBHBIN Pe3ynbTaT yepes 8 Mec. Iocie onepanuu y 43 manueHToB C MOATBEePKAEHHON KOHCOMUAanuen mo
mrkase Majeed B 1-i1 rpymme cocraBwt 92 6asta, Bo 2-i rpyrre — 89 6ainos, 3-it — 74 6ajuia. Y 2 ManyeHToB U3
2-71 TPYIIIBI ITOC/IE KOHCOMMAAIIMY TTePeIOMOB HAO/II0NaIach MUTPAIIVS BUHTA B 3aJHUX OTAEIaxX Ta3a, CBSI3aH-
Hasl C OCTEOIOPOTUUECKUMY U3MEHEHUSIMMU. VIHbIX OCJTOKHEHMIT OTMEUEHO He GbIIO.

3akniouenue. AneKBaTHAS PENIO3UIMS M HAEKHAs MUHM-MHBAa3UBHAS GUKCAIMS TPAaBM Ta30BOTO KOJIbIIA B
coueTaHuy ¢ 3D-TeXHOMIOTUSIMU B XUPYPrUM Tasa mpyu Mopdo-aHaTOMUYECKOI BApUATUBHOCTY CTPOEHUS KO-
cTelt Taza MMeeT O0MbIIOe 3HAUEHME IJIST pAaHHETOo (PYHKIMOHAIBHOTO BOCCTAHOBJIEHUS TAIMEHTOB, CHIDKAET
YaCcTOTy MajbIIO3UIMM MMILJIAHTAaTOB ¥ YMeHbIlIaeT PUCK OTAAJeHHbIX MOCIeCTBUI TpaBMbl. [IpoBeieHHOE
PETPOCIIEKTUBHOE VMCC/IeIOBaHye TTPOJEeMOHCTPUPOBAIO aKTYaTbHOCTh, 6€30MaCHOCTh M HAEKHOCTh TEXHO-
Joruu 3D-Tieyaty IS yaydilieHus: IMarHOCTUKY U pe3yabTaToB JeueHusl NalMeHToB C TpaBMaMu KoCTeit Tasa.

KiroueBble cj10Ba: MUHM-MHBA3UBHbIN OCTEOCUMHTE3 KOCTeN Tasa, 3D-TeXHONIOTUM, MUHM-UHBA3MBHAS XUPYP-
s Tasa.

IOnsa uutupoBaHus: JJonueHko C.B., Ermasapsn K.A., IIpoxopoB A.A., lllabyuuH A.B., Py6uos A.[l., HemHOHOB A.M.
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INTRODUCTION

In recent years, trauma and orthopedic surgery
have undergone significant changes due to the
introduction of innovative technologies, such as
C-arm fluoroscopy, computer navigation systems,
intraoperative cone-beam computed tomography
(CBCT), and additive technologies (AT).

AT is a manufacturing process that has been
increasingly used in biomedical engineering since
the late 1980s. The ability to produce improved,
complex, and patient-specific biomedical
products allows this technology to spread ra-
pidly across various fields of healthcare [1].
The technology itself is based on the sequential
layering of material to create three-dimensional
objects, being the foundation of 3D printing.

One of the areas where AT shows great
potential is in preoperative planning, particularly
for identifying the optimal trajectories for implant
placement in minimally invasive surgery for pelvic
injuries. These procedures — including sacroiliac
joint (SI]J) fixation, pubic symphysis disruption
repair, and osteosynthesis of sacral, pubic, and
ischial fractures — rely on stable pelvic bone
fixation using screws, nails, or transpedicular
systems inserted through small skin incisions or
punctures [2, 3]. The complexity of such procedures
lies in the absence of traditional intraoperative
ad oculos and palpatory control, compounded by
the intricate anatomical geometry of the pelvic
bones and the proximity of numerous vascular
and neural structures. Injury to these structures
may lead to hematomas, thrombosis, a significant
reduction in quality of life, and the development
of chronic pain syndrome.

The choice of implant type and size is
determined by the nature and location of the
pelvic injury. To ensure accurate positioning
and prevent implant malposition, various
intraoperative methods are used to identify and
assess the viability of bony corridors. Traditional
techniques for controlling surgical accuracy
and implant localization include the use of
a C-arm, the surgeon’s tactual sense, and, where
available, intraoperative CBCT. These methods
enable sufficient visualization of the relevant
anatomical structures. Minimally invasive
fixation techniques, including percutaneous
approaches, reduce soft tissue trauma; however,
the risk of vascular and nerve injury remains
relatively high [4, 5, 6]. The reported rates of
sacroiliac screw malposition under fluoroscopy

range from 2 to 15% [7, 8], while nerve injury
rates vary between 0.5 and 7.7% [9]. Recently,
there has been a growing interest in the use of
AT in pelvic surgery. However, clinical experience
with this technology and the number of related
publications remain limited.

The aim of the study — to evaluate the effective-
ness of 3D printing technology during preopera-
tive planning and intraoperative navigation in
minimally invasive surgery for pelvic injuries.

METHODS

Study design

Study design: retrospective single-center.

At the Department of Traumatology of the
Botkin Hospital (Moscow Department of Health),
53 surgeries were performed between November
2022 and July 2024 on patients with various
pelvic bone injuries (a total of 78 fractures and
25 joint injuries).

Inclusion criteria:

— age over 18 years;

- closed uni- or bilateral sacral fractures in zo-
nes I and II according to the Denis classification,
pubic bone fractures in all three zones according
to the Nakatani classification, type B fractures of
the posterior column of the acetabulum according
to the Judet-Letournel classification, sacroiliac
and pubic symphysis disruptions [8, 10, 11].

Exclusion criteria:

— open pelvic bone injuries;

— pelvic injuries requiring open reduction
and internal fixation (ORIF);

— polytrauma requiring surgical treatment of
pelvic fractures within the first 24-48 hours after
injury.
3D model generation technology
An intraoperative navigation technique based
on 3D printing using an FDM printer and
specialized 3D Slicer software [12], Autodesk
Meshmixer, Bambu Studio Bambu Lab was
employed. This study presents the experience of
using 3D technologies for preoperative planning
and intraoperative interaction between the
surgeon and a volumetric polymer 3D model of
the pelvic bones with various types of pelvic ring
injuries, tailored to the specific clinical case and
individual morpho-anatomical characteristics.

The method for creating a volumetric polymer
model followed the protocol outlined below

(Figure 1).
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1. Performing a CT scan of the pelvis in a
patient with a pelvic ring injury.

2. Segmenting the acquired DICOM files
to isolate pelvic bone structures in 3D Slicer
software and generating an initial digital model,
which is then converted to STL format.

3. Stepwise post-processing of the STL file in
Autodesk Meshmixer to obtain the final digital
model and exporting it in STL format.

4. Preparing and adapting the final digital
pelvic model for 3D printing in Bambu Studio
Bambu Lab software.

5. Printing on an FDM printer using
PLA (polylactic acid) or PETG (polyethylene
terephthalate glycol) plastic. The average printing
time for a full-scale 1:1 pelvic model was 16-19
hours.

Preoperative planning using 3D models

The next step involved analyzing the resulting
physical 3D model, discussing the clinical case
to determine the surgical strategy, selecting the
appropriate types and sizes of implants, assessing
the associated risks of minimally invasive surgical
treatment, and evaluating the accessibility and

Figure 1. Stages of 3D model creation:

a — segmentation of DICOM files with
isolation of pelvic bone structures in 3D
Slicer software;

b — post-processing of the obtained digital
model in Autodesk Meshmixer software;

¢ — preparation for 3D printing;

d — printed on an FDM printer model from
PLA plastic (polylactide)

positioning of optimal safe bone corridors under
visual control and using a C-arm (Figure 2).

The obtained results were documented
photographically (Figure 3).

The physical 3D model was then sterilized
using low-temperature plasma to allow
intraoperative interaction with it (Figure 4).

48 2025;31(2)
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Figure 2. Evaluation of accessibility and positioning of optimal
safe bone corridors:

a — visual control (green arrows indicate access points to safe
bone spaces);

b — X-ray control after surgery using the obtained 3D model

Figure 3. Photograph of 3D model of the
pelvic bones with wires (a) introduced

in the S1 body and X-ray images of their
position (b)

Figure 4 (a). Process and result of using
3D model:
a — model prepared for sterilization;
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Figure 4 (b, c). Process and result of using the 3D model:
b — radiographic control during surgery;
¢ — postoperative X-ray

Selection of patients suitable for
minimally invasive surgery for pelvic
bone injuries

According to the Damage Control Orthopaedics
(DCO) algorithm [13], the initial stage of
treatment for patients with signs of pelvic ring
instability involved stabilization with external
fixators. In patients without obvious signs of
instability, pelvic immobilization was performed
using a pelvic band or was not required at all.
After patient stabilization, creation of a patient-
specific 1:1 scale plastic 3D pelvic model, surgical
planning, and implant selection, the second
stage was performed, which included definitive
internal fixation using cannulated screws for the
posterior pelvic ring and screws or nails for the
anterior ring.

In patients with multiple or combined
injuries, trauma severity was assessed using the
Injury Severity Score (ISS). Pelvic fractures were
classified according to the AO/OTA, Denis, and
Nakatani classifications.

Indications for minimally invasive surgical
treatment included:

1) vertically and horizontally unstable pelvic
injuries with a time from trauma not exceeding
3 weeks;

2) pelvic injuries resulting from both frontal
and sagittal compression,;

3) pubic bone fractures in all Nakatani zones
in combination with posterior pelvic ring injuries;

4) simple posterior column fractures of the
acetabulum (type B according to the Judet-
Letournel classification);

5) pubic symphysis diastasis with a residual
gap of no more than 1.5 cm after stabilization
with an external fixator;

6) sacroiliac joint disruptions, both uni- and
bilateral;

7) sacral fractures in Denis zones I and II,
H-shaped sacral fractures (61 C3.3 or 54 C2
(Spine) according to the AO/OTA classification)
without neurological deficits.

Percutaneous low-trauma pelvic fixation
technique was especially relevant for patients
with moderate to severe post-traumatic
anemia; with visceral obesity and local soft
tissue detachment confirmed by ultrasound;
with comorbidities such as diabetes mellitus,
cardiovascular or renal insufficiency, and cancer;
and for patients who remained on vasopressor
support during the post-traumatic period.

Contraindications to minimally invasive
surgery included:

1) local soft tissue damage or infection in the
areas of the proposed surgical approach;

2) trauma older than 3 weeks;

3) narrow intramedullary canal of the pubic
bone (less than 3 mm);

4) acetabular fractures requiring
reduction and internal fixation (ORIF);

5) sacral fractures in Denis zone III.

open
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Based on the 3D models, a detailed evaluation
was carried out, including sacral anatomy, sacral
dysmorphism, sacralization or lumbarization of
the sacrum, slope angles, and the curvature of
the pubic bones.

Depending on the extent of pelvic injury,
patients were divided into three groups:
Group 1 — isolated injury of the posterior pelvic
ring; Group 2 — injuries of both the posterior
and anterior pelvic rings; Group 3 — injuries
of the posterior and anterior rings combined
with acetabular fractures (Table 1).

Statistical analysis

Descriptive statistical methods were used. The
results are presented as median (Me), minimum and
maximum values, and interquartile range [IQR].

Surgical technique and intraoperative
navigation

The patient was positioned supine on a
radiolucent operating table. A urinary catheter
was inserted prior to the procedure to prevent
iatrogenic injury. A pre-sterilized 3D-printed
pelvic model with marked trajectories and
implant entry points was prepared, along
with printed fluoroscopic images showing the

placement of previously inserted fixators or
guiding wires in various projections.

Fluoroscopic control of the guiding wires
and implants, and their comparison with the 3D
model was performed throughout the procedure
in standard views: inlet, outlet, anteroposterior,
lateral, obturator, and iliac (according to Judet).

Through small skin incisions of 1.0-1.5 cm,
guiding wires were introduced into various pelvic
bone structures. Navigation was performed by
comparing the wire positions and angles with the
3D model and by assessing the spatial orientation
of the surgeon’s hands (Figure 5).

Adjustments to wire placement were made
as necessary, followed by repeated comparison
with the 3D model. Then, in accordance with the
preoperative plan, definitive hardware fixation
was carried out: cannulated screws (6.5 or
7.3 mm, fully or partially threaded, with/without
washers), a locking nail in the pubic bones, and
3.5 mm stainless steel cortical screws. Implant
orientation in the patient’s pelvic bones was
compared with the pre-set implants in the plastic
model. Final fluoroscopic control was performed,
followed by suturing and application of aseptic
dressings. If previously used, the external fixator
was removed at this stage.

Table 1
Distribution of patients by injury location
Parameter Value
Total number of patients, n 53
Injury location, n (%) Posterior pelvic ring (Group 1) 17 (32%)
Posterior and anterior pelvic rings (Group 2) 34 (64%)
Posterior and anterior pelvic rings and the acetabulum (Group 3) 2 (4%)
Total number of fractures, n 78
Fracture location, n (%) Posterior pelvic ring 45 (58%)
Posterior and anterior pelvic rings 31 (40%)
Posterior and anterior pelvic rings and the acetabulum 2 (2%)
Total number of joint injuries, n 25
Joint injury location, n (%) Pubic symphysis 7 (28%)
Sacroiliac joint 18 (72%)
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Figure 5. Intraoperative navigation: a — X-ray control; b — using a 3D model during surgery

Postoperative care

Patients with stable hemodynamics were
mobilized on the first postoperative day. Those
with multiple or combined injuries were allowed
to roll over their side and sit up to prevent
hypostatic complications. Sutures were removed
on postoperative days 14-16.

All patients underwent radiographic and
CT control within the first 24-48 hours after
operation. In selected cases, digital models were
reconstructed from CT data and used to create
new physical models. Follow-up radiological
assessments were performed at 1, 2, 3, 6, and
8 months postoperatively.

RESULTS

The first stage of treatment, fixation using tubular
external fixator, was performed in 44 (83%)
patients with the signs of pelvic ring instability.
The characteristics of the surgical treatment are
presented in Table 2.

Table 2

Surgical treatment characteristics
in patient groups, n = 53

Parameter Value
Time to the second stage, days, | 4.00 [2.00-6.00]
Me [IQR]
Group 1 2.00 [2.00-4.00]
Group 2 4.00 [2.00-6.00]
Group 3 12.00 [10.00-14.00]

Duration of operation, min,
Me [IQR]

Group 1
Group 2
Group 3

Blood loss, ml, Me [IQR]

45 [25-55]

20 [20-25]
50 [45-55]
80 [80-85]

20 [10-30]

52 2025;31(2)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

No cases of malpositioning of implants were
detected on postoperative pelvic bone CT scans.
In all cases, the postoperative wounds healed by
primary intention. Five patients were excluded
from the study: three were foreign nationals, one
was transferred to the psychosomatic depart-
ment of an affiliated medical facility, and one
patient died as a result of pulmonary embolism
1.5 months after the surgery.

The total number of patients remaining
in the study was 48. At the time of writing,
the radiological signs of fracture union
were observed in 43 (90%) cases: 13 patients
from Group 1, 29 patients from Group 2, and
1 patient from Group 3. In the remaining 5
(10%) cases, the follow-up period was shorter

than the average time required for bone union
(3 months) (Table 3). The long-term functional
outcome at 8 months postoperatively, assessed
using the Majeed scoring system, is presented
in Table 4.

No neurological complications, inflammatory
changes in the postoperative wound area, or
secondary displacement of fragments were
observed in any case. In 2 patients from Group 2,
four months after sacral fracture osteosynthesis
the bone union was confirmed by CT; however,
screw migration was noted against the background
of pronounced osteoporotic changes. This required
surgical removal of the migrated implants. No
other complications were recorded during the
study period.

Table 3
Radiologically confirmed bone union, n = 48
Parameter Group 1 Group 2 Group 3
Fracture location, n (%) 14 (29.1%) 33 (68.8%) 1(2%)
Bone union, n (%)
3 months 9(18.8%) 17 (35.4%) -
4 months 2 (4.2%) 6 (12.5%) -
5 months 2 (4.2%) 3(6.3%) -
6 months - - -
7 months - 3 (6.3%) -
8 months - - 1(2%)
Insufficient follow-up period 1(2%) 4 (8.3%) -
Table 4
Functional outcome according to the Majeed scale, n = 43
Parameter Group 1 Group 2 Group 3
Fracture location, n (%) 13 (30.2%) 29 (67.4%) 1(2%)
Majeed scale, points, Me [IQR] 92 [81-96] 89 [74-94] 74

DISCUSSION

At the present time, orthopedic trauma surgeons
increasingly prefer minimally invasive methods
of internal fixation for unstable pelvic injuries.
Traditional techniques of internal fixation involve
extensive and traumatic surgical approaches,
which are associated with a significant blood
loss, a high risk of neurovascular injury, and
the development of infectious complications.

Consequently, there is an ongoing search for
less aggressive osteosynthesis techniques
for pelvic ring injuries [3, 4, 14, 15, 16, 17].
Percutaneous screw implantation in the pelvic
bones is a technically demanding procedure
that requires the surgeon to have a thorough
understanding of potential implant trajectories
and their radiological visualization [18]. Not only
the variability of pelvic bone anatomy but also
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factors such as obesity play a significant role, as
the latter complicates intraoperative radiological
navigation, thereby increasing the risk of
iatrogenic nerve injuries. Malpositioning of
screwsinthe sacral areabyaslittle as4° mayresult
in damage to neural and vascular structures, with
reported rates of such complications reaching
up to 7.7% [19]. Although the incidence of these
complications can be reduced through the use of
digital intraoperative navigation systems during
implant placement, this method still does not
guarantee 100% accuracy in screw positioning
[19, 20]. Furthermore, digital navigation systems
such as the StealthStation Spine Referencing
Set (Medtronic Sofamor Danek, Memphis, TN,
USA) and 3D C-arm fluoroscopy with compatible
software are high-cost tools that are not available
in every hospital, and the final outcomes are
closely linked to the surgeon’s proficiency and
experience with this technology [21, 22]. As an
alternative method for screw placement, the use
of a three-dimensional patient-specific guide
for wire insertion into the posterior pelvic ring
can be considered [23]. However, this technique
requires precise, individualized manual modeling
of the guides, as well as a more aggressive
surgical approach to secure the guide tool onto
the pelvic bones. The uniqueness of pelvic
injury mechanisms, the combination of various
injury patterns, the existence of numerous
diverse classification systems, and the lack of
a standardized surgical treatment algorithm
complicate communication among clinicians and
hinder decision-making regarding surgical tactics
during treatment planning for such injuries.

3D printing technology has become widely
adopted across various fields of medicine.
Clinical applications of 3D printing have been
described, and unified reference guides for its
use in trauma surgery are being developed [24,
25]. In the present study, digital DICOM data
from patients' CT scans were converted into STL
files, which served as blueprints for subsequent
full-scale 3D printing of physical models using
various polymers. This approach provided
excellent visualization and tactile perception
of the sustained injuries in their actual size
and scale. The resulting 3D model creates the
conditions for personalized, precise, and rational
surgical planning. Surgeons gain complete
visualization of all elements of pelvic injuries
prior to surgery, serving as a basis for developing

an optimal surgical strategy that minimizes
surgical injury. Rehearsing osteosynthesis on
plastic pelvic models improves the accuracy
of fracture reduction and the stability of the
achieved fixation [26]. The implementation
of 3D-printing-assisted surgery in the clinical
management of pelvic trauma represents a safe
and valuable adjunct that contributes to optimal
perioperative outcomes and reduces the rate of
complications [27].

The present study describes the surgical
management of patients with various types
of pelvic ring injuries using intraoperative
navigation based on 3D models or 3D-printing
assistance. The opportunity to perform
preoperative osteosynthesis simulation enabled
the optimization of implant selection, and
the development of a fracture and joint injury
reduction algorithm. The method allowed for the
analysis of available bony corridors for implant
placement at the preoperative stage without the
risk of iatrogenic complications. The data obtai-
ned through preoperative analysis contributed
to reducing radiation exposure for both patients
and medical staff, shortening operative time, and
ensuring accurate implant positioning. Opera-
ting surgeons reported a significant increase in
the efficiency and convenience of percutaneous
pelvic fracture fixation procedures when using
3D models as navigation aids. They noted that
additive technologies facilitate precise implant
placement despite the morpho-anatomical
variability of the pelvic bones. Moreover, the
3D anatomical models improve communication
between the physician and the patient, helping
to explain the severity and nature of the injury,
the specific features of the upcoming surgical
intervention, and potential risks, which, in
turn, enhances patient compliance in the post-
traumatic and postoperative periods [27]. Another
important advantage of additive technologies is
the reduction of the learning curve duration in
the training of young surgeons [26].

The radiological and functional outcomes
assessed using the Majeed scoring system
demonstrated excellent and good treatment
results, which corresponded to an advanced level
of care for pelvic bone injuries [28, 29].

It is important to acknowledge the limitations
of the 3D printing approach, including the
requirement for personnel with expertise in
additive technologies, specialized software,
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dedicated 3D printers, and a sufficient supply
of consumable materials. Factors such as the
time needed to generate the digital model -
segmentation (10-40 minutes), post-processing
(10-15 minutes), slicing and print preparation
(10-15 minutes) — as well as the actual 3D
printing time for a full-scale pelvic model (13-
19 hours) must also be taken into account.
Furthermore, the learning curve associated with
the implementation of 3D printing in a medical
facility may affect both the quality of the printed
models and the time required for their production.

This study was conducted on a small patient
cohort with a relatively short follow-up period;
therefore, further accumulation of clinical
experience and analysis of the obtained results is
required.

CONCLUSIONS

Accurate reduction and stable minimally invasive
fixation of pelvic ring injuries, combined with
3D technologies, are of great importance for
early rehabilitation of patients, especially given
the morpho-anatomical variability of the pelvic
bones. This approach reduces the incidence of
implant malpositioning and helps to minimize
long-term consequences of the injury. The
conducted retrospective study demonstrated the
relevance, safety, and reliability of 3D printing
technology in enhancing the diagnosis and
treatment of patients with pelvic bone injuries.
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AHanus oCNoOXXHEeHUM, CBA3AHHbIX C BbINOJIHEHUEM nepuaueTaGynslpHoﬁ
0CTeoTOMMU, y B3pOCJ/ibiX NaLLUMEHTOB MOJZIOAOI0 BO3pacta
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Pedepar

AxkmyansHocme. TlepuanietabynsapHas octreoromus (ITAO) — 3pheKTUBHBIN MeTO, ITPeIOTBPALeHNUS VIV OTCPOUYKM SH/I0-
MpOTe3MPOBAHMS Ta306€APEHHOTO CYCTaBa y B3POC/bIX MAI[MEHTOB MOJIOAOT0 Bo3pacTa. OmHAKO ee BBITIOMHEHME COTPSIKe-
HO C PMCKOM Pa3BUTUS OCIOKHEHMIA. [I/1s1 ONTUMM3aUuM XUPYPIUUECKO TEXHUKU U YIyUlIeHUs] UCXOH0B XUPYPIUUECKOro
JIedeHysI HeoO6X0IMMO M3ydeHne HakTOPOB, BIUSIONIMX HA YACTOTY PA3BUTHS Pa3IMUHbIX OCTIOKHEHUA.

Ilens uccnedoeéanusi — BBISIBUTH YaCTOTy OCAOKHEHUI TOC/Ie TMepuaneTabylIspHOM OCTeOTOMMM M (aKTOPbI puUCKa
MX pa3BUTHSI.

Mamepuan u memodst. B viccienoBaHue 6bUTM BKIIOUEeHbI 82 maiyeHTa (89 CycTaBOB C AMCIUIa3uel Ta306eJpeHHOrO CyC-
taBa (crenenb I-1I mo Crowe, Tunbl A u B o Hartofilakidis), onepupoBannbix B 2007-2023 rr. CpemHMit BO3pacT MalMeHTOB
cocraBu 30,9+8,7 roma (95% U: 29,0 — 32,8). Bbutu ITpoaHaan3MpoBaHbl 178 peHTreHOrpaMM U 58 KOMITbIOTEPHBIX TOMO-
rpamMm, BBITIOJTHEHHBIX 3@ CYTKM 10 orepaiuu u B 1-e cyT. nociie rnmpoBenenus [TAO. OueHuBanu ¢jienymoliiye peHTreHoN0rn-
yecKkue nokasarenu: yriabl Wiberg u Tonnis, yroa BepTMKaabHOTO HAKIOHA BEPTIYKHOI BIIaAMHbI (BB), MHIEKCHI SKCTPY3UU
TOJIOBKM 6epeHHOIi KOCTH, ChepryHOCTH rONOBKY 6eJpeHHOI KOCTU U peTpoBepcun. Ha ToMorpaMmax oleHMBaIu 3Have-
Hus yrioB AASA (anterior acetabular sector angle), PASA (posterior acetabular sector angle), HASA (horizontal acetabular
sector angle) 1 anTeBepcuu BB (AcetAV).

Pe3ynosmamet. BoisBiieHbl CIeAyIONMe OCIOKHEHMS: TUIIEpPKOPPeKINs monokeHus BB ¢ dpopmupoBanmem demopoartie-
TaGy/ISIPHOTO MMIIMIKMEHTa TuIa pincer (24,72%), HemocraTouHast koppekius BB (13,48%), cTpecc-tiepenomsr (16,85%),
HeBpoJIorMyecKue HapyieHus (8,99%), mudekuyoHHbie ocToKHeHUS (3,37%). OTHOCUTENbHBIN PUCK HEOOXOIMMOCTU BbI-
TIOJTHEHMSI SHAOMPOTE3UPOBAHMS YBEIMUMBAJICS B 2,67 pa3a y MalyeHTOB ¢ MpM3HaKaMy rurepkoppekimm (95% OU: 1,41-
5,08). HemoKoppeKIIMsl acCoMMpOBaIach C YBeJIMUEHUEM PUCKA SHIOIpOTe3upoBanus B 4,4 pasa (95% IU: 1,42-13,70;
p = 0,013). BoissBiieHa o6paTHasi CBSI3b MEKAy 3HaAUeHMEM MHAeKca ChepUUHOCTY TOJIOBKY GeIpeHHOi KOCTY U BEPOSITHOC-
ThIO BBITIOJIHEHUS SHIOIIPOTE3UPOBAHMS Ta306ePEHHOr0 CycTaBa rocje nposeneHus [TAO. YBenuueHne JaHHOTO MHAEKCA
Ha 1% yMeHbIIIaeT IIaHChl BBITIOJTHEHUS SHAOMpOTe3MpoBauus B 1,28 pasa (95% IU: 1,09-1,49).

3axntoyerHue. OCHOBHbIMM (aKTOpaMy, BAUSIONIMMM Ha BbDKMBAEMOCTh Ta300eAPeHHOTO CyCTaBa IOC/Ie Tepuaiie-
TabYJISIPHOI OCTEOTOMMUM, SIBJISIIOTCSI TOYHOCTb KOPPEKIMM BEPTAY)KHOI BIAAMHBI U CTermeHb CHEepUIHOCTU TONIOBKU
6enpeHHOI KOCTU. [IJIsl CHYSKEHMSI KOTTMYEeCTBa OC/IOKHEeHNH He06X0IMMbI COBEPIIEHCTBOBaHYE KPUTEPUEB OL[€HKM KOH-
IPYSHTHOCTM CyCTaBa Ha JOOMEepalOHHOM 3Talle, a TAaKke pa3paboTKa MHCTPYMEHTOB JJIS TOYHOTO MO3UIMOHUPOBAHUS
(parmeHTa BEpTIIY>KHOI BITaIVHBI.

KimioueBble cj10Ba: OyiCIasys Ta300eipeHHOTO CyCTaBa, epualieTabynsspHasi 0CTe0TOMMS, OCTIOKHEHUST, KOPPeKLMs BepT-
JIY>)KHOJ BIIaAVHBI, CepUUHOCTDb TOTIOBKYM GeIpeHHO KOCTH.

IOns nurtupoBauus: [Inues [.I., Yepkacos B.C., KoaseHko A.H. AHanM3 OC/I0KHEHUI, CBSI3aHHBIX C BbITIOJIHEHUEM
repuaneTabyIsIpHO OCTEOTOMMM, Y B3POC/IBIX TTALIMEHTOB MOJIOOTO Bo3pacTta. Tpasmamonozust u opmonedust Poccuu.
2025;31(2):57-66. https://doi.org/10.17816/2311-2905-17683.
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Abstract

Background. Periacetabular osteotomy (PAO) is an effective method to prevent or delay the need for hip replacement
surgery in young adults, though it carries a certain risk of complications. It is essential to study the factors influencing the
complications rate in order to optimize surgical techniques and improve the outcomes.

The aim of the study — to identify the incidence of postoperative complications and risk factors for their development
in patients undergoing periacetabular osteotomy.

Methods. The study included 82 patients (89 joints) with hip dysplasia (Crowe I-II grades, Hartofilakidis A and B types),
operated between 2007 and 2023. The mean age of the participants was 30.90+8.71 years (95% CI: 29.02-32.79). We analyzed
178 X-rays and 58 CT scans performed one day before surgery and on day 1 after PAO. Radiographic parameters assessed
included Wiberg angle, Tonnis angle, Sharp angle, femoral head extrusion index, index of sphericity of femoral head,
and retroversion index. The CT scans were used to evaluate the values of AASA (anterior acetabular sector angle), PASA
(posterior acetabular sector angle), HASA (horizontal acetabular sector angle), and AcetAV (acetabular anteversion angle).
Results. 1dentified complications included acetabular overcorrection leading to pincer-type femoroacetabular impingement
(24.72%), acetabular undercorrection (13.48%), stress fractures (16.85%), neurological impairments (8.99%), and infectious
complications (3.37%). Patients with signs of overcorrection were 2.67 times more likely to require hip replacement (95%
CI: 1.41-5.08). Undercorrection was associated with a 4.4-fold increase in arthroplasty risk (95% CI: 1.42-13.70; p = 0.013).
An inverse relationship was found between the femoral head sphericity index and the likelihood of hip replacement following
PAO: a 1% increase in this index reduced the odds of arthroplasty by 1.28 times (95% CI: 1.09-1.49).

Conclusions. The key factors influencing hip joint survival after periacetabular osteotomy are the accuracy of acetabular
correction and the degree of femoral head sphericity. To reduce the rate of complications, it is necessary to develop
preoperative criteria for assessing joint congruity, as well as tools for precisely positioning of the acetabular fragment.

Keywords: hip dysplasia, periacetabular osteotomy, complications, acetabular correction, femoral head sphericity.
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BBEJEHUE

IMepuarietabynsgpHass ocreoromust (ITAO) siBiseTcs
OCHOBHBIM BUJIOM OCTEOTOMMUIA, TIO3BOJISIIOIINX BbI-
MOJIHUTh PEOPUEHTUPOBAHME BePTIYKHOI BIIaJVHBI
Yy B3POCJBIX MAlMeHTOB C 3aKPbITBIM TPUAHTYIISIP-
HbIM XpsiioM. OcHOBHas 1ienb npoBeneHus ITAO —
MpefoTBPATUTh WIM OTCPOUYUTH BBITIOJTHEHME HJIO-
MPOTE3MPOBAHUS Ta300€IPEHHOTO CyCTaBa y B3pOC-
JIBIX MTAlIMeHTOB MOJIOLOTO BO3pacTa.

B Hacrositiee BpeMsl IpHU JieueHUM IUCILIA3UU
Ta300eJPEHHOTO CYCTaBa BBIMIOIHSIIOT Pa3JIMUHbIE
BUIbl OCTEOTOMMII Ta3a, Takue KaK TpOiiHas, IO
Steel, Tonnis, Salter, Dega, Pemberton, San Diego n
Chiari. OgHako 3Tu omepaTuBHbIE BMeIlaTeabCTBA
BBITIOIHSIIOTCS Y JeTel, KOTAa elle He 3aKPbIT TPU-
AHTYJIIPHBIN XPSIIT B 00J1aCTY BEPTIYKHOI BIIaAVHBI
[1,2,3,4].

ITepByto ITAO BwimosnHma B 1984 1. mpodeccop
R. Ganz [5]. 3tor croco6 061agaeT pSAOM MPEUMYy-
IeCTB mepen APYTMMU BMUIaMU OCTEOTOMMIL Tasa:
COXpaHeHMe LIeJIOCTHOCTM Ta30BOrO KOJbIa U KpO-
BOCHAOXEHMST B OOJIACTM BEPTIYKHON BIAAVHBI,
BO3MOXXHOCTb OCYIIECTBIEHUSI GOMBIION KOPPEKLIUA
MOJIO’KeHUST BePTAY)KHOV BHAAVHBI C COXpaHeHUeM
CTaGWIBHOCTY U TIPOBEJIEHMSI OTEPAIMU U3 OJHOTO
pocryna [6, 7, 8].

Opnako BpinosiHeHMe ITAO conmpsikeHO € PUCKOM
nepuoIiepallMOHHBIX OC/I0KHeHU . HecMoTpst Ha 1iu-
pOKOe M3y4yeHUe MAHHOI Mpo6IeMbl 3apybesKHbIMU
MccliefoBaTensiMU, BOIIPOC MHTpPa- U MocaeoIepanm-
OHHBIX OCTIOXXHeHMI Tpu mposeneHmn ITAO ocraercs
MaJIOM3yYeHHbIM OTeUYeCTBEHHBIMM MCC/Ie[joBaTe-
naMu. Ha Tekylminii MOMEHT B POCCUIACKOM Hay4YHO
JUTepaType NpeAcTaB/leHO eIVHCTBEHHOe MCCaeno-
BaHMe, MOCBSILIeHHOe aHanu3y owtoxkHenuii [TAO [9].
JTO CYUIeCTBEHHO OrpaHuYMBaeT BO3MOKHOCTU
s GopMUPOBAaHMST [OKa3aTeNbHbIX KIMHUUECKUX
peKoMeHAalMii ¥ ONTUMU3ALUUU XUPYPTUUECKUX
MIPOTOKOJIOB.

Ilens uccnedosamusi — BBIIBUTDH YACTOTY OCJIOKHE-
HUIT TIOCJTe TepualeTabyIapHoit octeoToMun U (ak-
TOPBI PUCKA UX PA3BUTHUSI.

MATEPHAJI 1 METO/IbI

PeTpociieKTMBHOE MCCIeA0BaHMe OCHOBAHO Ha aHa-
nuse OaHHbIX 82 mauueHToB (89 Tazob6empeHHbIX
CYCTaBOB), KOTOPBIM 6bUTa BbIMTONIHEHA ITAO B mepu-
ox ¢ 2007 mmo 2023 r. B xinuHuke ®IbY «<HMHUII TO
uMm. P.P. Bpenena» Munsapasa Poccun. JXeHIIH 66110
67 (81,7%), myskumH — 15 (18,3%).

MaxkcuMajbHbI Tepuos HaGMIogeHus COCTaBUII
16 net, MUHUMaNbHbI — 1 TO.

Kpumepuu exnioueHus B viccyieloBaHMeE:

— Bo3pacT Mosioke 40 eT;

— MPU3HAKM CUMIITOMATMYECKOM IMUCILIa3uM Ta-
306eAPeHHOTO CYCTaBa;

— OTCYTCTBME TOJOXUTENIBHOTO 3ddeKrra mocie
MpOBeIeHMsI HEeCKOJIbKMX KypCOB KOHCEpPBAaTUBHOM
Tepanuu;

— I-II cTeneHp mucIUIasuMy IO KiaaccuduraIm
Crowe; Tumbl A u B o kmaccudmkanum Hartofilakidis.

Kpumepuu HeskroueHus:

— Bo3pacT crapiue 40 seT;

- HalIu4uye IIPU3HAKOB OCTeoapTposa Tasobem-
PEeHHOTO CYCTaBa;

— III cTemenp pmucCIIA3UM II0 Kiaaccudumka-
uum Crowe; tunbl Cl1 u C2 mo knaccuduranum
Hartofilakidis;

— HaJauMuue paHee IIPOBEAEHHBIX OTKPBITBIX XU-
PYPIMUYeCcKuMX BMENIATENbCTB Ha Ta306eqpeHHOM
cycTaBe;

— OTKas IalMeHTa OT y4yacTusi B IIPOBeNeHUM
MCCIeIOBaHMSI.

KianHamnueckast u PEHTreHOoJIOrnYeCKasa Ol €HKN

C60p ITaHHBIX OCYIIIECTBJISIICS ITyTeM TesTe()OHHOTO MU
JIMYHOTO OTpOCa MAIVEHTOB, U3YUEHUST UX MUCTOPUIA
60sIe3H ¥ Pe3yIbTaTOB MHCTPYMEHTATbHBIX METOIOB
MCCIIeOBAHMs, BBIMIOIHEHHBIX B ITePUOIEPAIIMOHHOM
nepuoge. IlpoBemeHa oleHKa 178 peHTreHOrpaMM
M 58 KOMIIBIOTEPHBIX TOMOTPAMM, BbITIOTHEHHBIX
B TOM K€ MEeIULIMHCKOM IIEHTPE 3a CYTKY JI0 OTIepaIymn
u B 1-e cyT. nowte niposeneHust [TAO. Usyvanu crnemy-
IOIJie PEHTTeHOJMIOTMYECKNe IIoKasaTenyu Io obIie-
MPUHATBIM MeTopyukam: yron Wiberg, yron Tonnis,
YTOJ BEPTUKAIbHOTO HAK/IOHA BEPTITY;KHOW BIAAVHBI,
MHIEKChI SKCTPY3UM TOJIOBKM GeIpeHHOM KoCTH, che-
PUYHOCTY TOJIOBKM GeIpeHHOI KOCTU U PETPOBEPCUM.
Ananmusupyst nanHbele KT-uccneqoBanmii KocTeil Tasa,
BBITIOJTHEHHBIX Ha JTO- ¥ IMOCIE0NepalyiOHHOM 3Tarax,
OlLleHMBaMM cenymonye mapametrpsl: AASA — yron
nmepenHero cekropa BB (anterior acetabular sector
angle), PASA — yron 3agHero cekropa BB (posterior
acetabular sector angle), HASA — yron ropu3oHTa b-
Horo cektopa BB (horizontal acetabular sector angle)
u AcetAV — yron anteBepcuu BB. Hannune nepenomosn
KOCTeli Ta3a OmpemeNsuii Ha OCHOBAaHUM PEHTTEHO-
TPaMM ¥ KOMITbIOTEPHBIX TOMOTPAMM, BbITIOJTHEHHBIX
B IIOCJIEOTIEPAIIMOHHOM TTeprofIe.

O HamuMuuu cuHApPOMa (GeMOopoaIeTadbyIsIpHO-
ro umnumkmenTa (PAM) Tuma pincer cyauiau B TOmM
cyJae, eciy iokasaresnb yriia Wiberg 6s11 6osee 35°,
yron TOnnis MpMHMMAA OTPUIATEIbHbIE 3HAUEHMSI,
a MHIIEKC SKCTPY3UM ToJIOBKYU OGenpa 6611 MeHee 15%.
HemokoppeKuust MOMOKEHUST BEPTIYKHOI BIIAIVHbI
YUUTBIBAIACH B CJTyUasx, eciu 3HaueHus yriaa Wiberg
COCTaBJISLIM MeHee 25°, mokasaTenu yria Tonnis 66111
6omee 10°, a MHAEKC 3KCTPY3UM TOJIOBKM Oempa ObLT
6onee 25%.

[MpM3HaKM HEBPOJIOTMYECKUX ¥ MHOEKIMOHHBIX
OCJIOKHEHMIT HAMY YUUTBIBIUCE TIPY HATUYUU COOT-
BETCTBYIOIIMX 3aIMCell B UCTOpMM OOJIe3HY TIAIMEHTa,
a Takke IMpy Teie(OHHOM WIN JIMYHOM OITPOCax.
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Kpome TOro, mbl aHaaM3MpOBaIM TaKue IaHHbIE,
KaK KOJIMYECTBO KOMKO-IHEN, BO3pacT IMaleHTa Ha
MOMEHT BBITIOJIHEHMS ONlepalu, 00beM MHTpaoepa-
LIMOHHO KPOBOIIOTEPH, AJINTETbHOCTb OIePaTUBHOTO
BMeIIATeIbCTBA, 4 TaKKe (DAaKT IPOBEIEHMUS TOTajb-
HOT'O SHIOIPOTE3UPOBAHMUS U apTPOCKONMYU Tazobemd-
PEHHOTO CyCTaBa Iocie BbinomHeHHOo [TAO.

TexHuka onepanun

Bce omepaTuBHbIE BMEIIATENbCTBA OBLIY BHITIOTHEHbI
TpeMs XUpypramu. B nosnoxkeHuu naiueHTa Ha CriMHe
Ha OIlepalyOHHOM CTOJIe TToc/ie 06paboTKY orepanu-
OHHOTO T0JI51 paCTBOPaMM aHTUCETITUKOB BBITIOHSIIN
JIMHEIHBIN pa3pe3 Koxku 0koio 10 cM. 3aTeM pacceka-
JIU TIOAKOKHO-KUPOBYIO KIETYATKy U (acluio, KOTo-
PYI0 pa3aesisiiv B HallpaBjieHMY MbILLIEYHbIX BOJIOKOH.
PanHopacmmpuTenssMmu 06HaKaIM ITPOMEKYTOK MEXKITY
m. sartorius v m. tensor fascia lata, Ha gHe KOTOpPOTO
BU3YAIM3UPOBAINCH CYXOXKWINE M. rectus femoris
U TiepelHe-BEepXHMI Yy4aCTOK CYCTaBHOM KarcCyJibl.
C ucnonb3oBaHMEM OCTEOTOMA BBITIONHSIM OTHele-
HIMe mepefHeil BepXHeil MOAB3AO0IIHOM OCTU BMeCTe
C OPUKPEIUVIEHHBIM K Hell CyXOXWInem m. sartorius.
B mpokcuManbHOM 4YacTu paHbl allOHEBPO3 KOCBIX
MBIIII] JKMBOTa MOOWJIM30BaIM OT TOUKM €ro Kperuie-
HUSI K Tpe6GHIO MOAB3IOIIHOM KOCTH. ITOAB3IOIIHYIO
MBIILILY MOJHAAKOCTHUYHO OTHEIs/IM OT BHYTpEH-
Heil TMOBEePXHOCTM KpbLia IMOAB3AOIIHON KOCTU.
Cyxoxkmnme m. rectus oTcekanu ¢ (GopmupoBaHMeM
KyJIbTU OJIs JajbHelel peKOHCTPYKLMNA.

ITpu crmbaHMyM HUKHEN KOHEYHOCTM B Tasoben-
PEHHOM CYCTaBe BOJIOKHA MOJB3JOLIHOM MbIIILbI
OTCeIapoBbIBA/IM OT IlepedHell YacTu CYCTaBHOI
Karcy/bl, MOCAe Yero B MPOCTPAHCTBE MeXOY TOA-
B3JOIIHO-ITOSICHUYHOM MBIIIIEN ¥ HUKHUM OTIeI0M
Karcyabl KOHYMKOM HOKHMI] MaJbIMPOBAIOCH TENIO
cefaauIIHON KOCTU. B 3Ty 06yacTh ITOMeIaJy Ha-
MpaBUTeNb [JISI OCTEOTOMA, MOCPEACTBOM KOTOPOTO
BBITIOJTHS/IM OCTEOTOMMIO CEeJa/IUIIHON KOCTU BHOJb
«IIOBEPTIAYKHOI 60po3abl» (infracotyloid groove).

3aTeM ob6ecrieuMBaiM OOCTYI K JIOHHOW KOCTH.
OUKCUPOBAIM PeTPAKTOPbl XOMaHa B 30HE JIOHHOM KO-
CTU, BBITIONHSIIM TIONIEPEYHYI0 OCTEOTOMMIO ee BepXHeli
BETBU C IIPUMEHEHNEM OCLMUISTOPHO bl B 60/1b-
VIO CEOATUIITHYIO BbIPe3KY U 00/1acTh MepeqHelt Bepx-
Hell CefjaauINHON OCTU YCTAaHABIMBAIM PETPAKTOPBI
XomMaHa. OCUWIISITOPHO NWJION TTPOBOAMIIN OCTE0TO-
MMIO KpbUIa MOJB3JOIIHOM KOCTY HVDKE MepeqHeBepX-
Heil 0CTH, 3aTeM J0JI0TOM 3aBepILaIi OCTEOTOMMIO 3 -
Heli KOJIOHHbI, COeOVHSIS JIMHUM Pa3pe30B CeaauIHON
KOCTM ¥ KpbUIa ITOAB3IOOILIHOM. YTOI MEXAY JTUHUSIMU
OCTEeOTOMMI1 3aJlHE} KOJIOHHBI M IIOJB3IOIIHOM KOCTU
cocTaBisul npubmusurenbHo 120°. Bce MaHUITYIISIMU
KOHTPOINPOBAIUCH C omoIisro JOIT.

Ilocne 3aBepleHUsI OCHOBHBIX 3TarloB OCTeO-
TOMMM B (parMeHT BePTIYKHOV BIAAVMHBI BBOAU-
mu BuHT lllaHuia, ee MO3UIMI0O KOPPEKTUPOBAIN TIOL,

PEHTreHOMIOTMYeCKUM KOHTposieM. Oukcanuioo ¢par-
MEHTA BBITIOTHSUIA TPeMsI KOPTUKAIbHBIMU BUHTAMMI.
Cyxosxunmust m. rectus femoris v m. sartorius pepyukcu-
pOBaIM aHKEPHBIMU (UKCATOPAMU C CUHTETUUECKU-
MM HUTSIMM B aHATOMMUYECKMX TOUYKAX IMpPUKpeIrie-
HMs. [emocTa3 noagep>KMBaJICS Ha BCeX 3Tanax. PaHy
MTOC/IOMHO 3aIIMBaIY HEIIPEPbIBHBIMY IIIBAMMY C HAJIO-
SKEHMEM CTePUIbHBIX TIOBSI30K.

IMocneonepanMOHHBIN TEPUOT,

AXTMBM3ALMS MALUMEHTOB MPOM3BOOMIACH HA 2-€ CYT.
rnocjie ornepauun. B TeyeHue 6-8 Hen. mauueH-
Thl MEepPeABUTAINCh C GO3MPOBAHHON HArpy3Koli Ha
OIepMpPOBAHHYI0 KOHEUHOCTb, MCIOJIb3ysS KOCTBLIN.
HomnonHuTeNnbHast oropa MpUMeHsIach Ha ITPOTSKe-
Huu 8—12 Hen. B mepBble 4 Hen. pa3peliagoch Cru-
O6aHMe B TazobenpeHHOM cycraBe 10 90° mpu OTCyT-
cTBUM auckompopra. O6e360aMBaloIIMe ITIpernapaThbl
MalyeHThl IPMHUMAIN B TedeHue 4-6 Hepn. Ilepuop,
TTOJIHO¥ peabyinTanyy 3aHMMaI oT 6 10 8 mMec.

CraTuCcTHUYECKNI aHaInu3

IJIsT CTaTUCTUYECKOI 00PabOTKM JaHHBIX MCIIOb30-
BaJIM METOAbI [TapaMeTPUUeCKOro 1 HellapaMeTpuJec-
Koro aHanusa. C Lesbio onpeneieHnss BO3MOXHOCTHU
NpUMEHEeHUsI METOJOB IlapaMeTPUYECKOro aHasu-
3a KaXJasl M3 CpaBHMBAeMbIX [epeMeHHbIX OlLleHU-
BaJlaCch Ha NpeJMeT ee COOTBETCTBMUSI 3aKOHY HOP-
MaJbHOrO pacrpefenenus. [Ijis 3TOro MUCIMONIb30Baan
kputepuit Konmoroposa—-CMUPHOBaA, peKOMeHye-
MBI IIPU UMCIIe UccieqyeMbix 6oee 50, M KpUTepuit
[Tanmpo - Yuika mpu umciie ucciaemyeMbix Hioke 50.
Kpome Ttoro, paccuntbeiBaiicsi F-kpurtepuit ®uiepa,
MO3BOJISIIOLMIT OLEHUTb TOMOCKEIACTUYHOCTb [MC-
TIepCuil CPaBHUBAEMbIX COBOKYITHOCTEN, TaKXKe SIBJISI-
IOUIYIOCS OGHMUM M3 YCI0BUII MPUMEHUMOCTU METO-
OB MapaMeTpuyecKkoro aHainsa. [Ipu HOpMaJbHOM
pacrpenesieHUM IMokasaTesieii KOIMYECTBEHHON Iie-
pPEMEHHOM pacCYMUTBIBAIN ee cpenHee 3HavyeHue (M)
C oIpefeieHueM CTaHOAPTHOrO OTKJIOHEeHus (SD)
U TpaHUL, OBepuUTeNbHOro nHTepsana (JUN). B cy-
yasgax pacrpeneneHnsas OJaHHbIX, OTJIMYHOIO OT HOP-
MajabHOTO, OlleHMBaeMble KOIMYECTBEHHbIE Iepe-
MeHHbIe BBIPRKaJNUCh Uepe3 3HaueHUsS MeIuaHbl
(Me) u oleHKM MEKKBAapTUIbHOrO pasmaxa [Q -Q,].
AHanu3 HOMMHANbHBIX II€peMEeHHbIX MPOBOAUII-
Cs IyTeM CpaBHEHUS TPYII II0 KaTeropuaabHOMY
MPU3HAKY ¢ mpuMeHeHMeM MeTtona y? IlupcoHa mpu
3HAUYEHMSIX MMUHMMAJIbHO IMpenIojgaraeMoro 4mcia
6osee 10 My C UCIIOIb30BAHMEM TOYHOI'O KPUTEPUS
®duniepa, ec/iu MMHUMAJIbHO IIPeAIiogaraemMoe Ynciio
meHee 10. O1eHKa pMcKa MpoM3BOAMIIACh ITYTEM pac-
yeTa OTHOLIEHMS IIAHCOB ¥ OTHOCUTENIBbHOTO puUCKa
IJISI JAaHHBIX HOMMHAJIbHBIX I€PEMEHHBIX C OlleH-
KOV CUJIBI CBSI3M ITyTE€M MHTEpIIpeTalnuu 3HaYeHUM
V Kpamepa. CBsI3b MeXAy CpaBHMBAeMbIMI Iepe-
MEHHBIMM IPUHUMAJIACh CTATUCTUYECKM 3HAUYMMOI
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mpu p<0,05. AHa/NNU3 IOJYyUYEHHBIX AAHHBIX ITPOU3-
BOOMICS C TNpuMeHeHueM Imporpammbl IBM SPSS
Statistics 27.0.

PE3VJIbTATbBI

CpenHunii Bo3pacT nanueHToB coctaBmi 30,9487 roga
(95% OW: 29,0-32,8). MenuaHa repuoja HabIoaeHUs
MOC/ie BBITIOMHEHUSI ONEePaTUMBHOTO BMeIIAaTelbCTBa
cocraBuia 7 jer [Q-Q,: 4-8]. MeanaHa 3HavYeHM
KOJMKO-IHA paBHsIach 15 [Q,-Q,: 1-18]. YV 72 (80,9%)
MalMeHTOB AUCIUIa3usl COOTBETCTBOBalAa TUITY A MO
kinaccudukanuu Hartofilakidis u I crernenu 1o ximac-
cudukanym Crowe, y 9 (10,1%) mamueHToB TUIy B
o Hartofilakidis u II crerneun mo Crowe. [Io- u 1oc-
JleoriepalOHHble 3HAYEHMS] Pa3/IMYHBIX YIVIOB, Xa-
paKkTepU3YIOIINX MO0KeHMEe BEPTIYKHOI BIAAMHBI,
a Takke JaHHbIe, OTpaXXalolliye CTerneHb U3MeHeHUs
IaHHBIX ITOKa3aTeJiei, IpeaCcTaBJIeHbl B Tabmuie 1.

MenmuaHa [OJAUTENbHOCTM OIEPATUBHOTO BMe-
[IaTeabCTBA M KPOBOIIOTEpPU cocTaBwia 125 MuH.
[Q,-Q,: 92,5-205,0] u 575 mn [Q,-Q,: 400,0-900,0]
COOTBETCTBEHHO.

Ocnoxnenus nocie ITAO passunnuce B 43 (48,3%)
cnydasx. Y 24 (21,3%) mauyueHTOB COYeTaaucCh ABa U
60J1e€ OCJIOKHEHMUIA.

B cTpykType HeynoB/IeTBOPUTENbHBIX MCXOL0B
6ospIIas Josl IPUHALJIEXUT TUIIEPKOPPERIIUM TT10-
JIOSKeHUST BePTIY>KHOM BIIAAMHBI ¢ GOPMUPOBAHMEM
®AUN Tuma pincer — 22 (24,72%) cnydas, HegocTa-
TOYHAsi KOPPeKUMsl BbISIBJIeHA IOC/Ie BbITIOTHEHMUS

12 (13,48%) omepaTuBHBIX BMelIaTeabCTB. CTpecc-
TepeioMbl KocTeit Tasa mpousouuin B 15 (16,85%)
HaOMIOIeHNSIX, B TOM YMC/ie TTepeioMbl 3aHell KO-
JoHHbl B 10 (11,23%) cayyasix, IepejioMbl HUKHEN
BETBU JIOHHOJ KocTtu — B 5 (5,62%). JIokHbIE CyCTa-
BbI B 00JIACTY JIOHHOJ KOCTU oTMeueHbl B 10 (11,23%)
cnyvasgx. CTolikue HeBpOJOTrUMYecKue HapylieHUs
ObUIM BbISIBIIEHBI mociie 8 (8,99%) omepaTUBHBIX
BMeIllaTebCTB, Cpey HUX HEeBpOMaTusl Cemasnuiil-
HOro HepBa — B 2 (2,25%) ciaydyasix ¥ OBpeXIeHNe
JlaTepaJibHOTO KOKHOIrO HepBa 6empa — B 5 (5,62%).
VudexnmoHHbIEe OCIOKHEHUS Pa3BUINUCh TIOCTIe
3 (3,37%) omepauuii.

B cmyuasx rumepkoppekiuu ¢ (GOpMUPOBAHMU-
em @AY Tuma pincer CTaTUCTUYECKM 3HAUYMMO YBe-
JIMUMBAIACh YacTOTa HEBPOJIOTMUECKUX HapylIeHWUIA
(p =0,033). OTHOCUTENBHBIV PUCK BO3pacTan B 4,39 pasa
(95% IOW: 1,15-16,95). Mexkmy COIOCTaBISIEMbIMM
TpU3HaKaMy BbIsIB/IeHA cpenHss ¢Bsi3b (V Kpamepa =
0,261).

YacTtoTa moOBpexIeHUs JiaTepaJbHOTO KOKHOTO
HepBa Gefpa B IOCIEOIEPAIMIOHHOM TIEePUOMEe VMe-
Jla MPSIMYI0 KOPPEeISIiMI0 C MHAEKCOM peTpoBep-
CMM BEPTIYKHOIM BHAAMHBI 0 omepauuu (tabi. 2).
Bo3moskHO, aHHas 3aBUCMMOCTDh 0OYCIOB/IEHA TEM,
yTO 60JIbIIASI CTEIIEHb KOPPEKIINUM TpeboBaia 6onee
MIVPOKOTO OMEPaNOHHOIO JOCTYIa, a TakKe bomee
VHTEHCUBHOTO BO3JENCTBUSI XUPYPIUMUECKMM WH-
CTpyMeHTapueM, UTO MPUBOAUIO K TOBPEXIEHUIO
YKa3aHHOTO HepBa.

Tabnauya 1

ITokasaTesnu, XxapaKTepU3YIOIIye MOJI0KeHNe BePTIY>KHO BIIaJMHBbI, A0 U ITOC/Ie BHIITOTHEHUS
nepuaneTadyIsIpHOI 0CTeOTOMUM

Vi3MeHeHMe TToKa3aTess

Ilokasartenb

o onepaunuu

ITocne onepanyun

(110 MOLLYJTIO)

Vron Wiberg, rpaz.
VYrona Tonnis, rpag.

WHpeKc sKCTpy3um TOMOBKU
6empeHHO KocTH, %

Yron HakJIOHa BePTIIY>KHOM
BIaAVHBI, Tpaf.

Wnnexc chepuyHOCTU
rOJIOBKM 6e[IpeHHOI KOCTU

WHpekc peTpoBepcumn
BEPTTY’KHOI BIAAUHBI, %
Yron AASA, rpag.

Yron PASA, rpag,.

Yron HASA, rpaz.

Yron AcetAV, rpag,.

M = 13,46%9,81
(95% IIU: 11,27-15,66)

M = 17,93+7,76
(95% IIVL: 16,19-19,67)

M = 32,31%11,99
(95% IIVL: 29,62-34,99)

Me = 46,3
[Q,-Q,: 43,6-50,4]

Me = 43,0
[Q,-Q,: 41,0-45,0]

Me =18,0
[Q]_Q3: 010_3010]

M = 47,128,52
(95% JIU: 43,53-50,72)

Me = 89,5
[Q,-Q,: 82,0-94,5]

M = 134,75%14,04

Me = 23,50
[Q,-Q,: 18,0-26,0]

(95% [IN: 128,82-140,68)

Me = 32,8
[Q,-Q,: 27,838,7]
Me = 2,6
[Ql_Qg: _2)6_930]
Me = 14,0
[Q,-Q;: 5,0-21,0)

M = 36,53%6,61
(95% IIW: 35,07-38,00)
Me =43,0
[Q,-Q,: 41,0-45,0]
Me =0,0
[Qngz 0)0_16)0]

M = 37,65+10,85
(95% IIVA: 33,86-41,44)
M = 101,4711,43
(95% IT: 97,48-105,45)
M = 139,32+15,97
(95% ITW: 133,75—144,90)
M = 33,30£8,07
(95% ITA: 30,44 36,16)

M = 18,21%9,35
(95% IIU: 16,12-20,31)

M = 14,35%7,78
(95% IIVI: 12,61-16,09)
M = 18,35+10,70%
(95% IIVI: 15,95-20,75)

M =10,44+6,78
(95% I1: 8,91-11,96)

Me = 14,0
[Ql_Q3: 0?0_27’0]
M =10,00+6,78
(95% JT: 4,79—15,21)
M =15,78%14,33
(95% TTVL: 4,76-26,79)
Me =5,0
[Q,-Q,: 3,0-15,0]
M =11,78%7,45
(95% JTHL: 6,05-17,50)

61 2025;31(2)

TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

Tabnuua 2

Koppensiys MeXxay nNoBpekaeHueM JIATePATbHOro KOKHOro HepBa 0eapa, MHAEKCOM PeTPOBepPCUM
M CTeNeHbI0 KOPPeKuuM uHAeKca perposepcun, Me [Q,-Q.]

ITokasaTenb

[ToBpexxaeHue naTepajibHOrO

WHpekc peTpoBepCcum BEPTIYKHOM BIIAAMHBI (40 Onepaiumn)

CrerieHb KOPPEKIVY MHIEKCA PETPOBEPCUY BEPTITY>KHOI BITa M HbI

KOXKHOTO HepBa 6enpa p
Ha/IMyue OTCYTCTBUE
37,0% [35,0-9,00] | 17,0% [0,0-29,0] | 0,009*
30,0% [23,0-35,0] | 12,0% [0,00-26,0] | 0,015*

* — pasnuMuus rmokasaresneii CTaTUCTUUecku 3HaunMsl (p<0,05).

JIUTEeNbHOCTh  ONEPaTUBHOIO  BMeNIaTelbCTBa
Obl/Ia MEHbIIIE B T€X CIy4Yasx, KOrAa B MOC/Ieonepay-
OHHOM Iepuoje MPOU3OLUIM IIepesoMbl KOCTelt Tasa,
10 CPaBHEHMIO C TManyieHTaMu 6e3 JaHHOTO OC/IOKHe-
aus: 95,0 mun. [Q,-Q,: 60,0-127,5] n 125 mun. [Q,-Q;:
95,0-222,5] coorBetrctBenHo (p = 0,012). Taxk, y ma-
LIMEHTOB C MEePEJIOMOM HIKHEN BETBU JIOHHOM KOCTU
IUTUTENTbHOCTb OfepaiMu ObUla CTAaTUCTUMYECKM 3Ha-
yumo (p = 0,026) HIsKe, yeM y GONBHBIX 6€3 TaHHOTO
ocnoxxHenus: 60,0 mu. [Q,-Q;: 60,0-95,0] 120 MuH.
[Q,-Q;: 90,0-210,0] coorBeTCTBEHHO. OTHOCUTEIBHDIH
PUCK HEBPOJIOTMUYECKUX HapyIIeHui1 Bo3pacTas B 5 pa3
(p = 0,021) y nauyueHTOB C MEPEIOMOM HIKHEN BeT-
BU JIOHHOW Koctu (95% IOU: 1,34-18,87). Mexmy
3TMMM TIpU3HAKaMM OTMeuasjachb CpegHSsl CBSI3b
(V Kpamepa = 0,258). BO3MOKHO, 3TO CBSI3aHO C TIO-
IIBITKOM KOPPEKLUMN ITOJIOKEHUSI BEPTIYKHOM BIIaay-
HbI IIPM HELOCTATOUHOM peju3e TKaHeil B coueTaHuu
C HEeITOJIHOM OCTeoTOMMeN celaJauIHOM KOCTH.

CreneHb KOPPEKLIMM PETPOBEPCUU BEPTIYKHOM
BIIAJMHBI Y NALIMEHTOB C II€PEJIOMOM 3aJHeil KOIOH-
HbI BEPTIYKHOM Braguubl 6bita Hioke — 0% [Q,-Q,:
0,00-14,00], uem y marMeHTOB 6€3 TaHHOTO OCIOXKHEe-
Hust — 16,00% [Q,-Q,: 0,00-28,00] (p = 0,013).

Cpenuue sHaueHust yrioB Wiberg u Tonnis, a Tak-
ke MHIEeKCa 3KCTPY3MM TOMOBKM OGeIpeHHON KOCTU
OO0 omnepauuyu CTaTUCTUUYECKM 3HauMMO OT/INYa/IChb

MeXIy nauyeHtaMu ¢ npusHakamu ®AU tuna pincer
ocyIe onepanyuu 1 60IbHBIX 6€3 YKa3aHHbIX M3MeHe-
HMit (Tabm. 3).

[Ip3HakM HeNOKOPPEKUUM II0JOXKEHUSI BeprT-
JIy>KHOM BriaamHbl nocie ITAO vanie omnpenensiuch,
ecsiu 1o omiepaiuy cpegHue 3HadeHus yrinos Wiberg,
Tonnis M MHOEKca SKCTPY3UM TOJOBKM OGempeHHOM
KocTu ObUTM HUKe (Tabi. 4). Kpome Toro, y nmauyeH-
TOB C HeJOKOppeKLMeii MOJIOKeHMS BEPTTY>KHOI BIla-
IMHBI CHepUUHOCTD TOJIOBKY OeIpeHHO KOCTU Oblia
ke — 36,50% [Q,-Q,: 34,50-42,50], yem y maum-
eHTOB 0e3 yKasaHHbIX MsMeHeHmit — 44,00% [Q,-Q:
42,00-46,00] (p<0,001).

KonBepcusi B TOTaqbHOE 3HAONPOTE3MPOBAHMUE
TaszobempeHHOro cycrasa mnocie ITAO 6bu1a BBITION-
HeHa B 16 (17,98%) ciyyasx, apTpoCKonmMueckue BMe-
[IaTeNbCTBA JIJIS BBITIOJIHEHUS IIBA CYCTABHO TI'yObl
B IIOC/TIEONepPAIMOHHOM Tepuone IOTPeboBaINCh
B 9 (10,11%) cnydasx. YacToTa KOHBEPCUM CTATUC-
TUYECKM 3HAUMMO 3aBucela OT CTeNeHM OUCIIIa-
3um 1o wiaccudukanysam Hartofilakidis u Crowe
(p = 0,013). Tak, OTHOCUTETBHBIV PUCK HEOOXOOUMOC-
TU BBINIOJIHEHMST SHJONPOTE3UPOBAHMS Y NAI[IEHTOB
¢ TunoM B mo knaccudumkauym Hartofilakidis m II cre-
reHblo o Crowe yBemuuBascs B 11,76 pasa (95% JIU:
1,410-100,00). Mexxny comocTaBisieMbIMU IPU3HAKa-
MU BbIsB/IeHa cpenHss cBs3b (V Kpamepa = 0,368).

Tabnuua 3

Koppensiius mexxay HaimmuneM pemMopoarieTady/IIpHOro MMIMIKMEHTA B IOC/IeonepanuoHHOM
nepmuoze U CpegHUMMHU 3HaYeHusIMU yriioB Wiberg u Tonnis, a Takke MHAEKCOM 3KCTPY3UU
rOJIOBKU OeJIipeHHOoIi KOCTH 0 onepauuu, M*SD

[MokasaTenb @®AU nocre onepauyumn
M0 onepanuun Haiuyye OTCYTCTBME b
Vron Wiberg, rpap. 20,28+8,12 11,16%9,29 <0,001*
95% IN:16,48-24,07 95% OU: 8,73-13,58
Yron Tonnis, rpaz. 13,44%7,00 19,46%7,46 0,002*
95% I:10,16-16,71 95% OW: 17,51-21,40
VHAeKC 3KCTPY3UM TOTIOBKU 23,36%12,06 35,34+10,44 <0,001*
6epeHHO KoCTH, % 95% OU: 17,72-29,00 95% OU: 32,62-38,06
CreneHb Koppekuuu yria Wiberg, 22,02+9,05 16,92%9,17 0,037*
rpag. 95% IOW: 17,78-26,26 95% OW: 14,53-19,31
CrereHb Koppekuyu yria Tonnis, 17,60+6,43 13,25+7,94 0,018*
rpaj. 95% IW: 14,59-20,61 95% IO:11,18-15,32

*— pasauuns rmokKasaTesieit CTaTUCTUUeCKy 3HaunmMsl (p<0,05).
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Tabnuua 4

Koppensuus Mexay rokasaTe/assMu, XapaKTepU3YIOIIMMHU IT0/I0OKeHMEe BEPT/IY;KHO BIIaAMHBI
0 omepanyuu, CTeleHbI0 UX KOPPEeKIUM ¥ HAIMYMEM IIPU3HAKOB HeJOKOPPEKIUN
B II0C/IeoniepauoHoM nepuoge, M£SD

Henokoppexuus
[TokasaTenb 10 onepanumn p
Ha/Muue OTCYTCTBUE

Vron Wiberg, rpa. 3,44%9,32 15,26%8,81 0,001*
95% IOW: -2,48-9,36 95% OW:13,11-17,41

Vron Tonnis, rpa. 23,50£7,34 16,94+7,46 0,012*
95% III: 18,84-28,16 95% IMW: 15,12-18,76

VIHAEeKC 9KCTPY3UM TOJIOBKY OeIpeHHO 43,83%+9,39 30,24%11,26 <0,001*

Koctu, % 95% IW: 37,87-49,80 95% IOW: 27,50-32,99

CremneHb KoppeKuuu yrna Wiberg, rpap. 11,369,67 19,44+8,81 0,017*
95% IN: 5,21-17,51 95% OU: 17,29-21,59

CreneHb KOppekiuu yraa Tonnis, rpaz. 7,78+6,82 15,53+7,39 0,003*
95% I: 3,45-12,12 95% IMU: 13,72-17,33

* — pasauuus rmokasaTesieit CTaTUCTUuecky 3HaumMmMsl (p<0,05).

Wcxomst M3 3HaUEHMI perpecCMOHHbBIX KO3hOUIm-
€HTOB, Takoi (akTop, Kak 3HaueHMe MHAEKca cde-
PUYHOCTU TOJIOBKY OeAPEHHO KOCTH, MUMEET MPSIMYIO
CBSI3b C BEpOSITHOCTBIO BBITIOJHEHMSI SHAOIPOTE3U-
poBaHMS Ta300eApPEHHOTO CyCTaBa IIOC/e IpOBene-
Hud ITAO. CHKeHMe JaHHOTO MHAeKca Ha 1% (4To
XapaKTepHO [J151 BbIpakeHHO AMCIIa3uu, KOoTaa ro-
JIOBKA OeIpPeHHO KOCTU TepsieT CBOIO ChepuIecKyIo
dbopmy) yBenuMuuBaeT MIAHCHI KOHBEPCUMM B IHIO-
nmporesupoBauue B 1,28 pasa (95% IO1: 1,09-1,49).
Ucxonmst u3 3HaueHus KosdouiMeHTa meTepMMHA-
uuu Haigskenkepka, JaHHas perpecCMOHHasi MOJeNlb
onpenensiet 30,6% Oucnepcun BEPOSITHOCTU BBITION-
HeHMS SHIOIPOTEe3MPOBaAHMSI.

Hannuue mnpu3HaKoB HeIOKOPPEKLMM TIOJIoXKe-
HUS BePTIY>KHON BIAaAVHBI CTATUCTUUECKM 3HAUMMO
MOBBINIAI0 BEPOSITHOCTb BBITIOJTHEHUSI IHIOIMPOTe-
3upoBaHus nocie nposegenus ITAO (p = 0,013), ot-
HOCUTENIbHBI PUCK HEOOXOOVMOCTM BBITTOJIHEHUS
SHAOMNpPOTe3MpOBaHus yBeauunusancsa B 4,40 pasa
(95% OU: 1,42-13,70). Mexkay coOMmoCTaB/sSIEMbIMU
MpU3HakKaMy OTMeuajach CBSI3b YMEpPEHHON CUJIbI

(V Kpamepa = 0,345). MOXHO MpPearoaoXKUThb, UTO
MpM  AUCIUIA3UM Ta300eIpeHHOr0 CyCTaBa BBICO-
KOV CTEeIeH!M C HapylleHueM ChepUIHOCTY T'OJT0BKU
YBEIMUMBAETCS BEPOSITHOCTb HELOKOPPEKLMM, UTO,
B CBOIO OuYepelb, yBEJIMYMBAET IMIAHChI HA KOHBEPCUIO
B SHJIONIPOTE3UPOBAHME.

Hanuumue mnpusHaKoOB TUIIEPKOPpPeKIUM B TO-
ceoriepallMOHHOM nepuone ¢ passutuem GAU Tak
’Ke, KaK ¥ HeIOKOPPeKIMs, CTaTUCTUUECKM 3Hauu-
MO BJAMSIJIO Ha YacTOTY BBINIOJIHEHUS 3HOONPOTE3U-
poBaHus mnocie I[TAO (p = 0,006). OTHOCUTENbHBIN
PUCK KOHBEpPCUM B 3HAOINPOTE3UPOBAHME YBEIU-
yyuBasics y mauueHToB ¢ ®AU B 2,67 pasa (95%
IOU: 1,41-5,08). MexXmy COIOCTaBASEMBIMU TIPU-
3HaKaMM OTMevasjach CBSI3b YMEDEHHOM CUJIbI
(V Kpamepa = 0,361).

Cpeguue sHaueHust yioB Wiberg, Tonnis u MH-
JleKca 3KCTPYy3MM TOJOBKM [0 Olepanuy y Mmauu-
€HTOB, KOTOPbIM B JajbHelilieM ObLIO BBITIOJIHEHO
SHAOIMPOTE3UpPOBaHME, CTATUCTUUECKM 3HAUMMO
OT/IMYAINUCh OT CpeJHUX 3HaueHMiIt NAHHBIX YIJIOB
y HalyMeHTOoB 6e3 SHAOINPOTe3MpoBaHMs (Tabi. 5).

Tabnuya 5

3aBUCHMMOCTb MEXIY KOHBEPCHEi B 9HAOIPOTE3UPOBAHME ITOC/IE BHIIIOTHEHMS
mepuaneTady/IsIpHO OCTEOTOMMM M MCXOIHBIMM 3HaUeHUsIMHU yriioB Wiberg, Tonnis
Y MHJEKCA 3KCTPY3UM FOJIOBKU OepeHHO KOCTU

KoHBepcust B 3HAOMPOTE3MPOBAHNUE
IMoka3aTenb A0 oniepalumn p
it:| HeT

Vron Wiberg, rpag., M+SD 9,49+10,31 17,31£8,04 0,018*
95% IW: 3,53-15,44 | 95% JIU: 14,95-19,67

Vron Tonnis, rpazm., M=SD 19,62+5,09 14,95+7,39 0,011*
95% IU: 16,68-22,56 | 95% OW: 12,78-17,12

VHAeKC 9KCTPY3UM roJIOBKM OeipeHHO KocTH, %, M*SD 36,21%12,18 28,03+ 10,84 0,035*
95% IIU: 29,18-43,25 | 95% II: 24,84-31,21

Mupexc chepnuHOCTY rON0BKY 6epeHHoii ko, %, Me [Q,-Q,] | 38,00 [36,00-42,00] 44,00 [43,00-45,50] | <0,001*

Vron AcetAV, rpaz., Me [Q,-Q,] 28,00 [24,50-30,00] 21,00 [17,00-25,50] | 0,022*

* — pasnuMuus rmokasaresneii CTaTUCTUUecKu 3HauuMsl (p<0,05).
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[MonyyeHHbIe JaHHbIE TaKXKe IMOATBEPKAAIOT T'M-
MOTe3y O TOM, YTO PUCK KOHBEPCUM B 3HAOMNPOTE-
3upoBaHyue nocie BbinosHeHus [TAO Belle y manu-
€HTOB C BBIPAKEHHOJ AMCILIasueil Ta300eIpeHHOro
cycraBa. YacToTa BBIMTOJIHEHUSI apTPOCKOMMYECKUX
BMenaTesnbCcTB nocie [TAO cratucTriecku 3HaUYMMO
3aBucesna oT nona nauueHrta (p = 0,024). Y My>XunH
OTHOCUTEJIbHBIN PUCK HEOOXOOMMOCTY BBITIOTHEHMS
apTpocKkormy 6bUT Bhillle B 4,22 pasa (95% IW: 1,47-
12,05) B cpaBHEHUM C JKeHIIVHaMM. Meskay COIoCTaB-
JiseMbIMM TNPU3HAKAMM OTMeuasach CBSI3b yYMepeH-
Hoii cuibl (V Kpamepa = 0,325).

OBCY>XIEHUE

I[lo nmaHHBIM JIUTEpPATypbl, OOLIMII IPOLIEHT OC-
noxxkHenuit nocie ITAO cocrasnsiet ot 7,0 mo 40,8%
[9, 10]. [ToryueHHbIe HAMM JaHHbIE CBUETENbCTBYIOT
0 TOM, UTO 00111as1 OISt OC/IOKHEeHMIT cocTaBuia 48,3%.
Taxoit 60JbIIOJ MPOLIEHT OCIOKHEHUI CBSI3aH C TEM,
YTO K OCJIO)KHEHMSIM Mbl OTHOCWJIM CJyyau Hempa-
BUWJIbHOJM KOPPEKLMM TOJOKEHUSI BEPTIYKHONM BIa-
IMHBI, YTO HE YUUTHIBAJIOCh aBTOpPaMM GOJBIIMHCTBA
aHAJIOTUYHBIX PaboT. Pe3ynbTaThl HAIlIero UccaenoBa-
HUS JEMOHCTPUPYIOT, UTO TOUYHOCTh KOPPEKLIUU BEPT-
JTY>KHOV BIAJMHBI U CTEIeHb CHepuUHOCTU T'OJOBKMU
6edpPeHHO KOCTU SIBJISIIOTCS KJTIOUEBBIMMU (haKTOpa-
MM, BAUSIOIMMY Ha BbDKMBAEMOCTH Ta306eqpeHHOTO
cycraBa nocie ITAO. IlonyyeHHbIe JaHHBIE COLIACy-
I0TCSI C paboTaMu APYTUX aBTOPOB, TIOTUYE PKMUBAIOIINX
pOJib aHAaTOMMUECKO PEKOHCTPYKLMM B CHUKEHUU
pucka ocnoxkHeHMit [5, 9]. OmHaKO BbISIBIEHHAs Ya-
CcToTa rurepkoppekumnn (24,72%) n HeJOKOPPEKLMN
(13,48%) oTnuuaeTcsi OT MOKasaTesel, ONMMCAHHBIX
B psife IMyOaMKalyii, YTO MOKET OBbITh CBSI3aHO C pPas-
JUUMUSIMU B XUPYPTUUECKON TexHUKe, KPUTepUsx
OLIEHKM UM B cocTaBe maiueHToB. Tak, E.N. Novais
¢ coaBropamu u L. Nonnenmacher ¢ coaBTopamu,
OlLleHMBAsI YacTOTy HeINpaBMUIbHOI KOppeKLuM, OT-
MeYay JaHHYI0 Mpo6siemMy IMpUOGIU3UTETbHO B 22%
CIy4dasix, IpuuyeM HeJOCTaTOYHas KOPPEKLMS y HUX
BCTpevasaach yaile, yeMm rurepkopperums (20% un 2%
COOTBETCTBEHHO) [11, 12].

Hamre yTBep)kaeHMe O TOM, UTO TMIIEPKOPPEKLIMS
¥ HeJOKOPPEKLMS MOT0KEHNS BEPTIY>KHOM BIIaAMHbI
accoumMmupyroTcst ¢ 6osiee BHICOKMM PUCKOM KOHBEP-
CUM B SHIOIPOTE3UPOBaHME, COMIAcyeTCsl ¢ paboTa-
MU Apyrux aBTopoB. Hampumep, C. Hartig-Andreasen
C COaBTOpaMM OTMEUAIT, YTO IOC/IeoNnepalyoHHOe
3HaueHue yria Wiberg menee 30° u 6o5ee 40° B 2 pasa
YBeJIMUMBAET OTHOCUTEIbHbIN PUCK KOHBEPCUM B 3H-
nmomporesupoBanue (95% OU: 1,21-3,30) [13].

MHOrMMM aBTOpaMM OTMedYaeTcsl, YTO Haubo-
Jlee 4acTbhiM OCJIOXKHEHMEM, BCTPeUarIIMMCcS Tocie
ITAO, gBnsieTcs MOBpeXOeHMe JiaTepaJbHOr0 KOX-
HOro HepBa 6empa (cBbime 30%) [14, 15, 16]. Cpegn

MPOYMX HEBPOJIOTMYECKMX HapyIIeHuit B IOCIeO-
MepalyiOHHOM IepUofie OTMEYAIOTCS TaKkKe HEeBPO-
maTusl CemjaIMIHOTO HepBa ¥ OTHeNbHbIE CAy4au
HeBpoIaTuu 6eapeHHOro Hepsa [9, 17]. ITomydyeHHbIE
HaMI JaHHbIe O YaCTOTe MOBPEXKAEHMS JaTepaibHO-
ro KOKHOTO HepBa 6efipa OTIMYAIOTCS OT YKa3aHHBIX
MCCIeIOBaHMIA, CKOpee BCEro, M3-3a TOTO, UTO Halle
MCCIeOBaHMe SIBJISIETCS PETPOCIEKTUBHBIM, M MHO-
Te TalyeHThl He 0OHAPYKUBaJIK Y ceOsT ITPU3HAKOB
HEBPOIIaTUM JIATepaJbHOTO KOKHOTO HepBa OGempa
MM MOTIJM 3a6bITh O TOM, UTO Y HUX OBLIO Takoe
OCJIOKHEHME.

Crpecc-Tiepe/ioMbl HUKHEN BETBU JIOHHOM KOCTU
M 3a7Heil KOJOHHBI Tasa, MO JaHHBIM JIMTEPATYPHI,
BCcTpevarorcst B 7,8-18,4% cmnyuyaes [18, 19, 20], 3a-
Me[jIeHHAasT KOHCOMUOALMS — IPUOBIM3UTENBHO B 15%
[12, 21]. [ToryueHHBIE HAMM Pe3YAbTAThl KOPPEIUpy-
0T C STUMM TAaHHBIMMA.

S. Thanacharoenpanich ¢ coaBTopamu cpenou
BO3MOXHBIX OCTIOXXHEHMII YIIOMMHAIOT TaKKe TeTe-
porormueckyio occuburkanyio — 15% cryuaes [22].
Cpeny HammX MAIlMEeHTOB IMPU3HAKOB AAHHOTO OC-
JIOKHEHMSI BBISIBJIEHO He ObLIO, OMHAKO CTOUT YUM-
ThIBaTh, UTO Iocie ITAO OHO YacTo HOCUT 6eccuMII-
TOMHBI/i XapaKTep U He TpebyeT crenuduyeckoro
neueHus [10].

OI‘paHI/I‘IEHI/Iﬂ nucaieasoBaHmMs

Haire mccnenoBaHyue MMeeT HECKOJBKO OTpaHMye-
HUi1. Bo-miepBbIX, B CBSI3U C TEM, UTO 3TO UCC/IEA0BaA-
HMYe ObLIO PETPOCIEKTUBHBIM, ObUIO HEBO3MOKHO
OLIeHUTb HEeKOTOpPble MapamMeTphbl, TaKue KakK MHIEeKC
Macchl Tejla IallMeHTOB Ha MOMEHT OIlepalyy U ero
BJIMSIHME HA Pa3BUTHE OCIOKHEHU, MOMYIUTh JaH-
Hble 00 OILIeHKe ITalieHTOB B COOTBETCTBUM C pas-
JIMYHBIMU (QYHKIIMOHATBHBIMM IIKAJaMM Y TeCTaMMU
Ha MOMEHT OIlepaTMBHOIO BMelllaTelbCTBa. Takke
B CBsI3M ¢ TeM, uTO Y3/II' BeH HM>KHMX KOHEUHOCTEe Ha
Toc/eorepaliOHHOM 3Tare TallMeHThbl BbITIOIHSIIN
B JIEUEOHBIX YUPEKIEHMSIX IO MECTY JKUTEeIbCTBa,
Yy Hac OTCYTCTBYIOT [OaHHble O peaJibHOI YacToTe
TPOMOOTHUUECKUX OCIOKHEHMIA.

Bo-BTOpBIX, OCTEOTOMMUM BBITIOTHSIINCh TpPEMSI
PasHBIMU XUPYpPramu, KBaIMOUKAIIMIO KOTOPBIX Ha
MOMEHT BBITIOJTHEHMSI OIIepaTUBHOTO BMelllaTeIbCTBa
He IpeJiCTaBUI0Ch BO3MOXHBIM OLIeHUTh BBUIY TOTO,
YTO HE CYIIEeCTBYET 0ObEKTUBHBIX CMCTEM OII€HKM Ma-
CTepCTBa Tak ke, KaK U OI[eHKM COOTHOIIeHMsI Mac-
TEPCTBA C OINBITOM. TakKe B HACTOSIIMII MOMEHT HE
chOpMMUPOBAHO €IVHOTO MHEHMUS O KOJIMUYECTBE OIle-
panuii, COCTaBJSIOMIMX KPUBYIO 00yYeHMs IIPU OCBa-
VMBAHUM TEXHUKU IepualeTabyIspHOil OCTEOTOMMH,
YTO TAKKe CO3MIAeT CJIOKHOCTY IIPU OLIEHKE KBaIpu-
Kalliy XUPYProB, BHIMOMHSIBIIMX TAHHYIO OIlepaluio
B HallleM MCC/IeIOBaHUM.
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3AK/TIOYEHUE

Hanbornee YacTbIM OCIOXKHEHMEM, OMPEAESIONUM
PUCK HEYIOBIETBOPUTEIBHOTO MCXOa B BUIe KOHBEp-
CUM B SHAOIPOTE3MPOBAHME I10C/IE BBITOIHEHMUS ITIe-
pualeTabyasIpHOI OCTEOTOMMUM, SIBIISIETCSI HEeTIPaBUIIb-
Hasl KOpPPEeKUMS TOJIOKEeHMUSI BePTIYKHOM BIIAIMHBI.
B cBsI3M ¢ 9TMM HeoOXOmMMbI pa3paboTKa ¥ BHeIpe-
HMe CTaHAAPTU3MPOBAHHBIX aJITOPUTMOB ITepCOHUPU-
LIMPOBAHHOTO TMOAXOAA K IMpenorepalMOHHOMY TIa-
HMPOBAHMIO, a TaKKe CO3TaHMe CUCTEM HaBUTALIUM,
MTO3BOJISIIOIINX OCYIIECTB/SITh KOHTPOJIb TOYHOIO I10-
3UIMOHMPOBAaHMS (parMeHTa BEpPTIYKHOI BITagMHbI
BO BpeMs BBIITOJIHEHMS BMeIIaTeIbCTBa.

JOIIOTHUTEJIbHASI NTHO®OPMALIMIS

3aseeHHblii 6K1a0 a8mMopoe

ITnues JI.I. — KOHUEIILMS M AU3aiH UCCIeOBaHNs, COOP
JIAaHHBIX, peIAKTUPOBAHME TEKCTA PYKOIIVCH.

Yepkacos B.C. — KOHIleNUMS U AM3aliH UCCIeq0BaHMs,
c6op, aHAIN3 ¥ MHTePIpeTalus JaHHbIX, HATIMCAHMe TeKC-
Ta PYKOIMCH.

Koeanenko A.H. — KOHIEIIMS M AU3aiiH UCCIeq0BaHMs,
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Abstract

Background. Involvement of the hindfoot and ankle in diabetic Charcot neuroarthropathy is often associated
with subtotal or total defects of the talus, leading to unstable multiplanar deformities and a significant loss of
weight-bearing capacity in the affected limb. Numerous arthrodesis techniques and fixation methods have been
developed; however, in most cases, the final choice of surgical treatment depends on the surgeon’s preference.
The aim of the study - to evaluate the outcomes of the surgical treatment of patients with hindfoot and ankle
deformities due to Charcot neuroarthropathy who underwent arthrodesis using various fixation methods.
Methods. A retrospective analysis was conducted on 96 patients (97 feet) with Charcot neuroarthropathy
affecting the hindfoot. Of these, 28 patients had type 1 diabetes, and 53 had type 2 diabetes. The average follow-
up period was 21.0+1.0 months. Arthrodesis with the Ilizarov external fixator was performed in 86 (88.7%) cases,
and internal fixation using screws, plates, or intramedullary nails was used in 11 (11.3%) cases.

Results. Bony ankylosis and fusion were achieved in 95 (98.0%) cases, including 85 (98.8%) out of 86 cases with
external fixation and 10 (90.9%) out of 11 cases with internal fixation. Due to noncompliance with weight-
bearing protocols, revision arthrodesis was required in 9 (9.3%) cases at different stages of treatment and
rehabilitation. Septic complications occurred in 20 (20.6%) cases at various treatment stages.

Conclusions. High rates of bony ankylosis formation were achieved with both external and internal fixation
methods. However, external fixation proved to be a more reliable treatment option for patients with Charcot
neuroarthropathy, given the typical characteristics of this cohort of patients, including poor skin condition,
high BMI, reduced compliance, and challenges in adhering to fixation and weight-bearing regimens.

Keywords: Charcot neuroarthropathy, hindfoot arthrodesis, ankle arthrodesis, bone defect reconstruction,
bone grafting.
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Pedepar

AxmyanvHocme. [lopakeHne 3aJHEro OTAeIa CTOIbI M FOJIEHOCTOITHOTO CYCTaBa Mpy AMabeTu4eckoil Heipo-
octeoaprpomnaTtuu lllapko Hepenko compoBokaaeTcs: GopMUpPOBaHMEM CYOTOTATbHBIX U TOTANTbHBIX Te(deKTOB
TapaHHO KOCTH, UTO MPUBOIUT K PA3BUTUIO HECTAOMIbHBIX MHOTOIVIOCKOCTHBIX leopMalinii, a Takke pe3Ko-
MYy HapyIIeHMIO OIOPOCIIOCOOHOCTY KOHeUHOCTH. Ha ceromHsIuHmii [eHb pa3paboTaHo MHOKECTBO Pa3/IMUHbIX
TEXHMK BBIITOJIHEHMS apTPoAe3a U CIoco60B pUKCcalyu, OMHAKO B OOJMBIIMHCTBE CTy4yaeB OKOHYATETbHOE pe-
[IeHne o NpyMMeHeHMM TOr0O I MHOT'O MeTOoda 3aBUCUT OT Hpe,ELHO‘{TEHI/II‘/J[ Xupypra.

Ilenv uccnedosaHuss — OLIEHUTDb Pe3YIbTATHI ONEPATUBHOIO JeueH!s MalMeHToB ¢ JedopManusamu 3agHero
OTZea CTOIbI U TOJIEHOCTOITHOTO CyCTaBa Ipu HeltpoocTeoaprponaTtuu Illapko, KOTOPBIM GBI BBHIITOIHEH ap-
TpOJie3 MOPasKEHHBIX CYCTABOB € MKcalyeil pa3JIMyHbIMU CITOCOOAMNA.

Mamepuan u memodst. TIpoBefieH aHa/IN3 Pe3yJbTATOB JieueHUs 96 manmeHToB (97 CTOIT) ¢ HeifpoocTeoap-
Tponatueit lllapko, COMpoOBOKAAIOIIENICS TOPasKeHeM 3aJHEr0 OT/esa CTOIIbI, M3 HUX C CaXapHbIM I1abeToM
1-ro Tnma — 28 manyueHTOB; 2-r0 THITa — 53 manyuenTa. CpegHNUi CPOK HAOTIOAEHMS TTOC/Ie OTlepaIii COCTaBMUIT
21,0+1,0 mec. ApTpofie3 ¢ IIpMMeHeHMeM YPECKOCTHOTO OCTEOCHHTE3a amnrapatom Mnm3apoBa BBIIOMHSIN B
86 (88,7%) cimyuasx; ¢GUKCAIUIO MOTPYKHBIMM KOHCTPYKUIMSIMM (BMHTaMM, CKOOAMM, MHTPAMEY/ISIPHBIM
mtudrom) — B 11 (11,3%).

Pezynsmameoi. DopMupoBaHye KOCTHOTO aHKMUJI03a M CpallleHMe JOCTUTHYTO B 95 (98,0%) ciyuasix, U3 HUX I10-
CJie apTpoaesa MeTOIOM UpeCKOCTHOrO ocTeocuHTe3a B 85 (98,8%) 13 86 ciydyaeB, a Ipy BBITIOJTHEHUM apTPoO-
nesa BHyTpeHHUMMU ¢ukcatopamu — B 10 (90,9%) u3 11 crydaeB. B cBsI3u ¢ HapylleHUEM peKMMa pasrpy3Ku
OIlepUPOBAHHOM KOHEUHOCTHM BBIINOJTHEHE TOBTOPHOTO apTpojesa morpeboBanock B 9 cryvasx (9,3%) Ha pas-
JIMYHBIX 3TArax MPOBOAMMOro jgedeHust u peabmmmranyu. B 20 (20,6%) caydyasx MpOMU3OIUIM THOHbIE OCTOX-
HeHMS Ha Pa3/IMYHBIX CPOKaX U 3Tanax MpoBOAVMOTO JeUeHUS.

3akaiouenue. Beicokue rokasarenu GopmMmUpoBaHMS KOCTHOTO aHKMI03a JOCTUTHYTHI Kak MPU BBITIOTHEHUN
apTpone3a MeTOJJOM UpPeCKOCTHOTO OCTEOCMHTE3a, TaK U IOC/Ie UCIO0Ab30BaHMS BHYTPEHHUX (UKCATOPOB.
MeToz, YpeCcKOCTHOTO OCTEOCHHTEe3a SABSIeTCS 60Iee HaAEXKHBIM CIIOCO60M JleueHMsI MaIMeHTOB C Heipooc-
TeoapTporaTtueii lllapko ¢ yueToM 0co6eHHOCTEN JaHHOJ KOTOPTHI MAIMEHTOB: IJIOXOT'0 COCTOSTHUSI KOXKHBIX
ITOKPOBOB, BbICOKOT0 UMT, CHMsKeHMSI KOMIUIA@HTHOCTH ITAIllEHTOB ¥ aIeKBATHOCTM COOIIONEHMS UMM TTPe/I-
MMCaHHBIX PEXXMMOB (];)chauvm " pa3rpy3kM KOHEYHOCTN.

KiroueBsie c1oBa: HEﬁpOOCTeoaprOHaTMH HlapKo, apTpoge3 3agHero oTaeaa CTOIIbI, apTPpOoae3 roJieHOCTOII-
HOTO CyCTaBa, 3aMellleHMe KOCTHbBIX ,Z[ed)EKTOB, KOCTHAas IJ1IaCTUKaA.
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INTRODUCTION

Charcot neuroarthropathy is characterized by
progressive bone destruction in the context of
neuropathy of various origins (such as diabetes
mellitus, syphilis, spina bifida, etc.). Currently,
the most common cause is diabetes mellitus,
which leads to impaired weight-bearing function
of the limb and is often associated with septic
and necrotic complications [1, 2]. In diabetic
Charcot neuroarthropathy (DCN), the hindfoot is
affected in up to 10% of cases, with the midfoot
- particularly the Lisfranc joint — being most
frequently involved, resulting in the typical
rocker bottom foot deformity seen in this
condition [3]. However, hindfoot involvement
with irreversible bone destruction presents
a much more severe clinical course. The instabi-
lity and multiplanar nature of the deformity
in this area are often associated with subtotal
or total defects of the talus, which significantly
compromise the weight-bearing function of the
limb, as this region initially bears the entire
body weight before transmitting it to the
forefoot [4]. According to the recommendations
of the International Working Group on the
Diabetic Foot (2023), primary arthrodesis is
indicated in cases of DCN involving the hindfoot
and ankle joint [5].

To stabilize the hindfoot and ankle joint
in deformities caused by DCN, arthrodesis of
one or more affected joints is performed [6, 7].
Proponents of external fixation emphasize the
many advantages of this method in the treatment
of patients with Charcot neuroarthropathy
[8, 9, 10, 11, 12]. Others prefer internal
fixation techniques, particularly using locking
intramedullary nails, to stabilize the fusion [13,
14,15, 16, 17].

There are many different classification systems
for describing diabetic Charcot neuroarthropathy,
though none individually provide a complete
clinical picture. For localizing the pathological
process, the most widely used is the anatomical
classification by L. Sanders and R. Frykberg [18].
To assess the depth and extent of the condition
in the presence of ulcerations, the F.W. Wagner
Jr. [19] and WIfI [20] classifications have been
developed, with the latter also taking into account
the degree of ischemia. The pathophysiological
classification by S.N. Eichenholtz [21] based

on radiographic findings, and the MRI-based
classification by E.A. Chantelau and G. Griitzner
[22] are used to determine the stage of DCN.

Reconstructive surgery is one of the most
promising treatment options, as it can halt
the progression of the disease, restore the
limb’s weight-bearing function, and help avoid
amputation [23, 24]. The literature presents
conflicting information regarding the optimal
method of fixation in DCN patients with hindfoot
and ankle involvement. Numerous surgical
techniques and fixation methods for arthrodesis
have been developed; however, in most cases, the
final choice depends on the surgeon’s individual
preference [25, 26].

The aim of the study - to evaluate the outcomes
of the surgical treatment of patients with
hindfoot and ankle deformities due to Charcot
neuroarthropathy who underwent arthrodesis
using various fixation methods.

METHODS

An analysis was conducted on the treatment
outcomes of 96 patients (97 feet) with Charcot
neuroarthropathy involving the hindfoot,
including 37 men and 59 women. The patients
received treatment at the Center for Foot and
Diabetic Foot Surgery of the Yudin City Clinical
Hospital and Branch No. 1 of Demikhov City
Clinical Hospital (formerly City Clinical Hospital
No. 13) from 2020 to 2024. The median age of the
patients was 52 years [44-61] (min - 21, max - 79).
The median body mass index (BMI) was 29 kg/m?
[25-35] (min - 17, max - 46). The characteristics
of the study group are presented in Table 1.

Table 1
Characteristics of patients with Charcot
neuroarthropathy
Parameter Num_ber of %
patients

Type 1 diabetes mellitus 28 29.2
Type 2 diabetes mellitus 53 55.2
No diabetes mellitus 15 15.6
Mean age, years 52.0+1.3
Mean BMI, kg/m? 30.0+0.7
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In 33 (34.0%) cases, there was combined
involvement of the hindfoot and midfoot. In 11
(11.3%) cases, patients had previously undergone
surgical treatment of the hindfoot (arthrodesis
using various techniques) at their local healthcare
facilities for foot deformities associated with
Charcot neuroarthropathy.

To describe the localization of the pathological
process in the hindfoot, we used the anatomical
classification by L. Sanders and R. Frykberg.
To describe the depth and extent of ulcerative
lesions, we applied the classification by
F.W. Wagner Jr. The staging of the pathological
process was assessed according to the classifi-
cation by S.N. Eichenholtz. The characteristics
of hindfoot and ankle involvement in the patient
cohort are presented in Table 2.

Table 2
Characteristics of hindfoot and ankle joint
lesions
Number of feet (n = 97)
Classification Stage
n %
Sanders and v 74 76.3
Frykberg
IV-v 16 16.5
\Y 7 7.2
Wagner 0 66 68.0
1 3 3.1
2 19 19.6
3 9 9.3
Eichenholtz 1 5 5.2
2 58 59.8
3 34 35.0

i

Indications for orthopedic reconstruction
were determined based on the physical
examination and radiographic assessment of
the affected limb segment. Reconstruction
was performed to restore the weight-bearing
function of the limb, halt disease progression,
and prevent amputation. An example of ankle
joint involvement in Charcot neuroarthropathy
is shown in Figure 1.

The choice of arthrodesis technique and
fixation method was based on the following
factors:

- patient’s compliance, living conditions, and
availability or absence of external assistance;

- presence or absence of an acute septic
process with bone involvement, requiring a two-
stage arthrodesis;

- condition of the skin and presence or
absence of ulcerative lesions at the intended
surgical site;

- stage of the pathological process in
accordance with the Eichenholtz patho-
physiological classification.

In this case series, preference for fixation
following arthrodesis was given to the Ilizarov
external fixator, considering its ability to provide
continuous compression at the fusion site
throughout the whole treatment period. In cases
requiring closure of soft tissue defects resulting
from debridement of ulcers or septic wounds,
skin flaps were used, which was necessary in
7 (7.2%) cases. Arthrodesis using the Ilizarov
external fixator was performed in 86 (88.7%)
cases, while internal fixation with screws, plates,
or intramedullary nails was used in 11 (11.3%)
cases. Examples of surgical interventions are
shown in Figure 2.

Figure 1. X-rays of the ankle
in a patient with Charcot
neuroarthropathy
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Figure 2. X-rays after ankle arthrodesis using external fixation in the AP (a) and lateral (b) views;
tibiocalcaneal arthrodesis with internal fixation in the lateral view (c)

All patients underwent preoperative ultrasound
examination of the arteries and veins of the lower
limbs to rule out thrombosis or hemodynamically
significant vascular impairment.

During operation, affected bone fragments
were excised, articular surfaces were resected,
and synovectomy was performed. In the presence
of large bone defects, arthrodesis was performed
using auto- and/or allogeneic bone grafting
material, which was required in 44 (45.4%) cases.

In 7 (7.2%) cases with active septic infection,
debridement of affected bones and surrounding
tissues was performed, followed by the
placement of an antibiotic cement spacer to
fill the resulting bone defect, with subsequent
external fixation using the Ilizarov apparatus.
After resolution of the septic and inflammatory
process, the spacer was removed, arthrodesis
was performed, and the external fixator was
reassembled.

The median follow-up period after operation
was 21 months [14-28] (min - 3, max — 46), and the
average follow-up duration was 21.0+1.0 months.
This study assessed the presence or absence of
fusion, restoration of the limb’s weight-bearing
capacity, arrest of the pathological process,
frequency and causes of septic complications,
and overall mortality in the patient group.

Postoperative period

In the postoperative period, all patients ambu-
lated using additional support (crutches, walkers,
or knee crutches) without weight-bearing on the
operated limb. Stepwise radiographic and MSCT
evaluations of the hindfoot were performed, along

with glycemic control and antibiotic therapy
based on culture results. Upon radiological
signs of union and successful clinical testing,
the Ilizarov apparatus was removed, followed by
stabilization with a posterior plaster splint until
the wounds at the pin sites had healed.

After 2-3 weeks, the posterior plaster splint
was replaced with a total contact cast (TCC), and
gradual ambulation with additional support in the
TCC was initiated, with progressive loading of the
operated limb. Monthly radiographic monitoring
of the operated segment was performed. Walking
in custom-made orthopedic footwear was allowed
once full weight-bearing on the foot without
additional support was achieved.

Statistical analysis

Data collection, correction, and systematization,
as well as obtained results’ visualization, were
carried out using Microsoft Office Excel 2021
spreadsheets. Using the descriptive statistics
tool in Microsoft Excel, the median (Me) with
interquartile range [Q,-Q,], as well as minimum
and maximum values and the arithmetic mean
with standard error (M+SE), were calculated for
age, BMI, and postoperative follow-up duration.
Relative values were expressed as percentages.

RESULTS

In all patients included in this study, ultrasound
examination revealed changes in the walls of
the lower limb arteries in the form of thickening
and increased echogenicity. In 95 (97.9%) cases,
there were hemodynamically insignificant blood
flow disturbances, manifested as mild arterial
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stenosis with preserved main or altered-main
blood flow. In 2 (2.1%) patients with diabetes
mellitus, hemodynamically significant blood flow
disturbances were identified in several lower
limb arteries: pronounced stenosis with a marked
decrease of blood flow, up to complete occlusion.
Therefore, these patients underwent CT
angiography with bolus contrast enhancement
of the vessels, followed by transluminal balloon
angioplasty and recanalization of the affected
arteries. The advanced examinations of the
degree of ischemia, such as segmental pressure
measurement or transcutaneous oxygen tension
measurement, were not performed in this study.
Surgical interventions in the hindfoot
region were performed on 97 feet — one patient
underwent staged operations on both feet.
In 7 (7.2%) cases, isolated involvement of the
calcaneus was identified (type V according to the
Sanders and Frykberg classification). Of these,
in 6 (6.2%) cases, corrective osteotomy with
subtalar arthrodesis was performed: internal
fixation in 5 (5.2%) cases, and in one (1.0%)
case, in a patient with active stage 1 pathological
process according to the Eichenholtz
classification, fixation was achieved using the
Ilizarov external fixator. In one (1.0%) case,
with isolated localization of the pathological
process in the area of the calcaneal tuberosity,
a corrective calcaneal osteotomy with Achilles
tendon reinsertion was performed (Table 3).
Bony ankylosis and fusion were achieved
in 95 (98.0%) cases, a weight-bearing neoarthro-
sis in 1 (1.0%) case, and a weight-bearing fibrous
ankylosis also in 1 (1.0%) case. Specifically,
in cases where arthrodesis was performed using

internal fixation, bony ankylosis and fusion were
achieved in 10 (90.9%) out of 11 cases, while
in cases with external transosseous osteo-
synthesis, this outcome was achieved in 85
(98.8%) out of 86 cases. Due to noncompliance
with the weight-bearing regimen, revision
arthrodesis was required in 9 (9.3%) cases at
various stages of treatment and rehabilitation.
The outcomes of treatment following arthro-
desis using internal fixation and transosseous
osteosynthesis are presented in Table 4.

Complications

In patients who underwent arthrodesis with
internal fixation, peri-implant infection was
observed in 2 (18.2%) cases: at 2.5 weeks and
2.5 months postoperatively. In the first case,
removal of the hardware was required, followed
by the placement of antibiotic cement beads and,
at the second stage (after 2 months), resection
arthrodesis using the Ilizarov external fixator
with bone defect reconstruction using a bone
autograft. In the second case, a long-lasting
non-healing postoperative wound was noted.
After the removal of one staple, signs of acute
inflammation were resolved.

In one (1.2%) case, a week after arthrodesis
performed using the Ilizarov apparatus, signs
of pin track infection and postoperative wound
infection developed, which required replacement
of the compromised wires, surgical wound
debridement, and placement of an antibiotic
cement spacer. After resolution of the acute
inflammation, the cement spacer was removed
2.5 months later, and revision arthrodesis was
performed.

Table 3
Surgical interventions performed on the hindfoot
Number of feet (n = 97)
Surgical intervention

Absolute count %
Ankle joint arthrodesis 22 22.7
Ankle and subtalar joint arthrodesis 12 12.4
Panarthrodesis 33 34.0
Tibiocalcaneal arthrodesis 13 134
Two-stage arthrodesis with cement spacer 9 9.3
Corrective osteotomy of the calcaneus with subtalar joint arthrodesis 6 6.2
Corrective osteotomy of the calcaneus with the Achilles tendon 1 1.0
reinsertion
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Table 4
Characteristics of treatment outcomes in patients undergoing arthrodesis
Parameter Number of cases %

Arthrodesis with internal fixators
Total 11 100% (11.3% of the total number)
Bony ankylosis 10 90.9%
Fibrous ankylosis 1 9.1%

Arthrodesis using external fixation
Total 86 100% (88.7% of the total number)
Bony ankylosis 85 98.8%
Weight-bearing neoarthrosis 1 1.2%

In 8 (9.3%) cases, due to patients’ non-
compliance with the weight-bearing regimen,
signs of pin track infection were observed within
5 months after arthrodesis. In 7 of these cases,
replacement of the wires was required. In one
case, the external fixator was removed, and the
arthrodesis was stabilized with crossing wires
and immobilized using a plaster splint.

Due to noncompliance with the weight-
bearing regimen and improper care of the
external fixator, abscess drainage was required in
3(3.5%) cases at 2 to 3.5 months after arthrodesis
using the Ilizarov apparatus. In another 3 cases
(3.5%), improperly fitted orthoses led to the
development of pressure sores. In 2 of these
cases, occurring at 1 and 2.5 months after Ilizarov
external fixator removal, abscesses developed
due to the secondary infection, requiring surgical
drainage. In one case, conservative treatment
was sufficient and consisted of regular dressing
changes. In 3 (3.5%) cases, abscesses formed
between 2 and 5.5 months after external fixator
removal due to inadequate postoperative wound
care and non-adherence to weight-bearing
restrictions. These complications required
surgical debridement of the wound and abscess
drainage. In total, septic complications following
arthrodesis with transosseous osteosynthesis
occurred in 18 (20.9%) cases at various time
points and treatment stages.

The characteristics of complication types
following  arthrodesis with  transosseous
osteosynthesis at various treatment stages are
presented in Table 5.

During 4 years of patient follow-up, there
were 9 (9.3%) fatal cases. Two (2.1%) patients

died from cardiovascular diseases (stroke, heart
attack, acute heart failure), and 4 (4.1%) patients
died from lung diseases (pneumonia, pulmonary
edema). One (1.0%) patient died 1.5 years after
surgery due to the progression of chronic venous
insufficiency and the formation of multiple
infected trophic ulcers on both lower legs and feet,
which led to the generalization of the infectious
process, development of multiple organ failure,
septic shock, and pulmonary embolism, resulting
in death. One (1.0%) patient died 1.5 years
postoperatively due to the progression of chronic
cerebral ischemia and widespread pressure sores
formation, which led to terminal cerebral and
pulmonary edema. One (1.0%) patient died 2.5
months after the start of weight-bearing on the
operated limb due to the development of sepsis
and multiple organ failure as a complication
of foot phlegmon and multiple abdominal and
retroperitoneal abscesses.

DISCUSSION

The choice of the optimal surgical treatment
method and arthrodesis fixation technique
remains a subject of debate. The surgical
intervention itself in this patient cohort is
associated with numerous risks, including
postoperative septic complications, thrombosis
due to prolonged immobilization, recurrence of
deformity or failure of the performed arthrodesis,
and, consequently, the need for revision surgery.

In 2022, M.Y. Bajuri et al. conducted a meta-
analysis that reviewed published data on the
treatment outcomes of patients with Charcot
neuroarthropathy [27]. The average fusion rate
following arthrodesis of the hindfoot and ankle
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Table 5
Causes of septic complications and methods of treatment in the postoperative
period after arthrodesis using external fixation
Cause Methods of managing Numbez of cases %*
n=18)
During fixation Removal of the Ilizarov 1 1.2
with the Ilizarov apparatus, fixation with crossing
apparatus Pin track infection wires 8 9.3
Reassembly of the Ilizarov
apparatus
Foot or ankle joint abscess / | Abscess drainage 3 3.5
phlegmon
ﬁlf;f; ;\e;r:g;gi ;1{1 tshe Development of pressure Abscess drainage 2 2.3
sore / abscess due to Conservative treatment: dressing 1 1.2
improper orthosis use changes
Development of abscess Surgical wound debridement, 3 3.5
due to noncompliance with | abscess drainage
postoperative wound care
and weight-bearing protocol

* The percentage is based on the number of patients who underwent arthrodesis via external fixation.

using a retrograde intramedullary nail was
83.1%, while with the use of the Ilizarov appara-
tus it was 78%. The amputation rate among
patients who underwent arthrodesis with internal
fixation was 7.17%, compared to 9.7% for those
treated with circular external fixator. The authors
concluded that arthrodesis with retrograde
intramedullary nailing is the preferred method
of reconstruction in the absence of ulcers.

In contrast, B. El-Alfy et al., in their assessment
of treatment outcomes in 27 patients with Charcot
neuroarthropathy of the ankle joint, reported
a higher rate of successful arthrodesis using
the Ilizarov external fixator: 86% compared to
77% in patients treated with intramedullary nail.
However, the authors also noted that pin track in-
fection occurred in more than half of the cases [28].

In our study, bony ankylosis was achieved
in 98.0% of cases: in 85 (98.8%) cases following
arthrodesis using the external fixation, and in
10 (90.9%) cases after arthrodesis with internal
fixation. These results exceed the previously
reported outcomes in international studies
for both techniques. However, in our study, the
group of patients who underwent arthrodesis
with internal fixation was relatively small.
Therefore, further research involving a larger
number of patients is needed for a more objective
assessment. No amputations were performed in

the study group during the follow-up period,
which also surpasses the results reported
in international sources [27, 28].

Septic complications occurred in 20 (20.6%)
cases: in 20.9% of patients who underwent
arthrodesis using the external fixation method
and in 18.2% of those managed with internal
fixation. These figures, when compared to data
reported in the literature, are still considered
satisfactory [27, 28]. Furthermore, in our study,
85.0% of septic complications in patients
treated with transosseous osteosynthesis were
associated with noncompliance with external
fixation care protocols, weight-bearing regimens,
and/or the use of inappropriate orthoses, casts, or
footwear. This once again highlights the critical
importance of patient adherence to treatment,
preserved cognitive function, and the ability to
follow prescribed fixation and weight-bearing
protocols, followed by gradual mobilization and
rehabilitation.

At the same time, several authors have
reported favorable outcomes with the use of
hybrid fixation [29]. This technique may be
recommended for reconstruction of the hindfoot
and ankle joint in the presence of ulcerative
defects and complex deformities, as it provides
a higher limb salvage rate (up to 100% of cases)
while causing less soft tissue trauma.
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Study limitations

A limitation of this retrospective study is the
unequal distribution of patients across groups
depending on the arthrodesis technique used,
which prevents direct comparison due to the
significant difference in group sizes.Nevertheless,
the overall sample size and average follow-up
duration are sufficiently large, considering the
relative rarity of this pathology in the hindfoot
and ankle area.

Further studies are needed to evaluate the
outcomes of different types of arthrodesis for
hindfoot and ankle deformities in Charcot
neuroarthropathy. This will also contribute to
the development of algorithms for selecting
appropriate techniques and fixation methods,
thereby helping to define more precise treatment
guidelines for patients with this condition.

CONCLUSIONS

This study demonstrated high rates of bony
ankylosis formation both in cases where
arthrodesis was performed using the external
fixation method and when internal fixation was
used. The external fixation technique proves to
be a reliable treatment option for patients with
Charcot neuroarthropathy, taking into account
the specific characteristics of this patient cohort:
poor skin condition, high BMI, reduced patient
compliance, and limited adherence to prescribed
fixation and weight-bearing protocols.
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A.C. Mynbik, T.1. MonoBa, T.I1. Hukutnuua, A.A. Akynaes, A.B. I'youn

Knunuka esicokux meduyurckux mexvonozuii um. H.1. Iupozosa ®I'EOY BO «Cankm-IlemepOypzckuti 20cydapcmeeHHsiii
yHugepcumemp», 2. Cankm-Ilemep0ype, Poccus

Pedepar

AxmyansHocms. Bosnbliioe 3HaueHMe B TOJIKOBAHMM DE3Y/NbTATOB JI€UEHMS] MMeeT UX OIleHKa CaMMMM HalMeHTaMM.
OfHUM M3 MOMYISIPHbIX OIIPOCHUKOB AJISI OL€HKY QYHKIMY Ta300eJPEHHOr0 CyCTaBa M KauecTBa SKM3HU, KOTOPBINA 3a-
MOJIHSIeTCSI cCaMUMU TTatimeHTamu, sipasietcss HOOS. B Poccunt oTcyTCTBYeT IepeBefieHHast Ha pycckuii si3bik Bepcust HOOS,
NpolleIiasi Bce MPOILeAypbl SI3bIKOBOI afjanTaluy U Baaugalun.

ILlenv uccnedosanus — SI3bIKOBAst M KyJbTypHas aganTtanust onpocHnka HOOS mjig olleHKM KavyecTBa KM3HM MalMeHTOB
C maTosorueit Ta306eqpeHHOro CycTaBa, BaauAAIMsl PYCCKOSI3bIYHOM BepcuM OMPOCHMKA U ee anpobaiys y HaiueHToB
€ KOKCapTPO30M, MTOTyYaloUIMX XUPYPruIeckoe JeueHue.

Mamepuan u memodesi. B viccenoBanue BKIOUMIN 125 60MbHBIX C OCTE0aPTPO30M Ta300e€IPEHHOTO CYCTaBa, TPEOYIOMIX
XUPYPrUYECKOTo jeyeHus. [lepBbIM 3TAriOM BBITIONHSUIA II€PeBOJ, OIIPOCHMUKA Ha PYCCKMIA SI3bIK, BTOPBIM 3TAllOM — Baju-
Jauuio pycckoss3biuyHoM Bepeuy HOOS 11 oLleHKM ee HaJEXXHOCTY, BATUAHOCTYA M YYBCTBUTENBHOCTHU. 3aKIIOUUTENBHBIM
3TarnoMm ObUIO YTBEPXKIeHNe QUMHATBHONM BePCUM U ee 3aTI0THEHME MTallMEHTaMM JI0 U MOC/Ie ONIePaTUBHOTO BMEIIATETbCTBA
Ha Ta3o0beqpeHHOM cycTaBe. CTaTUCTUUYECKUIT aHAIN3 BKIIOUal pacueT KoadbduunenTa aabda Kponbaxa, ICC koppensiiuii,
NIpMMeHeHMe KpUTepus BUIIKOKCOHA JJ1sI TapHbIX CPaBHEHMI B CBSI3aHHBIX TPyIIax U Koppensiuu CriupMeHa.
Pesynemamest. 3nauenus koadoduimenra anbba Kponbaxa mjis otaenbHbix fomeHoB HOOS Bapsuposanu ot 0,92 mo 0,98,
YTO MOATBEPXKIAeT XOpolllee BHyTPEHHee ITOCTOSIHCTBO ONPOCHMKa. O BOCIIPOM3BOAVMOCTY ONPOCHMKA CBULIETENbCTBYET
3HauMMasi CBSA3b MEXAY NToKasaTeasiMy JOMEHOB IIpy NOBTOpHOM 3anonHenuy HOOS (ICC>0,7; p<0,001). [IpogeMoHCTpU-
poBaHa ImpuemsieMasi KOHBepPreHTHas 1 cofepykaTeabHasl BaIMIHOCTh OITPOCHMKA U €r0 UyBCTBUTEIbHOCTD K M3MEHeHMSIM
dbyHKUIMM Ta306€IPEHHOTO CyCTaBa Mociie onepanyy. PesynbTaTsl anpobanyy onpocanka HOOS mokasanu ero nuxHbopma-
TUBHOCTb JJIs1 OLIeHKM (DYyHKLIMOHMPOBAHUS Ta300epeHHOr0 CyCcTaBa o U 1ocjie onepaiiumn.

3axnatouenue. TlomydyeHHble pe3yabTaThl CBUIETEIbCTBYIOT O HAaJEeKHOCTY, BAIUMIHOCTHU, YyBCTBUTEIBHOCTY PYCCKOSI3bIU-
Hoit Bepcun HOOS, a Takke ee IPUTOLHOCTH JIJIs1 OLIEHKYM COCTOSIHUMS Ta306eJpeHHOr0 CycTaBa y NalieHTOB, MOIy4aiouX
XUPYpPruyecKkoe jeyeHue.

KmoueBbie cimoBa: onpocHuk HOOS, pycckosi3bIuHasi Bepcus, Baauaalys, anpobaiysi, ocTeoapTpo3 Ta300eqpeHHOro
cycTaBa, KauecTBO SKU3HM.
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The Russian-Language Version of the HOOS Questionnaire
for Assessing Hip Joint Condition: Cross-Cultural Adaptation,
Validation, and Testing

Anzhela S. Mulyk, Tatiana I. Ionova, Tatiana P. Nikitina, Anton A. Akulaev,
Aleksandr V. Gubin

N.I Pirogov Clinic of High Medical Technologies, Saint Petersburg State University, St. Petersburg, Russia

Abstract

Background. Patient-reported outcomes (PRO) play a significant role in interpreting treatment results. The HOOS is a
popular patient-completed questionnaire used to assess hip joint function and quality of life. To date, there is no official
Russian version of HOOS that has undergone all the language adaptation and validation procedures.

The aim of the study — to perform the cross-cultural and linguistic adaptation of the HOOS questionnaire for assessing
quality of life in patients with hip joint pathology, as well as to validate the Russian version of the questionnaire, and test it
in patients with hip osteoarthritis undergoing surgical treatment.

Methods. The study included 125 patients with hip osteoarthritis requiring surgical treatment. The first stage involved
translating the questionnaire into Russian. The second stage involved validating the Russian version of HOOS to assess its
reliability, validity, and sensitivity. Statistical analysis included calculation of Cronbach’s alpha, ICC correlations, application
of the Wilcoxon signed-rank test for paired comparisons in related groups, and the Spearman’s rank correlation coefficient.
Results. The values of Cronbach’s alpha for certain domains of HOOS ranged from 0.92 to 0.98, indicating good internal
consistency of the questionnaire. The reproducibility of the questionnaire was evidenced by a significant correlation between
domain scores upon retesting (ICC>0.7; p<0.001). Acceptable convergent and content validity of the questionnaire, as well
as its sensitivity to changes in hip joint function post-surgery were demonstrated. The results of the HOOS questionnaire
testing showed its informative value for assessing hip joint function before and after surgery.

Conclusion. The findings indicate the reliability, validity, and sensitivity of the Russian-language version of HOOS, as well
as its suitability for assessing the hip joint condition in patients undergoing surgical treatment.

Keywords: HOOS questionnaire, Russian-language version, validation, testing, hip osteoarthritis, quality of life.

Cite as: Mulyk A.S., Tonova T.I., Nikitina T.P., Akulaev A.A., Gubin A.V. The Russian-Language Version of the HOOS
Questionnaire for Assessing Hip Joint Condition: Cross-Cultural Adaptation, Validation, and Testing. Traumatology and
Orthopedics of Russia. 2025;31(2):77-87. (In Russian). https://doi.org/10.17816/2311-2905-17627.

DK Anzhela S. Mulyk; e-mail: md.amulyk@mail.ru
Submitted: 27.10.2024. Accepted: 03.03.2025. Published online: 31.03.2025.

© Mulyk A.S., Ionova T.I., Nikitina T.P., Akulaev A.A., Gubin A.V., 2025

78 2025;31(2) TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://creativecommons.org/licenses/by/4.0/

KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

BBEJEHUE

OcTeoapTpo3 sBaseTcss Haubosee pacIpoCTpaHeH-
HbIM 3ab0jIeBaHMEM CYCTaBOB, COITPOBOXKIAETCS BbI-
pakeHHBIM OOJIEBBIM CHMHIPOMOM U MOXKET IPUBO-
IUTb K CEpPbe3HOMY YXyIUIEHWI0 KauyecTBa >KU3HU
nauueHToB [1]. B HacTosillee BpeMsl KaueCTBO KU3HU
MalMeHTOB, B TOM YMCJIE C OCTE0apTPO30M, SIBJISIETCS
OIHUM U3 KputTepueB 3 PeKTUBHOCTU eueHus [2].
Bosnbloe 3HaueHNe B TOJIKOBAaHUM Pe3y/IbTaTOB Jiede-
HUS MMeeT UX OLleHKa caMMuMM NanueHTamu (patient-
reported outcomes — PRO) [3]. [Tomumo KauecTBa
>KU3HM, K UCXOLaM, OLleHMBaeMbIM IalieHTaMU, OT-
HOCSITCSI CUMIITOMBI, YO,0BJE€TBOPEHHOCTD JIEUEHUEM,
OKUIAHMS OT JieueHus u gpyras uHbopmanus [4, 5].

B Hacrosuiee BpeMs pa3paboTaHO [1OCTaTOUYHO
MHOTO CIlel[/a/JIbHbIX ONMPOCHUKOB JIJISI OLIeHKM Kaye-
CTBA SKU3HM TIPU TIATOIOTUM Ta300epeHHOrO CyCTaBa
[6], ogHAKO AJIS GOMBIIMHCTBA M3 HUX OTCYTCTBYIOT
pYyCCKMe BepCUM, CO3LaHHbIE B COOTBETCTBUU C MEXK-
IYHapOOHBIMY peKOMeHIauusImu [7].

B HauMoHaIbHBIX KIMHUYECKUX PEKOMEHIAIMSIX
0 KOKCapTpo3y [8] sl OLleHKM COCTOSIHUS Ta306e] -
PEHHOTO CyCTaBa MpefJiaraeTcs UCI0NIb30BaTh MOJIU-
dbunupoBannyio mkany Xappuca [9] wimn momudu-
LMpoBaHHYIO 1Kany JlekeHa [10]. OnHaKO U3BECTHO,
yTo ImKansa Xappuca TpedyeT JUYHOTO MPUCYTCTBUS
nalnyeHTa, YaCTUYHO 3allONHSIeTCS BpauoM M MMeEeT
BBICOKUIT 3(deKT «moTonaKa» (JIeTKO MOAYYUTh OT-
JIMYHBIN pe3ynbTat). B nikasne JlekeHa paspgesnbl 601b 1
(byHKUMS MeHee UYBCTBUTENbHbBI B CPABHEHUN C IPY-
rumu onpocHukamu. Ipyroit onpocauk — Oxford Hip
Score — 6bL ITepeBeeH Ha PYCCKUIL SI3bIK, U UMEIOTCSI
JaHHbIe O HaAeXKHOCTH pycckoil Bepcuu [11]. OnHako
[0 CpaBHEHMIO C IPYTMMM ONPOCHUKAMM 3TOT MH-
CTPYMEHT SIBJISIETCS MeHee UyBCTBUTENbHBIM [12].

B 2017 r. myis1 OLleHKM OXMIOAHUIA TaLieHTOB OT
TOTAJILHOTO JHAOMIPOTE3MPOBAHMS Ta306eqpeHHOTO
cycTaBa ObUT MepeBefeH HA PYCCKUIt SI3bIK M afarl-
tupoBaH omnpocHuk HSS Hip Replacement Survey
[13], a B 2024 1. 711 OLIEHKM OXXMAAHUI MalleHTOB
OT OPraHOCOXPaHSILMX Olepanuii — OIMPOCHUK
Hip Preservation Surgery Expectations Survey [14].
Ha cerogHs1HMI1 eHb 3TO €OMHCTBEHHbIE OMPOCHU-
KU, TIepeBeJleHHbIe Ha PYCCKUIA SI3bIK, TpegHa3HaueH-
Hble J1J1S1 OLIeHKM OXMIAaHMS MalyeHTa OT olepanyun
Ha Ta300eIpeHHOM CyCTaBe.

Jns1 TOrO UTOOBI Bpau MOT 60J1ee TOUHO OTIPeneNUTD,
HACKOJbKO CWJIBHO TMalMeHThl CTPaLaloT OT Mpobiem
C Ta300eqpeHHBIM CYCTaBOM M OLIeHUTH 3hdeKTuB-
HOCTb JIeYeHMs], B TOM UYMC/Ie IHAONPOTE3UPOBAHMS,
He0b6XOIMMO MCTIOTb30BaHMe CIIeLMaTbHOTO OITPOCHM-
Ka, AJIs1 KOTOPOTO MPOJeMOHCTPUPOBaHa €ro YyBCTBHU-
TEbHOCTh K M3MEHEHMIO COCTOSIHMS MalMeHTa Mocie
SH/IOIIPOTe3MpPOBaHMs Ta300eJpeHHOr0 CyCTaBa.

OZHMM M3 YacTO MCIOIb3YEMbBIX OINPOCHUKOB,
KOTOpble TIPUMEHSIIOT AJIsI ompepeneHus: GYHKIUU
Ta300eJpeHHOr0 CyCcTaBa U OLEHKM KauecTBa >XKM3HU

MalMeHTOB NPU MPOBEAEHUN SHIOMPOTE3UPOBAHMS,
saBnsercs onpocHuk Hip disability and osteoarthritis
outcome score (HOOS). Onpocuuk HOOS 6b11 pas-
paboraH Ha ocHoBaHMM omnpocHuka KOOS (Knee
Injury and Osteoarthritis Outcome Score) [15, 16].
Vi3HavyasibHO OBUIM CO3[IaHBI €r0 BEepCUM Ha IIBEJC-
KOM ¥ aHINIMIACKOM $13bIKax [17, 18]. B nocienyromem
ornpocHMK HOOS 6bL1 MepeBeeH Ha pasHbIe SI3bIKU
C TMOATBEPXKIEHMEM €ro BadMIHOCTU, HALEKHOCTU
U BBICOKOJ UyBCTBUTENbHOCTH [19, 20, 21].

Llenv uccnedosanusi — SI3bIKOBASI M KYJIbTypHAS
amanTtauus ornpocHuka HOOS pyis1 ouleHKM KadyecTBa
SKM3HM TIAIMEHTOB C IATOJOrMel Ta300eIpeHHOro
CycTaBa, BAIMAALIMSI PYCCKOI BepCuy OIIPOCHMKA U ee
arpobanys y mauyeHToB ¢ KOKCAPTPO30M, ITOIyYaro-
HIVX XUPYPTUUECcKoe JeyeHue.

MATEPHAJI 1 METO/1bl

UccnepoBanue npoBoauiu B nepuop ¢ uwisd 2023 r.
110 uiob 2024 r. Ha 6a3e TPaBMAaTONOIMIECKOTO OT/Ie-
JieHus N2 2 KIMHUKY BBICOKUX MEAUIMHCKUX TEXHO-
soruit um. H.W. TTuporosa CIIGTY.

Kpumepuu exnwoueHus: B3pocCjble MallMeHTHI,
UMelolIMe MoKa3aHUs K XUPYPTUUECKOMY JIeUeHUIO
Ta3006eJpeHHOT0 CyCTaBa, CIIOCOOHBIE 3arOJHUTH
OITPOCHUKIN.

Kpumepuu HegxnoueHus: TalMeHTbl C Iepeso-
MOM KOCTei, 06pasyioumx Ta3o0eqpeHHbI CycTaB
(bempeHHOI, CemaNUIIHON, TOHHOM, MOAB3IOIIHOM),
a TakxKe IMalMeHThI, MMeIoIIe TSIKeTyI COITyTCTBY-
IOIIYIO TIaTOJIOTMIO MM BbIpakeHHble KOTHUTUBHbBIE
HapylleHus, MPensTCTBYIOL[Me aJleKBaTHOMY 3aIlof-
HEHMIO OTIPOCHUKOB.

B ucciemoBaHue ObUIM BKIIIOYEHBI 125 OGOMBHBIX
C KOKCapTPO30M, TPEOYIOUINX XUPYPrUUECKOro Jieye-
HMSI, B YaCTHOCTY SHIOIPOTE3MPOBAHMS Ta3006eqpeH-
Horo cycraBa. CpegHUIt BO3pacT MalMEHTOB COCTaBUI
60,8 ner (SD 12,5, Mmemuana — 64 roma), IuarasoH:
26—-84 getr, MeXKBapTWIbHBIA wuHTepBan (MKU):
51-70 net. CooTHOIlllEHME MYKUMHBI/SKEHIIVMHBI —
55/70 (44/56%).

JIOTIOTHUTENBHO B TPOLEeNYyPY MHTEPBbIOMPOBA-
HMS BKJIIOUWIM 7 TAllMeHTOB: MeayaHa Bo3pacTa —
55 et (ot 18 1o 69 neT), U3 HUX 2 MY>KUMHBI U 5 sKeH-
myH. Takke B TecTupoBaHMM pycckoit Bepcuu HOOS
y4acCTBOBAIM 7 CIELMaJMUCTOB (BpauM TPaBMaTOJIO-
ru-oproneznsl). Menuana Bo3pacra — 28 et (OT 26 10
52 ner), meguaHa mpodecCMOHATBLHOTO CTaxka —
2 roga (ot 8 mec. no 25 net).

[Tpoutenypy SI3bIKOBOI M KYJbTYPHON ajamnTanuu
orpocuuka HOOS mnpoBoauam 1ociae MONMyYeHUs
paspemieHus ot aBtopa (mpod. E.M. Roos, Haumus).
SIspikoBasi U KynbTypHas apanrtauuss HOOS B coort-
BETCTBMM C COBpeMEHHbIMI MeXIYHAPOAHbIMU PEKO-
MeHJalusIMU BKIIloUasa fBa 3tana [8, 22, 23, 24].

IlepBoIii STAm agantaluu — MPSIMOI IepeBOo, Ha
PYCCKMIA S3bIK OBYMSI HE3aBUCUMBIMMU T€pPeBOIUM-
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KaMu, COIJlacoBaHMe TepeBOJOB U CO3[aHue Tpej-
BapUTEIbHOM BEPCUM HA PYCCKOM SI3bIKE, 0OPATHBIN
rnepeBol, MpefBapuUTEIbHOI BepcuM, 3SKCIEepTHas
OIleHKAa PacXOXAEeHU CO3AaHHbIX BEPCUI U UX Tap-
MOHM3aLMs, CO30aHMe TeCT-BepCuiM OMPOCHMKA Ha
PYCCKOM $13bIKe. B 3KCIIepTHYI0 TPYyNITy BOILIN TIepe-
BOJUMK, CIIEIIMAJUCT MO OlleHKe KayecTBa >KU3HH,
TICUXOJIOT U KIMHULMCT. BTOpOI1 3Tanm — TecTupoBa-
HIUe PYCCKOs3bIuHOM TecT-Bepcumu HOOS mnpu yua-
CTUM TIAIIMEHTOB U KAMHUIIUCTOB. [lo pesyinbraTam
TecTupoBaHuUsl pycckoi Bepcuu HOOS skcriepTHas
rpyImIa MpoBOAMIa KOPPEKTUPOBKY U GOpMUPOBaA-
HMYEe OKOHYAaTeJlbHOW BepcuM OIPOCHMKA, arpoba-
LMI0 U BaJMUAALMI0 KOTOPO# OCYIIeCTBJSIIN Janee
B (DOKYCHOI TOIMyIAMM TAIMEeHTOB C KOKCapT-
po3oM. Ha ocHOBaHUM pe3yabTaTOB BaauUOaLUU yT-
BepXKAaIM OKOHUYATETbHYI0 PYCCKOSI3bIUHYIO BEPCUIO
uHcTpyMeHTa. [lonHbii nepeBon ompocHuka HOOS
Ha PYCCKUI1 SI3bIK MTPEACTABIEH B JIEKTPOHHON Bep-
CUU CTaTbM HA CaiiTe XXypHaa (mpuioxkenue 1).

B pamkax Bamupauuy PYCCKOSI3BIYHONM BepCUU
HOOS pemanu cnepyromye 3agaum OJ1s OLEHKU TICHU-
XOMEeTPUYECKUX XapaKTePUCTUK MHCTPYMEHTA:

— OlleHKa HaJleKHOCTM Ha OCHOBE OIpefesieHus
BHYTPEHHETO IIOCTOSIHCTBA M BOCIIPOM3BOAMMOCTU
OIPOCHMUKA,;

— aHaiu3 KOHCTPYKTHOM BaJIUAHOCTU C TIOMO-
1IbI0 OLIEHKM KOppessiliuii MeXay MoKa3aTeasiMiu Io
onpocHuky HOOS u nokasatenssMyu 10 ONpOCHMUKAM
SF-36 u BAII;

— OlleHKa YYyBCTBUTEIbHOCTU ITyTEM CpaBHEHMUS
rnokKasarTesiei o mkasaMm onpocHuka HOOS, sarmor-
HEHHOro TalMeHTaMMu IO olepaiuu U yepes 2 Mec.
MocJie ee MPOBeAeHMsI.

B pamKkax o11eHKM KOHCTPYKTHO BIMIHOCTY TEC-
TUPOBAIN TUIIOTE3bl O HATMUUM KOPPENSIUNIA MEKAY
momeHamyu HOOS u mikanamu SF-36 u BAIIL s pe-
[IeHNST JaHHOJ 3aJauy HamMy ObUT BbIOPAH OIPOCHUK
SF-36, Tak KaK OH SIBJISIE€TCS HaAEeXXHbIM M BaJUIHBIM
MHCTPYMEHTOM JJ151 OLIeHKM KaueCTBa KU3HU Y Halu-
€HTOB, KOTOPbIM ITPOBOIUTCS 3aMeHa Ta300empeH-
HOrO cycraBa [25]. ABTOpbI OpPUTMHAIBHOI BepCUM
OTPOCHMKA [JIS1 OTIpefiesieHMs] KOHCTPYKTHOM BaInz-
HOCTU TaKkKe aHaJIM3UPOBAIN KOppEsiUU C OMpOoC-
Hukom SF-36 [18].

MbI TeCTUPOBAIU CJIeAyIOIIe TUIIOTEe3bl: JOMEHBI
onpocHuka HOOS umeloT yMepeHHYI0 WM CUIbHYIO
KOPPEJSIIIMOHHYIO CBSI3b CO IIKaJol 6omu u Gusu-
YyeCcKoro (YHKIMOHUPOBAHMSI ONpocHuKa SF-36; mo-
meHbl ompocHuka HOOS mMewT ymMepeHHYI WIn
CUIBHYI0 KOPPENSIMOHHYIO CBSI3b ¢ BAIIl; momeHbI
ornpocHuka HOOS umeroT c1abyio KOppesiiOHHYIO
CBsI3b C ApyrumHu mKanamu SF-36. KoppensiiMoHHY0
CBSI3b PaCCMaTPUBaIM KakK CWJIbHYI0, YMEPEHHYIO U
1a6yI0 TIpU 3HAUEHUSIX KO3pdUIIMeHTa Koppensiuun
6oiee 0,60; ot 0,40 mo 0,59 u menee 0,39 cooTBeT-
CTBEHHO. KOHCTPYKTHYI0 BalUMAHOCTb CUMTAIU TIOA-

TBEPKIEeHHOM, eCu IO/ MOATBEPKIeHHBIX TUITOTE3
nipeBblana 75% [26].

Bce mainyeHTBbI 3allONHSUIM PYCCKOSI3BIYHYIO Bep-
curo orpocHuka HOOS, BanmaypOBaHHYI PYCCKOSI-
3BIUHYIO BEPCHUIO OOIIEro OMpOCHMKA KauecTBa JKU3HU
SF-36 [27] nu BAIIl no 1 yepes 2 Mec. ocie onepanum.
IIJ1s1 OIleHKM BOCITPOM3BOIMMOCTHM OIPOCHUKOB YaCTh
nauyeHToB (n = 20) BBMUOY OrpaHMUYEHHbBIX ITpemorne-
PALMOHHBIX CPOKOB IpeObIBAHMSI B CTAllMOHApe 3a-
TIOTHWJTU UX TIepe, oriepalieil BaKIbl C MHTePBaIOM
B OZIVH IeHb. O6beM BBIOOPKM [IJIS1 aHAJI3a TECT-PETECT
oIpezessiyii HA OCHOBaHMUM peKoMeHzanuii [28].

B pamkax arpo6anym pycCKOsI3bIUHO TeCT-BEPCUA
HOOS BBINONHSIM OLIEHKY KadyeCTBa AAaHHBIX, ITPO-
BOAW/IM aHAIM3 IPUTOTHOCTY U MHGOPMATUBHOCTHU
TIpUMeHeHMs OIPOCHMKA Y MalleHTOB C MaToJIoTHue
Ta306eqpEeHHOTO CyCTaBa, IOJyYaloIuX XUpyprude-
CKOe JieueHye. AHQ/IM3 MPOIYIIeHHbIX TaHHBIX MTPO-
BOOWJIM B COOTBETCTBUM C aBTOPCKOM METOOUKOM —
TIPY OTCYTCTBMM OJHOTO MJIM ABYX OTBETOB Ha BOMPO-
Cbl B IOMEeHe BbIUMC/ISUIN CpefHee MMEIONXCS OTBe-
TOB, IIPYU OTCYTCTBUM OOJIBIIETO UMC/IA OTBETOB 3TOT
IOMeH UCKIYanu u3 aHaansa [18].

CraTuctuueckuii aHaaus

[aHHbIe ONMCATENbHON CTAaTUCTUKU TIPENCTaBIsI-
JM B BUIE KOJMYECTBA HAOMIOmEHMUII, MPOLIEHTHBIX
noneit, cpemHux apudmeTrnueckux 3HaueHuit (M),
CTaHOAPTHBIX oTKIOHeHmlt (SD), meguan (Me), nua-
Ma30HOB, KBapTuieil. PacmpeneneHne AaHHBIX Olle-
HUBQJIM C MOMOIIbIO KputepueB lllanupo-VYunka u
Konmoroposa—CmupHoBa. [Ipu cpaBHeHUM OBYX CBSI-
3aHHBIX TPYIII C YYETOM pacrpeneieHus] JaHHbIX, OT-
JIMYAIONIErocss OT HOPMAaJIbHOTO, UCHOAb30BAIN TIAp-
HbII1 HeTTapaMeTPUUYeCKuii KpUTepuit 3HaKOBbIX PAHTOB
BunkokcoHa. [IJ1 O1leHKM CBSI3U MEKIy TTOKa3aTensiMu
Ha JIBYX TOYKAaxX 3amoJHEHUsT OMPOCHMUKOB B paMKax
MeTOJla «TeCT-peTecT» ompenensyii Ko3pbuiieHT
BHyTpuKiaccoBoy koppessiuuu (ICC) ¢ 95% mosepu-
TelbHBIM MHTEpBAIOM (95% [OW). /i1 OL€HKU CBSI3U
MeXIy HeTlpepbIBHBIMMY [TepeMEHHBIMU UCTIOTb30BaIU
KoadduimeHT Koppensauyuu r Coupmena. Cuimy Kop-
PEeTSILIMOHHONM CBSI3M pacCMaTpUBAIU MO BeTUYMHE T
0,1<r<0,39 — cnabast cBs13b; 0,4<r<0,69 — ymepeH-
Has CBA3b; r>0,7 — cuibHas cBs3b [29]. 3aKkioueHne
O OCTATOYHOV HaJeKHOCTU (BHYTPEHHEM IIOCTOSH-
CTBe) OMpPOCHMKA Aenaay Ha OCHOBAHUM BEJINYMHBI
KkoabdunmenTa anbda Kponbaxa >0,7. [T M3ydeHUS
U3MEeHEeHMI ToKa3aTeseli BO BpeMeHU Ompenensiiu
BenuuuHy s¢dekxra (ES). [as usyueHus: uamMeHeHU
ToKasaresieil BO BpeMeHU M0 OMPOCHUKAM OTpeesisi-
s BenmuuHy 3dderTa Ha OCHOBaHMM (HOPMYJIbI:

ES = Mean2 — Mean1/SD1,

rae Mean2 u Meanl — cpenHue 3HaUe€HMS TTOKa3aTeNs
Ha BTOPOJ} U IIepBOJ TOUKAX COOTBETCTBEHHO, SD1 —
CTaHJApTHOE OTKJIOHEeHMe TIoKa3aTejlsl Ha TepBoOi
TOUKe.
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Benmnunny addekra paccMaTpuBaiu Kak HEOOb-
mryto mpu ES = 0,2-0,5; cpemnioro — mpu ES = 0,5-0,8
u 6ompiryto ipu ES>0,8 [30]. Bce TecThl ABYCTOPOH-
HMe, pa3nuuus MeXIy CpaBHMBaeMbIMM TIpyIIa-
MU TPU3HAIOTCS CTaTUCTUYECKM 3HAUYMMBIMM IIpU
ypoBHe p<0,05. CTaTUCTUYECKMII aHAIU3 IPOBEIEH
C WCIIONIb30BaHMEM IIPOTPAMMHOTO ObecIieueHmst
SPSS 23.0.

PE3VJIbTATbBI

SI3pIKOBast ¥ Ky/IbTYPHAas aJarTamnmsa
pycckosizbiuHoOM Bepcuy HOOS

[MpenBaputenbHas Bepcust HOOS Ha pycckoMm si3bike
Obl7Ia CO3aHa Ha OCHOBAHUM ABYX IPSMbIX IEPEBO-
IoB. Jlajee 6GbUIM BBITIOJTHEHbI OOPATHBIN MepPeBo U
rapMoOHM3alMs BCeX TepeBOJOB 3KCIEePTHON Tpym-
noit. Ha aTom 3Tamne [iJis yueTa 3STHOMUMHIBUCTUUECKUX
0CcOOeHHOCTe 1 ObUIM BHECEHBI He3HAUMUTEIbHbIE KOP-
PeKTUPOBKM B (POPMYIMPOBKYM BOIIPOCOB.

Hanee 6bl1a yTBepkAeHa TecT-Bepcus HOOS Ha
PYCCKOM sI3bIKE, KOTOpasi Oblla IPOTECTMpOBaHa
B paMKax MHTEPBbIOMPOBAHUS MALUMEHTOB (n = 7)
¥ aHKeTMpOBaHuA Bpaueii (n = 7). [lo pesynbraTam
MHTEPBbIOMPOBAHMS BCe IMAIMEeHThl OTMETUIN, UTO
ONPOCHUK SIBJISIETCS A/l HUX JIETKMM U XOPOIIO UM-
TaeMbIM. VI3 7 mauueHTOB 6 Ha3Banyu HOOS yno6HbIM
Croco60M OIIeHKM COCTOSIHUSI Ta300eIpeHHOro Cyc-
TaBa. Bce Bpauu oueHunau onpocHuk HOOS kak MH-
(opmaTuBHBIIT U YIOGHBIN MHCTPYMEHT, IPUTOTHBIN
IJIT OLIEHKM COCTOSIHMSI Ta306eqpeHHOro CyCTaBa.
W3 ceMu cneumaamcToB IsSTh oTMeTuan, uro HOOS
SIBJISIETCSI OMTMMAaIbHBIM MHCTPYMEHTOM, OJUH 3a-
TPYOHUJICS C OTBeTOM. [OTOBHOCTb MCIIOIB30BATh
HOOS B cBoeii exxeHeBHOJ TpaKTUKe BbIPA3UIU
6 Bpaueii.

ITo MHeHMIO ABYX NALMEHTOB U JBYX CIIeLMaJInC-
TOB, 3aTPyJHEHMS] BbI3bIBAJIM HECKOIbKO BOIIPOCOB
TecT-Bepcuyu HOOS. B 3T0#1 CBSI3M 3KCIEPTHO TPyII-
T0¥i OBLIM TIepeCMOTPEHbI JaHHbIE GOPMYIMPOBKU U
BHECEHbI B HUX YTOUHEHUS [IJis YIydllleHUs TOHMMa-
HUSI M YCTpPaHEHMS MPO6eM ¢ TPYSHOCTBIO OLIEHKU
IaHHBIX acIeKToB (Tabi. 1).

Ha 3aBepinaroiem 3Tarie S13bIKOBO U KyJAbTYPHOM
ajanTalnyuy SKCIIEPTHONM TPYINOi OblIa YTBEPXKIEHA
OoKoHuaTenbHas Bepcust HOOS.

Banupauus pycckoii Bepcuu HOOS

3HaueHus Kosdouumenrta anbda Kponbaxa miast oT-
menbHbIX oMmeHoB HOOS BapeupoBanu ot 0,92 1o
0,98: 60mp — 0,97; cumnrombl — 0,92; orpaHuYeHMe
aKTMBHOCTY B ITOBCEAHEBHO sku3HM — 0,98; GyHKIIN-
OHMPOBaHMe CyCcTaBa IIPU 3aHSITUSIX CITIOPTOM U aKTUB-
HoM oTabixe — 0,96; ob1ee KayecTBo ku3uu — 0,94.

[Tpu olleHKe BOCITPOM3BOAMMOCTM OMPOCHMKA I10-
Ka3aHO OTCYTCTBME M3MEHEHMI1 IoKasaTesei 1Mo I
IoMeHaM IIpM ITOBTOPHOM 3arlOJIHEHUM OIPOCHMKA
MaleHTaMM B TIpefiesiax OAHMUX CYTOK JI0 OIepanumn
(p>0,05), a TaKKe IMOJIYYEHO CTATUCTUUECKM SHAUMMOE
BBICOKOE 3HaueHMe Ko3DPUIMeHTa BHYTPUKIACCOBOM
koppensiiun ICC (p<0,001) mMexny 3HaAYEHUSIMU IIO-
KazaTeseil IpM MEepBOM M TOBTOPHOM 3aIlOJIHEHUU
OIpoCcHMKa (Tabir. 2).

B 11eJ10M ONpPOCHMK XapaKTepu3yeTcsl XOpOIIUM
BHYTPEHHUM IIOCTOSSHCTBOM M BOCITPOM3BOAVMOC-
ThI0, UTO CBU/IETEJIbCTBYET O IPMeMJIeMOi HaJlesKHOC-
T pycckosi3bruHOM Bepcum HOOS.

B Tabmuie 3 mipeactaBiieHbl KO3(DQUIMEHTHI
Koppensuuii CmMpMeHa MeXOy I[OKasaTelIsIMU I10
noMmeHam HOOS u no mikane SF-36 n BAIIl y nanueH-
TOB IO OIlepalyi.

Tabnauya 1
Bomnpocsl, OTKOppEeKTMPOBAHHBIE I10C/Ie TeCTUPOBaHMUS
Homen Homep Popmy/IMPOBKA B MPEABAPUTENLHOM ®opMyIMpoBKa MOcae KOPPEeKTUPOBKU
BOIIpOCca BEpCUM
Bosnb 3 CrubaTp HOTY CrubaTb HOTY (B Ta306€PEHHOM CYCTaBE)
bomnp 4 P4. XoouTh 110 IJIOCKOJ ITIOBEPXHOCTU | XOAUTD 10 TOPU3OHTAIbHO (HEHAaKJIOHHOI)
TTOBEPXHOCTHU
Bonb 9 P9. XoauThb 110 TBEpA0Ji MOBEPXHOCTH XoauTh T10 TBEPA0Ji pOBHOV MOBEPXHOCTH
(acdanbt, 6eTOH) (accanbry, 6eTOHY U [Ip.)
Tabauya 2
ITokaszaTenu BHyTpUKIaccoBoi koppensauuu (ICC) nas nomeHoB onpocHuka HOOS
IomeH ICC 95% IO
Boinb 0,964 0,927-0,983
CUMITTOMBI 0,936 0,871-0,969
OrpaHuyeHue aKTUBHOCTY B IOBCEIHEBHO XXU3HU 0,977 0,952-0,989
OYHKIIMOHMPOBAaHME CyCTaBa MPU 3aHSATUSIX CIOPTOM M aKTUBHOM OTIbIXE 0,721 0,909-0,979
OOb11ee KauecTBO JKU3HU 0,792 0,608-0,895
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Tabnuya 3
KoaddumenTtsl Koppeasuuyu CiMpMeHa MeKay MmokasaTeasiMmu momeHoB HOOS
M IOKa3aTeassMy mKaja onpocHUKOB SF-36 u BAIII o onepauumn
HOOS
IIxasbr Orpannuenue | OyHKUMOHMPOBAHME Obmee
bonp | CuMOTOMBI aRTUBHOCTH | cycrasa fpu KauyecTBO
B [IOBCE/IHEBHON | 3aHATUAX CTIOPTOM U |~ 0
SF-36 SKU3HU aKTMBHOM OTIbIXE
dusmueckoe Koadduunent 0,302 0,217 0,278 0,229 0,282
(yHKUMOHMpPOBaHME | KOPPEISLUU
3Hau. 0,001 0,015 0,002 0,010 0,001
(IBYXCTOPOHHSIS)
N 125 125 125 125 125
PoneBoe ¢pusnueckoe | KoadpouimeHt 0,190 0,174 0,172 0,104 0,218
(yHKUMOHMpPOBaHNWE | KOPPEISLUU
3Hau. 0,033 0,052 0,055 0,247 0,015
(IBYXCTOPOHHSIS)
N 125 125 125 125 125
Bomnb Kosdbduunent 0,566 0,463 0,522 0,381 0,511
KOppeJsIun
3Hau. 0,000 0,000 0,000 0,000 0,000
(IBYXCTOPOHHSIS)
N 125 125 125 125 125
O6i1ee 3m0pOBbe Kosadduunent 0,187 0,236 0,197 0,108 0,205
KOoppensauumn
3Hau. 0,038 0,008 0,028 0,234 0,023
(IBYXCTOPOHHSIA)
N 124 124 124 124 124
JK13HecrnocobHOCTh Kosdduunent 0,262 0,265 0,398 0,194 0,332
KOppessinmn
3Hau. 0,003 0,003 0,000 0,030 0,000
(IBYXCTOPOHHSA)
N 125 125 125 125 125
CoimanpHoe Koadbpunyment 0,368 0,341 0,348 0,174 0,324
dbyHKIIMOHMPOBaHME | KOPPEJISIINNA
3Hau. 0,000 0,000 0,000 0,053 0,000
(IBYXCTOPOHHSA)
N 124 124 124 124 124
Ponesoe Kosaddunment 0,204 0,224 0,394 0,167 0,270
SMOIMIOHA/IBHOE KOppeIsiuumn
OYHKUMOHMDOBAHME | 34,0y 0,022 0,012 0,000 0,062 0,002
(BBYXCTOPOHHSIA)
N 125 125 125 125 125
IMcuxuueckoe Koaddumment 0,231 0,215 0,410 0,202 0,356
300POBbE KOppeIsiunmn
3Hau. 0,009 0,016 0,000 0,024 0,000
(BBYXCTOPOHHSIS)
N 125 125 125 125 125
BAII Koadduiment -0,445 -0,363 -0,347 -0,193 -0,330
KOppeIsiunn
3Hau. 0,000 0,000 0,000 0,031 0,000
(IBYXCTOPOHHSIA)
N 125 125 125 125 125

HO}'[Y)KI/IPHI)IM ]JJpI/I(l)TOM BbIZI€/IEHbI 3HAUYEHUS p OJId CTATUCTUYECKM 3HAaUYMMBbIX KOB(I)(I)I/IUJ/IEHTOB Koppeaunumn.
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[TosmydyeHbl CTAaTUCTUUECKM 3HAUMMBbIe KOPPEeJsi-
UMM MeXAy BCeMM JOMeHaMM PYCCKOSI3bIUHO Bep-
cun HOOS m mikane SF-36 u BAIIL. B cooTBeTCTBUMK
co chopMyIMPOBAaHHBIMYM TUIIOTE3aMM OIpeneIeHbl
yMepeHHble KOppemsiuy MeXIy BCeMM HOMeHaMMu
HOOS, kpome nmomeHa (QYHKIMOHMPOBAHUSI CYC-
TaBa IpU 3aHSITUSAX CIIOPTOM M aKTMBHOM OTAbIXe
u mkagoii 6omu SF-36. Takke yCTaHOBJIEHA yMe-
peHHasl Koppesinus MeXny momeHoM 6oau HOOS
u BAIIl. ChopmynupoBaHHbIe TUIIOTE3bI O HATUUNMN
YMEPEHHO! WM CUJIbHOM KOPPeNSILun MeXay JomMe-
Hamy HOOS u mkanoit ¢pusnuyeckoro GyHKIMOHU-
poBaHus, a Takke fomeHamu HOOS, kpome fomeHa
60nu, ¢ BAIIl He mogTBepkaeHbl. OcTanbHble cHop-
MYJIVPOBaHHbIE TUITOTE3bI O CIab0il CBSI3U MEXKIY
momeHamu HOOS u gpyrumu mkanamu SF-36 mog-
TBepKAeHbl. TakKMM 006pasoM, MOATBEPKIEHBI 78%
chopMyTMPOBAHHBIX TUITOTE3, UYTO CBUIETEIHCTBYET
00 YHOBIETBOPUTEIBHON KOHCTPYKTHONM BaaMIHOC-
TU MHCTPYMEHTA.

AHanm3 4yBCTBUTEIBHOCTM PYCCKOSI3bIUHON Bep-
cum onpocHuka HOOS nmpoBoam/in Ha OCHOBaHUM U3-
MEeHEeHMI TToKa3areseil 1o ero JoMeHaMm yepes 2 Mec.
Moc/ie onepauuy Mo CpaBHEHMIO € MIOKa3aTelasiMu 10
ornepanumu.

CornacHO TOAYyYeHHbIM  [JAHHBIM, BeJIUYU-
Ha 3¢dekra (ES) cocraBmna ot 3,03 (miast moMeHa
«CUMIITOMBI») 10 3,92 (o151 toMeHa «O611ee KauecTBO
SKU3HM»), UTO SIBJISIETCSI XapaKTEPUCTUKOM OOIbIION
BeMimuMHbl 3¢ dekTa usMeHeHuit. Takum o6pasom,
MPOAEeMOHCTPUPOBAHO, YTO PYCCKOSI3bIYHASI BepCUS
HOOS BBICOKOYYBCTBUTENbHA K M3MEHEHMSIM B COC-

TOSTHUM Ta300eIpeHHOT0 CYCTaBa y MalyeHTOB Moce
omepanumn.

Anpob6anus pycckossbpruHoit Bepcuyt HOOS
Yy HallieHTOB € KOKCapTPO30M, IOIyYaoIINX
XUPYypruyeckoe jeueHme

B pamkax ampo6aiiuu pycckosisbiuHoii Bepcun HOOS
aHAIM3UPOBAIM XapaKTEPUCTUKM PA3HBIX aCIeKTOB
GbYyHKUMOHMPOBAaHMSI y TIALMEHTOB C KOKCApTPO30M
PV 3arl0IHeHUY OMTPOCHMKA A0 U MOc/Ie orepanum Ha
Ta300ePEHHOM CYCTaBe, a TAK)Ke OLIEHMBAIU Kayec-
TBO JAHHBIX ¥ BpeMsI 3aTI0JIHEHMS OTTPOCHMKA.

B cpengHem Ha 3amonHeHMe ONPOCHMKA NalleHTaM
TpeboBasioch 6 MUH. (0T 2 70 15 MuH.). Bce onpocHu-
KM 3aIloJIHEHbI TIpakTuueckyu 6e3 mpomyckoB (0,02%
MPOTYIEHHbIX JaHHbIX). B Tabnuiie 4 mpeacrasieHa
XapaKTepUCTUKa pa3HbIX aCleKTOB KauecTBa >KU3HU
no foMeHaM ornpocHuka HOOS y maineHToOB ¢ KOKC-
apTpo3oM 1o omnepanuu (n = 125).

Camble HU3KMe TOKaszaTenu (GYHKIMOHMPOBAHUS
cycrasa 1o onpocHuky HOOS ompefiesieHbI TTpu 3aHSI-
TUSIX CIIOPTOM M aKTMBHOM OTIbIXe, a TaKKe I0 J0-
MeHy 0011ero kauectBa Xu3Hu. CpeiHMe TTOKa3aTeNnn
1o somenaMm onpocHuka HOOS o u nocie onepauymn
MpecTaBIeHbl HAa pUCYHKe 1.

ITo BceM ToMeHaM YCTaHOBJIEHBI CTATUCTUUECKUE
3HauMMBble NTOJIOKUTeNbHbIe n3MeHeHus (p<0,001).

TabuIly, WITIOCTPUPYIOLIYIO pacrpeneneHue ma-
IIMEHTOB IO CTEMEHU BbIPAKEHHOCTU TPobiIeM, 3a-
MOJIHMBUIMX OMPOCHUK IO U TOC/Ie omepaiun, MOX-
HO HAWTU B 3JIEKTPOHHON Bepcuu Ha caiiTe KypHasa
(npuioxeHune 2).

ITokazaTenu 1o AOMEHAaM OIIPOCHMKA HOOS IManMeHTOB C KOKCapTpo3oM 00 Oﬂepauﬂﬁaanuua !
IomeH M SD Me Q, Q, Min Max

Bonb 44,56 16,64 | 45,00 | 35,00 | 55,00 0,00 95,00
CUMIITOMBI 40,88 17,41 40,00 | 30,00 | 50,00 5,00 90,00
OrpaHuueHye aKTUBHOCTU B IIOBCEJHEBHOM XXMU3HU 39,80 17,90 39,71 30,88 50,00 0,00 89,71
OYHKUMOHMPOBaHMe CycTaBa Ipy 3aHATUSIX crioptom | 20,50 21,13 12,50 6,25 31,25 0,00 100,00
Y aKTMBHOM OT[IbIXe

O611ee KauecTBO KU3HU 24,30 16,71 25,00 12,50 37,50 0,00 68,75

994 985 1 - bonb

100

1 2

= [lo onepauuu = [locne onepauuu

93,3
41,2
28,1
21,1
3 4 5

2 — CuMnNTOMBI

3 — OrpaHuy4eHne aKTUBHOCTU B MOBCEAHEBHOM XMU3HU
4 — QyHKUMOHMPOBaHME CyCTaBa NpU 3aHATUM CMOPTOM
1 aKTUBHOM OTAbIXE

5 — ObLiee KayecTBo XU3HU

Puc. 1. CpenHume nokasaTennu

no gomeHam ornpocHuka HOOS no

¥ TIOC/Ie OTIepaiumn

Figure 1. Mean scores for the HOOS
questionnaire domains before

and after surgery
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3HAUMTENBHO BBIPAsKEHHbBIE IIPOOIEMBI IO OIle-
pauuy BCTPEYaINCh TPy BbIOOpE OTBETOB HA BCE BO-
pockl. Bombire yem Ha 50% Bompocos (21 u3 40) ma-
LIMEHTBbI O OTBETHI, XapaKTepu3ymollue Haaudyue
3HAYUTETBHO BbIPAKEHHBIX MPOOIEM (TaK OTBETUIIN
oT 53,3% 1o 95% 60IbHBIX).

[Tocre omepauyy HUKTO U3 MAIMEHTOB HE OTMe-
TWI y cebsl Halmuye KaKuxX-11M060 3HAaUMTeTbHO BbhIpa-
SKEHHBIX ITpo6sieM. OTCYyTCTBME ITPOOBIEM OTMETWIIN OT
90% (mnis 15 BorpocoB) mo 100% 60mbHBIX (1151 24 BO-
npocoB). ToyibKO 0 0OAHOMY Bompocy: «M3MeHuan n
BsI cBOi1 06pas skusum, usberast (MCKIOUYMB) ITOTEH-
IMaJIbHO TPaBMOOIIACHbIe ISl Bamrero TazobempeH-
HOTO CyCTaBa BUAbI aKTUBHOCTEN?» MAIMEHThl Jajn
MMPOMEXKYTOUHbBIE OTBETHI (1 M 2 6aa).

OBCY>XIOEHUE

B Hacrosiiiee BpeMs Bpauu TpaBMaTOIOTM-OPTONeabl
LIMPOKO MOb3YIOTCS CTAaHAAPTU3UPOBAaHHBIMM OITPOC-
HMKaMM, 3alOo/JHSIeMbIMU TalUMeHTaMM, OJi OLeHKU
COCTOSIHMSI Ta300eqpeHHOro CycTaBa M M3MEHEHMS
ero (yHKIMOHMPOBAHUS TIOCIEe XUPYPIUUECKOTO Jie-
yenus [1, 31]. B cBsa3u ¢ tem, yto onpocHuk HOOS
XOPOIIO 3apeKOMEeHIOBaT cebsi MpU MCIIOMb30BAHUMU
B MEeXIyHapo#HOV mpaktuke [16, 17, 18, 19, 20, 21],
HaMmM Obla MPOBeAeHa ero SI3bIKOBAsI U KYJIbTYpHAs
ajanTauus ¥ BaIMIALMs PyCCKOSI3bIYHOM BEpCUM.

PesynbTaToM BaIMAAUMM SIBISIIOTCS BbICOKME T10-
Kasarejiu HaJeXXHOCTU, BAJIMIHOCTU U UyBCTBUTENb-
HOCTU pyccKos3biuHOM Bepcumu HOOS. Boicokne 3Ha-
yeHuss koabduumenra anbda Kponbaxa (>0,9) mis
BCEX TOMEHOB ONPOCHMKA CBUIETENbCTBYIOT O €ro
XOpolleM BHyTPeHHEM MOCTOSIHCTBE; BOCITPOU3BOAM -
MOCTb ONPOCHMKA NOATBEPXKIEeHA 3HAUMMbIMU BbICO-
KUMU KO3 duiieHTaMu BHYTPUKIACCOBOM KOPPEJIs-
uuu ICC mo Bcem goMmeHam (>0,7) mpu 3arogHEHUN
OIMPOCHMKA NalyeHTaMM yepe3 KOPOTKMII MHTepBal
BpeMeHH. B 1iesioM monyyeHHbIe pe3yibTaThl CBUE-
TEIbCTBYIOT O XOpOIlleil HaJeXHOCTU PYCCKOSI3bIU-
Hoi Bepcuu HOOS M COOTBETCTBYIOT MMEIOIIMMCS
OIyOGIMKOBaHHBIM JTaHHBIM [16, 17, 18, 19, 20, 22, 23,
32, 33, 34, 35]. Hanuuue 3HaUMMOM CTAaTUCTUUIECKOM
CBSI3M MeXAy IokaszaTtensMu 1mo pomeHam HOOS un
mkaye SF-36, B IIepByI0 ouepenb 10 JOMEHY 60au U
mkayse 6omu SF-36, a Takke BAIIL, cBMIETENBCTBYIOT
O MMPpUEMJIEMOI KOHBEPTEHTHO BaAUAHOCTU PYCCKOIM
Bepcun HOOS. OTmeTum, 4TO OJI aHA/IM3a KOppesis-
LM MeXAy CXOOHbIMU AJoMeHaMu orpocHuka HOOS
U OPYTMMM MHCTPYMEHTaMy, KOTOpble MPUMEHSIOT
TIpU MaTOJOTMYU Ta306eqpeHHOr0 CycTaBa, HaMM, KaK
M aBTOpaMM OPYIUX SI3bIKOBBIX BEPCHUIl OMPOCHUKA
[19, 33, 34, 35], ucronb3oBaaM OOIIMI OIMPOCHUK
SF-36 u BAIIL.

BaxkHOM XapaKTepUCTUKON OIMPOCHMKA, HA KOTO-
PYIO OMMUPAIOTCS MPU PacCMOTPEHUM Iienecoobpas-
HOCTMU €T0 MCIIOIb30BaHMUM B KIMHMUUECKON TTPaKTUKe
IJis orpeneneHus 3¢ dekra MPOBEeIeHHOIO JIeUeH s,

SIBJIIETCSI €r0 YYBCTBUTENIbHOCTb K M3MEHEHMSIM.
Hamu npopeMoHCTpUpOBaHa BbICOKAs UyBCTBUTENb-
Hoctb HOOS K M3MeHeHMSIM B COCTOSIHMM TTaljMeH-
TOB IOCJIe ofepanuu Ha Ta3o00egpeHHOM CyCTaBe.
O6 3TOM CBUIETENbCTBYIOT BbIPasKEHHbBIE ITONOXKM-
TelbHbIe M3MeHeHMs 110 BceM noMeHam HOOQOS yepe3s
2 Mec. rocje omnepauumn. HTepeCcHO, 4TO IoKa3aTenn
10 OIIPOCHUKY I1OC/Ie OTepalu, 10 HAllMM JaHHbIM,
HECKOJIbKO BbIllIe, YeM IT0Ka3aTeau y aBTOPOB OIpOcC-
HMKa, TIOJTlyYeHHble TMIPU OLleHKEe UyBCTBUTEIbHOCTU
M3MeHeHMI Toc/ie SHIOMPOTEe3UPOBaHUS, IIPU CXO[I-
HbIX 3HaUeHUSIX 10 onepauuu [18]. YyBCTBUTENbHOCTD
orpocHuka HOOS oueHuBanach npyu CO30aHUN SI3bI-
KOBBIX BEpCUIA He BO BCeX Ciaydasx. Tak, mpu Bajiu-
Ialuy TYPeIKOW, TaiicKoii M OpasmabCKOil BepCuii
OINPOCHMKA He aHaJIU3UPOBAIM UYBCTBUTEIbHOCTD
uHCcTpymeHTa [20, 36, 37]. IlonyyeHHble HAMU JaHHbIE
0 BBICOKOJ YYBCTBUTEILHOCTY OITPOCHMUKA K M3MeEHe-
HMSIM TTOCJTe SHA0NPOTEe3MPOBaHMS MOTYT pacCMaTpu-
BaTbCs KaK MPeMMYIeCTBO Halllero McciieJOBaHMSI.

B KkauecTBe MOATBEpXAEHUS UYBCTBUTEIBHOCTU
MHCTPYMEHTA Mbl OKUI/IN, HAPSILY C YMEHbILIEHEM
rokasaresieil o JoMeHaM ONPOCHMKA, BBISIBUTh pas-
JIMUMSL B paclipelesieHMM TMalyeHTOB MO BbIpaXkeH-
HOCTY MMEIOUIMXCS OTpaHnueHuit YHKIMOHMPOBA-
HMS CyCTaBa A0 U mocie omepauuu. Hu B ogHOM U3
paboT, MOCBSIIEHHbIX BaIUAAIINY HOBBIX SI3bIKOBBIX
Bepcuit HOOS, Takoii mogxon, K OljeHKe YyBCTBUTEb-
HOCTM OITPOCHMKA He ObUT MCIoNb30BaH. CoracHO
MOJIyYeHHBIM JAHHBIM, 1O XMPYPIUUECKOTO JeUeHUsI
Haubosmee BhIpAKEHHbIEe HAPYIIEHMS Yy TMalMeHTOB
C KOKCapTpO30M BbISIBJIEHbI 10 TakKuM AoMmeHaM HOOS,
KaK 3aHSATHUS CIOPTOM M aKTMBHBIN OTOBIX M OOIINI
IIoMeH KauecTBa XXu3HU. [IpM oTBeTe Ha 6osee yeM
TOJIOBMHY BOIIPOCOB MallMeHThl OTMETUIN HAIMUME Y
HUX 3HAUUTEIBHO BBIPAKEHHBIX MTPOOJIEM, CBSI3aHHBIX
¢ pyukiMeit TazobegpeHHOTO cycTaBa (0T 53% mo 95%
MalLMeHTOB 0 pa3HbIM BoIrpocaM). [Toce onepaiymn
MpaKTUYECKHU B [IBa pa3a yBeJINUMIUCH (YIYULIUIUCD)
MoKasaTesu o JoMeHaM 60, OrpaHNYe it aKTUB-
HOCTU B ITIOBCETHEBHO KM3HU U CUMIITOMOB, a Y/Iy4-
IieHue Mo JoMeHaM (YHKIMOHMPOBAHMS CyCTaBa
MIpU 3aHSITUSIX CLIOPTOM M aKTMBHOM OTJbIXE, a TAaKKe
006111ero KauecTBa >XU3HY JOCTUITIO TIOUTHU TISITUKPAT-
HOTO YBEJIMUEHMSI TTOKa3aTeNleil — HUKTO U3 OOIbHBIX
He OTMEeTWI y cebst Haauumsl KaKUX-IM00 3HAUNUTE Tb-
HO BBIpaXeHHBIX ITpo6iieM. [TomyueHHbIE Pe3YIbTaThI
CBUIETEILCTBYIOT O BBICOKOM 3(deKTe omepammu,
C OIHOJ CTOPOHBI, U O XOPOIlel YyBCTBUTEIbHOCTHU
MHCTPYMEHTA — C Apyroii. [Ipu 3TOM CegyeT OTMETUTD
TOT ()aKT, UTO B JAPYruMxX paboTax YyBCTBUTEIbHOCTb
OINPOCHMKA OLIeHMBAAM HA OCHOBAHMUM M3MEHEHWUS
MoKasareJsieii 1o ero JoMeHaM dYallle Bcero Ha Oosee
MO3OHUX CPOKax Iocje ornepauuu — uyepe3 6 Mec.
u 6osnbiie [32, 38, 39].

B Haiem mcciefoBaHUM B COOTBETCTBUM C COBpe-
meHHbIMY pekoMeHaanusaMu COSMIN B paMKax s13bl-
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KOBOJ ¥ KyJIBTYPHO afanTaluu Ipy aHKeTUPOBAHUU
TpaBMaTOJIOTOB-OPTONEA0B MOATBEPKEeHA cofepyka-
TenbHas BaauaHocTb HOOS, 4TO Takke OTHOCUTCS
K IPEMMYIIeCTBY HalIero uccaeqoBaHus.

OI‘paHI/l‘IEHI/Iﬂ ucciegoBaHmns

Bo-mepBbIX, 3TO GBIJIO OJHOIIEHTPOBOE MCCIEA0Ba-
HHe, U TIOJyYeHHble pe3yabTaThl CJIeAyeT OTHOCUTD
Ha BCIO MOMYJSLMIO ITAlIMeHTOB C KOKCAapTPO30M
C OCTOPOXKHOCTBI0. BO-BTOPBIX, BHIOOPKA MAIIIEHTOB
IIJISI OLIEHKY UYBCTBUTEILHOCTY OblJIa HE OUE€Hb 6OJTb-
moit. Takke K OrpaHMYEHUIO MUCCIeAOBaHUS MOKHO
OTHECTY BbIOOP MeTO/ia aHaaM3a KOHBEPreHTHOJ Ba-
JIMJHOCTY Ha OCHOBe Koppensiuii njomeHoB HOOS co

JOIIOTHUTEJIbHASI NTHO®OPMALIMISI

3aseneHHblii 6K1a0 agmMopoe

Bce aBTOpBI cenany SKBMBAJIEHTHBIA BKJIAJ B TIOATO-
TOBKY ITyOIVIKALIAM.

Bce aBTOpBI TpowIn U omo6pmi GUHATBHYI0 BepCUI0
PYKOTIMICH CTaTb!. Bce aBTOPBI COTTIaCHBI HECTY OTBETCTBEH-
HOCTb 3a BCe aCIeKThl paboThl, YTOOBI 06ECIIEUNTh HaJjIe-
skalee pacCCMOTPEHME U pellleHe BCeX BO3MOYKHbIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAAEKHOCTHIO JTI060IA
YyacTu paboThl.

Hcmounuk ¢punaHcupoeanus. ABTOPbI  3aSBJISIIOT
06 OTCYTCTBUM BHeNTHEro GbMHAHCUPOBAHMS IIPU MTPOBee-
HUM UCCITENOBAHMS.

Bo3mocHblii KOH(IUKM uHmepecos. ABTOpPHI IeKia-
PUPYIOT OTCYTCTBME SIBHBIX Y MOTEHIUATBHBIX KOHGIMKTOB
MHTEPEeCOB, CBSI3aHHBIX C MyOIMKaIIMel HACTOSIIEN CTAThU.

Amuueckas 3xkcnepmu3sa. TIPOTOKON MCCIEIOBAHNS
omo6ped KomureToM 1o 61MOMeqUIMHCKOM 3TrKe KIMHuKM
BBICOKMX MEIULIMHCKUX TexHosoruit um. H.U. Iluporosa
CII6I'Y, BeimucKa 13 npoTtokona N2 07/23 ot 20.07.2023 1.

HUngopmupoeanHoe coenacue Ha  nyonuKayuio.
He TpebyeTcs.
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CpenHecpouHble pe3ynbTaTbl XMPYPruueckoro se4eHus nepesoMoB
ronosku nyyesou koctu |l u lll Tunos no knaccupmkaunum Mason

A.T. Aimes!, K.C. Eropos?, T.3. Kanakaes !, C.10. ®emounna ', 1.C. IleTeHko !,
AUW. ABneeB!, A.Jl. CuHeoKmi1 !

I @I'BY «HayuoHanbHblii MeOUYUHCKUTI UCcnedo8amesnvbCkKull yeHmp mpasmamosiozuu u opmoneduu um. P.P. BpedeHa»
Mun3sdpaea Poccuu, 2. Cankm-Ilemep6ype, Poccus

2 CII6 I'BY3 «lopodckas 6onvHuuya Ceamozo Benuxkomyueruka I'eopeus», 2. Cankm-Ilemep6ype, Poccus

Pedepar

AKkmyansHocms. B MeXXIyHAPOIHOM COOOLIECTBE [0 CUX MOP He MPUIILIY K KOHCEHCYCY, KaKOii METOJ, XUPYPrUIecKoro je-
YeHUs MPeAIIoOUTUTEIeH TPy IepeioMax rojoBKY ayueBoit koctu II-III TumoB mo kiaccudukanyuy Mason: OCTEOCHHTES,
peseKIys UM 3HAONPOTe3UPOBaHME, TOCKOIbKY KaskAbIil U3 3TUX METOJ0B aCCOLMMUPOBAH C TOBOJIbHO BHICOKO YaCTOTOM
OCJIOKHEHM1, TTOBTOPHBIX OTepalNii ¥ HEeYJOBIETBOPUTENbHBIX QYHKIMOHATbHBIX PE3YIbTATOB.

Llens uccnedosaHus — OIEHUTb CPEIHECPOUYHBbIE PE3YIbTAThl XUPYPTUUECKOTO JIeUeHMsI MepeoMOB TOOBKYU JTy4eBOit
kocty II m 111 TumoB o knaccudukanyy Mason B 3aBUCYMMOCTH OT CIT0C06a XUPYPrUUECKOTO JIEUEHMS.

Mamepuan u memoosi. B vicciegoBanye 6110 BKIOUeHO 110 mamymeHTOB, IpoonepupoBaHHbIX ¢ 2008 1o 2023 r. 110 [oBo-
Jly TiepesiomMa roJIoBKM JIy4eBOii KOCTU CO CMellleHMeM. BceM mauyeHTaM mpy MOCTYIJIEHMM BBITIOJTHEHBI PEHTIeHOI'PaM-
MbI JIOKTEBOTO CYyCTaBa B ABYX MPOEKIIMAX Y KOMITbIOTepHAst ToMmorpadus. [TarMeHTsl 6bUIM Pa3aeseHbl Ha 3 IPYIIIIbI 11O
TUITY XMPYPrUUYECKOTO JIeYeHNsI: MeTaIO0CTeOCMHTe3 KaHIOAMPOBAHHBIMY BUHTAMM; META/IJIOOCTEOCUHTES TIACTUHOM
¥ KaHIOJIMPOBaHHBIMY BMHTaMU; pe3ekiuysi. OleHMBaIu PeHTIeHOJIorMYecKye pe3yyibTaThl JeueHus, JaHHble ONPOCHMUKA
Mayo Elbow Performance Score (MEPS), aMIIMTyAy ABUKEHWI B IOKTEBOM CyCTaBe, aHAMHECTUYECKME JaHHbIE, BKITIOYAst
Ha/JIMuye ¥ CPOKU MOCaeoIepalMOHHbIX OCIOKHEHUI ¥ TTIOBTOPHBIX BMELIATeNbCTB, BbIITOJHEHHBIX 110 TTOBOAY JaHHbIX
OCJIOXKHEHMIA.

Pe3ynemamet. KnuHuueckyue pe3yabTaThl YAAIOCh OTCAeANTh Y 99 (90%) maiueHTOB: 44 (44%) MyskumH, 55 (56%) skeH-
W ¥H. Pe3ynbTaTsl XMPypruueckoro Je4eHus y MauueHToB C nepeaoMamy ronoBku gydeBoit koctu (IVIK) tuma Mason II
0Ka3aJ1Ch 3HAUUTEIBHO BbIIIE B CPaBHEHUM C Tiepeaomamu Tuiia Mason III, o uem cBuaeTe/bCTBOBAIN CpegHME TTOKa3a-
Tenu onpocuuka MEPS (93,0+11,3 u 82,7+16,5 cOOTBETCTBEHHO), YaCTOTA OCJAOKHEHMU (4% npoTuB 17%) ¥ IOBTOPHBIX
omnepanuii (4% npotus 12%). CpaBHUTEIbHAS OIl€HKA CTIOCO60B XMPYPruYecKoro JeueHus o mkane MEPS moka3ana 3Ha-
YUTETbHO 60Jiee BHICOKME PE3YIbTaThI PU OCTEOCHHTE3Ee KAaHIONMMPOBAHHBIMY BUHTAMU B CPABHEHUM C UCITOIb30BAHEM
MUHU-TUIaCTUHBI (93,9£8,8 n 81,9+18,8 cooTBeTCcTBEHHO, p = 0,005), a TaK)Ke C BHIMOIHEHMEM PE3eKIUY IOJOBKY JTyde-
Boi1 Koctu (93,9+8,8 u 86,4+13,1 cooTBeTCTBEHHO, p = 0,036). V 11 (11%) manyueHTOB GbLIO BHISIBIEHO 14 OC/TOKHEHMUIA.
HecpamieHne repenoma mocjie 0CTeOCHMHTEe3a HAaGII0AAIOCh B 4 CTyJasix, BTOPUYHOE CMelIeHMe OTIIOMKOB — B 3 CTyJasx.
V 2 mauuMeHTOB OAMArHOCTMPOBAHA MepUMMIUIAHTHAS MHQEeKIMs Mo MpolnecTBMu 1 1 4 MecsieB I10CJie OCTeOCHMHTe3a.
B 2 ciryyasix pa3Buiiach reTepoTornueckast occuduKanys JOKTEBOrO CYyCTaBa.

3axntoueHue. Pe3ynbTaThl MCCIeNOBAHMS TI0KA3aaM 3HAUUTEIBHO JIyUlllMe KIMHUYECKMe Pe3yabTaThl U MEeHBIIYIO YacTo-
Ty OCJIO’KHEHMIT B CpeJHECPOUHOM Iepuofie IPU OCTeOCHHTe3e MepeloOMOB rOJIOBKY JTy4eBOil KOCTY KOMIIPeCCMOHHBIMMU
BUHTaMU B CpPaBHEHMM C UCIIOJIb30BaHMEM IVIACTUHBI U pe3eKLueit.

KiroueBble cjioBa: 1iepesioMbl TOJIOBKY JTYY€BOI KOCTY, META/JIOOCTEOCUHTE3 TOJIOBKY JTy4eBOW KOCTH, pe3eKIys FOJI0BKU
JIy4eBO¥ KOCTU.

[ Ans umtuposaums: Anmues A.T., Eropos K.C., Kanakaes T.3., ®entonuna C.I0., Ilemienko W.C., Asnees A.U.,
Cuneoxuit A.Jl. CpemHecpouHble pe3ylbTaTbl XUPYPrUUECKOTO JieUeHUs] TIepeloOMOB TOJIOBKM JIy4yeBOI KOC-
™ II u III tumoB mo xmaccuduramum Mason. Tpasmamonoeuss u opmonedus Poccuu. 2025;31(2):88-97.
https://doi.org/10.17816/2311-2905-17685.

D] Anues Anumypad I'azuesuu; e-mail: alievag30@yandex.ru
Pykomnuch nmomyyeHa: 25.02.2025. Pykonuch ogo6pena: 21.03.2025. CtaThst onybimuKoBaHa oHmaiH: 13.05.2025.
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Surgical Treatment of Mason Type Il and lll Radial Head Fractures:
Mid-Term Results

Alimurad G. Aliyev!, Konstantin S. Egorov?, Timur Z. Kalakaev!, Svetlana Yu. Fedyunina',
Irina S. Petlenko!, Aleksandr I. Avdeev!, Andrey D. Sineoky!

I'Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russia
2 St. George Municipal Hospital, St. Petersburg, Russia

Abstract

Background. There is still no consensus in the international community on which surgical treatment method is preferable
for Mason type II and III radial head fractures — osteosynthesis, resection or arthroplasty — since each of these methods is
associated with a rather high complication rate, re-operations and unsatisfactory functional outcomes.

The aim of the study — to evaluate the medium-term outcomes of surgical treatment of type II and III radial head fractures
according to the Mason classification, depending on the treatment modality.

Methods. The study included 110 patients who underwent surgery for displaced radial head fractures from 2008
to 2023. Upon admission, all patients had elbow X-rays in two projections and a CT scan. The patients were divided
into 3 groups based on the type of surgical treatment: osteosynthesis with cannulated screws; osteosynthesis with a
plate and cannulated screws; and resection. We evaluated radiological treatment outcomes, data from the Mayo
Elbow Performance Score (MEPS), elbow range of motion, and medical history data, including the presence and timing
of postoperative complications and any re-interventions performed due to these complications.

Results. Clinical results were observed in 99 (90%) patients: 44 (44%) men and 55 (56%) women. The results of surgical
treatment in patients with Mason II radial head fractures were significantly better than in those with Mason III fractures,
as evidenced by average MEPS scores (93.0£11.3 and 82.7%16.5, respectively), complication rates (4% vs 17%) and re-
operation rates (4% vs 12%). Comparative assessment of the surgical treatment methods according to the MEPS showed
significantly better results for osteosynthesis with cannulated screws compared to the use of a mini-plate (93.9+8.8
and 81.9%+18.8, respectively, p = 0.005), as well as to radial head resection (93.9+8.8 and 86.4%13.1, respectively,
p = 0.036). Fourteen complications were identified in 11 (11%) patients. Fracture nonunion after osteosynthesis was
observed in 4 cases, secondary displacement of fragments — in 3 cases. Deep infection was diagnosed in 2 patients after
1 and 4 months after osteosynthesis. Heterotopic ossification of the elbow developed in 2 cases.

Conclusion. The findings of the study showed significantly better clinical outcomes and a lower complication rate
in the medium term when radial head fractures were treated with osteosynthesis using compression screws compared to the
use of a plate or resection.

Keywords: radial head fractures, plate fixation, cannulated screws, resection of the radial head.
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BBEJEHUE

[Tepenombl ronoBky yyyeBoit koctu (ITIK) sBnstoTcs
pacIpoCTpaHeHHO! TPaBMO¥, 3aHuMas 4% B 06Iei
CTPYKTYpe U TpeTb CpeAyu IepeoMOB KOCTEeil JIOK-
TeBoro cycrasa (JIC) y B3pocnbix [1]. [Io pa3nuuHbiM
olleHKaM, yacroTta mnepeinomoB IJIK cocraBaster 2,5-
2,8 Ha 10 000 >xureneii B rog, [2, 3].

[laHHbIEe TepeioMbl MOLYT OKa3blBaTb 3aMETHOE
BIMsSIHME HAa (YHKUMIO BepxXHeil KOHEYHOCTU BBU-
Iy kiroueBoit poiu IVIK B obecrieueHny BabI'yCHOI,
aKCUMaJIbHOM U 3aHeaTepasbHOM cTrabmibHOoCTH JIC.
BaskHast crabunmusupytomas poib IJIK Hanbomee BbI-
pakeHa B YCJIOBMSIX CBSI30UHOI HECOCTOSITENIbHOCTH,
KOTOpas 4aCTO BO3HMKAET B COYETAHUM C ee Tepesio-
mamiu [4]. [Tlepenomsl [TIK Taxke MOTYT GbITH CBsI3a-
HBI C IPYTMMU OBPEXAEHUSIMI, UMEIOIIVMY BaskHOe
KIMHMYECKOe 3HaueHye: COMYTCTBYIOLIME MepeioMbl
BEHEYHOI'0 OTPOCTKA, JIOKTEBOTO OTPOCTKA, BBIBUXU
npenriedbss M Ap. Ilo maHHBIM JIUTepaTyphl, 6osee
50% mnepenomos II u III TunoB mo kmaccudburaumm
Mason cOnmpoOBOXXIAIOTCSI COIMTyTCTBYIOLIMMM MTOBPEX-
nenusimu JIC [5, 6].

Jleuenue nepeniomos I'JIK oxBaTbhIBaeT BeCh CIIEKTP
BO3MOXHBIX METOLOB, BK/IIOUasi KOHCEpBaTUBHOE
JeyeHMe, BHYTPEHHIOI (UKCAIMIO, SHAOMPOTE3U-
poBaHue, pesdekuuio. Kaxknplii meTop MMeeT CBOU
npeuMylecTsa ¥ HegocraTku [7]. IIpy ockonbyaThIX
nepenomax [JIK BbillonHeHMe pes3eKUUM B CpaBHe-
HMM C BHYTpeHHel dbukcaimeit M sHIOMPOTE3UPOBa-
HMEM SIBJISIETCS TEXHUYECKM MeHee CJIOXKHOMH, MeHee
JIOporocTosieir U Oojee TpeAckasyeMoii B IIaHe
(yHKUMOHANBHBIX Pe3yabTaTOB orepauueit. OgHaKo
y MalMeHTOB C BBICOKMM YpoBHeM (u3nueckoii ak-
TUBHOCTU pe3ekuusi [TIK MoxkeT CylecTBEHHO CHM-
3UTh KaueCTBO XXU3HU BBUAY BO3MOKHOIO Pa3BUTHUS
HectrabwibHOCTU JIC. KpoMe TOro, IMpu COIYyTCTBYIO-
LIMX TlepesioMax BeHEYHOTO OTPOCTKaA, MTOBPEKAEeHUN
KOJuIaTepaabHBIX CBSI30K, BbIBMXE KOCTEN IMpenrie-
Ybsi KPUTMUUECKYM BasKHO BOCCTAHOBJIEHNE BTOPUYHOTO
cTabuinusaTopa, B CBSI3YM C 4eM IpeAIiouTeHye OTaa-
€TCSI OCTeOCUHTE3Y UM SHAOIIPOTEe3UPOBaHUIO [§, 9].

[Tpu BbITIONTHEHUM OCTEOCHHTe3a (HUKCAIUS OTIOM-
KoB ITIK BO3MOHa C MUCIIONIb30BaHMEM KOMIIPECCUOH-
HbIX KaHIONMPOBAHHBIX BUHTOB, IVIACTUHBI C YITIOBO
CTabMIBHOCTBIO U UX KOMOUHaIMK. HekoTopbie aBTO-
pbI mozBepraioT Kputuke ukcanuio IVIK miacTmHOi,
MOCKOJIbKY €€ paclojoKeHye MOZ, IaTepaabHbIM CBS-
304YHBbIM KOMIIIEKCOM U KOJIbLIEBUIHOI CBSI3KOI MPO-
BouMpyeT GOPMMUpPOBaHME B IOCIEONEpPallIOHHOM
repuoze pyoloB, KOTOPbIe BIIOCIEICTBUM MPUBOIST
K BO3HMKHOBEHMIO POTALMOHHOI KOHTpakTyphl JIC.
Kak cnencrBue, BO3HMKaeT HEOOXOAMMOCTD BBITIOTHE-
HMS TIOBTOPHBIX BMEIIATeTbCTB B 00beMe apTpoin3a,
yaaneHus: MeTa/UIOKOHCTpyKuumii [10, 11]. OnHako ripu
OCKOJIBYATBIX MepeioMax IOMOBKU U LIEHKU JIydeBOii
KOCTM Jaxke OIBITHBIM XMPypram, MCIOIb3YIIIUM
KaHIJIMPOBAaHHbIE BUHTHI, Jaqeko He BCeraa yaaerT-

CSl HOCTMYb AHATOMMWYHON PENo3UIUU U CTAOWIIb-
HOJi uKcaryy OTIIOMKOB. V3yueHue IUTepaTypsl 3a
nociegaue 20 et mokasaao, YTO B MEKIYHAPOAHOM
COO00IIeCTBe A0 CUX TOp HEe MPUIUIM K KOHCEHCYCY
0 TOM, KaKOi MeTOZ, XMPYPIUUeCcKOro jJeueHus npei-
TOUTUTENEeH Mpu nepenomax tuna Mason III: octeo-
CUHTe3, pe3eKkUMs] WUAM SHIOONPOTEe3UpoBaHue, IMO-
CKOJIBKY KasKAbI/i M3 3TUX METONOB acCOLMUPOBaH
C HEMAJION 4YaCTOTOM OC/IOKHEHMI, TIOBTOPHBIX OIle-
pauuit ¥ HeyIOBIETBOPUTENIbHBIX (YHKIMOHATbHbIX
pesynbTatos [3, 12, 13].

Llenv uccnedoganuss — OIEHUTH CpegHECPOYHbIE
pes3yabTaThl XUPYPruuecKoro jeyeHus nepeioMmoB Iro-
JIoBKM syueBoit Koctu I u III Tumnos no knaccudumka-
1y Mason B 3aBMCUMOCTH OT CITIOCO6a XMpypruyec-
KOTO JIeueHus.

MATEPUAJI U METOIbI
JlvizaiiH uccjaegoBaHUS

Tun uccoienoBaHuUsI — PeTPOCIIEKTUBHOE NBYXIIEHT-
poBoe.

B uccnegosanme Bouin 110 naijueHTOB, MpooIie-
pupoBaHHbIx ¢ 2008 o 2023 r. B ABYX MeAUIIMHCKUX
yupexxIeHusx 1o nosony mnepenoma IJIK co cmeine-
HMEeM OTJIOMKOB. Bce maieHTsl 06paliainch B 3KC-
TPEHHOM U TUIAaHOBOM IMOpSiIKe B TeyeHue 14 CyT.
Iocjie TpaBMbl (B CpeHeM Ha 7-e CYT.)

B mccremoBanme He ObUIM BK/IIOUEHBI IAl[MeH-
Thbl, nIocTynusine ¢ nepenomamu IJIK tuma Mason I,
MTOCKOJIbKY B OOJIBIIMHCTBE C/IyYyaeB OHU JIEUUIIUCH
KOHCEpPBAaTMBHO, a TakKXke MalMeHTbl C IMepejoMa-
mu [JIK ¢ COMYyTCTBYIOLIMM BBIBUXOM IIpeLIUIeYbs
(Mason 1V), mOCKOIbKYy JaHHAas TpaBMa acCOLMUPO-
BaHa C 3aBeOMO Xy[AIIMMM pe3yJbTaTaMU JIeueHUsI
" TpebyeT MHAMBUIYaTbHOTO PACCMOTPEHNS.

Kpumepuu exknwoueHuss TalyeHTOB B MCC/IeoOBa-
Hue: Tumbl nepemoma Mason II u III; nmoBpexneHne
KoJaTepanabHbIX CBSI30K JIC; COMyTCTBYIOMIMIA TIepe-
JIOM JIOKTE€BOTO OTPOCTKA; COMYTCTBYIOIIUI TIepeioM
BEHEYHOI'0 OTPOCTKA.

Kpumepuu HeekoueHusl: HABHOCTb IlepejoMa
6onee 14 cyT.; Bo3pacT MeHee 18 jieT; mallMeHThI, Jie-
YUBIIMECS KOHCEPBATMBHO; OTKpPBITbIe II€PEIOMBI;
MPOTUBOMNOKAa3aHue K onepalun BBUAY COMYTCTBYIO-
11eJt MaToMOTUM.

XapakTepucTuKa MauueHToB

W3 110 mamueHTOB 6bUTO 48 MYyKuuH (44%) u 62
skeHIMHBL (56%). CpemHuit BO3pacT MaliMeHTOB
coctaBua 45,6 ner (19-88). Bcem maiueHTam mpu
MOCTYTUIEHUM ObUIY BBITIOTHEHBI PEHTTeHOTPAMMBI
JIC B OBYX MpOeKUMSIX ¥ KOMIIbIOTepHasi TOMOrpa-
dusa (KT). I[lo nanubiM peHTreHorpadgum u KT y 98
nauueHToB (89%) IMarHOCTUPOBAH U30IMPOBAHHBIN
nepesnom IJIK, y 11 nauyeHTOB (10%) Takke BBISIBJIEH
IepesioM JIOKTeBOIO OTPOCTKA, Y OJHOTO IalMeH-
Ta (1%) mepesoM BeHEUHOTO OTPOCTKa (6e3 BhIBMXA
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npenrvieybsi), CONYTCTBYIOIIMI IepeioM TOJOBKU
MBIIIeJIKa IJIeYeBOV KOCTU AMAarHoCTUpoBaHy 1 (1%)
nmauyeHTa. Bee manyeHTbI 66U KJIACCUPULIMPOBAHbI
B 3aBMCMMOCTM OT Tuma rnepenaoma I'JIK mo kmaccu-
dukauu Mason [5].

XI/IprI‘I/I‘leCKaH TEXHUKa

BbI6Op TaKTUKM XUPYPrUUYECKOTO JIeUeHUsS] OCHOBBI-
BaJICS Ha TSKECTU Iepesoma, COMyTCTBYIOIIMUX IO-
Bpexxaenuii JIC, a TakKe JMUYHBIX IPEAIIOUYTEHUSIX
xupypra. Bce onepauuy BbIIIOJHEHBI 110Z, TPOBOIHU-
KOBOJ aHecTe3ueil. [Ipu U301MpOBaHHbBIX MepeIoMax
['JIK BBIMOJIHSIICS JIaTepalbHbIN JOCTYII: pa3pe3 KOXU
MO JIMHUM, TIPOXOASIIEN OT JaTepaJibHOTO HaJMbI-
IeJIKa 10 MIEMKM Ty4eBOil KOCTU. B 60JIbIIMHCTBE CTy-
YyaeB paspes COCTaB/IsLI He 6osee 5 cm. [Iast gocTyma
K TOJIOBKE U LIeJiKe JIy4eBOi KOCTU MIPUMEHSIIN J0C-
Tynn Koxepa B MHTepBajie MeXAY JTOKTEBOI MBIIILIE
M JIOKTEBBIM pasrubaTeneM 3arsiCThs, IIPU 3TOM JTyde-
Basl KoJlaTepajibHasl CBSI3Ka BMeECTe C KOJIbLIeBUAHOT
CBSI3KOJM pacceKaquch MPOAOJbHO OCU IIEHKM JTyde-
BOVM KOCTU. [IpM COMyTCTBYIOLIEM I€peioMe JIOKTe-

BOT'O OTPOCTKA JOMOTHUTENbHO BBITIOMHSIICS 3aQHUIA
IOCTYI C IOCJIenyoIneil ero ¢pukcamnmeil mo Bebepy
WJIU TIPeIbI30THYTOM IIACTUHOMNM C YITIOBOM CTabMUIIb-
HOCTBIO B 3aBUCUMMOCTHM OT TuUIa nepenoma. I[Ipu co-
MyTCTBYIOILEM ITepesioMe BEHEYHOI'0 OTPOCTKA B PsIfie
CJTyyaeB BBITIO/IHSIICS JOTIOMHUTENbHBIN MeAualbHbIN
IOCTYII, KOTOPBIi IMO3BOJIST BBITOMHUTDL (HUKCAIAIO
nepefHeMeAMANbHOTO Kpas BEHEYHOIO OTPOCTKa
MUHU-TUIACTUHOM.

IIpn kpaeBbIx mepenomMax Ttuna Mason II mpepn-
MOYTUTENbHBIM BapMaHTOM OCTEOCUMHTE3a SIBISIACh
(dbukcamsi OTIOMKOB KOMITPECCMOHHBIMM BUHTaMU
ouametpoMm 2,0 n 2,4 mm. Ha pucyHke 1 nmpomuiroc-
TPUPOBAH IIPUMeED BBITIOTHEHUST GUKCALUU KAHIOTN-
poBaHHbIMM BuHTamu nepenoma [JIK tura Mason II.

ITpu nepenomax, satparusaroiux scro [VIK (Mason
III), TakTMKa XMPYPruUUeCcKOTO JeUeHMsI OCHOBbIBAIACh
B Ooblleil CTernmeHM Ha HABbIKAX M ITPeATIOYTeHMU-
SIX xupypra: Gurcauusi OTIOMKOB TOJBKO KOMITpeC-
CMOHHBIMM BUMHTaMM, UKcAUsI MUHU-TIIACTUHON
C YIVIOBO# CTaGMUIbHOCTBIO, KOMOVHAIIMEN TIaCTUHbI
¥ KOMITPECCUMOHHBIX BUHTOB uiu pesekuueri [VIK.

vy

Puc. 1. PeHTreHOrpaMMmBbl IOKTEBOIO CYCTaBa MNallyieHTa C IepeJIOMOM IOJI0BKY JTydyeBoi KocTy Tuna Mason 11

I10CJ/Ie OCTEOCMHTEe3a KOMIIPECCMOHHBIMUY BUHTAMM

a, b — o onepaiuu; ¢, d — noce onepaiuu; e, f — uepes 3 mec. mmocje onepanun

Figure 1. Elbow X-rays of the patient with Mason type II radial head fracture after osteosynthesis with

COI’I‘lpI‘ESSiOl’l SCrews:

a, b — before surgery; c, d — after surgery; e, f — 3 months after surgery
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ITocne stama metanmoocreocuHtesa (MOC) Bcem
MalMeHTaM BBITIOIHSIIM 1IOB KOJbLIEBUAHONM CBSI3KU
U JIy4€eBOI1 KoJIJIaTepanbHO CBSI3KU. [Ipy 3HAUUTEND-
HOM TOBpEeXAEeHUM TOoC/IefHel XUPypramMmu BbITIOTHS -
Jlacb ee PEeKOHCTPYKIUMSI C UCIIONb30BaHMEM aHKep-
HBIX (MKCATOPOB.

OHEHKa pe3yiabTaToB

O1leHKa pe3y/lbTaTOB JieueHMsI NMPOBOAWIACH B BUAE
TeaedOHHOIO OIPOCa, PacChbIKM COOOIIEHMII B Mec-
CeHKepax C IPOCbOOil MepeitT M0 CChIIKE M 3amoj-
HUTb aHKETY, COCTaBJIEHHYIO B cepBuce Yandex Forms,
a TaKkKe IMPU HENOCPeACTBEHHOM OCMOTpe MalMeHTOB,
MNpUILEeOIIMX Ha KOHTPOIbHbIN OCMOTpP. OLleHMBAINCh
KOHTPOJIbHbIE PEHTTeHOrpPaMMbl JIOKTEBOTO CYCTaBa,
maHHble ompocHuka Mayo Elbow Performance Score
(MEPS) [14], ammnTtyna aswkenuii B JIC, aHamHe-
CTUYeCcKue JaHHble, BKIOUYas Haauuue U CPOKU I0-
CJIeOTIepallMOHHbIX  OCJIOKHEHU A U MOBTOPHBIX
BMeIIaTelbCTB, BBIMIOTHEHHBIX II0 TOBOAY [AAaHHbIX
ocIoKHeHM . [lanee 6bUTM BbIeIEHbI TPY IPYIIIIbI, Xa-
pakTepusyloliyie MeTOAbl XUPYPIUUecKkoro JeueHus:
nepenomoB [TIK: MOC KaHIONMPOBAaHHBIMM BUMHTAMMU,
MOC 11acTMHOM ¥ KaHKJIMPOBAaHHBIMM BUHTAMU U
pesekiusg. CpaBHUTeIbHAs OlLleHKa B IpyMIax IMpo-
BOAMJIACh C YYETOM ITOKasaTesyeil (PyHKIMOHAIbHOI
mkaasl MEPS, konnuecTBa OCIOXKHEHMI M TTOBTOPHBIX
BMellaTenbCTB.

CraTucTuyecKkui aHa/JIn3

Marepuasbl MCCIeqOBaHNUSI ObLIM MOABEPIHYTHI CTa-
TUCTUYECKOI 06paboTKe C MUCIIOIb30BAHNEM METOIOB
mapamMeTpUUeCcKOro M HemapaMeTPUYeCcKOro aHaau3a.
HaxkorieHne, KOppeKTMPOBKA, CUCTEMAaTU3aLMs MUC-
XOOHONM MH(OpMaIMM ¥ BU3YaIM3aLMS TOTYYEHHbIX
Pe3yIbTaTOB OCYILECTBIISUIACh B 9JIEKTPOHHBIX TabIM-
nax Microsoft Office Excel 2019. CraTucTuueckuit aHa-
JIN3 IMPOBOAMJIICS C UCIIONb30BaHMeM mporpammMsel PAST
Software v. 3.26.

B ciryyae omnmcanms KonmMyeCTBEHHbBIX ITOKa3aTereis,
MMeIoUIMX HOpMa/IbHOE pacipeneneHue, noaydeHHble
JlaHHbIe 0O0BEIVHSUINCh B BApMAIIMOHHBIE PSIIbI, B KO-
TOPBIX ITPOBOIMJICS PaCUeT CPpeIHUX apuPMeTUIecKmx
BenmuumH (M) M CTaHAAPTHBIX OTKIOHeHMI (SD). s
CpaBHEHUsI He3aBUCUMBIX COBOKYITHOCTEl B CJIyuyasix
OTCYTCTBUSI IPU3HAKOB HOPMAaJIbHOTO pacipeneneHust
IAHHBIX MCHoMb30BaiICcsa U-kKputepuiit MaHHa — YUTHMN.
CpaBHeHMe HOMMHAIbHBIX JaHHBIX TPOBOAWIOCH TTPU
oMoty Kpurepust x* InpcoHa, MO3BOJISIONIErO Olie-
HUTDb 3HAUMMOCTH Pa3Inumit MeXAY GakTMIeckum Ko-
JINYECTBOM MCXOJO0B WIM KaueCTBEHHBIX XapaKTepuc-
TUK BBIOODKM, IMOMAAAIOIIMX B KaKIYI0 KaTeropuio,
M TeopeTUYeCKMM KOJIMYEeCTBOM, KOTOpOe MOXKHO
OXMIATh B M3yYaeMbIX IPyIax Ipu CIpaBedIuBOCTU
HYJIEBOI TUITIOTESbI.

PE3VJIbTATbBI

KnuHudeckue pesyabTaThl yAaJOCh OTCIEOUTb Y
99 (90%) maumeHTOB: 44 (44%) myxkumH, 55 (56%)
skeHIIMH. CpemHuii CpPOK HAOMIOmeHUsI COCTaBWII
2,4*1,6 roga. Bo3pacT nmauyeHTOB Ha MOMEHT OIlepa-
I[MM, TI0JI, CPOKYM HAOGJIOMEHUS U 4acCTOTa COITyTCTBY-
IOUIMX TIOBPEXIEHMI JIOKTEBOTO CyCTaBa CyleCTBeH-
HO He OTIMYaJINCh B Tpymmax (tabm. 1). Pesynbrarsl
XUPYPruyeckoro jeueHusl y malueHToB ¢ repeioMamun
IJIK tvna Mason Il okasanuch 3HaYUTENBHO JIy4Ille
B CpaBHeHMH c Itepenomamu Mason II1. O6 sTom cBue-
TEJIbCTBOBAJIM CpeHME MoKa3aTenu onpocHuka MEPS
(93,0+11,3 u 82,7+16,5 COOTBETCTBEHHO), YacTOTa
OCJIOKHEHMI ¥ TOBTOPHBIX omepauuii. Heob6xomyumo
OTMETUTb, YTO YacTOTa COMYTCTBYIOLIMX IOBpeX[e-
Hui1 JIC He KoppenupoBaia C TskecTblo nepenoma ITIK.

CpaBHUTeTbHAS OlIEHKA CIIOCO60B XUPYPIUUECKO-
ro jiedeHus mo mkase MEPS mokasasa 3HAUUTENIbHO
60yiee BBICOKME pe3Y/IbTaThl MPU OCTEOCHHTE3e Ka-
HIOJIMPOBAaHHBIMM BMHTaMM B CpPaBHEHUM C MCIIOJb-
30BaHMeM MMHU-TIacTMHbI — 93,98 8 n 81,9%18,8
cootBeTcTBeHHO (p = 0,005), a TakKe C BBHIMOIHEHMEM

Tabnuya 1
Pe3ynbTaThl XMpPYPru4yeckoro jJeueHns B 3aBUCUMOCTHU OT TUIia nepeiaomMa o Mason
ITokasaTenb Mason II (n = 58) Mason III (n = 41) p

[Ton

MY3KCKOT 24 20

SKeHCKUI 34 21 0,4660
Bospacr, iet; M (min-max) 52,3 (19-78) 44,5 (24-67) 0,7920
CpenmHuit CpOK HAOJIOAEHNUS, JIET 2,4%1,2 2,3%1,1 0,6130
Conyrcrytoas Tpasma JIC

repeioM JTOKTEBOTO OTPOCTKA 5 4 0,8470

repeaoM BEHEYHOTO OTPOCTKaA - 1 0,2320

repeyioM JUCTAJbHOTO OT/esa MeueBoit KOCTU 1 - 0,3990
Omnpocuuk MEPS, 6a/iibl 93,0%11,3 82,7*+16,5 0,0002
OC1oskHEHUS 3(5%) 8 (20%) 0,0260
TToBTOpHbBIE OTepaIun 3(5%) 6 (15%) 0,1070
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pesekuum [VIK — 93,9+8,8 u 86,4*13,1 COOTBETCTBEH-
Ho (p = 0,036) (Tabm. 2).

CpenHsisl JIUTENbHOCTb OIepalyu IpU OCTeo-
CMHTe3e IUIaCTMHOM MpaKTUYecKu B ABa pasa Ipe-
BblllIaJia BpeMSI OCTEOCHMHTe3a KOMITPEeCCMOHHBIMU
BMHTaMM (69*19 mporus 129%33 muH., p = 0,0001).
C Opyroit CTOpOHbBI, B I'PYIIIE NALMIEHTOB, IPOOIIEPH-
POBAHHBIX C MCIIOb30BaHMEM IUIACTUHBI, ObUTA 6OJTb-
me npons mepenomoB Tuna Mason III B cpaBHeHUM

C MaiMeHTaMy, KOTOPbIM BBIMOMHSJICS OCTEOCUHTE3
KaHIOIMPOBAaHHBIMM BUHTAaMM M COIOCTaBMMasl HOJS
IAHHBIX MEePeIOMOB ITpU BbINoMHeHUM pe3ekunu [TIK.

Iyist 607ee KOPPEKTHOV OLIEHKM MOKa3aTeNly IO
dbyHKUIMOHaNIBHOV 1Kase MEPS B rpymnmnax cpaBHU-
BaJICh OTAENbHO Mpu Iepenomax TumoB Mason II
u III (Ta6n. 3). B rpymiie ocTreocMHTE3a KOMIIPECCH-
OHHBIMM BMHTaMM CpefHMe ToKasaTeau IO UIKaie
MEPS oka3zanucs BbIlIIeE.

Tabnruya 2
KnuHuuyeckue pe3yabTaThl B 3aBUCMMOCTHU OT CIIOCO6a OMepPaTMBHOIO JIeYeHMSs
TMokasaTenn MOC mnactunoyt | MOC BuHTaMM Peseknusa
(n=31) (n=51) (n=17) b, P, bs
ITon
MY>KCKOT 16 (52%) 27 (53%) 7 (41%) - - -
SKEHCKUI 15 (48%) 24 (47%) 10 (59%) - - -
Bospacr, et 42,3 (19-68) 42,0 (21-78) 48 (25-68) 0,706 0,347 0,204
CpenHuit CpoK HAGIIOAEHNS, IeT 2,5%+1,2 2,3%+1,2 2,5%1,1 0,562 0,838 0,388
IUTeNbHOCTD ONepalun, MUH. 129+£33 69£19 9463 0,0001 0,305 0,520
Tun nepenoma
Mason II 12 (39%) 39 (77%) 6 (35%) - - -
Mason III 19 (61%) 12 (23%) 11 (65%) - - -
[lTkana MEPS 81,9+18,8 93,9+8,8 86,4*+13,1 0,005 0,634 0,036
PesynbraThl
OTJINYHBIE 15 (48%) 38 (75%) 7 (41%) - - -
Xopolye 7 (23%) 9 (18%) 5 (30%) - - -
YOOBIETBOPUTEIbHbBIE 6 (19%) 3(6%) 4 (24%) - - -
ioxue 3(10%) 1(2%) 1(6%) - - -
3mech u majee:
p, — cpaBHenue B rpymnmnax MOC miactunoii 1 MOC BuHTaMu.
p, — cpaBHeHue B rpynnax MOC miacTuHO 1 pe3eKums.
p, — cpaBHenye B rpymnmax MOC BMHTaMy 1 pe3eKLusl.
Tabnuya 3

CpaBHUTe/IBHAs OlleHKa MoKa3aTeseii o GyHKuuoHanbHo mkaiae MEPS B rpynmax
B 3aBMCUMOCTH OT THIIa HepejioMa

T mepeoma MOC ntacTuHOM MOC BuHTaMu Pesekunsa
p (n=31) (n=>51) (n=17) b, b, bs
Mason II 90,0+9,4 95,3£7,5 87,5+ 15,0 0,086 0,874 0,334
Mason III 77,0+21,5 89,6%11,3 84,4+12,9 0,204 0,588 0,315
OcCIo)KHEeHUS

V11 (11%) manyeHTOB ObUIO BBISIB/IEHO 14 OCTIOKHEHMIA,
a 'y 24 mauMeHTOB COXPAHSUIMCh 3HAUMMbIe OTpaHNye-
HMSI aMIUIUTYObl OBVoKeHust (Tabn. 4). Hecparenue
repejioMa 1ocjie OCTeOCMHTEe3a HABI0NANI0Ch B 4 CITy-
yasgx. Bce manmeHThH MPOONEPUPOBAHBI ITOBTOPHO:
3 manueHTam BBINIOJHEHO SHAoMNpoTe3upoBaHue ITIK,
OOHOMY MalUMeHTy — peseKuusi. BropuuHoe cmele-
HMe OTVIOMKOB MPOU301IIO Y 3 MaI[MeHTOB: B 2 CTyYasx
yepe3 6 u 8 Mec. MOC/Ie OCTEOCUHTE3a TIOTPe6OBATIOCH
BBITIOJIHEHME TIOBTOPHOI onepanuuu — yaajieHue Iia-
CTUHBI, BUHTOB, YaCTUYHAs1 MOLEIUPYIOLIasl pe3eKLus

IJIK, omuH MauyeHT OTKa3ajcs OT ITIOBTOPHOI ome-
pauuu. Y 2 malyueHTOB OMAarHOCTUMPOBaHA MepUMM-
TJIaHTHAS MHQEeKIINS 10 mpoiectsuu 1 1 4 Mec. mocje
oCTeocHHTe3a. B 060Mx CTyyasix BbITOJTHEHBI PEBU3US,
caHauus, pesekius oTaoMKOB IJIK. MHdeKIIMOHHbI
Tpotiecc 6bIT KyMMPOBaH y 000MX ManyeHToB. Y 2 na-
LIMEeHTOB pa3BWIaCh reTepoTommMueckast occuduranys
JIC, B OmHOM ciTyuae oTpe6oBaBIiiasi BhIMTOTHEHMS IT0-
BTOPHOI1 oIlepaluy dyepe3 6 MecC. MOCAe MepBUUHOI
B 06beMe pe3eKiuM 0CCUDUKATOB, YIATEeHMsS] BUHTOB

(puc. 2).
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Tabnuya 4
CTpyKTypa OC/IOKHEHUI B IPyIIiax NalyeHTOB
TMokasaTenns MOC nnactunoit | MOC BuHTamu | Pesexkiuus
(n=31) (n=51) (n=17) b, p, ps

Hecpamenne 3(10%) 1(2%) - 0,116 | 0,186 | 0,561
BropuuHoe cMeleHne 2 (7%) 1(2%) - 0,294 | 0,285 | 0,561
[my6okast MHMeKIMs 1(3%) 1(2%) - 0,719 | 0,455 | 0,561
TeTepoTonuueckast occuduKams 1 (3%) - 1 (6%) 0,197 | 0,660 | 0,081
HecrabunbHocTts JIC - - 3(18%) 1,000 | 0,016 | 0,003
Bcero ocnoxxueHmit 7 (23%) 3(6%) 4 (24%) 0,026 | 0,941 | 0,039
CrubaTenbHO-pas3rubaTebHast 4 (13%) 4 (8%) 4(24%) 0,454 | 0,345 | 0,083
KOHTpakTypa 6omee 30°

PoraiuoHHast KOHTpaKkTypa 6onee 30° 8 (26%) 4 (8%) - 0,026 | 0,022 | 0,234

Puc. 2. TetepoTonuueckast occu@uKalys JOKTEBOTO CyCTaBa y MalMEeHTa C OCKOIbYATHIM ITE€PEIOMOM T'OJIOBKY JTyYEBOI
kocty Tuna Mason III mociie ocTeocuHTe3a IIACTUHON ¥ KOMIIPECCMOHHBIMU BUHTaAMM:

a — pPeHTTeHOIpaMMa B MIPSIMOiA MPOEKIMHU 10 OCTEOCHHTEe3a; b — Moc/Ie 0CTeOCHHTE3a;

¢, d — Jepes 6 Mec. IOC/Ie OCTEOCHHTE3a: 06LIMpPHAast occuduMKalIMs JOKTEBOTO CYyCTaBa; e, f — TpexmMepHast peKOHCTPYKLIMS
JIOKTEBOTO CYCTaBa, BHIMOIHEHHAS HAa ocHOBe KT; g, h — peHTreHOrpaMMmblI IocJie pe3eKuyn occudUKaToB.

B xo/e BbIMOMHEHMSI [TOBTOPHO¥ Onepanuu ObIIM pe3enyipoBaHbl 0CCUGUKATHI, IBSIONMECS MPUUMHON OTpaHNYeHMS
IBVKEeHUI B JIOKTEBOM cycTaBe. OccubMKaThI, pacrosararmuecs Moj, KolaTepaJbHbIMY CBSI3KaMy, He pe3elupoBaIiCh
0 IIpUUMHE BbICOKOTO PUCKa UX MOBPEXKIEHUS

Figure 2. Elbow heterotopic ossification in a patient with Mason type III comminuted radial head fracture after
osteosynthesis with a plate and compression screws:

a — X-ray in a direct projection before osteosynthesis; b — after osteosynthesis; ¢, d — 6 months after osteosynthesis,
extensive elbow ossification is observed; e, f — three-dimensional reconstruction of the elbow joint performed on the basis
of CT; g, h — X-rays after resection of ossifications.

During the re-operation, the ossifications responsible for the limited range of motion in the elbow were resected.
Ossifications under the collateral ligaments were not resected due to the high risk of their damage
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CrubarenbHO-pasrmbaTeabHasi KOHTpakTypa 60-
Jiee 30° BoIsiB/IeHA Y 12 MallMEeHTOB, POTAl[MOHHAS KOH-
TpakTypa 6osee 30° — rakke y 12 maumueHntoB. Cpenu
MMalMeHTOB, IepeHecix pe3ekuuio [TIK, HecTrabwmib-
HocTb JIC oTMevuanu 3 nmauyeHTa. XpoHUYecKue 60/m
B JIyUe3aIsICTHOM CyCTaBe HabOII0maINCh y 2 TalyeH-
TOB. [TosiB/IeHMe BabrycHO medopmaryu JIC oTme-
yaau 2 mauyeHTa.

OBCY>XKIEHUE

IMepenomsl IJIK SgBHSIOTCS OOHMMM M3 Haubonee
YacTbIX B CTPYKType TpaBM JIOKTEBOTO CyCTaBa.
[Ipeppigyime ucciefoBaHUs OATBEPAUIN, UTO pe-
dexkuusa IJIK, mporesupoBaHMe U OCTEOCUHTE3 SIB-
JIAIOTCS MEeTOoAaMM BbIOOpA, TO3BOJSIOMIMMM BOC-
craHoBuTh Qyukimo JIC [3, 4, 15]. Knuuuueckas
3(deKTMBHOCTD M YACTOTa ITOCIEOIEePALIMOHHBIX
OCJIOKHEHUI ITUX TPeX METOLO0B COMOCTaBUMBI, UTO
3aTpyaHseT BbIGOP HambosIee MOAXOASIIEro MEeToma
JledeHus s Bpada M mamueHra. [lostomy B mpef-
CTaBJI€HHOM MCCJIeIOBaHMM M3ydanach 3(PdeKTuB-
HOCTb Pas/MIHbIX XUPYPIrUUECKMUX METOAMK JIeUeHUsI
nepenomoB [JIK Tunos Mason II u III.

PesynbTaThl Hallero MUcCCAefOBaHUS TOKa3aiu,
4TO BhINTONHeHMe ocreocuHTesa [JIK ¢ ucnonb3oBa-
HMEM KOMIIPECCMOHHBIX BUHTOB NPUBOOUT K JIy4-
UMM KJIMHUYECKUM pe3y/lbTaTaM B CpeqHeCPOYHOI
nepcreKkTMBe B CpaBHEHUM C IPUMeHEeHMeM IIacTu-
HbI U pe3ekineit. YacToTa OCI0KHEHUIA, TPEOYIOMMX
BBITIOJTHEHMS TIOBTOPHBIX BMeELIATENbCTB, B TPyINax
3HAuMMO He OTIMYanach, OGHAKO MPU OCTEOCUHTE3E
IUIACTMHOI HaOJI0IA/I0Ch 3HAUMTE/IbHO O0JIbIlIee Ylic-
JIO TTALIMEHTOB C POTALIMOHHOM KOHTpaKTypoi JIC, 4yTo
MOATBEPXKIAIT Pe3yabTaThl APYTUX CPaBHUTEIbHBIX
uccIenoBaHuii. B HemaBHO omyOJIMKOBaHHON paboTe
K. Yano ¢ coaBTOpamMu oLleHMBAJIN Pe3YJIbTAaThI OCTEO-
CUHTe3a MaacTMHOM (11 mauyeHToB) M KOMITPECCUOH-
HbIMM BMHTamM (12 mauyeHTOB) MPU IepeoMax TUIIa
Mason III Ha cpemHeM cpoke Hab6momeHus 18 mec.
nocie onepanyu. Y BcexX MalyUeHTOB, 10 JaHHBIM UC-
CJleloBaHMs, OTMeYa/iaCb KOHCOMUAALMST OTIOMKOB.
OpHako B rpyIine OCTeOCMHTe3a IIAaCTUHON CpemHsIs
amrumuTyaa cymHauyy JIC 6b11a 3HAaUUTENbHO MEeHb-
11e B CPaBHEHUM C OCTEOCHMHTE30M KOMIIPECCUOHHBI-
MU BUHTamMM. I[IOBTOpHbIE BMelIaTeabCTBa MOTpe-
6oBanmuch 5 (46%) maiueHTaM, IOCIE OCTEOCUMHTE3a
BUHTaMM — TOJIBKO ogHOMY (8%) [16].

B Hameii paboTe He aHAIM3VPOBAINCH PE3Y/IBTATHI
sHponpoTe3upoBanHus [VIK, MOCKOIBbKY B 9KCTPEHHOM
MopsiAKe JaHHAsl orepanys BbIMOIHSIACh B eUHNY-
HBIX CTy4yasiX BBUJLY ee BbICOKOI CTOMMOCTU U HEBO3-
MOXXHOCTM BBINIOJTHEHMS B paMKax cucrtembl OMC.
Takum 06pa3oM, IPY MHOTOOCKOTBUATBIX TTepeioMax
I'JIK, ripy KOTOPBIX MEPCHEKTMBA BBIMIOJHEHUS afeK-
BATHOJ Peno3ULIU U CTAOUIIbHOM (UKCALIMU OTIIOM-
KOB 6blIa COMHUTEIbHOI, METOZIOM BbIGOPA SIBJISLIIACH
pesexkuusi. [Ipy 3TOM MalMeHTHI, lepeHecIIe pe3ek-

uyio IVIK, MHGOPMMUPOBAIMCh O BO3MOXKHOCTY BbITIOJ-
HeHMS 3HJIOMPOTEe3UPOBaHUS B INIAHOBOM MOPSIAKe 3a
cueT CpeAcTB deaepabHbIX KBOT MuH3IpaBa Poccun.
OnHako pe3y/ibTaThl aHKETMPOBaHMS B HallleM Mcciie-
IIOBaHMM TIOKA3bIBAIOT MpueMyeMble (QYHKIMOHATb-
Hble TIOKa3aTeau B IaHHOI TpyIIie MaiyMeHTOB, YTO
MOXeT OOBSICHUTh HeXeJaHVe MepPeHOCUTh ITOBTOP-
HYI0 OIlepallyio B OTCPOUYEHHOM TMopsiake. U B 3Tom
OTHOIIIEHMM HallM JaHHbIe COMOCTaBUMBbI C PSAOM
Ipyrux uccoreposauuit. F.N. Mebouinz ¢ coaBTopamu
orleHMBaM (GYHKIMOHAIbHbBIE PE3Y/IbTATHI Pe3eKLN
IVIK y 11 manmeHTOB mpU mepejsoMax TUIIOB Mason
[II-IV Ha cpemHeM cpoke HaOmomeHust 47,6 Mec.
Cpemuuii 6amn mo mkagxe MEPS cocraBun 83,2.
BoccraHoBieHme monHOM QYHKIMM OTMedUanu 60Ib-
IIMHCTBO TanyueHToB (81%). Inoxoii pe3ynbraT ObLI
TOJIBKO y OJJHOTO TalieHTa, IlepeHecIIero pe3eKimnio
[VIK o moBoay 3i0cuactHov Tpuaast [17]. C. Faldini
C coaBTOpaMy IpefCTaBWIM OTHaJieHHble pe3y/bTa-
ThI (CpeIHMI CPOK HabIIomeHusT cocTaBui 18 jieT) pe-
3ekuyu [JIK, BBIMOJIHEHHO! B 3KCTPEHHOM MOPSOKE
y 36 mauueHToB. CpeoHMil IMOKa3aTe/lb II0 IIKaJIe
Broberg and Morrey coctaBuit 91,2%6,3 6annos [18].

HWccnenoBanmst, aBTOPbI KOTOPBIX CPAaBHUBAIOT 3¢-
(beKTMBHOCTb OCTEOCMHTE3a, Pe3eKIUM U SHAOIPO-
te3upoBanus [JIK, moka3biBalOT JOBOIBHO ITPOTUBO-
peunBble pe3yabTaThbl. [[pocieKTUBHOE UCCIeloBaHMe
H. Chen c coaBTOpamMu IOCBSIIIIEHO CPAaBHUTEIbHOMY
aHa/IM3y pe3y/lbTaTOB OCTEOCMHTE3a, 3HIOIPOTE3MU-
poBaHus u pesekuuu IVJIK y 102 mamnueHTOB C Iepe-
gomamu IJIK turma Mason III B TeyeHme ropa rocie
onepauyu. OCIOKHEHUS TIOC/Ie SHAO0MPOTe3UPOBAHMS
BO3HUKAIM B 6% CJIy4aeB, B TO BpeMs Kak MOCJIe OCTeO-
CUHTe3a — B 24%, a B TPYyIIIle pe3eKLMM YaCTOTa OCTOX-
HeHMit coctaBmia 47%. O1ieHKa 10 (YHKUIMOHAIbHBIM
HIKajaM Takke IoKa3asa Jy4lliie Pe3yabTaThl ITPY BbI-
TIOJTHEHUM SHI0NPOTe3upoBanys [19].

B uccnemosanuu C.E. Burke ¢ coaBTopamu cpas-
HUBAJIUCh OTHAJeHHbIe pe3yJabTaThl (CpeIgHUIt CPOK
HabOIIOgeHMUsT cocTaBwI 7,5 JjieT) ocreocuHTesa U
suponporesupoBanus IJIK. Tlokasarenu aHKeTH-
poBaHMs IO OMNMpocHMKY QuickDASH 6buiM como-
CTaBUMBI B 06eux rpymmax. B rpyrre ocTreocuHTesa
19 (37%) mauyeHTOB MIPUMHUMAIV MeAUKAMEHTbI AJIsI
KyIIMpOBaHMS 60JIEeBOr0 CMHIPOMA, B IPYIIIIe SHAO-
MPOTE3UPOBAHMS TIEPUOAMUECKU TIPUHMUMAIN 06e3-
6onuBaroIye 12 (48%) nanyeHToB. IIoBTOpHbBIE BMe-
MIaTeNbCTBA IIOCJIE OCTEOCHMHTE3a IOTPeboBaINCh
13 (25%) mauueHTaMm, Iocjiae SHAOMPOTE3MPOBAHUST —
6 (24%) [20].

Bo3MokHO, MPOTUBOPEUNBbIE Pe3yIbTaThl, Mpe-
CTaBJIeHHbIE B OTEUECTBEHHBIX M 3apyOeXKHBIX CTa-
ThSIX U, KaK CJIe[ICTBMEe, OTCYTCTBME KOHCEHCYCa
OTHOCUTEBbHO TaKTUKU JieueHUs OCKOIbYAThIX Tepe-
sioMoB I['JIK MOKHO OObSICHUTH HECOBEPILIEHCTBOM I10-
BCEMECTHO IIpMMeHsIeMOli Kiaccudukauym Mason,
KOTOpas He MpejjiaraeT aJropuTMa jedeHus.
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K.C. EropoB c coaBTOpamMu Ipemjiokuiau pabdo-
yyi Kiaaccudukaiuio mnepenomoB IJIK, cocTosryo
u3 7 TUIIOB, TIPM 3TOM KaskIOMYy TUITY COOTBETCTBYET
MpeaNoUYTUTENbHbIN BapUMaHT KOHCEPBATUBHOTO UM
XUPYPruyeckoro jedyeHusi. B ucciegoBaHum aBTOPBI
MPOaHaIM3UPOBAIN Pe3YJIbTaThI JIeueHUs [IepeioMOB
I'VIK y 104 nauyeHTOB. B mepBoi1 rpymrie aBTOPHI BbI-
O6upas BapuaHT JieUeHUs COIVIACHO IMpeJIoKeHHO!
paboueit KinaccuduKalUy, BO BTOPOJ IpyIIIie — UCX0-
I51 U3 IMYHBIX pearouTeHnii. CpaBHeHMe OLIEHKU I10
(byHKIMOHANIBHBIM MIKAJAM M YaCTOThI OCIOKHEHM

OJOIIOJIHUTEJIbHASI TH®OPMALIVSA

Bce aBTOpBI chenany SKBMBAJIEHTHBIN BKIAJ B TOATO-
TOBKY ITyOIMKALIAMA.

Bce aBTOpPBI Mpowiu U ogo6puan GUHATBHYIO BEPCUI0
PYKOIVCH CTaTh!. Bce aBTOPBI COT/IACHBI HECTM OTBETCTBEH-
HOCTb 3a BCE aCMeKThl PaboThbI, UTOOBI 06ECTIEUNTh HaIe-
Kaliee pacCMOTpeHMe U pellieHNe BCeX BO3MOXKHBIX BOITPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO U HAEKHOCTHIO 06011
YacTu paboThI.

Hcmoynuxk cuHancuposanus. ABTOPBI  3aSBJISIIOT
06 OTCYTCTBUM BHeNTHEro hbMHAHCUPOBAHUS TIPYU MPOBee-
HUU UCC/IeIOBaHMSI.

Bo3MmocHbIlI KOH(AUKIN UHIMepecos8. ABTODPHI JTeK/a-
PUPYIOT OTCYTCTBME SIBHBIX U MIOTEHIIMATbHBIX KOHMINKTOB
MHTEPEeCOB, CBSI3aHHbIX C MyGIMKaIMeli HaCTOsIIIe! CTaThy.

Amuuyeckasn 3xkcnepmu3sa. He mpuMeHuMa.

HngpopmupoeanHoe coznacue Ha ny6aukayuio. ABTOpbI
TOIy4YW/IM TTMChbMEHHOe COIiacye TalMeHTOB Ha ydacTue
B MCC/IEOBAHUY U ITyGIUKALIVIO PE3YIbTaTOB.
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PeTpocneKkTUBHbII aHaNU3 OTAANEHHbIX Pe3ybTaToB JIe4eHUS
NOAKOXKHbIX pa3pbliBOB CYXOXXUNUIM pasrnbartenen nanbueB KUCTU
C UX MONOTKOOOpasHoii aedopmaumen

10.C. BonkoBa, JI.A. PomomaHoBa

OI'BY «HauyuoHanbHbIli MeOQUUUHCKULL ucciedosamenscKuli yeHmp mpasmamosnozuu u opmoneduu um. P.P. Bpedena»
Munszdpasa Poccuu, 2. CaHkm-Ilemep6ype, Poccus

Pedepar

AxmyansHocms. HeyoBieTBOpUTe/IbHbIE KIMHUYECKME Pe3YJIbTaThl M HEIOBOJIBCTBO MalVieHTOB (GYHKIVOHAIbHBIMU
M 3CTeTUYeCKMMU MCXOIaMy OCTAIOTCS aKTyaabHOI mpobiemoii ieyeHus: mallet finger. Cpeyu crienManucToB CyLIeCTBYIOT
pasHomIacus B OIlpelie/ieHM ONTUMA/IbHOM TaKTUKM JIeUeHsI B 3aBUCUMOCTY OT TUIIA ITIOBPEXKIEeHNS.

ILlens uccnedosanuss — peTPOCIIEKTUBHO OLeHUTb 3D ()eKTUBHOCTb BHeLIHEeT MMMOOWIN3ALIMM, TPAHCAPTUKYISIPHON HUK-
caumu 1 6I0KUPYIOIIEro OCTeOCHHTE3a IIPU PA3HbIX TUTIAX oBpexxaeHus mallet finger n onpenennTs GakToOpbI, BAMSIOLIE
Ha GYHKIVOHAIbHbIE Pe3ybTaThl.

Mamepuan u memodsl. B peTpoCIIeKTMBHOM OZHOLIEHTPOBOM MCCIeOBAaHMM IPOaHAIN3UPOBAHbI GYHKUIMOHAIbHBIE pe-
3yabTaThl JedueHust 120 manueHToB co cBeskuMu nospexaeHusimu mallet finger cornacHo knaccubukanym G.P. Crawford.
Taxoke BbITIOTHEHA OLIeHKa YA,0BJIeTBOPEHHOCTY NAI[MEeHTOB ITPOBeIeHHbIM JIeueHeM, U OTpeieneHbl HakTOpbl, BAUSIONMe
Ha UCXO[bI JIeueH M.

Pe3ynemamet. [Tpy noBpeskaeHusiX [ THIa OTIMYHBIE U XOPOILMe Pe3yIbTaThl MOMy4eHbl y 22 (25%) u 30 (34%) nanueHTOB
COOTBETCTBEHHO, a YAOBJIETBOPUTENbHbBIE U TToxue — Y 26 (29,5%) un 10 (11,4%) nmauueHTOB COOTBETCTBEHHO. VY Malu-
eHTOB ¢ noBpexaeHusimu tuna IVB u IVC nosnydeHsl nioxue pesynabratsl y 13 (48,1%) u 2 (40%) cOOTBETCTBEHHO, YA,0B-
JIeTBOpPUTEbHbBIE pe3yabTaThl — Yy 11 (40,7%) 1 3 (60%) cooTBeTCTBEHHO. Hanbosbliee BAUSIHYE HA Pe3y/IbTaThl 0Ka3ain
TUII TIOBPEKAEeHMs, BLIOpaHHbII CIIOCO0 JeUeHNsT M UCXOLHbIN fedUIUT pa3rubaHus HorTeBoit dananru. [logassioliee
6OBIIMHCTBO MALMEHTOB C [ TUTIOM MOBpeXIeHUS TeUMINCh KOHCePBATUBHO, IIPY 3TOM y AI[MEHTOB C UCXOLHbIM fedu-
LIUTOM pa3rubaHus HOrTeBoi (asaHru, paBHOM Win 6osee 30°, yaile 6bIIM MTOMYYEHbI YIOBIETBOPUTEIbHBIE U TIJIOXYE
pes3yabTaThl C OCTATOYHbIM AeduunTom pasrubanus 15+5°. IIpu nmoBpeskaenusix IVB u IVC Tumnos y 40% maieHTOB BbI-
TIOJIHEH GJIOKMPYIOIINI OCTeoCHHTe3. Y 3TUX MAlMEeHTOB Yallle HabMoLaIMCh OCTATOUHbI neduuTt pasrubanus 6onee
20%6°, HanmmuuMe 60IeBOTO CMHAPOMA U AeUIUT crubaHus B IUCTaAbHOM MeskdalaHTOBOM CyCTaBe.

3axnouenue. IIpu edyeHn noBpeskaeHuit I Tuna Hanbosee BaKHbBIM (GaKTOPOM, ONpeResomuM QyHKIMOHAIbHBIN pe-
3y/IbTAT, SBJISETCS BbIPasKeHHOCTh MCXOLHOM Hedopmanyuu. OnepaTuBHOe JiedeHue Mpu MOBPekAeHUs X | Tuma MmeTomom
TPAHCAPTUKY/ISIPHON DUKcalyy yIydulaeT KIMHUYECKUe pe3yabTaThl, OMHAKO COMPSIKEHO C BBICOKMM PUCKOM MHGEKIIN-
OHHBIX OC/IOkKHeHMt. [Ipy BBITIOTHEHMM OIOKMPYIOLIETO OCTEOCHHTe3a Mpu noBpexaeHusx IVB u IVC TUIoB He06X0auMo
JIOCTMKeHMe YIOBIeTBOPUTENbHOM PEeNo3uLIMM BO u3beskaHue HellpaBUIbHOTO CpallleHus M pa3BUTUS AedOopMUPYIOIIEro
apTpo3a AUCTAIbHOTO Mek(anaHroBOro CycTaBa.

KiioueBbie cjIoBa: MOJIOTKOOOpasHbiit manel, mallet finger, sucranbHblit MeXXdanaHTOBbIN CYCTaB, MEPEIOM HOTTEBOIA
(anaHru, moBpexxaeHne CyxXoKMUIns pa3ruoaTtess NajablieB KUCTU.

IOns uvurupoBanmsi: BonkoBa [0.C., PomomanoBa JI.A. PeTpoCHeKTMBHBIN aHaau3 OTHAJIEHHBIX De3yJabTaTOB
JleueHMsl TOIKOXKHBIX Pa3pbIBOB CYXOKWIMit pasrubareseii maablieB KUCTU C UMX MOJIOTKOOOpa3Hoit medopmarineii.
Tpasmamonoeus u opmonedus Poccuu. 2025;31(2):98-110. https://doi.org/10.17816/2311-2905-17671.
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Long-Term Results of the Treatment of Mallet Finger Injuries:
A Retrospective Analysis

Yulia S. Volkova, Liubov A. Rodomanova

Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russia

Abstract

Background. Unsatisfactory clinical outcomes and patient dissatisfaction with the functional and aesthetic results
of treating a mallet finger remain a significant challenge, as there is a lack of consensus among specialists regarding the
optimal treatment approach, depending on the specific injury type.

The aim of the study — to retrospectively evaluate the efficacy of external immobilization, trans-articular fixation and
percutaneous extension block pinning for different types of mallet finger injuries, and to identify factors that influence
functional outcomes.

Methods. In a retrospective single-center study, functional results of 120 patients treated for acute mallet finger injuries
were analyzed according to the Crawford classification. Patient satisfaction with the treatment was also assessed, and factors
influencing treatment outcomes were identified.

Results. Depending on the type of injury among the study participants, excellent and good outcomes were achieved
in 22 (25%) and 30 (34%) patients with type I injuries, while satisfactory and poor outcomes were observed in 26 (29.5%)
and 10 (11.4%), respectively. Patients with IVB and IVC injuries mostly experienced poor outcomes in 13 (48.1%) and
2 (40%) cases with satisfactory outcomes in 11 (40.7%) and 3 (60%), respectively. The type of injury according to the
Doyle classification system, treatment method, and initial nail phalanx extension deficiency had a significant impact
on treatment outcomes. Most patients with type I injury received conservative treatment, whereas patients with an
initial phalanx extension defect of 30 degrees or more often experienced satisfactory and poor outcomes with a residual
extension defect of 15+5 degrees. In patients with type IVB and type IVC injuries, 40% underwent percutaneous extension
block pinning. These patients were more likely to have residual deficit in extension more than 20+6°, a higher incidence
of pain syndrome and flexion insufficiency in the distal interphalangeal joint.

Conclusion. In the management of type I injuries, the most significant factor influencing the functional outcome is the
degree of initial deformity. Surgical intervention for type I injuries using trans-articular fixation can improve clinical
outcomes, but it is associated with a significant risk of infection-related complications. When performing percutaneous
extension block pinning for IVB and IVC type injuries, it is essential to achieve adequate repositioning to prevent improper
fusion and the development of deformity-related osteoarthritis in the distal interphalangeal joints.

Keywords: mallet finger, distal interphalangeal joint, mallet fracture, extensor tendon injury in the hand.
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BBEJEHUE

YacToTa BCTpeyaeMOCTM IOIKOKHBIX Pa3pbIBOB Tep-
MMHAaJIbHOJ 4aCTy pa3rubaTebHOTO aniapara najblia,
MIPUBOASAIIMX K Pa3BUTUIO MOJIOTKOOGPa3HOi Aedop-
manuu (mallet finger), cocrasnsier 9,3% ciaydaeB cpe-
IV TPaBM BCeX CYXOXKWINI Y B3pOCIOro HaceneHus [1].
CoriacHO COBpeMeHHbIM KaaccuDUKaIMIM, TTOBPeX-
nenust mallet finger mpencTaBasiior cob60it pa3pbIBbI
pa3rubaTenbHOro amnmapara ¢ HamumueM uiu 6e3 oT-
PBIBHOTO KOCTHOTO ¢parMeHTa HOTITeBOi amaHTH.
[y pasneneHus pacCMaTpUBaeMbIX TOBPEXIeHNI Ha
TUIIBI B 3aBUCUMMOCTY OT HaJIMUMS TIOOBBIBMXA U pas-
Mepa KOCTHOTO (hparmMeHTa 3a4acTyl0 MCIIONb3YeTCs
kinaccuduranyst Wehbe — Schneider, kotTopast He BKTIO-
YaeT OTKPBIThIE TTOBPEKAEHMS U CYXOKMIbHbIe mallet
finger [2]. ITosTomy uallie B MCCeOBaHUSIX TIPUMEHSI-
eTcst 6oree yHMBepcayibHasi Knaccubukanys J.R. Doyle,
KOTOpasi ONMCBIBAeT ILIECTb TUIIOB IOBPEXAEHMUIA
C YYETOM aHATOMMUYECKOTO PacCIONIOXKeHUs] TMHUU Tie-
pejioMa 1 pasmepa KOCTHOTO (pparmeHTa MU COMYT-
CTBYIOLETO TOBPEXAEHMS] MATKMUX TKaHel. CormacHo
knaccudukanmm, [ TUIN — CYXOKWIbHBIN pa3pbiB
(B TOM ymMC/ie ¢ HaIMUMEM OTPBIBHOTO (pparmeHTa He-
3HAUUTENbHBIX pasMepoB); Il TUII — OTKpLIThHIE TIO-
BpeXIeHus pasrubaTesbHOTO ammapara; III tum —
OTKPBITbIEe TIOBPEXIeHMS C TedeKTOM MITKUX TKaHei
(B TOM unciie ¢ fecdekTom cyxoxkuaus); IV tun nogpas-
JensieTcs Ha MONTUIILI, rae IVA Tum — 3TO IepeioMbl
Ha YpPOBHE POCTKOBOV 30HBI, IVB Tun — ¢ Hanuuuem
OTpbIBHOTO (pparmeHTa pasmepamu ot 20% mo 50%
CYCTaBHOJ ITOBEpXHOCTH HOrTeBoI dhananry, [IVC tnm —
MOBPEXAEeHUSI C HaluuuMeM KOCTHOTO dparMeHTa
pasmepamu 6onee 50% cycTaBHOM TMOBEPXHOCTHU [3].
ITo manabiM A.C. 30/10TOBa C COaBTOpPamu, IOBpeXae-
Hus | Tuma ¢ oTpeIBHBIM (parMeHTOM He3HAUUTEb-
HbIX pa3mepos, IVB u IVC tunos 1o J.R. Doyle Takske
MOryT HasbiBaThcsl mallet fracture («mMom0oTKOOOpA3-
HbIi1 TIepesioM») wiu riepesom Segond [4].

CoracHO [aHHBIM O0030pPOB JIMTEPATYpPbI, pe-
3y/IbTAThl JI€UEHMSI M0CAe NPUMEHEHUS PasIUyYHbIX
OIepaTUMBHBIX METOAUK JOBOJbHO IPOTMBOPEUYMBBI
[5, 6]. BOMBIIMHCTBO aBTOPOB CXOOUTCSI BO MHEHMH,
YTO OlepaTUBHOE BMeIIaTelbCTBO HeOOXOAUMO Py
noBpesxxaenmnsx Tmios IVB u IVC o J.R. Doyle, a Tak-
ke TIpM HaJM4uMy NOJBBIBMXA B CyCTaBe MJIM CMelle-
HMUM OTJIOMKa Gosiee uem Ha 2 MM [7, 8, 9], a KoHCep-
BaTMBHOE JIeUeHUe 11eIeco06pa3sHO TMPU 3aKPBITHIX
CYXOXXWIbHBIX pPa3pblBax UM IpU eperome C Haau-
YyyeM OTPBIBHOTO (pparmMeHTa MajbIXx pa3MepoB (Me-
Hee 1/3 cycTaBHOI1 noBepxHOCTH) [10, 11]. OgHako He-
KOTOpbIe aBTOPbI MIPY HAIMUUY KOCTHOTO hparMmeHTa,
cocraBisonero 6onee 30% cycTaBHON ITOBEPXHOC-
TH, BBINIOJHSIOT IIMHMpPOBaHKe [12, 13], a ipu uso-
JIMPOBAaHHOM paspbiBe CYXOXUIUSI — XUpypruue-
CKOe BMellIaTeabCTBO, B TOM UMCJIE C LIeIbI0 PaHHEI
Mo6unu3anuy cycrasa [14, 15, 16, 17, 18].

AnaTommueckue 0cO6eHHOCTHM (BBIpaKeHHOe pas-
BOJIOKHEHME KOHLIOB TIOBPEXAEHHOTO CYXOXUJIUS
BC/IEACTBME MAajoil TOMIIMHBI) U Ae@uuuT KpoBOC-
HabXXeHMsT 00YC/IaBIMBAIOT CJIOKHOCTb BOCCTaHOBIIE-
HMSI pa3TMbaTeNbHOTO ammapara Ha YpoBHE AUCTAb-
Horo Mexkdananroporo cycraBa (IM®C), mo stum
ke MpUYMHAM JIIoOble OTlepaTUBHbIE BMeIIaTe/lbCTBa
CONpPSDKEHbI C PUCKOM BO3HMKHOBEHMS IIOC/eoIe-
PaLlMOHHBIX OCJIOXHEHUII U HEYHLOBIETBOPUTENb-
HbIX (DYHKUMOHAJIBbHBIX MCxXomoB JyeudeHus [19, 20].
Tax, Mo JaHHBIM Pa3JIMYHBIX UCTOYHMKOB, METOLMKA
YPEeCKOKHOTO OCTEeOCHMHTe3a OIOKMpYIOIIeit cruiieit
(percutaneous extension block pinning), umu 6;10ku-
pYIOIINit OCTeOCUMHTe3, — OIHA U3 Hambosee 4acTo
BBIIIOTHSIEMbIX OINEPAaTUBHBIX METOOMK IIPU ITOBPEXK-
menusx IVB u IVC tunos no J.R. Doyle, koTopas 1o-
3BOJISIET MONYYNUTh A0 22-40% otinmuHbix 1 40-60%
XOPOUIMX pe3yJabTaTOB, HO MPU 3TOM CONIpPSIKEHA
C PMCKOM BO3HMKHOBEHMSI TTapacmiieBoit MHpeKumn
u gedopmupyroiiero aprposza IM®C [12, 21, 22, 23].
Ipyrue BuObI BMEIIATENbCTB (TPaHCAPTUKY/ISPHAs
buxcaims, MeTaJJI0OCTEOCUHTE3 BUHTAMM, KPIOUKO-
BUIHBIMU IUIACTMHAMMU WIM SIKOPHBIMM (UKcaTopa-
MM) € 4acToToy A0 18-28% mpuBOIAT K pa3IUUHBIM
OC/IOKHEHUSIMU B BUZE TapaciuiieBbIXx MHPeKuuit u
OCTeOMMeNNTa, HEKpo3a KOXH, AedhopMalyuy HOITe-
BOJ IUIACTUHKM, medopMupylomiero aprposa JIMOdC
[7, 10, 24, 25, 26].

HecmoTpsi Ha mporpeccMBHOE pasBUTHUE CO-
BPEMEHHO} KMUCTEBO XMPYpTUM, Ha CETOLHSIL-
HUIl [AeHb He CYyIIecTByeT OOIeNmpMHSATOTO ajro-
pUTMa, TIO3BOJISIIONIETO OIMpPEeNeNUTbCSI ¢ BHIOOPOM
MEeTOOVKM B 3aBUCUMOCTU OT TUIA MOBPEXIEHUS.
OTcyTCcTBME 30/I0TOTO CTaHLAPTA B JIeUeHUU SaHHOMI
MaTOJOTUM BBIHYXXAAET CIeLMaauCTOB NPUHUMATh
pellleH} e SMIOMUPUUYECKUM yTEM, OCHOBBIBASICh UC-
KJIIOUUTETbHO Ha COOCTBEHHBIX IIPENIIOUTEHUSIX
B KaXIOM KJIMHMUYeCKOM ciaydyae. Takum obpasom,
Iaxe MPY OGHOM UM TOM JKe TUIle IOBPeXAeHUSs BbI-
60p criocoba yieueHUs OyIeT OTIMUAThCS, PABHO KakK
M peKOMeHJAlUNU MO0 IJIUTeTbHOCTY MMMOOUIM3a-
MM, IPOTOKOJIbI «OTYYE€HMUS OT IIMHBI» U TPOBEAe-
HUSI peabMINTAIMOHHBIX MeponpusITuit. B Hamem
llenTpe [ss JiedeHUS 3aKpbIThIX ITOBpeXIeHUI
mallet finger BbITIOSHSIETCS BHEUIHSISS MMMOOMUIN-
3auusa IM®C wuam orepaTUBHOE BMEILIATEIbCTBO
B 06beMe MeTOOMKM GIOKMUPYIOIIEro OCTeOCHMHTEe3a
M TPAHCAPTUKYISIPHOM PuKcauun.

Ilenv uccnedosaHuss — TIPOBECTU PETPOCIIEKTUB-
HYIO OILIeHKY 3((eKTUBHOCTM BHEITHE MMMOOUIIN-
3alMM, MEeTOOUK TPAHCAPTUKYISIPHON (purcauum u
67IOKMPYIOIIEr0 OCTEOCHHTEe3a IIPU JIEUeHUM CBEXKUX
noBpexxgennit mallet finger u onpenenuts GaxTopsl,
BAUSIONME Ha QYHKIMOHATbHbBIE PE3Y/IbTaThI.
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MATEPUAJIbI I METO/IbI
JIu3aiid ucciaegoBaHuUs

Tun uccnegoBaHUs — PeTPOCHEKTUBHOE OJHOIIEHT-
poBoe.

[Mepuop HaGMIOMEHNS TAIMEHTOB COCTaBUI 3 roma
(2019-2022).

Bbutn mpoBefeHbl PETPOCIIEKTUBHBIN aHAIN3 Me-
IVLIVHCKOV AOKYMEHTALMM, BKIII0Yasi TaHHbIE apXUB-
HBIX MCTOPWIi O0JIE3HY ¥ PEHTTEeHOTPAMMBbI, M OIl€HKa
(yHKUIMOHANBHBIX pe3ynbTaTOB jedeHus: 120 mauu-
€HTOB CO CBEXMMU TOAKOKHBIMM pa3pbIBAMU CYXO-
SKUIUIA pasrubaTeseii II-V nmanbiieB KucTu B I 30He 1o
Kleinert-Verdan ¢ ux mMoyIoOTKOOGpa3Hoii gedopma-
1yeii, KoTopsiM B 2019 T. 6blJ1a OKa3aHa SKCTPEeHHast
MeIUIIMHCKAs TIOMOIIb B MPUEMHOM OTJeJIeHU! Ha-
mero llenTpa. KnuHnyeckue pes3ynbTaThl OLIEHUBA-
JIUCh B COOTBETCTBUM C KPUTEPUSIMU KiIaccuuramm
G.P. Crawford, BkiTIouaromieit M3sMmepeHue aMIUTUTYIbI
IBoKkeHUt B IMOC ¢ mOMOIIIbIO YITIOMepa U aHaIu3
Ha/mMuyst 60JIEBOTO CUMHAPOMaA, IIOC/Ie Yero pe3yibTaT
OLIEHUBAJICSI KaK OTAMYHBIN, XOPOIIUii, yIOBIETBO-
PUTENbHBIN MK TUIOXO¥ (Tabm. 1) [27]. Taxke 6buTa
BBITIOTHEHA OLIEHKA YA0BIETBOPEHHOCTU MAlleHTOB
MMPOBEIEHHBIM JIEYEHUEM.

Kpumepuu exnwoueHus: TALMEHThbI JI060TO IToja
crapuie 18 netr co cBexkxumu nogkoxkHeiMu (I, IVB
u IVC tumsl mo J.R. Doyle) paspbiBamMyu CyXOxKU-
nuii pasrubareneii 1I-V manbplieB kuctu B I 30He 1o

Kleinert - Verdan, mocTymHble AJisI OL€HKM OTHAJIEH-
HBIX pe3yabTaToB JjedeHus. CBEXKMMMU IIOBPEXIE-
HUSIMM CUUTAIUCh TOBPEXKIEHUS TaBHOCTbIO MeHee
14 pHeii.

Kpumepuu ucknoueHus: IallyieHThbI C MHOXKECTBEH-
HBIMM IIepejioMaMy KOCTEN U/MUIM OTKPBITHIMM ITOB-
PEKIEHUSIMU KUCTU, B TOM YMCJIE C TTIOBPEKIEHUSIMU
IT u III Tumos 1o J.R. Doyle.

XapaKkTepucTHUKa NalyieHTOB

CormiacHO HallIMM JaHHBIM, TOBpeskaeHus mallet finger
coctaBwm 5,9% (372 uenoBeka) cpeiy Bcex obpaie-
HMi1 (6309 yenoBek) c TpaBMovi Kuctu B LleHTp 32 2019T.
YacTp ManyeHToB OKa3ajaach HeOOCTYIHa IJIs1 uccie-
JIOBaHMS IO pasHbIM IpMUYMHAM (OTKa3, BpeMEHHBIN
OTbe3]l, KOMaHIMPOBKa, Iepee3f, Ipyrue comMaruye-
ckue 3a60eBaHMS), TTO3TOMY MbI TIPOAHATU3VPOBAIU
Y OLIEHWJIM pe3y/bTaThl JIEYEHUS He paHee yeM yepe3
1 rom mocne o6GpamieHUs] B TIPUEMHOE OTIETIeHMe
LlenTpay 120 mauueHTOB, UTO COCTaBWIO 32% TaleH-
TOB NMpOo(uUIbHOI Tpynmbl (Tabs. 2). Bo3pact MyXumnH
BapbupoBai B npenenax 20-68 net (cpegHMii BO3pacT
42%11 ner), BO3pacT XeHLIMH — OT 22 10 72 neT (cpel-
HMI1 Bo3pacT 47+13 neT). CBeXUMM NOBPEXIEHUSIMU
CUMTAINUCh TIOBPEXAEHNS NaBHOCTbIO MeHee 14 nmHe
(B mepBble CYTKM JieueHMe HauvaTo B 67 Caydasix, Ha
2-3-u cyT. — B 41 cinyvae, Ha 4-7-e CyT. — B 9 ciryvasx,
Ha 7-14-e CyT. — B 3 cyvasx).

Tabnauya 1
Kpurepumu ouenku pesynbrara seueHus G.P. Crawford
Pesynbrar Heduuut pasrnbanus CrubaHne Bonesoii cuHIpom
OTnn4HbIN Her ITonmHoe Her
Xopoinit 0-10° ITonHoe Het
VI0BI€TBOPUTEIbHBIN 10-25° JTro60it neduut Her
ITnoxoit >25° JTio60i1 geduut TTocTOSIHHBIN
Tabruya 2 ITpu noBpeskmennsix I Tuma mo J.R. Doyle BHemHsIs
XapaKTepuCTHKA NMalyeHTOB MMMOOUIM3aIMS BhITIONHEHA 83 nmauyenTam (94,3%),
TokasaTenn AGc. % B OCTaJbHBIX 5 ciaydasx (5,7%) — TpaHCapTUKYJISP-
- Has pukcanys. [I1s1 teueHus moppexgennii IVB tuma
[Mon Myskckoi 72 60,0 o .
11 (40,7%) mainueHTaM BBITIOJIHEH OJOKUPYIOIINIA
JKenckmit | 48 40,0 OCTEOCMHTE3, B OIHOM C/Iyyae BbITIOJTHEHA TpaHCap-
TlOBpeKIeHHbIIT Maer; 11 3 2,6 TUKYISIpHAs huKcaims, Ipyu sToM 15 06paTUBIINXCS
I %7 20.8 (55,5%) c noBpexxmenuem IVB Tura geumanch KOH-
’ CEpPBATMBHO C TTOMOIIbIO BHEIIHEH MMMOOUIMU3AIINNA.
v 42 35 IIpu IVC tume moBpexaeHus (5 4eI0BeK) B TPEX CITy-
\ 38 31,6 yasiX BBITIOJTHEH OJIOKMPYIOUINIA OCTEOCUHTE3, B IBYX
TIOBpEsXIeHHAS KICTh Mpasas 71 59,2 Tydastx — MUMMOOMIU3AIMUSI TUTICOBOI JIOHTETOIA.
1 49 408 ITockonbKy 3¢ (HEeKTMBHOCTD JIEUEHUS OLIEHMBAIACH
esad ’ cornacHo Knaccuurauyum G.P. Crawford mo Takum
Ty noBpexneHns I 88 73,3 KPUTEPUSIM, Kak Ae@uIinT pasrnbaHmst HOrTeBoi da-
1o J.R. Doyle IVB 27 22,5 JIQHTW, aMIIUTYAA crubanys B IMOC 1 Hamume 60se-
Ve 5 49 BOTO CMHJIpOMa, HaMy ObLT TIPOBENEH aHaIU3 TaHHbIX
’ ToKasareJsieil B rpyIIle UCCAeI0BaHHbIX MTAI[IeHTOB.
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MeToabI McC/IegOBaHMS

Iyt IpoBeneHMsT aHaIM3a U3 apX1Ba ObUIM BbITPYKe-
HbI peHTTeHOTPaMMbl BCEX MCC/IeIyeMbIX MallieHTOB
Ha MOMEHT O6GpalleHUs U TOC/Ie MPOBEAEHHOI ore-
paiuu, 4TO MO3BOIUIIO CTPYIIIMPOBATh MAI[MEHTOB 10
TUITY TIOBPEXIEHUS U OLIeHUTh KaueCTBO BBITIOTHEH-
HbIX OTIepaTUBHBIX BMelIaTeabCTB. [10 TaHHBIM peHT-
reHOTpaMM MbI OTIpeNeisiivi TUIT MOBPEXIEeHUST CO-
rnacHo kinaccudukaiuu J.R. Doyle, a Takke namepsiim
BEJIMUMHY MCXOMHOW MOJOTKOOOpasHoil medopMa-
1y (IyTeM U3MepeHus yIjia MeXIy OCSIMIU HOTTeBOI
U cpenHeit dasaHr MOBPEKAEHHOTO Majiblia B IPO-
rpamMMe Ijis MPOCMOTPA M XpaHeHUs 37eKTPOHHBIX
rpaduueckux msobpaskeHuit Weasis). ITocie aroro
MalyMeHThl ObUIM OIpOIIeHbl MO0 TenedoHy corac-
HO TIepeyHI0 BOIIPOCOB, BK/IKYAIOLIEMY CBeLEHMS
06 06CTOSITENILCTBAX TPaBMbI, CPOKaxX OGpalleHus 3a
MeAULIMHCKOM TTOMOIIbI0, COOMIONEHNM peskuMa UM-
MOOMIM3AIUM Y TIPOBEAEHUM TUTMEHUUECKUX IIpo-
LIieIyp B XOfe JIeUeHUs, HaIMUMM peabuIuTalMOHHbIX
MepOoIpUITUIA. [ OLleHKM BO3MOXKHOI B3aMMOCBSI-
31 ¢ QYHKIMOHATbHBIMY Pe3y/bTaTaMi B HETO ObLIN
BKJIIQUEHbI BOITPOCHI O HAJMUMM COMYTCTBYIOIIE CO-
MaTU4YeCcKOoi NaToMoTUK, XapakTepe MpodeccuoHaIb-
HOJ [esITeIbHOCTH, a TAKKe 3aJIeICTBOBAHUN MEJIKO
MOTOPUKM B XOJle TIOBCeIHEBHOM U MpodecCcuoHab-
HOIl xu3Hu. Ilocie ompoca mauyeHTbl OCMaTpuBa-
JIChb OYHO Ha ripueme (40 yesi0BeK) WK JUCTALMOHHO
(80 uenoOBEK) C MOMOIILIO BUAEO03BOHKA WIN (HOTO U
BUJIEO C leMOHCTpauyeit GyHKIIMY Maiblia B MecceH-
Ixepe. OTHeNbHOM YacTbl0 HAIIEro MCCAef0BaHUS
CTajla OIleHKa TaIMeHTOM OOIleil yIOBIETBOPEH-
HOCTM TIPOBEeAeHHBbIM JieueHMeM, a Tak)Ke BHEIIHUM
BUIOM KUCTU. 3a4acTylo TION0OHbI aHaIu3 B UCCIe-
IOBaHMUSIX He TIPOBOAUTCS, OMHAKO B HEKOTOPBIX CTa-
ThSIX MOYKHO BCTPETUTD OLIEHKY JaHHbIX ITOKa3aTeeii
€ IoMo1b0 Muunuranckoro ornpocauka (MHQ), koTo-
PbIit COMEPKUT 6 KA, MOCBSIIIEHHbIX QYHKIUU PYK,
TTOBCETHEBHOI IEATENBHOCTY U paboTe, OlleHKe 60y,
3CTETUKE U YIOBJIETBOPEHHOCTU (PYHKIIMEN KUCTHU.
[TocKobKY AJ151 OLleHKM (PYHKIIMOHATbHBIX Pe3y/IbTa-
TOB B HallleM MCCIeOBaHMM MCII0/Ib30Bajaach Kiac-
cuduranus G.P. Crawford, 111 olleHKM 3CTeTUUECKOM
YIOBIETBOPEHHOCTY Mbl TMPEAJIOKUIN TalieHTaM
CIeIYIOLIVIA TIepeyeHb YTBePKIEHUI, COCTaBIE€HHbIN
Ha ocHOBe Kajgbl MHQ, KoTOpble C/ief0Baio IIOK-
TBEPANUTDb UJIU OTTPOBEPTHYTh:

¢ «$1 ymoBneTBOpeH BHEUIHMM BUAOM MOEro
nanablia»;

¢ «BHeWHMIi BUJ, MO€ETO MaJiblia 3aCTaBisieT MeHs
UCIIBITBIBATD IUCKOMMOPT Ha IyOIMKe»;

¢ «BHeLIHMUII BUJ, MOEro najblia MoBepraeT MeHs
B JeMpPeCcCHI0/yTHETAET MEHSI»;

¢ «BHeWIHMII BUA, MOero majblia MellaeT MoOeit
HOPMaJIbHOJ 06IIeCTBEHHOI IesITeIbHOCT».

CraTucTUYecKuii aHaIn3

CraTucTuUecKuit aHaaus IpoBeieH C UCII0Ib30BaHeM
MporpaMMHOro obecrieueHus Statistica (Bepcus 13.0).
Il ommcaHus IOKasaTesei, MpoaHaIN3MPOBAHHbBIX
B XOIe MCCaeloBaHMs, ObLIa MCIIONb30BaHA OIMCA-
TelbHasl CcraTUCTUKa. KommuecTBeHHble ITOKa3aTenu
OLIeHVMBA/IUCh Ha IIpeJMeT COOTBETCTBUSI HOPMAaJIbHO-
MYy paclipelieJIeH1I0 ¢ IIoMouiso Kputepus llanmupo -
Yunka win xputepuss Kommoroposa-CmupHOBa.
B wryyae OTCYTCTBMS HOpPMAaJbHOIO paclipezese-
HMSI KOJIMYECTBEHHbIe [aHHbIe OIMUCHIBAIUCHL C IIO-
MOIbI0 MenuaHel (Me) M HMKHETO UM BepxHero
kBaptmieit [Q,-Q,]. CpaBHeHMe TPy IO KOIMYe-
CTBEHHOMY [10Ka3aTelo, pacipeneneHye KOTOporo OT-
JIMYAJIOCh OT HOPMAaJIbHOTO, BBITIOIHSIOCH C TIOMOIBIO
HemapameTrpuyeckoro Kpurtepusi Kpackena-Yomnca,
U-kputepust MaHHa—-YUTHU MU KPpUTEPUS YUIIKOK-
coHa. CpaBHeHMe IIPOLIEHTHBIX JOJNeil IIpu aHalause
MHOTOIIO/TbHBIX TaOINIL CONTPSKEHHOCTHM BBITIOMHSIOCh
C TIomo1bio Kputepus y* IIupcoHa Mau TOYHOTO KpU-
Tepus @Ouiiepa. HampasneHue U TeCHOTa KOPPEISL-
OHHOJ1 CBSI3M MEXIY IBYMSI KOINYECTBEHHbIMU ITOKa-
3aTeyIIMM OLeHMBAIMCH C ITIOMOILBIO IIKaIbl Yenmoka.
[IporHocTMUeCcKasi MOJeslb, XapaKTepusylolas 3a-
BUCUMOCTh KOJIMUECTBEHHOI MepeMeHHOi OT (aKTo-
POB, pa3pabaThIBa/Iach C OMOIIbI0 METO/A IMHENHOI
perpeccun. KareropmaibHble IaHHbIe OIMCBHIBAIUCH
C yKasaHueM aOCOMIOTHBIX 3HAUEHMIT U MPOIEHTHBIX
nonen. Pasnmmuuns cumTaniu CTaTUCTUYECKYM 3HAUYMMBbI-
MU TIPU YPOBHE TOCTOBEPHOCTHU p-value paBHOTO MU
meHee 0,05.

PE3VJIbTATbBI

[jis1 BbISIBIEHUSI BO3MOXKHBIX TIPUYMH HEYOOBJIETBO-
pUTENbHBIX Pe3y/JbTaTOB Mbl PellWIM OIeHUTh CTe-
MeHb BAMSIHMS Takux (akKTOpPOB, KaK IOJ, BO3pPAacT,
COITyTCTBYIOIIIYE COMaTUYeCKMe 3a6oeBaHmsI, Mexa-
HM3M TPaBMbI, CPOKM O6paIlleHNs, TUII TTOBPEXKIEeHNUS
o J.R. Doyle, crioco6 sieueHust, IIUTeIbHOCTb OCHOB-
HOJ ¥ IOIIOJHUTENIbHOI MMMOOUIM3ALUY, HapyIlie-
HUSI PEeKOMEHIOBAaHHBIX CPOKOB MMMOOWMIM3AIINN,
BBIPaKEHHOCTh MCXOAHOM medopmalyuy, Ha pe3yiib-
TaThI JIEUEHUS COTJIACHO KPUTEPUSIM KiiaccubuKraumm
G.P. Crawford.

PesynbTaThl 1eUeHs MpeacTaBieHbl B Tabauiax 3, 4.

Ouenka gedunuTa pasrméaHns HOrTeBOi
danauru

Ilpu obpaiieHnn BBHIPAKEHHOCTb MOJIOTKOOOPA3HOI
nedbopmaiiuu y 116 (97%) maieHTOB BapbMpoBasia
B AuanasoHe oT 10° 7o 45° u cocrasasina 30° [15-30].
Iocne neyeHMs OCTATOYHBIN AedUIUT pasTUbAHUS
(kak MuyHUMYM dYepe3 1 rom) cocraBua 15° [10-20]
y 61 (50,8%) mamueHTa, YTO COOTBETCTBYET YIOB-
JIeTBOPUTEIbPHOMY pe3ylbTaTy IO KiIaccu@uKaiuu
G.P. Crawford.
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Tabnuya 3
PesynbraTsl ieyenus o G.P. Crawford B 3aBucumocTu
ot Tuna nospexgenus 1o J.R. Doyle, n (%)
Tun o Doyle
Pesynbrar Bcero
I IVB IvC
[Tnoxoii 10 (11,4) 13 (48,1) 2 (40,0) 25 (20,8)
YnoBieTBOPUTEIbHbI 26 (29,5) 11 (40,7) 3 (60,0) 40 (33,3)
Xoporuit 30 (34,1) 13,7 0 (0,0) 31(25,8)
OTAMYHBIN 22 (25,0) 2 (7,4) 0(0,0) 24 (20)
Tabnuya 4
Pe3yibTaThl ieueHMs: moBpeskaeHnii [VB Tuma B 3aBUCMMOCTH OT CIIOC00a J1euyeHus, n (%)
Crioco6 evyeHus
Ilokasarennb Kareropuu s /e TpaHcapTUKy/IapHas BIOKMpyIommmit
dbukcanus OCTEeOCHHTE3
PesynbraThl [Tnoxorii 5(33,3) 1 7 (63,7)
no Crawford VI0BI€TBOPUTEIbHBIN 8 (53,3) - 3(27,3)
Xopommii - 1(9)
OTAMYHbBIN 2 (13,3) - -

B cBs13u ¢ HamMUYMEM 3HAYMMOTO OCTATOYHOTO Je-
¢uumTa pasrmbanust 6oee yeM y IIOJIOBUHBI 06CIe-
IOBAaHHBIX Mbl PEIIVMIM WM3YUUTh CTEIE€Hb BIVSHUS
paHee yKa3aHHbBIX (DAaKTOPOB HA BEIMUYMHY JAAHHOTO
rokasatesist. He 66110 BBISIBJIEHO 3aBUCUMOCTY BeJIM-
YMHBI OCTATOYHOTO AeduuyTta pasrubaHus OT Ioja,
MeXaHM3Ma TPaBMbI, HAJIMYMS COMTYTCTBYIOMIEN ITaTo-
JIOTMMU, TTPOAO/DKUTENbHOCTYT MMMOOMIM3AIUM, CPO-
KOB OOpalieHusl.

Taxoke MbI MPEIITONIOKMIN, UTO, UeM CTaplie Ia-
LIMIEHT, TeM BbIpaKeHHee OymeT OCTaTOYHAas MOJIOT-
KoobOpa3Hasi medopMauusi B CBSI3U C Oojee HU3KUM
pereHepaTOpPHBIM IOTEHIMAJIOM pa3rubaTeabHO-
ro amnapara. IIpy M3ydyeHUM OAHHOM 3aBUCUMOCTU
C TIOMOIIbI0 METOAA JIMHEHOI perpeccum 6biIa Imo-
JTy4eHa MPOTHOCTUYECKAsT MOZEIb, COTTIACHO KOTOPO¥
CyBeJIMYeHyeM BO3pacTa Ha ol B TPYIIIe aHAIM3Mpye-

MBbIX TTAIMEHTOB MTOKA3aTeNb OCTATOYHOTO JehuinTa
pasrubaumst 6bu1 6osbine Ha 0,107°, mpu 3TOM AaH-
HBIJ TTOKa3aTeb He ObUI CTATUCTUYECKY 3HAUMMbBIM
(p = 0,182, cnabas npsimast CBSI3b IO 1IKayie Yemmoka)
(puc. 1).

Haubonpillee BAMsSHME Ha OCTATOUYHBbI HOedu-
OUT pa3rubaHmsl OKaszaay TUI TOBPEXKAEHUS TIO0
J.R. Doyle u BbIOpaHHBIi crtoco6 jgedyeHust. Ilpu mo-
Bpeskaenusix IVB u IVC tTunax ocrarouHast fedopma-
st cocraBmia 20° [12-25 u 20-30 cooTBEeTCTBEHHO],
B TO BpeMs Kak mpu [ Tume 15° [4-20] (p<0,001, xpu-
tepuii Kpackena-Yomanuca). B OCHOBHOM IMIPUUMHONM
60s1ee BBIPAKEHHOTO Je(UIUTa IIPU MOBPEKIEHUIX
IVB n IVC TuUnoB sBISIOCh CpallleHMe mnepenoMa Co
CMellleHeM OTJIOMKOB, Pe3y/IbTaTOM KOTOPOTO GbLIa
«KJTIOBOBUAHAST» HedopMalius HOTTeBOi amaHru

(puc. 2).
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g S SO O s Puc. 1. I'paduk perpeccuoHHO QyHKIMNA,
z 100 XapaKTepU3YIOMNii 3aBUCUMOCTb OCTATOYHOTO JedunyTa
< oot A i TR I ikt N B I pasrubaHMs OT BO3pacTa MalyeHTa
oM
a . . Figure 1. Regression function graph that characterizes
'§ the relationship between the residual extension deficit
_qé; 0,0- I - L] I ssess .‘:Cll (1] -..'. - I - ‘ and the patient’s age
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IMocsie KOHCEPBATMBHOTO JieUeHUSI OCTATOUHBIN
nmeduiut pasrubanus cocrasma 15° [10-20] (p<0,001,
kputepuit Kpackena-Yominca), 4To 6bIIO0 0OYCIOB-
JIEHO HeIOCTAaTOYHOl CTabUIbHOCTBIO (GUKCALIIN
OM®C, a Takke BO3HMKAIOIIMMU OCIOXKHEHUSIMU
B Mpoliecce IJIUTEIbHOTO Ieproaa MMMOOMIN3aLUN,
KOTOpbIe CIIPOBOIIMPOBAIN IIpeXaeBpeMeHHoe IIpe-
KpamieHnue pukcaium (IuckoMGopT MO, IIMHOI, UyB-
CTBO 3y[1a, pasgpaxkeHus ¥ Mallepauym KOxn).

IMpyu M3yyeHUM BIAUSIHUSI BBIPAKEHHOCTU MCXOI-
Horo geduumra pasrmbaHus HOITeBOJ (ajaHr Ha
(YHKIVOHA/IbHBIE PE3YAbTAThl Mbl OTMETWIM, UTO
MIpY KOHCEPBATUBHOM JIEUEHUY ITAIIMEHTOB C ITOBPEXK-
meHueM I TUIIA C MCXOOHBIM AeDUIINTOM pasrmbaHust
HOI'TeBOJi dasaHry paBHOM Ui 6omee 30° 6bUIM MO-
JIy4eHbI YIOBJIETBOPUTEIbHBIE U TIJIOXYME PE3YIbTAThI
y 19 (43,2%) n 8 (18,2%) mauiieHTOB COOTBETCTBEHHO.
B TO ke Bpems mpu UCXOOHOM mdedunute MeHee 30°
OT/INYHBIE pe3yJbTaThl MONyYeHsl y 13 (33,3%) u xo-
poune —y 19 (48,7%) mauueHTOB.

IMocne TpaHCAapTUKYISIpHOV (ukcanmumu y 3 Ia-
[[MEeHTOB IOJyYeHbl OTVINYHbIE Pe3yabTaThl, y 1 ma-
LIMeHTa — YOOBJETBOPUTENbHbIN pe3yabraT no G.P.
Crawford. ITpu aToM y 2 13 6 MaIMEeHTOB Pa3BUJICS
MapacIuiieBbIii OCTEOMUENTUT, B pe3y/ibTaTe KOTOPO-
'O TOJTyYeHbI Itoxue pesyabrarsl 1o G.P. Crawford co
3HAUUTEIbHBIM Ae@uuuToM (QYHKIMM ONEepUpPOBaH-
HOTO IMaJIbIIA.

B rpyrme manyeHTOB, KOTOPbIM ObUT BBITIOTHEH
OIOKMPYIOMINIT OCTEOCUMHTE3, OCTATOUHbBIN IedUINT
pasrubanusi cocraBasii 20° [20-25], uTO CBsI3aHO
C HeaJleKBAaTHO! pero3uiineil M HEeKOPPEeKTHbIM
MpOBeeHMEeM CIUIL (M, KaK CJIeCTBUE, HETOCTATOY-
HOJ CTaGMIIbHOCTBIO (PUKCALIVM), KOTOPbIE MTPUBEIN
K KOHCOJMAAIIMM TIepejioMa C «KITIOBOBUIHOI» Ie-
dbopmanueit ¥ BbIpaKeHHOMY QYHKIMOHATLHOMY
medunnty (p<0,004, kpurtepuit Kpackena —Yosuca).

Puc. 2. lTospeskaenne mallet finger I[VB tuma mo J.R. Doyle:
a — peHTreHorpaMma rnocjie UMMOOUIM3aLUK IIHOW;

b — peHTreHOrpaMma CITycTs 2 rofia mocjie KOHCePBaTUBHOTO
JleyeHusI: KIIOBOBUIHAS fedopMalus HOrTeBoi dananru

U TIpu3HaKku nedopmupyioniero aprposa IMOC 2-it craaum;
C — BHEIIHMIT BUJ, MAJIbLA CITYCTS 2 TOJA ITOCIe JIeUeHNsT
Figure 2. Type IV mallet finger injury according to the Doyle
classification:

a — X-ray after immobilization with a splint;

b — X-ray 2 years after conservative treatment showing

a deformity of the nail phalanx and signs of deforming
osteoarthritis in the DIP joint, stage 2;

¢ — appearance of the finger 2 years after treatment

Avminryna crubanusa B IM®C

MbI M3yUmMIn CTeTleHb 3aBUCUMOCTY KIMHUUECKUX pe-
3y/IbTATOB OT CJEAYIOMMX (DaKTOPOB: TUII TOBpEXKIEe-
Hus 110 ].R. Doyle, crioco6 ieueHnst, CpoKM MUMMOOWITN-
3amuu (BKJIIOUAsi peKOMEHJOBAHHbIN CPOK OCHOBHOM
MMMOOWIM3AaUM U JTOTIOJIHUTEIbHOE OpPTe3MpOBa-
HIEe), KypChl BOCCTAHOBUTEIBHOTO JieueHusl (Jieueo-
HOI (DU3KYIBTYPBI M/MAM (HU3NOTEpANeBTUUECKOTO
JleyeHMs1 [ yCTpaHeHMs CKoBaHHOCTM B JIM®C),
a Takke BBIPAKEHHOCTh OCTAaTOYHOM MOJIOTKOOOpa3-
Holi medopMmaiiuu. B xoze aHan3a Mbl OTMETUITA, UTO
nipu noBpexaeHusx IVB u IVC tumna y 26 (80%) ma-
IIMEHTOB HAOGIIONAI0Ch 3HAUMMOE YMEHbIIeHMe aM-
mnTyasl crubanus B IM®C (p<0,001, y? Iupcona),
B TO BpeMs KaK y 00C/IeJOBaHHBIX C | TUIIOM TTOBPEsK-
meaust o J.R. Doyle mebuuuT crubaHms oTMeueH
y 29 uenosek (33%).

IMareHThl, KOTOPbIM ObUT BBIMIOTHEH OGIOKUPY-
IOMIUIT OCTEOCUHTE3, Hauboyiee YacTO IMPeXbsSIBIISIN
’KaJI00bI Ha OTpaHMYeHMe aMIUIUTYIbI CTMOaHNUS HOT-
TeBoil damauru (p = 0,002, x> Iupcona). CormacHo
IaHHBIM KOHTPOJbHBIX PEHTTeHOrpaMM IIpU BbI-
MTOJTHEHUY GIOKMPYIOIIETO OCTEOCHHTE3a ISl JOCTH-
SKEHUSI YIOBJIETBOPUTENBHOTO TIOJNIOXKEHUS OTIOM-
KOB M YCTpaHEHMS ITOIBBIBMXAa HOITEBON hajgaHTu
CIIUITBI 3a4acTyI0 MPOBOIMINCH HEOTHOKPATHO, UTO
TOBpEXIAA0 CycTaBHOM xpsiil. Hapsmy c Hemocra-
TOYHO} peno3uiiueit, HeaJleKBaTHbIM IpOBeJleHMEM
CTIUI], M HeNpaBWJIbHBIM CpallleHMeM IepejioMa 3TO
CIIPOBOLIMPOBAJIO Pa3BUTHE TOCTTPABMATUUECKOTO
nmedopmupylomero aprposa JIM®C. Takke, 1o Ipu-
yMHe pas3sBUTUS OedOpPMUPYIOLIETO apTpo3a Ha GoHe
HEeMpaBUIIbHO CPOCIIErocsl mepeioMa HOrreBoii ¢a-
JIaHTM, OrpaHuMyeHue CrubaHuUs OBLJIO OTMeEYeHO
y 8 MaImmeHTOB, KOTOPbIM ObLIa BBITTOJIHEHA BHEII-
HSST MUMMOOWIM3anusl Mpu moBpexkaeHuu IVB Tuma
o J.R. Doyle (puc. 3).
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Taxske Mbl OTMETUJIN, UTO IIPU IJIUTEIbHOCTU UM-
mobummsaiuu 6omee 10-12 Hep. y 12 uenoex (70,6%)
Ha6MI0IAI0Ch OTPaHMYEHME AMIUIUTYObI CTUOGaHMS
B IM®C, uTo MbI OOBSICHSIEM pa3sBUTHEM PYOIIOBbIX
usMeHeHwui B o6mactu IM®C (p = 0,036, TOUHbI KpU-
Tepuii duiiepa).

[Mpu u3y4eHUM BAUSHUSI BEIUUMHBI OCTaTOYHOTO
Iebunura pasrubaHus HOITeBOJ (dasaHry Ha am-
IUTUTYOY CTMOaHUS Mbl OTMETWIN, UTO TIPY HATVMIUN
medopmarvmu B 3HaueHun 20° [20-30] mocToBepHO
yarie HabMIOAAeTCsl CHISKEHMEe aMIUINTYAbI CrubaHmsT
B JIM®C, B TO BpeMsI Kak mpu gedopmanyuu meHee 10°
amrumuTyna crubanus monuas (p<0,001, U-kputepuit
ManHna - YuTtHn). Kpome TOTr0, IIMTENBHO CYIECTBYIO-
1ast MOJIOTKOOOpasHas Aedopmalus maablia crocoo-
CTBYeT pa3sBUTUIO AedopMaIiuy 10 TUITY «J1e6eaHO
LIeM», YTO MOKET BbIPaKeHHO OTPaHMUYMBATh Cruba-
HMYe B MeX(aJaHTOBBIX CYCTaBax MOBPEKAEHHOTO
nanabiia (puc. 4).

BosneBoii cuHApOM

OlieHKa HajMuust 6OJIEBOrO CHMHApPOMA SIBJISIETCS Ofi-
HUM U3 KpuTepueB KiaccubMKauuy pesyabTaToB
neuenust 1o G.P. Crawford. IIpu ocMmoTpe MbI peru-
CTPUPOBAIM HAJIMYME MUY OTCYTCTBIME GOIEBOTO CHH-
IpoMa B IOBPEKAEHHOM IMajibile 6e3 yuera CTeleHu
€ro BBIPaKEHHOCTM. 3aTeM ObUI BBIMOJHEH aHAIN3
3aBUCUMMOCTM Hamuuust 60eBOT0 CMHApOMA Ha MO-

Puc. 3. IlocnencTBusi KOHCEPBATUBHOTO JIEUEHUS

mallet finger IVB Tuna:

a — PeHTreHorpaMMma CITyCTS 2 Tofia Iocjie KOHCePBAaTUBHOTO
JIeyeHNs, OTMeYaloTCsl IpU3HaKyM JedopMUpyIOIIero apTposa
OM®C 3-it craguu;

b — BbIpaskeHHOE OrpaHMYeHMe aMIUIUTYObI crubanms B JM®C
Figure 3. Consequences of conservative treatment

of type IVB mallet finger:

a — X-ray 2 years after conservative treatment showing signs
of deforming osteoarthritis in the DIP joint, stage 3;

b — pronounced limitation in the range of flexion in the DIP joint

MEHT OCMOTpa OT CJIeAYIomuX GakTOPOB: UCXOIHbBIN U
OCTATOYHbIN NedUIUT pa3TubaHusI HOTTEBON GhanaH-
', TUII oBpekaeHus o J.R. Doyle u crmoco6 neue-
HUSI, TUTEbHOCTh UMMOOUIM3AIMU U peabuauTa-
uus. TIpu onieHKe Hajauuus 6OIEBOTO CUMHIPOMA MbI
OTMETUJIU, UTO y NALMEeHTOB C UCXOIHBIM 1ePULIUTOM
pasrubanust B IM®C, paBHbIM My 60iee 30°, 10CTO-
BEPHO valle MPUCYTCTBOBAIN Kaja06bl Ha 60/ B 06-
nactu IM®C npu dbusmyeckoir Harpyske (p = 0,025,
U-kputepuit ManHa — YUTHMN).

Kpome Toro, 6pUI0 OTMEUEHO, UTO 6OJIEBOI CUH-
IpoM HauboJjiee YacTo AMArHOCTUPOBAH Y MalIEHTOB
¢ noBpexxaeHueM tumna [VB unu IVC u y Tex maumeH-
TOB, KOTOPBIE ITepeHeC/IN XUPYPruueckoe BMellaTe/lb-
ctBO (p<0,001, %2 IInpcona). Takke 6GbIIO OTMEUEHO,
YTO B CIydae, eciu AedUUUT pasrubaHusl TPEBbI-
maeTt 25°, maiueHThl TOCTOBEPHO Yallle MUCIbIThIBA-
10T 6o B obnmactu B IM®C (p<0,001, U-kputepmii
ManHa - YutHn). [Ipu aHanm3e B3aMMOCBSI3U HATUUUS
60J1eBOTO CMHIPOMA C JJIUTETbHOCTHI0 UMMOGUIM3a-
LMK U TIPOBEEHNEM PeabMINTAIIVIOHHBIX MEPOIIPU-
arunt (JIOK/OTJI) Mbl He BBIIBUIM CTAaTUCTUUECKU
3HauMmoii 3aBucumoctu (p = 0,919).

O1eHKa yI0BJIETBOPEHHOCTH JIeUeHUEM

MbI ONBITAINCh BbISICHUTD, CYIIE€CTBYET JIM 3aBUCHU-
MOCTDb YAOBJIETBOPEHHOCTHU IMAlIME€HTa ITPOBEAEHHbBIM
JieyeHnemM OT ero dJYHKI.U/IOHaIIbHOI‘O pesyibTara.

Puc. 4. TlowiencTBust KOHCEPBATUBHOTO JieueHnst mallet
finger [ Tumna:

a — pelMaMB MOJIOTKO0OpasHoii nedopmanyu 6omee 40°;
b — BhIpaskeHHOE OrpaHUUeHMe aMIUIUTYIbI CTUGaHUS

B MeX(aJIlaHTOBBIX CyCTaBax Ha (POHEe AJIUTENbHO
CYLIECTBYIOLIEN MOJIOTKOOGpa3HOi medopmaium

Figure 4. Consequences of conservative treatment of type I
mallet finger:

a — recurrence of mallet finger deformity

of more than 40°;

b — pronounced limitation in the range of flexion

in the interphalangeal joints against the background

of long-term mallet finger deformity
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Kpome TOTr0, MBI MPEIITONOKUIIN, YTO €C/IH ITpodeccu-
OHAJTIbHAS MY MHAS IeSITeIbHOCTD MaIeHTa CBSI3aHa
C HeOOXOIMMOCTBIO TTPUMEHEHNST METKO/ MOTOPUKM
KUCTY (TIpodeccroHabHbIe MY3bIKaHTBI, IMapyKMa-
Xepbl, CTOMATOJIOTH), TO BEPOSITHOCTD TOTO, UTO TMaIy-
eHT OyJIeT HeyIoOBJIETBOPEH JIeUeHUeM, OyIeT BBIIIIE.
MbI BeIgeMIIN TPYTINY NallMeHTOB, BhICKa3aBIINX He-
JIOBOJICTBO MPOBEEHHBIM JIEUeHVEM, U BbITIOTHUIIN
aHa/IN3 3TOTO ITOKa3aTesss B 3aBUCUMOCTM OT Iepe-
YMCEHHBIX paHee (paKTopoB.

[TpoBefeHHbBIN aHATIN3 TTOKA3aJ, YTO Hambosiee ya-
CTO HEYAOBJIIETBOPEHHOCTb JieUeHMEeM OOBSICHSIIACh
IUIOXMMM ¥ yOOBJIETBOPUTEIBHBIMU DPe3YabTaTaMMU
mo G.P. Crawford, rme OCHOBHYIO pOJIb UTpaiM Ha-
auyue 60JeBOTO CMHAPOMA M 3HAUMMOE YXyIIIeHue
byHKUIMM manbia (YMeHbIIEHWE aMIUIUTYAbl CIU-
6anmst U Haauuue gedopmanyuu B IMDC) (p<0,001,
x? [IupcoHa).

B ocHOBHOM MaLeHThI ObLIM HEJOBOJIbHBI (PYHK-
LIVOHAIBHBIMY Pe3yIbTaTaMMy MTPU HAIVMYNY OCTATOU-
HOro medunuTta pasrubaHus paBHOM uiau 6oinee 20°
(p<0,001, U-kputepuit ManHa-YutHau). Kpome Toro,
cpeny Tex MalMeHTOB, KTO BBICKA3aj HeIO0BOJIbCTBO
MPOBEINEHHBIM JIeUeHMEeM, OrpaHMYeHUe aMIUIUTY-
opl crubanus B IM®C 1106001 CTereHyu BbIpakeH-
HOCTM ¥ 0OJIeBOJi CMHAPOM OTMeuYeHbl B 3,5 pasa
yamie, 4eM Yy TeX, KTO YIOBJIEeTBOPEH pe3y/lbTaTamMu
neyeHus (p<0,001). IIpu olieHKe BAMSIHMSI BaXKHOCTU
MEJIKOJi MOTOPMKM B OBITY UM IPOdeCcCUOHATBHOIM
JeSITEJIbHOCTY Ha OBOIIYIO YIOBIETBOPEHHOCTH IMaly-
€HTa MPOBeIeHHBIM JIeUeHMEM U er0 (PYHKIIMOHAb-
HBIMM Pe3yJIbTaTaMM Mbl HE OTMETU/IU 3aBUCUMOCTY
(p = 0,626).

MbI pemmiayu BBISICHUTb, CYIIECTBYET JIM 3aBUCHU-
MOCTb YIOBJIETBOPEHHOCTM BHEIIHMM BUAOM IIajIb-
112 ¥ KUCTH OT CJIeZyIonmxX GakToOpoOB: IMOI ¥ BO3PACT
TaIyMeHTa, Kakoi Imajer ¥ KUCTb ObIIM MTOBPEKAEHBI,
PO[I IesITeNbHOCTY U podeccus 60IbHOTO, pe3y/IbTa-
ThI 110 G.P. Crawford, BeIpaskeHHOCTh OCTaTOYHOI Jie-
(opmanym. Hamu He 6bIIO BBISIBJIEHO CTATUCTUYECKH
3HAYMMOTO BIVSIHMS BO3PACTa, BUIA [OBPEKIEHHOTO

Mmajablia M KUCTH, POMA HesTeNIbHOCTU IallMeHTa Ha

JAHHBIM TOoKasaTenb. OgHAKO ObLIO OTMEUYeHO, UTO
MpeaCcTaBUTeNbHUI] >KEHCKOTO 10J1a B IPyIiNe maiu-
€HTOB, YIOBJETBOPEHHBbIX JieueHMeM, OBLIO BCETO
okono 30% (p = 0,03). IIpn M3ydeHMM B3aMMOCBSI3U
MeXAY YIOBJIETBOPEHHOCTbIO MallMeHTOB BHEITHUM
BUIOM KUCTU U KIMHUUYECKUMMU pe3yJabTaTaMu Jie-
YyeHUS Mbl OTMETWMJIM, UTO TNPU HAJIUYUU OCTATOU-
Horo gedunuTa pasrmbaHust paBHoro uiau 6omee 20°
M TIONlyYeHUM YIOBJIETBOPUTENBHOTO WJIM IIJIOXOTO
pesyabrara mo G.P. Crawford screTmueckast ymoBie-
BOPEHHOCTb TallMEHTOB ITPOBEJEHHbIM JieueHUEeM
IOCTOBepHO cHuKaeTcs (p<0,001).

OcC/I0)KHeHUSI

OcnoskHeHMSI KOHCEPBATUBHOTO JieueHUsI B BUZe Ma-
1epaluy 1 IpojiekHeli KoK oTMeueHsbl y 50% maim-
eHTOB. [Iocite OlleHKM pe3y/IbTaTOB OIPOCa BbISIBJIEHO,
yTO 60JIEe TIOJIOBMHBI OIIPOIIEHHbIX UCIBITHIBAIN He-
yIo6CTBa B XO€e HOIIEHMS MIMHBI (CIIOI3aJ1a, OTKIIe-
uBajach, HaTUpPaaa) W/MUIKU OIIYILAAM HEIPUSTHBIN
3arax U3-ToJ, IMHbI, TAKKe UX OeCTIOKOWIN 3y, pas-
IpaskeHye U Mallepaiys KOXKu.

Bosbirast yacTh NaliEeHTOB He GblIa 00y4YeHa Ipo-
1Ieccy TUTMEHUYECKOi 06paboTKM Iajiblia BO BpPeMSI
MMMOOWIM3aLyY, TTO3TOMY B CBSI3M C BO3HMKHOBe-
HMEM BBINIENePeYNCIEHHBIX JKaJ06 MaIMeHThl ca-
MOCTOSITEIbHO ITpeKpamagy MMMOOMIN3AINIO WU
IJIATENIbHO JIEUUJIM Pa3BUBLIYIOCS Mallepaliuio U Mpo-
JIeXKHM KOXKM TI0C/Ie CHSITUS IIMHBI, UYTO B 3HAYUTENb-
HOJ CTelleHM YMEHBIIMJIO CTeIleHb YA0BIETBOPEHHOC-
TH JieueHMeM. Takke yacTh MallMeHTOB OTMETUJIU, UTO
He BOCIIPUHSUIM OpTe3MpOBaHMe Kak BUJ, JIeUeHMUsI,
MMO3TOMY OTHECIMCHh K COOMIOEHNI0 PeKOMEHI0OBaH-
HOTO PeXMMa MMMOOUIM3ALNY XaJaTHO, UTO MOIJVIO
MOB/IMATH HAa DYHKIIMOHAIbHBIN Pe3y/IbTarT.

PanHme mnocneomnepaiiOHHblEe OCIOXHEHUSI XU-
PYPrMYeckoro jedyeHus] OTMeUeHbl y 3 TallMeHTOB.
B omHOM @iydyae pasBMICS OCTEOMMUENTUT HOITEBOI
(dayaHry Mocjie TpaHCAPTUKY/ISIPHONM DuKcayy crm-
nein IM®C y nanmeHTa ¢ [ TUIIoM oBpeskaeHus, y KO-
TOPOTO B Ja/ibHelilleM MpoM30Iiies aHKUI03 CycTaBa

(puc. 5).

Puc. 5. [TocnencTBusl OCTEOMMENINTA HOITEBOI
(amaHru mocse BHIMOTHEHNS TPAHCAPTUKYIISIPHO
dbukcauyuy — ankmiao3 IM®OC

Figure 5. Consequences of osteomyelitis of the nail
phalanx following trans-articular fixation — ankylosis
of the DIP joint
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B npyrom ciydae mocsie BBIMOTHEHMS] TPaHCAPTU-
KYJISIpHOI (uKcaluy y manyeHTta ¢ IVB Ttumom mo-
BpeXIOeHMs] pa3BMIach IapacrnmiieBas WHOeKIus,
B pe3yJ/ibTaTe 4ero Mpou3olijia MUTpaLys COULbI, KO-
TOPYIO MalMEHT CaMOCTOSITENIbHO YAAIUI 10 OKOHYa-
HMSI PEKOMEHJIOBAHHOTO pekMMa MMMOOWIM3ALIUMA.
B HacTosmmMii MOMEHT OH OTMeUYaeT BBbIPa)KEHHOE
orpanmyenue QyHKIMM Taabla. Y OGHOTO MalyeHTa
¢ nmoBpexxaeHuem IVC Turia nocie HeygayHO MOIIbIT-
Ky GIOKMPYIOIIEr0 OCTEOCHHTEe3a M MUTpAlUyM Me-
TAJUIOKOHCTPYKIMM BBINIOMHEH apTpone3 AM®C. ITpn
3TOM TPUUYMHBI Pa3BUTUSI TAKOTO POJaA OCIOKHEHMI
OIpefeNnTb TPYOHO, TaK Kak MUCCaeI0oBaHMe IIpoBese-
HO PEeTPOCIIEKTUBHO.

OBCY>XIEHUE

CornacHO JaHHBIM JIUTEPATYPbI, HA CETOAHSLIHNIA IEHb
BBIOOp MeTomvKy JieueHnst mallet finger ocraercs ak-
TYaJIbHOJ MPO6IeMOIA, TaK KaK B MPOdeCcCMOHATbHOM
CO00IIIeCTBe CYIIECTBYIOT Pa3HOITIACKSI B OITpeleIeHUN
TTOKa3aHMIi K OTIepaTUBHOMY BMEIIATebCTBY.

HexkoTopble aBTOpPbI OTMEUAIOT IPEUMYIIECTBO
KOHCEpPBAaTUBHOIO JieUeHUs Tiepe], OIlepaTUBHbBIM,
000CHOBBIBASI 3TO CXOAHBIMU KIMHUYECKUMU, PEHT-
TeHOJIOTMYECKUMU U ICTETUUYECKMMM DPe3yabTaTaMu
[12]. OgHako GYHKUMOHAIBbHBIN AeUIUT Ha hoHe He-
MPaBWIbHO CPOCIIErocs IepesioMa M OCTaTOuHas fe-
(opmanms mocae KOHCEPBATUBHOTO JIEUEHUST B 60JIb-
[IMHCTBE CJTyYyaeB 00yCIaBIMBAIOT OOLTYIO TEHIEHIINIO
K ITPOBEJEHNIO OTIePaTUBHOTO BMeIIaTeIbCTBA.

B xome mpoBemeHHOrO aHaIM3a MbI BBISICHUIN,
YTO HaMbOJbIllee BIMSHME HA Pe3yIbTaThbl JEUeHUS
oKasamu Takue (HakTOpbl, KAK TUIT TMTOBPEXIEHUS T10
J.R. Doyle, criocob neyeHMUS] M UCXOOHBINA HePUIUT
pasrubaHusi HOTTeBON ananru. Takke ObLIO OTMeE-
YeHO, YTO MPU OJHOM ¥ TOM JKe TUIIe TTOBPEeXKIEeHNS
pasinuHble CIelMaIMCThl BbIOUPaIM pasHble TIOIX0-
IIbI K TaKTUKe JiedeHus. [Ipy TOM, YTO BO MHOTUX MC-
CJIeJOBaHMSX OTMEUEHO ITPEMMYIIECTBO BbITIOTHEHMS
TpaHCAPTUKYISIPHOV duKcayy mpu I Tuie moBpex-
menus [10, 28], B HaleM Mccaeq0BaHUM TPAHCAPTU-
KyJnsapHast ¢uKcanmus paccMaTpuBajach KakK MeTO[,
BBIOOpA TOTBKO B TE€X CJIyUasiX, KOrJa MamnyeHT He MOT
MPUAEPKUBATHCS IJIMUTEIbHOM BHEITHE MMMOOWIN-
3aI[MM B CBSI3M C XapaKTePOM TPYIOBOI NesATeTbHOCTU
(Bpau-cTomatosior, Iapukmaxep). KoHcepBaTuBHOE
JeyeHne, KOTOpOe IPOBOAMIOCH ITOAABIISIONIEMY
60nbmMMHCTBY (6oee 90%) MalMEHTOB C AAHHBIM
TUIIOM ITOBPEKAEHMS, 3aUacTyi0 He CIIOCOOHO obec-
TeYUTh ONTUMAJIbHbBIE YCIOBUS /IS BOCCTAHOBIEHMS
pa3rubaTeabHOTO anmnapara, a KOMILIAeHTHOCTD Ia-
LIMEHTOB [JIMTENIbHON MMMMOOMIU3AIINY OCTAETCS
KpaliHe HU3KOJ, YTO MPOBOLMPYET HApYIIEeHME PEKO-
MeHIO0BAaHHOTO PEXMMA U MIPUBOAUT K 3HAUUTETHHO-
MY MPOIEHTY HEYIOBIETBOPUTETbHBIX KIMHUYECKUX
pe3ynbTaToB. MbI MPEIIONOKMUIIN, UTO BHIPAXKEHHOCTD

MCXOOHOro meduiuTa pasrubaHus HOrTeBoi ¢aaH-
I'M BiMsIeT Ha (PyHKUMOHAIbHBIE Pe3yIbTaThl, MOC-
KOJIbKY BCTpeYa/M B JUTepaType HaOGMIOAeHUs], UTO
cMeleHye MPOKCUMAIbHO KyJIbTHU pa3rnbaTeTbHOro
armapara Ha 4 MM 1 6osee oT ypoBHSI IM®C (1, cOOT-
BETCTBEHHO, YCUJIEHME MOJIOTKOOOpasHoil nedopma-
LMM) CHUKAEeT yCIleX KOHCePBATUBHOTO jeueHus [29].
[To maHHBIM HEKOTOPBIX UCC/IeA0BATENEN, UCXOMHbIN
mebunut pasrubaHus 6omee 30° TpebyeT yBeamue-
HUSI JJTUTEIHbHOCTY MMMOOWIM3ALINN IJIS YTyqIIeHMST
GbyHKUIMOHANBbHBIX TIOKa3arenei [30]. Ipyrue aBTOpbI
TIOJIATalo0T, YTO IIPU UCXOMHOI nedopmaru 6oee 30°
NP KOHCEPBATMBHOM JIEUEHUM BEPOSITHOCTb Dely-
IuBa gedopManyy 3SHAUUTENbHO yBenuuuBaetcs [31].
[Mocre MpoBeleHHOTO aHaAM3a Mbl OTMETWIIN, UTO ITPU
KOHCEPBAaTUBHOM JIeUeHUM MNaLUMEHTOB C MCXOAHBIM
IedUIMTOM pasrubaHus HOITeBOJ (alaHT PaBHOM
i 6osee 30° yalie ObLIM ITOJIYYEHBI YIOBIETBOPU-
TeJIbHbIE U TJIOXMeE pe3yabTaThl. VIcXons 13 3TOTo, Mbl
rojiaraeM, 4TO MNpU JeyeHuu MOoBpexaeHui I Tuma
C HaJIMYMEM MCXOOHOIO AeduuyTa pasrubaHusl HOTI-
TeBOJ (pasaHry, mpepbimamem 30°, 1erecoobpasHo
BBIIIOJTHEHME OIEepaTMBHOTO BMeIIaTeabCTBA [JIS
COMMKEHMST KOHIIOB ITOBPEKAEHHOTO pasrnbaTebHO-
O anmapara M CO3[aHus CTaGWIbHOCTM B 30HE IIBa,
TaK KaK MIMHMPOBaHME B AAHHOM Ciaydae He obec-
MeynBaeT 3TUX YUIOBUIA.

B OGONBLUIMHCTBE WCC/IeAOBAaHMIT ITOKa3aHUSIMU
K XUPYPIMYECKOMY JIEYEHUIO SIBJISIMCH IepesioMbl
C HaJIM4YMeM KPYITHOTO OTPBIBHOTO (pparmMeHTa U/ Miamn
nogseiBuxa B IM®C [7, 32, 33, 34]. B Hamem ucciie-
OOBaHUM TIpU MOBpexaeHusx IVB Tumna BBUIAY OT-
CYTCTBUSI €IMHOTO aArOpUTMa BbIGOpA OINEepaTUBHOE
BMeIIaTe/bCTBO BBIMOIHSJIOCh HA YCMOTpeHMe Jieua-
1Iero CIelMaInCTa: OLleHMBAIUCh pa3Mep OTPhIBHOTO
(dbparmeHnTa u CTereHb €ro CMeleHus, a TaKkke HaIu-
yye UM OTCYTCTBME TOABBIBMXA HOITEBON (haysaHT.
Cneumannuctbl PyKOBOACTBOBAIUCH JIMYHBIMU TIpE[-
MTOUTEHUSIMU U COOCTBEHHBIM OITBITOM, B CBSI3M C YeM
CTIOCOOBI JIeUeHUsT PasuUTeIbHO OTIMYaauch. Kpome
TOrO, 4acTh MalMeHTOB OTKa3biBajaachb OT OMepaTUB-
HOT'O JIeUeHMs] BBUAY HEOOXOOVMMOCTU COOTIOIEHUS
MOC/IeonepalOHHbIX peKOMeHAalNiA.

B Hamewm LleHTpe Hambosee MOMYJISIPHON METOIM-
Kol npu noBpexaeHusix IVB u IVC TuroB ocraetcs
OIOKMPYIONINIT OCTEOCHHTE3, MpUYeM AaHHOe BMe-
1IaTe/IbCTBO ITPOBOAUTCS MCKIIOUUTENBHO IO KacCh-
yeckoit MeTonuke [21, 22]. OgHako cienyeT MpU3HaTh,
YTO IIPM BCEX CBOMX IPEUMYILECTBAX B HEKOTOPBIX
KJIMHMUYECKUX CTy4asiX TAaKOi BapMaHT ieueHus He Mo-
3BOJISIET MMOYYUTh XOPOLIUX KIMHUYECKUX pe3y/ibTa-
TOB. BBy HecoBepIlIeHCTBa JAHHOTO CIIOCo6a yieye-
HMS IJ11 MUHMMM3aLMM PUCKOB MOCIe0NepalMOHHbIX
OCJIO)KHEHMIT ¥ yMeHbIIEeHUSI TPaBMaTUUYHOCTU OIle-
palyuu U SITPOTeHHOTO MOBPEXAEHMSI CYCTaBa 4yacTb
aBTOPOB IpejJiaraeT pasinuHbie MoavduKauy 6;10-
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KUPYIOIero ocTeocuHresa [35, 36, 37, 38, 39], a npy-
rve CHeluaJuCTbl MPUMEHSIOT MUHU-UHBA3UBHbIE
TEXHUKN JIJI YCKOPEeHUs peabwinTanuy nanyueHToB
[40]. ITo mpuuMHe HeMUIeATbHOCTU AAHHOTO CIIOCO0a
JleyeHUsI UM TIOTPEIHOCTe B MPOBeNeHUM TeXHU-
KU OJIOKMUPYIOIIETO OCTEOCUMHTE3a Y 3HAUUTETbHOTO
KOJIMYECTBA TMAlMeHTOB Habmofanach KOHCOMMIALINS
IepeyioMa C «KJIIOBOBUAHOM» medopmalyeii U BbIpa-
SKEHHBIM JTe(@UUINUTOM pasrMbaHusl HOITEBOI aaaH-
m nipu noBpexxgenusix [VB u IVC tumnos. Kpome Toro,
Y 9TOJi TPYIIIBI MAalMEHTOB Haubojiee 4acTo GbIIO OT-
MeueHO Haymuue OO0JIeBOTO CHHApPOMA. BeposiTHO,
TIPUYMHON HaMuMs 6OJEeBOTO CMHIPOMA Y HUX SIB-
JiseTcsl He TOJbKO orepanus (HeoOHOKpaTHbIe II0-
MBITKM TPAHCAPTUKY/SIPHOTO ITPOBEAEHMS CIUIL, BO
BpeMsI BBITIOJTHEHMS OGJIOKMPYIONIETO OCTEOCUHTE3a U
MOBpEeXAeHMEe CYyCTaBHOTO XPsIllia), HO MU HEITPaBUJIbHO
CPOCIINIicS BHYTPUCYCTABHOI EpPeIoM HOrTeBOI (a-
sanru. K ToMmy ke Mo AaHHbIM pPeHTTeHOrpaMM 3aua-
CTYIO TIPU BBITIOJTHEHMM OJIOKMPYIOIIETO OCTEOCUHTE3a
He yIaBajoCh YCTPAHUTD MTOABBIBUX HOTTEBOM (haaH-
. [laHHbIe (haKTOPbI MOIJIM B JaJbHEMIIIEM SBISTHCS
MPUUYMHON PasBUTUSI TIOCTTPABMATUUECKUX M3MeHe-
HUMII B CyCTaBe, UTO OOBSICHSIET IIOSIBJIEHME O0JIeBOI
CUMITTOMATHUKM TIpU GU3UUECKUX HaArpysKax. Y mono-
BUHBI [TaIIME€HTOB, KOTOPBIM BbITIOIHEHA TPAHCAPTUKY-
JisIpHast pukcaysi, 60JIeBOi CMHAPOM 6bIT 00YCIOBIIEH
pa3BUTMEM IapacIuileBoii MHQEKIMM 1 ocTeoMue-
JIATa HOTTEBOJN (bajlaHI¥, IPUBENIINUX K BbIPASKEHHOI
IUChYHKIIMY OTIePMPOBAHHOTO MAJTbIIA.

MbI OTMETWMIIN, UTO PEUAUB AedopMannum B 3Ha-
YUTeNbHOI Mepe BiusIeT Ha YA,0BJIeTBOPEHHOCTD Ia-
IIMEHTOB IMPOBEIEHHBIM JiedeHNeM. ITO 0COOeHHO
BaXXHO Y TAIMeHTOB >KeHCKOTO I0Jia, IJis1 KOTOPbIX
OCHOBHOJ COCTaBJSIOIIEl YCIEeNIHOTO pe3yjbTaTa
JleueHUs SIBJISIETCSI BHEIIHMI BUJ, TOBPEKIEHHOTO
nanpiia. Kpome Toro, Bbipa)keHHble M3MEHEHUs B
cycTaBe, IpOM3OILIeIIMe KakK BC/IEACTBUE BHYTPU-
CyCTaBHOTO TiepejiomMa, Tak M B pe3y/ibTare omepa-
TUBHOTO BMeIlaTelbCTBa, TakKke B 3HAUUTEIbHOI
Mepe oKas3ajayu BAMsSHMe Ha QYHKIMIO 3TOTO CyCTaBa
Y HU3KUI TIPOLIEHT YA0BAETBOPEHHOCTU MAallMeHTOB
JieueHUeM.

JOIIOTHUTEJIBHASI THO®OPMALIMISI

3aseneHHblii 6K1a0 a8mMopos

Bce aBTOpHI cenany 3KBMBAIEHTHBIN BKIA[ B MOJTO-
TOBKY ITyOIVIKALIAM.

Bce aBTOpBI Tpowin U omo6pmian GUHANBHYI0 BepPCUI0
PYKOTIMICH CTaTbi. Bce aBTOPBI COT/IACHBI HECTY OTBETCTBEH-
HOCTb 3a BCe aCIeKThl paboThl, YTO6BI 0OECIIeUnTh Haie-
skalee pacCCMOTPEHME U pellleH)e BCeX BO3MOKHBIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAZEXKHOCTDIO JII0607
YyacTu paboThl.

Hcmounuk ¢puHaucupoeaHus. ABTOPbI  3asIBJISIIOT
06 OTCYTCTBUM BHeITHEro (MHAHCUPOBAHUS MPU MPOBEJIe-
HUM UCCITENOBAHMS.

OrpaHnyeHUs UCCIeg0OBaHUS

BBupgy ToOro, uto mcciaenoBaHue IPOBENEHO PETPO-
CTIEKTUBHO, OBLIO CJIOKHO ITPOBECTM aHaIU3 IIPU-
YJ[H [MOC/IeonepalMOHHbIX OC/IOXkHeHMIT. Kpome Toro,
YacTh MMalMeHTOB 0Ka3aaach HeOCTYITHOM JIJIs M1ccie-
IOBaHMS TI0 pa3HbIM IIPUUYMHAM, [T0O9TOMY pe3y/ibTa-
Thbl [IPOBEIEHHOIO JIeUeHUs OLleHEeHbl TONIbKO Yy 32%
MaIMeHTOB MPOMUIbHOM IPYTIIIHI.

3AK/TIOYEHUE

KoHcepBaTuBHOe jeuyeHne mOBpexkaeHuii I Tuna mo-
3BOJISIET TIOJIYYUTh XOPOILME U OTIMYHbIE Pe3YyIbTaThl
TIpY HAJIMIMU UCXOOHOM MOJIOTKOO6GpasHoii medopma-
uuy meHee 30°. B Tex wiyvasix, KOrga BbIPa)KeHHOCTh
ucxomHoi medopmanum npepbimaet 30°, adhderTuB-
HOCTb BHEIIHE! MMMOOMUIM3AUNUM Pe3KO CHUKAETCS,
YTO TOBOPUT B IOJIb3Y BHIOOpA OIMEpPATUBHOTO Jieye-
Hus. [Ipy noBpexxaennsix IVB Tura, BHe 3aBUCUMOCTHU
OT BUJIA MIPOBEIEHHOTO JIeueHusI, Haubosiee yacTo OT-
MeueHbl HEeyHOBJIEeTBOPUTENbHbIE (YHKIMOHATbHbIE
pe3ynbTaThl ¢ peruauBoM aebopManny, 3HAUMMbIM
orpaHmMuyeHreM (GYHKIUM OUCTATBHOTO MekdasaH-
rOBOr'0 CyCTaBa ¥ HU3KOM yIOBJIETBOPEHHOCTHIO Ma-
nMeHTa JeueHueM. Haubosee 4acTo 3TO CBSI3aHO
C HempaBWIbHO CpPOCIIMMCS IepeioMOM HOTTeBO
(damaHru BCIEACTBME HEYCTPAHEHHOTO CMeNIeHMS
OT/IOMKa ITPY BBITIONIHEHUM GIOKUPYIOIIETO OCTEOCH-
He3a M/IM BHEeIIHel MMMOOMIN3alNU U JaJTbHeNInuM
pasBuTueM aeGopMyUpPYIOIIEro apTpo3a AUCTATLHOTO
MeK(aaaHroBOIo CycTaBa.

Hanbonee BakHbIMM (haKTOpPaAMM, OKa3bIBAIOIIM-
MU 3HAUMMOE BMSHME Ha pe3y/bTaThl JieueHus, SIB-
JISTIOTCSI BBIPAKEHHOCTDh UCXOTHOV MOJOTKOOGPa3HOIA
nmedopmaluy Ipyu MOBpeskAeHUX [ THIa 1 KauecTBO
BBITIOJTHEHMST GJIOKMPYIOIIETO OCTEOCHHTE3a IIPU T10-
BpexxaeHusx IVB u IVC Turios, B TOM 4mcie Ipu Ha-
JIMYUM OTPBIBHOTO (pparmMeHTa HEOOIBIIMX Pa3MEPOB.
Iyt co3maHusl aJiropuTMa BbIOOpa ONTUMMATbHOM TaK-
TUKM HEOOXOAMMO CO3JaHye HOBbIX METOAVK B COOT-
BETCTBUM C TTOJIyUeHHBIMU B XOJle JaHHOTO MCCIeo0-
BaHUS JTaHHBIMU U U3yUeHUS 3PHEKTUBHOCTU STUX
MeTOJ0B Ha MPOMWIbHON TPYIIe MaleHTOB B XOfe
MPOCIIEKTUBHOTO CPAaBHUTENBHOTO UCCIeI0BaHMSI.
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Bo3moscHblli KOH(AUKIM UHMepecos. ABTOpPBI IeKia-

PUDPYIOT OTCYTCTBME ABHBIX M IMTOTEHIMA/IbHbIX KOHdJJ'II/IKTOB
MHTEepeCcoB, CBA3aHHbIX C r[y6m/[1<aune17[ HaCTOsIIIel CTaTbU.

AOmuueckasn 3kcnepmusa. He mpumeHuMa.
HugopmupoeanHoe coznacue Ha ny6aukayuio. ABTOpbI

TIONTYYMTM TIMCbMEHHOE COTiacye TalMeHTOB Ha Mmy6mKa-
LIMIO MEAUIIMHCKUX JAaHHBIX ¥ M300paskeHMiA.
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BnusaHue BTOPUYHbIX opTOoneaAnYvYeCKux OCNI0)KHEHUH
Ha Ka4yeCTBO YXU3HMU AeTeun C AeTCKUM u.epe6paanb|M napajinyom

B.A. HoBukos, B.B. YmHoB, [I.C. >)Kapxos, [1.B. YmHoB, O.B. Bapnosa, C.B. liBaHOB,
A.P. Mycradaesa, V.A. CBUHMHA

QOI'BY «HayuoHanvHoili MeOUuyuHcKull uccnedosamensckuii yenmp demckoti mpasmamonozuu u opmoneduu um. I.H. TypHepa»
Mumn3sdpaea Poccuu, 2. Cankm-Ilemep6ype, Poccus

Pedepar

AxmyansHocmes. JleTckuii niepe6panbHbiii mapamuy (JA1I1) siBaseTcss OMHOM M3 BemyIUX MPUUYMH MHBATUIHOCTYU Cpe-
IV [IeTeil M 3HAUMTeIbHO BIMSIeT Ha UX (M3UUYecKoe U IMCUX0COolanbHoe cocTossHme. OmHMMU 13 Hauboiee cepbe3HbIX
opTornenuueckux ocaoskHeHuit I SIBASIOTCS KOHTPAKTYPbl CYCTABOB, KOTOPbHIE YCYTYOISIOT OTPAHUUEHUS TBUTATENb-
HOJ aKTUBHOCTY, YCUIMBAIOT 60JTb ¥ BAMSIOT Ha Ka4ecTBO X13HM. O1leHKa KayecTBa ku3uu rpu [T sBasieTcss BasKHbIM
dakropom, oTpakaomyumM GbuU3UUECKOe COCTOSTHME U COIMATbHYIO afamnTaluio, ¥ Mo3BoJisieT 6ojiee TOYHO TIAHMPOBATD
JIeueHye U peabuanTaluo.

Ilenv — M3yuNUTDb BANMSIHME KOHTPAKTYP U OPYTUX OPTONEOMUECKUX OCJIOKHEHMI Ha KauyecTBO XU3HM JeTell C IJeTCKUM
1iepe6paybHBIM TapaINUuOM, YUIUTHIBAS TOKATM3ALMIO U CTETIEHb BbIPAKEHHOCTY KOHTPAKTYP, a TAKKe BOCIIPUSITHE 3a60-
JIeBaHMS CAMMMU MMAllIEHTaMM Y X POIUTEISIMU.

Mamepuan u memoodsl. B uccienoBaHe BKIIOUEHbI 62 maiieHTa co crnactuueckum 1T B Bospacte 6—13 yeT. YpoBeHb
JIBUTATEIbHbIX QYHKINI olleHuBajcs 1Mo kiaaccudbukauuy GMFCS. Cob6paHHble MaHHbIe BKIIOYAIM aHAMHECTUYECKMe
CBeIeHMsI, KIMHUYECKUII OpTONeaUIYecKuii OCMOTP C OL@HKOM CHAaCTMYHOCTM 110 MoauduIMpoBaHHO mikane Ashwort
u MHGOpPMALMI0 O CONMYTCTBYIOMIMX HapyuleHusX. KauecTBO SKM3HM OIEHMBAJIOCh C MCIIOJb30BAaHMEM MOMYIIS
«IlepebpanbHblii Mapaany» onpocHuka Pediatric Quality of Life Inventory (PedsQL) Bepcuu 3.0.

Pe3ynsmamul. BoisiB/IeHbl 3HAUNTEIbHbIE KOPPEJSUINM MEXAY YPOBHEM JBUTATeTbHbIX QYHKIMII MO Kaaccudurauum
GMEFCS u orpaHMuyeHMSIMM B TaKMX JOMeHaxX KauecCTBa >XU3HU, Kak «[loBcelHeBHAS MesATe/bHOCTb» U «[lepemelieHne
¥ paBHOBecCHMeEe». YCTAHOBJIEHO, UTO HAJIMUMe KOHTPAKTYP Ta300eIpeHHBIX M KOJEHHBIX CYCTAaBOB 3HAUUTEIbHO CHIKAET
rokasareu 1o foMeHam «bosb» u «YcranocTs». COMYTCTBYIOIIME HAPYIIEHMS], TAKME KaK SMUJIeTCKsl, TAKKe HeraTMBHO
BJIMSIIOT Ha BOCIIPMSITME KAUueCTBa KU3HM JeTbMU U UX POAUTEISIMUA.

3axoueHue. BoisiBjieHHbIE KOPPEJISILIMK OAUEePKUBAIOT HEO6XOAMMOCTh KOMIIIEKCHOTO ITOAX0/1a K JIEUeHUIO U peabuin-
Taluu JAeTeit ¢ JeTCKUM 1epe6pasbHbIM MapaanyoM, BKIIOUAIONIEro KOHTPOIb 60JIEBOTO CMHIPOMA, YIyUIIeH e IBUra-
TeNbHBIX QYHKUMI U YUeT IMCUXOCOIMATBHBIX aCITEKTOB.

KiroueBble cJ10Ba: IeTCKMUIT LiepebpaabHblii mapaany, JLII1, KauecTBO XU3HY, OPTOIeaMUeCKe OCIOKHEHMS, KOHTPAaKTY-
DBI CYCTaBOB, IBUTATENbHbIE DYHKIMMA.

[ Ama umrupoBanus: Hosukos B.A., YmuoB B.B., JKapkos [.C., Ymuos [.B., Bapnosa O.B., VBanos C.B.,
MycracdaeBa A.P., CBuHuHa V.A. BausHMe BTOPUYHBIX OPTOMNEAMYECKMX OCAOKHEHMII Ha KayecTBO >KU3HU
meTeii C JETCKMM IiepebpaJbHbIM mMapaandyoM. Tpasmamonoeus u opmonedus Poccuu. 2025;31(2):111-119.
https://doi.org/10.17816/2311-2905-17653.
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The Impact of Secondary Orthopedic Complications on the Quality
of Life in Children with Cerebral Palsy

Vladimir A. Novikov, Valery V. Umnov, Dmitry S. Zharkov, Dmitry V. Umnov, Olga V. Barlova,
Stanislav V. Ivanov, Alina R. Mustafaeva, Ulyana A. Svinina

H. Turner National Medical Research Center for Children’s Orthopedics and Trauma Surgery,
St. Petersburg, Russia

Abstract

Background. Infantile cerebral palsy (ICP) is one of the leading causes of disability among children, significantly affecting
their physical and psychosocial condition. Joint contractures are a serious orthopedic complication of the disease, which
exacerbate limitations in motor activity, increase pain severity and affect the quality of life. Assessment of the quality
of life in children with ICP is an important indicator reflecting their physical condition and social adaptation, which allows
for more accurate planning of treatment and rehabilitation.

The aim of the study — to analyze the impact of contractures and other orthopedic complications on the quality of life
in children with cerebral palsy, taking into account the location and severity of the contractures, as well as the disease
perception by the patients and their parents.

Methods. The study included 62 patients with spastic ICP aged 6-13 years. The level of motor functions was assessed
according to the Gross Motor Function Classification System (GMFCS). The data collected included anamnesis, orthopedic
clinical examination with the modified Ashworth scale assessment of spasticity, and information on concomitant
disorders. The quality of life was assessed using the “Cerebral palsy” module of the Pediatric Quality of Life Inventory
(PedsQL) questionnaire version 3.0.

Results. The data obtained revealed significant correlations between the level of GMFCS and limitations in such quality
of life domains as “Daily activities” and “Movement and balance”. It was found that the presence of contractures of the
hip and knee joints significantly reduces the indicators for the “Pain” and “Fatigue” domains. The impact of concomitant
disorders, such as epilepsy, also negatively affects the perception of quality of life by children and their parents.
Conclusion. The revealed correlations emphasize the need for an integrated approach to the treatment and rehabilitation
of children with cerebral palsy, including pain control, improvement in motor functions and consideration of psychosocial
aspects.

Keywords: infantile cerebral palsy, ICP, quality of life, orthopedic complications, joint contractures, motor activity.
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BBEJEHUE

Hetckuit nepebpanbHbiit mapannu (OLIT) sBaser-
csl OIHOV M3 Haubosee pacrpoOCTpaHEeHHBIX MMPUUMH
VHBJIMIHOCTU Cpeldu OeTel, BbI3bIBaeT 3HAUUTEIb-
Hble OTpaHMUeHUsT PU3NYECKOI aKTUBHOCTYU U COIU-
aibHOM apanrauuu. CornacHO JaHHBIM BceMupHOI
OopraHusalyuu 34paBOOXpaHeHMs], PpacIpPOCTpaHeH-
HocTb IIIIT cpenu meteil cocTasiser OT 2 70 3 ¢ay4a-
eB Ha 1000 HOBOPOXAEHHBIX, IIPU 3TOM TEeHIEHLUS
K YBeJIMUEeHUIO CJTyuaeB OCTaeTCs CTabMIbHOI Ha ITPo-
TSDKEHUU TTOCIeHUX AecaTmneTui [1, 2].

B nocnegHmue rombpl B MeOUIIMHCKONM IpakTHUKe
MOBBICUJIOCHh BHMMAaHME K Ka4eCTBY XXM3HU KaK BaxK-
HejileMy Tmokasarento 3(QGheKTUBHOCTY JiedeHUs U
peabuanun. Ilepexos OT UCKIIOUUTENIBHO KIMHU-
YeCKMUX KpUTepueB K olieHKe CYObeKTMBHOTO BOCIIPHU-
SITUS TTAljMeHTa [03BOJISIET BpauaM U UCCIef0BaTelsIM
MOJTy4yaThb 6oJtee TOTHOE MpeCTaBaeH e O COCTOSTHUM
yeJIoBeKa, 0XBaThIBaOIIee He TOIbKO Pusnyeckue, HO
U TICUXOJIOTMYecKye, cColyaabHble U MOBeAeHYeCKe
acIleKThl ero XXU3Hu. BcemupHas opranusaums 3apa-
BOOXpaHEeHMsI onpefensieT KaYecTBO KM3HU KaK «BOC-
NpUSITUE MHIOMBUIOM CBOETO IOJOXKEHUS B JXU3HU
B KOHTEKCTE KYJIbTYPbI ¥ CUCTEMBI LIeHHOCTEJA, B KOTO-
PBIX OH >KUBET, ¥ B COOTBETCTBUM C €T0 LIeJIIMMU, OKU-
IaHUsIMU, CTaHgapTamMu u 3a60tamu» [3]. Tlokasarenn
KauyecTBa >KM3HM B HACTOsILEe BpeMs CUUTAIOTCS
BaKHBIMM He TOJIbKO ISl OLleHKY (U3MUeCKOTo COC-
TOSIHMS MaLMEHTa, HO U AJ1S1 IOHMMaHUs ero Mcuxo-
JIOTMYECKOTO 671aTOIOTyuMst, MHTeTpaluy B 0011[eCTBO
M CIIOCOGHOCTY K CAMOOOCTY>KMBAHMIO [4, 5].

Cpenu dakTopoB, HaMboIee CUIbHO BIUSIONMX Ha
KauecTBO Xu3Hu geteii ¢ 111, 0coOeHHO BbIIEIISIOTCS
opToneanyeckue OCI0KHEeHUs, TaK/e KaK KOHTPaKTY-
PBI CyCTaBOB, KOTOPble OTPaHNUYMBAIOT IBUraTeIbHYIO
aKTUBHOCTH, BbI3bIBAIOT XPOHMUECKYIO OOJIb U CIIO-
COOCTBYIOT colManbHO mM3omnsauuu [6]. KoHTpakTypsl,
B YaCTHOCTM Ta300epeHHbIX U KOJE€HHBIX CYCTaBOB,
3HAUUTENIbHO OrPaHUYMBAIOT BO3MOXHOCTM Ilepe-
IBVDKEHMS M CAaMOOOCTYKMBaHMS, UTO OKa3bIBaeT He-
raTMBHOE BIMSIHME HA (U3MUecKoe U TICUXO0IMOIM-
OHaJIbHOe cocTosiHMe neteii [7, 8, 9]. UcuienoBanme
J. Parkes c coaBTOpaMm mokasasio, 4yto getu ¢ IIIIT
CTAJIKUBAIOTCSI C BBICOKMMM PUCKaMU IICUXOJIOTHU-
YyeCcKux MpobsieM M COLMAIbHON M30MALun, 0COOeH-
HO B YCJIOBUSX OrpaHMUYeHHO} nonasiskHocTM [10].
C.G.Janssen c coaBTOpaM¥ TakKe IOAUYEPKUBAIOT, UTO
MICUXMYECKOe 3[0POBbE UrpaeT BaXKHYIO POJib B BOC-
MIPUATUM KauecTBa XU3HU getbmu ¢ JQUIT [11].

Ocoboe BHMMAaHME B 9TOM KOHTEKCTe CIefyeT yae-
JIATh TPOPUIAKTUKE TTOSIBIEHNST KOHTPAKTYP, a TAKKe
MX paHHeMY JIeYeHUIO C UCII0/Ib30BaHMeM KOHCepBa-
TUBHBIX U XUPYPruyecKux MeTOLOB, TaK KaK 3TO MO-
SKeT CYIIeCTBEeHHO YIYUIINTD (HU3NUeckoe COCTOSIHYE
JeTeii U CHU3UTD PUCK COLIMATbHBIX U IICUXOIOrMYec-
KUX IPO6IeM.

BakHOiI 06/1aCcThbI0, OCTAIOIIEics HeZOCTATOY-
HO M3YYEHHO!, SIBJISIeTCSl Bochnpusitue 3abojeBa-
HUS camuMy nanyeHTamu ¢ JUIT u ux poautensimu.
HccnemoBaHust IIOKa3bIBAIOT, UTO OILEHKM KauecTBa
sku3sHau geteit ¢ JUII MOryT CMIBHO pasinMyaTbCs
B 3aBMCUMOCTM OT TOT'O, KTO IIPOBOAUT OILI€HKY — IeTu
unu ux pogutenu. E. Davis ¢ coaBTopamMu yKa3bIBaloT,
YTO ITICUMXOJIOTUYECKOe COCTOSIHME pOIuUTeseil Mo-
SKET BJIMSITh HA UX BOCIIPUSITME COCTOSIHUSI pebeHKa,
O0COOGEHHO IPY HAJIMYMK Y TTOCTIETHErO BhIpasKeHHBIX
IBUTATENbHBIX OrpaHuMueHuit [12]. 9To nmogyepkmBa-
€T Ba)XXHOCTb KOMILJIEKCHOM OII€HKM, BKIIOUAIoIIei
CaMOOLIEHKY pebeHKa ¥ MHEHME POAUTEIEN, UTO MO-
3BOJISIET TTOJIYYMUTD MTOTHYIO KAPTUHY COCTOSIHUS U T10-
TpebHOoCTei mamyenTa [13].

B Poccun B KaueCcTBe OCHOBHOTO MHCTPYMEHTA OIS
OLIEHKM KauecTBa Xu3Hu meteir ¢ OIIT 6b11 Bauou-
poBaH omnpocHUK Pediatric Quality of Life Inventory
(PedsQL) [14]. On sBysteTcst omHUM U3 Hanbosee pac-
MPOCTPAaHEHHBbIX METOIOB OLIEHKM KauecTBa XM3HU
BO BCeM MMPe, TaK KaK ero CTPyKTypa afanTupoBaHa
K OCOOEHHOCTSIM JeTeil ¢ OrpaHMYEeHHbIMM BO3MOK-
HOCTSIMM ¥ YUMTBHIBAeT TaKue BaKHbIe acCIIeKThl, KaKk
(dbusmueckme BO3SMOKHOCTHU, OOJIEBOI CUHAPOM, CIIO-
COGHOCTh K CaMOOOCTYXKMBAHUIO, B3aMMOIENCTBUE
C OKPYKAIOMMUMU ¥ SMOIMOHAIBHOE OJIaroInoiyumue
[15]. K mpeumymiectBy PedsQL oTHOCHUTCS BO3MOXK-
HOCTh CpPaBHEHUSI OII€HOK COCTOSIHMSI CaMMM ITal[u-
€HTOM U €r0 POIUTENISIMU, YTO OCOOEHHO BaKHO [JIST
MaleHTOB C OrPaHNMYEHHBIMM BO3MOKHOCTSIMU 00-
menust. PedsQL mosBosisieT 60j1ee TOUHO YUMTHIBATD
YHUKAJbHbIE aCeKTbI XXM3HU Aeteit ¢ AT 1 oneHn-
BaTh 3 GEKRTUBHOCTD peabmmmraium [16].

Ocoboe BHMMAaHME B HACTOLIIEM MCCIeTOBaHUM
yaensieTcs BAUSHMNI0O KOHTPAKTyp Ha KaueCTBO XXU3HU
nmeteii ¢ LTI xak omHOMY 13 Haubosiee pacIpocTpa-
HEHHBIX ¥ 3HAUMMBbIX OPTOIEeANUYEeCKUX OCIOXKHEHMIA.
KoHTpaKTypbl OTpaHMYMBAIOT ITOJABMKHOCTH CyCTa-
BOB, YCYTYOJISIIOT 60JIb ¥ MOTYT CYIIECTBEHHO CHIKATD
KaueCcTBO >KM3HM, 3aTPYIOHSIS ITOBCEIHEBHYIO aKTUB-
HOCTb M CaMOOOCTyKMBaHue pebeHKa. Takum obpa-
30M, MCCIeqOoBaHMe BJIMSHUSI KOHTPAKTYpP U IPYTUX
OopTOIleINueCcKMX OCJIOKHEHUI Ha pa3IMyuHble acrek-
Thl KauecTBa >Xu3Hu paertein ¢ IOUII npencrasisieTcs
0COOEHHO aKTyaJIbHbIM.

Ienvio uccnedosanus SIBISIIOCh USYUYEHUE BIVISTHUS
KOHTPAKTyp U IPYTUX OPTONEANIECKUX OCIOKHEHU
Ha KauecTBO Xu3Hu getei ¢ LTI ¢ yaeTom oKanm3a-
LM U CTETIeHM BhIPaXKEHHOCTM KOHTPAKTYP, a TaKKe
BOCITPUSITHS 3a00/I€BaHMS CAMYMM MallMEHTaMU U UX
POOUTENSIMUA.

MATEPHAJI 1 METO/1bl

[IpoBemeHO T1OmEpeyHOE WUCC/Ief0BaHMe, OCHOBAH-
HOe Ha pesyiabTaTax ob6ciaemoBaHus 62 TALVIEHTOB
¢ auardHo3om [IIII, mpoxoauBIINX JieYeHME B KJIMHU-
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ke HMUILI, AITO mum. 1. TypHepa B niepuon, ¢ 2020 o
2023 .

Kpumepuu exnwoueHus:

— TIOATBEPKIOEHHBI/I HEBPOJIOTOM AMArHo3 cIac-
Tnaeckoit dopmbr LT,

— BO3pacCT maiueHTa ot 6 10 13 jieT;

— CTabMIbHOE IMOIMOHAIBLHOE ¥ HEBPOJIOTHYE-
CKOe COCTOsSIHME TIpM TIOCTYIUIEHMM, TO3BOJISIOlIee
MPOBECTU OPTOTNEAMUECKMII OCMOTP M OLIEHKY Kaue-
CTBa XM3HU;

— OTCYTCTBME TSDKEJBIX COMAaTHUECKMX 3ab60seBa-
HMIA, CYIIeCTBEHHO MCKaXKaloIIMX BOCIpUSITHE Kaye-
CTBa XXU3HMU.

Kpumepuu ucknwouenus:

— TsDKeJible TICMXUYEeCKMe PaccTpoiicTBa U SMOLIM-
OHaJIbHbIE COCTOSIHMS, HE TIO3BOJISIONIME aleKBAaTHO
B3aMMO/IEICTBOBATDb C PEOEHKOM WJIM POJIUTEIISIMU;

— COCTOSIHME TIOC/Ie HeJJaBHUX 00beMHBIX XUPYP-
rMYeCKUX BMelaTeNbCTB;

— ocTpble MH(MEKLUVOHHbIE 3a00/I€BaHUST UIU TSI-
SKeJIble 000CTPEeHMSI XPOHUUECKUX OOJIe3HEN, TTPernsIT-
CTByIOIIME OOBEKTUBHO OIleHKEe KaueCTBa JKU3HM.

Cpenu mauyueHTOB 6bUIO 33 ManabumuKka u 29 meBo-
yek. VIx BO3pacT coctaBmi OT 6 10 13 jeT, ypoBeHb
I7106abHBIX JIBUTATENbHBIX (YHKIMI TalMeHTOB
BapbyupoBa oT 1 1o 4 o knaccuduramym GMFCS [17].

B xope mnccinenoBaHus U3ydain:

— aHaMHeCTMuyeckue OaHHbIe: TOPSIKOBBbIN HO-
Mep 6epeMeHHOCTH M POJOB, CPOK recTalvi, Haaudye
MHOTOTUIOAHOV 6epeMeHHOCTH, BeC MPU POKAEHUN,
a TaKkke O6aJITbI IO IIKaie Arrap;

— KJIMHUYECKUI OpPTONegnyeCcKuii OCMOTP: OLieH-
Ka CIAaCTUMYHOCTM MBIIIIL, BEPXHUX U HVDKHUX KOHEY-
HocTeil 1o MopuduuupoBaHHON miKane Ashworth
[18], a Takke ompeeneHme HaMMIns PUKCUPOBAHHBIX
KOHTPakTyp B CyCcTaBaX HUXHMUX KOHEUHOCTeli, Ta-
KUX KaK IIPUBOJSINVE KOHTPAKTYPbI Ta300eApeHHbIX
CyCTaBOB, CrmbaTe/lbHble KOHTPAKTYPhl KOJIEHHBIX
CyCTaBOB ¥ 9KBMHYCHbIE KOHTPAKTYPbI;

— mHpOpPMAIMS O COMYTCTBYIONIMX 3a00/I€BAHMSIX :
yJeT HapylleHUil peuu U ciyxa, Haauuue 31uiencun
U KOCOT/Ia3us.

KauectBo xxusuu gerein ¢ JUIT u nu, ocyimecT-
BJISIIOIIMX 38 HUMU YXO/[I, OLleHMBaJIOCh C TOMOIIbIO
orpocHuKka PedsQL Bepcuu 3.0 ¢ UCIIOb30BaHMEM
monyns «llepebpanpHbiit mapanny». PedsQL mm-
POKO MpUMeEHSeTCs AJIs1 OLleHKM KaudyecTBa >KU3HU
y IeTeil ¢ XpOHMYeCKMMM 3a60eBaHUSIMMU, BKITIO-
vyag OUII, m geMOHCTpUpyeT BBICOKYK) YYyBCTBU-
TeJIbHOCTb U CIeNM(PUUHOCTh B BBISIBJEHUM HAPY-
1IeHUH B pa3iMUHbIX AOMEHax, YTO MOATBEPKIAIOT
nanHbie E. Davis u coaBTopoB [7]. OlleHKa OxBa-
ThIBajia JOMeHbl: «[loBcemHeBHAs OeSITEIbHOCTbY,
«llIkonbHbIEe 3aHATUS», «[lepemenieHMe U paBHO-
Becue», «bomb», «VYcramocTtb», «[Ipumem numm»
1 «Peub 1 ob1IEHMEY.

CraTucTUYecKuii aHaIn3

CraTucTuyeckasi olleHKa ITOJIyYeHHbIX JAHHBIX ITPO-
BogMaach C ucroab3oBaHueM mnaxketa IBM SPSS
Statistics 23.0, GraphPad Prism 8.4.3, STADIA 6.0.

Ncnonb3oBainch MeTOABI  ONMUCATENbHOM CTaTU-
CTUKN. HOpMaHbHOCTb pacipenejieHnuda KOJIn-
YeCTBE€HHbIX [OAHHBIX OIpenenadnacb KpUTepud-

mu KonmoropoBa-CmupHoBa u Ilanupo-VYuika.
CpaBHeHMe MeXIy KaTeropuaabHbIMU JaHHBIMU
MPOBOIMIOCh C MCIIONb30BaHMEM TabINI], COMpS-
SKEHHOCTU. [I711 KOppesiiMOHHOrO0 aHaau3a KOJu-
YeCTBEHHBIX JAHHBIX MUCIIOIb30BAICS KOIPOUIIMEHT
paHroBoii koppensauuy ChnypMeHa, KauyeCTBEHHBIX
IaHHBIX — PpaHTOBO-6MCepUaNbHBIN KOIGD G UIMEHT.
VHTepnperanus [LaHHBIX KOPPEISLUMOHHOTO aHa-
mmsa: r>0,7 — cuibHas KOppeSIMOHHAs CBS3b,
r = 0,7-0,3 — yMepeHHasi KOppeJISLMOHHA CBSI3b,
1<0,3 — c1abast KOpPeISIIMOHHASs CBSI3b.

PE3VJIBTATDBI

VpoBeHb IIOOANbHBIX ABUTATENbHBIX QYHKUMIA TI0
GMFCS pacmpegenmicst caegyommum obpasoM: ypo-
BeHb 1 —y 3 maunueHToB (4,8%), ypoBeHb 2 — y 26 na-
UMeHTOB (41,3%), ypoBeHb 3 —y 26 auueHTOB (41,3%)
" ypoBeHb 4 —y 7 manueHTOB (11,1%). CriacTuueckas
Iuruieruss 6bula Hambosee YaCTO BCTpevalolleics
dbopmoit O1IIT (80,8%).

CrnacTMYHOCTb MBIIIL, BePXHUX KOHEUHOCTEI OLie-
HMBAJIaCh 10 MOAUGUIIMPOBAHHO 1Kame Ashworth:
y GONMBIIMHCTBA TALIMEHTOB OHa cocTaBmia 2 (40,5%)
miu 3 6amna (25,8%). CriacTMYHOCTH MBIIII, HUKHUX
KOHEUYHOCTe IpeuMyIieCTBeHHO COCTaB/IsIa 3 6amia
(48,5%). IlpuBogsiIMe KOHTPAKTYPhI Ta300eApeHHO-
ro CycTaBa ObLIM BBISIBJIEHBI Y 37 TarueHTOB (58,7%),
crubaTenbHble KOHTPAKTYphl KOJEHHOTO CycTaBa —
y 32 maumeHToB (50,8%), SKBMHYCHbIe KOHTPAKTY-
pel — y 40 mauyeHToB (63,5%). HecTabmibHOCTDb Ta-
300eApeHHOro CycTaBa HabmIomanach y 5 naumueHToB
(8,1%).

Hapyuenne peunt ormeueHo y 34 raiyeHToB (54%),
Kocornasue —y 26 nauueHToB (41,3%), snuierncus —
y 7 nmauueHToB (11,2%). Hecartp nanueHToB (16,2%)
B HallleM UCC/IeqOBaHUY ObLIU POKAEHBI B pe3yIbTaTe
MHOTOTIOAHO 6epeMeHHOCTH!.

CpenHue 3HauyeHMs MokasaTeseii KauecTBa >KU3-
Hu (PedsQL) mo pomeHam Yy JeTeit COCTaBUIN:
«IToBcemHeBHas mesaTelbHOCTb» — 12,87; «llIKonbHbIE
3aHATUSI» — 4,42; «[lepemellieHMe 1 paBHOBeECUE» —
6,92; «bonb» — 4,18; «Ycranoctb» — 6,42; «IIpuem
rny» — 3,48; «Peub 1 o61eHme» — 2,02. B pogyurenb-
CKOJ BepcuM OINPOCHMKA CpelHMe 3HAaYeHUs 10 JA0-
MeHaM coctaBuwin: «IloBcefHeBHas NeSITeTbHOCTb» —
15,42; «IlIkonbHbIe 3aHATUS» — 5,68; «[lepemenieHmne
u paBHOBecue» — 8,55; «Bonb» — 4,31; «YcTanmocTb» —
6,84; «I[Tpuem nuiy» — 4,16; «Peub 1 0b1IeHME» — 3,4
(puc. 1).
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CpenHee 3HauYeHue

LLKonbHble
3aHATUSA

[MoBcenHeBHas
[esTenbHoCTb

Mepemeliexne bonb
1 paBHOBecHe

JloMeH KauecTBa XM3HU

KoppensauymoHHbIi aHaAM3 IMoKa3aja 3HauMMble
CBSI3M MEXOY YPOBHEM TI7I00AJbHBIX JBUTATEIbHbIX
dyukimit no GMFCS 1 HecKOMbKUMM JOMeHaMU Ka-
YyecTBa >KM3HU: B JIETCKOM OIIPOCHMKE BbISIBIIEHA
TIOJIOKUTEbHAsT KOPPEeJISIIUS MeXIy YPOBHEM ABU-
raTeqbHbIX (GYHKUMIA U JoMeHamu «IloBcemHeBHAsI
mesTenbHOCTL» (r = 0,498; p<0,05), «IlepeMelienne u
paBHOBecue» (r = 0,381; p<0,002) u «[Ipuem numm»
(r = 0,386; p<0,002); B pOAUTENBCKON BepcUU
OIPOCHMKA OTMEUYEHbI IIOJIOKUTEIbHbIE KOPPeIsi-
LIMU YPOBHSI NIBUTATeNbHBIX (QYHKIMII C JOMeHaMu
«IToBCcemHeBHas AesiTeIbHOCT» (I = 0,522; p<0,001),
«ITepemerienue 1 paBHoBecue» (r=0,451; p = 0,001),
«[Mkona» (r = 0,443; p = 0,001), «I[Ipuem nuIM»
(r = 0,348; p = 0,006) u «Peub u obmenue» (r = 0,29;
p=0,02).

VYpoBeHb ABUraTeabHbIx GyHKIMiT 1o GMFCS Takske
TOKa3aj MOJOKUTEIbHYI0 KOPPeIsSIUIo C HaauuueM
KOHTpaKTyp TasobempeHHoro (r = 0,36) M KOJIEHHO-
ro cycraBoB (r = 0,4). KOHTpaKTypbl Ta306eqpeHHOT0
M KOJIEHHOTO CYCTaBOB KOPPEIMPOBAIM C AOMEHOM
«[lepemelnieHne ¥ paBHOBECUE» B POIUTEIHCKOM
ompocHuke (r = 0,272; p = 0,03 u r = 0,265, p = 0,03

Ycranoctb

Netn
s Pogutenu

Puc. 1. CpaBHeHMe CpeHUX
3HaueHUl JOMEeHOB
KayecTBa KMU3HY MalyeHTOB
U UX poguTenein

Figure 1. Comparison

of the mean values

of the quality-of -life
domains for the patients
and their parents

Mpuem Peub
nuwm 1 oblexHne

COOTBETCTBEHHO), a TaKke C IOMEHOM «YCTa/IOCTh»
(r=0,267; p=0,036).

B momene «Illkoma» OETCKOTO OIIPOCHMKA OOHAa-
py)keHa TOMOXKNUTENbHAsI KOPPESIUS C BecoM Ipu
poskmenuu (r = 0,297; p<0,025). B momeHe «YCTalIOCTb»
BBISIBJIEHbI  (JaOble OTPUIIATEIbHbIE KOPPEISLIUN
C MHOTOIUTOMHOJ 6epeMeHHOCTHIO (= -0,28; p = 0,03)
u cpokom recrauuu (r = -0,269; p = 0,03), a TakKe MO-
JIOKUTEIbHASL KOPPEJSIINS C HaJUUMEM SIIWIEIICUN
(r = 0,322; p = 0,012). B nomene «Peub u o6IIeHME»
IJISI IeTCKOTO OIIPOCHMKA BBISIBJIEHA ITOJIOKUTE/IbHAS
Koppensius ¢ 6aiamu 1o mkane Amrap (r = 0,258;
p<0,043) 1 Hanuumem stimniencuu (r=0,376; p = 0,003),
a TaKkKe OTPUIIATE/TbHAS KOPPEJISILVS CO CPOKOM recTa-
uuu (r=-0,326; p = 0,01).

Bo3spact peb6eHKa Mmokasaa IMOJOKUTETbHYIO KOp-
pensiyio ¢ YypOBHEM YCTAJTOCTU B POIUTEIbCKOM Bep-
cum onpocHuka (r = 0,419; p = 0,001).

CrenyeT OTMETUTD, UTO BO BCEX BBISIBIEHHBIX B3a-
MMOCBSI3SIX KO3(DOIUIIMEHT KOPPEISIUuM He IIPeBbI-
man 0,52, UTo yKasbIBaeT Ha C1abyio UM YMePEeHHYIO
CUJTY CBSI3€i1 i TOBOPUT O MHOTOTPAHHOCTU (PaKTOPOB,
BJIMSIIONIMX HA KAUeCTBO KMU3HU (PUC. 2).

Bospacr - 0.419
— 1.00
=
g GMFCS - 0.498 0381 0386 0.258 075  Pwc. 2. Koppensaupuy
" KIIMHUYECKUX
g _— £ 0.50 rokasaTesei
= N C IOMeHaMu
g CnacTUYHOCTb BEPXHUX KOHEYHOCTEN 0.451 0.348 0.290 - 0.25 KAYeCTBA SKU3HN
] - 0.00 PedsQL
s Figure 2
£ CnacTMYHOCTb HUKHMX KoHeuHocTel - 0.290 0.272 0.291 0.376 --0.25 gure 2.
5 Correlations
. -0.50 of clinical indicators
with the quality-
KoHTpakTypa TaszobenpeHHbix cyctasos - 0.300 0.265 0.267 -0.326 -0.75 of-life domains
. : : -1.00 (PedsQL)
MosceaHesHas MMepemewerHne [puem Ycranoctb Peub
AeATENbHOCTb U paBHOBeCHe amuwm n OGUJ,EHME

JloMeH KauecTBa XU3HH
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OBCY>XIEHUE

Hame uccinemoBaHue moKasalo, UYTO HajauMuyMe KOH-
TPakTyp U 6ojee BBICOKMII YPOBEHb JBUTATETbHBIX
HapyueHuit 1o GMFCS oTpuiiaTesbHO CKa3bIBalOTCS
Ha KauecTBe XusHu geteii ¢ JLIIT, ocobeHHO B AoMe-
Hax «[lepeMelleHne U paBHOBecHe» U «YCTalOCTb».
[aHHble comiacylTcsl ¢ pesyabraTamu J.W. Varni
C COaBTOpaMy, yKa3blBalOIIMX Ha CHMXKEHME YDPOB-
HS GU3MYecKoro GYHKIMOHMPOBAHUS Y MAlMEeHTOB
C BBIP&KEHHBIMM OPTONEAVNYECKMMU OrpaHMYEHUS -
MU, u ¢ BeiBogamu A. Colver ¢ coaBTOopamu, Imoguep-
KMBAOIMX HE0OXOAMMOCTh yueTa GYHKIMOHATBLHOTO
cratyca pebeHKa [ CBOEBpEMEHHOTO BMellaTesb-
crBa [19, 20].

O6HapykeHHbIe cl1abble OTpUIlATeTbHbIE KOPPesi-
LMY MEXOY JOMEHOM «YCTaJ0CTh» M MHOTOIUIOTHOM
6epemeHHOCTBIO (1 = -0,28; p = 0,03), a TaKKe CPOKOM
recrauyuu (r =-0,269; p = 0,03) MOT'YT CBUAETEIBCTBO-
BaThb O TOM, UTO [€TU, POXKIEHHble C MEHbIIUM re-
CTAllMOHHBIM BO3pPacTOM OO B pe3y/ibTaTe MHOTO-
IJIONHOV 6epeMeHHOCTH, MUMEIOT 60Jiee BbIpaskeHHbIe
IBUTaTeNbHbIe HapyIIeHUsI U, KaK CIelcTBue, Gomee
BBICOKME TOKaszarenu ycranoctu. OGHAKO BBUAY He-
6O0JIBILION CUJIBI ITUX B3aMMOCBSI3eil He0OX0AIMBI 10~
TIOJIHUTENIbHbIE UCC/IeNOBaHMS, UTOObI YTOUHUTD Me-
XaHMU3M BIIMUSHUS TTepUHATATbHBIX PAKTOPOB.

[Ipu 3TOM pOJIb KOTHUTUBHbBIX, HEBPOJIOTMYECKUX
M TICUXOCOIMAIbHBIX (DaKTOPOB OCTAEeTCsl IpermMe-
TOM JIuckyccun. C ofHOM CTOpOHBI, A.A. Hexenbckas
C COaBTOpaMM MOLUYEPKUBAIOT BaXKHOCTh MYJIbTUAMC-
LUIIMHAPHOTO TOAX0Ja, BK/IOYAIOLIEro HEeBPOJIO-
rMYecKuin M KOTHUTUBHBIM acnekThbl, a C.G. Janssen
C COaBTOpaMM OTMEYaIOT TeCHYIO B3aIMOCBSI3b MEXAY
MICUXUYECKUM 3I0POBbEM U BOCIPUSITHEM KauecTBa
KM3HU y peteit ¢ IOUII, Bbigensiss Ba)KHOCTb IICUXO-
colManbHOM nonuepkku [4, 11]. C npyroi CTOpOHBLI,
M. Wake ¢ coaBTopaMu o6panialoT BHUMaHMe TIpen-
MYyIlleCTBEHHO Ha 60JieBble U JBUTATeNbHbIE OTPaHU-
YyeHMsI, OTBOZSI M IVIaBEHCTBYIOUIYIO POJib B opMu-
poBaHuy KauecTtBa skusHu [21].]. Parkes ¢ coaBTopamu
MOKa3a/in, UTO IMCUXOJOrMUeckue MpobiieMbl, BKIIO-
yasi TPEeBOKHOCTb U AEeNpPecCcur0, OKa3blBalOT 3HAUM-
TeJbHOE BAMSHME Ha BOCIPUSITUE KadyecTBa >KU3HU
y meteii ¢ [ILIT, 0cOGEHHO B YCJIOBUSIX OTPaHUYEHHOIA
nonByskHOCTH [10]. Kpome Toro, L. Horwood ¢ coas-
TOpaMMu MOUePKUBAIOT, UTO KOHTPOJIb 6O/IEBOT0 CUH-
IpoMa M ONTUMM3aLMsl CHa SIBJISIOTCS BaskKHEMIIN-
MU 3aZayaMy B MOBBILIEHMM KayecTBa XKU3HU JeTelt
¢ OIIIT [22]. Takum o6pa3zom, cymma ¢haKTOpOB, BIUSI-
IONIMX Ha KaueCTBO KU3HY, BapbUPYETCS OT 6071€BOT0
CMHAPOMA 10 NICUXUUYECKOTO 3J0POBbS U COLMATBHOM
ajanTanuu, 4To MOATBEPKAaeT MHOTOMEPHOCTD JaH-
HOV ITpo6JIeMBlI.

Ocoboe 3HaUeHMe MMeeT COIMOCTaBIeHMEe HaIIUX
JaHHBIX C pe3yJbTaTaMM MAaCIITAOHOTO eBpoIeit-
ckoro uccnenosanus SPARCLE [20]. SPARCLE mpo-

IIeMOHCTPUPOBAJIO, UTO (pu3yuueckue orpaHNYeHUs U
60J1b CYIIeCTBEHHO CHMKAIOT KaueCTBO KU3HU JleTelt
¢ JUII, omHaKo CTeIleHb 3TOr0 CHUKEHUSI MOXKeT Me-
HSATBCS B 3aBUCUMOCTU OT COLIMaJbHO-KYJIBTYPHOTO
KOHTEKCTa, AOCTYITHOCTU PeabMINTALMOHHbBIX YCIyT
" ypoBHS MHGOPMUPOBAHHOCTM popuTeneir. daske
NpY CXOOHOM YpOBHE [BUraTelbHbIX HapylIeHUI
co3JaHue MOoAIepXXUBalollell cpeabl, TOCTYI K Kaye-
CTBEHHOi peabuIUTalUU U COLMaTbHAS MHTEeTpalus
MO3BOJISIIOT YaCTUYHO KOMIIEHCHMPOBATh HETaTUBHOE
BJIMSIHME OpTOIEeSMYEeCKMX OCIoKHeHmit. Hamm pe-
3y/IbTAThl, YKa3bIBaOIIMe Ha HeOOXOOMMOCTh yueTa
KaK MeIULMHCKUX, TaK U COLMalbHBIX acClIeKTOB, CO-
rimacyoTes ¢ BeiBogamu SPARCLE.

B nHamem mccnegoBaHMM HamboOJbIlIee pacxoxie-
HMe MeXIy OLleHKaMy poAuTeel U CaMOOLIEHKOM Jie-
Telt 6b1710 3adMKCHpPOBaHO B foMeHax «[loBcenHeBHas
IesTenbHOCTb», «[lepeMellleHue M paBHOBECHE» U
«Peub». [Ipy sTOM psIA, ponuTeneit IpenoCTaBUIU
6o/iee OMTUMUCTUYHBIE OLIEHKM, UeM MUX JIeTU, UTO,
Ha MepBblii B3I, NPOTUBOpeunT gaHHbeIM E. Davis
C COaBTOpaMM, YTBEPKIAWIINX, UYTO POAUTENM, Ha-
MIPOTUB, 60JIee CKIIOHHBI 1aBaTh HETaTUBHbIE OII€HKU
13-3a TICUXOJIOTUUECKOr0 CTpecca U 06eCcroKOeHHO-
cTy 6ymyimum cBoero pebenka [12]. Bo3MOKHBIM 006b-
SICHEHMEM PaCXOXKIeHUil MOXeT ObITh TOT (PAKT, YTO
B HaIIy BbIOOPKY BOLIIM MALII€HTHI IIPeVMYIIeCTBEH-
HO C JIETKMM M CpeIHETSKeNIbIM YPOBHSMM ABUTa-
TenbHbIX Hapymenuii (I-III ypoBenb mo GMEFCS),
Yy KOTOPBIX, 10 MHEHUIO POAUTENeN, OTMeYaeTcs Mo-
JIOKUTEeTbHAS OUMHAMMKA TOCIe peabuiuTanumu uim
XUPYPruyecKkoro BMelaTenbCTBa.

OTHenbHO CTOUT OTMETUTD, YTO B JOMeHe «Bosb»
pasHuLIa MEeXIY CaMOOLEHKOI ieTeli I pOOUTeTbCKU-
MM OLleHKaMM OKasajiacb HauMeHblieii. BeposTHO,
6oneBbie cuHApoMbl Tipu HIIT MposIBASIOTCS Yske
B KpaliHUX CIy4asiX U 3a CUET ITOTO XapaKTePU3YIOTCS
YeTKUMMU KIMHUYECKVMMMU TMPOSIBIEHUSIMU (3aMETHOE
M3MeHeHMe MToBeIeHMs BO BpeMs 31130408 60, Ha-
pylleHue CHa), KOTOpble JOCTaTOYHO OYEBMIHBI KaK
ILJISI CaMMX JIeTe, TaK U OJIs1 UX POAUTENe, TO3BOss
MM JaBaTh CXOXue olleHKM. [Togob6Hast coriacoBaH-
HOCTb NOATBEpXAAaeT MHEHME psa aBTOPOB O TOM,
yTo oueHka 6oy mpu JLIIT MoskeT ObITb CXOTHOI
y pebeHKa ¥ poauTesiss UMEeHHO 61arofapsi BHEITHUM,
JIerko GUKCUpPYyeMbIM ITPOSIBJIEHUSIM [4, 21].

C60p AaHHBIX B YCIOBUSIX XUPYPTUUECKOTO CTAI-
OHapa Takke MOT BHECTU CBOIO CIelIM(UKy B TaKkyio
pasHULLY BOCIPUSTHUS KadecTBa XXu3Hu. C OgHOJ CTO-
POHBI, IaLIMEHTHI, MOCTYIAKLIMe s ONepaTUBHOIO
JledeHNs], 4acTo MMeIOT Oojiee BbIPasKEHHbIE OPTO-
neguyveckye OCIOKHEHMSI, UTO MOXEeT IPUBOLUTH
K 3aHVKEHUIO OLIeHOK Y feTeil. C Ipyroi CTOPOHBI, U
ponuTeny, M AeTU MOTYT UCIBITHIBATh 3aBbIlIEHHbIE
OXXMIAaHUS OT IJIaHUPYEMOI XMPYPTUUECKOi MOMOIIN
M CTapaThCs MPeNCTaBUTh CUTyauuio 6Gosee Graro-
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MOYYHOM MU, HAIIPOTUB, MPOSIBISIS IICUXOIOruyec-
KYI0 3alllUTy, He MPU3HABaThb TSKECThb MMeEIIeics
MMaToNoruu. B COBOKYIHOCTM 3T (DAKTOPHI MOTYT
YCWIMBATD PACXOXKOEHUS MEXOY B3IIsgaMu o06enx
MU3y4aeMbIX CTOPOH, MOJUepKMBasi BasKHOCTb Mapai-
JIeTbHOTO y4yeTa MX MHEHMI MpU OlleHKe KauecTBa
SKU3HU Y POPMUPOBAHMM MHIUBUAYATU3MPOBAHHBIX
nporpaMm peabwinTtauyu. CXOOHYIO aMOMBaJIeHT-
HOCTb akueHTUpyet J.W. Varni ¢ coaBropamu [19], yka-
3pIBasi Ha CJIOXKHOCTb B MHTepHpETal POAUTENb-
CKUX OIIeHOK, Torma kak K.F. Bjornson c coaBTopamu
CUMTAIOT UX BaKHBIM MHAMKATOPOM COCTOSIHUSI TIpU
o060 Tsorecty OLITT [5].

OToenbHOrO0 BHMMAaHMS 3aCTYKMBAIOT TaHHbIE 00
3(pdexTMBHOCTM Pa3IMUHBIX BMeIIaTeNbCcTB. Kak Imo-
kasamm N.A. Amirmudin ¢ coaBTopamu, oproneguyue-
CKMe BMelllaTeabCTBa MOTYT CYIeCTBEHHO Y/Iy4IlIUTh
noKasaTeau KauecTBa Xu3Hu y aetei ¢ IIII, BKito-
yas pusuyeckoe QyHKIVMOHUPOBAHME U COLIVAIBHYIO
AKTUMBHOCTbD [23]. ITO NMOJUEPKMUBALT, UTO HE TOJIBKO
MeAMKaMeHTO3HbIe M peabyInTalOHHbIe, HO U XU-
pypruueckyue MeTo[bl MOTYT UTPaTh 3HAUYMMYIO POJib,
JIOTIOJIHSISI KOMIIJIEKCHBIN MOAXO[, K JIeUeHUIO.

Takum o6pa3om, pes3yibTaThl HAIIETO MCCIeN0-
BaHM, corocTtaBieHHble ¢ gaHHbIMM SPARCLE n
BBIBOAAMM APYTMX ABTOPOB, ITOJUEPKUBAIOT HEOO6-
XOOMMOCTb MHOTOMEPHOTO TOAXOAA K TOBBIIIEHUIO
KauecTBa XusHu gereir ¢ OLI1. BaxkHbsl Kak mpodu-
JIAKTVKA ¥ KOPPEKIMsI KOHTPAKTYyp, KOHTPOJIb Ooje-
BOTO CMHJApPOMA U YIyYIIeHWe ABUTATENbHBIX (QYHK-
UM, TaK UM y4eT KOTHUTUBHBIX, MCUXOCOLMATbHBIX
U KYJIbTYpPHBIX (pakTOpoB. MHTErpaiuss MHeHUI ne-
Tel, poauTenei U CIeuaJInCTOB, a TAKKe NpUMeHe-
HMe Pa3HOOOpas3sHbIX METOIOB JIEUeHUS U peabwmin-
Taluy, BKIKOUYAs OpToleAuueckue BMellaTeabCTBa,
CITOCOOHBI  TOBBICUTH  3(DPEKTUBHOCTh  ITOMOIIY
U YIYUIIUTh KavyecTBO >KU3HU NaLUEHTOB B [IOJNTO-
CpOYHOJ epCreKTUBE.

JOIIOTHUTEJIbHASI NTHO®OPMALIMISI

3aseneHHslii 6K1a0 agmMopoe

Hosukos B.A. — pnusaiiH MCCIedOBaHMus, HalyMcaHue
U peIakTUPOBaHMeE TEKCTa PYKOMMCH.

YmHo6 B.B. — pefakTMpOBaHMe TEKCTa PYKOIIUCH.

JKapxkoe [I.C. — craTucTuueckast 06paboTKa JaHHbIX, I10-
MCK Y aHA/U3 ITy6IMKaIuit, HarmMcaHue TeKCTa PYKOITUCH.

YmHo8 /I.B. — TIOUCK ¥ aHa/U3 ITy6ImMKaImii.

Bapnosa O.B. — c6op [OaHHBIX, IIOMCK M aHajIu3
y6aMKAIMiA.

Heanos C.B. — nu3aiiH uccaenoBaHus, peJakTupoBaHye
TeKCTa PYKOIUCH.

Mycmadgaesa A.P. — c60p HaHHBIX, TOMCK UM aHAIU3
y6aMKaIMiA.

CeuHuHa Y.A. — c60p JaHHBIX.

Bce aBTOpBI Mpouan u ogo6puian GUHAIBHYIO BEPCUIO
PYKOTIMICH CTaTbi. Bce aBTOPBI COT/IACHBI HECTU OTBETCTBEH-
HOCTb 3a BCe aCIeKThl paboThl, YTOOBI 0OECTIeUNTh Hajie-

OrpannuyeHus

IanHasg pabora, Kak Ji060e IoNepeyHoe MCCIenoBa-
HMe, ONMChIBAeT OIpefe/ieHHble KOMITOHEHTbI BbI-
O0pKM M He TaeT BO3SMOKHOCTb MCC/IENOBATh JMHAMMU-
Ky TIpoliecca IIof, JeiiCTBMeM pasaMyYHbIX (DaKTOPOB.
DTO MOAYEPKMBAET BaKHOCTh MPOAO/KEHMSI PabOThI
B TAaHHOM HalpaBJIeHMM, PACHIMPEHUS] BBIOOPKU U
MIPUMEHEHUS JIOHTUTIOAHBIX UCCIeA0BaHUA. DTO IIO-
3BOJIUT OoJIee eTaIbHO U3YUUTDh IMHAMMKY ITOKa3aTe-
JIeli KauecTBa KU3HU U OLIEHUTh 3(PGeKTUBHOCTD Iie-
JieHaTlpaBjieHHbIX OPTOIeAMUeCKIUX, HEBPOJIOTUUECKUX
M TICUXOCOIMAJIbHBIX BMeEIIATeNbCTB, HaIlpaBIeHHBIX
Ha MOBbIIIEeHNE YPOBHS KadyecTBa >xu3Hu geteii ¢ LTI

3AK/TIOYEHUE

[TpoBeneHHOE MCC/IeOBaHMe TIOATBEPKIAET Kioue-
BYIO POJIb OPTOIIEAMUECKMUX OCIOKHEHU, B YaCTHOCTHU
KOHTPAKTYp, B GOPMUPOBAHNY KAUECTBEHHBIX XapaK-
TePUCTUK xu3Hu aetein ¢ JUII. Hannune KOHTpaKTyp
Ta300eIpeHHBIX U KOJIEHHBIX CYCTaBOB CIIOCOOCTBYET
CHIDKEHMIO TOKa3aTejeii B JIOMeHaxX KauecTBa JKMU3-
HM, CBSI3aHHBIX C IlepeMellleH/eM, paBHOBeCMEM U
YPOBHEM YTOMJISIEMOCTH, YTO HETaTMBHO OTpa’kaeTcs
Ha UX IIOBCEIHEBHOI IesTeJIbHOCTU UM COLMAaIbHOM
ajarTaumn.

BoIsiBieHHbIe KOppesiuu MeXOy YPOBHEM IJIO-
OaJIbHBbIX IBUraTEIbHBIX (YHKINI, BHIPasKEeHHOCTHIO
KOHTPAaKTyp ¥ KaueCTBOM >KM3HM MOJUEPKUBAIOT He-
00XOIMMOCTh KOMIIIEKCHOTO TIOAXOIa K peabuin-
tanuyu. OH AO/DKEH BKIIIOUATh KaK IMPOMWIAKTUKY U
PaHHIOI0 KOPPEKIIMI0 KOHTPAKTyp, TaK U KOHTPOJIb
06071€BOr0 CUHApPOMA, VYIy4YIIeHMe JIBUTATEeIbHBIX
(YHKIMIA, a TakKkKe HEBPOJIOTMUYECKOe COIPOBOXKIE-
HMEe TIpU HaJIMYMU SIUIENCUM U JIPYTUX Hapylie-
HUI1. 3HAUMMBIM TIPEACTABJSETCS COINIaCOBaHME
B3IIIIOB JeTeil UM MX POOUTENeil C 1elblo bonee
TOYHOJ afanTalyuy peadbUIMTAIMIOHHBIX MPOrpaMM
K MUHAVBUIYAJIbHBIM ITOTPEOGHOCTSIM.

DISCLAIMERS

Author contribution

Novikov V.A. — study design, drafting and editing the
manuscript.

Umnov V.V. — editing the manuscript.

Zharkov D.S. — statistical data processing, literature
search and review, drafting the manuscript.

Umnov D.V. — literature search and review.

Barlova O.V. — data acquisition, literature search and
review.

Ivanov S.V. — study design, editing the manuscript.

Mustafaeva A.R. — data acquisition, literature search and
review.

Svinina U.A. — data acquisition.

All authors have read and approved the final version
of the manuscript of the article. All authors agree to bear
responsibility for all aspects of the study to ensure proper

117 2025;31(2)

TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

JKalllee pacCMOTPeHMe U pellleHe BCeX BO3MOXKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAZEXKHOCTDIO JII0607
YacTu paboThl.

HcmoyHnuxk uHaHucuposaHusi. ABTOpbI  3asIBJISIOT
06 OTCYTCTBUM BHeIIHero GMHAHCUPOBAHMS MIPU MPOBe/Ie-
HUU UCCIIeTOBaHMSI.

Bo3MmosicHbIli KOH(AUKIN UHMepecos. ABTOPBI OeKiIa-
PUPYIOT OTCYTCTBME SIBHBIX M TIOTEHI[MAIbHBIX KOHPIUKTOB
MHTEPEeCOB, CBSI3aHHbIX C MyOIMKalIMei HaCTOSIIEeN CTaThH.

Amuueckaa 3kcnepmusa. TIpoTOKON 06CIeNOBaHUS U
JieueHus feTeit 6bUT OmOGpeH JIOKAJbHBIM 3TUYECKUM KO-
mutetromM ®I'BY «HMMUII meTckoii TpaBMaTOIOTUMU U OPTO-
nenuu uMm. I'U. TypHepa» Muusapasa Poccuu (mpoToxon
N2 20-1 ot 27.04.2020).

HngpopmupoeanHoe coznacue Ha ny6aukayuio. ABTOpbI
TIOTYYMUJTX MMCbMEHHOE COrlacie 3aKOHHBIX ITpefCTaBUTe-
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pes3y/IbTaToB.
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BnusiHue pelwletyaTbiX CTPYKTYp Ha 3/1HOLUI0 aHTUOMOTUKOB
M3 KOCTHOrO LieMeHTa: in vitro uccnepoBaHue

P.A. Mladuryaun 23, A.O. TansytouHosa !, H.B. Xapuu !, .A. Becriasnios !, 11.X. BaneeBa?,
C.B. boituyk 12, 1.®. AxtssmoB %3 O.A. CaueHKOB'
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Pedepar

AKkmyansHOCmMs. B 0CHOBE JIOKATbHOI Tepanuu nMpu MHGEKIUM KOCTHO-CYCTABHOTO anmnapaTa JIEKUT UCTIOIb30BaHMe CIieii-
CepoB C HaHeCeHHbIM MOKPbITHMEeM. Kak nmpaBuio, B COCTaB MOKPBITUS BXOAUT KOCTHBIN 1IeMEHT C aKTMBHBIM BeIlleCTBOM,
yale BCero ¢ aHTM6MOTUKoM. CyIecTBYIOIIe BaPUAHThI CTUMYJISIIUYU STIONUM aHTUOMOTMKA U3 KOCTHOTO IleMeHTa He
Bcerga 3¢ GeKTUBHBI ¥ MOTYT Jake YXy/ILIaTh CBOJCTBA LIEMEHTa.

ILlens uccnedosanus — B SKCIIEPUMEHTE in Vitro U3yYnUTD BAUSHME PELIEeTUATON CTPYKTYPhI 6230BbIX MMIUIAHTATOB Ha JMHA-
MMKY ¥ KOJIMYECTBO IO aHTUOMOTUKOB U3 KOCTHOTO IIEMEHTA.

Mamepuan u memodst. B 3KcriepyMeHTe UCIIOMb30BaaM HOBbIN BUI, MMIUIAHTATOB, MUMEIOIIMX PEIIeTUaTyi0 CTPYKTYpY,
a Takke KOHTPOJIbHBIN 06pasel], UMUTUPYIOIINI TPaAVULIVMOHHbI apMUPOBAHHBIN Ccriejicep, HAIIOJTHEHHBIN KOCTHBIM Iie-
MEHTOM C aHTMOMOTUKOM. DJTIOIMS BAHKOMUIIMHA U 1edha30aMHa U3Mepsiach CleKTpohOTOMETPUIYECKMM METOLOM Ha
cpokax 1o 30 gHeit. 11 moCTpoeHMs KAIMOPOBOYHBIX KPUBBIX CTPOMIIACh PerpecCMOHHas MpsSMast 1o SAHHBIM, TOTyYeH-
HBIM 13 KaJMOGPOBOUYHBIX PACTBOPOB.

Pesynsmamet. Bo Bcex 06pasiax mosyyeH npoduiib JTOLMM aHTMOMOTUKA, XapaKTePHBIN IJIs MccIeLyeMbIX 06pasioB
KOCTHOTO I[eMEHTa, & MMEHHO pe3Koe BhICBOOOXKIEeHMEe aKTMBHOTO BEIIecTBa B IEPBble AHU IKCIIEPUMMEHTA C IMOocye-
IyromyM yracanuem (7-ii IeHb) ¥ BbIXOJJOM Ha paBHOMEPHOE IIaTO CKOPOCTH 3yionuu (15-7 meHsn). Bo Bcex o6pasiax
KOJIMYECTBO BBICBOOOKIEHHOTO JIEKAPCTBEHHOTO BeleCTBa COCTAaBWIO He 6omee 1% OT Macchl MMIIPErHMPOBAHHOTO
npemnaparta. B 06pasiax, MMeIMX peleTyaTyio CTPYKTYpy, KOJIMUYECTBO BhIAEJIEHHOTO aHTUOMOTUKA ObUIO BBIIIE, YeM
B KOHTPOJIbHO TpyIIie, HECMOTPSI HA OTHOCUTENbHO 60/bIINiT 06beM KOCTHOTO I[eMeHTa M COOTBETCTBEHHO IIpernapara
B KOHTPOJIbHBIX 00pasnax. Pasuuiia B KOMMYeCTBe BbIAeIeHHbIX aHTUOMOTHUKOB ObLIa BISIBJIEHA Y MEKAY UCITBITYeMbIMU
06pasiamu IBYX BULOB PeleTYaThIX CTPYKTYP.

3axnroueHue. PeiieTyaras CTPyKTypa MMIUIAHTATOB IO3BOJISIET IOBBICUTb CKOPOCTb M KOJIMYECTBO 3TIOMPOBAHHOTO
aHTUOMOTMKA M3 KOCTHOTO IIeMEHTa IO CPaBHEHMIO C TPaJMLMOHHBIM BapMaHTOM MCIIOIb30BaHMSI KOCTHOTO LieMEeHTa
B KaueCcTBe apMMPOBAHHbIX CIIelicepoB.

KiroueBbie cioBa: OCTEeOMUEJINT, KOCTHBI LIeMEeHT, penieTuyaTbie MMIUVIAHTATbI, SJIIOLNS aHTI/I6MOTI/IKOB, agaUTUBHbBIE
TE€XHOJIOTUN.
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uccenoBaune. Tpasmamonozust u opmonedust Poccuu. 2025;31(2):120-131. https://doi.org/10.17816/2311-2905-17670.
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Effect of Lattice Structures on the Antibiotic Release
from Bone Cement: /In Vitro Study
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Abstract

Background. Local therapy aimed to suppress infection of the osteoarticular apparatus is based on the use of coated
spacers. As a rule, the coating surfaces are composed of bone cement supplemented with bioactive substances, e.g.,
antibiotics. However, current approaches aimed to stimulate the release of antibiotics from bone cement are not always
effective and may even decrease their properties and biological activities.

The aim of the study — to examine the effect of the lattice structures of base implants on the dynamics and amount
of antibiotics released from bone cement in vitro.

Methods. A novel type of implants with a lattice structure and traditional reinforced spacer filled with bone cement
and antibiotic were used in present study. The release of vancomycin and cefazolin was measured spectrophotometrically
for up to 30 days. Calibration curves were made according to the regression lines based on the values of the stock solutions
with the well-known concentrations of the antibiotics.

Results. For all tested samples, the elution profile of antibiotics was determined and illustrated the significant release of
the drugs during the initial time-period followed by the decrease (day 7) and reaching a uniform elution plateau (day 15).
In all samples, the amount of released antibiotic did not exceed 1% of total amount of the drug present in the implant.
Notably, the higher release of the antibiotics was found for the samples with lattice structure when compared with
control group, despite the relatively higher initial amount of bone cement and antibiotics in control samples. A difference
in the amount of antibiotics was also detected between the tested samples of two types of lattice structures.

Conclusion. The lattice structure of the implants increases the amount of antibiotic release from the bone cement and
also facilitates the antibiotic dynamics release when compared to the traditional bone cement used as the reinforced
spacers.

Keywords: osteomyelitis, bone cement, lattice implants, antibiotic elution, additive technologies.

Cite as: Shafigulin R.A., Galyautdinova A.E., Kharin N.V., Bespalov I.A., Valeeva I.Kh., Boichuk S.V., Akhtyamov L.F.,
Sachenkov O.A. Effect of Lattice Structures on the Antibiotic Release from Bone Cement: In Vitro Study. Traumatology
and Orthopedics of Russia. 2025;31(2):120-131. (In Russian). https://doi.org/10.17816/2311-2905-17670.

D}] Rashid A. Shafigulin; e-mail: rashid221 @yandex.ru
Submitted: 09.02.2025. Accepted: 10.04.2025. Published online: 14.05.2025.

© Shafigulin R.A., Galyautdinova A.E., Kharin N.V., Bespalov I.A., Valeeva I.Kh., Boichuk S.V., Akhtyamov L.F., Sachenkov O.A., 2025

121 2025;31(2) TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://creativecommons.org/licenses/by/4.0/

TEOPETUYECKWME N SKCMEPUMEHTAJIbHBIE MCCNEOOBAHNSA / THEORETICAL AND EXPERIMENTAL STUDIES

BBEJEHUE

[nmy6okass MHGeKUUs Tocae ONepaTMBHBIX BMeIla-
TEeJIbCTB C YCTAHOBKOI pAa3JIMUYHBIX MMILIAHTATOB
y TAIMEHTOB C 3a00/JIeBaHUSIMU U TPaBMaMU OIOP-
HO-JBUTATeJIbHOIO alrapaTta S$BJSeTCS ONHUM W3
rPO3HBIX OCIOXHEeHUI. Ha ceromHsImHMII OeHb Of-
HUM M3 BapMaHTOB KyNMPOBAHMSI OCIOXKHEHUS $SIB-
JISIeTCsl [IBYX3TAIllHOE PEBU3MOHHOE XUPYyprudeckoe
BMeNIaTe/lIbCTBO, KOI/Ia M3HAYAIbHO, I10C/Ie YaaleHus
MHOULUMPOBAHHO! KOHCTPYKLUMU, YCTaHABIUBAETCS
BPeMeHHBI cIiericep 13 KOCTHOIO LieMeHTa C JieKap-
CTBEHHBIM BEIIECTBOM (Yallle BCEro C aHTUOUOTUKOM)
JIJ1s1 JIOKaJbHO Tepanuu [1, 2, 3].

Ha Hamu B3misiz1, Ha cerogHAIHMIL TeHb chopMupo-
BaHa Tapajurma yrydlleHus TI0IUU aHTUOUOTHUKOB
(AB) n3 koctrHoro uemeHnTta (KLI), 3akmouaromasics,
Kak MIpaBujao, B paboTe C caMMM MOJUMETUIMETa-
KpWJIaTOM: KOppeKUMsI cocTaBa, (opMbl KOHEUHOTO
usnenus, Bbi6op mapku KII u mo6aB/isieMbIXx B HEro
aHTMOaKTepUaIbHBIX TpenapaToB. OmHOIN U3 MpuU-
YMH OTPAaHMYEHHOCTY BHEIPEHMUS OMMCAHHBIX CIIO-
co60B yayuiienust smouuu Ab us KII sBisgercs cHU-
skeHMe GU3NKO-MeXaHUUeCKUX Y SKCIUTyaTallMOHHbBIX
csoricts K1 [4].

YBenuuenus minomanyu nosepxHoctu KlII, ero rmo-
PUCTOCTM U COOTBETCTBEHHO BbIXOAa aHTUOMOTMKA
MOXHO JOOUTHCS MyTEM WHAMBUAYAIU3UPOBAHHOTO
MMPOeKTUPOBaHMs. HOBBIM ITOAXONOM K YIYUYIIEHUIO
IMIOIMY aHTUOMOTUKOB 13 KII MOTyT cTaTh M3MeHe-
HUSI B CTPYKType 0a30BbIX [IJIs1 CIieiicepoB MMIUIAH-
TATOB. 3HAUMUTEIbHBIM TIOTEHLMAIOM O0OJIafaloT
MeTaMaTepuabl, KOTOPble MOTYT COCTaBUTh YaCThb Oa-
30BOr'0 MMIIJIAHTaTa B BUJE PelLIeTyaToi CTPYKTYPHI.
PemteTuaTslit hparMeHT HANIOMHSIOT JIeKapCTBEeHHBIM
KOMIIO3UILIMOHHBIM COCTaBOM, UTO I103BOJIUT IIOBEPX-
HOCTHO pasmectuTb KII ¢ morpykeHueM OCHOBHO
MacChl BHYTPb M3Jenus, yBenuuuB 3¢hGdeKTUBHYIO
IUIOLIaLb KOHTAKTa C OKPYKAloleil cpeoil U oTaavy
AB 1ipu coxpaHeHuM MPOYHOCTHBIX CBOWCTB CIIeli-
cepa. TeomMeTpust pemieTkM MOKET ObITh MOA0OpaHa
C yciaoBUeM coxpaHeHMsT (U3UKO-MeXaHUUYeCKUX U
SKCIITyaTallMOHHBIX CBOVCTB cIiericepa. OgHaKoO BO-
MPOC TIONUY aHTUOMOTUKA B TAKUX KOHCTPYKIIMSIX
TpebyeT usyueHus [4].

B pa6ore A.-F. Obaton ¢ coaBTOpaMu mpeacTaBiie-
Hbl pe3yJabTaThl Pa3BUTHSI KOCTHOM TKaHU BHYTPU U
BOKDPYT pellleTyaTbhIX MMILIAHTATOB. ABTOPbI OTMeYa-
10T, UTO Ha POCT KOCTY BJIMSIET He TOIBKO MaTepuarl,
HO M MMKPOCTPYKTypa, IO3BOJSIONIAs O1oIornye-
CKOV TKaHU 3aKpPENUTHCS Ha BHYTPEHHEN U BHEIIHEN
YyacTaxX MMIUIaHTaTa [5].

ANOUTUBHBIE TEXHOJNOIMM IIO3BOJIMIM IIPOU3-
BOAUTb MMIUIAHTATHI, OOMamaiollue HeperyIsIpHOi
CTPYKTYpPOI1 [6, 7], KOTOpas IO3BOJISIeT CO34aBaTh UH-
IVBUIYaIU3VPOBAHHbIE U3ENNUS C YUYETOM OCOGEH-
HocrTeil nmauueHTa [8]. Kpome Toro, npu npasujibHOM

MPOEKTUPOBAHUYM U3HEeNNit, 06amaoIInX Hepery-
JIIPHOM CTPYKTYPOH, MOKHO JOOUTHCS YMEHbIIEHMS
Beca KOHCTPYKLMM MIPU COXpPaHEHUM MPOYHOCTHBIX
cBovicTB. HeomHOpoHble M3Aenys, Npou3BeLeHHbIe
MpM TIOMOIIM AOJUTUBHBIX TEXHOJIOTUI, 6MOCOBMe-
CTVMIMBI, CTepUIN3YeMBbl, a B psiJie caydyaeB u 6uopasina-
raemsl [9, 10]. Iyt 1poM3BOACTBA MMIIJIAHTATOB yalie
UCIIONb3yeTCs TexXHomorusa SLM-TeuaTu, Tak Kak OHa
MO3BOJISIET U3TOTAaBAMBATh UX C BBICOKOV TOYHOCTBIO
B OTHOLIEHUM CIPOEKTUPOBAHHOI TeOMETpUM U
C HeoOxXomuMoi1 JeTanusanyeii. IMeHHO 3Ta TeXHO-
JIOTUSI TIeYaTy MO03BOJISET M3rOoTaBAMBATh VMILIAH-
TaThl C pelIeTyaToi CTPYKTYpOii, KOTOpas yiaydllaeT
ocreouHTerpauyio [11, 12].

[71s1 mepexoia K IepCoOHaIM3UPOBaHHON MeaULI-
He HeoOXOOMMO OCYIIeCTBIATh CKAaHMPOBAHME OP-
raHOB, KOTOpbIe B JaJibHeleM O6yIyT 3aMeHSThCS.
OpHuM M3 MeTO#OB MonydeHus] UUbpPoOBOro ABOIi-
HMKa OpraHa SIB/ISIeTCs] KOMITbIOTepHasi ToMmorpadust
(KT). Pewienue mo3BossieT NMPOBOIUTH UUCIEHHBIE
pacyeTsl AJisI OIleHKM HaIpsokeHHO-AedopMupoBaH-
HOTO COCTOSIHMSI MMIUIAHTAaTOB M KOCTHOTO OpraHa
[13, 14].

Ha mpakTuke ONpuMMeHSIOT JBa MeTOHa MPOEKTU-
pOBaHMS pelleTyaTbiXx KOHCTPYKIMI, M3TOTaBIMBae-
MBIX C IOMOIIBIO aAAUTUBHBIX TEXHOIOTUIA. [1epBbIit
METOH, — MWCIO/Ib30BaHME B XOJe MPOEeKTUPOBaHUS
3JIeMeHTapHBIX sTUeek, OHM ke — 6a30Bble 2JIeMEeHTHI,
KOTODBbIe 3aMO0IHSI0T 00beM n3fenus [15, 16]. Bropbim
METOLOM SIBJISIETCS UCIIOb30BaHMEe TOMOIOTUIECKOT
mmn ctpykrypHoii ontumusanuu. N. Kladovasilakis
C COaBTOpaMM MCCAeHOBaAM METOLbl ONTUMM3ALUN
Ta300eIpeHHbIX MMIUIAHTATOB, KOTOpbIe IO3BOJIM-
i obecrieunTh X 50% MOPUCTOCTD C JOCTUKEHUEM
IIPOYHOCTHBIX XapaKTepUCTUK [17].

Takum 06pa3om, MCIIONb30BaHME 6a30BbIX M-
IJIAHTAaTOB Ha OCHOBE peLIeTYaThIX CTPYKTYP MOTLIO
6561 ymyumuTh smonuuio Ab u3 KL, MyHMManbHO BMe-
IIMBasiCb B IapameTpsbl, 3aJaHHble M3TOTOBUTEIEM.
Tem cambiM MOXHO ChHOPMMPOBATh MeTaMaTepua,
CBOMCTBA KOTOPOTO OOYCIOB/IEHbI HE TOIBKO BXO[S-
IIMM B HETO JeKapCTBEHHBIM KOMIIO3UTHBIM COCTa-
BOM, HO U pelIeTyaTol CTPyKTypoit. OMHaKO YUUTHIBAS
TOT (aKT, yTO pabOTHI [0 JAHHOMY BOIIPOCY eIUHUY-
HbI, JaHHAs TUTIOTe3a TpebyeT MOATBePsKAeHNMS.

HemanoBaXHBIM SIBJISIETCSI YTUAUTAPHBIN aCIeKT
NpUMEHEHMSI MMIUIAHTATOB Ha OCHOBE pelleTya-
TBIX CTPYKTYyp. OHM MOTYT BBICTYIIaTh B POM IIpe-
dbopMupoBaHHOIt 6a3bl ¢ 3apaHee 3aJaHHBIMM IIa-
pamMeTpamu, UTO MO3BOJUT HUBEJIMPOBATh 3JIEMEHT
KYCTapHOTO MHTPaoONepalOHHOTO WM3TrOTOBJIEHUS
MMILUIAHTATOB-CIIeiCEPOB.

Ilenv uccnedosanuss — B IKCIEPUMEHTE in Vitro
M3YUYUTh BIVSIHME PElIeT4aToil CTPYKTYPhl 6a30BbBIX
VIMILJIAHTaTOB Ha IMHAMMKY UM KOJIMYECTBO SIIOLUN
AHTMOVOTUKOB 13 KOCTHOTO IIeMeHTa.
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MATEPUAJI U METO/1bI
Hccnepyemblie CTPYKTYPBI

B kayecTBe 6a3bI IJIST KOCTHOTO I[eMeHTa C aHTUOMO-
TUKOM ObUIM BbIOpAHbI pelleTyaTbie CTPYKTYPhI, KO-
TOpbIe SBJSIOTCS (parMeHTamMy IPeAIoaraeMoro
MMILIaHTAaTa, ¥ KOHTPOJIbHBIN 06pasel] — CIUIOIIHOI
cTep>keHb ¢ MmaHTHelt u3 KII.

[TepBbIii BUI CTPYKTYPBHI IIPEICTABIISIET COO0 BHY-
TPEeHHUI1 CTep>KeHb AMaMeTpoM 6 MM M CJIOJ BHeI-
HUX pebep TMoA yIIOM B 45°, 0OIIMiT BHEIIHMT Iya-
MeTp ob6pasiia cocTasjsieT 12 MM, Ijs1 0003HAUEHUST
6511 BhIOpaH mmdp V2 (puc. 1a). Bropoit BuUI CTPyK-
TYPBbI ITOA06EH BBIIIEOIMCAHHOMY, HO C 10OaBIeHMEM
B Hee BepPTUKAJbHBIX pebep pelieTku, Ojas 0603Ha-
yeHus 6b11 BhIOpaH mudp V3 (puc. 1b). B kauecTBe
TpeTbeil CTPYKTYPhI M36paH KOHTPOJIbHBIN 0Opaserr,
KOTOPBIii TIpefcTaBasieT co60ii UMINHAP C BHEIITHUM
IuaMeTpoM 8 MM, OJiS 0603HaueHus GbUT BbIGpAH
mmdp C (puc. 1c). ITompo6GHbIe XapaKTePUCTUKU
CTPYKTYp IpUBeIEeHbI B Tabmuiie 1.

Puc. 1. Buapl ucciemyeMbix 06pasiioB:
a — obpaselr CTPYKTypbI V2; b — o6paserr CTpyKTypbI V3;
¢ — obpaserr cTpyKTypsi C

Figure 1. Types of studied samples:
a — sample of structure V2; b — sample of structure V3;
¢ — sample of structure C

I vccmeqoBaHus KaskAoro U3 ABYX BUIOOB aHTH-
61MO0TMKa ObUIM M3TOTOBJIEHBI MO 4 00pasia Kaskmoi
CTPYKTYpbl. O6pa3ibl BHIIIOJHEHBI METOIOM Ja3ep-
HOJi cTepeonuTorpaduu. TomuyHaA CJ10sT ITeYaTy CoC-
tapasia 0,01 mMm, Bpems MoauMepusaluyu CIosi —
2 cek. ITowte M3roToBiieHMsT 00pasIbl ITOABEPraanch
MOCTIIOMMEPU3aM  YIbTPaduoNIeToM B TeueHue
10 muH. 19 mpousBoACTBa 006pa3loB ObUI BhIOpaH
doromnommepusiii mpuHaTep ANYCUBIC Photon Mono
X (Kurait) ¢ doromonumepHoit cMomnoit Anycubic
Colored UV Resin V2 (Kutait). Mcrionb30BaHHbI Ma-
Tepuay He IPUMEHSIETCS Ha JIIOOSX UM BbIOpaH st
MIPOBEPKY TUITOTE3BI O BIUSIHUM CTPYKTYPhI HA 3ITIO-
1m0, OCHOBHBIE XapaKTepUCTUKM (HOTOMONIMMED-
HOJi CMOJIBI OTOOpaskeHbl B Tabmuie 1I1, kotopast Gy-
JIeT OMyOIMKOBaHA KaK AOTIONHUTETbHBI MaTepuat
B 5JIEKTPOHHOM BEPCMM Ha CaiiTe KypHaa.

ITogroroBka 0GpasIoB

B wuccnemoBanumu ucnonb3oBasics KII Synicem 1
(Opanums). HcotemoBanauch aBa BuAa aHTUOMO-
TUKOB: BaHKOMULIMH U 1edasonuH. Beibop AB 6bu1
00yC/IOBJIEH ¥MX KOMMEPUYECKOi IOCTYITHOCTBIO,
TepPMOCTAOWIBHOCTbIO, IIMPOKMM IIpMMeHEHMEM
B KJIMHUYECKON IIPaKTHKe, a TaKkKe pasanMyaroliu-
mMucs mMonsapHeiMM Maccamu. Cyxoe BemecTBO KII u
AbB cMmemMBaMMCh BPYYHYIO 4O TOMOTE€HHOTO COCTOSI-
Hust. CocTaB Ij1s1 HAHECeHMs Ha CTPYKTYPbI TOTOBWII-
CS1 BPYYHYIO: K CMeCH 4 T' CyXOro KOCTHOTO IieMeHTa
u 0,2 T aHTMOMOTMKA H06aB/ISIIOCh 2 MJ MOHOMeEpa,
TOC/Ie Yero AaHHas CyOCTaHIMS 3aMeNIMBaIach Ao ro-
MOTE€HHOT'O TVIACTUYHOTO COCTOSTHMSI. CMech HAaHOCU-
JIaCh HA UCITBITyeMble CTPYKTYPBI C UCIIONb30BAHMEM
OIHOpa3MepHbIX (opM. [oTOBBIE 06PA3IIbI TPEACTAB-
JIEHBI HA PUCYHKeE 2.

Pemnretyateie CTPYKTYyphl MOKpbiBanuch KII Tak,
YyTOOBI OH HE BBICTYIIA 3a TOPIIbI 00pasia. BHemHuii
IyaMeTp Bcex 06pasLoB cocTaBista 12 Mm. Kakmblii
obpasel; moMelnaucs B mpobupky Falcon, 3armonHeH-
Hyto 30 My ¢ocdaTHO-conmeBoro 6ydhepHoro pacrsopa
IOynb6ekko (DPBS) 6e3 Ca* 1 Mg? mpu TeMneparype
37°C. O6pa3siibl ObLIM IOTPYKEHBI, YTOOBI 0OECIIEUNUTH
MOJIHBIV KOHTAKT ¢ DPBS.

Tabnuya 1
l'eomeTpuuyeckue napameTpsl UCCIeAYEMBIX CTPYKTYP
O6pasze Ouiamertp, | OnuHa, HOuameTp Ouametp | ITopucToCTb, 0O6beMm [Tnomanb
pasetl MM MM CTepsKHS, MM pebpa, MM % 1IeMeHTa, MM> | TTOBEPXHOCTU, MM?
V2 12 60 6 1 61,9 3702 2261
V3 12 60 6 1 57 3425 2261
C 8 60 - - 0 3769 2261
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Puc. 2. ITOroBbli BUA, M3TOTOBIEHHBIX 06pasiioB:

a — obpaserr CTpPyKTypbI V2; b — o6paser cTpyKTypbI V3 ;
C — KOHTPOJIbHBIN 06pa3sel] CTpyKTypbI C

Figure 2. The final appearance of the manufactured
samples: a — sample of structure V2; b — sample

of structure V3; ¢ — control sample of structure C

DML AaHTUOVMOTUKOB

KonuuectBeHHoe ornpenenenne Ab B pacTBopax ocy-
IIeCTBJISUIA C TIOMOIIbIO CIIeKTPO(OTOMETPUYUECKOTO
MeTona Ha criekTpodorometpe BioMate 3S UV-Visible
(CIIA), nmo3BOMS0OIIEM IONYYUTh 3aBUCUMOCTU OIl-
TUYECKO} TIJIOTHOCTM PacTBOPOB OT KOHIIEHTpaLUu
aHTUOMOTMUKOB, MMEIOIeM CIeAyIolie XapaKTepuc-
TUKN: AuanasoH mjuH BoaH 190-1100 HM, mwmpuHa
CIIEKTPAIbHOM I0J0CHI 1,8 HM, ITOrpeliHOCTb JJIMHBI
BOJMHBI 1 HM. MI3MepeHMs: NPOU3BOAMINCH B IMama3o-
He BOH OT 190 o 230 HM. [IJ15 OJTyYeHHBIX CIIEKTPOB
OLIEHMBAJICSI TUK W3MEpPEHUI, COOTBETCTBYIOIIUIA
aHTUOMOTUKY: BAHKOMUIIMH — 280 HM, 11ea3onnH —
272 HM.

C menbi0 KaauMOpOBKM CcIieKTpodoToMeTpa st
KOHKPETHOTO aHTMOMOTHKA OblIa IpoBeleHa cepust
M3MepeHMil, HalpaB/leHHbIX Ha YCTaHOBJIEHME 3a-
BUCUMMOCTM MEXIY KOHIIEHTpalyeil aHTMOMOTUKA U
COOTBETCTBYIOIIMMU TTOKA3aHUSIMU MPuUOOPa, a TaKsKe
ornpefeneHue BeIUMUYMH 3allKaJiuBaHus. PacueTHble
KOHIIEHTpaUuM MJIsI ITOCTPOEHUS] KalMOPOBOUYHBIX
KPUBBIX U OIpeieieHNsT BeIMUMH 3alIKaaMBaHUII OJ1s
tieda3onMHa M BAHKOMUIIMHA MTPUBeIeHbI B TAOMMIIAX
211 n 311 1OTIOMHUTENBHBIX MaTepUaoB.

IOns usMepeHusi Ab 13 MPOOMPKU M3BJIEKAIOCHh
1000 Mk uccnemyemMoro pacTBopa M IOMEIAIOCh
B KioBeTy. CycrieH31s B KloBeTe pa30aBsijiach B 3aBU-
CUMOCTM OT BeJIMUMHBI 3a1IKaInuBaHNs. COOTHOIIEHUS
pasBeeHMs CyCIIeH3UM B KioBeTe ObUM CIeAyIoIIye:
1:5; 1:10; 1:20; 1:40; 1:60; 1:80; 1:100. Ectu cycrieH-
31Us1 He pa3baBiisyiach B KIOBETe, TO CYCIIEH3UIO BO3-
Bpauianay B mpobupKy. B cryuae pazbaBieHns CycrieH-
31U B KIOBETE CyCIIeH3MS BbIIMBAIACh.

sl TIOCTpOeHMs KaMOPOBOYHBIX KPUBBIX CTPO-
Mach perpeccMoHHas ImpsiMasi 1o JaHHBIM, TOTyYeH-
HBIM U3 KaJmbpoBouHbIX pacTBopoB (KP). Ha ocHoBa-
HuM 3aKoHa byrepa —Jlam6epTa — Bepa ucronb3oBaiach
JIMHEHas 3aBUCUMOCTb. JIJIs1 HaxXOKIeHMsT KO3huIm-
€HTAa JIMHEeNHO 3aBUCUMMOCTH K MCIIONb30BAJICS METO,
HauMeHbIINX KBaJIpaTOB.

Takum 06pa3oM, B SKCIIEpUMEHTAIbHBIX 00pasax
KOHIIEHTpaIMs MOKET ObITh OIIpeiesieHa 1o GopMyIie:

_b
€= o
T7ie p — 3HaUeHMe CIeKTpohoTOMEeTpa BO B3SITO IMPO-
6e, k — k03 GuLIMeHT perpeccun, ¢ — KO3PbUIMEHT,

CBSI3aHHBIN C paBGaBHEHI/IEM l'IpO6I)I B KIOBETe.

CraTucTuueckast 06paboTKa
pe3y/IbTaToOB

Bce monmydeHHbIe pe3ynbTaThl MPOBEPSUIMCh HA HOP-
MaJIbHOCTb pacIpeneeHs ¢ UCIIONb30BaHMEM TeCTa
Xapke-Bepa. B ciyuae eciau BHIOOPKM MMETU HOP-
MaJIbHOe paclpezneseHne, 4 OLleHKY JOCTOBEPHOC-
TU pa3auuuii MeXIy HUMU UCIIONIb30BAJICSI TTapHBIiA
t-xkputepuit CtoiofieHTa. ECu 3Xe pacripefie/ieHne He
ObLIO HOPMAaJIbHBIM, TO TPUMEHSJICS HerlapaMeTpu-
yeckuit Kputepuii MaHHa—-YuUTHU. YpOBeHb 3HAUU-
MOCTH 6bIT ycTaHOBJEH Ha p<0,05. JIIsI HOpMaIbHbIX
IAHHBIX Pe3ylbTaThl TMPEICTABIS/IMCh KaK CpelHee
3HaUeHMe U CTaHZAPTHasl OIIMOKa CPeTHEro, B CJIyyae
HeHOpMaJIbHbIX — MenuaHa (Me) [Q -Q].

[jis1 perpecCMOHHONM JUMHUM CTPOUJICS OOBEpU-
TeJIbHBbI/I MHTEPBAJ C YPOBHEM 3HAUMMOCTU B 95%
(95% [IN), nas 3TOTO UCIOAb30BAIOCh t-pacpeere-
Hue CTbiofeHTa. [Is1 OlleHKM KayecTBa MOyYeHHOM
JIMHEIHOM perpeccuy pacCunThiBasics KO3hPULIEHT
netepmuHaium (R2).

H3sMepeHyre KUHETUKU 3TIOIUN
AHTUOVOTUKOB

Usmepenns snounu Ab ocymectsiasinu yepes 1, 3, 7,
15 u 29 nueii.

Omnpenensiau obiiee KomumuectBo AB B amoate
B KaXKI0Jl TOYKe M3MepeHMUs COIJIACHO OIMMCAHHOMY
paHee pacrucanuio. Torga OJis Kaskgoro JHS MOXHO
OIIEHUTH KOHIIEHTPAIIMIO T10 CIeayomeii hopmyie:

c@-22 @,

Ime p — 3HAueHue CIeKTpodoToMeTpa BO B3SITOM
1pobe B 3aJaHHBIN ITeHb, kK — K03 duieHT perpec-
cun, ¢ — Ko3DGUIMEHT, CBSI3aHHBIN C pa3baBiieHNU-
eM IIpoObI B KIOBETe, d — IJIUTEIbHOCTh SKCHO3UIINN
B THSIX.

3mech CTOUT OTMETUTb, UYTO KO3DOIUIMEHT, CBS-
3aHHBIN C pasbaBiieHMeM IIPOOBI B KIOBETE, TAKKe
3aBMCENT OT JHS U3MepeHUs. DTO CBSI3aHO C TEM, UTO
KOHIIEHTpAalMs CO BpeMeHeM BO3pacTaia.
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[nist onpeneieHUs] KWHETUKM aHTUOMOTUKA VICTIONb-
30BaJlach ITPOM3BOMOHAS IO BPEMEHM, TOTAA CKOPOCThb
BBICBOOOKIEHMST aHTUOMOTMKA MOYKHO OIPENETUTD 10
dopmyrne:

Ca(di) B Ca(di—l) ,
d-d _
i i-1
rae d.— OJINTeIbHOCTD SKCIIO3UUUMA i~ ChbeMKM.

BbIunciaeHne Macchl BbIIEIEHHOTO aHTUOMOTUKA
Mpu 3aJaHHOM AJINTeTbHOCTM 3Kcro3uuyuu (d) ocy-
IIECTB/ISUIOCh YMHOKEHMEM COOTBETCTBYIOIIE KOH-
LIeHTpaluy aHTUOKOTHKA B IIpobe Ha 06T 00beM
B ¢asibKoHe V:

ud,) =

m(d)=C(d)- V.

PE3VJIBTATbDI

AHanu3 NMKOB [JIs1 CIeKTPOB MornomieHns: Ab moka-
3aJ1, YTO J/IMHa BOJIHbI COCTABJILIA A1 BAHKOMMUIIMHA
271-280 uMm, a gas uedasonmua — 271-294 HM, UTO
COOTBETCTBYET JaHHBIM (hapMaKoIley IperapaTos.

IOnst nByx BumoB AB 6butM ornpepeneHbl Ko3hdu-
LIMEHTBl PETPECCUMM U TTOCTPOEHBI COOTBETCTBYIOIIVE
KpuBbIe. 3HaUEHMe PerpeccMoHHOro KosdduienTa k
s edasonmHa cocTaBuiio 2748,8, a 1j1s1 BAHKOMM-
uyHa — 405,9. JInHeiiHble 3aBUCUMOCTY IS 0060MX
aHTUGMOTUKOB IIOKA3a/IM BbICOKMIT KO3 PULIMIEHT Ie-
tepMmuHauyu (R2>0,986).

[MonyyeHHbIEe 3HAYEHUS ITIONUKU IJISI CTPYKTYP
V2 u V3 6bl1K BBIIIE, UeM JJISI KOHTPOJbHOTO 00pas-
1a Py BCeX IJIUTETbHOCTIX SKCHO3ULIMU IJISI 0060-
UX BUOOB aHTUOMOTUKOB (puc. 3). IIpu mposepke

0,045 - % %

LHu

HOPMAaJIbHOCTU pacmnpefeeHns] ¢ UCMOIb30BaHueM
Tecra Xapke—-bepa yCcTaHOBJIEHO, UTO pacrpenesne-
HMe JAHHBIX [IJIT BCEX BBIOOPOK CTATUCTUUYECKU He
SIBJISIETCSI HOPMaJIbHBIM. B CBSI3M € 3TUM [JiS1 OlleH-
K/ TIOMAapHOM [OOCTOBEPHOCTM pa3INUUL MEXKIY
CpeoHMMMU 3HAUEHUSIMM DPa3JIUYHBIX TUIIOB CTPYK-
TYp MOPUMEHSUICS HellapaMeTpUuyecKuii KpUTepuit
MaHHa - YUTHMU.

PaccuntanHble 3HAUYEHMST KOHIIEHTpaIuu 1edaso-
JuHa 17151 apbl V2 1 C 6bUIM CTaTUCTUYECKY 3SHAUMMO
pasaMuUMMbIMM Ha 1-e, 3-u, 15-e u 29-e cyT., OJid map
V3 u C — Ha 7-e u 29-e cyT. HecmoTps Ha pasanuus
B a0COMIOTHBIX 3HAUYEHMSIX IITIOUUM aHTUOVOTUKOB
MexXay CTpykTtypamu V3 u V2, craTuCTuyecKkas 3Ha-
YMMOCTD He OblIa JOCTUTHYTA HU B O[HOV 13 BpeMeH-
HBIX TOUeK HabmomeHus. JJaHHbI (akT 0ObSICHSIETCS
60JIBIIMM Pa36POCOM 3HAUEHMI ITIOLMHU B rpyrine V3,
YTO HUBEIMPOBAJIO MEXIPYIIIIOBbIE pa3nnuus. B ciay-
yae BAHKOMMIIMHA CTATUUYECKM 3HAUMMbIe Pa3inums
(p<0,05) HabmomamMch TOMBKO Ajst mapbl V3 u C Ha
1-e,3-um 15-e cyT.

ITpu aHanu3e CKOpOCTM BhICBOGOXKIeHMSI AB Kap-
THHA OblJIa CXOXKa OJIs 06oux BuaoB AB. ITo cpeguum
TOKAa3aHMsIM CTPYKTypa V3 IOKa3biBaja OOJbIIYIO
CKOpOCTh BbICBOOOXIeHMs. CTpykTypa V2 wumena
MeHblIlee CpelHee 3HAUeHMe CKOPOCTY BbICBOOOKAE-
HMSL, YeM CTPYKTypa V3, HO 1 MeHbIIMI1 pa3époc B Mo-
KasaHusix. KoHTponbHbIii obpasel C 1o IBYM BUIAM
AHTMOMOTMKA TI0OKA3BIBAJI HAMMEHBIIYI0 CKOPOCTh
BBICBOOOKIEHMSI aHTHMOMOTMKA ¥ HaMMEHbIINii pas-
6poc (puc. 4).

1
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Puc. 3. KoHlleHTpauust aHTUGMOTUKOB: a — 1iea30/nH; b — BAHKOMULIVH; «*» — CTaTUCTUYECK!M 3HAUMMOe pasinume
V2 u V3, «#» —V2u C, «%» — V3 u C; ypoBeHb sHaunmoctu p<0,05

o

Figure 3. Concentration of antibiotics: a — cefazolin; b — vancomycin; “*” — statistically significant difference between

V2 and V3, “#” — V2 and C, “%” — V3 and C; (p<0.05)
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Puc. 4. KuneTtka aHTHOMOTHKA: a — 11e(a30iMH; b — BAHKOMULIMH

Figure 4. Antibiotic kinetics: a — cefazolin; b — vancomycin

OtmenbHO ObUIA TTOKA3aHa 001IAsl Macca BbIIeIeH-
Horo AB (puc. 5). CTpykrypa V2 mokasana Haubosb-
Iee BbICBOOOKAEeHMEe AB 1O CpaBHEHMIO C KOHTPO-
neM. AGCOIOTHOE CpeJiHee KOJIMYECTBO BhIAEIEHHOTO
tedasonHa u3 06pasuoB V2 MpeBbIlIalo KOHTPOIb-
Hble 3HAuUeHUs Ha 65%, a BaHKOMMIIMHA — Ha 97%.
st cTpykTyphl V3 BeICBOGOKAEeHME 1eda3ommHa co-
ctaBwio 122% OT KOHTPOJIBHOTO YPOBHSI, BAHKOMM-
nuHa — 136%.

1200
‘ fe)
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Macca, MKr

400

200 |
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OHu

B pesynbraTe 3KCIepuMMeHTa GbLINM MIOIYUYEeHbI 13-
MeHeHMsT MacChl BbiZieJIeHHOro AB B 3aBMCHMOCTH OT
BpeMeHn. PesynbraTel Ojis 1edasonnHa 1 BaHKOMMU-
[[Ha IpuBeneHbl B Tabmuile 4I1 TOMOIHUTEIbHBIX
MaTepuasoB.

st cpaBHEeHMUSI 00paslloB C PasHOi CTPYKTYpPOii
ObUT BBemeH KO3 OULMEeHT, peaCTaB/ISIOINii OTHO-
IIeHue CBOOGOIHOM MOBEPXHOCTM 06pasiia K 00beMy
3amonusiemoro KII ¢ AB (cM. Ta6i. 1). DToT mapameTp
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Puc. 5. Macca BbIIeJIeHHOTO aHTMOMOTHUKA: a — 1[ea30auH; b — BAHKOMUIIMH

Figure 5. Mass of isolated antibiotic: a — cefazolin; b — vancomycin
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MT03BOJISIET YYUTHIBATh FeOMETPUYECKME OCOOEHHOCTH
KaXk[IOil CTPYKTYPHI IIpU OlleHKe 3¢G(OEKTUBHOCTH BbI-
cBobokmeHuss Ab. Kpome Toro, /st KOJIMYeCTBEHHOT
OIIEHKM TIpOollecca SII0IUM PACCUUTHIBAIOCH IIPO-

[IEHTHOE OTHOIIIEHME BbIZe/IeHHOro AB K Ha4aibHOMY
cofepskKaHMIO, YTO ITO3BOJISITIO CPAaBHMBATD 3G PeKTUB-
HOCTh OJIIOIUM MEXIY PpPas3IMuYHbIMM CTPYKTypaMu
(Tabm. 2).

Tabnuya 2

CpaBHeHMe reoMeTpUYEeCKUX nmapameTpoB U 3¢ GeKTMBHOCTY TIOLMY aHTMOMOTHUKOB 33 BeCh CPOK

CrpykTypa CooTHolleHne [TpouieHTHOE comepskaHMe [IporieHTHOE copepskaHue
IUIoIaAb/06beM BbIJIe/IEHHOTO lieda3onHa BBIZIE/IEHHOTO BAHKOMMUIIMHA

V2 0,61 0,28 [0,27-0,31] 0,09 [0,05-0,13]

V3 0,66 0,36 [0,25-0,52] 0,11 [0,06-0,16]

C 0,6 0,16 [0,15-0,18] 0,05 [0,03-0,06]

[To pe3ynbraTaM MAaHHOTO MCCIAENOBAHUS MOXKHO
CKa3aTh, YTO BBEIEHHBINI KO3GUIIMEHT, CYyTh KOTO-
pOTO OTHOIIIEeHMe CBOOOMHO MOBEPXHOCTM O6Gpasia
K 06bemy KII, mokasbpIBaeT 3aBUCUMOCTD C BbIessie-
MbIM KouecTBoM AB.

OBCY>XIEHUE

VccremoBanye ObIJIO IPOBENEHO C IIETbI0 OIEHKU
BJIVSIHUSI PEIeTUaTolM CTPYKTYphbI IpeAriogaraeMbIxX
MMIIJIAaHTaTOB Ha 3mouyio Ab 13 KII.

Bo Bcex ucciaemoBaHHBIX 00pasliax Ha6mIOmancs
xapakrepubiit must KU mpodwib amionuy aHTUOMO-
TUKa: HaubOOIbIIAss CKOPOCTb BBICBOOOKIEHMS TIPU-
XOOujaach Ha IIepBble THM SKCIIEPUMEHTa, 3aTeM
K 7-My [OHIO OHAa 3aMEeTHO CHMKaJach M BbIXOIMJIA
Ha cTabuwibHOe IIaTo K 15-My IHIO, YTO coracyeTcst
C JaHHBIMM aHaJOTMYHBIX MCcaenoBanuii [3, 18, 19,
20, 21]. TIpu 3TOM O0OIIIEe KOTMYECTBO BBICBOOOKIEH-
HOTO aHTUOMOTHMKA BO BCcexX 06pasiiax He MpeBbIIIaio
1% oT Mmacchl UCXOOHO BBEIEHHOTO IIperapara.

OnHaKO CTOUT OTMETUTD CYIIECTBYIONTYI0 pasHU-
Iy MEeXIy KOHTPOJIbHBIMY ¥ MCCIIeTyeMbIMM 00pa3-
uamu (V2 u V3) B KonuuecTBe BbifeleHHbIX AB. Tak,
B o6pasnax V2 u V3, UMeouuxX peneTyaTyo CTPyK-
TYPY, KOJIMUECTBO BbIeIeHHbIX AB GbIJIO BBIIIE, UeEM
B KOHTPOJILHOJI IPyIIie, HECMOTPS Ha 60IbINit 06b-
eMm KII 1 cooTBeTcTBeHHO AB B KOHTPONBHOI Tpym-
e (cMm. Tab6s. 1). HecMOTpsl Ha OTCYTCTBME CTAaTUC-
TUYECKO} pasHUIIBI B KOJIMUYECTBE BbIIETEHHBIX AB
TIpy cpaBHeHUM 06pas3noB V2 u V3, B aGCOMIOTHBIX
BeJIMuMHAxX o6pasubl V2 u V3 BbIAEISIN aHTUOMO-
TUK TT0-pasHoMy. Ha HaIll B3IIsi, pasjnuus B 3JII0-
uyu 1eda3onMHa ¥ BAaHKOMMUIIMHA, HECMOTPS Ha UX
OIVHAaKOBYI0 KoHIleHTpauuio (5%) B KII, ormocpeno-
BaHbI UX MOJIIPHBIMM Maccamu. Tak, 6ojee «JIerkuit»
1edasonuH ¢ MOJIIPHOM Maccoit 476,49 r/MOJb BbI-
nIensieTcsl OObIle, YeM BAHKOMMIIMH C MOJISIPHOM
maccoit 1485,7 r/Morb.

MbI He MOXEeM TOYHO OOBSICHUTh OGOJbIION pas-
6poc rmokasaHuii B rpymie V3. Bo3MOXHO, OTHUM U3
(akTOpOB, MOBAMABIINX HA JAHHBIN MPOIECC, SIBIISI-

€TCsI TTOBBIIIEHHOE CyYalfHOoe TPelMHO0Opa3oBaHye
B o6pasie V3. OmHaKo, Ha Halll B3IJISII, eC/IY IPUHA-
MaTh BO BHMMaHMe TaHHOE YTBEPXKIeHNe, He0OX0mu-
MO YYMTHIBATh U TOKa3aHus B rpymme V2. B o6pas-
ax V2, MMelonux pelieTyaTyio CTPYKTypy, KOTopast
OT/IMYAETCS MEHBIITUM KOJIMUECTBOM pebep, ueM y 00-
pasua V3, Mbl MOXXEM OTMETUTb COBEPIIIEHHO IPYTOiA,
6osiee paBHOMEpPHBII pa3bpoc ImoKasaTesieif, 4To Koc-
BEHHO MOMKET I0Ka3bIBaTh OTCYTCTBME KOPPEISIINIU
MeXIy pelnieTyaTbiMM CTPYKTypaMy U CIydaiiHbIM
TpemyHoo6pa3oBaHMeM, IIPY HATUIUM KOTOPOTO MbI
moTyum/Iv 6bl MeHee paBHOMEpPHBIN pa36poc Mmokasa-
Huit smouuu 06pasios V2.

[To paHHBIM TUTEPATYpPbI, OCHOBHAS YacTb Ab 3:10-
MPYIOT U3 MUKpoIop u TpeuiuH Ha K11 [22, 23, 24, 25,
26], 9TO COOTHOCUTCS C pe3ybTaTaMy [IPOBELEHHOI0
uccieloBaHMsl. YBelMueHue KOMMUeCTBa BbiJeseH-
HOTO aHTMOMOTHMKA, BEPOSTHO, OOBSICHSIETCS pasHOit
MTOPUCTOCTHIO, KOJIMUECTBOM M HaIlpaBjieHNeM pebep
pelieTyaTbIX CTPYKTYP, KOTOpbIe Ipu KoHTakTe ¢ KIJ
CO3/Ial0T AOTIONHUTEbHbIE IIeNIU-TPellyHbl Ha Tpa-
Hute KII — pe6Gpo MMILIaHTaTa, PacUIMpsis TeM ca-
MbIM 3¢ (dEKTUBHYIO IUIOMIAAb U ITyOMHY OMbIBAHMS
KII u cooTBeTCcTBEHHO MOBBIMIAas nuddysnio AB B pac-
TBOp IT0 CPaBHEHMIO C TPAAUIIMOHHBIMM 06pas3aMmmu
crieiicepoB. Ha Haill B3IVIsifi, BO BpeMsl 3KCILTyaTalumn
TaKUX peleTyaTbiXx CTPYKTYp 3a CYeT MX BHYTpEH-
Heli TeOMEeTPUM U CIOKHOM apXUTEKTYPbl, BO3MOXK-
HO, TIPOMCXOIUT [OMOJHUTENIbHOE pacTpecKuBaHUe
KII. 3To pacTpeckuBaHUE MOXKET OBITh 00YCIOBIEHO
KaK MeXaHMYeCKUMM HaIpPSHKeHUSIMY, BOSHUKAIOI -
MU TIpU HaArpyske, Tak ¥ BHYTPEHHUMMU IIpolleccamu
rMapaTalu M ycagku marepuana. Takoe pacTtpe-
CKMBaHMeE, B CBOIO OUYepelb, MOKET CITOCOOCTBOBATH
YBeJIMUEeHUIO TIIOIIAAM TTOBEPXHOCTHU, KOHTAKTUPYIO-
el ¢ OKpy>Karleii Cpemoii, UToO IPUBOANUT K Gojee
MHTEHCYMBHOMY BBICBOOOXKIEHMI0 AB M3 CTPYKTYpBI.
ITO siBJIeHMEe 0COOEHHO BasKHO B MeUIIVHE, Ile KOH-
TPOIMPYEMOE ¥ MPONOKUTETbHOE BHICBOOOKIEHVIE
aKTMBHBIX BeIlleCTB SIBJSETCS] KIoueBbIM (hakKTOpOM
3(pheKTUBHOCTH.
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CTOUT OTMETUTb, UTO B MCC/IEOBAaHUM IPU Ha-
Hecenun KII Ha pemeryaTsie 06paslibl caMa pemieT-
Ka Takke ObLIa MOKpbITa TOHKUM cyioeM KII. B cBs13u
C 3TUM IUIOIIAAbL CBOOOMTHOJ MOBEPXHOCTU Opasach
IS Bcex 00pasnoB ofmHakoBas. CymecTByeT AaBHO
MPU3HAHHBIMA (PaKT, UYTO BhICBOOOXKIEeHMEe AB mpouc-
XOOUT TIPEUMYILIECTBEHHO ¢ moBepxHocTH KL, 1 mos-
TOMY KOJIMYECTBO BbICBOOOKIAEHHOTO BEIIECTBA MOXK-
HO OLIEHUTb, PaCCUNTAB ILIOIIAAb 3TOV TOBEPXHOCTHU
[27, 28]. B Hanem ucwienoBaHUM MOKA3aHO, YTO OaxkKe
IIpY ONMHAKOBO UM MeHbIIIE IO CBOOOTHOI
TMOBEPXHOCTU (B CyyasxX, ecjii HEKOTOpble pelieTKu
0Ka3aJuChb He TMOJHOCTbIO MOKPBITHI), SKCIIEpUMEH-
TaJIbHbIE 00pasLbl JeMOHCTPUPOBAIM OGOJIbIIIEE BBI-
nenenue AB Npy OAMHAKOBBIX KOHILEeHTpauuu Ab u
o6beme KII. ITO MOKeT ObITh OOBSICHEHO TEM, UTO pe-
nietyarasi CTpykTypa Co3JaeT JOTOIHUTeNbHbIe ITyTH
s nuddysum AB, a Takke CIIoco6CTByeT 06pa3oBa-
HUIO MMKPOTPEIIVH, KOTOpble YBEeIMUMBAIOT dPdek-
TUBHYIO TUIONIAAb BBICBOOOKIEHMSI.

C npyroii CTOpOHbBI, MOKHO BbICKA3aTh a/ibT€pPHA-
TUBHYIO BEPCUIO MEXaHM3Ma yBeJInueHus anonnun Ab.
B03MOXXHO, 3TO SIBASETCS MIPUYMHOIN Mepepacnpene-
JIeHUsI TIOTOKOB auddysun B HEOTHOPOMHON cpefe,
KoTOpas GOpMUPYETCS pPElIeTUaTOoi CTPYKTYPOii. ITO
MOYKeT ObITh CBSI3aHO C T€M, UTO ITIepEMEHHOE CeueHye
CO3[aeT JIOKaJbHbIe 30HbI C Pa3HOII TJIOIIAAbI0 Cceve-
HMSI, UTO BIMSIET HA CKOPOCTb nuddy3um u pacripene-
JIeHMe HaAMPsDKeHUI BHYTPU CTPYKTYPBbI. B pesynbraTe
Ha JTare IpOeKTUPOBaHMUS pelIeTUYaTbiX CTPYKTYP
BO3MOXKHO CO3[aHMe yCIOBUI [j1s1 6oiee paBHOMED-
HOTO ¥ TMPOJO/KUTETLHOIO BhICBOOOXKIeHMST AB my-
TeM M3MeHeHUs MMOPUCTOCTH, HATlpaBaeHus pebep u
MUX KOJIMYECTBA, YTO SIBJSETCS BaXKHBIM IpeuMylle-
CTBOM [IJ11 MEAULIMHCKOTO IPUMEHEeHMSI.

O6a mpencTaB/leHHBIX MeXaHM3Ma YBEJINYEHUS
MIOUMMY  aHTUOUOTUKOB (TPEIVHOOOpa3oBaHue U
repepacripefiejieHue TOTOKOB Iud@y3un) SIBISIOT-
Csl TUIIOTE3aMM aBTOPOB U HYKIAIOTCS B OTHETbHOM
UCC/IeIOBaHUM.

BbICBOOOKIEHME aHTUOMOTMKA SBISETCS I10-
BEPXHOCTHBIM ITPOIIECCOM ¥ He 3aBUCUT OT OOIIero
obwbema KII, [29, 30]. 3TO 03HAUAeT, UTO yBEIMUYEHNE
obbema MaTepuasa He MIPUBOAUT K MPOIOPIIMOHATb-
HOMY YBEJIMYEHMIO KOJIMYECTBA BBICBOOOKIAEMOTO
aHTMOMOTMKA. B JaHHOM MCC/IeIOBAaHMUM 3TO TIOA-
TBEPXKIAETCSI TEM, UTO AaKe IMPY MeHbIIeM 06beme
MaTepuasia B PeIIeTyaTbIX CTPYKTYpax BBICBOOOXK-
IeHure aHTMOMOTMKA ObLIO 00Jiee MHTEHCUMBHBIM

10 CPaBHEHMIO C KOHTPOJbHBIMM OOpasmamMu. ITO
MOAYEePKMUBAET BAXKHOCTh OMTUMM3AINY T€OMETPUN
M CTPYKTYpbl MaTepuaga IJjs OOCTUKeHUS MaKCU-
MaJIbHOJ 3G @EeKTUBHOCTM BBICBOOOXKIEHUSI aKTUB-
HBIX BelecTs [31].

Takum 06pa3om, pelreTyaTbie CTPYKTYPbI JEMOH-
CTPUPYIOT 3HAUUTETbHBII MTOTEHIMA IJIS CIIONb30-
BaHMS B MeOULMHCKMUX YCTPOWCTBAX, rme TpebyeTcs
KOHTPOJIMPYEMOE U TTPOJO/DKUTENIbHOE BBICBOOOXK -
Hue AB.

OI'paHM‘IEHI/Iﬂ nuccieaoBaHUsa

Kak u moboe ucciemoBaHue, IpoOBeOeHHOE in Vitro,
Hallle MCClIeIOBaHMEe MMEET CBOM OTPaHMUYEHMSI, TaK
Kak ObIIO ITPOBEIEHO B YCJIOBUSX, OM3KUX K MIeallb-
HbIM, 6€3 yJyeTa CBOJCTB MaTepuaia MakeToB (¢poTo-
ToJIMMEepHas CMOJIa) ¥ YCIOBUI OpraHM3Ma UesloBeKa,
YTO HY’KHO YUMUTBIBATD P SKCTPATIOISLIVN TIOJTyUYEH-
HBIX JAHHBIX JIJIST KIIMHUYECKO TPaKTUKMN.

ITepcreKTUBBI JATbHEIIEro MccIeT0BaHMs

HanpHemme uccaegoBaHMsI MOTYT ObITh HaIlpaBJe-
HbI Ha ONITMMM3AIMI0 TeOMEeTPUM PEIeTOK, U3yUeHye
BAUSIHUS Pa3/IMUHbBIX TTapaMeTpPoB (TaKMUX Kak pasmep
sTueeK, TOMIIMHA CTEHOK ¥ COCTaB MaTepuasa) Ha Ipo-
1IecC BBICBOOOXKIEHMSI, a TaKKe Ha pa3pabOTKy HO-
BbIX MeTaMaTepuasoB C YAYIIIeHHbIMU CBOVCTBAMM.
[TpuaMMAs BO BHMMAaHMe TUIIOTe3Y 0 GOPMUPOBAHUN
IOTIOTHUTENbHBIX TPEIIVH, CIIOCOOHOM BIMSATH Ha
MIPOYHOCTHBIE XapaKTEePUCTUKU UCCIIeTyeMbIX CTPYK-
TYp, aKTyaJbHBIM BOIIPOCOM, TPeOYIOIMM IalbHe-
Ier0 U3y4eHUs, SIBJISeTCS MUCCAeI0BaHMe TPOYHOCT-
HBbIX XapaKTePUCTUK IpeJjiaraeMblX MMIUIAHTATOB U
MX CpaBHEHME C IPUMEeHSIEMbIMU B HACTOSIIIee BpeMst
KOHCTPYKLMSIMMA.

3AK/TIOYEHUE

PemeTtyatast CTpyKTypa IpearnojaaraeMbiX MMIIJIaHTa-
TOB CITOCOOHA BJIMSITH Ha MPOMWIIb SIIOLUUM aHTUOMO-
THUKa, CTAaTUCTHMYECKU 3HauuMo (p<0,05) yBenmumBasi
MX SJTIOIINIO, YTO, B CBOIO OUepenb, IIPU JaJIbHeHIIeM
MCCIIeTOBAHUM ITO3BOISIET 0003HAUMTh HOBBIN ITYTh pe-
HIEHMS ITPOOJIEMBI JTIOIMUY AHTUOMOTUKA U3 KOCTHOTO
1eMeHTa. VMcciemoBaHue MoKasaio, UTO pelieTJyaTrast
CTPYKTypa MPearoaraeéMbIX MMIUIAHTATOB ITO3BOJISI-
€T YBEeJIMUUTDH CKOPOCTb M KOJIMYECTBO TIOMPOBAHHO-
r0 aHTUOMOTMKA 13 KOCTHOT'O [IEMEHTA 10 CPAaBHEHMIO
C TPAAMLVOHHBIM BapyaHTOM MCITOJb30BaHMUS KOCT-
HOTO IIeM€eHTa B BUJIe apMUPOBAHHbIX CITEICEPOB.
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Revision Total Hip Arthroplasty — What Are We to Expect?
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Abstract

The paper analyzes the local total hip arthroplasty (THA) registry database over 18 years, from 2007 to 2024.
The following questions were posed. Are there any changes in the structure of revision THA? What are the
current trends in revision THA in recent years? What revision technologies are being utilized?

A total of 11.201 cases of revision procedures were analyzed, which accounted for 12.4% of all registered THAs.
Compared to previous analyses, the share of early revisions has increased — 42.2% of initial revisions and 87.6%
of subsequent re-revisions are performed within the first five years after the previous surgery.

This analysis revealed several important trends:

1. The significant increase in both the absolute number and proportion of infection-related revisions (40.7%).
This share is significantly higher for re-revisions (72.5%) compared to 20.2% for initial revisions.

2. Rejuvenation of revision — the average age is 60.7 years for aseptic revisions and 58.5 for infection-related
ones.

3. The increase in proportion of trabecular metal constructs and other revision acetabular components, as well
as a significant increase (up to 11.9%) of custom-made acetabular implants produced via 3D printing.

4. For femoral component revision, there is a steady trend towards using Wagner-type tapered fluted titanium
components. Their share increased from 39.4% in 2019 to 61.7% in 2024.

There is a sharp increase in the number of revision procedures, a growing proportion of complex revisions
requiring advanced and costly implants, and an exceptionally rapid rise in the number of infection-related
revisions. It is therefore clear that the challenges of revision arthroplasty may soon affect all surgeons
performing primary total hip arthroplasty — initially through the need to manage infectious complications,
and later due to the gradual accumulation of patients requiring other types of revisions, including repeat
procedures.

Keywords: revision total hip arthroplasty, arthroplasty registries.
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Pedepar

Pa6ora npepcrasisieT co60it aHaIM3 JIOKaJIbHOI 6a3bl perucTpa SHAOIPOTE3MPOBAHMS Ta300eIPEHHOTO CyCTa-
Ba (TBC) 3a 18 net ¢ 2007 o 2024 T.

BbuM mocTaBIIeHbl CJIeAyIolIe BOMPoCchl. OTMeUaloTCs I Kakue-amb0 M3MeHeHUSI B CTPYKTYpe PeBU3MOHHO-
ro sHpomnportesupoBanus TBC? Kakue TeHAEHIIMY B PEBMU3MOHHOM SHOOMNpoTe3upoBanuyu TBC HabmomaoTCs
B nociemHue roabi? Kakue MpuMeHSI0TCSI TEXHOTOTUY PEBU3UN?

Bcero mpoananusuposan 11 201 cryvait peBusuu sumomnporesa TBC, uto cocraBmwio 12,4% ot obuiero umc-
Jla 3aperMCTPUPOBAHHBIX OTepalnii. B cpaBHeHUM C MPeABIAYIIMMY aHAIU3aMU YBeJINYUIACh OIS PAaHHUX
peBu3uii — 42,2% mepBbIX peBU3nit U 87,6% MoCAeoyIONUX pe-peBU3UIl BHITIONHSIOTCS B IepBbie ISITh JIeT
Toce TpeallecTBYIONero BMelaTeaIbCTBa.

OTMmeueH psifi BAXKHBIX TPEHOB:

1. IHTeHCUBHBIN POCT B CTPYKTYpPE PEBU3UIT aOCOMIOTHOTO UMC/Ia U T0IM MH(PEKIMOHHBIX peBu3nii (40,7%). dta
JlOJISI 3HAUMTEJIbHO BbIlle B TpyTiIe pe-peBusnit (72,5%) B cpaBHeHMu ¢ 20,2% B rpyIiiie epBbIX PeBU3MIA.

2. OMoJIOkKeHue peBU3uM — cpegHuii Bo3pact 60,7 roma Impy acenTUIecKux peBusmusax u 58,5 roma rpu nHdpex-
LIMOHHbIX.

3. YBenuueHue J0M KOHCTPYKLMI 13 TpaGeKy/IsIpHOTO MeTajlla U IPYTUX PeBU3MOHHBIX BEPTIYKHBIX KOMITO-
HEHTOB, a Takke 3HauUMTeaAbHas N0 (10 11,9%) MHAMBUAYATbHBIX BEPTIY>)KHBIX MMIUIAHTATOB, M3TOTOBJIEH-
HbIX MeTOIOM 3D-Ieuartu.

4. B peBM3MOHHOII 3aMeHe 6eIpeHHbIX KOMIIOHEHTOB OTMEUAeTCsT YCTOMUMBBIN TPeH I, Ha YBeIMYeH e TUTaHO-
BBIX KOHMYECKUX PeOPUCThIX KOMIIOHEHTOB Tura Wagner. Vx mosns Bbipocia ¢ 39,4% B 2019 1. 1o 61,7% B 2024 1.
NHTeHCUMBHOE yBelMUeHMe UMCIa PeBU3MOHHBIX Olepaluii ¢ HapacTaHMeM YKcia cJiydyaeB CIOXKHBIX pe-
BU3MIT, TPeOYIOIIMX MCIIONb30BAHUS CJIOXKHBIX M TOPOTOCTOSIINX MMIUIAHTATOB, a TaKKe Upe3BbIUATHO
OBICTpOE YBEJIMUYEHME UMCia CIydaeB MHGEKIMOHHBIX PEeBM3UI CBUAETEIbCTBYET O TOM, UTO IMPOOGIEeMbI
PEeBU3MOHHOTO 3HAOMNPOTE3UPOBAHMUSI OYE€Hb CKOPO MOTYT KOCHYTBCSI BC€X XUPYProB, BBIMOJHSIOIINX
nepBuuHylo 3ameHy TBC, cHavasa yepe3 HeoOGXOOMMOCTDb JIEUUTh MHMEKIMOHHbIE OCIOKHEHMS, a 3aTeM
332 CUeT IOCTeNMeHHOTO HAaKOIUIeHMs ITyJia TallMeHTOB, HYXAAWIIUXCSI B APYTUX BapMaHTaxX peBU3UIA,
B TOM YMCJie TIOBTOPHBIX.

KioueBble C/I0Ba: peBM3MOHHOE JHOOIPOTE3MPOBaHME Ta300eqpPEeHHOr0 CYyCTaBa, PEerucTPbl SHIO-
MIPOTe3MPOBaAHMSL.

HOas nutuposBauus: llyouskos U.U., KopeitkuH A.A., Ienuco A.O., [IxkaBamoB A.A., Puaxu A., I'yamaeB M.C.,
YnmmnoB A.M., TuxunoB P.M. PeBU3MOHHOe 3HIOINPOTE3MPOBaHME Ta300epeHHOT0 CyCcTaBa — YTO HAC XOeT?
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INTRODUCTION

In modern orthopedic literature, publications
based on arthroplasty registry data provide
the most comprehensive overview of trends in
the use of various implants and perioperative
technologies, as well as their short- and long-term
effectiveness in different patient populations
[1,2,3,4,5, 6, 7]. The vast accumulated datasets
of registries make it possible to evaluate the
survival of different implants depending
on multiple factors simultaneously — for example,
the type of prosthetic components’ fixation,
bearing surface used, and patient age!, or the
survival of a specific femoral component model
in combination with a particular acetabular
component model?.. Registry data analysis
also enables long-term healthcare budgeting
and supports organizational decision-making
regarding patient routing and the scope of
specialized care [8, 9].

Despite numerous efforts by individual
institutions and healthcare authorities to
establish a national hip arthroplasty registry
in the Russian Federation, a comprehensive
database covering all total hip arthroplasty
(THA) procedures is still lacking. Only local
databases are available, which fail to fully reflect
the processes occurring across various regions
and healthcare institutions under different
jurisdictions. These databases do not allow for
even a basic estimate of the total number of
procedures performed, let alone insights into
the underlying indications, complication rates,
revision surgery patterns, or outcomes [10, 11].

Based onindividual studies[12] and taking into
account the overall upward trend in the number
of operations, it is estimated that no fewer than
100.000 primary THA procedures are currently
performed annually in Russia. The proportion of
revision arthroplasty accounts for approximately
6% [12]. On the one hand, this number is
comparable to that of other countries; on the
other hand, it represents several thousand
procedures per year, whose outcomes are
significantly worse than those of primary
arthroplasty. A substantial proportion of these
patients will require further specialized care

[13, 14]. In fact, revision surgery may pose
a life-threatening risk - statistics show that
1 in 145 patients undergoing revision dies [15].
Furthermore, the revision workload varies
significantly across arthroplasty centers, likely
necessitating adjustments to the financial
coverage of such procedures, as international
experience highlights the importance of
periodically revising reimbursement tariffs.
Otherwise, healthcare institutions may begin to
“adapt” to existing tariffs by using less effective
technologies, thereby increasing the subsequent
burden on the healthcare system [16].

In recent years, numerous organizational
changes have occurred in the field of THA: the
procedure has shifted from being categorized
as a high-tech intervention to a routine one
covered by the Obligatory Medical Insurance
(OMI) system. This transition allows for the
performance of such operations in all Russian
medical institutions that provide specialized
trauma and orthopedic care. Naturally, this
has had a significant positive impact on the
availability of specialized care for Russian
citizens. However, the widespread performance
of primary THA inevitably leads to an increase
in the number of patients requiring revision
surgery. Currently, revision arthroplasty is not
performed in all medical facilities, and waiting
lists for such procedures tend to grow. At the
same time, the need for revision surgery is often
more urgent than for primary procedures, as
patients with complications such as infection,
recurrent dislocation, or periprosthetic fracture
require immediate attention but may face
prolonged delays due to long waiting lists.

The absence of a national THA registry in
the Russian Federation hinders the collection of
comprehensive data on the prevalence, structure,
and actual effectiveness of both primary and
revision THA procedures performed in domestic
healthcare facilities. Consequently, only isolated
publications based on large datasets, including
local databases, offer approximate insights
into the population characteristics of Russian
patients and current trends in this area of trauma
and orthopedic surgery [10, 17, 18]. The most

! National Joint Registry. 21t Annual Report, 2024. https://reports.njrcentre.org.uk
2 The Australian Orthopaedic Association National Joint Replacement Registry. Annual Report 2024.

https://aoanjrr.sahmri.com/home
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recent analysis of revision surgery structure,
based on the data from the local registry of the
Vreden National Medical Research Center of
Traumatology and Orthopedics, was conducted
in 2019 and revealed an almost twofold increase
in the proportion of early revisions following
primary total THA - from 19.6 to 37.4% [11, 17].

The continued accumulation of registry data
allows new research questions to be formulated,
which are addressed in the present study:

1. Are there any changes in the structure of
revision THA?

2. What are the current trends in revision
THA in recent years?

3. What revision technologies are being
utilized?

METHODS

The cleaned dataset of the local THA registry
contains information on 90.427 THA cases
performed between 2007 and 2024, of which

11.201 (12.4%) represent various revision
procedures (Figure 1).

4560; 5,04%
6641; 7,34%

® Primary THA

m Revision THA

Infection-related
revision THA

79226; 87,61%

Figure 1. Distribution of patients by type of
arthroplasty performed

The following categories of procedures were
identified.

1. “Primary THA” is addressed in this study
only in a general context.

2. “Revision THA” includes several aseptic
indications for re-operation:

- “aseptic loosening of prosthetic compo-
nents” loss of fixation of one or both
components;

- “dislocations” - recurrent and irreducible
dislocations requiring surgical intervention on
the prosthetic joint;

- “periprosthetic fractures” - fractures in
the region of the prosthesis requiring surgical
management;

- “polyethylene liner/cement cup wear and
associated osteolysis”;

- “other causes” — included pain syndrome,
malposition of components, mechanical
damage to prosthetic components, muscular
insufficiency, and heterotopic ossification.

3. “Infection-related revision THA” includes
various types of revision procedures performed
in patients diagnosed with periprosthetic joint
infection (PJI) according to the 2018 Interna-
tional Consensus Meeting on Musculoskeletal
Infection criteria [19]:

- “debridement procedures for prosthesis
retention (DAIR®)”;

- “one-stage revision” - removal of prosthetic
components, debridement, and reimplantation
during a single surgical procedure;

- “two-stage revision” (each stage considered
as a separate case):

« first stage — removal of the prosthesis and
debridement;

 second stage — removal of the temporary
spacer and implantation of a new prosthesis;

- prosthesis removal with various soft-tissue
grafting or resection arthroplasty;

- implantation of a new prosthesis following
muscular or resection arthroplasty;

- “other” - use of external fixation to restore
limb weight-bearing function without prosthesis,
or creation of a permanent fistula to reduce
bacterial load.

The study examined dynamic changes in the
structure of revision procedures, reasons for
revision, volume of revisions performed, and
patient characteristics. In some cases, when data
on previous procedures were available (linked
records), potential risks of revision or re-revision
were analyzed.

Statistical Analysis

Calculations were performed using Microsoft
Excel for Mac (Office 365) and SPSS (version 24.0).
Descriptive statistics methods were applied,
including presentation of absolute values and
proportions. For quantitative variables, mean
values, 95% confidence intervals (95% CI), and
medians were reported. The Mann-Whitney U

3 DAIR — Debridement, Antibiotic therapy, and Implant Retention.
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test was used for comparing means. Proportions
were compared using the y? test, and in some
cases, odds ratios were calculated.

RESULTS

Proportion of revisions in the overall
structure of THA procedures

Between 2007 and 2024, revision procedures
accounted for 12.4% of all THAs. Over the years,
the proportion of revision operations relative
to the total number of THA procedures varied
between 8.4 and 20.8%. A distinct trend was
observed toward an increasing share of infection-
related revisions, ranging from 24.1 to 50.6%
(Figure 2).

The considerable fluctuations in the pro-
portion between primary and revision THA
procedures are not indicative of changes in
actual clinical demand but are instead associated
with allocated quotas under different funding
streams (e.g., High-Tech Medical Care, High-
Tech Medical Care within the Obligatory Medical
Insurance system) and the operational capacities
of medical facilities, whose data are captured
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in the registry. Unfortunately, we lack accurate
data on the true population need for revision
procedures. However, analysis of our center’s
waiting list and telemedicine consultation
records indicates that the time from problem
onset to admission to a specialized facility for
many patients in need of revision surgery can
range from several months to up to three years.
Meanwhile, patients requiring primary THA
may undergo surgery almost immediately after
consultation at one of the centers that provide
this service.

Demographic and geographic
characteristics of patients

There was a statistically significant difference
in the gender distribution between patients
undergoing primary and aseptic revision THA
(p<0.001) (Figure 3). The odds ratio (OR) for
undergoing aseptic revision was higher among
women (OR = 1.242; 95% CI 1.179-1.308),
whereas the risk of infection-related revision
was higher among men (OR = 1.284; 95% CI

1.211-1.361).
Figure 2. Ratio of
surgery types by year
<

Figure 3. Gender composition of the patient cohort
who underwent primary aseptic revision THA and
revision THA due to infection from 2007 to 2024

202

N N N NN

Infection-related revision THA
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The mean age at the time of aseptic revision
THA was 60.7 years (95% CI 60.4-61.0; median
62 years), which is slightly older than patients
undergoing primary THA - 58.0 years (95%
CI 58.0-59.1; median 60 years), and those
undergoing infection-related revision - 58.5
years (95% CI 58.1-58.8; median 60 years).

360: 3.2% 230;2,1% 24, 0,2%
722; 6,5% 56; 0,5%
876; 7,8%

796; 7,1%

1869; 16,7%

1802; 16,1%

Unfortunately, information about the
specific medical facilities where primary THA
was performed is very limited and could not be
analyzed. No substantial gender differences were
observed among patient groups from different
regions in our study.

m Northwestern Federal District

4436; 39,7% ® Volga Federal District

m Central Federal District

m Siberian Federal District

m North Caucasian Federal District
u Southern Federal District

m Far Eastern Federal District

m Ural Federal District

®m Foreign countries

® Unknown

Figure 4. Geographic distribution by place of residence of patients who underwent revision or re-revision

The majority of patients undergoing revision
procedures recorded in the registry are residents
of the Northwestern Federal District. The Central
Federal District ranks second, followed closely
by the Volga Federal District. Residents of other
federal districts are represented in smaller
numbers (Figure 4).

Timing and causes of revision
procedures

Unfortunately, the date of the previous surgery
was not available in all cases; only 5.962
observations were accessible for this study. As
shown in two earlier analyses, the majority of
revision operations are performed within the
first few years after the initial procedure [11, 17].
The structure of the chart in Figure 5 remains
virtually unchanged, demonstrating that by the
second year, the number of revisions is reduced
by more than half, followed by a gradual decline
with a minor spike at 9-10 years, likely due to the
accumulation of delayed complications. However,
when aseptic revisions and those performed

2000+

1500+

10004

Number of observations

500+

[ —

LI
12345678 910111213141516171819 2021222324 2526272829

Time since the primary THA, years

Figure 5. Distribution of revisions by time since the
previous surgery

due to infectious complications are considered
separately, the pattern of the graphs changes
significantly. Still, in all cases, the majority
of revisions occur within the first three years

(Figure 6).
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Figure 6. Distribution of revisions due to infection (a) and aseptic loosening (b) by time since

the previous surgery
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Figure 7. Proportion of different causes
of revision THA

5,3% 47,6%

5,9%

19,8%

The main causes of all revisions were infection
(40.7%) and aseptic loosening of prosthetic
components (40.2%). Dislocations accounted
for 7.7%, while polyethylene wear and osteolysis
represented 7.0%. Periprosthetic fractures (PPFs)
and other causes made up 2.8% and 1.6%,
respectively (Figure 7). Among the 187 aseptic
revisions classified under “Other”, 89 (47.6%)
were due to degenerative and dystrophic changes
of the acetabulum in monopolar or bipolar
arthroplasties, 37 (19.8%) were attributed to
pain syndrome of various etiologies, 11 (5.9%)
to malposition of components, 20 (10.7%) to
fractures of femoral stems or modular necks
(implant damage), 7 (3.7%) to metal ion-related
damage from metal-on-metal articulations,
10 (5.3%) to heterotopic ossifications requiring
excision, and 13 (7.0%) to injuries of the hip
abductor mechanism (Figure 8).

M Degenerative and dystrophic changes of the acetabulum

M Pain syndrome

Malposition

B Implant damage

W Metal ion-related damage from metal-on-metal articulations
[ Heterotopic ossifications

M Injuries of the hip abductor mechanism

Figure 8. Structure of causes for hip prosthesis revisions in the “Other” category
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As in previous analyses, the structure of
initial revisions significantly differed from that
of re-revisions. When the previous surgery was
a primary THA, the proportion of revisions due
to infection was substantially lower (20.2%),
with the leading cause being aseptic loosening
(54.9%). Other causes included polyethylene
wear and osteolysis (9.1%), dislocations
(8.9%), PPFs (4.1%), and other reasons (2.8%)
(Figure 9a).Inre-revisions, most interventions
(72.5%) were performed for patients diagnosed
with orthopedic infections at various stages.
Aseptic loosening accounted for 17.4%,
dislocations 6.8%, PPFs 1%, and other causes
0.7% (Figure 9b). The annual distribution
of revisions vs re-revisions lacked a consis-
tent pattern, but there was a clear trend
toward an overall increase in the number
of operations.

4,1% 2,8%

8,9% 4

54,9%
@ ’

B Infection
B Aseptic loosening

W Dislocation
W Polyethylene wear and osteolysis

Figure 9. Proportion of different causes of revision: a -
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Within the group of aseptic revisions, the
share of aseptic loosening decreased from 86.4%
in 2007 to 57.6% in 2024, while the proportion
of polyethylene wear rose from 0.6% in 2007 to
19.6% in 2023, with a slight decline to 18.3%
thereafter (Figure 10). The share of dislocations
increased from 8.4 to 16.4%. The proportion
of PPFs varied from 1.9 to 8.4%. Other causes
showed minimal fluctuation.

Interestingly, the proportion of combined
loosening of both components steadily declined
(Figure 11). In the early years of the registry,
loosening of both components was recorded in
47.7-52.1% of cases; in recent years, this figure
fell to 14.7-16.2%. It is unclear whether this
reflects diagnostic practices or a true decrease
in such cases. Meanwhile, the frequency of
isolated femoral component loosening increased
from 7.5-12.7% to 31.2-33.5%, and acetabular
component loosening ranged from 33.3 to 55.4%
across the years.
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Figure 10. Dynamic changes in the structure of aseptic revision causes by year
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Figure 11. Proportion of aseptic loosening of prosthetic components by year

Beyond the prevalence of revision causes,
their temporal distribution post-primary surgery
and their relation to whether the revision was
initial or repeat are of great interest. As shown
in Figure 12, in the first year after primary
THA, infection was the leading cause (38.2%),
followed by aseptic loosening (24.0%) and
recurrent dislocations (22.0%). PPFs accounted
for 12.8%, and other causes - 3.3%. From the
second year onward, aseptic loosening became
the predominant cause, ranging from 51.0% in
year 3 to 78.9% after 15 years of follow-up.
The share of infections declined over time but
remained relevant throughout the follow-up.
The share of dislocations and PPFs dropped
significantly after the second year and became
negligible by year four (12.8% and 4.8%,
respectively). From the sixth year onward,
polyethylene wear and osteolysis began to rise
in frequency, ranging from 5.2 to 12.3%.

The average time to revision due to infection
was 2.4 years (95% CI 2.2-2.5; median: 1 year),
ranging from 2 weeks to 28 years, possibly
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reflecting infection superimposed on aseptic
loosening. For aseptic loosening, the mean time
was 7.9 years, varying by subgroup: combined
component loosening had a mean of 8.3 years
(95% CI 8.0-8.8; median: 8 years, range: from 1
month to 29 years), isolated acetabular loosening
was similar at 8.5 years (95% CI 8.1-8.8; median:
8 years, range: from 1 month to 27.5 years), while
isolated femoral loosening occurred earlier at
6.1 years (95% CI 5.8-6.6; median: 5 years, range:
from 1 month to 21 years) (p<0.001). Recurrent
dislocations had a mean revision time of 2.7 years
(95% CI 2.4-3.0; median: 1 year, range: from
1week to 18 years), and revisions for polyethylene
wear and osteolysis occurred after a mean of 10.6
years (95% CI 10.1-11.1; median: 11 years, range:
from 6 years to 28 years). PPFs occurred mainly
in the early years post-primary THA (mean:
3.1 years; 95% CI 2.6-3.6; median: 1.5 years,
range: from 1 month to 18 years). Other causes
had a mean revision time of 5.2 years (95% CI
3.9-6.4; median: 3.5 years, range: from 6 months
to 14.5 years).

B |nfection

B Aseptic loosening

I Dislocation

B Polyethylene wear and osteolysis
W PPF

i Other

Figure 12. Proportion of causes for
initial prosthesis revisions by year
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In the structure of first revisions, 13.6%
occurred in the first year after primary THA, 9.1%
in the second year, 8.2% in the third, 6.1% in the
fourth, and 5.3% in the fifth, with 57.7% occurring
later. Among re-revisions, 56.8% occurred in the
first year, 18.1% in the second, 6.3% in the third,
3.8% in the fourth, 3.0% in the fifth, and 12.4%
beyond.

Infections were the dominant cause of re-
revisions, accounting for 85.6% of all cases, with
86.0% of infection-related re-revisions occurring
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within the first two years. Infection remained
the leading cause throughout the follow-up
(Figure 13). The share of aseptic loosening among
re-revision causes increased gradually from 4.5
to 33.3% in the long term. Dislocations and PPFs
were more evenly distributed over time compared
to initial revisions, but still occurred mostly
within the first five years postoperatively.
Polyethylene wear, similar to initial revisions,
became more prominent after year five, peaking
around 9-10 years.
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Figure 13. Proportion of causes for hip prosthesis re-revisions by year

Of 2.272 re-revisions, 1.521 (66.9%) were
first re-revisions, 560 (24.6%) were second, 102
(4.5%) were third or fourth, and 89 (3.9%) were
between the fifth and ninth. The average time
to revision after primary THA was 7.0 years (95%
CI 6.8-7.1; median: 6 years), to first re-revision
3.3 years (95% CI 3.1-3.5; median: 1 year), to
second re-revision 2.9 years (95% CI 2.5-3.2;
median: 1 year), and subsequent re-revisions
occurred within an average of under 2 years,
though some intervals extended to 20 years.
The average age at revision after primary THA
was 60.0 years (95% CI 59.5-60.4; median:
61 years), while for first re-revisions it was lower
- 58.1years (95% CI 57.6-58.7; median: 59 years),
suggesting that younger patients are at higher
risk for earlier and repeated revisions.

Extent of revisions after primary THA
depending on causes and timing of their
performance

Aseptic revisions

In 546 patients (8.2%) who underwent aseptic
revisions, the extent of the procedure was either

not specified or unclear; therefore, these cases
were excluded from the analysis. As shown
in Figure 14, the most frequently performed
procedure was isolated acetabular component
replacement, followed by total replacement of the
entire prosthesis. Isolated femoral component
replacement and replacement of modular
components were less common, while various
types of osteosynthesis and other revision
procedures were performed rarely.
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770;12,7% 1908; 31,6%

1066; 17,6%

2140; 35,4%

Il Total replacement M Replacement of modular components
M Acetabular component replacement g Osteosynthesis
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Figure 14. Volume of aseptic revision surgery
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The most common cause of aseptic revisions
was aseptic loosening of one or both prosthetic
components, accounting for 4.491 cases (67.7%
of all aseptic revisions). Among these, isolated
replacement of the acetabular component was
performed in 39.5% of cases, isolated femoral
component replacement in 19.5%, and total
prosthesis replacement in 40.9% of cases
(Figure 15).

In revisions performed due to polyethylene
wear and osteolysis, the most common approach
- observed in 488 cases (65.9%) — was the
replacement of one or both modular components.
In 141 cases (19.0%), the acetabular cup was
replaced. Total replacement of both components
and isolated femoral component replacement
were performed in 63 (8.5%) and 47 (6.3%)
cases, respectively. No statistically significant
differences were observed in the timing of
the different types of revision procedures for
polyethylene wear.

In patients with recurrent dislocations,
the most common procedure - performed
in 293 cases (38.8%) — was replacement of
the acetabular component, including im-
plantation of a cemented dual mobility cup
into the existing acetabular shell. Slightly
less frequently, modular components of the
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prosthesis — such as the liner, head, or both -
were replaced, accounting for 262 cases (34.7%).
Total prosthesis replacement was carried out
in 118 patients (15.6%), and femoral component
revision was performed in 42 cases (5.6%). In 31
patients (4.1%), the management of recurrent
dislocation involved other techniques, prima-
rily various forms of muscle reconstruction.

Periprosthetic fractures requiring revision
were observed only in the region of the femoral
component, likely because fractures involving
the acetabular component were always associa-
ted with loss of fixation and thus classified
as aseptic loosening. Accordingly, the most
common procedure in these cases was isolated
femoral component replacement, performed
in 178 cases (65.9%). In 52 cases (19.3%), it
was possible to perform osteosynthesis without
replacing any prosthetic components, while
in 41 cases (15.2%), replacement of both com-
ponents was required.

The extent of revision in patients categorized
as “Other” included isolated acetabular revision
in 11.8% of cases, total joint revision in 9.8%,
isolated femoral component replacement in
4.1%, replacement of modular components
in 6.9%, osteosynthesis in 3.2%, and various
soft-tissue procedures in 13.9% of patients.

B Total replacement
B Acetabular component replacement
% Femoral component replacement
M Replacement of modular components
| Osteosynthesis
Other
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Figure 15. Surgical options for aseptic revisions after primary THA
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Infection-related revisions

In hip prosthesis revisions performed due to
infection, the distribution of surgical inter-
vention types was as follows: debridement
with implant retention and polyethylene liner
exchange (DAIR) — 4.9%, removal of prosthetic
components with spacer implantation -
39.4%, one-stage prosthesis removal and re-
implantation (one-stage revision arthroplasty)
- 3.9%, and removal of prosthetic components
followed by muscle flap coverage or resection
arthroplasty - 3.6%. The most common
procedure was the second stage of infection-
related revision - implantation of a new
prosthesis after spacer removal - accounting
for 45.4% of cases. The least frequent approach
was implantation of a new prosthesis following
prior prosthesis removal combined with muscle
reconstruction, resection arthroplasty, or a
combination of both, observed in only 0.9% of
cases (Figure 16). The timing of the first stage
of PJI treatment (spacer implantation) varied
widely — from 2 weeks to 28 years — with a mean
of 3.6 years (95% CI 3.3-3.8; median: 2 years).
Although this is significantly shorter than in the
previous analysis (5.4 years; median: 4 years),
it still reflects a substantial proportion of
chronic PJI cases. Given the extended waiting
times, it remains unclear how many of these
cases might have been managed with alternative
methods if the infection had been identified
and patients hospitalized in a timely manner.
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In the vast majority of cases (74.8%), articulating
spacers were used, while block-type spacers
were employed in the remaining cases.

In cases of acute PJI (within 30 days of primary
THA), the DAIR procedure was performed in
72.4% of cases, while the remaining patients
underwent a two-stage revision with spacer
implantation.

For one-stage revision arthroplasty, the
average time to surgery was the same as for the
first stage of two-stage revision — 3.6 years (95%
CI 3.0-4.4; median: 2 years); the difference lay
only in the clinical conditions that determined
the choice of procedure. The second stage
of two-stage revision was performed on average
1.2 years after spacer implantation (95%
CI 1.1-1.3; median: 7 months), which reflects
the prolonged waiting times for revision surgeries.

Total removal of the prosthesis is traditionally
performed only in cases with the most
unfavorable prognosis for infection treatment,
often combined with muscle grafting in
especially severe cases or performed without it,
and usually after several previously unsuccessful
interventions (81.2% of cases). The average time
from the previous procedure was relatively short
- 2.3 years (95% CI 1.4-3.1; median: 6 months).
However, the average time since the primary THA
was significantly longer — 7.2 years (95% CI 6.8-
7.6; median: 6 years). This choice of intervention
is likely explained by the prolonged duration of
chronic infection.

B DAIR

B Removal of prosthetic components with spacer implantation
Implantation of a new prosthesis after spacer removal
Spacer reimplantation

B Prosthesis removal with/without muscle reconstruction
Implantation of a new prosthesis following prior prosthesis removal

B One-stage prosthesis removal and re-implantation

Figure 16. Surgical options for PJI-related revisions after primary THA
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Technologies employed in revision THA

Revision of the acetabular component is primarily
based on the use of cementless hemispherical
cups, which are widely used in primary THA but,
in revision cases, are typically (in 78.0% of cases)
equipped with multiple screw holes. Up to and
including 2015, the most commonly used revision
components were cups with porous coatings
or rough surfaces, such as Trilogy (Zimmer),
Duraloc (DePuy), Plasmacup (Aesculap), and
several others (Figure 17).

From 2012 to 2020, a gradual replacement
of the component lineup occurred — mainly
featuring Trilogy IT (Zimmer-Biomet), Plasmafit
(Aesculap), Pinnacle (DePuy), R3 (Smith &
Nephew), and Continuum (Zimmer-Biomet).
The proportion of acetabular components of this
type varied over the years from 20.4 to 73.7%.
In 8.2% of cases, the use of hemispherical
components was combined with the implantation
of metal augments.

Since 2016, there has been wider use of
specialized revision hemispherical cups, such
as TM Modular (Zimmer-Biomet), TM Revision
(Zimmer-Biomet), Pinnacle Revision (DePuy),
and others, including in combination with
metal augments in 42.2% of cases. Their share
in the revision component structure gradually
increased from 8.8% in 2007 to 56.5% in 2020,
but then decreased to 20.6% in 2024, gradually
being replaced by custom-made components
100%
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and fully porous titanium Tuberlock Multi-
hole cups (Logeeks, Novosibirsk), manufactured
using 3D printing technology. The proportion of
patient-specific implants in the overall structure
ranged from 1.9 to 11.9%. The new Tuberlock
Multi-hole cups (Logeeks, Novosibirsk, Russia)
were combined with porous metal augments
in 34 out of 79 cases (43.6%) and were used as
part of complex revision systems, including
cemented dual mobility cups. Overall, the use
of dual mobility implants shows a clear trend
of increasing share in the revision component
structure; however, tracking all cases of their
use is challenging due to their combination with
other acetabular components. It is also difficult
to determine the proportion of cases in which
cemented dual mobility cups were implanted
without removal of a well-fixed existing
acetabular component.

In 2007, the combined share of Wagner- and
Zweymiiller-type femoral components in revision
THA was 25.8%. At that time, the most commonly
used femoral components were fully porous-
coated types such as AML (DePuy), Solution
(DePuy), and Malory-Head (Biomet) (Figure 18).
Subsequently, the proportion of Zweymiiller-
type components increased significantly,
represented by models like Alloclassic (Zimmer),
SL-Plus (Smith & Nephew), with later additions
including CBH (Mathys), TR] (Aesculap),
SL-Plus MIA (Smith & Nephew), and YAR-TEZ

M Hemispherical cup
M Revision cup
I Cemented cup
B Antiprotrusuio cage
M Dual mobility
Custom made
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Figure 17. Dynamics of the use of different acetabular systems in hip prosthesis revisions
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Figure 18. Dynamics of the use of different femoral component types in hip prosthesis revisions

(Rybinsk, Russia). Alloclassic (Zimmer) and
SL-Plus (Smith & Nephew) components were
more frequently (69.5%) used in their revision
versions — Alloclassic SLL and SLR-Plus. Up until
2018, this type of femoral stem remained the
most commonly used option for femoral revision.
Since 2019, the vast majority (ranging from 39.4
to 61.7%) of revisions have been performed using
Wagner-type stems, represented by Wagner SL
Revision (Zimmer-Biomet), Redapt (Smith &
Nephew), and Wagner Cone (Zimmer-Biomet)
components.

DISCUSSION

As a result of the rapid increase in the
number of primary surgeries and the gradual
accumulation of a patient pool experiencing
various complications following THA, revision
THA is becoming an increasingly common
surgical procedure in our country [20, 21, 22,
23, 24, 25]. Although this analysis of the local
registry database does not provide a complete
picture of the structure of revision THA across
the Russian Federation as a whole, the large
number of cases allows us to identify the main
trends in joint revision surgery, especially
considering that the majority of patients
were initially operated on in various regions
throughout the country.

The first point to note is the significant
number of early revisions (42.2% of primary
revisions and 87.6% of subsequent re-revisions)
are performed within the first five years after

the previous surgery. The five-year cutoff for
defining early revision was adopted in line with
other studies [17, 26, 27]; however, it may be more
accurate to consider interventions performed
within the first two or three years after the prior
operation as early revisions. Within the first two
years, 22.6% of initial revisions and 74.5% of re-
revisions are performed, while within the first
three years, these figures increase to 30.1% and
80.1%, respectively. It may be appropriate to
define early revisions as those occurring within
five years for the first revision, and within two
years for re-revisions.

The next important trend is the significant
increase in both the absolute number and
proportion of infection-related revisions [28].
In recent years, nearly half of all THA revision
cases have been performed in patients with
a documented history of PJI. These findings
correspond with data from the New Zealand
registry?, where not only the proportion but
also the absolute number of PJI cases tripled
since 2011-2012, making infection the leading
cause of revision. A similar situation is observed
in Australia, where according to the national
arthroplasty registry® data, infection also became
the number one cause for THA revision in 2022
and remained so in 2023.

Finnish colleagues have reported that the
incidence of early infection cases increased
from 0.11 per 100 primary medical consulta-
tions in 2008 to 1.09 in 2021 [29]. During
one-year follow-up, 26.6% (95% CI 22.2-31.2)

4 New Zealand Joint Registry. www.nzoa.org.nz/nzoa-joint-registry
5 The Australian Orthopaedic Association National Joint Replacement Registry. Annual Report 2024.

https://aoanjrr.sahmri.com/home
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of patients underwent repeat surgery, and 7.9%
(95% CI 5.4-10.9) died. The risk of re-operation
was highest after DAIR (36.6%, 95% CI 28.5-
44.7) and lowest after one-stage revision
(20.2%, 95% CI 13.4-28.0) [30]. The overall
success rate of DAIR in terms of component
retention and infection eradication at two
years was 68% [31]. Defining the true incidence
of PJI remains an extremely important task, as
numerous publications report a rapid increase
in infection cases due both to the overall rise
in the number of joint arthroplasty procedures
and the growing number of difficult-to-
recognize infectious processes. Based on an
epidemiological study, Taiwanese colleagues
anticipate a 4.79-fold increase in the incidence
of infectious periprosthetic complications by
2035, with treatment costs rising 4.86-fold,
which may become a serious economic burden
for the healthcare system [32]. A cohort study
using data from the German Joint Arthroplasty
Registry (Endoprothesenregister Deutschland
- EPRD) showed that the cumulative mortality
rate within the first year after septic hip revision
was 14%, increasing to 40% over seven years.
In cases of multiple prior revisions, the rate of
repeat revisions due to septic causes exceeds
40%. The critical period for the likelihood of
repeat revision after septic revision has been
identified as the first 6 months [33]. Our registry
data on the extremely high infection rate in
cases of multiple revisions fully correspond with
these findings, and the focus of future research
should be on determining the mortality rate
resulting from these interventions.

Another  significant problem is the
exceptionally young average age of patients
undergoing revisions, which was demonstrated
previously [11] and is especially evident in re-
revisions, as shown by the current analysis.
Dutch colleagues, based on data from their
national registry, noted that revision outcomes in
patients younger than 55 years are significantly
worse than in the general patient population.
The rate of all failures requiring repeat revision
surgery was 22% (95% CI 19-25) at 5 years and

28% (95% CI 24-33) at 10 years. The cumulative
incidence of infectious complications after
revision procedures over 10 years was 7.8% (95%
CI 6.1-9.7), aseptic loosening of the acetabular
component - 7.0% (95% CI 4.1-11.0), dislocation
- 3.8% (95% CI 2.6-5.2), and loosening of the
femoral stem - 2.7% (95% CI 1.6-4.1). Notably,
if the revision was performed due to infection,
the rate of subsequent revisions within 10 years
accounted for 45% (95% CI 37-55) [34].

In our country, this problem is exacerbated
by the characteristics of the general population
undergoing primary THA [10]. Patients under
50 years old constitute 22.7% of our registry
database for primary THA, which is almost twice
as high as in the populations of Australia or the
United Kingdomo®. A large population-based study
published in The Lancet demonstrated that men
under 50 years have a lifetime revision risk of
35% [35]. Considering the historically widespread
use of conventional ultra-high molecular weight
polyethylene until recently [18], and current
trends showing an increase in revisions related
to the wear of the prosthesis friction unit and
progressive osteolysis, we can expect a significant
rise in such revision surgeries in the coming
years. This issue is also typical for other countries.
In particular, in the United States, an upcoming
increase in revisions related to younger patient
age and infectious complications has been
emphasized [36]. Given the specific characteristics
of our patient population, the correct choice of
implants becomes especially important [37].

However, another issue arises — a marked
shift in the spectrum of implants used. In our
study, complete replacement of all prosthetic
components was performed in 31.6% of all
aseptic revisions, with a clear trend toward a
decreasing proportion in recent years. According
to the literature, retaining one of the components
is considered a safe procedure with a low rate of
re-revision [38], and partial revision appears to
be a common trend. For example, in Germany,
replacement of only one component is performed
in 75% of cases; however, there are no available
statistics on the year-by-year changes in the

¢ National Joint Registry. 21st Annual Report, 2024. https://reports.njrcentre.org.uk
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proportion of isolated component revisions [39].
A significantly higher need for total replacement
of all components in previous years may have
been associated with the problem of osteolysis,
the incidence of which has markedly decreased
following the near-complete transition to cross-
linked polyethylene [40, 41]. However, in our
country, there is a substantial replacement of
well-established prosthesis models from leading
global manufacturers with models produced
in China, India, Turkey, and other countries,
as well as a gradual shift toward domestically
manufactured implants. Data on these models
are insufficient in the national registries of other
countries, which makes the establishment of our
own registry especially important for the timely
identification of potentially hazardous artificial
joint models. A local registry would be able to
detect potentially unfavorable trends no sooner
than 10-12 years, whereas a national registry
could identify problematic implants within 7-8
years, potentially sparing hundreds of thousands
of patients from premature revision surgeries
related to insufficient implant wear resistance.
An interesting trend is the increase in the
number and proportion of revision acetabular
components made of trabecular metal, which
peaked in 2020, followed by a noticeable decline.
Revision systems made of trabecular metal
have well-documented efficacy in reducing the
risk of aseptic loosening and decreasing the
incidence of infectious complications [25, 42,
43, 44]. On the other hand, they are significantly
more expensive than standard porous-coated,
multi-hole hemispherical cups. It is always
challenging to assess the justification for using
more costly constructs given the substantial
variety of implants and the equally diverse
opinions regarding their potential effectiveness
[45, 46, 47]. For instance, data from a recent
meta-analysis by Chinese colleagues showed no
statistically significant difference between the
use of trabecular metal acetabular components
and other acetabular systems [48]. However, any
meta-analysis cannot account for the complexity
of the included clinical cases or the rationale
behind choosing a particular implant to address
a specific problem. Moreover, according to other
researchers, this meta-analysis was conducted

with certain methodological flaws that limit
its value [49]. Regarding our analysis, the
significant increase in the share of trabecular
metal components in 2019-2020 is most likely
explained by the growing proportion of revision
procedures that require the use of augments
and extended screw fixation to achieve adequate
implant stability. In such cases, the possibility
of placing additional screws precisely where
needed - enabled by the design features of
trabecular metal implants — becomes a decisive
factor that outweighs even their higher cost.
Subse-quently, the declining interest in these
implants can be attributed to the increased
availability of alternative revision systems
suitable for managing severe bone defects. These
include custom triflange cups, individualized
augments, and the emergence of domestically
produced serial acetabular components manu-
factured using 3D printing, the rising use of
which was especially notable in 2023-2024.
Currently, titanium acetabular components
produced by 3D printing, when combined with
cemented polyethylene liners or dual mobility
systems, offer an effective [43, 50, 51] and relati-
vely cost-efficient option for revision arthroplas-
ty in the presence of substantial bone loss.
This is particularly relevant given that implant
selection during the preoperative stage, based
on modern imaging capabilities, is becoming
the standard in revision surgery [20, 52, 53].
Nevertheless, it should be noted that the planning,
production, and implantation of patient-specific
prostheses is an exceptionally complex process
in revision surgery, and the risk of various errors
associated with their use remains considerable
[50, 54, 55, 56]. Therefore, such implants should
be reserved for cases with strict indications. It is
also important to highlight the trend toward the
more widespread use of dual mobility acetabular
components, which are increasingly employed
in cases of recurrent dislocation and other
revisions in the setting of muscular insufficiency,
as they offer the highest level of dislocation
resistance [57, 58, 59].

The trend toward the use of Wagner-type
femoral components in revision surgery is
explained by the high effectiveness of these
designs in the presence of even extensive
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femoral bone defects, their reliable fixation, and
the relative simplicity of the surgical technique.
Additionally, they are compatible with the
extended trochanteric osteotomy approach [60].
As demonstrated by mechanical studies, these
implants maintain stability under cyclic loading
exceeding 200% of body weight, and bone
failure occurs only at loads above 400% [61].
It is not surprising that most orthopedic im-
plant manufacturers include such revision
stems in their product lines. However, in cases
of extremely severe bone defects, even long
Wagner-type femoral components may fail to
achieve reliable fixation. In such scenarios, there
remains an important role for distal locking
constructs and custom-made implants produced
via 3D printing. Although their overall number is
still limited, they are also reflected in the registry
database [62].

CONCLUSIONS

Despite the lack of comprehensive data on the
structure of primary and revision arthroplasty
in the Russian Federation, this analysis
revealed several important trends: a sharp
increase in the number of revision procedures,
a growing proportion of complex revisions
requiring advanced and costly implants, and
an exceptionally rapid rise in the number of
infection-related revisions. It is therefore clear
that the challenges of revision arthroplasty may
soon affect all surgeons performing primary total
hip arthroplasty — initially through the need to
manage infectious complications, and later due
to the gradual accumulation of patients requiring
other types of revisions, including repeat
procedures.
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Abstract

Background. Infected nonunion of long bone fractures poses a dilemma for trauma surgeons, especially when accompanied
by bone defects. The main goals for management are curing infection, reconstructing the bone defect, achieving union at
the fracture site, and eventually obtaining acceptable functional outcomes. In these situations, the surgeon could manage
the infected nonunion through single-stage surgery. However, some surgeons prefer two-stage surgical intervention,
wherein in the first stage, all attention is paid to curing the infection and providing temporary stabilization till the second
stage, which is the definitive fixation. Temporary fixation during the first stage after thorough debridement could be
obtained by various methods, including intramedullary nails coated by bone cement or external fixators.

The aim — to describe a modification while using a locked plate impregnated with antibiotic-loaded bone cement during
the first stage of two-stage revision for managing infected nonunited distal femoral fracture.

Technique description. The method described in the current technical note is a locking plate impregnated with antibiotic-
loaded bone cement. This technique provides optimal local antibiotic delivery through the bone cement and proper stability
owing to the fixation using the locking plate, which could be applied as close to the bone as possible due to its function as
an internal-external fixator.

Conclusion. The technique is easy and efficient and can be applied using ordinary tools without needing complex
Instruments.

Keywords: infected nonunion, bone cement spacer, local antibiotic therapy, antibiotic cement-impregnated locking plate.
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MpuMeHeHMe HaKOCTHOM NNACTUHDI C LLEMEHTHO AaHTUMUKPOOHOM
MaHTMei Ha NepBOM 3Tarne ie4yeHUss MHPULMPOBAHHBIX HeCpaLL,EHUA
AJIMHHBIX KOCTEM: TEXHUYECKas 3aMeTKa

M.I. Taybuxk -2, A.A. Xanuda3, X. A6y-beiix!, M. Bagpan !, O. ®apyk!

! Assiut University Trauma Hospital, Faculty of Medicine, Assiut University, e. Aceiom, Ezunem
2 Qena Health Insurance Hospital, 2. Kena, Ezunem
3 Qena faculty of medicine and University Hospital, South Valley University, . Kena, Eeunem

Pecdepar

AxkmyansHocms. VIHOUIIMPOBAaHHOE HecpalleHye mepeioMOB AJIMHHBIX KOCTe MOKET BbI3bIBAThH CIOXKHOCTM Y TPaBMaTo-
JIOTOB, 0COGEHHO eC/IY OHO COMTPOBOXKIAETCS KOCTHBIMM AedekTamy. OCHOBHBIMMA LIEJISIMM JIEUE€HMSI SIBJISTIOTCS KyTIMPOBaHMe
MHOEeKIMM, 3aMeleHe KOCTHOTO AedeKTa, cpallieHye B MecTe IepeioMa 1, B KOHEYHOM UTOTe, MOCTVKEHME YIOBIETBOPH-
TebHBIX PYHKIMOHATbHBIX PE3yAbTaTOB. IIpy BbIGOpE TAKTUKY JIeUeHNST MHOUIIMPOBAHHOTO HeCPAIEHUS] XUPYPT MOKET
BBIOpPATh OMHOITAITHYIO OIepaInio, OHAKO HEKOTOPbIE MPEIIOYNTAIOT ABYX3TAITHOE XUPYPTUUeCcKoe BMeNIaTebCTBO, TP
KOTOPOM Ha MEPBOM 3Tarle BCce BHMMaHMe yeIsIeTcs JeUeHNI0 MHPEKIUM Y 06ecrieyeHnI0 BpeMeHHOM CTabuan3anum 10
BTOPOTO 3Tara, Ha KOTOPOM OCYIIECTBISIETCSI OKOHUATeMbHas GpuKcanysi. BpemeHnHast hukcamys Ha MepBOM 3Tarle mocjie
TIIATEIbHO CaHAI[MM MOKET ObITh JOCTUTHYTA PA3IMUYHBIMM METOJAMM, BK/IIOUast MHTPaAMeIy/UISIPHbBIN CTEPIKEHbD C I1e-
MEHTHBIM IMOKPBITMEM WK BHeIlIHVe GUKCATOPBI.

Llenv — omucaTh MOAMMUKALIMIO IIPYMEHEHMsI HAKOCTHO IIJIAaCTUMHBI, ITIOKPBITO LIEMEeHTHO! aHTMMMUKPOBHOI MaHTHUel,
Ha [epBOM 3Tarle IBYX3TaIHOI PeBU3UH TIPU JIeUeHU Y MHOUIMPOBAHHOTO HECPOCIIEToCs IepeioMa AUCTATbHOTO OTAeNa
6eIpeHHO KOCTH!.

Onucanue mexHuKku. MeToJ, ONIMCAHHBIN B TAHHOI paboTe, 3aK/ITI0YAETCS B VICITONb30BaHMM GUKCUPYIONIEH MIACTUHBI, MTO-
KPBITOJ CMEChIO KOCTHOTO IIeMeHTa C aHTUOMOTUKOM. DTa TEXHMKA 06ecreuBaeT MECTHYIO TOCTABKY aHTUOMOTHMKA yepe3
KOCTHBIV IIEMEHT U HaJJIeXKallylo CTabMIbHOCTD Grarofapst GpuKcaiym ¢ MoMOIIbIO TUIACTUHBI, KOTOPast MOKET ObITh yCTa-
HOBJIEHA KaK MOKHO GJM3Ke K KOCTH 6Garomapst cBoeii GyHKIMY BHYTpeHHero dhukcaTopa.

3axnouerue. TexHVKA MMPOCTA B MCITOIb30BaHUY U 3G GEKTUBHA, ee MOKHO MTPUMEHSITh C TIOMOIIbI0 O6GbIYHBIX MHCTPYMEH-
TOB, He Ipuberast K CJIOKHbIM IIPMOOpaM.

KiioueBbie coBa: MHOUIIMPOBAHHOE HecpalleHue, creiicep M3 KOCTHOTO I[eMEHTA, JIOKa/JIbHAsI aHTMOaKTepuaIbHAS
Tepanusi, HAKOCTHAS TUIACTMHA, I[eMeHTHOEe aHTUMUKPOOHOE TTOKPBITHE.
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INTRODUCTION

Infected nonunion of long bones is one of the
complications occurring after surgical management
of long bone fractures, either associated with open
reduction and internal fixation (ORIF) using plates
and screws or even with closed reduction and internal
fixation using minimally invasive surgical (MIS)
techniques or intramedullary nails (IMN) [1, 2, 3, 4, 5].

After establishing the diagnosis of long bone
fractures infected nonunion, the surgeon could
choose between single-stage surgery, which entails
hardware removal (if present), debridement, and
revision of internal fixation; or proceed with two-
stage revision, where the first stage involves hardware
removal, debridement (including obtaining samples
for culture and sensitivity), and applying a temporary
fracture fixation method and cement spacer loaded
with antibiotics, then a second stage of ORIF after
infection clearance with application of bone graft
if required [2, 6, 7, 8, 9].

For the two-stage procedure, various options were
introduced during the first stage, aiming to maintain
the limb length, eradicate the infection, and induce
amembrane for later bone graft application (Masquelet
technique) [10, 11]. This could be achieved using IMN
coated with antibiotics, the application of a cement
spacer loaded with antibiotics, and an external fixator
[12, 13, 14]. Recently, more surgeons started using
locked plates coated with cement for local antibiotic
delivery and obtaining more stability at the fracture
site [15, 16, 17, 18, 19].

The aim — to describe a modification while using
a locked plate impregnated with antibiotic-loaded
bone cement during the first stage of two-stage
revision for managing infected nonunited distal
femoral fracture.

SURGICAL TECHNIQUE

In all cases, the management should start with the
optimum diagnosis of infected nonunion, which could
be achieved by applying the criteria recommended
by an international expert group on fracture-related
infection [2, 3, 20].

It is worth noting that proper patient selection
cannot be overlooked, which includes: patient
understanding and willingness to go through the
possible lengthy management plan; medically fit
patients (including controlled chronic medical
conditions, no severe vascular insufficiency, and
stop smoking); acceptable bone defect length <10 to
15 c¢cm (as larger defects might require vascularized
fibular grafts); enough distal and proximal bone after
debridement for robust plate fixation; and adequate
soft tissue coverage [2, 21, 22].

Once the diagnosis is confirmed and the decision is
made to proceed with two-stage revision surgery, the
first stage is mainly applied to get rid of the infection

and is followed by a second stage, usually the definitive
fixation (regardless of the device used).
We proceed with the following steps:

1. Debridement, tissue sampling, and irrigation

If possible, we incorporate the previous surgical
approach; care is taken to develop proper tissue flaps
for later closure. All hardware and dead tissues (soft
tissues and bones) are removed, and tissue samples
are obtained from at least five sites. Then, the wound
is copiously irrigated with normal saline to decrease
the bacterial load.

2. Dead space management

The defect resulted from debridement is evaluated
and a cement spacer is loaded with antibiotics
(preferably to be sensitive to the infecting organism,;
however, if the organism is not known, we empirically
use vancomycin in a dose of 2 g for each 40 g pack of
bone cement). We fabricate a bone cement tube using
a 50cc syringe, which is adjusted to the length of the
bone defect (from our experience, a 40 g pack of bone
cement is enough to fabricate a cement tube using
the 50cc syringe to fill a 25 mm size defect). Besides
delivering antibiotics locally and maintaining bone
length, this cement spacer will help in membrane
formation and could be used for bone graft application
during the second stage [23].

3. Temporary fixation using a locked plate
impregnated with bone cement

Now, attention is being paid to the temporary fixation
bridging the bone defect area. For distal femoral
infected nonunion, we used a distal femoral locked
plate impregnated with bone cement loaded with
antibiotics. For plate preparation, we first filled all
the plate combi-holes with plastic syringe caps so the
hole would not be filled with bone cement. Then, the
bone cement was mixed with antibiotics (the same
as performed in the previous step), and while it was
still in a doughy state, we applied the cement to the
outer and inner surfaces of the plate, making sure that
the layer is proper and not so thick. After the bone
cement hardens, the plate is applied and fixed to the
bone after gaining proper bridging at the fracture site,
and the application of the screw should be enough
proximally and distally to achieve optimal stability
and proper bone alignment.

4. Postoperative protocol and second stage
procedure

After completing the first stage, empirical antibiotic
therapy is started immediately (broad spectrum,
including agents against gram-negative bacilli) till
the results of tissue sampling are obtained; then, an
antibiotic treatment according to the culture and
sensitivity results is begun [2]. The duration of the
antibiotic therapy is from 6 to 12 weeks (where in
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the first two weeks, antibiotics were administered
by intravenous route, then continued orally). After
clearance of infection, the second stage could be
performed, ensuring that samples are obtained after
removing the cement-impregnated plate and the
cement spacer, the bone graft is applied according
to the size of the present defect, and final fixation

is obtained using hardware according to the surgeon
preference.

The described surgical technique is illustrated by
the clinical case of a 32-year-old male patient who
presented to us with an infected nonunited distal
femoral fracture that was managed by a two-stage
approach (Figures 1, 2, 3).

Figure 1. Admission X-rays of a 32-year-old male patient, who gave a history of a previous open distal femur fracture,
which was treated initially with open reduction and internal fixation and got infected.

Over two years, he had five surgeries (all included a sort of debridement):

a — initial fixation and application of a cement spacer (red arrowheads), which failed;

b — hardware was removed, and external fixation was applied;

¢ — lastly, after reinfection, all hardware was removed, and the patient presented with an infected nonunited distal femoral
fracture (yellow arrowheads) with an open sinus on the lateral aspect of the distal thigh

Figure 2. The first stage of revision surgery:

a — massive debridement with a resultant bone defect (black arrowhead), specimens retrieved showed infection with

Staphylococcus aureus bacteria;

b — applying a bone cement spacer loaded with antibiotics (we applied vancomycin as an empirical antibiotic) at the site

of the bone defect (a yellow arrowhead);

¢ — the locked plate with the plastic syringes and plastic caps inserted in the screw holes (red arrowheads);
d — after the locked plate is impregnated with bone cement (vancomycin);
e, f — intraoperative and postoperative X-rays showing the plate and cement spacers in position (green arrowheads)

N.B. Antibiotics against the infective organism were prescribed by our microbiology team in the form of 2 weeks of IV, then oral

for an extended 6 weeks.
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Figure 3. The second stage of revision surgery and final follow-up:
a — after the cement-impregnated locked plate was removed, the cement spacer is evident (black arrowhead);
b — the cement spacer was removed, and fixation using a distal femoral locked plate was performed, with the yellow

arrowhead indicating the induced membrane;
¢ — bone graft preparation;

d — the bone graft was applied inside the induced membrane to fill the defect (a green arrowhead);

e — immediate postoperative X-rays;

f — one year follow-up X-rays showing union at the fracture site

DISCUSSION

Long bone fractures complicated with infected
nonunion pose a burden on patients, surgeons, and
the healthcare system [1, 3, 24]. The management
protocols aim mainly to cure the infection and obtain
fracture union to improve the patient’s quality of life
and functional outcomes [2, 23, 24].

Various management options were suggested,
including debridement and acute implant retention
(DAIR procedure), one or two-stage revisions, and
suppressive antibiotic therapy [2]. Each management
option relies on many factors, including the patient’s
general status, the surgical team’s efficiency, and the
infecting organism’s virulence [2, 6, 7].

We describe a technique of using bone cement
loaded with an antibiotic spacer to manage bone
defects while treating infected nonunited long
bone fractures with a supplementary fixation using
a locked plate impregnated with antibiotic-loaded
bone cement. Which we believe to be feasible and
applicable to each surgeon’s daily practice. However,
for the technique to be successful, the surgeon should
consider proper patient selection, ensuring that
radical debridement is achieved and the infective
organism is properly identified to prescribe antibiotics
accordingly. It is also important to ensure that the
surrounding soft tissues are respected as possible as
these will provide blood supply. The antibiotic-loaded
bone cement spacer should be of adequate length to

provide initial stability, and the bone defect should be
reconstructed using various options of bone grafts or
synthetic bone substitutes. Stable fixation is a key for
success, and finally the patients should be followed
up at shorter intervals to detect any signs of infection
recurrence.

The results have been well-established in the
literature in many reports [15, 16, 17, 18, 19]. C. Jia
et al. reported one of the largest series, including
183 patients with a mean follow-up of 32.0 months
(ranging from 12 to 66) who were presented with
infected nonunited long bone fractures (100 tibias,
81 femurs, and two fibulas). The authors reported
that they achieved infection control in 91.3% of
the patients during the first stage, and finally they
achieved fracture union in 95.9% of the patients at
a mean of 5.4 months (ranging from 4 to 12) [15].
We admit that the technique we described is not novel;
however, we introduced detailed and simplified steps
to accomplish this procedure and added a tip for plate
preparation.

Besides the well-documented advantages of
membrane-induced technique after applying a bone
cement spacer to the bone defect site [5, 11, 22], using
a locked plate impregnated with antibiotic-loaded
bone cement serves the following functions: first, it
provides more robust stability at the bone defect site
compared to external fixators or IMN. Some authors
have advocated stability across the fracture or bone
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defect site as a significant factor in curing infection
[25, 26]. Second, being coated with bone cement on the
inner and outer surfaces, the local antibiotic elution
is increased. Third, owing to the principle of locking
plates as internal-external fixators, there is no need
to apply the plate directly to the bone surface [27],
which might not be possible due to the bone cement
layer on the inner surface. Although we do not have
such experience, it is worth noting that some authors
suggested a promising role of utilizing implants with
antimicrobial coatings, which showed a significant
effect in decreasing the peri-implant contamination
and the bacteria concentration [28].

However, the surgeon should be very cautious
while applying this technique, ensuring that a
cement spacer and plate are used after completely
curing the bone cement to avoid thermal injury to
the surrounding soft tissue and bone structures.
If the surgeon applied a bone cement layer that was
too thick or did not approximate the plate to the bone
surface as much as possible, this could impede the soft
tissue closure and require a secondary closure or soft
tissue reconstruction.

Moreover, we need to highlight some possible
limitations or complications that might occur with
the current technique. First, resistant infection
(which is actually a significant issue regardless of
the technique used), which might be attributed to
inadequate debridement, failure to identify the
causative organism, polymicrobial infection (where
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mono antimicrobial therapy will be unsuccessful), and
failure to provide adequate initial skeletal stability to
ease soft tissue healing. Second, some issues related
to the locked plate and screws, which might include
plate or screw breakage, so the surgeon should be
prepared with a broken screw removal set if such
complication occurs. Third, the inability to fill the
bone defect with adequate bone graft might lead to
defective union; furthermore, the surgeon should be
prepared with allografts or synthetic bone substitutes
in cases with larger defects. Last, patients should
be counseled regarding the length management
protocol and the need for extensive postoperative
rehabilitation to obtain acceptable functional
outcomes and satisfaction, especially as most of these
patients are non-ambulatory of the affected limb
for longer periods; they also went through multiple
operations with the resultant soft tissue contracture,
muscles atrophy, and nearby joints stiffness.

CONCLUSION

A locked plate impregnated with antibiotic-loaded
bone cement is a viable option during first-stage
management of infected nonunion of long bone
fractures, which offers the advantage of Ilocal
antibiotics delivery accompanied by robust internal
fixation and stability at the fracture or bone defect
site. The technique is easy and efficient and can be
applied using ordinary tools without needing complex
instruments.

JOITOJIHUTEJIbHASI UTHO®OPMAIIUA

3asnenenHslii 6k1a0 A8MOPo6

Maiixn I. Taygpux — c60p M MHTEPIPETALUMS TaHHBIX,
HaIMcCaHMe TeKCTa pyKOIIMCH.

Axmed A. Xanuga — c6op M MHTepIpeTalys JaHHbIX,
HaIlMcCaHMe TeKCTa pyKOIIMCH.

Xoccam AGy-bBelix — KOHIEILVSI U AU3aiiH MCCIem0Ba-
HISI, peJaKTUPOBaHMe TeKCTa PYKOIIMCH.

Maxmy0d BadpaH — c60p ¥ WMHTEpIpeTauusl MaHHbIX,
HaIMcCaHMe TeKCTa pyKOIIMCH.

Ocama Papyk — KOHUENUUS U OU3aliH UCCIeL0BaHMS,
penakTMpPOBaHye TeKCTa PYKOIIMCH.

Bce aBTOpBI TpOwIM U ofo6pmIn GUHATBHYIO BEpPCUI0
PYKOITMCY CTAaTh!. BCe aBTOPBI COIIACHBI HECTV OTBETCTBEH-
HOCTh 3@ BCE€ acCIeKThl paboThl, YTOOBI 06ECTIEUNUTDb HaJJIe-
sKalee pacCMOTPEHME U PeIIeHMe BCEX BO3MOKHbBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO ¥ HAIEXKHOCTHIO JIF060IH
yacTu paboThl.

Hcmounuxk  ¢uHnancuposaHus. ABTOPbI  3aSIBISIIOT
06 OTCYTCTBUM BHENTHET0 (GMHAHCUPOBAHUS TIPU ITPOBee-
HIUM UCCIIeNOBAHMS.

Bo3modcHblli KOH(IUKIM UHMepecos. ABTOPBI JeKia-
PUPYIOT OTCYTCTBME SIBHBIX U MOTEHIIUATBHBIX KOHGINKTOB
MHTEPECOB, CBSI3aHHBIX C ITyOIMKalei HaCTOSIIEe CTaTh.

Amuueckasn 3kcnepmu3a. He npumeHuma.

Ungopmupoeantoe coenacue Ha  nyonAuKayuio.
ABTOpBI TTONYUYMIM MMCbMEHHOEe coracue IMalyeHTOB Ha
My6GIMKALYIO MEAUIIMHCKUX JAHHBIX Y U300 paskeHUiA.
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Systemic Administration of Escin for Post-Traumatic
or Post-Operative Soft Tissue Edema:
A Systematic Review of Randomized Clinical Trials

Veronika A. Prikhodko, Sergey V. Okovityi

Saint Petersburg State Chemical and Pharmaceutical University, St. Petersburg, Russia

Abstract

Background. Treatment of post-traumatic and post-operative soft tissue edema is especially relevant due to
the high incidence of these conditions. They have a profound effect on patients” quality of life and recovery
process, as edema contributes to microcirculation impairment, pain exacerbation, fibrosis development, and
limitation of motion. Escin, a promising treatment for edema, is a naturally derived compound with anti-
edematous, angio- and endothelioprotective, anti-inflammatory, analgesic, and other effects.

The aim of the review — to summarize the clinical trial data on the efficacy and safety of systemically
administered escin medications in the treatment of post-traumatic or post-operative soft tissue edema.
Methods. The review was conducted following the PRISMA-2020, ROBIS, and AMSTAR-2 guidelines and
included clinical trials (CTs) that met the PICO(S) criteria. The search was carried out on January 8, 2025
in the PubMed, eLIBRARY, SciELO, Cochrane Library databases, and in the US, EU, and UK clinical trial
registers. Qualitative evidence synthesis was performed in a narrative approach with confidence assessment
by the GRADE-CERQual method. Risk of bias in individual CT was assessed using the RoB 2 tool.

Results. The review included three open-label, randomized, parallel-group CTs devoted to the anti-edematous
effect of escin for managing post-operative edema in chronic venous disease (1 CT, n = 87), trauma-related
skin flap transplantation (1 CT, n = 90), and surgical treatment for blunt limb trauma (1 CT,n = 102). In all trials
reviewed, systemic administration of escin was effective in correcting local edema, did not significantly differ
from comparison groups in terms of safety and tolerability, and had a positive effect on several pathogenetic
laboratory markers of edema. All included CTs raised some concerns regarding the overall risk of bias, mainly
due to the absence of blinding and randomization protection. The outcome reporting and publication bias
for the evidence synthesis was deemed low.

Conclusions. The review has shown that systemic (oral or parenteral) administration of escin in the acute
post-traumatic and post-operative periods effectively reduced the severity of edema (moderate confidence
by GRADE-CERQual) and was well-tolerated. The incidence of adverse events did not significantly differ
from the negative control, the active comparator (mannitol) (moderate confidence by GRADE-CERQual).
The findings of this review may find further application as a basis for novel, more advanced approaches
to the drug correction of edema of various etiologies.

Keywords: escin, escinate, edema, anti-edematous therapy, systematic review, clinical trials.
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JCUMH AN CUCTEMHOrO BBEAEeHUS Npu NOCTTPaBMaTUUECKOM
WM NOCTONEPALUOHHOM OTEKE MATKMX TKaHeil:
cucTeMaTUUeCKuit 0630p paHAOMU3UPOBAHHbBIX
KNIMHUYECKUX UCCNeA0BaHUM

B.A. IIpuxonbko, C.B. OKOBUTbIN

@I'BOY BO «Cankm-IlemepOypzckuii 20cydapcmeeHHblli XUMUKO-(papmayesmuueckuii yHusepcumem»
Mumn3sdpasa Poccuu, 2. Cankm-ITemep6ypez, Poccus

Pecdepar

AxmyanbHOCMb. AKTYalnbHOCTb JleYeHUs MOCTTPaBMATUYECKOTO M MOCAe0NepalMOHHOr0 OTeKa MSITKMX TKaHeii
06yC/IOBJIEHA BHICOKO YaCTOTOI BO3HMKHOBEHUS 3TUX COCTOSIHMUIA, @ TAKKE MX 3HAUUTEbHBIM BJIMSIHMEM Ha Kaye-
CTBO JXM3HU MAI[MEeHTOB U MPOIeCC BOCCTAHOBJIEHNS, YTO OOYCJIOBJIEHO HAPYIIEHVEM MUKPOIMPKYJISIINA, YCUIe-
HyeM 60JIeBOTO CUHAPOMa, TPOGUOPOTUYECKUM AEeViCTBUEM U OTPaHMYEHMEM MTOABMUKHOCTY MO, BAUSTHUEM 3TOTO
MaTOJIOrMYeCcKOTo npotecca. [lepcrneKTMBHBIM IpeACTaBaseTCs IPUMeEHeHMe 3CLHA — COeIMHEeHUs] IPUPOSHOTO
TIPOUCXOXKIEHMS, 00IalaI0IIero MPOTUBOOTEUHBIM, aHTMO- U 3HOTEIMOMPOTEKTUBHBIM, TPOTUBOBOCIIAIUTENb-
HBIM, aHAJIbIre3UPYIOIIMM U IpyTuMu 3¢ deKkTaMu.

Ilenv 0630pa — aHaNMN3 U CUHTE3 JAHHBIX KIMHUYecKux ucciegoBanmii (KM) 06 apdexkTuBHOCTM 1 Ge30macHO-
CTM NIpenapaToB 3CLMHA IJISI CUCTEMHOTO IIPMMEeHEeHMS IIPU MOCTTPaBMaTUYECKOM WY IIOCTOIEPalIOHHOM OTEKe
MSITKUX TKaHei.

Mamepuan u memodst. 0630p MPOBOAVIIN B COOTBETCTBUM ¢ peKoMeHAanyssmyu PRISMA-2020, ROBIS 1 AMSTAR-2.
B 0630p Brimouanu KU, coorBercTBOBaBIIMe Kputepusim 1o cucreme PICO(S). TToMCK MCTOUHMKOB MPOBOAMIIN
08 stuBapst 2025 1. Mo 6a3am HayuyHbIX Iyonamkanuii PubMed, eLIBRARY, SciELO, KoxpeifHOBCKOI1 GMOIMOTERM,
peructpam KinHu4deckux mccaenoBanuit CIIA, EBpocoio3da u Benvuko6putanuu. KauecTBeHHbIV CUHTE3 TOKa3a-
TeJIbCTB OCYIIECTBJISIIM B HAPPATUBHOM ITOAXO7E C OLIeHKOI yBepeHHOCTH 10 cucTeMe GRADE-CERQual. Puck cme-
L eHMsI pe3yabTaTOB OTAe/NbHbIX KU oLleHuBanu ¢ UCnoib3oBaHeM MHCTpyMeHTa RoB 2.

Pe3ynemamest. B 0630p BOIIUIM TPU OTKPBITHIX paHIOMM3UPOBAaHHBIX KU ¢ AM3aiiHOM MapajuieIbHbIX TPYIIII, ITOC-
BSIIIIEHHBIX OI[€HKE MPOTMBOOTEUYHOrO 3P deKTa 3CIMHA IPU MOCTONEPAIMOHHOM OTeKe Ha (OHEe XPOHUUECKOTO
3aboneBanus BeH (1 KU, n = 87), TpaHCIUTAHTAIIMM KOXKHOTO JIOCKYTA I10 ooy TpaBMbl (1 KU, n = 90) u xupypru-
YecKoro jeyeHust Tyrnoi TpaBMbsl KoHeuHOCTH (1 KU, n = 102). Bo Bcex paccmoTpeHHbIX KU cucTteMHOe BBeneHue
acimHa 66110 3D PEKTUBHO 1sT KOPPEKIMY JIOKATHHOTO OTeKa, 3HAYMMO He OTJAMYAIOCh OT TPy CPAaBHEHMUS T10
6e30MacHOCTY U MEePEHOCUMOCTH, a TaKKe OKa3bIBAJIO MOJIOKUTETbHOE BIMSIHME HA YPOBHU HEKOTOPBIX IaTOre-
HEeTUYECKMX J1abopaTOPHBIX MapKepoB OoTeKa. Bo Bcex BKIoueHHbIX KU ObLIM HalimeHbl OCHOBAHMSI IJISI HEKOTO-
PBIX OTIACeHMI1 B OTHOLIEHUY OOIIEro pucka cMmelneHus addeKTa, CBI3aHHOTO, INIABHBIM 06pa30oM, C OTCYTCTBUEM
OCJIeTUIeHNS] U 3AIIUTHI IIPOliecca paHIOMM3aIMK. PUCK cMelleHNs, CBSI3aHHOTO C BBIOOPOYHBIMM ITyOIMKaImei
U/WU COOBIIeHNEeM Pe3y/IbTaTOB, B pAMKaXx IMPOBEIEHHOTO CMHTE3a ObLT OI[€HEH KaK HU3KUIL.

3akntouenue. TIpoBeieHHbI 0630p IMOKA3aJI, UYTO CUCTEMHOE (IIEPOPAIbHOE MM ITapeHTEePaTbHOE) BBEIEHME SCIHA
B OCTPbIii TIEPUOZ, TOC/IE TPABM U ONEpPATUMBHbBIX BMENIATENbCTB 3¢ (HEKTUBHO YMEHBIIAIO BhIPAsKEHHOCTh OTeKa (YMe-
peHHast yBepeHHOCTb 10 GRADE-CERQual), XopoIo nmepeHOCHIOCh U TI0 YacTOTe BOSHMKHOBEHMSI HEKENIATeTbHbIX
SIBJIGHUIA He OTAMYaJI0Ch OT MUHYC-KOHTPOJIS, OT Mperapara CpaBHeHus! (MaHHUTONA) (YMEpPeHHasl yBepeHHOCTh T10
GRADE-CERQual). Pe3ynbTaThl 0630pa MOTYT HAiiTV JasibHEjIIee IIpMMeHeHMe TPy 000CHOBaHMM HOBBIX, Oojiee Co-
BepIIEHHbIX [TOAXOL0B K MPOBEIEHMI0 MeAVKAMEHTO3HOM KOPPEKLIMM OTEKOB Pa3INYHONM STUOIOTUMN.

KinroueBsle cjioBa: 3CLMH, 3CUMHAT, OTEK, IIpOTMBOOTEUYHAA Tepanus, CUCTeMaTUYECKUIA 0630]3, KIIMHN4YeCKue
ucciuenoBaHM.

IOns nurupoBanus: [Ipuxonbko B.A., OkoBuThIit C.B. OCLIMH AJisT CUCTEMHOTO BBeeHUS TIpU MOCTTPaBMaTUUECKOM
WY TIOCTOTMEPAIMOHHOM OTEeKe MSITKMX TKaHeil: CUCTeMaTuueckuii 0630p paHIOMM3MPOBAHHBIX KIMHUYECKUX
uccenoBaunit. Tpasmamonozust u opmonedust Poccuu. 2025;31(2):161-177. https://doi.org/10.17816/2311-2905-17695.

D<] BepoHuka Anexkcanoposua IIpuxodeko; e-mail: vaprikhodko@rambler.ru
Pykomuch nmonyuena: 20.03.2025. Pykonvich omo6pena: 08.04.2025. CtaTbst ony6amMKoBaHa onyiaiiH: 21.04.2025.
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INTRODUCTION

Edema is a typical pathological process
characterized by excessive accumulation of
extracellular tissue fluid in the interstitial and/or
intracellular space. Edema of varying localization
and severity is common across a wide range
of diseases, including chronic diseases of the
cardiovascular system, kidneys, and liver; acute
conditions accompanied by pronounced organ
failure; inflammatory processes; endocrine and
water-electrolyte imbalances; as well as trauma
and postoperative states [1, 2]. The prevalence of
soft tissue edema due to the injury or disruption
of integrity during invasive procedures, including
those performed in the context of trauma
management, varies widely depending on the
severity and location of the primary injury and
may reach 60-75% [3, 4, 5, 6].

Regardless of its origin, edema develops as
a result of the disruption of the physiological
balance between the blood pressure and the
tissues the blood supplies, as well as increased
permeability of the capillary endothelial barrier.
These changes lead to fluid being filtered into
the interstitial space at a rate exceeding its
reabsorption by the vascular system, resulting
in fluid retention in the tissues. The presence
of edema worsens the initial causes and
contributing factors by exerting mechanical
compression on affected structures, provoking
or intensifying pain, impairing tissue perfusion
and metabolic processes, and ultimately
leading to tissue dysfunction, forming a vicious
cycle [1, 2].

To manage edema of various origins and types,
both non-pharmacological methods - such as the
widely used RICE protocol (R - rest; I — ice; C —
compression; E-elevation)-and pharmacological
agents may be employed. These include diuretics,
anti-inflammatory, antiallergic, vasoconstrictive
drugs, venotonics, angioprotectors, and agents
for pathogenetic therapy of the underlying
disease [7, 8]. Management of post-traumatic,
perioperative, and post-operative edema aims to
facilitate tissue and/or bone fragment reduction
(in case of fractures), restore tissue trophism,
reduce pain, improve overall patient condition,
accelerate functional rehabilitation, and prevent
potential complications [6, 8, 9, 10].

Escin is a mixture of triterpene saponin
glycosides obtained from the seeds of the horse

chestnut (Aesculus hippocastanum L.), with
B-escin being the predominant and biologically
active component. In vitro and in vivo studies
have shown a wide range of pharmacological
effects for escin drugs (including sodium and
lysine salts), such as anti-edematous, angio-
and endothelioprotective, anti-inflammatory,
analgesic, and antioxidant activities [11, 12].
The most relevant mechanisms of escin’s anti-
edematous action include direct inhibition of
protein and mucopolysaccharide hydrolysis,
preventing an increase in the oncotic pressure of
interstitial fluid; steroid-like anti-inflammatory
activity; antagonism to histamine and
bradykinin; induction of endogenous antioxidant
factors; correction of endothelial function;
inhibition of endothelial cell apoptosis; and
prevention of pathological cellular adhesion in
the microcirculatory bed [11, 12, 13, 14].

Individual clinical trials (CTs) have
demonstrated the efficacy of escin and total
Ae. hippocastanum-based drugs as pharmaco-
logical agents for managing soft tissue edema
of various etiologies. The most substantial
evidence base exists for chronic venous disease
(CVD) [15, 16, 17].

The aim of the systematic review — to summarize
the clinical trial data on the efficacy and safety
of systemically administered escin medications
in the treatment of post-traumatic or post-
operative soft tissue edema.

METHODS

The systematic review was conducted in
accordance with the PRISMA 2020 (Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [18], as well as the
ROBIS (Risk of Bias in Systematic Reviews) [19]
and AMSTAR-2 (A Measurement Tool to Assess
Systematic Reviews) [20] methodological quality
and validity assessment tools. The PRISMA
2020 checklist with annotated review sections
is provided in the supplementary materials.
The objectives of the review, search strategies,
inclusion and exclusion criteria, screening
algorithms, source evaluation, qualitative
synthesis, risk of bias assessment, certainty of
evidence, and conflict resolution procedures
were all defined prior to conducting the review
and were not subject to change during its
execution. The review protocol was not published
or registered.
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The review included CTs that met the
criteria listed below, defined using the PICO(S)
framework [21] (Table 1).

No restrictions were imposed regarding
participants’ age or gender, dosage forms of
escin, or design features such as randomization,
blinding, etc., beyond the specified criteria. CTs
were excluded if they failed to meet any of the
aforementioned criteria or belonged to one of the
following categories:

1) synthetic research: narrative reviews,
scoping reviews, umbrella reviews, systematic
reviews, post-hoc analyses, meta-analyses, and
clinical guidelines;

2) non-clinical studies;

3) materials with low levels of evidence:
conference abstracts, case reports and case series,
methodological guidelines, meeting protocols,
press releases, etc.

The literature search was conducted on
January 8, 2025, across the following databases:
PubMed, eLIBRARY, SciELO, Cochrane Central
Register of Controlled Trials, and clinical trial
registries including ClinicalTrials.gov (USA)!,
EU Clinical Trial Register? and EU Clinical Trials
Information System® (EU), and the UK Clinical
Study Register* (UK). Working languages included
English, Russian, and Spanish. No publication
date restrictions were applied. Search queries are
presented in Table 2.

Screening of sources, assessment of eligibility
based on inclusion criteria, data extraction, and
risk of bias assessment for the included CTs
were performed independently by two review
authors (V.A. Prikhodko, S.V. Okovityi) without
the use of automation tools. All disagreements
were resolved through discussion until
consensus was reached, with the involvement

Table 1
Inclusion criteria for clinical studies
No. Parameter Inclusion criterion
1 Population
1.1 | State Injuries of any localization, origin, nature, and severity
OR prior surgical interventions of any localization, nature, and degree of
invasiveness
2 Intervention
2.1 | Medication Escin (in any form of salts or complexes)
2.2 | Administration route Systemic (oral or parenteral administration)
2.3 | Treatment regimen Monotherapy
OR combination therapy (presence of a comparison arm without the inclusion
of escin)
3 Comparison Placebo
OR basic/standard therapy
OR any comparator drug
OR combination therapy without the inclusion of escin
4 Endpoints Any relevant to post-traumatic edema
OR any relevant to post-operative edema
5 Study design
5.1 | Type Prospective
5.2 | Intervention Interventional
5.3 | Control Controlled

! National Library of Medicine. ClinicalTrials.gov. Available at: https://www.clinicaltrials.gov/

2 The European Union Clinical Trials Register. Available at: https://www.clinicaltrialsregister.eu/ctr-search/search

5 The European Union (EU) and European Economic Area (EEA) register of clinical trials for human medicines.
Available at: https://euclinicaltrials.eu/search-for-clinical-trials/

4 The United Kingdom Clinical Study Registry. Available at: https://www.isrctn.com/
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Table 2
Search queries
Database Search query
PubMed (escin* OR aescin*) AND (clinical trial)
eLIBRARY What to search for: (escin* OR escins® OR escinate*) AND (clinical trial) (in Russian)
Where to search: in the title; in the abstract; in the keywords
Publication type: journal articles; conference materials; reports
Parameters: search with morphological variations included
SciELO (escina OR aescina OR escinato OR aescinato OR escin OR aescin OR escinate OR aescinate)

AND type: research-article

Cochrane Central
Register of Controlled
Trials word variations]

Content type: trials

ClinicalTrials.gov

EU Clinical Trial
Register
Results status: trials with results

EU Clinical Trials
Information System

UK Clinical Study
Register

Study status: completed

Language: English, Russian, Spanish

Title Abstract Keyword: escin OR aescin OR escine OR aescine OR escina OR aescina OR escins
OR aescins OR escinas OR aescinas OR escinate OR aescinate OR escinato OR aescinato [include

Intervention/treatment: escin OR aescin OR escine OR aescine OR escina OR aescina OR escins
OR aescins OR escinas OR aescinas OR escinate OR aescinate OR escinato OR aescinato

escin OR aescin OR escine OR aescine OR escina OR aescina OR escins OR aescins OR escinas
OR aescinas OR escinate OR aescinate OR escinato OR aescinato

escin*, aescin®, escine*, aescine*, escina®*, aescina*, escins*, aescins®, escinas®, aescinas®,
escinate®, aescinate®, escinato*, aescinato™

Interventions: escin or aescin or escins or aescins or escinate or aescinate

of an independent consultant in cases where
disagreement persisted. Decisions on trial
inclusion were made in two sequential stages:
(1) screening of the title and abstract; and (2)
full-text assessment (for sources potentially
meeting inclusion criteria based on the initial
screening). For all included CTs, all available
data on participants, efficacy, and/or safety
of the intervention were extracted from the
original sources, presented by the authors,
including supplementary materials, without any
quantitative transformation.

The qualitative synthesis of evidence and
the investigation of data heterogeneity were
conducted using a narrative approach [22],
summarizing data from all included CTs accor-
ding to group-specific inclusion criteria based on
the PICO(S) framework, and presented in textual,
tabular, and graphical formats. The confidence
in the body of evidence was assessed using
the GRADE-CERQual system, which evaluates
sources based on four criteria: (1) methodological
limitations; (2) coherence; (3) adequacy of data;
and (4) relevance [23]. Key findings from the
synthesis were summarized in a Summary of
Qualitative Findings (SoQF) table [24].

The risk of bias in individual CTs included in
the review was assessed using the RoB 2 (Risk of
Bias) tool [25], as all studies were randomized
and interventional. For non-randomized
studies, the review protocol specified the use of
the ROBINS-I scale [26]. The RoB 2 tool allows
assessment of bias risk across five domains:
(1) randomization process; (2) deviations from
intended interventions; (3) missing endpoints’
data; (4) assessment of the endpoints; and (5)
selection of the reported result.

The risk of bias related to selective
publication and/or selective outcome reporting
was assessed by comparing the list of endpoints
in the trial protocol with those reported in
the corresponding publication. If the protocol
was not available, the endpoints listed in the
methods and results sections of the publication
were compared.

RESULTS

A total of 237 publications were identified
through the search process, and the screening
and evaluation procedures are illustrated in the
PRISMA diagram [18] (Figure 1).
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Following the screening process, three clinical
trials [27, 28, 29] that met all inclusion criteria
were selected; their general characteristics are
presented in Table 3.

All included trials were conducted in the
People's Republic of China, were comparative in
nature, had a parallel-group design (two trials
with a single intervention group [27, 28], and one
trial with two intervention groups [29]), were
randomized, and did not implement blinding

Identification via databases and trial registers

at any level. One trial included patients with
post-operative edema associated with CVD [27];
another involved patients who had undergone
skin flap transplantation due to trauma [28]; and
the third included patients with limb trauma-
related edema following surgical intervention
[29].

Potentially relevant trials excluded after
full-text assessment, along with the reasons for
exclusion, are presented in Table 4.

Identification via other methods

Records identified (n = 237): Records identified (n = 4) : _|Records removed
Databases (n = 222): Citations (n = 4) "|before screening (n =0)
5 PubMed (n=103)
= Cochrane CENTRAL (n = 94) Records removed before
& eLIBRARY (n = 22) screening (n=51):
g SciELO (n =3) Duplicate records (n = 51)
= Registers (n =15):
ClinicalTrials.gov (n =12)
EudraCT (n=3)
Records screened | Records excluded
(n=186) " (n=178)
Y
csn Records sought Full texts not retrieved Records sought _| Fulltexts not retrieved
§ for full text retrieval (n = 8) (n=2) for full text retrieval (n=4) " (n=3)
3
v Studies excluded (n = 3): v
Reports assessed for eligibility Uncompleted (n = 1) Reports assessed for eligibility " Studies excluded (n=1):
(n=6) Intervention (n=1) (n=1) Population (n=1)
Outcomes (n=1)
3 v
é ‘ Studies included (n=3) If.
=

Figure 1. PRISMA flow diagram

Table 3
General characteristics of clinical studies included in the review
First author Number of Design | Number
and year of n | Country of of Randomization Blinding Reference
I centers

publication groups | groups
Yang X., 2024 87 PRC 1 PG 2 Yes No [27]
Wei L., 2018 90 PRC 1 PG 2 Yes No [28]
Wang B., 2016 102 PRC 1 PG 3 Yes No [29]

PRC - People’s Republic of China, PG — parallel groups.
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Table 4
Potentially relevant clinical studies excluded after full-text assessment
First author and .
Lo Reasons for exclusion Reference

year of publication
Singhai A., 2024 Not completed (planned study protocol) [38]
Xie Q., 2009 Endpoints not meeting inclusion criteria (time to recovery of intestinal gas passage, [39]

time to return of bowel sounds, time to first bowel movement)
Duskova M., 1999 Intervention not meeting inclusion criteria (escin arm: escin + etamsylate; [40]

comparator arm: proteolytic enzymes)

CT 1. Clinical efficacy of sodium escinate
administration following endovenous
laser ablation for varicose veins

(Yang X. et al., 2024) [27]

X. Yang et al. evaluated the effects of systemic
administration of escin salt in patients with lower
limb varicose veins who underwent endovenous
laser ablation (EVLA). The parameters assessed
included the severity of edema, pain syndrome,
the course and symptoms of CVD, as well as the
quality of life [27]. The study was supported by
the International Scientific and Technological
Cooperation Program under the Science and
Technology Innovation Action Plan of Shanghai,
the Fundamental Research Program of the 9™
People’s Hospital, Shanghai Jiao Tong University
School of Medicine, and the pharmaceutical
company Shandong Luye Pharmaceutical Co.,
Ltd. (Luye Pharma Group) — the manufacturer
of escin-based drugs Oukai® and Maitongna®
(PRC). The authors declared no actual or potential
conflicts of interest.

The CT included 90 adult patients, of
whom 43 (49.4%), 20 (23.0%), 18 (20.7%), and
6 (6.9%) were classified as C2, C3, C4, and C5
clinical classes, respectively, according to
the CEAP (Clinical-Etiological-Anatomical-
Pathophysiological) classification of CVD. The
mean age of the participants was 59.9+10.7
years; among them, 54 (62.1%) were men
and 33 (37.9%) were women. The baseline
characteristics of the participants, common
to all three included CTs, are presented in
Table 5. Exclusion criteria included a history of
previous surgical treatment for CVD; bilateral
procedures performed during a single session;
use of venoactive and/or diuretic drugs within
the previous month; edema caused by other
conditions, including those of the lymphatic
system; stenosis and/or occlusion of deep veins;
arterial disease (ankle-brachial index less than
0.9); prior experience with and/or inability to
wear compression stockings; allergic reactions to
escin salts or a history of escin intolerance.

Table 5
Patient characteristics at baseline
Clinical trial
Patient .
characteristics at Yang X., 2024 [27] Wei L., 2018 [28] Wang B., 2016 [29]
baseline Escin Control Escin Control Escin Mannitol Escin +
group group group group group group mannitol group

Number of 42 45 45 45 34 34 34
participants
Age, years 58.5%12.1 | 61.1%9.3 9.3+2.7 9.1£2.8 45.3+7.6 46.8+7.3 45.8+6.3
(men#SD)
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End of Table 5

Patient characteristics at baseline

Clinical trial

Patient .
characteristics at Yang X., 2024 [27] Wei L., 2018 [28] Wang B., 2016 [29]
baseline Escin Control Escin Control Escin Mannitol Escin +
group group group group group group mannitol group
Male, n (%) 24 (57.1) 30 (66.7) | 23 (51.1) 26 (57.8) 24 (70.6) 18 (52.9) 19 (55.9)

Etiology of edema Post-operative (EVLA
sclerotherapy *
phlebectomy for
varicose veins of the

lower limbs)

Post-traumatic +
post-operative (pedicled
skin flap transplantation

for limb injury)

Post-traumatic +
post-operative (surgical intervention for
blunt trauma of the upper limb)

SD - standard deviation, EVLA — endovenous laser ablation.

Participants were randomized using a block
randomization method in a 1:1 ratio into
two parallel groups: A) intervention group;
B) negative control group. There were no
statistically significant differences between the
groups in terms of gender distribution, mean
age, body mass index, tobacco and alcohol
consumption, presence of comorbidities
(including diabetes mellitus, arterial hyper-
tension, and other cardiovascular diseases), as
well as the location and severity of the underlying
condition, as assessed by clinical scales,
questionnaires, and instrumental diagnostic
methods.

All patients underwent EVLA and ligation
of the great saphenous vein under regional
anesthesia. At the discretion of the surgeons,
some patients additionally received sclerotherapy
and/or phlebectomy. No pharmacological
prophylaxis of deep vein thrombosis or wound
infection was administered. All patients wore
class II compression stockings throughout the
entire study period. Participants in Group A
additionally received escin salt (60 mg) orally
twice daily for 20 days, starting on the day
of the EVLA procedure. Patients in Group B
did not receive any pharmacological therapy.
The parameters of the intervention protocol in
the described CT are presented in Table 6.

The assessment of the intervention’s efficacy
and tolerability was carried out over three visits:
at 105, 21£3, and 30%5 days postoperatively.
The primary endpoint was defined as the change
in calf circumference (cm) on day 21, reflecting the

resolution of local edema. Secondary endpoints
included changes in ankle circumference (cm) on
days 10, 21, and 30; pain intensity assessed by the
Visual Analog Scale (VAS, score); clinical severity
of chronic venous disease assessed by the Venous
Clinical Severity Score (VCSS, score); and quality
of life measured by the Aberdeen Varicose Vein
Questionnaire (AVVQ, score). The time points and
study endpoints are illustrated in Figure 2.

The full analysis set (FAS) included 87
patients who completed the study program, of
whom 74 fully adhered to the treatment protocol
(per protocol set, PPS). Among FAS participants
receiving escin, a significantly lower absolute
calf circumference was observed compared to
the control group on days 10 and 21 of treatment
(Day 10: 37.49+2.75 vs 38.98+2.87 cm, p = 0.018;
Day 21: 36.93%2.64 vs 38.31%£2.60 cm, p = 0.019).
In addition, the increase in calf circumference
relative to baseline was significantly smaller
in the escin group at all time points (Day 10:
1.04%0.35 vs 2.39%1.15 cm; Day 21: 0.48+0.42 vs
1.73%1.00 cm; Day 30: 0.18+0.64 vs 0.82+0.96 cm;
p<0.001 for all comparisons). The between-group
differences were -1.44%0.18 cm (95% CI: -1.80,
-1.07), -1.26%¥0.17 cm (95% CI: -1.59, -0.93),
and -0.54+0.17 cm (95% CI: -0.88, -0.20) at the
respective time points.

The mean ankle circumference was
significantly lower in the escin group on day 10
(23.8£1.98 cm vs 24.85%1.66 cm, p = 0.023), with
no difference observed between groups on days
21 and 30. A significantly smaller increase in
this parameter was recorded in the escin group
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Table 6
Characteristics of intervention protocols in the included studies
Clinical trial
Yang X., 2024 [27] Wei L., 2018 [28] Wang B., 2016 [29]
Parameter .
Escin Control Escin Control Escin Mannitol If;ﬁigtzl
group group group group group group group
Intervention sodium no sodium escinate no sodium mannitol sodium
escinate escinate escinate +
mannitol
Administration route orally - IV drip - IV drip IV drip IV drip
Dose per 60 - 0.2 mg/kg, not - 20 25 10+ 25
administration, mg exceeding 20 mg
per day
Frequency of 2 - 1 - 1 2 1
administration, times
per day
Daily dose, mg 120 - 0.2 mg/kg, not - 20 50 10+ 25
exceeding 20 mg
per day
Duration of therapy, 20 7 7
days
Baseline therapy Non-pharmacological | Pharmacological (analgesics, No
(compression antibacterial agents,
stockings, class II) nutritional support, fluid
and electrolyte balance
regulators)

1 YangX.etal, 2024

Ankle circumference, cm
Calf circumference, cm
VAS score, point

VCSS score, point

AWQ score, point

Ankle circumference, cm
Calf circumference, cm
VAS score, point

VCSS score, point

AVVQ score, point

Ankle circumference, cm
Calf circumference, cm
VAS score, point

VCSS score, point

AVVQ score, point

v
|

days since o

trial start g 10 21 30
2 Weil.etal, 2018 Cumulative wound drainage, ml
Flap swelling grade
hd Two-point
Serum CRP, mg/I discrimination test
Serum MDA, nmol/ml of flap, mm
, v o V v
days since _ | 1 [
trial start 0 1 3 7 30

3 WangB.etal, 2016

Serum AQP1, pug/l
Edema resolution (yes/no)

days since _ |

v ‘

trial start

0 3 7

drug administration period

Figure 2. Time points and endpoints of the trials included in the review
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at the first two time points (Day 10: 1.37+0.52
vs 2.36%0.93 cm, p<0.001; Day 21: 0.58%0.60 vs
1.14%0.88 cm, p = 0.002). Escin administration
resulted in a significant reduction in ankle
circumference by -1.00£0.17 cm (95% CI: -1.34,
-0.66) and -0.57+0.17 cm (95% CI: -0.91, -0.22)
compared to the control group on days 10 and 21,
respectively.

The intensity of pain according to VAS,
the overall severity of CVD by VCSS, and the
quality of life as assessed by AVVQ did not differ
significantly between the groups throughout the
study period in the FAS analysis. For the PPS,
a significantly lower pain intensity was observed
on day 21 in the escin group compared to those
not receiving drug therapy (0.508%0.794 vs
0.953%£0.916, p = 0.047). The mean group scores
for VCSS and AVVQ did not differ significantly
between the groups, regardless of patient
adherence to the protocol.

The overall frequency of adverse events
(AEs) was 16.7% (n = 7) in the escin group
and 11.1% (n = 5) in the control group, with
no significant difference between them. None
of the AEs were considered serious. The AEs
included dyspeptic symptoms (n = 5; 2 patients
discontinued the drug), chest discomfort
(n = 2), skin reactions (n = 4), and hypersensi-
tivity reactions (n = 1). The frequency of AEs
did not differ significantly between the two
groups. The results of the assessment of the
intervention tolerability in the included trials
are presented in Table 7.

Thus, in the study conducted by X. Yang et al.,
escin (60 mg orally twice a day for 20 days)
in combination with the use of compression
stockings effectively reduced the severity of
lower limb edema and pain (in patients with high
adherence to the protocol), had no impact on the
overall course of the disease or quality of life in
patients with CVD who underwent EVLA with
optional sclerotherapy and/or phlebectomy [27].

Table 7
Incidence of adverse events in the included studies, number of patients (%)
Clinical trial
Yang X., 2024 [35] Wei L., 2018 [36] Wang B., 2016 [37]
Adverse event Esci
Escin Control Escin Control Escin Mannitol scin +
group group group group group group mannitol
group
All AEs 7(16.7) | 5(11.1) | 1(2.2) 0 6(17.7) | 8(23.5) 2(5.9)
Dyspeptic symptoms, nausea, 5* 0 0 N/A
diarrhea
Chest discomfort, palpitations 2 0 0 0 N/A
Skin reactions, blisters 4 0 N/A 3 2 1
Hypersensitivity reactions 1 0 0 0 1 1 0
Injection site reactions N/A 1 0 N/A
Dizziness N/A 0 0 N/A
Liver function disorders N/A 0 0 N/A
Kidney function disorders N/A 0 0 0 4 0
Electrolyte imbalances N/A 0 0 0 2 0
Dysuria, changes in urination N/A 0 0 N/A
frequency
Phlebitis N/A N/A 2 ‘ 0 1

* Data from the original source without group stratification.

N/A - no data available.
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CT 2. Sodium escinate injection for skin
flap transplantation of hand or foot
in children (L. Wei et al., 2018) [28]

L. Wei et al. assessed the impact of parenteral
administration of escin on the resolution of
edema and exudation, serum marker levels
(C-reactive protein (CRP), malondialdehyde
(MDA)), and the recovery of sensory function
following skin flap transplantation for the
treatment of traumatic limb injuries in children.
The authors did not disclose funding sources but
stated that there were no apparent or potential
conflicts of interest [28].

CRP is one of the so-called acute-phase
proteins, widely used as laboratory markers of
inflammation of any etiology, demonstrating
high sensitivity and a rapid response to the
development of the inflammatory process.
Recent data suggest that CRP may play a role as
a mediator of endothelial dysfunction, impairing
normal endothelial reactivity and contributing
to increased permeability of capillary walls [30].
MDA is the primary product of the peroxidative
degradation of unsaturated lipids, reflecting
the intensity of oxidative stress and oxidative
damage to biomolecules and cellular structures.
MDA and neoantigens formed from modified
proteins possess pro-inflammatory activity by
inducing corresponding cytokines and activating
cellular immune response reactions [31].

The CT included 90 children aged 5 to 14 years
(49 (54.4%) boys, 41 (45.6%) girls) with injuries
to the upper (62 (68.9%)) or lower limbs (28
(31.1%)). All of them underwent pedicled skin
flap transplantation as part of their treatment
for the sustained injury, with the majority (75
(83.3%)) receiving it as part of emergency medical
care. Baseline characteristics of the participants
common to the three included trials are presented
in Table 5. Exclusion criteria included the use of
diuretics within 1 week and/or steroids within
1 month before the start of the CT; the presence
of heart disease, previous heart surgery, kidney
damage and/or renal failure, liver failure, HIV
infection, coagulation disorders, electrolyte
imbalance, or hemodynamic instability.

Patients were randomized into two parallel
groups: A) intervention group (escin), and
B) negative control group. The groups did not
differ significantly in terms of gender ratio,
mean age, time and circumstances of injury,
injury location and severity, surgical protocols

and operative features, or baseline serum
concentrations of CRP and MDA. All children
received baseline therapy, which included
analgesics, antibiotics, nutritional support,
and medications for water-electrolyte balance
regulation. Participants assigned to Group A
additionally received escin salt (0.2 mg/kg, not
exceeding 20 mg) via intravenous infusion once
daily for 7 days, starting on the day of transplan-
tation. The parameters of the intervention protocol
in the described CT are presented in Table 6.

The evaluation of the drug’s efficacy and
tolerability was performed on days 1, 3, 7, and
30 of the study. Venous blood serum levels of
CRP (mg/l ) and MDA (nmol/ml) were measured
on days 1, 3, and 7. The total volume of wound
exudate obtained via drainage (ml) and the
degree of skin flap edema (on a scale from 0
to 3) were assessed on day 7. Thirty days after the
start of the CT, recovery of sensory function in
the transplanted area was evaluated using the
two-point discrimination test by determining the
minimal distance between two stimulation points
perceived by the patient (mm). The timeline and
endpoints of the CT are presented in Figure 2.

All 90 participants completed the study
protocol and were included in the analytical
sample. Serum CRP and MDA levels were
significantly lower in the escin group compared
to the control group at all time points, according
to Student’s t-test (CRP: t1 = 3.272, t3 = 8.597,
t7 = 8.003, p<0.05 for all; MDA: t1 = 9.569, t3 =
10.046, t7 = 7.420, p<0.05 for all). The volume of
wound exudate on day 7 after the start of therapy
was significantly lower in the escin group
compared to the control group (58.11+20.51 vs
72.25%22.70 ml, p = 0.005). Patients receiving
escin also showed significantly more frequent
cases of less severe local edema compared to
those receiving standard therapy alone (absolute
frequency of edema grades 0/I/1I/II1: 7/25/13/0
and 2/20/22/1 in the two groups, respectively,
p=0.013). One month after the start of the CT, the
results of the two-point discrimination test also
differed significantly: the minimal discernible
distance was 7.46*3.74 mm in the escin group and
9.73+3.68 mm in the control group (p = 0.004).

In the experimental therapy group, one case
of local irritation and pain during escin infusion
was reported as an AE; the symptoms resolved
spontaneously after reducing the infusion
rate. The overall incidence of AEs did not differ
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significantly between the two groups. The results
of the tolerability assessment of the interventions
in the included CTs are presented in Table 7.

Thus, in the study conducted by L. Wei et al.,
escin (0.2 mg/kg administered once daily via
intravenous infusion for 7 days), when included
in the pharmacological treatment regimen
for post-traumatic limb injury and skin flap
transplantation in children, significantly reduced
serum levels of CRP and MDA, decreased the
severity of edema and exudation in the affected
area, and contributed to improved sensory
function recovery of the flap in the long-term
period [28].

CT 3. Clinical effects of joint application
of B-sodium escinate and mannitol

in treating early swelling after upper
limb trauma surgery

(B. Wang et al., 2016) [29]

B. Wang et al. evaluated the effects of escin as
monotherapy and in combination with mannitol
on the severity of local edema and serum levels
of aquaporin-1 (AQP1), a marker of vascular wall
permeability, in patients undergoing surgical
procedures on the upper limb for blunt trauma.
The authors did not disclose funding sources and
did not report the presence or absence of any
conflicts of interest [29].

AQP1 is a transmembrane protein responsible
for water transport across cell membranes along
the osmotic gradient and also participates in
non-selective ion transport via a mechanism
dependent on cyclic guanosine monophosphate.
In adults, the highest levels of AQP1 expression
are found in endothelial cells across nearly
all anatomical locations, as well as in kidney
structures, the choroid plexus of the brain,
intrahepatic bile ducts, the gallbladder, and
other regions of the gastrointestinal tract [32].
Induction of AQP1 and other aquaporins has
been shown to be positively associated with the
severity of edema in conditions such as chronic
congestive heart failure, liver cirrhosis, chronic
kidney disease, and other pathologies [33].

The study was conducted with the participa-
tion of 102 adult patients who underwent surgical
treatment for upper limb trauma sustained no
more than 8 hours prior to enrollment. Baseline
characteristics of the participants, common to
the three included CTs, are presented in Table
3. Patients were excluded if they had edema

associated with severe damage to the nervous
system and/or blood vessels, burns, venous and/
or lymphatic obstruction, neoplastic processes,
or comorbidities involving the heart, kidneys, or
brain.

Participants were randomized into three
groups (n = 34 in each): A) intervention group
(escin monotherapy); B) active control group;
and C) combination therapy group. The mean
ages were 45.3%7.6, 46.8+7.3, and 45.8+6.3 years,
and the mean time from injury to enrollment was
5.6*1.1, 5.4%1.5, and 5.8+1.3 hours in groups A,
B, and C, respectively. In group A - 18 (52.9%)
patients, in group B — 15 (44.1%) patients, and
in group C - 17 (50.0%) patients had grade II
edema; the remaining participants in each group
presented with grade III edema. The groups
did not differ significantly in terms of gender
distribution, mean age, time from injury, or
edema severity (graded I to III).

Patients in group A received escin sodium salt
(20 mg) administered once daily via intravenous
infusion. Participants in group B received the
comparator drug — mannitol, an osmotic diuretic
— administered as a 20% solution (125 ml; 25 mg)
via intravenous infusion twice daily (every 12
hours). Patients in group C received combination
therapy with half the daily doses of each drug:
escin (10 mg) administered once daily via
intravenous infusion plus 20% mannitol (125 ml;
25 mg) administered once daily via intravenous
infusion. The intervention protocol parameters
for this CT are presented in Table 6.

The efficacy and tolerability of the interven-
tions were assessed by measuring serum
concentrations of AQP1 (ug/l) on days 3 and 7
of treatment, as well as the time to complete
resolution of edema. Therapy was considered
effective if the edema resolved in less than 3 days,
partially effective if it resolved in 4 to 7 days, and
ineffective if it took more than 7 days. Overall
efficacy was calculated as the proportion of pati-
ents with a complete or partial response relative to
the total number of patients (%). The timeline and
endpoints of the CT are presented in Figure 2.

The mean time to resolution of edema in
the affected area was 6.38+1.37, 6.61%1.63,
and 4.16*1.72 days in the escin, mannitol, and
combination therapy groups, respectively; the
combination treatment had a significantly greater
effect (p = 0.027). The treatment was effective
in reducing edema in 79.4%, 70.6%, and 94.1%

172 2025;31(2)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



REVIEWS

of patients in the three groups, respectively;
a significantly higher efficacy was also observed
for combination therapy (p = 0.042). At the
start of the treatment, there were no significant
differences in serum AQP1 levels between the
groups. During the study, this level remained
unchanged in the mannitol group, but signifi-
cantly decreased in the escin and combination
groups (escin: baseline — 16.54%3.06 ng/l, day 3
- 11.34%2.52 ng/l,day 7 - 7.28+1.23 pg/1 (p<0.05);
escin + mannitol: baseline - 17.24%3.26 ng/l,
day 3 - 11.36%*2.85 pg/l, day 7 - 7.31%1.52 pg/l
(p<0.05)). There were no statistically significant
differences in AQP1 levels between the groups.

In the escin group, AEs were observed with
an overall frequency of 17.65%, including the
appearance of blisters on the skin (n = 3),
phlebitis (n = 2), and allergic reactions (n = 1). In
the mannitol group, the overall frequency of AEs
was 23.53%; these included kidney dysfunction
(n = 4), blisters on the skin (n = 2), electrolyte
imbalances (n = 2), and allergic reactions (n = 1).
In the combination therapy group, AEs occurred
at a frequency of 5.88% and were represented by
phlebitis and skin blisters (n = 1 each). The overall
frequency of AEs did not differ significantly
between the patient groups. The results of the
assessment of intervention tolerability in the
included CTs are presented in Table 7.

Thus, in the study by B. Wang et al., escin
(20 mg intravenously, once a day for 7 days)
facilitated edema resolution, showing no
significant difference compared to mannitol
(25 mg intravenously, twice a day for 7 days). The
combined administration of half-doses of escin
and mannitol (10 mg + 25 mg intravenously,

First author,

year of publication R D Mi
Yang X., 2024 ? ? ?
Weil., 2018 ?

Wang B., 2016 ?

Risk of bias domains
Me S

once a day for 7 days) significantly enhanced the
overall anti-edematous effect of the components.
Escin and its combination with mannitol
significantly reduced serum concentrations of
the AQP1 marker, which was not observed with
mannitol monotherapy [29].

Risk of bias assessment

According to the RoB 2 system algorithms, all CTs
included in the review raised concerns regarding
the overall risk of bias (Figure 3). All CTs had a
moderate risk of bias related to randomization,
as none of them used allocation concealment as
a measure to protect the randomization process.
The risk of bias related to deviations from the
intervention protocol was assessed as moderate
for the CT by X. Yang et al., based on the repor-
ted significant impact of low adherence to the
protocol on one of the endpoints, as well as
the absence of pharmacological therapy in
the negative control group. For this same CT, the
risk of bias related to missing endpoint data was
also assessed as moderate due to the absence of
relevant data for more than 10% of participants
[27]. All included CTs raised concerns regarding
the risk related to endpoint assessment, due to
the lack of blinding of both participants and
medical staff. The risk of bias related to the
selective reporting of results was assessed as
low in all cases.

The risk of bias related to the selective
publication and/or reporting of results was low in
the conducted synthesis: all three CTs included
in the review reported the results of all endpoints
stated in the methods section of the respective
publications.

Overall risk
of bias

?
. high risk

? some concerns

low risk

Figure 3. Risk of bias assessment for the included clinical trials according to the RoB 2 tool: R — bias related
to randomization; D — bias related to deviations from the intervention protocol; Mi — bias related to missing
endpoint data; Me — bias related to endpoint assessment; S — bias related to the selective reporting of results
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DISCUSSION

The anti-edematous effect of escin may
be associated with its influence on several
pathogenic mechanisms common to edema
of various origins, including inflammation,
oxidative stress, lipid peroxidation, and
dysfunction of transmembrane water channels.
This was reflected in changes in relevant
laboratory markers observed in participants
receiving escin in the included CTs.

The results of three randomized CTs identified
during the literature search allow for a reasonable
degree of confidence in concluding that systemic
administration of escin medications may be
effective in reducing localized edema in patients
following trauma or surgical interventions,
including cases involving surgical management
of injuries. Moreover, systemic use of escin during
the acute post-traumatic or postoperative period
was shown to be safe in the reviewed trials and
was well tolerated, with no significant differences
compared to placebo or the comparator drug
(mannitol).

The findings of our systematic review
are consistent with those reported by other
authors. For instance, in a literature review
by L. Gallelli, data were presented supporting
the anti-edematous, anti-inflammatory, and
venotonic effects of escin, as well as its ability to
reduce the severity of ischemic-hypoxic injury
to endothelial cells and restore physiological
permeability of microcapillary walls [12].
Y. Yang et al. summarized the results of a broad
range of preclinical studies demonstrating
escin’s efficacy in cases of brain and pulmonary
edema, as well as in inflammatory diseases of
various localizations accompanied by edema
[34]. A reduction in circulating levels of MDA
[35] and CRP [36] following the administration
of escin or escin-containing combinations has
also been previously observed in animal studies.
Additionally, C. Chen et al. reported that escin
suppressed the in vitro hyperexpression of AQP1
by endothelial cells [37].

The relatively high degree of uncertainty in
the qualitative assessment presented above is
attributable, first, to the small overall sample size
of the included CTs (n = 3) and their participants
(n = 279); second, to the high degree of

heterogeneity among the trials; and third, to
the substantial risk of bias in the observed
effects, primarily resulting from suboptimal
methodological aspects of the analyzed studies.
The included trials exhibited considerable
heterogeneity in terms of patient population
characteristics (treatment indications),
intervention protocols (route of administration,
dosage, duration of treatment), endpoints
and their assessment methods, as well as the
statistical approaches used for analysis.

A more precise and quantitative assessment
of the efficacy and safety of systemic escin
administration for specific indications or
groups of indications may become possible
through CTs with greater statistical power and
a design closely aligned with the gold standard
(double-blind, placebo-controlled CTs).
The key findings of this review and the authors’
level of confidence in them are summarized in
the SoQF table, developed in accordance with
the GRADE-CERQual guidance [24] (Table 8).
The results of this review may serve as
a basis for developing improved approaches to
the pharmacological management of edema
of various etiologies.

Limitations

This review has several limitations that may
affect the potential evidentiary value of its
findings. The search strategy did not include
fixed-dose escin combinations or compound
medications, including herbal extracts
containing escin, as the composition of such
combinations is not always fully characterized,
making it difficult to attribute observed effects
to a specific component. The search was limited
to the languages in which at least one of the re-
view authors was sufficiently proficient, and no
translation tools were used to access potentially
relevant sources in other languages. Further-
more, the search was conducted exclusively in
open-access databases and registries, which
may have limited the identification of additio-
nal potentially relevant sources. The qualitative
synthesis of evidence was conducted using a
narrative textual approach without the use of
advanced methodologies, primarily due to the
small sample size and substantial heteroge-
neity of the included studies.
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CONCLUSIONS

During this systematic review of 237 sources,
three randomized clinical trials were identified
that evaluated the efficacy and safety of
systemically administered escin medications
for post-traumatic or post-operative edema.
In these trials, orally or intravenously
administered escin was effective in reducing the
severity of localized edema in patients following
endovenous laser ablation for varicose veins of
the lower limbs (one trial), as well as in patients
with limb injuries followed by surgical treatment
(two trials). Escin administration was associated
with normalization of serum levels of certain
markers of inflammation, oxidative stress, and
increased endothelial barrier permeability.
Escin medications were well tolerated in all
trials. Thus, systemic administration of escin
may be effective and safe for managing post-
traumatic and post-operative edema; however,
confirmation of this hypothesis requires further
evidence.
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OCNoXXHEHUs NpU UCNONb30BAHUM OCTEOMHTErPaTUBHBIX 3K30NpPOTE30B
U CpPaBHEHMUE KaueCTBa XXU3HU NALUEHTOB NpPU PasanUHbIX CUCTEMAX
NpoTe3nMpoBaHua: 0630p NUTepaTypbl
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Pedepar

AxmyanvHocmp. HecMOTpsl Ha TIOC/efHYEe TOCTYDKEHVSI MeJUIIVHBI, YDOBEHb aMITyTaluii ocTaeTcsl BbICOKMM. Cpefyt rpak-
JAHCKVX JIUL, COCynycThIe 3a6oneBanus (82%) v TpaBMbI (17%) SIBASIOTCS OCHOBHBIMY IIPUYMHAMMY, MPUBOASIIIMMU K UH-
BanyaHOCTY. [To/I0BMHA AlIeHTOB, IepeHeCIIX aMITyTalluIo, MICIIbITBIBAET TPYLHOCTY C MCIIO/Ib30BaHMEM TPAANLVIOHHOM
kynbrenpueMHor rwnb3sl (KI'). AnbrepHaTtuBy KI' mpeAcTaBisSiOT OcTeOMHTerpaTuBHbIE 9Kk30mpoTe3sl (03), mepenaroniye
HarpysKu yepe3 KOCTY U 06ecrieunBaolye MOBBIIIeHHbIT KOM(POPT ¥ BO3MOKHOCTD IIPOTE3MPOBAHMS IOPOYHBIX ¥ KOPOT-
KUX KYJIbTeIA.

Llens — Ha OCHOBe aHa/IM3a AUTEPATYPbI ONPeeNUTh YaCTOTy MeXaHUUeCKMX ¥ MHGEeKUMOHHbIX OC/IOKHEHMIt OCTeOMH-
TerpaTMBHBIX CYUCTEM IPOTEe3MPOBAHMS ¥ CPaBHUTH KaueCTBO XM3HM IMalMIeHTOB, MCIIOIb3YIOLMX OCTEOMHTerpaTBHbIE
9K30IIPOTEe3bl Y Ky/lbTelIPYIeMHbIe TWIIb3bI.

Mamepuan u memodes. TIovick HayYHBIX MyOIMKALINIT BBITIOMHSII B 6a3ax JaHHBIX Scopus, PubMed, a Takke Ha riaTdop-
max ResearchGate, Google Scholar u eLIBRARY 1o k/io4eBbIM CJI0BaM, CBSI3aHHBIM C OCTEOMHTErpalueil U KauyeCTBOM
skusHu, ¢ 2000 mo 2024 rr.

Pesynsmamet. Vindekiyyu B 30He CTOMbI MOTYT pa3BuBaThcs Y 11-67% maliMeHTOB, MpK 3TOM B 5-8% cityyaeB Tpe6yeTcst
XUPypruyeckoe BMellaTenbCTBO. Vicnonb3oBanue 0D 3HAUMTENBHO YIyUINIO QYHKIMOHAIbHbIE TI0Ka3aTeIn: JOs Halu-
eHTOB ¢ ypoBHeM K>3 Bo3pocia ¢ 5 1o 100%, a pe3ynbTaThl 6-MUHYTHOTO TECTA XOAbObI YBETUUMINACH ¢ 292 10 448 MeTpoB.
OTMmeueHO MOBbBILIEHME BCeX MOKasaTesell KaueCcTBa XXU3HM M0 1Kane SF-36, a [0S ManyeHToB, MCIOAb3YIOUIMX IPOTe3
6oiee 13 yacoB B IeHb, BO3pocia ¢ 43 1o 95%. OcTeoMHTerpaTUBHOE K30IIPOTE3UPOBAHME ITPEBOCXOAUT TPALUIIVIOHHBIE
MeTO/IbI 10 BceM IokasaTtenssm Q-TFA.

3axatouenue. OcTeoMHTerpaTVMBHblE VMILIAHTAThl YIyYIIAIOT BOCIPUSTME IMALMEHTOM IIPOTe3a M OLIYLAIOTCS 4acTbio
Tesa, a He OPTOINeAMYeCKUM U3e/MeM 10 CPaBHEHMIO C IIPOTe3aMU C Ky/lIbTelIPMeMHBIMY IMiib3aMy. OCTeOMHTerpaTuBHOE
9K30IPOTE3MPOBaHME SIBIISIETCSI MHOTOO0eaoliell TeXHOIOTHel, HO TpeGyeT alnbHelIero UCCIeSOBaHUs U YIyYIleHsT
MSITKOTKaHOTO MHTepdetica Iys1 6oee MMUPOKOTO IPYMEHEHMUS.

KiioueBble ciioBa: amIyTrauumn, mporesupoBanme, OCIOKHEHNS, OCTEOMHTEerpanysd, KyJabTelrpyeMHas r'mjib3a, OCTEOMHTEer-
PaTUBHbBIE 3K30IIPOTE3bI, KAYECTBO JKU3HNA.

IOnsa uutupoBanus: Cunery6 A.B., KoBanenko [I.A., UymnpsieB B.A., Hukomnaenko A.H., Bopucos A.Il. OciokHEHUST
MPU UCIIOMIb30BaHMYM OCTEOMHTErpPaTMBHBIX 3K30MPOTE30B M CpaBHEHME KauecTBa JXM3HM MAlMeHTOB IPU pas3jind-
HbIX CHUCTEMax IpOTe3upoBaHus: 0630p auTepaTypbl. Tpasmamonozus u opmonedus Poccuu. 2025;31(2):178-189.
https://doi.org/10.17816/2311-2905-17663.
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Complications of Osseointegrated Prostheses and Comparison
of Quality of Life in Patients with Different Prosthetic Systems:
A Review
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Abstract

Background. Despite recent advances in medicine, the amputation rate remains quite high. Among civilians, vascular
diseases (82%) and injuries (17%) are the main causes leading to disability. Half of the patients who have undergone
amputation have difficulty using a traditional prosthetic socket (PS). An alternative to PS are osseointegrated (OI)
prostheses that transmit loads through the bones, provide increased comfort and the possibility of fitting faulty and short
stumps.

The aim — based on a literature review, to determine the mechanical and infectious complications rate of osseointegrated
prosthetic systems and compare the quality of life in patients with osseointegrated prostheses and prosthetic in sockets.
Methods. The search for scientific publications was performed in Scopus, PubMed, ResearchGate, Google Scholar,
and eLIBRARY databases using the keywords related to osseointegration and quality of life, from 2000 to 2024.

Results. Infections in the stoma area may develop in 11-67% of patients, with 5-8% of cases requiring surgical
intervention. Use of OI prostheses significantly improved functional indicators: the proportion of patients with
a K-level >3 increased from 5 to 100%, and the results of the six-minute walk test increased from 292 to 448 meters.
Allindicators of quality of life according to the SF-36 scale improved, and the proportion of patients using the prosthesis
for more than 13 hours a day increased from 43 to 95%. Osseointegrated prosthetics is superior to traditional methods
in all Q-TFA indicators.

Conclusions. Osseointegrated implants improve patient’s perception of the prosthesis and feel like a part of the body
rather than a prosthetic device compared to dentures with stump sleeves. Osseointegrated prosthetics is a promising
technology, but requires further research and improvement of the soft tissue interface for wider application.

Keywords: amputations, prosthetics, complications, osseointegration, prosthetic socket, osseointegrated prostheses,
quality of life.
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BBEJEHUE

HecmoTpss Ha pa3sBuTME MeOULMHBI, KOIUYECTBO
aMIlyTauuii B MMpE OCTaeTcs BBICOKMM M pacTeT
¢ KaxgpiM rogom. Cpenm rpakgaHCKMUX JIUI, OCHOB-
HOJM NPUUMHON aMIyTalui SIBISIIOTCS COCYAMUCTBIE
3aboseBaHMs, TIPUCYIIME TIOKUIBIM JIIOASIM M yalie
BCETO CBSI3aHHbIe ¢ IuabeTuyveckoit cromoii [1, 2, 3].
Ha BTOpOM MecTe HaxonsATCsl TpaBMbI [4], KOTOpbIe
BCTPEYarTCs B OCHOBHOM Y JIMI[ MOJIOLOTrO BO3pac-
Ta, BK/IIOYAsl MOBPEXIEHUS COCYOOB HIDKHUX KOHEU-
HOCTelt, BbI3BaHHbIE OTHECTPENbHBIM OpyXuem [5].
Haunbonee pacrpocTpaHeHHbBIMM aMITyTAlUSIMU SIB-
JIIIOTCSI BMeIllaTelbCTBA HA YpOBHe Oenpa (66,4%)
u ronenu (19,2%) [6].

Cpeny BOEHHOCTY>XKAIUX, SIBJSIOIIMXCS YUaCTHU-
KaMu crienuagbHOM BoeHHOM omnepanuu (CBO), ko-
TOpble MIPOXOASAT MEAUKO-COLUMAIbHYI0 KCIIEePTU3Yy,
60s1ee TIOMOBMHBI JIUI] MMEIOT aMITyTaluy, U3 HUX
6omee 80% cOCTaBAAIOT aMITyTallMy HUSKHUX KOHEY-
HOCTel, B TOM umcie 38,5% — ammyrauum Gempa,
36,3% — amIyrauuu ronesu [7]. Bornpocsl meguko-
coLMaabHOM MOMOILM MHBAAMUIAM BCJIECTBMUE BOEH-
HOI1 TpaBMbl OTHOCSITCSI K IPUOPUTETHBIM 3a7avyam
rocymapcraa [8].

Cneunanuctbl ®I'BY «OHOL MeanKo-COLMaTbHOM
9KCIepTM3bl U peabmwmuraumuy um. [LA. AnbbpexTa»
Muntpyga Poccum BbISIBWIM, YTO Gojiee TONOBU-
HbI 06C/IenoBaHHbIX (55%) MMenu MOpoYHble KyJIbTU
¢ 60je3HEeHHBIMM pyOIlaMM W/VIM HEBpOMaMM, He-
MMPaBWJIbHO 06PabOTaHHBIMM OITMIAMM KOCTHO KYJTb-
T U ocTeouTaMu, KOTOpbIe GbIIO 3aTPYTHUTETHHO
MPOTE3UPOBATh C UCIIOIb30BAHMEM KYJIbTEIIPUEMHO
runb3bl (KT) [9].

[TIpo6nembl mpu ucronb3oBanuu KI' mmerorcs
y TIOJIOBMHBI BCEX TAIlMEHTOB, OHM OCOGEHHO SIPKO
BBIP&KEHBI Y MALMEHTOB C KOPOTKUMMU KyJIbTSIMM,
BBICOKOJI CTereHbI0 aKTUBHOCTY WM OGuiaTepaabHOM
ammnyTtanyeit [10]. KI' obecrieunBaeT 61o0MexaHuvec-
KO€e BOCCTAaHOBJIEHME YTPAYE€HHOI KOHEYHOCTH ITyTEM
rnepenayy Harpy3ok uepe3 KO>KHbIe IOKPOBBI, YTO He-
ecTeCcTBEHHO. BciencTBue 3TOT0 NMpu UCIO/Ib30BaHUN
KT BO3HMKaeT psifi, OCUIOKHEHU, CHUKAIOIIUX Kayec-
TBO XXu3HMu [11].

OcTeoMHTerpaTUBHOE 3K30MPOTE3UPOBaAHUE —
3TO MeTOZ, IPOTe3MPOBaHysl, TP KOTOPOM MMILIaH-
TaT 3aKperisieTcs B MHTpaMeLy/UISIPHbI KaHal KOCTU
KYJIBTY Y BBIXOAUT HaPYXKy, COEIUHSISICh C 9K30IIPOTe-
30M [12]. B Havase 1990-X IT. OCTeOMHTErpaTUBHEIE
aKk30mpoTe3sl (0J) CTany NMPUMEHSITHCS B OPTONeaNn
IIS1 peaGuMInTaluy JII0fel C aMITyTMPOBAaHHBIMM KO-
HeYHOCTSIMU. BbITI0 0GHApY>KeHO, YTO TaHHas TeXHO-
JIOTUS NOAXOOUT NaliieHTaM C KOPOTKO KyJIbTel Uin
TeM, KTO UCIIbITbIBaeT mpobsiemsi ¢ KT [13].

Hapsipy c mpeumyiiecTBamMmu, TaKMMU Kak CTabUITb-
Hag puKcauus IpoTresa, OTCYTCTBUE AMCKOoMbopTa U
MOBpEXIEeHU KOKU U3-3a TpeHus, 60abInit quama-
30H OBVDKEHUI KOHEYHOCTH, IJIUTENbHbIE CPOKU WC-

nmonb3oBaHusa, 0D umeloT U HemocTaTKU. OCHOBHBIM
M3 HUX SIBJISIETCSI IOSIBJIEHME PA3JIMUHBIX OCIOSKHEHUT
B 30He BBIXOA MMIJIAHTATa M3 KyJAbTU Ial[MeHTa U3-
3a OTCYTCTBMSI MSITKOTKAHHOM MHTEerpanuu u repme-
TUYIHOCTY YPECKOKHOTO MHTepdeiica.

Ilens — Ha OCHOBe aHaIM3a JUTEpPaTypbl OIpe-
IeJUTh YaCTOTy MEeXaHMYeCKUX U MHQPEKIMOHHBIX
OCJIO(KHEHUI OCTEeOMHTErpaTUBHBIX CUCTEM IMpOTe-
3MPOBAHMS ¥ CPABHUTh KAUECTBO KM3HU MaI[IEHTOB,
MUCIIONb3YIOIIMX OCTEOMHTErPAaTUBHbBIE SK30ITPOTE3bI
U KyJIbTeIIpMeMHbIe TUIb3bI.

MATEPHAJI 1 METO/1bl

IMouck auTepaTypbl ObUI OCYIIECTBJIEH B 6a3axX JaH-
HbIX Scopus, PubMed, a Takke Ha IuaTdopMax
ResearchGate, Google Scholar u eLIBRARY. Iimy6buHa
nioucka — ¢ 2000 1o 2024 r. TTouCK BBITIOMHSIIN 110 CJle-
IVIOIMM KJIIOYEBBIM CJIOBAM UM CJIOBOCOYETAHUSIM Ha
PYCCKOM ¥ aHIVIMIICKOM SI3bIKAX: OCTEOVHTEIPUPOBAH-
Hble TIPOTE3bl, IPOTE3bI C KOCTHBIM KpeIieHMeM, MH-
(dbex1MoOHHbIE, MEXaHUYECKME OCIIOKHEHMSI, KaueCTBO
SKU3HM, 3 (PEKTUBHOCTD, CHIKEHME KOJINYECTBA MH-
dexumii, BBLKMBAEMOCTbh; 0sseointegrated prostheses,
bone-anchored prostheses, infectious, mechanical
complications, quality of life, effectiveness, reduce
infections, survival rate.

B pesynbraTe moyucka 6b11M 0TO6paHbl 355 MOTHO-
TEKCTOBBIX HAyYHbIX CTaTelM, U3 HUX 63 BKIKUYEHBI
B JaHHBI 0630p. Kpurepuu orbopa crarteit: KIMHU-
Yyeckue ucoienoBanus, B Tom uucie PKU, B KOTOpbIX
OLIEHUBAIOTCS OCJIOKHEHUS IIPU UCIoAb30BaHuUM O3,
YAOBJIETBOPEHHOCTh MalMeHTOB ¢ O3, a TaKke Kauec-
TBO >XM3HU nauyeHToB ¢ KI'u O03.

PE3VJIBTATDBI

OcHOBHBIE l'[pOﬁJIeMbI, BO3HHMKaIue
IIpU UCITI0JIb30BaHUN KYHBTEHDMEMHOﬁ
TUNJIb3bI

OcHoBHble Tmpo6neMbl KI' cBsizaHbl ¢ 3dderTom
MTOPIIIHS, TPV KOTOPOM BO BpeMSI XOIbObI ITPOTE3 ITe-
peMelnaeTcsi Ha 1-2 ¢M 10 OCM KOHEYHOCTH, a TaAKXKe
C OTCYTCTBMEM XXECTKOTO KOHTAaKTa MeXAYy KOHeu-
HOCTbBIO U MPOTE30M, UTO YCJIOXKHSET yIpaBjieHue U
YBeMUMBAET TPYIOEMKOCTb X0b0bI [14]. Oco6eHHO
3TOT 3(¢deKT BhIpakeH MHPY HEKAUYeCTBEHHOM W3-
rotoBaeHun KI. Tak, pesyabTaTbl MCCAEeLOBaAHUS
B.A. UynpsieBa ¢ coaBTOpaMy IOATBEPAMIN, UTO
B CiIyyae OJHOCTODOHHell amIyTaluuM Ha YpOB-
He TOJIEHM YHEepro3aTpaThl IpU XOAbOe Ha IpoTe3e
¢ KI' yBennuuBatorcst Ha 25%, a B cjiydyae aMITyTa-
MY Ha YpoBHe Oeipa Wiy ABYCTOPOHHEH TpaHC-
dbemopanbHOI aMITyTaluM OHM BO3PACTAIOT COOT-
BeTcTBeHHO Ha 100 n 280% [15]. [To mauubM Y. Li ¢
COaBTOPaMU, KyJIbTS Mal[MEHTA IIPU 3TOM CTAaHOBUTCS
YSA3BMMOM K PasaMuHbIM JepMaToJOrMyecKuM 3a-
601eBaHMSIM, TAKMM KaK SI3BbI, KUCTBI ¥ KOHTAKTHBINI
nepmarurt [16].
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UccnepoBanme 3¢(PEKTMBHOCTY UM KaueCcTBa KU3-
Hu mogeli ¢ KI' moKasbIBaeT, YTO OOIBIIMHCTBO JIIOAeii
¢ ammyTtanyei (82%) Monb3yoTCS IMIPOTE30M KakKablil
IIeHb, OMHAKO y HUX MMEIOTCS Caeaylolue Mmpobie-
MbI: TIOTE€HME KyIbTU (72%); 13BbI/TIOTEPTOCTU U pas-
OpaskeHMe KOXu OT mpoTesa (62%); HeBO3MOKHOCTD
XOOUTDb MO MepeceuyeHHOM MeCTHOCTU (61%); Hecrio-
COBHOCTh K OBICTPOII X0mpbe (59%); 601Ib B KyJIbTe
(51%); daHTOMHBIE 6OV B KOHEUHOCTSIX (48%); 6011
B crimHe (47%); 60mu B 3m0poBoii Hore (46%) [17].
B pesynbraTe okosno 25% MalyeHTOB CUMUTAIOT CTe-
TeHb BOCCTAHOBJIEHMSI YTpauyeHHbIX QYHKIMIA He-
YOOBJIeTBOPpUTENbHON [18].

OcTeouHTEerpaTuBHbIE 3K30IPOTE3BI

KaK a/IbTePHATUBHBIN CIIOCO0 MPOTE3UPOBAHUS
[lJis1 mauMeHTOB CO CJAOKHOCTSIMM IIPU UCIIO0/Ib30Ba-
Huu 1npore3oB ¢ KI' anbrepHaTuBoi craHossaTcs O3,
pa3BUTHME KOTOPBIX HAYaJIOCh B Havase 1960-X IT., KOr-
Ia IMIBeACKMIT uccaenoBaTenb Per-Ingvar Branemark
B XOJie 5KCIIePUMEHTOB OTKPBLI SIBJIEHME OCTEOMHTET-
pauyu [uuT. o 19].

B pspme uccnemoBaHmMii onMcaHbl 3HaYMMbIe IIpe-
MMYILECTBA JAHHOM METOOUKM, B TOM UMCIe [JIS T10-
CTpaJaBlIMX BCAeACTBME MUHHO-B3PBIBHBIX paHEHUT
[20, 21, 22, 23]. B uccnegosanuu L. McMenemy c coas-
TOpaMu ToKa3aHa 6e3omacHocTb OD IJIs ITOCTpagaB-
X ¢ MMHHO-B3PbIBHbIMIM TpaBMaMU IIPpU HaJIMUUN
MpeIIIecTBYIONIe IMOMMMUKPOOHOV KOMOHU3AIINUM;
JIOKa3aHO YAy4llleHMe KavecTBa >KM3HU U paboTo-
CITOCOOHOCTM, OJJHAKO OTMEYeHO, YTO NaHHOe BMe-
[IATeIbCTBO TPeOYeT MOKU3HEHHOTO HAOMIOIeHS 3a
nauyeHTtamm [23].

BoeHHble aMmyTaHTBl WM3-3a MMHHO-B3PBIBHbIX
MOBPEXAEHMII YacTO MMEIOT KOPOTKMEe OCTaTOYHbIe
KYJAbTU U 3HAUUTETbHBIE ITPOGIEMbI, CBSI3aHHbIE C Te-
Teporonuyeckoit occupuraumeir. C. Handford c co-
aBTOpaMM OLeHUIM npumeHeHue OD moc/ie TpaHC-
(beMopanpHOM aMIyTaluM y GPUTAHCKUX BOEHHBIX U
MPUILJIA K BBIBOJY, UYTO BMEILATEIbCTBO SIBISIETCS 9KO-
HOMMYECKHM BBITOOHBIM M Y/Iy4YIIdeT KaueCTBO >XMU3HU
TPV IIPaBWIbHOM OTOOpE ManyeHToB [24].

He cymecTByeT OOIIENPUHSATBIX ITOKA3aHMIA
K ucnonb3oBaHuioo O3. OHM MOKa3aHbI MalMEeHTaM,
KOTOpble He MOIYyT II€epeHOCUTb TpaauIMMOHHbIEe
NpoTe3bl, IPU BBICOKOI aMMOyTaliiM KOHEYHOCTHU,
B KaueCTBe Na/UTMaTUBHOI'O BapMaHTAa AJ1s1 60JbHBIX
¢ Backynonatueii [25]. OCHOBHBIMM MTPOTUBOIIOKA-
3aHUSIMU SIBJISTFOTCS : BO3pacT 6osee 70 JIeT, TSKeI0e
TeueHMue auabeTra, MPOAOKAOMASICI XMMUOTEpaA-
1S UM UMMYHOCYIIPECCUBHOE JieueHue, iyyeBasi
Tepanusi B aHaMHe3e, COMHEHMUS] B COOMIOIeHUN
IIaoMEeHTOM peXuma JiedeHusd, IICUuXmyecKkue pac-
CTpoJicTBa [26].

G.G. Black c coaBTopamu rmokasaum, uto O3 mpu 10-
CTYITHOI 11eHe 06ecrieunBaoT 60/1ee BLICOKOe KaUeCTBO
JKU3HMU I10 CpaBHEHMIO C IVIOXO IMepeHOCMMbIMMU IIPOTE-

3amu ¢ KT [27]. YV mauneHTOB ¢ OD 3HAUMMO pexke BO3-
HMUKAeT HeOOXOAMMOCTDb MOCEeNMATh IIeHTPbI TIPOTe3N-
poBaHMUA IJiI OOCTYKMBAHMSI TIPOTE3a 10 CPaBHEHUIO
C malMeHTaMmu, UCrob3yiyuMmu KI, B COOTHOIIEHUA
3,1 x 7,2 mocenieHuii B rom, a o6mas crouMmoctb 03
MIPUMEPHO Ha 14% nelieByie aHAJIOTMYHOTO IIPOTE3U-
poBaHus ¢ npumeHenuem KT [11].

OcTeouHTerpanus SIBIASIETCS PaJAUKAJIbHO MHBIM
MOAXOOOM K JIeUeHMI0 aMITyTaluii HMKHUX KOHeY-
HOCTel, OTHOCUTEIbHO 6e30macHoi U 3G (PeRTUBHO
MPOIIeAYPOIi PEKOHCTPYKIIMM U PeabuuTam namu-
eHToB [27, 28].

HNHdeRMoHHbIE 0CTIOKHEHMS

VHdeKIIMOHHbIE OUIOKHEHUST TTocsie 0D mensaTcs Ha
4 cTernleHM TSKECTU: TlepBasi — MOBEPXHOCTHbIE MH-
dbexuuyu MITKUX TKaHel, Tpebyollue jJedeHus Iie-
pOpabHBIMM AHTUOMOTHMKAMM; BTOpass — ITyOOKue
MHQEKUMY MIATKMX TKaHel, Tpebyromye jJeueHus ma-
peHTepaTbHBIMM AHTUOMOTUKAMM ; TPETBSI — OCTEOMUE-
JIAT Wi MHGEKIIMM KOCTEl, KOTOPbIe MOTYT ITPUBOANUTD
K yIaJeHMI0 UMIUIaHTaTa; yeTBepTas — pacliaThiBa-
HMe UMIUTaHTaTa mpu nHdexuym koctu [29].

PasBuTue MHQEKIMOHHBIX OCIOKHEHUI IoCIe
OCTEOMHTETPaTUBHOTO  3K30IPOTE3MpPOBaHMS  3a-
BUCUT OT CpoKa HaOmofeHus 3a maryeHtamu. Tax,
M. Orgel ¢ coaBTOpamMu BbISIBU/IM, YTO YaCTOTa MH-
buipoBaHuUsI IPU TPEXMECSIYHOM HAGIIOJeHUM 3a
60bHBIMM cOCTaBMsa 7,9%, Tpu 24-MecsIYHOM —
38,5% [30]. CornacHo manubM D. Reetz ¢ coaBTOpamu,
MHGEKIVM PA3IMYHON CTENIeHM TSKECTM BO3HUKAIN
y nauueHToB ¢ O3 B 77% cinydyaeB B T€UEHUE TISITU-
JIleTHero Tepuona Habmomenus [31]. B 5-8% cinyyaes
Pa3sBUBAIOTCS MHQPEKIINM MSITKUX TKaHel, Tpedylolye
XUPYPTUUECKOro BMelIaTenbCTsa [32]. JecstuieTHui
KYMYJISITUBHBIN PUCK Pa3sBUTHUS MHGPEKIIMOHHBIX OC-
JIOKHEHUI TpeTbeil U YeTBEPTOi CTEeIeHeil Mpu UC-
nonb3oBaHuy O3 cocrasisieT 9% [32].

CornacHo maHHbIM R. Atallah ¢ coaBTOpamu, moka-
3aTesb BbDKMBAEMOCTM MMIIAHTATOB 3a MSATUIETHUI
repuof coctaBua 94,2%, pu 3TOM TsIKeJble MHGEK-
LIIMOHHbIE OCIOXKHEHMS Pa3BUWINCh Y 4% MalMeHTOB,
YTO NMpUBEJO K ypaneHuto O3 B 2,6% [33].

ITepBoii cuctemori 0D, MMelIeil CaMblii AJIN-
TEJNIbHBIN 3aperucTPUPOBAHHBIN Iepuopd, HabI0-
OeHUs C BbDKMBAEMOCTbIO MMILJIaHTaTa 92% depes
11 net, 6p11a OPRA (Osseointegrated Prostheses for
the Rehabilitation of Amputees) [34]. R.P. Branemark
C COABTOpPaMM COOOINAIOT O BbDKMBaeMOCTHM 92%
yepes 5 et u 90% uepes 7,9 et OJis 3TOr0 MMILIAH-
taTa [35]. s apyrux 6eqpeHHbIX UMILIAHTATOB CO-
o01aeTcs O ITOKa3aTesIX BbDKMBAEMOCTHU 67% uepes
5 net (Compress) u 87% uepes 6,2 rona (ILP) [36].

WccnemoBanust 3apy6ekHbIX aBTOPOB, Kacalom-
ecst MHGEeKIVOHHBIX OCJIOKHEHMI TI0C/Ie OCTEOVHTe-
TPaTUBHOTO 3K30IPOTE3UPOBAHUSI, CYMMMPOBaHbI
B Tabnuue 1.
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Tabnauya 1

Ananmn3 HPEKIMOHHBIX OCIOKHEHMI II0C/Ie OCTEOMHTErPaTUBHOTO 3K30IIPOTE3UPOBAHUS
(10 ucciegoBaHMIn)

ABTOpEI Tonpr Kon-Bo nauyeHTos / CpenHuii nepuog, TIpOIICHT OCIOKHEHMI JIoTIO/IHUTE/IbHbIE
UCCIIeIOBAHUS MMIUIAHTATOB HabmoneHns BMeLIaTelIbCTBA
Al Muderis M. 2009-2013 | 86 /91 umrutanrar ILP 34 mec. V29 (33,7%) manueHTOB -
et al. [37] (Integral Leg Prosthesis) (27-71 mec.) pa3Buiach MHGEKIuS
(1-% unu 2-¥ cTerneHn);
y 17 (54,8%) —
IUIeprpaHyJIsILysI CTOMBI;
y 14 (45,2%) —
M36BITOYHOCTD MSATKUX
TKaHen
Al Muderis M. 2013-2014 | 22/ 22 yCcTaHOBKM CHUCTEMBI 14 mec. V 12 (54%) 60/1bHBIX GBIIN 6 mo1. onepanuii
et al. [28] OPL (Osseointegrated MOBEPXHOCTHBIE MH(DEeKUVM | HA CTOME
Prosthetic Limb) 1-itcT.,y 3 (14%) — 2-71 CT.
Van de Meent H. 2009-2011 | 22/221ILP 16 net V 8 (36,4%) nanyeHToB -
et al. [38] MOBEPXHOCTHbIE MHDEKIMM
1-1i crenenn
Atallah R. 2015-2018 | 604: 206 mauyeHTOB 12 xoropTtHbIX | Bo3HMKHOBeHMe MHDEKIUK -
etal. [39] IIPOLIN JIeueHue UCCIeloBaHui | 6bUIO 3aperucTpUpoBaHO
C IOMOIIIbI0 BUHTOBOI'O B 73%. ndexkuuu 3-ii cT.
MMIUIaHTAaTa, Habmomanuch B 5-13%;
387 — mpecc-¢duTHUHTa 4-icT.—y8-11%
1 11 — KOMIIpeCcCMOHHOTO U 3-29% nuii, KOTOPbIM
MMIUTAHTaTa 6bUIM YCTAHOBJIEHBI
BMHTOBBIE U TIpecc-
MMILTAHTAaThI
COOTBETCTBEHHO
Branemark R.P. 1999- 2007 | 51/55OPRA 5et 70 MOBEPXHOCTHBIX VoaneHsl
et al. [35] (Osseointegrated nHpeKINit y 34 (67%) 4 mporesa
Hangberg K. Prostheses ManyueHToB 1 14 y60oKux (omHa rmy6okast
et al. [40] for the Rehabilitation nHberumii y 11 (22%) MHGbEeKUMS U TPU
of Amputees) TauMeHToB. pacuaTbIBaHMsI)
COBOKYITHbI TTOKa3aTellb
BbDKMBAEMOCTY CUCTEMBI
OPRA cocrasuin 92%
Reetz D. 2009- 2013 | 42 (3 BbIGBLIN) / 5 et V 30 nauyeHTOB (77%) -
et al. [31] 42 cucremsr ILP BBISIBJIEHO 156 ciryyaeB
WHGEKIINIL:
148 (95%) nerkue
U cpefHYe [T0BEPXHOCTHbIE
UHGEKIUU
(1-71 n 2-7 cTenieHn);
8 ciyuaes (5%)
y 4 mauyeHToB MHGEKUMU
3-Ji crenieHn
Tillander J. 1990- 2010 96 / 102 umnnantata OPRA 7,9 net 10-neTHMit puck 3BeueHb!
et al. [41] (ot 1,510 19,6 | pa3BuTtus nHbeKLMIi 10 uMMnIaHTaTOB
JIeT) 3-r0 THUIIA COCTABUIL (oCcTeOMMEeNnT)
20%, puCK CenTN4YecKoro
pacuaTeIBaHUS U yOAIEeHUS
uMIuiaHtara — 9%
Reif T.]. 2017- 2020 31/ 18 yCTaHOBOK CUCTEMBI 21,1+9,2 mec. V 15 rmauyeHTOB BO3HUKIIO 2 3KCIJIaHTaALUU
et al. [42] OPL B 6e1peHHYI0 KOCTb 23 MHpEeKIUU MITKUX C TOBTOPHO
u 13 B 60/b11€6EPLIOBYIO TKaHeit. MMIUTaHTaLMen
KOCTb O61mas1 BbIKMBAEMOCTh
MMIIJIAaHTAaTOB COCTaBM/IA
93%
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OxoHuaHue mabauyst 1

Tonpl Kon-Bo nanmenTos / Cpenuuii nepuop, . JlononHuTenpHbIe
ABTODBI IIpoLIeHT OC/IOKHEeH
MCCIelOBaHUS MMIUIaTaToOB HaboneHus BMeIllaTelbCTBa
Juhnke D.L. 1999-2013 | 69/ 73 cucremsl ILP 15 ner EnuunyHas —
et al. [43] (C yy4lIeHHBIM AM3aliHOM, MHTpaMeny/IspHas
CBSI3aHHBIM C 3aMeHO nHbeKuus
ry6uyaToit IOBEPXHOCTYU
Ha VIafKyl0 KepaMUUyecKylo
II0BEpPXHOCTh
13 OKCMHUTPUZA TUTAHA-
HMOGMSI Ha IUCTATbHOMN
YacTyU MMIUIAHTAaTa)
Sinclair S. 2022 10/ 10 uMIyIaHTaTOB 6,3 roga V 81% maiyeHToB He 661710 | 3% ObLIN
et al. [44] OCJIOKHEeHMIA, Y 7% ObLIN 9KCIVIaHTVPOBAHBI
po6JIeMbl CO CTOMOA, 13-3a MHGEeKIMIt
6% TnepeHecnu
TepUIPOTE3HBIN NepeoM
CornacHo ncciaeqoBaHMsSIM, nmpeacTraB/JI€HHbIM — IIepUIIpoTe3Hbie IIepejOoMbl KOCTH, KOTOpbIE

B Tab/IMIle, YaCTOTA JIETKUX MHPEKIVOHHBIX OCTIOKHE-
HUI1 cocTaBsia 33,7-67,0%, a Tskenbix — 4,0-22,0%.

[MokasaTenu BbBDKMBAEMOCTM MMILJIAHTAaTOB Baphb-
UpoBanuch OT 78 mo 99% mnpu UCMOAB30BAHUU UM-
TUIAHTaTOB C IIPeCCOBOI MOCcaAgKo 1 oT 72 00 92% nis
MMILIAHTaTOB C BUHTOBOI mocanKkorii [45].

[Ty6nukanuit ¢ M3ydeHMeM JIeTaTbHBIX MCXOIOB
BCeACTBME MHMEKIMOHHBIX OCIOXHEHUI, CBSI3aH-
HbIX ¢ OD, HEMHOr0, B OCHOBHOM aBTOpPBI yKa3bIBa-
10T Ha ApyruMe MPUUMHBI CMEPTHOCTHU, HEe CBSI3aHHbIE
¢ ocreouHrerpaumeii. Tak, J.S. Hoellwarth ¢ coaBTo-
paMy MOKa3bIBAIOT, UTO MPU OIleHKe 485 maleHToB
¢ O3 B reuenme 10 et TOMBKO ABOe nanueHTOB (0,4%)
yMepan OT MHQEeKIMOHHBIX OCIOXHEeHWU, CBsI3aH-
HBIX C OCTeOMHTerpauue [46].

MexaHn4ecKyue OC/I0KHEeHUS

JTIto6ble OCTEOMHTErpaTMBHbIE CHUCTEMBI COCTOSIT M3
JIBYX OCHOBHBIX KOMIIOHEHTOB: MHTDPaMeLy/JISIPHO-
IO ¥ YPeCKOXXHOro. IHTpaMeny/UISIPHbI KOMIIOHEHT
3aKpeIuIsieTcsl B KOCTHOM KaHajle ¥ OCTeOMHTerpupy-
ercsl. YpeCKOXXHbBIV KOMIIOHEHT COeAVIHSIeT MHTPaMe-
Iy/UISIDHBIV KOMIIOHEHT C BHELITHMM IIPOTE€30M, BbIXO-
ISl U3 KyJIbTU HApYyXKYy.

B oTnuume oT 3HOOIPOTE30B, OCTEOMHTEIPATUB-
Hbl€ YPeCKOKHbIe [IPOTE3bl UCIILIThIBAIOT U3IULIHIOK
Harpysky B OUCTaJIbHOI 4aCT¥ MHTPaMeAy/JISIPHOTO
CTep3KHSI, Tle PacIioyIaraeTcsl YPeCKOKHBIN abaTMEHT
[47]. Tlomomka WHTpaMeIy/UISIPHOTO KOMIIOHEHTa
TpebyeT Cepbe3HOr0 XMPYPruM4eckoro BMeLlaTenlb-
CTBa, MO3TOMY BCe OCTEOVHTEerpaTUBHbIE CUCTEMBbI
pa3paboTaHbl TaK, YTO6BI TPV MPUIOKEHUY Upe3Mep-
HBIX Harpy3ok abaTMeHT U coeJuHeHue abaTMeHT —
MMIUIQHTAT Pa3pyllaanch paHbllle, YeM MHTpaMeny/I-
JISIDHBIV KOMIIOHEHT MUJIU KOCTb [48].

MexaHnyeckyre OC/IOKHEHMSI MOXHO pasfenTb
Ha TPU I'PYIIIILL:

— IIepeJIOMbl MHTPaMeIy/UISIPHbIX KOMIIOHEHTOB,
KOTOPbI€ IIPUBOAAT K PeBU3UY;

MOTYT CpacTaTbcs 6e3 yaaneHust UMIUIAHTATa;

— TIepesloMbl YPECKOKHBIX abaTMEHTOB MU JIPY-
TMX 3JIEMEHTOB, KOTOPbIE 3aMeHSIOTCS 160 amoyiia-
TOPHO, 1160 1101, MecTHBIM 00e360mmBaHMeM [49].

[lepunpoTresHble IepenloOMbl BCTpPEUAlOTCS IPU
OCTEOVHTETPAaTMBHOM 3K30IpOTe3MpoBaHuM 6Genpa
MpMMepHO B 6% ciaydaes [45]. M. Al Muderis ¢ coaBTo-
pamu Habmomanu 50 manMeHToB ¢ MMIUIaHTatamu ILP
1 OPL B TeueHue rosia. bpuio BbISIBIEHO 4 IEPUTIPOTE3-
HBIX IIepesioMa: OVH M3-3a HelPaBUIbHOTO pasMepa
MMIUIAHTATa, IPYTOit U3-3a «yCTAJOCTU» MaTepuaia;
y Tpex MalleHTOB OTMeYajcsl OCTeOIopo3 IO OIe-
pauuu [37]. B gpyrom mcciegoBanuu M. Al Muderis
" ero Kojuteru ycraHoBwin 91 mmnanTar ILP 86 na-
nuenTtam. IIpu cpegHeM cpoke HabmopeHUs B 34 mec.
y 3 maumMeHTOB ObUI TiepesioM GelIpeHHOI KOCTH,
Yy OIHOTO — HelIpaBMJIbHASI OCTEOMHTEerpaLys, oTpe-
6oBaBIIasl 3aMeHY MMIUIAHTATa, Y JABYX — IOJOMKa
MMIUIAHTaTa, a y 25 — nojaomka mtudTa BCaeACcTBIe
3aIIUThI OT UYpe3MePHBIX Harpy3oK [28].

B 2023 r. K. Hagberg c coaBTOpamu o1eHWIN
10-neTHmi1 ombIT Mcnonb3oBaHus cucrembl OPRA
y 51 mamnumeHTa, KOTOPBIM MMIUIAHTATHI YCTAHOBWUIIN
¢ 1999 no 2007 r. MexaHn4ecKye OCJI0KHEHUSI BCTpeya-
JICB vallle Bcero — 3,9 oryuast Ha 10 yenoseko-jiet [40].

B crarbe 2019 r. R.P. Branemark ¢ coaBTopamu co-
o6muan, uto 3a 5 et y 15 n3 51 maumeHTa npouso-
710 43 MeXaHUYeCKuX OCJI0KHEeHMS, TOTPe60BaBIINX
3aMeHbI MMOBPEXAEHHBIX a0aTMEHTOB /MUY BUHTOB,
HO 6e3 ymaneHus cuctemsl. CiryyaitHas meperpyska,
Takas Kak najzeHue, Bbi3Basa n3rub 16 abaTMeHTOB
y 9 nmanueHToB. Y OZHOrO MauueHTa abaTMeHT Bpe-
MEHHO yZanwiu 3a 4 Mec. o 5-7eTHero ocMoTpa u3-
3a MexaHM4ecKux mpobiem [35].

D. Reetz ¢ coaBTOpamu, IpoBenst 5-1eTHee Ha-
6rofeHme, COOBIIVIIN, YTO U3 39 MaIVIeHTOB C CUCTe-
moii ILP, y 2 yenoBek cjioMalNCh MHTPaMey/UIsIpHbIe
CTepkHU uepe3 57 u 48 mec. mociae UMILIAHTAIUN.
/M ycrenrHo 3aMeHW I MMILIAHTAThI Ha 6osiee KpyTi-
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Hele TuTaHoBble (OPL). V 19 mauueHTOB C10MajCs
21 IBYXKOHYCHBII ajanTep: 18 — B c1aboit Touke, 3 —
B IUCTaNbHOM yacTu [31].

B uccnegoBanuu 2021 r. T.J. Reif ¢ coaBTOpamn
coobmmau o 18 ycraHoBkax cucrembl OPL B 6empeH-
HYIO KOCTb U 13 peKOHCTPYKIMSX O0IbIIe6epioBoii
KOCTM CO CpPegHUM CpPOKOM Habmwomenus 21,1 mec.
B 28 cayuasx (M3 31 ycraHoBku cuctembl OPL)
ObLTM BBITIOJIHEHBI ONHOJTAIIHbIE VMIUIAHTAIMNA.
OcnoxkHeHUsI BKJIKYAJM 2 TEPUNPOTE3HBIX Iepe-
somMa 6eapa, KOTOpbIE 3aXKWIM IIOCTE PENo3ULUn
MMIUIAHTaTa, 8 COegMHUTENbHBIX 3J1€MEHTOB CJ0-
MaJIiCh U ObLIM 3aMeHeHbI amMOynaTopHo. [Ipu sTomM
OCTeOMHTerpupyemasi 4acTb MMILUIaHTaTa He JoMa-
jace [42].

ITo manubiM K. Hagberg c coaBropamu, 3 111 ma-
umeHToB ¢ cucremoit OPRA 3a 6 jeT HabmomeHus
y 61 mauuenTa (55%) BO3HMKIO XOTS GbI OZHO Me-
XaHMUYeCKoe OCIOKHEHMe, MOTpeboBaBIlee 3aMeHbI
abaTMeHTa WIM €ro BMHTA, IIpM 3TOM Y 21 maiueHTa
(19%) 6bUTO 6 U Gojiee TakMUX ciyyaeB. TaKKe BBISB-
JieHa CBSI3b MEeXIY YPOBHEM aKTMBHOCTM MallyieHTa
M 9VCIIOM TIOBPesKAeHMI [45].

CornacHO JaHHBIM Tpe[CTaBJIeHHbIX MCC/IeL0Ba-
HMI, MexaHyecKye OCJI0KHEeHUS IIPU OCTEOMHTETpa-
TUBHOM 3K30IIPOTE3UPOBAHMUM BCTpeUanch B 29,4—
55,0% ciayuaes.

KauecTBO >kM3HU

Iy orteHKM 3(PGEeKTUBHOCTM OCTEOMHTErpaTUBHOIO
MIPOTE3UPOBAHMS VCIIONb3YIOT PA3/INUHbIE TECTHI, KO-
TOpBIE TIPOBOASITCS 4O U mocie ycTaHOBKM O3, B TOM
YylCIe OLEHMBAIOIIME SKOHOMMUYECKYIO 3(eKTUB-
HOCTh BMeraTenbcTsa [50, 51]:
K-level;
Timed Up and Go (TUG);
Six-Minute Walk Test (6MWT);
aHKeTa OLIeHKM KauecTBa XXu3Hu SF-36;
OLleHKa KayeCTBa >KM3HU Mo OnmpocHuky Q-TFA
(Questionnaire for Persons with a Transfemoral
Amputation) ¢ guddepenunanneii B 0-100;

— PROMIS (Patient-Reported Outcomes Measure-
ment Information System).

HccnemoBanusi  3apyOeskHBIX aBTOPOB, Kacalo-
myecsl KauyecTBa XU3HU TAlMEHTOB, MMPeCTaBIeHbI
B Tabmmie 2.

Tabnuya 2
AHanu3s oCHOBHBIX ITOKa3aTejieii KauecTBa JXU3HU ImanyieHToB
C OCTEOMHTErpaTuMBHBIM IIPOTE3MPOBAHMNEM
Vcrounmx / cpok K-level TUG 6MWT SF-36 Q-TFA
HabII0me s

Al Muderis M. JlocTikeHme V manyueHToB, CIIOCOOHBIX | YiTyUllleHue ViydieHue [losis TallieHTOB,
etal.,2018[52]/ | ypoBHsa K>3 XOIOUTD 0 orlepanun €292 1o 448 ™, rokasaTesst KOTOpbIe HOCUJIU CBOA

2 roga TIOBBILIEHO (17/21), yayuiieHue BT. 4. MEeHTaJIbHOTO npoTe3 He MeHee 13 4.

c 1/21 (5%) mo
21/21 (100%)

CpeJHero mokasaresst
¢ 9,8 mo 8,0 cex., BT. u.
MMaLMEHTBI, TPUKOBAHHbBIE
K MHBAJIMHOI KOJSICKe

Hagberg K. et al., - -
2023 [40] /
15 net

Al Muderis M. -
etal., 2017 [28] /
14 mec.

C 15 MuH. 10 9 MUH.

Al Muderis M. -
etal., 2016 [37]/
1ron

C 15 MuH. 10 9 MuH.

Y ManuyueHTOoB,
TIPUKOBaHHbIX
K MHBAJIUTHOMI
KOJISICKE

VnyJienue
¢ 280 m mo 400 m

ViyuieHue
¢ 280 m 10 420 Mm

COCTOSIHMSI C 36,9
o 43,3

+26 mis
¢dmsmueckoro
GYHKUMOHMPOBAHMS,
+6 11t GU3UUECKOTO
KOMIIOHEHTa

Poct ¢ 38 mo 48

Pocrt ¢ 38 1o 48

B [1€Hb, Y/IyUllInjIacb
€ 9/21 (43%) 10 20/21
(95%)

bain ucnonb3oBaHus
nporesa (+36), 6ann
MobunbHOCTH (+18),
6aJ1 IPO6IEMHOCTI
(-28), 061Mit TOKA3aTeNb
(+38)

Poct ¢ 40 oo 80

Pocrt ¢ 49 no 85

ITo manupiM M. Al Muderis ¢ coaBTOpamu, Iocie
OCTEOMHTETPATUBHOTO MPOTE3UPOBaHMSI [0S Ta-
LIMEHTOB C TPeTbMM YPOBHEM [IBUraTeIbHOI aKTUB-
Hoctu 1o mkasie K-level Bospocna ¢ 5% mo 100% [52].
R. Atallah c coaBTOpaMm yTBEpKIAIOT, YTO IIPMMEHE-
Hue nMmiviantatoB OTI yBennuuBaeT B cpefHEM Ka-
yecTBO Xu3HU 110 onpocHuky Q-TFA ¢ 52 mpu KT' mo
88 6amoB uepes rof nmocie umrutantauyu 09 [53].

T.]J. Reif ¢ coaBTOpamu coobumam o pes3yabraTax
MCCIeI0BaHMs, B KOTOPOM ObLIO BhITIONHEHO 18 ycra-
HOBOK cucteMbl OPL B 6empeHHyI0 KOCTb U 13 pe-
KOHCTPYKUMIt 60/bIiie6epIioBoii KOCTM CO CpeqHUM
repuogomM Habmomenus 21,1 mec. [Tpu 28 omHO3TATI-
HBIX MMIUIAHTALMIX OTMevanoch ynyuienue Q-TFA
Mobility ¢ 49,7 oo 81,4; Q-TFA Problem mouusuics
c 46,4 10 9,1; a Q-TFA Global nmogusuics ¢ 25,0 go 81,2.
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ITokasatesib PROMIS Mental yayummics ¢ 42,3 no
53,5 [42].

R. Branemark ¢ coaBTopamu COOGIIMIN, UYTO MIPU
HaOIIONeHNY B TeUeHMe IBYX JIET TOC/Ie ABYXITAITHOM
orepanuy OCTEOMHTErpaTUBHOIO 3K30IPOTe3MpPOBa-
Hus nmokasaresnb Q-TFA Mobility yimyummicst ¢ 52 no
70, mokasartenb Q-TFA Problem monuswmics ¢ 44 no
17, a mokasaTenb Q-TFA Global mogusuics ¢ 38 mo 77.
Croco6HOCTb HOCUTD ITPOTE3 KaKABINA JTeHb BbIPOCIA
€ 29/41 (57%) mo 40/45 (89%) [54].

H. Van de Meent ¢ coaBTOpaMu OTMETWUIM YIyd-
meHue nokasareseii rmo tecry TUG c 15,1 go 8,1 cek.
n o 6MWT ¢ 321 go 423 m. Kpome Toro, mocse ore-
paluMu  OCTEOMHTErpaTMBHOTO 3K30IpOTe3UpoBa-
HMS HOTPEOHOCTh B KUCIOPOMIE CHMU3MIACh Ha 18%
(1330 npotus 1093 ma/MmuH.) [38].

Frossard L. c coaBTOpamMmyu 00HAPYKWIN, UTO PUTM,
MMPOAO/IKUTENBHOCTh XOAbObI M (Pa3bl OMOPHI OBLIU
6os1ee GAM3KMMM K HOPMAJIbHBIM Yy HanyeHToB ¢ 03,
yem y raryeHToB ¢ KT' [55]. C.F. van Eck ¢ coaBTopamu
OTMETWIM TTOBBIIIeHVe KOMGbOPTa B TIOJIOKEHUM CUIST
y Jinl, ucnonb3yiux 03, a Takke M3MEHEHMe TPo-
JIOJDKUTEIbHOCTY UCIIONb30BaHMsI IPOTE3a B TEUEHNE
IHs ¢ 82 mo 90% [56]. B mpyrom mcciemoBaHuY Mamy-
€HTbl OTMeYa/ii, UTO OCTEOMHTErpaTUBHbIE MPOTE3bI
obecrieuBaiM YyBCTBO IPOMOJIKEHMSI KOHEYHOC-
TU, OHM OIIYIIAJIY €ro 4acTbio ceds, B ommmume ot KT
[57]. V. Kooiman c coaBTopamyu 06GHAPYKWIN, UTO ITPA
IBYDKEHUY Ha ITPeATIOUMTaeMOil CKOPOCTH MMOTpebie-
HMe Kuciaopoga y mauueHToB ¢ KI' Ha 28% O6onbiie,
yem ¢ O3 [58].

R.A. Leijendekkers c coaBTOpamMmu usyuyaau pe-
3y/lIbTaThl OCTEOMHTErpaTMBHOIO 3K30MPOTE3UPOBa-
Hus cuctremamu IPL n OPL y 40 nanueHTOB, U3 KOTO-
pbIX v 31 Mcnoab30BaHbl 6eApeHHbIe UMILIAHTATHI U
y 9 — TubuanbHbIe. [Io BMemaTenbcTBa 12 u3 40 mamm-
€HTOB GBIV TTPUKOBAHbI K MHBAIMAHO KOJISICKE, TT0-
CJie OCTEOMHTErPaTUBHOTO 3K30IPOTEe3UPOBAHUS BCe
TTAIMEHTBI CTAIU XOOUTh CAMOCTOSITENbHO [59].

[MaBHBIM HEJOOCTaTKOM OCTEOMHTETrpaTUBHOTO
9K30IMMPOTE3UPOBAHUST SABISIETCS UHUIIMPOBaHME
30HBI BbIXOAA MMIUIaHTaTa. COIVIAaCHO BbIIEIpe-
CTaBJIEHHBIM [AaHHBIM, YacTOTA JIETKUX MHGPEKIM-
OHHBIX OCJOKHEHUM cocTasisieT oT 33,7 go 67,0%,
a TsoReNbIX — 4,0-22%, B GOJIBIIMHCTBE CIyYaeB OHU

JOIIOTHUTEJIbHASI NTHO®OPMALIMISA

3asenenHslii 6K1a0 agmMopos

CuHezy®0 A.B. — KOHUEINIWSI U OU3aiH MCCIeI0BaHMUS,
cO0p, aHaIM3 ¥ MHTEePIpeTalus JaHHbIX, HallMCaHMe U pe-
JAKTMPOBaHMeE TEKCTA PYKOIIMUCH.

Koeanenko /I.A. — KOHLIeNLIMS U OU3aliH UCCIeI0BaHMS,
c60p, aHa/IU3 Y MHTEPIIPeTALVS JaHHbIX.

Yynpsies B.A. — KOHLENUMUS U AMU3aiiH UCCIeIOBaHMS,
cO0p, aHa/IU3 Y MHTEPIIPeTALVSI JaHHbIX.

Huxkonaenxo A.H. — KOHLlenUus U Ou3aliH uccjaenoBa-
HUSL, COOP, aHAIN3 Y MHTEPIIPETALIUS JaHHbBIX.

CBSI3aHBI ¢ OomMOKaMy MMILIaHTaluu. Ho Tmarensb-
HbIVi 0T60Op mauueHTOB [60], cOOGMIOIEeHE TUTYEHBI
CTOMBI [61], TIpaBUAbHAsI XUpPypruyeckass TexXHMUKa
n peabunuraius [40] CHMKAIOT PUCKY, CBSI3AHHBIE
¢ 03. B Hacrosiee BpeMsi 0D MOXHO IPUMEHSTh
TOJBKO y MallMeHTOB, MIPOIIeAIINX TIIATeJbHbIN OT-
60p [62].

HecMoTpst Ha Bce c1oskHOCTH, 95—-98% maiueHToB
COOOIIIAIOT, YTO €C/IM Obl UM IIPEeIOCTAaBWIIM BbIOOD, TO
OHM CHOBa BbIOPaIM ObI OCTEOMHTErPaIuIo [65].

3AK/TIIOYEHHE

TeXHOMOTUSI OCTEOMHTErpaTUMBHOIO 3K30MPOTE3U-
pOBaHUS B HACTOsIee BpeMs SIBIISIETCS elle He 10
KOHIIA M3YYEHHO, OJHAKO MMeeT OOJbllNe Iep-
criekTVBbl. OCTEOMHTErpPaTUBHOE ITPOTE3UPOBAHME
KapaVHAIbHO YIYUIIaeT KaueCTBO SKM3HY ITallIeHTOB
Jlaske TOoC/Ie UCIONb30BAHUS TMIb30BBIX ITPOTE30B,
HO, YTO BaskHee, OHO ITO3BOJISIET MOIb30BAThCS MIPO-
Te3aMM JIIOISIM, KOTOpble paHee He MOIJIM 3TOTO Jie-
JIaTh, HATIpUMeEp, U3-3a KOPOTKO KyIbTHU, ITpobIeM
C KOXel MM KyJbTel. YaydllleHe KayecTBa KU3HU
BO BCEX TPOAHATM3UPOBAHHBIX UCCAEN0BAHUSIX CBU-
eTeIbCTBYET O TOM, UTO OOIBIINHCTBO OCIOKHEHMI
He BIMSIOT Ha Ka4eCTBO JKU3HU, HO CHMKEHUE UX
YaCTOThI SIBJISIETCS] TIPMOPUTETHBIM HAIlpaB/ieHMEM
PasBUTKS OCTEOMHTETPATUBHOTO 3K30IPOTE3MPOBA-
HusL. JI71s1 9TOV Heau HeoO6XoauMbl OTpab0oTKa TEXHU-
KU olepainuit u peabuanTauuy, HaKOIIEHME OTIbI-
Ta, Pa3sBUTHE KOXHO-IPOTE3HOTO B3aMMOAENCTBUS,
YMEHBIIAIONIEr0 TPaBMaTU3aIlMI0 TKaHel IpU UC-
MOJIb30BaHNUM ITPOTE3a U (GopMUPYIOIIETro MHPEKI-
OHHBIV O6apbep, pa3BUTHE HOBBIX BUIOB IPOTE30B,
YTO pacHIMpuiio 66l 061aCTh IPUMEHEHUS TIPOTE3U-
poBaHus. Takke OCTEOMHTETPATVBHbIE MMILIAHTATHI
YAYYNIAIOT BOCTIPUSITHE TIALIMEHTOM IIPOTE3a U OIIy-
IIAIOTCST YaCThIO Teja, a He OPTOINeINYecKuM u3fe-
JIYeM TI0 CPaBHEHMIO C MPOTe3aMMU C KyJbTelpuemMm-
HBIMY TMIb3aMU.

Takum 06pa3oM, OCTEOMHTErpPaTUBHOE 3K30IPO-
Te3UpPOBaHME SIBISETCS MHOTOOOENIAIIIel TeXHO-
JIOTMEN, OMHAKO ero npuMeHeHue TpebyeT maabHeli-
MIMX WCCIAeNOBAaHUM U YIyUIIeHUS] MATKOTKaHHO-
ro uHTepdeiica mJjisg 601ee MMUPOKOrO MPUMEHEHUS
B Poccuiickoit ®epepauyn.
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FBopucos A.Il. — HamycaHue U PelIaKTUPOBAaHME TEKCTa
DPYKOITHCH.

Bce aBTOpBI Mpowin 1 ofo6pMIM GUHATBHYIO BEPCUIO
PYKOITMCH CTaThU. Bce aBTOPBI COIMaCHBI HECTU OTBETCTBEH-
HOCTH 32 BCE acHeKThl paboThl, UTOOBI 06ECTIeYnTh HamjIe-
Kalee pacCMOTPEHUE U PellleHUe BCeX BO3MOKHbBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAJIEXKHOCTHIO JIFO60IH
YyacTu paboThI.

Hcmounuk  ¢uHancuposaHus. ABTODbI  3asIBIISIIOT
06 OTCYTCTBMM BHeLIHero (GMHAHCUPOBAHMSI TIPU MTPOBEJie-
HUU VICCTIENOBAHMUS.

Bo3moscHplli KOHGAIUKM uHInepeco8. ABTOPHI NeKia-
PUPYIOT OTCYTCTBYE SIBHBIX U MOTEHLIMATbHBIX KOHMIUKTOB
MHTEPECOB, CBSI3AHHBIX C MyOIMKAIMeil HACTOSIIEN CTaTbA.

Amuuyeckasn 3xkcnepmu3sa. He npuMeHnMa.

Hudopmuposannoe  coenacue Ha
He TpebyeTcs.

nyéauxkayuio.
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KJIOYEBCKUI BAYEC/IAB BACUJIbEBUY

1939-2025

16 masg 2025 r. Ha 86-M romy ymen M3 >KU3HU
BsiuecnaB BacunbeBuu KimtoueBCckuii — JOKTOp Meay-
IMHCKUX HayK, Tpodeccop.

B.B. KntoueBckuii poauscs B 1939 r. B SIpocnasie
B cembe Bpaueii. Oren, Bacunuit AnekcaHApOBUY,
TeparneBT, ¢ 1938 1. paboran B SIpociaBiie y4acTKO-
BbIM BpauyoM, B rofbl Bennkoit OTeuecTBEHHOI BO-
JIHBI BO3IVIABJISI TocnuTanbHoe otrneneHue MenCh
nmeiictByromeir apmuu  CeBepo-3amagHoro ¢GpoH-
Ta, a B 1955 I. cTaJl IJIaBHBIM BPauoOM KJIMHUYE-
ckoit 6onbHMIBI MM. H.A. Cemamiko. Matb, Mapust
CeMeHOBHa, MHOTMeE Iofibl IpopaboTasa B Ipociasie
BPavyoOM-CTOMAaTOJIOTOM.

B 1956 r. B.B. KiTtoueBCcKMii MOCTYnMI Ha Jieueb-
HbIl (paKyabTeT SIPOCIaBCKOr0 MEIMUIIMHCKOTO WH-
ctutyTa. Emne ydach Ha TpeTbeM Kypce, BsiuecsiaB
BacunbeBuu cpeniajl CBOIO TIE€PBYI0 CaMOCTOSITENb-
HYI0 TIOJIOCTHYIO OIepauuio — amnmneHA3KTOMUIO,
K OKOHYAHMIO MHCTUTYTa UX yke 0b110 120. B 1962 1.
OKOHYMJT SIpOCIaBCKUII MEIUUIVHCKUI MHCTUTYT U
10 pacIpeneneHnio IBa Tola MpopaboTan Xupyprom
B MBIIIKMHCKOI LIEHTPaabHOM paiioHHOI OONbHULIE.
C 1964 o 1967 r. obyuasncst B acliMpaHType Ha Ka-
dempe TOCIUTANIBHON XUPYPrUM IO PYKOBOIC-
TBOM mpodeccopa A.K. IlIumosa, a ¢ 01.09.1967 r.
cTaja accucteHToM 9Toit Kadempbl. 07.09.1967 .
B.B. KitoueBckuii 3ammuTuia KaHAUOATCKYIO OuUCCEP-
Talui0 Ha TeMy: «PallyoHasbHble METObl AMarHoC-
TUKU ¥ JIeUeHUST OOIUTEPUPYIONIETO SHAAPTEPUNTA».
B 1968 r. oH 6bUI IepeBeieH acCUCTeHTOM Ha BHOBb

CO3IaHHYI0 Kadeapy TpaBMAaTOJIOTUM, OPTOIIEOUN U
BOEHHO-TIOJIEBOI XMPYPIUM, KOTOPYIO chopmupo-
BaJIM U3 COTPYAHUKOB Kadeapbl TOCIIUTATBHON XU-
pyprunu. B 1972 r. BsiueciaB BacuibeBuu 66T M306paH
IOLIEHTOM 3TO¥ Kademapbl. 23.02.1975 r. OH 3aIUTII
IOKTOPCKYIO0 AMCCepTanuio Ha Temy: «lemrdepHoe
CKeJIETHOE BBhITSDKeHMe». B 1977 . eMmy O6bIJIO IIPUCBO-
€HO yueHoe 3BaHMe Ipodeccopa. B Teuenne 41 roma
(1976-2017) B.B. KmroueBckuii paborayn 3aBemylo-
muM Kadenpoit TpaBMaTonoruu, opronenuu u BITX.
C 1983 mo 2007 r. oH 6bUI INIABHBIM TPaBMaTOJIOTOM-
opronenom SpocyiaBcKoii 061aCTH.

B.B. KimioueBCKMM ¥ €ro yuyeHMKaMu paspabora-
HbI M IIMPOKO BHenpeHbl B Poccum m crpanax CHI
IemripepHOe CKeJIeTHOE BBITSDKEHME UM OCTEOCHHTE3
1epeyioMOB CTEPXKHSIMU U3 TUTAHOBBIX CIZIaBOB. OH
SIBJISJICSI CO3JaTejieM HOBOTO HallpaB/ieHUs] — aHIMO-
TPaBMaTOMOTMM, ObUT OOHMM W3 BeOyIIMX CIelua-
JIUCTOB B 00JaCTM 3HIOONPOTE3UPOBAHUST KPYITHBIX
cycraBoB. BakHas 3acmyra B.B. KmwoueBckoro —
Cco3JlaHMe MM SIPOCAaBCKOl OpTOIen0-TpaBMaTo-
JIOTMYEeCKO 1Koabl. lleHTpanusauusi opToneno-
TPaBMAaTOJIOTMYECKOI TTOMomM Ha 6asze BCMII um.
H.B. ConoBbeBa (OOHOTO OPTOIEAO-TPaBMATOIOIU-
YyecKoro IeHTpa C OOMHHAILATHIO CIeluaanu3upo-
BaHHBIMM OTAENEHMUSIMU) T03BONIMIA CO3JaTh enu-
Hbl€e IMPOTOKOJIbI AMAaTHOCTUKM U JIeYeHUSsI Al MIEHTOB
C TPaBMOJ Ha Bcex 3Tanax 3BaKyaluu, CHUSUTb UH-
BIMAM3ALMIO HaceleHus: SIpociaaBckoit  obmactu
BCJIeICTBME TPaBM, CYII€CTBEHHO YBEJIMUUTb MHTEH-
CUBHOCTb CHeLMaau3UMPOBAaHHOI OpTOIlelo-TpaBma-
Tosoruueckoi nmomoiny. B.B. KntoueBckuit siBjisieTcst
aBTopoM 21 M306peTeHus], UM OITyOJIMKOBAaHO Gosee
250 HayuHBIX paboT, B TOM UMc/ie MOHOrpaduit u py-
KOBOZCTB. B.B. KitoueBckuit mogrorosmi 10 HOKTOPOB
u 27 KaHAUOATOB HAyK.

BstuecniaB BacuibeBud 6bUT pasHOCTOPOHHE 06pa-
30BaHHBIM Y€JIOBEKOM C IHMIMPOKMM KpPYroM MHTepe-
coB. OH COUMHSIT CTUXU U TIECHU, YBJIEKAJICS JIUTepa-
TYPOii, 0cO6EHHO 11033M€li. ET0 JTI06MMBIM ITOSTOM ObLIT
Hukomnait PyorioB, uMTaa OH €ero CTUXu CaM0o3aOBEHHO,
aApPTUCTUYHO He TOJbKO IS cebs, Apy3eil U OIU3KUX,
HO ¥ Ha KOHILIepTax, NOCBSIeHHbIX H1komaio Py61ioBy,
B SpocnaBckoii pumapmonun. BsuecnaB BacuibeBuy
ObUT TaKOKe TPEKPACHBIM CEMbSTHMHOM, OTLIOM IISITe-
PBIX JleTeil, YeTBepO 13 HUX CTa/IX BpauyaMu.

I'my60oKo cKOpOMM O KOHUMHe BsuecinaBa Bacuiib-
eBuya. Ero BBICOKMIT MpodeccruoHaIusM, mobpoTra
M OTKPBITOCTh HaBCEeTrga COXPaHSTCS B MaMSTU KOJI-
Jier. BoipaskaeM 1mybokue co60JIe3HOBAHMS POIHBIM
U GJIU3KUM.

Konnexkmusst SIpocnasckoezo zocydapcmeeHH020 MeOUYUHCKO20 YHU8epcumema
u Knunuueckoii 6onsHuysl ckopoti meduyurckoti nomouiu um. H.B. Conoswvesa
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