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O.T. Aradponos™, I A. Aiipanetos?*, M.C. Cepao6uHues?, H.U. Kapnoeuu?,
P.A. Xanmypapos?, A.I. Haymos?, M.A. xxepues!

! CaukT-IleTep6yprckuii HayuHO-MCCIeI0BATEbCKUI MHCTUTYT bTHU3KMoMyIbMoHoa0orun, Caukt-Iletep6ypr, Poccust
2 POCCUTICKUIT YHUBEPCUTET APYKObI HapomoB uMeHu ITaTpuca Jlymym6b1, MockBa, Poccust
STopoackast KaMHMUeckas 6oabHMIIa N231 M. akagemuka [.M. CaBenbeBoit, MockBa, Poccust
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AHHOTanua

BBenmenwue. OgHOJi 13 HEAOOIEHEHHBIX ITPUYNH 60JIet B ISITOYHO 06/IaCTY SIBJISIETCSI HEBPOMIATHSI MeIMaTb-
HOTO IISITOYHOTO HepBa, KOTOpasi MOXKET KaK MMUTUPOBATh, TAK ¥ COIPOBOXKIATD MOIONIBEHHbIN (acIiiuuT.
HekoTopsle ucciemoBaTeI OTMEUAIOT, YTO HeBPOHATHUSI MeAMalbHOM MSATOUHOM BETBU OOJIbIIEOePI0BOr0
HepBa SIBJISIETCS MPUYMHO 60JI€EBOTO CMHIPOMA, JIOKAIM3YIOIIErocs B MSITOYHO 06/1acTy. 3HAHME OCHOB-
HBIX OPMEHTUPOB M aHATOMMUYECKOV BapMATUMBHOCTMU ITPOXOKIEHMSI MeOMaTIbHOrO MSITOUHOTO HepBa CTO-
bl MOKET OOJIETYNTH MPOBEEHIE aHEeCTEe3UM, BhIIIOHEHVE XUPYPIUUYECKMX BMENIATENbCTB, B TOM YMCIIE,
TUIPOAUCCEKIIVN.

Ilesp paGoThl — OMNpenenuTh aHATOMUYECKYI0 BapMaTUBHOCTb MeIMaJIbHOTO MSATOYHOIO HepBa, BKIIOUAS
YPOBEHb €r0 OTXOKIEHS, IOTIePEeYHbIN I1MaMeTp U Tomorpaduyeckoe pacroaokkeHe OTHOCUTETbHO OCHOB-
HbIX aHATOMWYECKMX OPUEHTUPOB MEAMAIbHON MATOYHOM 06/1aCTH, IJIST IPUMEHEHMST TTOTyUeHHBIX TaHHBIX
B XUPYPTUM CTOTIbI, PETMOHAPHON aHecTe3uu U auddepeHIIMaNTbHO IMarHOCTHKe 60eBOT0 CMHAPOMA, JI0-
KaJIM3YIOLIErocs B IISITOYHOI 30He.

Marepuasbl M MeTOAbI. [IpenaprpoBaHue MeaaabHOI IMSITOYHO 06/1acTM TpoBeneHo y 16 Tpymos (32 cTo-
1bl). M3sMepsuin TOMMIMHY 60/1bIe6eplioBOr0 ¥ MeaMaabHOrO ISITOYHOrO HepBOB KaskAOro odpasiia, oIpe-
IS PacCTOSIHME OT BEePXYIIKY MeAMAaAbHOM JIOOBDKKM 0 TOUKM OTXOXKIEHMS MeIyaJIbHOrO ISTOYHOIO
HepBa OT OOJIbIIE6EPIIOBOrO HEPBA, @ TAKKe IO TOUKM AeIeHUs] 60IbIIeb6epIioBOro HepBa Ha MeAuabHbIA
Vi JTaTepajIbHbIi TIOOIIBEHHbIE HEPBBI.

Pe3ysnbTaThl. YCTAaHOBJIEHO, YTO MEeOVAIbHBIN MSATOYHbBIN HEPB OTBETBJSICS OT OOJIbIIe6epIIoBOrO HepBa
Ha (2,7 # 0,7) cM fuCTa/IbHEee BePXYIIKM MeAVaIbHOM JIOABIKKY. BennumHa ero nonepeuHoro ceueHus: Bapbu-
poBaia, coctasysig (1,9 £ 1,2) cm. B HekoTOpbIX ciayuasx (15,6 %) MenyaabHblIi IISITOUHbBII HEPB OTAABAJ I0-
MMOJIHUTEIbHYIO BETBb. B mopassoem uncie caydaeB (72 %) MmenuaabHbIA MSITOYHbIN HEPB 3aKaHUMBAJICS
B TIOJIKOSKHO-3KVPOBOM CJIO€ MeIMaJbHO TOBEPXHOCTH TISITOYHOI 06/1aCTH.

06cykaeHue. [TonyueHHbIe JaHHbIE TTOATBEPIMUIN 3HAUUTEIbHYIO aHATOMMUUECKYIO BapUaTUBHOCTb MeIV-
aJIbHOTO TSATOYHOTO HepBa. B 15,6 % ciyuaeB BBISIBJIEHO €r0 OTXOXKIEHME OT JIaTepaabHON IMOAONIIBEHHO
BETBMU, UTO COMOCTABMMO C pe3ybTaTaMy APYTUX ucciaenoBareseil. Mopdosornueckie 0COGEHHOCTY BETBIe-
HUST 6OJIBIIEOEPIIOBOTO HEPBA M €0 JUCTAIbHBIX OTAEIOB HanbojIee 3HAUMMbI B 001aCTU XUPYPIUU CTOTIBI,
TakK Kak IpY BMeNIaTe/bCTBaX B MPOEKIMY Tap3aJbHOTO KaHaja (B TOM UMcJie IPY MPoBeJeHUM PaguouacToT-
HOI eHepBalUMM WM SHIOCKOTIMYECKOTO peyr3a) BO3MOXKHO HellpeHaMepeHHOe MOBpeXAeHe HePBHbIX
CTPYKTYD.

3akmoueHue. [IpoBefEHHOE KaJlaBepPHOE MCCIeIOBaHMe TTOATBEPAWIO HaIuuMe aHaTOMMUECKOil MHOTI000-
Pa3sHOCTM MeAMaJIbHOTO MSITOUHOTO HepBa. [lomyueHHble JaHHbIe PACIIMPSIOT MpeCcTaBleHe O BapuaTuB-
HOJt aHATOMMM TISITOYHO 00IACTY ¥ MOTYT ObITh MCIIOb30BaHbI IIPY MHTEPIIPETALMY KIMHUUECKUX CITYUaeB
60J1eBOTO CMHIpOMa, 06YCIOBJIEHHOTO KOMITpeCCcHel My TpaBMaTKu3alyeli MeauaJabHOro MITOYHOIO HepBa,
a TaxoKke IIPY BBIITOJTHEHUY PErMOHAPHO aHeCTe3UM.

KiroueBbie cJ10Ba: MeIMaIbHbINA MSITOYHBIN HEPB, OIOIIBEHHbIN (PaciiumuT, aHaTOMMSI MeIVaIbHOM MSITOU-
HOJT 00/1aCTH

Ins uutupoBaums: Aradonos [I.T., Aiipanetos I.A., Cepmo6uniies M.C., Kaprmosuy H.1., Xaumypagos P.A., Haymos [I.T.,
IxepueB M.A. AHaToMMUuecKasi BapMaTUBHOCTb MeAMaIbHOTO ISITOYHOTO HepBa: KaJaBepHOe uccienoBaHue. IeHull
opmoneduu. 2025;31(5):551-557. doi: 10.18019/1028-4427-2025-31-5-551-557.

© Aradonos [I.T., Aiiparnietos I.A., Cepgo6uniies M.C., Kaprosuu H.I., Xaumypanos P.A., Haymos [I.T., IxkepreB M.A., 2025

551 T'enuii opmoneduu. 2025;31(5)



Knunanuyeckue ucciegoBaHms

Original article
https://doi.org/10.18019/1028-4427-2025-31-5-551-557 2

Anatomical variations of the medial calcaneal nerve: a cadaveric study

D.G. Agafonov!™, G.A. Ayrapetov?*, M.S. Serdobintsev?, N.l. Karpovich?,
R.A.Khanmuradov?, D.G. Naumov?, M.A. Djeriev!

! Saint Petersburg Research Institute of Phthisiopulmonology, Saint Petersburg, Russian Federation
2 Patrice Lumumba Peoples' Friendship University of Russia, Moscow, Russian Federation
% Academician Savelyeva City Clinical Hospital No. 31, Moscow, Russian Federation

Corresponding author: Daniil G. Agafonov, ortho_spot@bk.ru

Abstract

Introduction One of the underestimated causes of pain in the heel area is neuropathy of the medial calcaneal
nerve, which can both imitate and accompany plantar fasciitis. Some researchers note that neuropathy
of the medial calcaneal branch of the tibial nerve is the cause of pain syndrome localized in the heel area.
Knowledge of the main landmarks and anatomical variability of the medial calcaneal nerve passage in the foot
can facilitate anesthesia, surgical interventions, including hydrodissection.

Purpose To determine the anatomical variability of the medial calcaneal nerve, including the level
of its origin, transverse diameter and topographic location relative to the main anatomical landmarks
of the medial calcaneal area in order to use the obtained data in foot surgery, regional anesthesia
and differential diagnosis of pain syndrome localized in the calcaneal area.

Materials and methods Dissection of the medial heel region was performed in 16 cadavers (32 feet). For each
specimen, we measured the thickness of the tibial and medial calcaneal nerves, as well as the distance
(centimeters) from the tip of the medial malleolus to the point where the medial calcaneal nerve branched
off from the tibial nerve, and to the bifurcation point of the tibial nerve into the medial and lateral plantar
nerves.

Results The study found that the medial calcaneal nerve branched from the tibial nerve at a distance
of 2.7+ 0.7 cm distal to the tip of the medial malleolus. The cross-sectional diameter of the nerve varied
and averaged 1.9 £ 1.2 cm. In 15.6 % of cases, the medial calcaneal nerve had an additional branch. In the vast
majority of cases (72 %), it terminated within the subcutaneous fat of the medial aspect of the calcaneous.

Discussion The findings confirmed considerable anatomical variability of the medial calcaneal nerve.In 15.6 %
of cases, it originated from the lateral plantar branch, which is consistent with the findings of other researchers.
The morphological features of branching in the tibial nerve and its distal segments are of particular importance
in foot surgery. Unintentional nerve injury is possible during interventions in the region of the tarsal tunnel
(including radiofrequency denervation or endoscopic release).

Conclusion This cadaveric study confirmed marked anatomical variability of the medial calcaneal nerve.
These findings expand our understanding of the variable anatomy of the heel area and may aid in interpreting
clinical cases of pain caused by compression or trauma to the medial calcaneal nerve, as well as in performing
regional anesthesia.

Keywords: medial calcaneal nerve, plantar fasciitis, anatomy of the medial calcaneous
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BBEIOEHUE

IMoHuMaHMe aHaTOMMYM MeIVaIbHO TISITOYHOI 06/1aCTY CTOITBI MMeeT GyHIaMeHTaIbHOe 3HaUeHye IS ua-
THOCTUKMY U JIEUEeHMSI Pa3/IMUHbIX 3a00IeBaHNI, TPOSIBJISIIOIINXCS 60JIEBBIM CMHAPOMOM B cTOIIe. 113 Hanbosee
pacrpocTpaHeHHBIX 3a601€BaHMIT, XapaKTEePUIYIOIINXCST 60JbIO B TISITOYHOI 06/1aCTH, BBIIE/SIOT ITOAONIBEH-
HbIl acuyuuT. BomeBoii CMHAPOM B MSITOYHOI 067aCTY Y MALMEHTOB C MOMOMIBEHHBIM (BacCIMUTOM YacTo
paccMaTpMBAaIOT KakK IPOSIBJIEHMEe SHTe30TaTHM, HO MpUYMHA 60 MOXKeT ObITh CBSI3aHA U C HEBpOIATHUUe-
ckumu dakropamu [1]. [TaTomornyeckue M3MeHeHMs TIPU JAHHOM 3a060eBaHNUM MIPOTEKAIOT B ITEPBYIO Oue-
penb B MeCTe IIPUKPEeIIeHNsI TTOIOMIBEeHHOM (acuyy K MITOYHOM KocTu [2]. BoneBoit cMHAPOM COXpaHSIeTCS
B TeUeHMe reproaa mpodecCcoHabHOM aKTYBHOCTY, UTO OKA3bIBAET BhIPAKEHHOE HETATUMBHOE BIMSHIME Ha
KauyeCcTBO JXM3HM NAlMEeHTOB. ACITEKT XPOHMYECKOT0 MOBPEXIEHMS ITOAOIIBEHHO (acIyy ITPOIOIKaeT OCcTa-
BaThCS NpeJMEeTOM Hay4YHBIX IMCKYCCUII B COBPEMEHHO TpaBMaToI0TUM U oproneauu [3]. McciemosaTtenm
aCcCOIMMPYIOT Pa3BUTHE TOIOIIBEHHOTO GacluuTa C pSAIOM Mpeapacionaramlinux GakTopoB, BKIUas 61o-
MeXaHWYecKyue HapylleHus, M30bITOUHbIe MeXaHMYeCcK/e Harpy3Ky, BEIPasKeHHYI0 TTPOHAIIMIO CTOIIbI, Orpa-
HUYEHMe ThUIbHOTO CTMOAaHMS B TOJIEHOCTOITHOM CYCTaBe, @ TAKKe TpaBMaTudyecKkye Bo3aencTsus [4, 5].

O HOI 13 HeTOOLIEHEHHBIX ITPUUMH 60JIeil B MSITOYHO 006IaCTY SIBJISIETCSI HEBPOIIATHSI MEIVAIbHOTO IISITOY-
HOT'O HepBa, KOTOpast MOKET KaK MMUTUPOBATh, TaK M COMPOBOXKAATH MOMOMIBEHHbIN (aciiunT. HekoTopblie
MccieloBaTeIM OTMEYAIOT, UTO HEBPOMATHSI MeIMalbHO MSITOYHOM BeTBM O0/IbIIe6ePIIOBOrO HEpBa SIBJISIET-
Sl IPUYMHOT 60IeBOTO CMH/IPOMA, JIOKATU3YIOLIETOCS B MATOUYHOM 06/1acTH [6, 7], UTO TaKKe MOATBEPKIEHO
371eKTPOPU3NOIOTUUECKUMU UCcTenoBaHusIMMU [8]. B HacTos1lee BpeMst JaHHYIO HeBPOIATUIO XapaKTepusy-
IOT KaK CaMOCTOSITeIbHYI0 HO30JI0TMUYECKYI0 eIVHUILY UM KaK COIYTCTBYIOLee COCTOSIHME TIPU MOLOLIBEH-
HOM (acuuure [9], Tak Kak nepenaya addepeHTHBIX OONEBBIX UMITYIbCOB ITPOUCXOAUT TI0 MeIUaTbHOMY
MSITOYHOMY HepBY cTotbI [10].

Ilenp paGoOTBI — OMNpeNeNnUTh aHATOMUYECKYIO BapMATUBHOCTb MeJMaIbHOTO MATOYHOTO HEpBa, BKIIOYAs
YPOBEHbB ero OTXOKIeHMs, IoTIepevyHblii I1uaMeTp U Tonorpaduyueckoe pacronoXkeHre OTHOCUTETbHO OCHOB-
HBIX aHATOMUYECKMX OPUEHTUPOB MEIMAIbHOI M TOYHO 06/1aCTH, IJIsI MPUMEHEHMUS TTOTYYEeHHBIX JaHHbIX
B XMPYPTUHU CTOIIbI, pETMOHAPHOII aHecTe3uu U nuddepeHIManbHOl AMAarHOCTUKe 60IeBOTO CUMHIPOMA, JIO-
KaJIM3YIOLIerocs B IMSITOYHOM 30He.

MATEPUAJIBI U METO/IbI

[TpenrapupoBaHMe MeaIMaIbHO MSITOUHOI 06/1aCTH ITPOBeAeHO Y 16 TpymoB (9 JKeHIIWH 1 7 MY>KUMH) Ha 32 CcTO-
nax. CpeqHMIt BO3pacT XeHIMH coctaBui (47 * 11) ner, poct — (164 *+ 6) cM; cpegHUii BO3pacT MYKUMH —
(53 £ 12) roga, poct — (175 + 7) cm. Kputepusamu UCKITIOUEHMS AJ1s MICTIONIb30BaHMSI TPYITHBIX 00pa3I[0B ObLIN
BUJIMMbIE TIPU3HAKY MPEABIAYIIE TPaBMbI WIK OTIepalUy B 00JIACTH JIOMBIKKU MJIV CTOIIBI, TATOJIOTUYECKIE
nedopmaiu, pa3auuHble MOBPEXIEHNS WM BHeIIHMe Te(QeKThl.

VccnemoBanye MpoBeIeHO HAa KaJlaBepHOM MaTepuasie, IOJyYeHHOM B paMKaX y4eOHO-HAy4YHO [esiTeNlb-
HOCTHU, C COOTIONEeHEeM AeVCTBYIONIEro 3aKOHOmaTeabcTBa Poccuiickoii denmepainy, peryimpyromnero oo-
palrieHue ¢ 6MOMOTMYECKUMM O0ObeKTaMu. Bce mpolieypbl COOTBETCTBOBAINM OOMIEIIPUHSITBIM 3TUUECKUM
MPUHIUIIAM M He MNPOTUBOpeUMIM XeJbCMHKCKON Aeknapaiuy BceMyupHOI MeAMIIMHCKONM accoluauyn
(pemakuus 2013 r.). UccnemoBaHue mpoBeneHo B yotoBusx CII6 TBY3 «fopomckoe maToa0roaHaTOMKUYeCKoe
610po» KanuuuHckoro paiiona (CaHkT-ITetep6bypr).

CratucTuaeckyio 06paboTKy BBITIOTHSIIU C MCIIOb30BaHMeM mporpaMm Microsoft Excel u SPSS Statistics v.22.
Il Konmmu4ueCcTBEHHBIX TTIePeMEeHHBIX PACCUYUTHIBAIM CpeHNe 3HaUeHMs, CTaHgapTHbIe OTKIOHeHMsT (M % SD),
menvany (Me). HopMmanbHOCTh pacripefeieHus OLeHMBaIM C UCIIOAb30BaHMeM kKputepus llanmupo — Ymika.
[Ipu cpaBHeHUM ABYX rpymn npumMeHsin t-kpurepuii CterogerTa wiu U-Kputepuii MaHnHa — YUTHU B 3aBU-
CMMOCTYM OT TuIa pacrpenenenust. CTaTUCTMUYECKY SHAUMMBIMM CUMTAINUCH pa3anuus mpu yposHe p < 0,05.

Kaskmast HYDKHSIST KOHEUHOCTh Oblila IepeMellleHa B aHaTOMMYeCKoe ITOJIOKEHMe, a CTOoIa Oblia MepIreHIn-
KyJISIpHa OCM O0JbIIe6ePII0BOI KOCTH, YTOOBI CBECTU K MUHUMYMY OIMIMOKYM M3MepeHuii. [IpenapupoBaHue
KOXKM U TIOAKOKHO-KMPOBOJ KJIeTYaTKY IIPOU3BOAVIN ITyTeM (popMupoBaHyus Y-06pa3sHOTo paspesa, JIOCKY-
ThI OBLIM OTBEIEHBI IJIs JIydiieli Buayanmsannuy. CyXOKMUIbHO-MbIIIEUHbII KOMIUIEKC MeOMaabHOM YacTu
CTOIIBI ¥ TTOAONIBEHHBIN alIOHEBPO3 ObUIM YACTUYHO YIA/IeHbI, YTOOBI 0OHAKUTb HEPBHbBIE BOJIOKHA. Bosbiie-
6epIIOBbBINi HEPB 1 €r0 BETBU ObIIM ITPENapupOBaHbl OT JUCTATBHONM TPETH IOJIeH! K TIOJoIIBe. B mTaHHOM -
CJTemOBaHMUM 1)1 KasKA0To 06pasiia M3Mepsuii TOMIIMHY 60/1bIe6epIiOBOTO HepBa U MeAMATbHOTO MATOYHOTO
HepBa, OIMpeesuIi pacCTOsIHME (B CM) OT BEPXYIIKM MeIVaabHON JIOABDKKM J0 TOYKM OTXOXKIEHUS MeIu-
aJbHOTO IISITOYHOTO HepBa OT 60JIbIlIe6ePIIOBOTO HepBa, a TAKKe 0 TOUKM JieJieHMsI 60/1bIe6epIioBOTo HepBa
Ha MeIVaJIbHbIN U JTaTepaIbHbIN MOOIIBEHHbIE HEPBbI. [IOTTOTHUTENBHO (DUKCUPOBAIM KOJIMUECTBO CTBOIOB
MeIaTbHOTO MSITOYHOTO HepBa (UMC/I0 OTAeIbHbIX BETBE, OTXOOSIINX OT 60JIbIIe0epIIOBOro HepBa K ISTOY-
HOJT 06J1aCTM) ¥ aHATOMUYECKYIO 30Hy OKOHYAaHMS MeauaJbHOrO MSITOYHOTO HepBa (B MOIKOKHO-KUPOBOIL
KJIeTYaTKe MSTOYHOI 06/1acTy MO0 Y MeOUaabHOM 6YTPUCTOCTH MISITOUYHOI KOCTH).
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PE3VJIBTATBHI

[Tpu npernapMpoBaHMM MeOUAaTbHBIN MISITOUHBIN HePB 6bUT 0OHAPYKEH Ha Bcex 32 crormax. [ImaMeTp (TOMIIu-
Ha) 60/TbIIIE6EPIIOBOrO HEPBa B 06/1aCTY Tap3aabHOIO KaHaia coctaBui (5,6 £ 0,5 mm (4,3-5,9 mm). TonumHa
(HapyXHBII TUaMeTp) MeOuUaJbHOTO IMSITOYHOTO HepBa
BapbupoBaia ot 0,5 1o 5,4 MM, B cpeJHEM COCTaBJISISI
(1,9 £ 1,2) mm (puc 1).

V 6onbiMHCTBa 06pasioB (68,8 %, 22 ciayJast) TOIIIMHA
MeaMabHOTO IIITOYHOTro HepBa cocrasisiia 0,5-2,0 M,
B matu crydasx (15,6 %) — 2,1-3,0 MM, B OBYX CIy-
vagx (6,3 %) — 3,1-4,9 MM, 1 B Tpex ciydasix (9,4 %)
npeBbIasia i 6buia paBHa 5,0 MM (MaKkCHMMabHOE
3adUKCUPOBAHHOE 3HaUeHMe — 5,4 MM) (puc. 2).

24

20
16-

[

512

—

o)

(3]

=
Puc. 1. Tomorpaduueckas KapTuHa MeayuaabHO
MISITOYHOI o6yactu: A — 60/bIle6epIloBbIii HEPB;
b — MeomanbHbBIi NSTOYHBI HepB; B —mate- 0.5-20 21-30 3.1-49 5.0-5.4
panbHBIN TIOAOUIBeHHBI HepB; I' — mepBasi BeTBb TonwwmHa MeananbHOro NATOYHOro Hepga (CM)
JlaTepajibHOrO IIOJOIIBEHHOrO Hepsa; [l — mpo-
JIOJDKeHVe JlaTepaJibHOrO IOAOLIBEHHOTO HEpPBa; Puc. 2. Tucrorpamma pacripesesieHus: TONLIMHbI Me-
E — MenyanbHbIl TOAOITBEHHBIV HEPB IVAJIbHOTO IIITOYHOI'O HEpBa

OTXOXIeHNe MeAMATbHOTO TSITOYHOTO HepBa OT OOJbIIE6EPIIOBOr0 HEPBA MPOUCXOAWIO Ha Pa3IMUHbIX
YPOBHSIX OTHOCUTEIBHO BEPXYIIKM MeAUATbHON JOIBIKKM: MUHUMAJIIbHOE PacCTosiHMe cocTasiasio 1,0 cm
(TpoKCUMaibHEee BepXYILIKM), MakKCUMaabHOe — 4,5 CM (OucTajbHee, B HAlIpaBJIeHu CTombl). CpemHuit ypo-
BEHb OTXOX[IEeHUSI MeIMaJbHOTO MSITOUHOTO HepBa cocTaBui (2,7 £ 0,7) cM AucTasbHee BePXYyIIKM Mealib-
HOJ JIOOBDKKU (PUC. 3).

B ab6comoTHOM GOMBIIMHCTBE HabIomeHnit (84,4 %) MenuaabHbIN MISTOYHbI HEPB OTXOOMI OT Gojbinebep-
[I0BOTO HEpBa €IMHCTBEHHBIM CTBOJIOM. B msiTu ciayvasx (15,6 %) BbISIBIEHO IBa OTIENbHBIX CTBOJIA MEIM-
aJIbHOTO ISITOUHOTO HEpBa, OTXOMSIIMX OT OOJbIIe6epIIOBOr0 HepBa M HAIPaB/SIONIMXCS K MeauaabHO
OYTPUCTOCTY TISITOYHOI KOCTY U B TTIOAKOKHO-KUPOBOII €107 (puc. 4).

N

Puc. 4. Toriorpagu-
yeckasi KapTMHa Me-
IVAIbHOM TISITOYHON
obmactii: A — 30Ha
OTXOKIEHMST TTOTOJ-
HUTEJIbHOTO  HepB-
HOTO CTBOJIA MeIu-
QJIbHOTO TISITOYHOTO
HepBa; b —wmenu-
QIbHBI  TISITOUYHBINA
HepB; B —naTepansb-
HbII1 TIOAOIIBEHHbIN
HepB; [' — mononHu-
TelbHbII  HepBHbIIL
CTBOJI MeIMaIbHOTO
MSITOYHOTO HEepBa

Puc. 3. Tonmorpadu-
yeckast KapTMHa Me-
OVAJIbHOM IISITOYHOM
obmactu: A — 60b-
11e6epIioBblii  HEPB;
b —3o0Ha orxOXKIe-
HUS  MeOyuaJIbHOTO
MSITOYHOTO ~ HepBa
oT 6osbIIe6ePIIOBO-
ro HepBa; B — menu-
QJIbHBIN  TISITOUYHBIN
HepB; ['—ypoBeHb
BEPXYLIKM MeAyalb-
HO1 JIOOBIKKU

CpaBHeHMe TIPaBbIX U JIEBbIX CTOI HE BBISIBUIO CYIIECTBEHHBIX pas3inuuii B MOpGHOMETPUIECKNX TToKa3aTe-
JISTX MeIMAJIbHOTO TISITOYHOTO HepBa. Pa3mnumnii TOMIIMHBI MY YPOBHS OTXOKAEHUST MeIMaIbHOTO ISITOYHOTO
HepBa B 3aBUCMMOCTHU OT T10JIa TaKKe He oTMeueHo (p = 0,541) (Tabmn. 1).
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Ta6muna 1
PacripenerneHnye TOMIIMHBI MeIMATbHOTO MIITOYHOTO HEPBA B MCC/IEYEMO IPyTIIe
Ton n Cpe[Hss TONIMHA MeIVaTbHOTO CranmapTHOe MuHMMaNbHOE MakcuMasbHOe
MISITOYHOTO HepBa, MM OTKJIOHEeH!e 3HaYeHNe 3HaueHue
My>KUMHBI 18 1,9 1,4 0,5 5,4
JKeHIIMHBI 14 2,1 1,2 0,7 5

B TunmuHbIX ciaydasx (6onee 80 %) MemyalbHbBINA MSITOUHbBIV HEPB OTXOAMII OT O0JIbIIE6EePIIOBOrO HepBa MPOK-
cuMasibHee TOYKM O6udypKanyy Ha MeIMaabHbI 1 JaTepalbHbIi TOAONIBeHHbIe HepBbl. OMHAKO B MATU Ha-
omonenusix (15,6 %) o6Hapy>keHa HETUITMYHAS KapTUHA: MeIMaTbHbI/ MSITOYHBI HEPB OTXOOM/ IMCTATbHEE
oudypKaiym, T.e. OTXOAWI He HEIIOCPEeICTBEHHO OT CTBOJIA 60Ible6epIioBOro HepBa, a OT JIaTePaJIbHOTO I0J0-
IIBEHHOTO HepBa. TakuM 06pa3oM, MeIyalbHbIN MSITOYHBIN HEPB SIBJSJICS BETBBIO JIaTepaJbHOIO ITOJOIIBEH-
HOTO HepBa, UTO YKa3bIBaeT Ha BapMaHT Pa3sBUTHSI, 3HAUMMBI JIJIs1 IOHMMaHMs BapyabebHOCTY MHHePBaLu
MIATOYHO 06/acTy. 30Ha OKOHUYAHMS MeOVaTIbHOTO MSITOYHOTO HEPBA OKa3ajach OTHOCUTETHHO MOCTOSTHHOI:
23 "HepBa (72 %) 3aKaHYMBAINCH B ITOJKOKHO-KMPOBOJT KJIETYATKE IISITOYHOI 06/1aCTy, 06pasyst TaM pa3BeTBIIEH-
HYIO CeTh TOHKMX BETOUEK, 00eCIIeunBaIOIMX YyBCTBUTEIbHYI0 MHHEPBALMIO KOXKM TISITOYHOI 06/1aCTY CTOITBI.
B ocranbHbIX IeBATH CTydyasx (28 %) BeTBb MeIMAIbHOTO MSITOYHOTO HepBa JOXOAMIIA IO 00/1acTy MeIyalbHOM
OyrPUCTOCTH IISITOYHO KOCTH, TIIe ee TepMUHATbHbIE BETBY YXOAVIIN BIJTyOb II€PMOCTA Y CBSI30YHBIX CTPYKTY].

OBCY>XJIEHUE

MenuanbHbIi TSTOYHBI HEPB — HEOOJbINAsI, HO KIMHUYECKM 3HAuMMasi YyBCTBUTEIbHASI BETBb, MHHED-
BUpYIOIIAs MeIUaIbHYIO U 3aHe-MeIUaIbHYI0 [TOBEPXHOCTh ISITOYHOM 06JIACTM CTOIIBI, BKITIOUAsl 00/1aCTh
Ha[l ISITOYHBIM GYTPOM, yIepskK1BaTeb crubaTeneit 1 MofgKOKHO-KMPOBOIL ¢TI0 MaTouHOo obmactu [11]. K-
HMYecKasl KapTyHa Py HeBPOIIaTUM MeayaJlbHOrO IMSITOYHOrO HEpPBa BKJIIOUAET KIYUYI0 60JIb, TapecTe3uiu,
OHEMeHMe U TUIIePecTe3nIo B MSITOUHOI 061acTi. Boimb yeuaMBaeTcs Py Harpys3Ke Ha CTOITY, a B HEKOTOPBIX
wIyvyasx BO3HMKAaeT B HOUYHOe BpeMsi. Hepe[iko, maieHThbl ONMUCHIBAIOT OLIYIEeHNST KaK «yAapbl TOKOM» WU
«kkeHue» [12]. CBSI3b MeXay MOAONIBEeHHbIM (PaciiumMTOM M HeBpoIaTueil MeAuaJbHOTO MSITOYHOTO HepBa
MOATBEpsKIAEeHA PSIIOM KIMHMYECKUX MCCaemoBaHmii. [1o JaHHBIM pas3/iMYHbIX aBTOPOB, 0 18 % maiueHTOB
C XpOHMYECKMM TOJOUIBEHHBIM (aclMMUTOM MMEIOT MPU3HaKM HeBpoIaTuu. Bepubukanus guarHosa oco-
6eHHO Ba)KHA, TaK KaK METOJbI JIEUeHMS ITUX COCTOSHUI MOTYT OT/IMYaThes [13].

BusyanusanyoHHbIe METOIbI, TAKME KaK YIbTpacoHOrpadms BbICOKOTO paspemieHus v MPT, HO3BOJISIOT 06HApY-
SKMBATh pas3inyHbie MOpdOoIOTUecKye U3MeHeHMsI TKaHeit, BKiIodast pubpos, yToniieHue Gacuyuy 1 KOMITpec-
cuio HepBOB [14]. CoBMeleHMe JaHHbIX BU3YaIU3aLy C 3IeKTPO(PU3MOIOTMIeCKIM MCCIeN0BaHMeM [IOMOraeT
b depeHIIMPOBaTh HEBPOIIATMYECKYIO O0JIb OT SHTE30IAaTHUM M YTOUHUTD MIPUINHY XPOHMYECKO 60N B IISITKE.

XpoHnueckuii 601eBOi CMHAPOM B IISITOUHOI 06/IACTY CITIOCOOEH BhI3bIBATh HapYIIeHMEe ITOXOIKM, KOMITeHca-
TOPHYIO TIeperpy3Ky CMeKHbIX CyCTaBOB U, KaK CJie[IcTBYEe, GOPMMUPOBaHYE BTOPUUHBIX MTATOOTHI B APYTUX
OTHenax OMOPHO-ABUTaTeNbHON cucTeMbl [15]. PaHHSS AMArHOCTMKA UM MYAbTUAUCUUIUIMHAPHBINA MOOXOI,
OCHOBaHHBI HAa 3HAHMM aHATOMMUUYECKUX OCOOEHHOCTEIA, SIBSIOTCS KIOUEBbIMIM COCTAB/ISIOIMMU 3hdeK-
TUBHOTO JIEUeHMSI TIaLlIMeHTOB ¢ 60JIeBbIM CMHIPOMOM B IISITOUHOI 061acTy. IIoHMMaHe aHaTOMUM, TOIIOr'pa-
(buy 1 BapMaHTOB BETBJIEHNSI MEeIMATbHOIO IISITOYHOI'O HEPBa CTOIIbI KpaiiHe BasKHO IIPY AMAarHOCTHUKe 6osieit
B IISITKE, TVIAHVMPOBAHMUM XUPYPIUUECKMUX BMEIIATETbCTB U ITPOBEIeHMM aHECTe3UMN.

CoracHO aHAaTOMMUYECKUM MCC/IeJOBAHMSIM, CeJaJIMIIHbII HepB B AUCTAJIbHOM HallpaBAeHUM pa3fesseT-
Cs1 Ha CBOM OCHOBHbBIE CTBOJIBI HAa YPOBHE ITOAKOJEHHOI IMKIM: Maylo6eplioBblii ¥ OO/IbIIe6epIIOBbIii HEPBBI.
Bosbiie6epiioBblii HepB, TPOXOIs I03aAy MeAMaabHOM JTOObLKKIMA, BXOAUT B ITPOKCUMAJIbHBINM OTHEJ Tap3aib-
HOTO KaHaJa, IJe OH pasfensieTcsl Ha JaTepaabHblil TOOIIBEHHbI HEPB, MeAMabHbIN ITOJOIIBEHHbII HEPB
U MeJMabHbIN MSITOYHbIM HepB. Pa3BeTB/IeHe OCHOBHBIX HEPBHBIX CTBOJIOB MMeeT aHaTOMMUYECKYI0 Bapua-
TUBHOCTb, B TOM UKCJIe BKJIIOUAsl U MeAUaTbHOrO MSITOYHOIO HepBa [16].

B muTepatype BCTpevaroTcs JaHHbIE O TOM, UTO B OOJIBIIMHCTBE CTy4aeB MeAVaIbHbIi IISITOUHBI HEPB BO3HMKA-
eT 13 60JbIIe6epPIIOBOro HEPBa BHYTPU WIIM MTPOKCHMAaTbHee Tap3aJlbHOTO KaHaia [17, 18]. PacronoxkeHne Menu-
aJIbHOTO TISITOYHOTO HEPBA MIMeeT OYeHb OOJIbIIIoe 3HAUEeHMe TSI IUAarHOCTUKY U JieueHust 601eBOro CMHIpOMa
B IISITOYHO 06JIaCTY, CMHAPOMA Tap3aTbHOT0 KaHasIa, TPABM MSTKMX TKaHeH 1 CyCTaBOB, a TakKe O0JTN, BBI3BAH-
HO¥I pubpo3om nepunHeBpws [19]. [To JaHHBIM JIUTEPATYPHI, IPM OTBETBIEHUM MEOVAIBHOTO MSITOYHOTO HEPBA
OT OCHOBHOTO CTBOJIa — 60bIIIe6epIIOBOTO HEPBA, OH Yallle BCero pacrioyiaraeTcsl ToBepXHOCTHO 10 OTHOIIIe-
HUIO K MBIIIIIE, OTBOASIIEN GOJIBIIION TTaIel] CTOIbI M IIPOXOIUT Yepes yaepKUBaTeIb CrudaTesieii My Hajl HAM.
MenyanbHbIi TISITOYHBIN HEPB M €ro BETBM He IPOHMKAIOT B IOMOIIBEHHBIN CBOM, WM [TTyOOKME CTPYKTYPhI
crorbl [20]. ITomyyeHHbIe B XO[ie MCCIeNOBaHMS Pe3y/IbTaThl OMMUCHIBAIOT OTXOXKAEHVEe MeIUaabHOIO MSITOYHOTO
HepBa oT 60/bIIe6epIIoBOro HepBa (B 6onee uem 80 % ciTyyaeB), UTO COOTBETCTBYET TaHHBIM JIUTEPATYPBI.

OmnucaHo pa3zesieHye MeAalbHOTO IIITOYHOTO HEPBa Ha IBe OCHOBHBIE BETBH: [TIePeJHION0, MIYIIYIO K MbILIIE,
OTBOZSIIIIEl OOJBIION Tael] CTOIbI, X 3aJHION0, UAYIIYIO K KOKe, Mel1aabHOM TOBePXHOCTM aXWIIoBa Cy-
XOKMIINSL, TIITOUHOM KOCTU U TIOLOILIBEHHO XMPOBOIA Npociorike [21]. B npyrom mccinenoBaHum OTMEUEHO,
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YTO MeJIMaTbHbIN ITSITOYHBIN HEPB MOXKET OTXOIUTD OT OOIbIIEOEePIIOBOrO HEPBA M/MUJIN JIaTE€PATbHOTO ITOJ0-
IBEHHOTO HepBa [22]. IlonyyeHHble HAMM JaHHBIE ITOATBEPKAAIOT 3TO ITOJIOKEHYe: MeAMaIbHbIN IS TOYHbII
HepB MOXKET OTXOAUTH He HAIIPSIMYIO OT 60JIbIIIe6epIiOBOTO HEePBa, a OT JIaTePaIbHOTO MTOIOIIBEHHOTO HEePBa.
PaHee nogo6HbIe BapMaHThl YIIOMUHAINCh, OAHAKO, IO HAIIIMM JaHHBIM, MX YaCTOTa COCTABJISIET OKOJIO 15 %.
OTO HECKOIBbKO HIKe, UeM COOOIIANIOCh B eIMHUYHBIX 3apyOeskKHbIX paboTax (0Kojo 27 %), UTO MOXKET ObITh
006yCJTOBIEHO pa3MepoM BbhIOOPKM [23].

WccemoBaTenyt BbISIBUIN, YTO MeIMaATIbHBIN MMSITOUHBIN HEPB Takke MOXKeT OTXOAUTh OT MeAMaIbHOTO MO/0-
IIIBEHHOT'O HEpBa, IlepecekaTh KPOBEHOCHbBIE COCYIbI B MIITOYHOM KaHasle M MHHEPBUPOBATH MSITOYHYIO 00-
yacthb [24]. KomyecTBO MeAVAaIbHbBIX MSITOYHBIX HEPBOB BapbUPYET OT OJHOTO IO YETHIPEX, HO COOOIIANIOCH
u o st [25, 26]. B IpoBeieHHOM MCCIeJOBaHMUM B TISITU cydastx (15,6 %) BBISIBIEHO JBa OTAEIbHBIX CTBOJIA
MeIMaJbHOrO IISITOUHOrO HepBa, OTXOASIINX OT O0/IbIIe0ePI0BOr0 HePBa M HAIIPaB/ISIOIIMXCS K MeAMalbHOM
OYTPUCTOCTY TISITOYHONM KOCTY M B ITOAKOKHO-KMPOBOJ C/10¥1. Boslee ByX CTBOJIOB OOHAPY>KEHBI He OBLIN,
YTO MOXKET ObITh 0OYCJIOBJIEHO Pa3sMepPOM BBIOOPKM MJIM MHAVBUAYAIbHBIMM OCOOEHHOCTSIMU MCCIETYEMBbIX
610JIOrMYECKUX 00pasIioB.

Hacrosiiee mccieqoBaHme ITOMOMHSIET CYIIECTBYIONIVE aHATOMUYECKNE JaHHbIEe 0 MeIMATbHOM TSITOUHOM
HepBe 1 IOAUYEPKIBAET He06X0AMMOCTh MHAVBIAYATM3MPOBAHHOTO IIOAX0/a TP BMEIIaTeIbCTBaX B IISITOU-
HOJ 06sacTi. PesynbTaThl MOTYT CIYSKUTh MOP(OIOrMUECKMM OCHOBAHMEM [JIST YAYYIIeHMST OMAarHOCTUKI
U IpOMWIAKTUKY HeiipoIaTuuecKoii 60/ MSITKU.

[TonyuyeHHBbIE pe3yJbTaThl JEMOHCTPUPYIOT 3HAUMTEIbHYI0 aHATOMMUUECKYI0 BapyMaTUBHOCTb MeIMATbHOTO
MISITOYHOTO HepBa. B UacTHOCTH, YPOBEHb OTXOKAEHMS MeIMaJIbHOTO MITOYHOTO HepBa OT 60/IbIIe6ePII0BOTO
HepBa KojebjieTcs B AuamnasoHe oT 1 cM auctanbHee [0 4,5 cM IMpoKCcUMaabHee OTHOCUTEIbHO OPUEHTHpa
(BePXYIIKM MeaMalbHOI JTOObIKKN). DTO MOATBEPKIAET JaHHbIE OTHEIbHBIX VICCIEIOBaHNIT O BapMabeTbHO-
CTY IPOXOKIEHMS IISITOYHBIX BETBEI 60/blIe6epIlioBOro HepBa. B Xofe ucciemoBaHus MpeCcTaBIeHbl JaHHbIE
0 TOJIIMHE (OIyaMeTpe) MeIyaabHOIO MSITOYHOIO HepBa Ha TPYITHOM Marepuaje, KOJIMYECTBEHHO OIMCaH
JaHHBII ITOKA3aTesIb C BBIUMCIEHUEM CPeIHNUX M SKCTPEMAaIbHbIX 3HAYEHUIA.

3AK/IIOUEHUE

AHaTOoMMS Tap3aJbHOTO KaHajaa M MSITOYHBIX HEPBOB Ba)KHA [IIJIT OPTOIENOB, TPAaBMAaTOJIOTOB U HEMPOXU-
PYProB, BBITTOMHSIONIVIX OMepaiuu B 061acTy cTorbl. KpoMe TOro, BapyMaTMBHOCTb TOMIIVMHBI MeOMUATbHOTO
MISITOYHOTO HEepBa 03HAYAET, UTO BHIPAXKEHHOCTDb KIIMHNYECKMX ITPOSIBIIEHIIT TPV €T0 HEBPOIIATUM MOKET pas-
JIMYaThCsI, — GoJlee KPyIHbIe CTBOJIBI TOTEHIMAIBHO 6osiee YSI3BMMBI K cAaBIeHn 0. [T HeBPOJIOTOB 3HAHME
BapMaHTOB OKOHUYAHMS MeIMaIbHOTO IIITOYHOTO HEPBA BAaXKHO IPY AMATrHOCTUKE TTOPAKeHUIA: TTPU MOIKOK-
HOVi JTOKaJIM3al[My OKOHYaHMII MeIUalbHOTO TSITOYHOTO HepBa BO3MOKHO ITOBEPXHOCTHOE PACITOIOKEHNE
00JIeBBIX TOUEK, TOTA KaK IMPY OKOHYAHUM Y MSITOYHOI KOCTY CMMITOMBI MOTYT MMUTUPOBATh MOIOIIBEH-
HbIV hacuuuT. 3HaHVEe OCHOBHBIX OPMEHTMPOB M aHATOMMYECKOJ BapUMaTUBHOCTY ITPOXOKIEHMS TOTOTHNA-
TeJbHBbIX CTBOJIOB MeIMaJbHOTO MSTOYHOTO HEPBA MOXKET OOJIErYMThb IIPOBeIeHNe aHeCTe3UM, BbITIOJTHEHYE
XUPYPTUUYECKMUX BMEIIATEIbCTB B TOM UMCITE Y TUIPOIUCCEKITNAM.

Kongnukm unmepecos. Asmopsl 0ekaapupyrm omcymcmaue si8HuIX U NOMeHYUATbHbIX KOHQIUKIN08 UHMEePecos, C8sI3aHHbIX
¢ nybaukayueti Hacmosiujeti cmamau.

HcmouHuk punancuposanus. Asmops! 3as8/110m 06 0mcymcmeuu 8HeulHe20 (UHAHCUPOBAHUA NPU NPOBeOeHUU UCCe008aAHUS.

Amuueckue Hopmbl. HccnedosaHue nposedeHo 8 COOMBEMcmauU ¢ amuyeckumu cmandapmamu XeabCuHcKoli dekaapayuu
BcemupHoti meduyuHcKoii accoyuayuu.
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Abstract

Introduction Proximal humerus fractures account for 5 % of all fractures. Their incidence increases with age,
especially in women over 60. Most of them (85 %) are minimally displaced and managed non-operatively,
while 15 % require surgery. Neer’s classification guides treatment, which includes conservative methods
and operative methods. The operative techniques are PHILOS plating, pinning, nailing, or arthroplasty.
The JESS fixator, developed by Dr. B.B. Joshi, offers a minimally invasive alternative.

Purpose To compare the functional results of proximal humerus fractures treated with PHILOS plating
and JESS fixation.

Material and method The prospective observational study was conducted over 24 months on 36 patients
with proximal humerus fractures. Patients were divided into two groups, 18 in each group, based on the surgical
technique used: JESS fixation and PHILLOS plating. JESS group had more females, while PHILOS had more
males. The Constant — Murley Scores were used to compare the functional outcome in both groups at regular
intervals. Complications of both techniques were assessed.

Results Falls were the main cause in JESS (72.22 %), while road accidents were more common in PHILOS
(55.55 %) group. Both groups showed significant improvement in Constant — Murley Scores (p < 0.005).
JESS group had one case each of avascular necrosis, malunion, and pin tract infection. PHILOS group had
one implant failure and one avascular necrosis case, both managed effectively.

Conclusion In the management of proximal humerus fractures, JESS fixation and PHILOS plating are
equally effective. This study also led us to the conclusion that JESS fixation for proximal humerus fractures
is a semi-rigid, inexpensive technique that permits early mobilization, needs few implants, requires a short
hospital stay and surgical period, resulting in good to excellent functional results with a minimal risk
of complications.

Keywords: JESS, PHILOS, proximal humerus, Constant — Murley Scores, osteoporosis
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AHHOTanua

BBenenwe. [TepeoMbl MPOKCHMMAIBHOI'O OT/AEJIA IIJIeYEBOI KOCTU COCTABIISIIOT 5 % Bcex mepenomoB. VX umcio
YBEJIMUMBAETCSI C BO3PACTOM, OCOOEHHO V sKeHIINH crapiie 60 jeT. BoabIMHCTBO mepenomMoB (85 %) compo-
BOKI@eTCss MMHMMAaJIbHBIM CMellleH/eM OTJIOMKOB, TakMX MOCTPaaBIINX JleyaT KOHCePBATUBHO, B TO BpeMs
Kak 15 % repeioMoOB TPeOYIOT XMPYPrUUECKOr0 BMeIlaTeabCTBa. BhIOOP KOHCEPBATUBHOTO WM OIlepaTUB-
HOT'O MeTo[la JieueHMsl OIpeeNsaioT ¢ yueTom kiaccuduraimsi Neer. OniepaTyBHbIE METObI TIPe/ICTaBIeHbI
0oCTeoCcHHTe30M IutactuHoi PHILOS, mtudgToM, rBO3ASIMM WM apTPOILIACTUKOA. VIcionb30BaHme GpuKkcaTopa
JESS (amazn.: Joshi External Stabilizing System) siByisieTcst MaJIOMHBAa3MBHOJ aJbTEPHATUBO STUM METOIAM.

Ilestb paGoOThI — CPAaBHUTH QYHKIMOHAIbHbIE Pe3Y/IbTaThl OcTeocuHTe3a miacTuHamu PHILOS u JESS mipu ste-
YeHU MAlMEeHTOB C IlepeioMaMy IIPOKCUMAJIbHOTO OTAe/a IIeYeBOi KOCTU.

Marepuabl 1 MeTOAbL. [IpOCIIEKTUBHOE HAOMIOAATEIbHOE VICCIeIOBAHYE C YIaCTVEM 36 ITAI[MEeHTOB C Iepe-
JIOMaMM IPOKCUMMAJIbHOTO OT[ieJ1a IIe4eBOi KOCTY MPOBOAMIIN B TeueHue 24 MecsiieB. [TalyeHTsI pa3geneHbl
Ha JiBe TPYIIbI 10 18 YenoBeK B 3aBUCUMMOCTY OT MCIIOIb30BAHHON XUPYPIUUECKOV MeTOOUKM: huUKCcaIms
mnactuHamu JESS u pukcaumst mactuHamu PHILLOS. B rpynme JESS 6bu10 6osbllle KeHIINMH, B TPYIIe
PHILOS — myskumH. [lageHns SIBASINCh OCHOBHOM NMpuuuHOii B rpymnme JESS (72,22 %), B To BpeMs Kak I10-
CJIeIICTBUS HOPOSKHO-TPAHCIIOPTHBIX MPOMCIIECTBUIT vYalle BCTpevanuch B rpymme PHILOS (55,55 %). s
CcpaBHeHMST QYHKIMOHAIbHBIX PE3YIbTATOB B 06eMX IPYMIIaxX C PETyISIPHBIMU MHTEPBAIaMU VCIIOTb30BaIN
mikany Constant — Murley. Takyke olleHMBAIM OCIOKHEHMS TP 00€UX METOAMKAX.

PesynbraThl. B o6eux rpynmax Habaomaayu 3HAuYMTeNbHOE ViydllleHMe ToKasaTeseil IO IIKaje
Constant — Murley (p < 0,005). B rpymiie JESS 3apernctpupoBaHo 0 OTHOMY CTy4alo aBacKy/IsIpHOTO HEKpo3a,
HEeMpaBMUILHOTO CpalleHMs TepesioMa 1 MHGEeKIMM CIIUIeBOro KaHana. B rpymme PHILOS — 1o ogHOMY CITy-
Yyalo HeCOCTOSITEIbHOCTY MMIUIAHTATA ¥ aBaCKy/ISIPHOTO HEKPO3a, 06a malMeHTa 6blIM YCIEeIIHO ITPOIeYeHbI.

3akioueHue. MeTonbl 3aKPbITON peno3uuun U GUKcauy CUCTeMOl BHelHeil crabunmsaiuu JESS u oT-
KDBITO} perno3suiiuu U BHyTpeHHel pukcauuy raactuHoit PHILOS aBnsiioTcs: onyHaKoBO 3(pdeKTUBHBIMU
IIpY JIeYeHMY TTallYIeHTOB C [lepeJioMaMy IIPOKCMMAabHOrO OTAela ItedeBoit Koctu. @ukcauys JESS npu me-
penoMax IPOKCMMAJIbHOMN IIJIe4eBOii KOCTU SIBJISIETCS SKOHOMMYHBIM METOAOM, IIO3BOJISIIOUIVM IIPOBOAVTD
pPaHHIO MOOMIN3aLNI0, C MaJbIMM CPOKaMM MTPeObIBAHMS B CTAI[MOHAPE, KOPOTKUM XUPYPTUUECKUM MTepu-
0J10M, 00ecreunBaloLIMM XOPOIlMe WK OTANYHbIe GYHKLIMOHAIbHbIE Pe3yIbTaThl C MMHMMATbHBIM PUCKOM
OCJIOXKHEeHMUIA.
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INTRODUCTION

Roughly 5 % of all fractures are proximal humerus fractures, making them common injuries [1]. Their frequency
rises with age, especially in individuals over 60 with a female-to-male ratio of 3:1 in this age group [2].
While 15 % of these fractures necessitate surgical intervention because of the substantial displacement
of fracture fragments, the majority (85 %) are minimally displaced and manageable non-operatively [3].
Falling on an outstretched arm is the most common cause of proximal humerus fractures, especially in older
individuals with osteoporosis [4]. A thorough clinical history is essential, including the patient’s age, hand
dominance, mechanism of injury, and injury severity [5]. Additionally, any pre-existing medical conditions,
previous shoulder surgeries, and symptoms such as paresthesia, elbow or wrist pain, or functional impairment
of the affected limb should be evaluated [6].

Neer CS classified these fractures to determine which cases would benefit from open reduction and which
were at higher risk of avascular necrosis, necessitating prosthetic replacement [7]. Successful therapy
depends on the correct diagnosis and classification of the fracture [8]. The formation and displacement
of fracture fragments depend on the force exerted by muscles attached to the greater and lesser tuberosities
and the humeral shaft [9].

The treatment of proximal humerus fractures varies based on fracture severity and patient factors.
Conservative management includes the use of a U-slab (hanging cast), a universal shoulder immobilizer (USI),
or functional bracing [10]. Surgical alternatives include closed reduction with percutaneous pinning, open
reduction with internal fixation utilizing a locked PHILOS plate, trans-osseous suture fixation, intramedullary
nailing, hemiarthroplasty, total shoulder arthroplasty, and reverse shoulder arthroplasty [11]. The surgical
procedure used is determined by criteria such as fracture type, patient’s age, bone quality, comorbidities,
and the surgeon's expertise and preferences [12].

Dr.B.B.Joshi of Bombay devised a highly modular small external fixator device that offers a simple and effective
solution for handling difficult upper limb fractures [13]. This method is minimally invasive, has a high safety
rating, and enables early physiotherapy [14]. It is simple to use, even in remote locations, and requires little
instrumentation, making it a viable alternative to the present treatment options [15].

The purpose of this study is to compare the functional results of proximal humerus fractures treated
with PHILOS plating and JESS fixation.

MATERIALS AND METHODS

This prospective observational study was conducted over 24 months and included 36 patients with proximal
humerus fractures. Institutional ethics committee approval was obtained, and informed consent was collected
from all participants. Patient details were documented using a standardized clinical history proforma
at a tertiary care center.

Inclusion Criteria:

* Patients with displaced two- or three-part humerus fractures;
* Age over 18 years;
* Injury that occurred within two weeks before surgery.

Exclusion Criteria:

* Pediatric patients with active growth plates;
 Open fractures;

* Proximal humerus fractures with pre-existing shoulder conditions such as arthritis, rotator cuff tears,
or frozen shoulder;

* Associated ipsilateral upper limb injuries or fractures;
* Cases with neurovascular compromise.
Preoperative evaluation included an assessment of the patient's general health and a thorough examination

of the neurovascular status of the upper extremity. Radiographic evaluation consisted of anteroposterior
and axillary views of the shoulder and a CT scan for detailed fracture visualization.

Surgical Procedure
Joshi External Stabilizing System (JESS)

The surgical technique was carried out under general or local anesthesia, with the patient lying supine
and a sandbag used to elevate the shoulder. We used 2.5-mm pins. The greater tuberosity pins posed a risk
to the axillary nerve and the posterior humeral circumflex artery. In contrast, the proximal lateral pins
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posed a risk to the anterior branch of the axillary nerve. Additionally, the cephalic vein, biceps tendon,
and musculocutaneous nerve were at risk during anterior pin implantation. The greater tuberosity pins
were inserted with the shoulder externally rotated to reduce danger, moving the axillary nerve and posterior
circumflex artery away from the humeral neck. Three pins were placed into the humeral head at 30° intervals
in the same horizontal plane: one just lateral to the bicipital groove, another in the appropriate lateral plane,
and a third posterior to the central one. Two more wires were inserted into the shaft near the greater tuberosity.
These fixator wires functioned as joysticks to aid with reduction before attaching the frame. The purpose
of reduction was to re-establish proper alignment, with an angulation of less than 45° and displacement
of less than 1 cm.

After reduction, beta clamps were used to secure each pin to the external fixator bars, resulting in a stable
construction. On the first day following surgery, patients were advised to start actively mobilizing the afflicted
extremity while wearing a triangle sling for comfort. After evaluating radiological union and functional
improvement, the external fixator was removed.

PHILOS (Proximal Humeral Internal Locking System) Plate Fixation

In this technique, a “beach chair” position was given to the patient after general or regional anaesthesia.
A single preoperative dose of 1.5 grams of Cefuroxime was administered intravenously at the initiation
of anaesthesia. Surgical landmarks for the deltopectoral approach were marked. A 10-cm incision
from the coracoid process to the shaft of the humerus was taken. The conjoint tendon retracted medially
to allow access to the fracture site.

With the help of an image intensifier, the fracture fragments were directly reduced, and K-wires were used
for the temporary fixation of these fragments. Ethibond No 5 was also used for manipulation of the proximal
fracture to aid in reduction. After confirmation of fracture reduction, the PHILOS plate was positioned. Care
was taken to position this plate at least 8 mm distal to the upper end of the greater tuberosity using an insertion
guide. The biceps tendon was also used to guide for plate positioning. To avoid tendon impingement, the plate
was positioned laterally to the long head of the biceps tendon. The locking screws were used to secure
the humeral head fragment and metaphyseal shaft. The appropriate-length locking screws were inserted using
a specially designed star drive screwdriver. The anteroposterior and axillary views were taken using an image
intensifier for the final confirmation of fracture reduction and plate positioning. Before the procedure was
completed, the stability, range of motion, and absence of impingement were evaluated intraoperatively.
Following surgery, all patients were placed in either a sling or an abduction brace for support.

Postoperative Protocol

Following surgery, physical therapy was started right away on the next day. It started with pendulum exercises,
passive forward flexion, and external rotation exercises, and advanced to unrestricted range of motion
by 6-7 weeks. Exercises including active range of motion and active assistance were recommended. Patients
were monitored for clinical and radiological union at 4, 8, and 12 weeks.

Outcome Assessment

Functional outcomes were assessed using the Constant-Murley Score (CMS), a 100-point scale evaluating pain
levels and the patient’s ability to perform daily activities [15]. The CMS is interpreted as follows:

* 0-55 points = Poor;

* 56-70 points = Fair;

* 71-85 points = Good,;

* 86—100 points = Excellent.

Complications, including pin-tract infections, malunion, avascular necrosis, and implant failure, were
documented throughout the follow-up period.

Statistical Analysis

Statistical analysis was performed using SPSS software, version 22. Qualitative data were presented
as frequency and percentage, while quantitative data were analyzed using a paired t-test. A p-value of < 0.05
was considered statistically significant.

RESULTS

This study included 36 patients. Both groups had a total of 18 patients each. In the JESS group, there were
eight males (44.44 %) and 10 females (55.55 %), while in the PHILOS group there were 15 males (83.33 %)
and three females (16.67 %). The mode of injury in the JESS group was fall in 13 cases (72.22 %) and road
traffic accidents in five cases (27.78 %), whereas in the PHILOS group, eight cases (44.44 %) were due to falls
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and 10 cases (55.55 %) resulted from road traffic accidents. Neer’s classification showed seven two-part
(38.90 %) and 11 three-part (61.10 %) fractures in the JESS group, while the PHILOS group had nine two-part
(50 %) and nine three-part (50 %) fractures. Both groups had a total of 18 patients each (Table 1).

Table 1
Demographic details
JESS (n=18) PHILOS (n=18)

n % n %
Male 8 44.44 15 83.33
Female 10 55.55 3 16.67
Mode of injury Fall 13 72.22 8 44.44
Road traffic accident 5 27.78 10 55.55

Neer’s type 2 parts 7 38.90 9 50

3 parts 11 61.10 9 50

In the JESS group, the mean Constant-Murley Score increased from 29.02 before surgery to 60.27
at four weeks postoperatively, 70 at eight weeks postoperatively, and 82.33 at 12 weeks postoperatively.
Similarly, in the PHILOS group, the mean Constant-Murley Score increased from 32.12 preoperatively to 55.82
at four weeks postoperatively, 66.76 at eight weeks postoperatively, and 77.06 at 12 weeks postoperatively.
When comparing preoperative assessments with postoperative scores at 4, 8, and 12 weeks, the p-value
for both groups was less than 0.005, suggesting a highly significant improvement (Table 2).

Table 2
Constant Murley Score at a regular interval
Constant Murley Score
. Pre-op Post-op 4 weeks Post-op 8 weeks Post-op 12 weeks

Tech P-val

echnique Mean SD Mean SD Mean SD Mean SD vae
JESS 29.22 5.58 60.27 8.04 70 8.6 82.33 11 <0.001
PHILOS 32.12 5.02 55.82 5.04 66.76 7.88 77.06 11.42 <0.001

In the JESS fixation group, there were three cases of complications: one case of avascular necrosis
of the humeral head (successfully treated with hemiarthroplasty), one case of malunion (without significant
impact on the functional outcome), and one case of pin-tract infection (successfully managed with daily
dressing and oral antibiotics). On the other hand, with PHILOS fixation, there were two complications:
one case of avascular necrosis (treated with hemiarthroplasty) and one case of implant failure (screw backout)
(Table 3).

Table 3
Complications
Technique Implant failure Malunion Avascular necrosis Infection None
n % n % n % n % n %
JESS (n =18) 0 1 5.55 1 5.55 1 5.55 15 83.33
PHILOS (n = 18) 1 5.55 0 1 5.55 0 16 88.88

Fig. 1. Pre-op JESS Fig. 2. Post-op JESS
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Fig. 5. Post-op PHILOS Fig. 6. 12 weeks Post-op PHILOS

DISCUSSION

Proximal humerus fractures are rather common in the elderly, and there are numerous treatment options
for closed fractures. These options range from minimally invasive percutaneous pinning to hemiarthroplasty,
and each has pros and downsides. One main disadvantage of non-operative treatment is delayed mobilization,
which frequently results in joint stiffness. Additionally, conservative treatment increases the risk of malunion
or nonunion of fractures.

Joshi External Stabilization

In our research, the application of an external fixator system facilitated satisfactory bone healing, accompanied
by favourable to outstanding functional results. The procedure generally took less time, under 30 minutes,
was economical, and utilized minimal resources. Despite the suboptimal anatomical reduction achieved through
this percutaneous fixation method, the functional results remained favorable. These findings are supported
by multiple studies. Some techniques incorporate alocking mechanism attached to the pins to prevent migration
while operating on the same principle as percutaneous fixation. Additionally, the mutual connection of K-wires
generates extra valgus force, counteracting the deforming forces exerted by the supraspinatus and deltoid
muscles. However, further biomechanical studies are needed to validate this claim.

Another approach, known as the "hybrid technique", involves initial open reduction followed by stabilization
with K-wires and an external fixator [16]. While this method yields comparable functional and radiographic
results, it is associated with wound healing complications.

Our study included eight female and ten male patients, with a mean age of 61 years. All patients underwent
surgery within three days of injury, and the procedure took less than 30 minutes, with minimal to no blood
loss. Postoperatively, active-assisted shoulder flexion and extension exercises, along with wrist and elbow
range-of-motion exercises, were initiated on the first day. Patients were advised to maintain upper limb
exercises and perform external fixator care at home. Follow-up assessments were conducted at four, eight,
and twelve weeks.

563 T'enuii opmoneduu. 2025;31(5)



Knunanuyeckue ucciegoBaHms

A steady improvement in functional outcomes, as assessed by the Constant — Murley Score, was observed:
60.27 at four weeks, 70.00 at eight weeks, and 82.33 at twelve weeks. Complications such as avascular necrosis,
pin-tract infection, and malunion were rare, with only one case of each; all of which were successfully
treated. A.K. Gupta et al. [17] found that in their research of JESS fixation, the average postoperative VAS
score was 2.1 (¥ 0.73), while the Constant Score averaged 78.1 (* 9.61) over a follow-up period of six months.
The average time required for union was 6.5 (+ 1.18) weeks. Reported complications included one instance
of K-wire loosening and one occurrence of pin tract infection.

T. Goyal et al. [18] in their study found that the mean preoperative Constant-Murley Score was 29.09,
which improved to 60.39 at four weeks postoperatively, 69.97 at eight weeks postoperatively, and 79.64
at twelve weeks postoperatively. Similarly, P.R. Kandel et al.[19] reported comparable results and concluded that
surgically treating displaced proximal humerus fractures with JESS leads to good functional and radiological
outcomes. It results in less pain, reduced stiffness, and greater range of motion (ROM). Consequently,
the JESS fixator serves as an economical and effective alternative treatment for proximal humerus fractures,
presenting minimal complications.

Internal Fixation with Locking Plates

Historically, internal fixation using non-locking plates was associated with high failure rates and unsatisfactory
clinical outcomes. Pre-contoured anatomical locking compression plates offer greater adaptability and higher
union rates, particularly in osteoporotic bone [20]. Regardless of the fixation method, fracture reduction
remains critical for optimal surgical outcomes. Proper plate positioning is equally important, as even minor
displacement can result in shoulder impingement. According to AO-OTA principles, the upper edge of the plate
should be placed 5-8 mm distal to the greater tuberosity to avoid impingement.

Our study included fifteen male and three female patients, with a mean age of 48 years. Physiotherapy was
initiated in the second postoperative week, beginning with passive-assisted range-of-motion exercises,
followed by active exercises starting from the third week. Follow-up assessments at four, eight, and twelve weeks
showed continuous improvement in functional outcomes, with Constant-Murley Scores of 55.82 at four weeks,
66.76 at eight weeks, and 77.06 at twelve weeks.

Despite the advantages of locking plates, they are associated with complications such as plate breakage,
screw cutout, avascular necrosis, varus malreduction, and the need for revision surgery. R. Jnamnani et al. [21]
studied 32 proximal humerus fractures treated with PHILOS plating, reporting excellent outcomes in 62.5 %,
satisfactory in 21.87 %, poor in 9.38 %, and failure in 6.25 %. Two-part fractures had better results
than three-part fractures. Complications were minimal, with 65.6 % showing stiffness, malunion (9.38 %),
and avascular necrosis (6.25 %) were noted. In the study by P. Spolia et al. [22], the mean Constant — Murley
Score at six months was 79.4 (range: 38-92). Among 30 patients, 40 % had excellent, 30 % good, 20 %
moderate, and 10 % poor outcomes. One four-part fracture had the lowest score (38). Complications (16.7 %)
included varus malunion, avascular necrosis, and stiffness. A similar study was done by P. Ethirajk et al. [23],
on 40 patients and reported that the functional outcome was found to be excellent in 2 patients (5 %), good
in 22 patients (55 %), fair in 7 patients (17.5 %), and poor in 9 patients (22.5 %). The mean Constant — Murley
score achieved was 68.75 * 14.03.

In our study, the screw cutout (implant failure) rate was significantly lower at 5.55%. In a study
by K.C. Owsley et al. [24], involving 53 patients, the screw cutout rate was reported to be 23 %, identifying
it as a leading cause of revision surgery. C.Doshi et al. [25] also reported 5.66 % screw cutout rate
in their study. Another long-term complication observed in comminuted three- and four-part fractures is
avascular necrosis, which typically develops years after fixation and can compromise functional outcomes.
We encountered avascular necrosis in 5.55 % of cases. E.V. Geiger et al. [26] reported 7.28 % cases of avascular
necrosis in their study on 28 patients. A. Kaushal et al. [27] showed 2.5 % cases of avascular necrosis following
PHILOS plating.

Alternative Surgical Approaches

Hemiarthroplasty and reverse total shoulder arthroplasty are viable alternatives, particularly for complex
fractures. However, these procedures require advanced surgical skills and tertiary healthcare facilities,
which are often inaccessible in our country. A more biological approach has been proposed, though it poses
risks to the articular cartilage and is commonly associated with persistent shoulder pain. Intramedullary
nailing is another technique preferred by some orthopaedic surgeons.

The main limitation of this study was a relatively small sample size. A larger randomized controlled trial
comparing various fixation techniques would provide more comprehensive insights into this treatment
approach.
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CONCLUSION

This study concluded that both techniques, JESS fixation and PHILOS plating, are equally effective
in treating proximal humerus fractures in terms of functional outcome. This study also led us to the conclusion
that JESS fixation for proximal humerus fractures is a semi-rigid, inexpensive technique that permits early
mobilization, needs few implants, requires a short hospital stay and surgical period, resulting in good
to excellent functional results with a minimal risk of complications.
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Abstract

Introduction The anterior cruciate ligament (ACL) is the main ligament that stabilizes the knee and stops
anterior translation. It is also essential to the screw-home mechanism and helps resist valgus and rotational
stress. For ACL reconstruction, autograft arthroscopic single-bundle surgery is regarded as the "gold standard"
procedure. Joint laxity is enhanced and cartilage degradation is avoided with anatomical ACL restoration.
Negative results are frequently caused by technical surgical errors, such as improper tunnel placement.

This study aims to evaluate the functional outcome in ACL-reconstructed patients when a graft is placed
in an anatomical position, as well as to compare it with when a graft is placed in a non-anatomical place.

Methodology This is a 24-month prospective observational study conducted on 44 patients who underwent
arthroscopic ACL reconstruction, with post-op CT scans performed after permission from the institutional
review board (IRB). The most common mode of injury was sports-related. Thirty patients belonged
to the anatomical group, and 14 patients belonged to the non-anatomical group based on inclusion
and exclusion criteria. The Lysholm scoring system was used for functional evaluation on follow-up at three,
six, and 12 months.

Results The mean Lysholm score was 41.24 before surgery for the entire sample. In the anatomical
group, the score improved to 80.91 at three months, 85.91 at six months, and 89.23 at twelve months.
In the non-anatomical group, the score was 58.58 at three months, 65.13 at six months, and 58.58 at twelve
months. The improvement in Lysholm scores in the anatomical group was statistically significant.
Conclusion This study concludes that the functional outcome of ACL reconstruction is better when the graft
is placed in anatomical footprints than when it is placed in non-anatomical footprints.

Keywords: Femoral tunnel, tibial tunnel, ACL reconstruction, anatomical grafting, Lysholm score
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HBT Medical College and Dr. RN Cooper Hospital Juhu, Mumbai, India
ABTOp, OTBETCTBEHHBIN 3a mepenucky: Mahesh B Shinde, mahesh.shinde.1466 @gmail.com

AHHoOTanusa

BBemeune. Ilepenussi kpecroobpasHas cBsizka (IIKC) siByisseTcsl OCHOBHOJ CBSI3KOi, CTaGUIM3UPYIOIIei
KOJIEHO U TIpeoTBpalllaiolileli cMmellleHue TojieHU BIiepef. Ee posb cyliecTBeHHAa B MeXaHM3Me BUHTOBOIA
dukcaim, KOTOPbIit TOMOTaeT MPOTUBOCTOSITh BAJbIYCHON M POTAIMOHHOM HarpyskamM. OTHOYYKOBas ap-
TPOCKOIMYEeCKasl ayTOIIaCTUKa CUMTAETCS «30JI0ThIM CTaHAAPTOM» Mpu peKoHCcTpyKuuu [1KC, B pe3ynbTaTe
KOTOPO¥ CTAOUIM3UPYETCST CYCTaB U IIPeIOTBPaIIaeTCs AereHepanys xpsama. OTpuiiaTeabHble Pe3yabTaThl
YacTO BbI3BaHbI TEXHMUECKMMU OIIMOKAaMM BO BpeMsI oIlepalyy, TaKMMY KaK HelpaBUJIbHOE TOJI0KeHMe Ka-
HaJla AJ1s1 TpaHCIIaHTaTa.

Iless paGoOTHI — CpaBHUTENbHAS OlleHKA (PYHKIMOHAIbHBIX Pe3y/IbTaTOB Y MAlMEHTOB C PEKOHCTPYKIIMEH
ITIKC npu momelieHMM TpaHCIJZIAHTAaTa B aHATOMMUECKOe ¥ HeaHaTOMMUYECKOe MOIOKEeHMSI.

Marepuan u metonsl. [JlanHoe 24-MecsTYHOe TepCIIeKTMBHOe HabMofaTenbHOe UCCIeqoBaHKe POBeNeHO
Ha 44 maiyeHTax, KOTOPbIM BBITIONHSIM apTPOCKOTINYEeCKYyl0 peKOHCTpyKiuio [TKC 1 mnocneonepaiuoHHOe
KT-uccnenoBanue. [laneHTsl pa3fesieHbl Ha [Be IPYIIIbL: IPYIIa ¢ aHATOMUUYECKUM [OJIOKeHVeM TpaHC-
wiaHTaTta (30 MauueHTOB) U TPYIIa C HEAHATOMMUYECKUM ITOJIOKeHMeM TpaHCIUiaHTaTa (14 mauueHTOoB).
Haunbomnee pacmpocTpaHeHHBIM BMUIOM TPaBMbI Oblja CIIOPTMBHAS TpaBma. g QYHKIIMOHATBHON OI€HKU
IIpY KOHTPOJIe Yepes3 TPH, IeCTh U 12 MecsIIeB MCIT0JIb30BaIM OLIEHOUHYIO IIKany Lysholm.

PesyabTaThl. Cpequnii 6amn nmo Lysholm mo omepaumu coctaBun 41,24 mjis Bceil BhIGOpKU. B aHaTOMM-
yeckoil rpymme ob6mmit 6ann ymyummiacs go 80,91 uvepes Tpu Mecsia, 10 85,91 uepes IiecTb MecsiieB
u 1o 89,23 yepe3 IBeHAIIaTh MecslleB. B HeaHaTOMUYeCKO rpyIie moKa3aTean COCTaBUINU COOTBETCTBEH-
Ho: 58,58, 65,13 u 58,58 6ayoB. VayuiieHne cyMMbl 6a/ToB 1o Imkaie Lysholm B aHaTOMMUeCKOii TpyIiie
OBLIIO CTATUCTUYECKM 3HAUMMBbIM.

3akmoueHue. Aprpockonnueckass pekoHCTpykuus: I[IKC umeer myumimii (yHKUMOHANbHBIN pPe3yabTaT
MpY TMOMeIeHNM TPAHCIUIAHTaTa B aHATOMMUYECKOe IOJIOKeHMe IO CPAaBHEHUIO0 C HeaHaTOMUYeCKUM
TIOJIOSKEHVEM.

KiroueBbie «j10Ba: OelpeHHBINI KaHaj, O0IbIIeOepoBblii KaHaa, peKoHCTpyKuust ITKC, aHaToMmueckast
TpaHCIIaHTaIMs, olleHKa Lysholm

IOnsa qutupoBanus: Shinde M.B., Patel M.R., Sarwey K., Jethlia S., Kaulgud V., Datta R., Modi A., Kharate S., Singh S.,
Bopardikar T., Beniwal V., Chiwadshetti Sh. Pekonctpykius ITKC: koppensuyst GyHKIIMOHAIBHOTO Pe3y/bTaTa C IONIoKe-
HMeM 6epeHHOro 1 60/bIIe6epIIOBOro KaHaioB. IeHuli opmoneduu. 2025;31(5):567-573. doi: 10.18019/1028-4427-2025-
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INTRODUCTION

The anterior cruciate ligament (ACL) is the most frequently injured ligament, while the knee is the most
frequently injured joint overall. The knee's main stabilizer, the ACL, stops the knee from anterior translation.
Additionally, it plays a crucial role in reducing valgus and rotational stress and plays an important role in the screw
home mechanism. Depending on the demography, the annual incidence rates of ACL injuries range from 30
to 40 ruptures per 100,000 people [1]. Incidence is more common in sports players. From the initial primary
repair to extracapsular augmentation and tendon graft-based ACL reconstructions, surgical treatment of ACL-
deficient knees has advanced. For ACL reconstruction, autograft arthroscopic single-bundle surgery is regarded
as the "gold standard" [2]. Reconstruction of a ruptured ACL is a well-established procedure [3]. Restoring proper
knee joint function and preventing the onset of secondary osteoarthritis are the goals of ACL restoration [4].

Up to 25 % of patients still do not achieve adequate function following an ACL repair, despite advancements
in surgical procedures over the previous few decades [5]. One of the main difficulties in reconstructing
the anterior cruciate ligament is the placement of anatomical grafts. Joint laxity is enhanced and cartilage
degradation is avoided with anatomic ACL restoration [6]. These days, anatomical graft placements should be
prioritized in ACLrestoration toreplicate normal physiologic graft tension and more precise knee kinematics [7].
Technical surgical errors, such as incorrect tunnel placement, are a common cause of poor outcomes [8].
The most frequent technical mistake that results in graft failure is tunnel misplacement; femoral tunnels
positioned too anteriorly seem to be the most crucial of these mistakes [9]. It is estimated that up to 80 %
of technical failures are based on improper tunnel placement [10]. Currently, the most effective technique
to assess the proper positioning of the ACL tunnel and graft is three-dimensional (3D) reconstruction
of computed tomography (CT) images [11-12].

Tunnel diameter, tunnel length, femur diaphyseal angle (coronal angle/coronal obliquity), and tunnel position
utilizing the Bernard and Hertel grid are the usual anatomical parameters for the femoral tunnel [13]. Tunnel
diameter, tunnel length, anteroposterior and mediolateral tunnel position using the quadrant technique,
coronal angle, and sagittal angle are among the anatomical factors for a reconstructed tibial tunnel [14].

The Lysholm scoring method is widely used to assess functional results in knee joints [15]. Theoretically,
ACL reconstruction with a non-anatomical graft may impair knee joint stability and kinematics. This
non-anatomical reconstruction can potentially alter the functional outcome of an ACL reconstructed knee.

This study aims to evaluate the functional outcome in ACL-operated patients when a graft is placed
in an anatomical position, as well as to compare it with when a graft is placed in a non-anatomical place.

MATERIALS AND METHODS

This is a 24-month prospective observational study of 44 patients with anterior cruciate ligament (ACL)
tears that have been identified and operated on. The institutional ethics (Institutional Review Board — IRB)
committee provided approval. Data were gathered using the clinical history proforma, and patient information
was documented at a tertiary care facility. The study comprised patients who presented to the orthopaedic
department using predetermined inclusion and exclusion criteria.

The study comprised patients with solitary ACL injuries, ACL tears with or without accompanying meniscus
injuries (single cruciate ligament damage), fused epiphysis, average body mass index (18.5-24.9 kg/m?) and
age ranging from 20 to 50 years. Patients with open injuries, associated posterior cruciate ligament injury,
medial or lateral collateral ligament injuries, ACL re-injury, ipsilateral lower limb fractures around the knee,
refusal to undergo a postoperative CT scan, and prior surgery on or around the same knee were excluded.
Patients who volunteered to participate in the trial provided signed informed consent.

Preoperative evaluation involved an assessment of general health and a thorough examination of the affected
knee. Radiographic evaluation included anteroposterior and lateral views as well as MRI of the affected knee.
All patients underwent arthroscopic ACL reconstruction using a hamstring graft, performed by a senior
consultant. Careful attention was given to the preparation of the graft, tunnel creation in the tibial and femoral
regions, and secure fixation of the graft in the anatomical position. In the postoperative period, a CT scan
of the operated limb was performed to check for anatomical graft placement.

The anatomical parameters used to assess graft placement were:
Femur

— Tunnel diameter;

— Tunnel length;

— Femoral diaphyseal angle (coronal angle/coronal obliquity);
— Tunnel position using the Bernard and Hertel grid.
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Tibia

— Tunnel diameter;

— Tunnel length;

— Anteroposterior and mediolateral tibial tunnel position using the quadrant approach;
— The coronal and sagittal angles.

Based on these parameters, patients were categorized into two groups: anatomical (femoral and tibial
tunnels in the anatomical position) and non-anatomical (femoral or tibial tunnel not in anatomical position).
All the patients in both groups had no difference in an average BMI.

Outcome measures: Functional outcomes were assessed using the Lysholm score preoperatively, at three
months, six months, and 12 months postoperatively. This scoring mechanism assumed a pivotal role, serving
as a critical instrument in providing an intricate and in-depth assessment of the overall knee function
and symptomatology experienced by individuals undergoing ACL reconstruction.

Statistical Analysis: A case record (PROFORMA) was filled out by an investigator using the interview technique.
The collected data were tabulated in an Excel sheet under the guidance of a statistician. Means and standard
deviations of the measurements per group were used for statistical analysis (SPSS 22.00 for Windows;
SPSS Inc., Chicago, USA). The difference between the two groups was assessed using the chi-square test,
with the level of significance set at p < 0.05.

RESULTS

The study included 44 patients of which 36 were male and eight were female. The mean age of participants
was 28 years and the right side was more commonly injured than the left. The most common mechanism
for the injury was sports-related. Out of 10 patients with meniscus injury, five patients belonged to each
group, and there was no statistically significant difference between the groups (Table 1).

Table 1
Demography
Group of anatomical Group of nonanatomical Pvalue Statistical
graft placement (n = 30) | graft placement (n = 14) significance
Age (Mean) x * x = 28.2 years x * x=27.7 years 0.176 No
n 26 10
Male .
% 87 71
; h 4 0.0000243 Yes
Female % 13 29
Bone Mass Index (Mean) 23.1£2.6 23.5+ 3.2 0.687 No
23 7
Site Right Z = %
> 0.0159 Yes
Site Left n ! !
% 23 50
Mechanism of injury — | 1 24 9
sports % 80 64
Mechanism of injury — | 1 5 2
road traffic accidents % 17 14 0.0000000294 Yes
3 n 1 3
Other mechanism % 3 27

In the anatomical group, preoperatively almost all patients had lower Lysholm scores. Post-operatively,
the number of patients with improved Lysholm scores increased from 13 patients (43 %) at three months
to 26 patients (87 %) at 12 months. None of the patients showed poor scores at 12 months. This improvement
was statistically significant (Table 2). Pre-operatively, none of the patients had an excellent Lysholm
score. The number of patients with an excellent and good score increased in the postoperative period
for the anatomical group while the number of patients with fair and poor scores remained the same even
at 12 months post-operatively. This improvement in the number of patients in the anatomical group was
statistically significant.

The mean Lysholm score was 41.24 before surgery in the entire sample of patients. In the anatomical group,
this score improved significantly at six months, as well as at twelve months. In the non-anatomical group,
the score remained the same at twelve months. The improvement in Lysholm scores in the anatomical group
was statistically significant (Table 3).

T'enuii opmoneduu. 2025;31(5) 570



Knmumanuyeckue ucciaenoBaHms

Table 2
Comparison of Lysholm scores
Group of anatomical graft placement Group of nonanatomical graft

Lysholm score (n=30) placement (n = 14) Pvalue

n ‘ % n ‘ %
Pre-op
Excellent (91-100) 0 0 0 0
Gopd (84-90) 2 7 0 0 0.553
Fair (65-83) 10 33 6 43
Poor (< 65) 18 60 8 57
3 months
Excellent (91-100) 4 13 0 0
Good (84-90) 9 30 0 0

.007
Fair (65-83) 15 50 6 43 0.0075
Poor (< 65) 2 7 8 57
6 months
Excellent (91-100) 12 40 0 0
Good (84-90) 10 33 2 14
Fair (65-83) 8 27 4 29 0-0000247
Poor (< 65) 0 0 8 57
12 months
Excellent (91-100) 17 57 0 0
Good (84-90) 9 30 0 0
Fair (65-83) 4 13 8 57 0.000000603
Poor (< 65) 0 0 6 43
Table 3
Lysholm score in the groups
. Lysholm score
Position 3 months 6 months 12 months Pvalue

Anatomical 80.91 85.91 89.23 <0.05
Non-anatomical 58.58 65.13 58.58 )

Only two patients from our study had swelling, one patient had a stiff knee and one patient had infection.
The patients with post-op swelling and stiff knees were managed with physiotherapy and infection was treated
with antibiotics.

DISCUSSION

These days, ACL tears are frequent injuries due to rising participation in sports and an increase in traffic
accidents. Despite debate over whether ligament restoration is necessary for all individuals with ACL
injuries, arthroscopic surgical reconstruction has emerged as the preferred course of treatment. Restoring
knee stability is the main objective of this surgery, which enables the patient to resume a normal range
of motion and engage in sports. Restoring normal knee kinematics and avoiding early arthritic alterations
are additional goals. For ACL reconstruction, hamstring (semitendinosus and gracilis) tendon autograft is
currently the recommended option. The purpose of our study was to compare the functional results of patients
undergoing ACL restoration in anatomical footprints and those in non-anatomical footprints.

The mean age of the patients in our study was 28 years, and it ranged from 20 to 55 years. Most
of the patients were between the ages of 25 and 35. Nine female patients and thirty-five male patients
participated in this study. The prevalence of ACL injuries in men may be explained by the fact that men
participate in sports and outdoor activities at higher rates than women. Patients' age ranged from 17
to 48 years, with a mean age of 26.3 years and a median age of 25.0 years, according to a series of studies
by J.L. Johnson et al. [16]. The majority of the patients in their study were between the ages of 15 and 25,
including 23 (92 %) men and two (8 %) girls.

Sports-related injuries accounted for 33 (75 %) and traffic accidents for seven (15.90 %) cases of the injuries
in our study. Football and athletic activities were the most prevalent sports-related injuries. The increased
participationinsportsactivities maybe the cause of the variationin the manner of injury. Twenty-five individuals
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with ACL deficit, ages 17-43, with an average age of 25.8 years, participated in a study by X. Li et al. [17].
It discovered that sports accounted for 68 % of the injuries, falls accounted for 24 %, and motor accidents
accounted for 8 % of cases.

Thirteen individuals (31.81 %) in our study had left knee involvement, while thirty patients (68.18 %) had
right knee involvement. In their study, A.M. Tayeb et al. [18] found that left-sided ACL injuries were less
common (37.5 %), right-sided injuries accounted for the majority (62.5 %).

ACL tears were the most frequent main diagnosis in our study. Ten instances (22.2 %) had medial meniscus
injury, and three cases (6.67 %) had lateral meniscus injury, for a total of thirteen patients (28.89 %)
with combined meniscal injury and ACL tear. If a meniscal tear was discovered during surgery, a meniscectomy
was carried out. ACL injuries were isolated in the 32 individuals (71.11 %) that remained. In their analysis
of 107 patients, M. Kruger-Franke et al. [19] discovered that ACL ruptures were linked to 45 % of medial
meniscus ruptures and 55 % of lateral meniscus tears.

Of 44 patients, 30 had anatomical graft placement (68.18 %), while 14 had non-anatomical graft placement
(31.81 %). We used a 3D CT scan to check the post-operative anatomic placement of the reconstructed ACL.
M.Kim et al.[5] and A.P. Parker et al. [20] also used a CT scan to check the anatomical placement. Femoral
and tibial tunnel length and diameter, femoral diaphyseal angle, tunnel, and tunnel position using the Bernard
and Hertel grid (femur) and quadrant method (tibia), as well as coronal and sagittal angles for the tibia,
were the methods used for anatomical graft placement. In 2015, T. Vermersch et al. [21] did a study on CT
assessment of femoral tunnel placement and found 124 femoral tunnels (68.9 %) were in the optimal position
and 56 (31.1 %) were not. A radiologic evaluation of the femoral and tibial tunnel placement based on anatomic
landmarks in arthroscopic single-bundle anterior cruciate ligament restoration was conducted in 2017
by S.K. Nema et al. [22]. M.R. Patel et al. [23] conducted a study on the tibial tunnel position of 39 patients using
the above parameters and concluded that a CT scan is an imaging modality to study tunnel position after ACL
reconstruction.

In our study, we used the Lysholm scoring system functional outcome evaluation. The scores improved
from 80.91 at three months to 89.23 at 12 months in the anatomical group, while in the non-anatomical group,
they remained the same (58.58) even at 12 months' follow-up. Of 30 patients from the anatomical group,
28 patients showed either excellent or good scores and only two patients had fair and poor scores. This is
statistically significant. W. Wang et al. [24] in their study showed that the Lysholm scoring questionnaire is
reliable, valid, and responsible for the evaluation of patients with ACL injuries and it would be an effective
evaluation tool. D. Mashreghi et al. [25] used the Lysholm scoring system for the functional evaluation of ACL
reconstruction in 140 operated cases with the hamstring graft.

In our study only two patients had swelling and one patient had a stiff knee which was managed
with physiotherapy. One patient developed infection that was managed with antibiotics.

CONCLUSION

This study concludes that the functional outcome after arthroscopic anterior cruciate ligament reconstruction
is better when the graft is placed in an anatomical footprint of native ACL for both femoral and tibial tunnels.
Also, the functional scores in the anatomical group of patients improved after the surgery and at follow-ups.
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CpaBHMUTENbHbIN aHANU3 pe3yNbTaToB
6eapeHHO0-60nblE6EPLLOBOro CUHOCTO3UPOBAHUS
npu nepunpoTe3Hon UHPeKuUm
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ABTOp, OTBeTCTBEeHHBIi 3a mepenucky: [1e6 Anekcanaposuu Byraes, glebbugaev97@gmail.com

AHHOTanua

BBenenwe. ITepunporesHast uHdekius (IIT11) mocie TOTabHOM apTPOIUIACTYKY KOJIEHHOTO CyCTaBa OCTAeT-
Cs1 cepbe3HOI1 IMPOo6IeMOolt OpTOIIeINM, TPe6GYIOIeit MpMMeHeHNs paAyKaJIbHbIX METOIOB ieueHus. bepeHHO-
6onbiebepiioBoe cuHOCTO3UpoBaHue (BBC) SIBseTCS OmHON M3 TOCTAEIHUX ClacaTebHBIX OIepallnii
npy HeaPGHEKTUBHOCTY MM HEBO3MOKHOCTM PEBU3MOHHOTO 3HAOMPOTEe3MpoBaHusi. OMHAKO B HACTOSIIEe
BpeMsI HeT eOVMHOTO MHEHMSI O palOHAJIbHOI TEXHOJIOTMM, 06eCcIeunBapmeli ONTUMaIbHbI/i aHaTOMO-
(OYHKIMOHAIBHBIN Pe3y/IbTaT XUPYPIUUECKOI PeabyInuTaInn.

Ilenb paGoThl — aHAIN3 KIMHUMYECKUX VICXOHOB XUPYPTUUECKOTO JiedueHus mauueHToB ¢ IIIM mpu BbI-
nonHeHn BBC KO/JIEHHOTO cycTaBa C MCIOAb30BaHMeM MHTpamenyusipHoro crepyxkHs (MC) u anmapara
Wnuzaposa (AN).

Marepuansl 1 MeToabl. [IpoBefieH CpaBHUTENbHbIM aHain3 46 mauueHToB ¢ [IIIM, KOTOpbIM BBINIOJHEH
aptpopes koneHHoro cycrasa (AKC). [TanueHTsl pa3geneHbl Ha OBe TPYIIIbl B 3aBUCUMOCTU OT TEXHOIOTUN
OCTEOCUMHTE3a JIJISl CO3/IaHMsI KOCTHOTO 6JI0Ka MeXy 6epeHHOI 1 60/bIlIe6epIioBOi KOCThIO: 25 MaIl[MeHTOB
B rpymie 1 (VC) u 21 — B rpymite 2 (AW). O1ieHMBaIy KIMHUYECKMEe XapaKTePUCTUKY OOTbHBIX, KOMOPOVIHBI
(OH, TUIT KOCTHBIX Me(eKTOB ¥ MUKPOOMOIOTMYECKMit Tpodniib. CTaTUCTUYECKIMIT aHAINU3 CpaBHEHMS QYHK-
IIMOHAJIbHBIX Pe3y/IbTaTOB, CPOKOB aHKMIO3a, YKOPOUEHMS] KOHEUHOCTM, PEIUINBOB MHMEKIVY U OCIOKHE-
HMIi BBITIOJIHEH C IOMOIIbIO ITpOrpaMMbl Jamovi (Bepcus 2.6.17).

PesynbraTsl. CpefqHiue CpoKu GOPMUPOBAHMS KOCTHOTO 6/10Ka 6bUTM 3HAaUMMO MeHbiie B rpytie 1 (UC), —
4,5 mecsia mpoTuB cemMyu MecsmeB B rpymme 2 (AU), p=0,027. OyHKIMOHAIbHBIE DPE3YIbTAThI MEXKIY
TpyIraMu B 1eJIoM ObLM comoctaBuMbl (p = 0,075). [Ipy 3HAUMMBIX 10 yTpaTe KOCTHOI TKaHM JedeKTax
(AORI tun IIT) maumenTs! rpymnnsl 2 (A1) nemoHcTpupoBanu aydinre nokasateau LEFS (p = 0,018). YacToTta
penyaMBoB MHpeKIyM cocraBwia 13 % B rpymme 1 (MC) u 4,8 % B rpymite 2 (AU), p = 0,609. CucreMHbIe OC-
JIOKHEHMSI (6,5 %) BbISIBIeHBI TOJIBKO B rpyiie 1 (MC). HeskenaTeabHbIe SIBJIEHMS YUUTHIBAIN C IIPMMEHEHEM
YHUDUIIMPOBAHHOI KiIaccubUKaLUY OCTOKHEHUIA.

0GcykaeHme. [ToyueHHbIE Pe3yIbTaThl CBIAETENbCTBYIOT, uTO VIC 1 AU 06ecrieunBaioT COMOCTaBUMYIO 3¢-
(bexTHBHOCTD JevueHus: mamyeHToB ¢ 1IN ¢ pasaumumsaMu B cpokax GOPMUPOBAHMSI KOCTHOTO 6J10Ka U (PyHK-
LIMOHA/IbHBIX TT0Ka3aTeNsIX NPV 3HAUMTENbHBIX 110 MPOTSKEHHOCTM KOCTHBIX medeKkrax. Bospacraromias
PacIIpoCTPaAaHEHHOCTD IMOMMPE3UCTEHTHON MUKPOQIIOPHI M YacTOTa OCIOKHEHMIT Tpe6GYyIoT BHUMATEIbHOTO
Y MHOMBUAYaJIbHOTO IMOAX0a K BbIOOPY MeTomuky BBC.

3akmoueHue. Pe3ynbTaThl MCCIEOOBAHNS TeMOHCTPUPYIOT 3D (MEKTUBHOCTh 00eMX METOOMK: MCITOIb30Ba-
Hue VIC crioco6eTByeT 6osiee GpICTPOMY (POPMUPOBAHMIO KOCTHOTO 6710Ka MeKAy GeqpeHHoi 1 6obiiebep-
I[OBO#1 KOCTBIO, TOra Kak AU o6ecrieunBaeT Jydiie aHaTOMO-(GYHKIIMOHAIbHbIE PE3Y/IbTAThI Yy MAI[MEHTOB
CO 3HAUMUTENbHOM YTPATOM KOCTHOV TKaHU.

KnioueBbie coBa: 6epeHHO-60/bIIe6epIIoBOe CMHOCTO3MPOBAHME, apTPoe3 KOJIEHHOTO CyCTaBa, Iepu-
npoTe3Hast MHOEKIINS, MHTpaMeIy/UISIPHbINA CTepsKeHb, armnapaT Mnm3apoBa, KIMHUUECKIE UCXOIb, PEIINB
MHGEKITNM, OCJIOKHEHNST apTpoe3a

HOns nutuposanusi: byraes I'A., Bunorpanckuit A.E., IIpokonses [1.C., bop3yHos [1.}0. CpaBHUTeNIbHbBIN aHAIN3 pe-
3yJITATOB 0OepeHHO-60/bIe6ePIIOBOTO CMHOCTO3UPOBAHUS TIPU TEePUIIPOTE3HON WHbeKuun. leHull opmoneduu.
2025;31(5):574-586. doi: 10.18019/1028-4427-2025-31-5-574-586.
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Abstract

Introduction Periprosthetic infection (PJI) after total knee arthroplasty remains a serious challenge
for orthopedic surgeons and requires radical treatment methods. Femoro-tibial synostosis (FTS) is
one of the last salvage operations if revision arthroplasty fails or impossible. However, there is currently
no consensus on a rational technology that would provide an optimal anatomical and functional result
of surgical rehabilitation.

The aim of the work was to analyze clinical outcomes of surgical treatment performing FTS of the knee joint
in the patients with PPI using an intramedullary nail (IN) versus the Ilizarov apparatus (IA).

Materials and methods A comparative analysis of 46 patients with PPI who underwent arthrodesis
of the knee joint (AKJ) was performed. The patients were divided into two groups depending
on the osteosynthesis technology for bone fusion between the femur and tibia: 25 patients in group 1 (IN)
and 21 in group 2 (IA). The clinical characteristics of the patients, comorbid background, type of bone
defects and microbiological profile were assessed. Statistical analysis of the comparison of functional results,
timing of ankylosis, limb shortening, recurrent infections and complications was performed using the Jamovi
software (version 2.6.17).

Results The average time of bone fusion was significantly shorter in group 1 (IN), 4.5 months versus
seven months in group 2 (IA), p =0.027. Functional results of the groups were comparable (p =0.075).
In defects with significant bone loss (AORI type III), patients in group 2 (Al) demonstrated better LEFS
indicators (p = 0.018). The infection recurrence rate was 13 % in group 1 (IN) and 4.8 % in group 2 (IA),
p = 0.609. Systemic complications (6.5 %) were detected only in group 1 (IN). Adverse events were considered
using the unified classification of complications.

Discussion The obtained results indicate that IN and IA provide comparable treatment efficacy in patients
with PPI with differences in the timing of bone fusion and functional indicators in significant bone defects.
The increasing prevalence of multiresistant microflora and the frequency of complications require a careful
and individual approach to the choice of the FTS technique.

Conclusion The results of the study demonstrate the effectiveness of both techniques: the use of IN contributes
to a more rapid bone fusion between the femur and tibia, while IA provides better anatomical and functional
results in patients with significant bone loss.

Keywords: femorotibial synostosis, knee arthrodesis, periprosthetic infection, intramedullary nail, Ilizarov
apparatus, clinical outcome, recurrent infection, arthrodesis complications

For citation: ByraeB T.A., Bugaev GA, Vinogradsky AE, Prokopyev DS, Borzunov DYu. Comparative analysis
of femoro-tibial synostosis results in periprosthetic infection. Genij Ortopedii. 2025;31(5):574-586. doi: 10.18019/1028-
4427-2025-31-5-574-586.
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BBEIOEHUE

BenpenHo-6omble6epiioBoe cuHoctosupoBaHue (BBC) mpu mepurpotesHoit nHbekiuu (II11) Ha ceropn-
HSIIITHWI IeHb OCTaeTCsl OMHOI 13 Haubosee IUCKYCCMOHHBIX M BOCTPeOOBAHHBIX CITACATENbHBIX OIepaIiuii.
HecMoOTpst Ha 3HAUUTEIBHBIN ITPOTPECC B 06/1aCTY SHIOIIPOTE3UPOBAHNS ¥ COBEPIIEHCTBOBAHME AJITOPUTMOB
MpodMIaKTVKY MHPEKIMOHHBIX OCI0KHEeHM, pasBuTue [N mocie rmepBUYHOrO TOTAJAbHOI'O SHOOMPOTE-
3MPOBAHMSI KOJIEHHOTO CyCTaBa OCTAETCS 3HAUMMOII ITpobemMoit. ITo coBpeMeHHBIM JIUTEePATyPHBIM TaHHBIM,
yactota BO3HMKHOBeHus [TV mocie mepBUYHOrO TOTAJIbHOIO SHIONPOTE3UPOBAHUS KOJIEHHOI'O CyCTaBa
Kone6nercs ot 0,2 % nmo 2 %, a mocie peBM3MOHHBIX BMeNIaTeNbCcTB gocturaet 28 % [1]. Bomee Toro, puck
penyaMBa MHGEKINMM BO3PACTaeT ¢ KaKIO0M IMOUIenyIoleli CAaHMPYIONIeii orepalinei, CylecTBeHHO BIIMSIS
Ha KayeCTBO XV3HY MaleHTOB U YBEJIMUYMBAs MEIUIIMHCKYIO Y COLMAIbHYIO HAarPy3Ky Ha 0611ecTBO [2].

AKXTyasibHasl B HacTosIlllee BpeMsl TaKTMUKa jJedeHus naunueHTos c TN, npennosxkenHas A.F. Chen, BkitouaeT
MIPOIOJIKUTEIbHOE IIPUMEHeHMe aHTUOaKTePUAIbHOI Tepamnu, XUPYyPruueckyio o6paboTKy ¢ COXpaHeHeM
MMILIAHTaTa, OGHO- U JBYXATAIIHOE PeBU3MOHHOE SHIONPOTE3MPOBAaHMeE, a TaKKe CriacaTe/bHble onepann,
K KOTOPBIM OTHOCST apTpoAe3MpOBaHMe CYCTaBa, Pe3eKUMOHHYI0 apTPOIIACTUKY UM aMIIyTalMi0 KOHEUHO-
CTU [3]. «3010TBIM CTaHAAPTOM» IIPU3HAHO [IBYX3TAITHOE PEBM3MOHHOE SHIOIIPOTE3MPOBAHME C MCIIONb30-
BaHMeM LIeMEeHTHOTO cIieiicepa, MUMIIPErHMPOBAHHOIO aHTUOGMOTUKOM. TaKkoii IOAX0I, BIIepBble OIMCAHHBIN
J.N. Insall et al. [4], mo3BossIeT mOOGUTHCS apaauKanyy nHbekuunu B 88-96 % ciydaes [5, 6].

Hepenko B KIIMHMYECKOI IIPAKTMKE MOXKHO CTOJIKHYTBCS C CUTyalyeli, KOrga peBU3MOHHOe SHA0IPOTe31POo-
BaHMe BbITIOTHUTH HEBO3MOKHO. [IpMuYrtHaMM 3TOTO SIBJISTIOTCSI TOTAAbHBIE U CYOTOTANbHBIE TedeKThI KOCTel,
006pa3youyx KOJIeHHbI CYCTaB, TsyKeast HelOCTaTOUHOCTDb WJIM OTCYTCTBME pa3rnbaTesbHOTO anmapara Ko-
JIEHHOTO CYCTaBa, a TaK)ke HaJln4ye Moaupe3suCcTeHTHOM MUKPOGDIOPHI, BbI3bIBAIOIIE) XPOHUYECKYIO KOCTHYIO
MHDEeKINIO C TOCTOSTHHBIMY PelMAMBaMU U CBUIeo0pa3oBaHeM. COBOKYITHOCTD ITepeuyCIeHHbIX OC/I0KHe-
HUII B UCXOJle SHIOOTIPOTE3UPOBAHMS B IUTEPATyPe MMEHYIOT «ysKacHO Tpuanoit» (aHen.: Terrible Triad) [7].

3a mocnenHue 15 et obiias 4acToTa BBIMOJMHEHNST apTPOLEe3VPYIOIMX onepaluii Ha KOJeHHOM CycTaBe
nio nnoeogy [T cocraBuna 0,26 % [8], ofHAKO, KaK OTMeUYal0T OTeYeCTBEeHHbIEe aBTOPBI, TEHIEHLINS K YBeJn-
YeHMIO YMCJIa TAaKMX BMeLIaTe/lbCTB coxpaHsercs [9].

CpaBHUTENIbHAS OlleHKa MCXOMIOB CracaTeNbHBIX Orepalyii MoKa3bIBaeT, YTO, HECMOTPSI Ha COXPaHSIONIMecs
PUCKM, apTPOZEe3 KOJIEHHOTO CyCTaBa MO3BOJISIET JOCTUTATh 6osiee 61aronpUsTHBIX QYHKIIVMOHATbHBIX PE3YITb-
TaTOB ¥ paHHel peabuIUTaIMK, HEXXEIY aMITyTalls, o6ecreunBasi maluyeHTaM He TOJIbKO BO3MOYKHOCTbD ca-
MOOOCTYKMBaHMS, HO U conyanu3saiiuio. CormacHo cucteMaTnaeckomy 063opy J. Low et al., 86,4 % maieHTOB
riocsie popmupoBanyst BBC cOXpaHSIIOT CITOCOGHOCTH K CAMOCTOSITeTbHOMY TepeIBMKEHNIO U YXOTy 3a CO607,
B TO BpeMsI KaK IT0C/Ie aMITyTal[M¥ KOHEYHOCTY 3TOT ITOKa3aTesb COCTaBIIsIeT uilb 54,4 % [10].

Cpeny M3BEeCTHBIX TEXHMK apTPOAe3UpOBaHmsI, IpMUMeHsieMbIX Ipu T[TV KojeHHOro cycraBa, Hauboblliee
pacmpocTpaHeHMe TOMYyYMIM MeTOIbl MCIIONb30BaHMs MHTpaMenyuisipHoro crepsxkHsi (MC) u ammapara
Nnusaposa (AN). [IpyMeHeHMe HAKOCTHBIX IUVIACTUMH B COBPEMEHHO MPaKTMKe OrPAaHMYEHO M3-3a HEOIHO-
3HAYHBIX PE3YJIbTATOB, BBICOKOM YaCTOTHI peluaAnBa MHPEKIUM U HeOOXOAMMOCTY IIUTETbHON UMMOOUIIN -
s3anuu [11, 12]. BMmecTe ¢ TeM, HECMOTPS Ha IIMPOKOE pacIpoCTpaHeHe MeTOoA0B ucronb3osanus C u AU,
JaHHble CPaBHUTEIbHOI 3P GHeKTUBHOCTU 3TUX MOAXONO0B Pa3po3HEHHBI U 3aUacTyi0 OCHOBAHbI Ha aHAM3e
OTpaHMYEHHBIX cepuil HabGIIomeHui. B oTeueCcTBEHHOI JIMTEpPAType OTCYTCTBYET KOMIJIEKCHOE CpaBHEHMe
KJIMHUYECKUX UCXOHO0B, YaCTOThI PelANBOB MH(DEKUUYN 1 OCIOKHEHUIT TTocIe IpUMeHeHNsT JaHHbIX MeTO-
IuK ripu IITIY, uTO ompenesnsieT aKTyaJaAbHOCTD M HAYYHYIO HOBM3HY HACTOSIIEro MCCIeJOBaHys.

Ilesp paGoOThHI — aHAIN3 KIMHUUECKUX UCXO0B XUPYPTrUUECKOTO JiedeHUs alueHToB ¢ [T rmpu BBITIOTHE-
Huy BBC KonmeHHOro cycrasa ¢ ucnonbzoBanueM VIC n AU.

MATEPUAJIBI U METO/bI

B uccienoBaHme BKIIOUEHBI ITAlIEHTHI, IPOXOAMBIIIME JieueHe Ha 6ase TocmuTasst BeTepaHoB BoitH (EkaTe-
puHOYpr) B epuon ¢ 2016 1o 2024 rr. AHaNMU3 pe3ylbTaTOB U XUPYPrUUYeCcKoe JieueH)e BhIITOMIHEHO OJHUM
KOJUIEKTMBOM XMPYProB-UCc/ieoBaTene.

Kpumepuu exnioueHus B uccieqoBaHue:

— nauyeHTsl ¢ 1T KosleHHOTOo CycTaBa M HEBO3MOXXHOCTBIO PEeBU3MOHHOI0 SHA0INPOTE3MPOBaHMS;

— MAaIMeHThI, IpOolIeAlIe NBYX3TallHOe PeBM3MOHHOe SHIOIIPOTe3MMpOBaHe KOEHHOTO CyCcTaBa Mo OBOAY
[IH ¢ nocyienyoUM peLUINBOM;

— TalMEeHTHI, IIPOLIelINe He MeHee NBYX CAaHUPYIIIMX orepauuii mo nosoxy I1I1A;

— Hasmume nedeKToB KOCTell, 06pa3yrounX KOJeHHbI CyCTaB;

— HaJIMYue MONUPE3UCTEHTHOI T MUKPOGIIOPHI IO JaHHBIM MUKPOOMOIOrMUeCcKuX ucciaenoBanmii (MBIU);

— HeJJ0CTaTOYHOCTh/OTCYTCTBIME pa3rubaTeabHOro anmnapara KoJIeHHOTO CycTaBa (B TOM uMciIe HaIKOJIEHHUKA).
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Kpumepuu HegKn0UeHUS:

— BhinosHeHe BBC o Apyrum 3TUOMOTMYeCKMM MTPUYMHAM (TTOCTTPaBMaTUYEeCKe, OCTEOMUETUTUUECKNE);
— HEKOHTPOIMPYeMOe TeueHMe MHPEeKIMOHHOTO MTPOoIlecca, IpUBeIIIee K aMITyTalui KOHEYHOCTH,
— BbinosiHeHye BBC o nosony IIIM ¢ pasjiMyHbIMM BapMaHTaMy KOCTHO IIJIACTUKM;

— KOHBEPCUSA METOOOB MJI IIPOBeOEeHNMS KOCTHOI'O TPAHCIIOPTA M YMEHbIIE€HMS YKOPDOUYEHMA KOHEUYHOCTU
B ITpo1ecce CMHOCTO3MPOBAHMS.

Kpumepuﬁ UCKJINYEHUs — OTKa3 MalMeHTa OT y4aCTus B UCCJIeJOBAHUN.

Bcero B uccieqoBaHMe BKJIIOUEHO 46 NalMeHTOB, KOTOPbIM BbinosiHeHO BBC 1o mosoxy INIM nocsie TOTaabHOM
apTPOIIaCTUKU KOJeHHOro cycTasa: rpymnmna 1 (MC) — 25 nauueHTos, rpynna 2 (AW) — 21 nauueHt. B rpym-
my 1 (MC) Bomwin 12 maumueHTOB, HAOMIOAABIIMXCST IIPOCIIEKTUBHO, U 13 — peTpocneKkTuBHO. I'pymma 2 (AN)
chopMuUpoBaHa Ha OCHOBAHUM PETPOCIIEKTUBHbIX HAOTIOMeHMIA.

Ionst KeHIIMH B UCCIemyeMoil BbiOopke coctaBuia 67,4 % (n= 31), myxxunH — 32,6 % (n = 15). CpemHuii
Bo3pacT xkeHIMH — (70,2 + 9,37) roga, My>kumMH — (63,7 + 14,53) roga. Cpemuuii MHAEKC Maccel Tena (MMT)
nalyeHToB o6enx rpy coctaBu (28,7 = 3,99) kr/m2.

Hcxo0Hble xapakmepucmuku nayueHinos 8 CpasHusaeMuvix 2pynnax

PacmipepeneHue MaiyeHTOB I10 KpUTEPUSIM KoMopouaHocTu ASA (aHen.: American Society of Anesthesiologists
Physical Status Classification System) [13], Tuniam undekuu mo D.T Tsukayama [14] 1 KOCTHBIX HedeKTOB
o AORI (awnen.: Anderson Orthopaedic Research Institute) [15] B 06eux rpyrmmax mpeacTaBieHo B Tabi. 1.
I'pynibl 6bUTM COTIOCTABMMBI IO OCHOBHBIM ITOJI0-BO3PACTHBIM U KIMHUYECKUM Xapakrepuctukam (p > 0,05).

Tabauna 1
PacmpeneneHye ManyeHTOB MO KaaccuDUKAIMOHHBIM MPU3HAKAM
ITapameTpbl CpaBHEHUSI I'pynima 1 (MC), n = 25 I'pymima 2 (AWN), n =21 ‘ p-value
[lIkama ASA
I a6ce. 1 2
% 2,2 4,3
a6ce. 12 9
I % 26,1 19,6 0,812
I a6ce. 12 10
% 26,1 21,7
Bpewmst ot TAII no mebrora I, et (Me [MKU]) 2[1-5] 2 [1-5] 0,821
[TpomomskurensHoCTs IIIU, neT (Me [MKH]) 3[2-4] 4[3-4] 0,474
Kon-Bo canupyromux ornepauuit (Me [MKU]) 4[3-6] 4[3-5] 0,659
Ty IITU o Tsukayama
I TuI (ocTpast mocieonepanoHHast) ade. 2 5
P pan % 435 6,52
II Tmn (o3 HSISL XpOHMYeCKast) ade. 9 !
FUHAA XD % 19,57 15,22 0921
abe. 9 8 ’
III Tum (ocTpast remaTOreHHAasI) % 19,57 17,39
IV Tun (nHTpacnepaunoHHas KyJlbTypa) ade. > 5
paorepart Ky7IeTYP % 10,87 6,52
Tun gedexros mo AORI
Itun (F1/T1) adc. 5 5
% 10,87 10,87
a6c. 5 6
II Tun (F2A/T2A) % 10,87 13,04
abc 6 6 0,655
11 tun (F2B/T2B) o 1504 13,04
a6c. 9 4
111 F
vt (E3/13) % 19,57 8,70

Ipumeuanue: M — cpenHee 3HaueHue; SD — craHmapTHOoe oTkiOHeHMe;, Me — memuaHa; MKW — MeXKBapTWIbHbIN MHTEpBA;
ASA — 1mkajsia KOMOPOMIHOCTH 1 OIIEHKM OTlepaloHHOro pyucka; TIIT — ToTasbHOe SHAONpoTe3upoBanme; Tsukayama — kinaccupnka-
1Mst iepurpoTesHoi nuoexun; AORI — knaccudukaiys nedekToB KOCTeit, 06pas3yolnx KOJeHHbI! CycTaB.
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Knunanuyeckue ucciegoBaHms

VHTepBan BpeMeH!M OT MepPBUYHOI YCTAHOBKM SHIOIPOTE3a KOJIEHHOTO CycTaBa A0 MaHudecTaluu rnepu-
MpOTe3HO MHPEKLMM B 00eMx IpyIiiax cocraBui aBa roga (MKU = 1-5; p = 0,821). IIpomo/mKUTeIbHOCTD WH-
(dexMOHHOTrO Tpoliecca (BKIOUas peuuanBbl U pemuccun) B rpymre 1 (MC) B cpenHeM cocTaBuia TpU ropa
(MKU = 2-4), B rpynre 2 (A1) — yeTbipe roga (MKU = 3-4; p = 0,474). MeguaHa uncia XUpypruyeckux BMe-
1IaTeJbCTB HAa MCC/IeyeMOM CeTMeHTe A0 apTpone3upylolleit onepainuu cocrasuna 4 (MKU = 3-6) B rpyrm-
e 1 (MC) u 4 (MKU = 3-5) B rpymme 2 (AN) (p = 0,659).

BoNbUIMHCTBO MAlMEHTOB 06eux TPyHI umenu nedeKThl KOJIEHHOTO CycTaBa CpelHMUX pasmepoB II Tuma
(F2A/T2A n F2B/F2B o knaccuduranym AORI), — 23,9 % 1 26,0 % coorBeTcTBeHHO (p = 0,655). 3HaUMTETbHBIE
nio BenuumHe nedekrsl [11 Tumna (F3/T3) BoisaBnensr y 19,6 % (n = 9) nauuenTtos rpynmbt 1 (UC) ny 8,7 % (n=4)
nanueHToB rpymmsl 2 (AW) (p = 0,346). B 06eux rpymnax mpeobiamaay Mo3gHue XPOHUYECKNE Y OCTPhIE Te-
maTtoreHHble Gopmbl TN (o knaccudukanmmu Tsukayama), cTaTUCTMUECKM 3HAUMMBIX Pa3anuuit Mexmy
rpynrnamMu He BbIsIBiIeHO (p = 0,921). B o6eux rpyIax mpeBajlupoBag COMAaTUUECKY OTSTOIIEHHBI KOHTUH-
reHT nanueHToB III kmacca mo mkase ASA ¢ HECKONIBKUMM TSDKENTBIMU COMYTCTBYIOLIMMM 3a60/I€BAHVSIMHA,
B TOM UMCJIe B CTaAuu gekoMmmeHcanuu — 26,1 % (n =12) B rpynme 1 (MC) u 21,7 % (n = 10) B rpynne 2 (AN),
pas3nuuMs He JOCTUTIN CTaTUCTUIeCK) 3HauMMOoi pasHuilsl (p = 0,812).

Bo/bHBIM BBITIONHSUIM CTAaHAAPTHBIN KOMILIEKC 00CIen0BaHMSI: KIMHMYECKKe, TabopaTOpHble, pEHTIeHOJIO-
ruyeckye M MUKpPOOMOIOTHUeCKye UCCAeI0BaHNS C L[eTbI0 TTOATBEPKAEHMS THOHO-BOCIaTUTEIbHOTO TPO-
1ecca ¥ yrouHeHMs xapakrepa ero teuenus. [lanmentam rpynimsl 1 (VC) 3a ABe Hefeny 4O rocOuUTaIU3aLumn
BoinonHsunm KT-uccnenoBanne (Siemens SOMATOM, l'epMaHus) HUKHUX KOHEYHOCTEN IJ1S TUIAHUPOBAHUS
¥ 3aKa3a MHAVBUIYATbHOTO IJIMHHOTO OGelpeHHOro crepskHs («[IUTO», Poccus). CTOUT OTMETUTD, UTO BCE
MalMeHTbl Ha MOMEHT BBITIOJTHEHVSI apTPOAe3MpyIolLeli onepauuy IpollIv IBYX3TallHOe PEBM3MIOHHOE JH-
IOIIPOTe3MPOBAHME.

B nonoxkeHun mamyeHTa Ha CIMHE MPOM3BOAMIM 00pabOTKY OmepanuoHHOTO moss. [Ipy Hamuuum cBUia
BBOIMJ/IM B €r0 KaHaJI KPacsIyii MHAMKATOP (PacTBOP OPM/UTMAHTOBO 3e/IeHU C 3 %-HOi1 epeKuCchio BOMIO-
popa) oJis oTripeeneHs TOpaskeHHbIX KOCTHBIX YY4aCTKOB, & TAKKe BbISIBJI€HMS CKPBITHIX 3aT€KOB. XUPYPIU-
YeCKMIA OCTYIT BBITIOTHSIIY TI0 CTAPOMY MOCIEO0NepaiOHHOMY PyOITy € ero ucceueHueM. [1o BO3MOKHOCTHU
MaJIOMHBAa3UBHO YIAJIS/IM KOMITOHEHTBI IIEMEHTHOTO crieiicepa. IIpon3BoamIn 3a60p TKAaHEBBIX GMOIITATOB
IJIST MUMKPOOVOJIOTMYECKOTO U TMCTOJIOTMYECKOT0 MCCaenoBauuiit. [lajiee OCYIIeCTBISIIM PaAVKAIbHYIO XU-
pyprudeckyio o6paboTKy ouara MH(eKIuu B Mpenenax 3J0POBbIX TKaHel, BCKPhITHE MHTPAMeTY/UISIPHBIX
KaHaJIoB.

[Ipu BBIONTHEHUM apTpozesa MeTonoM Mnusaposa ciiefoBasl OC/Ief0BaTebHbIM MOHTAX anliapaTa BHell-
Helt pukcanyy Ha 6efipe ¥ TOJEHM B CITUIIEBOM VIV TMOPUAHOM (CITMIle-CTEP)KHEBOM) BapuaHTax. Kommue-
CTBO OTIOP 3aBUCEJIO OT pa3mMepa KOCTHOTO AedeKTa U IJIOMAAY KOHTaKTa 6eApeHHOro 1 60JbIe6epiioBoro
KOHIIOB. I[Tpy Masbix pasMmepax gedekta (AORI I T1IT) MOHTMPOBAJIM TPU KOIbIIEBBIX OMOPBI, TpK GoJiee KPyII-
HbIX, aCMMMEeTPUYHBIX MY CyOTOTaIbHbIX JedekTax (AORI II u III THIT) — IO YeThIpe KOMbIEBBIX OTIOPHI.

B caiyuae BoimonmHeHusi AKC MHTpamMenyaIsspHbIM CTEP)KHEM TOUYKY BXOJA Ha YPOBHE I'PYIIEBUAHONM SIMKU
dbopmuMpoBany peTporpagHO C TTOMOLIbI0 TUTAaHOBOWV PAa3BEPTKM, MHTPaAMeLy/UIIPHbI CTep>keHb BBOIM-
s anterpagHo [16]. [lowte gucTaabHOTO GIOKMPOBAHMS TIPOM3BOAMIN OOpaTHOE CKOJMAUuMBAHME CTEPIKHS
IO TIOJTHOTO KOHTAKTa KOHIIOB OTJIOMKOB GepeHHOI 1 60/bIiie6epiioBoii KocTeii. [IpokcuMaabHOe GI0KM-
pOBaHMe BBITIOTHSIIN 110 IMHAMUYECKOH cxeMe OIHMM BUHTOM Ipu MasibiX padMepax gedekra (AORI I Tum)
Y XOPOIIIeM KOHTaKTe MTOBEPXHOCTEIA, NGO IO CTATUYECKOI CXeMe C BO3MOKHOCTBIO AMHAMM3AIU ABYMS
BUHTaMu 1pu KpymnHbix gedekrax (AORI II u III tun). YeranaBauBanu aktuBHbIN [IXB-gpeHaxk. Pany yuim-
Ba/IY MIOCJIOVHO.

B mowreonepaluyioHHOM IIEPMOE BCE TMAIMEeHThI MMOAYYaaM aHTUOAKTepUATbHYIO Teparuio: MpyU HAIUIUU
pe3yJIbTaTOB OAKTEPMOJIOIMUYECKUX ITOCEBOB U OIpeneeHn BO3OYyIUTENST Ha MPebIAyIIMX dTarax Jeve-
HUSI — STUOTPOITHYIO, IPU UX OTCYTCTBUM — SMIMPUUecKyio (BankomunyH + lledomnepason/cynbbakram).
ITo pesyiabTaTam MBU MHTpaoIepaliyOHHOTO MaTepyuaja aHTMMUKPOOHYIO (MPOTMBOOAKTEPUATbHYIO MU
MIPOTUBOTPMOKOBYI0) TEPAIMI0 KOPPEKTUPOBaau. Takke MalMeHThI IOJyYaau MPOTUBOBOCIAIUTETbHYIO,
06€e360/TMBaONIYI0, CUMIITOMATUUYECKYIO ¥ COCYAVICTYIO Tepanui. [lepeBsi3Ky BbITIOIHSIM OAVH pa3 B IBa THS.
Ynansiiu IpeHaxku Ha BTOpble—ueTBepThie CyTKU. CHSATME IIBOB BBIMOMHSIIM HA 14-16 cyTKu. 3aHSITUS C Me-
toauctoM JIOK HauMHaMM CO BTOPBIX CYTOK TMOC/IEe OMepalun.

Ocy1ecTBsIIN TO3MPOBAHHYI0 KOMIIPEeCCHIO Ha CThIKe (hparMeHTOB B amnrmnapare Winu3apoBa, KOTOPYIO MOf-
IepKuBaay Ha MPOTSDKEHMM Tepuona BHelHel dukcauyy. Bcex maiyeHTOB Habmofanyu TpaBMaTONIOTU
10 MeCTY XUTeNbCTBA Y MPUITIAIIAIM HAa KOHTPOJIBHBIN OCMOTD OAMH pa3 B JBa—TPU MecsLa A0 IOSIBIeHUs
PEHTTEHOJIOTMYECKUX TTPU3HAKOB (POPMMUPOBAHMS KOCTHOTO 60K MeXAy GelpeHHOl U 60/bIiie6epioBoit
koctsamu. [Ipu 3amenieHHOM GOpMUPOBAHMM KOCTHOI MO30/1M MeskdparMeHTapHyI0 KOMIIPeCCUIO B ammapa-
Te MnusapoBa yBelInuMBaIi.
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ITpu cratuyeckoii cxemMe OJIOKMPOBAHMS MHTPAMENY/IIPHOTO CTEPXKHSI TalMeHTa TOCHUTaIU3UPOBAIN
yepes IBa—TpU Mecslia s IMHaMuU3aluu ctepskus. [1o mocTiskeHnn GopMuUpoBaHust KOCTHOTO 6jI0Ka B yC-
JIOBUSIX CTaI[MOHapa BBITIOJHSIIM KIMHUYECKIUI TeCT Ha COCTOSITETbHOCTh KOCTHOTO CpalieHust (OTCyTCTBME
TTOABVKHOCTH), ITOC/IE Yero amnmapaT AeMOHTHUpOoBaiu. Hu B ogHOM cjlydae TIpU JOCTVMKeHUM KOCTHOTO aH-
KII03a CTepKeHb He yaaisuii. YKopoueHe orepupyeMoii KOHEUHOCTY KOMITEHCMPOBAIM OpPTOTequecKoi
00yBbI0. B maspbHeliieM naueHToB BbI3Ba/IM Ha KOHTPOIbHBI OCMOTP [IJIS1 OLIEHKM Pe3y/IbTAaTOB IMHaAMMYe-
CKOTO HAOTIOMeHNS B OTIAIEHHbIE TTePUOIbI.

@OYHKIMOHA/IbHBIM pe3ylabTaT OLEHUBAIM C MOpuMeHeHMem onpocHuka LEFS (awen.: Lower Extremity
Functional Scale) uepe3 ueTbipe—-11ecTb MeCSIEB ITOC/IE Oonepanyy (110 JOCTMKEHUM aHKWI03a). Cymmy 6a-
JIOB MeHee 19 olieHuBaIi KaK MMHMMAaTbHYIO QYHKIMIO MU OTCYTCTBUE QyHKINN; 20—39 6. — 3HAUMTETbHOE
orpanuuenne GyHkiymn; 40-59 6. — ymepeHHoe orpaHuuenue, 60-79 6. — He3HAUUTETbHOE OIpPaHUUYEHNE.
Cymma B 80 6a/UIOB CUMTaIaCh MAaKCMMAIbHOI U TIOAPasyMeBaia Hajuuue oMHo GyHkuyy [17].

VKopoueHMe KOHEYHOCTY OTIPeI eI C ITIOMOIIbIO CAHTVMETPOBOJ JIEHTHI ITPHU (GMHATIBHOM OCMOTpE B CpaBHe-
HUM C KOHTpajaTepaJabHO KOHEUYHOCThI0. KOHEUHOI TOUKOI 1J1s1 oTipeneneHus cpoka BBC siBisioch hopmMupo-
BaHMe KOCTHOTO 6/10Ka ITPY BU3YaIM3al[MM PEHTTeHOTPaMM, COCTOSITeTbHOCTY KIIVMHNYECKOTO TeCTa /ISl IPYIIIIhI
2 (AW) u xonpbe C TTOTHOI HArPy3KO Ha OTepMPOBAHHYIO0 KOHEYHOCTD /1 06eMX TPYIII MalyieHTOB.

B HacTOSIIMIT MOMEHT OTCYTCTBYeT KiaaccuduKaIus, CTaHIapTU3UPYIOIIast yUeT OCTOKHEeHNI 71T 06enx Me-
TOAMK. B CBSI3M ¢ 9TMM, HaMU TIpeIoskeHa YHUPUIIMPOBaHHAs KIacCUbUKAIMS 1T PETUCTPaIlMA U aHaIM3a
ocyoxkHeHumnit BBC:

— Kareropus 0. OTCyTCTBME OCIIOKHEHWIA:
4 OTCYTCTBUE KaKUX-JI1MOO OCTOKHEHMIA.
— Kareropus 1. HesHaunmble OC/IOKHEHUS :

4 1.1 nérkue KOHTPAKTYPhI B CMEXHBIX CYyCTaBaX;

4 1.2 He3HaAUMTEIbHOE BOCIIAJIeHMe MSTKMX TKaHel (KyImMpyemMoe KOHCEPBAaTUBHO);
4 1.3 He3HAUMTEIbHBIE OCTATOUYHBIE MedopMaly, He Hapyllawinye GyHKINIO;

4+ 1.4 TpakuMOHHAas HeBponaTus (KynupyeMmasi KOHCEpBAaTUBHO).

— Kareropus 2. OCI0KHEHMS, TOTPeO0BaBILNe JOMOJIHUTEIbHBIX MEPOIIPUSITII, 6e3 YXYIIIEeHNS MUCXOaa:

+ 2.1 BocmanieHue MITKUX TKaHei, Tpe6yioliee MOBTOPHBIX BMEIIAaTeIbCTB;

4 2.2 mepenoMbI Ha YPOBHE pereHepara, ycTpaHsieMble KOHCEPBAaTUBHO MJIM MaJIOMHBA3UBHO;
4 2.3 OABBIBMXM/KOHTPAKTYPhI CPeIHEN TSKEeCTH, TpeOyIollye BMeIIaTelIbCTBa;

4 2.4 HeCTaGMIIBHOCTD GUKCUPYIOIIMX 27IEMEHTOB, TPeOyIoIIas BMellIaTeabCTBa.

— KaTeropml 3. 3HauMMble OCIOXHEHMS C HeTaTMBHBIM BIMSHMEM Ha pes3yibTarT:

4 3.1 HEeCOCTOSITEe/IbHOCTb aHKMJIO3a / IepeJIOM pereHepara;

4+ 3.2 penuIUB TIepUITPOTE3HON MHPEKLINN;

4 3.3 TSDKENble KOHTPAKTYPbl, OrpaHMuMuBamiye GyHKINIO;

4 3.4 CcTOViKMe HeBPOJOTrMUEeCKMe HapyIlIeHs] B KOHEUHOCTMH;

4 3.5 nepesomMbl MeTATTIOKOHCTPYKIIMUM MUY GUKCUPYIOLTUX HTEMEHTOB.

— Kareropus 4. CricteMHbIe OCTOKHEHMS :

4+ 4.1 TpoM605MOOTHSI TIETOUHOI apTePUN;

4+ 4.2 KupoBas 5MOONUS;

4 4.3 ocTpoe HapyllleHre MO3TOBOTO KPOBOOGPAIIeHNS ;
4 4.4 opyrue CUCTeMHbIE OCTOXKHEHMSI.

— Kareropus 5. IIpoune oc10KHEHUS :
4+ 5.0 gpyrue oCIOXKHEHMSI, HE BOIIEAIINe B KIacCUbUKAIINIO.

BaykHO OTMETUTb, UYTO B XOZie UCCIeJOBaHMs JaHHbIe KIMHUYECKUX VCXOO0B OBYX INAIIMMEHTOB I'PYIIIIbI 1 (I/IC)
HE YUYMTBIBA/IM IO IMPUUYNMHE JIETAJIbHOIO MCXOOa B PaHHEM IIOC/IEOoIIepalMOHHOM Iepuoae m 0603HavaAIN
Kak NA (,I[aHHbIe OTCYTCTByIOT). OnmHako 3T1 C/Ty4ay BK/IIOUEHbI B aHAJ/IN3 ITOC/Ie0NnepanMOHHbIX OCJ'[O)KHeHMIZ,
YTO ITO3BOJIMJIO OLI€HUTDb O6].LIYIO YacCTOTy KPUTUYECKUX CO6bITI/II7[, CBSI3aHHBIX C MeTOAMKOI. VcKkatoueHue
(bYHKLU/IOHa.T[beIX rokasareJsiei O6YCHOBH€HO HEBO3MOJXHOCTbBIO X OLI€HKM, OOHAKO y4YeT JIeTa/JIbHbIX MCXO0-
OOB B pasjese OCJIOKHEeHMI ob6ecrieuBaeT TMMOJTHOTY OaHHBIX U MPO3PAYHOCTb METOA0/IOTMUN.
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HUccnenoBanne o00peHO JOKaAbHBIM 3TUUYECKMM KoMuTeToM l'ocrnuTans BeTepaHoB BoiiH (ExaTepuHOypr,
npotokon oT 14.12.2023 N2 12/2023) u mpoBeneHO B COOTBETCTBUM C XeTbCUMHKCKOI meknapaiyeir 1975 r.
(mmepecmortp 2008 r.). Bce manyeHTsI fany nucbMeHHOe MHGOPMMUPOBAaHHOE Coriacye Ha yyacTue B MCCIemo-
BaHWUU U MyOIMKAIMIO JAHHBIX. [leTaau3upyomas MHGpOopMalusi, ClIoco6CTBYIOMIAs TepCOHMDUKAIUN BKITIO-
YEHHBIX B MCCIeIOBaHNe NTallIeHTOB, OTCYTCTBYET.

CTaTUCTUYECKUIT aHaIM3 ITPOBOOVIIM C IIPMMEHEHMEM ITPOrpaMMHOI0 obecrieueHus Jamovi (Bepcust 2.6.17,
Ascrpanus) u Microsoft Excel (Bepcust 16.75.2, CIITA). [Ij1s1 onucaHusl KOMMYECTBEHHBIX TaHHBIX C HOPMaJlb-
HBIM pacIlipefeneHreM UCIO0Ib30BaIM CpeHee 3HaUeHMe U CTaHgapTHOe oTKIoHeHue (M £ SD), ajis oTiny-
HBIX OT HOPMaJIbHOTO — MeJIiaHy U MeXKKBapTu/ibHbIli MHTepBaa (MKU), cooTBeTCcTBYOIMIMIT HIDkKHeMY (Q1)
u BepxHeMy (Q3) kBaptuiasam (Me [MKU]). [IpoBepky HOpManbHOCTM paclpefeneHusi JaHHbIX TPOBOIVIIN
¢ momolIipio Kputepus llanupo — Yunka. KareropuanibHble JaHHbIE OMMCHIBAIM C YKa3aHMeM abCOTIOTHBIX
3HAYeHMI1 1 IPOLeHTHBIX Joneli (n, %). CpaBHeHMe TPYIII M0 KOJIMYeCTBeHHOMY MTOKa3aTelto C HOpMaabHbIM
pacripefieJieHeM JaHHbBIX BBITIOTHSIIN C TOMOIIbIO t-Tecta CThiomeHTa unu U-kKputepust MaHHa — YUTHU TIPU
pacrpefiesieHUH, OTIMYHOM OT HOPMaJbHOTO. AHA/IN3 Ka4eCTBeHHbIX (HOMUHAJIbHBIX) IPU3HAKOB BbITIOJHSI-
JIVL C TTIOMOIIBIO  2-KpuTepus [IupcoHa (IIpy O3XKuAaeMbIX 3HAYEHNIX B KK 0 Tueiike 60IIbIIIe 5) UIy TOYHOTO
Kputepust duiepa (IIpy OKMUIAEMbIX 3HAUEHMSIX B KaXKIOJ sTueiike MeHblie 5). CTaTUCTUUECKYIO 3HAUMMOCTh
pasmunit MeXXIy Tpymnamu npuHumany mpu p < 0,05.

PE3VJIBTATBHI

DYHKUUOHAIbHBIE NOKA3AINeJIU, YKOPOUeHUe KOHEUHOCIU U CPOKU (POPMUPOBAHLUS KOCINHO20 0J10Ka

@OyHKUMOHaAbHbIe NoKasarenu o mkaae LEFS B rpym- |

e 2 (AU) cocraBwiu (38,3 £5,9) %, a B rpymme 1 (MC) — 3251 [3156%2.14 _
(34,4 = 8,1) % (p = 0,075), uTO yKa3bIBAET HA COTIOCTABUMYIO i L “I
(YHKIIMOHATBHYIO 9P GEKTBHOCTh METO/IOB.

30.0 A
ITpu aHanuse manueHToB ¢ TUIOM fedexrtos III mo AORI

BBISIBJIEHBI 3HAUMMble Pasanuius B GQYHKIMOHAIbHbBIX IO-
kazarensix: B rpynmne 2 (AU) cpemHee 3HaueHue LEFS
cocraBwio (31,56 2,14) %, Torga kak B rpymme 1 (UC) —
(25,71 +2,69) % (p = 0,018), uTO CBUIETETBCTBYET O JIYUIINUX 2571269
(bYHKIMOHAIBHBIX pe3y/IbTaTaxX Mpyu MPUMEHEeHNN armapa- 25.0 1
Ta WnnusapoBa B yUIOBUSX 3HAUMMBbIX IO MPOTSSKEHHOCTU
KOCTHBIX AedeKToB (puc. 1).

275 9

LEFS (%)

22.5 T
Menuana ykopoueHusi KoHeuHocTu B rpymnne 1 (MC) co- rpynna 2 (AV) rpynna 1 (MC)

craBmia 4,0 cm (MKU = 3,0-5,0), B rpyrmmne 2 (A1) — 3,0 cm

(MKU = 3,0-4,0). Pasnmuuusi CTaTUCTUYECKM He 3HAUMMBI Puc. 1. CpaBPeEEIES‘bS;*Ku“OHam’H“X
(p =0,338), 4TO CBUIETENLCTBYET O COMOCTABMMOM BJIMSI- Tokasareneit (LEFS, %) Mem%’nrpyn'
HUM METOIOB Ha IJIMHY KOHeYHOCTH. MaMy NPV KOCTHAIX Aebekrax [Tl Tuma

CraTuCTMYeCK 3HaUMMble Pa3InuMs BbISIBJIEHBI B CPOKAX aHKMIO3MPOBAHMS KOJIEHHOTO CycTaBa: B rpytie 2 (AU) —
menuana 7 mec. (MKW = 6,0-8,0), B rpymme 1 (IC) — menmana 4,5 mec. (MKU = 3,5-7,5; p = 0,027), uTo yKa3biBaeT
Ha 60s1ee 6pICTpPOE (OPMUPOBaHME KOCTHOTO GJI0KA TTPY UCIIOIb30BAHUY MHTPAMEIY/IISIPHBIX CTEPKHEA.

Muxkpo6uonozuueckuii npoguns 6036youmereii u aHanus peyudusa uHgpexyuu

Petaus uudexuun 6b11 3adukcupoBan y Tpex (13 %) ma- 100
unenToB rpynmnsl 1 (MC) n 'y ogHoro (4,8 %) nmauyeHTa rpym- 90
nbl 2 (AW). CTaTMCTMUYECKOTO OTAMYMS MeXAy TIpylrnamMu 80
He BbIsiBIeHO (p =0,609), 4TO yKasbiBaeT Ha OTCYTCTBUE 70
3HAUMMOTO BAMSIHUS MeTOa (pUKCcalMM Ha BePOSITHOCTb 110~ -
BTOPHOTO pa3BUTHUS MHDEKINHU (PUC. 2). 28 51
(=)
MuKpoOMONOTMYeCKUil ~ aHaaM3  BBIIBWI  IIpeuMmyllle- 40

CTBEHHOE pacrpocTpaHeHue IPaMITOIOKUTETbHbIX
MMUKpOOpraHumsmMoB — 54,3 % (n=25), Torga Kak rpamo-
TpuliaTelbHble 6GakTepuu coctaBasyin 34,8 % (n=16). 20
B 8,7% (n=4) ciyyaeB 6bUiM OGHApPY)KeHbl MUKPOGHbIE 10
acconyanuu, a TpubkoBast ¢yiopa BCTpeuasach B eIMHNY- 0
HbIX HabmogeHusx — 2 % (n=1). Haubonee yacTbIM BO3-

oymuteneM oxasajucst Staphylococcus aureus, BbISIBIEHHBIN

B 32,6 % (n = 15) ciydaes. CyleCTBEHHO peske OIMpenesisin Puc. 2. Yacrora pemppmsa mHbexumm
B IPYIITax CPaBHEHUS

30

rpynna 1 (UC) rpynna 2 (AW)
B Peunaus uHdpekumn 1 OTcyTcTBME peumnamnsa
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Knmumanueckue ucciaeqoBaHmUs

Pseudomonas aeruginosa — 10,9 % (n = 5), a Takke Enterococcus faecalis, MRSA, Enterobacter cloacae v npyrue
MMKPOOPraHM3MbI, CyMMapHO BCTpeuaBInuecs: He 6osiee ueM B 8,7 % ciiyuaes (puc. 3).

Candida alb [ 2,2%
Klebsiella pneumoniae 5/1PC [JI4.3%
Klebsiella oxytoca -4,3%

MrsE [ 4.3%
Acinetobacter baumannii - 6,5%

Microbial associations _ 8,7%
Enterobacter cloacae _ 8,7%

MrsA [ &.7%

Enterococcus faecalis _ 8,7%

P.aerugenosa 10,9%

St. aureus

32,6%

Puc. 3. Yacrora BcTpeuaemocTy Bo3oymuresneii I B uccieayemoii BIGopke
AHanu3 ocnoicHeHull

OcokHeHMs B CPaBHMBAEMbIX TPYITIIAX COMIACHO YHUGMUIIMPOBAHHOM KaaccudUKaIMy PETUCTPALY U aHa-
nu3a ociokHeHuit BBC mpepncTaBieHsl B Ta6I. 2.

Tabauia 2
PacnipeneneHnne ociokHeHMI B CpPaBHMBAEMBbIX IPYIIIIAX
I'pynmna 1 (MC) | I'pynma 2 (AN)
abc. % abc. %

Kareropwus / [TonkaTeropusi

Kareropus 0. OTCyTCTBME OCJIOXKHEHUI

0.0. OTcyTCTBME KaKUX-TMO0 OCTOSKHEH I 15 32,6 11 23,9
Kareropus 1. HesHaunMbie OC/IOXKHEHUS 1 2,2 5 10,9

1.1. JIérkue KOHTPAKTYypPbl B CMEXHBIX CyCTaBax NA NA

1.2. He3HaunuTenbHOE BOCIAJIEHNE MSITKMX TKaHel (KyIMpOBaHO KOHCEPBATUBHO) 0 0 5 10,9

1.3. He3HaunTeNbHbIE OCTATOYHBIE AedopMalyy, He HapyIawye GyHKINIo NA NA

1.4. TpakuuoHHas HeBponaTus (KymMpOBaHO KOHCEPBATUBHO) 1 2,2 0 0
Karteropus 2. Oc/iokHEeHMs], TOTpe6oBaBIiIve JOTIOMTHUTETbHBIX MEPOTIPUSITHIA, 1 2.9 2 473

6e3 yXyAueHus MCXona ’ ’
2.1. BocriasieHue MSTKUX TKaHeil, ToTpe6oBaBIiliee MOBTOPHBIX BMENIATETbCTB 0 0 1 2,2
2.2. [lepenombl Ha YPOBHE pereHepaTta, yCTpaHEHHbIe KOHCEPBATUBHO WM NA NA
MaJIOMHBa3MBHO

2.3. [TonBBIBUXM/KOHTPAKTYPBI CpefHelt TSKeCTH, TOTpeboBaBIe BMeIlaTeTbCTBa NA NA

2.4. HectabmIbHOCTb (UKCUPYIOIINX 3JIEMEHTOB, TOTPe6OBaBIlasi BMENIaTeIbCTBA 1 2,2 1 2,2
Kareropus 3. 3HaunMble OCIOKHEHMS C HETaTYBHBIM BIVSIH/EM Ha pe3y/ibTaT 5 10,9 3 6,5

3.1. HecocTosITe/IbHOCTh aHKIJIO3a / TIepejioM pereHepara 0 0 2 4.3

3.2. PenyauB mepumnpoTe3Hoii MHQEeKIUN 3 6,5 1 2,2

3.3. Tspkénble KOHTPAKTYPbl, OTpaHMUIMBaoIIye QYHKINIO NA NA

3.4. Crojikue HeBpOJOTMYEeCKNE HapyllleHsI B KOHEYHOCTHU NA NA

3.5. TlepesioMbl METAJITIOKOHCTPYKIMM MU (PUKCUPYIOLIIMX JIEMEHTOB 2 4,3 0 0
Karteropus 4. CucTeMHbIe OCIIO)KHEHUS 3 6,5 0 0

4.1. TpoM605MO0MSI IETOUHO apTepun 2 4,3 0 0

4.2. XXuposast amb60mst NA NA

4.3. OcTpoe HapylleHre MO3TOBOI0 KPOBOOGaIleHMS 1 2,2 0 0

4.4. Ipyrue cucTeMHble OCI0KHEHUS NA NA
Kareropus 5. IIpourie 0CIOKHEHUS

5.0. [Ipyrue oCIOKHEHMSI, He BOILE e B KIacCu(uKaimio 0 0 0 0
p-value 0,022

Ipumeuanue: NA — maHHbBIE OTCYTCTBYIOT; PA3INUMSI CUMTAINCH CTATUCTUYECKY 3HaUMMbIMU Ipu p < 0,05 (TouHbIi TecT Ouinepa).
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Knunanuyeckue ucciegoBaHms

OcsioskHeHMs TIEPBOJ KaTeropuy, He OKasbIBaBlIMe BAMSHMS Ha MCXOJ, JeueHUs, HabIonany mpeumyle-
cTBeHHO B rpyrre 2 (AU), — 10,9 % (n = 5) nmo cpaBHenuio ¢ 2,2 % (n = 1) B rpymnme 1 (UC).

OcoxkHeHMsI, TOTPeOOBaBIINe JAOMOTHUTEIbHBIX BMEIIATeNbCTB (KaTeropus 2), 3adukcupoBaHbl v 4,3 %
(n=2) maunenToB rpynnsl 2 (A) ny 2,2 % (n = 1) rpynnsr 1 (UC).

3HauyMMble OCJIOKHEeHUST (KaTeropusi 3), okas3asliye OTpuliaTebHOe BIMsSHIEe Ha UCXO/, IeYeHUsI, OTMeUeHbl y
10,9 % (n = 5) nauuenTos rpynmsl 1 (MC) ny 6,5 % (n = 3) mauueHTOB IpyIiibl 2 (AN).

CucteMHbIe OCTIOKHEHMS (KaTeropus 4) 3aperncTpupoBaHbl TOMbKO B rpytre 1 (MC), — 6,5 % (n = 3), BKirtouast
IIBa JIETATbHBIX MCX0/a, 00YCIOBIEHHBIX TPOMOOIMOOJIIETT JIETOUHOI apTepun (KaTeropust 4.1), v oguH CIry-
yajf OCTPOTO HAPYIIEeHNSI MO3TOBOTO KpoBoobOpaienns (kateropus 4.3). B rpymre 2 (AU) cucTeMHbIe OCTOXK-
HeHMS He OTMEeYeHbI.

CraTuCTUUECKMI aHaIU3 BhISIBUJI JOCTOBEPHbIE pas3inunst mexay rpymnmnamu (p = 0,022), 4To CBUIETeIbCTBYET
O BJIMSTHMM BBIOPAHHOTO METOZA Ha YaCTOTY M XapaKTep OCIOKHEeHUiA (puc. 4).

4 6,50% 0%
s 3
=
Q
o
£ 2
NV
|
Puc. 4. Pactipenenenmue
0 OCJIOKHEHMI T10 KaTe-

TOpUsIM

H [pynna 1 (UC) m I'pynna 2 (AW)

OBCY>XXIEHUE

Ilo MHEHMIO aBTOPOB JAaHHOI paboThI, CYLIECTBYIOT OIpee/eHHas TepMIHOIOTMUeCcKass HeOJHO3HAUHOCTD
B 0003HAUEHNM XMPYPTMUECKOrO BMEIaTeIbCTBA, HAIIPaBJIEHHOIO Ha CO3[aHie HEeloqBIKHOIO KOJIEHHOTO
cycTaBa IyTeM CpallleHMs apTUKYIUPYIOIIMX ITOBEPXHOCTe. TpaauIMOHHO TaKas OIepalys MMeHYeTCs «ap-
TPOZE30M CyCTaBa», a B AHIVIOSI3bIUHBIX MCTOUHMKAX MOKHO BCTPETUTh HauMeHoBaHus «knee fusion» u «knee
arthrodesis». C Hameil TOUKM 3peHMs, MCIIOJIb3YEMBbIVi TEPMUH HE B ITOJIHOV Mepe MOAXOOUT Ijis 0603Have-
HUS XUPYPIUUECKOii TEXHOIOTUM ¥ OTPaskeHMsT aHaTOMO-(PYHKIMOHATbHOM KapTUHbBI, HaG/II0gaeMOoii [Py He-
yIauHbIX MCXOIaX TOTAJIbHO apTPOIUIACTUKY B YCIOBUSIX THOMHOI MHGEKIMMU. AHATOMO-(YHKIIMOHATbHbIE
M3MeHEeHMsI MpeacTaBieHbl JedeKToM TKaHei, cOopMUPOBAHHBIM ITOCAE PEe3eKIMM CYCTaBHbIX KOHIIOB,
CEeKBECTPMPOBAHHBIMM YUaCTKaMM 3MMMeTadu3apHOii 30HbI, HECTAOMIbHBIM MMILJIAHTATOM U (DaKTUUECKU
oTcyTcTBUEM cyctasa [18]. MbI cunMTaem, 4TO 60siee yoauHo (GOpMYIMPOBKOI 1€/ OMepaTMBHOTO BMeIIa-
TEJbCTBA SIBJISIETCST MOCTVDKEHME CpallleHusT (CMHOCTO03a) MEXKIY OBYMS AJIMHHBIMM TPyOUaThIMU KOCTSIMM,
4yTO 60JIee KOPPEKTHO XapaKTepu3yeTcsl TEPMUHOM «6eqpeHHO-60bIe6epiioBoe cuHocTo3upoBanue» (BBC).

OteHMBaTh QYHKLIMOHAIbHBIE PE3YIbTATHI IIOC/IE aPTPOie3a KOJIEHHOTO CYyCTaBa ClelyeT, Onupasich Ha PyHK-
M0 BCEI HVDKHEN KOHEYHOCTU ¥ ee OMOPOCIIOCOOHOCTh B 1iejioM. He MeHee BasKHO YUMUTHIBATH KaueCTBO
SKU3HU TanuenTa. OTaenbHas oleHKa GQYHKIVMY KOJEHHOTO CyCTaBa HellelecooO0pasHa BBUAY 3aMbIKaHUS
cyctaBa B (YHKIMOHAJIbHO-BBITOJHOM IOJIOKeHUM. ABTOPBI APYTUX MCCAENOBAHMII UCIIONB3YIOT pas3jiny-
Hble BAPMAHTbI OIIPOCHUKOB, Hanpumep: SF-12 [19], SF-36 [16], WOMAC [20], KSS [21, 22]. HekoTopble aBTO-
PBI YUUTHIBAIOT OMTOPOCITIOCOOHOCTh KOHEUHOCTH, XPOMOTY U 60s1eBOit cuHApoM [23]. OgHAKO TaKOi MOaX0],
He OTpaykaeT KauecTBO JKM3HU IMalMeHTa Mocje onepannuy. YueT GyHKIVMOHATbHBIX MCXOMOB JOJDKEH TaKKe
BKJIIOYATh OILI€HKY YPOBHSI MTOBCEIHEBHOI aKTMBHOCTU U KadyecTBa XXu3HU. [Io HalleMy MHEHUIO, OIPOCHUK
LEFS coOTBeTCTBYeT 3asiBJIEHHbIM TPEOOBAHMSM [JIS1 OLleHKM (DYHKIMOHAIbHBIX pe3ynbTaToB mocie AKC.
B nuTepaTtype Mbl 060HAPYKMUIINM JIUIITb OTHO VCC/IeNOBaHNe, aBTOPbI KOTOPOTO MCITOMb30BaIM OmpocHMK LEFS
IJIs1 onipenenenust pyHKIMoHanbHbIX ucxomoB AKC, — B pabore D. Zajonz et al. mpu He6GoOJbIION BhIGOPKE
13 25 mauyeHTOB, ONMEPUMPOBAHHBIX C MCIOAb30BAaHMEM MHTpPaMeIY/UISIPHOTO cTepskHs, MeauaHa LEFS co-
craBuia 26 % (MKW = 15-51) [24]. B Hamem uccinemoBanuu cpemunit moxasarenb LEFS B rpymme 1 (MC) 6511
(34,4 £ 8,1) %. LleneBbIx MCCIeIOBaHNIA, OlleHUBAIOIIVX QyHKINMIO KoHeuHOCTH 110 LEFS (%) nmociie AKC ¢ ipu-
MeHeHMeM amnmnapata WUinusapoBa, Mbl He 06HAPYXKMIU. AHAIU3 QYHKIMOHAIbHBIX MCXOA0B 10 mikaise LEFS
MOKa3aJl COMOCTaBMMble Pe3y/NbTaThl HA YPOBHE 3HAUMUTENbHOTO OrpaHnvYeHus GyHKUUU TIPU BBITIOTHEHUN
obenx metonuk (p = 0,075), ogHako mpu nedekrax III Tuma o kinaccudukraiyu AORI craTucTUYeCKM 3HAUM-
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Knmumanuyeckue ucciaenoBaHms

Mble IIperMylecTBa JeMOHCTPUPYET MeTOAMKa MpuMeHeHus arnmnaparta Vnmsaposa. [lonydyeHHble TaHHbIE
CBUJIETEILCTBYIOT, YTO MMEHHO MPY KPYITHBIX KOCTHBIX MedeKTax MCIonb3oBanue AV obecrieunBaer JIyd-
mmii GyHKIMOHANbHBIN ucxom, — (31,56 + 2,14) 6ayuta B rpymie 2 (AU) mpoTtus (25,71 + 2,69) 6a/110B B TpyI-
ne 1 (UC), p =0,018. Ha ocHOBaHMM 3TUX pe3yJbTAaTOB Mbl peKOMeHAyeM anmnapat Min3aposa [iJisl aliieHTOB
C KPYITHBIMU KOCTHBIMU Jedertamu (AORI III). BeposiTHO, HEO6XOAMMO MIPOBeIeHMe JaTbHENIINX UCCIen0-
BaHMI C UCIIOJIb30BaHMEM CTaHIAPTU3MPOBAHHBIX MHCTPYMEHTOB OLIEHKM (PYHKI[MOHATbHBIX Pe3yJbTaTOB
AKC, oCHOBaHHBIX Ha €OMHBIX OMPOCHMKAX ¥ IIKajax. Takoii moaxofd obecreunT rmonryuyeHne 6omee o6beK-
TUBHBIX ¥ COTIOCTABUMBbIX TAHHBIX, YIITYOUT TOHMMAaHME BIAVSIHUST PA3JIMUHbBIX METOAVK Ha QYHKIMOHATHLHOE
COCTOSIHME ¥ KaueCTBO JKM3HY IMalMeHTOB, a TAKKe OyIeT CIToco6CTBOBAThL BhIpaboTKe 6ojee YETKUX 1 000-
CHOBAHHBIX PEKOMEeHIAIMI 1151 KITMHUYECKON MPaKTUKMU.

HemanoBaskHbIM (haKTOPOM, BAMSIOMIMM Ha (PYyHKIIMOHATbHbIE PE3YyIbTAThI MAllMEeHTa ¥ KaUeCTBO ero XXU3HU
MoC/Ie apTpore3a KOJeHHOTO CyCTaBa, SIBJISIETCS OCTaTOYHOE yKOpoueHMe KOHeuHOcTH. CrienmanncTsl, 3a-
HMMaAIOIIMeCcsT SHAOMPOTE3UPOBAHMEM CYCTABOB M PEKOHCTPYKIMEN IJIMHHBIX TPyOUaThIX KOCTEii, CUu-
TAIOT YKOPOUEHNe 10 2 CM AOMYyCTUMBIM, HE OKa3bIBAIOIIMM CYLIECTBEHHOTO BAMSHMS HA KaueCTBO KU3HU
¥ He TPeOYIOIIMM UCITOIb30BAHMS TOTIOTHUTEIbHBIX CPEACTB OOpPHI [25]. TeM He MeHee, HA MTPAaKTUKe JasKe
TaKoe YKOpPOUYeHIe MOKET CKa3bIBAThCS Ha X0Ob0e ¥ TTOBCeIHEBHOI KU3HY MmaruenTa. ClieqyeT TaksKe YIUThI-
BaTh, UTO paBHAS [IJIMHA HOT ITPM 3aMbIKaHMM KOJIEHHOT'O CyCTaBa He Bcerma obecreunBaeT KOMMOPT U MOKET
co37aBaTh HeynoOcTBa 11 rmamyenTa. OCTaToYHOe YKOpOUeHye 3aBYCHUT OT pa3MepOoB U XapakTepa nedheKToB
KOCTelt, 06pa3youmx KoJIeHHbI cycTaB. Kaskmasi caHMpyrolast onepaiusi, HarpaBjieHHas Ha JTMKBUIALINIO
ouara MHGEKINH, CBSI3aHa C OCTEOHEKPIKTOMMEI 1, KaK CJIeACTBIE, ITIOTepeil KOCTHO TKaHu. ITpu BbIMoIHe-
HUM apTpOJie3a KOJIeHHOTO CyCTaBa He00X0IMMO JOOUTHCSI MAKCUMAaIbHO IUIOMIAAM KOHTAKTa Pe3elipOBaH-
HbIX KOHIIOB OTJIOMKOB ITIOCPEACTBOM MOZEINPYIOLIeli pe3eKIU, UTO TAKKe MOKET IIPUBECTU K YMEHbILIEHUIO
IJTMHBI HYOKHEN KoHeuHocTH. Cpoky (opMMUpPOBaHyst KOCTHOTO 610Ka HATIPSIMYIO BAMSIOT Ha (DYHKIVIOHAIb-
Hble pe3y/IbTaThl ¥ BO3MOXKHOCTH CKOpesilieit peabunutanyuy nauyeHnta. OmHaKO MeTOmIbl, 06ecIieunBalolue
60siee GBICTPOE AaHKUIO3MPOBAHME, MOTYT COTIPOBOXK/AATHCSI YBETMUEHHBIM YKOPOUEHVEM KOHeuHoCTH [12],
YTO TpeOyeT B3BEIIEHHOTO ITOAX0/Ia PV BbIOOPE TAKTUKY JIEUEH s, YIMTHIBAIOIIET0 Kak CpoKM (hopMupoBa-
HMSI KOCTHOTO 6JI0KA, TaK ¥ BO3MOKHbBIE TTOCEACTBYSI OCTATOYHOTO YKOPOUEHMS.

AHaMM3UPYs pe3yIbTaThl pA60THI, MbI BBISIBMJIM, UTO BPEMSI TOCTMKEHNSI KOCTHOTO 6J10Ka MMEJIO CYIeCTBEeH-
Hble pasanuys B 3aBUCUMOCTU OT IIPUMeHSIeMOVi XUPYpPruueckoii TeXHOJIOTUM. B Tpymie ¢ MHTpaMemyisp-
HBIM CTep>KHEM KOCTHOe cpalieHue GopMUpOBaIoCh ObICTpee 3a CUeT MePUOCTaTbHOIO TUITePILIaCTUYECKOTO
KocTeo6pa3oBaHus (MeauaHa 4,5 mec.) 10 CpaBHEHMIO C MCITOJMIb30BaHMeM armnapara MiamsapoBa (Memua-
Ha 7 mec.), p =0,027. OTu maHHble AeMOHCTPUPYIOT MpeumylinectBo Metofa VC ¢ MO3ULIMK MPOIO/DKUTENb-
HOCTU (OpMUPOBaHMSI KOCTHOTO 6yioKka rpu gedexrax I u II Tuna mo knaccuduraimmu AORI. Kpome Toro,
ucronb3oBanue Metoga MC cHMKaeT HarpysKy Ha aMOY/IaTOPHYI0O MEAVIIMHCKYIO CITYKOY, MUHUMU3UPYET
HEeOOXOAMMOCTD PETrYISIPHBIX MTePEBSI30K U CYIIECTBEHHO 06JIeryaeT yXof ¥ CaMOOOCTysKMBaHMe TalMeHTa,
TIOBbIIIAs KAYeCTBO ero Xu3Hu. [lomyyeHHbIe B HallleM MCC/IeJOBaHMM Pe3y/IbTaThl KOPPEIUPYIOT C BLIBOAAMM
G. Balato et al., mpeacTaBieHHbBIMM B KPYITHOM MeTa-aHa/IM3e, BKIoUaomemM 26 crtateii n 422 mamuenTa [26].
ABTOpBI OTMEUAIOT, YTO BpeMsl GOpMIUPOBAHMS aHKMI03a KOJIEHHOTO CYCTaBa ObLIO CTATUCTUYECKM 3HAUM-
Mo meHbIne (p =0,031) mpM UCIIOIb30BAaHUYM MHTPAMERY/UIIPHOTO CTepPKHS, — 5,78 mec. (MKU = 3,6-8,0)
10 CpaBHeHUIO ¢ 7,19 mec. npu npumeHeHun amnmnaparta Wnmsaposa (MKU = 6,3-10,3). CpegHee ykopoye-
HMe KoHeuHocTH B rpytne UC cocraBwio (2,4  1,5) cm, Torma Kak B rpyrmie AU — (4,0 £ 0,7) cm (p = 0,005),
YTO CBUIETETbCTBYET O 3HAUMMOM BJIMSIHMM BBIOPAHHOT'O METO/Ia Ha CTeIIeHb OCTaTOYHOro yKopouenus. Cie-
IIyeT MOJUePKHYTh, UYTO B YIIOMSHYTOM MeTa-aHaause B rpymnmy VC BKIOUaJIM MOMY/IbHble KOHCTPYKIUIUN,
CIIOCOOHBIE KOMITEHCHPOBATh YKOPOUEHYe KOHEUYHOCTH B IIpefieniax 2—4 cM, OIHAKO He IIpeaycMaTpUBalollue
dhopMupoBaHe KOCTHOTO aHKWIO3a. ITO 0OCTOSITETLCTBO OOBSICHSIET CTATUCTUUECKM MEHbIITME TOKa3aTeIN
yropoueHus B rpytiie ¢ VIC. [Togo6Hast TeHAEHIIMS OTpakeHa 1 B IPYTUX 3apyOeskKHbIX MTyOIMKaALIMIX, paccMa-
TPUBAKIINX MPUMEHEeHe MOIY/IbHbIX MHTPaMenyIsIpHbIX KOHCTpyKuuii mpu AKC [27, 28].

Bmecrte ¢ Tem, Mbl cuMTaem, 4To MeTonuka BBC cama 1o cebGe He SIBJISIETCSI OMPEAESIONM (paKTOpOM
OCTaTOYHOTO YKOPOUEeHMsI KOHEYHOCTU. [laHHOe yTBep)KIeHMe MOATBePKIAEeTCsl pe3ylabTaTaMy Hallero Mc-
cyleqoBaHMs, Ie MenuaHa ykopoueHusi koHeuHoctu B rpymnme 1 (MC) cocraBuna 4,0 cm (MKU = 3,0-5,0),
a B rpymrte 2 (A1) — 3,0 cm (MKU = 3,0-4,0), mpu 3TOM CTaTUCTUUYECKUX PA3TUUNIT MEXAY IPYIIamMmy He BbI-
sieHo (p = 0,338). Takum 06pa3oM, BAUSIHNE TTPUMEHSIEMbIX METOIMUK Ha JIMHY KOHEYHOCTU MOYKHO CUM-
TaTh COMOCTaBUMBIM. [I0-TIpeskHEMY OCTA€ETCSI aKTyaJabHBIM BOMPOC YCTPAHEHMUSI Pa3HUIIBI B IJIMHE HVDKHUX
KOHEUHOCTe IJIs1 yaydIneHus: GYHKIMOHATbHBIX PE3YJbTATOB ¥ KauecTBa KM3HM TMalyeHToB. be3ywIoBHO,
MIPUOPUTETHBIM P YPaBHMUBAHMM JJIMHBI KOHEUHOCTE SIBSIETCS MCII0/Ib30BaHMe TeXHOIOT Mt UpeCKOCTHO-
ro IMCTPaKLUMOHHOTO ocTeocuHTe3a 1o [LA. nusaposy.

Pennnous I/IHd)EKL[I/H/I IIpencCTaB/sieT OOHY M3 KIIOUYEBbIX npo6neM B PEKOHCTPYKUOMNM HIVDKHUX KOHEUYHOCTeIA.
O,HH]/IM U3 BaKHEMIMX B3aMMHbBIX OXXUIAaHUIA Bpaya I nalyeHTa IpUu IIPpMHATUN peIleHUa 06 apTpogese KO-
JIEHHOTI'O CyCTaBa ABJIAETCS ITOJIHOE ITIOAaBJIEHME OUara ]/IHClJEK]_[I/H/I MIIMKBUOALIMS PUCKOB pelanBa rnmpoiecca.
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V3 GaKkTOpPOB, BAMSIONIMX HA YCIIEIIHOCTh SpaguKany MHGEKLM, U3BECTHBI CJIEAYIOIINE: PAOUKAIbHOCTD
XUPYPTUUYECKOii 06paboTKY, BOCCTAHOBJIEHNME T€IOCTHOCTM KOCTHOTO OCTOBA KOHEYHOCTU Ha (poHe Tapret-
HOVi aHTMMMKPOOHOVI Teparui. PanyKaibHOCTb XMPYPrudeckoii 06paboTKy ouara MHGEKIN SIBJISIETCS KITH0-
yeBbIM (DaKTOPOM He TOJIbKO B JieueHMM nanyeHTos c [1I11, Ho u B mpodunakTuke peuyuausa nHperuyu [29].
B nuTepaType OTCYTCTBYeT OJHO3HAUHOE MHEHMe, Kakas M3 MeTOOMK apTpojes3a Haubosee 3ddeKkTHBHA
C TO3UIMM MPOMWIAKTUKY pelanBa MH(PEKIMOHHOTO mpollecca. B 9aToM KOHTeKCTe 0COOeHHO BaykeH TIIa-
TeJbHBIN aHaIM3 MUKPOOHOTO Teii3aka. MI3BeCTHBIN POCT MONMPE3UCTEHTHO MUKPOGIIOPHI U €€ IUPOKOoe
pacrpocTpaHeHye BO BCEM MUpe CYIIeCTBEHHO BIMSIOT Ha BbIOOP aHTMOAKTepUAIbHBIX ITPEIapaToB, 3aTPYI-
HssT Tog6op 3bdeKTMBHOM Tepanuy ¥ YBeIMUMBasl PUCK penyarBa MH@eKunu. IIpyu 5ToM HEeKOTopble Ipa-
MOTpUIATeNIbHbIE BO3OYIUTeNN, B UacTHOCTU P. aeruginosa, K. pneumoniae u A. baumannii, acCOMUPOBAHbI
C PUCKOM JieTaJIbHOrO mcxona o 10 % [30].

IlaHHbIe OTeueCTBEHHBIX aBTOPOB OTPA’KalOT BBICOKUII YPOBEHb CIOXKHOCTU jeudeHUs maiueHToB c [T,
Tpe6yIoIMX apTpoe3a KOJIeHHOro cycraBa. Tak, B.M. IIpOXOpeHKO C COaBT. COOOUIM/IN, UTO MPUMEHEeHYe
anmapata MnusapoBa y 34 malyeHTOB MO3BOIWIO TOOUTHCS CTOMKOrO KymupoBaHus uHbekumu B 85,29 %
CJTy4aeB, COOTBETCTBEHHO pelyauB MHbeKIMy Habmogany Ha ypoBHe 14—15 % [31]. B npyrom mcciegoBaHum
H.M. KITIollIMH € COaBT. Ha BRIOOPKe 13 63 mauyeHToB otMevanu 27 % (n = 17) peuuanuBoB MH(EKIMY IIpU ap-
TPOIE3MPOBAHNY C TIOMOIIIBIO anmapaTa MmnsapoBa. ABTOPBI TakKsKe KOHCTATUPOBAJIM MpeobagaHye TpaM-
TTOJIOKUTEIbHO MUKPODIOpsI (68 %, n = 43), rne Hanboiee YaCcTbIM BO36yauTenem 6b11 Staphylococcus aureus
(n = 32/64) [32]. B Hamem muccieqoBanuy peunans nHbeKI My Habmoaanu y Tpex (13 %) mauyeHTOB TPyIIbI 1
(UC) u'y omHoro (4,8 %) manyenTa rpymiibl 2 (A), oqHAKO 3TY pas3januus CTaTUCTUUECKM He ObUIY 3HAUMMBI
(p =0,609), uTO CBUAETEIBCTBOBAIO O COMOCTaBMUMOI 3D(PEKTUBHOCTY 000MX METOOB B KYIMMPOBAHMUM MH-
dexkmmonHoro mpormecca. [Ipy 9TOM B Hallleit BbIOOPKeE, KaK U B IMTEPATYPHBIX TaHHbBIX, HaubOIee 4acTo BbI-
SIBJISIEMBIM BO30YIMUTE/IEM ObLT 30JI0TUCThIN CTaUIOKOKK — B 32,6 % ciryuaeB (n = 15). 9T BbIBOIbI HAXOIST
noaaepkky 1 B MeTta-aHanuse C.J. White et al., Bkatouaroiiem 12 opurmHaabHBIX MCCI€I0BaHMI (CyMMapHO
456 maleHTOB), B KOTOPOM He BbISIBJIEHBI CTATUCTUUECKM 3HAUMMBbIe Pa3/IMUMs B YACTOTE PELUAMBOB UH-
dexuMy MexXIy MHTpaMemy/UISIPHBIM CTepskHeM M armapaTom Mnmsaposa (OR =0,91; 95 % OU: 0,38 — 2,15;
p = 0,83) [33]. B ciiywasix penyayBa MHOEKIIMY MbI BBITIOTHSIIV OUepeIHYIO CAHAIMI0 ouara MHQEeKIMM 1 peap-
Tpones. [y mateHToB rpytsl 1 (MC) MHTpaMemy/UISIPHbIN CTepsKeHb M3BJIeKaIM 11 06pabaThIBAIM B yIbTPA-
3BYKOBOJVI BaHHE, 3aTeM ITOBTOPHO yCcTaHaBauBaiu. B rpymre 2 (AV) npomnsBOAMIIN YaCTUUHBIN TEPEMOHTAX
armapara ¢ 3aMeHOJ YpeCKOCTHBIX 3JIeMeHTOB. Heo6X0aMMO OTMETHUTD, UTO B KIIMHMUECKIX HAOGMIOOeHUSIX,
TIPUHSITBIX HAMM BO BHMMaHMe 151 aHaJl13a, Mbl He IIPOBOAVIIM KOHBEPCUIO METOL0B OCTEOCUMHTEe3a.

Haubonee momy/isipHON U MPaKTUUECKY TPUMEHMMO cUMTaeTcsl KiaccuduKauys oCIOKHEeHU, pa3pabo-
taHHas D. Paley, KoTopast YETKO pasTpaHUYMBAET IMOHSITUS <IIPOOIeMar», «IIPEISITCTBUE» U «OCIOKHEHME»
M IMIMPOKO MPUMEHSIeTCS B OIleHKe MCX0/I0B UpeCKOCTHOTO OCTeOCHHTe3a afapaTom MinnsapoBa mpy peKoH-
CTPYKUMY KOHEUHOCTH [34]. AHAJIOTMYHOM CTaHAPTU3VPOBAHHONM CUCTEMBI JJIsI OLIEHKM OCIIOKHEHUIA mociie
apTpoze3a KOJIeHHOTO CYCTaBa C MCIIOIb30BaHMEM MHTPaMeAY/UISIPHOM (hyKcaly B HaCTOsIIee BpeMs He Cy-
IeCTBYeET. B MMerommxcs myommMKanusX OC/IOKHEeHNST, BO3HMKATOIIVE ITpY TPUMeHEeHMM MHTPaMeay/UISIPHOTO
CcTepkHS U anmnaparta UnmsapoBa, pacCMaTpMUBAIOT pa3fenbHO [16], UTO 3aTpyoHsSIeT KOMIUIEKCHbBIN aHaIn3
pasinunii B He6IaronMpUSTHBIX COOBITUSIX, CBSI3aHHBIX ¢ (hOpMMUpOBaHMEM KOCTHOTO 6oka nipu IMITU. Omu-
pasiCh Ha TpaKTOBaHMeE BhIIIIeCKa3aHHBIX MOHSITUI D. Paley, MbI paspaboTany yHUPUIMPOBAHHYIO Kiaccudu-
KalMI0 OCJIOKHEHM, KOTOpasi OXBaThIBAeT BCe HeraTMBHbIE MCXOAbl 06erx MeToAMK. [IJisg ymo6cTBa aHai3a
OCJIOKHEHMS pasfeeHbl Ha KaTeropuu U JeTajau3upoBaHbl B TOIKATETOPHUSIX, UTO ITO3BOJISIET 00ECIeUNTh
6oJ1ee MOHOE U CTPYKTYPUPOBAHHOE pacCMOTpeHMe BO3SHUKAIOIINX Tpob6ieM (Tabil. 2).

Hawubosnbiliee uncI0 OCIOKHEHMI, He BIUSIIONIMX Ha MCXOM, XUPYPIUUecKoii peabvnuranyuu (kateropuu 1 u 2),
3aperucTpupoBaHo B rpyrme 2 (AN), — 15,2 %, n =7, oHM CBSI3aHbI IPEUMYIIECTBEHHO C BOCIIAJIEHUEM MSIT-
KX TKaHel B 00JaCTV YPeCKOCTHBIX 3JIeMeHTOB. KynupoBaHue BOCIIAIUTENBLHOTO Mpollecca 0becreunBain
MECTHBIMY MHDBEKIMSIMM MSATKMX TKaHel aHTMOMOTUKAMM U TepeBsI3KaMy ¢ JIeBOMEKOJIeM, a IIPU CTOMKO
rapacnmIeBoil MHEeKIUM — MeperpoBeneHeM GUKCUPYIOINX 3J1eMeHTOB. Takke caeayeT OTMETUTD CITy-
yaji TocaeonepalMoOHHOl HeliponaTuu ManobepuoBoro HepBa B rpymie 1 (MC), KOTOpbIit 671aromnosxyuyHo
paspemuicst B TeueHue 30 qHelt Ha ¢poHe HEMPOTPOTIHON Tepanuy U CHMKEHUST OTEKA MITKMX TKaHeii. AHa-
JIOTUYHBIE Pe3y/bTaThl IpUBeIeHbl B paboTe B. Leroux et al., roe nBa ciaydas (13,3 %) 3aBepIliuInch MOTHBIM
BOCCTaHOBJIEHMEM UYBCTBUTENbHOCTY B TeUeHMe I1eCTH Mecs1ieB Mocje onepauun [35].

Bosiee 3HauMMbIe OC/IOSKHEHMST, OKa3bIBAKOIIMeE BAUSHME HA UCXO JiedeHUs (KaTeropun 3 u 4), yaiiie BCTpeva-
such B rpytie 1 (MC),— 10,9 % (n = 5). Tak, nBa ciayyas (4,3 %) mepesiomMa MHTpaMeIyJIIIPHOTO CTEPyKHS ITOTpe-
60BaJIM TOBTOPHOTO XMPYPIrUIECKOTO BMeIIaTeNbCTBA, — yAaAeHUs ITUTa C MOCIeAYoIM peapTpoLe30M
IO TOJi )K€ METOJMKE, HO CTEPsKHEM 6OJIbIllero quametpa. st rpymbl 2 (AM) xapakTepHbl CIyuau repeioma
Ha YpOBHe 6eIpeHHO-00JbIIIe6epIIoBOro CMHOCTO3a (4,3 %, n = 2), TPy 9TOM TECT Ha COCTOSITEJIbHOCTb KOCT-
HOTO 6J10Ka GBI TIOJIOXKUTETHHBIM, @ pepaKkTypa MPouCXoauiIa B TeUeHe IBYX—TPeX Heellb Mocie AeMOH-
Taxka arnnapara Vnnsaposa. B 060ux cirydyasix moTpeboBasiach MOBTOPHAS TOCTTUTAIN3ALNS U PEOCTEOCUHTES.
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C nomo6HOI MmpobsieMoii CTONKHYIMCh A.A. Bruno et al., y KoTOpsIX 1Ba 13 15 manyueHTOB Mocjie AeMOHTaxka
arrmapara BHeIrHel GMKcaluy MMeu ITepesioM 30HbI CMHOCTO3MPOBAHMSI, aBTOPbI OTPAHMUYMIINCH BHENTHEN
MMMOOWIN3alIMell KOHEUHOCTHU [0 MOJHOTO (GOpMMUPOBAHMSI KOCTHOTO 6ioKa [15]. CucTeMHbIE OCTIOKHEHUS
OTMeUeHbI B TpeXx caydasix (6,5 %) BpimonHeHMst BBC MHTpaMeny/IIpHBIM CTEPSKHEM, 1B U3 KOTOPBIX 3aBep-
HIVJTACD JIETaJIbHBIM McX0moM. COOBITHSI MOTYT YKa3bIBaTh Ha MOTEHIIMATIbHO O0JIee BHICOKMIT PUCK PA3BUTHS
KPUTUYECKMX UCXOO0B MPU UCTOIb30BAHUY TAHHOM METOOUKMA.

OepaHuueHuﬂ uccnedosaHus

IaHHOe uccaenoBaHMe UMeeT Psif, OrpaHMUYeHNi. Bo-mepBbIX, OTCYTCTBOBAIA PaHIOMMU3AIINS U OCIeIieHne
KakK MalMeHTOB, TaK ¥ Bpaudeil, IPMHMMAIOIIMX pelleHne o Bibope metopyuky BBC. Bo-BTOpBIX, BRIOOPKA I1a-
L[MEHTOB 6blJIa OTHOCUTEIbHO HeOO0bI0i. CTOUT yTOUuHNUTb, uTO AKC 1pu ITITU SIB/ISIeTCS MCKTIOUMTEIbHbIM
" Pe[IKO IIPMMEHSIEMbIM, a He PYTMHHBIM, BMeIlIaTelbCTBOM. HakoHel, MCK/TIoUeHNe 13 aHa/IM3a KIVMHNYEeCKUX
MCXOMOB IBYX IManyeHToB rpyiisl 1 (MC) B CBSI3M C JIeTa/IbHbIM MCXOIOM B PaHHEM I10C/I€0TIepaliIOHHOM Iie-
pHMojie OrpaHMYMBaEeT IIOJTHOTY OLIEHKM Pe3y/IbTaTOB JAaHHOI IPYIIIbI, OMHAKO MX YUET B aHAIM3€ OCTIOKHEHMIA
CHIKAeT PUCK CUCTEMAaTUUECKOI OIIMOKM U ITO3BOJISIET O0jiee 0O'beKTUBHO OLIEHUTD 6€30ITaCHOCTh METOZA.

3AK/IIOUEHUE

BenpeHHO-60/bIIIE6EPIIOBOE CMHOCTO3MPOBAHME Y MALVEHTOB B YCa0BuUsX [1IIM ocTaeTcsl eIMHCTBEHHO BO3-
MOXKHOJI oIlepanyeit, obecreunBaomieil mpremMiaeMble aHATOMO-(QYHKIIMOHATbHbIE PE3YIbTaThl XUPYPTH-
YeCKoi peabwiuTaIMu U CTOVKOe KyIMpOoBaHMe THOWHOM nHbekiun. IIpy aHanm3e pe3yabTaToOB JIEUeHMS
nanyeHToB ¢ [T cpoku hopMupoBaHMsSI KOCTHOTO 6I0KA ITPU MCITOMb30BAHUYM MHTPAMEITY/UISIPHOTO CTePK-
HS ObUIM MeHee TPOIO/DKUTENbHbIMU. JIyullie aHaTOMO-(bYHKIMOHAIbHbIE PE3Y/IbTaThl 3aPErUCTPUPOBA-
HBI Y MAIlEHTOB C CyOTOTAIbHBIMM U TOTAJbHBIMU KOCTHBIMMU JeeKTaMM IIPU MCIIOJIb30BAHUM BHENTHEN
dbukcanym. AHaNIM3 YaCTOThI PEIUANBOB MHMEKIMM He BBISIBUJI CTATUCTUYECKM 3HAUMMONM Pa3sHUIIbI MEKIY
rpynnamu. YacToTa 1 XxapakTep OCJIOKHEeHM 3HaUMMO OTAUYIMCh MeXAY TPyInaMi, IpU 3TOM CUCTEeMHbIe
OCJIOKHEHMS HabTI0Ia/IM TOJIBKO B TPYIIIe MHTPaMeoy/IIpHOM (GUKCAIUA.

Kongnukm unmepecos. Asmops! dekaapupyiom omcymcmeue si8HblxX U NOMeHYUANbHbIX KOHPJIUKIMO8 UHIMePecos, C8I3aHHbIX
¢ npogedeHHbIM UCCIe008aHUeM U NyOaUKayueti Hacmosueti cmamou.

Hcmounuk punancuposanus. Amopst 3asénsiom 06 0mcymcmeuu eHewHez0 GUHAHCUPOBAHUS NPU NPo8edeHUU UCCced08a-
HUA U N0020moeKe nyoauKayuu.

Amuueckas sxcnepmusa. Hccnedosarue 0000peHO JOKATbHbIM dMuueckum Komumemom focnumans eemepaxos eotin (Exa-
mepunbype, npomoxon om 14.12.2023 N° 12/2023).

HudpopmuposanHoe coanacue. Bce nayueHmst 0aiu NUCbMeHHOe UHGOPMUPOBAHHOe co2iacuie Ha yuacmue 8 ucciedosaHuu
u nyénukayuio 0arMeix. Jemanusupyouias uHgopmayus, cnocoocmesyowas nepcoHupGUKayuu 8KaOUEHHbIX 8 UCCTIe008aHLE
nayueHmos, omcymcmayem.
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AHHOTanus

BBemenmne. JleueHie MaiyeHTOB C OPTOIEAMNUYECKON MHQEKIME SIBISIETCS COYeTaHMEM OITMMAJIbHOTO BMa CaHMPY-
IOIIEr0 XMPYPruueckoro BMeNIaTeabCTBa M afieKBaTHOM aHTMOaKTepuanbHOl Tepamuu. [oast I'pam(—) Bo3OymuTeneii
B CTPYKType OPTOIeAnYecKoi MHDEKIMM OTHOCUTENIbHO HeBenuka (1-28 %), omHaKo MmporpeccupoBaHMe aHTHOAKTe-
pUanbHOI pe3ucTeHTHOCTU A. baumannii, K. pneumoniae, P. aeruginosa BbI3bIBaeT TPYLHOCTU B BbIOOpE aHTMOMOTUKOB,
YTO YXYAIIAeT ITPOTHO3 JIEUeHUS TAKUX ITal[MeHTOB.

Ilesb paGOTHI — 060CHOBATH BHIGOD JIEKAPCTBEHHBIX CPEICTB [IJISI TAPTETHOI SMIIMPUYUECKOI M STMOTPOITHOM aHTUOaKTePU-
aJIbHOVI Tepaly Ha OCHOBaHMY aHa/IM3a Pe3UCTEHTHOCTM K aHTMOAKTEPUAIbHBIM IperapaTaM BeAyluX TpaMOTPUIIATe b-
HbIX 6akTepuit (A. baumannii, K. pneumoniae, P. aeruginosa), ©u301“poBaHHBIX OT MAIVIEHTOB C OPTOTeaMUeCcKoii MHpeKIeii.
Marepuasbl ¥ METOZbIL. BBITIOTHEHO PETPOCTIEKTMBHOE MCCIeI0OBaHMEe JAHHbIX O UYBCTBUTEIHHOCTY K aHTUOAKTEPUATTH-
HBIM TIperiapaTam Begymx I'paM(—) MMKpOOPraHM3MOB, M30JMPOBAHHBIX OT MALIMEHTOB C OPTOIEINYeCKOi MHpEKIIMeii
¢ 01.01.2011 mo 31.12.2022. VccnenoBaHa CpemHsIsl 4aCTOTA BbIAENEeHNMS YCTOMUMBBIX HITAMMOB U OINpeJe/leHbl TPeH bl
Pe3UCTEeHTHOCTHU Beaylnux I'paM(—) Bo36yauTeseii K pa3IMuHbIM aHTMOaKTepUaIbHbIM ITpernapaTaM ((pTOPXMHOIOHBI, KO-
TPUMOKCa3071, 1ledasocmopnHbl, KapbareHeMbl, MOHOGAKTaMbl, aMUHOIIMKO3YAbI, POCHOMUIIMH, KOTUCTUH).
PesynbTaTsl. 3a 12-TUIETHMII TTePUOS, BBISIBJIEHBI CTATUCTUYECKY 3HAUMMBbIe TPEH bl POCTa JOIM MITAMMOB A. baumannii,
Pe3UCTEeHTHBIX K mumpoduiokcanyny (p = 0,024) u neBoduiokcauuuy (p =0,012), mrammoB P. aeruginosa (p =0,018)
u K. pneumoniae (p = 0,018) — k numnpodaokcaiyuuy. [IporHosupyemas Jojisi pe3UCTEHTHBIX K (TOPXMHOMIOHAM IITaM-
MoB A. baumannii crpevutcst K 100 %. OTMedyeH 3HAUMMBI POCT WITaMMOB A. baumannii v P. aeruginosa, pe3ucTeHT-
HBIX K Ledornepasony+[cyabbakramy] (p = 0,027 u p = 0,010, cOOTBeTCTBEHHO), TaMMOB K. pneumoniae, pe3auCTEeHTHBIX
K MeporneHeMy 1 umunesemy (p = 0,037 u p = 0,003), u mTammoB P. aeruginosa, pe3sucTeHTHbIX K uMmuneHemy (p = 0,001).
I/t OCTAIbHBIX aHTUOMOTUKOB HE BBISBIEHO CTATUCTUYECKM 3HAYMMBIX TPEHAOB, PE3UCTEHTHOCTH K MperapataM MUC-
ceyeMbIx BO30OynuTesneit B TedeHue 12-TUIeTHErO Meprosia OCTaBaaach Ha CTa6MIBHOM YPOBHE MM MMela BOJMHOO-
6pasHoe TeueHue. OnpeneneHo, YTO ONTHMAaIbHbIM IIPernapaToM, akKTUBHBIM B OTHOIIeHNUM ['pam(—) 6aKkTepuit, IBIseTCs
nedomnepasoH+[cynb6aKkTam].

O6cyxkmeHue. IlepedueHb aHTMOAKTEPMAIbHBIX IperapaToB, aKTMBHBIX B OTHOIIEHMM IITaMMOB A.baumannii,
K. pneumoniae, P. aeruginosa, 1OCTaTOYHO BHYIIUTEJIbHbIN 1 B OCHOBHOM COZIEPKUT JIEKAPCTBA JJIs [TapeHTepaTbHOTO BBe-
neHust. [IJiss pe3auCTeHTHBIX IITaAMMOB IlepeueHb OrpaHMYeH OIHO WiK JBYMs TPYIIaMu, IIPU 3TOM ITperaparos, cylle-
CTBYIOIL[MX B TIEPOpasIbHOI hopme, B HEM HeT. DTO 00yC/IaBAMBAET TPYLHOCTM B JIEUEHUM U BBICOKYIO IOJI0 PEIMANBOB.
OTpuiiaTenbHast IMHAMUKA HapaCTaHNSI aHTUOMOTUKOPE3UCTEHTHOCTY Bemyuix I'pam(—) Bo36yauTesneit K GTOpXMHOIO-
HaM, 1edasocrmoprHam 1 KapbarmeHeMaM SIBJISIETCSI 00IEeMMUPOBOIT TPO6IeMOoii, BEIHYKAAIOIIEl MpuberaTh K MpyuMeHe-
HUIO aHTUOMOTUKOB pe3epBa.

3axkmouenue. [IpyMeHeHMe AJi9 TapreTHOM SMITMPUUYECKOIi CTApTOBOM aHTMOAKTEpMATbHOM Tepanuy 3amuiieHHO-
ro nedasocrnopyuHa MpeACTaBsieTcss 6oee ParMOHAIBHBIM B BUIY MEHBIIETO PUCKA CEMEKIMY YCTONYUBBIX K HEMY
mTaMMOB. PTOPXMHOOHBI U KapbarieHeMbl 11e/1Iec0006pa3HO MPUMEHSITb TOJIBKO NP JTOKA3aHHONM K HUM YyBCTBUTE/b-
Hoctu. [MonmuMukceuH B u dochomMulinH Heo6X0AMMO paccMaTpuUBaTh KaK IperapaThl pe3epBa AJis JiedeHus: MHGpeK-
LMY, BBI3BAHHOJ YCTOMUMBBIMU K ApyruM AB mtaMmmamu, M Ha3HavYaTh TOIbKO B COCTaBe KOMOMHMPOBAHHOI Teparmu.
AMMHOITIMKO3MIbI ¥ He3aluIIeHHbIe 11e(aoCTIOPUHBI B CBSI3M C 0COOEHHOCTIMM (GapMaKOKMHETUKY U BBICOKMM YPOB-
HEM YCTOMUYMBOCTY SIBJISIIOTCS aIbTEPHATUBOI TOTHKO MPY HEBO3MOXKHOCTHM Ha3HaueHMs 60jiee aKTUBHBIX ITPerapaToB.

KiroueBblie ¢10Ba: MMILIAHTAT-aCCOLMMPOBAHHASE MHMEKIMSI, OpTONeauecKkast MHGeKIys, mepurporesHast nubeKms,
Pseudomonas aeruginosa, Klebsiella pneumoniae, Acinetobacter baumannii, aHTM6aKTepUaabHasI TEpPATNS, aHTUOMOTUKOPE-
3MCTEHTHOCTD, SMITMPUUECKAst TePaIIysl, STUOTPOITHAS TePATIST
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Abstract

Introduction Treatment of patients with orthopedic infection includes a combination of the optimal surgical debridement
and adequate antibacterial therapy. Gram-negative bacteria are encountered in 13-28 % of orthopedic infections,
and A. baumannii, K. pneumoniae, P. aeruginosa are significant bacteria notorious for its high and intrinsic antibiotic
resistance and can be associated with worse outcomes.

The objective was to substantiate the choice of drug for targeted empirical and etiotropic antibacterial therapy based
on the analysis of antibiotic resistance in leading gram-negative bacteria (A. baumannii, K. pneumoniae, P. aeruginosa)
isolated from patients with orthopedic infection.

Material and methods Antibiotic sensitivity of leading Gram(-) microorganisms isolated from patients
with orthopedic infection was retrospectively examined between 01.01.2011 and 31.12.2022. The average
frequency of isolated resistant strains was examined and resistance trends of leading Gram(-) pathogens to various
antimicrobialbacterial drugs (fluoroquinolones, co-trimoxazole, cephalosporins, carbapenems, monobactams,
aminoglycosides, fosfomycin, colistin) determined.

Results Over a 12-year period, statistically significant trends were revealed towards an increase in the proportion
of A. baumannii strains resistant to ciprofloxacin (p = 0.024) and levofloxacin (p = 0.012), and P. aeruginosa (p = 0.018)
and K. pneumoniae (p = 0.018) strains resistant to ciprofloxacin. The predicted proportion of A. baumannii strains
resistant to fluoroquinolones tends to 100 %. There was a significant increase in A. baumannii and P. aeruginosa
strains resistant to cefoperazone+[sulbactam] (p=0.027 and p=0.010, respectively), K. pneumoniae strains
resistant to meropenem and imipenem (p = 0.037 and p = 0.003, respectively), and P. aeruginosa strains resistant
to imipenem (p = 0.001). No statistically significant trends were found for the remaining antibiotics; drug resistance
of the pathogens remained stable or had a wave-like course over the 12-year period. Cefoperazone + [sulbactam]
was the optimal drug active against Gram(-) bacteria.

Discussion There is an authoritative list of antimicrobiall drugs active against A. baumannii, K. pneumoniae, P. aeruginosa
strains, mainly containing drugs for parenteral administration. The list is limited to one or two groups for resistant
strains, and there are no drugs available in oral form. This causes difficulties in the infection control and a high rate
of relapses. The negative dynamics in increasing antibiotic resistance of leading Gram(-) pathogens to fluoroquinolones,
cephalosporins and carbapenems is a global problem necessitating the use of reserve antibiotics.

Conclusion Protected cephalosporin is more practical for targeted empirical initial antimicrobial therapy due to the lower
risk of selected resistant strains. Fluoroquinolones and carbapenems can be used with the sensitivity known. Polymyxin B
and fosfomycin should be considered as reserve drugs for the treatment of infections caused by strains resistant to other
AB, and prescribed as part of combination therapy. Aminoglycosides and unprotected cephalosporins can be an alternative
due to the pharmacokinetic characteristics and high level of resistance when more active drugs cannot be administered.

Keywords: implant-associated infection, orthopedic infection, periprosthetic joint infection, Pseudomonas aeruginosa,
Klebsiella pneumoniae, Acinetobacter baumannii, antibacterial therapy, antibiotic resistance, empirical therapy, etiotropic
therapy

For citation: Tufanova OS, Bozhkova SA, Kasimova AR, Gordina EM, Gvozdetsky AN, Tikhilov RM. Antibiotic therapy
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BBEIOEHUE

IMepunMIUIaHTHBIE MHMEKIIMY B HACTOSIIIIEE BPEMST OTHOCST K Haubosiee TSIKeIbIM OCTIOKHEHMSIM OTeparyit
Ha KOCTHO-MBIIIeUHO¥ cucteme [1]. B cTpykType Bo36yauTeneit oproneayeckoit nadeximm (OW) Tpaguim-
OHHO Ipeo6amaioT I'pam(+) 6aktepun S. aureus u S. epidermidis, a monst ['pam(-) MUKPOOPraHM3MOB COCTaB-
nset 13-28 % [2, 3]. CyliecTBYIOT JTOKaJIbHbIE OCOOEHHOCTU PACIIPOCTPAHEHHOCTM HAHHBIX BO3OyIMUTENEN,
B OTIeTbHBIX CTPAHAX MTOKa3aTesb J0X0OuUT a0 61 % [4]. Cpenu I'pam(—) 6akTepwmii BemyIasi posib MIpUHA/JIE-
SKUT TIPENICTaBUTENSIM ceMeiicTBa Enterobacteriaceae (K. pneumoniae v E. coli) i HepepMeHTUPYIOIIMM GaKkTe-
pusim (P. aeruginosa i A. baumannii).

I'pam(-) 6aktepun K. pneumoniae, P. aeruginosa u A. baumannii BXOOAT B TPYIITY YaCTO BCTPEUAIOIIVIXCS TTa-
TOTE€HOB C PETUCTPUPYEMBIMM KPUTUUECKUM Y BBICOKMM YPOBHSIMU YCTOMUMBOCTY K aHTMOMOTHKAM, 0003Ha-
YEeHHYI0 AMepPUKAHCKI/M 00IIeCcTBOM MH(PEeKIMOHHBIX 3a60meBanmii Kak ESKAPE-mnaToreHnsl. CTpeMUTETbHbIN
POCT YCTOMYMBOCTY K aHTUOMOTHUKAM U3 rpynn GropxuHononos (OX), medanocrnopuuos (LIC), kapbameHe-
MoB (KIT), KoTopble TPAAUIIMOHHO CUMTAIN MperapaTaMy BbIOOpPA, BbI3BIBAET OOJBIIYI0 HACTOPOKEHHOCTH
cpeayt KTMHULMCTOB.

Vuactue I'pam(-) 6aKkTepuit B 3TMONIOTUM UMILIAaHTAT-aCCOLUMUPOBAaHHOI MHbekuuyu (MAU) Ha ceromHsiI-
HUI JeHb CUMTAIOT HEeOGMArompyUsITHBIM IMTPOTHOCTUYECKUM ITPU3HAKOM. PeliyayBbl MHGEKIIMOHHOTO ITPOoLiec-
ca 'pam(—) aTHoMOrMK B TeUEHME MEPBBIX OABYX JIET MOC/Ie MPOBENeHUsI CAaHUPYIOLIel omepaluun MmauueHTy
¢ AU peructpupyiot B 50-60 % ciryuaes [5, 6]. [Ipu 9TOM McciegoBaTeNIy yKa3bIBAlOT Ha MPSIMYIO KOPPeJIsi-
M0 MEXKAY aHTUOMOTUMKOPE3UCTEHTHOCTHIO M30JIMPOBAHHBIX OT MAI[MEeHTOB GaKTepuit U 4acToTol Heba-
TOTIPUSITHBIX MCX0HOB [7]. JaHHbIE 060CHOBBIBAIOT HEOOXOIMMOCTD ITOCTOSTHHOTO JTIOKATbHOTO MOHUTOPWHTA
YYBCTBUTEIBHOCTM ITUX MUKPOOPTaHM3MOB K aHTMOAKTEPUATbHBIM IperapaTam, 4To JaeT BO3MOXKHOCTb
CBOEBpPEMEHHO MepecMaTpuBaTh BapMaHTbl CTAPTOBOM 3MIIMPUUYECKON U 3TnoTponHoi ABT B crauymoHape
¥ Ha amOyJIaTOPHOM 3Tarle.

OCHOBHbBIMM TIpenapaTaMu, B CIIEKTP AeiiCTBUS KOTOPhIX BXoasaT ['pam(-) 6aktepun, sBisiorcs OX, Hesau-
nieHHbIe 1 3amuieHHbie 1IC III-1V nmokonaenwnii, KIT, MOHOOaKTaMbl, aMUHOTIMKO3MIbI, POCHOMULIH, KOTU-
CTUH U KO-TpUMOKca3oi. [IpakTudyeckoe nMpuMeHeHMe TeKapCTBEHHbBIX MMPernapaToB 3TUX TPYMIl MUMeeT CBOU
MIPeMMYIIeCTBa ¥ HeJJOCTATKM, KOTOpbIe OYIyT pacCMOTPEHbI B JAHHO paboTe.

Ilestb paGoThl — 060CHOBATD BHIOOP JIEKAPCTBEHHBIX CPEICTB [IJIs1 TAPTeTHOM SMIIMPUUECKOI 1 STUOTPOITHOM
aHTUOaKTepUaIbHOM Tepanuy Ha OCHOBAHMM aHaAM3a Pe3UCTEHTHOCTY K aHTMOAKTepMalbHBIM IIperapa-
TaM BeOyIIVX IpaMOTpUIIATeIbHBIX 6aKkTepuit (A. baumannii, K. pneumoniae, P. aeruginosa), ¥3011poOBaHHbIX
OT TaI[MeHTOB C OPTOIeMUecKoit MHpeKIMeit.

MATEPUWAJIBI 1 METO 1 bl

BbINOIHEHO PETPOCIEKTUBHOE MCC/IeNOBaHNME NAHHBIX O PE3UCTEHTHOCTM K aHTHOAKTEPUATbHBIM IIpe-
naparam Benyuiux I'pam(—) Bo36ymuTeneit, M30JMpOBaHHBIX OT manyueHToB ¢ OU, ¢ 1 suBapsa 2011 roma
o 31 nekabps 2022 rona. K Bemyuimm Bo36yauUTeIsIM OTHOCUIM MUKPOOPTAHU3MBbI, J0JIST KOTOPBIX, T10 TaH-
HbIM OITyOIMKOBAHHOTO paHee IeHTPOBOTO MOHUTOpMHTA [8], B 0611eM crieKkTpe Bo36ynuTeneit OV mpeBbI-
mana 3,5 %.

IanHble 06 aHTMOMOTUKOPE3VCTEHTHOCTHM TTOTyYany U3 nporpamMmmsbl «CucreMa MUKPOOMOIOTUYECKOTO MO-
HUTOPUHTra «MUKpo6-2»» (Menllpoekt-3, 2002-2020), a Takke 13 j1a60paTOPHOI MHPOPMALIIOHHON CHU-
cremMbl «Akpocc-UHxuHUpUHT» (2021-2022). bakrepmonornyeckuii aHaams3 IMOJYYEHHBIX OT IAllMeHTOB
610MaTepMasIOB BHITIOIHSIIM B COOTBETCTBUY C MIPUHSATHIMU MEXIYHAPOJHBIMU CTaHJaPTaMU MUKPOOMOIIO-
riudeckux uccnenosanuii (UK SMI). BunoByio ngeHTHUUKaLNMIO BRIPOCIINX KyAbTyp 40 2021 roga mpoBoauIn
OMOXMMMYECKMM MeTOIOM Ha MmaHesissx Microlatest (Erba Lachema) ¢ momoribio iEMS Reader MF (Labsistems,
OuungHaus), a ¢ 2021 rona — metogom MALDI-TOF macc-cneKTpoMeTpun.

YyBCTBUTEJIBHOCTH BBIJIEJIEHHBIX IITAMMOB ['pamM(—) 6aKTepuii Orpeaessii K BKIIOUEHHBIM B (DOPMYJISIPHBbIN
repeyeHb IeHTPa AHTUMUKPOOHBIM ITperiapaTam:

— A. baumannii — x uumpoIoKcaIHy, 1eBOGIOKCAIHY, KO-TPUMOKCA30iy, Iledonepa3oHy+[cyibbakTamy|
(ompeneneHye MMPOUCXOAWIIO TI0 1edorepa3oHy), UMUIIEHEMY, MepOTleHeMY, aMUKAI[MHY, TeHTAMUIMHY,
KOJIMCTUHY;

— K. pneumoniae — k uunpodIokcaiHy, Ko-TpUMoKcasony, le@Tpuakcony, medormnepasony+[cyibbakTamy|
(ompenenieHye MIPOUCXOAMIIO TI0 Iledorepasony), nedbenumy, UMUIIEHEMY, MepOTIeHeMY, a3TpeoHaMy, KO-
nuctuny, Gochomuyny (c 2017 roma);

— P. aeruginosa — K 1umpodIoKcayuy, jeBodokcaluny, mnedrasyuaumy, edrasuaumy+[aBubakramy],
nedomnepasoHy+[cynbbakTaMy| (OrpemesneHye MPOUCXOAMIIO TI0 Iiedorepasony), Hedenumy, UMUIIEHEMY,
MepoTleHEMY, a3TPeOHaMy, aMUKALIVHY, TeHTaMULIVHY, KOJIUCTUHY.
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B Teuenue Bcero 12-seTHero nepyuopaa 4yBCTBUTENILHOCTD LITAMMOB OIIpe/iesIsiii COIIaCHO KOHTPOIbHBIM TOUKaM
B akTyanbHOI Bepcuy EUCAST Ha MOMEHT BBITIONIHEHMS TIEPBUYHOTO MUKPOOMOIOTMUECKOTO UCC/IeOBAHMS.

I1st omycaHMs KaTeropUaIbHbIX TIePeMEHHBIX MCITOb30BaIM aOCOTIOTHBIE 3HAYEHMSI U JOJM OT 11eoro (1, %).
[TepemeHHbBIe, MMEIOLVE HETPEPBIBHBIN XapaKTep pachpeneneHns, ONMChIBAIN CPEJHMUM U CTaHAAPTHBIM OT-
kinoHeHMsiMU (M £ ), IMCKpeTHbIe TIepeMeHHbIe U YIIOPSAOYeHHbIe TaHHble — MeAuaHoi, 1-3 KBapTWIsIMU
(Md [Q1; Q3]). Tarke BRIUMCUISIIM MUHMMATbHOE ¥ MaKCUMaibHOe 3HaueHus (Jmin; max|). OCHOBHbIE TPEHbI
AHTMOMOTUKOPE3UCTEHTHOCTY ITPEICTABISUIN [IJIST aHATM3MPYEeMbIX BO3OYIMUTEei 10 IPyInaM aHTUOMOTHUKOB:
@X, ko-Tpumoxkcasort, LIC, KIT, MoHOOGaKTaMbl, aMUHOTTMKO3UIbI, HOCHOMULIVH, ITOTUMUKCHUH E (KOMMCTUH).

MopenmpoBaHye KpUBOIi «pe3UCTEHTHOCTb—BPEMST» POBOIVIIN IIPY ITOMOIIM 6MOIMoTeKM “mgcv . B KauecTse 3a-
BMCUMOI1 TTlepeMeHHOIi BBICTYTIasa A0/ Pe3UCTeHTHBIX IITAMMOB B IOy, B KaUeCTBe He3aBMUCUMBIX — BpeMs U BU],
6akrepuii. MomepoBaHie HeJIMHETHOV 3aBMCYMOCTH IIPOBOIVIIM METOIOM KyOMUeCKo CrutaitH-TpaHchopMaIm
OT BpeMeHM ¢ 3PdeKTOM B3aMMOIECTBYS C TPYIITIOBOV MPUHAIEKHOCTBIO. Tak Kak 3aBUCHMAsT TepeMeHHast -
HagiexxuT guanasony (0, 1), mpUMeHsUIM MoesTb 6eTa-pacipeneneHus. [IJ1s MCK/TIOUeHMsT SKCTPeMaIbHbBIX 3HAUeHMI
(0 1 1) BBIIOMHSI CIEMYIONIYIO TPaHCGHOPMALIMIO 3aBUCHMMOI ITepeMeHHoI (Y x (n — 1) +0,5) / n, Tne y — 3aBucHUMast
repeMeHHast, N — KOMM4IeCcTBO HabmomeHit. CUHTAKCUC MOZENV ObUT CIIeTYFOIIM

gam (y ~ s(time, bs ='cr', k= 5) + name + s(time, by = name, bs ='cr', k = 5), family = betar()).

Mopenb XapakTepu3oBanu Ko3h@uIeHToM IceBAoAeTepMMHALNY R? HOpMaIM30BaHHBIM KOPHEM U3 CpeIHe-
KBaApaTUYHO ook (NRMSE), crerteHstMy cBo60bI. 17151 yTOUHEHWS JAHHBIX Ha ITOJTYYEHHBIX MOJIEJISIX TeCTH-
POBaJIM TUIIOTE3bI JIMHENHOTO TpeHAa. [Ijisi KOppeKUUM MHOXKECTBEHHOI'O TeCTUPOBAHUS TUIIOTE3 UCIIOIb30BaAIN
CPEeIHIOI0 JOTI0 JIOKHBIX OTK/IOHeHMIT (FDR). Bce pacuéThl BBITTOMHSIIM Ha S13bIKe MporpamMmmupoBanus R v4.4.0.

PE3VYJIbTATBI
DmopxuHoIoHsL (UUNporokcayuH, 1e60¢a0KCaAyuH)

CpenHsist mosst mtaMMoB A. baumannii, K. pneumoniae v P. aeruginosa, pe3yCTeHTHbIX K IUITPOdIOKCcaIMHY, CO-
craBwia 83,7 % [62,5-98,7], k neBodmokcauuny — 87,6 % [50—98,6]. Becb aHanmm3upyeMbIit iepuos, Habmoaamm
CTaTMUCTUUECKYM 3HAUMMOe HapacTaHue Ao Pe3UCTEeHTHBIX K IUITPOodIoKcallMHY IITAMMOB Benyuiux I'pam(-)
6axrepuit (p = 0,024). [Ipu 3TOM [0/ Pe3UCTEHTHBIX MTaMMOB ¢ 2011 r. mo 2022 r. yBennumaach Ha 36,2 %,
25,0 % 1 33,4 % cooTBeTCTBEHHO AJisd A. baumannii (p = 0,024) (puc. 1, A), K. pneumoniae (p = 0,018) (puc. 1, B)
u P. aeruginosa (p = 0,018) (puc. 1, C), u gocTuria K KOHITy cpoka HabmopeHus 98,7 %, 98,2 % v 66,7 %.

LinnpodpnokcaumH
A) Acinetobacter baumannii B) Klebsiella pneumoniae C) Pseudomonas aeruginosa
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Puc. 1. IIporHo3upoBaHue pe3uCTeHTHOCTU A. baumannii (A), K. pneumoniae (B) u P. aeruginosa (C)
K IIUTTPOQIIOKCALIHY

CXO3KyI0 KapTUHY Habmofany B OTHOIIeHnM JieBoduiokcarmua. Ob1iyit TpeH 1, XapaKTepyu30Bascs CTaTUCTIYe-
CKM 3HAUMMBbIM HapaCTaHMEM JIOJIM PE3UCTEHTHBIX K HEMY IITaMMOB A. baumannii (p = 0,012). OnHako Bbige-
JIeHMe Pe3UCTeHTHBIX K JTeBodoKkcallMHy ITaMMOB P. aeruginosa uMeno BOTHOOOpa3Hblii XapakTep, HeCMOTPSI
Ha MPOTHO3¥pyeMoe yBendeHue 01N YCTONUMBBIX U30JISITOB, OHO3HAYHOTO TPeHAa He BbisiB/ieHO (p = 0,461).
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[TporHosmpyemasi 4acToTa BbIZeIeHNUsT Pe3UCTEeHTHBIX K PTOpXMHONIOHAM A. baumannii B GnyoKaiiiime TOIbI
mocturdet 100 %. [inst K. pneumoniae u P. aeruginosa, HeCMOTPsI Ha OUe€BUIHBI POCT Pe3UCTEHTHOCTU K DX,
ypoBeHb 100 % TOCTUTHYT He OyIerT.

Cynvhamemoxkcason-mpumemonpum (Ko-mpumoKxcasos)

B cpenuem 74,8 % [47,1-92,6] miramMoB A. baumannii 66111 pe3UCTEHTHBI K KO-TPUMOKCA301y. JIMHAMMUKa
BbIJIeJIeHUsI Pe3UCTeHTHBIX IITAMMOB MMeJia 1Ba OCHOBHbBIX TpeHaa: ¢ 2011 r. mo 2016 T. Ko yCTOMUMUBBIX
M30JIATOB CHU3WIAach Ha 38,9 %, a ¢ 2017 r. mo 2022 r. HabmomaaM 06paTHYIO IMHAMMKY B BUJle HapacTaHMs
JIOJIV Pe3UCTEHTHBIX MITAMMOB Ha 45,5 % (puc. 2, A). HecMoTpst Ha mMporHo3upyemMoe yBeauueHne 4acToThl
BbIJIeJIeHMST PE3MCTEHTHBIX HITAMMOB, TOBOPUTh 00 OMHO3HAUHOM TPEH/Ie He IMPeaCTaB/ISeTCs] BO3MOXKHBIM
(p=0,978).

Cpenu K. pneumoniae B cpeguem 81,9 % [52,4-97,1] mTaMMOB e MOHCTPUPOBAIU YCTOMNUMBOCTb JAHHOMY
aHTMOMOTHMKY. YacToTa BbIiesIeHNs] YCTOMUMBBIX K KO-TPMMOKCa30/y mTaMMoB K. pneumoniae xapakTepuso-
BaJIach MOCTOSTHHBIMM KonebaHusiMyu. HecMOTpsT Ha CHMSKeHMe NaHHOTO Ioka3aTess B MocaeqHe TpU roaa
HaOTI0IeHMsI, OOV TPEH AEMOHCTPUPYET CTATUCTUUYECKM HE3HAUMMOE YBEIMUEHME TOIU Pe3UCTEHTHBIX
mrammoB (p = 0,195), koTopas, BeposiTHO, K 2030 romy gocturset 100 % (puc. 2, B).

"TpumeTonpum+CynbpameTokcason"”
A) Acinetobacter baumannii B) Klebsiella pneumoniae
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Puc. 2. IIporHo3upoBaHue pe3nucTeHTHOCTU A. baumannii (A) u K. pneumoniae (B) K KO-TpUMOKCa30JTy
3aujuuieHHble U He3aujuuleHHble UedanocnopuHol

CpemHsis [onsi pPe3UCTEHTHBIX K 1edorepa3oHy+[cyapbakTaMmy] mraMMoB A. baumannii cocraBuia
53,3 % [18,8-83,3]. IuHamMuMKa TOKa3aTess MMesaa HeIMHENHbI XapakTep Ha BCeM MPOTSIKeHUM HabIo-
menust (puc.3,A), ogHAKO OOUIMIT TpeH[ 3a 12 JieT XapaKTepu30BaJICS YCTOMUMBBIM HapacTaHMeM OO
pesucTeHTHBIX WTaMmoB (p = 0,027), kotopas mo nporHosy gocturuet 100 % k 2026 ropy. Yactora Bbize-
JIEHVSI Pe3UCTEHTHBIX K medenumy u 1edTpuakcoHy mTaMMoB K. pneumoniae IpaKTUYeCKM He MeHSJIach
3a 12 et HabmogeHMsI U B cpegHeM cocTtaBisuia 86,3 % [76,2-97,4] u 85,0 % [76,9-96,4] cOOTBETCTBEHHO.
B cBSI3M € 9TMM MMPOTHO3MpPYyeMast YaCTOTa BbIeeHNMs Pe3UCTEHTHBIX IITAMMOB 6/1M3Ka K CpeiHeA.

IuHaMUKA BbIIEJIEHUST PE3UCTEHTHBIX K liedorepa3ony+[cyabbakramy] mrammoB K. pneumoniae vimena
BOJIHOOOpasHbIii xapakrep, B epuop ¢ 2015 1. ;o 2017 T. perucTpupoBaIy CHYDKEHME JAHHOTO ITOKa3aTesst
(puc. 3, B). OgHako o6Vt TPEeH[ JEMOHCTPUPYET CTATUCTUUECKM He3HAUMMOe YBeIMUYeHMe YCTOMUYMBOCTI
(p = 0,225). B otHOmIeHUM P. aeruginosa Hanbomee 3derTrBeH 6bUT edorepa3oH+[cyabbakTaM], K KOTOPOMY
OBLIN YCTOYMBBI TONBKO 32,8 % [7,8—60,3] mITaMMOB, BKIIFOUEHHBIX B MCCIEIOBAHME.

Ins cpaBHEHUST CPemHSs MOOJsT IITAMMOB, PE3UCTEHTHBIX K IHedTasuaumy + [aBubakramy], COCTaBuMIIa
41,2 % [25,4-50,0], x uedrasugumy — 45,9 % [17,3-75,0], a k uedpenumy — 49,1 % [19,2-75,0]. IIpu sTom
MMeHHO Ij1s1 iedoriepazoHa+[cyibOakTaMa) BbISIBJIEH HETaTUBHBIN TPEH[, YBETUUEHMS JOMU YCTONUMBBIX
mrrammoB P, aeruginosa (p = 0,010) (puc. 3, C). [lns nmedTrasuamuma porHo3upyeTcs He3HauUMMOe yBeIndeHue
Ilosu, a ijis 1edenma — OTCyTCTBME POCTa JIOJIM Pe3UCTEeHTHBIX IITaMMOB P. aeruginosa.
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LleponepasoH+[Cynbbaxram]
A) Acinetobacter baumannii B) Klebsiella pneumoniae C) Pseudomonas aeruginosa
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Puc. 3. TIporHo3MpoBaHue Pe3UCTEHTHOCTU A. baumannii (A), K.pneumoniae (B) u P. aeruginosa (C)
K 11ecdorepasoHy+[cynbbakTamy]

Kapo6anenemst

CpenHsIst 4yacTOTa BBIAEIEHMS] PE3UCTEHTHbIX K uMuieHemy A. baumannii coctaBwia 56,7 % [33,3-75,0]
C BOJIHOOOPA3HOM AMHAMMKON M OTCYTCTBMEM Kakoro-inbo tpenma (p = 0,877). IIporuosupyemast 4acTtoTa
BBIZIEJIEHNST PE3UCTEHTHBIX IITAMMOB B O/IVKaiiIMe rofbl OCTAHeTCs 6/M3Ka K cpegHeMy 3HaueHuo. Hecmo-
TPs Ha OOJMBIIYIO TT0 CPABHEHMIO C MMUIIEHEMOM CPeIHIOI0 JOJI0 Pe3UCTEHTHBIX K MeporeHeMy IITaMMOB
A. baumannii (68,0 % [48,7-90,0]), mokasaTenb CHU3UJICS 3a BpeMs HabmomeHus Ha 41,3 % (puc. 4, A). Ycra-
HOBJIEH CTaTUCTUYECKM 3HAYMMBbII TPEH[ K CHUKEHUIO YaCTOThI BblJe/IeHUSI PE3UCTEHTHBIX K MepOoIleHeMY
mrammoB (p = 0,010), KoTopas 1o MporHo3am CHU3UTCS 0o 35 % k 2030 roxy.

CpenHuii ypoBeHb pe3UCTEHTHOCTU MITaMMOB K. pneumoniae K UMUIIEHEMY U MepOTIeHEMY CXOX U COCTaBUIT
23,0 % [3,6—42,91 1 22,9 % [1,8—-42,9] coorBeTcTBeHHO. COTTOCTaBMMBbI TAKKE U TPEHbI, XapaKTepPU3YyIIIecs,
HEeCMOTpSI Ha BOJTHOOOPa3HOe TeueHye, yCTOMUMBBIM, CTATUCTUIYECKM 3HAUMMBbIM YBeIMYeHMEeM paclipocTpa-
HEHHOCTY Pe3MCTeHTHBIX K uMmuneHemy (p = 0,003) u mepornieHemy (p = 0,037) mrammoB K. pneumoniae. Co-
r71acHO TPOTHO3Y K 2030 1. 6051ee 50 % mITaMMOB JJaHHOTO Bua OyayT pesucteHTHbIMU K KIT (puc. 4, B).

MeponeHem
A) Acinetobacter baumannii B) Klebsiella pneumoniae C) Pseudomonas aeruginosa
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Puc. 4. TIporHO3MpoOBaHKe pe3nucTeHTHOCTU A. baumannii (A), K. pneumoniae (B) u P. aeruginosa (C) K MepoIieHeMy

T'enuti opmoneduu. 2025;31(5) 592



Knmumanuyeckue ucciaenoBaHms

oSt 9yBCTBUTENBHBIX K MMUIIEHEMY IITAaMMOB P. aeruginosa cokpaiaaach Ha MPOTsskeHuy 12 jeT Habiio-
IeHus. HecMOTpst Ha OTCYTCTBME JIMHEHOTO XapaKTepa AMHAMMKM, CpeqHSsl Lo YCTOMYMBBIX IITAMMOB
cocraBmia 34,3 % [9,6—56,1]. OO0t TpeHI, MOXKHO OXapaKTepu30BaTh Kak 3HaAUMMOe HapacTaHMe YacTo-
ThI BbIJIeJIeHUST pe3UCTeHTHbIX mTaMmMoB (p = 0,001), koTopas k 2022 r. cocraBuia 50 %. CoriacHO MPOTHO3Y
okoso 75 % mrammoB P. aeruginosa 6yoyT pe3smMcTeHTHbIMM K uMurieHemMy K 2030 rogy. B oTHOImeHUn Mepo-
TeHeMa CPeIHSISI IO/ YCTOMUMBBIX MTaMMOB cocTaBmia 41,4 % [25,0-66,7], a mporHo3upyemast 4acToTa BbI-
nmenenus K 2030 r. 6yzeT cormocTaBMMa C Helt ¥ COCTaBUT UyTb MeHee 45 % (puc. 4, C).

Mono6akmamot

VCTaHOBJIEHO OTCYTCTBME OMHAMMKM YPOBHS PE3MCTEHTHOCTM K as3TpeoHaMy IITaMMOB P aeruginosa
u K. pneumoniae. CpenHsisi 4aCTOTa BbIIeIeHMS Pe3UCTEHTHBIX K a3TpeoHaMy LITaMMOB P. aeruginosa cocras-
nset 48 % [29,4-62,5], K. pneumoniae — 85,7 % [75-96,9]. CraTucTuuecky 3HAUMMBbIX TPEHAOB U3MEHEeHMSs
YYBCTBUTEIIBHOCTH TaHHBIX BO3OYIMUTEIEl K a3TpeoHaMy He YCTaHOBJIEHO.

AMUHO2/1UK03Udbl (2eHMAMUYUH, AMUKAUUH, MOGPAMULUH)

CpenHsist 4aCTOTA BbIJIE/IeHNMS Pe3UCTEHTHBIX ITaAMMOB A. baumannii K aMUKaIMHY ¥ TeHTAMULIMHY OblTa
CX03Ka M cocTaBmuia cOOTBeTCTBeHHO 78,1 % [40,0-97,4] u 78,2 % [50,0-98,1]. I[Ipu aTom 0611Me TPEHIbI
XapaKTepu30Ba/IMCh HapacTaHMEM JIOJIM PE3UCTEHTHBIX IITAMMOB CTaTUCTUIECKN 3HAYMMBIM B OTHOIIIE-
HuM amukanuHa (p =0,091) u He3HauMMBIM B OTHOLIeHMM reHTamuuuHa (p = 0,869). [IporHosupyemas
YacTOTa BbIAEIEHUS] PE3UCTEHTHBIX IITAMMOB A. baumannii K aMUHOIIMKO3UaaM mocturaet 100 % yske
K 2025-2026 rr. (puc. 5, A).

B cpennem 52,5 % [13,0-87,5] murammoB K. pneumoniae 66Ut pe3MCTEeHTHBIMY K aMUKaLMHY. [Ipy 3TOM OTMe-
yayu aBa TpeHaa: ¢ 2011 r. mo 2016 . HabIIOmAMM CTOMKOE CHIDKEHYE MO/ YCTOMUYMBBIX IITAMMOB Ha 74,5 %,
omHaxo ¢ 2017 r. mo 2021 r. ompemensiiv 06paTHYIO AMHAMUKY (puc. 5, B). HecMoTpst Ha He3HAUNTENIbHOE CHU-
SKeHMe JOJIM Pe3UCTeHTHBIX ITaMMOB B 2022 I. 1o cpaBHeHMIo ¢ 2021 r., 061IMiT TpeHI, MOKHO OXapaKTepu-
30BaTh Kak yBeIM4YeHe 00JIM Pe3UCTEeHTHbBIX mTaMMoB (p = 0,481).

IOyHaMyKa BbIeJIEHNsT Pe3UCTEHTHBIX K aMUKaluHy P. aeruginosa nmogsepskeHa MeHbIIIel BapuaOoyIbHOCTH
(puc. 5, C), vem myist A. baumannii u K. pneumoniae. B cpeguem TonbKo B 35 % [19,1-58,3] cryyaeB mITamMMeI
P. aeruginosa 6wt K HEMY yCcTOMUmMBbI. OOLIMIT TPEH JeMOHCTPUPYET YMEHbIIIEHEe YaCTOThI BbIIEeTEeHNS
PE3UCTEeHTHBIX IITAMMOB, HO CTaTUCTMYECKAsI 3HAUMMOCTD MTPOrHO3a Hu3kas (p = 0,762). [Ipu 3TOM B OTHO-
meHuu reHramuuyia ¢ 2011 r. mo 2017 r. BbISIBJI€HO CTOMKOE yBeJIMUYeHMe MO Pe3UCTEeHTHBIX IITaAMMOB
P, aeruginosa c 25 % po 83 %, mpu aTom cpemHsis goins cocrtaswmia 41,0 % [25,0-83,0]. C 2019 T. 4yBCTBUTEND-
HOCTb P. aeruginosa K reHTaMUIIMHY He OIpefessIoT.

AmMUKaLUH
A) Acinetobacter baumannii B) Klebsiella pneumoniae C) Pseudomonas aeruginosa
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Puc. 5. TIporHO3MpoBaHue pe3ncTeHTHOCTU A. baumannii (A), K. pneumoniae (B) u P. aeruginosa (C) K aMMKaLyiHy
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INonumuxcun E (konucmun)

Cpe[HsIsl UaCTOTa BbIIEIeHMS Pe3UCTEeHTHBIX K KOMIMCTUHY IITaMMOB A. baumannii coctaswuna 11,4 % [1,6-25],
K. pneumoniae — 13,2 % [6,7-30,8], P. aeruginosa — 15,3 % [1,2-50].

YacToTa BbIJIeJIeHMs] Pe3UCTEHTHBIX IITaMMOB A. baumannii 6pi1a HenvHeliHoi: ¢ 2012 1. mo 2015 r. oTMevanu
yBeJIMU€eHMe JI0JI/, B TTOCeAYIONI/e YeThIPE I'ofla TEHIeHIIMSI Obli1a 06paTHOI (puc. 6, A). O6IIMIi TpeHA, MOXKHO
OXapaKTepu3oBaTh KakK OTCYTCTBME BbIPAXKEHHON AMHAMUKMY, [IPU STOM OXMUIaeMas 4aCTOTa BbIAelIeHus pe-
3MCTEHTHBIX K KOIMCTUHY A. baumannii 6nu3Ka K cpenHeii (p = 0,390). UyBcTBUTENbHOCTD K. pneumoniae K Ko-
nucTuny onpenensiu ¢ 2017 1. YacToTa BbifeneHus: pe3MCTEeHTHBIX IIITAMMOB 3a 9TU IeCTh JIeT HabTI0IeHus
MMeJia HeJIMHeliHbIl xapakTep (puc. 6, B) ¢ TpeHIOM Ha CTaTUCTMUECKM He3HaUMMOe CHMKeHMe YPOBHS pe-
3UCTeHTHOCTH (p = 0,151). [To7s1 yCTOMUMBBIX K KOMIMCTUHY HITAMMOB P. aeruginosa Takke CHUKaaach Ha BCeM
MpOTsbKeHUM Habmomenust (puc. 6, C) u mocturia 1,2 % k 2022 1. (p = 0,054).

MonumuKeuH E (KonucTuH)
A) Acinetobacter baumannii B) Klebsiella pneumoniae C) Pseudomonas aeruginosa
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Puc. 6. [IporHo3upoBanue pesuctreHTHOCTU A. baumannii (A), K. pneumoniae (B) u P. aeruginosa (C) K TOMMMUKCHK-
Hy E (xonmuctuny)

docpomuyum

YyBCTBUTETBHOCTD K (hochoMUIMHY OTIpenesnsiv TonbKo 1yist K. pneumoniae, HauvHast ¢ 2017 r. CpeqHWi ypoBEHb pe-
3UCTEHTHOCTH K hochomuiiHy mrammoB K. pneumoniae 3a mectb jiet coctaBm 22,4 % [3,6-48,7].C 2017 r.1mo 2020 1.
HaOMTIONA/IV CHIDKEHVE YaCTOThI BBIIETEHMST PE3UCTEHTHBIX K (hocoMuiiMHy mtaMMoB ¢ 30 % 1o 5 % c mociemyro-
M yBenmuenyem 1o 10 % x 2022 r. TpeHp, yCTaHOBUTD He YAAIOCh BBUIY MAJIOTO KOMTMUECTBA HAOGMIOAEeHNI.

OBCY>XJIEHUE

AccorMmupoBaHHas ¢ OPTONEeANYECKMMY MMILIAaHTaTaMM MHQEKIS TpebyeT KOMILIEKCHOTO TOX0Ma, CO-
YEeTAIUIEr0 PagUKaIbHYI0 XUPYPruyeckyo oO6paboTKy THOMHOrO odara C yhajieHueM MHOUIMPOBAHHON
MeTa/UIOKOHCTPYKIVHA, U TTpoBemeHe 3TuoTponHoi ABT. Oco6enHocThio ABT nipu AW sBsieTCS POJIOHTU-
POBaHHLIN XapaKTep, BKIOYAIOLINIA KypC ITapeHTePaIbHOTO BBeAeHMS nperapaToB (7—14 nHeit) u Kypc rnepo-
panbHOro npuema (4-8 Hegenb). OgHaKO IIpH JieueHMH MmaiueHToB ¢ MAU, Bbi3BaHHOI ['pam(-) 6akTepusiMu
¢ penormnamu MDR (aHen.: multidrug-resistant) u XDR (awHen.: extensively drug resistant) 4yBCTBUTETbHO-
CTU, TJIaBHO CJIOKHOCTBIO SIBJISIETCSI OTpaHMYeHe BbI60pa aKTYMBHBIX B OTHOIIIEHY BO30YIMUTe el IIpernapa-
TOB. U eciut mepeueHb aHTUOMOTUKOB [IJIsI [IapeHTePaabHOro MPMYMEeHEeHNS IPeCTaBIeH JOCTATOUHO IIMPOKO
(LIC, KII, MOHOGAaKTaMbl, aMUHOTJIMKO3UIbI, TUTELIMKIIVH, GOChHOMUIIVH, TOMUMUKCUH B, IMOKCUINH), TO KO-
JIMYECTBO IIPerapaToB B ITepopaybHOI popMe IJis IIpoBeleHus cTyreH4aToii ABT Ha aMmOy/IaTOPHOM STarie
orpannueHo (®X, KO-TpPUMOKCa30JI, MUHOLIMK/IUH U LIeDUKCUM).

Yacrota BcTpedaemocty ['pam(—) mukpoopranusmoB ¢ MDR 1 XDR dheHOTUITAMY YYBCTBUTEIBHOCTY K aHTH-
6moTuKaMm, onmcaHHas B uccienoanuu N. Benito et al. [9], monTBepskaeHa B Halieii paboTe. PaHee 110 pesyiib-
TaTaM Hallero ncciaeqoBaHms 3a 12-netunii mepuop 2011-2022 rr. K Bemyium ['pam(—) BO3GyauUTeNSIM ObLITN
oTHeceHbl K. pneumoniae (4,78 %), P. aeruginosa (3,88 %) u A. baumannii (3,65 %) [8]. Hauiu naHHbIe B 1[eJIOM
COTOCTaBMMBI C Pe3y/IbTaTaMy OTeUeCTBEHHBIX [2] 1 3apybexkubIX [10] Kosuter.
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DmopxuHoI0Hs! (UunpogrokcayuH, 1e60¢a0KCayuH)

Ha cerogusinramii neHb ®X, B YaCTHOCTM IIUIIPO- ¥ JIEBODIOKCALIVH, SIBJISIIOTCS ITperapaTamiu, KOTOpbIe MIMpo-
KO IIPMMEHSIIOT IpY jieueHny nanyeHToB ¢ OU. LiunpoduiokcanyH SBsSeTCs MpernapaToM BeIOOpa Mpu jieve-
HMM TTanyeHToB ¢ AW, BeisBaHHOI I'paM(—) 6akTepusiMu, B oco6eHHOCTY P. aeruginosa. OH co3iaeT BbICOKME
KOHIIEHTpalMM B KOCTHOM TKaHM, 0OiafaeT aHTMOMOIUIEHOUHOV aKTMBHOCTHIO (Tabi. 1), mepopaybHbIe
(bopMbI XapaKTepuU3yIOTCS BLICOKOI 6M00CTyITHOCTbIO [12]. Ellle OmHMM MONIOKUTETbHBIM MOMEHTOM SIBJISI-
eTcsl BO3MOKHOCTD ITPOBeIeHMSI CTyIleHUaTo Tepanuu. HecMoTpst Ha To, 4TO JieBO(I0KCalTH HEMHOT'O YCTY-
naet UIPOGIOKCAIMHY T10 CTeleH! TeHeTpalyyu B KOCTHYIO TKaHb [16], KOHIleHTpauus eBodaokcamHa
B CMHOBMAJIBHO KUAKOCTY MIPEBBIIIAET ChIBOPOTOUYHYIO, a, TI0 JAHHBIM HAYYHBIX MYOIMKAINIA, ITUTTPOGIIOK-
callyH 1 JIeBO(IOKCAIIMH XapaKTepU3yITCSI CXOKMM YPOBHEM akKTMBHOCTU. Takue dhapMaKOKMHETHUYECKNe
0COOEHHOCTH SIBJISTIOTCSI IPUYMHOI MIMPOKOTo mpuMeHeHMs OX Mpu iedeHun MmanmueHToB ¢ AU, BbI3BaHHOM
I'pam(-) Bo36yauTensivu. C yueToM HeOOXOAMMOCTY HasHaueHuss AB-Tepanum Ha AJIMTEIbHbIN CPOK, BaXKHO
IIOMHUTD O KapAMo- U HeMPpOTOKCMYHOCTH [13] DX, a Taxke NOBBIIIEHHOM PMCKE Pa3pblBa CyXOKUIINIA, T€H-
JIVHNUTA, aHEBPU3MbI Q0PThI U PA3IMUYHbBIX IICUXUUECKUX HapyLIeHuit [12].

Tabnmuua 1
OcobeHHOCTM (hapMaKOKMHETUYECKMX ITAPAMETPOB OCHOBHBIX TPYITIT aHTUOMOTUKOB,
MIPUMeHSIeMbIX IIPU JIeueHUM nanuueHTos ¢ AU
OcraToyuHasi/cpemHsis KonueHTpauys KonueHTpaums Bmusiane |Bo3moskHOCTh| CrerneHb
MHH KOHLIEHTpaLysl  [B I'y64aTOM/KOPTUKAIbHOM B CMHOBMAJIbHOM Ha CTYTIEHYATO | BbIpaskeH- | VICTOUHMKI
B KPOBU (MKT/MJT)! ctoe (MKL/MJT) SKUIIKOCTU (MKT/MJT) OUOTLIEHKIM ABT Hoctyu HP!
_ao. _ . LIUIPO — XOPOLIO
DTOPXMHONOHDI JLllg[Opg 0 2’2’ Ez;)pg 1 01/?1’2/ 138; MPOHMKAeT'; na na + [11-14]
’ K neBo — 8,9
Tprvertompym / CoorHoteHye C B CBIBOPOTKE KPOBM K KOCTHO TKaHM
pm) (,pameﬁmam 1,3-2,8/32-63 | nns Tpumeronpuma 1,2; Her na ++ [15-17]
o 111 cynbameroxcasona — 0,36
_ X _ . |medrpmakcon 60-100 %
LIC Il noxoneHus ug%zg{:;K;?;_ 31 0.5 u2$;gfjl<;$1_ SHzﬂl'//é%’i’ or C B 1/1a3me; HeT HeT + [11,16,18]
I o I ﬂ > Inedrasuoym — 25,6
ESE’J?:;‘ f{l?;ﬁ]m 69,23/6,49 XOPOIIIO IPOHMKAeT! XOPOIIIO POHMKAeT! HeT HeT + [19,20]
Hedermm 0,7 67,6/99,8 TUIOXO [TPOHMKAET HeT HET + [16,21]
meporieHeM — 8,0;  |meporieHeM — 10,6/10,6; |Meponenem — 12,5;
Kap6aneniemst ummuneHeM — 1,0 umuneHeM — 2,6/2,6 ummneHem — 13,8 Aa/wer Her i [16,22,23]
A3sTpeoHam gemcay)lglicggyeﬂ 16 (20 % ot C B chiBopoTke)| 83 (95 % oT C B CHIBOPOTKE) na HeT + [16,24]
AMUHOITIMKO3U/IBI ;ﬁ;ﬁ;ﬁi“f 1_02’0; Huskue C! 25-50 % ot C B cbIBOPOTKE Hesggnble HeT - [16,25,26]
[MomimvukcyH B 2,0 HJ, IIOXO TTPOHMKAeT! Ja (in vitro) HeT +++ [27-31]
MIPOHMKAET XOPOILIO,
docomuiinH 114 coorHoteHye C B KOCTSIX | XOPOIIO MPOHMKAeT! na HeT ++ [16,32-37]
n rasme 0,43
IIpumeuanue: ' — Peectp OXJIIT u JIB EASC, FocygapcTBeHHbI peecTp JieKapcTBeHHBIX cpeacTB. O603HaueHusi: C — KOHIIEHTpalus,

HJI, — HeT maHHbIX, C max — MaKkCMMaabHas CbIBOPOTOUHAST KOHLIEHTpaIMsl.

Mo manubM 1aTdopmbl AMRmap, B Poccuu K numnpoduiokcaliuHy ycroiumssbl 93 % mtammoB P. aeruginosa,
M30JIMPOBAHHBIX OT IALMEHTOB ¢ MHMEKIIME KOCTel 1 cycTaBoB 3a repuop 2012-2022 rr., uto Ha 37 % Bbillle,
yem 3a nepuop 2002-2012 rr. Insg A. baumannii u K. pneumoniae Takske OTMeUaiOT POCT AOJIM Pe3UCTEHTHBIX
K UumpodaokcaiMHy mraMmoB, — ¢ 76 % 1o 93 % u ¢ 66 % 1o 84 % coorBeTcTBeHHO [38]. B HaleM ucciaeno-
BaHUM JJIs1 BCeX YKA3aHHBIX BO3OYAMUTENEN TakKKe TOMyIeH CTAaTUCTUUYECKM 3HAUMMBIN TpeH , Ha POCT pe3u-
CTEHTHOCTU K numpoduiokcauuny (p = 0,025 myis A. baumannii v p = 0,018 gyst K. pneumoniae u P. aeruginosa).
PocT pe3ncTeHTHOCTH K JIeBO(IOKCAIMHY BbISIBJIEH TONBKO st A. baumannii (p = 0,012). IIpu 3TOM B 10-
CJIeHME TOMbI OIS PE3UCTEHTHBIX K IUIMTPOGUIOKCAIMHY MTaMMOB A. baumannii u K. pneumoniae CTpeMUTCSI
K 100 %, a pe3uCTeHTHOCTH P. aeruginosa K KOHITY Iepuoia 1ccIeqoBaHus coctaBuia 63 %. Katactpoduue-
CKMIT poCT pe3ucTeHTHOCTU K X 0CHOBHBIX I'paM(-) 6aKTepuii OTMEYAIOT U 3apyOeskHbIe uccaenoBarenu [39].

[ToMMMO BbICOYAAIIIETO YPOBHS PE3UCTEHTHOCTH ellle OMHMUM CJI0XKHBIM BOITPOCOM, Ha KOTOPbII MbI He HAIIIU
OTHO3HAUHOTO OTBETA, SIBJISIETCS 1e1eco00pa3sHOCTb mpuMeHeHMss @X B MOHOTepanuu B CIydae, KOraa MH-
(dex1yis BhI3BaHA PE3UCTEHTHBIM K aHTUOMOTHUKAM IITaMMOM I'paM(—) 6akTepuu. ITONbITKM KOMOMHUPOBATh
@®X Mpu HAUUMUKM K HUM PE3UCTEHTHOCTH C MPEICTaBUTENSIMU OPYTUX TPYIINT aHTUOMOTUKOB HE BBIMISISAT
yoenurenbHo. O. Grossi et al. mokasanu, UTO JONOJHUTETbHOE Ha3HAUeHMe MmepopaibHbiX ®X K IMPOAJIeH-
HOI MH(DY3UM GeTa-TaKTaMHbBIX aHTUOMOTUKOB, aKTUBHBIX B OTHOIIEHUM OAKTepuii, BeCh MePUO, JIeUeH s
(menuaHa — 90 CyTOK) He OKasajio 3HAYMMOTIO BIMSIHUSI HA UCXO] JieueHUs auneHToB ¢ AW, BbI3BaHHOI
pesucreHTHbIMU K OX mTammamu [40].

595 T'enuii opmoneduu. 2025;31(5)



Knunanuyeckue ucciegoBaHms

Cynshamemoxca3son-mpumemonpum (Ko-mpumokcasosn)

OpHoit n3 anbrepHaTMB @®X ¢ MO3ULMM BO3MOXHOCTU IipoBenmeHusi cryneHuatoyi ABT OU, BbI3BaHHOI
I'pam(-) 6akTepusIMu (3a MCKITIOUEHMEM TIPUPOTHO PE3UCTEHTHON P. aeruginosa), SBsieTcsl KO-TPUMOKCA3071.
Bnaronmapsi cuHepru3My ero KOMIOHEHTOB (TPUMETONPUM U CylbdaMeTOKCa30i) KO-TPUMOKCA30/1 OKa3bIBaeT
6aKTepuIMIHOE [e/iCTBMEe B OTHOCUTEIbHO HEeBBICOKMX KOHIeHTpauusx [41]. K Tomy ke mpermapat XopoIio
MIPOHMKAET B KOCTHYIO TKaHb (CM. Tab1. 1), B mepeueHb MOKa3aHMii K ero IpuMeHeHI0 BHECeH OCTPBIii U XPO-
HMYECKUIL OCTEOMMENINT, er0 MOKHO Ha3HavyaThb B BuJle CTylleH4aToi Tepanny. OgHako B oTianume ot ®X y Ko-
TPMMOKCA30j1a OTCYTCTBYeT aHTMOMOTIEHOUHAsT aKTUBHOCTD [16].

IMpuMeHeHMe KO-TPUMOKCA30J1a IJIs iedueHus manyeHToB ¢ OU, BbI3BaHHOI ['paM(—) BO3GyIuTeNsIMHU, KpaitHe
MaJIo OCBellleHO B auTepartype. Camoe KpyITHOe MccaenoBaHme ero a¢ddeKTUMBHOCTM BKIIOUaao 51 mamymenTa
¢ uHdeK1Mei KocTeit u cyctaBoB. OgHAKO BO BCeX CJTy4asx IMperapaTr Ha3Hayvaau B COCTaBe KOMOMHMPOBAH-
HOI1 ABT, 1105TOMY OLIEHUTh €ro epCOHAIbHBIN BKJAJ He IpeaCcTaBsieTcsl BO3MOXHBIM [42]. Panee Hamu
MTOKa3aHO, YTO Ha3HAUeHMe KO-TPUMOKCa30j1a Ha aMOy/IaTOPHOM 3Tare IMpu JiedeHUM ManyeHToB ¢ VAU, BbI-
3BaHHOI1 K. pneumoniae, 3HaUMMO YTy4IIIaJ0 BEPOSTHOCTD OaronpusiTHoro ucxona (p = 0,038) [43]. Ectb my-
GMIKALIMM, TTOCBSIIIIEHHBIE OIBITY MPUMEHEHMST KO-TPUMOKCA30J1a JIJIsl JIeUeHNs] MalleHTOB ¢ MHMEKIUIMU
KOCTei1 1 CyCcTaBOB, BbI3BaHHbIX E. cloacae, Burkholderia spp. v Stenotrophomonas maltophilia. Ha ¢boHe nu-
TeJIbHOI Teparuy KO- TPMMOKCA30/I0M BO3MOKHO Pa3BUTHE PA3IMUHbIX [TOOOYHBIX peaKInii pa3Holi CTeIIeHn
BBIPAXKEHHOCTH, TIPEsK/ie BCero CO CTOPOHBI CUCTeMbl KPOBETBOPEHMSI U KOXKHBIX MTOKPOBOB [15].

ITo maHHBIM OTeUYeCTBEHHbIX YUeHbIX, 6omee 70 % mramMmmoB K. pneumonia u A. baumannii, U3011MPOBaHHBIX
oT nmanyeHToB ¢ OU, ycTOIMUMBBI K KO-TpUMOKcasony [2, 44]. [To manubiM miaTdopmbl AMRmap, B Poccun
B mepuonbl 2002-2012 rr. u 2012-2022 IT. K JaHHOMY IIperapary ObUIM Pe3UCTEHTHBI COOTBETCTBEHHO
50 % u 54 % mrammoB A. baumannii u 61 % u 69 % npencraBuTeneit cemeiictBa Entrobacteriaceae, n30mmpo-
BaHHBIX OT MALMEHTOB ¢ MHMeKIMelt KocTel u cyctaBoB [38]. B Hamem ucciemoBanum KapTuHa 60siee Hera-
TUBHA: Pe3UCTEeHTHOCTb A. baumannii K KO-TpUMOKca3o1y cocraBuia 74,8 %, K. pneumoniae — 81,9 %.

Bema-nakmamHele AHMUOUOMUKU

IaHHbIe Tperaparbl XapaKTepPU3YIOTCS B IEJIOM XOpOIleii meHeTpalyeil B KOCTHYIO TKaHb (CM.Tabi. 1),
TPV 3TOM OHM 06JIaIal0T Pa3IMYHOM aKTUBHOCTbIO B OTHOIIEeHMM I'paM(—) GaKTepuii.

Ilepanocnopunst

IMoTeHIMaIbHYI0 aKTMBHOCTD B OTHOIIeHUY I'pam(—) 6akTepuii okasbiBatoT LIC III u IV mokoneHuit, BKaovast
MHTMOUTOpO3ammuieHHbie GopMbl. IIpy 9TOM OHU ODUIMATBLHO 3aPErUCTPUPOBAHbI JIJIST IeUeHMs MalyieH-
TOB ¢ MHGEKIUSIMM KOCTEI ¥ CYyCTaBOB, 3a MCK/IIOUEHMEM IieMKCHMAa, eIMHCTBEHHOTO MpernapaTa B ¢popme
st mepopanibHoro npuema cpenu LC III noxkonenus. [IpuMeHeHne LeduKcUMa AJIsl IPOBEIEHMs CTYyIIeH-
yaToii ABT B TpaBMaTOJOTUM-OPTOIEAVM 3HAUUTE/NbHO OTpaHMYMBAET MJOXas IMeHeTpalus B KOCTHYIO
TKaHb, a TaKXKe MPUPOIHaAsl YCTONUMBOCTb K HeMY P. aeruginosa v HeKOTOPBIX IIpe[cTaBUTeell cemercTBa
Enterobacteriaceae. ITosToMmy 3(p(eKTUBHOCTb JAHHOTO Ipernapara s aMOyJIaTOPHOIO JIeYeHUs MMallieHTOB
¢ MHPEKUMSIMU KOCTel ¥ CyCTaBOB OCTAeTCs HeM3yUueHHOI. B Halllem mcciieoBaHUy Mbl TAKsKe He TTPOBOAVIIN
OLIEHKY JTOJIV Pe3UCTEHTHBIX K IIpernapary mraMmoB I'pam(—) 6akrepuii.

HecmoTpst Ha 3asBJIEHHYIO aKTMBHOCTH IedTpMaKkCcOHA B OTHOUIEHMM HEKOTOpbIX I'pam(-) OGakTepwii,
B TOM 4MC/Ie TpeacTaBuTesieii cemerictBa Enterobactiaceae v A. baumannii, myOGIuMKaIuii, MOCBSIIEHHBIX
ero npuMeHeHuto npu UAU I'pam(-) aTnonorum, Mbl He HallI. BepoSITHO, 3TO CBSI3aHO C BBICOKMM YPOBHEM
PEe3UCTEHTHOCTU K HeMy (10 90 % mrammoB) A. baumannii v K. pneumoniae, a Takyke IIPUPOTHON YCTONUMBO-
cThio P. aeruginosa. B Hamem uccinemoBanyuy K 2020-2022 rr. 85 % mrrammoB K. pneumoniae 6bUIY YCTOYMBbI
K JaHHOMY Iperapary [76,9-96,4].

B TeueHMe AIMTETBHOTO BpeMeHM OCHOBHBIM ITOKa3aHWeM JIJis Ha3HaueHus nedTasuauma 6buia MHGEeKIs,
BbI3BaHHAas P. aeruginosa. ITo maHHbIM 11aTdopmbl ARMmap, 1osist pe3auCTeHTHBIX K 1leTa3suaumMy ITaMMOB
P. aeruginosa, u30MMpOBAaHHbBIX OT MMAIMEHTOB ¢ MHMeKIIMel KocTeil 1 cycTaBoB, 3a 20022022 IT. coCcTaBseT
33-39 %. UyBcTBUTEMBHOCTD K. pneumoniae v A. baumannii He ornipenensioT [38]. [To HamMM AAHHBIM, YCTO¥ -
YMBOCTH K Hedrasmuaumy mraMmoB P. aeruginosa cocTapiisia B cpegHeM 45,9 % 6e3 onpeneaeHHOro TpeHaa
B TeUeHMe BCEero rmepuoja HabogeHNs, UTO MOKET ObITh CBSI3aHO C OTpaHMYeHMEeM IMPUMEeHEeHMS 3TOTO TIpe-
rnapara JJis JieueHus rauyeHToB ¢ OU.

Cnektp meiicTBus IedoliepasoHa — 3TO HpeuMyllecTBeHHO I'pam(—) 6akTepuu, BKIouass P aeruginosa,
YTO BBITOAHO OT/IMYAET €ro OT e TPUAKCOHA, ITPY STOM OH XOPOIIO MPOHMKAET B KOCTHYIO TKaHb ¥ CUHOBMU-
aJIbHYIO0 XKUAKOCTD (CM. Ta61. 1). OgHAKO KIMHUYECKM 6ojiee 3HAUMMOI SIBISIETCS KOMOMHALINS IledoriepasoHa
C MHIMOUTOpPOM GeTa-makTamas Cylbb6akTaMoM. Takast KOMOWHAIIMS MTOBbIIIAeT aHTUMUKPOOHYIO aKTMBHOCTD
Trperiapara, BKirouas naske Hekotopbie KIT-pesnucTeHTHbIE IITaMMBbI A. baumannii, 4To TO3BOJISIET pacCMaTPH-
BaTh €ro B KauecTBe Ipernapara Jjis rapretHoi smmupudeckoii ABT. ITo manHubiM C. Rou-Zhen et al. a¢pdex-
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TUBHOCTb IpUMeHeHMs 1edornepasoHa+[cynbbakTaMa] Ipy JieueHUM MaluyeHToB ¢ uHbeKIMel, BbI3BAaHHOM!
I'pam(-) 6akTepusiMu, B psALie CTydaeB IMTPEBOCXOIUT yCIeX MpUMeHeHMs He ToJIbKO He3amuineHHbIx 1C I11 mo-
KOJIeHMSI, HO U fake KapbareHeMOoB. BO3MOKHO, 3TO CBSI3aHO ¢ 6ojiee MejIeHHbIM Pa3BUTHEM YCTOMUMBOCTU
Ha (oHe CHIDKeHUS PUCKa CeJIeKIUY Pe3UCTeHTHBIX MITaMMOB [17].

[lo HamIMM JAHHBIM, HAaMOOJMBIUIYI0 aKTMBHOCTh aHTMOMOTHMK COXpaHsieT B OTHOIIeHMM P. aeruginosa, He-
CKOJIbKO MEHBIIYI0 B OTHOIIeHUM A. baumannii u K. pneumoniae. BeCITOKOICTBO BbI3bIBAET BbISIBJIEHHBIN
CTaTUCTMYECKM 3HAUMMBIN TPEH], pocTa NOAM Pe3UCTEHTHBIX K ledorepasoHy+[cyibbakTaMy| MITaMMOB
A. baumannii (p =0,027) u P. aeruginosa (p = 0,010), Ipy 3TOM YyBCTBUTEIbHOCTb K HEMY BBIIIE, YEM [JISI
octanbHbiX 1IC 1 conoctaBuma ¢ KII. OnHOV 13 cepbe3HbIX TTOO0YHBIX peaKlnii, pa3BMBaIOMIMXCcs Ha (GoHe
npuMeHeHus1 1edornepasoHa+[cynbbakTamal, SBASETCS TUIIOKOAry/IsILMs, YTO HEOOXOOMMO YUUTHIBATH
MIpY Ha3HAYeHUM TTpernapara, 0CO6eHHO MalMeHTaM MOKWJIOTO BO3PacTa U TIUTeIbHBIM Kypcom [20].

Lledernm aKTMBEH B OTHOLIEHMM OOJBIIMHCTBA [paM(—) MUKpPOOPraHM3MOB, 3a MCKIIOUEHMEM
Stenotrophomonas maltophilia. TTo manubiM iaT@opmbl ARMmap, gojis yCTOMUMBBIX K JaHHOMY aHTHOMO-
TUKY IITAMMOB IIpeJicTaBuTenel cemeiictsa Enterobacteriaceae, n301MpoOBaHHBIX OT MALIEHTOB ¢ MHbEKIA-
eif KoCTeit 1 CyCTaBoB, 3a 20 jieT yBenmumiach ¢ 43 % no 58 % [38]. [lo HamuMm naHHbIM, 0js K. pneumoniae
PEe3MCTEeHTHOCTD K Iledernumy Oblja BbIllle M cocTaBuia 86,3 %, nis P. aeruginosa — 49,1 %, He U3MeHSISICh
CYIIECTBEHHO B TeUEHNE BCETO Mepro/ia HabIoIeHs. YUUTHIBAS IVIOX0€ TPOHVKHOBEHNE B CMHOBUATbHYIO
SKUAKOCTD (CM. Tabi1. 1) ¥ OTHOCUTETHHO BBICOKUIT YPOBEHD PE3UCTEHTHOCTM K HeMy I'pam(—) 6akTepuit, 1ie-
(eruMm He MMeeT 3aperUCTPUPOBAHHBIX [TOKA3aHMIA, €T0 MPAKTUUYeCKM He MPUMEHSIOT JJ1s TedeHus Talu-
eHToB ¢ OU.

Kapb6anenemot

KIT o6aaroT caMbIM IMMPOKUM CITEKTPOM JEVCTBUSI Cpeiy B-TaKTaMHbBIX aHTUOMOTUKOB M B TE€UEHMEe [IJTN-
TEJTbHOTO BpeMeHM SIBJISIIOTCSI aHTMOMOTUKAMY BbIOOpA ISl JieueHMsI MallieHTOB ¢ MHGbeKIMel, BbI3BAHHOM
I'pam(-) 6akTepusiMM — MPOAYLIEHTaMM PB-IakTamas pacipeHHoro crekrpa (BJIPC). B nmepeuHe rokasaHmii
K MMUIIeHeMY+[I[uaacTaTuHy| burypupyeT MHQEKLs KOCTei 1 CyCTaBOB, BhI3BaHHAs TONIbKO P. aeruginosa,
a y MeporieHeMa Takoe MoKasaHue oTcyTcTByeT. 06a KapbareHeMa IMPOKO MPUMEHSIOT TIPY JIEYeHUN T1a-
1ueHToB ¢ OU, Boi3BaHHOI pe3ucteHTHbIMU K DX 1 1IC I'pam(—) 6akTepusimMu. ITo 06ycioBaeHo Tem, uTo KIT
IOCTUTAIOT JOCTATOYHO BBHICOKMX KOHIIEHTPAIIMII B KOCTHOI TKaHU Y CMHOBUAIbHO XXUIKOCTH (CM. Tab. 1),
MTO3BOJIIONIMX TTpeBbIcKTh MUK m1s 6ombimiHCeTBa I'pam(—) 6aKTepuii.

B mocienHue roppl KpaiiHe HAaCTOPAXKMBAKIIEN BBIIISIAUT TEHIEHIMsSI K pocty momu Ipam(-) GakTepwmii,
JEeMOHCTPUPYIOIIMX YCTOMYMBOCTb K 3TUM NOpernapartaMm. Ilo pe3ynbTaTam MyJbTULEHTPOBOTO MCCAELO0-
BaHus (2000-2015 rr.), v 91 maruenrTa (72 %) ¢ UAW 6butM M30MMPOBaHbI 6akTepun-npoayneHTsl BJIPC,
a pesucteHTHOCTh K KII 3apeructpupoBana B 12 ciayuasix (9 %) [7]. [lo gaunsimM 1iatdopmbel AMRmap,
K MeporeHeMy pe3ucTeHTHbI 70 % mTaMMoB A. baumannii, 25 % K. pneumoniae v 40 % P. aeruginosa, u30-
JIMPOBAHHBIX OT IAIIMEHTOB ¢ MHEKIIMel KocTeil 1 cycTaBoB 3a mepuop 2012-2022 rr., mpuuem Ijist BcexX
Tpex MaToreHOB HaOJI0IaaM BhIPaKeHHbI POCT Pe3UCTeHTHOCTH 10 CpaBHeHMIO ¢ rmepuogom 2002-2012 rr.
AHaylorMYHas TEHAEHIIMS OTMeueHa U sl uMuiieHema [38]. B Hamem mccimemoBaHUM Mbl Takke HaGmoma-
JIV aHAJIOTMYHbBIN CTATUCTUUECKM 3HAUMMBbII POCT IO Pe3UCTEeHTHBIX IITaMMoB K. pneumoniae (p = 0,003)
u P. aeruginosa (p = 0,001) K uMunieHeMy, KOTOPbIii OTCYTCTBOBAJ )it A. baumannii. IIpy 9TOM BbISIBJIEH BECh-
Ma MHTEePEeCHbBIV TPeH I, Ha CTAaTUCTUUECKY 3HAUMMOe CHIKeHMe oMY Pe3UCTEeHTHBIX ITaMMOB A. baumannii
K meporneHeMmy (p = 0,037), KOTOPBIN pPacXOOUTCS C pe3ylbTaTaMy 3apyOesKHbIX U OTeueCTBEHHBIX aBTOPOB
U, BEPOSITHO, SIBJISIETCSI JIOKAJIbHOM HAaXOAKOI, HE MMeIOIeli HayYHO! 1JeHHOCTM.

Monobaxkmamot

ENVHCTBEHHbBIN HA CETOAHSIIHNUI TeHb MPeICTaBUTeb IPYIINbI, a3TPEOHAaM, MPUPOAHO aKTUBEH B OTHOIIe-
HMUM OOJIBIIMHCTBA CYHIECTBYIOMMX 'paM(—) 6akTepuii, B TOM umcie mpoayieHToB BJIPC, 3a uckIoueHneM
A. baumannii. YyBCTBUTEIBHOCTD K IIpeNapary, o JaHHbIM I1aTGopmMbl ARMmap, coxXpaHsIioT 66,5 % mram-
MoB Pseudomonas spp. 1 38,5 % ITaMMOB IIpeacTaBuUTeNel ceMmelictBa Enterobacteriaceae, ©301MPOBaHHBIX
OT TalMeHTOB ¢ uHdeKIMel KocTeii n cyctaBoB 3a mepuog 2003-2022 rT., 6e3 Kakoi-1Mb0 onpemesIeHHOM
muHamMuky [38]. [To pesyibTaTaM HaIIero MCCAeI0BaHNS, UyBCTBUTEIbHBIMY K a3TPeOHAMY ObLIM 52 % miTam-
MoB P. aeruginosa v 14,3 % K. pneumoniae. [Tpy 5TOM ypPOBEHb PE3UCTEHTHOCTY OB CTAOMIIBHBIM B TEUEHNE
BCEro repmoa HabogeHmsI.

AsTpeoHaM CO3[1ae€T B CMHOBMATbHOI KUAKOCTY KOHIEHTPAI[MIO, COTIOCTABMMYIO C ChIBOPOTOUYHOI, OfHA-
KO B KOCTHYIO TKaHb ITIEHETPUPYET B IITh pa3 MeHbIle Ipernapara (cMm. Tabi. 1). Cucremaruueckiuii 0630p
A.K. Thabit et al. moka3sas, 4To Iocjie GOMIIOCHOTO BBEIEHMS HArpy304YHOJ O3bI IperapaTta ero KOHIeH-
Tpalys B ry6uaToil TKaHM KOCTM M CUMHOBMAJIbHONM SKMUIKOCTHM IMpeBbINIasa KOHIEHTPAIMI0 MeporeHema
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B 1,5 u 6,6 pasa cooTBeTCcTBeHHO [16]. OmHAKO Yy IpernapaTa OTCYTCTBYET 3aperMcTpUpPOBAHHOE TTOKa3aHMe
ILJIST IeYeHMST MMAllMEeHTOB C MHQEKIMel KOCTei M CyCTaBOB, M €ro He MPUMEHSIIOT B PYTUMHHOM KIMHUYECKO
MIpaKTHKe [IJis JieueHus rmaieHToB ¢ AU 1 octreomuenutom. Mimeroniyecs: myoauKamuy MOCBSIIEHbI OLIeHKe
KOMOVHMPOBAHHOTO TIPUMEHEHNUS a3TpeoHaMa ¢ nedrasuaumom+[aBubakraMmom| B ciayuae, korga OU BbI-
3BaHa XDR mtammamu I'pam(—) 6aktepuii. VicciemoBatenn peKOMEHAYIOT OMHOBPeMEHHOE ITPOBeIeHNe CUH-
XPOHHBIX MHGY3MI Uepe3 pa3Hbie MOPTHI KaTeTepa MU 4yepe3 pas3jinuyHbie BeHO3HbIe OCTYIIbI. [[pyMeHeHMe
JAHHOJ KOMOMHAIMM CIIOCOOCTBYET OXBAaTy MaKCUMAaJIbHOTO IepeuHst I'pam(—) 6akTepuit ¢ 9KCTpeMaabHO
PEe3UCTEHTHOCTBIO ¥ MAaHPE3UCTEHTHOCTHIO ake MPU HATUYMUM YCTOMUMBOCTU K KaXXA0MY U3 HUX [24].

Ipouue anmubaxkmepuansHsle npenapamel pe3epea: AMUHOIUKO3UbL, pochomuyuH, norumuxkcux B

IaHHbIe ITpernapaThl He OTHOCST K IpernapaTaM Bbibopa nmpu JeueHnu naimeHToB ¢ OU, a MpuMeHSIOT pu Ha-
JIMYMY PESUCTEHTHOCTM BO30ymuTeneii K ®X, B-akramam 1 KO-TPUMOKCA30JTy B KaueCTBe STUOTPOIHO ABT.

AMMHOTTIMKO3UIbI — aHTHOAKTepHUaTbHbIE ITPEIapaThl, K KOTOPBIM ITPUPOIHO YYBCTBUTEIbHBI IO ABIISIONIEe
60bpIIMHCTBO I'paM(—) 6akTepuii. Ha Tepputopum PO nis cucremHoii ABT yalie Bcero nmpyuMeHsIOT reHTa-
MUIIVH ¥ aMUKaIyH. AMMHOIIMKO3YAbI XOPOIIO HAKAIUIMBAIOTCS B TKAHSIX C aKTMBHBIM KPOBOCHAOKEeHMEM
1 ropasno Xy>ke B KOCTHOV TKaHU [16], TosTomy 1151 CO34,aHMSI TeparneBTUUYeCKUX KOHLIEHTPaLyii KOCTU U CY-
CTaBHOJ KUAKOCTY HEOOX0AMMO ITpMMeHeHVe BBICOKMX 103 STUX IIPerapaToB, UTO MTOBBIIIAET PUCK PA3BUTHUS
HeXeJlaTeIbHbIX peakuuit (cM. Taba. 1), B mepByio ouepenb Hedpo- [25] u oroTokcuuHocTu [26]. TToaTtomy
aMMHOITIMKO3M/IbI He HalJIXM LIMPOKOTO MpUMeHeHUs O jedeHus nauyeHToB ¢ OU. Ilo maHHBIM MiaT-
dbopmbl ARMmap, K reHTaMULIMHY O6bUTM YCTOYMBBIMU 76 % 1TaMMOB Acinetobacter spp. u 60 % 1mTaMmMoB
K. pneumoniae, n30n1MpoBaHHbIX OT MALIIEHTOB ¢ MH(eKII1elt KocTeit 1 cycTaBoB 3a nepuop 2012-2022 rr. [38].
B HalleMm ucciemoBaHUM TTOMTyUYEHbl MIEHTUYHbIE pe3yiabTaThl: 78,2 % MITaMMOB A. baumannii 6b1TU pes3u-
CTEHTHBI K TeHTAMUIIMHY, IIPY 9TOM OTMeUeH TPeH/ Ha POCT JOJIM Pe3UCTEHTHBIX ITAMMOB 6€3 CTaTUCTHUUe-
CKO 3HAUMMOCTHU.

AMUKAIVH B CPaBHEHUM C TeHTaAMUIIMHOM AEMOHCTPUPYET HECKOIbKO OOJBIIYI0 aKTUBHOCTh B OTHOIIEHUN
M3YYEHHBIX IITaMMOB. [0 faHHBIM M1aTGopmMbl ARMmap, K aMUKaLMHY ObUIM YCTOMUMBBIMHU 33 % IITAMMOB
Pseudomonas spp., 30 % K. pneumoniae u 84 % Acinetobacter spp., U30JIMPOBAHHBIX OT MPOMWIbHBIX MaIieH-
TOB 3a nepyuon 2012-2022 rr. ¢ oTpuLLaTeNbHONM OMHAMMKOI 110 cpaBHeHMIO ¢ niepuopom 2002-2012 rr. [38].
Mo HamUM IaHHBIM, YPOBEHb PE3UCTEHTHOCTY K aMUKaLMHy 1151 A. baumannii coctaBun 78,1 %, P. aeruginosa —
35 % u K. pneumoniae — 52,5 %, 4TO B 11€JIOM COITIOCTaBMMO C OBILIEPOCCUIICKUMY JAaHHBIMM, OMHAKO KOHKPET-
HOT'O TPeH/ia He BBISIBJIEHO.

®ochoMuUIIMH 0671aaeT aKTUBHOCTHIO B OTHOIIIEHU! OOJIBIIOTO KoaudyecTBa I'pam(—) 6akTepuii, B TOM YKCIIe
npencTaBuTeseit cemeiicTBa Enterobacteriaceae, v HEKOTOPBIX IITAMMOB P. aeruginosa, omHaKO MPUPOTHO He-
aKTUBEH B OTHoWIeHUM A. baumannii. TIperapat xapakTepu3syeTcss HaJMUMEM BbIPAKEHHOTO CUMHEPIUAHOTO
JeViCTBUSI IPY coUueTaHuM ¢ 6eTa-nakramamu, ®X may aMUHOIIMKO3UIAMM B OTHOIIEHUY IIIMPOKOTO CIIEKTpa
I'pam(-) aspobHbIX 6akTepuit. PocHOMMIIMH XOPOIIO MTPOHMKAET B KOCTHYIO TKAHb ¥ MMEET 3aperucTpupo-
BaHHOe [TOKa3aHMe, — JIeueHe MalMeHToB ¢ MHbeKIei KocTeli 1 cycTaBoB (CM. Tab. 1) [34].

B Haiiem 1eHTpe CpefHSISI YacTOTa BbiJeleHUs] pe3UCTeHTHbIX K dochoMuiinHy mraMmmoB K. pneumoniae
3a 12 et coctaBmia 22,4 %. OmHAKO HaJM4uye KaKoro-11Mbo TpeHIa YCTaHOBUTh He YIaJIOCh BBUIY MajiOTO
uyycia HabGMIOmeHNiT: YyBCTBUTENbHOCTh K JAHHOMY aHTUOMOTHUKY OIpeNesisuii 110 3aIlipocy Bpaueii TOIbKO
IJIST IITAMMOB C SKCTPEeMaJIbHOM pe3uCTeHTHOCThIO. [To maHHbIM 11aT@opmbl AMRmap, Tonbko 14 % mram-
MOB IIpe[CcTaBuUTeseli cemeiictBa Enterobacteriaceae, M301MpOBaHHbBIX OT IAIMEeHTOB ¢ MH(EKINel KoCcTen
U CYCTaBOB, OBbIIM YCTOMUMBBI K (GOCPOMUIIMHY, a IJis 35 % mrammoB Pseudomonas spp. MIIK ¢ochomuiimaa
cocrasiisina 64 mr/n [38] .

®ochoMUIIMH 1)1 IeueHMs TanyeHToB ¢ OV MpoKo MPUMEHSIIOT BO BCEM MMpPe, OIHAKO ero MCIIOIb30BaHMe
B MOHOTepanuy He peKOMEeHAYETCS 13-3a ObICTPOro GOpMUPOBAHMS PE3UCTEHTHOCTY U CHIDKEeHMS 3 dek-
TUBHOCTY TPV HAIMYMY OOJTBIIIOTO KOJTMYECTBA OaKTepUaTbHOTO MHOKYJISITA, YTO XapaKTePHO /I MHMeKLit
KOCTelt 1 cycTaBoB [35]. Hamume BeIpaskeHHOTO CMHepru3ma KoMouHaimii hochomuiinaa ¢ KomcTuHoM E
B 9KCIIEPMMEHTAX in Vitro B oTHoIIeHun K. pneumoniae u P. aeruginosa B cocraBe 6MOIIEHOK, a Takxke ¢ KII
TIpY JIEYEHMH TIAIMEHTOB C MHQEKIIMEe, BBI3BAHHOI TPYIHON IJist spamukaiuu P. aeruginosa, siBisieTcs ce-
PbE3HBIM 060CHOBaHMEM MTpUMeHeHMs PocoMUIMHA B COCTaBe KOMOMHMPOBAHHOI Teparuu [35].

[TonMMuKCcUH B akKTUMBEH B OTHOIIEHUM UCKIUYMUTENbHO ['paM(—) MUKPOOPraHM3MOB. YCTOMUMBOCTD SIBJISIET-
Cs1 IePeKPEeCTHOI C KOMMCTUHOM (TOTMMUKCUMHOM E), MO3TOMY OLleHKY UYYBCTBUTEIBHOCTY K MOTMMUKCUHY B
TPaJUIMOHHO OLIEHMBAIOT 10 KOJMCTUHY. Pe3MCTEHTHOCTD K 9TOMY Ipenapaty I'pam(-) 6akTepuit B OTHOEIb-
HbIX cTpaHax IOxkHO-BocTounoii Asun u CpennuseMHOMOpPbs gocturaer 10 %, omHaKO B OOJBIIMHCTBE CTPaH,
B TOM uucie u B PO, momumMukcuH B coxpaHsieT CBOIO aKTMBHOCTh B OTHOIIEHMM Haubosiee MpoOieMHbIX
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I'pam(-) 6akTepuii, B TOM UMcIie MPOAYIIEHTOB Pa3JInyHbIX KapbarneHemas [29]. B Hamem uccieoBaHUM 4acTo-
Ta BbIJEIEHMS Pe3MCTEHTHBIX K KOJIMCTUHY IITAMMOB BBIIIIE M COCTABJISIET 1151 A. baumannii B cpennem 11,4 %,
st K. pneumoniae — 13,2 % v nnst P. Aeruginosa — 15,3 %, uTo 00yC/IOB/IEHO OIpesiesieHeM UyBCTBUTENbHOCTHU
K HEMY TOJIbKO JJIS1 TOJIMPE3UCTEHTHBIX Y TaHPE3MCTEHTHBIX IITaMMOB. 3HaUMMOM AMHAMUKU YPOBHS pe3u-
cTeHTHOCTHU s A. baumannii v K. pneumoniae He yCTaHOBJIEHO BBUY MaJIOTO YMCJIa HAGIOMEHMIA.

OCo6eHHOCTbIO TIPMMeHEeHMS MMONVMMUKCYHA B SIBISIeTCS BBICOKASI UAaCTOTA HekelaTelbHbIX peaki[uii: 1mo-
yeyHast M MoueBasi IuCcHyHKLMS, OCTpasi ToYevyHast HeJOCTaTOUHOCTh M HelPOTOKCUYHOCTb. [Ipemnapart 1mioxo
MIPOHMKAET B KOCTHYIO TKaHb ¥ CMHOBUAIbHYIO XUIKOCTH (CM. Taby1. 1), HO Mpu 3TOM 06/1ajaeT BhIPAXKEHHO
AHTMOUOIJIEHOYHO! aKTUMBHOCTBIO 33 CUET BO3[EMCTBUS HA MeTAa00JIMUeCKM HeaKTUBHbIE KJIETKMU B COCTa-
Be BHYTPEHHUX CI0eB 6uoruieHKu. OfmHAKO Takoii 3G GeKT MposBAsSeTCs] MpyY MECTHOM MPUMEHEeHUM TO-
JIMMMKCHMHA, TIPU CUCTEMHOM BBEIE€HUM OH CYLIeCTBEHHO HIDKE, a IMOBbIIIEHHbIE A03bI aHTUOMOTUKA BEAYT
K YBEJIMUEHUIO YACTOTHI HEXKeNIaTeTbHbIX peakiuii. [losaromy J. Lora-Tamayo et al. pekoMeHAYIOT mpumMe-
HSATh KOMOVHAIMIO KOMVCTUHA C APYTMMM aKTUBHBIMM B OTHOIIeHUM I'pamM(-) 6akTepuit aHTMOMOTYKAMMA:
LIC, KIT u gp. [30].

Knmuandeckast 3¢heKTMBHOCTb TpUMeHeHMs KOJIMCTIHA IMOATBEPKIeHa pe3yabTaTaMy MHOTOLIEHTPOBbIX MC-
clemoBaHuit. B MHOromeHTpoBoM uccinemoBanum A. Papadopoulos et al. (2000-2015 rr.) Ha dhoHE KOMOMHM-
POBAHHOI Tepanuy ¢ KOMMCTMHOM YacTOTa GJIarONpPUSTHBIX MCXOMOB Cpeay naiueHToB ¢ AV, BbI3BaHHOI
XRD-mtaMMami, B cpaBHeHMr ¢ MDR-mTaMMaMy GaKTepuii cCOCTaBuiIa COOTBETCTBEHHO 66,7 % u 39,1 %
(» =0,018). ITosTomy aBTOPBI PEKOMEHAOBAIN MPUMEHSTh KOJIUCTUH TPU OTCYTCTBUM albTePHATUBHI [7].
B gpyrom mcciemoBaHuM MOKa3aHO yOenouTeNbHOE TTPEUMYIIECTBO IIPMMEHEeHNST KOMOMHAIMM BHYTPUBEH-
HBIX MHQY3Mi1 6eTa-J1akKTaMOB U MOJMMMUKCMHA TIpU JieueHUn 44 manyeHToB ¢ VAV, BbI3BaHHOJ Moupe-
3UCTeHTHbIMU ['paM(—) MMUKPOOpPTraHM3MaMu, [IPU 3TOM HeXeJlaTe/IbHble peaKlyuy pasBuauch auiib B 10 %
cyvaeB ¥ ObUIM TIOMHOCTBIO 06paTUMBbIMU [31].

K orpaHnyeHUsIM MCCI€AOBAaHMSI MOXKHO OTHECTM €r0 PeTPOCIHEKTMBHBIN AM3aiH U JIOKAJTbHBIN XapaKkTep
JaHHBIX. [IpOTHO3bI PE3VCTEHTHOCTY MUKPOOPTaHM3MOB K aHTMOAKTEepMAIbHBIM ITperapaTam Tpe6yIoT Mo -
TBEPKAEHMS B JATbHENIIINX VICCIeIOBAHMSIX.

3AKJ/JIIOYEHUE

HecMoOTpst Ha HETaTUBHYIO OMHAMMKY YBEIMUYEHMS TOMY PE3UCTEHTHBIX K Iedorepa3oHy+[cynbbakTamy],
MepoTeHeHY ¥ MMUITeHEMY+IMIACTAaTUHY IITaMMOB Begymux ['pam(—) 6akTepuii, mpyuMeHeHe IJis Tap-
TeTHOM OSMIMPUYECKOV CTAapTOBONM Tepamuy 3aIIuUIIeHHOTo IledasocropyHa IIpeACTaBseTcsl Ooiee
palMOHaJIbHBIM B BUAY MEHbIIEr0 pUCKa CeJIEKIMM YCTOMUMBBIX K HEMY IITaAMMOB. @TOPXMHOMOHBI, Kap-
6areHeMbl 11e71eC000Pa3HO MPUMEHSTh TOJMBLKO MPU A0KA3aHHOM K HUM UyBCTBUTEIbHOCTH. [TonuMuKkcuH B
u1 hochoMUITMH HEOOXOIMMO pacCMaTPMBATh Kak IpernapaThl pe3epBa JIJis JieueHust MHGEKILM, BBI3BaHHOM
YCTOMUMBBIMM K OPYTMM aHTMOMOTHMKAM IITaMMaMM, M HasHA4yaTh TOJbKO B COCTaBe KOMOMHMPOBAHHOI
Tepanuu. AMMHOTIJIMKO3YIBI Y He3aluIeHHbIe 11eaoCIOPUHBI B CBSI3U C 0COOEHHOCTIMU (hapMaKOKMHe-
TUKU U BBICOKMM YPOBHEM YCTOMUMBOCTU SIBJSIOTCSI aIbTEPHATUBON TOJIBKO MPU HEBO3MOKHOCTU Ha3Ha-
yeHMs 60Jiee aKTUBHBIX IpernapaToB. OcTaeTcsl OrpaHMYEHHBIM IepeveHb MpernapaToB [IJIs IepopPaTbHOTO
rpreMa Ha am0OyJaTOpHOM 3Tarie (PTOPXMHOIOHBI, KO-TPUMOKCA301), He06X0AVMbI JOTIOTHUTETbHbIE MC-
CJ1eToBaHMS OIeHKY 3(DGEKTUBHOCTY UX IPUMEHEHUS TTpU JIeUeHM MalueHToB ¢ AV, BbI3BAaHHOI pe3u-
cTeHTHbIMMU I'paM(—) 6aKTepUSIMMU.

Kongpnaukm unmepecos. Agmopst dekiapupyom omcymcmaue s8HulX U NOMeHYUAIbHbIX KOHGBIUKMO8 UHMEPeCo8, C83aAHHbIX
¢ nybaukayueti Hacmosiujeti cmamau.

Hcmounuk punancuposanus. Aemopsl 3as6/10m 06 omcymcmeuu 8HelHezo GUHAHCUPOBAHUS Npu NposedeHuUl uccaiedo-
8AHUSL.

Amuueckas 3Kkcnepmu3a He NPUMEHUMA.
HndopmuposanHoe coenacue Ha hyonukayuio He mpedyemcs.
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JBOIIOLUSA NOXOAKHU Nocne MHOroypoBHeBbIX opTOonean4eCcKmux onepauuﬁ,
BbIMOJIHEHHbIX A9 KOPppeKuun optonegnuyeCKmnx OCNI0OXKHEHUH
Yy AeTel AOLKONbHOro U MNAALIEro WKOJIbHOro BO3pacTa Co CnacTMYecKoun aunneruen
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AHHOTaua

Beepgenue. OnTyMaabHBIM BO3PAaCTOM BBITIOJTHEHNSI MHOTOYPOBHEBBIX BMEIIATENbCTB Y ManueHToB ¢ IIIT1
siBJisieTcst epuof ¢ 10 1o 16 yiet, HO MoKas3aHMs K YCTPaHEHUIO KOHTPAKTYP, TOPCMOHHBIX KOCTHBIX Aedopma-
uuit, nedopmaruii cron y meteit ¢ AT ypous GMFCS I-1II moryT Bo3HUKAaTbh U B 60/iee paHHEM BO3pacTe.

Ilesb paGoOThI — OIEHNUTH M3MEHEHMS] KMHEMATUUeCKUX UM KMHETUUEeCKMX TapaMeTpOB MOXOAKM Y JeTeit
CO CIIAaCTMUUECKO JuIierueit, KOTOPbIM BBITIOTHSIM MHOTOYPOBHEBbIE IBYCTOPOHHME XUPYypTrUUeckie BMe-
IIaTeIbCTBA I10 ITOBOIY OPTOIeAMUYecKUX ocIokHeHuii 1T, BO3HUKIIMX A0 Havaja Imy6epTaTHOTO yCKope-
HMSI pocTa.

Marepuaj 1 MeToabl. B ricciemoBaHye BKIOUeHO 63 pebenka ¢ LTI, I-1II GMFCS. I'pyrma 1 (n = 50): cpeq-
HMit Bo3pacT — 7,1 rofa, opToneauuecke BMellaTe/IbCTBa paHee He mpoBoawin. I'pymina 2 (n = 13): cpeguuit
BO3pacT — 7,4 Toza, B BO3pacTe 40 YeThIPEX JIET BBITTOMHSIUIM U30IMPOBAHHbIE BMEIIATe/IbCTBA.

PesynbTaTsl. B rpynie 1 yepes nBa rofa mocie onepanuy 3aperucTpupoBaHO YBeIMYeHMe CUIIbI BCeX MBIIIII]
pasrubaTesieii ¢ JOCTOBEPHBIM OTJIMYMEM [0 CPABHEHMIO C IpeoIlepalMOHHbIM YPOBHEM; Uepe3 yeThipe—
TMISTh JIET — CTabMAM3aIMs JOCTUTHYTBHIX YAYUIIeHUiT KMHEMaTuKu. B rpyrine 2 yepes aBa roja Iocjie oIe-
pauuy HaGMIOOAIM CHMUKEHMe 3HAUeHMiI CyMMapHO! MOITHOCTM PabOThl MBIIIL, HUKHUX KOHEUHOCTEN,
yepe3 yeThIpe rofa MpouCXoania IeKOMITeHCAIUS ABUTATETbHBIX BO3MOKHOCTEN, MOITHOCTH PAOOThI MBIIIII]
Ta306eIpeHHOTO ¥ FOJIEHOCTOITHOTO CYCTABOB He IMPEeBBINIajIa MCXOMHBIX 3HAUEHNMIA, a /1T KOJIEHHOTO CyCTaBa
CHUKeHMe MOIIHOCTY PaboThl HOCUJIO MOCTOSIHHBIN XapakTep.

06CY)K,I[GHI/I€. TTonoskuTenbHbIN 3(1)(1)EKT OT OIIepaTMBHOI'O BMelIaTe/JIbCTBa B obenx TpyIIiax CXOX M 3aKJI0-
YaeTCd YIIydlIeHM CMHEPTreTM4YeCKOro B3aMMO,Z[eI71CTBMH MBIIIIII.

3axkmrouenue. OpTornennyeckye MHOIOYPOBHEBbIE OIlepalyiy, BHIIIOJTHEHHbIE Y IeTell 110 MOBOAY OpTOoIle-
IUYeCKUX OCTOXKHEHMUI 10 Mperny6epTaTHOTO YCKOPEeHMST pPOCTa, MPUBOIST K Pa3sBUTHMIO (PYHKIIMOHATbHBIX
BO3MOXXHOCTEIT TONBKO y JeTeii, KOTOPhIM He IPOBOIM/IM PaHHME BMeIIaTelbCTBa YIJIMHEHUS aXWUIIoBa
CYXOKUJIUSI VJIM YPeCKOXKHbIe pMOPOMMOTOMMM. Pe3ynbTaT OCTaeTCsl CTaGMIbHBIM Ha MPOTSIKEHUM YeThl-
pexX—TISITH JIET TI0C/Ie onepaluu. M3011poBaHHOE YIJIMHEHME aXVIIOBBIX CYXOKUIINI UV UPECKOKHbIE (-
OpOTOMMM TIPENSITCTBYIOT Pa3BUTUIO MBIIIEUHOTO alllapaTa HIUKHUX KOHEYHOCTe! B OTIaJeHHOM Mepuoe
HaGIIOIeHMs.

KinroueBbie cioBa: L[ep06p8.f[beII71 mapaind, paHHue MHOIOYpPDOBHE€BbI€ BMeIlaTe/IbCTBA, KOMHbIOTeprIﬁ
dHaJ/IN3 MMOXOAK!M, OTOa/JIEHHbI€ PE3Y/JIbTaThbl, IE€TU

HOns onutuposBanus: I'atamos O.U., Honranosa T.U., TomoB A.l., IlonkoB H.A. DBOMOLMS MOXOOKMU I10CT€ MHOTO-
YPOBHEBBIX OPTOIeNMUeCKMX OIepaluii, BHITOJHEHHBIX [IJI1 KOPpPEeKIUM OPTOIleMUeCcKUX OCIOKHEHMI y JeTeil No-
MIKOJIBHOTO ¥ MJIaJIIero MIKOJbHOTO BO3pacTa CO CIacTU4eckoil auruierueit. Tenuti opmoneduu. 2025;31(5):602-613.
doi: 10.18019/1028-4427-2025-31-5-602-613.
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Evolution of gait in preschool and primary school children
after multilevel orthopedic surgeries performed
to correct orthopedic complications of spastic diplegia
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Abstract

Introduction The optimal age for performing multilevel interventions in patients with cerebral palsy is
the period from 10 to 16 years, but indications for eliminating contractures, torsional bone deformities,
and foot deformities in children with cerebral palsy of GMFCS level I-1II may also occur at an earlier age.

The aim of the work is to evaluate changes in the kinematic and kinetic parameters of gait in children
with spastic diplegia who underwent multilevel bilateral surgical interventions for orthopedic complications
of cerebral palsy that arose before the onset of pubertal growth acceleration.

Material and Methods 63 children with cerebral palsy, I-IIl GMFCS. Group 1 (n = 50): average age 7.1 years,
no orthopedic interventions had been performed previously. Group 2 (n = 513): average age 7.4 years, isolated
interventions were performed at the age of up to 4 years.

Results In group 1: after the operation for two years — an increase in the strength of all extensor muscles
with a reliable difference compared to the preoperative level; after 4-5 years — stabilization of the achieved
improvements in kinematics. In group 2: after the operation for two years — a decrease in the values
of the total working power of the lower limb muscles; after 4 years — decompensation of motor capabilities
occurred, the working power of the muscles of the hip and ankle joints did not exceed the initial values,
and for the knee joint, the decrease in working power was permanent.

Discussion The positive effect of surgical intervention in both groups is similar and consists of improving
the synergistic interaction of muscles.

Conclusion Orthopedic multilevel surgeries performed in children for orthopedic complications before
prepubertal growth spurt are associated with functional development only in children who did not undergo
early Achilles tendon lengthening or percutaneous fibromyotomies. The result remains stable for 4-5 years
after surgery. Isolated Achilles tendon lengthening or percutaneous fibrotomies prevent lower limb muscular
development in the long-term follow-up period.

Keywords: cerebral palsy, early-age multilevel surgery, instrumented gait analysis, long-term outcomes,
children

For citation: Gatamov OI, Dolganova TI, Tomov AD, Popkov DA. Evolution of gait in preschool and primary school children
after multilevel orthopedic surgeries performed to correct orthopedic complications of spastic diplegia. Genij Ortopedii.
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BBEIOEHUE

Hetckuii nepebpanbHbiit mapaany (JLIT) npemcrasiaser co6oi Haubomee YacTyio MPUUMHY JBUTATETbHbIX
HapymeHuii y gereii (1,5-3 Ha 1 000 metckoro Hacenenus) [1, 2]. KoHcepBaTuBHOe neuenue (pusmyeckas
Tepamnusi, KOHTPOJIb CITACTUYHOCTY, OPTE3UPOBAHME) Y AETEN C YPOBHEM HAPYIIEHMS ITI00aTbHBIX ABUTATETb-
HbIX dyHkuuit I-111 mo knaccudurarmmu GMFECS (anen.: Gross Motor Function Classification System) ocraet-
€SI METOAOM BbIOOPA O MIECTMIETHETO BO3PACTa, KOT/IA Pa3BUTHE MBIIIEUHbBIX PeTpakiuii (pUKCUMPOBaHHBIX
KOHTPAaKTYP), KOCTHBIX JepopMalinii, MoaABbIBUXOB, KaK ITPaBUIIO, ellle He ITpoucxoauT [3, 4]. KoncraTupoBaHo
Y MHOTOKPATHO 0Ka3aHo, YTO Pa3BUTHE BTOPMUUYHBIX OPTONEeAMUECKMX OCIOKHEHUI BelleT KakK K CHUKEHUIO
IBUTATETbHOM aKTUBHOCTH, TaK U K TIOTepe paHee MPMOOpeTeHHbIX HABBIKOB U CYI[eCTBEHHOMY YXYIIIeHUIO
KauecTBa XU3HU, HECMOTPS Ha CTabWIbHbII XapakTep sH1edanonatun [5-10]. s xupypruueckoii opTore-
IMYeCKOi KOPPeKILMY KOHTPAKTYpP, BHIBUXOB M KOCTHBIX medopMalinii MeTOooM BbI6Opa CUMTAIOTCS OLHO-
BpEMeHHbIE IBYCTOPOHHME (MJIM TIOC/IeI0BATETbHbIE IBYCTOPOHHYE C HEGOIBIIMM BPEMEHHbBIM MHTEPBAIOM)
MHOTOYPOBHEBbBIE OPTOIEANYECKYe BMeIIaTelbCTBa, COTTPOBOKAANINECS AVHBIM PeabuIuTaIMOHHBIM ITe-
puonom [11-13]. KomnbrorepHbli 3D-aHanms MOXOAKY SIBISIETCS YHUBEPCAJIbHBIM MHCTPYMEHTOM OLLeHKU
IBUTATEIbHbIX HAPYIIEHNIi, MI3MEpPEeHUST OpTOIeqnuecKux neopmMalinii 1 KOHTPAKTYP, SBISIOMIXCSI OTHUM
13 (GaKTOPOB YXYAIIEHNS IBUTATEIbHOV aKTMBHOCTY, KOJIMYECTBEHHOTO IJIAHVPOBAHMS 3JIEMEHTOB OpTOITe-
IMYeCKOr0o BMENIaTeIbCTBA M pe3y/IbTaTa JIeUeH!s B IOCIeyIoNMe Tobl HabomeHs 3a pebeHkoM [7, 14].

OnTMMaabHbIM BO3PAaCTOM BbITTOJTHEHVSI MHOTOYPOBHEBbIX BMeIIaTe/IbCTB sIBjsieTcs nepuos ot 10 7o 16 e,
0Cc06EHHO BTOpas TIOJIOBMHA My6epTaTHOTO yCKOpeHus: pocta [15-17], Korma pucK peuuuBOB OPTOMEAN-
yeckux Tpobaem cHuskaetcs [18]. Ho mokaszaHust K yCTpaHEHUI0 KOHTPAKTYP, TOPCMOHHBIX KOCTHBIX Je-
dopmanuit, nedbopmanuii cromn y gereit ¢ OLIT I-III ypoBHeit GMFCS MOryT BO3HMKATh U B 6ojiee paHHEM
Bo3pacre [5, 6,9, 10, 19] mpu HeycnelHoi KoHcepBaTUBHON Teparmu [20, 21]. OToenbHO HEOOXOOMMO YKa-
3aTh Ha Pa3BUTHMeE STPOTEHHBIX OPTOIMEANYECKUX ITPO6IeM MpU M30JIMPOBAHHOM W/WIM HealeKBaTHOM Y/I-
JIMHEHUM TpuIilerica roneHu [22-26]. UpeckoxkHble, TaK Ha3bIBaeMble MaJOVHBAa3WBHbIE (PUOPOMMOTOMMUM,
CeJIeKTVBHbIE MbIIIEUHbIE YIJIMHEHNS, 0COOEHHO BBIOTHEHHbIE 6e3 Koppekiuu gedopmarinii crom [27, 28],
HeN36eKHO MPUBOAIT B CPeIHECPOUHOM M OCOOEHHO OTHAJeHHOM ITepMoMax K ITPOSIBJIEHUIO MbIIIEUHO
cmabocty U pasBuTuio crouch gait marrepna moxonku [29-31]. [Ipu ocnabneHMM MOLOIMIBEHHOTO CTUOAHNS
Ha (poHe HeycTpaHeHHBIX AedOpMalNii CTOI M KOHTPAKTYP BhIIIENIeKAIIX CYCTAaBOB MOXKET ObITh ITOKa3aHa
opToneauyeckas onepauus.

Ilesib paGoOTBI — OIEHNUTH M3MEHEHMS] KMHEMATUUYECKMX U KMHETUUECKMX TapaMeTpOB MOXOAKM Y JeTeit
CO CIaCTMUUECKO JuIierueit, KOTOPbIM BBITIOTHSIM MHOTOYPOBHEBbIE IBYCTOPOHHME XUPYypPTrUUecKie BMe-
IIaTeIbCTBA I10 ITOBOIY OPTOIeAMUYecKUX ocIokHeHuii 1T, BO3HUKIIMX A0 Havaja Imy6epTaTHOTO yCKope-
HMSI pocTa.

MATEPUAJIBI U METOIbI

B maHHOe peTpOoCIIeKTUBHOE MCC/Ie0BaHle BKIUEHO 63 IMaleHTa CO CIIacTMueckoii GopMoii epedpaib-
HOTO TMapaanya, KOTOPbIM IMPOBOJMIIM JBYCTOPOHHEE MHOTOYPOBHEBOE BMEIIATeNbCTBO C 11e/TbI0 KOPPEeKIUU
OpTOIeaMUECKMX OCTOKHEHNI OCHOBHOTO 3260/1€BaHMS.

Kpumepuu eksitouenus: Bo3pact 0o 10 jeT, BO3MOXXHOCTb IPOBeJeHMS U BBITIOJIHEHYE KOMITbIOTEPHOT'O aHAJIN-
3a TTOXO/IKY B YCTAaHOBJIEHHbIE CPOKM 06C/IeOBaHMS (IO omepalny, B MHTepBasiax 1-2 ropa, 2-3 roxga, 4-5 et
TocjIe orepanym), ypoBHM opaskeHus IJ106aabHbIX MOTOPHBIX GyHKIMiT — I, IT, IIT GMFCS.

Kpumepuu HeexroueHus: 60ee TsKesble YPOBHY HAPYIIEHMST IIOOATbHBIX MOTOPHBIX (QYHKIIMIA, HEITOTHO-
LieHHOe (IT0 CPOKaM) MpoBefieHre MHCTPYMEHTAAbHOrO aHaaM3a MOXOAK!M, BO3PacT Ha MOMEHT BbITIOJIHEHUST
MHOTOYpPOBHEBOI'O BMemareynbcTBa 10 1 6osiee jieT, BHITOTHEHME OPTONEAMYECKOI oTlepalny Ha OJHO aHa-
TOMMYECKOI 06J1aCTH.

IMocte ananmusa 511 cyyaes Ajist uccyieqoBaHMs OTOOPAHbI 63 MalyeHTa, KOTOpbIe MOTHOCTbIO YIOBIETBOPSI-
JIV KPUTEPUSIM BKITIOUEHMSI.

VUnThIBast XUPYPrUUeCcKMii aHaMHe3, MallMeHThl Pa3Ae/eHbl Ha IBe TPYIIbI (Tabu. 1):

—rpymma 1 (n=50) — manmeHTsl, KOTOPBIM paHee He MPOBOIMIM XUPYPIUUECKe BMeIlaTeIbCTBa Ha MbI-
IIIEYHOM arrnapaTe HYDKHUX KOHEUHOCTEN;

—rpynma 2 (n = 13) — naunueHTbl, KOTOPbIM BBITIOHSIIM U30/JIMPOBAHHbIE BMelllaTe/lbCTBA Ha TPULercax ro-
JieHel (YIJuHeHMe aXUiIoBa CYXOKWIINSI, TaK Ha3bIBaeMbIe «MaJIOMHBAa3UBHbIE» GUOPOMUOTOMMUMN).

HermocpencTBeHHO Tepep orepaiiieii 1 Ha sTalnax OTIaJeHHOTO MOC/IeolepaliOHHOro Ieproaa nauyeHTam
MIPOBOIMIIV KIIMHUKO-Ty4eBoe 00CIenoBaHMe M KOMITbIOTEPHBIN aHaIM3 TTOXOAKN. [TalyeHThl XOauan 60Cu-
KOM Ha CEMUMETPOBOI JOPOKKE C MPUBBIYHOI IS HUX CKOPOCTbIO CAMOCTOSITEIbHO WIIM TIPUIEPKUBAINCDH
3a OJTHY PYKY POIUTEIS.
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Ta6muna 1
XapaKTepuUCTUKM TPYIITT
[Ton GMECS
I'pynma Iﬁ%%;f:: c]>31(;) Bospacr, ner II 111
abe. % abc. % a6c. % a6e. % a6c. %
1 50 7,1+1,57 19 38 31 62 4 8 25 50 21 42
2 13 7,4 *0,85 5 38 8 62 3 23 6 46 4 31

KuHeMaTuueckue maHHbIE PErMCTPUPOBAIM ONTHYECKMMM KaMepamy Qualisys 7+ ¢ TexHoorMei Bumeo-
3axBaTa MacCUBHBIX MapKepOB; CMHXPOHM3MPOBAHHBIMU C IIECTHIO AVMHAMOMETPUYECKUMHU TIaTdopMamMu
KISTLER (LlIBerinapus). IIpy ycTaHOBKE MapKepoOB UCIONIb30Ba/IM Moaenb [OR. AHanu3 KMHEMaTUKU U KUHe-
TUKM IpoBoawIu B mporpammax QTM (Qualisys) u Visual3D (C-Motion) ¢ aBTOMaTU3MPOBAHHBIM PacyeTOM
3HaueHMi [32], paccunThiBaIcs KodpbuumeHT QyHKIMOHAIBHOM aCMMMeTPHUS CUMMEeTPUYHBIX TOKa3aTenei
KMHEeTUKIU HIDKHUX KoOHeuHocTel o dopmyne: Kac = (D-S)/(D+S)=x100 %, tne D 1 S — COOTBETCTBEHHO 3Haue-
HMS [J15 IPaBOii M JIeBO HMKHEV KOHeUHOCTU.

IIJIs cTaTUCTUYECKO 06paboTKM JAHHBIX HPUMMEHSUIM IporpaMmy AtteStat 12.0.5. I'umoresy 0 HOpMaabHO-
CTY pacripefesieHust IIPoBepsIM ¢ moMonibio Kputepus lammpo — Yunka. YUnUThIBask KOIMYECTBO HaOIOme-
HUII B TPYNIIAX ¥ OTCYTCTBME TMOATBEPKIEHMSI TUITOTE3bl HOPMAJIBHOCTU pacIipefesieHus, Ajis 06paboTKu
pe3y/bTaToOB MCII0/Ib30BaHa HelapaMmeTpuyeckas cratuctuka. KonuuecTBeHHbIE XapaKTePUCTUKM BbIOOPOU-
HbIX COBOKYITHOCTE TMpecTaBieHbl B Tabnuile B BUIe MeAMaHbl C YPOBHEM pacrpeeseHus MPOLeHTIIen
(Me 25 % + 75 %) v uncna Habmogenuit (n). CTaTUCTUYECKYIO 3HAUMMOCTD PasaInuiii OIPemesIsiyivi C MICTIONb-
30BaHMEM HeINapHOTO KpuUTepus BMIKOKCOHA C TIPUHATMEM YpOBHS 3HaumMocTu p < 0,05. B3auMocCBsSI3b
MeX[y mapaMeTpamy OlleHUBaIM ¢ TTIOMOIIbI0 KoadduiieHTa koppensiiyuu CriupmeHa.

Ha mpoBeneHMe uccaemqoBaHMii ITOMyYeHO paspelreHne Komutera 1o 3Tuke HMULL TO umeHu akageMyuka
I A. Miimzaposa. UccnenoBaHnst MPOBOAMIIN B COOTBETCTBUM C STMUYECKMMM CTaHAAPTaMM XeJIbCUMHCKON ae-
Kapauyy BceMupHOM MeIUIIMHCKOM acCoanuy «DTUIeCKue MIPUHLIMUIIBI IPOBEIeHMS HAYUYHbIX MeIUIIH-
CKUX UCCIef0BaHMUI C yyacTuem venoBeka» ¢ nornpaskamu 2000 1., «IIpaBunamMmu KIMHUYECKON MPAKTUKA
B Poccuiickoit ®epepauymn», yreepkaeHHbIMM [Ipukazom Muu3sgpasa PO ot 19.06.2003 N2 266. Ponurenu
Y4aCTBOBABIIMX B MCC/IEIOBAHMUM [ETEN MPUCYTCTBOBAIM IIPY €T0 IMPOBEeIEeHNUN, TTIOATBEPKAAIN MHPOPMUPO-
BaHHOE Coriacue Ha MyOaMKalllIo Pe3yabTaToB MCCIeIoBaHmuii 6e3 uaeHTUGUKAIMY JIUUHOCTH.

PE3VJIBTATHI

[MpUHUMTIMATBHBIM pasaiuuyeM MeXAy TPyHIaMy CIYXXKUJIO JIMIIb BbITIOTHEHMEe TOMNbITKM BOCCTAHOBJIEHUS
aKTMBHOJ MOIONIBEHHOM (PJIEKCUM U YIIyUIIeHUS YCIOBUI (PYHKIIMOHMPOBAaHMS pa3rubaTeIbHOrO anrapara
KOJIEHHOTO cycTaBa (Tabi1. 2).

Ta6muua 2
PacmipesiesieHue 37ieMeHTOB OIlepaliyit B rpyIinax maiueHToB

. I'pynna 1 (n = 50) I'pynna 2 (n =13)

DneMeHT ABYCTOPOHHE! onepauumn abie. % abe. %
ATIOHeBPOTOMMSI TOSICHUYHOJ MBIIIILIBI 7 14 2 15
VojiuHeHue OJVHHON TPUBOASIIEI MbIILILIbI 41 82 13 100
VinuHeHye TOHKOM (M3SIIIHO) MBIIIIbI 35 70 13 100
VinuHeHue MeyaabHbIX CrubaTesieil KOJeHHOTo CycTaBa 42 84 4 31
HusBeneHnne HagKoJIeHHMKA - 3 23
ATIOHEBPOTOMMS UKPOHOKHOM MBIIIL[bI (Strayer) B coueTaHUM UIN 50 100 92 15
6e3 aroHeBPOTOMUYM KaMbaIOBUTHOI MBIIIIITbI
UpeckoskHas axujuiorniacTuka mo Hoke 9 18 2 15
[MopTapaHHbIli apTpoapes no Grice 32 64 11 85
VYojiMHeHMe aTepaibHOV KOJIOHHBI CTOIThI 10 Evans 8 16 2 15
TeHome3s 3agHelt 60/bIIe6epIIOBOI MBIIIIIbI 46 92 13 100
Koppexuust TopcroHHOI gedopmaliuy 6eipa 10 20 4 31
IlepoTallOHHO-BapM3UPYIOLIast OCTEOTOMMS 3 6 2 15
YKOopauMBaHMe axuiaaoBa CyXOKMUINS - 3 23

O6061atoIye MpoCTPaHCTBEHHO-BPEMEHHbIE XapaKTePUCTUKM Y MHTETPAIbHbIA MHIEKC TOXOIKU Ipef-
CTaBJIeHbI B TA6/. 3, JaHHBIE KOTOPOIl TIO3BOJISIIOT ONIPEENUTh TEHIEHIIVIO YIyUlleHsT TVI00aIbHOl OlLleH-
KM KMHEMAaTUYECKUX TTapaMeTPOB MTOXOAKM B 06euX TPpyIIaxX Moc/ie OepaTUBHOIO JIeUeHNS Ha POTSsKeHU N
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repuosia He MeHee Tpex JieT. B rmepBbie OAMH—Ba TO/la OTMeUaeTCsl CHUKeHMe CKOPOCTU XOAbObI U LIMKIIOB
mara B MUHYTY. [Tocjie oueBUAHOTO Mepuoa afanTaiuyun IBMKeHM K HOBbIM aHaTOMMUYECKUM TTapaMeTpaMm
MOKHO OTMETUTD Y/IydIlleH/e KOIMUECTBEHHBIX XapaKTePUCTUK MTOXOAKM B 00eMX TpyIirnax B IMepuos ABa—
TPM TojIa TIOC/Ie OTiepali: YBeJIMUeHe CKOPOCTHM XOAbObI M IJIMHbBI IIePMOo/a 1l1ara, CHYDKeHMe IJIUTeTbHOCTI
IIBOMHOTO JIByONOpHOro nepuoaa. OpHako B rpyrne 2 (MPOBOAWIU YIJIMHEHMe TpUllernca B paHHeM Iepuo-
Ile) MPOUCXOAUT JeKOMITeHCalMsl ABUTATebHbIX BO3MOXKHOCTEN B TIePUOJ, OT YeThIpeX JIET MOc/Ie olepalun,
YTO TPOSIBIIIETCS JOCTOBEPHBIM yBenmnueHnneM GPS (awen.: gait profile score), cHMKeHMEM CKOPOCTU XOIb-
ObI U YBEeIMYEHMEM JIJTUTETbHOCTY ABOMHOIO IBYOIIOPHOTO IIEPMO/IA IIara B CpaBHEeHMUM ¢ rpymmoit 1. Kpome
TOTO, B rpyriie 2 3HaueHust UMT 3HauMMO yBenMUMBAIOTCS, TPEBOCXOAS BO3PACTHYI0O HOPMY.

VHTEepecHO, 4TO OTMevaeTcsl MOJIOKUTENIbHAs 3HauuMMas Koppensuus Mexpay nokasartensmu VUMT u GPS

(r=0,769) B mepuom, OT YeThIpeX JIET ITOC/IE ONepanun B rpyrre 2 (Tabi. 4).

Ta6mmua 3
HpOCTpaHCTBeHHO—BpEMEHHLIe XapaKTepuCTUKa MOXOOaKM, MHAEKC MAaCChI TeJia

IMapametp I'pynma| o onmepauum 12 roma Hoc;f;rn(f;);unn 425 net
e macest rera 1 | 159(13,9:17,3) | 16,0 (14,4:17,5) | 16,8 (15,8:18,4) | 16,7 (15,3+17,6)
2 16,7(13,5:21,5) | 16,3 (13,7+17,3) | 19,1 (16,2:23,8)|21,5 (18,1:24,3)*!
. 1 | 17,0(12,9:21,2) | 14,4 (11,6516,1) | 13,7 (11,3+14,6) | 11,9 (10,4+12,6)
Hunexc noxonkyu (GPS), 2 | 17,6 (14,2:20,5) | 15,6 (12,9:17,8) | 13,2 (11,5714,3) | 14,1 (13,4+15,2)*
CKopocts, mcex 1 ]0,56(0,39-0,78) | 0,53 (0,54-0,68) | 0,65 (0,49-0,87) | 0,83 (0,68-1,01)!
’ 2 | 0,71(0,58:0,86) | 0,61 (0,36:0,83) | 0,71 (0,460,95) | 0,59 (0,52+0,66)*
a repyona mara, 1 | 0,64(0,5130,79) | 0,64 (0,520,71) | 0,83 (0,72:0,95) | 0,94 (0,89+1,07)
’ 2 0,78(0,68:0,88) | 0,7 (0,56:0,78) | 0,83 (0,73+0,96) | 0,84 (0,77+0,98)
npyia mara, o 1 |0,14(0,1130,16) | 0,15 (0,120,19) | 0,15 (0,13:0,19) | 0,16 (0,13:0,2)
’ 2 0,14(0,1120,15) | 0,15 (0,1:0,18) | 0,15 (0,12%0,17) | 0,16 (0,130,18)
oros mara/ms 1 | 51,3 (42,961,6) | 47,7 (37,1356,8) | 46,3 (42,0:55,9) | 51,0 (45,755,4)
2| 60,6(52,9:63,8) | 50,7 (42,9:55,4) | 51,1 (38,8+65,9) | 42,2 (39,043,9)
[UTUTeNbHOCTb MepHO/Ia OIOpb! 1 | 67,0(62,7:71,2) | 69,9 (65,2574,2) | 66,5 (62,2:70,3) | 67 (62,5:71,1)
OT KA mara, % 2| 64(60,8:67,7) | 69,2 (63,4:74,8) | 67,5 (63,4:68,9) | 67,0 (65,7:70,2)
JUIUTeNbHOCTb MepHoza IepeHoca 1 | 33,0(29,4237,3) | 29,4 (25,9+34,9) | 33,5 (29,8:37,9) | 33,0 (28,9:37,6)
OT KA mara, % 2 ]36,9(32,6:39,8) | 30,9 (25,2:36,6) | 32,5 (31,1:36,7) | 30,9 (29,8+34,2)
[UmTenbHOCTH ABojiHOr0 AByorioproro, 1| 33,5 (25,1:38,5) | 39,2 (28,0:45,3) | 31,6 (22,5:39,6) | 30,4 (25,2:30,5)
Neprofia OT Lyka mara, % 2| 28,3 (21,7537,8) | 39,3 (26,6352,6) | 36,1 (26,5:39,5) | 40,0 (31,9+40,8)*

HpqumaHue: *— AOCTOBEPHbIE OTIMYMS I10 KPUTEPUIO MEXAY I'pyIIamMu 1 u 2 Ha JAaHHOM CpOKe CpaBHEHMS I10C/Ie OIlepalum;
1— A0CTOBEPHbIE OTINYUS BHYTPU ,HaHHOIZ TPYIIIIBI C IPEAbIAYIINM CPOKOM MCC/IeJOBaHMA.
Ta6muua 4
I[I/IHaMI/IKa OTOEJIbHbIX KMHEMATUYECKIMX ITapaMeTpPOB
[Tocne onepanumn
II I
apameTrp pynmna| o onepauyunu 1-2 rona 2-3 rona 425 et

TTo3MIMS CTOIIBI IPY [IEePBUYHOM 1 1-9,8(-20,0+0,6) | 0,78 (-3,5+5,0)' | 2,5(-1,6%6,8) 3,0 (1,3+4,8)
koxTakre (['0), ° 2 |3,0(-4,0:10,3)* | 0,9 (-3,8:7,1) | 1,49(-0,2+3,1) | -0,1(-2,8%2,2)
MakcuManbHas ThiIbHas QreKkcus 1 1-0,21(-1,1%0,0)| 12,0 (7,7+16,1)" | 17,4 (10,9+21,3) | 12,8 (10,3+17,2)
B OIOpHY0 dasy (I2), ° 2 17,4 (12,4324,1)* 11,9(7,2:16,8) | 15,8(8,2+23,9) | 13,1 (3,4+24,3)
IMo3unys cTomsl B hasy mepeHoca 1 |-4,5(-13,3+-6,9)| 9,8 (5,6%15,5)' | 10,5 (4,8+15,6) | 10,0 (9,8+13,2)
Ir4),° 2 11,5 (5,2:17,8)* | 9,8 (5,7+14,4) 14,2 (7,4+19,7) | 11,2 (6,5+14,2)

1 4,6 (3,2+5,5) 5,1 (3,9%5,7) 5,7 (4,5%5,6) 6,1 (5,536,9)
Kamperic (HOCOK CTOMED), e 2 6,3 (4,85,9) 4,8 (3,6+6,0) 6,2 (4,38,1) 6,2 (4,8:8,1)
TTo3uIMs KOJIeHa TPy TIePBUYHOM 1 27,0 (19,5+35,5) | 17,5 (10,9+23,8) | 20,9 (15,3+28,9) | 17,8 (11,9+20,3)
koHTaxre (K0),° 2 36,5 (20,8+48,5) | 17,9 (4,4+28,8) | 17,5(1,3+31,5) | 18,9 (6,7+32,8)
AMIUUTY/IA pasTu6anms 1 26,6 (14,7+28,8) | 18,4 (12,2+24,8) | 18,1(10,3222,1) | 15(11,6+18,9)
B omopuyio dasy (K1-K2), ° 2 18,3 (16,3+24,7) | 16,2 (7,5+28,9) | 14,5 (5,8+21,1) | 20,2 (17,0:24,1)
MaxkcumanbHOe pasrubaHve 1 8,5(0,9+19,5) 0,52 (-9,4+9,6) | 5,3(-3,9+12,7) 3,2 (2,6%8,0)
KOJIEHHOTO CYyCTaBa B OTIOPHYIO a3y
(K2),° 2 16,2 (8,9+36,6) | 2,1(-5,6%9,2) | 6,6 (-5,5v14,0) | 5,2 (-6,6+13,3)
MakcuManbHOe crubaHye KOMeHHOTO 1 61,5 (54,5+69,7) | 52,7 (44,2+62,6) | 51,2 (44,1+56,1) | 52,6 (47,8+61,5)
cycrasa B (asy nepeoca (K3), ° 2 71,5 (59,6386,1) | 50,8 (44,1260,3) | 55,9 (47,5361,5) | 57,9 (46,5+72,1)
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Tabnuia 4 (poJoKeHne)

InHamMmuKa OTHe/IbHbIX KMHEeMaTUYeCKMX ImapamMeTpoB

ITapameTp

I'pynna

o omnepauyu

[Tocsie onepanyn

1-2 roma 2-3roma 4-5 et

TT03MIMst Ta306€PEHHOTO CYCTaBa 1 35,4 (28,3+42,8) | 36,6 (28,0+44,9) | 38,1 (33,5+41,2) | 36,1 (31,2+40,1)

1py neppuuHOM KoHrakre (T0), ° 2 | 42,4 (38,7+48,9) | 35,2 (29,8+37,2) | 38,0 (23,2+49,3) | 34,9 (28,4+43,7)
MakcyMmanbHoe pasruGaHie 6empa 1 1,8 (-6,5+6,8) | 1,3(-7,8+10,3) | -2,0(-5,4+0,08) -3,1 (-7,5+-0,85)

(T2),° 2 9,1(3,9+11,5) | 0,13(-4,2%79) | 3,6 (-8,7%12,2) | 9,8 (5,2+16,1)*

AMIUITYSIA ABYKeHNit Tasa B 1 9,2 (7,4+11) 9,1(7,05+11,2) | 10,1(7,3+11,2) | 12,8 (8,6+13,8)

CarnTTaNbHOI IJIOCKOCTH, ° 2 10,6 (10,1+11,3) | 11,2 (10,1+12,9) | 9,5 (7,9+10,8) 9,3 (7,1+10,1)

AMIUIHTY A pOTaI Tasa, ° 1 24,3 (19,7+29) | 25,0 (18,9+32,4) | 27,4 (18,8+33,7) | 29,5 (19,1%38,6)

’ 2 33,2 (18,9+49,3) | 28,2 (23,5+35,5) | 27,4 (21,2+32,5) | 27,4 (24,7+29,3)

AMIIITY I8 poTa Genep, ° 1 19,5 (14,9+22,7) | 20,9 (15,6+26,0) | 22,5 (16,5329,2) | 22,5 (17,7+24,4)

’ 2 | 25,7(16,5+32,5) | 28,0 (24,8+32,5) | 18,8 (14,523,2) | 21,4 (14,2+24,7)

AMIUIHTY 8 ABKeHM KoTeHa, ° 1 54,0 (45,7+64,0) | 53,4 (47,9+59,1) | 49,9 (37,5+52,4) | 50,5 (43,3+59,5)

’ 2 | 53,8(28,8+70,2) | 50,6 (37,6+59,3) | 51,1 (44,9+59,0) | 53,0 (45,3+56,0)

AMIUIUTY/IA ABYSKEHMi CTOTIBI B 1 25,9 (16,7+34,2) | 23,0 (19,1+27,7) | 27,4 (22,6331,8) | 25,2 (19,5+29,4)

CaruTTajIbHOM IIOCKOCTH, ° 2 30,5 (24,3+37,4) | 26,5 (22,4+30,9) | 25,4 (18,2+31,3) | 25,4 (18,1+25,7)

IpumeuaHue:

1— A0CTOBEPHbIE OTINMYUS BHYTPU TIaHHOI TPYIIIIBI C IPeAbIAYIIMM CPOKOM MCC/IegO0OBaHMAA.

*— AOCTOBEPHbIE OTIMYMS I10 KPUTEPUIO MEXAY I'pyIIammu 1 n 2 Ha JaHHOM CpOKe CpaBHeHUs II0C/Ie OoIlepannm;

[MpuHLMIIMATbHbIE PasIUUMS [0 KMHEMATUUECKMM IlapaMeTpaM MEXOY IPyInaMy 0 MHOTOYPOBHEBBIX
orepalyii 3aKI0YaIMCh B aMIUIUTY/IE IBVKEHUIA M YCTAHOBKE CTOIIbI: OUEBMIHO, UTO B IPyIIe 1 rmaccuBHasI
ThIJIbHAST (UIEKCUS BCTIEACTBYE KOHTPAKTYPhI TpULlerca 6buia 3HAaUMMO OrpaHuueHa. [Ipu 3ToM yBenuueHme
aMIUIUTYObI pasrubaHusl KOJIEHHOIO CYyCTaBa B OMOPHYIO (asy B rpymie 1 3aKOHOMEepPHO OTpaskaeT IaTTepH
MOXOAKM jump knee gait, xapakTepHbIit IjIs1 JaHHOTO Bo3pacTa. Ilocje ornepaiiuii JOCTOBEPHBIX pPas3/IMUMii
MEeXOy TPYIaMy He OOHApyKeHO, XOTS K KOHIY Iepuoja HabloaeHnus B TPyIe 2 oTMeueHa TeHAEeHIINs
yBeIMYEeHUsT aMIUTATYIbI CTMOaHMsT KOJIEHHOTO CyCTaBa B OMOPHYIO a3y, KOTopasi COMPOBOKAANIACH ITOJ-
HOLIEHHbBIM pas3TubaHMeM K cepefyHe OMOpPHOI (as3bl LMKIA Iara. DTa TeHAEHIUSI B COUETAHUM C SIBHBIM,
IOCTOBEPHO OTJIMYAIOIIMMCSI OT I'PYMIBI 1, OrpaHMYeHMEeM MaKCUMajbHOTO pasrmbaHus 6Gempa, KOTOpoe
Ha TaHHOM 3Tare HOCUT alalTallIOHHbIN XapaKkTep, OTpakaeT Hauaja0 pa3BUTHS MaTTepHa crouch gait. laH-
Hoe Hab/ogeHe JIOTMYHO COYeTaeT sl Co CHIbKeHneM 3HaueHmii Gait Profile Score. OTmeTym, uTo He o6Ha-
PY>KEHO OTIIMUMIT MeKIy TPyIIaMy B KOHIIe Ieprofa Hab/oaeHs 110 TapaMeTpy MaKCUMMaIbHOTO HAK/IOHA
Tasa B CaTUTTaIbHOI IyTockocTu: 14,8° (10,2+18,8) B rpymite 1 u 17,5° (13,8+21,4) B rpymiie 2.

Tabnuua 5
IMHaMMKa OTIENbHbIX KWHETUYECKUX TTapaMeTPOB
ITocre onepauyn
II r
apameTp pynma| - lo onrepaty1 1-2 roma 2-3 roma 4-5 et

Cwuta pasruGaHyst Ta306epeHHOr0 1 0,62 (0,45+0,72) | 0,64 (0,48+0,74) | 0,72 (0,59+0,84) | 0,89 (0,77+1,0)!
cycrasa, Nm/kg 2 /1,08 (0,79+1,43)* 0,89 (0,63+0,94) | 0,89 (0,73+1,08) | 0,87 (0,76+0,96)
Cuna pasrubaHys KOMeHHOTro 1 0,4 (0,25+0,53) | 0,33(0,17:0,43) | 0,6 (0,36+0,82) |0,62 (0,54+0,64)"
cycrasa, Nm/kg 2 0,53 (0,28%0,75) | 0,39 (0,12+0,59) | 0,51 (0,17+0,64) | 0,41 (0,16+0,62)
Cyia IO OIIBEHHOTO CrUbGaHMs, 1 0,66 (0,5+0,86) | 0,65 (0,39+0,79) | 0,79 (0,66+0,95) |1,12 (0,94+1,19)"
Nm/kg 2 0,62 (0,56+0,81) | 0,68 (0,49+0,89) | 0,78 (0,61+0,97) | 0,95 (0,81+1,09)
CymMapHasi MOIIHOCTb, 1 1,51 (0,96+1,75) | 1,43(1,0+1,67) | 1,61 (1,14+1,63) | 1,75 (1,29+2,03)
reHepupyeMasi Ha ypoBHE :
Ta3zo6empeHHOro cycrasa, W/kg 2 2,93 (1,82+4,11)*| 0,98 (0,3+1,31) | 1,95(1,39+2,18) | 2,03 (1,39+2,37)
9(derTUBHOCTb MBILIEYHBIX 1 70,6 (63,4+78,6) | 72,2 (64,0:80,2) | 73,1 (64,2+76,1) | 70,3 (64,6373,7)
COKpall[eHNiT Ha YPOBHE
Ta306e4peHHOro0 CycTasa, % 2 68,8 (62,8+72,4) | 70,2 (64,578,8) | 69,1 (63,275,7) | 66,4 (56,3+74,6)
CymMmapHas MOLHOCTb, 1 1,7 (0,96+2,18) | 1,56 (0,99+2,14) | 2,1 (1,11+3,04) | 2,15 (1,43+2,46)
reHepupyemMas Ha ypoBHe
KOJIEHHOTO cycTaBa, W/kg 2 2,5(1,46+3,13) | 2,1(0,97+2,57) | 1,89 (1,29+2,34) | 1,69 (1,26%2,1)
9 heKTVBHOCTb MBIIIEYHBIX 1 39,0 (26,5+52,5) | 39,1 (31,2+46,1) | 40,3 (31,9+50,0) | 41,9 (35,8+48,9)
COKpallleHNi1 Ha YPOBHE KOJIEHHOTO

2 | 38,3(32,3+37,0) | 39,0 (31,1+47,1) | 33,2 (23,6+41,2) |30,7 (21,9+35,3)*

cycTaBa, %

CyMMapHasi MOII[HOCTb,
reHepupyemasi Ha ypoBHe
rOJIEHOCTOITHOTO cycraBa, W/kg

—_

1,46 (0,66+2,01)

1,17 (0,58%1,39)

1,66 (0,98:2,05)

2,39 (1,5122,75)

1,64 (1,05:2,13)

1,28 (0,71+1,83)

1,39 (0,99+1,63)

1,5 (0,93+1,66)*
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Tabmuua 5 (mpomosskeHue)

JIMHaMMKa OTOe/TbHbIX KUHEeTUUeCKUX ImapamMeTpoB

[Tapamer I'pymmma| o omepauunu locre oneparyy
P p py patt 1-2 roma 2-3roma 4-5 et

3(13(139KTVIBH9CTB MBbIIITEYHBIX 1 53,7 (44,1+63,7) | 48,4 (35,0:61,5) | 56,9 (48,9+64,9) | 61,1 (52,2+68,0)
COKpallleH!ii Ha YPOBHE
TOJIECHOCTOITHOTO CyCTaBa, % 2 52)2 (47,4_55,2) 4‘8»5 (41’2_57’7) 50)9 (42’4_59)8) 53)9 (49’2_63’2)
CyMMapHasi MOLIHOCTb PabOThI 1 4,64 (2,81+6,42) | 4,15(2,77+5,28) | 5,39 (3,59+7,36) | 6,26 (4,78+7,14)
MBILIL, HYDKHel KoHedHocTy, W/kg 2 6,08 (4,98+7,02) | 4,36 (3,11+6,31) | 5,22 (4,1+5,91) | 5,23 (3,93%7,1)
A dexTMBHOCTL CyMMapHOit 1 55,1(51,1+61,5) | 54,4 (50,5+58,3) | 53,5 (50,3+59,1) | 58,9 (57,7+60,2)
MOIITHOCTY PabOThI MBIIIIII,
HIOKHEH KOHEUHOCTH, % 2 | 54,9 (47,260,7) | 54,0 (49,7:58,2) | 52,9 (46,358,7) | 51,6 (46,357,2)
OyHKUMOHAbHAST ACUMMETPYSI 1 19,7 (12,9+25,7) | 14,6 (5,2+22,1) | 21,1(10,9+27,0) | 20,4 (11,6+28,9)
CYMMapHO# MOIITHOCTH paGOThI
MBIIIL, HVDKHE KOHeYHOCTH, % 2 18,3 (11,6+24,9) | 19,8 (8,6+24,2) | 12,2 (6,85+174) | 5,8 (4,67+7,85)*
@OYHKIMOHAIBLHAS aCUMMeTPUs 1 6,8 (2,2+9,7) 6,6 (4,5+8,7) 8,6 (6,3+10,7) 4,0 (2,3+3,9)
CYyMMapHO# 3G GeKTUBHOCTY PabOTbI
MBILIL] HYDKHel KoHedHocTH, % 2 10,9 (4,6+15,8) 7,3 (3,4+4,1) 7,95 (5,0+7,7) 4,4 (2,5%6,28)

*

HpumeuaHue: — [HOCTOBEPHbIC OTINYMA II0 KPUTEPUI0 MEXAY IpylIiaMu 1 n 2 Ha JaHHOM CpOKe CpaBHEHUS II0C/Ie OoIlepalum;
1— A0CTOBEPHbIE OTINYUS BHYTPU IaHHO TPYIIIIBI C IpeaorepauyMOHHbIM CPOKOM MCC/IeJOBaHMS.

MOSKHO BBIIENUTH HECKOJIBKO CYNIECTBEHHBIX KOHCTATaIVil. 3HAUMMOe MPEeBbILIEHNE TTOKa3aTeNeil CUIOBbIX
XapaKTePUCTUK JBIVDKEHMIT HA YPOBHE Ta306€JpeHHOTO CyCTaBa B IPpyIiie 2 10 MHOTOYPOBHEBBIX BMEIIaTeTbCTB
OTPa)kaloT TOMMHMPOBAHNME MMEHHO 3TUX JIOKOMOLMIT B TeHepaIMi XOabObl, B TOM BpeMs KaK poJib TOMI0-
IBEHHOM (HIeKCUM OCTaeTCsl CHIKEHHO. B rpymme 1 B mepuop OT ABYX JIET IOC/Ie OoIepaliuy OTMeUeH poCT
CUJTBI COKPAIIIeHM BBIMPIMIEHNS] HA BCEX YPOBHSAX GMOMEXaHMUYECKOI 11emy HUsKHEe KOHEYHOCTe, C MosB-
JIeHeM TOCTOBEPHBIX OTIINUNIL TT0 CPABHEHMIO C MTPeoNepalMOHHBIM YPOBHEM B IT€PHO], TIOC/IE YETHIPEX JIET.
B rpymrie 2 Ha ypoBHe pasruOaHus Ta300eIPeHHOr0 ¥ KOJIEHHOTO CYCTaBOB HOPMajIM30BaHHAs CMjIa MbIIIey-
HBIX COKpAIIeHMiT He OCTUTaIa TTPeAoNepaiMOHHOT0 YPOBHS HI Ha OTHOM CpoKe jseueHusi. OmHaKo Ha YPOBHe
rOJIEHOCTOITHOTO CYCTaBa B 06eux rpymnax HabIoaanu poCcT 3HaUeHit MOMEeHTa TIO/IONIBEHHO hiekcuu.

Bosiee meMOHCTpaTMBHbBIE OTAMYMS KAaCAIOTCSI CYMMapHO TeHepupyeMoi MOILIHOCTU cOKpaleHuii. I ecin
B Ilepuof, OAVMH—/1BA TOJa MOC/Ie onepanyy MOXXHO KOHCTaTMPOBaTh CHMKEHMEe 3HAaYeHUIT JaHHOTO MoKasa-
Tessl B 00eux TPyIIax 1o BCeM TpeM CycTaBaM, TO B OTJaJeHHOM Iepuofe OTMeUYeH POCT, IPeBbIIIAoIIi
MCXOJIHbIe 3HAUEHNSI, TOJIbKO B rpymIie 1. B rpyrre 2 poCcT cyMMapHO MOIITHOCTM He MpeBbIIIaeT MCXOAHbBIX
3HAUeHU 1)1 Ta306€IPEHHOTO U TOJIEHOCTOITHOTO CYCTaBOB, a JIJIs1 KOJIEHHOTO CYCTaBa CHYKEHME MOIITHOCTYU
pasrubaHyst HOCUT IOCTOSTHHBIN XapaKTep Ha BCeM Iepuofe HabMoae s, CTAaHOBSICh JOCTOBEPHO HIDKE 3Ha-
YeHMi1 rpymIsl 1 B mepuop 60iee YeThIpex JIeT.

OTMeTUM OTCYTCTBME CHIDKeHME 3P deKTMBHOCTY MOIIHOCTY COKpallleHuit B 06eux Tpymmax B repuos, Ha-
6/I0eHIS M YMeHbllleHMe 3HaueHu it acuMmMeTpun 3 GeKTUBHOCTY MOIIHOCTH 110 CPABHEHUIO C aCUMMeTPH-
el MoKasareyeil CyMMapHOi MOIIHOCTM B Kask[AbIil ITepUOJ, MCCAeIOBaHMSI i1 06eUX TPYIII, UTO OTPasKaeT
CUHepreTHyeckoe B3aMMOJeliCTBMe MbIIIL (COOMI0OeHNe TTpaBUIa «OITUMYMa MTOXOAKM») B YCIOBUSIX COXpa-
HeHMsI KOMIIeHCally I BUraTeIbHbIX HapylleHn [34].

PesynbTaThl U3yuyeHUsI AMHAMMUKMA CYMMapHO MOLTHOCTHU IBMKEHMT Ha YPOBHE KOJ@EHHBIX Y TOJIEHOCTOTTHBIX
CyCTaBOB MpeacTaBaeHbl Ha puc. 1 u 2.

3 7
25 608 A 6,26
25 ms 8 o 539
. 21 24 S ;
2 \‘.-_ )__—_.2'15 5 N - o o =] 5,23
“E-o___ Sehi6 5,22
1,89 1,69 4,64
1.5 1.7 4
1,56 415
1 T T T 3 T T T
no onepaumn  1-2 ropa 2-4 ropa 4-5 net po onepaumn  1-2 roga 2-4 ropa 4-5 net

=== rpynna 1 = <l= rpynna 2 === rpynna 1 =<ll= rpynna 2
Puc. 1. CpegHue 3HaueHUsI CYMMapHOJ MOLIHOCTHA
IBIKeHUIT Ha ypoBHe KosieHHOro cycraBa (W/kg)

B IIpoiiecce HAGIIOAeHMS

Puc. 2. CpepgHue 3Ha4eHNsI CYMMapHOM MOIIHOCTU
IBIDKEHUIT Ha ypOBHE TOJIEHOCTOIIHOTO CycTaBa
(W/kg) B mipoliecce HaGTIOIEHNS
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HakoHell, OTAebHO OTMETUM BBICOKYIO MO3UTUBHYIO KOPPEJISIIMIO B IpyIlne 1 MeXAy ITOKa3aTeasIMU «aM-
IUINTyOa pasrubadust KojeHa B OINOPHYIO ¢dasy» M «cwia pasrubaHusi KOJEHHOIO CyCTaBa» B IIEPUOLIbI
IIBa—TPY TOA U YeTbIpe—TIsITh JieT: KoadduumenT Crupmera — 0,600 u 0,691 cooTBeTCcTBeHHO. [IJis MMapsl
«aMIUIUTYOa pasTubaHus KojleHa B OMOpHYIO0 Gasy» u «3(hdeKTUBHOCTb reHepalyy MOITHOCTY pa3TubaHms
KojieHHOro cycraBa», — = 0,501 u r=0,483 cOOTBETCTBEHHO. DTO COOTBETCTBYET AOCTATOUHBIM (DYHKIIMO-
HaJIbHBIM BO3MOYKHOCTSIM PasrmOaTesbHO GYHKIVM KOHEUYHOCTH. B rpymre 2 KoahduineHTbl KOppensinm
IAHHbBIX IMap [oKasaTeseil B Iepyuoj ABa—TPy rofa Iocje orepamyy MpeBpamaoTcs ¢ MOI0KUTEIbHBIX 3HA-
yennit (r= 0,115 u r=0,430) B orpuriatenbHeie (r=-0,592 u r=-0,370), 4TO OTpakaeT CHUKEHUE YCUIUI
" uX 3OGEKRTUBHOCTY IJIs1 pasrMbaHus KOJIEHHOTO CyCTaBa B OMOPHYIO a3y Mpy yBeJIMUEHUM aMIUIATYIbI
crubaHms KOJIEHHOTO CycTaBa. IME@HHO B 9TOT MOMEHT yBeIndyeHe CrubaHs B Ta300eIpeHHOM CyCTaBe CTa-
HOBUTCSI KOMIIEHCATOPHBIM MEXaHM3MOM IIPY Hauaje JeKOMIIeHCAIIMY B3aMOCBSI3aHHO ITapHOi MYHKIUN
«pasrmbaHye KOJIeHa» U «IIOJOIIBeHHAS (JIEKCUSI».

Cpe[i TOTTOJTHUTENIbHBIX OTepalliii, BHIMOJTHEHHbIX Ha MTPOTSDKEHNUY ITeproa HabIIoaeHs, OTMETUM AeBSITh
(18 %) cyuaeB B rpyrine 1, rae MpoM3BOIMIN B Pa3IMUHbBIX COUETAHUSIX CJIEIYIOIIVe 3JIeMeHThI:

— MOBTOPHbBIE YIIMHEHMS TPULIeTica rojieHu (n = 2);

— TeHOJe3bl 3a/IHel 60JbIIe6epIOBOI MBIIIIEI (1 = 3);
— peKOHCTpyKuud cronsl 1o Evans (n = 2);

— YIJIMHEHUS] IPUBOISIIIMUX MBILIILBI (1 = 4);

— HU3BeJeHMe HaIKOJIeHHUKOB (n = 1);

— KOppEeKIMSI TOPCUOHHBIX nedhopMalinit 6emep (n = 3).

B rpyrime 2 y ueThIpex ManyeHTOB BbITIOIHSIIN CIeAYIOIIVe 3JIeMeHThI OTIepalinii:

— TapaHHO-JIaAbeBUOHbIE apTPOLE3bI (N = 3);
— TeHOe3bl 3aIHNUX 6OJIbIIe6epIIOBbIX MbIIIII (1 = 3);
— KOppeKLMsI TOPCUOHHBIX nedhopMaiinii 6emep (n = 1).

B 6onbimHCTBE C/IydaeB Bblllle YIIOMSHYTbI€ JOIIOJIHUTE/IbHbIE BMellaTe/IbCTBa COUeTaIMCh C IIVIAaHOBBIM yaad-
JIeHeM MaTepraioB OCTeOCHMHTe3a.

OBCY>XIEHUE

MHOroypoBHEBbIE OPTOIEANYECKNe NBYCTOPOHHME BMEIIaTe/NbCTBA Y AeTeli CO CIacTU4YeCcKol OUILIernen,
CITOCOGHBIX K CAMOCTOSITEIbHOV XOAb0e (CO BCIIOMOraTeIbHbIMM CpeIcTBaMy Wiy 6e3 HiX), 060CHOBaHbI Cl-
CTEMHBIM XapaKTePOM MOpakeHMsI, GIM3KMMM 110 BpeMeHY BO3SHUMKHOBEHUS MCTUHHBIMY OPTOIeINYeCKMM
OCJIOKHEHUSIMM (KOHTPAKTypaMu, KOCTHbIMM AedhOopMaLsIMy, BIBUXaMV/TIOABbIBUXY) U €IVMHBIM peabun-
TallMOHHBIM TtepuonoM [17, 33-35]. G. Baird et al. mokasanu BbICOKYIO 3aBUCHMMOCTb MEXKIY ITOTepei JOCTUT-
HYTBIX XapaKTePUCTUK TTOXOOKN U Pa3BUTHEM OpTomeandeckux gebopmannii [5].

H.K. Graham et al. [6] BbIIenSIIOT ABa lepuoAa, COBMALAIOIIMX 110 Bo3pacty (4-12 jeT), Korga opTonenyveckast
XUPYPrUsl CTAHOBUTCS TIPABOMEPHOI : epuoj; KOHTPAKTyp M Mepuoj, KOCTHBIX Aedopmaninii. B atu nepuops
XUPYPrUsi HOCUT PEKOHCTPYKTUBHBIN XapaKTep, BO3MOXKHO BOCCTAHOBJIEHME aHATOMMYECKMX TapaMeTpOB
OIOPHO—BUTaTeIbHOTIO allrapaTa 6e3 BhIITOJHEHMS 3JIEMEHTOB Ma/UIMaTUBHOIO BMeLIaTeIbCTBA (ApTPOAE30B).

OTnenbHO OOpaTUM BHMMAaHMeE, UTO A0 BO3SHMKHOBEHMSI OPTONEAMUECKUX OCIOKHEHWI YCUITUSI B JIEUEeHUN
nanyeHToB ¢ LTI HammpaB/ieHbl Ha pa3BUTHE COOCTBEHHBIX MBUTATEIbHBIX BO3MOXKHOCTENM ITyTeM KOMOVHM-
POBAaHHOTO MpUMEeHeHMs] (GU3NUECKOi Teparnuu [3], KOHTPOS CIIACTUYHOCTY, BKIOUAS] GOTYIMHOTEPATTUIO
U CeJeKTUBHYIO JOPCATbHYI0 PU3OTOMMUIO [36, 37], KOHCEPBATMBHBIX METOAOB MPeNOTBPAleHNsI KOHTPaK-
Typ [38]. HeobocHOBaHHOE TpEXIeBPEMEHHOE OPTOIeAMYecKoe BMEIIaTeTbCTBO Ha HEPeTParnpoBaHHbBIX
MBIIIIAX, AaXkKe YBeJIMUMBAs MAaCCUBHYIO aMIUIUTYAY IBVMKEHUI B CyCTaBaX, BeAeT K UX Ype3MepHOMY OcJia-
OJIeHUIO, UTO TPOSIBJIIETCS paHHel QYHKIIMOHATbHONM JeKoMIIeHCcalyeil M pasBUTUEM SITPOTEHHOTO crouch
gait. OcoO6eHHOCTBIO SITPOTEHHOTO crouch gait SIBIIeTCS ero paHHee B BO3PACTHOM acIleKTe BOSHMKHOBEHNE,
Iaske IpY OTCYTCTBUY TOPCUOHHBIX Aedopmarmii [24, 31].

MHOroypoBHeBbIE BMEIATEIbCTBA OOBIUHO [IJIST TOCTVKEHMSI CTAOMIBHOTO pe3y/bTaTa onepanyuy IpoOBOAST
B Bo3pacre 11-15 sier (moce my6epraTHOTO ycKopeHus pocta) [8, 17, 39, 40]. OmHaKO aBTOPbI OTMEYAIOT,
YTO y JeTeii crapiie 12 jieT 4acTo yke HeBO3MOXKHO JOCTUYD MTOJHOLIEHHOTO aHATOMUYEeCKOTO BOCCTAaHOB-
JIEHUSI CTPYKTYP ¥ B3aMMOOTHOIIIEHUI MeXy CeTMeHTaMU KOHEUHOCTel, MPOMOPLVSIMY MBIIII, ¥ HepeaKo
eIVHCTBEHHBIM pellleH/eM OCTaeTCsl Ma/UIMaTMBHAsI OpToIequueckasi Xupyprus mnpu crouch gait [6]. B Ha-
cTosITee BpeMsi CyIeCTBYIOT ITPOTMBOpeUBbie peKOMeH Al OTHOCUTEbHO ONTUMAaIbHOI'O BO3pacTa Ia-
IIMEHTOB JIJISI BBITIOJTHEHNSI PEKOHCTPYKTUBHBIX OPTOIEAMUECKMX BMeIIaTeabCTB [3, 41, 42]. M. Svehlik et al.
paccMaTpMBaIOT MybepTaTHOE YCKOPEHMe POCTa HISKHMUX KOHEYHOCTEl Kak (haKTop AeKOMIIeHCAIlMM IBUTa-
TebHbIX BO3MOKHOCTE 1 pa3BUTHS TaTTepHa crouch gait [18].
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BrlronHeHMe opToneIuuecKkux orepanui B paHHeM BO3pacTe [0 IIperyoepTaTHOTO YCKOPEHUS pOoCTa y eTe
¢ OUTII I-1IIT ypoBHeit GMFCS HaxonuT CBOM IOKa3aHUs IIPU PaHHEM Pa3BUTUM OPTOIIeINYECKUX OCIOKHEe-
Huit JLIT (KOHTPaKTyphl FO€HOCTOITHOTO CYCTaBa, KOJIEHHOTO CYCTaBa, fedopMaluu CTOI, TOPCMOHHBIE Je-
dbopmaruin), HeraTUBHO BJIMSIONIVMX HA MPOBEJEHME PeabMINTAIIMOHHBIX MEPOIPUITUIL, OPTe3UPOBAHUS,
CHIDKAIOIIVX IBUTATENIbHbIE BO3MOXHOCTM pebeHka. CpeHMiT BO3PACT BLITIOTHEHNSI PAHHUX BMEIaTelbCTB
B DPa3IMYHBIX cepusix ObLT: miecTs et [40], 6,4 [43], 8,6 [6], 9,7 [44]. VIMeHHO B niepuof, OT YeThIpex fo 12 neT
TIPOMCXOIUT MOCTEIIeHHOEe YMeHbIlIeHe 00beMa IBVSKEHNIT B CyCTaBax ¥ BO3PACTaeT POJIb PETPAKIIUM MBIIIII]
110 CPAaBHEHUIO CO CIACTUYHOCTDIO, YPOBEHb KOTOPOI MOCTeNIeHHO cHIKaeTcs [6]. G. Hagglund u P. Wagner
BBISIBUIIN, UTO 47 % meTeli B Bo3pacTe yeTbipex jieT umMenn I1-1V ypoBeHb CITaCTMYHOCTY MKPOHOXKHO MBIIIIIIbI
o Modified Ashworth Scale [45]. OgHako TonbKO 23 % meTeit B Bo3pacTe 12 jeT umenn MpeXXHU ypoOBeHb
CITAaCTUYHOCTM.

B HameM ucciie[oBaHUY MOKa3aHMs K MHOTOYPOBHEBBIM BMeINIATEbCTBAM O6YC/IOBIEHbI KaK PAHHUM pas-
BUTMEM MCTUHHBIX OpTOIeAuyeckux ociokHeHuit LI, Tak ¥ HeraTMBHBIM BIAMSIHMEM M30JMPOBaHHBIX
VIJIMHEHWI aXUIIOBBIX CYXOXKIUJIUIA MIU TaK Ha3bIBA€MbIX «MaJIOMHBA3MBHBIX» PAHHUX BMEIATeIbCTB, 060-
3HavYaeMbIX Kak (pMOPOMMUOTOMMM, HETATUBHBIN 3(PGHEKT KOTOPhIX OOBSICHSIETCS 3HAUMMBIM OCIab/IeHueM
CUJTBI IOAONIBEHHBIX CTMOATEIelt CTOMBI IIPY YBETMYEHUY aMIUTATY/IbI TaCCUBHO ThUTbHOM diercuu [24, 31].

[TonoxkuTeNbHOE BAMSIHME MHOTOYPOBHEBBIX BMeIIATeIbCTB HAa KMHeMaTUuecKue U KMHeTHUUecKue rapa-
MEeTPBbI TTOXOAKM OIMMCAHO MHOTMMM aBTOpaMu. KioueBbiMu 3¢ dekTamMu B OisKaiiieM 1 CpegHecpOdYHOM
MOC/Ie0TNePAIIOHHBIX TTepUOAaX SIBJISIOTCS YBEIMUEHNS IJIMHBI IlIara, CKOPOCTY XOObObI M pasrubaHus Ko-
JIEHHOTO CyCTaBa B OINOPHYIO (a3y, a Takke yMeHbIIeH)e HaKJIOHA Ta3a, HOpMalM3alusl W/ Wi yayulie-
HMe KMHEMaTUKM CTOIThI B KaKIOM MOMeHTe IIMKiaa mara. E. Rutz et al. ormeualtor nsmenenue GPS c 20,7°
o 11,1° (Ha 47 %) B CTOPOHY HOpManu3aluuu MOXOAKHM B TIEPUOZ, OT OGHOTO JI0 TPeX JIeT rocie onepaiuu [17].
T. Dreher et al. KOHCTATUPYIOT COXpaHEHMe B OTHAJIEHHOM Tepuome y 77 % manyeHToB (177 manueHTOB
13 231) 3HAUMMO YIYUYLIEHHOTO MHTErpaibHOTO MoKa3aTesist GPS 1 omHOBpeMeHHO CHIbKeHMe 3HaueHunii GPS
B O/IVDKAIIIMIA TOA, TOC/Ie MHOTOYPOBHEBBIX BMEIIATENbCTB [7].

MHorue uccaenoBaTeny CXOASITCS BO MHEHMM, UTO TIEPMOJ, COXpaHEeHUs TONOXKUTeNnbHOro addexra MHOro-
YPOBHEBBIX BMeIaTelbCTB JocTaTouHO npopomkuteneH. E.M. Godwin et al. [40], P. Thomason et al. [44]
u T. Terjesen [8] onMCbIBAIOT COXpaHeHME MOIOXKUTeIbHOro adexra Ha MapaMeTphbl MOXOIKYM U B LI€JI0OM
Ha (QYHKIIMOHANBHBIN pe3ynbrat y getelt [I-111 ypoBHeit GMFCS uepes MsTh JieT Mocie ABYCTOPOHHETO BMe-
IaTexbCTBa. B MyIbTUIIEHTPOBOM peTpocrnekTuBHOM uccienoBanuu T. Dreher et al. mokasanu coxpaHeHue
JOCTUTHYTBIX YIyUIIEHHbIX KMHEMaTUUeCKUX [IapaMeTPOB uepes NeBsITh JIeT M10c/e MHOTOYDOBHEBbLIX BMe-
IIaTe/bCTB, KOTZAa BO3PacCT NalXeHTOB [IpY IPOBeleHUY IT0C/IeHEr0 MHCTPYMEHTAIbHOTO UCC/IeOBaHMSI 110-
xopku 6611 19 et 8 mec. [7].

Haiiiu pe3ynbTaThl CXOHBI C pe3yJibTaTaMU BbIIlIe TpeACTaBIeHHbIX UCCIef0BaHuil. OpToneanuyeckue Xupyp-
rMYecKkye BMeNlaTeIbCTBa MO3BOMIMIN B 00eMX TPYIIax YIYYLIIUTb 3HAUeHUsT aMIUTUTYI, IBVOKEHUI BO BCeX
TIJIOCKOCTSIX Ha MIPOTSIKEHMM BCETO Tepyroa Hab/omeHs . BaXkHO OTMETUTD, YTO BpeMeHHOe YXYAIIeHe K-
HeMaTH4yeCcKux rmapaMeTpoB IT0c/ie oriepaly B Iepuof, OJJHOTO—/ABYX JIeT COTTPOBOKIAIOCH B IOCIeAYI0IeM
MPOTrPEeCCUBHBIM YIyUllleHVeM B CTOPOHY HOpMas3aluu. Pasnuunsi Mexay rpyInamMu BbIsSIBI€HbI uepes ue-
THIPe—TISITh JIET II0C/Ie OIepalyi, KOTaa B TpyIe 2 paHee KOMIIPOMETHPOBAHHAS MOAOIIBeHHasT (QIeKCust
MpOsIB/ISieTCSl B 3HAUMMOM yBenudeHuun GPS, coueTaroummcst CO CHMsKEHMEM CKOPOCTU TMOXOIKU U YBeJ-
yenueM MMT. B HalieMm uccaeqoBaHMM Mbl JIMIIb 3aMeTU/IM KOPPEISLMI0 MeXAY OaHHBIMM [MapaMeTpamu
6e3 yCTaHOBJIEHUS ITPUUMHHO—C/IeICTBEHHBIX CBSI3ei: 3aTpyaHeHVe OBVSKeHUI Be[leT K CHYKEHMIO CKOPOCTU
XOABbOBI U YBEJIMUEHUIO MACChI Tela MM Ha060poT. OTMETUM U 3HAUMMOe OrpaHuYeHe MaKCMMaIbHOTO pa3-
rubanus 6empa B TPyIIIe 2, MHTePIIPeTalisl 9TOTO HAaGMIOAe s IIpecTaBIeHa B YaCTy 00CYKIeHUsT KMHEeT -
YyeCcKMX rapaMeTpoB.

ABTOpBI y6IMKAIINIT OTMEYAIOT HEO6XOAVIMOCTD BBITIOTHEHWS OTETbHBIX TOTIONHUTENIbHBIX OTlepaluii (He-
PelKo B COYETaHMM C YOATEHUEM MaTepuaaa OCTEOCHHTE3a) ISl COXPAaHEeHUS Pe3y/bTaTa MePBUUYHOTO BMe-
matenbcTBa: T. Dreher et al [7] — B 39 % cryuaes, T. Tejersen et al. [8] — B 48,3 %, E. Rutz et al. — B 64,3 % [17].
IIpy 5TOM He BBISIBJIEHO CTATUCTUYECKM 3HAYVMOIi CBSI3M MEXKAY YaCTOTO TOTIONHUTEIbHBIX BMELIATelbCTB
U rapameTpamMu 1ona, ypoHeM GMFCS, npenpiaymymMy orepaTuBHbIMM BMEIIATeTbCTBAMM, BO3PACTOM BbI-
MOTHEHMsI OTlepalMi. B Haleii cepuy yacTora BBINIOTHEHMS He3aIVIaHMPOBAHHBIX OIlepalyii, HalpaBieH-
HBIX Ha COXpaHEeHMs Pe3y/IbTaTOB MEPBUYHOTO BMEIIATeIbCTBA, COMTOCTABMMA C JAHHBIMU JIUTEPATYPHI.

CrpaTerusi KOMIIEKCHOTO JieueHus TanyeHToB ¢ LTI mocTpoeHa Kak Ha pa3BUTUM BUTATETbHBIX HABbBI-
KOB, QYHKIINIA, YIyUIIeHNS TTapaMeTPOB MTOXOAKM, TaK ¥ Ha MPeAOTBPAIEHUM BTOPUUHBIX OPTOIEANIECKUAX
OCJIOKHEHM, BKJTIOUAst XOAb0Y C COTHYThIMM KoJleHHbIMM cycTaBamu (flexed—knee gait), uTo siByisieTcst mpe;i-
BECTHMKOM TaTTepHa crouch knee gait, mpy KOTOPOM PEKOHCTPYKTMBHOE jieueHue HeBO3MOXKHO [3, 6, 10].
Bornee Toro, MeHHO pa3BUTHeE WK HEPA3BUTHE JAHHOTO MATTepHA CUUTAeTCs] KputeprieM 3P heKTUBHOCTU
[IPOBOAVIMOTO JieueHus [7, 8].
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Knmumanuyeckue ucciaenoBaHms

ITosTomy MBI 1 paccMaTpuBaeM pe3y/abTaThl MMEHHO C TOYKM 3peHMS BbISIBIeHNS PAHHUX IIPU3HAKOB IeKOM-
neHcanuu pasrubaTenbHOM GYHKIUYM B OTHATeHHOM Iepuojie Toc/ie ONIepaTUBHOTO JeueH s, BBIHY)KIeHHO
NIpOBeeHHOro B paHHeM Bo3pacte y neteli ¢ ATT I-1II ypoBHeit GMFCS. BasxkHO noguepKHYTb NPUHLIUIIN-
ajJIbHOe ITOJIOXKeHMe O TOM, UTO Y/Iy4llleHle JBUraTe/IbHbIX BO3MOXKHOCTeI M IapaMeTPOB IIOXOOKM He BIusIeT
Ha ypoBeHb GMFCS, 06yc0BIeHHbI cTaTi4yeckoii sHIedanonaTmei [46].

Cornacumcs ¢ mHeHMeM W. Hua et al. 0 HegocTaTKe MCC/Ie0BaHMiA, CTOJb Ke ITOJIHO OTPaskKaloUMX OYMHAMMU-
Ky KMUHeTHYeCKMX ITapaMeTPOB ITOXOAKM ITOC/Ie OIepaTMBHOIO BMeIIaTeIbCTBA, KaK M IMHAMUKY KMHEeMaTy -
YeCKMX MaHHBIX [47], Ipu TOM, 4TO 3 (PEKTUBHOCTh SHEPreTMYeCKMUX PacXOlloB JJiS reHepaluuy IBVDKeHU
y meteit ¢ JUII Huske Ha 28 %, ueM y 340pPOBBIX CBepCTHMKOB. VccinemoBanme S.Van Rossom et al. mop-
TBepKIaeT, YTO MHOTOYPOBHEBble BMeIIaTeJbCTBa YIYUIIAIOT KMHeMaTuyeckue napaMeTpbl, HOpMaIn3y-
10T MOMEHTbI CUJIbI HA YPOBHE BOBJIEUEHHBIX CYCTAaBOB U YJIYUIIAIOT apaMeTpbl TeHepupyemMoii MOIITHOCTU
IBIDKeHMI [48]. YuuThIBasi eCTeCTBEHHYIO SBOJIIOLMIO ABUTATe/NbHbIX HapylIeHMI1 B HallpaBJIeHUM NaTTep-
Ha crouch gait [6, 9, 10], compoBokaaroierocs: KpaiHeii HeaPGHEeKTUBHOCTHIO SHEPTO0OeCIeYeHNsT TOX0 -
KU, TIPY BBITIOJTHEHUY OPTOIEANYECKMX BMEIIATeIbCTB U MPOBEIEeHNY TTOCIeAYIOIIEero peabuInTaliOHHOTO
JledeHust He06X0IMO BbIOMPATh METO/IbI, PEMSATCTBYIONIME TAKOMY Pa3BUTUIO IBUTATEIbHBIX HaPYIIEHMIA.
OueBUIHBIM MPEIUKTOPOM JAHHOV HEOJaronpusTHONM 3BOMIOLMM, KaK oueBUIHO mokasanu G. Pilloni et al,
SIBJISIETCSI XUPYPTUUECKOoe 0cabeHue MOIOMIBEHHbBIX CrubaTesieii, py 3TOM IMEePBBIM ITPU3HAKOM SIBJISIETCS
yBeIMUeHne MUHMMAIbHOTO CTMOaHMsI KOJIEHHOTO CyCTaBa B OTIOPHYIO a3y [24].

Hamy pesynbTaThl MOATBEPKIAIOT MOJMOKEHME 00 YAYUIIeHUY KMHETHMUEeCKUX MMapaMeTPOB IOXOAKMU ITOC/Ie
MHOTOYPOBHEBbBIX BMEIIATE/IbCTB y MAllMeHTOB, KOTOPLIM paHee He TPOBOAVIIM OTlepaTUBHbIE BMEIIaTe/IbCTBA:
YBEJIMUMBAIOTCS HOPMa/IX30BaHHbIe TTOKA3aTeI MOMEHTOB Pa3rmbaHust Ta3006epeHHbIX, KOJIEHHbIX, TOJIEHO-
CTOMHBIX CYyCTaBOB, UTO COMPOBOXKIAETCSI yBeIMUYeHeM CyMMapHO¥ MOIHOCTH, TeHepupyeMoii Ha ypOBHe
IlAaHHBIX CYCTaBOB. B MTOre B OTHA/JIEeHHOM Iepuofe CyMMapHasi MOIIIHOCTDb ITpeBbIIaeT UCXOAHbIV YPOBEHbD,
He Tepsst cBoelt 3G beKTUBHOCTM. B TO ke BpeMsl y MalMeHTOB I0C/Ie PaHHUX YIJIMHEHUI TPUIIeIica roJeHn
MBI OTMeUasIM MTPOrpPecCMBHOE CHIKEHVE CUITbI Pa3ribaTeTbHbIX IBVDKEHMIT HA YPOBHE KOJIEHHOTO U Ta3o6e-
IPEHHOTO CYCTaBOB, Iaske IIPY ITPOrPeCcCUPYIONIEM YBeIMUEHUY CUITbI TIONOIIBEHHOI (uekcun. B pesynbraTe
CyMMapHasi reHepupyeMasi MOLHOCTb Ha YPOBHE KOJIEHHOTO U TOJIEHOCTOITHOTO CyCTaBOB B Ipyrire 1 gocTo-
BEPHO BbIIIe, ueM B rpyrme 2. Kak u g5 3Hauennit GPS B mepuop, Hab/IomeH sl OOMH—/IBa rofa Iocjie onepa-
UMY Y TIALMEHTOB 00eMX I'PYIII MPOMCXOIUT CHIDKEHNME KMHEeMAaTUUeCKUX MapaMeTpoB. BaskHbIM OTIMUYMEM
SIBJISIETCSI U TO, UYTO eC/IU B rpyIine 1 uepe3 yeThIpe—ISITh JIET MMOC/Ie orepanyuy CymMMapHasi MOUTHOCTb Bblllie
MpefonepalMOHHON, TO B TPyIINe 2 OHA TakK U He AOCTUTaeT MpelonepaloHHbIX 3HaueHnit. OTMeTuM U npe-
IOUKTOP PasBUTHSI HEIOCTATOUHOCTY pasrubaTebHOro ammapara (qedbunuT pasrubanus 6empa B coueTaHUU
M30BITOYHBIM HAKJIOHOM Ta3a B CAaTUTTAIbHON IJIOCKOCTY), BISIBJIEHHbBIV B HAIIeM MCCAeIOBAaHUM U UHTEP-
TpeTupyeMbiii KaK KOMIIEHCATOPHBI MeXaHM3M CMelleHMsI IleHTpa Macc Krepeau OT OCU IBUXKeHMI KOleH-
HOTO cycTaBa. TeM He MeHee, TOJIOKUTEIbHBIN 3(PHEKT OT OMepaTMBHOIO BMEIIATeIbCTBA B 06€MX IPYIIIax
CXOXK ¥ 3aK/TIOYAETCS B YMEHBIIEHUM aCUMMETPUM CYMMapHOii 9P GheKTMBHOCTY OTHOCUTETLHO aCIMMEeTPUN
CYMMapHOJ MOITHOCTY. OIMHAKO 3TOT0 HEJAOCTATOYHO JJIST COXPaHEHMS CTAOMIbHOCTY PEe3yabTaTOB JIEUEHNUSI
TIPU TIPePACIIONOKEHHOCTH TAI[MEeHTOB K PA3BUTHIO SITPOTeHHOTO MaTTepHa crouch gait (rpymma 2).

OI‘paHI/I‘IEHI/IH Halaero MccjaeaqoBaHMs 3aKII0YAI0TCA B peTPOCIIEKTMBHOM XapaKTepe aHa/In3a M CPaBHUTE/Ib-
HO He6O0JIbIIOM KOJIMUYEeCTBOM MMalilMe€HTOB B I'PYIIIe 2. Ins TIOJIYy4E€HMA MCUEPIIBIBAIOIIET0 3aK/ITI0UYEHMA 006 3(1)-
Cl)eKTe MHOT'OYPOBHEBBIX BMEIIaTe/IbCTB, BIIIOJIHEHHBIX Y IeTeii B BO3pacTe oo HDEHYGepTaTHOI‘O YCKOpEHNA
pocra, HEOGXO,I[I/IMO MmpocCieanuTb AMHAMMUKY KMHEMATUUECKUX M KMHETUYECKMX MAHHbIX OO 3aBepIIeHMS
€CTeCTBEHHOro pocCTa.

3AKJIIOYEHUE

OpTOHe,ZU/I‘lECKI/Ie MHOT'OYPOBHEBbBIE OIl€epaliy, BbIIIOJTHEHHDbIE Y neTeii o MMOBOAY OPTOIIEeAMYECKUX OCITOXK-
HeHIi1 B BO3pacCTe oo npeny6epTaTHoro YCKOpEeHMs pOoCTa, SABJISAIOTCSA 3(1)(1)GKTI/IBHBIMI/I C TOYKM 3PDEHUA YITy4-
IIeHNsI KMHEMAaTU4YeCKIMX IMapaMeTpoB, COIIPOBOXXAOAKMINXCI PA3BUTNEM CIDYHKL[I/IOHHJ'[beIX BO3MOXXHOCTEI
" yBeJInueHnem CUJJIOBbIX XapaKTepPUCTUK IBVKEeHUI TOBKO y neTeﬁ, KOTOPBIM paHHME BMellaTe/JIbCTBa Y-
JIMHEHUST aXMJUIOBA CYXOXKUIINS MJIN YPECKOXXHbIE (b]/[6pOMI/IOTOMI/II/I He IIPOBOOMJIN. PEBYHBTaT OCTaeTcd CTa-
OMIbHBIM Ha MPOTSDKEHUM YeThbIPpeX—ITATHU JIET I10CJIe OoInepauun.

Vi30mpoBaHHOE YIJIMHEHMEe axXUIIOBIX CYXOKVINIA, UM UPeCcKOsKHbIe pUOPOTOMMUM, BBITIOJTHEHHbBIE B paH-
HeM BO3pacTe, MPeNsITCTBYIOT YIyUIlIeHUIO U Pa3BUTUIO MbIIIEUHOTO arnapaTa HDKHUX KOHEUHOCTeI, yBe-
JIMYEHNIO MOMEHTOB CVJI ¥ MOIITHOCTY COKpAaIIeHNt MBIIIIL B OTHAJIeHHOM ITepuoie HabMIoaeHNs, faxke ecin
MHOTOYPOBHEBBIMM BMeIllaTe/IbCTBAMM YCTPAHEHbI KOCTHbIE JedopMaliy ¥ KOHTPAKTYyPbl KOJIEHHOTO U Ta-
300eApeHHOr0 CyCTaBoOB. B rpymme ¢hbubpoTOMMil 1 paHHUX M30MPOBAHHBIX YIJIMHEHU aXVIIOBBIX CYyXO-
SKWJINTA Yyepe3 ueThIpe—TISiTh JIET ITOIe MHOTOYPOBHEBBIX ONepaluii yxyaiaoTcs nokasaten GPS, ckopoctu
MOXOIKM U yBennuuBaetcst UMT.
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Knunanuyeckue ucciegoBaHms

OrpaHnyeHue pas3rubanusi 6eapa ¢ yBeayueHHbIM HaKJIOHOM Ta3a B CarMTTaJbHOM IJIOCKOCTY B OTIOPHYIO
(hasy gaBsieTcs] KOMIIEHCATOPHBIM MEXaHM3MOM JIeUIuTa CUIbl pasTubaHuss KOJIEHHOTO CYCTaBa U MOXET
CITYKUTD IPeIMKTOPOM Pa3BUTUSI IaTTepHa crouch gait.

Kongnukm unmepecos He 3as6JieH.
Hcmounuk ¢unancuposanus He 3as6eH.

Amuueckas 3xkcnepmu3a. Ha nposederue ucciedosaruti nonyueHo paspeuieHue komumema no amuxke HMHIL] TO umeHu aka-
demuxa I''A. Unu3saposa.

Hugopmuposanmoe coznacue. Podumenu yuacmeosaswiux 8 uccnedosaruu demeti npucymcmeosanu npu e2o npogedeHul,
noomeepxdanu uHpoOpMuUposanHoe cozadacue Ha NYGIUKAYUIO Pe3ybmamog ucciedosaHuii 6e3 udeHmugpukayuu ULHOCMu.
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AHHOTausa

BBegenne. AHaM3 OXOAKM SIBJISIETCS O6beKTYBHBIM MHCTPYMEHTOM OII€HKY Pe3y/IbTaTOB JieueHMs U QYHK-
LIV KOCTHO-MBIIIEUHOV CUCTEMBI Y TAllMeHTOB C OPTOIeINYeCKOl MaToNnoTHe . BayKHbIM BOIIPOCOM SIBJISIETCSI
3arac MpOYHOCTM KOMIIEHCATOPHBIX MEXaHU3MOB U TOSIBJIEHME YCTaJIOCTHOTO KOMIIOHEHTA TIPY MOBTOPHBIX
M3MepEeHMSIX, KOTOPBI 3aBUCUT OT KIIMHMUECKON CUTYaLIN.

Iless pa6oThl — paspabOTaTh METOIOIOTMIO OLIEHKIM XOAbObI [IJIsT BBISIBJIEHMS YCTAJIOCTHBIX U TeKOMITeHca-
TOPHBIX MEXaHM3MOB OITOPHO-IBUTATEIbHOI CUCTEMBI Y O0JIBHBIX KOKCAPTPO30M, B TOM UMCIIe TIPU HAJTUIUU
SHIOIPOTEe3a Ta300eIPEHHOTO CYCTaBa Ha KOHTpaIaTepabHOV KOHEYHOCTH.

Marepuansl M MeToAbl. B wucuiegoBaHme BKIOUeH 41 mauueHT ¢ Kokcaprpo3om III-IV cragum
o Kellgren — Lawrence. TTapameTpsl Xoqb0bl OLleHMBAIM C MOMOIIbI0 TpeHakepa «Ctaguc-CTam» U MATu
MHepLuanbHbIX ceHCcopoB «Heitpocenc» (OO0 «HeiipocodTt», iBaHOBO, Poccust), pukcupyoumx mpocTpaH-
CTBEHHO-BpPEMEHHbIE ¥ KMHeMaTuyecKye XapaKTepPUCTMKM ABIDKEHUII B ITOSICHUYHO-KPEeCTLOBOM OT[e-
Jie, Ta300eIpeHHBIX U KOJIEHHBIX CyCTaBaX, CMHXPOHM3MPOBAHHBIX C IIMKIOM Iara. [TaieHTsl pasmesieHbl
Ha JIBe I'PYIIITBI TI0 MIPOTOKOJY OII€HKY MTapaMeTpPOB XOAb0bI: Tpymma 1 (n = 26) — Tpu CepuUM I10 IBE MUHYThI
¢ mepepsiBOM He MeHee 20 MMHYT; rpymia 2 (n = 15) — Tpu cepuu 110 IBe MUHYTHI 6e3 mepepbiBa, BCETO —
1IeCTb MUHYT.

PesynbTaThl. Hamnune otapixa He MeHee 20 MMHYT JOCTaTOYHO [IJIST BOCIIPOM3BEIEHNS MCXOMHbBIX TTapaMe-
TPOB X0abObI. [TapaMeTpbl XOAb0bI (Ppa3a MaKCUMMaTbHOTO CrMOAHMS, IEPUO, OTTOPBI M aMIUIATYIA IBUKe-
HMIT) MOTYT CIYSKUTb MapKepaMy paHHel AMArHOCTUKYM YCTAJIOCTHBIX M JEeKOMIIEHCATOPHBIX MEXaHM3MOB.
Hanmmume sugomnpoTtesa tazobenpenHoro cycrasa (TBC) Ha KOHTpajaTepaJbHOM CTOPOHE CYIIeCTBEHHO BJIN-
sieT Ha MapameTpbl XOIbOBbI.

06cykaeHue. HoBbie MeTOMbI OLIEHKM XOIbObI 6€3 IepepbIBOB MTO3BOJISIOT BISIBISITh OCOOEHHOCTY TEKOM-
TeHCAlMM ¥ YCTAJOCTHBIX MPOLIECCOB Y MAalMEHTOB C KOKCAPTPO30M. YMEHbIIEHNEe aMIUIUTYIbl JBUKEHUIA
MIPY KPAaTKOBPEMEHHOJ Harpy3Ke CBUAETENbCTBYET O POCTE YCTAIOCTHBIX MIPOLIECCOB AaXe 3a KOPOTKOe Bpe-
M (IIeCTb MUHYT).

3akmoueHue. PazpaboTaHHass MeTOHOJIOTHS TIO3BOJISIET BBISBIISITh YCTAJIOCTHBIE U JeKOMIIEHCATOPHbIE Me-
XaHM3MbI OTIOPHO-IBUTATEIbHOM CUCTEMBI Y MAlIEHTOB C KOKCAPTPO30M, B TOM YMC/Ie MPU HATUUUU H-
morporesa TBC, 4To crioco6CTBYeT paHHeN OMAarHOCTMKE M TOBBIMIEHNI0 3(PGeKTMBHOCTY MOHUTOPMHTA
U peabuanTaIun.

KinroueBbie ¢j1oBa: aHA/IM3 TTOXOAKM, TEKOMIIEHCATOPHBIE peaKIMM, YCTAIOCTh, KOKCapTPO3, METOIOIOTHSI,
Craguc
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ObI J1JIS1 BBISIBIEHMSI YCTJOCTHBIX U IeKOMIIEHCATOPHBIX MeXaHM3MOB pPabOThbl OMTOPHO-ABUTATEIbHOM CUCTEMBI Y 60Jb-
HBIX KOKCapTpo3oM. [eHuti opmoneduu. 2025;31(5):614-624. doi: 10.18019/1028-4427-2025-31-5-614-624.
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Abstract

Introduction Gait analysis is an objective tool for assessing treatment results and musculoskeletal function
in patients with orthopedic pathology. Safety of compensatory mechanisms and the fatigue component seen
with repeated measurements and being dependent on the clinical situation are essential for the patients.

The objective was to develop a methodology of gait assessment for identifying mechanisms of decompensatory
musculoskeletal fatigue in patients with hip arthritis including those with THA of the contralateral limb.

Material and methods The study included 41 patients with Kellgren — Lawrence grade III and IV hips.
Gait analysis was performed using the Stedis-Step treadmill and five Neurosens inertial sensors
(Neurosoft LLC, Ivanovo, Russia), recording the spatiotemporal and kinematic characteristics of movements
in the lumbosacral spine, hip and knee joints being synchronized with the step cycle. Patients were
divided into two groups according to gait assessment protocol including Group 1 (n = 26) with three series
of two-minute tests with a break of at least 20 minutes; Group 2 (n = 15) with three series of two-minute walks
without a break with the total length of six minutes.

Results A 20-minute rest was enough to reproduce baseline gait parameters. Walking parameters including
maximum flexion phase, stance period and range of motion could serve as markers for early detection
of mechanisms of decompensatory muscle fatigue. The total hip arthroplasty on the contralateral side
significantly affected the gait parameters.

Discussion New methods of no-break gait assessment facilitated decompensation and fatigue mechanisms
identified in patients with hip arthritis. Reduced movement amplitude during short-term load indicated
increasing fatigue even over a brief period (6 minutes).

Conclusion The methodologyallowed for the identification of mechanisms of decompensatory musculoskeletal
fatigue in patients with hip arthritis including those with THA of the contralateral limb, early diagnosis,
improved monitoring and rehabilitation.

Keywords: gait analysis, decompensatory reaction, fatigue, hip arthritis, methodology, Stedis

For citation: Koroleva SV, Mulyk AS, Kravchenko VV, Akulaev AA, Gubin AV. Methodology of gait assessment for identifying
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BBEIOEHUE

KokcapTpos npezcrasiisieT co60¥i cepbe3HYI0 MeIMKO-COIMATbHYIO TP061eMy, TPUBOISIIYIO K CTOKIMM Hapy-
IIEHMSIM XOIbObI ¥ 3HAUNTEIbHOMY CHIKEHUMIO KauecTBa JKU3HY MarueHTos [1, 2]. B mociemume gecsatuaeTus
OTMEYAeTCs YCTOMUMBBIN POCT 3a60/IeBa€MOCTY KOKCAPTPO30M, UTO CBSI3aHO KaK C YBETMUEHMEM ITPOIOIIKI-
TEbHOCTY KU3HU, TaK ¥ C MaJIOTIOJBVOKHBIM 06pa3oM KM3HU [3]. 3HAUMTETbHO PaCHIMPSIIOTCS TTOKA3aHMS
K XMPYPTrUUeCKMM MeTOAaM JieueHMsl, KOJIMUeCTBO KOTOPbIX HEYKJIOHHO pacTeT, YTO CBSI3aHO Kak C yydllle-
HMeM uX 6e30IMacHOCTH, TaK U CO CIIEKTPOM TeXHMUYECKMUX BO3MOKHOCTEN, BIAMSIONIMX Ha KAaUueCTBO SKU3HU
M HeMPOIICUXONIOTUUECKUI cTaTyC ManyueHToB [4, 5]. [IporpeccuBHO BO3pacTaeT YMC/IO MalMeHTOB, HYKIa-
IOMIUXCST B PEBU3MOHHOM H/IOMPOTE3MPOBAHMM, IIPOIIENINX TTIepBUUHOEe dHAOMNpoTe3upoBanue 10-15 ner
Hasaz. [Ipu 3ToM cylecTBYIOLIMe TTOIX0AbI K IMarHOCTUKe, BBIOOPY ONTUMAaIbHOTO MOMEHTA /ISl OTlepaTuB-
HOTO JIeYeHUsT U 00beKTUBU3AIUK 3GOEKTUBHOCTY PeabUINTAIINU TaHHOW KaTeropuu GOJbHBIX OCTAIOTCS
HECTaHJAPTU3MPOBAHHBIMY. AHA/IN3 MOXOAKM HA CETONHSIUIHUI [IeHb SIBJISIETCS] OMHUM M3 Hambosiee Kop-
PEKTHBIX 1 OObeKTUBHBIX MHCTPYMEHTOB JIJISI OLEHKY Pe3y/IbTaTOB JIEUeHMSI Y MHTETPAbHOI XapaKTepucTu-
KO¥ QYHKIIMM U aKTUBHOCTH [I7151 6OTBHBIX OPTOTIeIMUecKoro mpodus [6, 7, 8].

CoBpeMeHHbIE UCCIeNOBAHMS YOeIUTEeNbHO JeMOHCTPUPYIOT, YTO MYJbTUIUCIUIUIMHAPHBIN MTOAX0[, K Be-
JIeHUIO TAI[MeHTOB C KOKCapTpo30oM obecrieunBaeT Hauboee 3HaUMMble KIMHUYECKMe pe3ynbTaTsl [9, 10].
OnHako ero 3(pheKTUBHOCTD HATIPSIMYIO 3aBUCUT OT TOUHOCTM OLIEHKM MHAMBUIYATbHBIX KOMIIEHCATOPHBIX
BO3MOYXKHOCTEe} OTTIOPHO-ABUTATeIbHOTO aniapaTta U UX BOCIPOMU3BOAMMOCTHU MIPU MHOTOIIEHTPOBOM MYJIb-
TUIMCHUIIMHAPHOM BeAeHUM Kaxkaoro mnaiyeHTa. OcoOyro CJI0KHOCTb U B TO ke BpeMsI BOCTPe60BaHHOCTD
TIpeACTaBIsIeT aHAIN3 61i0MeXaHMUeCKUX HapyIIeHnii Y 60IbHBIX KOKCAPTPO30M C COUETAHHOI MaTOOrMelt,
0cobeHHO TIpyu Haymmuuy sHponpotesa (3I1) TBC Ha KOHTpasaTepaTbHO KOHeUYHOCTH. HecMoTpst Ha nmelo-
myecst MyoMuKauuy Mo aHaau3y MOXOAKM, KIMHMYeckre pekoMeHmanuuy (O6beKTUBHAS OeHKa (QYHKIUA
XOObOBI: KIMHUYECKMe pekoMeHgaiun. https://rehabrus.ru/Docs/2017/02/Hodba_met _rek pr_ fin.pdf) u Teo-
peTuyeckye HapabOTKM OCHOBHBIX GMOMexaHMuecKux eHomMeHOB [11, 12], Ha ceromHSIIHMIL IeHb CYIIeCTBY-
€T HeCKOJIbKO KPaeyTrobHbIX ITPOOIEM:

— OTCYTCTBUE €AMHBIX CTAHAAPTOB IIPOBEAEHMA HAIPY30UYHbBIX TECTOB;
— CYyIIeCTBEHHOEe BJ/IMsSHIEe (baKTopa YCTa/JIOCTM Ha Pe3YyJIbTaTbl IOBTOPHBIX I/ISMepeHI/Iﬁ O6MOMexXaHUKU XO,Z[b6bI;

— HEeIOCTAaTOUHbIN yUeT POjIu CMEeKHbIX CEeTMEHTOB (Ta3a, T03BOHOUHMKA, KOJIEHHBIX CYCTaBOB) B KOMITEHCA-
uyu nBurarteabHoro geduuyra TBC.

Oco60ro BHMMaHMS 3aCTYKMBAET BOIIPOC O 3arace MPOYHOCTY KOMITEHCATOPHBIX MEXaHM3MOB ¥ BOSHUKHO-
BEHUM YCTAJIOCTHOTO KOMITOHEHTA MPU MOBTOPHBIX M3MePEHUSIX, KOTOPbIVi MOXET CYI[eCTBEHHO BapbUpO-
BaTh B 3aBUCMMOCTY OT KIMHUYECKOI cuTyaruu. TpaauiiMoHHble MeTO/bl OIIeHK!M 3a4acTyiO He MO3BOJISIOT
KOJINYECTBEHHO OTPEeAeIUTh 3TOT BasKHEINIT TapaMeTp, 3HAUMMO BAUSIONINI Ha 9P GeKTUBHOCTL U 00beM
MeAUIIMHCKUX BMeIlaTelbCTB, HA BeCh IMPOILIECC BOCCTAHOBJIEHMS TAIMEeHTa, ero MepCcoHaaM3UPOBAHHBIN
61oMexXaHNYeCcKuii TOPTPET ¥ MPOrHO3 Ha BOCCTaHOBJIeHMe [13].

BoccraHoBieHre QyHKIVY X0b0bI, KaK KJIIOUeBast 11eTb OPTOMEANYECKIX BMEIIaTelbCTB, TPe6yeT 06beKTUB-
HBIX KpuTepues 3ddekTnBHOCTU. OCOOYI0 aKTYyaTbHOCTD TPUOOpETaeT pa3paboTKa TEXHOIOTI M, 06ecTieunBa-
IOIIMX CTPYKTYPHO-(QYHKIIMOHATbHOE BOCCTAHOBJIEHME 6e3 (hOPMUPOBAHNS MTATOTOTMYECKUX TBUTATETbHbIX
KoMMeHcaluit. OmMHMM 13 BO3MOXHBIX CITOCO60B 06beKTUBHOI OLIeHKM TTOXOIKM SIBJIIETCS] BHEIPEHME B KITH-
HUYECKYI0 MPaKTUKy TEXHOJIOTUM MHEPIMATbHBIX CEHCOPOB. DTa METOAMKA YUUThIBAET He TOMbKO CTaTuue-
CKMe TapaMeTpbl, HO ¥ IMHAMUKY M3MeHEeHMs] JBUTATebHbIX CTePEeOTUIIOB I0J, BO3/eiiCTBMEM HarpysKu,
JIeUeHUsI ¥ KOPPEKIMHM B PEXXMME PealbHOTO BpeMeHM, YTO 0CO6eHHO BayKHO [IJIS POTHO3MPOBaHMs b dex-
TUBHOCTY, CBOEBPEMEHHOCTU ¥ ONTUMAIbHOCTY 06beMa JIEUeOHBIX Y PeabVIUTAIMOHHBIX MePOIPUSITUIA.
B sTOM cityyae 1CIo/b30BaHMe MHEPLMATbHBIX JaTUMKOB UTPAET KIIOUEBYIO POJIb, [IO3BOJISISI BBISIBISTH 0CO-
OGEHHOCTM NAaTTEPHOB JIBMKEHMS y MALMEHTOB ¢ ocTeoapTpo3oM TEC 1 obecrieunBast 60ee TOUHYIO OLIEHKY
ux (YHKUMOHAIBHOTO cocTostHUA [14, 15, 16].

Ilesp paGoThl — pa3paboTaTh METOLOJIOTMIO OLIEHKM XOObObI [JIsI BBISIBJIEHNS YCTAJIOCTHBIX M JeKOMITeHCa-
TOPHBIX MEXaHM3MOB OITIOPHO-ABUTATEIbHOI CHCTEMBI Y 6OJIbHBIX KOKCAPTPO30M, B TOM UMC/IE TIPY HATUUNA
SHOIMPOTEe3a Ta306eAPEHHOr0 CYyCTaBa Ha KOHTPaJaTepaybHO KOHEUHOCTH.

MATEPUAJI 1 METO/IbI

VccnemoBaHue MPOBOIMIN C sSTHBaps 1Mo mMaptT 2025 . Ha 6a3e KIMHMKM BBICOKMX MEAUIIMHCKUX TEXHOJIOTUI
M. H.W. TIuporosa CII6I'Y. ITaTTepH X0OmbObI OLIEHMBAJIU C MCITOb30BaHMeM TpeHaxepa «Cramuc-Cram» ¢ 61o-
JIOTMUeCcKoi 06paTHOIi cBsa3bI0 (000 «HeitpocodT», iBaHOBO) B KoMILTeKkTaiuu «OueHka» (PY N2 P3H 2018/7458
o1 07.08.2018). [11Th MHEPLMATBbHBIX CEHCOPOB «HelipoceHc» yCTaHABAMBAIN HAa MOSICHUYHO-KPECTI[OBbI OTH e
MMO3BOHOYHMKA M HA CUMMETPUYHbBIE YUACTKYU CpeIHel TpeTu bemep U roieHei Ha 2 CM BbIllle HAPY)KHbIX JIOMbI-
kek (puc. 1). [TaumeHTy Ipeyiaraay XoOuThb 10 POBHOV TIOBEPXHOCTY B TeUEHME ABYX MUHYT B YIOOHOM TEMIIE.

T'enuii opmoneduu. 2025;31(5) 616



Knmumanueckue ucciaeqoBaHmUs

Puc. 1. IIpumep ycTaHOBKM
MHEPUMOHHBIX CEeHCOPOB
mpyu 06C/IeIOBaHUY TTaly-
eHTa

AHanMM3upoBaiM CTaHIapTHbBIE [TOKA3aTe/IN, aBTOMATUUYECK) 3aHOCKMbIe ITPOrpaMMOii B IIPOTOKOJI aHaIM3a
XOIbObBI:

— BpeMeHHbIe ITapaMeTpbl Xoab0b!I (1K1 mara (LI1II), mrar, yactora 1iara);

— (bassr x0bOBI (MTEPMO, OITOPHI, OAMHOYHAS OTIOPa, IBOIHAS OIOopa, IepBasi IBOJHAas OIlopa, BTOpast JBOi-
Has OIIOPbI, HAYaJIO BTOPOI1 IBOVHOJ OIOPLI, [IEPUOZ, IIEPEHO0CA);

— IIPOCTPAHCTBEHHbIE MTapaMeTPhbl XOIbObI (BHICOTA IMTOAbEMA CTOIIbI, IIMPKYMIYKIIVSI, — PACCTOSIHME OT IIeH-
TPAILHON JTMHUM HAIPABIEHMS XOIbOBI 1O UAEHTUYHBIX TOUEK CTOIBI BO (PPOHTATBHOI TVIOCKOCTH, TIO-
JIOBWHA OT 6a3bl 1Iara);

— crubanne/pasrubanne B TBC (amrunTyna crubanms/pasrubanmus, hasa MaKCUMMaTbHOTO pa3TubaHmsl, MaK-
CMMaJIbHOE pasrubanue, hasa MaKCMMaIbHOIO CTMOaHMsI, MAKCUMMAIbHOE CrubaHue);

— npuBenenne/oTBenene B TBC (aMrumTyna npuBeneHus/oTBeneHms, Ga3za MakKCMMaJIbHOTO OTBEIEHMSI,
MaKCcUMMaJIbHOe OTBeieHMe, (pa3za MaKCMMaabHOTO MIPUBeIeHNsI, MAaKCUMMaIbHOE TPUBeIeHIE);

— poranust B TBC (amIumnTyma potauyy, pasa MakKCMMabHOV HapysKHOM poTaryi, MakCMMasIbHast Hapy>KHast
porarnus, Gpaza MaKCMMaTbHOM BHYTPEHHEN poTaluy, MakKCMMaIbHasi BHYTPEHHSIST POTALNS);

— KMHeMAaTuJecKue rapaMeTphl Ta3a: IpuBefeHNe/0TBeeHNe, crubanme/pasrubanme, poTanmusl.

VunTbhIBast 3HAUMMOCTb CHMsKeHMSsT ortopHoii hyHKIMK THC mpy pasBUTUM JereHepaTUBHbIX U3MeHEeHMI B Cy-
CTaBe, TOMOJHUTENILHO MIPOBOAMIM aHA/IM3 TOHUOIPAaMM U KMHEMaTU4eCKUX IapaMeTpoB, CUMHXPOHU3UPO-
BaHHBIX C MMaTTepHOM X0Ab0bl TEC (60IBHO ¥ MHTAKTHO CTOPOH) B miepuoje onopsl (1o 50 % IIIII ¢ marom
usmepenus B 5 % LIIII).

B mcwiemoBaHme BKIIOUEHBI MALeHThI (n = 41) ¢ KokcapTpo3om III-1V craguu mo Kellgren — Lawrence, ro-
CIIUTAIN3MPOBAHHbIE B TPAaBMaTOJIOr0-OPTONEANYECKOe OTAe/NeHue [js riaHoBoro tortamnbHoro JII TBC.
O6cemoBaHMe MTPOBOAWIIN TIEpe] oriepaliueii. PEeHTTeHOrpaMMbl BBITIONHSUIM Ha IIMGPOBOM PEHTTEHOBCKOM
arrapare ¢ aBTOCIIMBKOI n3o6paskeHuit SG Jumong retro (Kopes).

Kpumepuu HesxitoueHUs: ALMEHTHI C OCTPBIMM M/VIM XPOHMYECKMMY 3a00/IeBaHUSIMM Pa3IMUHOM 3THUOIO-
TUU B CTaAuM 000CTpEeHMS.

B pamKax uccieqoBaHKS IIPOBEIEHO CIIONIHOE MPOCIIEKTMBHOE 00C/IeIoBaHye TallieHTOB, MOCTYIMBIINX
Ha sHporporesupoBaHue TBC, ¢ MCIIONb30BaHMEM TEXHOJOTUM OOBEKTMBHOI OIEHKM (PYHKIVUU XOIbObI
Ha 6a3ze MHepLMAJIbHBIX CEHCOPOB. JIJIsT aHaIM3a OCOOEHHOCTEe 61MOMeXaHMKM XOObObI Y MAllIeHTOB MPH-
MEHSUIM MEeTOJMKY MHTEPBAIbHOTO U HEMPEPbIBHOTO TECTUPOBAHUS MPOAO/IKUTENbHOCTBIO MIECTh MUHYT,
YTO TTO3BOJIMJIO BBISIBUTD HaIMUMeE CITENVMOUUHBIX YCTATOCTHBIX M3MEHEHUI B OIBVDKEHNMU. B McciemoBaHUM
Taxke oueHuBaau Bausiuue 311 TBC Ha nmokasaTenu 61MoMexXaHMKY IIPU KOKCapTpose.

TManyeHTs! pas3zeneHbl Ha IBe TPYIIIbI CIydaifHbIM 06pa3oM. B rpymre 1 (n = 26) aHaau3 XoAb0Obl TPOBEEH
TpeMsl CepusiMyu CO CTaHAAPTHBIM IIPOTOKOJIOM I10 IB€ MMUHYTHI C IIepepbIBOM MEXIY TeCTaMy (OTHBIXOM)
He meHee 20 MuHYT. B rpymie 2 (n = 15) aHanu3 XoAb0Obl TAK)KE OCYLIECTBIEH TPEMSI CEPUSIMMU CO CTAHAAPT-
HBIM TIPOTOKOJIOM TIO JIB€ MUHYTBI, OOLIMM BpeMeHeM 06C/IefIOBAaHUS IIeCTh MUHYT, 6e3 TepepbiBa MEXIY
OTAEMbHBIMU ITPOXOAAMU. I'PYIIITbI 6bUIM COTIOCTABMUMBI I10 MTOJIOBOMY ¥ BO3PaCTHOMY COCTABY, UTO ITO3BOJISIET
CpaBHMBATD MOYUeHHbIE JaHHbIe (Tab. 1).
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Tabauna 1
XapakTepuCcTuKa IrpyIIl UCCIeI0BaHMs
HokasaTen 3HauYeHus 10 TPyIInam
I'pynmna 1 (n = 26) I'pymma 2 (n = 15)

CpenHuit BO3pacT, et 58,23+ 14,78 59,93 + 14,85
N abe. 15 6
X % 58 40
a6e. 11 9
JKeH1IMHBI % 1 60
OIHOCTOPOHHMIT KOKCapTPO3 abe. 1> 10
AAHOCTOP TP % 58 67
I BYCTOPOHHMIT KOKCApTPO3 abe. > 1
YeTop PP % 19 6
Hannume 311 TBC KOHTpanaTepaabHO KOHEYHOCTH af/c. 263 247

CraTucTuieckyo 06paboTKy MOMYYEeHHbIX JAHHBIX BBIMOTHSIIM C MCIOIb30BaHMeM IporpaMmbl IBM SPSS
Statistics v/23.0. HopmanbHOCTb pacipepeieHus MoTydYeHHbIX KOJMMUeCTBEHHBIX JaHHbIX OTPeAessiiv C UC-
nonb3oBaHyeMm Tecra llanupo — Yunka. Pe3ynbraThl [10Ka3aau, YTO BCe MaCCUBbI JaHHBIX COOTBETCTBOBAIN
HOPMaJIbHOMY paclipelleJIeHMIO, YTO II03BOJIMJIO MCII0Ab30BaTh lIapaMeTphbl IJIs JajlbHeillero anaamsa. [lo-
CTOBEPHOCTb Pas3nMumii OLleHUBAJIM C UCIIONb30BaHMeM Kputepus CTbrofieHTa (/151 He3aBUCUMBbIX U 3aBUCHU-
MBbIX I'DPYIIIT), KOPPESILIMOHHBIX B3aMMOCBSI3eli MeXAy apaMeTpaMmiu, — PaHroBoii Koppensiuun ComMpMeHa.
VpoBeHb nocToBepHocTy npuHAT o = 0,05. PesynbTaThl npeacTaBiaeHsl B Buae M * o, rme M- cpefHee apud-
MeTUYECKOe, G — CTAHJAPTHOE OTKJIOHEHVE BHIOGOPKMU.

O6cemoBaHye IIPOBEIEHO B COOTBETCTBUM C OOLIETIPUMHSITHIMM STUUECKUMU IIPUMHIUIIAMM, HOPMaMU U TTpaBu-
JlaMM TIPOBeAEeHMs HaydHbIX MCCIeIOBaHNI, peraMeHTMPOBaHHbIMM XeJIbCMHCKONM Aekiapaiyeil BcemupHoi
MeIULIMHCKO acconyaiiyu 1964 1., engepanbHbIM 3aKoOHOM N2 323 «O6 0CHOBaX OXpaHbl 3[0POBbs rpaskaaH B Poc-
cuiickoit ®epepanym» ot 21.11.2011, ®egepanbHbiM 3akoHOM N2 152 «O nepcoHaIbHbIX JaHHbIX» OT 27.07.2006.

PE3VJIBTATDI

[IpoCTpaHCTBEHHO-BPeMeHHbIE TapaMeTPbI XOIbObI HE MTPOAEMOHCTPUPOBAIU 3HAUMMOCTD PA3INUKii 1O He-
OTIOPHBIM OKAa3aTessIM BCeX MAlMeHTOB UCCaeqoBaHus (Tabi. 2), YTO COINMACYeTCs C paHee BbICKa3aHHBIM
MPeJIIONOKEeHVIEM O XOPOIIeM KOMIIEHCATOPHOM KOPUAOPe aJanTaliy y NalMeHTOB TPAaBMaTOIOT0-0PToIIe-
Ioydeckoro nmpodwmis. B To ke BpeMsi onpefiesieHbl 3HAUMMbIe Pas3inyuis B IEPUOJIe OTIOPHI 38 CUET OAVHOYHOMI
OTIOPbI, yMEeHbIIIeHNe POTalUY Ha CTOPOHE GOIBHOTO CycTaBa U 6osiee paHHsS ¢da3a MaKCMMAIbHOTO Cruba-
HUS, UTO B LI€JIOM OTPasKar0T MeXaHM3Mbl KOMIIEHCATOPHO pasrpy3ki 60bHOI KOHEYHOCTH [IJIS1 yMEHbIIIe-
HUSI OTIOPHOI HArPy3KHM Ha Hee.

Ta6muua 2
ITpocTpaHCTBEHHO-BPEMEHHbBIE TapaMeTphl IIYKJ/IA Il1ara ¥ KUHeMaTUKY Ta300eIpeHHOTO CycTaBa

[TpocTpaHCTBEHHO-BpEeMEHHbIEe TTapaMeTpPhbI BonpHas ‘ 3mopoBast
Luxn mara, ¢ (1) 1,24 £0,16
Illar, c 0,63 + 0,09 | 0,61+0,08
Yacrora 11ara, Ii/MuH 49,20 = 0,05
[Mepuop, oropsl, % LI 63,79 + 3,87%* 66,77 + 3,71
OnuHouHas omopa, % LTI 33,17 £ 3,66** 36,13+ 3,81
IBoiiHas omopa, % LI 3,63%6,73 30,63 + 6,75
Hauasio BTOpOJ#i IBOITHO? ortopsl, % LITIT 48,98 2,43 50,95 + 2,43
BricoTa mmogbema CTOITbI, CM 11,20 = 2,60 11,83+ 2,19
LIMpKyMAYyKUIMS, CM 3,02 1,39 3,24+ 1,39
Amvrmuutyna crubanms / pasrubanus, © 54,15+ 8,05 55,00 £ 9,32
®asza MakCMMaJIbHOTO pas3rubanums, % 11T 89,17+ 21,71 89,20 + 23,23
MakcumajabHOe pasrudanme, © 7,41 5,01 6,44 + 5,27
®asza MakcuMMaJIbHOTO crubanus, % LI 69,34 + 3 54%* 72,76 £ 2,99
AMmnTyna npuBeneHus/oTeefeHusi, © 8,85+3,71 10,10 = 3,29
®da3za MakCMMaJIbHOTO IIpuBeAeHns/oTBenenms, % LI 66,46 + 19,85 64,32 = 21,30
Ammuutyna porauum, © 11,29 + 3,52* 13,39 +491

IIpumeuanue: TIoKa3aHa JOCTOBEPHOCTDb PA3INUMii MeKIY 60bHOI Y MHTAKTHOI KOHEeUHOCTIMu: * — p < 0,05, ** — p < 0,01
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ITpu aHanMM3e KMHEMATMUECKMX ITOKaszareneil crubanus/pasrubanus B TBC B rpymme 2 (6e3 mMHTepBaia
MEKIY MCCIeIOBaHMUSIMM) 3HAUEHUST CTMOAHMSI HA CTOPOHE KOKCapTpOo3a 3HAUMMO CHUKAIOTCSI OT TIEPBOTO
K TPEThEMY M3MEPEHMIO, YTO YKA3bIBAET HA IIPOTPECCUPYIOIIYIO YCTAIOCTh My 60/1eBO¥ cuHApoM. [TokasaTe-
JIM Ha KOHTpalIaTepajabHOI CTOPOHE, M3HAUATbHO 60Jiee BBICOKME, K TPETheMY M3MEPEHNIO TaKKe YMEHbIIIa-
IOTCSI, YTO MOXKET OBbITH ITPOSIBIEHVEM KOMIIEHCATOPHOI Ieperpysku (puc. 2, a).

B rpymme 1 (MHTepBasmbHAsS X0ab0a C OTABIXOM) Ha 60IBHOM CTOPOHE HAauaTbHbIe 3HAUEHUS CTMOAHMS BhIIIIe,
HO K TPeTbeMY M3MEepEeHMI0 3HAUeHMSI pasrmbaHus B Ta300eIpeHHOM CyCTaBe YBeJIMUMBAIOTCS, YTO CBUIE-
TEIbCTBYET O HedbdEKTUBHOCTM OTHbIXa KaK BOCCTAHOBUTEIHLHOTO MEPOIPUSTUS AJiS (QYHKIUMU XOABHObI
B JOJITOCPOYHOII nepcrekTyBe. Ha KOHTpanaTepaJbHOl CTOPOHE CHIKEHMEe HavyaabHOM aMIUIATYAbI HE CO-
MIPOBOXIAeTCSI 3HAUUTETbHBIMU YCTAJTOCTHBIMU TIPOSIBJIEHUSIMU, aHAJIOTUUHBIMU BBISIBJIEHHBIM B ITPEAbIAY-
1Ieii rpyIIre, TO eCTh Mbl HAG/TIOAaeM 3aMe/IJIeHMe TIPOTPECCUPOBAHMST YCTANIOCTH (PUC. 2, 6).
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Puc. 2. lunaMuka 3HaueHuit crubaHust (MOMOKMUTEIbHbIE 3HAUEHVsST) U pasTubaHust (OTpUIATeTbHbIe 3HAUEHS)
B I[MKJIe IIara: a — B rpymre 2; 6 — B rpymme 1. [Ipumevanue: 61, 62, 63 — 3HaUeHMsI Jj1sI «60NbHOI» HYDKHEN KO-
HEYHOCTH 3a [IePBOe, BTOPOE I TPeThe UCCIeqoBaHus; 31, 32, 33 — 3HAUEHMS 1JIsT «3[0POBO» HUKHE T KOHEYHOCTH
3a TIepBOe, BTOPOE ¥ TPEThe MUCCIeS0BAHNS

[py aHanMM3e KMHEMATUUYECKOTO MapaMeTpa MpuBedeHNe/0TBeAeHNe B TpyIie 2 (6e3 MHTePBAIbHOTO OTIbIXA)
aMITTUTYa Ha CTOPOHE OOILHOTO CyCTaBa MpOrpeccBHO yBemumBaeTcs (61 = 3,70; 63 = 6,65; p < 0,05), uTo cBU-
JETEeTbCTBYET O KOMITEHCATOPHOM TUIIepMOOIILHOCTI. Ha 3[10p0OBOIi CTOpOHE HAOTIONAETCST CHIDKEHME 3HAUEHUT
(31=13,90;33=1,65; p<0,05), oTpaskaroliee aganTal/OHHbIE MEXaHM3MbI JIJIs1 CTAOMIM3aII IIOXOIKM (PUC. 3, a).

B rpymme 1 (MHTepBa/IbHBIN OTABIX) Ha OOJNBHOM CTOPOHE aMIUIMTYIA OBVKEHMI YBEeIMUMBAETCS, BO3MOSKHO,
3a CYeT BPeMEHHOT0 CHIYKEeHMsI MHTEHCMBHOCTY 60JIM, TOTIa KaK Ha KOHTpalaTepabHOM CTOPOHE Mbl Hab/MogaemMm
CHYDKEeHVe 3HaUeHMi. DTO MOXKeT CBUIETEIbCTBOBATD O MepepacipeneeHny Harpy3Ki C LIeTbl0 CUMMeTPU3aLn
MaTTepHa X0IbObI, UTO TOBOPUT 06 YHMUBEPCATHHOM «ITPaBIJIe ONITUMYMa ITOXOAKV» TPV CUHEPreTUUeCKOM B3aM-
MOJIECTBUY MBbIIIII (pUC. 3, 6).
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Puc. 3. lMHaMuKa 3HaYeHNIi TpMBeieHysI (TIONOKUTeNbHbIE) / OTBeeHus (OTpyULaTeIbHbIE) B LIMKJIE IlIara: a — B IPyIIIe 2;
6 — B rpymme 1. [Ipumevanne: 61, 62, 63 — 3HaueHMs 15T «OObHOM» HVSKHE KOHEUHOCTH 3a TI€PBOE, BTOPOE U TPeThe
uccnenoBanus; 31, 32, 33 — 3HaueHus /151 «3A,0POBOI» HYDKHE KOHEUHOCTH 3a IIePBOe, BTOPOE U TPeThe UCCIeI0BaHMSs
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Takum 06pa3om, HaaMuMe MHTEePBAIBLHOTO OTAbIXA He TIO3BOJISIET BBISIBUTh TOHKME MeXaHM3Mbl KOMITeHCa-
LMY M YCTAJIOCTHBIN BKJIA[ ITpeaeIbHOr0 HAIIPSIKEHMST ITPU KOKCapTpose.

[J1s1 BBISIBJIEHUST YCTATIOCTHOI IEKOMITEHCAIIMY MbI CPAaBHIU/IM B IpyIime 2 (6e3 MHTepBaIbHOTO OTIbIXA) Tapame-
TPBI XOIHOBI OTAENMBHO Y MatyeHToB ¢ OI1 TBC Ha KOHTpaiaTepaabHOIi CTOpoHe (1 = 4) 1 6e3 Hero (n = 10) (Ta6i. 3).

Ta6muua 3
[TapaMeTpbl XObObI Y TAIMEHTOB TPYIIIbI 2 (6€3 MHTEPBATLHOTO OTAbIXA)
B 3aBucumocTy oT Hasimuust D11 TEC Ha KoHTpanaTepabHOM CTOPOHE
1 usmepenue 2 u3MmepeHue 3 u3mepeHue
[TokasaTenn aBTOMATUUECKOTO 0 | Ges 311 <3 | Ges oI <30 | Ges 311
IIPOTOKOJIA aHa/IN3a XOIbObI c

P A =4 | (n=10)|P <905 ;24 |(n=10)|P <005 (n=4) | (n=10)|P <005
ITepuon orIopsI, pasHOCTh, % 1,88 3,43 - 1,73 4,21 + 1,50 3,25 +
OnmHOYHAasI 0II0pa, PasHOCTh, % 1,75 3,52 + 1,38 4,10 + 1,53 3,25 -
BTopas nBoiiHas onopa, pa3HoCTb, % 1,28 3,11 - 1,30 2,96 + 1,20 2,25
[Tepuop mepeHoca, pa3HOCTb, % 1,88 3,43 - 1,73 4,16 + 1,50 3,25 +
da3sa Mach[Maanoro crubaHus, 2,00 3,50 + 1,75 420 N 1,75 3,00 +
pa3HOCTb, %
Tas (Gombuas cropona), 500 | 9,10 | + | 475 | 970 | + | 450 | 9,00 | +
crubanue / pasrubanue,
Tas (KOHTpanaTepaJlea;i CTOpOHA), 5,00 8,80 4 4,50 9,40 + 4,50 9,00 +
crubanue / pasrudbaHme,
[TpuBeneHMe/0TBENEHNE, PA3HOCTD, ° | 0,00 0,50 + 0,25 0,20 - 0,00 0,00 -

HpuMeanue: Pa3HOCTb — MeXAay npaBoﬁ U JIeBOI HUKHE KOHEUHOCTHIO,; % — OT OJIATEJIbHOCTY LIMKJIA 11ara.

[Ipu aHamM3e pe3ynbTaTOB OOpallaeT Ha CeOsl BHMMaHMUe CHMKeHMe Mepuoja OIophl B MOATPYIIIe MaleHTOB
¢ I TBC, B TO BpeMs Kak [oKasaTteu CrubaHus/pa3rnbanysi Ta3a (Bbllleseskalyit uepapxuueckiit ypoBeHb KOM-
MeHCaLMI) OCTAIOTCSI CTAOMIbHBIMMY, UTO YKa3bIBaeT Ha Gojiee paBHOMEPHOe paciipesiesieHre Harpy3Ku. AMIUIN-
TyZa IpUBeIeHNs/0TBeIeHMS BO BpeMs XOAbObI OCTAeTCSI HEM3MEHHOI, UTO TOBOPUT O CTaOMIbHOCTY IBVISKEHUIA.

V nauueHToB noAarpynimsl 6e3 OI1 TEC Ha KOHTpaaTepabHOV KOHEUHOCTY TIEPMOT OTIOPhI HapacTaeT, a aM-
IIMTYOA CrMOaHusl/pasrubaHms Taza BO BPeMs ABVSKEHMS] He M3MEHSIETCS, UTO MOXKET CBUAETEIbCTBOBATH
0 KOMITEHCATOPHOJ Teperpy3Ke OMOPHO-IBUTATENIbHON CUCTEMBI IPU MTOBTOPHBIX HArpy3Kax. AanTUBHbIE
MaTTePHBI MPOSIBIISIIOTCS B yBeau4YeHMM dasbl MaKCMMaIbHOTO crubanusi. OUeBUAHO, UTO BbISIBIIEHHbBIE (he-
HOMEHHBI SIBJISIIOTCSI TPOSIBIIEHVEM CUCTEMHOTO XapaKTepa KOKCapTpo3a U OrpaHMUYeHHBIMU Pe3epBaMy KOM-
TeHCal Y CO CTOPOHBI KOHTPa/IaTePaIbHO KOHEUHOCTH.

OTIOTHUTENBHO 10 Pe3y/IbTaTaM aHa/IM3a XOAbObI MAIMEHTOB IPYMIbl 2 (6€3 MHTePBaIbHOTO OTAbIXA) ITPO-
aHaIM3MPOBAHbI TTapaMeTpPbl crubaHms/pasrubanmsi, oTBeAeHus/IpuBenenns u porauuy TBC y manMeHToB
¢ OIT u 6e3 ITI Ha KOHTpa/IaTePaIbHOI KOHEUHOCTH (puc. 4). [Tpu Hamyuuy I Ha KOHTpaiaTepaabHOI KOHEY-
HOCTM UMEIOTCSI 60Jiee HMU3KMEe 3HAUEHVSI aMIUTUTYIbI CrMbaHMsl/pa3TnOaHmst BO BpeMs XOIbOBbI.

10

. j K === C J[1 crubanune/pasrubaque

=== J[1 npuBeaeHne/oTBEACHNE
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Puc. 4. [InHamMuKa aMIUTUTYObI CrubGaHmMs/pasrubannsi, OTBeIeHus/mpuBeaennus u poraiunu TBC B nukie mara
6e3 MHTePBAJIbHOTO OTIbIXa MEXIY MCCIeqOBaHUSIMU: 61, 62,63 — 3HAUEHUS AJ1sI «OOJIbHO» HUKHEI KOHEUHOCTHU
3a MepBoe, BTOPOe U TpeThe MUCCaenoBanus; 31, 32, 33 — 3HaUeHUSI [J1s1 «3[J0POBOV» HIKHE KOHEYHOCTH 3a Tep-
BO€, BTOPOE U TPeThe UCCAeI0BaHMSI
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OBCYXIEHMUE

AKTMBHOE pasBUTHE U TPAHCISALMS B KIMHUUECKYIO IPAKTMKY HOBBIX METOIOB JIEUEHMS aKTyaIM3UPYIOT He-
06X0IMMOCTb TIOVCKA U MPUMEHEeHMsT MHHOBAIIMOHHBIX CPEICTB 0ObeKTMBHOI OLIEHKM pe3yabTaToB. C 3TOii
TOYKM 3PEHUS] BU3YaIMU3asI IMHAMUKA ¥ OOBEKTUBHBIN aHaAIN3 QYHKLIVMM XOIbObI TTO3BOJISIET HOIee TOUHO
OLIEHUTH CTeIeHb HAPYIIeHMIT GYHKIMM ABVOKEHMS B IMHAMMUKE TIPUMEHEeHMsI pa3IMIHbIX TEXHOJOT I KOH-
CepBATMBHOTO M OPTOIEAMYECKOTrO JIeYeHMs MMalMeHTOB ¢ ocreoapTpurom TBC, HauMHas ¢ paHHUX CTaNiA
3a6onesanus [17, 18].

T. Ibara et al. mosjaraior, 4T0 0OGbEKTUBHAS OLleHKa QYHKIMM IBMKEHMS Y MALMEHTOB ¢ octeoaptputom TBC
BO3MOXXHA 6€3 HOCMMBIX JaTUYMKOB C MCITOJIb30BAHMEM TOJIBKO JaHHBIX CMIOBOI IutaTdopmbl [14]. Takoit
TTOIXOM, — IIPOCTO¥ U GBICTPBIN, OHAKO OH OTPaHMUEH TOJIBKO M3MepeHMEeM PeaKTUBHbIX CUJT i He TI03BOJISIeT
Moy4aTh MHGOPMAIMIO O KMHEMAaTKe ABVDKeHI B OTIOPHO-ABUTATEIbHO CUCTEME B 11€JI0M, BO BCEM MHO-
roo6pasuy BKIIFOUaeMbIX KOMITEHCATOPHBIX MEXaH3MOB, — B MI3MEHEHMSIX YIJIOB CYyCTaBOB, CKOPOCTSIX U Tpa-
E€KTOPUSIX ABVKEHUII KOHEUHOCTEN, BKIIOUEHUSIX BbIIIeIeXalluX MepapXuuecKux ypoBHeii. Mconb30BaHme
K€ HOCMMBbIX JAaTUMKOB JaeT BO3MOXXHOCTbh OTHOBPEMEHHO M3MepsTh KWUHEMATUKY U TPOCTPaHCTBEHHO-Bpe-
MeHHbIe ITapaMeTpPhl XOAb0bI, UTO 06ecIieurBaeT 6osee IIOTHOE TTIOHMMAaHMe MMAaTTEPHOB ITOXOIKY 1 IIO3BOJISIET
MPOBOAMTH TOUHBI aHAIN3 ABUTATENbHBIX QYHKIMIA. [[09TOMY HOCMMbIe/MHEPIMaTbHbIE TATYMKY TTPEJITIO-
UTUTEeJIbHEee JIJisT KOMIIJIEKCHO OLleHKU IBUTATeIbHO aKTUBHOCTM.

IMonydyeHHbIe Pe3yabTaThl CBUAETEIBCTBYIOT O TOM, UYTO aHaJM3 XOObObI C MCITONIb30BAHMEM TEXHOJIOTUU
VMHepPLMaTbHbIX CEHCOPOB BOCIIPOM3BOAMM IIPY MHOTOLIEHTPOBBIX MCC/IeJOBAHMSIX, & HAlIM4lMe OTObIXa MeXAY
OTAEMbHBIMU UCCIEAOBAHUSIMY HE BIVSIIOT Ha OObeKTUBHbIE 6MIOMeXaHMUECKMe TapaMeTphl MaTTePHA XOb-
65l (OTOBIX He MeHblle 20 MIH). BoCTpon3BOAMMOCTD ITapaMeTPOB X0 bObI ITPY UCIIOIb30BAHMUM TEXHOIOTUN
MHePLMATbHbIX JATUMKOB HEOAHOKPATHO lO0Ka3aHa U B IPYTMX UCCIeI0OBaHMSIX 3M0POBbIX JIIOJleit U nalyeH-
TOB C HapyIIeHusIMyU MO6MIbHOCTH [12, 19, 20]. [IpyMeHeHHAs B MCC/IeA0BAHMUM METOIOIOTYS OI[€HKY XOAbObI
6e3 MHTEePBAJIbHOTO OTIbIXa C TPEMS CEPUSIMU aHa/IN3a ITO03BOJISIET BBISIBUTD KTIOUE€BbIe 0COOEHHOCTHM TEKOM-
TeHCATOPHBIX M YCTaJOCTHBIX MEXaHM3MOB y NallMeHTOB, CTPaJaloX KOKCapTpo3oM. Vcrnonb3oBaHme He-
CKOJbKMX MHEPUMATbHBIX TATUMKOB B COUETAHUM C UX MPABUIbHBIM PaCIIONOXKeHMeM — IepCIeKTUBHbIN
TIOMIXOZ, IS pacrio3HABAHMS COCTOSTHUI YCTAIOCTU M KOHTPOJIST 6e30IMacHOCTY ABMKeHMI [21]. B HacTosIIee
BpeMSI y3Ke CyIeCTBYIOT MOV MAIlTHHOTO 00YYeHM S, KOTOPbIe ITOMOTAIOT BBISIBJISITh YCTAIOCTHbBIE M3MeHe-
HMS B TIOXOZKe, HAIIpYMep 10 JAHHBIM PeaKIMi OTIOPbI Y MOJIOABIX 3M0POBLIX jTtoaeit pu 6ere [22]. Ho Takue
Mogenu, O0yueHHbIe Ha HeGOMbIINX BHIOOPKAX U B Y3KUX YCJIOBUSIX, He TTOMOMIYT /IS ITallIEHTOB C OCTeoap-
Tpo3om TBC, Tak KaK ABMKEHMS] MOTYT 3HAUUTETbHO OTINYATHCS. [ MCIIO/Ib30BaHUSI MTOJOOHBIX MOgesei
B K/IMHVKE HEOOXOAVIMbI MCCIIENOBaHMS Ha GOIbIINX BHIOOPKAX C YIETOM BCEX BXOIHbIX TAPAaMETPOB, TO €CTh
cyemyeT 1opaboTaTh U epeodyunTh MO eNIN B IPYIIax MMeHHO TakuX MaieHToB. [lepcrekKTMBHOCTb JaHHO-
'O TTOIXOAA TTOATBEPKAAETCS MCITOMb30BAHMEM MAIIMHHOTO 00YUYeHUs ISl AMAarHOCTUKY ocTeoapTposa TEC
C TIOMOIIIBIO aHaIM3a TapaMeTPOB MOXOAKM [23].

VMeHblIIeHVe aMIUITMTYIbl IBVKEHMS B CyCTaBax IpU XOab0e 6e3 OTAbIXa MEXKAY M3MEPEHNUSIMIU YKa3bIBaeT
Ha HapacTaHMe YCTaJ0CTHbIX KOMIIEHCATOPHBIX ITPOI[ECCOB CO CTOPOHbBI OTIOPHO-ABUTATEIbHOI CUCTEMBI Jaxke
TpY KPaTKOBPEMEHHBIX (IIIeCTh MMHYT CYMMapHO) Harpyskax, JOCTaTOYHbIX JJ1S1 BbISIBJIE€HMS UCTOILEHNS pe-
CYpCOB OpraHu3Ma 1, B CBOIO ouepe/ib, Hy>KIaroIuxcs B KoMmIieHcaiun. B uccnegoBanmu H. Davis-Wilson et al.
TIpY IIECTUMMHYTHOM TeCTe XOIbObI 0OHAPYKEHO «yBeJIMUeHYe HaK/IOHA TYJIOBUIIA BITEpE Ha CTOPOHE OCTEO0-
apTpo3a U IBYCTOPOHHEE COKpalleHye JJIMHbI I1ara», CBSI3bIBAHHOE ¢ KOMITIEHCATOPHBIMIM MeXaHM3MaMu, 00-
YCIOBJIEHHBIMU OOJIBIO, TIPY 3TOM YCTATIOCTHbIE MeXaHM3Mbl BAMSHMS aBTOPbI He yriomuHainu [24]. CHuskeHMe
CKOPOCTY XOABOBI TAKKE CBSI3bIBAIOT VICKITIOUMTEIBHO C 60O, He MIMesI BO3MOYXKHOCTY OI€HUTD YCTATIOCTHBIN
KoMTOHeHT [25]. KoHTpasaTepasbHasi KOHEYHOCTb C MHTAKTHBIM CYCTaBOM, SIBJISISICH PaBHOIIEHHOI 4acCThIO
eIVHOI 6¥I0OMeXaHNYeCKOii eIy OTIOPHO-IBUTATEIbHO CYICTEMbI HVDKHUX KOHEUHOCTE, TAaKsKe BOBJIEKAETCSI
B IIPOLIeCC KOMIIEHCAIMM, UTO MIPOSIB/ISIETCS MpU3HaKamMy QyHKIMOHAIbHOI TTleperpy3Ku, Ipu 3TOM 3aIrycKa-
eTCsI «TIOPOYHBII KPYT», YCUIMBAIOIIMII aCMMMETPUIO ITOXOAKM, UTO B CBOIO oUepeab yMeHbInaeT 3¢(eKTuB-
HOCTh CaMMX KOMIIEHCATOPHBIX MexaHn3moB. Pa6ora C. Hulet et al. ¢ ucronb3oBaHMEM ONTO3IEKTPOHHOM
CUCTeMBbI Takke MOATBEPXKIAEeT HajauuMe aCMMMeTPUM TTOXOOKM M KOMIIEHCATOPHbBIX MeXaHM3MOB, UTO aB-
TOPBI CBSI3BIBAIOT C OOJIBIO B TIOPAKEHHOM CYCTaBe M OrpaHMYeHMEeM ABVSKEHMI He TOMbKO B 60mbHOM TBC,
HO U B UIICMJIaTepaIbHbIX KOIEHHOM M FOJIEHOCTOIHBIX CycTaBax [26]. OgHako S. Van Rossom et al. npu ana-
JIM3€ MOXOIKM BO BpeMsI XOIbObI 10 JIECTHHUIIE Y MTalleHTOB ¢ 0cTeoapTpo3oM TEC He HAGTIOMAOT ITePerpysKy
KOHTpasaTepaJibHOTO CyCTaBa ¥ UIICUIATEPATIbHOTO KOJIEHHOTO CyCTaBa, UYTO CBUAETENbCTBYET O CIielduKe
KOMIIEHCATOPHBIX CTPATeTM B PA3JIMYHBIX YCIIOBUSIX M BULAX aKTUBHOCTeI [27]. AganTanus IBVU>KeHUA, CBSI-
3aHHAs CO CTPAXOM ABVSKEHMIT M3-3a 60V, BO BpeMsI XObObl MOKET ITOMOYb MaI[MeHTaM CHU3UThL 60JIeBOi1
CMHJIPOM, OTHAKO IIPMBOJUT K TIepecTpoiike BCero maTTepHa 3a cueT IPyrux YpOBHel OTIOPHO-ABUTATEIbHOM
cucteMsl [27, 28]. K. Maezawa et al. cBuaeTenbCTBYIOT, YTO pa3HMLIA B IJIMHE HIDKHUX KOHEUHOCTelt 10 20 MM
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MaJIO BAMSET Ha MaTTepHbl XOAbObI, MOATBEPKAAsT HAIMUME YHUBEPCATbHBIX pPabOTaIIMX KOMIIEHCATOD-
HBbIX MEXaHM3MOB IIPU OTCYTCTBUM BbhIpakeHHO nedopmariim [29]. KomrieHcaius py pasHOCTU AJIMHBI HOT
MIPOVICXOIUT 13-3a TOTO, YTO YKOPOUEHHAST HISKHSISI KOHEUHOCTD YIJIMHSIETCS 32 CUeT «OOIbIIero pasrnbanmst
B Ta300eIpeHHOM ¥ KOJIEHHOM CyCTaBax, OTBeJleHusI 6efpa, IMOJOIBEHHOTO CrM6aHMs TOJIEHOCTOITHOTO CY-
CTaBa U MEHbIIIEro MpUBeIeHNs Oeipar, a Ipyras HMUKHSS KOHEUYHOCTh YKOPAuMBaeTCs «3a cuet 6osiee BhICO-
KOTO CrMbaHusI B Ta306eApeHHOM M KOJIEHHOM CyCTaBaX, 6o/iee BbICOKOTO MpUBeAeHMs 6eipa, nopcudaercumn
1 6oJsiee HU3KOTO TIPUBEIeHNS TOJIEHOCTOITHOTO cycTaBa» [30].

Mbl He OOHApPYKWIM MCC/IeAOBaHUIA, MoKasbiBalomux BiausiHue DI TBC Ha yCTalOCTHbIE MeXaHMU3MbI
nipu xonpbe. ITpu aToM B uccnenoBanum B. Langley et al. mokasaHo, 4YTO y alMeHTOB C SHAOIIPOTE30M Ta30-
6epeHHOTO CycTaBa, 00/1aaloIINX BHICOKOM QyHKIIME, JOCTUTAaeTC sl BOCCTaHOB/IeHe HOPMaIbHO ABUra-
TeJIbHOM aKTUBHOCTH [31].

B HallleM ¥ccIeoBaHUM MbI BBIIBWIM, UTO TIpY Hajaumuuu Ol Ha KOHTpasaTepajbHOl KOHEUYHOCTY 3Haue-
HUS aMIUTATYIbI crubaHms/pasTubanns BO BpeMsl XOnb0bl — 6ojiee HM3KMe, Takue IoKasaTean OTpaskaloT,
CKopee, cTabmIM3anuio 6MiOMexXaHMKH, ee CTabUJIbHOCTD, @ He yXyameHue GyHKIuK. I1o HaleMy MHEHUIO,
Hajune 11 TBC Ha KOHTpasaTepasbHO KOHEUHOCTY OrpaHUYMBaeT M36bITOUHbIE IBVIKEHNS, TPeIoTBpa-
I1ast TMIepMOOUILHOCTD U TTeperpysKy, Kak Ha 60JIbHO, TaK ¥ Ha 300pOBOIi cTopoHax mpu Hamnuuy D11 TBC
0e3 BKJIIOUEHS BhIIIeIeXKallero ypoBHSI KOMIIEHCALVY OITOPHO-IBUTaTeIbHOI CUCTEeMbI (TTOSICHUYHO-KPECT-
IIOBBIiT OTI eI TO3BOHOYHMKA). EC/TV 6bI IPUMUMHOM CHMUKEHHOM aMIUTUTY/IbI CTMOGaHMS M pasTUOaHMs BO BpeMst
X0ab0ObI Ob11a HeahPeKTUBHAS peadbuanTaIys, MapaMeTpbl aMIUIMTYIbl POTALIMYM U IIPUBEIEHMS/OTBeIeHUS
TaKKe JeMOHCTPMPOBA/IM 6bI MU3MEHEHMSI, HO, IT0 HAIlIMM JaHHbIM, OHM OCTAIOTCSI CTAaGUIbHBIMMU.

IMonyyeHHBbIE pPe3yAbTATHl YKA3bIBAIOT HAa BAa’KHOCTb MHTErpaIUy IPeIJOKeHHON MeTOmOMOTUM AMHAMM-
YeCKol OIeHKM XOAbObl B KIMHMYECKYIO MPAKTUKY IJIsI TTIepCOHAIM3AINM PeabUIUTAlIOHHBIX ITPOTPaMM
¥ paHHe JMarHOCTUKYM CKPBITHIX HapylieHuit. OmHAKO OrpaHMYeHMs], CBSI3aHHbIE C 00beMOM BbIOOPK, Tpe-
OYIOT TaTbHEMIINX MUCCeN0BaHMIT C BKIIOUEHMEM TOMOTHUTEbHBIX METOOB OIIeHKY (OITPOCHMKM KauecTBa
SKU3HU, 97IEKTPOMMOrpadus) Mpy paciiMpeHHO KOropTe MalyeHTOB.

[TepcrieKTMBHBIM HAIIpaBiIeHMEM SIBJISIETCS pa3paboTKa aJrOPUTMOB IMMPOTHO3MPOBAHMS MEKOMITEHCALIUNU
Ha OCHOBe 61OMeXaHMYeCKUX MapKepoB ¥ MAIIMHHOTO 00YUYEeHMs], YTO ITO3BOJIAT ONITUMMU3UPOBATD JIeUeHMe
M YIYYIINTD KaUueCTBO XM3HM MAleHTOB C KOKCAPTPO30M.

3AKJ/JIIOYEHUE

BbISIBJIEHO, UTO Ha/IMuMe OTAbIXa He MeHee 20 MUHYT MEXIY OTHeTbHBIMMU CePUSIMU UCCIeT0BAHMS XOIbObI
JOCTATOYHO JJjIs1 BOCIIPOM3BEIEHMS MCXOIHBIX JaHHbIX ITapaMeTPOB XOAbObI, YTO MOKET ObITb MCIIOJIb30BAHO
TPV MHOTOILIEHTPOBOM MYJIbTUAMCIUIUIMHAPHOM COITPOBOKIEHMM MTAI[M€HTOB.

B rpymme HempepbIBHOV XOABOBI MOMYYEHBbI JTOCTOBEPHbIE pa3nyumsl B AMHAMUKe CrMOaHUS/pa3TubaHms
B TBC Ha 3110pOBOJi CTOPOHE, 3HAUMMO YBEJIMUYMBAIOIIMECS OT [IEPBOIO K TPETbEMY M3MEPEHMUIO 10 35 % IIMKIa
Irara, ¥ OT IIEPBOTO KO BTOPOMY — 110 45 % 1ykia mara. AHaJOTMYHbIe Pe3YIbTAThI ITPOSIBJIEHUS] YCTATOCT-
HOTO KOMITOHEHTA B IPYIIIe MaIllMeHTOB C OTIbIXOM MEXIY CePUSIMU IIPOXOI0B IOMyUeHbl He 6buth. Takum
06pa3oMm, aHaIM3 HeIIPePbIBHOI XOIbOBI B 6OJIBbIIIEN CTEIIeHY BBISIBIISET HallpPsKeHNe KOMIIeHCAIIMY OTTIOPHO-
IBUTATeIbHOM CUCTEMBI IJIS JOCTMKEHUST ONITMMYMa, TOTIa Kak 11 60JbHOI KOHEUHOCTY 06ecrieunBaeTcst
pPEKMM Hawtyuiiero GyHKIMOHUPOBAHMS 32 CUeT O0JIbIEro HarpyskeHus 34,0pOBOIA.

OmpepeneHo, UTO y MalyeHTa, CTPaJaoIlero 0OJHOCTOPOHHMM KOKCApTPO30M, Hajmuuue sHpomnpore3a TBC
Ha KOHTpajaTepaJbHO KOHEUYHOCTY 3HAUMMO BJMseT Ha MaTTepH XOAbObl: mpu Haauuuu II1 3aperncTpu-
pPOBaHbI 60jIee HMU3KME 3HAUYEHUS] aMIUIUTYAbI crubanus/pasrubanus TBC, UTo orpaHMYMBAET M30bITOYHBIE
IBVSKEHMS, TPeIOTBpaliast TMIIepMOGMIbHOCTD 1 II€PErpysKy Kak Ha OOIIbHOI, TaK ¥ Ha 3[J0POBOi CTOPOHAX.

Kongnuxm unmepecos. Omcymcmayem.

HcmouHuk puHancuposaHust. A6mopsl 3ases10m 06 0mcymcmeuu HelHez0 UHAHCUPOBAHUS NPU NPo8edeHUU UCCed08a-
HUS U N0020moeKe nyOaUKAYUU.

Omuueckue Hopmel. HccnedosaHue npogedeHO 8 coomeemcmeuu ¢ amuueckumu cmandapmamu XenbCuHCKoll deknapayuu
BcemupHoti meduyuHckoli accoyuayuu.

Hugopmupoeannoe coznacue. Bce nayuenmet, yuacmayoujue 6 ucciedosanuu, do6pososibHO NOONUCAIU UHPOPMUPOBAHHOE
coznacue Ha NY6IUKAUUK NePCOHANbHOL MeOUYUHCKOT UHpopMayuu 8 06e3nuueHHOl hopme.
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Abstract

Background Sclerostin is a glycoprotein mostly produced by osteocytes; it has a key function in bone
metabolism and the pathophysiology of osteoporosis.

Objectives The aim of this study is to evaluate the potential use of sclerostin as a new biomarker
in the diagnosis of osteoporosis.

Methods This case-control cross-sectional study was carried in Najaf, in Iraq. Seventy patients diagnosed
with osteoporosis were involved in the study. The control group consisted of 40 apparently healthy persons
identified during the same period. Body Mass Index (BMI) categories were classified according to the world
health organization classification. Serum sclerostin levels were determined by a sandwich ELISA technique.

Results The mean sclerostin concentration in patients was 7.9 # 2.3 ng/mL, much greater than that measured
in the control group 2.88 #1.22 ng/mL. The univariate logistic regression analysis shows a significant
association between high sclerostin levels and the likelihood of having osteoporosis, with an odds ratio
of 1.66 and a p-value of < 0.034. The results also indicated that sclerostin reported a sensitivity of 78 %
and specificity of 82 % (p-value 0.029).

Conclusions This study indicated a strong association between high serum sclerostin levels and having
osteoporosis risk, suggesting its potential as a bone health biomarker. Further research on larger sample is
required to confirm its diagnostic value.

Keywords: sclerostin, osteoporosis, body mass index, receiver operating characteristics, area under the curve
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AHHOTanua

BBegenne. CKIepoCTMH — TVIMKOMIPOTEMH, BHIPAOATHIBAEMBII MMPEUMYLIECTBEHHO OCTEOLUTAMM U UTrpPalo-
M KITIOUeBYIO POJIb B MeTabo/M3Me KOCTHO TKaHU U TaTO(MU3MOIOTUM OCTeO0II0po3a.

I.[em; paGOTI)I — OLIEHUTDHb IMMOTEHIMaJIbHOE MCITOJIb30BaHME CKJI€ePOCTMHA B KaueCTBE€ HOBOIO 6MOMap1<epa
OVAarHOCTMKM OCTeOoII0pOo3a.

MaTtepuasibl M MeTObI. [lepekpecTHOe MCC/IeJOBaHMe «CTydali — KOHTPOJb» TpoBeaeHo B Hamkade (Mpak). B
MccIeOBaHUY NPUHSUIM yyacTtue 70 manyeHTOoB C IMarH030M OCTe0I0pP03, KOHTPOJIbHAS PYIIIa COCTOsIA U3
40 3moposbix mofeit. Uugeke maccsl Tena (MMT) cooTBeTcTBOBa Kinaccudukaimy BceMupHoit opraHu3anum
34 paBOOXpaHeHMs. YDOBHU CKJIE€POCTMHA B CBIBOPOTKE KPOBY ONPeLAeIsii MeTOLOM COHIBUY-VDA.

PesynbraTsl. CpefHsIss KOHIEHTPALMSI CKIEPOCTHHA Y TTalMeHTOB cocTaBuia (7,9 + 2,3) Hr/mMJ1, 4YTO 3HAUM-
TeJIbHO BbIIlle, YeEM B KOHTPOJIbHOI rpyime, — (2,88 * 1,22) Hr/mi. OgHO(QaKTOPHBIN JIOTUCTUUYECKUI pe-
TPECCUMOHHBIN aHa/M3 MToKa3al 3HAYMMYIO CBSI3b MEXIY BBICOKMM YPOBHEM CKJIEPOCTMHA U BEPOSITHOCTHIO
Pa3BUTHUS OCTEOINOPO3a C OTHOLIEHNEeM IIaHCOB 1,66 u 3HaueHMeM p < 0,034. UyBCTBUTENBbHOCTD CKIEPOCTMHA
cocraBuiia 78 %, a cienyduuHocts — 82 % (p = 0,029).

3akimoueHue. [laHHOe yccaefoBaHye BbISIBUIO TECHYIO CBSI3b MeKAY BBICOKMM YPOBHEM CKJIEPOCTMHA B Chi-
BOPOTKE KPOBM U PUCKOM Pa3BUTHUS OCTEOTIOPO3a, YTO CBUIETEIbCTBYET O €ro MOTeHIMajle B KauecTBe 61o-
MapKepa 3[4,0POBbsI KOCTelA. [IJ1s1 MOATBEPIKIEHMS ero IMarHOCTUUYeCKOVi IeHHOCTY HeOOXO0A MBI Ta/IbHeIe
McCiieoBaHMsI Ha 6ojiee KPYITHO BhIOOPKe.

KiroueBble CJIOBa: CKJIEPOCTUH, OCTEOIIOPO3, MHIAEKC Macchl Tena, ROC-KpuBasi, moliaab o KpUBOit
Ias uutupoBauns: Al-Masoody A.K.H., Naser S.A., AL-Khafaji M.N., Al-Fahham A.A. OmeHka CKJIepoCTMHA KaK HOBO-

ro 6momapkepa B IMarHoCTuKe ocTeonopo3sa. I'eHuti opmoneduu. 2025;31(5):625-631. doi: 10.18019/1028-4427-2025-31-
5-625-631.
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INTRODUCTION

Sclerostin is a glycoprotein mostly produced by osteocytes; it has a key function in bone metabolism. As such,
sclerostin holds critical assumptions for the understanding and treatment of diseases related to bone.
The pathway involves Wnt/B-catenin and the regulation by micro RNAs that sclerostin has to create in itself
an interaction, therefore creating complexity which needs future attention [1]. Further studies on the structure
and physiology of sclerostin will not only deepen the knowledge about bone but also help in creating new ways
of treating issues related to bones, like osteoporosis. It works as an inhibitor for the growing process of bones
by blocking a certain type of signaling linked to Wnt/B-catenin that is very important for producing new
bone cells [2]. The implementation of sclerostin measurement in clinical practice comes with various benefits.
It permits better patient stratification according to their fracture risk, which can consequently inform more
individualized treatment strategies. For instance, the level of sclerostin could direct the choice of pharmacologic
therapies that work by enhancing bone density and lowering fracture risk [3]. These individualized treatment
plans are most important in postmenopausal women, where there is a higher prevalence of fractures related
to osteoporosis [4]. Besides, the levels of sclerostin give judgments about bone formation over resorption; thus,
it has potential as a monitoring biomarker for treatment. By evaluating changes in sclerostin levels over time,
it can help at least for sure interventions and hence improve indexing treatments [5]. J. Delgado-Calle et al.
highlighted the role of the sclerostin—-LRP4 interaction in bone metabolism, suggesting that sclerostin
suppresses Wnt/B-catenin signaling through this pathway. This mechanism is crucial for understanding
the way by which sclerostin controls bone remodeling and demonstrates that therapeutic modulation
of this pathway may offer novel strategies for the treatment of osteoporosis [6]. Regulatory micro RNAs can
also be one of the routes through which miR-218 influences sclerostin, hence affecting the differentiation
of osteoblasts. Therefore it shows the subtle intricate role sclerostin plays within the larger parameters of bone
biology. A study by M.Q. Hassan et al. reported that miR-218 enhances osteoblast differentiation through
down-regulation of sclerostin, therefore promoting Wnt signaling pathway activity [1]. The cross-talk between
miR-218 and sclerostin not only gives a greater insight into osteobiology but indeed opens up prospective
pharmacological targets for driving bone formation processes in pathological states characterized by reduced
bone mass [7]. The bone formation effects of sclerostin are just one small aspect of its physiology. High levels
of sclerostin, and therefore low skeletal mass, are often seen in postmenopausal women and so underscore
the involvement of sclerostin in osteoporosis [8]. This was one of the objectives tested clinically in a trial
like that of R.R. Recker et al., which checked whether blosozumab, an anti-sclerostin monoclonal antibody,
could increase bone mineral density in such patients. The findings revealed that at both the spine and hip,
blosozumab substantially increased bone mineral density maturing the concept of sclerostin as a negative
regulator of bone formation with an optimistic therapeutic approach for managing osteoporosis [9].
The various signaling pathways that involve sclerostin also point to its multiple roles in maintaining healthy
bones. Those are the interactions from which one might derive insight aimed at crafting fresh intervention
strategies leveraging targets on sclerostin to boost bone mass and reduce osteoporotic infection dangers [10].
There remains a gap in knowledge of the role of sclerostin in bone biology. Thus, till now, the exact molecular
mechanisms that govern the regulation of sclerostin expression under different physiological conditions have
not been fully clarified. Also, though well established, the contribution of other potential interacting partners
to the sclerostin-LRP4 interaction should also be explored [11]. The future should bring studies that uncover
new microRNAs and signaling pathways involved in regulating networks for controlling sclerostin expression
and activity. Longitudinal studies on bone health after treatment with anti-sclerostin therapies like blosozumab
in varied populations would help fill this gap. Studies outside osteoporosis, like metastatic bone disease, will
give us broader information on the role of sclerostin in skeletal health [9].

The aim of this work is to evaluate the potential use of sclerostin as a new biomarker in the diagnosis
of osteoporosis.

MATERIALS AND METHODS
Patients and data collection

This case-control cross-sectional study was carried out at Al-Najaf General Hospital, in Najaf, in Iraq,
from February 2024 to September 2024. Seventy patients diagnosed with osteoporosis were involved
in the study. The control group consisted of 40 apparently healthy persons identified during the same period.
Information about the age and body mass index (BMI) was collected directly from the patients. BMI categories
were classified according to the World Health Organization (WHO) classification [12]. Serum sclerostin
levels were determined by a technique of sandwich ELISA using the Human SOST Quantikine Immunoassay
kit (Rand D, USA). Human SOST Quantikine Immunoassay Kit is a sandwich ELISA for the quantitative
determination of sclerostin (SOST) in human serum or plasma. Samples were added to microplate wells
that had been pre-coated with capture antibody to ensure attachment of sclerostin from the samples followed
by detection with enzyme-linked antibodies. After washing away unbound components, color substrate was
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added and color development was observed; intensity of color is proportional to concentration of sclerostin
in the sample. Finally, the reaction was stopped and the absorbance was measured at 450 nm standard curve
used to determine levels in tested samples.

Statistical Analysis

Data was analyzed using SPSS Statistics software, version 25.0 (SPSS, Chicago). The Kolmogorov — Smirnov
test was utilized to check the normality of parametric data. Those data that demonstrated normal distribution
were expressed as mean * standard deviation and were subjected to the independent t-test for comparison.
The predictive ability of sclerostin in predicting relapses among patients with osteoporosis can be tested
by applying the receiver operating characteristic (ROC) curve. A p-value of less than 0.05 was considered
statistically significant.

RESULTS

The demographic comparison as shown in Table 1 indicates that there was no statistical difference between
the two groups of patients and controls with regard to age (32 =4.79, p = 0.18) or gender distribution (32 = 0.33,
p = 0.56), meaning that these variables were well matched between the two samples. However, there was a very
marked difference in the classification of BMI 2 = 19.04, p = 0.000 with underweight participants significantly
more in number in the study group; this accounted for about 37 % of the osteoporosis patients and only about
5 % of the controls

Table 1
Distribution of patients (osteoporosis) and control groups by their demographic data
. Patient (n = 70) Control (n = 40) Chi Square
ltems| — Rating Freq. % Freq. % (p-value)
21-30 14 20.00 13 32.5
e 31-40 25 35.71 17 42.5 4.79
& 41-50 16 22.86 4 10 (0.18)
52-60 15 21.43 6 15
Mean = SD 46.33 = 12.47
Male 31 44.29 20 50 0.33
Gender Female 39 55.71 20 50 (0.56)
Underweight 26 37.14 2 5
BMI Normal 22 31.43 28 70 19.04
Overweight 18 25.71 8 20 (0.000)
Obese 4 5.71 2 5
As shown in Figure 1, it was found that the patients’ p < 0.000

group had a significantly raised level of serum
sclerostin as compared to the controls (p < 0.000).
The mean sclerostin concentration in the patients was
7.9 £ 2.3 ng/mL, much greater than that measured
in the control group (2.88#*1.22ng/mL). This
striking difference indicates that increased
expression of sclerostin may be intimately linked
with the pathophysiology of the disease under
study; perhaps it reflects altered bone metabolism
or impaired osteogenic signaling among the patients
of this group.

15+

-
o
1

Sclerostin (ng/ml)

The univariate logistic regression analysis shows

a significant association between high sclerostin Patients Control
levels and the likelihood of having osteoporosis, Grioups

with an odds ratio (OR) of 1.66 and a p-value Fig. 1. Measurement of serum sclerostin (ng/mL)
of < 0.034; 95 % confidence interval (CI) just includes between patients and control groups

1.0(0.92-1.79), the p-value appears to be statistically

significant. So, it allows us to conclude sclerostin is relevant as a possible risk factor. From these results,
we can infer that increased sclerostin levels may lead to osteoporosis, underlining its potential role in risk
prediction and clinical evaluation.
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The analysis of diagnostic performance has revealed sclerostin to have a strong potential as a biomarker
for osteoporosiswith an area under the curve (AUC) of 0.82 which is fairly good. At a cut-off value of 5.8 sclerostin
reported a sensitivity of 78 % and specificity of 82 % which means it can fairly well identify those individuals
who have osteoporosis from those who do not. The p-value obtained (0.029) also adds to the evidence in favor
of the reliability of sclerostin in this case. These findings strengthen the potential clinical application
of sclerostin evaluation as a non-invasive biomarker in the future for detecting and assessing the risk
of osteoporosis at an early stage (Fig. 2).
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Fig. 2. ROC curve for sclerostin in the diagnosis of osteoporosis

DISCUSSION

The present study findings resonate well with the strong association between low BMI and osteoporosis; thus,
in this specific population, low BMI could potentially be considered a risk factor when assessed clinically
for bone health [12]. Many previous studies have associated BMI with osteoporosis. Thus, J.S. Walsh et al.
reported significant correlation between BMI and osteoporosis, suggesting possible causes like increased
loading and higher aromatase activity [13]. Another study conducted by J.T. Lloyd et al. in the USA showed
that every unit of increase in BMI was associated with 0.0082 g/cm? increase in BMD [14]. Also, D.T. Felson et al.
showed the guarding effect of elevated body weight on bone mineral density (BMD) values in different places,
mainly in bones that bear weight [15]. In a likely manner, an Asian study found good links between body
weight, BMI, height, and being osteoporotic at various anatomical sites [16]. The potential of sclerostin
as an osteoporosis biomarker has been discussed in several scenarios. Studies report that the sclerostin level
has positive correlation with BMD in postmenopausal women, implying its relevance in assessing fracture
risk [17]. Also, the link of sclerostin with metabolic disease markers makes it plausible that it could be
a dual biomarker for bone and metabolic diseases in postmenopausal women [18—19]. The only real action
that sclerostin performs is to primarily inhibit the Wnt signaling pathway, essential for bone formation. High
sclerostin levels have then been associated with low osteoblastic activity and defective bone formation;
thus, they are useful towards evaluating severity of osteoporosis [10]. Sclerostin's involvement in bone
metabolism highlights its possible application as a diagnostic tool, more so in postmenopausal women, who
are about to develop an increased risk of osteoporosis because of estrogen deficiency [20]. Osteoporosis has
a very complicated pathophysiology, involves processes at the level of bone remodeling which are controlled
by several molecular factors on the activity of sclerostin. Sclerostin is an inhibitor of bone formation which is
a glycoprotein produced by osteocytes, it exerts its actions by blocking Wnt signaling pathway, one of the most
important regulators of metabolism in bones [21]. The regulation of sclerostin should be very important
concerning the maintenance of bone density; high levels have been associated with osteoporosis; elevated
sclerostin is also involved in repression of bone formation what makes it an attractive potential therapeutic
target for anti-sclerostin therapy that has currently emerged as a very promising novel interdisciplinary
approach targeted toward enhancement of bone formation treatment for osteoporosis [10]. The UK National
Osteoporosis Guideline Group (NOGG) recommended the incorporation of sclerostin in clinical practice
as a biomarker for the diagnosis and management of osteoporosis. The measurement of sclerostin may improve
understanding of individual bone health, that is, BMD assessed conventionally [22]. In this way, treatment
could be tailored more on an individual basis for specific high-risk postmenopausal women [23]. Evidence
shows that a combined assessment of sclerostin and BMD can give a holistic view regarding the diagnosis
and treatment of osteoporosis [10]. Sclerostin assessment will not replace conventional BMD measurements
as a linchpin for diagnosing osteoporotic disease but can be added as a biomarker to refine diagnosis
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and monitoring of treatment [2]. The possible role of sclerostin in guiding clinical choices gets more backing
from studies that link its levels to how patients with osteoporosis respond to treatment [21]. The combined
use of sclerostin and BMD measurements is likely to provide a comprehensive view in osteoporosis
diagnosis and management evaluation [10]. BMD is one essential component in diagnosing osteoporosis,
and the incorporation of biomarkers like sclerostin may refine diagnostic precision as well as treatment
monitoring [24]. Further, the implied clinical utility of sclerostin based on its level studies relating to treatment
response in osteoporotic patients has been underscored by investigations [21]. The importance of sclerostin
does not limit its involvement merely to the diagnostic aspect but rather plays a pivotal role in mechanistic
understanding related to the coupling within bone remodeling between osteoclasts and osteoblasts. Sclerostin
inhibition will be a completely new way that could stimulate bone formation specifically without influencing
resorption [25]. Study of the Sirt1-sclerostin route further underlines sclerostin’s role as a likely marker and
target, implying that changes in this pathway might allow new methods for osteoporosis treatment [26].

CONCLUSION

This study indicates that high serum sclerostin levels are greatly linked to higher risk of osteoporosis,
underlining its possible role as a beacon for bone health check. Sclerostin also showed a near link, hinting
at a likely tie between metabolic state and bone density. These findings need more investigation in bigger
varied studies to confirm the real importance of this biomarker in osteoporosis diagnosis and care.
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Oco6eHHOCTH opTOneanYeCcKoi NaToNorumn y 60nbHbIX Helipodpubpomarosom | Tuna
B pecnybaunke bawkoprocTaH
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AnHOTanua

BBegenmne. Heitpodpubpomartos I Tumna (NF-1) — Hac/IeCTBEHHbBI OITyXOJEBbIii CUHIPOM, XapaKTepu3syio-
MIUICST He TOMBKO PA3BUTHMEM KOKHBIX, IIOAKOKHBIX U TIEKCUGMOPMHBIX HEMPOGUOPOM, IIMOM 3PUTETbHBIX
HEPBOB ¥ KOTHUTUBHBIX PaCCTPONMCTB, HO ¥ OPTOMNEANYECKON MaTOJNOrMeil. AKTYaJbHOCTh MCCIeIOBaHUS
0CcobeHHOCTel KIMHMUeCKuX MposiBaeHnii NF-1 06yc/ioBaeHa YacTbIM Pa3sBUTHMEM CKeJeTHBIX aHOMAaJIMIA
y MalMEeHTOB, TPEOYIOMIMX CIiel(MuecKoro Moaxoaa B JIEUeHNM B CBSI3M C BO3MOXKHBIM HAJTMUMEM OITyXoJe-
MTOIOGHBIX MPOIIECCOB B 06/IACTSIX MTOPAKEHMST KOCTE 1 CYyCTaBOB.

Ilesp paGoOThI — OIPEOEIUTh YACTOTY BCTPEUAEMOCTHM OPTOIEANUECKO ATOIOIUN ¥ 0COGEHHOCTH ITPOSIB-
JIEHUSI XapaKTePHBIX 1)1 3a60ieBaHMs MPU3HAKOB Y 60sbHbIX NF-1 B Pecniyonuke BamkoprocraH (PB), cpas-
HUTD MTOJTyUYeHHbIE Pe3Y/IbTaThl C JTaHHBIMU MUPOBOIt CTATUCTUKIA.

Marepuasbl U MeTOAbI. MaTepuar 1jis UCCIeOBaHUS — aMOY/IaTOPHbIE KapThl MAlleHTOB C KITMHUYECKUM
IMarHo30M «HelipodubpomaTos I Tuma», pe3ynbTaTsl 1a60PaTOPHBIX ¥ MHCTPYMEHTATbHBIX MCCIeI0BaAHMIA.
[IpoBenieH peTPOCIEKTMBHBIN aHAIM3 YaCTOThl BCTPEUAeMOCTM OCHOBHBIX KJIMHUUYECKUX TposiBiaeHuit NF-1
U OPTONEeAMUYECKOi MaTosoruu. Mcrnoab3oBaHa MHTEPAKTUBHAS TAaOIMIIA COMPSKEHHOCTU 2 *x 2 C BBIUMCIIE-
HMEM CTaTUCTUK CBS3M (KpuTepuii IIupcoHa x2) ¢ momnpasKoii Meiitca Ha HelpephIBHOCTD, pa3paboTaHHas
B.I1. JIeOHOBBIM, BBITIOJTHEH aHAIN3 YETHIPEXTIOIbHBIX TAOGINLL COTTPSKEHHOCTH.

PesynbTaThl U 06cykaeHue. Yactora Bcrpeuaemoctyi NF-1 B PB B 2024 rogy cocraBmia 1:7407, yto B 2,3 pasa
peke, ueM B cpemgHeM o Mupy (1:3000 uenoBek). OnpenesneHbl: pasBuTHe ckonuosa —y 17,4 %, nepopmanys
IPYIHO KIeTKU — Y 5,3 %, riceBmoapTpo3 — y 3 %, nucMmopdusm aua — y 9 %, Huskuii poct —y 13,8 % 601b-
HbIX. ClTyyay OCTeoIopo3a, aCMMMETPUM JINIa U JUCIUIA3UM KpbLIa KIMHOBUAHON KOCTU Yy 60bHBIX NF-1
B peruoHe He 3aperucTpuUpOBaHbl. IIpy IMOMOIIM YeThIPEXIIONbHBIX TAOIUI COMPSIKEHHOCTU OIMpeaeeHo
CTAaTUCTUYECKM 3HAUMMOE OTINYME YACTOThI BCTPEYAEMOCTY OPTOIemNYecKoii maTosornu y 60abHbIX NF-1
13 PB. ComTacHO peTpoCIIeKTMBHOMY aHajM3y, YaCTOTa BCTPeYaeMOCTY OPTOTIeANIECKOI MTaTOIOTUN Y 6OJThb-
HbIX NF-1 n3 PB okasanach cTaTMCTMUYECKM 3HAUMMO HIDKe, YeM B CpeHEM 10 MUPY, YTO CBULETENbCTBYET
0 HEeOOXOAVMOCTY BHECEHUS KOHCY/IbTallM OPTOIea B MeAMKO-9KOHOMIUYECKMe CTaHAaPThI IJ1s1 CBOeBpe-
MEeHHOT'O BbISIBJIeHMS IaTOJIOTUM 1 Ha3HAYeHMS JIeueHUSI.

3akmoueHue. AHa/M3 0COOEHHOCTE IPOSIBIEHIT OPTOIIeIMU€eCKOli MaTonorun y 60nbHbeIXx NF-1 n3 PB mo-
Ka3aJl CPaBHMMYIO C MMPOBBIMMU JAHHBIMM YaCTOTY BCTPEYAEMOCTH AedopManyy IpyIHON KIeTKM, CKOIN03a,
HM3KOI'0 pocTa 1 rncesgoaprposa. OgHako y nauyeHToB ¢ NF-1 13 Pb onpeneneHna qocToBepHO 60siee pemKkast
perucTpaumsi CKeJIeTHbIX aHOMAJINI B LIeJIoM, AucMopdusma ania, Makpoiedanuu. JJaHHbIX 06 0CTEONOpPOo-
3e, aCMMMEeTPUM JIUIIA U JUCTUIa3UM KPbLIa KIIMHOBU/THOM KOCTH, XapaKTePHBIX 17151 60/bHbIX NF-1, B ipoaHa-
JU3VPOBAHHOI IpyTire He o6HapykeHO. Y 60/bHbIX NF-1 ¢ opTOneanveckoii maToyorueii BoIIBJIE€HbI 6oiee
YyacTble TPYOHOCTY B 00yYeHUM B CPAaBHEHUM CO BCeli Tpymmoii manueHToB ¢ NF-1 n3 PB.

KiroueBbie c1oBa: nedopMaius TPyoHON KIETKH, HeiipopubpomaTos I Tuma, ocTeornopos, IceBmoapTpos,
CKOJIMO03, 4YaCTOTa BCTPEYaeMOCTHU

Ins uutupoBaums: Mycradus P.H. Oco6eHHOCTM OpTOIeAYeCKOoi MaToaoruy y 60abHbIX HelipodubpomaTozom I Tumna
B pecrty6iuke Bamkoprocras. lenuti opmoneduu. 2025;31(5):632-638. doi: 10.18019/1028-4427-2025-31-5-632-638.
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Abstract

Background Neurofibromatosis type 1 (NF-1) is a hereditary tumor syndrome characterized by cutaneous,
subcutaneous and plexiform neurofibromas, optic nerve gliomas, cognitive disorders and can be associated
with orthopedic pathology. Clinical manifestations of NF-1 include skeletal abnormalities requiring a specific
approach to treatment of the tumor-like processes in the involved bones and joints.

The objective was to determine the frequency of orthopedic pathology and clinical manifestations of the disease
in NF-1 patients seen in the Republic of Bashkortostan (RB) and make international comparisons.

Material and methods Outpatient records of patients with a clinical diagnosis of NF-I, the results of laboratory
and instrumentation studies were examined. A retrospective analysis of the frequency of occurrence
of the main clinical manifestations of NF-1 and orthopedic pathology was conducted. An interactive 2 x 2
contingency table was used for calculation of association statistics (Pearson y? criterion) with the Yates
correction for continuity developed by V.P. Leonov and four-field contingency tables were analyzed.

Results and discussion The incidence rate of NF-1 was 1:7407 by 2024 in the RB, which is 2.3 times less
than the world average (1:3000 people). Associated malformations included scoliosis seen in 17.4 %, chest
deformity observed in 5.3 %, pseudoarthrosis in 3 %, facial dysmorphism in 9 %, short stature in 13.8 %
of patients. Osteoporosis, facial asymmetry and sphenoid wing dysplasia were not observed in NF-1 patients
in the region. A statistically significant difference in the frequency of occurrence of orthopedic pathology was
determined in patients with NF-1 from the RB using four-field contingency tables. A retrospective analysis
showed a statistically lower incidence of orthopedic pathology in NF-1 patients of RB as compared to the
world average which indicated the need to include orthopedic consultation in medical and economic standards
for the timely detection of pathology and treatment.

Conclusion Analysis of orthopedic pathology in NF-1 patients from RB showed the occurrence of chest
deformity, scoliosis, short stature and pseudoarthrosis being comparable with world data. Skeletal anomalies,
facial dysmorphism and macrocephaly were not common for NF-1 patients of RB. No cases of osteoporosis,
facial asymmetry and sphenoid wing dysplasia being characteristic of NF-1 patients were detected
in the patients. Learning difficulties were more common for NF-1 patients with orthopedic pathology
as compared to NF-1 patients of RB.

Keywords: chest wall deformity, neurofibromatosis type 1, osteoporosis, pseudoarthrosis, scoliosis, frequency
of occurrence

For citation: Mustafin RN. Specific features of orthopedic pathology in neurofibromatosis type I patients of the Republic
of Bashkortostan. Genij Ortopedii. 2025;31(5):632-638. doi: 10.18019/1028-4427-2025-31-5-632-638.
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BBEIOEHUE

Heitpodn6pomaTo3 06beIMHSIET TPU HO30JIOTUM, KOTOPBIE MMEIOT Pas3IMUHYI0 TeHETUUECKYIO ITPUPOY: Heli-
podubpomaros I Tuma (NF-1), Heitpodubpomaros II Tuma u mBaHHOMAaTo3. NF-1 SIB/IsIeTCSI MOHOT@HHBIM
3ab0ieBaHNeM, 0OYCIIOBIIEHHBIM e TePO3UTOTHBIMY MYTAIMSIMM B TeHe-CcyIpeccope orryxoseit NF1, pacmomno-
>KEHHOM Ha JNIMHHOM Iteue 17 xpomocomsl (17q11.2) [1]. [To ganHBIM IpOBeReHHOTO MeTa-aHanmsa [2], NF-1
BCTpeYaeTCs C YaCTOTOM B cpegHeM 1:3164 HaceneHNUsI B MUPE, BAPbUPYS B Pa3/JIMUHBIX MOMYISLMIX OT 1:2020
o 1:4329, a 3ab6oneBaeMocTh — OT 1:1968 o 1:3601 (B cpemHeM 1:2662). OKoI0 MONIOBMHBI cryuyaeB NF-1
SIBJISIIOTCST CEMEITHbIMY, BCIEICTBME Tepefaun 3a60/1eBaHMsI CJIeTyI0NeMYy TOKOJIeHUIO TI0 ayTOCOMHO-I0MMU-
HaHTHOMY TMITYy, TOTA KaK Apyras [oJ0BM/HA C/yyaeB — CIOpaAuyeckyue, BbI3BaHHbIe BHOBb BO3HUKUIMMU
MYTalMSMMU B ITOJOBBIX KeTKax ponuteneii [3]. NF-1 — 3T0o Hac/eICTBEHHbIN ONyX0JIeBbIVi CMHIPOM, XapaK-
TEPHBIMU TIPOSIBIEHUSIMIM GOJIE3HU SIBJISIOTCS MHOXKECTBEHHbIE MMTMEHTHBIE MITHA I[BeTa Koge-C-MOJIOKOM
(¢ppany.: café-au-lait macules, CALM), nmameTpom Gojiee 5 MM B momybepTaTe 1 601ee 15 MM B ITOCTIyOep-
Tate, 99 % 13 KOTOPbIX MPEACTABISIOT 060 OIyXojeBble pa3pacTaHusl MeJaHOIIMTOB B KOXKe BCIEICTBYE
MOTepYU TreTepo3UroTHOCTH B reHe NFI [4], raMapTOMbI pagy>KHOI 060704YKM 17183 (y3€JIKOB JIuIia), KOKHbIe
U TIOJKOKHBIE Helipo(duOPOMBI, IIMOMBI 3PUTEIbHBIX HEPBOB U IIeKcubopMHbIe Heiipodubpomsl. Crell-
nduueckme mast NF-1 KOCTHbBIE OUCITIA3UYM BKIIOUAOT BPOKIEHHBIN JIOXKHDIN CyCcTaB (ICEBIOAPTPO3) U/VIIN
MCTOHUYEHME KOPTUKAIBLHOIO C/I0S AJIMHHBIX TPYOUAThIX KOCTE, MMCIUIa3UI0 KIMHOBUIHOM KOCTU, CKOJIMO-
TUYECKYIO/KMDOCKOMMOTUUECKYIO JTedopMaliio TTO3BOHOYHMKA U JedopMaIinio rpyqHOi KIETKU TI0 TUITY
BOPOHKOO6pa3Hoi/kuneBuaHol [5]. CormacHo kputepusam NIH (anen.: National Institutes of Health), mpu 06-
Hapy>KeHUM IBYX U3 3TUX NPU3HAKOB, AuarHo3 NF-1 ycraHaBauBaroT KauHuyecku. [Ipy Hanmumm mogTBepK-
nenHoro ciayvast NF-1y KpoBHBIX POACTBEHHUKOB JJOCTATOYHO OHOTO IIpM3HaKa 6oe3Hu [6].

Hamnbonee pacnpoctpaneHHbIMY 17151 601bHBIX NF-1 SIBJISIIOTCST omTyxoseBblie TposiBiaenust. Tak, CALM ompe-
nensiioTy 96,5 % nanneHToB ¢ NF-1, BeCHYIITYaTOCTD ITOIMBIIIEUHBIX 1 ITaX0BBIX 061acTeit —y 90 % [7]. KoskHbie
VI/VITU TIOIKOSKHbBIE Hetpod1OPOMBI BBISIBIISIIOT 60s1ee ueM y 99 %, raMmapTOMbI pamLyskKHOI 06010ukM r71a3 —y 70 %,
iekcu@opMHbIe Helipodn6poMbI — y 1o0BUHBI 60MbHBIX NF-1 [6]. XapakTepHO Takke MOpaskeHe TOJIOBHOTO
MO3Ta B BIJIE IJIMOM 3pUTEbHBIX HEPBOB — B 27 % cirydaeB NF-1, oryxosneri ronoBHoro mo3sra — B 10 %, ruapo-
tedanuu — B 7,7 % [8], smtenicun — B 8,1 % [9]. TsokenbimMu ocnokHeHMsiMuM NF-1 sIB/ISI0TCS 3710KaYecTBEHHbIE
omyXoJu 13 oboouek repudepndeckux HepBoB MPNST (awes.: malignant peripheral nerve sheath tumors), xo-
TOpbIe onpenensioT y 13 % naumeHToB ¢ NF-1, Kak ipaBuiio, B pesy/bTaTe [epeposkaeHNs yKe CYIeCTBYIOLNX
TUIEKCU(BOPMHBIX HelipodMOPOM, /I/1s1 JAHHBIX MAIMEHTOB XapaKTepHa BbICOKast JIETaIbHOCTD [10].

IMomuMo oryxoneBbIx mposiBiennit NF-1 y Bcex maryeHTOB Ha6mogaioT nuddysHble, 3aMeTHbIE Ha MTPOTS-
SKEHUM BCeil KM3HM, KOTHUTYBHbIE HApYIIeHUs, IpuBopsiye B 40 % ciaydaeB K TPYIHOCTSIM B 00yueHUN [3],
a Takke yacToe MmopakeHue ornopHo-asuratenbHoii cuctembl (OC). CornacHO IMpoOBeAeHHOMY MeTa-aHalu-
3y [11], npmbnusuTensHo y 26,6 % maimeHToB ¢ NF-1 numeeTcst ckonmno3s. Kak rmpaBuio, OH pa3BMBAEeTCS B paH-
HeM JIeTCTBe, Hanbojiee YacTo mopaskasi TPYAHON OTAeN TO3BOHOYHMKA. JJOCTOBEpHOI KOPPeIILun MeXKIy
ckoo30Mm 1 reHoturioM NF-1 He BbisiBIeHO. B cpemHem y 24 % 6ombHbIX NF-1 B MUpe onpeaessiioT HU3Kuit
poct [12],y 5 % — niceBmoapTpo3 [6], KOTOPbIi pa3BMBaeTCs BCIEACTBIE 06pa3oBaHyst GUOPO3HBIX TAMapTOM
IUIMHHBIX TPYOUAThIX KOCTE C IoTepeit rerepo3uroTHocTy reHa NFI B TaHHbBIX TKaHSX [13]. B COBOKymHOCTHU
CKeJIeTHbIe aHOMAaJIMy OTpemessioT He MeHee ueM y 60 % 60abHbIX NF-1, OHM YacTO SIBJISIIOTCS TSKEIbIMMU
CITy4asiMu, TPEOYIOIIVIMIM OTIePaTUBHOTO JeueHus [14]. Tak, s neueHus nceBaoaptposa mpu NF-1 mucnomnb-
3YIOT MCCeUeHre TKaHeli (G1OPO3HBIX TaMapToOM C TOoCIeAyIolleli Koppeknyei anmaparom Mimnsaposa [13].
CrioHgMIomes3 M TeXHMKA PACTYIIMX CTePsKHEN Tpu JiedeHUM cKommo3a y 60mpHbIX NF-1 mokasanu mydmive
pe3yIbTaThl C TOUKM 3peHus 3pbeKTuBHOCTY 1 6e3omacHocTy [11].

XapakTepnyo a5t NF-1 nycruia3mio Kpblia KIMHOBUHOM KOCTY OIIpeLleSItoT B CpefHeM Y 9 %, acCMMMeTpUIo
muua —y 10 %, makpouedanuio —y 25 % [15], aHomanuu yeperna, IpMUBOASIIMe K IUIeBOMY AUCMOPOU3IMY —
y 53 % mauuentoB ¢ NF-1 [16]. ledopmanyst rpyqHO KIETKU BbIsiBJieHA Y 3,5 % 60onbHbix NF-1, 4TO 3Ha-
yyTeabHO BbIlle o6imeii momymsiuyy (0,3 %) [17]. [IpoBeneHHsblit MeTaaHanu3 [18] mokasan, uto mpy NF-1
HaOJTIOAI0T CHIKeHVe MUHePaIbHO TVIOTHOCTY KOCTHOM TKaHM B TIOSICHUYHOM OTZeJie TO3BOHOYHMKA U Oe-
I PeHHOJi KOCTH C IIOBbILIEHMEM B KPOBYM YPOBHEl apaTropMoHa 1 C-TeslonenTuaa KojijiareHa epBoro TUIa,
a TaKkKe CO CHIDKeHMeM IesIouHoi docdaTaspl, Kanbuysi, BUTaMmuHa D, 0OCTeOKaIbIHA, MapKepPOB hopMupo-
BaHMSI KOCTHOJ TKaHM 10 CPAaBHEHMIO CO 3J0POBBIMM JIIOAbMMU. B CBSI3M € 3TMM y MOJOBMHBI TAl[M€HTOB Aya-
THOCTUPYIOT 0CTeomnopo3 [19]. AKTyaJIbHOCTb MCCAeIOBAHMS OPTOIeANYECKOil maToaoruu y 60mbHbIX NF-1
006yCI0B/IeEHa HEOOXOAMMOCTHIO CUCTEMATHU3AIMM JAHHBIX 00 0COOEHHOCTSIX PACIPOCTPAHEHHOCTU CKeJIeT-
HbIX aHOMAQJINI Y TTALIMEHTOB U3 Pa3IMUHbIX PETMOHOB, OOHAPY)KeHEM 0COOeHHOCTel OKa3aHMsSI MeIUIIVH-
CKOJi TIOMOILM C 1Ie/TbI0 X KOPPEeKLNN.

Ilesb paGoThI — OMpEIeTUTh YaCTOTY BCTPEUAEMOCTY OPTOITeMUECKO MaTOOTUU U 0COGEHHOCTH TIPOSIB-
JIEHMST XapaKTePHbIX JJIs1 3a060IeBaHMsI TPU3HAKOB y 601bHbIX NF-1 B Pecry6nuke BamkoprocTaH, CpaBHUTD
TTOJTyYE€HHbIE PE3YJIbTAThI C JTAHHBIMY MUPOBO CTATUCTUKNA.
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MATEPUWAJIBI U METO/bI

IMpoBemeH aHaaM3 0COGEHHOCTEN OPTONeIMUECKOi TTaToOrUM Y 60bHBIX NF-1 13 Pecity6mky BakopTocTaH
(PB), cocTosIIyX Ha yyeTe y Bpaua reHeTHKa B Pecry6MKaHCKOM MeAVKO-TeHETUECKOM I[€HTPE C yCTaHOBJIEH-
HBIM IVarHO30M «Helipodubpomaros I Tuma». Beero ucciemoBaHo 543 6ombHbIx NF-1 13 433 cemeii B Bo3pacTe
ot 1 o 85 net (cpemunii Bo3pact — 30 jieT U 7 MeCSILEeB), U3 HUX MY>KUMH — 259 (48 %), sxkeHmuH — 284 (52 %).
MPT 6bu1a mpoBeneHa 60 mamyentam, KT — 28, maHHbIe 0 peHTreHorpaduu 1 JeHCMTOMETPUM B aMOy/1aTop-
HBIX KapTaxX He IpeACTaB/ieHbl. M3 Bcex MamyeHToB yeTbipe 60abHbIX NF-1 MMoimyJaroT jeueHne MHIMOUTOPOM
MUTOT€H-aKTMBUPYeMO MPOTeMHKMHA3BI (CeTyMeTUHMO MM KOCemyTo). Bee uccnemoBanms TpoBeeHsI C Co-
6JTI0IeHieM HOPM OMOMEIUIIMHCKOM 3TUKYM M COOTBETCTBYIOT cTraHmapTam GCP (awnen.: Good Clinical Practice).
ViccmemoBaHbl 0COOEHHOCTY KIMHMUYECKuX MmposiiaeHuit NF-1 y 60ombHbIX 113 PB, IIpoBefeHo cpaBHeHMe IOMy-
YEHHBIX JaHHbBIX C 0OIEMUPOBLIMM JaHHBIMM, & TAK)Ke CPaBHEHIME YaCTOThI BCTPEYAEMOCTHM U BhIPAsKEHHOCTD
OTIYXO0JIEBOTO CMHIPOMA Y GOJIbHBIX CO CKEJIETHBIMM aHOMAaJIMSIMU C 00111l rpymnoii naiyeHToB ¢ NF-1 13 PB.

[ TonTy4eHys KaueCTBEHHBIX OMHaPHBIX TaHHBIX IPOBOAVIIN CTATUCTUUECKYI0 06paboTKY C MCIIONb30BaHN -
€M MHTepPaKTUBHO TaGIMUITbI COTTPSIKEHHOCTHM 2 % 2 C BBIUMCIEHMEM CTaTUCTUK CBSI3U (KpuTepuii [TupcoHa y?)
C ToTpaBKoii MeiiTca Ha HelpepbIBHOCTD, paspaboTtanHoii B.I1. JleoHoBbIM (http://www.biometrica.tomsk.ru/
freq2.htm), ananu3a yeThIPEXTIOAbHBIX TAOINI] CONTPSDKEHHOCTHM Ha caiiTe https://medstatistic.ru/calculators/
calchi.html. [TomumMo cTaTucTMUECKOTO aHAIM3a TPOBELEeHO MOJIEKY/ISIPHO-TeHeTUUeCKoe MCccaeoBaHme 00-
pasuoB THK 6onbHbIx NF-1, B pesynbrare uero y 20 U3 HUX ObUTM MAEHTUGUIMPOBAHBI MyTaliy B TeHe NF1.
U3 544 nmauuentoB ¢ NF-1 BocbMU MpOBefeH MOAPOOHBI OCMOTP O(TaabMOJIOra, KOTOPBII 0OCMaTpPUBAJ
GOJIbHBIX C TIOMOIIIBIO IIIeIeBOIA JIAMIIBI JIJIST BHISIBJIEHMSI TAMApPTOM PaTy’KHOI 0O0TOUKM.

PE3VJIBTATBI 1 OBCY)XXJIEHUE

B PB sapeructpupoBaHo 543 6onbHbIX NF-1 13 433 cemeii. C yueToM HaceleHUs pecITybInKi, 4acToTa BCTpe-
yaemocTu 6ome3uu cocraBuia 1:7 407 yenoBek, uTo 6ojiee UeM B [IBa pasa OTAMYAETCS OT 0OIIeMMUPOBOTO
nokasaresis (1 Ha 3 164 Hacenmenwmst [2]). VI3 543 onmcaHHBIX MALMEHTOB Y 245 (45 %) BbIsIBIeHO Hac/lefOBaHKe
3a00/IeBaHMSI OT OJHOTO M3 poauTesieit, Torga Kak y 299 (55 %) — cnopaguueckue ciaydyau 6e3 ceMeitHOTO
aHaMHe3a, YTO COOTBETCTBYeT JaHHBIM APYTUX McciaenoBaTeneii [3]. COOTHOIIeHMe MY>KUMH K KEeHIIVHAM CO-
CTaBUJIO TIpUGMM3UTENbHO 1:1.

[MurmeHTHBIE TISITHA orpeneieHbl Y 100 % 60mpHbIX NF-1, TOCKOIBKY JaHHBIN KPUTEPHUIA ObIT OCHOBHBIM JIJIST
MOCTaHOBKM AuarHo3a. Heo6xonyumo yuecThb, YTO MOJ00HbBIe MSITHA Ha KOKe, CXOAHbIe ¢ TakoBbIMU ITpu NF-1,
MOTYT BCTPeUaTbCs U MPU APYTUX HACTeACTBEHHBIX OIyXOJIeBbIX CMHIPOMAX, TAKMUX KaK TyOepo3HbIit CKile-
po3 [20], cungpombl Leopard [21], Hynan u Kocrenno [22], KoyneHna [23], ITeiitiia-Erepca [24], Jlernyca [25]
1 Helipodubpomaros II tumna [22]. [TosTomy ITpu nocTaHOBKe AuarHo3a NF-1 1cromb30BaHO He MeHee IBYX
KpuTepues, ycraHOBIeHHbIX NIH [6]. JIumb y 314 nanmeHToB (58 %) 06HAPYsKeHbI KOXKHbIE WM ITOIKOKHbBIE
HelipoGuOPOMBI, YTO TOCTOBEPHO HIDKE, YeM B cpefHeM 1o Mupy (99 %) [6].

He HalimeHO maHHBIX 0 HaMuuuy y 60abHbIX NF-1 13 PB 3/10kauecTBeHHBIX omyxoseit MPNST, koTopble BCTpe-
yatoTcs y 13 % 6ombHbIX NF-1 [10]. KoruutusHbI fedunnt onpeneneHy 79 (14,5 %) 6ombHbIX 13 PB, uTO Takske
IIOCTOBEPHO HIKe Pe3ynbTaToB gpyrux uccnenosateneli (40 %) [3]. Vuactu nauyenTos ¢ NF-1n3 Pb onipeneneno
MopaskeHue roJIOBHOrO MO3ra, Bei3biBaloliee y 20 (3,7 %) 60nbHbIX NF-1 snumencuio, y 23 (4,23 %) — rumpoiie-
dannio, y 21 (3,86 %) — omyxonu roloBHOro Mo3ra, y 28 (5,15 %) — KuUCTbI TOJTOBHOTO MO3Ta, UTO CTaTUCTUYe-
CKM He3HAYMMO OTVIMYAETCS OT JAHHBIX IPYTUX uccienoBareneii [8, 9, 26]. Y 6onbHbix NF-1 13 PB mocToBepHO
6osee pPemKo IO CPAaBHEHUIO C MUPOBBIMU UCCIENOBAHUSIMMU [6, 8] BBISBIEHBI ITIVIOMbBI 3PUTEBHBIX HEPBOB
(n =34; 6,25 %), utekcubopmMHbIe HeitpobmopoMbl (n = 38; 7 %) u y3enku Juma (n = 5; 1 %).

[TnekcudopmHbie HeitpodUOPOMBI MOTYT O6bITh OOHAPYKEHBI KaK IMPY BU3YaJTbHOM OCMOTpE, Tak U C TIO-
moiubo MetonoB MPT u KT [27]. IX OT/IMUUTENbHBIMU YepPTaMMU SIBJISIIOTCSI HEUeTKMe IPaHuLIbl C MHBa3Ne
B OKpYysKalolye TKaHM C PACIOoNoXKeHMeM BIOJIb HEPBHBIX CTBOJIOB, pa3pacTaHueM BOKPYT TedopMUpOBaH-
HBIX HEPBHBIX ITYYKOB C pa3pacTaHKeM BI0JIb COCELHMX HEPBHBIX BeTBeI, MbIIIL M KOXU [28]. B cooTBeTCTBUM
C 3TUMMU KPUTEPUSIMU KIMHULIMCTAMM YCTAHOBIEHO HaIMuMe TUIeKCU(DOPMHBIX HeiipohMUOPOM y MaleHTOB.
InekcudopMHbIe HEIPODUOPOMBI XapaKTEPU3YIOTCSI BBICOKOI UaCTOTOI MepeposkAeHus] B 37I0KaUeCTBEH-
Hble omyxony MPNST. V maruentoB ¢ NF-1 ¢ 605bI110¥i 1iekcudopMHOi HelipodnbpomMoil peKoOMeHIyeT-
€SI TIPOBOAUTh CUMHTUTpaduIo (C TaimeM-67) B KauecTBe CKPMHMHIOBOTO MeTona. Y maiueHToB ¢ MPNST
MISITVIETHSISI BBDKMBAEMOCTb COCTaBjsieT Bcero 30 %, mosTomy st ux nudbddepeHIMaabHON IMarHOCTYUKA
OT TIeKCU(POPMHBIX HENPohMOPOM pPEKOMEHAYETCSI MCITONb30BaTh MO3UTPOHHO-IMMUCCUMOHHYIO TOMOTpA-
¢duro ¢ Tpurnroanom, MmeueHbIM pTopom-18 [29].

CnemyeT OTMETUTb, UTO HaluuMe IUIEKCMGOPMHBIX HeiipoduOpoM SBjsSeTCS MOKasaHMeM [Jis HasHaue-
HUS CeTyMeTMHMOa, TOCKOIbKY B OT/IMUME OT KOXKHBIX Heiipodu6poM, KOTOpble MOKHO JIEUUTh XUPYPruue-
cku [30], ucceuenne maeKkcnGOpMHBIX HEMPObMUOPOM 3aTPYyIHEHO B CBS3M C UX MHPMIBTPATUBHBIM POCTOM
U TIpopacTaHyeM B OKpYy’Kalollye TKaHu. [IpyMeHeHNe celyMeTMHMOa B pa3HbIX CTpaHax IMokasano sddek-
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TUBHOCTb B YMEHbBIIIEHNM Pa3MePOB IJIEKCMGOPMHBIX HelipoGuOpoM y feTelt (4acToTa 06bEKTUBHOTO OTBE-
Ta — 64 % [31], 68 % [32, 33]) 1 Y B3pOCIBIX (YACTOTA 0OBbEKTUBHOTO OTBeTa — 63,6 % [34]). OrnpeneneHa Takke
3¢ deKRTUBHOCTD ceryMeTMHNMOA B OTHOIIIEHMM POCTa CIIMHAIbHBIX Helipobubpom [35].

IMatomoruu OJIC BoIsiBieHbI y 206 (38 %) 60mbHbIX NF-1 13 PB, 113 HUX cKomno3 ooHapykeH y 95 (17,4 %) uenoBek,
HU3KMit poct —y 75 (13,8 %), mmcmopdusm mua — y 49 (9 %), nedopmaryst rpynHoi kietku —y 29 (5,3 %), Tices-
I0apTpo3 Kocreli roneHeit —y 15 (3 %), mmockocronye —y 10 (1,8 %), makpouedanus —y 5 (1 %). AcummeTtpust
JINIIA, IUCTIIa3Us KPblla KIMHOBYUIHOM KOCTY M OCTEOIIOPO3 He OMMCAHbI HM Y 0gHOTO 13 60mbHbIX NF-1 13 PB.

CpaBHutenbHbiit ananus nopakenus OC y 6onbHbIX NF-1 13 PB (Ta6s. 1) cBUOeTenbCTBYET O CTATUCTHUUE-
CKM 3HAUMMOM 00Jiee peKOM BBISIBJIEHMM CKeJIeTHBIX aHOMalIuii B 1IeJioM, AucMopdusmMa Juiia ¥ MaKkpo-
uedanuu [14-16]. OTCYTCTBYIOT TaHHble O HAJIMUMM OCTEONOPO3a, ACUMMETPUN JAULA U OUCIUIa3UM KPbLIa
KJIMHOBUAHO KOCTHU, UTO JOCTOBEPHO OTIMYAETCS OT JaHHBIX 1o Mupy [15, 19]. YacToTa BcTpeuaeMocTu Je-
dopmanuy rpymHO¥ KJIETKM OTHOCUTEIbHO BbIIlle, a CKOIMO03a, HU3KOTO pOCTa U MCeBA0apTpo3a — HIKe,
YyeM B JIaHHBIX JIPYTUX MCCAenoBaTesieif, OJHAKO CTaTUCTUMYeCKu He3Haummo. [Tomumo mopaskenuit OIIC
y 60onbHBIX NF-1 13 PB OCTOBEpPHO peske OIpeesieHa YacTOTa Pa3BUTUS KOXKHBIX U ITOAKOKHBIX Heitpodu-
6poM, y3eIKOoB JInia, miekcuGopMHBIX HeiTpoduOpOM, IJIMOM 3pUTETbHBIX HEPBOB T10 CPABHEHUIO C JAHHbI-
MM 10 MUpY [3, 6, 8, 10, 12], 4TO CBUIETENBCTBYET O HEIOCTATOUHOM 00C/IelOBaHMY ITaliMeHToB. [Ipeacrasser
MHTepeC CpaBHEHe YaCTOThI MMPOSIBJIEHNST TaHHBIX CMMIITOMOB B TpyIIIie 60/bHBIX ¢ mopakenuem OJIC y ma-
uyeHToB ¢ NF-1 13 PB 110 cpaBHeHMI0 C JaHHBIMM 10 MUPY U €O Bcemu nauyueHtamu ¢ NF-1 u3s PB.

Tab6nuia 1
CpaBHUTe/IbHAS XapaKTePUCTUKA OpTOoNneaudIeckoi maronoruu rpu NF-1
YacTora BcTpeyaeMocTy | YacToTa BCTPeuaeMoCTH Kputepmii x2;
KnuHnyeckue nposiBiieHust B Pb B MMpe 3HaueHue p
abc. % % [McTounMK] | TIPY CTEreHu cBOGOAB! 1

CKeJIeTHbIe aHOMAaJIUY B 1LIeJI0M 206 38,0 60 [14] x?=9,684; p =0,002
nedopmalus rpygHOi KIeTKu 29 5,3 3,7 [17] x2=0,116;p=10,734
CKOJIO3 95 17,4 26,6 [11] x?=2,914; p=0,088
HU3KUIL POCT 75 13,8 24,0 [12] x?=3,25;p=0,072

IICeBI0apTPO3 15 3,0 5,0 [6] x?=0,521; p=0,471
0CTeoIopo3 0 0 50,0 [19] x?=66,667; p < 0,001
Iu3Mopdu3M Iniia 49 9,0 53,0 [16] x?=139,841; p < 0,001
Makpoiedanust 5 1,0 25,0 [15] x?=15,686; p < 0,001
acUMMeTpUS LA 0 0 1,0 [15] x?=10,526; p = 0,002
JIUCTIIa3us Kpbuia KIMHOBUIHOM KOCTU 0 0 9,0 [15] x?=9,424; p = 0,003

CpaBHUTENbHBIM aHa/JIM3 YaCTOThl BCTpeuaeMOCTM XapakTepHbIX Ojass NF-1 KIMHMYECKUX MOPOSIBIEHUI
(Tabs. 2) y 60ombHbIX NF-1 ¢ opTomeauyeckoi matonorueii n3 Pb 1o cpaBHEHMIO ¢ MMPOBBIMY TaHHBIMM CBMU-
JIeTebCTBYIOT O CTATUCTUYECKM JTOCTOBEPHO OOjiee pemKoil perucTpammy KOKHBIX M TOAKOKHBIX HENpo-
bubpom, MPNST, rmiekcu@opMHBIX HepohubpoM, INIMOM 3PUTEIbHBIX HEPBOB U TPYOHOCTEN B 0OYUEHUNA.
Mo cpaBHeHMIO ¢ 0611l rpymIoii nanyeHToB ¢ NF-1 B PB y 60JIbHBIX C OPTOIIEIMYECKOI ITAaTOJIOTHEN OMIpee-
JIEHO CTATUCTUUYECKM He3HAUMMO 6ojiee yacToe pa3BUTHe KOTHUTUBHOTO AeduiiuTa (Tabs. 3), 0MHAKO 4acToTa
BCTPEUaeMOCTH APYTUX MPOSIBJIEHUIA OKa3aj1ach aHaJ0TUYHa.

Tab6nuia 2
CpaBHUTeJIbHBIN aHAIN3 KIMHUYeCKUX MposiBaeHnit NF-1 y malyeHTOB ¢ OpToIeauuecKoli maToaorueit
YacroTra BCTpeyaeMoCT YacToTa BCTPEYaeMOCT! Kputepnii x2;
K/IMHIYeCKIe TIPOSIBIeHNs 'y 60mbHBIX NF-1 13 PB, n =206 y 601bHbIX NF-1 B Mupe 3HauYeHue p
abc. % % [McTounMK] | TPY CTEreHy CBOGOmBI 1
Heipoh1OPOMBI 123 59,7 99 [6] x? =46,664; p < 0,001
MPNST 0 0 13 [10] x?=13,904; p < 0,001
y3esku JInia 3 1,5 70 [6] x?=100,347; p < 0,001
iekcubOpMHbIe HePOhUGPOMBI 15 7,3 50 [6] x?=45,369; p < 0,001
IJIOMBbI 3pUTE/IbHBIX HEPBOB 17 8,3 27 [8] x?=12,502; p < 0,001
OITyXOJIb TOJIOBHOT'O MO3Ta 9 4,4 10 [8] x?=2,765; p=0,097
KUCTBI T'OJIOBHOTO MO3ra 13 6,3 2 [26] x?=2,083; p=0,149
runpouedanus 13 6,3 7,7 [8] x?=0,307; p=0,58
SMJIETICUST 8 3,9 8,1 [9] x?=1,418;p=0,234
TPYAHOCTM B OOyUEHUM 45 22,0 40 [3] ¥2="1,574; p=0,006
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Tabauia 3

CpaBHUTEJIbHBIN aHaIN3 KIMHUYECKUX nposiBiaeHnit NF-1y nmaumeHToB ¢ opTonenuyeckoi rnaTonoruein
¢ obieit rpymoit 60mbHBIX NF-1 13 PB

o N | Sacrora serpesaeyoans | Kpurepu
KnuHnueckne nposiBieHus c OpToneLLqu(::K§)(1)46naTonormeM, = 544 ’ i CTeneru
abce. % a6c. % csobonp 1

HeitpodnbpoMBbI 123 59,7 314 58 ¥?=0,243; p = 0,623

MPNST 0 0 0 0 HerpueMmjieMOo
y3esiku Jinia 3 1,5 5 1 ¥?=0,409; p = 0,523
riekcubOpMHbIe HePOhUGPOMBI 15 7,3 38 7 x?=0,02; p=0,888
[JIMIOMBI 3pUTEIbHbIX HEPBOB 17 8,3 34 6,25 x?=0,945; p=0,331
OITYXOJIb TOJIOBHOTO MO3Ta 9 4.4 21 3,86 x?=0,101; p=0,752
KICTBI TOJIOBHOTO MO3Ta 13 6,3 28 5,15 x?=0,391; p=0,532
ruapouedams 13 6,3 23 4,23 y2=1,418; p=0,234
STMUIETICUS 8 39 20 3,7 x?=0,018; p=0,894
TPYAHOCTU B O6YUEHUM 45 22,0 79 14,5 x?=6,559; p=0,011

OTCyTCTBME B NpOAHAIM3MPOBAHHOI TIpyIIe HAHHBIX 00 OCTeoropo3e, aCMMMETPUM JMIlA U AUCIIA3UU
KpbUIa KIMHOBUIHON KOCTU, XapaKTepHbIX 1jis1 60abHbIX HO-1, cBUIETENbCTBYET O HEOOXOOMMOCTHU bosiee
TIIATEILHOTO 00C/IeIOBaHMS MAIIIEHTOB C 00SI3aTeIbHBIMY KOHCY/IbTAI[MSIMYU Bpaua-opToIe/ia U IpoBee-
HUSI UHCTPYMEHTaJIbHbIX UCCIeIOBaHMIA.

3AKJIIOYEHUE

AHanM3 0co6eHHOCTEN IMPOSBAEHNI OpTOTIeAMYeCcKoii aTonorun y 60mbHbIX NF-1 13 PB mokasas cpaBHUMYIO
C MUPOBBIMMU JAHHBIMM YaCTOTY BCTpeuaemMocTu AedopMauyi IrpyqHONM KIeTKM, CKOIM03a, HU3KOTO POCTa
u niceppoaprtposa. OgHako y nauneHToB ¢ NF-1 13 PB onpenenena goctoBepHO 60ree penkasi perucTparms
CKeJIETHBIX aHOMAJINIA B 1[eJIOM, TUCMOpdU3Ma iniia, Makpoiedannu. [JaHHbIX 06 0CTEOTIOPO3€, ACUMMETPUN
JIMIA U AUCIUIA3UY KPbUIa KIMHOBMUIHONM KOCTH, XapaKTepHbIX st 60mbHbIX NF-1, cpequ mpoaHaam3upo-
BaHHOI IPYIIILI He 06HapykeHO. Y 60mbHbIX NF-1 ¢ opTOneanuecKoi maToNor1eli BoISIBI€HbI 60jIee yacTbie
TPYAHOCTM B 0OYUeHMM B CPAaBHEHMM CO BCeil rpymioii marueHToB ¢ NF-1 u3 PB.

Kongnukm unmepecos. Aemop 3asnsnsem, umo daHHas paboma, eé€ memd, npedmem u codepicaxue He 3ampazusaom KoOHKY-
PUpPYIOWUX UHIMEPECOs.

Hcmounuk ¢unancuposanus. Asmop 3assnsem 06 omcymcmeuu GuUHaHcuposaHus npu npogedeHuu Ucciedo8aHusl.

Coomeemcmeue npuHyunam smuxu. Bce uccnedosatus senucs ¢ coontodeHuem Hopm 6UOMeOUYUHCKOL IMUKU, U coomaem-
cmeyiom cmandoapmam GCP.
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AHHOTanua

BBenmeHue. OHOI 13 YaCThIX Kaa00 MalMeHTOB [T0C/Ie TOTaJbHOTO HIONPOTE3UPOBaHMS Ta300eqpeHHOro
cycTaBa KepaMuuecKoit mapoi TpeHus sBisieTcs: peHoMeH LryMa (CKPHUIL, XPYCT), KOTOPbIi TOPOsKAAaeT MHO-
SKeCTBO BOITPOCOB U UCCIeIOBAHMUII IIPUYMH €r0 MPOUCXOKAeHUs1. Cpeivt OpTOIeJ0B HAOMPAeT MOMYISIPHOCTD
METO[I UCCIeJOBAHMUS aKyCTUUECKOI SMUCCUY, — aKyCTUIeCKasi apTPOMeTPHsI, TTI03BOJISIONIAsT BU3YaIN3UPO-
BaTb 3BYKOBBIE XapaKTEPUCTUKM.

Llesb paGoTHI — MPOEMOHCTPUPOBATD BO3SMOKHOCTb MIAEHTU(MUKALMY ITYMOB KEPaMIUYECKO ITapbl TPEHMSI
9HJIONPOTE30B Ta300eAPEHHOr0 CYCTaBa METOIOM aKyCTUUYeCKOI apTPOMETPUM U ONIPEZIeNTH CBSI3b IIYMOB
C TIOIO’KeHVEM BEPTTY>KHOTO KOMITOHEHTA.

Marepmnasnsl u MeTOABI. PeTpOoCIeKTHBHOE UCCIeJOBaHMe BKIOYaeT 36 NalieHTOB, TIePeHeCIIX TOTaIbHOe
SHIOIIPOTE3UPOBaHME Ta300eIPeHHOTO CYyCTaBa C KepaMU4eckoii mapoit Tperust. )Kano06s! Ha IIyM B 06;1aCTH
SHIONPOTE3UPOBAHHOIO CyCcTaBa umenn ceMb (19,44 %) nanueHToB. [laneHThl pa3AeneHbl Ha OBe TPYIIIbI
110 IPU3HAKy Haiuumsl mwyma (n =7) u ero orcyTcTBus (n = 29). IIpoBeneH OHJIaiH-OIPOC M aHaAnU3 KIUHU-
KO-PEHTTeHOJMIOTMYECKIX [T0Ka3aTesieii o BO3pacTy, CPOKy HabmoaeHust, UMT, MHKIMHAIUKA Y aHTEeBEepCUNn
BEPTIY’)KHOTO KOMITIOHEHTA. BrimmonHeHa akycTuueckass aptpometpus 10 manmeHTam, AaH CPaBHUTEIbHBIN
aHa/IM3 KpuTepues: BbicoTa umnyabca, PEAK, ASYMMETRY 1 WIDTH.

PesynbraTsl. CpaBHUTE/IbHBIN aHA/IN3 OTAENbHbBIX KIMHUKO-PEHTIEeHOIOTMYECKUX TTI0Ka3aTesneil [ByX Pyl
He BBISIBWI CTATUCTUUECKY 3HAUMMBbIX pasinunii. OMHaKO aHaIM3 OTKIOHEHMIA 10 JII060MY U3 IBYX KPUTEPH-
€B TTOJIOKEHMS BePTIYKHOTO KOMITOHeHTa coctaBumi 20,7 % B TpyIilie mauyeHToB 6e3 skanob Ha myMm 1 57,1 %
B TpYIINe MaIMeHTOB ¢ kajobamu Ha myM (p = 0,048). AKycTuueckast SMUCCHUST SHIOTIPOTE30B C IITyMOM MMe-
eT BU3yasjbHble OTINUYMS aKyCTUUYECKOl CUTHATYPhI, a TAK)Ke KpUTepUeB, CpefHee 3HaUueHe KOTOPBIX COCTa-
Bwio: PEAK — 0,492 B rpymme 6e3 mryma 1 0,488 B rpymie ¢ mrymom; ASYMMETRY — 0,012 nipotus 0,015;
WIDTH — 479,2 npotus 486,5.

0o6cykaeHue. [TonyuyeHHbIe JaHHbIE KOPPEIUPYIOT C Pe3yabTaTaMy MPeIbIAYyIIUX MCCIeI0BaHMII U TIOMI-
TBEPKAAIOT B3aMMOCBSI3b YIVIOB MMILIAHTAIIMM BEPTIYKHOTO KOMIIOHEHTa ¥ ¢eHOMeHa Iryma. B otinmune
OT APYTUX UCCIeIOBAHMI aKYCTUUECKOV apTPOMETPHUM B BBHITTOJIHEHHOM HaMM MeTO/ie KPOMe BU3Yaau3alnmn
M aHAIM3a aKyCTUYECKUX CUTHATYP MMEETCS] BO3MOKHOCTh OObEKTUBHOI OLIEHKM ITyMa B CTATUCTUYECKUX
eqMHULIAX.

3akmioueHue. [IpoBeieHHOE MCCIeIOBaHMe JeEMOHCTPUPYET BO3MOKHOCTY TIPUMEHEHMST aKyCTUUeCKOIi ap-
TPOMETPUM, KOTOPAs MO3BOJIIET UAEHTUGUIMPOBATh PAa3IMUHbIe COCTOSTHMSI KepaMMUUeCKOii TTapbl TPeHNs,
0XapaKTep130BaTh BBISIB/ISIEMBIN ITYM ¥ U3MEPUTH €T0 B KOJMIMUECTBEHHBIX BEJIMUMHAX.

KnroueBbie ci1oBa: SHOOIIPOTE3MPOBAaHME Ta306€ﬂp6HHOI‘O CyCTaBd, KepaMmnueckas Ilapa TpeHMd, IIyM
B I1ape TpeHUs, aKyCTU4YeCKass apTpoOMeETPUA
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Abstract

Introduction Noise from a total hip replacement's ceramic friction pair is known as hip squeaking. Acoustic
arthrometry in total hip replacement (THR) involves using acoustic emission technology to visualize sound
characteristics.

The objective was to identify the possibility of identifying noises of a THR ceramic friction pair using
the acoustic arthrometry and to determine the relationship of noises with the position of the acetabular
component.

Material and methods The retrospective study included 36 patients who underwent THR with a ceramic
bearing pair. Seven patients (19.44 %) reported noise at the site of the THR joint. The patients were divided
into two groups based on the noise (n = 7) and no noise reported (n = 29). Clinical and radiological parameters
were reviewed through online survey considering age, follow-up period, BMI, inclination and anteversion
of the acetabular component. Acoustic arthrometry was performed for 10 patients with the pulse height,
PEAK, ASYMMETRY and WIDTH measured and compared.

Results Comparative analysis of individual clinical and radiological parameters showed no statistically
significant differences in the two groups. However, deviations by any of the two criteria in the acetabular
component position was 20.7 % in the no-noise group and 57.1 % in the noise reported group (p = 0.048).
Acoustic emission of THR with noise had visual differences in acoustic signature with the mean PEAK
measuring 0.492 in the no-noise group and 0.488 in the noise reported group; ASYMMETRY being 0.012
versus 0.015 and WIDTH measuring 479.2 versus 486.5, respectively.

Discussion The findings correlated with the results of previous studies and confirmed the relationship
between the angles of the implanted acetabular component and the noise. In contrast to previous studies
of acoustic arthrometry, the method offered facilitated objective statistical noise assessment in addition
to visualization and analysis of acoustic signatures.

Conclusion The study demonstrated possibilities of acoustic arthrometry in identification of different states
of the ceramic friction pair, characterization of the noise detected and its quantification.

Keywords: total hip replacement, ceramic bearings, hip squeaking, acoustic arthrometry
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BBEIOEHUE

ToTasbHOE 3HIONPOTE3UPOBaHMe Ta3obenperHoro cycrasa (TBC) B XXI BeKe SB/ISIETCSI ONTUMAIbHBIM Ba-
PUAHTOM JIeUeHMsI TAl[MEeHTOB C JereHepaTuBHbIMYU 3a6oneBanussmu TBEC B craguu ucxoga. ITo ceii neHb
OIHUM M3 aKTyaJbHbIX OCJIOXKHEHMI sHAonpoTre3upoBanys TEC ocraeTcss M3HOC Mapbl TPEHUS U €ro MOo-
ctenctsus [1]. Oy pelieHMs] TaHHOV MpoGieMbl B UCTOPUM IHAOIPOTE3UPOBAHMS ObLIO MTPEAJIOKeHO
He Maji0 MaTepUa/IOB Iapbl TPEHMS, HAUMHAS C YXOASAUIel B MCTOPUIO MeTaslJI-MeTa/UIM4eCKOl mapoil
U 3aKaHYMBas aKTyaJlbHOJ KepaMMKO-IIOJIMSTUIEHOBOI Tapoi TpeHus [1, 2]. B nmomckax sgy4iiero marte-
puasa rmapsl TpeHust B 1972 r. ¢ppaHiy3ckum oproremom P. Boutin 6bl1a NmpeajioskeHa Iapa TPeHUS «Ke-
pamuka—kepamuka» (Ce—Ce), mpefcTaB/ieHHas KaK M3HOCOCTOMKMI ¥ GMOMHEPTHBIN MaTepuas, MacCoOBOe
TIPOU3BOJICTBO KOTOPOTO OBLIO peayM30BaHO HeMelKkoil Kommanueii Ceramtec [3]. TeM He MeHee, epBoe
TOKOJIEHNe JaHHOTO MaTepuasia BbIAENSIIOCh He TONbKO BBICOKOV M3HOCOCTOMKOCTBIO, HO U TOBBIIIEHHOI
XPYTIKOCTBIO [4]. B manbHejinem mpu pa3paboTke CIeIyoIX MOKOIeHNI KepaMUKY BHUMAaHMe ObUIO aKIeH-
TUPOBAHO Ha YIIOMSHYTbIe HeJOCTATKY IJ151 X yCTpaHeHMs1. B pesynbTrare roucka pelieHuii COBpeMeHHasi Ke-
paMuueckas rnapa TpeHusi (UeTBepTOro MOKOJIeHNSI) BBIIIOJIHEHA U3 CIVIaBa OKCUIOB &IIOMUHUS Y LUPKOHUS
(AL,Os, Zr0O,). HecMoTpst Ha TO, YTO B KepaMMKe UYeTBEPTOrO MTOKOMEeHMSI YCTPaHeHbl MpeXXHue HeLoCTaTKMU,
Bce 6oJiee aKTyaJbHbIM CTAHOBUTCS (PEHOMEH ITyMa (XPYCT, CKPUII, CTYK), MICXO/SIIEro 13 06JacTy SHAOMPO-
TesupoBaHHOTO TEC, HaXO[sIIerocs B CABIIIMMOM IMaria3oHe, KOTOPbI 6eCTIOKOUT MalMeHTOB, MMeIOIIUX
KepaMMUeCcKyIo Mapy TPeHus, 1 MTOPOKIaeT MHOXKECTBO BOITPOCOB O IIPUUMHE eT0 IMPOMCXOKAeHNUs [5].

Mo pesynbTaTam uccieqoBauus S.J. Stanat et al. mamyeHThI YaCTO CJIBIIIAT CKPUIT, KOTOPBIi SBISIeTCST Hanbo-
Jiee 4aCThIM M3 IIyMOB, BTOPBIM II0 YaCTOTE CPey CIBILIMMBIX IIYMOB SIB/IsieTcs XpycT [6]. ComiacHO JaHHBIM
HaIlMOHAIbHBIX pPerncTpoB Benmukobpuranmm u HOxHoit Kopen, romoBka KepamMuuecKoil Tapbl TPeHUS T0-
KoneHust Delta ycroiiunBee peAbIayIIMX, HO IOKA3aTeIy PacKoia BKIaAbIIIA OCTAIOTCS Ha MTPEKHEM YPOB-
He [7, 8]. B Poccuiickoit ®enepanyu B 2019 1. 6610 BBITIONIHEHO 60siee 88 ThIC. TEPBUYUHBIX ¥ PEBU3MOHHBIX
sHponpore3upoBanuii TBC. IIpu 3TOM D0 MMIUIAHTALMM 3HAONPOTE30B C Mapoii TpeHus: Ce—Ce cpaBHU-
TeJIbHO HeBeJyKa  coctapiisieT oT 0,5 % 1o 8,2 % ot ob1iero uucia suponporesupoBannii TBC B 2008—2020 rr.
B BOo3pacTHOII rpyrne namueHToB m0 30 JieT 4oJisl MMILIAHTaLMiT KepaMMUUeCKMX Iap TPeHUs 3HaUUTEeIbHO
BhItre (30 % ot obmiero uncia) [9]. I Mbl B IIpaBe OKMUAATh, UTO CPEIM ITOTO KOJTMYECTBA MAIMEHTOB OyyT
Hey[OBJIETBOPEHHbBIE Pe3yabTaTOM 3HAOMNPOTe3MpoBanys TEC 13-3a CIBIIIMMOrO IryMa.

Cpenu opTOTIeioB BCe GOJBIIYIO MOMYISIPHOCTh HAOMPAIOT MCC/IeNOBaHMSI, HATIpaBIeHHbIE HAa U3YUYeHMe BU-
6paiyit 1 CIBIIIMMBIX IIIYMOB B 06/1aCT SHAOMPOTE3MpoBaHHOro cycrasa [10, 11]. Hambonbumii maTEpEC
TIpeJICTaBISIIOT MCCAeq0BaHMs, HallpaB/lieHHble Ha M3yuyeHMe He TOJbKO CJBIIIMMBIX ITYMOB (CTYK, CKPUII,
XPYCT), HO ¥ HECTBIIMMBIX IITYMOB (KOe6aHmit), KOTOpble HAXOMSTCS B IMara3oHax 3a mpeaenamu Gusmo-
JIOTUYECKIUX 0COOEHHOCTEI CTyXOBOTO aIrapaTa uejoBeKa, — MHGpa- 1 yIbTPasByK.

MeTopg, aKyCTHUU€eCKO¥ apTpOMeTpHUIL, OCHOBAHHbIN Ha aHa/IM3€e MOTyYeHHBIX C IOMOIIbIO akceslepoMeTpa aKy-
CTUYECKUX CUTHATYP, B YACTHBIX CIy4YasX MPOJeMOHCTPMPOBAJ BO3MOXHOCTh OI[eHKM He TOJIbKO paciliaThi-
BaHMSI KOMIIOHEHTOB 5HAOINPOTE3a, HO U paspylleHus: nap tpeHus, Takux kak Ce—Ce [12]. JlaHHBII MeTOx,
He VICK/TIOUaeT IUITOTeTUYECKYI0 BOSMOKHOCTD aHa/INM3a 3BYKOBBIX (e HOMEHOB TBEPABIX AP TPEHMST, HaXOmsI-
IIMXCS B IMara3oHax MHdpa- 1 yIbTpa3ByKa, ¢ MocIeayoleii Mx MHTepipeTraiuei. K Tomy ke uccienoBaHne
IITyMa, BO3SHMKAIOIIEro B pe3yibTaTe TPeHUS KepaMUUeCcKuX map SHAO0MPOTEe30B, AaeT MepCrIekTUBY MPOrHO-
3MPOBATh CPOKY IKCILTyaTallUy SIHAONPOTE30B, UTO SIBJISETCS CYLLeCTBEHHBIM JOIIOIHEH/EM apceHana OpTo-
resa sl OlleHKY BbDKMBAEMOCTH SHIOTIPOTE30B B OTJ/JIEHHOM Iepuojie.

Ilesb paGoOTHI — MTPOIEMOHCTPUPOBATH BO3MOKHOCTD MAEHTUMUKAIMM IITYMOB KepaMUUeCKO Iapbl TPEHMS
SHIOIIPOTE30B Ta306eqPEeHHOr0 CycTaBa METOAOM aKyCTUUECKOI apTPOMETPUM U ONIPENeIUTh CBSI3b IITYMOB
C TTOJIOKEHVIEM BEPTIY;KHOTO KOMITOHEHTA.

MATEPUWAJIBI I METO/IbI
XapakmepucmuKu nayueHmos u 3H0onpoe3oe

B peTpocrieKTMBHOEe OJHOLIEHTPOBOE MCC/IeJOBaHME BKIIOUEHbI 36 MMalMeHTOB, IepeHeciinuXx B nepuos, ¢ 2008
o 2020 rr. ToranbHOe sHAOonporesupoBaHue THC ¢ mapoit TpeHusi Ce—Ce. CpenHuit BO3pacT MalyeHTOB
Ha MOMEHT XMPyPIUUYeCKOro BMeIlaTe/lbCTBa cocTaBuil 46 net (18-69), nuMuamu sKeHCKOTO I10j1a SIBJSUIMCh
23 (64 %) uccaenyeMbIX, My>KCKOT0 — 13 (36 %).VY 16 (44 %) naliyeHTOB paHee GbII IPOOITEPUPOBAH KOHTpPA-
JlaTepaabHbIN CYCTaB, HO SHAOMPOTE3aMM C ITapoii TPeHMS MeTa/UT-TIoNMaTHeH, y 20 (56 %) maiueHTOB MMpo-
BeZleHO OOHOCTOPOHHe sHAaoIpoTe3upoBanue THC.

Bce YUYaCTHUKU ObUIN MHd)OpMMpOBaHbI " noaImcaJin corjiacme Ha ydactue B MCCjieqOBaHUM OO0 XUPpypruue-
CKOTr'0O BMelIaTe/JbCTBa.

IMaieHTHl pacIpefesieHbl Ha ABe I'PYIIIbI: MEePBYI0 TPYIITY COCTABWIM TAl[MeHThbI, HEe MMeIOIIye XKaaob
Ha IIyM B 0651aCTV 3HAO0MpoTe3a (n = 29), BTOPYIO — MaIMEeHThI, UMEIOIIe KaJ06bl Ha CJIBIIIMMBbIN ITyM B 06-
JlacTu sHporporesa (n = 7).
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Bce xupypruueckue BMeLIaTeabCTBa (3Hmonporesuposanye THC) 6bUIM NePBMUYHBIMK U IIPOBELEHbI Yepes
nepenHe60K0BO TOCTYII.

IMpoaHamM3MpOBaHbl TaKMe KPUTEpUM KaK: BO3PACT, CPOK HabGIomeHus, nHaeKkc macchl tena (MUMT), yron
MHKJIVMHAUWM BEPTIY’KHOTO KOMIIOHEHTA U YTOJI aHTEBEPCUM BEPTTY>KHOTO KOMIIOHEHTA, a Takke OlLleHEeHO
COOTBETCTBME M3MEPEHHBIX YITIOB ITpeJeIaM IOITyCTUMbIX 3HaUeHW, peKOMeHI0BaHHbIX Lewinnek: mHK/IM-
Hanys — (45 + 15)°; antreBepcust — (15 + 10)°.

AKycmuuecxau apmpomempus

UccnenoBanme akyCTMUeCKOi apTpoMeTpuu IpoBefeHo y 10 MmaumeHTOB ¢ KepaMMUUYeCcKOV Mapoi TpeHuUs:
9TBC, u3 Hux cemb (70 %) MalMEHTOB MMEIN JKaJI00bl HA CIBIIIMMBIN ITYM B 00JIACTU ITPOOTIEPUPOBAHHOTO
CyCTaBa, ¥ TpU ManyeHTa 6e3 5kamo6 Ha CIBIIIMMBIN IITYM, KOTOPBIX Mbl PACCMATPUBAIM KakK BApUaHT HOPMBI.
VYCTpOJCTBO perucTpanum aKyCTUUeCcKOil SMMCCUM, OCHAllleHHOE TPeX-OCEBbIM aKkce/lepOMeTpoM (3asiBKa
Ha VC, per. N2 2024134340) 66110 GMKCUPOBAHO B 06/1aCTb IIPOEKIINY GOJIBIIOr0 BepTeia COriacHO pa3pado-
TaHHOMY croco6y (3asika Ha VIC, per. N2 2025105401). Bce ucciienyembie BBITIOMHSIIA OOMHAKOBOE IBIUKe-
Hue, — xoab0y Ha aycrannyy 200 M M0 POBHO¥ MOBEPXHOCTY B OOBIYHOM MHAVBUIYATHHOM TEMIIE.

Kputepuu, KOTOpbie MbI MCITOJIb30BajIM IPU paciimdpoBKe, 6pU1M pa3paboTaHbl, 000CHOBAHbI, OIIpe/IeIeHbI
¥ aBTOMATM3MPOBAHBI COTPYIHMKAMM Kadeapbl TEOPETUUECKNUX OCHOB paanoTexHuky ®IBOY HI'TY (3aBemy-
fomuit kadenpoit — M.A. Paiidenbn; mpodeccop kabenpst — B.H. Baciokos) [13].

ITpu pacmindpoBKe akyCTUUECKO CUTHATYPBI (PUC. 1) YUUTHIBAIU KPUTEPUN:
— BBICOTBI UMITYJIbCOB, 0003HAUEHHBIX YCJIOBHbIMMU equHMLiaMu 0, 1, 2, 3...;
— PEAK (nepesod c aHe/.: BepliHA UMITY/IbCA) — UCKAXKeHMe MMITY/IbCa C TOPOrOBbIM 3HaueHMeM < 0,49;

— ASYMMETRY — acMMMeTpUYHOCTb MMITY/IbCA, OTOOpaskaroIast M13HOC KOMITOHEHTOB C ITOPOTOBBIM 3HaUe-
Huem > 0,02;

— WIDTH — mpuHa MMIy/bca, peACcTaBIsiolas paciiaTaHHOCTD UM pa3pylleHie KOMIIOHEHTOB C I0pPOo-
roebiM 3HaueHueM > 500.
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Puc. 1. O1eHKa aKyCTUUYECKMX CUTHATYpP. B MpSMOYro/ibHUKE M300pakéH M30MPaTEeIbHO B3SIThINi HOPMAaJIbHbBII
MMITYJTbC aKyCTMYECKOI CUTHATYpbl TPEHMSI KepaMUYecKoi mapbl (0003HAUEH CXOMSIIMMMUCS YEPHBIMMU JIMHU-
SIMM), KOTOPBIJ MPOaHaAM3MPOBaAH C MO3ULIUM MpeoKeHHbIX KpuTepueB: BbicoTa — 11 en.; PEAK — 0,49387;
ASYMMETRY — 0,014977; WIDTH — 144

AHaIN3 aKyCTUYEeCKMX CUTHATYP IMPOBOAVIIN C MICIIOb30BaHMEM ITporpaMMHOTOo obecrieuennst MATLAB. Jle-
TaJbHOE OTVICaHVe MeXaHM3Ma YCTPOICTBA MPeICTAaBAeHO B Hallleli mpeapiayiieit pabore [13].

Cmamucmuueckuii aHanu3s

Ilyist aHa/mM3a JaHHBIX MIPUMEHSUIM SI3bIK TporpamMmmupoBanus Python (Bepcus 3.11). [I1s1 KonuyecTBEeHHbBIX
TepeMeHHbIX ABYX TPYII (BO3pacT, CpoKM HabmomeHust, UMT, MHKIMHALWS M aHTEBepCUs aleTadyssp-
HOTO KOMIIOHEHTA) OLIeHMBaIM CpefHee 3HaUeHMe UM AuanasoH. B mccinegoBaHnum npumeHeH t-tect CThio-
IEeHTa JJisS He3aBMCUMMBIX BbIOOPOK, a IMpM HApYIIeHMM HOPMAaTbHOCTM pacmpenmeneHuss — U-Kputepuit
MaHHa — YuTHu. [I719 KaTeropuaabHbIX ITIePeMeHHbIX [IPOBeJleH aHaIN3 C UCIO0Ib30BaHUEM TOYHOTO KPUTe-
pus Ouirepa. YpoBeHb CTAaTUCTUUECKOM 3HAUMMOCTH YCTaHOBJIEH Ha ypoBHe p < 0,05.
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PE3VJIBTATDHI

B pesynbrate ompoca 1 IOCIeAyIOIIero aHauu3a MoJyYeHHBIX JaHHBIX OINPeleeHo, YTO IIyM, UCXOMSIII
13 06acTy MpoTe3upoBaHHOro TBC 3HIOIIPOTE30M C KepaMMUeCKOil Iapoii TpeHusl, TOATBEPSKIEH Y CeMMU
MalyeHTOB, UTO COOTBETCTBYeT 19,44 % ot Bceit BbIOOpKM (7 U3 36). Tpoe U3 ceMU MalYIEHTOB OTMETUIN,
YTO IIYM CJIBIIIAIY He TOTBbKO OHM, HO U PSIAOM HAXOSIIMECS JTFOIM, OCTAIbHbIE YEThIPE MAlVIEHTA CIIbIIIAIN
IITYM TOJIbKO JIMUHO, 29 (80,56 %) malyeHTOB 13 IPYIMIIbI HE COOOINVIINM O HaIMUuy (peHOMeHa IIfyMa B 061acTy
MPOTEe3MPOBAHHOTO CYCTaBa.

CpaBHUTENbHDBIN aHAIN3 KIVMHMKO-PEHTT€HONIOIrMYeCKX IToKa3aTeseli IBYX IPYIIl He BBIIBUJI CTaTUCTHYe-
CKVM 3HAUMMBbIX pasanuamnii (Tab. 1).

Ta6muua 1

HapaMeprl ManMeHTOB ABYX I'PYIII, Pa3Ae/IEHHBIX 110 ITPU3HAKY «Ha/IM4UMe MJIN OTCYTCTBME» CIBIIIIMMOrO nrymMa

IMepBas rpymra (6e3 myma) Bropas rpymma (¢ mymom)
Hapamerp n = 29; 80,56 % n=7;19,44% p-value
Bospacr, et 51,17 £ 14,98 52,57 10,89 0,779
WMT, kr/m? 26,75 + 4,32 26,32 £ 4,39 0,794
CpoKu HabGIIOIEeHNS, JTIET 6,20 = 1,63 5,29 £1,30 0,089
WHKIMHALUMS Yalliku, © 42,00 7,02 38,00 = 9,59 0,181
AHTeBepCHs Yaliku, ° 12,63 + 8,35 11,80 £ 4,30 0,758

B momonHeHMe MpoBefeH aHaIN3 COOTBETCTBMUS YIVIa MHKIMHAIMY alleTaOy/lIsIpHOTO KOMITIOHEHTa PeKOMeH-
IOBaHHBIM 3HAauUeHUAM (45 * 15)°. B mepBoii rpyImie naiueHToB (6e3 mryMma B 06JacTy MPOTe3MPOBAHHOTO
CyCTaBa) OTKJIOHEHME OT JaHHOIO 3Ha4YeHMsI BbISIBJIEHO B 17,2 % ciy4yaeB, B TO BpeMs KaK BO BTOPOJi IrpyIine
(c mrymMoM) 3TOT ToKa3aTesab 66U paBeH 42,9 %. OTKIOHEHUS OT JOMYCTUMbIX 3HAUeHUI aHTeBEePCUY, PEKO-
MeHmoBaHHbBIX Lewinnek (15 = 10)°, B rpymie 6e3 nryma 6510 BbISIBJIEHO B 13,8 % ciryyaeBs, TOT/a Kak B TPyIIIe
6e3 mryma — B 28,6 % ciyuaeB. Hu B omHOM 13 OTIe/bHO B3SITBIX TIOKa3aTeseil He TOMyYeHO CTaTUCTUIeCKU
3HAUNMMOI1 Pa3HUIIBI, OTHAKO BBISIBJIEHA 3HAYMMAsl PA3HUIIA B TTPOLIEHTHOM COOTHOIIEHNM T10 061eMy KOIn-
YeCTBY OTKJIOHEHUI 000MX YIJIOB MMITIAHTAMM BEPTIY)KHOTO KOMIIOHEeHTa: B rpymie 6e3 mryma — 20,7 %,
B rpyrmne c mymoMm — 57,1 % (ta6:. 2). TakuM 06pasoM, pe3yabTaThl UCCIeIOBAHMS ITOKA3a/IM, YTO OTKIOHEe-
HMe OT [IpeJielioB PeKOMEHA,0BAaHHbIX YITIOB MMILJIAHTALMM BEPTVIY>KHOTO KOMIIOHEHTA BJIMsIeT Ha BOSHUKHO-
BeHle (peHOMEHA ITyMa.

Ta6muua 2
CpaBHUTEJIbHBII aHAIM3 TI0OKa3aTesell OTKIOHEHMS OT YCJIOBHO HOPMbI
MHKJIMHALUU Y aHTeBepCUM BEPTIY>KHOTO KOMITOHEHTA JBYX I'PYIII,
pasgeieHHbIX 10 MPU3HAKY «HaJIMYMe WM OTCYTCTBYME» CIIBIIIMMOTIO IIyMa
IMepBag rpymra (6e3 myma) Bropas rpymmna (¢ urymom)
IMapameTp n=29; 80,56 % n=7;19,44 % p-value
a6ce. % abce. %

OTK/IOHEeHMeE 110 MHKIMHALUU 5 17,2 3 42,9 0,145
OTK/IOHEHMe TI0 aHTeBepCUn 4 13,8 2 28,6 0,290
OTKJIOHEHME T10 JTI060MY KPUTEPUIO 6 20,7 4 57,1 0,048*

AHanu3 akycmuueckotii apmpomempuu

AxycTryeckasi SMMUCCUS SHIONPOTE30B CO CIBIIIMMBIM LIYMOM MMEET CYLeCTBEHHbIE B/3yalbHble OTINYUS
B MICK&)KEHHOCTY BCei aKyCTMUeCKOM CUTHATYphI (pUc. 2). Bo BTOPOIi rpymIie ¢ irymoM (1 = 7) BbICOTa UMITYJIb-
coB He mnpeBbIaet 10 y.e. B CpeJHMUX 3HAUEHMUSIX, @ B TPyIIIe 6e3 myma (n = 3), rae ayaguorpaMmy MpUHUMATIU
KaK YCJIOBHYIO HOPMY, BbICOTa MMITYJ/IbCa IpeBblaia 10 y.e. B CpegHMX 3HAUeHMSIX (KpacHas IMHUS PUC. 2, a).
Cpentee snauenue kputepust PEAK cocraBun 0,492 B rpymme 6e3 myma u 0,488 B rpyriie €O CIbIIIMMbIM
mrymoM, ASYMMETRY, — 0,012 npotus 0,015, WIDTH, — 479,2 npoTtus 486,5.

[Tpu uccemoBaHUM aKyCTUUYECKOl CUTHATYPBI Ha TIEPBOM dTalle He0OXOIMM aHasu3 ob1eli KapTUHBI rpadu-
Ka ¥ BBICOTBI MMITY/IbCOB (B HOpMe > 10,0 ef.), He 3aBMCUMO OT TOJILIMHBI MITKUX TKaHel. BTopbiM 3Tanom
npoBogAaT aHanu3 kputepus PEAK (B nopme > 0,49 en). 3HaueHMe HIDKe yKa3aHHOTO MOPOra CBUZETeNIb-
CTBYeT O HapylleHUM KOHI'PYIHTHOCTU TPYIIECS ITOBePXHOCTU. TpeTbuM 3TallOM aHAIU3UPYIOT KPUTEPUii
ASYMMETRY (5 0,0200 egn.). IToryueHHOe 3HaYeHMe BbIIlIe YKa3aHHOTO CBULETEIbCTBYET O pa3pyLIeHUY KOM-
IIOHEHTOB Napbl TpeHus. YeTBepTbIM KpuTepueM, MOoAJIexXaluM aHanusy, sasiasgercs WIDTH, HopmanbHbie
3HaUeHUsT cOOTBeTCTBYIOT € 500 en. IIpu mpeBbIlIeHNY TaHHOTO 3HAYEHUST MOSKHO CYOUTH O PacIIaThIBAHUYU
OIHOTO M3 KOMIIOHEHTOB.
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PEAKS: 049387
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Puc. 2. O6mmit BUJ, aKyCTUUECKUX CUTHATYD, NETANIMU3ALYS OTHEIbHO B3SITHIX BEPUIMH UMITY/IbCOB ¥ PEHTTEHO-
rpaMmbl TBC B psiMoii Tpoekuyu: a — 6e3 myma v 6e3 paciiaTbiBaHMs KOMIIOHEHTOB SHIOMPOTE3a; MHKIMHALIVS
BEPTIY)KHOTO KoMIioHeHTa — 40° 1 aHTeBepcust — 12°; 6 — ¢ mryMmoM (CKpuIT), HO 6e3 pacuiaTbiBaHNsI KOMIIOHEH-
TOB; MHKJIMHALMS BEPTIY)KHOTO KOMIIOHeHTa — 30° 1 aHTeBepcusi — 7°; B — € IYMOM (XPYCT) M pacliaTbIBaHMEM
(IIpoaric) BepTIyKHOr0 KOMIIOHEeHTa SHIA0IIpoTes3a

OBCYXIEHUE

B HaIreM MMIOTHOM MCCIeOBAHMM MMEIOTCST OTPAaHNYEHMS, CBSI3aHHbBIE C TEM, UTO BbIOOPKA MaIIeHTOB, ITPO-
HIeInX akKyCTUYeCcKyl apTpomMeTpuio, orpaHmuera 10 nmauyeHTaMu U3 36, cpeiy KOTOPbIX CeMb MallyeH-
TOB KaJI0BIMCh Ha CJIBIIIMMBIN ITyM KepaMMUYeCKO Mmapbl TPeHMSI, a ayIuorpaMMbl Tpex 13 29 MmanuyueHToB,
He MMEeIOIINX JKaa00bl Ha ITyM, ObUIY HAaMM IMPUHSITHI KaK BAPMAHT HOPMbI. BO BpeMeHHO1 epCcrekTuBe Ke-
paMuKa B TOTaJIbHOM 3HAOINPOTe3upoBaHuu THC SBsSIeTCS OTHOCUTEIBHO HOBOM MO CPaBHEHUIO C IPYTMMU
rnapamMu TpeHusl. YUUTBIBAS MPOJOIKUTENbHOCTh QYHKIIMOHMPOBAHUS SHIOOIPOTE3a, JAHHYIO TTapy TPeHUs
PEKOMEHAYIOT MMIIAHTMPOBATh MOJIOABIM TalyeHTaMm [14]. 3To cBs3aHO ¢ ux 60siee TMOABVKHBIM 00pa3oM
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SKUSHU U €€ TTPOIO/IKUTETbHOCTIO OTHOCUTETBHO APYTMUX BO3PACTHBIX IPyIIIl. C APYTroif CTOPOHbI, XPYITKOCTh
KepaMMKM U PUCK pasBUTHs (PeHoMeHa IIyMa, CHIDKAIOIIJe KayeCcTBO JKM3HM, CKIOHSIET OPTONEI0B ObITh
6ostee 136MpaTeIbHBIMM K BRIOOPY KaTErOpyy MaLlyeHTOB, KOTOPhIM BO3MOXKHA MMILIAHTALVS JaHHOI Iapbl
TPEHMSI, UM OTKa3bIBAThCsI OT HEe B I10/Ib3Y MOAMITIIeH-KEPAMMYECKOI IIaphl TPEHMSI.

B maHHOM mccieoBaHMM CTATUCTUUECKM 3HAUMMOM pasHUIbI MEXIy TpynrnaMu B Bodpacre, UMT, cpokax
HaOMIOeHMs, YIVIaX MMIUIAHTalMM BEPTIY)KHOTO KOMIIOHEHTa He BbIsiBeHO. OIHaKo 3aperucrpupoBaHa
pasHMIlA B MPOLEHTHOM COOTHOIIEHMM OOIIero KoJM4yecTBa OTKIOHEHMI B IPYIINax CpaBHEHMS, UTO IIOf-
TBEPKAAET BIMSHME KOPPEKTHOM YCTAHOBKYM BEPT/IY)KHOI'O KOMIIOHEHTA Ha BO3HMKHOBEeHMe IyMma [5, 15, 16].
B panee mpoBeneHHbIX KIMHUYECKMX UCCA0BAHMSIX KOTMYECTBO MALMEeHTOB, MMEIOIINX ITyM B 00/1aCTH 9H-
IOTIPOTe3a, BapbupyeT oT 3 % 10 30 % ot o6iero umcia [5, 15, 17]. Pe3ynbTaThl Halllero UCCaeI0BaHus Koppe-
JIMPYIOT C JaHHBIMMY, TIOTYYEHHBIMU APYTUMU aBTOPaAMMU.

CaMm (aKT TeXHMUECKO BO3MOXKHOCTH PerucTpanyy KojaebaHuit, BOSHMKAIOIIMX IIPU TPEHUM KepaMUUeCcKoit
rapsl B sHponporese TBC mpy ABMKeHMUM, CITOCOOCTBYET AeTaln3alyuy 3BYyKOBOJ CUTHATYPBI B 3aBUCUMOCTY
OT TUIIA KePAaMMKH, pa3Mepa TOIOBKM, YIVIa MHKIMHAIMY U aHTeBepCHM alleTabyIsipHOTO KOMIIOHEHTA B Aya-
nasoHax MH(pasByKa U yabTpa3ByKa. Mbl BIiepBble B MUpe OMKCaIM KojaebaHMs, BO3SHUKAIOIIE B KepamMu-
YecKoil rmape TpeHMs B UCCIeIyeMOil I'PYIIe ¢ TOMOIIbIO 3allaTEHTOBAHHOTO HaMy mpubopa. ITomyueHHbIe
pe3y/IbTaThl OTKPBIBAIOT OOJIbIIIViE BOSMOKHOCTHM JIJISI M3YUEHUSI CBIIIMMOTrO IITyMa, HeCTBIIIMMOTO IiTyMa (KO-
Jie6aHmit), KOTOPBIX B LIeJIbHOI ¥ KOHIPYIHTHO KepaMUUueCKoii rIape TpeHus TeopeTUIecky ObITh He JO/IKHO
B CBSI3U C OTCYTCTBMEM CYXOT'O TPEeHMUS, @ BEPIIMHBI MUMITYIbCOB JOIKHBI MUMEeTh CMMMETPUYHbIN U paBHOMEP-
HbIN XapakTep.

[Ilym oTHenbHO MOKeT ObITh BOCIIPUHSIT, KaK MaIO3HAUMMOeE HekelaTelbHOe SIBJIeHe, TaK KaK He COTTPOBO-
SKHaeTcst 60/IeBbIM CMHIPOMOM, BCIEICTBME YETo MAIMeHThl He aKIeHTUPYIOT Ha 9TOM BHUMaHue. OgHaKo
3a (heHOMEHOM IITyMa MOTYT CKPbIBAThCS CYIl[eCTBEHHbBIE TTPOLIECChI TeCTPYKLIMN (CyX0e TpeHue) KepaMmuue-
CKOI1 1tapsl TpeHus [18]. B ciiydae BbISIBJIeHMSI TaK Ha3bIBA€MOTO «OIYCTVMMOIO» 1IymMa (CoyapeHue uian Ha-
TPy3Ka Ha 3aHMI1 Kpail BKIaAbIIIa MTPY Upe3MEPHOM CrubaHum) MpobieMy 3a4acTyio PelaeT caM MalyeHT,
OTpaHUYMBAsT 0ObEM OTNPENEIEHHbIX MPUUYMHHO-CIEICTBEHHBIX IBVKeHMI (61aronpusiTHbIN TPOrHos) [19].
[Ilym, BO3HMKAIOLIMII B pe3yibTaTe KpaeBOl Harpy3ku (KepaMmuyeckasi rOJ0BKa Ha Kpayi KepaMu4yecKoro
BKJIAJbIIIA B MOJIOKEHUM CTOSI), SIBJISIETCSI «HENOITYCTUMBIM» M He YCTPAaHSeTCS IIPeBEeHTUBHBIMM MepaMu
caMMM MaIiMeHToM. ITociencTBUS «<HeIOMMyCTUMOTO» IITyMa MOTYT ObITh 3HAUUTETbHBIMY (HEOIaronpUsSTHBIN
TIPOTHO3), BIUIOTb IO Packoja KepaMMUKM ¥ MUTPAIMM B MSTKME TKaHM KepaMUUecKoro Aebpica, KOTOPBIi
IOKHO M3BJIEYD IIPU PEBU3MOHHBIX OMEPATUBHBIX BMellaTenbCcTBax [20]. DTO MOATBEePKIAETCS UCCaen0Ba-
HueMm S. Lucchini et al., KoTopble yKasbIBalOT Ha TO, YTO ITYM MOXKET ObITh MPU3HAKOM HECOCTOSITETbHOCTI
KepaMM4eCKMxX MaTepraaoB KOMIIOHEHTOB, YTO MOKET IIPUBECTM K MHOTOCTYTIEHUaTOMY Pa3pyIIeHUIO ITaphbl
Tpenus [21]. BnocnencTBuy 3T0 06CTOSITENBCTBO IIPUBOAUT K 60JIee CIOKHBIM PEBU3MOHHBIM OITePaTUBHBIM
BMeIIaTe/lbCTBAM, TPeOYIOMIM TIIATeTbHOTO yaaJeHMsI OCTATKOB Pa3pylIeHHOV KepaMUKU U3 OKpYyKalo-
MMX MSITKUX TKaHeii. [Ipu paspyluieHnn KepaMmuduecKkoii mapbl TPEHUST pacpocTpaHeHue Aebpyca XaoTUIHO,
U, HECMOTPS Ha TIIaTelbHOE yJaJleHMe KepaMMKM U3 MSITKMUX TKaHell, eCTb BepOSITHOCTb ITOBTOPHOIO IO-
BpeXIeHMs NOCAeNyINX YCTAaHOBJIEHHBIX MPY PEBU3UM KepaMMUeCKMX Iap TpeHUs (BKIALbILI/TONOBKA)
He yZaJeHHbIMM KepaMMYeCKMMM OCKOJIKaMU (TpeTbe Tej0), 8 MMIUIAaHTalMs ITOIMITUIEHOBOTO BKJIaAbIlIa
TPO3UT €ro paHHMM M3HOCOM M OCTEO/IN3YICOM KOCTHOM TKaHU.

AkycTmueckasi apToMeTpusl, Kak HEMHBa3MBHbIN U Ge30IacHbIii MeTO/, JaeT BO3MOKHOCTb HeIIPepbIBHOTO
MOHMTOPMHTA COCTOSTHUS SHOOIIPOTE30B C KepaMuuecKoii mapoi Tpeuns. S. Wakayama [22] u Y. Yamada [23]
B UJMCJIe TIePBBIX MPEATION0XKMUIIN, YTO C IOMOIIbIO0 aHaIM3a aKyCTUUECKO SMUCCUM BO3MOXKHA AMAarHOCTUKa
MMKDPOTPELIMH TPYyLIelics KepaMUIecKoii MOBEPXHOCTH, U IKCIIEPUMEHTAIbHO [0Ka3aau, YTO MOBbILIEHNE
MMITYJIbCOB SMUCCUU (XUTOB/yIapOB) COOTBETCTBYET MOMEHTY packoja KepaMMKu. B nocnenymoliem aHanmns
aKyCTMUYeCKOV SMUCCUM TIap TPeHMs, BKII0Uasl KepamMmuueckue, B COMMPOBOKAEHMM BULe0(MII00POCKONNUY BbI-
nonHmm D. Glaser et al., BbISIBUB MpsiMOe COOTBETCTBME KOe6aHMit, GMKCMPOBAHHBIX ITPU MTOMOIIU apTPO-
MeTPUH, IBVMKEHNSIM B IIPOTE3MPOBAHHOM CyCTaBe, B TOM UMC/Ie Y KOPPeISILMIO M3MeHeHUI B COOTBETCTBUM
C HaJIMYyeM CKPUIIa, XpycTa ¥ MHbIX myMoB [24]. L. Roffe et al. mpoBesin aHanmu3 akycTUUeCKUX SMucCuii 82 cy-
CTaBOB, MOJBEPTIINXCSI SHAOMPOTE3UPOBAHMIO C KepaMUUeCcKOoil Mapoit TpeHus, Y UCKIIOUMIN VCKaKeHMe
KOJIe6aHMS BIMSIHYEM ITOBEPXHOCTU KOXKM VUIM MHOTO BO3MOKHOTO IITyMa B 00GJIACTY TOJIOBKM DHIOMPOTE3a
1 KoHyca Mopse [25]. B gomosHeHNe aBTOPbI yKa3ajy, YTO B 3aBUCUMOCTHM OT TOIIIMHBI TTOJKOKHO-KUPOBOIL
KJIeTYaTKY MOXKeT CHU3UTHCSI MAaTHUTYA SIMUCCUM, HO HMKAK He KOIMYeCTBO M YacToTa KoieGaHuiA.

B xome mcciemoBanmst akyctuaeckoi amuccuu 98 TBC ¢ sumomporesamu F.J. Kummer et al. ycraHoBwIN,
yTO rpaduK (aKycTuyeckasi CUTHATypa) IMOABEPIKEH MICKAKEHMIO B 3aBUCYMMOCTH OT CTAOMIBHOCTM VIMILIaH-
TOB U LIeJIOCTHOCTY IIOBEPXHOCTU Mapbl TPeHUs [26], UTO COOTBETCTBYET I1IOJyYeHHBIM HaMM De3y/lbTaTaM.
Kak n306paskeHO Ha pucC 2, aKyCTUUeCcKasi CUTHATypa 3aBUCUT OT CTAOMIbHOCTY KOMITOHEHTOB U XapaKTepu-
3YeTCsT OTCYTCTBMEM PE3KUX U XaOTUIHBIX KOebaHMIA.
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G.W. Rodgers et al. 06Hapy>kKM/IM 1 SKCIIEPMMEHTATbHO TTOATBEPIMIN Pa3HUILY B BHICOTE KOJIeOaHMIT aKyCTH-
YeCKMUX SMUCCUI pa3JINYHbBIX ITyMOB. CKPUIT OTJIMYAJICSI OT XPYCTa U CTyKa BICOKMM M TTPOTSKEHHBIM BO Bpe-
MeHU KoJiebaHyeM, TOTIa KaK XPYCT XapaKTepr30BaJICsS HU3KOI YaCcTOTO, & CTYK — IIPePbIBUCTOCTbIO [27, 28].
B paspa6oTaHHOM HaMU MeETOIEe MCCAeIOBaHMs IpeIoKeHbl HOBbIE CTATUCTUUECKME eOVMHUIIBI M3Mepe-
Husi, — PEAK, ASYMMETRY 1 WIDTH, COBOKYITHO ITpe/ICTaBJISIONIMe XapaKTep MCKaskeHMsI KoimebaHmit, KOTo-
PBbIi 06JIETYUT TPAKTUKYIOIIEMY Bpauy BOCIPUATIE MHGOPMAIINY B aKYCTUUECKOI CUTHATYpe.

3AKJ/JIIOYEHUE

[TpoBegeHHOE MMIOTHOE MCC/IeIOBaHMe OTKPhIBAET MEPCIIEKTMBBI M BOSMOXKHOCTY ITPUMEHEHMS MeTo/Ia aKy-
CTUYECKOI apTPOMEeTpUM, KOTOPbIi MO3BOJSIET UAEHTUGUIIMPOBATh pa3INyHble COCTOSIHUSI KepaMuUuecKon
Tapbl TPeHUS ¥ CTAaHIAPTU3MPOBATh M3MepeHe IITyMa, XapaKTepyu30BaTh BbISIBJSIEMbIii IITyM U U3MEPSITh €ro
B KOJMYECTBEHHbBIX BennumHax. Onymcanye nyMa 4ncjioBbIMY 3HaUeHMSIMY (BeIMUMHaMM) TTO3BOIUT IIpOBe-
CTY CPABHUTEJbHBII aHAIN3 IITyMa C TIOJYYeHMEeM CTaTUCTUUECKUX TaHHBIX U KOPPEJISIIIMOHHbIX CBSI3ei U TeM
CaMbIM BBISIBMUTb HauajbHbIE TIPU3HAKM Pa3pyIIeHUs Mapbl TPEHUS, UTO OyIeT CITOCOOCTBOBATDL MPUHSITUIO
paHHUX Mep TPOMWIAKTUKY HESKeIaTeTbHbBIX SIBIIEHUI U OCTOKHEHMUIA.

Konpauxkm unmepecos. Hem.

HUcmouHuk ¢punaucuposarus. Hem.

Amuueckas Ikcnepmu3sa. He mpe6yemcs.

HUngopmupoeantoe coznacue. Bce yuacmuuxu ucciedosanus noonucanu NUCbMeHHOoe co2iacue Ha yuacmue.
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PEBYHbTaT nevyeHna NaumMeHTKHU C MHd)eKUMEﬁ KOJIEHHOro CyCtaBa
nocne apTPOCKOI'IM‘IECKOﬁ nNnacTukun nepe.u.Heifi erCT006Pa3HOﬁ CBA3KU

3. DaBnetoBa, A.C. TpanuuHukos™, A.M. Epmakos, A.B. KamuHckuit

HaimoHanbHbI MeAUIIMHCKUIA UCCIeA0BaTeIbCKUI LIEHTP TPaBMaTOJOT UM U OPTONEeAUN
nuMmenu akagemuka [LA. nusaposa, Kyprahs, Poccus

ABTOp, OTBETCTBEHHBIN 3a mepenucky: Anekcanap CepreeBuu TpsSnmMuHMUKOB, pich86@bk.ru

AHHOTaua

BBenmenue. IHdeKIVsI KOJIEHHOT'O CYCTaBa (CEITUYECKUI apTPUT) SIBJISIETCS PEIKMM, HO JOBOJIbHO CEPbEe3HbIM
rocjeornepalMOHHbIM OCJIOKHEHeM. B CBSI3U ¢ pOCTOM uuc/ia MIEPBUYHbBIX U PEBU3MOHHbBIX apTPOCKOIINYe-
CKUX OIlepaluii Ha KPYITHBIX CyCTaBax, BBIMOTHSIEMBIX €XKerolHO, TTOBBIIIAETCS ¥ YacToTa MHQEKIMOHHBIX
OCJIOKHEeHUIA.

Ilesb paGoOTHI — MPEICTABUTH PE3YIbTAT YCIIENTHO MPOBEJEHHOTO ABYXITAITHOTO JIeUeHNST TTallIeHTKY C MH-
(exmmelt KOJIEHHOTO CYyCTaBa, BhI3BAHHON METUIWUIMHPE3UCTEHTHBIM 3TMUAEePMaTbHBIM CTa(PUIOKOKKOM,
TIoC/Ie apTPOCKOTIMYECKO TIACTUKY TIepeHelt KpeCTo0O6pa3HOI CBS3KM.

Marepuansl u MeTtonsbl. [laneHTka 22 JieT ¢ AMarHO30M «XPOHUUECKUI MOCTTPaBMaTUUYeCKUI OCTeo-
MMEJIAT TIpaBoro 6eapa 1 60ble6epiioBoii KOCTY. APTPUT MPABOTO KOJIEHHOTO cycTaBa. COCTOsSTHME TI0Ce
PEKOHCTPYKIVY TTepenHeii kpecTtoobpasHoit ¢Bsa3ku (ITKC) mpaBoro KoJeHHOTO CycTaBa». B aHamHe3e — He-
CKOJIbKO 6e3YCIeNTHbIX CAHMPYIONINX oTtepaiuii. Ha mepBoM sTare mpoBefeHa caHalMsI CyCTaBa ¢ yoaieHuem
uHbUIMpoBaHHOro TpaHcrianTaTta [TKC 1 3amoiHeHieM KOCTHBIX Ae(eKTOB KOCTHBIM I[eMEHTOM C aHTMOaK-
TepuaabHBIMM IIpenapaTamiu. Ha BTopoM sTarie ymaseH KOCTHBI IleMeHT, KOCTHbIE Je(eKThl 3aII0THEHBI ajl-
JIOKOCTHOJI KPOIIIKOIA, TpoBeaeHa riactuka ITKC cyxokuameM IJIMHHO Maio6epIioBoii MBIIIIII. BbITonHeHa
KJIMHUYECKast, MHCTPYMEeHTaIbHas ¥ (PyHKIVOHATbHAS OlleHKa 9P GeKTUBHOCTY JIeUeHNs.

PesynbraThl. [IpoBeiEHHOE JIeUeHle IT03BOJIMIIO KYIIMPOBATh MH(MEKIMOHHBIN ITpolecc. JJoOCTUrHYTa peMuc-
cus MHQEKLIMOHHOTO MpoIiecca M BOCCTaHOBIeHa MYHKIMS ONepMPOBAHHOV KOHEYHOCTH. [ITUTETbHOCTD Ha-
GTI0feHUST — Ba TOJA.

00cykaeHue. B oTeuecTBeHHOI TMTEpaType MpeACcTaBIeHO OTPaHMUYEHHOe KOJIMYECTBO ITyOIMKaIlnii 1mo Jyie-
yeHNI0 MHMeKINM Mocae apTPOCKOIIMYECKUX OIepanyii Ha KPYIHbIX CycTaBax. JJaHHOe KIMHMYeCKoe Ha-
OIofeHe TEeMOHCTPUPYET IOJNOXKUTEIbHbIN Pe3yabTaT KyImMpoBaHMSI MHGeKuuu mocie riactuku ITKC
C BBIHY)KJ€HHBIM yIaJieHVeM CBSI3KM Ha (hoHe 6e3yCIIeNIHbIX CAaHUPYIOIX OTepaliui.

3akmoueHue. BrIOOp TAKTUKM JIeUeHMs] MCXOOWII M3 OCOOEHHOCTEei aHaMHe3a U JKeJlaeMbIX 3aIlpOCOB.
Benmenne maimeHTKM ¢ MHGEKIME KOJIEHHOTO CyCTaBa, BO3HMKIIEH rmocie miactuky ITKC, BKIovano mpa-
BWJIBHO ITOA00PAHHYIO ¥ IIPOBEIEHHYI0 aHTUOMOTUKOTEPAINI0, HEOOXOAMMBbIi 06beM CBOEBPEMEHHBIX OIle-
paTMBHBIX BMeIIaTeabCTB. ONMTUMaabHO BhIOpaHHAs TAKTMKA B KOHEUHOM MTOTE TOMOI/IA JOOUTHCS XOPOIINUX
pe3yabTaToB.

KiioueBslie cioBa: KIMHUYECKUI CJIydaii, peBUM3MOHHAs apTpockonusi, nactuka [1KC, kocTHast miacTmka,
MHOEKINS, IBYX3TAITHAs peBU3us, octeomuenut, MRSE

s mutupoBaHus: Jasnetosa J.[, Tpsanuunukos A.C., EpmakoB A.M., Kamuncknit A.B. Pe3ynbTat 1edeHns: nauyieHTKU
¢ uHbeKIMen KoJeHHOTO CyCTaBa Iocjie apTPOCKOMMYECKOi TIaCTURY IepeqHeit KpecToo6pasHoi cBsi3Ku. IeHuti opmo-
neduu. 2025;31(5):648-654. doi: 10.18019/1028-4427-2025-31-5-648-654.
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Treatment outcome in a patient with knee joint infection developed
after arthroscopic plasty of the anterior cruciate ligament

E.G. Davletova, A.S. Triapichnikov-?, A.M. Ermakov, A.V. Kaminsky
Ilizarov National Medical Research Centre for Traumatology and Orthopedics, Kurgan, Russian Federation
Corresponding author: Alexander S. Triapichnikov, pich86@bk.ru

Abstract

Introduction Knee joint infection (septic arthritis) is a rare but severe postoperative complication.
With the increasing number of primary and revision arthroscopic surgeries on large joints performed
annually, the incidence of infectious complications has also grown.

The aim of this study is to present the outcome of a successful two-stage treatment of a female patient
with knee joint infection caused by methicillin-resistant Staphylococcus epidermidis after arthroscopic
anterior cruciate ligament reconstruction.

Materials and Methods A 22-year-old female patient diagnosed with chronic posttraumatic osteomyelitis
of the right femur and tibia, arthritis of the right knee following reconstruction of the anterior cruciate ligament
(ACL) of the right knee. Her medical records stated several failures of debridement surgeries. The first stage
involved joint debridement, removal of the infected ACL graft, and filling of the bone defects with bone cement
containing antibacterial agents. In the second stage, the bone cement was removed, the bone defects were
filled with allograft bone chips, and ACL reconstruction was performed using the peroneus longus tendon.
Clinical, instrumental, and functional evaluations of treatment effectiveness were performed.

Results The treatment managed to control the infection. Remission of the infection was achieved, and function
of the affected limb was restored. The follow-up period was two years.

Discussion There are few publications in the Russian medical literature on the treatment of infection
after arthroscopic surgery on large joints. This clinical case demonstrates a positive outcome in infection
resolution after ACLreconstruction with forced ligament removal following failures of debridement procedures.

Conclusion The choice of treatment strategy was based on the patient's medical history and desired needs.
The management of knee infection that developed after ACL reconstruction included appropriately selected
and administered antibiotic therapy and the necessary number of timely surgical interventions. This optimally
chosen approach ultimately resulted in good outcome.

Keywords: clinical case, revision arthroscopy, ACL reconstruction, bone grafting, infection, two-stage revision,
osteomyelitis, MRSE

For citation: Davletova EG, Triapichnikov AS, Ermakov AM, Kaminsky AV. Treatment outcome in a patient with knee joint
infection developed after arthroscopic plasty of the anterior cruciate ligament. Genij Ortopedii. 2025;31(5):648-654. doi:
10.18019/1028-4427-2025-31-5-648-654.
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BBEIOEHUE

WHdekIMsT KOJIEHHOTO CyCTaBa (CeMTUYeCKuii apTPUT) SIBJISIETCS] PeIKMUM, HO JOBOJIbHO Cepbe3HbIM IOC/Ie-
OTIepaIMOHHBIM OCIOKHEHMeM. B 001eil momynsiuny MHGEKIIMOHHbIEe OCIOKHEHMST TI0C/Ie JaHHOTO oIepa-
TUBHOT'O BMeIIaTeIbCTBa BCTpeyaroTcs ¢ yactoToii 0,14—1,8 % [1]. Bo3oymutensamu nHeKIM, Kak IPaBuiIo,
SIBJISTIOTCST KOATy/Ia30HEeTaTUBHBIN M 30JI0TUCTBIN CTaQMIOKOKK [2, 3, 4]. BOnmbieMy pucKy MHOUIIMPOBAHMS
KOJIEHHOT'O CyCTaBa MOJBEep)KeHbl MallieHTbl MOJIOA0TO BO3pacTa, Mojiydaroliye NHbeKIUU KOPTUKOCTEPO-
MIOB, UMeEIOIIYe B aHAMHe3e CaxapHblii A1abeT, a Takke IMalMeHThl C COMMYyTCTBYIOIIUMM XUPYPTUUECKUMMU
BMeIIaTeNbCcTBaMu [5, 6, 7]. HekoTopble MccaenoBaTen YTBEPKAAIOT, YTO YACTOTA MHOEKIIMOHHBIX OCIOXK-
HeHMI1 Bblllle TIPY BbIOOPe B KaueCTBe TPAHCIIAHTaTa CyXOXKWJIMII MBI, XapMcTpuHTOB [8]. [lo3gHee obpa-
IIeHYe MalKeHTOB MO0 OTCPOYEHHOE HAYAJIO JIEYEHUSI IPO3SIT TAKUMU UCXOAAMU MHPEKIVIOHHOTO apTPUTa,
KaK OTCJIONKa XpsILa, er0 MCTOHYEHNE, OCTE0aPTPUT U OCTeOMMenuT [9].

IyarHocTuka MHOPEKIUM MOocIe PeKOHCTPYKIMM TepeaHeli KpectoobpasHoii cBsi3ku (ITKC) ocHOBBIBaeTCS
Ha aHaMHe3e IaleHTa, OCMOTPE, JIA60PATOPHBIX ITOKA3ATENSIX M aHAIN3aX CMHOBUATBHO SKUIKOCTY TIOCTIe
CyCTaBHOM acnupauyu. KnMHu4YeCcKu CenTmuuecKuii apTpUT IMPOSIBISIETCS OTEKOM MSITKMX TKaHel, rurepe-
MMeit, JTIOKJIbHBIM TOBBIIIEHMEM TeMIlepaTypbl, 60JbI0 M HapylleHrueM (QYHKIMM MMOPaKeHHOTO CYCTaBa,
a Takke He3asKMBAIOIIVMM TI0C/IeonepalMoHHbIMK paHaMy. JlabopaTopHas IMarHoCTUKa BKIIOYAeT UCCIe10-
BaHMe ChIBOPOTOUYHBIX MAapPKEPOB ¥ BHYTPUCYCTABHOTO COAEPKMMOTO (CMHOBMAIbHAS JKUIKOCTb ¥ 06PasIIbl
TKaHMU, IOJTy4eHHbIe MHTPaoNepaIMoHHo) [5].

MHorue opToreabl Ha MEepBOM 3Tare OTAAIOT MpPeAIlouTeHMe MpolieAypaM, COXpaHSIIIMM TPaHCIIaHTAT
CBSI3KM: STAITHBIM apTPOCKOMUSIM, AeOPUIMEHTY U aHTMOMOTHKOTepanuu [1, 2, 10, 11]. OgHako mipu Hesd-
(heKTMBHOCTM TAKOTO JIEYEeHMSI VIV BBISIBJIEHMM PE3UCTEHTHOTO K Teparnuy BO30YyAuTesI TPOBOASIT CAaHAIINIO
CyCcTaBa C yaaJleHyeM TPaHCIUIAaHTaTa ¥ GUKCUPYIOUIMX ero MMILIAHTATOB, YTO CBSI3aHO CO CIIOCOGHOCTHIO
MMKPOOPIraHM3MOB aire31poBaThCsl Ha TIOBEPXHOCTY BHEAPSIEMBIX B CYCTaB 3JIEMEHTOB [6, 12].

B maHHOIT cTaThe MpeCcTaB/lIeHO KIMHUYeCKoe Habmofe e MalMeHTKY ¢ MHGEKIMOHHBIMY OC/TOKHEHVSIMU
rociie peKoHCTpyKiuy [TKC. OTnnunTenbHas 0CO6eHHOCTb JAHHOTO CTyYasi COCTOUT B 3aTTOJTHEHUM KOCTHBIX
KaHaJIOB IIEMEHTHBIM CITeiicepoM ¢ TobaBIeHeM aHTUOMOTUKA ¥ KOCTHOI TUIACTUKE 3TUX KaHAJIOB HAa BTO-
pOM 3Tare, rmocjie yaajeHus cueiicepa. ABTOPbI yOaMKaIMK IMTOL0OHOTO KIMHNYECKOTO CJTydast UCIT0Ib30Ba-
JIM LIeMEeHTHbIE CIlelicepbl B BUe NIapUKOB, PACIOJIOKEHHBIX B IIOJIOCTU cycTasa [9].

Ilesp paboThI — IIPEACTABUTD PE3YIbTAT YCIIEIIHO IIPOBELEeHHOr0 ABYXITAIIHOTO JIEUeH ST TALMeHTKM C VH-
(dekieit KOJIEHHOIO CyCTaBa, BhI3BAHHOM METULIVIIMHPE3UCTEHTHBIM SIMAEPMaIbHBIM CTa(hMIOKOKKOM,
10C/Ie aPTPOCKOIIMYECKO IIACTUKY [TepeIHeii KpecToo6pa3HOi CBSI3KIA.

MATEPUWAJIBI 1 METOIbI

[ManyeHTKa 22 neT MOCTynmmuiIa B KIMHUKY KOCTHO-CYCTaB-
Hovi mHbekuyu HMULL TO umenn akamemwuka I.A. Unu-
3apoBa C kajiobamMy Ha HOYHBbIE OONM «ITYTbCUPYIONIEro»
XapakTepa B IIPaBOM KOJIEHHOM CyCTaBe, HECTAOMIIbHOCTD
MPaBOTO KOJIEHHOTO CYCTaBa.

Juazno3: XpoHNUeCKUil MOCTTPaBMaTUUECKUIT OCTEOMMU-
eJIUT TIpaBoro Gempa u 6obiIe6eploBOii KOCTU. APTPUT
MIPaBoOro KOJeHHOro cyctaBa. COCTOsSIHME TTOC/e MPOTe3u-
posanus [IKC rmpaBoro koseHHOTro cycrasa (puc. 1).

U3 anamnesa 3ab6oneearus: 2010 r. — TpaBMa MpaBoro Ko-
JICHHOTO cycTaBa, nospexzaeHue IIKC, aprpockonmyeckoe
nporesupoBaHue [1IKC. UoHp 2016 r. — MOBTOPHAS TpaB-
Ma, Jeue6HO-IMarHOCTUYeCcKast apTPOCKOIMSI C pe3eKIueri
MeauaabHOro MeHucKa. MioHp 2021 r. — TpaBMa MpaBoro
KOJIEHHOTO CyCTaBa C MoBpexxaeHmneM tpaHcrianTtara [TKC.

Wionp 2021 1. — IIOBTOPHAs pe3eKuyda MmeauaJbHOTO MeHN- Puc. 1. PeHTreHorpaMmbl IpaBoOro KojeH-
CKa apTPOCKOMMYECKM M PEBU3MOHHOE IPOTe3UpOBaHME HOTO CyCTaBa B IPSIMOi1 1 6OKOBOIT ITPOeK-
[IKC, B mocieonepalyOHHOM ITepUOe — FHOVHBIN apTPUT. USX TIPY TIOCTYTITICHUA

Asryct 2021 r. — IpeHMpOBaHMe KOJIEHHOTO CyCTaBa.

Jlokanwhotii cmamyc. COCTOsSIHME KOSKHBIX TTOKPOBOB: paH M CBUIIEH HET. YMEPeHHbI 0TeK IPaBoro KOoieH-
HOTO CycTaBa. JIOKajbHbIe TUIIEPEMISI Y TUIIEPTEePMIsI KOKHBIX IIOKPOBOB. CUMIITOM «II€PeLHEr0 BbIIBVIK-
HOTO SIIMKa» — ITOJOKUTeIbHbIA. Tect JlaxMaHa — IOJIOKATEIbHbI. OCOGEHHOCTH ITOXOLKIA: IIePeIBUTAeTCSI
C OIOPOJi HAa KOCThLIM. OpTONemMUeCcKMii CTaTyC: YKOpodeHus: HeT. Ilynbcalius Ha nepudepuueckmx cocy-
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Iax: Imyabcanyst Ha a. dorsalis pedis manbnmpyercss Ha 06eMx HMKHUX KOHEUHOCTSX. [IBMKEHMST B CyCTaBax
GOJIbHOI KOHEUHOCTH: CTMOATeTbHO-pasrubaTeibHasi KOHTPAKTypa MPaBOro KOJIEHHOTO cycTaBa (crubanue/
pasrubanne — 110/170°). ®yHKIMOHATbHOE COCTOSIHIME TIPABOT0 KOJIEHHOTO cyctaBa: 19,5 6amios (o KSS),
40 6amnoB (1o Lysholm).

Pe3ynvmamui 1a60pamopHsix uccaedosaruii. Anemus nerkoii crerenu (Hb 98 r/m), moBbimens: CO3 (61 Mm/u)
u CPB (6,7 mr/m). B myHKTaTe IIpaBoOro Ta3006eIpeHHOro cycTaBa o6HapykeH poct Staphylococcus epidermidis,
MRSE 10° KOE/m1.

Omnepaiius B Hallleli KIMHNKE TTpoBeeHa B fekabpe 2021 r.

Ilepeewtii a3man neueHusn. PeBu3us NMpaBOTO KOJIEHHOTO
cycraBa; ymameHue TpaHcruiaHTata IIKC; me6pumoMeHT;
V3 KaBUTALMS paHbl; TIaCTHKa NedeKTOB KOCTHBIM IleMeH-
TOM C BAaHKOMMIIMHOM (puc. 2). Pe3ynabTaThl MHTpaoIepa-
IIMOHHOTO MUKPOOMOIOTMYECKOTO MccaenoBanust — MRSE
103 KOE/mn. MHTpaomnepalyioHHAsE KPOBOIIOTEPSI COCTABM-
na 100 M1, remoTpaHcdy3uio He TTpoBoaMan. PaHa 3aKu-
Jla TIEpBUYHBIM HaTsKeHMeM. [IpeHaxX yhaneH Ha TPeTbu
CYTKU TIOCJIE OTepaium.

[Tocne KaskAOTo 13 3TANOB OMEPAaTMBHOIO BMeIIaTeIbCTBa
TIPOBOAVIIM IBYXHEAEIbHBI KypC STMOTPOITHOM aHTMOaK-
TepuaabHOI Tepanuyu BaHKOMuIIMHOM 1,0T x 2 pa3a/meHb
1 meporeHemomM 1,0 T x 3 pa3a/meHb B CTallIOHape; UeThIpex-
HelelMbHbIN Kypc MokcudnokcanyaoMm 400 mr x 1 pas/meHb
" Ko-TpuMoKcaszonom 480 Mr x 3 pasa/meHb Ha aMOynaTop-
HOM Tiepuope JieueHus. [laneHTKe peKOMeHI0BaHO UCTIONb-
30BaHMe KOCTBbIIEN IpM XOabbe ¢ OorpaHMYeHNeM Harpy3Ku

Puc. 2. PeHTreHOrpaMMbl IIPaBOTr0 KOJIEHHO-

O CyCTaBa B MPSIMO#1 11 6OKOBOI MPOEKIIUSIX

Ha OIepypOBaHHYI0 KOHEUHOCTD. TIOC/Ie IIPOBeeHMs [IePBOTO 3Tara JIedeHust
CrrycTsl TpM Mecsila IocJie IIepBOro JTarna JieyeHus IIpoBe-

JleHa IMarHOCTMYecKas MyHKIMS TPaBOTo KOJIEHHOTO CyCTaBa, pPOCT BO30yAuUTeNs He BbisiB/IeH. [eMaTonoru-
yecKue rokasaTeinn: anemus jierkoii crerienu (Hb 107 r/m), octpodasoBbie MapKepbl BOCIIaIeHNS B TIpeenax
HopwMmbl (CO3 2,0 mm/uac u CPB 1,6 mr/n).

B mapre 2022 r. npoBeneH @mopoti 3man JieyeHus: PeBU3MS IPaBOro0 KOJIEHHOTO CyCTaBa; yAaaeHue Crieli-
cepa; Ae6pUIMEHT IIpaBoii 6eapeHHOI 1 60Jbilie6eplioBOi KOCTH; Y3 KaBUTALIMS PaHbl; INIACTUKA Ae(PeKTOB
6eIpeHHO 1 60/IbIIe6ePII0BOI KOCTU a/UIOKOCTHBIM MaTepUaioM ¢ J0O0aBaIeHeM BAaHKOMMUIIMHA ; OTKPbITAast
pexoHcTpyKums [TKC mpaBoro KojgeHHOro CycTaBa C UCIIOIb30BaHMEM ayTOTPaHCIIaHTaTa (puc. 3).

Puc. 3. BTopoii oTam jeueHusi: a — IUIACTUKA KOCTHBIX fedekToB 6expa 1 60/bIiie6epiioBoit KOCTY alZIOKOCTHOM
KPOIIKOIT; 6 — MoAroToBka ayrorpaHciuianTara [IKC u3 cyxokmius m. peroneus longus dexter (mmaa — 10 cMm,
nuameTp — 8 MM); B — (pukcauust ayrorpanciiantaTa I[IKC B 6empeHHOM 1 T6MaJIbHOM KaHalaX MMIIIaHTaTa-
MU-(UKCaTOPaMI; T — PEHTTeHOrPaMMbl IIPABOTO KOJIEHHOIO CyCTaBa B MPSIMOI ¥ GOKOBOI MPOEKUMSIX Mocie
MIpOBeJleHMsI BTOPOTO JTalla JieueHust

WHTpaoriepalioHHasl KpoBoIoTepst coctaBwia 150 M1, remoTpaHcdy3uio He IpoBoayuin. [Ipu MHTpaomnepa-
IIMOHHOM MMUKPOOMOIOTMYECKOM UCCIeIOBaHNM POCTa BO3OynuTesneit He obHapyskeHo. [lalineHTKa rmomyyana
BOCCTaHOBUTEIbHOE JIEUeHYE, aKTUBU3ALIMIO0 60IbHOI OCYIIECTB/IS/IM Ha BTOPbIE CYTKY TTOC/IE OTIepaLuy C VH-
crpykropom JIOK. [IpeHax yiaieH Ha TpeTbU CYyTKY MOC/Ie onepaliuu. PaHa 3akuia mepBUYHbIM HATSSKEHUEM.
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IMOCJHEAVIOIIEE HABJIOOEHWE U PE3VYJIBTATbBI

Ha KOHTpOJIBHOM OCMOTpe 4epe3 IBa roja JaHHBbIX 3a 00OCTpeHMe THOMHO-BOCIAIUTEIbHOTO Ipoliecca
He BbISIBJIeHO. HecTabMabHOCTh B KOJIEHHOM CyCTaBe He HaOomany (CMMITOMbBI MEePeIHEro BbIABIKHOTO
SINITMKA, 3aJTHET0 BbIABIDKHOTO SIIIMKa U TecT JlaxMaHa — oTpuliaTe/ibHbIe), MapKepbl BOCajieHus: — B Iipefe-
snax HopmbI (COD — 21 mm/uac; CPb — 3 mr/n). @yHKIMOHAIBHOE COCTOSIHME MMPAaBOTO KOJIEHHOTO CyCTaBa
cocraBuyio 77 6auioB 1o KSS, 69 6amios mo Lysholm (puc. 4).

Puc. 4. PESYJ'II)THT yepes [iBa roga rocie IIpoBeaeHHOro JeueHus: a — (I)OTO, OEeMOHCTpHUpPYIOIIee q)yHKI_U/II-O KOHeY-
HOCTH; 6— PEHTreHorpaMmal IIPaBOTO KOJIEHHOT'O CyCTaBa B HpHMOVI 1 6GOKOBOIL IIpoeKIMAX

B pesyiibTaTe JieueHMs: KyInyMpoBaHa I/IH(I)GKL[I/IH B o0OyacTu IMpaBOro KOJIEHHOI'0 CyCTaBa M BOCCTAaHOBJI€Ha
(.][)YHKLU/IH KOHeuHOCTH. [TanieHTKa pe3yjabTaTOM JIeUeHMs JOBOJIbHA, HE MCIIOJIb3YET NOIIOJIHUTE/JIbHbIE Cpe-
CTBa OITIOPbI, BEPHYJ/IACHh K TOBCeIHEBHOM pr,ILOBOIZ AeATeJIbHOCTH.

OBCYXIEHUE

CenTuyeckuii apTpuT mmocjae peKoHCTpyKiuy ITKC yBenuuuBaeT pyucK GbICTPOro paspylleHys: KOJIeHHOTO Cy-
craBa. VIH(GeKIMOHHbIe OCIOXKHEHMS IT0C/Ie JaHHOTO OIepaTMBHOrO BMeIIaTe/IbCTBA BCTPEUAIOTCS C YaCTOTOM
or 0,1 % nmo 1,7 % ciyuaeB B obment momyssiiuu [2]. CBoeBpeMeHHas! IMAarHOCTUKA ¥ MPaBWIbHBIN BbIOOD
TaKTUKU BeleHMsI MallyeHTa SB/ISI0TCS ITITaBHBIMM COCTaBIISIIONMMM YCITEIITHOTO JIeueHUs U ITpeoTBpaleHus
paHHEero 1 3HAUMTEeIbHOTO YXYAIIEeHUS COCTOSIHMS cycTaBa. HecMOTps Ha yBe/MueHue 4icia BCTpedaeMOCTH
JIIaHHOJ MTPO6JIeMbI, IMHOIO MHEHMS O TAKTUKE JIEUEHMS HET.

Aprpockonust obecrieunBaeT JIETKUI TOCTYI K CYCTaBy, aleKBaTHYIO caHaluio, 60ojiee KOPOTKOe BpeMsI I0-
CJIeOTIePAlIIOHHOTO BOCCTAHOBIEHMUS M (GU3MONOTMUECKUI JIaBaK IMOA, JaBieHueM [13], a Takke maeT BO3-
MOYXHOCTD OTIPeJIeJIUTDb CTaANI0 TTopaskeHMst cyctaBa. CornacHo Kmaccuuranmm, mpeaioskeHHOM HeMeLKUM
yueHbIM A. Gaechter [14], BbIIeSIOT YeThIpe CTaAMUM TTOPaskeHMsI CycTaBa: CTaaus I — BBITIOT B CyCTaBe, MO-
KpacHeHMe CMHOBMAIbHO 060/I0UKY M BO3MOYKHbIE ITeTexXmaabHble KpOBOTeUeH s ; cTaaus 11 — cunbHOe Boc-
najeHue, GUOGPMHO3HbIE OTIOKEHMS U THOM B KojeHe; ctamus III — yTonieHne CMHOBUAIbHOM 000I0UKM
¥ MHOKECTBEHHbIE KapMaHbI 13-3a CIaek; ctafays [V — arpeccuBHbIN MaHHYC ¢ MHOWIbTpALVel B XPSIIIT, BO3-
MOYKHO, TIOJIPBIBAIOIINIA XPSIIIl, PEHTTeHOJIOTMYECKIEe TIPU3HAKY CYOXOHAPATBHOTO OCTEOIM3a M BO3MOKHBIX
KOCTHBIX 3p03uit U KUCT [5, 15].

Bo BpeMsi mepBMYHOI apTPOCKOIIMYECKON OLIEHKM ¥ AeOpuAMeHTa HeoOXOIMMO OLEHUTh IeIOCTHOCTD
" SKM3HECTIOCOOHOCTh TPAHCIUIAHTATA, OLEHUTb €r0 HaTsKeHMe, a TakKe IPOBeCTY TeCT IMepeHero BbI-
IOBIKHOTO SIIMKa. ECiM TeCT MOMoKUTeNbHBIN, KM3HECIIOCOOHOCTh TPAaHCIUIAHTAaTa CJIefyeT TOABepPTHYTh
COMHEHMIO M IIPOM3BECTY CAaHALVIOHHYIO aPTPOCKOIMIO € SKCTEHCYBHBIM JIaBa)keM U IIOJTHOLI@EHHOV CMHOB3K-
TOMMeli 2, 3, 4]. Ilo 3aBepiueHnM BMeIIaTelbCTBa YCTAaHABIMBAIOT 3aKPBITYIO IPEHAKHYI0 CUCTEMY U MUMMO-
OWIM3UPYIOT KOJIEHHBII CyCTaB Ha KOPOTKUIA CPOK.

BonbIIMHCTBO aBTOPOB HE OTPAaHMUYMBAIOTCS OGHON omepalyei, CcpegHee KOJIMYeCTBO apTPOCKOIINIA COCTaB-
sser 2,8 (MMHUMYM — OfHAa, MaKCMMyM — IISTh ornepauuii) [10, 12, 13, 16]. Bo BpeMs1 3TallHbIX CAHALIMOHHBIX
apTPOCKOIMI XUPYPTrU MPUMHUMAIOT pellieHne 00 ymajeHuy CBSI3KMU U (pukcaTopoB. CoxpaHeHMe UM yaa-
JieH/e TPaHCIUIaHTaTa TMO-TIpeKHEMY SIBJISIETCSI CIIOPHBIM BOIMPOCOM U 3aBUCUT OT MPeATIOUTeHUI, OIbITa
¥ MHeHus crienyanucrta [17]. B HeKOTOphIX CIyyasx IPUUMHONM pelyauBa MHPEKIK, BEPOSITHO, SIBISETCS
obpasoBaHue OGMOIUIEHKY, U yoAJIeHMe TPAHCIUIAHTATA M BCEX MaTePHUaJIOB MOKET IMPUBECTY K YCIEITHBIM
pe3ysnbTaTam C TOYKM 3peHust 60pbobI ¢ MHbeKmeii [17]. [lomuMo 3TOrO, OFHMUM 13 (HAKTOPOB, UMEIOIINX
peliawlee 3HaUeHNWe IJIs1 SKU3HECIIOCOOHOCTM TPAHCIUIAHTATA, SIBJSIETCS PAaHHSS AMArHOCTUKA, TOCKOIbKY
y MaIeHTOB, KOTOPBIM I1arH03 ObLI IIOCTaB/IeH 6osiee yeM yepes ceMb IHel MOoc/Ie MOsIBJIEHNST CUMITTOMOB,
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yaile yoajsiioT TpaHCIviaHTar [18]. B maHHOM ciydae Bce (GMKCATOPDI JOKHBI ObITh yIaJE€HbI, JeOPUIMEHT
KaHaJ0B OCYIIECTBJIEH B IpeeaX 3J0POBBIX TKaHeli. [laHHas orepanysl MOXeT ObITh IIPOBeIeHa Kak I10-
CPeICTBOM apTPOCKOMMYECKOI TEXHUKM, TAK U ITyTeM apTpoToMumu [2].

ITpu pacmypeHHBIX KaHajaax B Cly4yae acelTUYeCKMX PeBU3MI aKTUMBHO NPUMEHSIOT KOCTHYIO IIJIACTUKY.
[To manHbIM aHanu3a 460 moBTOPHbIX peKoHCcTpyKumit [IKC, KocTHas miacTuka CMMYJIbTaHHO C YCTAHOBKOJ
TPaAHCIUIAHTATa BBITIOJIHEHA B 3 % CiIyuaes, B 9 % ciryuaeB MOTPe6OBATIOCH STAITHOE JIEUeHYE C BOCTIOTHEHUEM
IedeKToB Ha MepBOIl CTafuM U PeBU3MOHHOI IIACTUKOI Ha BTOpoit [19]. [lowie ynaneHus TpaHCIIaHTA-
Ta He0OXOAMMO 006pabaThIBATh KOCTHBIE KAHAJbI, TOCKOJIBKY BEPOSTHOCTD JaTbHEHIIIero KOCTHOTO Pacipo-
cTpaHeHMs MH(eKIUM KpaiftHe BbIcoKa [2, 16]. [macTka KaHA/IOB OeIpeHHO ¥ 60IbIIe6epIoBOil KOCTE
criejicepoMm ¢ aHTKOGaKTepualbHBIM IIperapaToM, Mo HallleMy MHeHMI0, 0b6ecrieuyBaeT IyYinii KOHTPOIb UH-
dex1MM y MalMeHToB Tepe[ Iocenyolel peuMILiaHTamyeii. Haury pa6oty BoigensieT (GakT 3arosHeHUs Ka-
HAJIOB CITeicepPOM C aHTUOMOTUKOM, TIOCKObKY OOBIUHO MCIIONMb3YIOTCS IMAPUKN C aHTUOMOTUKOM, KOTOPbIE
BO BpeMs CaHMPYIOILEro 3Tana NOMeIlaloT B MOJIOCTb CYCTaBa apTPOCKONMMYECKY MM OTKPBITO U YAASIOT
IIpy peKOHCTPpyKumM cBsi3ku [20]. B mpencraBieHHOM KIVMHMYECKOM CIy4ae B CBSI3M C IJIMUTENbHBIM aHaM-
HEe30M CeNTMYECKOTO apTpUTa, HATMUMEM TSDKeNIOi MOMMPe3UCTEHTHON MUKPOGIIOPHI ¥ HEOOXOAVMOCTBIO
YCTAHOBKM B KOCTHbIE KaHaJIbl Criejicepa ¢ aHTMOMOTUKOM ObUIO NMPUHSITO pellleHMe BbIOpATh TaKTUKY OT-
KpbITOM XUpyprun. UccmegoBanue M. Osti et al. moaTBepskaaeT, YTo B TaKMX CIyUasIX CaeAyeT BO3OepsKaThCs
OT apPTPOCKOMMYECKOI TEXHUKHU ¥ OCTAHOBUTD CBOIT BBIOOP Ha apTpoTomMum [21].

Hapsimy ¢ XxupypruueckuM BMEIIATENbCTBOM B 00SI3aTE/IbHOM TOPSIIKE MTPOBOAST IIUTEIbHBIN KypC STHUO-
TPOTTHOI Tepanuu (aHTUOMOTUKOTepamnuu) [7]. [lapeHTepanbHOe BBeHeHe aHTUOMOTUKA, aKTUBHOTO ITPOTUB
Hauboiee pacpoCcTpaHEeHHbIX MUKPOOPraHU3MOB (Staphylococcus aureus v KoaryinasooTpUIATENbHbIN CTa-
(bMTOKOKK), HEOOXOAVMO HaUMHATD CPa3y MOCIe MOMyYeHNsT pe3y/bTaTa MoceBa MUKPOOPTaHM3MOB U3 ITyH-
KTaTa KOJIEHHOTO cycTaBa. [IJi1 MOCTVDKEHUS] KIMHUYECKON 3(PGheKTMBHOCTM PEeKOMEHAYIOT IpUMeHeHNe
KOMOMHAIMM aHTMOMOTHUKOB, BBIGOP KOTOPBIX AO/KEH OCHOBBIBATDCS MCXOMIS Y3 MUKPOOPTAHM3Ma 10 MTOTAM
KOHCY/IbTAIIMM C KIMHNYECKUM dapMaroaorom [5]. O6IIenpr3HaHHBIM SIBJIIETCS coueTaHue 1medaaocrmopm-
HOB TPeTbero MOKOAeHUS ¥ BAHKOMULIMHA/TeHTaMUIHa. OGHAKO TTOC/IeIHYE UCIIONb3YIOT C OCTOPOSKHOCTHIO
BBUAY UX HePO- ¥ OTOTOKCUYHOCTU. Kypc aHTMOMOTUKOB HAUMHAIOT C BHYTPMUBEHHOTO BBEJIeHMSI B TeUeHMe
Tpex—ueThIpeXx Hellesb C TIOCIeIyI0IMM ITepeBOIOM Ha IepopasibHble GOPMBI IpenapaTos [2, 16].

BTopoe orepaTuBHOE BMENIATEIbCTBO 10 IOBOAY PEMMIUIAHTAIMM CBSI3KM PEKOMEH/IYeTCSI OTCPOYUTD U IIPO-
BeCTHU Uepes LIeCTb—BOCEMb MeCSIIeB TOC/Ie TTepBUYUHOI onepanuu [5]. OqHaKo TPaMOTHO M CBOeBpPEMEHHO
MPOBEIeHHbIN TIEePBbIi 3TAIl, OTCYTCTBME POCTA BO3OYIMUTES B ITYHKTATE 13 KOJIEHHOTO CyCTaBa M HOPMaJib-
Hble 3HaUeHMs TToKa3aTesieit BocrajeHus, KaK B MpeICTaBIeHHOM KJIMHNYECKOM CIyJae, aloT BO3MOKHOCTD
60Jsiee paHHETo MTPOBeIeHNMSI BTOPOTO 3Tara, YTO COKPAIIAeT CPOKY BOCCTAHOBJIEHMSI MManyieHTa [22].

B paHHeM mowIeonepalioHHOM I1epuojie ONepUMPOBaHHYI0 KOHEUYHOCTh GUKCUPYIOT B OpTe3e B IOJIOKEHUN
pasrubanus 175°. Co cjiefyromiero JHS HAUMHAIOT pPeabuInTaIl[MOHHbIe MEPOTIPUSITHS, HalPaBJIeHHbIE Ha KY-
MMpoBaHue 601, 0TeKa, yBeTMUYeHVe aMILTUTY/IbI TAaCCUBHBIX M aKTUBHBIX ABUKEHUI, YKPETJIEHME YeThIPeX-
JIaBOJi MBIIIIIBI 6epa. [TaBHOI 11e/ThI0 SIBISIeTCS YBeIMUeHMe Harpy3Ku Ha KOHEYHOCTb ¥ X0ab0a 6e3 cpeficTB
JIOTIOJTHUTENIbHOM OTOPBHI [23].

C (YHKUMOHAIBHOM TOYKM 3peHMS MalMeHThl MOTYT BEPHYTbCS K TPYAOBOI U TMOBCETHEBHON >XU3HU,
YTO TOATBEpPKAAeTCs yBenuueHneM 3HaueHmit 1o mkasam IKSS u Lysholm B nipuBeneHHOM KJIMHUYECKOM
npumMepe. Mbl cpaBHWIM (GYHKIMOHAIbHbBIE pPe3yIbTaThl, MOJyYeHHbIE HAMM, C pe3yJabTaTaMy 3apybesxk-
HBbIX XUpPyproB. B pabore J. Gille 3aperucTpupoBaHbl rmokasatenu 63,9 6amta mo mkane Lysholm n 63 6amia
o mrkasie IKSS [15]. CriemyeT OTMETUTB, UTO KOHEUHbIEe JaHHbIe B ITPeACTaBIeHHOM HaMy KIMHWYEeCKOM TPH-
Mepe HUCKOJbKO He YCTYIAI0T CPeIHNM 3HAUeHUSM B ITyOIMKaIMSIX MHOCTPAHHBIX aBTOPOB. KynupoBaHue
MHQEKIMOHHOTO OCIOKHEHNS ¥ CTaOMIM3aLMsI CyCTaBa YIyULIMIM KauecTBO XKIM3HM MTalleHTa, U B ITepcIiek-
THUBE 9TO JO/KHO CHMU3UTDH CKOPOCTb Pa3BUTHS TOHAPTPO3a.

K cunbHbBIM CTOpOHaM ,[LaHHOI‘/JI pa6OTI)I MOJXHO OTHECTU OPUTMHAJIbHOCTb TeXHMKM, KOTOpas, TeM He MeHee,
He OTKJIOHSEeTCS OT 06]].[9]71 Imapagmurmbl JieueHMs ITalMMIeHTOB C I/IH('I)EKLU/IOHHI)IMI/I OCJIOKHEHUSIMU, I HaJIM4Yne
OTOAJIEHHOI'O pe3y/IibTaTa JIeUeHM . HpI/IMeHEHI/Ie IAHHOM MeTOIVKU IIpn J1edeHun OAHOro rnanmeHTa, HeCo-
MHEHHO, SBJISI€TCS OTpaHMYEeHNMEeM MCCIeaq0BaHMA.

3AKJ/JIIOYEHUE

Ha xnmuHMYecKoM TpuMepe MPOoJeMOHCTPMPOBAH YCIEIIHbIN MHANBUIYATbHbIN MOIX0M, K JIeUeHUIO Haly-
€HTOB ¢ MHdeKIMe, Bo3HMKIIe rmocie miactuky ITIKC. BbIOOp TaKTUKY JTeUeHMsT UCXOIMUI U3 0COOeHHOCTeI]
aHaMHesa ¥ JKeJaeMbIX 3arpocoB. ONTMMaIbHas TaKTUKa, BKIIOYABIIAS ITPAaBUJIbHO MTOJOOPaHHYIO U IIPO-
BEJIEHHYI0 aHTMOMOTMKOTEPAIINIO ¥ HEOOXOAMMBIi 00beM CBOEBPEMEHHBIX OTIEPATUMBHBIX BMEIIATENIbCTB,
B KOHEYHOM MTOTe TIOMOTJIA TOOUTHCS XOPOIINUX Pe3yIbTaTOB.

Kongnuxm unmepecos. Asmoput 0exaapupyrom omcymcmaue 18HbIX U NOMeHYUANbHbIX KOHBIUKMO8 UHMEPecos, C83aHHbIX ¢ nyOnuKayueti
Hacmosujeti cmamaou.

Hcmounuk punancuposanus. [ocyoapcmeerHoe 6100xemHoe QuHaHcuposatue.
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Pepnkuii cnyvai taxxenoi pedpopmaumn y naumeHTa
C QaHKMNO3UPYIOLLUM CMOHAUIUTOM

N.B. bacaHknn'2, A.A. lonb3atan'™, U.E. puuaes?, K.K. Taxmasan?

! HayuHo-uCCIeqoBaTebCkuit MHCTUTYT — KpaeBas kmHuueckas 6ompHua N2 1 umenu mpodeccopa C.B. OuanoBckoro,
Kpacuopap, Poccus

2 Ky6aHCKMiT ToCyIapCTBEHHbI MeUIIMHCKII YHUBepcuTeT, KpacHomap, Poccust
ABTOp, OTBEeTCTBEHHBII 3a MepenmcKy: A6pam Axornosud ['losib3aTsaH, abramgulz@gmail.com

AHHOTausa

BBemenue. AHKWIO3UpyOmKii cioHmnT (AC) — XpOHMYECKOe BOCHATIUTETbHOE 3aboieBaHMe, COMPO-
BOkzawoneecs: GopMUPOBAHMEM PUTUIHBIX Nedopmalinii MO3BOHOUYHNMKA M HApPYyIIeHNEeM CArMTTaTbHOTO
6anmaHca. YHUKaJIbHOCTD MPECTABIEHHOIO KIMHWYECKOTO caydasi obyciosieHa couetaHnem AC cO CIOH-
IVIINTOM AHAEepceHa, BbIPAKEHHOJ TPEXIIOCKOCTHOM medopMalieii M HeoOXOAMMOCTbIO IPOBEIEHMUS
MHOTO3TaITHOTO KOMOMHMPOBAHHOTO XMPYPTUUECKOTO JieueHus C MIpUMeHeHeM OPUTMHAIbHOM MeTOAVIKU
HapY>KHOI peno3suium.

Ilesb paGoOTHI — JEMOHCTPALMST OCOGEHHOCTEN Y XMPYPIrUUECKUX ACIIEKTOB JIEUeHMSI MaIMeHTa C TSIKENTbI-
M1 gedhopManysiMy IO3BOHOYHMKA Ha (DOHE aHKMIO3UPYIONIETO CIIOHAMINTA, OCIOKHEHHOTO CIIOHAVUTATOM
AHpepceHa 1 BbIDAKEHHBIM CarUTTATbHBIM I1COATAHCOM.

MaTepuaabl M MeTOAbI. PaccMOTpeH KIMHUYECKUi ¢rydait 53-eTHero maiyeHTa ¢ BbIpaXkeHHOV Kugo-
CKOJTMOTUYECKOI medopmaliyeii TO3BOHOYHMKA, XPOHUYECKUM 60/IeBBIM CMHIPOMOM M HapyIlIeHUeM Tropy-
30HTaJIbHOTO B30pa. MHOTOKOMIIOHEHTHOE XUPYPTUYECKOe JleUYeHle BKIIUaJI0 OCTeOTOMMUIO 1IeCTOTO TUIIA
o Schwab Ha ypoBHe Th;,—L;, crioHgMI01€3 M3 JOP3aJbHOTO M TPAHCIUIEBPATBHOTO TOCTYIIOB, OCTEOIIa-
CTUKY ITIOCTBMHTOBBIX Ae(EKTOB, YCTAHOBKY JJAMMHAPHBIX KPIOKOB U PEKOHCTPYKIMIO META/UIOKOHCTPYKIIVA.
[TpyMeHeHbI METOAVIKY ITPEeIONePaLIOHHOr0 3D-IJIaHMPOBAHMS ¥ OPUTMHAJIbHBIE ITPYEeMbI (GUKCALINU U pe-
IYKIMY TT03BOHOYHMKA.

PesynbTaThl. HecMOTpst Ha pa3BUTHE HECTAOWIIBHOCTY MMITJIAHTATOB ITOCJIE IIEPBUYHOI OTIepaInm, mocieno-
BaTeJIbHbIE TAITHbIE XMPYPrUUYECKMe BMEIIaTebCTBA ITO3BOJIMIIY BOCCTAHOBUTD OCh 1 OTIOPHOCTH ITO3BOHOY-
Horo ctosnba. Yepes ron HaGMOgeHNWSI OTMeUeHbI: (OpMUPOBaHMe HAZEXKHOTO MEKTeI0BOr0 CIIOHIMUIONe3a,
OTCYTCTBME MPU3HAKOB HECTAOMIbHOCTY META/UIOKOHCTPYKLIMM ¥ 3HAUUTEIbHOE YIyUllleH) e KauecTBa KMU3-
HM TTalYieHTa.

0o6cykaeHue. AC MOXKET COITPOBOKAATHCS TSIKETBIMU TPEXTUIOCKOCTHBIMY AedopManysMiu ITO3BOHOYHMKA
U cnoHAMIUTOM AHnepceHa. Koppekiys rmogobHsIx gedopmannii TpebyeT MHOTOSTAITHOTO ITOAX0Ia C IIpU-
MeHeHMeM KOMOVMHMPOBAHHBIX XUPYPIrUUECKMUX METOOMK. AleKBaTHAs huKcalus rnepegHeit u 3agHeli omop-
HBIX KOJIOHH IT03BOHOYHMKA KPUTUUECKM BaskKHA JIJIsT TIPeIOTBpallleHMsI HeCTaOMUIbHOCTHU.

3akmoueHue. IIpencTaBieHHbI KIMHUYECKUIT CIydail TeMOHCTPUPYET HeoOXOAMMOCTb KOMIUIEKCHOTO
MHOTO3TAIIHOIO MOAX0AA K JIEUeHMIO IMallMieHTa C TSDKEIbIMM JedopMalysiMyu MO3BOHOUHMKA Ipu AC, oc-
JIO)KHEHHOM CITIOHIMJIUTOM AHIEepCceHa M BbIpakeHHbIM CarMTTaJbHbIM aucbanaHcoM. [IpoBegéHHOe Tall-
HOe JIeueHye TO03BOJIMIIO JOCTUYDb CTOMKOTO KIMHUUECKOTO U (YHKIIMOHAIBHOTO YAYUIIEHNS, TIOTYEPKUBAsT
BaXHOCTb MHAMBUIYAIU3UPOBAHHOTO IIJIAHMPOBAHMS ¥ TOTOBHOCTY K afamnTalluy XUPYPrudeckoit TaKTUKU
IIPY BO3HMKHOBEHMM OCJIOKHEHUIA.

KnioueBbie c10Ba: aHKMIO3UPYIONINIA CIIOHAWINT, HedopMalius MTO3BOHOYHMKA, KOPPEKIIMS, OCIOKHEHNS,
HeCTabMIbHOCTb META/UIOKOHCTPYKIIVY

st uutupoBanus: bacankuu U.B., lonb3aTsia A.A., I'puaeB U.E., Taxma3zsi K.K. Pegkuit ciryuaii Tskenoir medgopma-
MM Y TalyeHTa ¢ aHKWIO3UPYIOMUM CIIOHAVIIUTOM. TeHuil opmoneduu. 2025;31(5):655-665. doi: 10.18019/1028-4427-
2025-31-5-655-665.
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A rare case of severe deformity in a patient with ankylosing spondylitis
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Abstract

Introduction Ankylosing spondylitis (AS) is a chronic inflammatory disease with associated rigid spinal
deformities and sagittal imbalance. The identity of the clinical case reported was characterized by AS combined
with Andersson lesion, pronounced three-plane deformity and the need for multi-stage combined surgical
treatment involving an original technique of external reduction.

The objective was to demonstrate surgical treatment of a patient with severe spinal deformities due
to ankylosing spondylitis complicated by Andersson lesion and severe sagittal imbalance.

Material and methods The clinical case of a 53-year-old patient with severe kyphoscoliosis, chronic pain
and horizontal gaze disorder is reported. Multicomponent surgical management included a Schwab type 6
osteotomy at the Th;,-L; level, spondylodesis via posterior and transpleural approaches, osteoplasty
of post-screw defects, placement of laminar hooks and reconstruction of the metal construct. Preoperative
3D planning and original methods of fixation and reduction of the spine were employed.

Results With the implant instability developed after the primary operation, successive staged surgical
interventions facilitated restoration of the axis and support of the spinal column. Reliable interbody
spondylodesis with no signs of hardware instability and improvement in the patient's quality of life were
observed at one-year follow-up.

Conclusion The clinical case demonstrated the need for a comprehensive multi-stage approach
to the treatment of an AS patient with severe spinal deformities complicated by Andersen lesion and severe
sagittal imbalance. The staged treatment resulted in sustainable clinical and functional improvement
with the emphasis on individualized planning and adapted surgical strategy if complications arise.
Keywords: ankylosing spondylitis, spinal deformity, correction, complications, hardware instability

For citation: Basankin IV, Giulzatyan AA, Gritsaev IE, Takhmazyan KK. A rare case of severe deformity in a patient
with ankylosing spondylitis. Genij Ortopedii. 2025;31(5):655-665. doi: 10.18019/1028-4427-2025-31-5-655-665.
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BBEIOEHUE

Auxmnosupyromnii cnoHauanT (AC) — pefkasi cepoHeraTUBHAs CIIOHAMIOAPTPONATHSI, BCTPEUaIoasics Ipu-
MepHO v 1,4 % HacenmeHus ¢ pacnpocTpaHeHHOCThIO 0,03-1,80 % [1]. laHHOE XPOHMYECKOE BOCIATUTEIbHOE
3aboneBaHKe B [IePBYI0 Ouepesb TopaxkaeT KPeCTI0BO-TIOAB3I0IIHbIE COUIEHeHMS Y T03BOHOYHMK, Xapak-
TepusyeTcst 06pa3oBaHMeM CIMHATbHBIX MOCTOBUIHBIX CMHIECMOMUTOB, SHTE3UTA, CAKPOMJIEUTA U YBEUTA.
ITporpeccuposanme AC mpuBOAUT K GopMIUPOBaHMIO KMDOTUUECKON Tedopmaliuy 1 yBeJIUUEeHUIO TI0g60po-
IOYHO-6poBHOTO BepTHKanbHOTO yria (CVBA), uTo 06yciioBinBaeT QyHKIMOHATbHbIE HapyieHus y 30 % ma-
1MeHTOoB [2]. OcHOBHAs 1eb Xupypruu mpyu AC — KOppeKIust CaTUTTaTbHOTO Ayicbasanca, BOCCTAHOBIEHE
TOPU30HTAIBHOTO B3I/ISIZIA, YMEHbIIIeHMe 601eBOTO CMHIPOMA U YTydllleHre (GYHKIIMOHAIBHOTO CTaTyCa.

VHUKaJIBbHOCTD ITPEACTaBAEHHOI0 KIIMHMYECKOTO CTydast 00ycyioBaeHa couetanreM AC o CITOHIUINTOM AHIep-
CeHa, BhIpasKeHHOM TPEXIIIOCKOCTHOI Aedopmalieii 1 He0OXOAMMOCTbIO TPOBeIeHNST MHOTO3TAITHOTO KOMOM-
HUPOBAHHOTO XUPYPTUUECKOTO JieUeHMsI C IpUMeHeHeM OpUTUHATbHOI MeTOAMKM HapysKHO pero3uiInm.

Iless paboOTHI — JEMOHCTPALMS OCOOGEHHOCTEN M XMPYPIrUIECKUX ACIIEKTOB JIEUEeHMS MAIMeHTa C TSIKENbI-
M1 gedopManysiMyu IO3BOHOYHMKA Ha (DOHE aHKMIO3UPYIOIIETO CIIOHAMINTA, OCIOKHEHHOTO CIIOHAVUTUTOM
AHzepceHa U BbIDAKEHHBIM CaruTTATbHBIM I1COATAHCOM.

MATEPUAJIBI U METO/bI

MMamuenT 53-x jsetr B 2022 T. MOCTYNMI B OTHAENEHME HEMPOXUPYPIUM C KayobamMy Ha ITOCTOSIHHYIO 6O0Jb
(6—7 6as1oB 110 BAIII) B rpygHOM ¥ ITOSICHUYHOM OT/€eJ1aX IT03BOHOYHMKA M KPYITHBIX CyCTaBax, nedopMalliio
T03BOHOYHMKA, YTPEHHIOI CKOBAaHHOCTb, HapyllleH}e TOPM30HTa/IbHOTO B30Dpa.

Anamnesis morbi: Briepsbie 6011 B T03BOHOUHMKe TosIBMMCh B 2000 T. BosibHOIT He 06C/1e10BajICs U He Jie-
YUJICS, 3aHMMAJICS TUTaBaHMeM M TMMHACTUKOIA. TTocyie ycTaHOBIeHUST IyarHo3a «6onesub bexrepeBa» B 2011 1.
riosryuas HITBII, mmynbc-Tepanmio TIIOKOKOpTUROCTepoumamu, dusmonedenme, JIOK. Ha doHe Tepanmu oTme-
yajach MOJMIOKUTENbHAS OMHAMMKA B BUIE perpecca 60JeBOro CMHIPOMA, OMHAKO HapacTaau mebopmariys
IMO3BOHOYHMKA U IOCTENEHHOE HapylleHle TOPU30HTAIbHOTO B3opa. B 2021 r. mpousoiiien rnepeiom C Ipu-
3HaKaMy HecTabmibHOCTU Ha ypoBHe Cq—C; Tum B3 mo knaccuduxaunuy AO Spine, B CBSI3U ¢ UeM ObL1a BBITION -
HeHa nop3anbHast Gukcanus Cs_—Th;_,. DuKcauyio oCcyiecTBISUIN C UCIONIb30BaHMEM TPAHCIIeIUKYISIPHBIX
BMHTOB, 00ECIIeUMBIINX CTAOMIN3AIMIO MOBpekaEHHOro oTtaena. C 2022 r. mo 2023 r. moayyan 6a30ByIo Te-
parnmio, ogHAKO 60JIeBOIT CMHAPOM ITPOTPECCUPOBaAT, HapacTaia fedopMaliusi, 0TMeUaI0Ch pe3Koe CHISKeHe
KayecTBa KMU3HMU.

Oo0sekmueHo: TlanyieHT — TUITePCTEHMYECKOTI'O TeJIOCTIOKEeHNA.
VY naiyeHTa BbISIBJIEHBI:

— BbIpakeHHas1 KudockommoTnueckas nedopmanus («Io3a mpocuTessi») (puc. 1, a);

— BbIpaykeHHas1 607Ie3HEHHOCTh B 06JIaCTM OCTMCTOTO OTPOCTKA L5, B MecTax MPUKPEIUIeHNUsT aXUJIJIOBBIX CY-
XOXKWJTUIA K TISTOYHOM KOCTH, B 06/1aCTM TPeOHS MOIB3IOITHOM KOCTU C IBYX CTOPOH, I 1 VII rpyauHo-pe-
6epHbIX cowteHeHMiT (MHOeKc MASES (awnen.: Maastricht Ankylosing Spondylitis Enthesitis Score) = 9);

— BBIPaKEHHOE OrpaHMUYEHMEe TIOABMKHOCTM IT03BOHOUHMKA (MHOeKC BASMI (auzn.: Bath Ankylosing
Spondylitis Metrology Index) = 10);

— BbIpaskeHHbIe DYHKIMOHA/IbHBIe HapyiieHus (MHAekc BASFI (axen.: Bath Ankylosing Spondilitis Functional
Index) = 9,1).
KonndectBeHHas o1jeHKa 06011ei akTuBHOCTU AC:

— unpexc BASDAI (anen.: Bath Ankylosing Spondilitis Disease Activity Index) = 9,2;
— ungekc ASDAS (anan.: Ankylosing Spondilitis Disease Activity Score) mo CO3 = 3,5.

HeBponoruyeckuii craTyc — 6e3 0CO6eHHOCTE .
ITo JaHHBIM MHCTPYMEHTAIbHOI AMarHOCTUKY YCTAHOBJIEHBI:

— IBYCTOPOHHMUI CAKPOUTIEUT 3 CT.;

— xiMHoByUAHAas medopmariius Th,, L, TO3BOHKOB ¢ (hOpMMpPOBAaHNMEM CIIOHAMINTA AHIepceHa Ha 9TOM YPOB-
He 1 KudocKoamMoTnueckoi medopmaliiiieil I03BOHOYHOTO cTonba (puc. 1, 6);

— HapyleHue caruTTagbHOro 6ananca (SVA 280 mm);
— rpy6oe HapylleHle rOpM30HTAIbHOIO B30pa (PacCcTosIHME «KO3€eJI0K — cTeHa» — 25 ¢cm, CBVA (awen.: Chin-
Brow Vertical Axis) — 75°).

B pamMkax mpemomnepaiioOHHOro IJIaHMPOBAHMST BHITIOJTHEHA OIIEHKA MUHEPAIbHONM IUIOTHOCTY KOCTHOM TKaHU
(MIIKT) no paunbM KT: Thy — 98 HU, Th,, — 100 HU, Thy; — 102 HU, L, — 98 HU, L; — 94 HU, L, — 96 HU. TTony-
YeHHbIe 3HaUeHMST COOTBETCTBOBA/IN CHYKEHHOI IVIOTHOCTY KOCTHOJ TKaHM (OCTEOIIEHMYEeCKOMY TMaIlta3oHy).
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Puc. 1. ®oro nmauueHta u gaHHbie KT TpygHOro M MOSCHUYHOIO OTHEIOB MO3BOHOYHMKA MPU IOCTYIIEHUU
B CTal[MOHap: a — BHENIHMII BUJ TIal[MeHTa, OTMEeYaeTCs] BbIpaskeHHAsl KuUQocKommoTnueckas medopmarys;
6 — KT B pexkume 3D VRT 1 MPR, caruTTanbHast MPOEKITNs, BU3YaIU3UPYIOTCS MTPU3HAKM CIIOHIVINTA AHIepCceHa,
KIMHOBUAHAS nedopmaiius Thy, ¥ L; ¢ BEHTpaJIbHBIM CIIOHTAHHBIM CITOHIMIONE30M U OccudUKalei nepegHeri
MPOAOIbHO CBSI3KU

[TpemomnepalOHHOE JIAHMPOBaHME MPOBOAWIM B MporpamMme Surgimap. O6beM XMPYpruueckoro BMella-
TeNbCTBA OMNpenesulM HaluumMeM PUTMAHOM KudockommoTnyeckoii fedopmaimm ¢ BEPUIMHON HA yPOBHE
Thy,—-L,, ButencTBue repesioMa 1 GOpMUPOBAHMS BEHTPATbHOTO 6;10Ka. IT0 COBOKYITHOCTM JaHHBIX OBLIO pe-
IIIeHO BBIMOMIHUTD TPaHCIeAUKYIIpHYI0 dukcannio The io-1;—Ly-5-4, 6 TUIT OcTeoTOMMUM 110 Schwab Ha ypoBHe
Th,,-L,, cioHaMI00€3 U3 TOP3IBHOTO JOCTYIA TUTAHOBBIM CETUATHIM MMIUIAHTATOM C ayTOKOCTbIO0. [JocTur-
HyTa Koppekius gedopmaiuu 52°. [TpogomkuUTeTbHOCT onepauyuyu — 260 MuH, kpoBoroTepst — 1 100 v
(puc. 2).

Puc. 2. InTpaonepauyoHHblie GoTorpaduu nauyeHTa, MHTpaornepaMoHHble PEHTTeHOTPAMMEBI U ITOC/Ieorepalu-
onHas KT, BeMOHCTpUPYIOIIME 3TAIbl XMPYPrUUECKOil KOppeKuyy aeopMalyy MO3BOHOYHYKA: a — MOTIOKEeHYe
MalyeHTa Ha OTIePaIIOHHOM CTOJIE JI0 U IT0C/Ie ONePaTUBHOTO BMEIIaTeIbCTBa, OTMeYaeTCsl BU3YyaJIbHbIi perpecc
kudormyeckoit fedbopmanum; 6 — BUJI OMEPAIVOHHON PaHbI IO BBIMOJIHEHNSI KOPPEKIUY C YCTAHOBIEHHBIMMU
MPOBMU30PHBIMY IITAHTAMU; B — BUJ, OME€PALIMOHHOI PaHbI ITOC/IE BBITOTHEHVSI KOPPEKLIMU Y KOMIIPECCUM BIOMb
OKOHYATeIbHbIX IITAHT
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Puc. 2 (uponmomkeHue). ViHTpaomnepanyonHsle Gororpaduy nauyueHTa, MHTpaomnepa-
LMIOHHble DeHTreHOrpaMMbl ¥ TocleonepauyoHHass KT, neMOHCTpupylolye STalbl
XUPYPruueckoit koppekiuu gedopmaiyi MO3BOHOUHMKA: T — MHTpaoNepaliOHHbIe
PEHTreHOBCKMe CHUMKMY C 3TallaMy BbIIIOJIHEHMSI OCTEOTOMMY Y YCTAaHOBKM TUTAHOBOTO
MMIUIQHTATa 3all0JIHEHHOTO ayTOKOCTbIO; [ — nocieonepanyoHHast KT peKoHCTpyKUys
B pexxumMe 3D VRT ¢ Bu3yanusanyeil ycTaHOBI€HHOM MeTa/UVIOKOHCTPYKIMM U MEXKTe0-
BOT'O CETYaTOro MMILIaHTaTa

B mepBbie cyTKyM TOC/Ie omepanuy Hadaliy MacCUBHYI0 peabMInTaINIO, a C YeTBEPTHIX CYTOK — aKTUBHYIO
C BepTUKaIM3aIMeil manyeHTa B IpyaoNoSCHMYHOM KopceTe. OTMeueH perpecc 6071eBOro CMHIPOMA, YTyd-
IIeHMe TOPU30HTAIBLHOTO B3opa. Ha 11-ble cyTKM mocie omepaiyuy Impou3solnia MaHudecTaius 601eBOro
cuHapoMma (BAII = 7), pesuctentHoro K HITIBC 1 HapkoTnuyeckum aHajnbretukam. IToce BoirmonHeHus KT mo-
3BOHOUHMKA OOHAPYKeHbI HECTAOMIBHOCTh META/UIOKOHCTPYKLMYM B BUJIe PACIIATHIBAHUS U «BBIPBIBAHMSI»
HVKHUX IIECTY BUHTOB, MUTPALMSI MEXTeJI0BOI0 MMIUIAHTATA, TPAHC/ISILINS IPYAHOTO OT/Ae/ia T03BOHOUHMKA
(puc. 3, a), YTO CTAJI0 OCHOBAHMEM IJIsI CJIOKHOTO M HETUIIMYHOTO PEBU3MOHHOTO BMEIIATENbCTBA, 06YCIOB-
JIEHHOTO OMMCAaHHBIMM aHATOMMUUECKUMU U3MeHEeHUSIMA.

EQMHCTBEHHO BO3MOXKHBIM BapMaHTOM (bMKcaIuy ObLIO yaalieHue HeCcTaOWIbHBIX BUMHTOB, YCTAHOBKA JIa-
MMHapHBIX KPIOKOB Ha YPOBHE PACIIaTaHHBIX BUHTOB C MOCIENYIOIIel 3aMeHO MEeXTEI0BOr0 MMITJIAHTaTa.
VIHTpaonepaluyioHHO TEXHMYECKH CJIOKHOJ 3aavdeii oKasajach pernosunys GakTUUecky pa3o6IiEéHHOro o-
3BOHOYHOTO CTO/I0a /111 yCTPaHeHMsI Ipy60ii TPaHCISIIIMM U TIPeIOTBPaIeHMsI TTOBPEKAEHMSI CITMHHOTO MO3Ta.
Ilyis penieHnst JaHHOJ 3124y ObLJT CKOHCTPYMPOBAH OPUTMHAIbHBIN BHENTHMI uKcaTop (puc. 3, 6), KOTOPbIA
TO3BOJIAJT OCYILIECTBUTD AO3MPOBAHHYIO PeNYKIMIO TTOSICHUYHOTO OTesa MO3BOHOUHMKA 10 He06X0IMMOTO
YPOBHSI U TIPOBU30PHYIO €ro GUKCAIINIO IJIs1 TPeAOTBPalleHNsI CAaTUTTATbHOTO CMEIeHMsI BO BpeMsI yCTaHOB-
KV KPIOYKOB ¥ OKOHUATEIbHOM DUKCAINNA.

Puc. 3. Paguonornyeckue ¥ MHTPaoIlepaliOHHbIe TaHHbIe, UJUTIOCTPUPYIOLIVE TPU3HAKY HECTaOUIbHOCTY MeTall-
JIOKOHCTPYKLMY M 3Talbl IEPBUUHOIO PEBM3MOHHOrO BMellaTenbcTBa: a — KT carurranbHoii, GpOHTAIBHOM U aK-
CUAJIbHO IIJIOCKOCTeN Ha 12-e CyTKM ITOC/Ie MIePBUYHOV olepalyy, TPAaHCISILMS TPYAHOTO OTHesa [T03BOHOYHMKA,
MUTPAIVSI MEXKTEIOBOTO MMIUIAHTATa, PACIIAThIBAHME BCEX BUHTOB B MOSCHUYHOM OT/Ie/e MO3BOHOYHMKA C BOMb-
muMu (> 3 MM) 30HaMM OCTEONM3a B TO3BOHKAX Ly, Ls, Ly; 6 — hoTo BHelHero ¢hukcaTtopa, mpeCcTaBisoNero KoH-
CTPYKLMIO M3 pyKaBa paMbl peTpakropa TOMIICOHA ¥ JIJaBCAHOBBIX HUTOK, IIPOBEIEHHBIX Yepe3 OCTUCTbIE OTPOCTKU
" PUKCUPOBAHHBIX K IAHHO pame; B — MOC/IeOTepallMOHHAsI pEHTTeHOTpaMMa B CaruTTaabHOM MJIOCKOCTU
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JnuTeNbHOCTDb OTlepaTMBHOIO BMellaTeNbCTBa (penyKiys, puKcalys, 3aMeHa MeXTeI0BOTO KeliyKa) cocTa-
Bwia 90 MmuH, kpoBoroTepst — 600 M. [JocTurHyTa ycroitumusas huxcaius (puc. 3, B).

Yepes 10 mHeli BHOBb AMaTHOCTUPOBAHA HECTAOUIBHOCTbD, UTO SIBMJIOCh OCHOBAHMEM [IJIs ellle OLHOI PeBu-
3MM. YUUTHIBASI IOBTOPHYIO HECTAOMIBHOCTh META/JIOKOHCTPYKIIMM M CETYATOIO MMILJIAHTAaTa, Mbl OTKa3a-
JICh OT OUYepeHO IOITBITKY OJJHOMOMEHTHOTO BMelllaTeIbCTBA B MOJIb3Y ABYXITAITHO Onepaium.

Iepestii 3man. PeBu3sust paHbl, yCTAHOBKA JIAMUHAPHBIX KPIOUKOB B Ly, Ls, Ly (n = 8), mepeMoHTaxX rubpui-
HOJi MeTaJVIOKOHCTPYKLMY I10 TUITY BUHT — KPIOUKM, YAaJleH)e MUTPUPOBABILEro CeT4aToro MMILJIaHTaTa,
OCTeOIJIaCTUKA MTOCTBMHTOBBIX 1e()eKTOB B O3BOHKAX Ly, Ls, L. 1M TEIbHOCTD I€PBOTO 3Tara peBU3MOHHOM
xupypruu (puc. 4) cocrapuna 140 muH., kpoBornorepst — 800 mut.

B nocsieonepaliiioHHOM TIE€PUOE HEBPOJIOTMYECKUI CTaTyC — 6€3 M3MEHEH NI, CMJIa MBIIII] B KOHEUHOCTSIX —
TISITh 6aJIJIOB, IPOBOAHMKOBBIX HAPYIlIeHNiT HeT. [TalyeHTy Ha3HaueH CTPOTMIi IIOCTeIbHBIN PEXMM B TeUEHME
MISITU ITHeH (Do BTOPOro 3Tara). B maHHOM MPOMEXKYTKe MPOBOAMIM (GOPCUPOBAHHYIO BOCCTAHOBUTEIbHYIO
COCYAVICTYIO Teparnio, TeMOTpaHCchy31io, aHTUOMOTUKOTEPATINIO, TPOGUIAKTUKY TPOMO03a BEH.

Puc. 4. lHTpaonepanyoHHbie n306paskeHust 1 aaHHbie KT, JeMOHCTPUPYIOIIE 3TAalbl BTOPOTO PEBU3MOHHOTO
BMeNIaTeIbCTBA, BKIIOUAS OCTEOIIACTUKY TTOCTBUMHTOBBIX 1e(dEKTOB: a — BUI, OMEPAIMOHHOI paHbl C YCTAHOB-
JIEHHBIMM KPIOUKaMM, TOP3aabHasl YacThb ITO3BOHKA «IIOABEIIeHa» OPUTMHATbHBIM (UKCATOPOM; 6 — BUJ, OIle-
PalMOHHOJ paHbl MOC/IEe YCTAHOBKM CTEPKHE M OKOHYATeNbHOM (ukcanyuu; B — Mpolenypa OCTeOTUIaCTUKA
MTOCTBMHTOBBIX 1e(EeKTOB C TOMOII[bIO A/ITIOTEHHOI KOCTHOM CTPYKKM ¥ OPTOGMOIOTMUECKOTO TIPOAYyKTa TPOMGO-
Tejib; T — CaTUTTAJbHBIN U GPOHTATBHBIN CKAHbBI IPYIHOTO U TIOSCHUYHOTO OTIEJIOB TIO3BOHOYHMKA; 1 — TO3BOH-
KU Ly, Ls, Ly C 30HAMM OCTEOIIACTUKY TIOCTBUHTOBBIX 1e(PEKTOB

Bmopoii aman. TpaHCIUIEBPaIbHbII KOPIIOPOE3 C MCIOJIb30BaHMEM TUTAHOBOTO CETUATOrO MMILJIaHTaTa
M CMOJEeNMPOBAHHOTO (hparMeHTa aUIOKOCTH (PUC. 5). JJIMTENbHOCTH BTOPOTO 3TAara XMPYPrUueCcKoro BmMe-
marenbcTBa — 90 MuH., KpoBoroTeps — 100 mit.

B mocieonepaioHHOM Tepuofe MaleHT ObIT BePTUKAIM3MPOBAH Ha IecsITble CYTKU 13-3a BhIPayKeHHBIX
OPTOCTAaTUMYECKUX HApyIIeHUit. [IpoBOAMIM TTACCUBHYIO M aKTUBHYIO PeabMIUTAIINIO, NbIXaTebHYI0 THMMHA-
CTUKY, usmotepanmio, ceancbl [BO. OTMeuany MoIoKUTENIbHYIO IMHAMMKY B BUJIe perpecca 60/1eBOro CuH-
Ipoma 1o 2-3 6asioB 1o BAIIL, yiryuiiieHMe KadyecTBa JKM3HY 3a CUET M3MeHeHMs yI/ia B3opa.

[MalMeHT BBITIMCAH U3 CTallMOHapa Ha 41-ble CyTKU B YIOBJIETBOPUTEIbHOM COCTOSIHUM (pUC. 6, a). B mocie-
IOVIOILIeM IMalyeHTy BbImonHsuics KT KOHTPOIb BCeX OTHEeIOB ITO3BOHOUHMKA Yepes IIecTb, 12 Mecs1ieB Mocie
BbIMMCKY. [To maHHbIM KT uepes omuH rof y MalyeHTa OTMeYasICs MEeXTEeNIO0BOI CIToHAMIone3 (Ha YpOBHe
CeTYaToro UMILIAHTATa ¥ OTIOPHOTO aJ/UTOTPAHCIUIAHTATA), TOJTHASI MHTEeTpalys aVIOKOCTHO KPOUIKY B 06-
JIACTU TIOCTBUHTOBBIX e(PeKTOB, MPU3HAKOB HECTAOMIBHOCTY METa/UIOKOHCTPYKIMY He 6bUT0 (puc. 6, 6, B).

Ananu3 gauHbix KT mocsie onepaiini BbIIBII BaskHbIe HEGIaronpusiTHbie aKkThI:

— HaJInuye OBYX pasfielbHbIX MeTATIOKOHCTPYKIINI HA YPOBHSIX Cs_¢—Th 5 1 Thy_19_1;—Ly 5 4;
— cBobonHast HeukrcupoBaHnHast 30Ha Th;—Thg ¢ yrmom kudosa 22°;
— IUIOTHOCTb KOCTHOJ TKaHU B 1T03BOHKe Thg HemocpencTBEHHO Ha/l MeTaIFIOKOHCTpyKIneit — 78 HU.
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Puc. 5. MaTpaonepaioHHble Gororpadguyu maimeHTa 1 ganHeie KT, oTpaxkalolye 3TaIbl TPaHCIUIEBPATbHOTO
KOPIIOpoZe3a, HalpaBAeHHOTO Ha BOCCTAHOBJIEHME OMTOPOCIIOCOOHOCTY TIepeiHelt U cpefHelt KOMOHHBI ITO3BOHOY-
HOTO CTOJI06A: a — TIOIOKEHNe TAIMeHTa Ha OTepaIiOHHOM CTOJjIe Ha JIeBOM GOKY; 6 — MMITIAaHTAIMS TUTAHOBOTO
MMIUIAHTaTa ¥ CMOAEIMPOBAHHOTO hparMeHTa aJUIOKOCTH; B — mocieornepaimonHoe KT B caruTtanbHOI U HpoH-
TaJIbHO TJIOCKOCTSIX, BUYIM3UPYETCSI MEKTe/I0BOI CeTUaThlii MMIUIAHTAT (3e/leHasl CTpesKa) U CMOJeMpPOBaH-
HbII GparMeHT U3 aJUIOKOCTHU (OpaHyXeBasl CTPesIKa)

a

Puc. 6. ®oto naiuenTa u ganHble KT 1eitHOro, rpyJHOTO 1 ITOSICHUYHOT'O OTAe/I0B [T03BOHOUYHMKA Uepe3 rof, 1ocie
OIepaTMBHOTO BMeIlaTe/lbCTBA: & — BHEIIHUI B[, MallieHTa I10C/Ie BbITIOJIHEHMSI 3TAIllHbIX OlepaTMBHbBIX BMe-
HIaTeNbCTB; 6 — (PPOHTAIbHBIN ¥ CAaTUTTATbHBIN CKaHbI TPYIHOTO ¥ MOSICHUYHOTO OT/e/ia [T03BOHOYHMKA C TIPH-

3HAKaMM CIIOHAMIONEe3a; B — M03BOHKM Ly, Lz, L, moc/te ocreomnnacTiky moCTBMHTOBBIX Ae(EKTOB, C MpuU3HaKaMu
IOJTHOM MHTEerpayy MUMILIAHTUPOBAHHOM a/JIOKOCTHOI KPOIIKM

IpyHKMMast BO BHMMaHMe JaHHbIe 0COOEHHOCTH, ObIT OUEeBMAEH BICOKMIA PMCK BOSHMKHOBEHMSI ITPOKCUMAIb-
HOTO IepexoaHoro Kudosa. B ¢BsI3M ¢ 3TMM COBMECTHO C ITallIeHTOM ObUIO MPUHSITO PelieHne 00 orepaTuB-
HOM BMeIIIaTeIbCTBE B 00bEME:

— TpaHcnenukysipHas gukcauyst Th;—Thg, u Ly—L, (B 0651acTy paHee BbITIOTHEHHOI OCTEOIIIACTUKMA);

— MOHTaX OJHOJ enyuHOl MeTa/UTIOKOHCTpyKuyu Cs—L, 6e3 3aMeHbl paHee yCTaHOBJIEHHBIX KOHCTPYKIIMIA
C coefVHEHMEM MX C HOBBIMM 3JIeMEHTaMM MPU MMOMOIIY KOHHEKTOPOB U AOIOJHUTEIbHbBIX CTEPXKHEN

(puc. 7).
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Puc. 7. iHTpaonepaluoHHoe n3obpaxkeHne paHbl, IocIeonepanyiodHas 0630pHast peHTreHorpamma u ¢oTo ma-
[MEHTAa: @ — OKOHYATEIbHBIN BUA eqMHOI MeTa/uIOKOHCTpyKUuu C,—L, 63 3aMeHbl paHee YCTaHOBIEHHBIX KOH-
CTPYKILMIA C COeAVMHEHVEeM UX C HOBbIMM 37ieMeHTaMM P MOMOIIY KOHHEKTOPOB U TOTIOTHUTEIbHbBIX CTePsKHE;
6 — peHTreH-TOMorpaMma Iocjie OrepaTUBHOTO BMENIATebCTBA, BU3YATU3UPYETCS eAVHAsI TMOPUIHAS MeTaJlIo-
KOHCTpYKIMS Cs—Thy—Thg—L,—L4 ¢ UeThIpeXCTeP;KHEBOI 30HOI Ha IMOSCHUYHOM YPOBHE; B — BHELIHMIA BUJ, MMaIy-
€HTa TOoCJTe 3aBepIIaioero 9Tamna PeKOHCTPYKIMM IT03BOHOYHOTO CTOI6a

Kpome Toro, Mbl IJIaHMPOBAJIN BBITIOMHEHME accuMeTpuuHoi PSO C; ¢ Lienbio ycTpaHeHUs TPaBOCTOPOHHEN
IeBMalMM 1Ien, ONHAKO U3-3a MaJleHMs MOTOPHbIX TOTEHIIMAIOB OT 3TOV UAeu MPUILIOCh OTKa3aThbCs. Bpems
OIepaTMBHOTrO BMelraTeabcTBa — 120 MuH., KpoBorotepst — 500 mut.

PE3VJIBTATDHI

B mocneomneparimoHHOM Mepuoje TakKe MPOmo/IKaI aKTUBHYIO ¥ TTACCUBHYIO peabuaurtanuio, pusmorepa-
M1I0, ObIXaTEJbHYI0 TMMHACTUKY U ceaHCbl [BO, MeauMKaMeHTO3HYIO Tepanyio. I1o0 JaHHBIM HEBpPOJIOTUYe-
CKOTO OCMOTpa, GYHKI[MY BOCCTAHOBJEHBI 10 MCXOMHOTO YPOBHS. IlaniueHT BbINMCaH Ha 14-ble CyTKM TI0CTe
orepanyuy B yIOBIETBOPUTETBHOM COCTOSTHUM.

KatamHe3s OT mocieiHelt orepanyy Ha MOMEHT HaIMmycaHus ctraTbu — 6osee 12 Mec. ITo ganubiM KT mieitHoro,
TPYOHOTO ¥ MOSCHUYHOTO OT[EJI0B MO3BOHOYHMKA JAHHBIX 32 HECTAOMIbHOCTh META/NIOKOHCTPYKIIUM HET,
MalEeHT YyBCTBYET cebs XOPOIIOo, MepeaBUTaeTC s CAMOCTOSITEIbHO 63 MOMOMHUTENbHBIX CPEICTB OIMOPHI,
KaveCTBO SKM3HM 3HAUMUTETbHO YAYUIIMIOCh. BoneBoit curapom mmo BAIl — 1-2 6asmna.

OBCYXIEHUE

AC oTHOCHUTCS K IpyTITie 3a60/1€BaHNI, UMEHYEMBIX CepOHETaTMBHBIMU CITOHAMIOApTpUTaMu. PacripoctpaHe-
Hie AC B pasiuUHbBIX cTpaHax coctaisier oT 0,03 % mo 2 %.V 30 % manyeHTOB B TeUeHMe KU3HU GOPMUPYETCS
KudoTtnyeckass medopmarys mo3BoHouHMKa [3]. K omHOMY 13 pemkux ocaoskHeHMit TeueHust AC, oTsroima-
I0IIEMY TSDKeCThb AedopMalui, OTHOCUTCS aceNTUYeCKoe BOCIaleHNe, KOTOPOe MIPUBOAUT K UPe3IMCKOBOMY
VTV YPECII03BOHKOBOMY «yCTAJIOCTHOMY II€PEIOMY», CETMEeHTapHO HeCTaOMIBHOCTY M BhIpaskeHHOMY 60ste-
BOMY CMHIpPOMY. KOMIIZIEKC peHTreHOIOTUMYECKUX MIPU3HAKOB (3p03MM OMOPHBIX IUIOMIAIOK TeJl TO3BOHKOB,
OKPY>KEHHBIX PeaKTUMBHBIM CKIEPO30M, KIMHOBMUIHAS AedopmMalvs MO3BOHKOB) B HAYYHOI JIUTepaType Ha-
3bIBAETCS CIIOHIWIUT AHlepceHa. BcrpeuaeMocTs crioHamanTa AHaepceHa cocrasiset 6,7-10 % [4]. B npen-
CTaBJIeHHOM KIMHMYECKOM CJyyae y TalyeHTa OTMeYasach BbIpaskeHHasl TPeXIJIOCKOCTHasl medopmarins
BUIeNCTBIMeE crioHAMAuTa AHepceHa Ha yposHe Thy,-L,.

Koppexkuuio kuboTuieckoii medopmaiiuy Ipy aHKMIO3UPYIOIIEM CITOHIMUINUTE BBIMOTHSIOT IO CAeIYIOINM
TTOKA3aHUSIM

— BbIpaK€HHOE HapyIIeHe CHa MaIMeHTa 13-3a TPYTHOCTM HaXOAUTHCS B TIOJIOKEHUM JIeXKa;

— CHIMKeHMe KauecTBa KU3HU 13-3a HapyIIeH)s TOPMU30HTaIbHOTO B30pPa;

— C/IaBJIeHME OPTAHOB OPIOIIHOJ MTOJIOCTM, 0COOEHHO MUIIEBAPUTENIbHO CUCTEMBI;

— OrpaHMYEeHMe ObIXaTeTbHbIX IBVIKEHMI MMAIMeHTa;

— 60JIeBOII CMHIIPOM, He MO IaIoNMiiCs] KOHCePBAaTUBHOI TepaIni.
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ST KOPPeKIMM KIVMHUYECKM 3HAUMMOIi JedopMaliy B HaCTOSIIIee BPEMSI BBITTOHSIIOT Pa3IMYHbIe OCTEO-
Tomuu. [Ipy HATMYUU PUTUIHON KUDOTUUECKON HedhopMaluu 1/Uiay BEHTPaTbHOTO KOCTHOTO GIOKMPOBA-
HUS TIO3BOHKOB B MMOJIOKEHUU K1b03a 11e71eco06pasHo MPUMEHSITh OCTEOTOMMIA TO3BOHOUHMKA 4, 5, 6 TUTIOB
nio Schwab [5, 6, 7].

Ocreotromuss BDBO (aren.: Bone — Disc — Bone Osteotomy) min octeoromust 4 tuma 1o SRS — Schwab mpe-
HasHaueHbl OJIs ycTpaHeHus kKudoTuyeckoi nedopmaimm myTem yaaaeHUsI JUCKA U TIPUIETaloNMX 3aMbl-
KaTeJIbHBIX TUIACTUH. Ee MOXKHO pas3fenuTb Ha TPU TUIIA, KOTOPble 00eCreunBaT BEINUMHY KOPPEKIVU
ot 35° mo 60° [8]. [TokazauussMu K BDBO siBiistroTcst K03, CarUTTaNbHBIN qMcOaTaHC, TPeOYIOii KOppeK-
LMY, IpeBbImaein Bo3MoskHOCTH PSO (3 tum). BDBO uMeeT KOppeKIMOHHBIN MoTeHIan 6iuskuit K VCR
(anen.: Vertebral Column Resection), HO ¢ MeHBIIMM KOJIMYECTBOM MHTPAOTIEPAIIMOHHBIX U TTOCTeonepalu-
OHHBIX OCJIOXKHEHM [9].

IMTo nannsiM L.G. Lenke u S.1. Suk, VCR nmepBoro ypoBHS 1y ocTeoToMusI rsiToro Tuna 1o SRS — Schwab moryT
06ecIieunTb CpeHIOI KoppeKnuio medgopmaiiuu oT 30° mo 60° ¢ yoOBIETBOPUTEIbHBIMYU PeHTreHorpadm-
YeCKUMM U KIMHMUYeCcKuMu pesynbratamu [10, 11]. BepTrebpoTomMunu ImsATOro u mecToro TUIIOB 06JafgaoT
MaKCUMaJTbHBIMM BO3MOKHOCTSIMU KOppekiuu gedopmaliuu. Bmecre ¢ Tem, 3T0 Hanbosiee TpaBMaTUUHBIE,
«KpOBaBbIe» ¥ PUCKOBAHHBIE B IJIaHE Pa3sBUTHSI HEBPOJOTMUECKMUX OCIOKHEHMI orepauyu. X BoIOGOp Hpu
MpefoTepalOHHOM TUIAaHVMPOBAHMUM TOJIKeH ObITh CTPOrO 0OOCHOBAH ¥ OMPAaBAAH TOABKO B TE€X CIyYasX,
KOTZa MeHee MHBa3MBHbIE OCTEOTOMMUM He TO3BOJISIOT TOCTUYb HEOOXOAMMOT0 KIMHUYECKOTO Pe3y/abTaTa.

B Hameii cutyaiuy JBOMHO ITepesioM CMEKHBIX [TO3BOHKOB ¢ (hOPMMPOBaHMEM TPEXIUIOCKOCTHO nedopma-
LMY ¥ BOSHMKHOBEHMEM CITOHTAHHOTO 6JI0Ka Mpefonpeaesui BbIIIOJHEHe BepTe6POTOMMM IIIeCTOTO THUITa
IUIST MAKCMMAaJIbHOM KOPPEKUIMY ¥ BO3MOKHOCTM BOCCTaHOBJIEHMSI OTIOPOCIIOCOOHOCTY TIepeaHeli KOJTOHHbI
C YIIOPOM Ke¥i/IKa B Tejia HelOBPEXKIeHHbIX TT03BOHKOB.

Vcrex onepaumii mogo6HOro 06bemMa 3aBUCUT KaK OT MPeIM3MOHHOCTY CaMOr0 BMeIllaTeIbCTBa (IIPegoTBpa-
IIeHYe HeBPOJOTUUECKOTO He(pUIMTa, MUHUMMU3AIMSI KPOBOIIOTEPU UM TPAaBMAaTUUYHOCTU, BOCCTAHOBJIEHNE
MpMieMJIEMbIX aHATOMUYECKMX B3aMMOOTHOIIEHMIT B ONEPMPOBAHHBIX CETMEHTaX), TaK U OT obGecreyeHust
YCTOMUMBOCTY PUKCALIVY 3aIHEN ¥ OITOPOCITOCOOHOCTH TTepeaHeli KOJIOHH IT03BOHOYHMKA.

B Hamrem ciydae mepBas 3agaua B opMmare BbINTONHeHMs BepTe6poromun Thy,—L; mecroro tTumna rmo Schwab
MTO3BOJIMJIA AOCTUYD TJIAHMPYEMBIX PE3YJIbTATOB, OJJHAKO BTOPOII KOMIIOHEHT Ollepanyy (HajgexkHast Gpukca-
1M TIepeHel 1 3aJHel KOJIOHHBI T03BOHOUHMKA), KaK MMoKa3asu GimsKkaiiime mocieonepanyioHHble Pe3yiib-
TaThl, He ObIT JOCTUTHYT. HecMOTpst Ha TO, UTO BCe BMHTHI ObUIM MMILIAHTUPOBAHBI KOPPEKTHO, MEKTEIOBOI
KeMIK YCTaHOBJIEH aJeKBAaTHO, OCYIIECTBJIeHA KOMITpeCCHsi, a MeXaHudecKass MHTpaoIepalyoHHas mpoba
Ha YCTOMYMBOCTD CUCTEMBI C MIOKAYMBAHMEM KOHCTPYKIIMM MTOKa3aia abCoMIOTHYIO CTAaOMIBHOCTb CUCTEMBI,
yepes 11 mHel 1MarHoCTMPOBaHA ee HeCTaOMIIbHOCTD, UYTO U MPUBEJIO K TPAHC/ISIMM TO3BOHOUHMKA.

[MpyuyHaMM HeCTaOMIBHOCTM B IMPEICTAaBJIEHHOM CJlyyae, Ha HaIl B3IVIS[, SIBWIKCh JBE COCTABJISIOIINE,
KOTOpbIE TaK TECHO IeperieTeHbl MeXAy co00i, UTO He T03BOJISIM OIpemeuTh, Kakas M3 YKa3aHHbIX CO-
CTaBJISIIOIIMX SIBJISIIACh OCHOBHOM. HeromHasi KOHTPYySHTHOCTh MEXTEIOBOT0 MMIUIAHTATA C MJIOCKOCTHIO 3a-
MbIKATeIbHbIX IJIACTMHOK OOYCJIOB/IMBAIa MUKPOIIOABIIKHOCTb B 30HE CIIOHAMIOAE3a, a CHukeHHass MITKT
C1I1oco6CTBOBAIA AeCTabMIM3alMM BCeX TPeX HMKHUX Map BUHTOB. I10 JaHHBIM COBPEMEHHBIX UCC/IeIOBaHMIA,
CHIDKEeHMe TIJIOTHOCTU KOCTHOV TKaHu (MeHee 120 HU mo KT) mocToBepHO acCOMMPOBAHO C BBICOKUM DU-
CKOM HEeCTabMIbHOCTM MMIUIAHTATOB M paciiaTbiBaHueM BMHTOB [12]. B mpeacTaBieHHOM KIMHUYECKOM CITy-
yae ypoBeHb HU B mo3BoHKax nosiciuuHoro otaena (L,—L,) coctaBun meHee 100, uTo KiaccupuumupyeTcst Kak
OCTeOIeHNYECKIT YpOBeHb IIOTHOCTU. O6e yKasaHHbIe COCTaBISIONINe, 6e3yCIOBHO, MTOTEHIMPOBAIN IPYT
IpyTa " B COUETAHUM C paHHel aKTMBU3aIMeli alyeHTa MIPUBeIY K 3aKOHOMEPHOI JecTabuam3aium CucTe-
MbI. Kpome Toro, He06X0AMMO OTMETUTH HaJIMUME MTPOTSKEHHOTO phIyara MexkIy rooBKkamu BUHTOB Thy, u L.

[Tocme IMarHOCTUKM HECTAOMIIBHOCTM U TPyOOoit CarnTTaabHOM TPAHCISLINMY BOIPOC 11e71eCO0006pasHOCTY pe-
BU3MOHHOTO XUPYPTMUECKOTO BMeIIaTelbCTBA He CTOSUI, OHAKO BOIMIPOCH 06beMa oreparun, crrocoba Boc-
CTaHOBJIEHMS OCM ITO3BOHOUHMKA ¥ OIpedesieHusl Metoma ¢ukcaiyyu ObUIM BecbMa akKTyaabHbIMU. ITocie
nmetambHoro usyuenust KT u MPT cKaHOB Mbl IPUHSIIU pelieHre 0 He06X0IMMOCTY ITIOBTOPHOTO BITIOTHEHMS
MpeabIayIero obbemMa onepayn: 06paboTKM MEXTETOBOTO MPOMEKYTKA ¥ 3aMeHbI OITOPHOTO MMILIAHTaTa
¢ huKcalyein IMCTaabHOM YaCTy MO3BOHOUYHMKA TPV TTIOMOIIIY JJaMUHaPHBIX KPIOKOB (IT0 TTPpUUMHE HEBO3MOK-
HOCTY pPeMMIUTaHTAIIMY TPAHCIIeAVKY/ISIPHBIX BUHTOB BBU/TY HAJIVMUMS OOIIMPHBIX 30H OCTEO/IN3a B MECTaX UX
NpeabIAyIIel ycTaHOBKM). Bompoc ycTpaHeHMs TpaHWISILMK Pellaayu MMITIPOBMU3UPOBAHHO 110 XO4y Oepanuu.
ITocne onpepneneHnss HEBO3MOKHOCTM KOPPEeKMU IIPU IIOMOIIM YKIAAKU Y OGHOMOMEHTHOM peIyKUMMA C I10-
MOIIbI0 MHCTPYMEHTOB OblJla CKOHCTPYMPOBAaHA CMUCTEMAa BbIBEIIVMBAHMS M JTO3MPOBAHHOTO MMOATITMBAHUS
IVCTAJTbHOM YacTy MTO3BOHOYHMKA, 3@ CYET YCTAHOBKYM (MKCUPOBAHHON K CTOMY paMKM peTpakropa Tomri-
COHA ¥ JIaBCAHOBBIX HUTeN N2 5, mpoxoAsuiux uepes AOMOTHUTEIbHbIE TTepdopaluy B OCTUCTBIX OTPOCTKAX
L,, Ls, L, u Ls mo3BoHKOB. TakuM 06pa3oM, Oblla BOCCTAHOBJIEHA OCh ITO3BOHOUYHMKA, MUHUMMU3UPOBAH PUCK
Pa3BUTKSI HEBPOJIOTUYECKUX OCIOKHEHUI U OCYILeCTBIeHAa MMIUIAHTALVSI UeThIpeX KPIOKOB.
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IuarHocTupoBaHHas uepe3 10 gHelt ouepemHas HECTAOMIBHOCTD B BUE NUCIOKAIIMY KPIOKOB M MUTpaIUN
MEeKTeIOBOTO Keliyka MmoKasasa MPesKHIOW CUTYalluio, — HeJJOCTATOYHYI0 HAaZeXKHOCTh (PUKCALUU U OTCYT-
CTBYE KEeCTKOM OMOPOCIIOCOOHOCTY TTepeIHel KOJIOHHBI TO3BOHOYHMKA.

AHanmm3upys oba ciydast HeCTabVIIbHOCTM, MbI IIPUIIUIMA K 3aK/TFOYEHNMIO O TOM, YTO OCHOBHOJ ITPUYMHOI TIPO-
671eM SIBWJIACh HEYCTOMYMBOCTD YCTAHOBJIEHHOTO MEKTEIOBOTO MMIUIAHTaTa B CHOPMUPOBAHHOM JIOSKE, KOTO-
past BMeCTe ¢ HeOCTaTOYHO JKeCTKOCTHIO AOP3TbHBIX (DMKCATOPOB BBI3BAIM IMPKY/ISIPHYIO HECTAOMIbHOCTb.

[TpuHuMast Bo BHMMaHMe chopMUpOBaHHOE MPeATIoNIoKeHe O IPpMUMHAX HeyJay, B cydae ouepeqHoii pe-
BU3UUM MBI PEIIUIN OTKA3aThCSI OT OMHOMOMEHTHOTO MEXTEJIOBOT0 CIIOHAWIOAEe3a M3 A0P3aabHOTO AOCTYMA.
B xope ciemyroiieii orepanyy 1Mo OTpaboTaHHO ¥ OMMCAHHO BbIIlle METOAVMKe ObLT BhIBEeIEH MPOoGUIb I10-
3BOHOYHMKA, YCTAHOBJIEHBI BOCEMb KPIOKOB IO MIPUHITUITY «KJIELTHS Kpaba» U yIaJeH MeXTeI0BO MMITIaH-
tat. Kpome TOTO, B 9Ty Ke ceccuio 6bUIa BBITIOJTHEHA OCTEOTUIACTMKA TTOCTBMHTOBBIX MeeKTOB B Tenax L, Ls
" L, C 11es1b10 CO3IaHmMs Touek puKcanmy B CJryuae ouepegHoi JecTabmin3anyy MeTa/UIOKOHCTpyKimn [13].

OTCpOYEeHHbIVI MEXTEIOBOI TPAHCIUIEBPAIbHBIN CIIOHAMIIONES3 ITO3BOIMI OKOHUATETbHO PENINTD MPOGIeMy
OTIOPOCITOCOGHOCTH MepeIHe KOJIOHHBI. BU3YyabHO MUPOKUIA, TIPSIMOIi 0630p YITOPHBIX TUIOIIAIOK TTO3BOIMAIT
BBISIBUTb X HEPOBHOCTb, UTO, CKOpPee BCETO, M SBJISVIOCh IPUUMHON HEYCTONYMBOCTY MMILIAHTATAa I10CIIE pe-
IOBITYIIVX orneparuii. [IpyMeHeHHbI T KOMOMHMPOBAHHBI KOPIIOPO/Ie3 IMPY TTOMOIIY CeTYATOTO MMILJIAHTATA
C KOCTHO CTPY’KKOJ ¥ LIeIbHOT'O OIIOPHOTO &/IZIOTPAHCIIJIAHTATa ITI03BONINII He TOJIBKO ITOTHOCTBIO 3aII0JIHUTh
MEXXTeI0BOI POMEKYTOK, HO 1 ChOPMIUPOBATH TPAHCIUIAHTAT ¥ MMILIAHTAT CTPOTO T10 CYIIEeCTBYIOMIMM pa3-
Mepam. IMeHHO TaKkas TaKTHKa [T03BOJIM/Ia 00eCIIeUNTh AOJATOBPEMEHHBIN YCTONUMBDII CIIOHIVMIIONES.

3aBeplIalOIINiT 9Tall BCEro IMKIa XUPYPrUUeCKOro JieueHus (PeMMIUIAaHTaIMsI BUHTOB U CoelMHeHMe KOH-
CTPYKIIMIT) MMes MpodUIaKTUUeCKYI0 HallpaBIeHHOCTb U Mpeayrnpexaan GopMupoBaHue MpoKCUMMaTbHOTO
MepexoqHOro Kudo3a 1 HeCTaOWIbHOCTD B OTHAJIEHHOM Tepuoje. VIcronb3ys JaHHbIi TOIXO0/I, HAM yIaI0Ch
YKPeNUTh MPOUYHOCTh META/UIOKOHCTPYKLIMY U IPeABOCXUTUTb TPO3HOe ocnoxkHeHMe B Bune PJK/PJF.

3AKJIIOUEHUE

CoueTaHMe aHKWIO3UPYIOIIETO CIIOHIMUINTA C CMHIPOMOM AHZIepceHa 1 BbIpaskeHHbIM HapyllleHVeM I7100aJ1b-
HOTO CaruTTaabHOrO 6asaHca MpeacTaBisieT co607 KpaiiHe CJIOXKHbIM KIMHUYECKUT CLIeHAPUiA, TPeOYIOIIii BbI-
COKOIJ1 CTenleHM HaCTOPO>KEHHOCTM M KOMIUIEKCHOTO Nofxoaa. ONMCcaHHbI KIMHUYECKUI CTydali OXBaTbIBaeT
JTaITHOe JieueHue 1 Hab/mofeHne manyenTta B Teuenme 2022-2023 IT., ¢ KaTaMHe30M 6ostee 12 MecsiieB.

[TepBocTereHHOe 3HaueHMe INpY IUVIAHMPOBAHMM BMeLIaTeNbCTBa MMeeT TLlaTelbHasl IpefonepanyioHHast
olleHKa GaKTOPOB pUCKa HECTAOMIIbHOCTM MEeTaIJIOKOHCTPYKIIMY, BKIIOUas IToka3aTeau MUHepaabHO MI0T-
HOCTY KOCTHOJi TKaH!, aHATOMMUUYeCKe 0COOeHHOCTM 30HBI JedopMaluu, IJMHY pblyara MeskKAay OTIOPHBIMMU
cerMeHTaMu. ITU (GaKTOPbI JOKHBI POPMUPOBATH OCHOBY MHAMBUAYATM3MPOBAHHON XUPYPTUUECKON TaK-
TUKM eIll€ 0 MTepBUUHOTO BMeIIaTelbCTBa.

TeM He MeHee, HECMOTPS Ha TEXHMUECKY KOPPEKTHYIO TTePBUYHYIO (GMKCAINIO, B pAHHEM ITOC/Ie0IepalioH-
HOM TIepuofie y alyeHTa pa3BuwiIach HECTAOMIbHOCTh MMIUIAHTATOB. B CBSI3M € 3TMM 6bUIM Pea30BaHbI XM-
pypruueckye Mepbl, HallpaBaeHHbIe HA YCTPaHeHMe TaHHbIX OCIECTBUIL: yaaaeHye paciiaTaHHbIX BUHTOB,
YCTaHOBKA JIJAaMMHAPHBIX KPIOKOB, OCTEOIIACTMKA ITOCTBMHTOBBIX Je(eKTOB, OTCPOUEHHBI TPAHCIIIIEBPAIb-
HBIl KOPIIOPOAE3 C MHAMBUIYAIbHO ChOPMUPOBAHHBIM OIMOPHBIM MMIUIAHTATOM M (GOPMIUPOBAHME eIMHOA
MPOTSKEHHO METaNIOKOHCTPYKIINM.

IaHHBI KIMHUYECKNUI CTydail JeMOHCTPUPYET HEOOXOAMMOCTDb ITPOAYMAHHOTO ¥ I'MOKOTO ITpeIonepanioH-
HOTO TUTAaHMPOBAHMS C YUETOM BO3MOYKHBIX OCJIOSKHEHMI. TOJTbKO HaIMuye 3apaHee OIpeIe/IEHHBIX aJIbTepHa-
TUBHBIX PEIlIeHN ¥ TOTOBHOCTD K alalTally TAKTUKY ITPY BO3HUKHOBEHUY MHTPA- U MOCIe0IepaliOHHbIX
OCJIOKHEHMII TTI0O3BOJISIIOT JOOUTHCS YCTOMUMBBIX aHATOMUYECKNX U (PYHKIIMOHATBHBIX PE3Y/IbTATOB TP JIe-
YeHUM MAIMEHTOB C TSHKENBIMM AedhopMalysIMy ITO3BOHOYHMKA Ha (DOHE aHKMIO3MPYIOIIETO CIIOHIUINTA.

Kougnukm unmepecos. He 3aseneH.
Hcmounuk ¢punancupoeanus. He 3as6/1eH.

AOmuueckue Hopmel. Vicciedosanue npogedeHo 8 cOOmMeemcmeuu ¢ Imuueckumu cmanoapmamu XenvcuHckotli deknapayuu
BcemupHoli meduyuHckoii accoyuayuu.

Hndopmupoeannoe coznacue. Bce nayuenmet, yuacmayoujue 8 ucciedosanuu, do6pososibHO NOONUCAIU UHPOPMUPOBAHHOE
coznacue Ha NY6AUKAUU NepCOHANbHOU MeOUYUHCKOTU UHpopMmayuu 8 06e3nuueHHol popme.
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Abstract

Introduction Current therapy for managing achilles tendon rupture are classified into surgical and conservative
method. Randomized controlled trials were performed in multiple healthcare facilities in multiple centers
across the world yet functional outcomes, re-rupture rate and complications are still indecisive.

The aim of this study is to compare surgical versus conservative methods for the treatment of acute Achilles
tendon rupture; including functional outcome, re-rupture rate, and complications to provide better guidance
in selecting therapeutic method.

Materials and Methods We conducted a comprehensive electronic database. Original articles until November
2023 were screened, focusing on randomized controlled trials with at least 12 months follow up. Our protocol
has been registered at PROSPERO ID (CRD42023486152).

Results and Discussion The initial search yielded 354 studies. Twelve randomized controlled trials study
with a total of 1525 participants were assessed. Surgical treatment has better outcomes for preventing:
re-rupture (p <€ 0.001), abnormal ankle movement (p < 0.001), and calf muscle atrophy (p = 0.005). Functional
outcomes at 6 months follow-up were better for hopping (p € 0.001), heel-rise height (p < 0.001), and heel-rise
work (p =0.007) in surgical treatment. Functional outcomes at 12 months of follow-up were better only
for heel-rise work test (p < 0.001) in surgical treatment. However, incidence of sural nerve injury (p = 0.006)
was found lower in the conservative group. Complications other than re-rupture (p = 0.08) had no significant
difference between two groups. At 6-month follow-up, functional outcome tends to be better compared
to conservative management of Achilles tendon rupture. At 12-month follow-up, functional outcomes was
comparable between two groups. However, the risk of re- rupture rate is higher in the conservative management.

Conclusion Reduced rates of re-rupture and quicker functional recovery are benefits of surgical repair.
Conservative treatment can yield good results in terms of functional outcomes and re-rupture rates
in long-term follow up, particularly when combined with contemporary rehabilitation procedures.
Conservative treatment eliminates the hazards associated with surgery, but it may have a slightly higher
chance of re-rupture and a shorter initial recovery of some functional outcomes. Both of these treatment
methods are good for treating Achilles tendon rupture.

Level of Evidence: I.

Keywords: Achilles Tendon Rupture, Surgical Management, Conservative Management, Functional Outcome,
Re-rupture
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AHHOTaua

BBegenne. CoBpeMeHHbIE METO/IbI JIEUeHNS MTallIeHTOB C Pa3pbIBOM aXM/UIOBA CYXOXKMUJIUS TIOAPA3IENSIOT
Ha XMpPypruJyecKue 1 KOHCepBaTMBHbIe. PAaHIOMM3MPOBAHHbIE KOHTPOIMPYEMbIE MCCIeAOBAHMS TTPOBEIEHbI
BO MHOTUX MEIUIIMHCKUX YUPEKAEHUSIX IO BCEMY MUPY, OTHAKO 0 CUX TIOp He OIpejeseHa 3aBUCUMOCTD
(byHKIIMOHAIBHBIX PE3Yy/IbTAaTOB, TOBTOPHBIX PAa3pbIBOB 1 OCJIOKHEHM OT METOOB JIeUeHMS.

Iless paboThl — CPaBHUTh (DYHKIMOHATbHBIE PE3YIbTAThl, YACTOTY MTOBTOPHBIX PA3PbIBOB M OCIOKHEHMI
TIPY XUPYPIUUECKUX U KOHCEPBATUBHBIX METO/IAX JIEUeHNS MMAI[MeHTOB C OCTPBIM Pa3pbIBOM aXWJIJIOBa CyXO-
SKUust, chOpMYIMPOBATh PeKOMEHIALIMY T10 BbIOOPY MeTOo/Ia JIeUeHMs.

Marepuanbl M MeToabl. OTOOpaHbl OpPUTMHAIbHbIE CTAaThy, OMYyOJMKOBaHHbIE A0 HOs6ps 2023 roma,
BK/IIOUEHBI PAHIOMM3VPOBAHHbIE KOHTPOIMpPYEMbIe MCCIENOBAHMS C MEPUOAOM HaOIIONeHUsT He MeHee
12 mecsues. [lepBoHavuaabHbINM MOUCK BISIBMI 354 uccremoBauusi. OuieHeHO 12 paHIOMM3UPOBAHHBIX KOH-
TPOIMPYEMbIX UCCIIEIOBAHMI C OOIIVMM YMC/IOM ManyeHToB 1525. [IpoTOKOI Mcc/ieIoBaHMS 3aperuCcCTpUPOBaH
B PROSPERO ID (CRD42023486152).

PesynbTaThl M 06CYyKAEeHMe. XMPypruueckoe jeyeHre MMeeT JIyUIlie pesyabTaThl IS pegoTBpalleHNus
MMOBTOPHOTO paspsbiBa (p < 0,001), aHOMa/IbHBIX ABUXKEHMI B TOJIeHOCTOITHOM cycTaBe (p < 0,001) u aTpodun
MKPOHOKHBIX MbIIII (p = 0,005). @YHKIIMOHAIbHBIE PE3Y/IbTATHI Uepe3 IIeCTb MeCsSIeB ObUIM JIydllle TOCTe
XUPYPrudeckoro jedeHus : mpu npbikkax (p < 0,001), B BeicoTe noabema msATku (p < 0,001) u Tecte nogbemMa
stk (p = 0,007). ®yHKUIMOHAIbHBIE PE3YIbTAThI Uepe3 12 MecslieB MoCae XMPYPruIecKoro JeueHust Obui
JIy4IIie TOJbKO JJ1s1 TecTa rogabema nsaTku (p < 0,001). YactoTa rnmopesxkaeHus maaobepiioBoro Hepsa (p = 0,006)
OblJIa HYDKE B IPYIITIe KOHCEPBATUBHOIO JieueHus . YacToTa APYruX OCIOKHEHMIT, KpOMe ITOBTOPHOTO pa3phiBa
(p = 0,08), cyleCTBEHHO He pasynyajgach MeKIy rpymnmnamu. IIpy HaGmogeHuy yepes MecTh MecsIeB MmaleH-
THI ITOCJIE XUPYPTUUECKOTO JIEUeHNSI, KaK ITPaBIUIIO, IEMOHCTPUPOBAIM YU GYHKIIMOHATbHBIN Pe3y/IbTarT.
Yepes 12 mecsiieB HabGmogeHNS QYHKIMOHAIbHBIE Pe3Y/IbTAThI B TPYIIIIaX ObLIM COMTOCTAaBUMBI. P1CK ITOBTOD-
HOTO pa3pbiBa ObUI BbIIIE ITPY KOHCEPBATUBHOM JIEUEHUN.

3akmoueHue. CHISKeHMe YaCcTOThI TIOBTOPHOTO pa3phiBa U 6ojiee GbICTpOe BOCCTAHOBIEHME (QYHKIIMOHAIb-
HbIX Pe3y/IbTaTOB SBISIIOTCS IPEUMYIIECTBAMM XVPYPruIecKoro jeueHns. KoHcepBaTUBHOE JieueH)e JeMOH-
CTpUPYeT Xopoline GyHKIMOHATbHbIE Pe3YIbTaThl IIPU JOATOCPOYHOM HABTIOMEeHNM, OCOOEHHO B COUETAHUN
C COBpEMEeHHBbIMM peabMIMTAlMOHHBIMU TporeaypamMmu. KoHcepBaTMBHOe jieueHMe YCTPaHSIeT PUCKMU, CBSI-
3aHHbIE C XMPYPTrUUECKMM BMeIlaTeIbCTBOM, HO MOXKEeT MMeTh HEeCKO/IbKO 6oJiee BhICOKMIT PMCK IIOBTOPHOTO
paspbiBa 1 6ojiee KOPOTKMIT HauaabHbI ITepUOf, BOCCTAHOBIEHNSI HEKOTOPBIX (PYHKIVMOHATbHBIX Pe3yJIbTa-
ToB. O6a MeToza JeueHsT 3OGEKTUBHBI IPU JIEUEHUY pPa3pbIBa aXMUJIIOBA CYXOSKUIIMS.

YpoBeHb foKkazaTenbHOCTH: [.

KiroueBble c10Ba: paspblB axM/UIOBA CYXOXKMIMS, XMPYypruueckoe jieyeHUe, KOHCepBaTUBHOE JieueHMe,
(bYHKUMOHAIbHBIN pe3y/IbTaT, TOBTOPHBIN pa3pbiB

BiaromapHocTH. ABTOPBI BbIpaskaloT 61arogapHocTh kadenpe opTorenuu 1 TpaBMaToIOIMy YHUBEPCUTETA
VnasHa (banu, THIoHe3us) 3a OKa3aHHYIO0 MOAAePKKY.

IOna uurupoBaums: Wijaya N.S.N., Putri N.L.P.S.W., Mahadhana S., Dharmayuda C.G.0O., Aryana I.G.N.W., Dusak L.W.S.,
Subawa I.W. JleueHue TMalMEHTOB C Pa3pblBOM aXMUJUIOBA CYXOXWJIMS: XUPYPTUUECKUI MM KOHCEPBATUBHBI METO/I.
T'eHuti opmoneduu. 2025;31(5):666-677. doi: 10.18019/1028-4427-2025-31-5-666-677.
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INTRODUCTION

Achilles tendon is the strongest and largest tendon in the human body. This tendon plays an important role
of supporting heel movement. Its rupture often occurs during sport activities and excessive exercise [1].
The rupture of this tendon is associated with inability of lifting the heel and decreased range of movement
of the knee. The rupture of this tendon also causes severe pain that decreases one’s quality of life [2]. Hence,
proper, and adequate management of Achilles tendon rupture is needed.

Rupture of the Achilles tendon is commonly found in the adult population. The rising incidence of Achilles
tendon rupture can be linked to increased number of sport activities throughout the years. Annually,
up to 40 out of 100.000 population reported incidence of Achilles tendon rupture. Seventy three percent
of Achilles tendon rupture was reported in recreational sport and 18 % was reported in athletes [3].

Randomized controlled trials were performed in numerous healthcare facilities across the world, yet functional
outcomes and complications rate are still indecisive. Although the surgical method of its management results
in better outcomes such as lower risk of re-rupture as compared to the conservative method, complications
that follow were also higher in surgical management [4, 5, 6]. Hence, we conducted a systematic review
and meta-analysis to compare surgical versus conservative methods for the treatment of acute Achilles
tendon rupture; including re-rupture rate, complications and functional outcomes to provide better guidance
in selecting the therapeutic method.

MATERIALS AND METHODS
Inclusion and Exclusion Criteria

We conducted this systematic review following the PRISMA and Cochrane handbook guidelines for conducting
a systematic review of interventions. Our protocol has been registered at PROSPERO ID (CRD42023486152).
This research includes a direct comparative study between surgical and conservative method for managing
Achilles tendon rupture in adult population. We included original clinical studies which were written
in English and available in full text. Systematic reviews, meta-analyses, case reports, expert opinions, abstract
conferences,book chapters, letters to editor, summaries of meetings, study protocols, technical reports, narrative
reviews, studies with incomplete data, experimental studies on animals, and cadavers, laboratory (in vitro),
duplication of publications, and computational studies are not included in this research. The population used
in this study was adults diagnosed with Achilles tendon rupture who underwent either surgical or conservative
treatment. Randomized Controlled Trials (RCTs) with at least 1 year follow-up comparing surgical intervention
with conservative method were assessed. The exclusion criteria include patients with re-rupture, rupture
caused by pathological aspect, research with insufficient primary outcome data, and research using combined
approaches. Re-rupture rate, complications, functional outcome were assessed.

Search Strategy

We conducted a comprehensive electronic database search until November 2023 in PubMed, MEDLINE,
and ScienceDirect using the keywords “Surgical versus Nonsurgical” OR “Operative versus Nonoperative”
OR “Surgical versus Conservative” OR “Operative versus Conservative” AND “Achilles Tendon Rupture”
OR “Rupture Tendon Achilles”. Based on the PICO (Patient, Intervention, Comparison, Outcome) concept,
our research strategy concept is as follows:

P = Adults aged above 16 years old diagnosed with Achilles tendon rupture who underwent surgical
or conservative treatment;

I = Surgical and conservative methods;

C = Surgical versus conservative method;

O = Re-rupture rate, complications, functional outcome, pain score.

Study Selection

The literature selection was performed by 2 reviewers (NSNW and NLPSWP) independently using
the standardized study selection forms. A third reviewer (IWS) would be consulted, and a decision would
be made through discussion if there was any disagreement between the first two reviewers. Our literature
search identified a total of 354 studies, and after excluding irrelevant and duplicate reports, the remaining
125 articles were assessed using eligibility criteria after reading the full text. Finally, 12 eligible RCTs were
included in our meta-analysis [6—17]. A PRISMA flow chart of the article selection steps is shown in Figure 1.

Data Extraction

Two authors (NSNW and SM) independently extracted data from eligible studies by completing a pre-designed
data form, with discrepancies being arbitrated by a third reviewer (CGOD, IGNWA, IWSD, IWS). The primary
outcomes extracted from each study included the re-rupture rate, complications, and functional outcome.
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Records identified through database
searching (n = 354)

v
Records remaining after duplicates

removed (n=292) Records excluded (n = 167)
I s| Non-RCT (n = 156)
Y Animalstudies (n=11)
Records screened by abstract (n = 125) Records excluded (n = 94)

Y

Patient with re-rupture (n = 18)
Pathological rupture (n = 25)
Combined approach (n=51)

Y
Full-text articles assessed for eligibility

(hn=31)
.| Records excluded after further
v assessment (n = 19)
Studies included in meta-analysis
(n=12) Fig. 1. PRISMA 2019 flowchart diagram
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Methodological Assesment

Bias analysis was carried out by 2 reviewers (NSNW and NLPSWP) using the risk of bias tools formulated
by the Cochrane group. For Randomized Controlled Trial (RCT) studies, we used the second version
of the Cochrane tool, Risk of Bias (ROB). Potential causes of bias were assessed with signaling questions
to detect biases caused by the randomization process, deviation from initial intervention intent, missing
data, measurement of outcomes, and reporting of selective bias. Disagreements were resolved by consulting
the third reviewer (IWS). The Cochrane risk of bias consists of 6 items (randomization generation, allocation
concealment, blinding of participant and personnel, blinding of outcome assessment, incomplete outcome
data, selective reporting). Based on the analysis performed, it revealed that most studies showed a low risk
of bias in the majority of domains (Fig. 2).

o 822§ _ § w = S [ Low risk of bias [l High risk of bias
% g § = % & g g % 23‘ 8 g [CJunciearrisk of bias
EERERERERERE 0% % s Tex 1o
0000060 ® o666 Random sequence generation (selection bias) _
0000 OO OGO e e e Allocation concealment (selection bias) _
O 0O OO O O ® @ ®|®|sinding of participants and personnel (performance bias) _
6|60 [ I 30 3 X ) Blinding of outcome assessment (detection bias) _:
® 00000 e e e e Incomplete outcome data (attrition bias) _
(20 20 20 J0 20 20 20 20 J0 JK XK ) Selective reporting (reporting bias) _
® ® Other bias ] |
Fig. 2. Risk of bias summary and graph
Statistical Analysis

Odds ratios (ORs) were assessed with a 95 % confidence interval (CI) for the data. Heterogeneity (inconsistency)
was analyzed using the Chi? and I? tests. A low p-value result (p < 0.1) of the Chi? test indicates significant
heterogeneity. Because the Chi? test has a low detection ability in a small sample of data, we also used
the I? test to assess heterogeneity. An I? test score of more than 50 % has significant heterogeneity. Statistical
analyses were performed using the Review Manager (RevMan)® version 5.4.1. If the heterogeneity test results
showed no significant heterogeneity, we planned to use the fixed-effect models. Otherwise, the researchers
used random-effect models to process the data.

RESULTS
Study Characteristics

Twelve studies were qualified and are included to inclusion criteria. A total of six studies were multicenter
and the other six were single-center studies. The total number of patients in those studies was 1.525 patients.
Ofthe twelve studies included in this study, it was found that 1.215 patients (79.7 %) were male, and 310 patients
(20.3 %) were female. Further details are elaborated in Table 1 and Table 2. Table 3 presents a summary
of the findings from this study.
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Table 1
Characteristics of selected studies
Name of study, Year Center(s); Count Follow-up Type of Surge of Corngre\/ative
Y ; Y | Duration yp gery Mothod

I. Lantto et al., 2016 [6] Single, Finland 18 Open repair grlﬁjsgerfd%;ts
R. Cetti et al., 1993 [7] Multi, Denmark 30 Open repair Plaster Cast
: - Open repair and Minimally | Plaster Cast
S. Fischer et al. 2020 [8] Single, Germany 24 Invasive Surgery Y and orthosis
].F. Keating et al., 2011 [9] Single, England 12 Open repair Plaster Cast
J.F. Maempel et al., 2020 [10] Single, United Kingdom 188 Open repair Plaster Cast

R. Metz et al., 2008 [11] Multi, Netherlands 12 Minimally Invasive Surgery grlﬁisgcgg)ec%?ndage
M. Moller et al., 2001 [12] Multi, Sweden 24 Open repair grlijsger{[}ggssits
. Open repair and Minimally| Plaster Cast
S.B. Myhrvold et al., 2022 [13] Multi, Norway 12 Inr\)/asivepSurgery y and orthosis
K. Nilsson-Helander et al., 2010 [14] | Single, Sweden 12 Open repair l;;l%sg%}?gssits

N. Olsson et al., 2013 [15] Single, Sweden 12 Open repair Orthosis

B.C. Twaddle et al., 2007 [16] Multi, New Zealand 12 Open repair grlilsf)er{dggssits
K. Willits et al., 2010 [17] Multi, Canada 12 Open repair gkiisgeri}?oassits

Table 2
Characteristics of patients
Total Male Female Age
Name of Study, Year Patients | urgical |Conservative | Surgical | Conservative| ~ Surgical | Conservative
I. Lantto et al., 2016 [6] 60 30 25 2 3 40 (27-57) |39 (28-60)
R. Cetti et al., 1993 [7] 111 47 45 9 10 37.2 (21-62) | 37.8 (21-65)
S. Fischer et al. 2020 [8] 90 54 27 6 3 39.3 (7.9) 45.2 (9.5)
J.F. Keating et al., 2011 [9] 80 28 32 11 9 41.2 (27-59) | 39.5 (21-58)
J.F. Maempel et al., 2020 [10] 80 28 32 11 9 41.2 (27-59) | 39.5 (21-58)
R. Metz et al., 2008 [11] 83 31 35 11 6 40 (23-63) |41 (25-62)
M. Moller et al., 2001 [12] 112 51 48 8 5 39.6 (21-63) | 38.5 (26-59)
S.B. Myhrvold et al., 2022 [13] 526 255 136 93 42 39.9 (8.9) 39.9 (8.1)
K. Nilsson-Helander et al., 2010 [14] 97 40 39 9 9 40.9 (24-59) | 41.2 (23-63)
N. Olsson et al., 2013 [15] 100 39 47 10 4 39.8 (8.9) 39.5(9.7)
B.C. Twaddle et al., 2007 [16] 42 14 14 6 8 41.8 (27-59) | 40.3 (18-50)
K. Willits et al., 2010 [17] 144 59 59 13 13 39.7 (11.0) |41.1(8.0)
Table 3
Forest plots summary
Parameters Number of Studies ‘ Odds Ratio / Mean Difference [95 % CI] \ p
Functional outcome at 6 months follow-up
Hopping test 3 SMD 0.36 [0.17, 0.56] <0.001*
Heel-rise height 3 SMD 0.65 [0.29, 1.01] <0.001*
Heel-rise work 3 SMD 0.33 [0.09, 0.57] 0.007*
Drop counter movement jump 3 SMD 0.13 [-0.14, 0.41] 0.33
Concentric power 3 SMD 0.29 [-0.05, 0.64] 0.1
Eccentric power 3 SMD -0.10 [-0.66, 0.46] 0.73
Functional outcome at 12 months follow-up
Hopping test 3 SMD -0.06 [-0.88, 0.76] 0.88
Heel-rise height 3 SMD 0.38 [-0.00, 0.76] 0.05
Heel-rise work 3 SMD 0.40 [0.20, 0.60] <0.001*
Drop counter movement jump 3 SMD -0.02 [-0.96, 0.92] 0.97
Concentric power 3 SMD 0.03 [-0.35, 0.41] 0.88
Eccentric power 3 SMD -0.13 [-0.84, 0.58] 0.72
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Table 3 (continuation)
Forest plots summary

Parameters Number of Studies 0Odds Ratio / Mean Difference [95 % CI] 7}

Calf muscle atrophy 3 OR 0.46 [0.27,0.79] 0.005*
Abnormal ankle movement 3 OR 0.34[0.20, 0.60] < 0.001*
Chronic pain 3 OR 0.85[0.42, 1.72] 0.65
Re-rupture rate 10 OR 0.34 [0.20, 0.58] <0.001*
Complications

Superficial infection 7 OR 0.88 [0.42, 1.83] 0.73

Deep infection 7 OR 2.52[0.88, 7.24] 0.09

Deep vein thrombosis 6 OR 0.64 [0.22, 1.85] 0.41

Sural nerve injury 4 OR 5.07 [1.60, 16.07] 0.006*
Total 10 OR 1.35 [0.96, 1.90] 0.08

Our initial electronic search results yielded 354 studies that matched the search keyword algorithm in the three
major databases. The duplication removal process resulted in a total of 292 studies. The remaining studies
were then screened by title and abstracts that had conformity to the inclusion and exclusion criteria. Twelve
studies qualified and are included in the meta-analysis (Fig. 1).

The assessment risk of bias was done according to Cochrane risk of bias tool by conducting data of each
included study to the RevMan 5.4.1 computer program. Out of the 12 studies, seven were found to have a high
risk of bias due to various reasons. Three studies were found with a high risk of performance bias where these
studies were not double-blinded. Furthermore, four studies were found with a high risk of detection bias
where blinding of outcome was failed to be performed or was not mentioned in the study. Unclear risk was
found mostly on other bias (Fig. 2).

Figure 3 explains the publication bias depicted through the funnel plot.

5 SE(10g[OR)

0.5+

15+

, . OR
0.01 0.1 1 10 100

Fig. 3. Funnel plot re-rupture rate illustrating the publication bias
Functional outcome at 6 months follow-up

Hopping test at 6 months of follow-up (SMD 0.36; 95 % CI: 0.17 to 0.56; p <0.001), heel-rise height test
(SMD 0.65; 95 % CI: 0.29 to 1.01; p < 0.001), heel-rise work test (SMD 0.33; 95 % CI: 0.09 to 0.57; p = 0.007,
were significantly higher in the surgical group compared to conservative group. Drop counter movement jump
test (SMD 0.13; 95 % CI: -0.14 to 0.41; p = 0.33), concentric power test (SMD 0.29; 95 % CI: —0.55 to 0.64;
p =0.1) and eccentric power test (SMD —0.10; 95 % CI: -0.66 to 0.46; p = 0.73) at 6-month follow-up showed
non-significant difference between the two groups (Fig. 4).

Functional outcome at 12 months follow-up

Heel-rise work test (SMD 0.40; 95 % CI: 0.20 to 0.40; p < 0.001) was found significantly higher in the surgical
group compared to the conservative group. Hopping (SMD 0.06; 95 % CI: —-0.88 to 0.76; p = 0.88), heel-rise
height (SMD 0.38; 95 % CI: —0.00 to 0.76; p = 0.05), drop counter movement jump (SMD -0.02; 95 % CI: -0.96
to 0.92; p=0.97), concentric power (SMD 0.33; 95 % CI: -0.35 to 0.41; p=0.88), and eccentric power
(MD -0.13; 95 % CI: -0.84 to 0.58; p = 0.72) test on the other hand showed no significant difference between
the two groups (Fig. 5).
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Surgical Conservative Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.1 Hopping test at 6 months follow-up
Nilsson 2010 80 24 45 75 35 38 5.1% 0.50 [0.06, 0.94] 2010 —_—
Olsson 2013 B2 36 42 76 33 42 5.1%  0.17 [-0.26, 0.60] 2013
Myhrvokl 2022 BB 5.1 121 B6 5.3 123 &.5% 0.38 [0.13, 0.64] 2022 _—
Subtotal (95% CI) 208 203 16.7% 0.36 [0.17, 0.56] el
Heterogenehy: Tauw® = 0.00; ChE = 1,18, df = 2 (P = 0.55); P = 0%
Test for overall effect: Z = 3.65 (P = 0.0003)
1.1.2 Heel-rise height test at 6 months follow-up
Nilsson 2010 75 12 45 68 15 38 5.1% 0.52 [0.08, 0.95] 2010 _—
Olsson 2013 72 15 47 66 15 46 5.3%  0.40 [-0.01, 0.81] 2013 >
Myhrvoki 2022 7295 3.5 126 &9.2 4.1 124 &.5% 0.94 [0.68, 1.20] 2022 —
Subtotal (95% CI) 218 208 16.8% 0.65 [0.29, 1.01] ]
Heterogenelty: Tau? = 0.07; ChE = 5.93, df = 2 (P = 0.05); ¥ = 66X
Test for overall effect: Z = 3.50 (P = 0.0005)
1.1.3 Heel-rise work test at 6 months follow-up
Nilsson 2010 65 17 45 54 20 37 5.0% 0.59 [0.15, 1.04] 2010 —_
Olsson 2013 65 23 47 56 22 4§ 5.3%  0.40 [-0.01, 0.81] 2013 >
Myhrvokl 2022 52.2 6.8 124 50.95 7.35 122 &5% 0.18 [-0.07,0.43] 2022 —_
Subtotal (95% CI) 216 205 16.8% 0.33 [0.09, 0.57] el
Heterogenelty: Tau® = 0.01; ChP = 2.B1, df = 2 (P = 0.25); P = 20%
Test for overall effect: Z = 2.68 (P = 0.007)
1.1.4 Drop Counter Movement Jump test at 6 months follow-up
Nilsson 2010 79 18 45 76 1B 37 5.1%  0.18 [-0.26, 0.61] 2010
Olsson 2013 B1 21 45 74 12 45 5.2%  0.41[-0.01, 0.82] 2013 >
Myhrvoki 2022 756 4.7 130 75.8 445 131 66X -0.04[-0.29,0.20] 2022
Subtotal (95% CI) 220 213  16.9% 0.13 [-0.14, 0.41] e
Heterogenehy: Tau® = 0.03; ChE = 3.51, df = 2 (P = 0.17); F = 43%
Test for overall effect: Z = 0.97 (P = 0.33)
1.1.5 Concentric test at 6 months follow-up
Nilsson 2010 B2 26 45 71 32 38 5.1%  0.38 [-0.06, 0.81] 2010 >
Olsson 2013 75 34 47 76 58 46 5.3% -0.06[-0.47,0.34] 2013
Myhrvokl 2022 71 7.3 92 §7.35 675 95 &.2% 0.52 [0.23, 0.81] 2022 _
Subtotal (95% CI) 184 179 16.6% 0.29 [-0.05, 0.64] e
Heterogenehy: Tau® = 0.06; ChE = 5.22, df = 2 (P = 0.07); P = §2%
Test for overall effect: Z = 1.65 (P = .10}
1.1.6 Eccentric test at 6 months follow-up
Nilsson 2010 70 21 45 60 29 38 5.1%  0.40 [-0.04, 0.83] 2010 >
Olsson 2013 59 21 47 61 33 48 5.3% -0.07 [-0.48,0.33] 2013
Myhrvoki 2022 58.2 685 &1 &2.2 685 &8 5.7% -0.58 [-0.93, -0.23] 2022 +——
Subtotal (95% CI) 153 152 16.1% -0.10 [-0.66, 0.46) e —
Heterogenehy: Tau® = 0.20; ChP = 11.88, df = 2 (P = 0.003); P = B3%
Test for overall effect: Z = 0.34 (P = .73}
Total (95% CI) 1199 1160 100.0% 0.29 [0.12, 0.46] et
Heterogenehty: Tau® = 0.10; ChP = §9.40, df = 17 (P < 0.00001); F = 76% _d‘ 5 -0’25 g ) ‘25 0%5

Test for overall effect: Z = 3.32 (P = 0.0009)
Test for subgroup differences: ChE = 7.28, df = 5 (P = 0.20), P = 31.3%

Favours [Conservative] Favours [Surgical]

Fig. 4. Comparison of functional outcome after 6 months in surgical versus conservative group

Surgical Conservative Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
2.1.1 Hopping test at 12 months follow-up
Myhrvoki 2022 935 71 109 993 765 118 5.9% -0.78 [-1.05, -0.51]
Nilsson 2010 101 16 4§ 20 30 38 5.4% 0.47 [0.03, 0.90]
Olsson 2013 B2 36 42 76 33 42 5.4% 0.17 [-0.28, 0.60] -
Subtotal (95% CI) 197 196 16.7% -0.06 [-0.88, 0.76] e —
Heterogeneity: Tau? = 0.48; ChP = 28.67, df = 2 (P < 0.00001); F = 83X
Test for overall effect: Z = 0.15 (P = 0.88)
2.1.2 Heel-rise height test at 12 months follow-up
Myhrvoki 2022 B6.95 &.35 109 83 53 1189 5.9% 0.68 [0.41, 0.94]
Nilsson 2010 B1 13 45 77 13 41 5.4% 0.30 [-0.12, 0.73] —
Olsson 2013 BO 15 41 79 16 45 5.4% 0.06 [-0.36, 0.49] T E——
Subtotal (95% CI) 195 205 16.7% 0.38 [-0.00, 0.76] | ——eaE DR
Heterogenetty: Tau® = 0.08; ChP = §.38, df = 2 (P = 0.04); F = 69%
Test for overall effect Z = 1.95 (P = 0.05)
2.1.3 Heel-rise work test at 12 months follow-up
Myhrvokl 2022 71.3 B.15 108 6B 7.7 118 5.9% 0.42 [0.15, 0.68]
Nilsson 2010 78 20 45 6B 20 40 5.4% 0.50 [0.08, 0.93]
Olsson 2013 76 19 41 71 19 45 54X  0.26 [-0.16, 0.69] —
Subtotal (95% CI) 194 204 16.7% 0.40 [0.20, 0.60] -
Heterogenehy: Taw’ = 0.00; ChE = 0.61, df = 2 (P = 0.74); F = 0%
Test for overall effect: Z = 3.93 (P < 0.0001)
2.1.4 Drop Counter Movement Jump test at 12 months follow-up
Myhrvoki 2022 B2.4 5.8 113 BB 745 11B 5.9% -0.83 [-1.10, -0.58]
Nilsson 2010 79 16 45 76 18 37 5.4% 0.18 [-0.26, 0.61] —
QOlsson 2013 81 15 40 B2 13 43 5.3% 0.64 [0.20, 1.08]
Subtotal (95% CI) 198 198 16.6% -0.02 [-0.96, 0.92]

Heterogenelty: Tau® = 0.65; ChE = 36.96, df = 2 (P < 0.00001); F = 95%

Test for overall effect: Z = 0.04 (P = 0.97)

T —

) 25 0 05

Favours [Conservative] Favours [Surgical]

Fig. 5. Comparison of functional outcome after 12 month in surgical versus conservative group
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Surgical Conservative Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
2.1.5 Concentric Power test at 12 months follow-up
Myhrvoki 2022 B2 13.75 BE B&.1 14.35 107 5.9% -0.29 [-0.57, -0.01]
Nilsson 2010 B? 24 45 B2 33 4 54%  0.17 [-0.25, 0.60] N
Olsson 2013 95 38 A B4 36 44 54% 0.29[-0.14,0.72] |
Subtotal (95% CI) 173 191 16.7% 0.03 [-0.35, 0.41] Q.
Heterogenehy: Tau® = 0.08; ChP = §.21, df = 2 (P = 0.04); F = 68X
Test for overall effect: Z = 0.15 (P = (.88}
2.1.6 Eccentric Power test at 12 months follow-up
Myhrvoki 2022 73.5 10.65 B4 Bl1.7 10.8 99 5.8% -0.76 [-1.06, -0.46]
Nilsson 2010 79 19 45 72 20 40 54X  0.36 [0.07,0.79] _
Olsson 2013 83 29 A B1 35 43 54%  0.06 [-0.37,0.49] P
Subtotal (95% CI) 169 182 16.6% =-0.13 [-0.84, 0.58] R —
Heterogenehty: Tau® = 0.36; ChF = 20.64, df = 2 (P < 0.0001); F = 90X
Test for overall effect: Z = 0.35 (P = .72}
Total (95% CI) 1126 1176 100.0% 0.09 [-0.16, 0.35]
Heterogeneity: Tau® = 0.27; ChP = 158.71, df = 17 (P < 0.00001); F = BOX , , \ L
Test for overall effect: Z = 0.71 (P = 0.45) -1 0.5 0 . 1

Test for subgroup differences: Chi? = 5.58, df = 5 (P = 0.35), P = 10.4%

. .5
Favours [Conservative] Favours [Surgical]

Fig. 5 (continuation). Comparison of functional outcome after 12 month in surgical versus conservative group

Calf muscle atrophy

Results showed calf muscle atrophy (OR 0.46; 95 % CI: 0.27 to O.
in the conservative group compared to the surgical group (Fig. 6).

79; p = 0.005) was significantly higher

Surgical Non Surgical Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cefti 1993 22 56 35 55 54.4% 0.37[0.17,0.80) —i—
Lanto 2016 23 29 25 28 13.4% 0.46 [0.10, 2.06) =
Moller 2001 22 52 18 33 322% 0.61[0.25,1.47) .
Total (95% CI) 137 116 100.0%  0.46 [0.27,0.79] <>
Total events 67 78
Heterogeneity: Chi*= 0.71, df= 2 (P = 0.70); F= 0% ?0 0 0=1 1f0 100=

Test for overall effect: Z= 2.83 (P = 0.005)

Fig. 6. Comparison of calf muscle atrophy in surgical ve
Re-rupture rate

Results showed re-rupture rate (OR 0.34; 95 % CI: 0.20 to 0.5
in the conservative group compared to the surgical group (Fig. 7).

Non Surgical Surgical

rsus conservative group

8; p<0.001) was significantly higher

Surgical Non Surgical Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cetti 1993 3 56 7 55 13.5% 0.39[0.09, 1.59] —
Fischer 2020 2 47 2 22 5.2% 0.44 [0.06, 3.38] —
Keating 2011 2 37 4 39 7.4% 0.50[0.09, 2.91] [ R
Lanto 201& 1 32 4 28 B.3% 0.18[0.02, 1.85]
Metz 2008 3 42 5 41 9.5% 0.55[0.12, 2.49] ———
Myhrvoki 2022 2 348 11 178 29.1% 0.09 [0.02, 0.40] I E—
Nilsson 2010 2 49 6 48 11.7% 0.30 [0.06, 1.58] —_—
Olsson 2013 1 49 5 51 9.7% 0.19[0.02, 1.70]
Twaddle 2007 2 20 1 22 1.7% 2.33[0.20, 27.91]
willits 2010 2 72 2 72 3.9% 1.00[0.14, 7.30] —
Total (95% CI) 752 556 100.0% 0.34 [0.20, 0.58] <>
Total events 20 47
Heterogenelty: ChE = 7.73, df = 9 (P = 0.56); F = 0X b o1 011 ] 1:0 100:

Test for overall effect: Z = 3.96 (P < 0.0001)

Non Surgical Surgical

Fig. 7. Comparison of re-rupture rate in surgical versus conservative group

General complications

General complications (OR 1.35; 95 % CI: 0.96 to 1.90; p = 0.08) were not significantly different between

the two groups (Fig. 8).

Complications other than general complications

Sural nerve injury rate (OR 5.07; 95%CI: 1.60 to 16.07; p=0.006) was found significantly higher
in the surgical group compared to the conservative group. Neither superficial infection (OR 0.88; 95 % CI: 0.42

to 1.83; p = 0.73), deep infection (OR 2.52; 95 % CI: 0.88t0 7.24;p =0
95 % CI: 0.22 to 1.85; p = 0.41) (Fig. 9).

.09), deep vein thrombosis rate (OR 0.64;
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Surgical Non Surgical Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cefti 1993 17 56 4 55 48% 5.56(1.73,17.84)
Fischer 2020 9 47 4 23 74% 1.131[0.31, 4.13) -
Keating 2011 3 37 2 39 31% 1.63([0.26,10.37) —
Lanto 2016 1 32 4 28 7.0% 0.19[0.02,1.85)
Metz 2008 9 42 18 41 20.3% 0.47[0.18,1.25) ——=
Moller 2001 1 52 0 33 1.0% 1.95(0.08, 49.33)
Myhrvold 2022 47 348 18 178 351% 1.39(0.78, 2.47) T
Nilsson 2010 2 49 6 48 9.9% 0.30 [0.08, 1.56) =
Olsson 2013 8 49 5 51 7.0% 1.80[0.54, 5.92) =S
Willits 2010 11 72 3 72 43% 415[1.11,15.56) e
Total (95% CI) 784 568 100.0%  1.35[0.96, 1.90] >
Total events 108 61
Heterogeneity: Chi*= 19.34, df= 9 (P = 0.02); F=53% b t t i
Test for overall effect. Z=1.74 (P = 0.08) — &;n Surgical Surgical s 1
Fig. 8. Comparison of general complications other than re-rupture in surgical versus conservative group
Surgical Conservative Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
9.1.1 Superficial Infection
Cett1 1893 0 5B 0 55 Not estimable
Keating 2011 1 37 0 39 1.5%  3.25[0.13, B2.24]
Metz 2008 2 42 13 41 3B.9% 0.11 [0.02, 0.52] —_— s
Moller 2001 1 59 0 53 1.6% 2.74 [0.11, 68.81]
Myhrvoki 2022 4 348 0 178 20X 4.66[0.25, 87.10]
Nilsson 2010 1 49 0 48 1.5% 3.00[0.12, 75.48]
willits 2010 4 72 0 72 1.5% 9.53 [0.50, 180.25] >
Subtotal (95% CI) 665 486 47.0% 0.88 [0.42, 1.83] <>
Total events 13 13
Heterogenelty: ChE = 12.35, df = 5 (P = 0.03); F = 60X
Test for overall effect: Z = 0.35 (P = .73}
9.1.2 Deep Infection
Cett1 1893 2 58 0 55  1.5% 4.91[0.23, 104.63]
Keating 2011 2 37 0 39  1.4X% 5.56 [0.26, 119.85] >
Lanto 2016 1 32 0 28 1.6% 2.71[0.11, 69.34]
Metz 2008 0 42 0 41 Not estimable
Myhrvoki 2022 5 348 2 178 B.1%  1.2B[0.25, 6.68] —
Nilsson 2010 1 49 0 48  1.5% 3.00[0.12, 75.48]
willits 2010 1 72 0 72 1.5% 3.04 [0.12, 75.92]
Subtotal (95% CI) 638 461 15.7% 2.50 [0.87, 7.21] R
Total events 12
Heterogenelty: ChE = 1.11, df = 5 (P = 0. 95}. P o= 0%
Test for overall effect: Z = 1.70 (P = 0.09)
9.1.3 Deep Vein Thrombosis
Fischer 2020 1 47 0 22 2.0% 1.45[0.06, 37.06]
Keating 2011 0 37 2 38 75%  0.20[0.01, 4.31]
Metz 2008 0 42 1 41  47%  0.32[0.01, B.03]
Moller 2001 0 59 1 53 49% 0.29[0.01, 7.38]
Myhrvoki 2022 3 348 1 178 4.1% 1.54 [0.16, 14.90]
wilits 20190 1 72 1 72 3.1%  1.00 [0.086, 16.30]
Subtotal (95% CI) 605 405 26.2% 0.64 [0.22, 1.85] s
Total events 5 &
Heterogenelty: Chi = 1.87, df = 5 (P = 0.87); F = 0X
Test for overall effect: Z = 0.83 (P = (.41}
9.1.4 Sural Nerve Injury
Cett1 1893 7 58 1 55 2.7% 7.71[0.92, 64.96)]
Metz 2008 3 42 1 41  2.9% 3.08[0.31, 30.87]
Myhrvoki 2022 9 348 1 178 4.0% 4.70[0.59, 37.39]
Nilsson 2010 2 49 0 48 1.5% 5.11 [0.24, 109.17]
Subtotal (95% CI) 495 322 11.2% 5.07 [1.60, 16.07] e
Total events 21
Heterogenelty: ChE = .33, df = 3 (P = 0. 95}. F=0X
Test for overall effect: Z = 2.76 (P = 0.006)
Total (95% CI) 2403 1674 100.0% 1.54 [0.98, 2.41] <>
Total events 51 24
Heterogenelty: ChE = 23.31, df = 21 (P = 0.33); P = 10X 6 oL o=1 ] . 106

Test for overall effect: Z = 1.87 (P = .06}

Test for subgroup differences: ChE = 9.60, df = 3 (P = 0.02), F = 68.7%

Favours [Conservative] Favours [Surgical]

Fig. 9. Comparison of complications other than general complications in surgical versus conservative group
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DISCUSSION

Assessing functional outcomes such as hopping tests, heel rise height and work, drop counter movement jump,
and power measurements (concentric and eccentric) are important for evaluating recovery and performance
following Achilles tendon rupture treatment.

Our study found that functional outcomes at 6-month follow-up were better in patients who underwent surgery
compared with conservative treatment. However, there was no significant difference in functional outcomes after
12 months of follow-up between surgical and conservative groups. In line with previous study [18] which found
strength, calf circumference, and functional result did not differ between surgical and conservative interventions.

Based on the results of our study, it can be seen that the functional outcome at 6-month follow-up was
significantly better in the surgical group compared to the conservative group in several tests such as hopping
test, heel rise height, heel rise work, and concentric power. However, the functional outcome at 12-month
follow-up was only heel rise work with significantly better results for the surgical compared to the conservative
method. This shows that conservative treatment is no less good than surgical treatment.

Compared to patients treated conservatively, surgical patients frequently restore hopping, heel rise height,
heel rise work, drop counter movement jump, concentric and eccentric power more rapidly. Because surgery can
more successfully repair tendon integrity, those who have it frequently perform better on early weight-bearing
after recovering. Surgical treatment also allows for faster restoration of explosive power in the lower extremity.
This benefit is frequently brought about by the tendon's direct mechanical healing, which might offer more
rapid stability [19].

Research suggests that when early and adequate rehabilitation protocols are followed, both surgical
and conservative treatments can produce comparable functional outcomes. In patients receiving conservative
treatment, there was no statistically significant difference in re-rupture, return to employment, or return
to sports between early and late weight-bearing [20].

When early functional rehabilitation was applied in both groups, a thorough meta-analysis revealed
no discernible difference in hopping, heel rise height, heel rise work, drop counter movement jump,
concentric and eccentric power test performance one year after injury between surgically and conservatively
treated individuals [5, 19]. While surgical repair initially improved hopping, heel rise work, heel rise height,
and concentric performance, a study by K. Nilsson-Helander et al. [14]. N. Olsson et al. [15] found that at long-
term follow-up, there were no significant differences between the surgical and conservative groups; the heel
rise work test was the only area where there was a significant difference, indicating that similar functional
results can be obtained from both methods.

The re-rupture rate in this study was significantly higher in the conservative group compared to the surgical
group. Comparatively speaking, conservative therapy for an Achilles tendon rupture is often linked to a higher
risk of re-rupture. Through stronger healing and a lower chance of re-rupture, the surgical technique seeks
to restore the tendon's anatomical continuity. Surgery considerably decreased the re-rupture rate when
compared to conservative treatment [18, 21-24]. Less re-rupture rates were also noted in the surgical group,
according to a study conducted by A. Soroceanu et al. [25].

Choosing early or later rehabilitation following either conservative or surgical treatment had no effect
on the outcome [24, 26]. Not in line with previous studies [23] that reduced risk of rupture during conservative
treatment as opposed to surgical treatment if both types of treatment included a functional rehabilitation
plan that included early range of motion. Re-rupture rates from the surgical method may range from 1 %
to 5 %, according to the overall trend of various researchers.

While conservative treatment avoids the dangers associated with surgery, it may result in a higher rate
of re-ruptures. In conservative treatment, functional bracing is becoming more popular since it can enhance
results and possibly lower the rate of re-ruptures. When deciding between conservative and surgical method
treatment patient's age, degree of activity, and coexisting conditions should all be taken into account.

In this study, general complications other than re-rupture were higher in the surgical group compared
to the conservative group, but not significantly. General complications such as skin necrosis, deep infection,
tendon lengthening, adhesion, superficial infection, disturbances of sensibility, suture granuloma, and delayed
wound healing were encountered. In line with previous research, the results of complications were higher
in the surgical group compared to the conservative group [18, 22, 23]. However, general complications other
than re-rupture in this study were not significant as the previous studies discovered [26].

Superficial infection in this study was higher in the conservative group compared to the surgical group,
but not significantly. D. Seow et al. [24], A. Soroceanu et al. [25] found that the complication that was more
frequently linked to surgical repair of Achilles tendon ruptures was superficial infection. After surgical
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repair, superficial infections are a common consequence that usually arises at the site of the surgical
incision. Because conservative treatment involves no surgical incision, the risk of surface infection is
typically avoided.

Deep infections in this study were higher in the surgical group compared to the conservative group,
but not significantly. Deep infections, which can happen in the tissue around the Achilles tendon
after surgery, are more dangerous. Deep infection can occur during surgical repair and have a significant
influence on overall recovery and function [27].

Deep vein thrombosis in this study was higher in the conservative group compared to the surgical group
but not significantly, in line with previous meta-analysis [21]. During the early stages of recuperation following
surgery, immobility may result, which raises the risk of DVT. Often, preventative actions are done to lessen this
risk. Prolonged immobility following conservative therapy, especially with casting, may also raise the risk of DVT.

Sural nerve injury in this study was significantly higher in the surgical group compared to the conservative
group. Deficits in senses may result from complications related to injury to the sural nerve sustained
after surgery or immobilization. When compared to certain less invasive methods, open repair approaches
often carry a lower risk of sural nerve injury. This is mainly because the surgical area is more exposed
and directly visible, which makes it easier for surgeons to avoid the nerve [13, 28]. In conservative treatment,
sural nerve injury can occur because the sural nerve is proximal to the Achilles tendon. When using functional
bracing or casting in a non-anatomical position it can put pressure on the sural nerve. Inadequate bracing
or misalignment can further raise the risk of nerve damage [28, 29].

The limitations of this study are that the demographics of participants in various studies can also cause
bias. In addition, the surgical and conservative techniques used are diverse. Finally, the duration of follow-up
in various studies can also cause bias.

CONCLUSION

Reduced rates of re-rupture, possibly quicker recovery for functional outcomes like hopping, heel rise tests are
some benefits of surgical repair. Conversely, conservative treatment can yield good results in terms of functional
outcomes and re-rupture rates in long-term follow-up, particularly when combined with contemporary
rehabilitation procedures that include functional bracing and early mobilization. Conservative treatment
eliminates the hazards associated with surgery, such as nerve damage, but it may have a slightly higher chance
of re-rupture and a shorter initial recovery of some functional outcomes. Both treatment methods are good
for Achilles tendon rupture repair.
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AHanus pesynbTaToB JIeYEHUS NALUEHTOB
C KyNIbTypa-HeraTMBHOM NepunpoTesHon MHdeKunen TasobeapeHHOro
U KONIEHHOr0 CYCTaBOB B 3aBUCUMOCTHU OT NOAXOAA K ee onpeaeneHuto

10.B. OneitHuk™’, C.A. BoxkKoBa

HauyoHaabHbI MeIUIIMHCKII MCC/IeIOBATeIbCKIIT IIEHTP TPaBMaToJIOTUK 1 opTorneauy umenu P.P. BpeneHa,
CaukT-Iletep6ypr, Poccust

ABTOpD, OTBeTCTBEeHHBIN 3a mepenucky: I0nus BragumuposHa OmneitHuk, hamster715@gmail.com

AHHOTausa

BBenmeHnue. OnHUM 13 Hanbosee YacThIX M Pa3pylIMTeIbHBIX OCIOKHEHNIT MTOC/Ie TOTATbHOTO YHI0MPOTE3 M-
pOBaHMS Ta306eAPEHHOTO CyCTaBa sBjsieTcs nepurporesHas nudernys (ITMN). 3hhekTMBHOCTH Teue6HOTr0
TpoIiecca ornpeensieT palyOHATbHBIN BBIOOD XMPYPTMUECKOI OIlepanyi ¥ BO3MOKHOCTh Ha3HAYEHMSI ITH-
OTPOIHOJ aHTKOAaKTepUATbHOI TepaIuy B IIOC/IeoNepaloHHOM Tepuoge. B 5-30 % ciyyaeB MMeeT MeCTO
KynbTypa-HeratuBHas uHdpekuus: (KHU), mpu KoTopoit aTuonorusi nHGEKIMOHHOTO MPoIiecca 0CTaeTcs He-
YCTaHOBJIEHHOM Ha MPOTSKeHMUM BCero mepuoja jeueHnsi. Ha cerogHsimumuit 1eHb B podeccuoHaIbHOM CO-
006I1IeCcTBe OTCYTCTBYET eIMHBIN ITOAXOJ, K OTpefiesieHMI0 3yuyaeMoro peHoMeHa.

Ilesb paGoOTBI — OIEHNUTH PE3YAbTAThI JEUeHUS MAIMEHTOB C Ky/IbTypa-HEraTUMBHON MepUIIPOTe3HONM MH-
(deximet Ta306eJPEHHOrO ¥ KOJIEHHOTO CYCTABOB B 3aBMCUMOCTM OT IOJXOMA K ee OmpeeseHnIo, a TaKKe
chopMynpoBaTh BO3MOXKHbIE ITYTH CHMUKEHMST YaCTOThI BCTPEUAeMOCTY JAHHOI ITaTOJTOTUMA.

Marepuajbl M MeTOAbI. IIOMCK JTUTEPATYPHBIX MICTOYHMKOB OCYIIECTBIISIV B 3JIEKTPOHHBIX 6a3ax JaHHbIX
eLIBRARY, PubMed (MEDLINE), ScienceDirect, Google Scholar cormacHo pekomenmanusim PRISMA. B wnc-
CJlefoBaHMe BKIOUEHbI OPUTMHAIbHBIE CTAThU U CEPUM CJIydyaeB Ha PYCCKOM ¥ aHIIMIICKOM SI3bIKaX, ITOCBSI-
[eHHbIe JIEYeHMI0 XPOHMUECKON KyJabTypa-HeratuBHo [IIT1 Ta306eapeHHOTO /Wi KOJTEeHHOTO CYyCTaBOB
y MalMeHTOB cTapiie 18 JieT ¢ MpUMMeHEeHNEM JI0ObIX XUPYPTUUECKUX OTIepalnii, B KOTOPBIX MMEJICSI XOTSI ObI
OJIVH TI0Ka3aTesb 3P GeKTUBHOCTY JeueHust. [IpoaHaIM3MPOBaHbI CYIIECTBYIOIIVE MTOAXOABI K ONPEeIeIeHUI0
nepumnpoTe3Hoit KHY KoleHHOro 1 Ta300eIpeHHOTO CYCTAaBOB M MCXOMbI JIeUeHs MallMeHTOB C TaHHO Ia-
TOJIOTHME, a TaKkoKe ChOPMYTMPOBAHBI BO3MOSKHBIE ITyTV CHVYSKEHMS IO/ TAlleHTOB C HEM3BECTHOI STUOJIO-
rueii MHQEKLMOHHOrO IIpoliecca.

PesynbTaThl M OOCYKaeHMe. [IpoBeleHHbIl aHa/IN3 HaYYHBIX MYOGIMKALMiA He MO3BOJNUI CAENaTh BHIBO
06 oueBUAHOM pasHuile 3(PPEKTUBHOCTY KyMMPOBaHMs MHOEKINY B 3aBUCUMOCTM OT MOAXOMda K Onpeme-
JIEHUIO Ky/IbTypa-HeraTuBHoi1 IV, BiepBbie 3¢ deKTUBHOCTD eueHust 60mbHbIX ¢ KHU paccMoTpeHa B 3a-
BUCUMOCTM OT MOAXOAA K OIpeNe/IeHUI0 JAHHOW MaToJorMu. BeisiBeHa 3HAYMTeNbHAsI HEOGHOPOLHOCTh
Kak B TpakToBKax KHU, Tak 1 B BbIOOPE XUPYPTUUECKMUX METOIMK. BhICOKas HOJIsT GIarONpusITHBIX MCXOHOB
YKa3bIBaeT Ha BaXKHOCTb KOPPEKTHOT'O BbIOOPA ITperapaToB AJIS SMITMPUUYECKoil aHTubmotukoTeparmn (ABT)
Y PEryJispHOr0 MOHMUTOPMHTIA CIIEKTPa BHYTPUOOIbHUUHBIX BO36GymuTeneii. [IpeaaoskeHbl BO3MOKHBIE ITyTHU
CHVKEHUST YaCTOThI BCTPEYAEMOCTY OTPUIIATEIbHbBIX PE3YIbTATOB MUKPOOMOIOTMYUECKUX MCCIIeOBAHMIA.

3akioueHue. 3HauyMble pasanuus B 3QGeKTUBHOCTY jJedeHus maiyeHToB ¢ KHU B 3aBUCUMOCTH OT IO -
XOZa K OTIpele/eHNI0 JAHHOTO TePMIMHA He ObUiM OO6HapysKeHbI. [TyTy CHVDKEHMSI YacTOThI BCTPEYAEMOCTH
JAHHOI TIAaTOMIOTMM HaIpaBieHbl HA MomuduKanyio (GakTopoB, KOTOPble 00YCIaBIMBAIOT OTPUIATETbHbIE
pesynbTaThl MBU 06pasiioB 61MOMaTepuaioB U YAAJTeHHBIX KOHCTPYKIUIA.

KnioueBble ¢j10Ba: XpOHMUECKasT MePUITPOTe3HAsT MHQEKINS, TooTepallMOHHOe 06cIeIoBaHe, MUKPOOIO-
JIOTMYECKOe VICCIeOBaHNe, PEBU3MOHHOE SHIOIIPOTE3MPOBAHYE

Jns putupoBanus: Oneiinuk 10.B., BoxkkoBa C.A. AHanu3 pe3y/nbTaToOB JieueHNs alMeHTOB C KyJAbTypa-HeraTuBHOM
MePUITPOTE3HON MHPeKIMelt Ta300eAPeHHOr0 ¥ KOJIEHHOTO CYCTaBOB B 3aBMCUMMOCTY OT IIOAXONA K ee OIpemeeHuIo.
Tenuii opmoneduu. 2025;31(5):678-689. doi: 10.18019/1028-4427-2025-31-5-678-689.
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Analysis of existing approaches
to determine culture-negative periprosthetic infection
of the hip and knee joints and assessment of its treatment outcomes
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Corresponding author: Yuliya V. Oleinik, hamster715@gmail.com

Abstract

Introduction Periprosthetic infection is one of the most frequent and devastating complications after total
hip replacement. The effectiveness of infection management depends on possibility of prescribing etiotropic
antibiotics after the operation and the rational choice of a surgical technique. In 5-30 % of all patients
the etiology of the infectious process remains unknown throughout the entire treatment period. Such cases are
described by the term "culture-negative periprosthetic joint infection". Nowaday, there is no single definition
for culture-negative PJI in the professional community.

The aim of this study is to evaluate the treatment results of patients with culture-negative periprosthetic
infection, depending on the approach to its detection, as well as formulate possible ways to reduce its rates.

Methods Literature search was performed in electronic databases eLIBRARY, PubMed (MEDLINE),
ScienceDirect, Google Scholar according to PRISMA recommendations. The study included articles in Russian
and English, original articles and case series on the treatment of chronic culture-negative periprosthetic
infection of the hip joint and/or knee joints in patients over 18 years of age using any surgical operations
and in which there was at least one indicator of treatment effectiveness. The existing approaches to detection
of culture-negative periprosthetic joint infection of the knee and hip and the outcomes of treatment of patients
with this pathology were analyzed, as well as possible ways to reduce the number of patients with an unknown
etiology of the infectious process were formulated.

Results and Discussion Our analysis of scientific publications revealed no clear difference in the effectiveness
of infection control depending on the approach to detection of culture-negative PJI. For the first time,
the effectiveness of treatment for patients with culture-negative PJI is examined depending on the approach
to detection of this pathology. Significant heterogeneity was identified in both the interpretation
of culture-negative PJI and the choice of surgical techniques. The high rate of successful outcomes indicates
the importance of appropriate selection of drugs for empirical antibiotic therapy (ABT) and regular monitoring
of the spectrum of nosocomial pathogens. Potential ways to reduce the incidence of negative microbiological
test results are proposed.

Conclusion The efficacy of treatment of culture-negative PJI did not differ significantly depending
on the interpretation of this term. Ways to reduce the incidence of this pathology are aimed at modifying
the factors that cause negative results of MBI of biomaterial samples and removed structures.

Keywords: chronic periprosthetic infection, pre-operative examination, microbiological test, revision
arthroplasty

For citation: Oleinik YuV, Bozhkova SA. Analysis of existing approaches to determine culture-negative periprosthetic
infection of the hip and knee joints and assessment of its treatment outcomes. Genij Ortopedii. 2025;31(5):678-689.
doi: 10.18019/1028-4427-2025-31-5-678-689.
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BBEIOEHUE

IMepunporesuyio nHdexuuio (M) crrpaBedyiMBO HA3bIBAIOT OTHMUM M3 Haubosee paspyluTeTbHbIX OCTOXK-
HEHMI1 TToC/Ie TOTAJIbHOTO SHIOIMPOTe3UpOBaHus Ta3obempeHHoro cycrasa (TBC), yXyamaromero KauecTBo
M OOIIYI0 MPOMOJKUTENIBHOCTD JXKM3HM TanueHTOB [1, 2]. HGEKIMOHHbIE OCIOKHEHUS B SHAOIPOTE3N-
POBAHUM JIOKATCS TSKEJIBIM COLMATbHO-9KOHOMMUYECKMM OpeMeHeM Ha CHUCTEMY 3[paBooXpaHeHwus [3, 4],
IIPM 3TOM PUCK HeEyday OCTAeTCsI JOCTATOUHO BBICOKMM, HAXOAsICh B Ipenenax 10-29 % rpu BbIIOTHEHUU
orepauuy IBYX3TAlTHOTO PEBU3MOHHOIO SHIOIPOTE3UPOBAHMS, KOTOPYIO IO HACTOSILIETO BpEMEHY CUMTAIOT
«30J7I0TBIM CTAaHZAPTOM» [5, 6].

OIHMM 13 KII0UYeBbIX (PAKTOPOB, 3HAUMMO BAUSIONIMX Ha 3(PGEKTUBHOCTD IeUeHMSI, SIBISIETCST 9TUOIOTUS IH-
(beKIMOHHOrO TpoIlecca, — BUA MUKPOOHOTO BO3OYAMUTENS U €r0 aHTUOMOTUKOUYBCTBUTEIbHOCTD [7]. ITo-
BCEMECTHO YBEJIMYMBAETCS MIOJIST GOJMbHBIX, Y KOTOPBIX MMUKPOOMOMOTMUECKUI AMArHO3 He ObLI IOCTaBIeH
10 pe3yabTaTaM J0OoTepaliMOHHbIX UCC/IeJOBaHNi, 8 B HEKOTOPbBIX CAydyasix ¥ 10 pe3yibTaTaM MHTpaolepa-
LIIMOHHBIX TOCEBOB. JIaHHbIN (PeHOMEH M3BeCTeH KaK Ky/IbTypa-HeratuBHasi [1I1M, yacToTa KOTOpPOJi JOCTUTaeT
5-30 % [8,9]. B KauecTBe OCHOBHBIX NMPUUMH KYIbTypa-HeraTuBHo [IIM yacTo yKasbIBalOT MpMEM aHTHU-
MMKPOOHBIX ITperapaToB MeHee UeM 3a JIBe Hemeau J0 BBIMTOTHEHUS MUKPOOMOIOTMYECKUX VUCCIen0BaHMIA,
HaJMuyMe HU3KOBUPYIEHTHBIX MU TPYSHOKYIbTUBUPYEeMbIX Bo36ynuTesneit ITITM [10], a Takske 0CO6eHHOCTH
raToreHesa MHOEKIMOHHOTO ITPOIecca, aCCOLMMPOBAHHOIO C OPTOIEeINYECKMMM MMIIAaHTaTaMI (HaJluumue
B OpraHusMe maijeHTa Jerno 6aKTepuii, K KOTOPbIM OTHOCST 6MOIIJIEHKY, BHYTPUKIETOUHO PACIIONIOKEeHHbIE
6aKkTepuy UM KOJIOHU3MPOBAHHbIE OCTEOIMTAPHO-JAKyHApHbIe KaHabIlb) [11]. Bce aTtu dakropsl menawr
MPaKTUYECKM HEBO3MOKHBIM PYTHMHHOE Ha3HAUeHMe STUOTPOITHOM aHTuOMoTuKoTepanuu (ABT) Ha MOMeHT
BBITIOJIHEHUS CAHUPYIOIel onepauyy nauyeHTy c [TTN.

B npodeccronanbHOM €O00IIeCTBE OTCYTCTBYET €MHCTBO B3IVISIAOB B OTHOLIEHMN JaHHOTO eHOMeHa. He-
KOTOpbIe aBTOPBI MO, Ky/IbTypa-HeraTuBHo [1IIM MOHMMAIOT OTCYTCTBME POCTA BO3OYAUTENS MO JAaHHBIM
IOOTIepaIMOHHbIX MUKPOOMOIOIrMUYecKx uccnemoBanmii (MBIU), mpu 3ToM BO36YAUTENb MOKET ObITh OOHA-
PY)XeH B MHTpaollepalMOHHO B3SThIX MaTepuaiax [12-17]. Ipyrue aBTOpsbI OZ, 3TUM TEPMMHOM OHMMAIOT
MOJTHOE OTCYTCTBME JAHHBIX O maToreHe [18-22]. OmucaHHble pasinums 06yCIaBIMBAIOT Pa3dpPOC YaCTOThI
BCTPEYaeMOCTH TaHHOI TTATOJIOTUY, U, KaK CJIeACTBYE, HEBO3MOXXHOCTb Pa3pabOTKM eIMHBIX PeKOMeHIaIuit
T0 JIeUeHUI0 TPOWIbHBIX MallIeHTOB.

Ilesib paGoOTBI — OIEHUTH PE3YAbTAThI J€UeHUS MAIMEeHTOB C Ky/JbTypa-HeraTMBHON MepUIIPOTe3HON MH-
dekiyeit Ta306eIPEHHOTO 1 KOJIEHHOTO CYCTaBOB B 3aBMCUMMOCTHM OT ITOJIXOMA K €€ OIpe[eeHNI0, a TaKKe
copMyIMPOBATh BO3MOXKHbBIE ITYTH CHVKEHVST YaCTOThI BCTPEYAEMOCTH TaHHOM TaTOIOTHUMA.

MATEPUAJIBI U METO/bI

CucreMaTUYeCcKuii 0030p BBIIOJHEH B COOTBETCTBUMM C MEKIYHApOOHbIMM TpeboBaHusMyu PRISMA
(aHen.: Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [23].

TMoMcK JaUTEepaTypHBIX MCTOUYHMKOB OCYIIECTBJIEH B 9J€KTPOHHBIX 0asax maHHbIX eLIBRARY, PubMed
(MEDLINE), ScienceDirect, Google Scholar.

3arpoc a;1s1 moucka B 6a3ax gaHHbIx PubMed (MEDLINE), ScienceDirect, Google Scholar, Ovid, Ha ocHOBaHUM
peromenpaimii E. Aromataris, D. Riitano [24], BKTiouan KoMOMHAIINIO KITIOUeBBIX (JI0B: ("periprosthetic joint
infection" or "prosthetic joint infection" or PJI) and ("single-stage" or "one-stage" or "two-stage" or "2-stage"
or "revision" or "revisions") and ("culture negative" or "negative") and ("culture positive" or "positive").

3ampoc 11 rovicka B 6ase gaHHbIX eLIBRARY BKiIIOUas CyIeqyIonIylo KOMOMHAIMIO KITIOUEBBIX CJIOB: «KYJIb-
TypOHeraTuMBHasT MHOEKIUSI», «KYIbTypO-HeTaTUBHAS MHOEKIINSI», «KyJIbTYPOHETaTUBHAS MePUITPOTEe3HAs
MHGpEKLMSI», «<XPOHMUEeCcKas IepurpoTesHast MHbeKkIus: TazobeapeHHoro cycraBa WM xpoHudeckast mepu-
MpoTe3Hast MHOEKIMS KOJIEHHOI'O CyCTaBa». PeTpOCIIeKTUBHO MONUCK He ObUI OrpaHMYeH, JaTa IIOCIeIHEro
3ampoca — 04.02.2025. [TorcKoBbIe 3alpOChI B IEPEUMCIEHHBIX 0a3aX JaHHbBIX UCIIOIb30BaIM B PA3JIMUHBIX
KOMOVMHAIMSIX B KAUECTBE MPeIBapUTEIbHO BO3MOKHOCTH.

Ha mepBoM 3rarre orpeeaeHbl KpUTEPUM BKIIOUEHMS M MCK/IIOUeHMsI CTaTeil B MccIeqoBaHue.
Kpumepuu sxnroueHus:

— CTaTbM HA PYCCKOM aQHIVINIICKOM S3BIKAX;

— OpUTMHAJIbHBIE CTAThU U CEPUM CIyYaeB, BKIIOUAIOIINE TISITh U 60siee HAGTIOMeHNI, TTOCBSIIIIEHHbIE Jieve-
HUIO XPOHUYECKOJi KyJIbTypa-HeraTMBHOI MepUIpoTe3Hoii MHMeKIMKY Ta306epeHHOTO Y/ KOJIEHHOTO
CYCTaBOB, MH(MPEKIVOHHBIX OCJIOKHEHMI MTOC/Ie SHIOMPOTE3UPOBAHMS Ta300eIPEHHOTO /M KOJIEHHOTO
CyCTaBOB;

— BO3pPacCT MallMeéHTOB — CTaplie 18 ner;
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— Hajuyue XOTs 6bI OMHOTO ToKa3aTess 3(PbeKTUBHOCTY JiedeHUsI (HOMM OIaronmpusITHbIX, HeOIaromnpusT-
HBIX MICXOJ0B, YPOBEHb BbDKMBAEMOCTH);

— Jo6bIe XUPypruveckue ornepamuy 1mo mosomay IMITA.
Kpumepuu HesxnoueHus:

— CTaTbU 110 BeTepUHAPUM;

— paboThI, MOCBSILIEHHbIE TTOC/IEICTBUSM KOKCUTOB;

— 0030pbI TUTEPATYPbI, METAaHAIM3bI, YUeOHVUKM, TTIaBbl KHUT, IT1CbMa, MHEHMS SKCIIEPTOB;

— CTaTbU, MOCBSIIEHHBIE JIeYeHUIO UCKITIOUNTEIbHO ocTpoii ITI1U;

— CTaThbU, TIOCBSIeHHbIe AuarHoctuke I1I1THU;

— KJIIMHMYECKHeE CITydanu;

— OTCYTCTBME B UCCIIeLOBAHUN TPYIII CPaBHEHUS (KYJIbTypa-HEeraTMBHOM U KyJIbTypa-IIO3UTUBHO IPYIII);
— OTCYTCTBME YETKO OMMCAHHOTO OIpee/eHNs KyabTypa-HeratTuBHoi [T B my6GIMKanm.

B 0GHapy>KeHHBIX CTAThSIX ITPOBEAEH PYYHON MOMCK CChUIOK IJIs OOHAPYKEHMS TOMOTHUTENIbHBIX TyOJI/Ka-
LM, KOTOpbIe MOIJIM ObITh BKITIOUEHBI B MCCIenoBaHue. Jlajiee MpoBepeHbl pe3loMe MyoaMKaLyii Ha peMeT

COOTBETCTBMSI KPUTEPUSAM BKIIIOUEHMS 1 HEBKITIOUEHMSI, OCYIIECTBJIEH TMTOMCK IYOAUPYIONNX paboT C 1esbio
UX MMMMHALVY. Ha 3aK/II04MTEIbHOM 3Talle M3yUeHbl [T0JIHOTEKCTOBbIE CTAThM.

B xome aHa/m3a BKIIIOYEHHBIX PAbOT OIleHEeHbI CIeAyIOIye TOKa3aTeln:

— O6H.la§[ MH(bOpMaLUAH 00 mucciaegqoBaHUMN (aBTOpr, CTpaHa U roj HYGHI/IKB.LU/II/I, TUII U OJINTEIBHOCTDb MUCCIen0-
BaHUs, OJINTEJIbHOCTD HaGH}O,ZLEHI/IH, OUNATHOCTUYECKME KpUTepnumn, YMCI€HHOCTb KIMHMYECKMX I'PYIII, BO-
BJIEUE€HHbI€ CYCTaBbl, TUIIbI XMPYPIMUYECKNX BMENIATE/IbCTB U aHTI/I6I/IOTI/IKOTepaHI/I${);

— PEe3y/abTaTbl MCCIEAOBAHNMS, BK/IIIOUAIOI[€ YDOBEHD 6JIaI‘OHpI/I${THbIX n He6J’[aI‘OHpI/IHTHbIX MCXOO0B JIEUEeHMS.

IMox peruayBoM MHOEKIMM MTOHUMAIM HaIMIye OOIIMX MM CUCTEMHBIX Ipu3HakoB IITTM, moBTOpHbIE ca-
HUPYIOIIME OIepalyuy Ha TOM JKe CyCTaBe IO ITOBOAY MH(MEKIVOHHOIrO Mpollecca, JeTaJlbHbIA MCXOM, pas-
BuBIIMIicS BeienctBue IINN. s ompemeneHust 6JaronpusITHOrO MCXoda JedeHus maieHToB c IITIN
MCIIONIb30BaIM MEXKIOYHapOLHble peKOMeHIaluu, ocHOoBaHHble Ha Metopme [endu (awen.: Delphi-based
international multidisciplinary consensus) [25].

Jlusatix uccnedosanus

B xo[e mepBOHAUAIbHOTO TTOKCKA BbISIBJIEHO 850 mMy6MKaLnii, 13 KOTopbix 640 (KOMMEHTaPUY, TJIaBbl 3 KHUT,
CTaTb¥, HETIOAXOASIINE 10 TeMaTUKe, TyOIMKaThl) MCKIIOYeHbI. [Tocie aHanu3a Ha3BaHUi U pedepaToB Ha
COOTBETCTBME TEMATHUKE MouMcka otobpaHo 50 mybnukaryii. [Tocie MpoBepKy HAIMUUS MTOTHBIX TEKCTOB CTa-
Tel B OTKPBITOM JIOCTYIIE, a TAKOKe MX COOTBETCTBMS KPUTEPUSIM BKIIOUEHMS U MICKIIOYEHMSI B OKOHYATeNlb-
HYI0 BBIOOPKY BOILIN 26 McciIeqoBanumit (puc. 1).

(~ B
lepBoHayanbHbIA MOUCK UCTOYHMUKOB My6nunkaumu, UCKtUYEHHbIE
NpoBOAMNCSA B ciefytolmnx 6asax AaHHbIX: [0 CKpUHUMHra (n = 640):

a — Pubmed (MEDLINE) (n = 391); — [1aBbl U3 KHUT;
(=] . =
P — ScienceDirect (n = 133); »| — KOMMEeHTapuu;
o — Google Scholar (n=310); — CTaTbM, HENoaxoasLwue
— eLIBRARY (n = 16); no TEMATUKE;
. Bcero 850 nybnukaumit - nybnukartsl
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Puc. 1. biiok-cxeMma BKJIIOUEHMSI CTaTell B MCCIeJOBaHMe C MCIIO0NIb30BaHMEM TPeINOUTUTETbHBIX JIeMEHTOB
otyeTHOCTU (1MpoToKoa PRISMA)
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OTobOpaHHbIe MCCIeTOBaHMSI OMyoamMKoBaHbl B mepuon 2007-2024 rr., BriawouawT 7 713 cmyvaes IITTA.
InuTenbHOCTh HabmomeHus coctapisyia or 12 mo 120 mecsiues. [lnsg auardoctuku I kputepun MSIS
(anen.: Musculoskeletal Infection Society) [26] ucmonb3oBaHbl B 17 ucciaemoBaHusx, kputepunu ICM
(aHen.: International Consensus Meeting) [27] — B nsiTu ucciaenoBaHusax, Kputepun IDSA (aHen.: Infectious
Diseases Society of America) [28] — B ogHOM nccienoBauuu, Kputepun EBJIS (anen.: European Bone and Joint
Infection Society) [29] — B ofHOM MccaegoBaHMUM. B ueThIpex uccief0BaHMSIX MCIIOIb30BAHbI KPUTEPUH, Pa3-
paboTaHHbIe OTAETbHBIMI aBTOPAMM, €I1le B TPeX IMyOIMKaysIX JaHHbIe OTCYTCTBOBAJIN.

Puck cucmemamuueckoti ouubKu

[IpoBemeHa MeTOLOIOrMYECKast OI[€H- ABTOpbBI JBL CEBM
Ka KauecTBa KaXIOro mccienoBaHust  J1B.Jlobumosa c coast. [9] [N
B cooTBeTCcTBUM C KpuTepusamu CEBM  MS. Ibrahim MS etal [12] [
(anen.: Oxford Center for Evidence- BJ. Greenfield etal. [13] [

Based Medicine) c¢ menbio ompeme- L. zanna et al. [14] [

JIEeHUSI  YPOBHS  [OOKa3aTeJIbHOCTU L.C. T. de Araujo et al. [15] _
uccnemoBanus. Kak gy aHanmsa G. Bori etal. [16] [N

Cep]/[ﬁ CﬂyanF, TaK 1 OJisI KOTOPTHBIX D. Karczewski et al. [17] —
ucciaenoBaHnn Hp]/[MEI:[EH I«IeK-{II/ICT H. Lu etal. [18] _

]BI_ _(aHer.: ]ognna Briggs Instltutg z xuetal [19]
Crltllfal Appraisal toozls), COCTOSIIINT A. Santoso et al. [20] TN

o 11 porpocos (puc. 2). HR.Choi etal. [21) I
Cmamucmuueckuii ananus EF. Berbari et al. [22] [

B cTaTuMCTMUeCKMii aHaIM3 BKIIIOYe- D. Malekzadeh et al. [30] [

Hbl JaHHBIe Bcex 26 crareil. AHaiu3 R. Huang etal. [31] NG
TIPOBOIM/IM C MCIIONB30BAaHMEM IIPO- YH. Kim etal [32] [
rpammbl IBM SPSS Statistics v.26 (IBM YH. Kim et al [34] [
Corporation). Ing omnucaHust Komuye- MsS. cha et al. [35] [
CTBEHHBIX [IOKasareseli IpuMeHeHa T.L Tan etal [36]
MIpOBepKa Ha HOPMaIbHOCTb pacIpese- H. Li etal. [37]

neHst 1o Kputepusim [lammpo — Yika 1S.Kang et al. [38] [

u Konmoroposa — CMmupHoBa. [1jis onu- 1.wang etal. [39]
CaHUST KOJMMYECTBEHHBIX MEePEeMEHHBIX T.L. Tan etal. [40] S

UCIIONMb30Banu MeauaHy (Me), B Kaue- B.Ji etaL [41]

cTBe Mep paccestHus — HwkHUi (Q1) J. Bongers et al. [42] [

A _ (o)
ot o Mool e N. Razii eta. 43] [
)- CpaBHEHME B UCCIENYEMBIX o q oo et al. (44]
rpymnrmax OoCymecCTBJISIJIV I1I0 KPUTEPUIo
0% 20% 40% 60% 80% 100%

MaHHa — YuTHKU. Pasmnuusga  mexny
prnHaMI/I CUUTAIN CTATUCTUUECKU m CooTBETCTBUE KpuUtepuam HecootsetcTBue Kputepuam

3HauMMbIMK 11py p < 0,05. Puc. 2. PesynbTaTbl METOROIOTMYECKON OI[€HKM KauyecTBa

Bee JICC/IeIOBAHMSI PACTIPE/Ie/IeHbI B [BE BKITIOYE€HHBIX B MCC/IeJOBaHMe CTaTen

TPYMIBI B 3aBUCUMOCTH OT OAX0Aa K onpeneneHnio KHU. B mepByto rpymity, B KOTOPOJ aBTOPbI pacCMaTpUBaIN
KHMU kak oTcyTCTBME pOCTa BO3OYOMTENS BO Bcex 06pasiiax, BKiodeHbl 20 mybmmkanuii. Bo BTopyto rpyriry, B KO-
TOPO¥ YUUTHIBATIN OTCYTCTBIME POCTA MUKPOOPTaHM3MOB TOBKO B IOOTIEPallIOHHbIX MCC/IeOBAHUSX, BKIIIOUEHbI
IIeCTh IyommKanyit. Iysh KasKaoro MCCIeAoBaHMs YITeHa IO/ GaronpusaTHBIX ucxomoB jeuenus KHU. danee
PacCUMTHIBAIV CPEHMIA YPOBEHD KyIIMPOBaHMsI MHbEKIMM B Kaxkmoii rpyrie (Me, MKU). C mpumeHeHMeM Kpu-
Tepust MaHHa — YUTHM BbINIOJIHEHA ITPOBEPKA HATMUMS CTATUCTUYECKY 3HAUMMBIX pas3/iMuiii MEXIY rPyIIamMn.

PE3VYJIBTATBI 1 OBCY)XXJIEHUE

Vi3ydyeHne pe3yabTaTOB JeueHMsT OONbHBIX B 3aBMCUMOCTHM OT MOAXOMA K OMpeeeHNI0 KyabTypa-HeraTus-
Hoit [1I1V He TTO3BOJISIET CAENIATh BHIBOA, 00 OUeBMIHOV pa3HUIle B 3G HeKTUBHOCTM KyMPOBAHUS MHPEKITUN.
Tak, B nepBoii rpynme (KHU Kak OTCYTCTBME POCTa BO3OYAMUTE/sE BO BCexX oOpasiiax) spamukanus uHdek-
LMY TOCTUTHYTA B cpepHeM B 91,5 % ciyuaeB (MKU = 78,0-95,5 %), pacipeneneHne TaHHbIX He GbLIO HOP-
ManbHbIM (p = 0,03). Bo BTOpOII IpyIie (OTCYyTCTBME POCTAa MUKPOOPTAHM3MOB TOJIBKO B TOOIEPAIMIOHHBIX
MICCTIeOBAHMSIX) MO/ G/IaronpusITHBIX McxomoB euennst KHU B cpegHem coctaBuia 92,0 % HabmomeHmit
(MKMU = 86,0-97,0 %), pacipefeneHue pe3yJbTaTOB He OTIMYAIOCh OT HOpMasibHOTO (p = 0,326).

Mexkmy IByMs TpYyIIIIaMy MCCIeIOBaHMiT He OOHAPYKEeHO CTATUCTUUYECKM 3HAUMMOIi pasHUIIbI B 3¢ HeKTUB-
HocTy eueHus ITIIU (p = 0,582). O6paiaeT Ha ce6s1 BHMMaHMe GakT, YTO UCC/IeTOBaHMSs, B KOTOPBIX aBTOPbI
ormcbiBay KHU Kak OTCYTCTBME pocTa BO30YOUTENSI TOTBKO A0 OTepanyy, BKIUAT Majloe YMCI0 HAbTIo-
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IOEeHUI 1 He BO BCEX CTyUyasik MMEIOT TPYIITy CpaBHEHMS, a B psAe My6auKalmii He yKasaHo, KaKue KpUTepun
VICIIOTIb30BaIM @BTOPBI IJIs1 TOATBEPKIEHNS AMarHo3a nepurpoTesHoi nubexyy (tabs. 1). Bece aHammsupy-
eMble MCCIeIOBaHMS ObUTM PETPOCIIEKTUBHBIMIM.

Ta6muua 1
XapaKTepI/ICTI/IKI/[ I/[CCJ'IE,Z[OBH.HI/[VI, IIOCBSIIEeHHbIX JIEUEeHUIO ITallMeHTOB C Ky]'[bTypa-HeI‘aTV[BHOﬁ HHI/I,
B 3aBMCMMOCTM OT IMOAXOOa K ee OIIpee/IeHNIO
ABTODBI Cycras, % AHamms. Ompepenenne | Bcero KHH1
[N? ncrounmxkal KC TBC TIepPUOL, Kpurepun A KHA CIy4aeB | a6c. | % Oneparyn

?'C%ag‘ﬁ?g]’““a 100 2017-2021 | ICM (2018) To+wmrpa | 103 | 30 | 29,1 |23pedIl
NS I[lirzalhim M8 100 | 2007-2012 | Berbari EF etal.[22] | [o+mmrpa | 100 | 50 | 50 |25 pedII
ﬁ%']Gree“ﬁdd etal. 100 | 2006-2015 | MSIS (2011) Tlo 105 | 28 | 26,7 |12 pedll
L. Zanna et al. [14] 455 | 54,5 | 2016-2018 |HJ To 640 | 22 | 34 |13pedIl

- DAIR, 25 pe3Il, 13 pedIl,
E&T['gﬁ Araujo 50,0 | 50,0 | 2003-2020 | ICM (2018) Ho+wmrpa | 53 6 | 11,1 | PA, ammyrams,

: 9K3apTUKY/ISILVS, apTPOAe3
G.Bori et al. [16] 100 1998-2007 | HTI Io 24 6 | 158 |13 pedl
][31-7I]<arcze‘”3ki etal. 100 | 2011-2021 | EBJIS (2021) Io 30 10 | 33,3 | 13 pedII
H.Lu et al.[18] 34,5 | 65,5 | 2008-2020 | MSIS (2013) To+umtpa | 87 | 24 | 27,6 |29 pedl
Z.Xuetal.[19] 41,6 | 584 | 2012-2017 E%\/{ 1()2018)’ MSIS | Ho+wnrpa | 77 | 24 | 31,2 | DAIR, 25 pedIl, 15 pedIl
A. Santoso et al. [20] 100 | 2010-2015 | MSIS (2011) To+umtpa | 84 | 27 | 32,1 |29ped
HR.Choietal.[21] | 50,0 | 50,0 | 2000-2009 | MSIS (2013) To+umtpa | 175 | 40 | 23 |29ped
E.F.Berbarietal.[22] | 55,0 | 45,0 | 1990-1999 |HI Ilo + uHTpa 897 60 7 | DAIR, 23 pe3Il, PA
D. Malekzadeh et al. DAIR, 23 pedIl, 15 pe3II, PA,
[30] 50,0 | 50,0 | 1985-2000 |HI, Io + uHTpa 270 135 | 50 ammyrarus
R.Huang et al. [31] 44,0 | 56,0 | 2000-2007 | MSIS (2011) Io + vHTpa 250 48 | 19,2 | DAIR, 23 pedIl
YH.Kimetal.[32] | 100 1991-2008 | pIPRrSON€tal o symmpa | 191 | 51| 267 | DAIR, 20 pedl
Y.H.Kim et al. [34] 100 2001-2008 | MSIS (2011) Jo+uutpa | 242 | 102 | 42,1 | DAIR, 25 pedII
M.S. Cha et al. [35] 100 1998-2011 | MSIS (2011) Jlo + uHTpa 76 | 22 | 29,0 | 29 pedIl
T.L. Tan et al. [36] 62,9 | 37,1 | 2000-2014 | MSIS (2013) To+umtpa | 1045 | 159 | 15,2 | 29 pedI
H.Lietal. [37] 100 2003-2014 | MSIS (2011) To+uutpa | 129 | 18 | 13,9 | 15 pedII, 25 pedIl
J.S.Kang et al. [38] 100 | 1996-2015 | MSIS (2011) Io + vHTpa 85 15 | 17,6 | 22 pedIl
J. Wang et al. [39] 100 | 2003-2006 | MSIS (2011) Ilo + unTpa 58 19 | 32,7 | 25 pedlI
T.L. Tan et al. [40] 37,0 | 63,0 | 2000-2014 | MSIS (2013) To+umtpa | 996 | 219 | 22 |DAIR, 25 pe3Il, 15 pedIl
. McPherson et al.
B.Jietal.[41] 100 | 2009-2016 | ;35 Ni<1S (3011) Io+umtpa | 243 | 51 | 21 |1spedl
J.Bongersetal.[42] | 100 2003-2013 | MSIS (2013) Io 113 | 53 | 46,9 |25 pedll
B ~ MSIS (2011), IDSA,

N. Razii et al. [43] 100 2006-2016 | 1A (2013, 3018) Io 84 16 | 19 |13 pedll
M. van Sloten et al. B EBJIS (2021), ICM
[44] 74,3 | 25,7 | 2013-2018 (2018), MSIS (2013) Io + vHTpa 1556 70 | 4,5 | DAIR, 25 pedIl, 15 pedIl

Ipumeuarue: 13 — omHOSTAIHOE; 25 — ABYX3TanHoe; pedll — pesnpornporesupoBanme; DAIR — 06paboTka paHbl, aHTUOMOTUKM U (PUK-
cauysi UMIUIaHTaTa; PA — pe3eKkIMOHHAs apTPOIIacTUKA

Cyuiecmeyoujue nodxo0ds! Kk onpedejieHul0 Kyibmypa-HezamueHnoti ITITH

Ha maHHBII MOMEHT B COOOIIECTBE TPAaBMATOIOTOB-OPTOIIEIOB OTCYTCTBYET €MHOE MHEHME O TOM, B KAKOM
VMEHHO (JTyuae TepUIipoTe3Hast MHMEKINs MOKeT ObITh Ha3BaHA Ky/lIbTypa-HeraTMBHOI. BriepBbie TepMuH
"culture-negative PJI" 6bu1 onucas E.F. Berbari et al., kak oTcyTcTBMEe pocTa a3pO6GHbIX UM aHASPOOHBIX BO3-
6ymuTesneii Ipy MUKPOOMOIOTMUEeCKOM MUCCIeI0OBaHMM 00Pa3I0B TKaHel, OKPYKAIOIIUX SHAOMPOTE3. ABTOPBI
TIepeumnc/IsIv CaeAyIollye MarHoCTUUeCKyie KPUTEePU: HaJlnuMe THOSI B 006JIaCTU SHAOMPOTE3a, YBeTUUeHIe
KOJIMYecTBa JenkouuToB (> 1,7 x 10%/mi1) u/unu monu nonumop@oHosiepHbIX HeilTpoduios (> 65 %) B cu-
HOBMAJIbHOI JXUIKOCTHU, HAJIMUME OCTPOTO BOCIIaJI€HMS TI0 JaHHBIM TMCTOIOTUYECKOTO UCC/IeJOBAHMS, HaU-
yye CBUIIEBOTO X0/Ia, COOBIIAINIErocs ¢ sHaonpore3om [22]. YacTora BCTpeUaeMOCTH Ky/IbTypa-HeraTMuBHOM
I B jaHHOM MccleqoBauuy coctaBumia 7 % (60/897), mpu aToM 6oJiee ueM y MOJOBUHBI (53 %) maieHToB
B aHaMHe3e MMeINCh YKa3aHysI Ha MpeIIIecTBYIOUINI TpyeM aHTHOaKTepualbHbIX IpenapaTos. |. Palan et al.
YKa3bIBAIOT HA HEO6XOAMMOCTb N1 depeHIIMPOBKY «MCTUHHO-HEraTUBHOTO» Pe3y/bTaTa IpeaonepanioH-
Horo MBU (7-15 % HabmiomeHnii), Korma peub, ckopee, uaeT 06 acenTUuecKoM pacllaThbIBaHUM, U «JIOKHO-He-
TaTUBHOTO», KOT[IA 110 PSITY MPUYMH HEBO3MOXKHO BBIIEINTD BO30YAMTENb MHMEKIIMOHHOTO ITPOIecca, OIHAKO
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€ro HaJiMume He BbI3bIBAET COMHEHM [45]. B COOTBETCTBMM C 3TUM BCe CIyday MpeArioaaraeMoit KyJabTypa-
HeraTuBHO ITIIM MoryT GbITh pa3jesieHbl Ha IBe GOJIbIINe TPYIIIIbl. B IepBYI0 IPYIITY BKIOUEHbI MALY€HThI
C IOCTOBEPHOI MepuIIpoTe3Hoit MHGEKIIMei, STUONIOISI KOTOPOil B JaHHbIII MOMEHT He MOXKET ObITb yCTa-
HoBjieHa. Ko BTOpOIi TpyIinie aBTOPHI MMpeAjiaraloT OTHECTU TMAal[MeHTOB C MpeIoaaraeMoil mepurpoTe3Hoii
MHQeKIuelt, Korga pesyabTaTsl MBU TKaHeit 13 06;1aCTV MTOPaskKeHHOTO CYCTaBa OTPUIIATENIbHbBI, M OTCYTCTBY-
10T OTHO3HAYHbIe MpU3HaKky nHOeKIMM (BUAMMOe HarHoeHye WK Hajmnure QYyHKIMOHMPYIOIEeTo CBUIIEBOTO
xopa). OnyucaHHas KIMHMWYeCcKas KapTyMHa MOXKeT YKa3bIBaTh Ha HalMuye HU3KOBUPY/IEHTHbBIX UM aTUITNY-
HbIX BO306yauTeseit, HarpumMep rpuboB iy 6akrepuit poga Mycobacterium spp., Propionibacterium spp. v op.
Takoe pasmesneHyue MPeaCcTaBaseTcss 000CHOBAHHBIM U I1€JIeCOO0Pa3HBIM, TaK KakK IMalMeHThl 00euX TPyIIIl
3HAYUTETbHO OT/IMYAIOTCS 110 CTEIEeHM BRIPAXKEHHOCTM CMMIITOMOB U TI0 X pakTepy TeueHus nHbekimmn. He-
00X0IMMO OTMETUTD, YTO HE BO BCEX ITyOIMKAIMSIX, TTOCBSIIEHHBIX KyJIbTypa-HeraTubHoii I1T1M, yeTko mpo-
nucanbl Kputepuu KHU njist BK/IIOYeHMS MalMieHTOB B MCCIeOBaHMeE.

Yarie Bcero mnop TepMuHoM "culture-negative PJI" MOHMMAIOT OTCYTCTBME POCTa a3pOOHBIX M aHAIPOOHBIX
BO30yauTeseil Bo Bcex o6pasiiax, B3SIThIX KaK B JOOMEPAIMOHHOM IIepuoje, Tak ¥ B XOe OMepaTUBHOTO
BMeriaTenbcTsa [9, 17-22]. B my6nmmKkanmsx, B KOTOPbIX aBTOPBI MCITOTb30BaIM OMMCAHHBIN MOIXO, YaCTOTa
BCTPEUAEeMOCTU Ky/lIbTypa-HeraTuBHoii [TITU coctasnset 7-30,8 % cinyuaes. Tak, B ucciegosauuy H. Lu et al.
JIOJISI TIALIVIEHTOB C HeM3BECTHOI aTrosorueii nHdexuyu cocraBuia 27,6 %, mpu atom B 25,0 % Habm0meHII
omnucaH QYHKUVOHUPYIOIINIA CBUIIEBO X0, B 91,7 % ciyyaeB Haludye BOCIIAJI€HMS ITOATBEPKIEHO TaHHbI-
MM TMCTOIIaTOJIOTUUECKOTO uccienoBauusi, B 70,8 % cyiyuyaeB B xofie ornepanyuy o6HapykeH THOV B 001acTy
sHgomporesa [19]. B pabore JI.B. JIlo61MOBOI C COABT. IOJIS MALIMEHTOB 6e3 pocTa rnaroreHa cocrasmia 29,1 %,
IIPY 9TOM TOJIBKO Y 76,6 % TanyeHTOB MHGEKIVOHHBIN MPOIecc MOATBEPKIEH COrJIacHO Kpurtepusim ICM
(2018), Torma Kax B rpy1iIie KyabTypa-1osutuBHoi [TV naHHbIN ToKka3aTenb cocraBui 98,6 % (p = 0,0006) [9].
U XOTsl KIMHMYecKass KapTuMHa B TPYIINax GblIa COMOCTaBMMa, B IPemoIepaliOHHOM Mepuojie IoKasaTean
CO3, CPB KkpoBH, a TaKKe YPOBEHD JIEHKOIIUTOB B CMHOBUATbHOM KUAKOCTY OBIIM 3HAUMMO BBIIIE B TPYII-
e, roe Bo36ymutens I 611 uaeHTUGUIMpoBaH (p < 0,05). C 3TMMM JTaHHBIMM COOTHOCSITCSI pe3ysIbTa-
bl H.R. Choi et al., cornmacHo koTopbIM foist 60nbHBIX ¢ KHU cocTaBmia 23 % B aHaIM3UPyeMOil BHIOOPKe,
nipyu 3ToM TokasaTenu CO3 y HuX 6bUIM 3HAUMMO HYDKE, UeM B TPYIIIIE MAllIEHTOB C MTOIOKUTETbHBIMM KYJTb-
typamu [19]. [IpeaiiecTByIoIIee TOCIUTAIM3AIMN JIeUeHMe aHTMOAKTepUaTbHBIMY ITperapaTaMy 3HaUUTeTb-
HO yalie BCTPeyanoch B rpymie 6e3 pocra Bo3oyaurens (p = 0,005).

B psime HayuHBIX paGOT MOXKHO BCTPETUTD MHOI MTOAXO0, KOrga TepMuH "culture-negative" mpuMMeHSIIOT B TeX
CTy4asix, KOrga pocT BO3OGYAUTENS OTCYTCTBYET TOJbKO B IpemornepaiMoHHoM nepuome. Tak, M.S. Ibrahim
et al., OCHOBBIBAsICb HA HAJIMUMUM WM OTCYTCTBUM POCTA [0 BBIMOTHEHUS XMPYPIUUECKOTO BMeIlIaTeabCTBa,
BBIZEJIWIIN IBE PaBHbIE IPYIIIIBI [TAIIMEHTOB, HAIMYME ITepUITPOTe3HOM MH(EKIY 6GbIIO TOATBEPKIEHO KPU-
tepusimu E.F. Berbari et al. [18]. B To ke BpeMst aBTOPBI YKa3bIBaIOT, YTO pe3ynbTaThl MBI 06pasioB 610-
MaTepuayoB OT IMAIMEeHTOB C KyJabTypa-HeraTuBHOM [T 6bUM OTpUIIATENIbHBI Ha BCEX JTarax JeUeHMUs.
ITo MHEHMIO aBTOPOB, HAMOOJbIIEe BIVSIHME HA YBEJMUEHNE BEPOSITHOCTYM OTCYTCTBUSI POCTA BO3OYAMTES
OKa3bIBaj IpUeM aHTMHOaKTepuaJIbHBIX IperapaToB B IIpemorepaiuoHHoM nepuope (p = 0,003, OR 4.1),
a TakKe IpeIIecTBYIOIee JeueHye IepUIpoTe3Hoi MHpeKIuy B Ipyrux cranyoHapax (p = 0,001, OR 3.1).

B.]J. Greenfield et al. otleHMBaIM CTENEHDb BAUSHUS HATUYMSI JAHHBIX O BO30YQUTEIIE B TOOMEPALIIOHHOM Tie-
puone Ha 3¢hGEKTUBHOCTh MIPUMEHEHUSI OHO3TAITHOTO PEe3HI0NpPoTe3npoBaHus. Heo6XoauMo OTMeTUTb,
YTO aBTOPBI He BBOAWIN IMOHSITHE KyJIbTypa-HeraTMBHONM MHMeKLINY KaK TaKOBOe, a pa3Aesisii NalyeHTOB
Ha /IBe TPYIIIBI B 3aBUCYMOCTH OT TOTO, 6611 pe3ynbTaT MBU 10 omnepanyy IOIOXKUTeTbHBIM WM OTPULIATENTh-
HbIM [13]. Tax, aTuonorus [ Ha MOMEHT OIlepaTMBHOTO BMeNIaTeIbCTBa OblIa M3BECTHA BCero B 27 % Ha-
GIIIONeHNIA.

VHOJi moxo/; K BOIPOCY pacliMpeHsl TIOKa3aHuit Jjisi OJHOSTAITHOM MeTOAMKIM MPOJEeMOHCTPUPOBAH B pa-
6ore L. Zanna et al., — B ¥3yuyaeMyio BIOOPKY BKJIIOUEHBI Te TAIlMEeHThI, Y KOTOPBIX pe3yinbTaTsl MBU 6b11M
OTpUIIATeNbHBIMU TOJIBKO B TOOIEPALMOHHOM Iepuoje, Ux Iois coctaBuiaa 3,4 % [14]. OTcyTcTBMEM pocTa
BO30YIMTENST aBTOPHI CUMTAIY OTPUIIATETbHbIE PE3Y/IbTAThI ABYX MUKPOOMOIOTMUECKUX UCCIeOBAHNI CH-
HOBMAJIbHO KUIKOCTU U OJHO OTKPBITON 610IICHM. [IpriMeuaTeIbHO, UTO B IIOJIOBMHE HAOII0IEeHNI, BKITIO-
YEHHBIX B MCCIeNOBaHMe, U3 MHTPAOIEPAIMOHHO B3SITIX TKAHEBBIX OMOITATOB BBIAEIEHbI MUKPOOHBIE
accormarnuu. G. Bori et al. mpu nsyuennu spbeKTMBHOCTY OFHOITAITHOTO PEIH/IONIPOTE3VPOBAHMS C IIPUMe-
HeHMeM OeIpeHHbIX KOMIIOHEHTOB OecileMeHTHO GuKcaly yCTaHOBUIIN, UTO Y Inectu (15,8 %) mauyeHTOB
OTCYTCTBOBAJIM TaHHBIE O BO3OYAMTEIe HA MOMEHT XMPYPrUuecKoro BMelaTenbcTBa [16]. OmHaKo B Ioc/iemy-
IOIIEM B IISITY CIYYasiX U3 MHTPAOIIEPALIMOHHO B3SITHIX OMOIITATOB OB ITOTYYEH POCT KOAryaa30-HeraTMBHbIX
cTaMIOKOKKOB M B OJJHOM HabOJIogeHnM — pocT Peptostreptococcus spp.

I'pyma yueHsix 3 kivaukyu Charité B BepnvHe BbIIBMHY/IA B CBOEM MCCIeNOBaHUM 6ojlee paguKaabHYIO
TUIIOTE3y O TOM, YTO OTpefie/ieHl e MaToreHa rnepe, BhIIOJHEHEM OJHO3TAITHOTO Pe3HIOIPOTe3MPOBAHMS
He sBJIsIeTCs 06s13aTenbHbIM [17]. [Io MHEHMIO aBTOPOB, IIPMMeHEeHMe OJHOITAITHOV METOIVKM MOKET B 60JTb-
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II€ji CTEIeHN 3aBUCETh OT COCTOSTHUSI MSITKMX TKaHEH M KOCTY, COMaTMUYECKOTrO CTaTyca IalMeHTa ¥ aHaM-
He3a 3aboyieBaHNsl, YeM OT JAHHBIX 0 BO30ynuTene MHGEKIMOHHOrO Iporecca. Heo6Xoanmo 1moguepKHYTh,
YTO aBTOPBI HE BBOJAT MOHsTHeE "culture-negative PJI", omHako B Xofie 06CY>KAeHMST HEOTHOKPATHO CChLIAIOT-
cs1 Ha paboThl, TOCBSIIEHHbIE JAHHO MaTOMOTUN.

Cyuwecmeywouiue nooxo0sl K jeUeHUI0 NayueHmos ¢ Kyasmypa-Hezamuenoii ITTITH

Ha maHHBIIi MOMEHT B MpodeccMoHaTIbHOM COOOIEeCTBe TPaBMAaTOJIOTOB-OPTOIIeI0B HAKOIIIEH OIpe/eieH-
HbIN OIIBIT JIeUeHM MalMeHTOB C KyJabTypa-HeraTuBHOI 11V, mo3BoisSOMMI aHAIU3UPOBATh UCXOLbI TIPU-
MeHEeHUS Pa3IMIHbIX METOAUK XUPYPTUIECKOTO JIeUeHYsI, B TOM YMC/ie B CPAaBHEHUM C pe3yIbTaTaMU JIeYeHUST
MaIMeHTOoB C KyJAbTypa-Mo3uTuBHOM nHdbeKuyeii. [To pesynbraTam MmetaaHanmsa Y. H. Lai et al., Bkitouaroiie-
ro 11 uccregoBaumii, B cpenHeM y 32,5 % maimeHToB (9,9-73,3 %) aTmonorust MHOEKIMOHHOTO ITpoIecca He
ycTaHoBjeHa [46]. [Ipy 9TOM 1CXOAbl JieueHMsI KyJIbTypa-HeraTUBHONM U KylnbTypa-no3uTuBHoI [1TTU 3HAaUMMO
He pasmuyanuchk (OR = 1,20, 95 % I1: 0,84—-1,70). Db PeKTUBHOCTD JBYXITAITHOIO PEIHAOIPOTE3MPOBAHMS
cocraBuia 82,5 % B Kaxkmoil 13 rpyi, 3QpGeKTUBHOCTb OQHOITAIIHOIO pesHaomnporesupoBanusa — 90,6 %
u 94,5 % coorBeTcTBeHHO. O6palaeT Ha cebs BHMMAaHMe, YTO B MeTaaHa/IU3 BKIIOUYEHbI MCCIeIOBAHMSI, T10-
CBSILIeHHbIE JIeYeHUI0 TManueHToB ¢ ocrpoit [N [32; 47], uTo mpenmnosnaraeT npoBeneHue mepuorepanu-
OHHOJ aHTUOMOTUKOTIPOGMIIAKTUKM, KOTOPast MOKET MOBIMSIThH Ha pe3yabTaThl MBU cycTaBHO SKMIKOCTMU.
B wactHoCTH, B paboTe Y.H. Kim et al. 6osiee monoBuHbI (51 %) HabMOEHN B KY/IbTypa-HETaTUBHOI TPyIIIIe
KiaccuduUIMpoBaHbl Kak ocTpast (paHHss) nHeruus [32]. Kpome TOro, Hesib3s UCKIIOUUTD BAUSHUE aHTHU-
OMOTMKO-COAEPsKAIIero KOCTHOTO 1IeMeHTa, KOTOPbIM MPUMEHSIM AJig (pUKCAlyM KOMIIOHEHTOB SHIOIPO-
Te3a. [ToMyMoO yKa3aHHBIX (PAKTOPOB, K OrpaHUUYEHUSIM 3TOTO MCCIeTOBAaHMUS OTHOCST IMTPEMMYIeCTBEHHO
PEeTPOCHEKTUBHBIN XapaKTep BKIIOUEHHbIX PabOT, MCITONIb30BaHME B HUX PA3IMYHBIX IMATHOCTUYECKUX KPU-
TepueB KaK caMO¥i TepUIIPOTe3HOI MHPEKINH, TaK U TTOHITUI peluanBa U peMHPEeKINI, a TaKKe BKIoUe-
HMMe B M3y4yaeMble BIOOPKM TAIIIEHTOB C ITaTOMIOTVEl KaK KOJIEHHOTO, TaK M Ta300eJpeHHOT0 CYCTaBOB.

C npMBeleHHbIMM TaHHBIMM COOTHOCSITCSI pe3y/IbTaThl IPYroro MetaaHannsa 30 MccaeqoBaHMiA, TTOCBSIIEHHbBIX
cpaBHeHMI0 3G deKTUBHOCTHM JeueHus naiueHToB ¢ 1[IV u3BecTHOI 1 HeU3BeCTHOI aTHosoruit [48)]. Vicxompl
JIeUeHMsI TAIMeHTOB ¢ XpoHuueckoi IITU 1moc/ie BHITIOTHEHUST OBYXITAITHOTO PEIHIONPOTE3MPOBAHNS ObLIN
3HAYMMO JIyYIlle Y TIAI[MeHTOB C HeM3BECTHBIM BO30yIuTeIeM MHMEKINN, YeM B CIyYasx C UAeHTUOUIMPOBAH-
HbIM TIATOT€HOM, — KyMupoBaHue MHOEKIUU JoCTUTHYTO B 83,9 % u 79,6 % cooTBeTcTBeHHO (p = 0,002). Dd-
(heKTMBHOCTb OJJHOITAITHOTO PEIHIOIPOTE3UPOBAHMS He MMeia 3HAUMMbIX OTIMUMIT MeKITy CPaBHMBAEMbIMU
rpymmamu, — 88,5 % u 92,4 % cootBeTcTBeHHO (p = 0,23). [IpMMeUaTenTbHO, UTO aBTOPBI He JAIOT OJHO3HAUYHO-
ro ompeneneHus TepMuHy "culture-negative" 1 He MPOBOASAT OTOOP IMTyOGMIMKAIIVIA [T0 JAHHOMY MIPUHIIAITY, YTO
MOKET HEeraTMBHO CKa3bIBAThCS HA JOCTOBEPHOCTM IOMYYEHHBIX Pe3yIbTaTOB. HecMOTps Ha 1esblii psif, orpa-
HUYEHWI, JaHHbI/ MeTaaHaau3 MPeaCcTaB/sieT cob60ii OaHY M3 Hanboiee MacIITabHbIX paboT 10 JAHHO TeEMe.

Heo6x0AMMO OTMETHUTD, UTO OTCYTCTBME HAHHBIX O BO3OYAMUTENEe IIUTENbHOE BPEMS CUMTAIOCh MPOTUBO-
TOKa3aHueM JJIs IPUMMEeHEHNSI OLHOATAITHOM METOAVKM, TaK KaK B TaKOM CJy4ae BO3MOXKHOCTb Ha3Haue-
HMS 3TMoTponHOV ABT cpa3y mocie onepauny uckiaodeHa [49]. B To ke BpeMsi JaHHOe BMeIIaTeIbCTBO
SIBJISIETCS KpajfHe MpUBJIeKATeIbHbIM KakK IJIsI Bpaua, Tak M IS MaleHTa, TT03BOJIsIsI M36ekaTh [TOBTOPHOI
TOCITUTAIMU3ALINY, OTIePaIvN, a 3HAUUT U TIOBTOPHBIX KypcoB ABT, COKpaTUTh ITepuo, peabuInTaIun, 94To 1mo-
3BOJIUT MAIMEHTY CKOpee BEePHYThCS K MPUBBIYHOMY 006pa3y >KM3HU. B CBSI3M C 3TMM B MOC/IeqHEe BpeMst
TIOSIBJISIETCSI BCE OOJIbIIe PaboT, TOCBSIIEHHBIX YCITENTHOMY PaCIIMPeHMI0 MOKa3aHMii K JAaHHOMY BMeIIaTe Tb-
cTBY [19, 41, 50 51]. BOIBIIMHCTBO aBTOPOB COOOIIAIOT O COMOCTABMMBIX Pe3y/IbTaTaxX MPYMeHeHMUs OTHOITATI-
HOI METOIMKM B TPYIIIaX KyJbTypa-HeraTuBHOI U KyabTypa-no3utusHoit [1TIU [17, 19, 41, 50, 51]. Kpaiine
BbICOKAsI 3(PhEeKTUMBHOCTh MPOAEMOHCTPMPOBAHA MPU COUETAHUM OJHOITAITHOTO PEdHIONPOTE3UPOBAHMS
C BHYTPUCYCTaBHBIM BBeJleH/eM BaHKOMUIIMHA NaljieHTaM C HeusBecTHO stuosoruen I[N, — B 90,2 %
cnydaeB MHpekiusa 6buta KynuposaHa [50]. Kak yTBepkoaloT aBTOpPbI, BHYTPUCYCTaBHOE BBENEHUE aHTU-
MMKPOOHBIX MPENapaToB IMO3BOJSIET JOOUTHCS BICOKMX KOHIIEHTPAIVIT B oUare MHGEKIUY TIPU OTCYTCTBUU
CUCTEMHBIX TOKCUUYeCKUX 3(pPeKToB, KOTOpbIe XapaKTepHbI AJISI KIaCCUUeCKOi CUCTeMHOI BbICOKOLO3HOIA
tepanuu [52]. B To ke Bpems Z. Xu et al. coobimaroT o MeHbIneir 3GGheKTUBHOCTY OITHOITAITHO METOIUKN
y MallieHTOB B KyJIbTypa-HEeraTUBHOM TPyTIIie, HesKeIu B KyAbTypa-TI03UTUBHOM, IPU 9TOM YaCcTOTa Pa3BUTUS
OCJIOKHEHMU CUCTEeMHOI aHTUOMOTUKOTEepaIIuyM 3HaUMMO OTauuaeTcst, — 58,3 % u 11,3 % cOOTBETCTBEHHO
(p < 0,05) [19]. TauyenTs! M3 rpymnbl KHU momyyany B ocieonepaMoHHOM Iepyoae KOMOMHAIIVIO BAHKO-
MMIMHA C 1edaloCIIOPMHOM TPEThEro MOKOJIEHUS MM KapOalleHeMOM, IJIMTeIbHOCTh BHYTPUBEHHO! ABT
COCTaBJIsIIA IBe—UeThIpe Hemen. V1 XOTs aBTOPbI He YKa3bIBAIOT PESKMM I03MPOBAHMST aHTUMUKPOOHBIX TIpe-
1apaToB, MOXXHO IPEeAIIONOXUTb, YTO CTOIb BBICOKMI ITPOLIEHT OCI0’KHEHMII CBSI3aH C Ha3HAYeHMeM 3Haul-
TebHO GOJBIINX 03 AaHTUOMOTMUKOB, UeM Y MalMeHTOB KyAbTYypa-IMO3UTUBHO TPYIITIbI.

JIIByxX3TaltHOE PEeBU3MOHHOE SHAONPOTE3MPOBAHME CUMTAETCS «30JI0TBIM CTaHAAPTOM» JIeUeHMs M1alieHTOB
¢ KynbTypa-HeratuBHoI [1T11, Tak Kak Ha3HaueHMe STUOTPONHOM ABT B TakMxX CIyyasix HEBO3MOXHO, a BEpO-
SITHOCTH OOHAPYKeHMSI B MHTPAOTIePAallIOHHBIX OMOMTaTax TPYAHBIX /ST paiuKaluu BO30yauTeneit Bcerna
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coxpansieTcss. Kpome Toro, mpeuMyliecTBaMy 3TAITHOTO JieUeHUs SIBJSeTCS] BO3MOKHOCTb MOATOTOBKM MSIT-
KUX TKaHei U KOCTU K MOC/IenyIoleil peMMIUIaHTaluM 3HA0IIPOTe3a, BO3MOKHOCTh ITOBTOPHOI YCTaHOBKMU
crieiicepa ¢ OUTeNIbHBIM KypcoM ABT B ciayyae pasBuUTHS peluauBa MHPeKIuM. MHOTMe TyOGaMKaIum, mo-
CBSIIIIEHHbIE JaHHOJ TeMe, COOOLIAIOT O XOPOIIMX U TaskKe OTIMUHBIX Pe3y/IbTaTax MPUMeHeHMs IBYXITaITHOIA
MeTOAMKM y TIAllMeHTOB C HeyCTaHOBIEHHO 3THOoTHel MHDEKIMOHHOrO mpoiiecca, Ipu 3ToM 3D heKkTHB-
HOCTb JIeYeHUsI COTIOCTaBMMa, a8 B HEKOTOPbBIX CIydasix Jaxke 3HaUMMO Bblllle TAKOBO y MAIlMeHTOB C UIeHTHU-
dbuumpoBanHbIM Bo36ynuTenem [12, 18, 20, 21, 53]. Tak, B uccinemosanun H.R. Choi et al. He6maronpusTHbie
MCXOIIbI OTMeUeHbI B 15 % ciyuaeB y manyeHTOB 6e3 pocTa MaToreHa, ToTaa Kak B TPyIIe ¢ MAeHTUGUIINPOo-
BaHHBIM BO30yIMTeNeM AAaHHBIN MoKa3aTenb cocTaBuiI 39 % (p = 0,006), omHAKO B ITEPBOM C/Tydae 3HAUYMMO
yalie B XOMe JeUeHNs] IIPUMEHSIIU «OMepalyy OTUYasIHUS» (HalpyuMep, apTpojes Ta300eIpeHHOro CycTaBa)
(p =0,003) [21].

B xXope maHHOTO MCCIeq0BaHNSI Mbl YIeJIWIN IPUCTA/IbHOE BHMMAaHMe CYIIeCTBYIOIIMM MMOAX0aM K orpefe-
JIEHUIO KYJIbTypa-HeraTuBHOI IIITM. Pe3ynbTaThl JedeHus O0JIbHBIX C JAHHOI MMaTOJOrMeli M3yUeHbl B pas-
pese TpakTOBKM TepMuHa "culture-negative PJI". Tak, mosist 67aronpuSTHBIX MCXOOOB JIEUEHUSI OOTbHBIX
KaK B TPYIIIIe, e ObUIM YUTEHbI TOJIbKO Pe3yJIbTaThl JOOepaMoHHbIXx MBI, Tak U B rpyIIIe, rae YUuThIBaIU
U I0-, U MHTpaoINepalnoHHble TTOCeBbI, NpeBbiana 90 % 1 He Mmena CTaTUCTUYECKM 3HAUMMbBIX OTINIUIA
(p = 0,582). Heo6x011MM0O OTMETUTD, UTO CTOJIb BbICOKAS 3 (MEKTUBHOCTD KyIMPOBAHMS MHMEKINM TOCTUTHY-
Ta [IPY OTCYTCTBUM BO3MOKHOCTY Ha3HaYeHMsI STUOTPOIHONM ABT B paHHeM Moc/ieonepaloOHHOM Iepuoae,
YTO yKa3bIBaeT Ha BaKHOCTb CBOEBPEMEHHOTO ¥ PEry/iIpHOTO0 MOHUTOPMHTA CIEKTPa BHYTPUOOIbHUYHBIX
BO30ymuTesei IJisi KOPPEeKTHOrO BbIOOpa mperapaToB st smnupuueckoit ABT. Takum 06pa3om, yMeHbIIe-
Hue gonu nauyeHToB ¢ KHU MoskeT 6bITh AOCTUTHYTO 3a cueT MoauduKanyu GakTopoB, ITpeaorpeaesioIX
oTpuiaTenbHble pe3ynbrarel MBU.

Bo3MmoscHbIe nymu CHUMCeHUS 00J1U NayUeHIN08 ¢ Heu368eCMHOll 3muosozueli nepunpome3sHoli uHgexkyuu

JleueHue GOMbHBIX C MHQPEKIMOHHBIMU OCIOKHEHVUSIMU TIOC/IE SHAOMPOTE3MPOBAHMUSI KPYITHBIX CYCTaBOB
HIKHE KOHEYHOCTY SIBJISIETCS TPYIOEMKO¥ 3a/1aueit, Ijis pelleHus] KOTOpOi HeOOXOAMMO yJacTye My/IbTH-
OUCIUTUTTHAPHOI 6PUTa bl CIIEIMATICTOB. JIeueGHbIN MPOIece MOXKHO YCIOBHO Pa3/ieuTh Ha IBa GOIbIINX
6710Ka, TIepBbIil 13 KOTOPHIX BKIIOYAET MPeIONePaIMOHHbI TIEPUO, M CAMO XUPYPrUIecKoe BMelaTeIbCTBO,
a BTOPOIi — MOC/Ie0TepalyiOHHbIN TepUo]I.

Pesynbrarsl MBU 6moMaTepraioB, B3SITBIX IO OTIepalvi, OKa3bIBAIOT 3HAUMUTEIbHOE BJIMSIHME HA BBIOOP TOTO
VIV MHOTO BMEIIaTeNbCTBA, IIPM 3TOM B OOJIBIIMHCTBE CyJYaeB MallMeHThl B paHHEM IOCae0nepanoHHOM
repuojie ToayyaroT smnmpuueckyto ABT, Torma Kak pesynbraTbhl MBY 06pasioB, B3SIThIX MHTpaOIlepaIiOH-
HO, OTIpeeIsIIOT XapaKTep STUOTPOITHOM aHTUOMOTUKOTEPAIII, KOTOpast OyieT IMpoIo/KeHa ITOCIe BBIIMMCKI
00/IbHOTO Ha aMOY/IaTOPHBIN 3Tal jedeHusi. COOTBETCTBEHHO, MOXKHO BBIEIUTH sl (paKkToOpoB, MoamduKa-
IIMST KOTOPBIX CIIOCOGCTBOBAJIA ObI CHVKEHMIO YaCTOThI BCTPEUaeMOCTH OTPUIIATEIbHBIX PE3y/IbTAaTOB IOCe-
BOB (puC. 3).
MyTn Mmoaudumkaumum

Mo onepauuu
MpaBuna BbINONHEHUA NpoLeAypbl B3ATUS MaTepuana

-

. OTmMeHa ABT He MeHee, yeM 3a 2 Heaenu oo MbU
. Acnupart: B3sTue Buomarepuana nop Y3-KOHTpPONeM unu nyteM oTKpbIToi bruoncum
. TkaHeBble 6GuonTaTel: B3aTHE 3-5 006pa3LL0B MaTepuana U3 pasHbiX NoKanusaumit

N

dakTopbl, ONpeaensoLMe oTpULaTeNbHble pe3ynbTaTei MBU

W

1. Mpuem ABT nepen s3siTnem buomarepuana ans MbU pa3HbIMU MHCTPYMEHTaMM B KOHTEIHepbl C NUTaTenbHOl cpeaoii

2. HuskoBupyneHTHble 1 peakue Bo36yauten MMA 4. YnaneHHas KOHCTPYKLMS: pa3MellleHUe B CTePUbHbINA KOHTeliHep ans

3. B3stue 06pa3siios U3 HeMHOULMPOBaHHBIX obnacTei npeaynpexaeHus KOHTaMMHaLUMm

4. OTcyTcTBME CECCUTbHBIX HOPM MUKPOOPraHU3MOB B acnupare 5. OTKas oT UCNONb30BaHWUs PaCTBOPOB C HaKTEPUOCTAaTUYECKOM aKTUBHOCTbHO

5. HapylueHue ycnosuii TpaHCMOPTUPOBKU U XpaHeHUs 10 B3sTUs 06pa3sLoB
6uomatepuana

6. BHyTpHKneTouHbIe hopMBi BO3GyaMTENeli MpaBuna TpaHcnopTUMpoBKU U MeToanKu MBU

7. HapyweHue TexHuky B3aTus 61omatepuancs, B T.4. BBeAeHME 1. Crporoe cobntofieHne CpPOKOB U TEMNEePaTYPHOro pexuMa TpaHCNOpPTUPOBKU
HaKkTepuoCTaTUUECKUX PAcTBOPOB B MONOCTb CYCTaBa 1 xpaHeHus 6uomatepuana

2. ¥3-06paboTka ynaneHHoi KOHCTpyKUuu u/unu T

. KynbTuBupoBaHue Bo3byauteneii He meree 10 aHeit

4. Ucnonb3zosanue MLP uan NGS npy nofo3peHnu Ha Hannune aTMNUYHOro
unu pegkoro Bosbyautens

W

Puc. 3. ®akTopsl, BAusoume Ha ugeHTuduranmo Bo3oygurtens [N, u myti ux moguduxkanmum

PekomMeHpa1y B OTHOLIEHUM MMUKPOOMOJOTUUECKON OUATHOCTUKYU TIPU JIeYeHMM VMIUIAHTAT-acCOLMUPO-
BaHHOI MHMeKIMM MOApo6HO ommcaHbl M 0606mieHbI L. Drago et al. [54]. Tak, B mpegomnepanyioHHOM ITepu-
ofe KIuYeBasl pojib OTBOAUTCS OTMeHe ABT repeq BbITTOTHEHMEM OVMAarHOCTUYECKUX UCCIeNOBaHMIA, a TAaKKe
YBEJIMUEHNIO CPOKA KYJbTUBMUPOBAHMS TTIOCEBOB B CyYastxX, KOrJa IPeAIioiaraeMbIMU BO30OYIUTEISIMU SIBJISI-
IOTCSI HU3KOBUPYJIEHTHBIE WM penkue 6akrepun. [Ipu MmpoBemeHMM YPeCKOXKHON GMOIICHUM PeKOMEHIOBAHO
MCIIONIb30BaHMe Y3-HaBUTalMy, TaK KaK BEPOSITHOCTh OOHApYKeHMsT TTaTOreHa HeoAMHaKOBa B PasHbIX aHa-
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ToMuueckux obnactsax. ITo manusim L.C. Walker et al., nst Ta306e1peHHOr0 CycTaBa MpPeAIIOUTUTETbHBIMU
JIOKaJIU3aIMsIMU B3SITUsI 06pas3iioB TKaHel SBISIOTCS CycTaBHas cyMKa (crmermduunoctb — 100 %) u Karcy-
Jla cycTraBa (YyBCTBUTENBHOCTh — 68 %), a MPeATIOUTUTETbHBIMM TUTIAMM TKaHel — CMHOBUAIbHASI 060/10Y-
Ka (crienupUIHOCTb — 93 %) ¥ THOI (4yBCTBUTENBHOCTb — 83 %) [55]. IIpyu Haymmuuu y 60JIbHOTO CBUIIEBOTO
X0Jia, Beyliero B MOJOCTb CYyCTaBa, He peKOMEeHyeTCs OTIIPABJISATh Ha MCCIeJOBaHMe CBUIEBOE OTHe/IsieMoe
113-3a er0 KOHTaMMHAIIMY KOXKHOI MUKPOGIOpoii. [pyIInoit oTeuecTBEHHBIX YUEHBIX pa3paboTaHa 1 3araTeH-
TOBaHa METOAMKA B3SITUsI OMOIITaTOB U3 IIy6MHbI cBUIeBoro xoma (RU 2 698 175 C1), mo3Bosnsionast B 3HaAUM-
TeJIbHOI CTeITeHY MOBBICUTD 3G (HEKTUBHOCTH JooIepaloHHbIX MBU. B Xofe orepaTuBHOTO BMeIIaTeTbCTBA
PEKOMEHIOBAaHO OpaTh TKAHM, ITIPUIeKAIMe K SHIOIIPOTE3Y, WM TKAaHU C MaKPOCKOMMUECKMMY ITPU3HAKAMU
MHOQUIMPOBAHMS, IJIST B3SITHSI 00Pa31l0B MCIIOIb30BATh YMCTHIN CTEPWIIbHBIN MHCTPYMEHTAPUit, n36erast KOH-
TaKTOB C KOXKHBIMM TIOKPOBaMMU, IIPK 3TOM 06beM O6MoITaTa JOJKEeH ObITh He MeHee 1 ¢cm®. Takke ¥ mpu 9KC-
TPakLMM KOMIIOHEHTOB 3HJOIIPOTe3a PEKOMEHA0BAHO MCIOJAb30BaTh IIAASIINMEe XUPYPruueckue TeXHUKU,
136eraTb KOHTAKTOB C KOKeil, TOMeIlaTh KaskaAblii KOMIIOHEHT B OT[IeTbHYI0 eMKOCTb. B cityyae ecyin jocTaBka
MaTepHaioB BJ1abopaTOPUIO IPOMUCXOIUT He CPasy, a B OTI0KeHHOM MOPsIJIKe, TO XPaHUTh TKaHEeBbIe OMOMTaThbI
M MeTaJUIOKOHCTPYKLMM HYKHO ITpu TemIiepaType 4 °C, mJisi CMHOBMAIbHO KUAKOCTU IOMMYCTUMO XpaHeHe
B CIIelIMaIN3UPOBaHHbIX (IaKOHAaX ITPY KOMHATHOM TeMIlepaType He fofbliie 48 yac. 3HAUUTeNbHO MOBBILIAeT
3¢bdeKTUBHOCTh MUKPOOUOIOTUYECKIX UCC/IeN0BaHNIT UCTTONb30BaHNe COHMKAIMMK [56, 57], a Mpu OTCYTCTBUM
TaKoJt BO3MOXHOCTM — B KauecTBe aJibTepHaTuUBbI ucronb3oBanue NTT (anen.: dithiothreitol, DTT) [58].

MornekynsipHble METO[bI, Takye KaK IOoyMepasHasl LieNHasi peakiysl ¥ CeKBeHMpPOBaHMe HOBOTO IOKOJIe-
HusT (aHen.: next-generation sequencing; NGS), mokasaHbl B CJydasix, KOTIa OIpefeseHyre BO30YIUTeNs
MIPMBBIYHBIMM MeTomamiu HeabdeKkTUBHO (Hampumep, npu uHbeKuM, BbI3BaHHON Abiotrophia defectiva,
Granulicatella adiacens), KTuHUYecKas KapTyHa HeOUeBUAHA, M IMArHO3 IepUIIPOTe3HOM MHGbEeKIMM CTaBUT-
cs1 mog, BoripocoM. COrnacHo JaHHBIM JIUTepaTyphl, y 4—13 % MalMeHTOoB C aceNTUYeCKMM paciiaTbiBaHUEeM
MIpUMEHEHVe MOJIEKY/ISIPHBIX METOIOB IMO3BOIWIO UAEHTU(DUIIMPOBATh maToreH [59]. Bo MHorux my6nmka-
LIMsIX, TocBseHHbIX NGS, poieMOHCTpUPOBaHa KpaiiHe BbICOKAsST UYyBCTBUTENbHOCTh METOIa B CPAaBHEHUM
CO CTaHJIaPTHBIMU KyJIbTypaabHbIMU MccnenoBanusmu [60-63]. Ilo nanubim M. Tarabichi et al., B 82 % ciyua-
eB Ky/nbTypa-HeratuBHoii 1111 ucnionp30BaHMe CeKBEHUPOBAaHMSI HOBOTO MOKOIEHNMS MIO3BOJSIET YCTAHOBUTD
3TUOJIOTUIO MHMPEKIIVIOHHOTO TIpo1iecca [63].

K orpaHmueHusIM JaHHOTO CUCTEMAaTUUYECKOr0 0030pa OTHOCUTCSI peTPOCIIEKTUBHBIN XapaKkTep, a TakKe K-
3aifH BKJIIOUEHHBIX CTaTeil (CIydaii-KOHTPOIb MM KOTOPTHBIE MCC/IeIOBaHMSI), OTCYTCTBYE PaHIOMU3UPO-
BaHHBIX KOHTPOIMPYEMBIX MCCIIeNOBaHMIA. B pasauMyHbIX MyOIMKAIMSIX MCITOMb30BAaHbI OTJIMYHbIE KPUTEPUN
IIIU, perayBa M KynyMpoBaHus MHMEKLNY, TaKKe B psife IMyonuKanuii He yKasaH psif KIMHUYEeCKUX rmapa-
METPOB, TAKMX KaK IMPOJOKUTETbHOCTb XMPYPTUUECKOTO BMEIIaTeTbCTBA, 00beM MHTPAOTIepaIMOHHO KPO-
BOIIOTEPU, IJIUTETbHOCTh aHTUOMOTUKOTEPATIMY U Ip. KpoMe TOro, CYIIeCTBEHHBIM OTPaHMUeHNEM SIBJISIETCSI
MAaJTOUMCIIEHHOCTh M 3HAUMUTEbHASI pa3HOPOJHOCTh MCCIEIOBAHMIA, B KOTOPBIX YUTEHBI TOJIBKO PE3Y/IbTAThI
JIOOTIePAIMOHHBIX ITOCEBOB. [0 9TUM IIPUYMHAM aBTOPbI PENIMIM OTKA3aThCS OT BBITIOTHEHMS] MeTaaHaIM3a.
Takum 06pa3om, MOSyUYeHHbIE Pe3YIbTAThl OYIYyT MMETh JIUIIb OTPAaHMYEHHOEe ITPaKTUUeCKoe IIpuMeHeHMe,
OITHAKO YBeIMYeHMe YMCIa MCCIeIOBaHNIA, TTOCBSIIEHHBIX JaHHOV TeMe, TI03BOIUT Pa3paboTaTh YHUBEPCAITb-
Hble PEKOMEHIAINY JIeUeHUsT TPOMIIIbHBIX MAaIMeHTOB.

3AKJ/JIIOYEHUE

CoracHO MOTy4YeHHbIM JaHHBIM, 3HaUMMbIe pas3anums B 9beKTMBHOCTY ieueHns rnmaryenToB ¢ KHU B 3aBu-
CUMMOCTH OT MOAXO0/Ia K OTIpeesIeHNI0 TAaHHOTO TepMIHA He ObUtM 0OHapy>keHbl. HanbombIye 3aTpymHeHMSsI
TIpY JIeUeHUM TTPOWIIBHBIX G0JIbHBIX BbI3bIBAET HEBO3MOXKHOCTh Ha3HAUeHMSI STMOTPOnHOI ABT B paHHEM
MOC/Ie0TNepalIOHHOM TIePUOJe, UTO MOKeT OKa3bIBaTh HETaTUBHOE B/IMSIHME HA TeUeHMe BCero JieueOHOTOo
rporiecca. IIpenoskeHHbIe YT CHYKEHMS 4acTOThl BcTpedaemocT KHU HampaBiieHbl Ha MOAMQUKALINIO
(haKkTOpOB, KOTOPbIE 0OYC/IABIMBAIOT OTPHUIIATEIbHbIE pe3yibTaThl MBI 06pasiioB 61MomMaTepuaioB 1 yaaaeH-
HbIX KOHCTPYKIINIA.

Kongauxm unmepecos. Aemops! 3as6/1110m 06 0mcymcmaeuu KoHQAUKMa uHmepecos.
HUcmouHuk ¢punancuposanus. I'ocydapcmeerHoe 0100x#emHoe PUHAHCUPOBAHUE.
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