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UcTopua u cTtaHoBeHHe cybcneumanbHOCTU TpPaBMaToIoMUK
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Pedepar

B 1998 r. B CIIA 6bla HpoBeleHa IepBas BCTpevya UYAEHOB ACCOLMALIMM IO M3YYeHUIO U IPUMEHEeHUIO MeTona
WnusapoBa — Association for the Study and Application of the Methods of Ilizarov (ASAMI) 151 BHeApeHUs U TOMYJIsI-
pu3anum MeTonoB, pa3paboTaHHbIX B I. Kyprane npodeccopom IA. VinusapoBsiM U ero corpynHukamu. Ha mpoTsbkeHUN
2005-2016 rr. mapamnenbHo ¢ ASAMI pa6oTanu gpyrye coo6IecTBa, KOTOPbIE BBIXOAMUIN 38 PAMKM UCIIOTb30BAHMS TOMb-
Ko ammaparta Wnusaposa. C 2017 1. 06beyHeHHbIe BCTpeuM Mojayunayu Hassanue “Combined congress of the ASAMI-BR
and ILLRS societies” — «O6bearHeHHbI KOHrpecc 061ecTB ASAMI, KOCTHBIX PEKOHCTPYKIMI U YAJIMHEHUS U PEKOHCTPYK-
LMY KOHEYHOCTE». ITO (aKTUUeCKM CTAlI0 OCHOBON g onpernenedus “Limb Lengthening and Reconstruction Surgery
(LLRS)” kak cy6CcmenuanbHOCTV TPaBMAaTONOTMM Y OPTONENUM, 3aHMMAIOIIENCs JIeUeHUeM MAIlMEHTOB C JIOXKHBIMU
CycTaBaMy, BpPOXKIEHHBIMU U NIPUOOpeTeHHbIMU AedopMalusIMU JIMHHBIX KOCTel, KPYIHbIX CYCTaBOB BEPXHUX U HUXK-
HUX KOHEUHOCTeN. VIJIMHEeHVe KOHEUHOCTEe U PEKOHCTPYKTUBHASI XUPYPTHUst 6a3MPYIOTCS Ha METOZE U OTKPhITUY (3(-
(exTe) Vinusaposa ¢ palMoHaIbHBIM MCIIOAb30BaHMEM BHeIIHel M BHYTpeHHell (QuKcalunuy, OCTEOTOMUM U OIeparuit
Ha MSTKUX TKaHsIX. [ TOTO 4TOOBI TPaBMAaTONOTr-OPTOIIe CTal CIeluananucTomM B obmactu LLRS, TpebyeTcs He MeHee
Tpex JieT, u 06pa3oBaHMe AOIKHO ObITh CTYIIeHYAThIM. 3HAYMMYIO POJib B 3TOM MMerT KoHrpecchl ASAMI-BR & ILLRS,
Kypchl 1o BHemnHeit ¢ukcauuu (ExFix) & LLRS, npoBopuMble BO MHOTMX cTpaHax, EXFix mMopmynin, MHTerpMpoBaHHbIe
B KypChI, TPOBOAMMbIE B paMKax o6pasoBanust AO Trauma, a Takke OOLIMPHAS MUPOBas IUTEpPaATypa.

KiarwoueBbie c10Ba: BHEIIHSIS Cl)I/IKCaI.U/IH, ‘-IpeCKOCTHbII‘/Jl OCTE€OCHHTE3, YIJIMHEHNE M PEKOHCTPYKIMA KOHEYHOCTU, METO[
I/IJ'[I/[BapOBa, CY6CH€L[I/I&J'IBHOCT]) TpaBMaTOJIOTUM U OPTOIIeANN, O6Y‘{eHI/I€.

IOnsa outupoBauus: ['puH C.A., ComomuH JI.H. VicTopusi 1 cTaHOB/IeHMe CYOCIeLMaabHOCTM TPaBMaTOIOTUM U Op-
Tonenuu «YIJIMHEHUE U PEKOHCTPYKUMM KOHEUHOCTei». Tpasmamonozus u opmonedus Poccuu. 2024;30(3):5-11.
https://doi.org/10.17816/2311-2905-17544.
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History and Formation of “Limb Lengthening and Reconstruction
Surgery — LLRS” as a Subspecialty of Orthopedic Surgery

Stuart A. Green!, Leonid N. Solomin?

I University of California, Irvine, USA
2 Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russia

Abstract

In 1998, the first meeting of members of the Association for the Study and Application of the Methods of Ilizarov
(ASAMI) was held in the USA to introduce and popularize the methods developed in Kurgan by Professor G. Ilizarov and
his staff. During 2005-2016, other communities worked in parallel with ASAMI, which went beyond the use of only the
Ilizarov apparatus. Since 2017, the joint meetings have been called “Combined congress of the ASAMI-BR and ILLRS
societies”. This actually became the basis for the definition of “Limb Lengthening and Reconstruction Surgery (LLRS)”
as a subspecialty of orthopedic surgery that treats patients with nonunions, congenital and acquired long bone, large
joints deformities of the upper and lower extremities. LLRS is based on the Ilizarov method and discovery (“Ilizarov
effect”) with the rational use of external and internal fixation, osteotomy and soft tissue procedures. It takes at least
three years for an orthopedic surgeon to become a specialist in the field of LLRS, and the education must be staged.
A significant role in this is played by the ASAMI-BR & ILLRS congresses, ExFix & LLRS courses held in many countries,
ExFix modules integrated into courses provided as part of the education of AO Trauma, as well as extensive world
literature.

Keywords: external fixation, transosseous osteosynthesis, limb lengthening and reconstruction surgery, Ilizarov method,
subspecialty of traumatology and orthopedics, training.
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HNCTOPUYECKAS CITPABKA:
MEXIYHAPOJOHBIE ACCOLIMAIIN METOZIA
BHEIIHEU ®VKCALIN

B xonme 1970-x IT. UTaNbSIHCKME XUPYPTU-OPTO-
nenbl y3Haiu o MeTone MnusapoBa OT MalMeHTOB,
BepHYBIINXCS B VTanuio mocie JiedeHUsI Cepbe3HbIX
aBTOJOPOXKHBIX TPaBM, MOSYYEHHBIX BO Bpems OT-
nycka B IOrocmasuu. Ilon BamsinMem storo Kapio
Maypyu, MU3BEeCTHBII MTANbSIHCKUI MCCIeN0BaTellb
u mucaTtenb, oraupasuiicsa B CCCP, B cuOGUpCKUit ro-
pon KypraH, 4ToObI JMYHO JIEUUTbCS Y AOKTOpa
WnusapoBa 1o MoBOoAYy MHOUIIMPOBAHHOTO Hecpa-
meHus: 6obIIe6epIioBoOii  KOCTU. Bo3BpalieHue
K. Maypu Ha poguHy nocie yCIeurHoro jJe4eHus mno-
pa3smiio UTAJIbSTHCKUX Bpaueri.

B 1981 r. M3p UTanbsHCKOTO TopoAa MumnaH, 4ieH
KoMmyHMCTHMUYECKOV TapTUM, OPTaHU30BaI MOE3IKY
TPYIIIBI UTATBSHCKMX OpTOTieioB B CoBeTckuit Cowos,
YTOOBI MOCETUTDb KIMHUKY Mpodeccopa Vnusaposa u
TIOYYUTHCS Y HeTo. Bckope mocie moesaku aT XUpyp-
I'M HavYaIyu TIPUMEHSITh TIPUHIIUIIBI AUCTPAKIIMOHHO-
r0 OCTeoTeHe3a B CBOMX KJIMHMKAX. [ISTh JeT ciycTs
OHU TIpeJICTaBWIN TpeJiBapuTeIbHble Pe3yabTaThl Ha
MEXIyHAapOAHbIX KOHMEePeHIMIX, UTO CTUMYIMPOBA-
JI0O MMPOBOI1 UHTepec K MmeTony Vnusaposa.

B 1986 r. kaHagckuit opronen pop Ileitnn mpu-
COeIVHWICS K TPYyIe UTATbIHCKUX OPTOIENOB, CO-
BepIIaBIIMX Moe3aKky B CbYpPb, CTaB ITEPBbIM CEBEPO-

aMepuKaHIeM, MOCeTUBIIUM MHCTUTYT [.A. inusapoBa
B Kyprane. Tog cmycts pokrop Crwapt I'puH U3
Kanmudopuun, mpodeccop opToneamuyeckoin XMpyprum
KanudopHuiickoro yHuBepcuTtera B UpBuHe, cTaj nep-
BBIM aMepuKaHIeM, IOCeTUBIINM KIMHUKY ['aBpumia
WNnusaposa.

B 1987 r. B Kyprane 6bUI IpPOBeIEH MepPBbIi aH-
[JIOSI3BIYHBIM CeMMHAp, B OajbHellleM OHU CTalu
MPaKTUUYeCKM peryaspHbiMU. BO MHOIMX CTpaHax
XUPYPru, 3aMHTEpPeCOBaHHbIE B YAJIMHEHUU KOHEU-
HOCTe 1 ucnpasjaeHuu gedopmalmii, BCkope chop-
MMPOBaIM 00IIEeCTBa, KOTOpbIe CTaau (GOPyMOM MJIsI
pacrpocTpaHeHuss ¥ obMeHa MIOEIMM O MeETOmax
Wnusaposa. [lepBas M3 3TuX Tpymi o6pas3soBasach,
ecTecTBeHHO, B Tanuu. [Togo6Hble 0611ecTBa 00bI4-
HO Ha3bIBIMCh ACCOLIMALIMEN IO M3YUEHUIO U TIPU-
MeHeHMI0 MeTomoB MinmsapoBa — Association for
the Study and Application of the Methods of Ilizarov
(ASAMI).

B 1996 r. B AMcrepaame (HupepnaHabl) HA KOH-
rpecce SICOT cocTosuioCch OpraHM3alMOHHOEe cobpa-
Hue npepncrasurenein ASAMI w3 Wranumu, WHaumn,
Hupepnaumos, ®panuun, CHIA, Poccunm u npyrux
cTpad ¢ uenbio cospanus ASAMI International”.
B 1998 r. B CIIA npomen 1-ii Konrpecc ASAMI
(puc. 1). Tlocnenyromyue kKoHrpeccbl ASAMI Int. mpo-
Boaunch B Utanuu (2001), Typunmn (2004) 1 MHOTUX
Ipyrux cTpaHax (tabim. 1).

Puc. 1. I[Tepssiit kourpecc ASAMI Int. B 1998 1. (doTto nmpodeccopa I.B. IpsukoBoit)
Figure 1. 15t ASAMI Congress in 1998 (photo by Prof. G. Dyachkova)
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Tabnauya 1

MeskayHapoaHble BCTPeUYM M0 YPECKOCTHOMY OCTEOCHMHTE3Y, YAJINHEHUIO
Y PEeKOHCTPYKLUM KOHEYHOCTEN

Togn, ASAMI-based meetings LLRS-based meetings

1998 | 1t ASAMI Meeting (CIILIA)

2001 | 2n ASAMI Meeting (Utamus)

2004 | 3¢ ASAMI Meeting (Typumst)

2005 15t World Congress of External Fixation (Ilepy)

2006 | 4" ASAMI Meeting (Sdmoums)

2007 2" World Congress of External Fixation (Erurmer)

2008 | 5% ASAMI Meeting (Poccust)

2010 | 6™ ASAMI Meeting (Eruret) 1%t International Congress on External Fixation & Bone
Reconstruction 6th Meeting of the ASAMI International &
34 World Congress on External Fixation (Mcnaums)

2012 | 7" ASAMI & BR Congress Meeting (I'periust) 2" World Congress of External Fixation and Bone
Reconstruction (Bpasuns)

2014 | 8™ International ASAMI Conference (Mumus)

2015 15t combined meeting of ASAMI-BR and ILLRS (CIIIA)

2016 2" Combined meeting of ASAMI-BR and ILLRS (ABcTpasus)

2017 | 3 World Ortho Recon ILLRS&ASAMI Congress. 3" Combined meeting of ASAMI-BR and ILLRS (ITopTyrasust)

2019 | 4*» Combined congress of the ASAMI-BR and ILLRS societies (Benuko6puTaHus)

2022 | 5% Combined congress of the ASAMI-BR and ILLRS societies (Mekcuka)

2024 | 6™ Combined congress of the ASAMI-BR and ILLRS societies (KuTait) (TutaHupyeTcs)

2026 | 7™ Combined congress of the ASAMI-BR and ILLRS societies (Manaii3ust) (I/1aHUpyeTCs))

[MapannenbHo ¢ stum Hpop I[leitninm u CrioapT
I'puH opranmsoBasim ASAMI-North America, koTopast
BIOCJIENCTBMM M3MeHMIa CBOe HasBaHMe Ha “Limb
Lengthening and Reconstruction Society — Noth
America — LLRS-NA” (O61ecTBO yOJMHEHUSI U pe-
KOHCTPYKLIMM KOHeuHocTelt — CeBepHass AMepuKa),
YTOOBI TOAUEPKHYTD O0jIe€ YHUBEPCATbHbIN XapaKTep
JlesiITeTbHOCTU TPYIIIBI, BBIMAS 32 paMKM MeToda U
annaparta Minsaposa. OgHAaKO CTOPOHHUKM MOHOJA-
TepaJibHOJ BHemHel dukcaruy B ctuiie XohdmaHa

Choice of the future name ofthe
Congress

MPOAOJKAIM OTCTaMBaTh CBOM MpeArouTeHus. Takum
o6pa3som, rpymisl «MnusapoBa» u «Xoddbmana» mpo-
BOOWJIM KOHKYypUpyrolue Bctpeun 4o 2017 r.

2017 r. B [TopTyranuu nmpoiiia BCTpeya ¢ ipumeva-
TeJbHBIM Ha3BaHMeM «3-1i BceMUpHBI KOHIpecC Mo
oproneauueckum peKOHCTpyKusIm ILLRS & ASAMI».
Ha HEM mpsMbIM TroJIOCOBaHMEM YYaCTHMKOB cobpa-
HMUSI OBLIM YTBEPKIEHBI TUIT OpraHM3aInM, ee HauMe-
HOBaHMe U yctaB (puc. 2). [Tocne 3TOro y>xe riaHupo-
BJINCH U MMPOBOIMUIIUCH COBMECTHBIE 3acelaHMs.

Puc. 2. Boi6op Tuma 1 o61ero Ha3BaHue oprauusanyy B 2017 r. Ha Konrpecce ASAMI B ITopTyranmmu

Figure 2. Choice of the type and general name of the organization at the Congress in Portugal, 2017
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“EXFIX & LLRS” — YCTOMYUBBII BPEH]

UpeCcKOCTHBIN OCTEOCUHTE3 SIBJSETCS METONMUKON Jie-
YeHUsI TIOBPEKIEHN 1 3a00/IeBaHMII MSITKUX TKaHei,
KOCTeil M CyCTaBOB, IJIsl peanusaluyu KOTOPOW WuC-
IO/Ib3YIOTCS CBSI3aHHBbIE C KOCTHIO BHeIlIHMe (pacIio-
Jlararouyecs: Haj, TOBEPXHOCTBIO KOKI) KOHCTPYKLIUU.
VojiuHeHue M PeKOHCTPyKUusl KoHeuHocTelt (Limb
Lengthening and Reconstruction Surgery — LLRS) —
3TO Cy6CIIeMaNbHOCTD TPABMATOIOTUM U OPTOTIEAN,
OTBeYamwIlas 3a jeyeHye IMalUeHTOB C BPOXKIEHHBI-
MU ¥ NpuobpeTeHHbIMM AedhopMaLysIMU KOCTEN,
CYyCTaBOB U MSTKMUX TKaHeil BEPXHUX U HUXKHUX KO-
HeyHocTeli. LLRS ocHOBaHa Ha MeTOfe U OTKPLITUHU
VnusapoBa, yueTe B3auMMOCBs3eil pedepeHTHBIX
JIMHUI U YIJIOB M PalMOHAJIbHOM MCIIOJIb30BaHMEM
BHEIITHEe!, BHYTPeHHe! hUKcalyn, OCTeOTOMMIA, OTTe-
pauuii Ha MATKUX TKaHSIX.

CoBpemMeHHas BHEIIHSIST GUKCcAIMS MOSKET UCTIONb-
30BaThCs IS BPEeMEHHOJ, OKOHYaTeIbHOM U KOM-
OMHMPOBAHHON BHEUIHEl/BHYTpeHHel (urcauum
(puc. 3). B nepBoM ciiyyae ee MCIIOAb3YIOT KaK acCuC-
TUPYIOLLlee CPeLCTBO IIPY HAKOCTHOM U MHTPaMeznyl-
JIIPHOM OCTeOCMHTe3e. BpeMeHHass BHeIIHSsT QUK-
calus TakKe MPUMEHSIETCS NPU MO0UIeL0BATeIbHOM
OCTeOCHHTe3e, HallpuMep [pU SKCTPEHHO! TpaBMe
IUIST CTabMIM3almuy KOCTHBIX GparMeHTOB JI0 TeX Iop,
[10Ka COCTOSIHME TMalleHTa W/WIN MITKUX TKaHel He
IO3BOJIUT OCYILECTBUTh OKOHYATE/IbHYI0 BHYTPEH-
HI010 duKcanyio. [Ipyroit mpumMep rnocjiefoBaTeaIbHO-
ro («<MHTerpupoBaHHOrO» 1o TepmuHooruu AO/OTA)
OCTeOCMHTe3a: IOCTeleHHasl Koppekius medopma-
LMY MeTOIaMM BHelllHel GuKrcauum ¢ mocaeayoum

BHewHAA cpukcauma

- Bp/\\\

repexoioM Ha BHYTPeHHIOI ¢ukcamnuio. B kauecte
BPEMEHHOTO («MHTETPUPOBAHHOTO») CpeLCTBa BHEII-
HIOI0 (DUKCAIIMIO TPUMEHSIOT ¥ B KOMOMHMPOBaHHBIX
MeTOAax JieYeHUs: NPU YOJIMHEHUM TIOBEPX TBO3AS
(BOONb TLJIACTMHBI) M TIpU 3aMelleHur aedexra mo-
Bepx rBo3As (BAONb MaacTUMHBI). COOTBETCTBEHHO,
«OKOHYATe/JbHASI BHENTHSS (UKCcAIMsI» UCTIONb3YyeT-
Csl KaK OCHOBHOJ U eIMHCTBEHHbIII MeTOo[, JIedeHMsI.
CnenyeT OTMETUTD, YTO YACTOTA NPUMEHEHUST OKOH-
yaTebHOM BHEIIHe! huKcamuy 1o CpaBHEHMIO C Bpe-
MEHHOW ¥ KOMIIJIEKCHOM CHMUXKAeTCsl.

HanHast kmaccuuranmusi COBpeMeHHON BHeII-
Hell GUKcauuyM IMO3BOJISIET OIPENeIUTb BEKTOP, IO
KOTOPOMY CJIefyeT TOTOBUTH CIIEIMAINCTOB B 00-
nmactu LLRS. JI1o60ii xupypr-opromnen 06s13aH YMETb
KOPPEKTHO MCIIOb30BaTh BPEMEHHYI BHEILIHIOK
dukcauuio mpu damage control orthopedics (DCO)
B CIyvyasX TOJUTPABMbI U/MIU [ obecriedeHuUs
ONTUMMAaJAbHBIX YCIOBUI [OJIS1 3aKUBIEHUS MSITKUX
TKaHel mepen BHYTpeHHe dukcammeii. Takske Tpas-
MAaToJIOT-OpTOoIe[ JII060i crienuanu3anmmu goJKeH
3HaTh pedepeHTHble JuHUKU U yriabl (PJIY): aHato-
MUUYecKue, MexaHudyeckue OCH, JUHUU CYCTaBOB U
O0COOEHHOCTM MX IlepecedyeHys. ITO OOYCIOBJIEHO
TeM, 4TO PJIV SBJSIIOTCS 0OGBEKTUBHOI OCHOBOJA IJIsT
OLIEHKM TOYHOCTM penos3suuuu mnepesnoma. Oprormen,
ucrnonb3ywiuii PIIV, KpUTUUYeCcKM OTHeCeTCs K BO3-
MOXXHOCTM  BBITIOJIHEHMSI CTaHAApPTU3MPOBAHHBIX
OCTEOTOMMUIf, TAKMUX KaK BBICOKASI OCTEOTOMMS 6OJb-
meb6epuoBoit koctu (high tibial osteotomy — HTO),
M OTHACT OpefIoyTeHue MHAUBUAYAJIbHBIM IJIaHU-
POBaHMIO U OLleHKe pe3ysbTarTa.

- accucTupylowwas
BHELHAS uKcauws;

- “KOHTPOINb MOBPEXOEHWA"
(DCO).

chukcaLum:

UHTerpupoBaHHasn
K0M6UHupoeaHue u nocnedoeameanoe
UCMob308aHUE BHELUHEA N BHYTPEHHEN

- yOnvHeHWe W 3amelleHue aedeKkToB
MOBEPX CTEPXHS W BAOT NMACTUHb;
- “annapar — 3aTem reo3gb (nnactuHa)’.

3

Puc. 3. Busl COBpeMeHHOI1 BHEIIHEN GuKcamm

Figure 3. Types of treatment that use external fixation
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Ins xupypra TpaBMaTOJ0ra-opTonena, KOTOPbIi
xoTeJ1 6bI pabotaTh B obsmactu LLRS, Tpebyetcs cre-
uyaabHasi MHOTOHAIpaBjieHHas IOATOTOBKAa. IJTO
CBSI3aHO C T€M, UTO B €r0 KOMIIeTeHIIUM OyreT jieye-
HMe TIalMeHTOB CO CJIOKHBIMM MepeioMaMu, BPOXK-
IeHHBIMU U TIOCTTPaBMaTUYECKUMM JIOXKHBIMU CYC-
TaBamMu, medopMauusIMu U AedexkraMy IJIMHHBIX
KOCTe1, Ta3a U CTOIIbl, OTpaHUUEHMEM TTOABUKHOCTHU
KPYIIHBIX CycTaBOB. [Ipy 3TOM OCHOBHAas MaTOJOTUS
YacTO OCJIOKHSIeTCS HaauuMeM CKOMIIPOMETUPOBAH-
HbBIX KOCTU U MSITKMX TKaHel B CBSI3U C MHOTOUMCI/IEH-
HBIMU TIPEbIAYIIMMHU OllepalusiMu, HATuIuem Xpo-
HuJeckoii uHpeknunu. CrenuanbHOr0 YIIOMUHAHUS
TpebyI0T 0COGEHHOCTH YIJMHEHUS Y PEKOHCTPYKLIUNA
KOHEYHOCTE y AeTeil U MOAPOCTKOB, MAallMEHTOB I10-
SKMJIOTO M CTap4yecKoro Bospacra. s jiedeHus 3Toi
OOIIMPHON TaTOJOTUY HEeOOXOOVMO YMEThb MCIIONb-
30BaTh BHEITHIO, BHYTPEHHIOI, KOMOVHMPOBAHHYIO
U TIOC/eA0BATENbHYIO (MKCAIMIO, BHYTPEHHME OUC-
TPaKTOPbI; BBIMOIHSITh KOCTHOIUIACTMYECKME Ollepa-
LMY U OTIepaly Ha MSITKUX TKaHSX (puUcC. 4).

KakoBa moTpe6GHOCTb B OpTONEAax, CreIMaIn-
3UPYIOIIMXCS HA BHEIIHeN buKkcanmum, yIIMHEHUY U
PEKOHCTPYKLMM KOHeYHOCTel? Ha ocHOBe MpoBeAeH-
Horo uccrenoBauust (17 Bpaueit) 6bUIO YCTAHOBJIEHO,
YTO JIJIST TAKOTO ropopa, kak CaHkr-IletepOypr, ¢ Ha-
celeHreM 6osiee 5 MWITMOHOB YeJIOBEK, KOJIMUECTBO

MalnyeHTOB, KOTOPBIM TpeOyeTcsl OKOHYATeIbHAs
BHeNIHSS (uKcanus, coctapasier no 1,6% ot ob1ero
KOJINYECTBA TPABMATOJIOTO-OPTOIEOMUECKUX Olepa-
umii, T.e. He MeHee 300 cIyJyaeB B rog ™.

CKOJIbKO TpebyeTcsi BpeMeHM Ha 06a30BYIO ITOATO-
TOBKY TPaBMAaTOJIOTa-OPTOIeAa, YTOOBI CTATh CIIelya-
sicroM B o6macty ExFix & LLRS? ITo MHEHMIO BeTyIIUX
9KCIIEPTOB, PAbOTAONIMX B 3TOM HAmpaBleHUM —
0 Tpex JieT (IaHHbIe OIPOCa, B KOTOPOM IIPUHSI-
i yyactue B.W. llleBuos, I.B. IpsukoBa, S.A. Green,
D. Paley, J. Herzenberg, S.R. Rozbruch, Nuno Craveiro
Lopes, J.C. Bongiovanni). [Ipy sToM 06yueHMe TOIKHO
OBITh CTYIEHYATBIM ¥ [0 aHAJIOTMU C 0OPa30BaTENb-
HbIMM nporpammamu AO foundation BkiouaTh 6a30-
BbIi1, IPOABUHYTBIA U «MacTep» YPOBHM KypCOB.

['me opronmenyueckuit Xupypr MOXKeT IMOTYYUTbD M0-
Iob6Hoe ob6pa3oBaHMe? B 3amaun Takux OOIIECTB, KaK
ASAMI-BR & ILLRS, He BXOAMUT OpraHm3anusi pyTUH-
HbIX 00pa30BaTeNbHBIX KypcoB. KOHTpecchl, KOTOpbie
MPOXOASIT pa3 B [IBa TOAA, MO3BOJISIOT YYaCTHMKAM
y3HaTh O COOTBETCTBYIOIIEM [AHIO BCTPeUM YpPOBHE
LLRS u npuHATH y4acTHe B J€EMOHCTpaLMSIX, MacTep-
KJIaccax M BOpKIIomnax. Mimerwrcs apduinpoBaHHbIE
K ASAMI-BR & ILLRS “Journal of Limb Lengthening
and Reconstruction Surgery” (https://journals.lww.
com/JLLR/pages/default.aspx) u «[ennit Opronenum»
(https://www.ilizarov-journal.com/jour).
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* Conmomuu JI.H., Boponuosa T.H., Tionse H.B., Jle6enkos M.B. Mcrnonb3oBaHue MeTOJa YPECKOCTHOTO OCTEOCHMHTE3a B KPYITHOM
ropope: HacTosIee u nepcrekTyBbl. [eHnit opronenun. 2012. N2 2. C. 82-88.
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B 2015 r. B Cankr-ITetepbypre (Poccust) 6611 IIpo-
BeneH nepsblil B uctropunu AO/OTA obyuarommii Kypc
10 KOJIbLIEBOJI BHEIIHeN (puKkcanun. B mocienyomem
Mof0OHbIe KYPChl CTAMM eXeromHbIMU. Bbuia co3ma-
Ha pabouas rpymnma 0 YpecKOCTHOMY OCTEOCHHTe-
3y, YIOPSAOUMBIIAS TEPMMHOJIOTUIO M TPUHSBILIAS
aKTMBHOE ydyacTuMe B OpraHusaluyu U MOpoBeHeHUn
KYpCOB ¥ MOAYJIei, UHTEIPUPOBAHHBIX B pa3HbIe 06-
pasoBarenbHbie Kypchl AO Trauma. OgHaKo, COracHO
npuHSIThIM AO Trauma ycioBusSIM, KypChl, ITIOCBSIIIEH-
HbI€ YPECKOCTHOMY OCTEOCUMHTE3Y, MOTYT ObITh TOJIb-
KO YpOBHS «MacTep». COrmacHo aToMy GopMabHOMY
TpebOoBaHMIO, B OBYXAHEBHbIE ITPOIPAMMBbI JO/IKHbI
OBITh BKJIIOUEHBI MOY/IM HECKOIbKUX YPOBHE! U Ha-
TIpaBJIeHnH, HaIIpuMep IepesoMbl U medopmaliium,
medbopMaium 1 nedeKThl, HepeaoMbl, fedopmanyuu u
KOHTPAaKTYpP5I 1 T.I1. B TO 5ke camoe BpeMs B 6a30BBIX U
npoaBMHYTHIX AO Kypcax MOAY/IN, ITOCBSIIEHHBIE OC-
HOBaM BHeIIIHel pUKcauyuyu (TepMUHOIOTHS, KIIacCu-
(ukauym, OCHOBBI 6MOMEXaHUKM M TEXHUKU ITPUMe-
HeHMs pam), IpeAcTaBaeHbl HegocTaTouHo. [loaTomy
IO HacTosIero BpemeHu Kypcbl AO, MOCBSIEHHbIE
BHEIIHEe! (UKcamyuu, HOCSIT B GOJIbILEN CTEIeHU 03-
HAaKOMUTENbHbIN XapakTep.

OTCYyTCTBME Y HAa3BAaHHBIX KPYMHEMIIUX OpPTraHU-
3aI[Mil CUCTEMbI TOATOTOBKM CITEIIVAJNCTOB B 00-
nmactu ExFix & LLRS komriieHcuMpyeTcs HalnuueM
COOTBETCTBYIOIIMX OOPA30BATENbHBIX IIEHTPOB IIPU
YHUBEPCUTETAX, HAYUHBIX I[eHTPaX, KPYIMHbIX TOCIIN-
tansx. Hanbonee m3BeCTHbIE M3 HUX JIOKATU3YIOTCS
B CIIA (Bantumop, Maitamu, Heio-Mopk, Jamnac),
Uranun (Jlekko, MmnasH, Komo), AHrmnm (JIoHOOH,
JIuepmnynb), I[Topryramus (JIuccabon), SInonuu (Tokuo,
Kanapsasa), bpasunnuu (Can-Ilayny, beny-OpusonTn),
Konym6un (Kanu, Menensun), Erunte (Kaup), Unaun
(Conamyp, Topakxmyp, bBanrasnop), bBanmiagemn
(Oakka), Poccum (Kypran, Cankr-IleTepbypr).

CesedeHus 00 agmopax
DK Conomun Jleonud Hukonaeguu — 4ieH pegakIOHHOM
KOJIJIETUY KYpHAaJa, i-p MeJl. Hayk, mpodeccop
Apnpec: Poccus, 195427, r. CaHKT-IleTepbypr,
yi. Akagemuka baiikosa, 1. 8
https://orcid.org/0000-0003-3705-3280
e-mail: solomin.leonid@gmail.com

I'pun Cmwoapm — n-p Me[. HayK, mpodeccop
https://orcid.org/0000-0002-1937-2950
e-mail: sgreen@uci.edu

OrpenesneHHbIN, He BCerga OAHO3HAUHbBIM, BKIA[,
BHOCSIT T.H. MHIYCTPUAJIbHbIE KYpPChI, T.e. IIPOBOIU-
Mble KOMITAaHUSIMM, BBIITYCKAIOIIMMM OCHAallleHue [JIs1
YpPeCKOCTHOTO ¥ BHYTPEHHETr0 OCTeOCHHTe3a.

K HacrostimeMy BpeMeHM B Mupe OIy6G/IMKOBaHA
obmupHast 616IMoTeKa, COCTaBIEHHAS U3 YIEOHMKOB
n pykoBogacTB nmo ExFix & LLRS. CriuMcok OCHOBHBIX
U3O0aHUI MPUBENEH HIKE B CIUCKE PEKOMEHIYEMO
JINTEepaTyphl.

3AK/TIIOYEHHE

Ckopo ucrnonuurcsa 200 et ¢ TeX mop, Kak XuUpyp-
I TIPUMEHSIOT BHENIHIOW (UKCALVIO MPU JIEYeHUN
MepeioMOB, MX MOUIEACTBUIA U OPTOIEAUYECKONM
natosoruu. OT nepBoro ammnaparta Majbress oo op-
TONeINYECKUX TeKCarofoB M BHYTPEHHUX OUCTPaK-
TOPOB TIPOVIEH OTPOMHBINA IyTh pasBuTus. Llenas
310Xa B Pa3BUTUM YPECKOCTHOTO OCTEOCUHTE3a CBSI-
3aHa ¢ umeHeM ['A. Unmu3aposa. [maBHOe OOCTVKe-
Hue WnmuszapoBa — 3TO HE TOJbKO OPUTMHAIBHBIN
KOJIbIIEBOJ ammapar BHeNIHei (uKcauyuu, HO U OT-
KpPBITHE O0OIIEe6MOTOrMUecKOil CIIOCOOHOCTM TKaHei
K nponudepanuy U pereHepanuyu B COOTBETCTBYIO-
VX YCTIOBUSIX AUCTPAKUINUM U cTabuamsann: sgpdexT
(3akoH) Mnusaposa. Co3gaHue opraHmsaiu, rmogoo-
HoVi ASAMI, — GecriperieeHTHBIN CyJaii B UCTOPUM
OTeUYeCTBEHHOl TPaBMAaTOJOTUM U OPTONEAUU U ee
ropaoctb. IIpoiiast sTarbl CTAaHOBJIEHUSI U pa3BU-
THsl, o6begHeHHbIe KOHrpecchl ASAMI-BR & ILLRS
MPOBOZATCS Pa3 B [iBa rofa. Xupyprus yojauHeHUsT U
PEROHCTPYKIMY KOHeUHOCTel HedopMalbHO paccma-
TPUBAETCS Kak paszes (CyocrmenanbHOCTh) TPaBMaTo-
JIOTUM U opTonenuu. MosKHO YBepeHHO MPOTrHO3UPO-
BaTb POCT CITPOCA HA MOJOOGHBIX CHEIMATVCTOB BBUIY
eXKeroHOro yBeJIMUeHMsI KoMyecTBa NaluyeHToB, Tpe-
OYIOLIVX JIeUeHUS 10 TIOBOY BPOXKIEHHO MaTONIOT UM
" TIOC/IeICTBUI TPaBM, BK/IIOUast 60eBYIo.
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TexHUKa YKOpOUYEHUS rONEeHU NPU NeYEHUU paHEeHbIX
C OrHecTpenbHbIMU NnepenioMamMm 6onbLebepLoBO KOCTU
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Pedepar

AxmyansHocms. TSKeCTb OTHECTPeIbHbIX pPaHEeHMIi KOHEeUHOCTeit oOycioBiieHa (popMupoBaHueM aedheKkTOB KOCTU U
MSTKUX TKaHei. AKTyaJTbHOCTb JaHHOM My6GMMKAIMs ONpeensieTcs HeOOXOAMMOCThIO BHEPEHMSI B TPAKTUKY OKa3aHUS
ITOMOIIY PAaHEHBIM MPOCTHIX U 3P dHeKTUBHBIX METOIOB. PaccmMaTpuBaeMasi TEXHUKA B ITOJHOM Mepe YA0BJIETBOPSET 3TUM
Tpe6OBaHUIM.

Lleau pa6omest: 1) oNTUMMU3ALIMS TEXHUKMA YKOPOUEHMS TOJIEHN M aHaIN3 GNIVKaIIMX pe3y/lbTaToB ee IpMMeHeHUs y paHe-
HbIX C OTHECTPEeTbHBIMM TIepesioMaMy 60TbIIe6epIioBOi KOCTH; 2) OLIEHKA ITOKa3aHMIi K XMPYPTUIECKOMY BOCCTAHOBIEHUIO
JIJTMHBI TOJIEHM T10C/Ie ee YKOPOUYeHNs.

Mamepuan u memodest. Ilon HaGMIOMEHMEM HAXOOUIUCh 45 paHeHBIX C OTHECTPEIbHBIMU MEePeIOMaMy KOCTel TONEeHM.
PeKOHCTPYKTUBHbBIE BMeIIAaTeabCTBA BbIOMHWIM Ha 51 cermeHTe. [Ipy OTCYTCTBUM THOMHO-HEKPOTUYECKOTO MOPAKEHUS
KOHIIOB OTJIOMKOB BBITTOJTHSITU 3aKPBITYIO PEITO3UIINIO U COMMKEHMeE IO TUIOTHOTO KOHTaKTa 6e3 pesekuuy (13 HabmomeHnit,
rpymra I), B ciyyae HeKpo3a KOHIIOB OTJIOMKOB MX Pe3elMpoBaIi U COMKaIM CO 3HAUUTETbHBIM YKOPOUEHMEM CerMeHTa
(38 Habmomenuit, rpymma II).

Pe3synvmamel. BenyuyHa ykopodeHus B rpymme I cocrasuna 4 [3; 6] cm, B rpynre II — 8 [7; 10] cm, p<0,001. Bnarona-
ps cOMKEHMIO OTIIOMKOB BeJIMUMHA YMeHbIIeHNs nedeKTa MITKMX TKaHeil coctaBuia 25 [11; 41] ecm? u 38 [20; 81] cm?
B I u Il rpynimax coorBeTcTBeHHO. Y 2 (15,4%) maunenToB B I u y 4 (10,5%) Bo II rpytie cpalieHyue He HAaCTYIWIO. B ocTamb-
HBIX CJIy4asix MPOM3OLLIO CpallleHKe, CPOK KoHconmmumanuu cocrasua 50 [45; 59] Hen. B rpymme [ u 36,5 [29; 43] Hen. —
B rpynme II (p<0,001).

3akoueHue. B 3aBMCUMOCTY OT COCTOSIHMSI KOHIIOB OTIOMKOB BO3MOXKHBI IBA BapMaHTa TEXHUKM YKOpoueHwus: 6e3 pe-
3eKIMM U C pe3eKiieii KOHIIOB OTIOMKOB. YKOpoueHue 6e3 pe3eKiny BO3MOKHO IIPY OTCYTCTBUM ITPU3HAKOB HEKPO3a OT-
JIOMKOB. HeflocTaTKOM SIBJISIETCSI PUCK 3aMeJIEHHOTO CpallleHMs], JOCTOMHCTBOM — BO3MOKHOCTb M30€ekaTh TpaBMaTHU-
HOTO BMeEIIaTeIbCTBAa B BU/IE PE3eKIIMM KOHIIOB OTIOMKOB. [Ipy HEKpO3e KOHIIOB OTIOMKOB HEOOXOMMMbI UX TOTIepevHast
pesexius U cOMMKeHNe ¢ yCTpaHeHMeM IyMacTas’a MeXAy HUMU. JIOCTOMHCTBAMM TaKOM TEXHUKM YKOPOUEHMS SIBJISTIOTCS
ONTMMM3ALMS YCIOBUIA U COKpaIlleHNe CPOKOB CpallleHus, HeIOCTaTKOM — (OpMMUPOBaHME 3HAUMTEIbHBIX TI0 BeTMUYMHE
KOCTHBIX iedeKToB. Heo6XomumMocTh yIIMHEHUST YKOPOUEHHOTO CerMeHTa BO3HMKAeT He Bcerma. ONMTUMAaTbHbIM SIBISIETCS
yIOJIVHEHMe BTOPbIM 3TAIloM, ITOC/Ie TTPOBee s peabuaInuTaIumn.

KiioueBble CJIOBa: OTHECTPENbHBIN TepesoM, ammnapat MimnsapoBa, OCTEOMUENNT, XUpypruveckass o6paborka, medekt
KOCTH, YKOPOUYEHMeE TOJIeHU, OCTPOE YKOPOUEHME.

Ons nutupoBaHusi: AprembeB A.A., Kepumos A.A., Henun M.H., I'puropreB M.A., ConoBbéB 10.C., CbicoeB N.A.
TexHMKA YKOPOUEHMSI TOJIEHU TIpU JIEYEHUM PAHEHBIX C OTHECTPEIbHBIMM IlepesioMaMy Oo/blne6epIioBoii KOCTM.
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Lower Leg Shortening Technique in Treatment of the Wounded
with Gunshot Tibial Fractures
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Abstract

Background. The severity of gunshot wounds to the extremities is due to the formation of bone and soft tissue defects.
The relevance of this publication is determined by the need to introduce simple and effective methods into the practice of
providing assistance to the wounded. The technique under consideration fully satisfies these requirements.

The aims of the study: 1) to optimize the lower leg shortening technique and analyze the short-term results of its
application in treatment of the wounded with gunshot tibial fractures; 2) to assess the indications for surgical restoration
of the lower leg length after its shortening.

Methods. The study enrolled 45 wounded patients with gunshot fractures of the lower leg bones. Reconstructive
interventions were performed on 51 segments. In the absence of purulent-necrotic lesions of the fragments ends, closed
reduction and convergence to tight contact without resection were performed (13 cases, group I). In the case of necrosis
of the fragments ends, resection and convergence were performed with significant shortening of the segment (38 cases,
group II).

Results. The amount of shortening accounted for 4 cm [3; 6] in group I and 8 cm [7; 10] in group II (p<0.001). Due to the
convergence of the fragments, the reduction of the soft tissue defect was 25 cm? [11; 41] and 38 cm? [20; 81] in group I
and II respectively. In 2 (15.4%) patients in group I and 4 (10.5%) patients in group II no fusion occurred. In the remaining
cases the fusion occurred, the consolidation period was 50 [45; 59] weeks in group I and 36.5 [29; 43] weeks in group II
(p<0.001).

Conclusions. Depending on the condition of fragments ends, there are two possible options of the shortening technique:
without resection and with resection of the fragments ends. Shortening without resection is possible in the absence of
signs of fragment necrosis. The disadvantage is the risk of delayed fusion, the advantage is the ability to avoid traumatic
intervention in the form of resection of the fragments ends. In case of the fragments ends necrosis, their transverse resection
and convergence with the elimination of diastasis between them is necessary. The advantage of this shortening technique is
the optimization of conditions and reduction of fusion time, the disadvantage is the formation of significant bone defects.
The need for lengthening of the shortened segment does not always arise. Lengthening as a second stage after conducting
rehabilitation is considered as an optimal choice.

Keywords: gunshot fracture, Ilizarov apparatus, osteomyelitis, surgical debridement, bone defect, lower leg shortening,
acute shortening.
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BBEJEHUE

BoeBble MoBpexkaeHUs PeNCTaBIsSiOT co60i Hanbo-
Jlee TSDKeJblii BUJ, BbICOKOIHEPreTUUECKO! TPaBMBI.
OxasaHue MOMOILM pPaHEHbIM C OTrHECTPeJIbHbIMU
rnepejioMaMyu KOCTeli KOHEYHOCTel Mpennosaraet
MHOT03TaIHOe JieueHye ¢ yUueToM 0COOeHHOCTel pa-
HeBOJ Oa/UIMCTUKM, TSOKECTU DPaHEeHMSI UM pa3BUB-
LIMXCS OCNIOKHeHut [1, 2, 3]. B cuily aHaTOMUYeCKux
0COOEHHOCTe}! TOJIeHb SBJsIeTCS Hambosee YsI3BU-
MBbIM CETMEHTOM. TpaBMbl Ha 3TOM ypOBHE IPUBO-
ST K GOpMMPOBAHMIO PACIIPOCTPAHEHHBIX fe(eKTOoB
IMOKPOBHBIX TKaHe} M 6oJblie6eplioBoil KOCTH, OT-
CJIOJKe KOXXM M HeKpo3aM MbIL] [4]. Xupypruueckas
obpaborka (XO), HampaBjeHHas] Ha MPOQUIAKTUKY
pPa3BUTUSI MECTHBIX THOMHBIX OCJIO)KHEHMI, COIMpO-
BOX[IaeTcs elje OONMBLUIMM YyBeJIMUeHNEM DPa3MepoB
nedexra [5, 6].

B nHacrosiniee BpeMsl NIPUMEHSIIOT HECKOJIBKO OC-
HOBHBIX BapMAHTOB 3aMellleHMs] KOCTHBIX Hedex-
TOB KOHEUHOCTE: MOJMUIOKAIbHBI/I OCTEOCUHTE3 T10
VnusapoBy, TexHUKA MHIYIMPOBAHHON MeMOpaHbI
o Masquelet, racTuka cBOGOAHBIMU ayTO- WM aj-
JIOTpaHCIUIaHTaTaMM, BacCKyJSIpU3MPOBaHHAsI KOCT-
Hasl IIJIaCTMKA, COBPeMEHHble OcCTeo3aMellalolye
TEXHOJIOTUM Ha OCHOBE OMOJOTUYECKUX U CUHTETU-
YyeCcKuxX MaTepuasos [7, 8, 9]. Bce mepeuncieHHble Me-
TOIBI HalpaB/ieHbl Ha 3aMellieHne aedeKkTa U BeoyT
K pellleHuI0 ITpo6sieMbl BOCCTAHOBJIEHMSI aHATOMMUU
¥ GYHKUIMY KOHEUHOCTY Pa3HBIMU ITyTSIMMU.

PaccmarpuBaeMble B JaHHOV paboTe BapUaHThI
YKOPOUYEHMSI TOJIeHM IPeACTaBIISIIOT COO0 MPUHINA-
MMaJIbHO MHO¥, Hamnbosiee KOPOTKMIA U TIPSIMOIL MTYTh,
MOCKOJIbKY (akTMuecKy HalpaB/ieHbl He Ha 3amelle-
HMe, a Ha ycTpaHeHMe Jedekra myTeM COMVKEHMS
KOCTHBIX OTJIOMKOB. B aHIVIOSI3BIYHOW JuTepaType
I ompefeneHus] 3TOVi METOLMKM 4Yallle BCero Mc-
MoJIb3yeTcs TepMUH “acute shortening”. B mocioBHOM
IepeBofe — «OCTPOE YKOpOUEeHME». ITa METOLMUKA XO-
poII0 3apekoMeHoBaja cebst Ipu JiedeHUM MOoCTpa-
JaBUIMX C TSDKEIbIMU, B TOM UMC/Ie OTHECTPEIbHBIMY,
reperoMaMy KOCTeil KOHeUHOCTeli. B kiaccuyeckom
BapMaHTe OHa 3aK/I0YaeTcs B pe3eKLUUM MOBPEXIEeH-
HbIX KOHIIOB OTJIOMKOB ¥ OGHOMOMEHTHOM (OCTPOM)
ux commskenmu [10, 11, 12]. Takum obpasom, ciemyst
coBpeMeHHOI  knaccuduranum, gedekT-guacras’
(tun C3) TpaHchopmupyeTcs: B gedeKT-ykopoueHye
(tun C1) [13]. IMeHHO ¢ 3TOr0 MOMEHTa HauyHaeT-
s cCpallleHue, a IVIOTHBIN KOHTaKT MEeXIy OTIOMKaMu
U cTabuabHast GUKcaIys ONTUMU3UPYIOT ITPoIlecc.

AKTYaJIbHOCTb TAHHOM MyOIMKaIlUyM OIpenesnseT-
cs1 HeOOXOOMMOCTbIO BHEAPEHMs B MPaKTUKY OKa3a-
HUSI IOMOIIY PaHEHBIM C OTHECTPEJIbHbIMU Iepesio-
MaMM KOCTel KOHeYHOCTe MPOCThIX U 3 (PeKTUBHBIX
MeTO#OB. PaccMaTpuBaemast HAMU TeXHUKA B TTOTHOM
Mepe YIOBJIeTBOpSieT 3TUM TpeboBaHusM. OgHAKO
CIEeUMaaUCThl OTHOCATCS K TeXHMUKE YKOPOUEHMUS

HECKOJIbKO HacTOpOkeHHO. OOGBIYHO Bpaueil BOIHY-
IOT Ba BOIIPOCA: HACKOJIbKO 6e30IacHa Ipolenypa
YKOPOUYEHMS U UTO JieJiaTh C YKOPOUEHHOI KOHEeYHO-
CThI0. B cTaThbe MbI HOCTApaJIUCh 1ATh OTBETHI HA 3TU
BOIIPOCHI.

Ilenu pabompi: 1) ONTUMM3ALUS TEXHUKU YKOPO-
YeHMsI TOJIEHU U aHAIN3 OIVsKaMIINX pe3ylIbTaToB ee
MpUMeHEeHMs] y paHEHbIX C OTHECTPEbHBIMMU TIepeo-
MaMu 60JbIIe6epIiOBOM KOCTH; 2) OlleHKA ITOKa3aHMIi
K XUPYPruueckomMy BOCCTaHOBJIEHUIO IJIMHbBI TOJI€HU
MocJie ee yKOPOUYeHMsI.

MATEPHAJI 1 METO/1bl

Ilox HabnomeHueM Haxogwiuch 45 paHeHbIX
(43 MY>KUMHBI U 2 XKEHIUVHbI) C OTHECTPEIbHBIMMU Aa-
dbuzapHbpIMM TIepesiloMaMM OOJIbIIEOEPIIOBOI KOCTH,
y 6 TIALMEHTOB PaHEHUS ObUIM JBYCTOPOHHUMM. TaKUM
06pa3om, oriepaly BHITTOTHWIN Ha 51 cermeHTe.

Kpumepuu exnoueHusi: OTHECTPENbHbIE BBICOKO-
SHepreTUYecKue paHeHMs] TOJNIEHU C OCKOJbYaThIMU
nuadusapHbIMU TTepesioMaMu 60Jble6epIioBOii KOC-
TH, COIVIacMe MalMeHTa Ha y4yacTue, BO3MOXXHOCTb
HAOI0IeHNs B [UHAMMUKe.

Kpumepuu ucknioueHus: BHYTPUCYCTaBHbIE Iiepe-
JIOMbI 60/1bIIE6EpIIOBOIi  KOCTHM, TSDKENIble COIyT-
CTBYIOIIVE TOBPEXIEHUS OPYTMX objacTeil (romoBa,
MO3BOHOYHMK, Ta3), 3aTPySHSAOIIME WM UCKIIOYa-
IolMe BO3MOXHOCTh aKTMBU3alUM NalMeHTa, OTKa3
MaiMeHTa OT y4acTus B MCCAeLOBaHUM, OTCYTCTBUE
BO3MOXXHOCTY HaO/IOeHMS] B IMHAMUKE.

Kputepuem pacrpenenenus 1o rpymmnam 1 Bpi6opa
TEXHUKY YKOPOUYEHUS CITYKWI XapaKTep MECTHbIX I0-
BpeXIeHUIi, a UMEHHO COCTOSIHME KOHLIOB OTJIOMKOB.
[IlpuzHakaMm HEKpO3a KOCTU SIBJSUIUCH: OTCYTCTBUE
CBSI3M C OKPYXXAKIIVMM MSITKMMM TKaHSIMM, BOCIIa-
JIUTeNbHAs OeCTPYKLIMS OCKOJIKA WIM YacTy OT/IOMKa,
OTCYTCTBME KPOBOTOYMBOCTY IPU pe3eKLMM YaCTU KO-
CTU, TYCKJIBI} CepBbIii LIBET IOBEPXHOCTU KOPTUKATbHOM
IUTACTVHKY. B OTHEeNbHbBIX, Haubosiee CIOKHBIX CTyda-
sIX, cBepyioM TepdopupoBaau KOPTUKAIbHbINA CIION.
OTcyTCTBYME KPOBOTOUMBOCTHM U3 TaKUX OTBEPCTUI TaK-
3Ke SIBJISTIOCH TTPU3HAKOM HEXXM3HECIIOCOOHOCTM KOCTH.

Takum 06pa3om, HABGMIOAEHNSI, B KOTOPbIX KOHIIbI
OTJIOMKOB ObLITY JKM3HECITOCOOHBI, COCTABU/IU TPYIIITY
I (13 cermeHTOB y 13 paHeHbIX), B rpynny II Britoun-
JIX CJTyday C HEKPOTU3MPOBAHHBIMU KOHIIAMU OTIIOM-
KOB (38 cermeHTOB y 32 paHeHbIX). CpegHMit BO3pacT
nmanueHToB coctaBua 29,623 u 30,6+1,5 netr B I u
IT rpyninax coorBeTcTBeHHO (p = 0,63). IIpu ompene-
JIEHUM TSKECTU TiepejioMa MCII0/b30Baiu Haubosee
MOMYJIIPHYI0O M TIPUBBIYHYIO TpaBMaTOJOraM Kiac-
cubuxkauuio Gustilo—Anderson [14]. B pesynbraTe
pacmpenenenus Bo Il rpynmy BoILIM MaueHTsl ¢ 60-
Jiee TSDKeJNIBIMU M OCIOXKHEHHBIMM MOBPEXIEHUSIMMU.
OcCHOBHbIE XapaKTePUCTUKY PaHEHUI MPeLCTaBIeHbI
B Tabnuie 1.
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Tabnauya 1
Pacnipenenenne nmoBpexgeHHbIX CECTMEHTOB 110 FpyIIiam

Kpurepuii I'pynnal (n =13) I'pynna II (n = 38) p
TsokecThb Iepenoma o 1A 10 (76,9) 11 (28,9) 0,002*
Gustilo-Anderson, n (%) 11IB 3(23,1) 27 (71,1
JedeKT MArkux TKaHelt B 30He IepeyioMa 34[12; 65] 70 [43; 122] 0,014*
IO omeparum, CM?
CpOK OT MOMEHTA paHeHUs IO OIepaluu, JTHU 14 [8; 21] 34,5 [22; 56] <0,001*
[MoBpeskaeHue (HeBPUT) MajI06epIioBOTO HEPBA, 5 (38,5) 18 (47,4) 0,577
n (%)
THOJiHBII TTpo1Iecc [0 onepaiyu, n (%) 5(38,5) 27 (71,1) 0,036*
XapakTep BMeIIaTeIbCTBA B 30HE PAHEHNUS 3akpbiTas peno3uius + | OTKpbITast pe3eKIys KOHIOB -

KOMITpeCCUst OTJIOMKOB + KOMITPECCUSI

* — CTATUCTUUYECKU 3HAUMMBbIE pasnnyus.

B rpymie I nmpumeHsu cOmiskeHue OTIOMKOB 6e3
pesekuuM Koctu (puc. 1). B rpynme II BeImonHsu
pe3eKLUMI0 HEKPOTV3UPOBAHHBIX KOHIIOB U CEKBECTP-
SKTOMUIO C TIOCIEAYIOIUM COMMKEHVEM OTIOMKOB

(puc. 2).
r '
m

Puc. 1. Cxema yKopoueHus rosieH” 1 GopMupoBaHust
KOCTHOJ MO30JIM Y paHeHBIX I'PYIIIbI I

a — TUMIMYHAS KOHOUTYpaLMs KOHIIOB OTJIOMKOB,
COXPaHMBIINX KM3HECTIOCOOHOCTD;

b — cOnmkeHME OTIIOMKOB (YKOPOUEHME), CMEIeHe

110 IIMPMHE OJis1 CO34aHUS MaKCMMaJIbHO INIOTHOCTU
CIaBJIeHMsI C BRIMHEHVEM 3a0CTPEeHHbBIX KOHIIOB

B KOCTHOMO3TOBOJ¥ KaHaJI TPOTMUBOIOIOKHOTO OT/IOMKA;
¢ — cpamieHue ¢ GopMMUpOBaHMEM BbIpaskKeHHOI
T1epMOCTaIbHOM KOCTHOM MO30/IN

©

Figure 1. Scheme of lower leg shortening and bone callus
formation in the wounded patients of group I:

a — typical configuration of the fragments ends that
preserved viability;

b — convergence of the fragments (shortening),
displacement in width to create the maximum density

of compression with wedging of the pointed ends into
the medullary canal of the opposite fragment;

¢ — fusion with formation of a pronounced periosteal
bone callus

B rpynmne II ucrnonb3oBanu ABa BapMaHTa TEXHU-
K/ YKOpOUYEHUS MOoC/Ie pe3eKUM KOHLL0OB OTIOMKOB.
IMepBbIif BapMaHT — pe3eKIus U COMMKeHue OTOM-
KOB Ha HECKOJIbKO CaHTUMETPOB [JISI YMEHbIIEHUS
pa3mMepa paHbl C OCTaBJIeHKeM AuacTa3a MexXay HUMU.

Puc. 2. Cxema yKopoueHus rosieH” 1 GopMupoBaHust
KOCTHOJ MO30/I/ Y paHeHbIX Ipynisl 11:

a — TUTIMYHAST KOHOUTYpaALMSI HEKPOTU3UPOBAHHBIX
KOHIIOB OTJIOMKOB, OIIpeJie/ieH/ e IPaHULIbl pe3eKI UK
(moxaszaHa MyHKTUPHBIMY JTUHUSIMMN);

b — rioTHOeE cOMMKeHMe KOHLIOB OTIIOMKOB

C YKOpPOUYEHMEM CeIrMEeHTa;

¢ — cpamieHue ¢ GopMMUpoOBaHMEM MHTEPMEAVAPHO
Y IepUOCTAJIBHOM KOCTHBIX MO30J1ei

Figure 2. Scheme of lower leg shortening and bone callus
formation in the wounded patients of group II:

a — typical configuration of necrotized fragments ends,
definition of a resection boundary (marked with dash
lines);

b — tight convergence of the fragments ends with

the segment shortening;

¢ — fusion with intermediate and periosteal bone callus
formation
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Pesekuyst MopaskeHHbIX KOCTEN, yoaaeHue cBOOOIHO
JileXkalux KOCTHBIX OCKOJIKOB C COXpaHeHMeM IIUPO-
KOTO JIOCTyIla K paHe 0b6ecreuuBasy BO3MOXKHOCTb
MPOBeIEHNSI MOBTOPHBIX MEPBUYHBIX UM BTOPUY-
HbIX XO, YCTAHOBKU CUCTEMBI BAKYYMHOI'O APEHUPO-
BaHMSI U BBITIOTHEHUS TepeBsi3ok. [locie ounieHust
paHbl HAUMHAIM TIOCTEIIeHHOe COMVDKEHME OTIOM-
KOB C nmoMouipio anrapara Unmusaposa (AMN) B Temrie
OT 5-7 MM B CYTKM («IIOHOCTpOEe YKOpoueHue»). [Ipu
3TOM pa3Mepbl paHbl 3HAUUTENIbHO YMEHBIIAIUCH,
MPOAOJIbHBIN JeeKT MSTKUX TKaHeil 1Mo Mepe comm-
>KeHMst onop AV CTaHOBMJICS TTOME€PEYHBIM, YTO I103-
BOJISIZIO B TOCIENYIONIEM HaK/IaAblBaThb BTOPUYHbIE
nIBel 6e3 HaTskeHMs. Ha 3aBepinaromem asrarie mmpu
HeOOXOOMMOCTM OCBEXKaIM Kpas KOCTHBIX OTIOM-
KOB, pe3eliupys MX B Mpefeiax 3J0pOBbIX TKaHEil.
CoxpansiBiiecss nedeKThl MSITKMX TKaHeil mocie
MOATOTOBKM paHeBO} MOBEPXHOCTM 3aKPbIBAIM pac-
1erieHHbIM KOKHBIM TPaHCIVIAHTAaTOM.

BTopoii BapMaHT — OZHOMOMEHTHOE CONVDKeHMe
KOCTHBIX (DparMeHTOB BO BpeMsI OTlepannm, T.e. B IIpsi-
MOM CMBIC/IE «OCTPO€e YKOopoueHue». Takoii BapuaHT
BO3MOKEH IIPU HU3KOM aKTUBHOCTU MECTHOTO THOM-
HOTO TTporiecca uin obecrieueHny MOCTyIa K pacro-
JIOKEHHBIM B TUTyOMHEe PaHbI MOJOCTSIM M KapMaHaM.

O6pamaer Ha ce6st BHMMaHMe 3HAUMUTENIbHAS pPas-
HUIIA B CPOKAaxX OT MOMEHTa PaHeHUs [0 BbITTOIHEHUS
onepauyu. CocTossHue TKaHel B rpyiie [ mo3Bonu-
JIO TIPOBECTU PEKOHCTPYKTUBHO-BOCCTAHOBUTENBHOE
BMENIATeNbCTBO B cpeiHeM uepe3 14 [8; 21] nHeli roc-
Jie pa”HeHus. B rpymnne II oTcpouka ¢ npoBefeHnemM
omepanyu 1o 34,5 [22; 56] nHelt 6pL1a 00yC/IOBIEHA
MO3JHMM NOCTYIJIEHMEeM MTOCTPaAaBIlMX Ha 3Tall CIie-
LMANM3UPOBAHHON TPaBMAaTOIOTMUECKON TMOMOIIN
WM HeOOXOIMMOCTbHIO JIEUeHNST COITYTCTBYIONMUX T10-
BpexxaeHuii. PaHee, Ha MpeapIaylINX 3Tanax, KOHeU-
HOCTM ObUIM (DMKCUPOBAHBI alllapaTaMy HapysKHOI
ukcanumu (AH®). B kKauecTBe HNOATOTOBKM K PEKOH-
CTPYKTMBHOI Omepanyy BbIIOJHSIN MOBTOpHbBIE XO,
MyJIbC-7IaBaX M YCTAHABAMBAIU CUCTEMbI BAKYYMHOT'O
I peHUpOBaHMSI.

Bo Bcex ciyyasx OpUMEHSUIM BHEIIHUIM OCTEO-
CMHTEe3 Mo Mnu3apoBy € KCIOAb30BaHMEM CHUILIE-
CTEPXKHEBBIX KOHCTPYKIMIA, AW BBICTYTIa/l B KAUeCTBE
CcpencTBa ymnpaBaeHUs MONOKEHUEM OTIOMKOB U UX
ukcanym, a Takoke CO3TAHNS YCUITUI KOMITPECCUN U
IUCTpakiuu. MasobepiioByIo KOCTh B Hauaje ornepa-
LU pe3elMpoBa/IM Ha BeJIMUMHY, 3aB€IOMO MpPEBbI-
IIAIONIYI0 pasMep MpearoiaraemMoro maedekra 60ib-
e6epIIoBOii KOCTU, YTOOBI OHA HE IPEeNsITCTBOBAJIA
COMIKEeHNIO.

Pe3ynbTaThl OlleHUBAIN IO CAeQYIOIIUM IOKa3a-
TeJISIM: IUIoNaab Aedekra MIrKMUX TKaHel (cm?), Ha-
JM4yKe THOWMHOTO Mpollecca, BeJMYMHA YKOPOUYeHUs
(cMm), cpoKM cpalteHus (Hem.), OCIOKHEHMSI.

CraTucTMYecKuin aHaau3

CraTucTMyeckuii aHajJiu3 IPOBOAWIMU C IIOMOILBIO
nporpammel Statistica 12.0. [Ij1s1 mpoBepKy HOpMaJib-
HOCTM KOJIMYECTBEHHBbIX IIOKa3aTesleil MCIONb30-
Bajsicss Kputepuit Hlanupo-VYunka. B cooTBeTCTBUMA
C pesyabTaTaMy MPOBEPKM HOPMaJIbHOCTU ONMCAHUE
KOIMYEeCTBEHHbIX IIO0KasaTeneili ¢ HeHOPMalbHbIM
paciipene/ieHMeM BBITIOJIHEHO C yKa3aHUEM MeIu-
aHbl M MEXKBapTWIbHOroO auarnasoHa Me [Q1; Q3],
C HOPMaJIbHBIM paclipefeleHueM — C yKa3aHuem
CpenHero 3HaueHus U CTaHZApPTHOIO OTKIOHEeHU (F).
CpaBHeHMe KOMMYECTBEHHBIX MTOKa3aTeseil ¢ HeHOp-
MaJbHBIM pacHpeneieHreM BbIIIOTHEHO C TTOMOLIbIO
U-kputepusi ManHa — YUTHU, C HOpMaJIbHBIM pacripe-
JleJlieHMeM — C MOMOILbI0 t-Kputepus CTblogeHTa IS
He3aBUCUMMBIX BbIOOpPOK. KauecTBeHHbIe ITOKasare-
JI TIpe/ICTaB/IeHbl B AOCOMIOTHBIX 3HAUEHUSX U MPO-
ueHTax n (%). CpaBHeHMe TPYIII 10 KaueCTBEHHbIM
MpM3HaKaM MPOBOAWIM C IIOMOIIBIO KpPUTEpUS x>
IMupcona. Pasnuuusg cumTanuch CTaTUCTUUYECKU 3HA-
yumbiMy pu p<0,05.

PE3VJIBTATbBI

B rpynme I (13 cermMeHTOB) MpPenNOCBHIIKON IpU-
MeHeHMsI TeXHUKU YKOpOUYeHUS SIBUIUCH MCCIedo-
BaHMs, npoBedeHHble B 1980-e IT. crenMannucTaMu
BoenHo-meaguiinHckoi akagemun uMm. C.M. Kuposa
MpY OKa3aHMUM MOMOIIM paHEeHbIM C OTHECTPeIbHbI-
MM paHeHUSIMU KOHeuHocTeit B AdraHucrane. Bpuio
MOKa3aHo, YTO COXpPaHMBIIIME CBSI3b C OKPYXKAIOIIN-
MU MATKMMM TKaHSIMU KOCTHbIE€ OCKOJKU SIBJISIFOTCS
IOTIOTHUTE/IbHBIM MCTOYHMKOM OCTeoreHesa [5, 15].
OTIMYUTENBHO UepTO¥i 3TO IPYIIITBI ObIIO OTHOCHK-
TeJIbHO JIeTKOe TeueHle MeCTHOTO paHeBOoro IMpoliec-
ca C COXpaHEeHMEeM >KM3HEeCIIOCOOHOCTY KOHIIOB OT-
JIOMKOB 60JbIIe6epIioBOii KocTH. [TepeoMbl MMeu
MHOTOO0CKOJIbUAThIN XapakTep, TUIIMYHBIN J151 BBICO-
KO3HepreTu4yeCKux paHeHuin. MexXoTI0MKOBOe Mpo-
CTPAHCTBO OBLIO 3aITOIHEHO MEJIKMMM KOCTHBIMU
ockosikamy. BoimonHenne XO obecrieymsio Kymnupo-
BaHlMe MEeCTHOTO THOJHOTO ITpoliecca B O0bIIMHCTBE
CIy4yaeB, M HA MOMEHT YCTaHOBKM AW MOBEpPXHOCT-
HbIJi THOWHO-BOCIIAUTENbHBIN IIPOLIECC MMEICS
muiib y 5 (38,5%) paHeHbix. COMMKeHME KOCTHBIX
OTJIOMKOB CITOCOOCTBOBAJIO KOMITAKTU3AIMM PACIIO-
JIO)KEHHBIX MEXIY HUMM OCTEeOTeHHBIX CTPYKTYp U
obecreunBayio KOHTAKT KaK CAMUX OTJIOMKOB, TaK U
pacnoyiokeHHbIX MeXKIY HUMM KOCTHBIX OCKOJIKOB.
B oTpmenbHBIX ciydasx B 30HY paHeHUs TMOATATUBA-
JIM OTJIOMKM MM (GparMeHT MajaobeploBOil KOCTU
(cMuaMu ¢ yrnopamy M CTPeKHIMU-IIYPYIIaMu).
[Tpumep IpuMeHeHUSI TEXHUKYU OCTPOTO YKOPOUEHUS
6e3 pe3eKIMM KOHIIOB OTIOMKOB ITpeICTaBJIeH Ha
puUCyHKe 3.

16 2024;30(3)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

r“l .
|

Puc. 3. [Ipymep npuMeHeHMs] TEXHUKU OCTPOTO (OZHOMOMEHTHOI0) YKOPOUEHMSI Y NallyieHTa C OCKOJIOYHBIM pPaHEeHUEM
JIEBOJ TOJIEHM U OCKOJIBUATBIM IIePeIOMOM KOCTeV:

a — peHTreHorpamma jieBoii rojeHu B AH® B mpsiMoii TpoeKiuu;

b — BHeIIHMIT BUJI paHbI [Iepe[ orepailiuei, mocie geMonTaxa AHOD;

C — PeHTreHorpaMMa JeBoii rojieHy B anmnapare VnusapoBa B IpsIMOJ TPOEKU MY TIOC/Ie YKOPOYeHMSI TOJIeHN Ha 6 CM;

d — BHeENIHWI BUJ, TOJIEHY C YIIUTOM PaHOii Ha 5-ii IeHb ITOCIIe onepauun

Figure 3. Example of applying acute (single-step) shortening technique in patient with a shrapnel wound

of the left lower leg and comminuted bone fracture:

a — X-ray in the AP view of the left lower leg in external fixator;

b — appearance of the wound before surgery, after removal of the external fixator;

¢ — X-ray in the AP view of the left lower leg in the Ilizarov apparatus after shortening by 6 cm;
d — appearance of the lower leg with a sutured wound on the 5% day after surgery

B rpymmry II (38 cerMeHTOB) BOILIM HaOIIOmEHNS
C IPOTSKeHHbIMM edeKTamMu 60/ble6epIioBoil Koc-
TU ¥ HEKPO3aMM KOHIIOB OTJIOMKOB 60JIbllIe6epLioBOit
KOCTHM, OOIIMPHbIMY AedeKkTaMy MSITKUX TKaHei, He-
KpO3aMMy MBbIIIIL B 6acceiiHe MOBPEKIEHHbIX apTepuii.
Bo Bcex wlyuasix mocjie paHeHMs OTMeuajaoCh Ha-
rHoeHue paH. B pe3ysnbTaTe MpoBefeHHOTO JieueHUs:
B 11 (28,9%) ciyyasix ymamoch JOOUTHCS KyIIMPOBAHMS
WM CYIIeCTBEHHOTO TOaBAeHMs MEeCTHbIX THOMHBIX
MPOLIeCCOB K MOMEHTY BBITIOTHEHMS Orepaluy, Ha-
MpaBJIeHHONM Ha yKkopoueHue. B 27 (71,1%) ciyvasx
BMEIIATeIbCTBO BBIMOIHSIM Ha (OHE HATHOEHMS
¥ (QakTHMYeCKy OHO MPeACTaB/sSIo Ccob0¥i BTOpUY-
Hyo XO, a yganeHue HeKpOTU3UPOBAHHOWM KOCTU —
OCHOBHOJ1 37IeMeHT KyIMPOBaHUSI THOMHOTO Mpollec-
ca. [Ipumep nipuMeHeHUs] TEXHUKM YKOPOUEHUS C pe-
3eKIyel KOHI[OB OTIOMKOB ¥ TIOCTEIIEHHBIM UX COJH-
>KeHMeM IMpeCcTaBIeH Ha pUCYHKe 4.

[IpyMeHeHMEe TeXHUKU YKOPOUEeHMUS IO OMNMCaH-
HBIM MeTOAMKaM I103BOJAMIO 3HAUUTENbHO YMeEHb-
IIUTD pa3Mepsl gedeKTa MITKUX TKaHel, B TI0JaBIIsO-
meM OGOJBIIMHCTBE CIydaeB KyIMMPOBATb THOMHBIN
Ipoliecc 1 JobuThes cpaiueHus B 45 (88,2%) Habmo-
IeHusx (Tabim. 2).

VI3 maHHBIX TaGIUIIBI BUIHO, UTO B IpyIine I Beau-
YMHA YKOpPOUYeHMs ObLIa TOUTM B IBa pa3a MeHbIIIe,
yewm B rpymre [ — 4 [3; 6] u 8 [7; 10] cM COOTBETCTBEH-

HO (p<0,001). IIpu 3TOM HEOXMAAHHBIM OKa3aJI0Ch
TO, UTO CPOKM CpallleHMsl, Hao60poT, ObLIM Gosblle
B rpymme I, uem B rpymme II — 50 [45; 59] Hen.
u 36,5 [29; 43] Hem. coorBeTcTBeHHO (p<0,001).
[Mo-BUAOMMOMY, 3TO MOKHO OOBSICHUTDH TEM, UTO CO3-
JlaBaeMble ITyTeM pe3eKIMM U TUIOTHOTO KOHTAaKTa
OTJIOMKOB yCI0BMS 415 cpauienus (rpynma II) mydie,
YyeM IIpU COXpPaHEeHUM B MeXOTIIOMKOBOM ITPOCTpPaH-
CTBe OCKOMKOB (rpymma I). BennmumHa ykopoudeHwust
MpY 3TOM He OKa3bIBaeT CYI[eCTBEHHOTO BIUSHMUS Ha
CpPOKM KOHconupanuu. [IpeMmyiiecTBOM BapuaHTa
C YROpOoueHMeM 0e3 pe3eKINy OTIIOMKOB SIBJISIETCST CO-
XpaHeHMe IJIMHbI CeTMeHTa.

[TpuumHOV pa3BUTUS JTOXKHOTO CyCTaBa B rpymrie |
B OOHOM (7,7%) ciaydae SIBUJIOCh pasBUTME HEKPO3a
KOHIIOB OTJIOMKOB M MNpPWIEXalMX K HUM KOCTHBIX
(dbparmMeHTOB Ha (POHE COXpPAaHMBILIErO0 CBOI AKTUB-
HOCTb THOWMHOTO Mporiecca. B apyrom ciayvyae He yaa-
JIOCh TOOUTHCS TJIOTHOTO KOHTAKTa OTIOMKOB M3-3a
MpeXXIeBPEMEHHOTO CpalleHuss MaJo0epIoBoil Koc-
™. B 060MX HAOMIOOEHUSX BBIOTHUINA PE3EeKINIO
6epIIOBBIX KOCTEI ¥ OCTPOE YKOPOUEHME U TTPOIOIKA-
i dukcanyio AU. [IpUUMHOI OTCYTCTBUS CpallleHNs
B 4 (10,5%) cnywasix B rpyrmme II sSIBWIoch coxpaHe-
HMe THOWMHOTO Ipoliecca M HeKpo3a KOHIIOB OT/IOM-
KOB, UTO TOTPeOOBAIO MOIMOJHUTENbHON Pe3eKIun
¥ YKOPOYEeHMSI.
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Puc. 4. [TpuMep npuMeHeHMs] TEXHUKY ITOA0CTPOTO (TIOCTEIIEHHOT0) YKOPOUeHMS Y MalieHTa C OCKOJIOYHbIM paHeHMeM
TIpaBOJi TOJIEHY U OCKOIbUATBIM ITepeioMOM 60JIbIIe6epIoBOi KOCTH:

a — peHTreHOorpamMma B IIPSIMOVE TPOeKUIMY IIpU NMOCTYTUIeHUU (3-14 AeHb I10C/Ie paHeHMs);

b — BHenrHuit BUA paHbl uepes 7 Hep.; ocie cepun XO gedeKT MATKMX TKaHel 3aHuMaeT 2/3 OKpy>KHOCTH U 1/3 06bema
TOJIeHY Ha YPOBHE BepxXHell 1 CpefHell TpeTeli; TpaHy/IsILuY Ha BCell IOBEPXHOCTY;

C — peHTreHorpaMma B IIPSIMOII MPOeKLM uepes 7 HeJ,., [Toc/Ie pe3eKUyy KOHI[0B OTIOMKOB U yIaneHust
HEeKPOTU3MPOBAHHBIX OCKOIKOB MEX[Y OTJIOMKaMM MMeeTCs [uacTas;

d — BHeNIHWIT BUI Yepe3 9 Hefl., paHbl 3aKUJIN, aIeKBATHYI0 MMMOOWIM3AIMIO 00eCIieuBaeT anmapar 13 IByX KoJell;

€ — Ha peHTreHorpaMme B IIPSIMOJi IPOEKLIVM OTMeYaeTCsl IVIOTHBIV KOHTAaKT OTVIOMKOB, TOJIEHb YKOpOYeHa Ha 18 cMm;

f — aurmorpamma uepe3s 7 Mec. 1ocjie paHeHus1, oTMeuaeTcs Jedopmarius aprepuii Ha ypoBHE BEpXHeit

U cpenHelt TpeTeli rojieHu

Figure 4. Example of applying subacute (gradual) shortening technique in patient with a shrapnel wound of the right
lower leg and comminuted tibial fracture:

a — X-ray in the AP view upon admission (on the 3" day after wounding);

b — appearance of the wound in 7 weeks; after serial surgical wound debridement, the soft tissue defect occupies

2/3 of the circumference and 1/3 of the volume of the lower leg at the level of the upper and middle third; granulations on
the entire surface;

¢ — X-ray in the AP view in 7 weeks, after resection of the fragments ends and removal of necrotized split-offs, there is
a diastasis between the fragments;

d — appearance after 9 weeks, the wounds are healed, adequate immobilization is provided by a two-ring apparatus;

e — X-ray performed in the AP view shows a tight contact of the fragments, the lower leg is shortened by 18 cm;

f — angiogram performed in 7 months after wounding shows arterial deformity at the level of upper and middle third
of the lower leg

Tabnauya 2
AHanus pe3yIbTaTOB JT€e4eHUS
ITapameTtp I'pynmal (n=13) | I'pynma II (n = 38) p
BenmnunHa gedexra (yKopoueHus) 60blIe6epIioBOil KOCTU™, CM 4[3; 6] 81[7; 10] <0,001***
IledeKT MITKMX TKaHel B 30He IepeioMa Iocjie ornepaium, cm> 912; 32] 35,5[12; 54] 0,041%**
BenuunuHa ymeHbIieHMs gedeKTa MITKUX TKaHel, cm? 25[11;41] 38 [20; 81] 0,057
THOJiHBII MTpOIIecC Mmocje onepanym, n (%) 2 (15,4) 6 (15,8) 0,972
®opMMUPOBaHME JIOKHBIX CYCTABOB, 1 (%) 2 (15,4) 4(10,5) 0,639
CpoK cpaiieHus ™™, Hef. 50[45; 59] 36,5 [29; 43] <0,0071%**

* — IIPU OTHECTPETbHBIX PAHEHUSIX TPYAHO OLIEHUTH BeIVUMHY JAedeKTa 13-3a CI0KHOI KOHDUTYpamm IMHUA Tepe-
JIoMa, TI03TOMY B IAHHO¥ rpade MpeacTaBieHa BeTMYMHa YKOPOUeHMSsT, CHOpMUPOBABIIErOCs MOC/e COMIKEHUS OTIOMKOB;
** — cpemHU CPOK CpalieHusT PaCCYNTHIBAIN, UCKITIOUMB U3 TPYIIT CIyyan GOpMUPOBAHUS JIOKHBIX CYCTaBOB M COXPa-

HuB 11 Habmonennit B rpymre I u 34 Habmomenus B rpyme II;
*EE _ CTATUCTUUYECKM 3HAUMMBbIE pas3INuMS.
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3HauUNTeTbHOE YMEHBIIIeHNEe BeIMUMHBI AedeKTa
MSTKMX TKaHel IMO3BOJIWIO B OOJBIIMHCTBE CTy4aeB
OTPAaHMYUTHCS TTPOCTHIMM CITOCOOaMM 3aKPBITHS PaH.
B rpynme I B 9 (69,2%) ciy4yasix paHbl 3aKpbUIM HaJIO-
>KEeHMEM MO30HUX BTOPUYHBIX IIBOB, B 4 (30,8%) ciy-
Yyasgx — paclielyIeHHbIMM KOKHBIMM TpaHCIIaHTaTa-
mu. B rpynre II yaanoch OrpaHMUUTBCS HATOXKEHUEM
MO3AHUX BTOPUYHBIX IIIBOB [JIS1 3aKPbITUS paHbl y 16
(42,1%) mnalnMeHTOB, OOIMOJHUTENbHO IPUMEHUIN
IJIACTUKY PacillelVIeHHbIM KOXXHbIM TPaHCIUIAaHTATOM
y 20 (52,6%) maLyeHTOB, INIACTUKY CBOGOIHBIM JIOCKY-
TOM Ha COCYIMCTOM HOKKe — Y 2 (5,3%) manueHTOB.

I'HOVIHBIN mporiecc rpymrie [ He yaanoch MMKBUION -
poBaTh B 2 (15,4%) ciyuasx. B omHOM cityyae 3TO SIBU-
JIOCh TIPUYMHOV HecpallleHus, B JPyromM cpallleHue
MPOM30III0, HO COXpaHUJICS ¢Buil,. B rpyrie II rHO¥-

HBIIi TIpo1iecc coxpaHuics B 6 (15,8%) HabmoneHusx,
B 4 (10,5%) crydasix 9TO 3aKOHUMIIOCH (POPMIMPOBaHMU-
€M JIOSKHOT'O cycTaBa, B 2 (5,3%) — cBuIeBoii popmoit
OCTEOMMUENNTA.

Yro KacaeTCs BOCCTAaHOBJIEHUS [OJIMHBI TOC/e
YKOpOUeHMUsI, TO BCe CJIyuad MOKHO pa3fenuTb Ha
TPU MOATPYNIIbl: 1-9 — OTKAa3 OT YAJMHEHUS; 2-9 —
yOJIMHeHMe B paMKax 1-ro 3rama JieueHusl C UCIIO/b-
30BaHMEM YyXKe YCTaHOBJIEeHHOro AU (rpu ImosBie-
HUM OTYET/IMBBIX MIPU3HAKOB KOHCOMUIALMN); 3-9 —
yAJIMHEeHMe CAeAyIoUMM 3TalloM I0oc/ae HaCTYIIeHUs
cpamieHusi, feMoHTaxka AV u mepmuoma peabuiamura-
uuu. PacnpeneneHe MOBPeXAEHHBIX CETMEHTOB 10
STUM IOATPYIIIIAM HPeACcTaBaeHo B Tabnuile 3 (C yue-
TOM MCK/IIOUEHMS] U3 PacCMOTpPeHMUS LIeCTu CilyyaeB
(bopMMUpPOBaHMS JIOKHBIX CYCTABOB).

Tabnuya 3
PacnipeneneHue cerMeHTOB B 3aBUCMMOCTHU OT MOAXO0a K BOIIPOCY BOCCTAHOBJIEHUS IJIMHBIL, N (%)
KomnyuecTBo cermeHTOB
I'pynna Bcero p
1-g mogrpymnmna 2-4 TIOArpyIIa 3-g moArpyIimna

I 3(27,3) 3(27,3) 5 (45,5) 11 (100) 0.505
II 15 (44,1) 8 (23,5) 11 (32,4) 34 (100) ’
Utoro 18 (40,0) 11 (24,4) 16 (35,6) 45 (100) -

Hu B ogHOM (/iyyae He BBITNOJHSIIM OCTEOTOMMIO
IJISL TIOC/TIeAVIOIEro YOAMHEHMS Cpasy, OGHOBPEMEHHO
¢ HasoxxeHveM AU u yRopoueHVeM. JTO Hallla IIPUH-
LMITMaIbHAsT TIO3UIMS, 0OOCHOBAaHHAsI TE€M, UTO J0-
TIOJIHUTEIbHASI TPaBMa YMEHBIIUT BO3MOXXHOCTb Cpa-
1eHus B 30He paHeHusl. BbIOop BpeMeHM MpoBeaeHNsT
OCTEOTOMMM B LIEJISIX MOCAEIYIOEr0 BOCCTAHOBIEHUS
IJVHBI CETMEHTA 3aBMCET OT CyOBEKTUMBHOI'O OTHO-
LIeHMs TalyeHTa K MMpoleccy jJeyeHus, CTelleH ero
(byHKIMOHATBHONM amarnTanyy (KOMIEHCAUN), HaIu-
4us COMYTCTBYIOUIEN IaTOJNIOrMM, CTaAUM CpalleHUs
repeioMa, COCTOSTHMST MSITKUX TKaHel.

OBCY>XIEHUE

CoBpeMeHHas peKOHCTPYKTMBHAsI XUPYPrus KOHeEU-
HOCTel pacrosiaraeT OIpeeleHHbBIMY TeXHOJIOTU-
SIMM, KaKJasi U3 KOTOPbIX MMEET CBOM JOCTOMHCTBA
u HepocTtaTku. Yaie Bcero mjisa 3amenieHust nedex-
TOB IJMHHBIX KOCTel TPUMEHSIOT T.H. OUIOKasb-
HBII (MM TIONMJIOKAaNbHBIN) ocTeocuHTe3 [7, 16].
B kauvecTBe NMPUOPUTETHOI 3[4€Ch BLICTYIAEeT 3afava
COXpaHeHMs IJIMHbI CETMEHTA IyTeM IepeMelleHus
B 30HY Jedexra dparmeHTa ONHOIO U3 OTIOMKOB.
KOHTaKT OT/IOMKOB HENOCPENCTBEHHO B 30HE Iepe-
noma (“docking site”) IpOMCXOOUT CIIYCTS HECKOIBKO
Helelb U Jaxke MecsleB nocie onepauuu. Hepegko
MIPOUCXOOUT HapylleHre KPOBOCHaGXKeHUS Tepeme-
maemoro (¢parmenTa. [y obecriedeHus] IIOTHOTO
KOHTaKTa HeOOXOAMMO MUCCEKATh PyOLIbl MU TTIOKPOB-

Hble TKaHY, B TOM 4ycjIe I0C/Ie paHee BbIITOMHEHHBIX
IIJIaCTUYECKUX OIlepaliyii, HalpaBJIeHHbIX Ha 3aKphbI-
e nedexra [17]. Bo3MOXKHBI Takke ITPOOIEMBI MTPU
dbopMupoBaHUM AMCTPAKIMOHHOTO pereHepara (T.H.
ullemmnyeckuiti pereHepar) [18]. Hamnune Tpex mect
HayMEHbIIIero CONPOTUBIIEHMSI — OVCTPaKLUMOHHBIN
pereHepar, iepeMelaeMblit pparmMeHT 1 30Ha KOHTaK-
Ta OTIIOMKOB — SIBJISIETCSI MPeJIIOChIIKOV DPa3BUTHS
MHOTOUMCJIEHHBIX CePbe3HbIX OCI0KHEeHUI [19].

TexHuka MHAYIMPOBAHHOV  MeMOpaHbl  IIO
Masquelet fns1 ycrenrHoi peanusauuy TpedyeT CTpo-
roro coGIOfleHUs] HeCKOAbKUX YCIOBMIL: JIMKBUAA-
I[Ms1 THOMHOTO Ipoliecca, 3aKpbITHe 30HbI JedeKTa
MMOKPOBHBIMM TKaHSIMM M CTabuiabHas Qukrcaums
[20, 21]. TIpm orHecTpe/lbHBIX IlepeioMaxX KOCTeil ro-
JIEHMU, C KOTOPBIMU IIPUXOIUTCS CTAJIKUBATBCS, TPYL -
HO 10OUTHCS BBITIOTHEHUS 3TUX YCI0BUIA [22].

BackynsapusupoBaHHasi KOCTHasI IJ1aCTVKa — Hau-
Oosmee CJIOKHBIV BapMaHT 3aMellleHMs [edeKToB.
OH MoOXeT OBITb peanu30BaH OIBITHBIMM CIIELIU-
almicTaMu, B COBepIIEHCTBE BJAJeOUIMMM MUKpPO-
XUPYPTUUYECKO TeXHUKON, TpebyeT creluaJbHOro
ob6opymoBanusi. Takke HeOOXOAMMBI KYMMpPOBaHME
MECTHOTO THOJHOTO IIPOLLecca ¥ XOpolllee COCTOsSIHME
MaruCTpaabHbIX COCYLOB. BO3MOXKHBI TakKe OCIOXK-
HeHMs B JOHOPCKOM 30He [4, 9].

ITepcnieKTMBHBIM  TIpEACTABISIETCSI IIPUMeEHeHMe
pa3paboTOK TKaHeBO} WHKeHepUM U anIUTUBHBIX
TeXHOJIOTMA, a/VIOTeHHBIX OCTEeOIUIaCTUUYeCKUX U Apy-
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IMX CUHTETUUYECKUX MaTepuajioB [Jig 3aMelleHus
IedeKTOB KOCTEeil TOCAe OTHECTPENbHBIX PaHeHMIA
[23, 24, 25, 26]. Takue TeXHOJOTUM aKTUBHO U C yCITe-
XOM MCITO/Ib3YIOTCSI B KOMIVIEKCHOM JIeUeHU M paHEHbIX
B KOHeYHOCTU. OfHAKO, KaK CIIpaBeijiMBO OTMEeYaloT
aBTOpBI 0630pa A.JI. IllacToB ¢ coaBTOpamMu, CO3TaHue
3(GeKTUBHBIX UMIIJIAHTATOB HOBOT'O ITIOKOJIEHMS BO3-
MOKHO TOJIbKO TPU KOMIUIEKCHOM MEXIUCIUTIIN-
HapHOM IIOAXOAe C TMpPUBJIeYeHMEM CIelyuaanucToB
IPYTUX OTpacsei IpOMbIIIIEHHOCTU Y IIPU LOCTATOY-
HOV (DMHAHCOBOJ TToAIepskKe [26].

Ha ¢one mpuBemeHHOI Bblllle KPATKOM XapakTe-
PUCTUKM «KOHKYPUPYIOIIMUX» TEXHOJIOTHUIA OIepaium,
HallpaB/ieHHble Ha YKOpPOUEeHMEe TOJIeHM, BBITOJHO
OTJIMYAIOTCSL TIPOCTOTOM, [OCTYIMHOCTbIO, BO3MOX-
HOCTBIO pellleHUs] CJIOKHBIX 3aJa4 MCIOAb30BaHMEM
CTaHAAPTHOTO OCHAalleHMs (anmapaTbsl nmnsapoBa).

C TexXHMYEeCKO TOUYKM 3peHUSI YKOpOUYEeHME SIB-
nsieTcsl He Gosiee YeM JOTIONHUTENbHBIM 3JIEMEHTOM
CTAHJAPTHOM METOOMKU JieYeHUSI OTHEeCTPEeTbHbIX
nepenoMoB Kocrtelt roneau AW (I rpymma) min CTaH-
OApTHOM METOAMKM paauKaibHON XO (pe3eKums)
B cOueTaHuM C BHemIHUM ocreocuHTe3om (II rpymrma).
B nHamreit paboTe MbI MCIIOIb30BaaM AU, XOTS 100bIE
BHeIIHMe (DUKCATOPHI TO3BOJISIIOT CIEIaTh TO JKe caMoe.

[Tpu BbINIOITHEHUY YKOPOYEHMSI TOJIEHU BaKHOE 3Ha-
yeHue umeeT GaKkToOp BpeMeHU — CPOK, IMPOIIeAIIniA
OT MOMEHTa paHeHus A0 onepaiuyu. ONTUMaIbHbIN
riepmon, yist CONMMKeHNsT OTIIOMKOB — TIEpPBBIE 1B Me-
csla nocjie paHeHus. B panbHeieM Mexay OTIOM-
KaMy (OpMUPYeTCsT IpyObIit pybelr, TPersTCTBYIOMII
KOHTaKTy OTJIOMKOB. Py6110Bast TKaHb B cBoeM (popMu-
pOBaHMM TMPOXOOUT OIpefeneHHble craguu. [lepuon,
30-90 pgHelt OT MOMEHTa TpaBMbl COOTBETCTBYET
3-11 ctagyiu, KOTOpasi Tak M Ha3bIBAETCS — CTaaus 00-
pa3oBaHuUSI MPOYHOrO pybia [27]. McceueHme Takmx
pYOILIOB TP BbIETEHUM KOHIIOB OTIOMKOB YpEBaTO
MOBpEeXAeHMEM COCyNOB U HepBOB. [Ipu pelieHun 3a-
Ay 3aKpBITMS paHbl WM AedeKTra MITKUX TKaHei
11e71eCO00pa3HO TEPBBIM 3TAlOM YCTPAHSTDH AMACTa3
MEeKIy OTJIOMKaMM ITyTeM UX COMKeHNs. DTO 3HAUYM-
TeJIbHO YMEHBIIIAeT pa3Mepbl MATKOTKAHHOTO edeKTa
1, COOTBETCTBEHHO, 06/IerdaeT BO3MOKHOCTD €r0 OKOH-
4aTeabHOIO YCTpaHeHMs (CM. puc. 3, 4).

O6paiarmT Ha cebss BHMMaHKe 6oiee IJINTeIbHbIe
CPOKM cpallleHus] OobInebepoBoii KOCTU B TPyH-
ne I, yem B rpynrme II. [To-BuguMomMy, 5TO CBSI3aHO
C TEM, YTO CJIOKHAS KOHOUTypanysi KOHIIOB OTIIOM-
KOB U HaJIMUMe OCKOJIKOB MEXIY HUMMU MPENSTCTBYIOT
CO3[aHMIO IVIOTHOTO KOHTaKTa. TeM He MeHee mpen-
CTaBJSIETCS] Helenecoo6pa3HbIM BBITIONHITh Pe3eK-
M0 KOHIIOB OTJIOMKOB IPU OTCYTCTBUM MPU3HAKOB
MX HEKpo3a BO M30eskaHye IOTIOIHUTENIbHON TpaB-
MaTuU3aluyu MSITKUX TKaHel U yBeJllnueHus] pa3mMepoB
IMacTasa M BEJIMUMHBI MOCIESYI0IEero YKOpOoUeHus.
Hanuune Hekpo3a KOHIIOB OTIOMKOB He OCTaBJsieT
BbIOOpA. 3/eCh OJHO3HAYHO IMOKAa3aHa TIOTepevHast

pesekuus. [Ipy 3TOM, HECMOTpPS Ha 3HAUYUTEbHYIO
BEJIMUMHY YKOPOUEHMS], TUIOTHBIN KOHTAKT MeXAY
OTJIOMKaMM ¥ CTabuiabHast (UKcanyus CO3Oal0T OIl-
TUMaJIbHbIE YCIOBUS AJ1s1 cpailieHus. [IoaToMy cpoku
cpatieHust B rpymie II 6bp1IM MeHbIIIe.

[TpeseHTaIMs B yOIMYHOM IIPOCTPAHCTBE TEXHU-
KM YKOPOUEHMSI HMSKHUX KOHEUHOCTeN Tpu JeueHUu
paHeHbIX C OTHECTPeNbHbBIMM I€epeloMaMiu KOCTei
HEeM3MEHHO BbI3bIBaeT muckyccuu. OcoOblit MHTe-
pec BBbI3BIBAIOT COCTOSIHME YKOPOUEHHOTO CerMeHTa
" HeOOXOOMMOCTb XMPYPIrUUYECKOTO BOCCTAHOBJIEHMS
IJIMHBI.

HecmoTps Ha 3HAUUTENbHYIO BEIMYMHY YKOpOue-
Hus (4 [3; 6] cm B rpynrie [ m 8 [7; 10] cm B rpymre II),
Mbl He OTMETW/IM HEBPOJIOTMYECKUX U COCYAUCTBIX
PacCTPOCTB WM HapylleHuit PyHKIIMY TOJIEeHOCTOM-
Horo cycrasa. [IpM OTCYTCTBMM MCXOZHOTO IPSIMOTO
TOBPEXIEeHMST MBIIIL, CYXOXWINI U HEPBOB (TIpeXkae
BCEro Maji06epIiOBOTO HEPBAa) YKOPOUEHME CEerMeHTa
He 0Ka3bIBAJIO CYII[eCTBEHHOTO BAUSHMS Ha CHUKEHNE
TOHYCA MBI ¥ (PYHKINIO TOJIEHOCTOITHOTO CYCTaBa.
B Tex equHMYHBIX C/Ty4yasiX, KOrjga Ha3BaHHbIE aHATO-
MMWYeCKIe CTPYKTYPbI ObUIV COXpaHEeHbI, TOHYC MBbIIIIII,
CTabMIIbHOCTD TOJIEHOCTOITHOTO CYCTaBa 1 06beM IBU-
>KeHuit B Teuenue 1,5-2,0 mec. BocCTaHABIMBAINUCh
0o 70-100% ot ucxomHBIX MOKasaTesei. Mbl Takke
He HAOIIoOaau pasBUTUS MIIEMUYECKUX U TPopu-
YyeCKMX PaCCTPOJCTB, CBSI3aHHBIX C medopMalueii
MSITKMX TKaHeii. [IpoBemeHHbIe aHTMOrpaduueckue
UCC/ieloBaHMSI TIPOAEMOHCTPUPOBAAM U3MeHeHUe
KOH(UTypanyum coCymoB, HO He BBISIBWIN KIMHUYEC-
KM 3HAYMMBIX M3MEHEHMIi JIOKAaTbHOTO KPOBOTOKA
Ha rojieHu u crorme (cM. puc. 4). B Tex caydasx, KoOr-
la ODHOMOMEHTHOe (OCTpoe) COMIKeHNe MpeAcTaB-
JISETCSI PUCKOBAHHbBIM, OMMCAHHOE BbIIlIEe MOCTEeNeH-
Hoe (TI0J0CTPOe) YKOpOUeHMe MO3BOJIsIET TTOTHOCThIO
VCKJIIOUUTh PasBUTHUE MIIEMUYECKUX PACCTPOICTB.
Kaxk npaBuiio, pucKu CBsSI3aHbI HE C BEJIMYMHON MTpe/ -
T10JIaraeMOor0 YKOPOUEHMsI, a C HAJIMUMeM rpyobIx pyo-
LIOB ¥ PUTUIHBIX TKaHel MeXIy OTIOMKaMM, yalle
BCEro B CPOKM, IIpeBbIIIAIINME OOVMH MeCsI].

O6pamasice K IpobiieMe XUPYPruueckoro BOC-
CTAHOBJIEHMS [OJIMHBI YKOPOUEHHOI'O CerMeHTa, He-
00X0IMMO OTMETUTD Cliefyiolnee. Bo-mepBoix, HEOO-
XOOMMOCTh B 3TOM BO3HMKAaeT He Bcerga. Hampumep,
MpM YKOPOUEeHUM 00eux rojieHel WIM aMITyTaluu
KOHTpaJlaTepabHO KOHEYHOCTHU 11eJ1IeCO00Pa3HOCTh
YOJIMHEHUs ToJieHell MpeAcTaBsIeTcss COMHUTENb-
HOJi. TaKMX paHEeHbIX B HAIIMX HAOGTIONEHUSIX ObLIO
7 (15,6%). Bo-BTOpBIX, VOJIMHEHUE SIBJISIETCS TLJIAHO-
BOJi oTiepalueii, 1 CyleCTBEHHOE BIMSHME Ha TPUHS -
THUe pellleHMsI O ee BBITIOJIHEHUM OKa3biBaeT MHEHMe
camoro manyeHTta. Hambosmee 4acTbIMy MPUUMHAMU
OTKa3sa OT YAJIMHEHUS SIBJISIIOTCS YO,0BIE€TBOPEHHOCTD
(YHKIVOHAIBHBIM COCTOSIHMEM KOHEUHOCTY U HeXe-
JlaHMe TIoJBepraThCs AalbHeNIeMy AJUTeTbHOMY U
IMCKOMGbOPTHOMY JIEUEHMUIO.
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[IpuBeneHHbIe B TabMile 3 maHHbIE TOKA3bIBAIOT,
yto B 40% @IydaeB BOIpoc 00 yIJIMHEHUM He pac-
cmaTtpuBaics. B ocranbHbix 60% ciydaeB 3Ta ornepa-
LM BBIMIOJIHSIACh B IVIAHOBOM MoOpsifke. Mbl mpen-
MMOYMTAEM BBINOJNHATh €€ BTOPbIM 3TarloM, IOcje
Kypca peabmwinTanuy, BOCCTAHOBAEHMS (YHKIMO-
HaJIbHOTO COCTOSIHMSI MBIIIL, U CycTaBOB. HecKombKo
Mecs1eB, IMOTpayeHHbIX HA PeabuIMUTaINIo, OMpaB-
IIBIBAIOT ce6s1, 001eryaoT epeHoCMMOCTh paHEHbIMU
60/1e3HEHHOTO U IJIUTEBbHOTO MpoIiecca yIJIMHeHs,
yIIy4yamnT (QyHKUMOHANBHBIN TporHos. IIpu xopo-
1IeM COCTOSIHMM MSTKUX TKaHell BO3MOXXEH Takxe
MOC/IeN0BaTeNbHbI OCTEOCMHTE3 C UCIOAb30BaHUEM
BHYTPEHHUX KOHCTPYKLMIA [28].

B nmaHHO}I craTbe MBI JMIIb KPaTKO KOCHYIUCH
TeMbl KOppeKUMM YKOpOYeHMSI (KaK COCTOSIHMS),
OrpPaHMYMBUINCH OIpese/ieHMeM OKa3aHMil K XUpyp-
rMYeCKOMY BOCCTAHOBJIEHMIO IJIMHBI HA OCHOBE OIIbI-
Ta COOCTBEHHBIX HAbMOAeHMI1. DTa ITpobiemMa TpebyeT
JaMbHeIIero u3yyeHus ¢ pMMeHeHueM 00beKTUB-
HbIX METOZAO0B OLIeHKM KadyecTBa XM3HU [0 U IOCje
ymiuHeHus, 3(PGEeKTUBHOCTM WUCIOAb30BAHUS He-
OIepaTMBHBIX METOLOB KOMIIEHCALlMM YKOPOUEeHMd,
BJIMSIHUSL COIYTCTBYIOIIMX MOBPEXAEHUI UM MHOTUX
Ipyrux GakTopoB.

UYTo KacaeTcsl camoli TEXHUKM YKOPOUYEHMS Tojie-
HU TIpU JIEUEHUM OTHECTPeIbHbIX IepesioMOB 00ib-
1re6epiioBoii KOCTM, TO OTMeUYeHHbIe BbIlIe MPOCTO-
Ta ¥ 3¢GGEeKTUBHOCTb MPU OTCYTCTBUM HETATUBHOTO
BJIMSIHME Ha COCTOSIHMSI YKOPOUYEHHOJ KOHEYHOCTU U
BO3MOXHOCTM pelleHMsI BOIIpoca MOCIeAyoUero yai-
JIMHEHMS, T03BOJISIIOT PeKOMEHI0BaTh ee K 6oJiee M-
POKOMY IPMMEHEHMUIO.
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Henun M.H. — c60p, aHaIU3 ¥ MHTEPIIpeTalys JaHHbIX,
HamMcaHue TeKCTa CTaTbMU.

Tpuzopves M.A. — c60p, aHAIU3 U MHTEPIIPETALVS JaH-
HbIX, HallMiCaHMe TEKCTa CTaTbU.

Cosnoswés FO.C. — cO60p, aHAIU3 M MHTEpIIpeTauys naH-
HbBIX, HallMiCaHMe TEKCTa CTaTbU.

Coicoes U.A. — c60p, aHAIN3 ¥ MHTEPIIPETALINS JaHHBIX,
HamnMcaHue TeKCTa CTaTbMU.

Bce aBTOpBI MpowIn U ogo6pmian GUHATBHYIO BEPCUIO
PYKOIMCH CTaTb. Bce aBTOPBI COI/IACHbI HECTU OTBETCTBEH-
HOCTb 3a BCE aCIIeKThI pabOThI, YTOObI 0O6ECIIEYNTH HaIjIeKa-
11ee pacCMOTpPeHMe U pellleHe BCeX BO3MOXKHbBIX BOIIPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAJESKHOCTBIO JII000I YacTu
paboThI.

Hcmounuk  ¢uHaHcupoeanus. ABTOpbI  3aSIBJISIIOT
06 OTCYTCTBUM BHENIHETO (PMHAHCUPOBAHUS TIPU MIPOBee-
HUM UCC/IeT0BaHMSI.

3AK/IIOYEHUE

B 3aBUCUMOCTM OT TSKECTU IepesiomMa U COCTOSIHUSA
KOHILIOB OTVIOMKOB M MSTKUX TKaHeil BO3MOHBI JIBa
BapMaHTa TEXHMKU YKOpoudeHMs: 6e3 pe3eruuu u
C peseKiyeil KOHIIOB OTIOMKOB. YKOpoueHue 6e3 pe-
3eKLUM BO3MOXHO IIPU OTCYTCTBUM IPU3HAKOB He-
Kpo3a M pacnpoCTpaHEeHHOI'O0 THOWHOro Ipoliecca.
HenocraTkoMm sBiIsSIeTCsl pUCK 3aMe[JIEHHOIO cpalle-
HUSI, TOCTOMHCTBOM — BO3MOXHOCTb M36€XKaTh TPaB-
MaTMYHOTO BMeIIaTelbCTBA B BUJIE pe3eKI UM KOHII0B
OTJIOMKOB U JOIOJTHUTEIbHOIO YKOPOUEHUSI CerMeH-
ta. [IpM Hekpo3e KOHIIOB OTIOMKOB Heob6xoAuma ux
rorepevyHast pe3eKuusi u coaKkeHue C ycTpaHeHeM
nuacrasa Mexny HuMM. JJOCTOMHCTBOM TaKOM Tex-
HUKM YKOPOYEHMS SIBJISIETCS ONTUMM3aUUsS YCIOBUIA
M COKpallleHVe CPOKOB CpallleHusl, HeJOCTaTKOM —
dbopMupoBaHue 3HAUUTENbHBIX 10 BeJINUYMHE KOCT-
HbIX IedeKToB. B 3aBucMMOCTM OT PUTUAHOCTU TKa-
Heli BO3MOXXHO BBITIOIHSATh OHOMOMEHTHOE (0CTPOe)
WIN TIOCTelleHHOoe (II0foCTpoe) yKopoueHue. [Ipu
KOPPEKTHOM BBITTOJIHEHUYM TEXHUKU YKOPOUYEHMSI TO-
JIeH) He OTMeuaeTcCs] pa3BUTHE HEeBPOIOTMUYECKUX U
COCYAMCTBIX PACcCTPOIMCTB MM HapylieHUn QyHKUMN
TOJIEHOCTOITHOTO CYCTaBa.

Heo6x0omuMoCTh TOCTIEMYIONIETO XUPYPTrUUECKO-
O BOCCTAHOBJIEHUSI IJIVHBI YKOPOUEHHOI'O CerMeH-
Ta BO3HMKAeT He Bcerga. OrpaHMuyeHbl IOKa3aHUS
K VIJMHEHUIO TIPU YKOpOUeHUM 06eux TojieHei miaun
aMIlyTalMy KOHTpaJaTepaJbHOV KOHEUHOCTH, a TaK-
ke Tpu coxpaHeHMM GYHKIMM, YIOBIETBOPSIOLIEN
nanyueHTa. [Ipu HanMUMK NOKa3aHMI ONTUMaIbHBIM
SIBJISIETCS YOJIMHEHYE BTOPBIM 3TarloM, I10C/Ie IpoBe-
IleHUsT peabMIUTAIIMOHHbBIX MEePOTIPUSTUIA.
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Femoral Malalignment Deformity Acute Correction
and Gradual Limb-Lengthening by Bifocal Osteosynthesis
with a Monorail External Fixator
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Qinglin Kang, Jia Xu

Shanghai Sixth People’s Hospital Affiliated to Shanghai Jiao Tong University School of Medicine,
Shanghai, China

Abstract

Background. Patients with limb-length discrepancies often present with concomitant distal femoral varus or valgus
deformities. With the development of distraction osteogenesis, both deformity correction and limb-lengthening can be
performed simultaneously. This novel procedure is being increasingly preferred not only by experts due to the technical
advance it implies, but also by patients.

The aim of this study was to identify the clinical efficacy of distal femoral malalignment deformity correction and gradual
limb-lengthening by bifocal osteotomies.

Methods. We analyzed 32 femurs from 30 patients (mean age — 23.8 years) who had undergone bifocal osteotomies followed
by the use of the monorail external fixator to correct the distal femoral malalignment deformity acutely and limb-length
discrepancy gradually from June 2012 to May 2020. Pre-operative clinical and radiographic data were also obtained. During
the follow-up period, deformity correction and bone healing were assessed, complications were identified, and functional
outcomes were evaluated.

Results. The mean follow-up period was 57.2 months for all the patients. The mean mechanical axis deviation improved
from 66.4 mm pre-operatively to 7.5 mm. In patients with varus deformity, the mean mechanical lateral distal femoral
angle (mLDFA) decreased from 121.2° pre-operatively to 90.2° after surgery; whereas in patients with valgus deformity,
the mean mLDFA improved from 59.2 to 87.1°. The magnitude of lengthening achieved averaged 6.3 cm, and the mean
bone healing index was 34.8 days/cm. The final scores defined by the Association for the Study and Application of the
Methods of Ilizarov (ASAMI)-Paley were excellent in 93.3% of patients.

Conclusions. Acute correction of femoral deformities and gradual lengthening with a monorail external fixator following
bifocal osteotomies can be used to treat femoral shortening and distal malalignment deformity. Functional and cosmetic
improvements are expected after surgery and post-operative rehabilitation.

Keywords: bifocal osteosynthesis, deformity correction, femoral lengthening, monorail external fixator.

Cite as: Zhang K., Yu Y., Wang F., Zhang H., Li S., Cao Y., Kang Q., Xu J. Femoral Malalignment Deformity
Acute Correction and Gradual Limb-Lengthening by Bifocal Osteosynthesis with a Monorail External Fixator.
Traumatology and Orthopedics of Russia. 2024;30(3):25-33. https://doi.org/10.17816/2311-2905-17473.

D4 Jia Xu; e-mail: xujia0117@126.com
Submitted: 21.02.2024. Accepted: 19.08.2024. Published Online: 04.09.2024.

© Zhang K., Yu Y., Wang F., Zhang H., Li S., Cao Y., Kang Q., Xu J., 2024

25 2024;30(3) TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


mailto:xujia0117@sjtu.edu.cn
https://creativecommons.org/licenses/by/4.0/

KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

HayuHnas cTaTbst @)y |

V1K 616.78.4-007.24-089.84
https://doi.org/10.17816/2311-2905-17473

OcTtpasg Koppekuus oceBoi aedpopmaumnm 6eapeHHON KOCTU

U NOCTENEHHOE YAJIMHEHUE HUXKHEN KOHEYHOCTU METOAOM

61} OKaNbHOro 0CTEOCMHTE3A C UCMOJIb30BAHMEM MOHONATEPaIbHOrO
BHellHero ¢pukcaTtopa

K. Ykan, U. 101, ®. Ban, X. Yxan, 1. JIn, }0. Lao, II. Kanx, 1I. Croi1

Shanghai Sixth People’s Hospital Affiliated to Shanghai Jiao Tong University School of Medicine,
Shanghai, China

Pedepar

Beedenue. TIaniyieHThI C HEPABHO AJIMHOM HMKHMUX KOHEYHOCTE YacTO MMEIOT COMYTCTBYIOIIYIO BAPYCHYIO MIJIM BaJIbIyC-
HY10 gedopManyio IMCTaaIbHOrO OTAeNa 6eAPeHHO KOCTHU. Pa3BUTHE IUCTPAKIMOHHOTO OCTEOTeHe3a TI03BOIMIIO OJHO-
BPEMEHHO BBITTOIHATh KOPPEKINIO AedhopManyy 1 yIJIMHeHMe KOHEUHOCTH. DTOT IePeOBOIi METO/, BCe Yallle BhIOVPAIOT
He TOJIbKO CIIeLMaINCThI, HO ¥ CAaMM MalMeHThI.

Llensto uccnedosanus 6bUI0 ONIPENENNTh KIMHUYECKYIO 3(DHEKTUBHOCTh 6M(POKATBHBIX OCTEOTOMMUI ISl KOPPEKIUY [e-
dbopmanuu nucranbHOTO OTAENa 6EIPEHHOI KOCTM Y OCTEIMIEHHOTO YIIMHEHMS KOHEUHOCTM.

Mamepuan u memo0dst. Mbl IPOAHATU3UPOBAIN Pe3yIbTAThI JiedeHusT 30 manyeHToB (32 6epeHHbIe KOCTM) CO CPeTHUM
Bo3pacTom 23,8 sieT, KoTopbiM ¢ MioHS 2012 r. mo mait 2020 . 6bu1a TpoBefeHa 6MdOKATbHAS OCTEOTOMMS C MTOCTETYIONIVIM
HaJI0KeHVEeM MOHOJIATEPAIbHOTO BHENTHETO (DhMKCATOPA /1T OCTPOiT KOPPEKIMY 0CeBOIi JedopMaIluu JUCTATLHOTO OTAeNa
6eIpeHHO KOCTY U MOCTETIEHHOTO YCTPAHEeHNST PAa3HUIIbI B IJIMHE KOHEUHOCTe. o omepaiuu 6bUI1M M3ydeHbl KIMHuYe-
CKM€ U PEHTTeHONIOTMYeCKMe NTaHHbIe. B Toc/IeonepanyioHHOM Mepuoe Mpou3BOAMIACk OleHKA KOppeKImu nedopmannm,
KOCTHOTO cpaleHust ¥ GyHKIVOHAIbHBIX ITOKA3aTeIeld, a TAKKe aHATM3UPOBAIUCH OCTIOKHEHMS.

Pesynomamet. CpenHuii mepuop, HaOMIOOeHNUs] COCTaBWI 57,2 Mec. AJiA BceX MalMeHTOB. OTKIOHEHMEe MeXaHUUYeCKOit
OCM B CpelHEM YMEHBIIWIOCh ¢ 66,4 MM 10 7,5 MM. YV Tal[MeHTOB C BapycHOIi Aedopmariyeil cpeqHee 3HaUEHME Mexa-
HUYECKOTO JIaTePaJbHOTO OUCTAILHOTO GeapeHHoro ymia (MJIIBY) ymenbmmioch ¢ 121,2° mo omepauyu mo 90,2°
rocie onepauyu. Y MalyeHTOB ¢ BaJbTycHOI medopmaimeii cpenHee 3HaueHue MJIZIBY yBemmumioch ¢ 59,2 mo 87,1°.
VinuHeHue COCTaBMIIO B CpefHeM 6,3 ¢M, a CpegHMI MHIOEKC usnedyeHus: — 34,8 gHs/cM. OyHKIMOHAIbHbBIE Pe3y/IbTaThbl
JledeHus], orpejessieMble B COOTBETCTBUM CO LIKaa0i Accoluauyuy 1Mo M3yyeHMIO M MPUMMEHEHMIO arrapara M MeTona
Wnusaposa (Paley/ASAMI), 66U1M IPU3HAHBI OTVIMYHBIMU Y 93,3% MalyeHTOB.

3axntouerue. Octpast Koppekuus nedopmarnyu 6eJpeHHO KOCTY U ee MTOCTEIeHHOe YAIMHEHME TTPY TIOMOIIY MOHOJIATe-
paJIbHOTO BHelTHero ¢hurcaTtopa mocie 61boKaIbHON OCTEOTOMUY MOTYT IMIPUMEHSITHCS /IS JIEYEHUST YKOPOUEHUS U IAC-
TaJIbHOI OCeBOJi AedopManyeit 6eAPeHHOI KOCTU. XUPYPTrUUYecKoe JiedeHre TaHHOI MaToMoTUY U ToC/IeonepayioHHas
peabuInTaIs MO3BOMISIIOT JOGUTHCS XOPOIINX KOCMEeTHYeCKoro 3¢ derTa M QyHKIMOHATbHBIX PE3Y/IbTATOB.

KrroueBbie c1oBa: 61(pOKaIbHbIN OCTEOCUHTES, KOPPEKLMS HedopMaluy, yIjiuHeHe 6epeHHOol KOCTY, MOHO/IaTepallb-
HBIIi BHEIIHU GuKcaTop.

IOnsa nurupoBanus: Ykau K., 10t U., Ban @., Wkan X., Jiu 1., ITao 10., Kau 1., Croit 1. OcTpast KoppeKuus 0ceBOii
nmedopmaiiuu 6GeIpeHHO KOCTM ¥ IIOCTEIIeHHOe VAJMHeHMe HIKHe KOHEYHOCTM MeTomoM 61dOoKaIbHOTO
OCTeOCHHTe3a C MUCIIOb30BaHMeM MOHOJIATepaJbHOTO BHellHero ¢ukcatopa. Tpasmamonozus u opmonedus Poccuu.
2024;30(3):25-33. (Ha aur1.). https://doi.org/10.17816/2311-2905-17473.
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INTRODUCTION

The combined occurrence of distal femoral
malalignment deformities (varus and valgus) with
limb-length discrepancy can be caused by congenital
anomalies, metabolic disorders, post-traumatic
sequelae, and adolescent Blount’s disease [1]. With
the development of distraction osteogenesis, both
deformity correction and limb-lengthening can be
performed simultaneously. This novel procedure
is being increasingly preferred not only by experts
due to the technical advance it implies, but also by
patients. In recent publications, circular external
fixation, motorized intramedullary nailing followed
by distal femoral locking plate, and fixator-assisted
intramedullary nailing have been introduced as
alternative methods to this procedure [2, 3, 4].
However, they present disadvantages. Circular
apparatus is technically demanding, bulky, and
uncomfortable owing to its size. A motorized
intramedullary nail is appropriate for femoral
lengthening[5],butits useislimited for the correction
of concomitant malalignment deformities, which
has to be performed with the assistance of other
fixation methods. Moreover, motorized nailing is not
currently available in the mainland of China.

We have found few reports describing the use
of bifocal osteosynthesis to correct compound
deformities using a monorail external fixator.

The aim of this study was to identify the clinical
efficacy of distal femoral malalignment deformity
correction and gradual limb-lengthening by bifocal
osteotomies.

METHODS
Patients

The data of 30 patients (32 femurs), who presented
distal femoral varus or valgus deformities and femoral
shortening with an abnormal gait between June 2012
and May 2020, were retrospectively investigated.
Symptoms and radiographs were reviewed to confirm
whether patients complied with the indications for the
procedure, which were a distal femoral varus or valgus
deformity (quantified by a mechanical axis deviation
(MAD) >15 mm) and ipsilateral femur shortening.
The patients experienced impairment of functional
activities and unsatisfactory cosmetic appearance.

Pre-operatively, all patients were evaluated
for malalignment deformities and limb-length
discrepancy using standing radiographs of the lower
extremities.

Surgical technique

An appropriate length of the monorail external fixator
equipped with one micrometric swiveling clamp
(MSC) and two common clamps (Orthofix Srl, Italy),
depending on the amount of femur shortening, was

prepared before the operation. The MSC addresses the
angular deformity of the distal femur by aligning the
half-pins in the plane of the desired correction. The
surgery was performed under general anesthesia with
the patient in a supine position on a radiolucent table.
A tourniquet was not used in this study.

The true plane of the distal femoral deformity was
identified using an image intensifier. The center of
the metaphyseal osteotomy was planned at the level
of the juxta-articular center of rotation of angulation

(Figure 1).

Figure 1. Schematic diagrams of the surgical technique:
a, ¢ — the Micrometric Swiveling Clamp (MSC) was set
to a desired angle from the axis of the rail, and the distal
half-pins were inserted in the plane of varus or valgus
deformity;

b, d — distal deformity was corrected through the MSC,
and lengthening was performed gradually through two
proximal clamps

As the distal half-pins (diameter — 6.0 mm) had to
be aligned with the plane of the deformity to enable
correct functioning of the clamp, the fixator rail
was applied in the same plane. The first distal half-
pin was inserted through a screw guide mounted in
the MSC, which was set to the desired angle based
on the required correction. The second half-pin was
implanted proximal to the lesser trochanter and
perpendicular to the anatomical axis of the femur
using the proximal clamp as reference. A distance of
approximately 1.5-2.0 cm was maintained between the
inner edge of the rail and the skin, while the adjacent
clamps were separated from the proximal osteotomy
level by approximately 5 cm. During insertion of the
adjacent half-pins, proximal and distal skin retraction
around the proximal osteotomy level was achieved.
When the remaining half-pins were inserted, multiple
transverse drill holes were made in the core of the
distal deformity and in the femoral subtrochanteric
region with a drill bit in a sleeve. Through these holes,
two transverse osteotomies were performed with an
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osteotome. The amount of angular correction and
proper translation at the distal osteotomy site were
determined pre-operatively and attained reliably
with the MSC during the procedure. An image
intensifier was used to confirm satisfactory angular
correction and half-pins placement. Finally, the
subtrochanteric osteotomy was left undisplaced, and
the wounds were closed. The range of motion (ROM)
was checked after the procedure, and an assessment
of stability including varus and valgus stresses was
performed.

Post-operative care

Gauze dressings were used to compress the pin sites
and were changed every 5-7 days. Mobilization,
including physiotherapy with active and passive ROM
exercises for the hip and knee, was started on the first
post-operative day. The patients were encouraged to
start standing and walking for at least 1 hour daily,
with a shift from partial weight — bearing to full
weight — bearing as soon as possible. Post-operative
lengthening was started after seven days at a rate of
0.75 mm per day and continued with three increments
(0.25 mm each time) until the desired amount of
lengthening was achieved. All patients were reviewed
every four weeks until the fixator was removed.
Radiographs of the local bone and the entire limb
length were periodically obtained to monitor the
extent of distraction and consolidation. The half-
pins could be removed by steps to promote callus
formation during weight-bearing rehabilitation.
Consolidation of the distraction area was considered
sufficient when the formation of a bridging callus
was obvious on three of the four visible cortices
in the anteroposterior and lateral radiographs in
patients who had no tenderness at the site of the
osteotomy and no pain during full weight bearing
without the connecting rail. After consolidation was
confirmed, the fixator was removed in the outpatient
clinic. Radiological parameters were recorded at the
last follow-up visit.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics v. 22.0 (SPSS Inc., Chicago, IL, USA).
Descriptive statistics were expressed as mean and
range for continuous numerical variables, and as
number for categorical variables.

RESULTS

Out of the total of 30 patients, 17 were women
and 13 were men. Their mean age was 23.8 years
(16-42 years) at the time of surgery, which was
performed after they had reached skeletal maturity
(defined as the moment when the distal femoral
growth plate is closed). The etiologies identified
included congenital anomalies (11 cases), post-
traumatic deformity and shortening (13 cases),
hypophosphatemic rickets (2 cases), and poliomyelitic
sequelae (4 cases).

The mean pre-operative MAD was 66.4 mm (28-
122 mm). The mean mechanical lateral distal femoral
angle (mLDFA) was 121.2° (100-136°) in patients with
varus deformity (17 femurs in 16 patients), and 59.2°
(44-74°) in patients with valgus deformity (15 femurs
in 14 patients). The mean limb-length discrepancy
was 6.9 cm (3-13 cm).

Satisfactory follow-up was provided to all
patients, with a mean duration of 57.2 months
(24-112 months). The mean MAD of the lower
extremity improved from 66.4 mm (28-122 mm)
before treatment to 7.5 mm (0-25 mm) after treatment.
The mean post-operative mLDFA was 90.2° (85-100°)
in patients with varus deformity, and 87.1° (80-92°) in
patients with valgus. Healing of the distal osteotomy
site was completed within an average period of
13.7 weeks (10-18 weeks). The mean limb-length
discrepancy after treatment was 0.4 cm (0-3 cm).
The size of lengthening achieved averaged 6.3 cm
(range from 3 to 11 cm), and the mean bone
healing index was 34.8 days/cm (range from 25.0 to
50.7 days/cm).

At the last follow-up visit, all affected knees had
full extension, while the mean flexion was 126.9°
(105-140°) and 132.2° (110-140°) pre-operatively.
Owing to the intensive rehabilitation plan, there
was no evidence of knee flexion contractures in our
patients (Figure 2, 3). The functional score, as rated by
the Association for the Study and Application of the
Methods of Ilizarov (ASAMI)-Paley system [6], was
excellent in 28 patients and good in 2. Five patients
with a high body mass index had a superficial pin-track
infection that responded well to local wound care until
the pins were removed. No patients had fractures,
external fixator breakage, or insufficient regeneration
of bone. All patients reported that they could walk
satisfactorily without pain after the procedure and that
they were satisfied with their cosmetic and functional
outcomes.
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Figure 2. A 17-year-old boy with right
femoral shortening of 6 cm and distal
varus deformity:

a, b — before treatment;

¢, d — intra-operative fluoroscopic
images showed acute distal femoral
deformity correction and gradual
lengthening;

e, f — the consolidation phase after
femoral malalignment correction

and lengthening was confirmed by
photography and radiography;

g, h, i — photographs

and a radiograph evidenced that ideal
cosmetic appearance and functional
improvement were obtained

Figure 3 (a, b, ¢, d). A 40-year-old woman with right femoral shortening of 7 cm and distal valgus deformity:

a, b — before treatment;

¢, d — the consolidation phase after distal femoral malalignment correction and proximal lengthening was confirmed
by photography and radiography
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DISCUSSION

The aim of this reconstruction procedure was to
correct the malalignment of the lower extremity
and restore equal limb-length with a simplified
and economical fixation. In this study, we used the
Orthofix Limb Correction System equipped with MSC
in all cases. MSC enables the surgeon to deal with
angular deformity in planes that correspond to a safe
corridor for half-pin insertion, and monorail external
fixator permits gradual lengthening with one clamp
locked to the rail and another clamp free to move.
Our experience suggests that the application of a
monorail external fixator is relatively simple and
acceptable for correcting coronal plane deformities
and length discrepancy through bifocal osteotomies
in the femur.

The treatment of compound deformities is
complicated, particularly when they are associated
with limb-length discrepancies [2, 7]. Correction of
all the deformities in the femur during one operation
is possible with the Ilizarov circular external fixator,
which allows post-operative adjustments and
prevents inequality of limb lengths [8]. However, pin-
track infection, bulkiness, and delayed load bearing
are disadvantages that have limited the application of
this methodology due to the considerable discomfort
they can produce [9]. Fixator-assisted nailing and
lengthening over the nail have been combined to treat
femoral deformities and limb-length discrepancies [2].
Although this joint technique can decrease the
duration of external fixation and promote early
rehabilitation, it is technically demanding and
the available space for nail accommodation after
correction of severe angular deformity is limited.
Moreover, only the retrograde nail can be implanted,
and as it should be long enough for lengthening,
partial implantation occurs before lengthening,
resulting in irritation in the surrounding soft tissues.
Another therapeutic possibility for the management of

Figure 3 (e, f, g, h). A 40-year-old woman with
right femoral shortening of 7 cm and distal
valgus deformity:

e, f, g, h — photograph and radiographs showed
normal alignment of the lower limbs

distal femur deformities and concomitant shortening
is using a fully implantable lengthening nail [10, 11,
12, 13, 14]. This technique eliminates the need for
an external fixator to promote lengthening, which
provides patients more comfort. Nevertheless, using a
fullyimplantable lengthening nail also has limitations:
an assisted external fixator is necessary to correct the
distal femoral angular deformity during surgery, the
articular cartilage and surrounding vascularization are
damaged because of the retrograde process, and the
range of correction and lengthening is limited (leading
to an unavoidable secondary correction) [4]. Also,
femoral distraction osteogenesis with magnetically
driven antegrade intramedullary lengthening nails
shows a high risk of unplanned additional surgery,
and a high proportion of patients for temporary
joint stiffness [15]. In particular associated with
fully implantable lengthening nails, E.]. Geiger et al.
reported 41% (17/41), B. Vogt et al. — 29% (13/45) and
P.R. Calder et al. — 24% (8/34) of unplanned additional
surgery [12, 13, 14]. In addition, weight-bearing
rehabilitation is not possible during the early stage of
lengthening [11]. W. EI-Adly et al. reported significant
correlation between the gained length and complete
weight-bearing [16]. Alternatively, a monolateral
fixator was previously introduced by L.T. Donnan
et al. to accomplish simultaneous acute correction
of distal femoral deformities and lengthening with
monofocal osteotomy [17]. However, it was concluded
in that study that the maximum angular correction
should be less than 30°, considering that poor
bone healing after distraction is associated with a
decrease in lengthening [17]. Meanwhile, lengthening
of the distal femur can easily cause contracture
of the knee joint, thus limiting distraction length.
A.Jardaly et al. reported two-level osteotomy for distal
femoral deformities and lengthening of the proximal
femur provides less complications including need for
additional surgery [18]. However, a two-stage operation
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with distraction by an Illizarov fixator followed by an
intramedullary fixation allows earlier rehabilitation
exercise with not restricted mobilization [19], while
this use of a combined technique does not have a
significant effect on the average duration of the one-
healing index [20].

All the aforementioned treatments for distal
femoral malalignment deformity and limb-length
discrepancy have pearls and pitfalls. In the present
study, the maximum angular correction was 46°. The
distal femoral transverse osteotomy was located close
to the center of the rotation of angulation plane to
accomplish deformity correction and fixation with the
assistance of MSC. After angular rotation of the distal
femur, a triangular contact surface consisting of the
medial or lateral cortex and distal osteotomy end was
inserted into the proximal medullary space, allowing
full correction in the coronal plane and minimizing
the risk of unwanted displacement in the sagittal
plane. During lengthening, the secondary distal femur
valgus deformity should be considered. Appropriate
translation or overcorrection of distal femur should
be planned individually. The lengthening osteotomy
was located in the subtrochanteric area, which was
beneficial for promoting new callus formation after
lengthening and decreasing the impact on knee joint
contracture due to the compliant soft tissue envelope
of the proximal thigh. At the time of proximal half-pin
insertion, the required proximal and distal retraction
of the skin was achieved to avoid skin tension and
facilitate femur lengthening. Moreover, the monorail
external fixator used here allowed the affected
lower limb to rest in its normal position and allowed
checking of joint ROM and exercise weight-bearing
immediately after the surgery. Thus, knee ROM at
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the last follow-up visit was nearly normal in all cases.
Although pin-track infection is the most frequent
problem when using external fixators, compression
of the adjacent tissue to each half-pin with gauze
dressings appeared to be an appropriate method
to keep the pin-track dry and to prevent infection.
By this method, the relative motion between the soft
tissue and the pin interface was reduced, especially
during rehabilitation and gradual lengthening, which
explains the low occurrence of pin-track infection
in this study (16.7 %, corresponding to 5 patients out
of 30).

The procedure studied here has some limitations.
MSC is usually indicated in cases with coronal
plane angular deformities, whereas multiaxial
deformities generally mandate the use of a circular
fixator. Furthermore, we realized that although the
external fixator was simplified, patient discomfort
was unavoidable. However, the method involved
limited soft tissue dissection, achieved complete
varus or valgus correction with MSC, and provided
stability and relative convenience for lengthening
with the monorail external fixator during one surgery.
In addition, it is a recommendable technique in
regions where motorized nailing is not available.

CONCLUSIONS

Our results indicate that acute deformity correction
and gradual lengthening using a monorail external
fixator assembled with MSC through bifocal
osteotomies are effective in cases of distal femoral
varus/valgus  deformities  with  concomitant
shortening. Functional and cosmetic improvements
are expected following the surgery and post-
operative rehabilitation.

JOITOJIHUTEJIbHASI UTHOOPMAILIUA

Baazodaprocmu

ABTODBI BBIPaKAIOT 6JIarOZAPHOCTD MALMEHTAM, BKITIO-
YeHHBIM B MCCIe0BaHMe, Y BCEM OCTaJIbHBIM y4aCTHMKaM
MCCIe0BaHMS U3 TPaBMAaTOJIOrO-OpPTONEeANIYECKOTO OTHe-
nenus Sixth People’s Hospital B [llanxae.

3asnenexHslii 6K1a0 asmMopos

Kynoyu Urnan — c60p v aHaIM3 MaTepuaa, MoAroToBKa
U pengakKTupoBaHMe TEKCTA PYKOIINUCH.

Hdpans FOii — craTucTuyeckass o6paboTKa JaHHbBIX, pe-
JAKTMPOBaHME TeKCTAa PYKOIIMUCH.

@31 BaxH — craTUCTMYecKasi 00paboTKa [TaHHbIX,
penakTupoBaHye TeKCTa PYKOIMUCH.

XaHvuxcs Ywan — c60p ¥ aHaIM3 MaTepuasa, HarjcaHue
TeKCTa PYKOIIUCH.

Ilanwiotli Jlu — c60p M aHAIM3 MaTepuasa, HalyucaHue
TeKCTa PYKOIIUCH.

IOtimun Llao — c6op ¥ aHaNMU3 MaTepuasa, pegakTUpPO-
BaHMe TeKCTa PYKOMMUCH.

Lunaune KaH — KOHLEIILIMS M OMU3aliH UCC/IeqOBaHMs.

134 Croli — cO60p ¥ aHaIM3 MaTepuasa, CTaTUCTUYeCKast
06paboTKa TaHHbBIX, IOATOTOBKA U PelaKTUPOBaHMEe TEKCTA
PYKONMCH, KOHLIETIIMS U OU3aiH UCCTIeSOBaHMS.
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Ucnonb3oBaHue KOCTHO-HAAKOCTHO-MbILLEYHOrO JIOCKYTA
npu YANIUHEHUU NIOKTEBOM KOCTU Y AieTel C BPOXKAEHHOM Ny4eBOM
KOCOPYKOCTbIO

H.B. ABpeituuk, /I.1O. I'pankuH, E.A. 3axapsbsiy, H.C. l'anknunHa, A.B. CadoHOoB

QIBY «HayuoHanvHulli MeduyuHckuii uccnedosamensckuii yeHmp demckoii mpasmamoinozuu u opmoneouu
um. I . Typuepa» Mun3dpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

Pedepar

Beedenue. BposkeHHast yueBasi KOCOPYKOCTb XapakTepu3yeTcsl Helopa3BUTMEM BCeX CTPYKTYp MpeAIuieubsi. YKOpOUeHMe
JIOKTEBOI KOCTH COCTaBJIsieT B cpegHeM 24,7-50,0% 1o cpaBHEHUIO C MHTAKTHOM KOHEYHOCTBIO.

Liens uccnedoeéarus — OLEHUTb Pe3y/IbTaThl IeUeHNsI TallIeHTOB C BPOKIEHHO Ty4eBOoii KOCOPYKOCTbI0 IV TuIa MeTonom
JIUCTPaKLMOHHOTO OCT@OCUHTEe3a, KOTOPHIM BBIIIOIHSIUIA OCTEOTOMMIO € (POopMIMpOBaHMeM KOCTHO-HaJKOCTHO-MbIIIEYHOTO
JIOCKYTa, ¥ CPaBHUTD UX C pe3y/abTaTaMy CTaHAAPTHO (KOCOJ) OCTEOTOMMM JIOKTEBOV KOCTM.

Mamepuan u memodst. OCHOBHYI0 Ipynny coctaBuiau 20 naueHToB (nepuof geueHusi ¢ 2019 no 2022 r.), KOTOPBIM BbI-
MIOJIHSIIM OCTEOTOMMIO ¢ (popMMUpOBaHMEM KOCTHO-HAIKOCTHO-MBILIEYHOIO JIOCKYTa MPU YAAMHEHUU JIOKTeBOil KOCTHU.
KouTponbHas rpynna Bkawovasna 19 nannueHToB (22 npenmieyubs), KOTOPbIM € 1998 1o 2018 r. BBINIOMHSIM KOCYI0 OCTEOTO-
MMIO JIOKTeBOJ KOCTU. [IpoBOAWMIN OLIeHKY CJIeyIOIIMX [T0Ka3aTesiei: AJ11Ha ITOJYYeHHOTO pereHepara, BpeMs JUCTPaK-
LMY, IepUOoJ, KOpPeKLMY, MHIeKC GuUKcalum, MHIEKC OCTeOCHHTe3a, OCI0KHeHMSI.

Pesynomamei. [lonyyeHo yaiuHeHue Ha 4,1 cm (30,7% OT MCXOAHOV OJIMHBI IOKTEBOH KocTy). Koppekuus yrinosoii Je-
dbopmarnuu cocraBmia 71,4%, mpu 3TOM GOBINYI0 KOPPEKIMIO YAAIOCH IONTYYUTH IIPYU BHITTOTHEHUM OCTEOTOMUY B TPOK-
CUMaJIbHOM OTHesne. HaeKkcsl Gukcauymu M OCTeOCHHTe3a B MOAIPYIIIe OCTeOTOMUM B IIPOKCUMAaTbHOM OTHAeNe CoCTa-
Bwn 25,6 u 25,7 nHeii/cM COOTBETCTBEHHO, IIPU OCTEOTOMMUM B cpefHelt Tpetn — 42,3 u 42,6 nHeii/cM. VI3 oCc/I0sKHEHMIA
3aduKCUpOBaHbl BOCAINUTeNbHbIe siBleHus B 30% ciaydaeB. B 100% ciyyaeB y MaliyieHTOB OCHOBHOJ TPYIIIIBI TOMyYeHO
dbopmupoBaHue pereHepata. Takum 06pa3om, GparMeHT KOCTHOI TKAHU ¢ HAIKOCTHO-MBIIIEYHOI HOKKOIA SIBJISIETCS UC-
TOYHUKOM JJOTIOTHUTETBHOTO KOCTE06Pa30BaHMUS TPYU AUCTPAKLIUMA.

3akntouenue. [IpoBeeHHOE VICCTIEOBAHME NOKA3aJIO0 1e7ecO006pa3HOCTh UCIIONb30BAHNS OCTEOTOMMY ¢ HOPMUPOBAHMEM
KOCTHO-HaIKOCTHO-MBIILIEYHOTO JIOCKYTa y JleTell C BpDOXKIEeHHO JIyueBOJ KOCOPYKOCThIO0. [IprMeHeHne [aHHOW MeTonu-
KM TTO3BOJISIET MOTYYUTH OOJBIIYIO KOPPEKIUIO AedopMaliy, COKPaTUTh CPOKU (GOPMIUPOBAHUS pereHepaTa U KOIUIEeCTBO
OCJIOKHEHMIA.

KiroueBble cioBa: BPOXXIOEHHas TydyeBasd KOCOPYKOCTb, €T, YAJIMHEeHNEe JIOKTEBO1 KOCTY, KOMIIPECCMOHHO-AMUCTPAKIMOH-
HbIN OCTE€OCHHTE3S, KOCTHO-HAJKOCTHO-MBbIIII€YHbI JIOCKYT.

IOns uurupoBaumsi: Asgeitumnk H.B., I'pankuu [I.10., 3axapbss E.A., Tankuna H.C., CadonoB A.B. Vcronb3oBaHue
KOCTHO-HAa/IKOCTHO-MBIILIEYHOTO JIOCKYTA MPU YIIMHEHUY JIOKTEBOI KOCTU Y IeTel C BpOXKIEHHO JIyueBOil KOCOPYKOC-
Tb10. Tpasmamonozus u opmonedus Poccuu. 2024;30(3):34-43. https://doi.org/10.17816/2311-2905-17464.
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Bone-Periosteal-Muscle Flap for Ulnar Lengthening in Children
with Congenital Radial Club Hand

Natalia V. Avdeychik, Denis Yu. Grankin, Ekaterina A. Zakharyan, Natalia S. Galkina,
Andrey V. Safonov

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

Abstract

Background. Congenital radial club hand is characterized by the underdevelopment of all forearm structures. Ulnar bone
shortening ranges from 24.7% to 50.0% compared to the intact limb.

The aim of the study was to evaluate the outcomes of ulnar lengthening by distraction osteogenesis in patients with
congenital radial club hand type IV who underwent osteotomy with the formation of a bone-periosteal-muscle flap, and to
compare these results with the treatment outcomes of the patients who had standard (oblique) ulnar osteotomy.

Methods. The main group consisted of 20 patients who underwent osteotomy with the formation of a bone-periosteal-
muscle flap during ulnar lengthening between 2019 and 2022. The control group included 19 patients (22 forearms)
who underwent oblique ulnar osteotomy between 1998 and 2018. The following indicators were evaluated: length of the
regenerate, distraction time, correction period, fixation index, osteosynthesis index, and complications.

Results. A lengthening of 4.1 cm was achieved (30.7% of the initial ulnar bone length). The correction of angular deformity
was 71.4%. Greater correction was achieved with osteotomy in the proximal ulna. In the subgroup with proximal segment
osteotomy, the distraction and osteosynthesis indices were 25.6 and 25.7 days/cm, respectively. In the mid-third osteotomy
group, these indices were 42.3 and 42.6 days/cm, respectively. Complications were limited to inflammatory phenomena
in 30% of cases. All patients in the main group exhibited successful regenerate formation. Thus, the bone fragment with a
periosteal-muscle pedicle serves as an additional source of osteogenesis during distraction.

Conclusions. This study demonstrates the appropriateness of osteotomy with the formation of a bone-periosteal-muscle flap
in children with congenital radial club hand. This technique allows for greater deformity correction, a shortened regenerate
formation period, and a reduction in complications.

Keywords: congenital radial club hand, children, ulnar lengthening, compression-distraction osteosynthesis, bone-
periosteal-muscle flap, Ilizarov method.
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BBEJEHUE

IIpu BpOXOeHHOI sydyeBoi Kocopykoctu (BJIK), Ko-
TOPYIO TakKe Ha3bIBAlOT paJMalbHbIM MPOLOJIbHBIM
IedUIUTOM, TPOUCXOOUT TUIIOTIIIA3US BCEX CTPYKTYP
BepxHeil KoHeuHOCTH. Hauboree uyacTo BCTpeyaer-
cs1 Hefopa3BUTHME JTYYeBOI KOCTU U MEPBOTO Majiblia
kuctu [1]. IlIpu onvcanum BJIK B OCHOBHOM MUCIIO/b-
3yeTcs kiaccudwmkamnus, npeniaokenHas L.G. Bayne
u M.S. Klug, KoTopas pasmensieT ee Ha YeTbIpe TUIIA
B 3aBMCMMOCTY OT HelOpa3BUTHS JIy4eBOil KocTHu [2].
['Mnoriasus JyyeBoOi KOCTM OOYCIaBIMBaeT OTKIIO-
HEHMe 3aIsCThsl M KUCTU B PaAMaJbHYI0 CTOPOHY, UTO
TpebyeT MIPOBOIUTH KOPPEKIIMIO JIyUueBOii JeBUalui B
repBylo ouepens [3]. Hamubosee momynsipHble MeTOIbI
XUPYPrUUYECKOro jJeYeHUs] — LieHTpalus U ee MOOU-
bunmkanun (paguanusanus, yabHapu3aims), co3ma-
HME «BUWJIKW» JIy4e3alsCTHOTO CyCTaBa C IMOMOIIbIO
MUKPOXUPYPIUUYECKOI ayTOTpPaHCIUIAaHTalMM CyCTa-
Ba CTOIBI, paclllelyIeHKe AUCTAJbHOrO OTHesa JIOK-
TeBOit KOCTY B CaruTTaJlbHOM HallpaBieHUM [4, 5, 6].
VerpaHeHue gedopmanyu Mmpenruiedbss ¢ IMOMOIIbIO
pas3IMUHBIX BAPMAHTOB CTAOMIM3AUM KUCTU HA JIOK-
TeBOJ KOCTU TO3BOJSIET YAYUYIIUTh QYHKUMIO TIpem-
IJIeYbsS M KUCTH, a TakKe MPUAATh 3CTETUYHBINA BUL,
BepxHelil KoHeuHoCTM [7]. Kpome Toro, mauueHTam
MPOBOJSTCS Pa3/IMYHbIE PEKOHCTPYKTMBHBIE BMeIla-
TeJbCTBA HAa KUCTU C LieJiblo GOPMUPOBAHUS IBYCTO-
poHHero cxBaTa ((popmupoBaHMe IIEPBOI IISICTHOM
KOCTHU, CYXOKUJIbHbBIE TIJIACTUKMU, TOJUTMLIM3ALMST BTO-
poro nansua) [8, 9, 10].

I[ToMuMO OIMCaHHBIX CUMIITOMOB, Yy AeTeit ¢ BJIK
MMeeTCsl YKOpOUYeHye Mpearieubs 3a cueT Hegopas-
BUTUS U «cabneBUOHOI» medopMalyuu JIOKTEBOI
KOCTU. JTO SIBJISIETCS 3HAUUTEIbHON 3CTeTUYeCKOM
u (QYHKUMOHAJIBHON Mpo6jaeMoit [AJid IalMeHTOB,
0COOeHHO NpM OJHOCTOPOHHEM MopaskeHuu [11, 12].
VKOpoueHMe Mpenniedbsl 10 CPaBHEHUIO C MHTAKT-
HOJl BepxXHeli KOHEeYHOCTbIO COCTaBjseT B CpefHeEM
24,7-50,0% [1, 12, 13, 14]. [Ipu ogHOCTOPOHHEM TTOpAa-
SKeHMM KayeCcTBO KM3HM O6JM3K0 K HOPMaJIbHOMY, Of -
HAaKO TalMeHThl MCIBITHIBAIOT TPYLHOCTYU B Iofbope
OJIlesKIbl, 8 CAMBIM CJIOKHBIM [IJIs1 pebeHKa U ero ceMby
SIBJISIETCSI AUCTPeCC U3-3a OTIMUMS OT OPYIUX AeTeil.
[Ipy BBYCTOPOHHEM MOpPa’KeHUM, MOMUMO SMOLIVO-
HaJIbHOM COCTaBJISIOLIE, IPOUCXOAUT OrpaHNYEHMe
CaMOOOCTYysKMBAHMUS, BBIIOJHEHMS] ITPOCTBIX OBITO-
BBIX MaHUIYASLMI (OCYLeCTB/IeHME TUTMEeHNYeCKUX
Tpolenyp, mogo0p OfeKAbl, 3aBsI3bIBaHMe IIHYPKOB
M 3acTerMBaHMe NYTOBUL, IPUTOTOBJIEHUE MULIN).
Kpome Toro, B 6os1ee crapiieM BO3pacTe BO3HUKAIOT
TPYAHOCTHU C BbIGOpOM Tipodeccuu. IToaTomy B ciydyae
OIHOCTOPOHHETO MOpaskeHUsl YOIMHEHME TTPOBOIUT-
cs1 Gospllie IO KOCMETHYeCKMM TTOKa3aHUSIM, a IIpu
IBYCTOpOHHEM — 10 (pyHKUMOHaNbHBIM [7, 11, 15].
MareMaTuuecku JOKa3aHO, YTO BHITIOTHEHME KOPPU-
TMpYIoLeil OCTEOTOMMUM C OGHOMOMEHTHBIM yCTpaHe-
HMeM «cabneBUIHO» Oedopmaliuy JOKTEBOM KOCTU

He MPUBEJET K ee 3HaUUTEeIbHOMY YIJMHEHUIO Jaxke
TIPY BBINIOJIHEHMY MHOXXECTBEHHbBIX 0CTeO0TOMMI [16].
IMosromy manyeHTam ¢ BJIK TpebyeTcsl yminHeHMe
KOHEYHOCTM C TMOMOIIbI0 KOMIIPECCUMOHHO-AUCTPaK-
LIMOHHOT'O OCTEOCHHTE3A.

B 1995 r. B HMMUII, meTcKoi TpaBMaTOIOTUU U Op-
torenuu npocdeccopom A.II. ITo3geeBbiM ObLI TIpen-
JIOKEH Croco6 YmJIMHEHUs KOCTel KOHEYHOCTH, KO-
TOPBI/i 3aK/II0Yasacs B BBIINOJHEHUM [OIEPEYHON
OCTEOTOMMUMU U IOTMOTHUTENBHOI OCTEOTOMUM B BULE
MPSIMOYTOJIbHMKA, PACIO/I0KEHHOTO MePIeHINKYJISIP-
HO ¥ CMMMETPUYHO OTHOCUTEIBHO OCHOBHOJ OCTEO-
toMuu. Takoit BuI GUTYPHOI OCTEOTOMUM TIO3BOJSI-
eT copMMpoBaTh ayTOTPAHCIUIAHTAT HA MUTAIOIIEH
HaJIKOCTHO-MBbIIIEUHOI HOXKKe, KOTOPbIii O6ymeT ciy-
SKUTh VICTOYHMKOM JIOTIOMHUTENIBHOTO KOCTeo6pa-
30BaHMs IIpU pucrpakuuu (nateHt PO 2106826).
A.IlL. Tlo3peeB n 3.B. ByxapeB IpeACcTaBUINU pe3yib-
TaThl UCIOIb30BAHMS JAHHOTO MeToJa ¢ MoaudmKa-
1[Meit JIOCKyTa 10 (popMbl MONYKPyTa IIPU KOPPEeKIUU
Iedopmaluy HICKHUX KOHeuHocTel (puc. 1). ABTOpBI
Ha JOCTaTOYHOM KJIMHMYECKOM MaTepuajie Mokasa-
JIX, UTO TpUMeHeHMe NAHHOTO CIocoba IPUBOIUT
K CHMKEHMIO CPOKOB IePEeCTPONKM JUCTPAKLMOHHO-
ro pereHepara, GOpMMPOBAHUIO €ro IO TUIIEPTPO-
buueckoMy TUITY, a CJIef0BATENIbHO — K COKpaIleHUIO
CpOKa NepecTpoiiku AUCTPAKIMOHHOTO pereHepara,
(bopMUPOBaHUIO €ro Mo rurnepTpoPuyeckomMy TUILY,
YTO yMeHblIaeT cpoku pukrcaiuu B ABO 1 mo3Bosns-
eT paspeliaTbh 6ojiee paHHIOIO HAarpysKy Ha KOHeY-
HocTb [17]. Ilpu mpoBeneHuu mHGOPMAIMOHHOTO
MTOMCKAa MbI He 0OHAPYKMUIIY ITy6IMKALIVY, OTIMChIBAIO-
1Me IpyMMeHeHMe 3TOr0 MeToLa NPy JeYeHUU eTei
C IaTOJIOTMeli BEpXHUX KOHEUHOCTEIA.

Puc. 1. ®opmupoBaHue
KOCTHO-HaIKOCTHO-MBILIEYHOTO
nockyta (KHM nockyTa)

IIpY YOIVHEeHVV 6eIpeHHOI KOCTH
y nanyeHToB [17]

Figure 1. Formation of a bone-
periosteal-muscle flap during
femoral lengthening in patients [17]

Y

S

Ilenv uccnedosamus — OUEHUTh Pe3YIbTATHI Jieue-
HMSI TALMEHTOB C BPOXKIEHHOM Ty4eBOil KOCOPYKOCTBIO
IV Tuna metomom AMCTPAKIMOHHOIO OCTEOCUMHTE3a,
KOTOPBIM BBITIOJHSIIM OCTEOTOMMUIO C (POpMIUPOBaAHNU-
€M KOCTHO-HaJKOCTHO-MBIIIEYHOTO JIOCKYTa, U CPaB-
HUTb UX C pe3yIibTaTaMU CTaHJAPTHOM (KOCOIi) OCTe0-
TOMMUU JIOKTEBOI KOCTH.
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MATEPUAJI 1 METO/IbI

B nepwuopn ¢ 2019 no 2022 r. B OTHe/eHUM DPEKOH-
CTPYKTUBHOM MUKPOXUPYPIUMU U XUPYPTUM KUCTU
HMMUII nmeTckoil TpaBMaTOJIOTUM U OPTOMEIUN VM.
[.U. TypHepa 6bL710 IPOBEIEHO YIMHEHYE JIOKTeBOM
kocty 20 nmaumenTam (20 npenuieunii) C BpOXKAeHHOM
JIy4eBOi KocopyKocThio IV Tuma o kiaccuburammn
L.G. Bayne u M.S. Klug. UcwiemoBaHue BK/IIOYAIO
13 ManbuMKOB U 7 IeBOYEK, UX CpeSHMIT BO3pacT COC-
taBui 8,8+3)5 et (0T 5 mo 15 net). Y 12 mamyueHTOB
yYOJIMHEeHMe JIOKTEBOW KOCTM IPOBOAUIM BIIEPBBIE,
y 8 paHee ye BBINIOJHSIM KOPPEKUMIO OJIVHBI, U
B CBSI3M C COXPAHSIOMMMCST YKOpOUeHeM ObLIO TTPU-
HSTO pelleHyue O MPOBeLeHMM MOBTOPHOTO yIJIMHE-
HUS. DTU TMalMeHTbl COCTaBWIM OCHOBHYIO TDYMITY.
B KOHTpOsbHYIO rpyniy BouuiM 19 nmanmeHTOB (22
MpeAruieubsi) ¢ BPOXKAEHHOM JIy4eBOil KOCOPYKOCTBIO
IV Tuna no knaccudbukauyuy Bayne u Klug. Cpeny Hux
651710 13 MaJIBYMKOB U 6 IEBOUEK, CPETHMIT BO3PACT CO-
craBuia 6,9%3,0 siet (0T 3 70 14 51eT), KOTOPbIM B Iepu-
on ¢ 1998 o 2018 . BRINOMHSIN YAJIMHEHYE JIOKTeBO
KOCTH C BBIIIOJIHEHMEM KOcoy ocreoromuy [11].

VuuThiBas paHee MOMyYeHHbIE XOPOLIME pPe3yJib-
TaThl 110 YOJIMHEHUIO JIOKTEBOI KOCTU B €e IUCTallb-
HOM oTfee [11], 6bUI0 IPUHSTO pellleHue He TIpuMe-
HSTb JaHHYI0 METOAUKY B HVDKHEN TPEeTU JIOKTEBOI
KOCTU U pa3fieluTh MalMeHTOB 00eux Pyl Ha JIBe
MOATPYNIBI B 3aBUCMMOCTU OT YPOBHSI OCTEOTOMMUM.
OmnpepneneHue ypoBHS OCTEOTOMMM 3aBUCENIO OT pac-
TIOJIOKeHUST BepUIVHBI JedopMaliu JOKTeBO KOCTH.
[Ipu pacnonoxkeHU BepiIMHbI fedopMalum B MPOK-
CMMajabHOM OT[eJle MalMeHTaM OCTeOTOMMIO BBIMO-
HSUIM B BepxHeil TpeTu J0KTeBoi Koctu (I moarpym-
ma). Ecnu ke yrnosast medopmalius pacronaraaach
B nuaduse, TO OCTEOTOMUIO MTPOBOAMIN B CpemHeit
Tpetu (II moprpyrmnmna).

BceMm manueHTaM OCHOBHO M KOHTPOJIBHO IPYTIIT
0 BKJIIOYEHMS] B MCC/IefoBaHMe ObUIM TIPOBEEeHbI
pasnMyHble BMeIIaTeNbCTBa Ha Ipenrvieuybe (OLHO-
nMb0 OBYXO3TAlHAs MeTOAMKA I[@HTpaluu KUCTH,
y 95% manueHTOB — PeKOHCTPYKTUBHbBIE OIepaluu
¢ 1enbio GOPMUPOBAHUS IBYCTOPOHHETO CXBATA).

MeToabI 06C/IeqoBaHMs MalVIEeHTOB

Bcem mamueHTaM HPOBOIWIM KIMHMYECKOE 0OCiIe-
JoBaHMe (OLileHKa aMIUIUTYObl OBWKEHUIT B JIOKTE-
BOM CYCTaBe, CYyCTaBax MaJblLieB KUCTU) U BBIIIOTHSIN
PEHTreHOTPaMMBbI TpeAIieybs ¢ 3aXBaTOM KUCTU U
JIOKTEBOTO CYyCTaBa B OBYX IpoeKuusx. Ha momydeH-
HbIX PEHTreHOorpamMmax OIpefessiiv AJUHY JIOKTe-
BOJi KOCTH; IPOLIEHT YKOPOUEHMSI JIOKTEBOI KOCTU 10
CpPaBHEHMIO C MHTAKTHO KOHEUHOCTBIO; YIoy Jedop-
MalMM JJOKTEBOM KOCTH.

TexHuka onepauumn

YajMHeHue JTOKTeBOV KOCTU METOIOM UYPECKOCTHOTO
0CTeOCHHTe3a BBIMIOIHSIIN 110 CIedyIolleli cxeMe:

1) mom koHTponem DOII mpoBOAMIIN IO ABA CTEPK-
HS-1IypyIa B MPOKCMMAaAbHOM U OUCTAIbHOM OTJe-
JIax JIOKTEBOJ KOCTY C Mocaemyioueii gpurcaimein mx
B IBYX KOJIbIIEBBIX UPECKOCTHBIX OMIOPax;

2) B 30He 3aIUIaHMPOBAHHOTO YAJMHEHUS II0
ThUIbHO-O0KOBOJ MTOBEPXHOCTU TIPEATUIEUbS ITPOMU3-
BOOVJIN NOCTYM IJIMHOM OKOJIO 3—4 CM;

3) BbIOESUIM MO ThUIbHOM MOBEPXHOCTU 3aTHUIM
Kpaii JIOKTEBOM KOCTU, He OTAESISI HaAKOCTHUILY;

4) ¢ nomoinpio ceepna 1,5 MM nepdopupoBan
JIOKTEBYIO KOCTb C (HOPMMUPOBAHMEM TIOTYKPYTa KOCT-
HO-HAJKOCTHO-MBIIIEYHOIO JIOCKyTa MIJIMHONK 1,5-
3,0 cM B 3aBUMCHMMOCTU OT MCXOOHOM IJIMHBI KOCTU
(B cpennem 1,7+0,5 cM) 1 TOMIMHOM '/, ee quameTpa;

5) ¢ moMOIIbIO AOIOTA PacceKaay JagOHHBIN KOP-
TUKQJIbHBINM CJIO JIOKTEBOV KOCTH, B pe3y/bTaTe Yero
MOJMy4aly KOCTHO-HAZKOCTHO-MBIIIEYHBIN JIOCKYT,
(bUKCUPOBAHHbBIM HAJKOCTHUIIEH M MBIIIIIEH (JIOKTe-
BOJi pasrmbaTesb KUCTH);

6) BBITIOJIHSIIM TIONIEPEUHYI0 OCTEOTOMUIO OCTaB-
merocs ¥2 guameTpa JTOKTEBOM KOCTH;

7) 4pecKOCTHBIE KOJIbIIEBbIE OTIOPHI GUKCUPOBAIIN
MeXKIy cob0Ji TpeMsl HITaHraMy, ITPY HeOOXOAMMOCTH
Ha YpOBHE OCTEOTOMMUM OFHOMOMEHTHO BBITIOTHSIIN
KOppeKuuio nedpopMarn;

8) mpoBoauau crmiy 4dyepes II-V mscTHbIe KOCTU
¢ ukcanyen KMCTU K BBIHOCHBIM OTIOPaM.

VYV 3 maiumMeHTOB C HeCTaOMIbHOCTBHIO JIOKTEBOIO
CyCTaBa C LeJbI0 MPOMUIAKTUKY BBIBUXA JIOKTEBO-
ro cycTaBa JOIOJIHUTENbHO MPOBOLWIM JBe Tepe-
KpeCTHbIE CIIMIIbI B HMKHEN TPETH IMIeueBOii KOCTU
¢ ¢uKcaiueii B YpeCKOCTHON omope. UpecKOCTHYIO
OTIOpY Ha Iievye U B MPOKCMMAJbHOM OTAese Tpe[-
TIJI€YbsT COEAVHSIIY MEXOy c060¥ OBYMS IITAHTAMMU
C IIapHMpPaMM Ha ypPOBHE JIOKTEBOTO CYCTaBa IIOf,
yriiom 90°.

IUCTpak M0 HAUMHAIM Ha 7-€ CYT. [Moc/ie omepa-
TUBHOTrO BMeIIaTeabCTBa, 1o 0,25 MM 3 pasa B CyTKMU.
ExemHeBHO 4-5 pa3 B ¢yT. mo 15-20 MuH. y Bcex Ia-
LIMEHTOB MpoBoaMIM Maccax, JIOK mis pa3paboTku
OBVKEHMI B JIOKTEBOM CyCTaBe C BPEMEHHONM pas-
6/IOKMPOBKOJ MAPHUPOB U HANBIAX KUCTU C IETbI0
npodmIakTuKY (GopMUPOBAHMSI KOHTPAKTyp. Yepes
1 Mec. mocjie OKOHYAaHMS OUCTPAKILMUM BbITIOMHSIIN
YaCTMUUHBIN AeMOHTaX ammnapara (UpecKoCTHbIe OTO-
PBI C IUIeUeBOit KocTu U Kuctu). Iloce popmupona-
HUSI OUCTPaKIMOHHOTO pereHepara (¢asa IIIB mo
B.M. CamodreBoii IMpyu peHTreHONOIMYECKOM MCCIe-
moBaHuu [18]) mpousBomuAM OEeMOHTaXx ammapara
BHeIIHeil pukcauyyu (AB®) c uMMo6uIm3alei Bepx-
Hell KOHEYHOCTU LIMPKYISIPHOM TUIICOBON IMOBSI3KOM
B T€UeHMe OLHOTO Mecs1ia.

B KOHTpO/MBHOJN rpyIne MeTof YCTaHOBKUM ABO®
He OT/IMYajCsl OT OCHOBHOI TPYMIIbl, OGHAKO B 30HE
MpefoaraeMoro yIjuHeHUs MPOU3BOAUIN KOCYIO
OCTEOTOMMUIO C MOUIeAYIOIel KOppeKlyen YIIOBO
IedopMaliuy (IIpy HeOOXOIVMOCTH) IOKTEBOI KOCTM.
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CpoKu Havaja OUCTPaKIMu, ITPOBeieHne peabuinTa-
LIVOHHBIX MEPOIPUSITUI TaKKe ObLIM COTIOCTABUMBI
C OCHOBHOJ TPyTION.

OHEHKa pe3yinbTaToB

[Ipu aHanMu3e pe3y/ibTAaTOB JieueHUsI MALMEHTOB OC-
HOBHOJ4 TPYIIIbI OLIEHMBAIN CJIeLYIOIIMe TTOKa3aTeln:
1) anuHYy IOMY4YEeHHOrO pereHepara; 2) BpeMsl OWC-
TPaKIMK; 3) IePUOJ, KOPPERIHA; 4) MHAEKC GUKCALINN;
5) MHIEKC OCTeOCHHTEe3a; 6) OCIOKHEHMS. AHAIN3 OC-
JIOKHEeHMIT mpoBoguiau o kiaccuduranym J. Caton
[19]. Bce mokasarenn cpaBHMBaIM C KOHTPOIbHOM
IPYIION 111 OLeHKM 3(PQPEKTMBHOCTY BBIIOIHEHMS
JIIaHHOTO TUIIAa OCTEOTOMMM Y MAIMEHTOB C BPOXKIEH-
HOJ JTy4eBO# KOCOPYKOCThIO. OLIeHKY (YHKIUMU KO-
HEYHOCTU [0 U MOCIe JedeHUsl He TIPOBOAUIN.

CraTucTHYECKN aHaIN3

dopmupoBaHye 6a3bl JaHHBIX MTAIIMEHTOB, pa3geieH-
HBIX IO TPYIIaM B 3aBUCUMOCTU OT YPOBHS OCTE€O-
TOMMM, BBITIOJIHSIIM B Tabmuiiax Excel. [IpousBoguan
OLIEHKY pe3y/lbTaTOB MO paHee OIpeleieHHbIM I0-
KaszaTejissM B OCHOBHOI1 TpyIine, JaHHble CpaBHUBaA-
JIU C KOHTPOJBHOI Tpymmoii. PacueTsl mpousBoau-
JIUCh C UCII0/Ib30BaHMEM KOMIIbIOTEPHBIX MTPOTPaMM
SPSS v. 6 u Statgraphics 18. C moMoIIbI0 OmycaTe/ b-
HOVM CTAaTUCTUKYM PACCUMTBIBAIM CpeqHue apudme-
THUUYecKue BeanuuHbl (M), CTaHOApTHbIE OTKJIOHEe-
Hust (SD), meguany (Me) ¢ 25 u 75 OpOLEHTUISIMU
[Q1;0Q3], MMHMMAIbHOE U MaKCMMaJIbHOE 3HAaUYEeHMUsI,
t-xpurtepuii CtboiogeHTa u F-kpurtepuit ®uinepa. s
rnapaMeTpoB, paclipefie/ieHue KOTOPbIX OTINYaI0Ch
OT HOPMAaJabHOTO, MCIIONb30BaAM HelapameTpuyie-
CKMe TeCTbl, B YaCTHOCTU KpuTepuit MaHHa - YUTHMU,
Kputepuit BusmkokcoHna. Kputndeckuii ypoBeHb 3Ha-
yuMocTM TpuHuManu paBHbIM 0,05, T.e. HyJeBble
TUITOTEe3bI OTBeprammch mpu p<0,05.

PE3VJIbTATDI

PesynbTaThl MpOBEeIeHHOTO MUCCAeJOBaHMUS B OCHOB-
HOJ TpyTITIe TIpeicTaBIeHbI B TabuIie 1.

AMIIMTYyna ABUKEHMS B JIOKTEBOM CyCTaBe Yy BCex
MalMeHToOB B [0- M IIOC/IeoIepaliMOHHOM TMepuo-
IaxX 3HAUMTENbHO He omimyanack. OTMeueHa cruba-
TeJIbHO-pa3rubaTebHasl KOHTPaKTypa (crubaHue —
144,8+9°, pasrubanue — 7,8£2,6°). IIpu cpaBHeHUU
C KOHTPOJIBHOI TPYMIIOi CTaTUCTUUECKM 3HAUMMBbBIX
OTJIMYUI TaKKe He BbIsIBIeHO (p=0,05).

YKOpoueHMe JIOKTeBOI KOCTM TI0 OTHOILIEHUIO
K MHTAKTHOJ KOHEYHOCTU [0 OTIepaTUBHOTO JeUeHUs
B cpegHeM cocTaBuiio 32,7+10,5%, a mmocyie ornepaTuB-
Horo jsieueHust — 12,9%10,9%. JlokTeBast KOCTh ObLIA Y-
JIMHeHa B cpefHeM Ha 30,7% (KOHTpo/bHAs — Ha 36%)
10 CPaBHEHMUIO C ee UCXOLHOM IMHOM. CTaTUCTUYECKA
3HAUMMBIX pasanunii MeXay mokasaTesiMy OCHOBHOM
M KOHTPOJIbHOI TPYMIl B 0- U TMOC/Ie0TepaliOHHOM
nepuonax He BbisiBiieHo (p = 0,25 u p = 0,11 cooTBeT-
CTBeHHO). TakuM 06pa3om, BMJ, OCTEOTOMUM He BINSIET
Ha MoayuyeHHoe yajiHeHue. [Ipy cpaBHeHMM MOKasa-
TeJieit OCHOBHO TPYIIbI B 10- M TIOCe0IepallMOHHbIX
repuoax ¢ MOMOIIbI0 KpUTepusi BMJIIKOKCOHA TOMY-
YyeHbI focroBepHble pasimuusd (W = 40,0; p = 0,0001),
YTO mMoATBepkaaeT 3¢ @dEeKTUBHOCTb ITPOBEIEHHOTO
OTIepaTUBHOrO JieueHus (Tabl. 2).

I[lpy cpaBHeHMM TIOKaszaTesell TOJIy4YeHHO-
TrO yIJMHEHMUSI B pasHbIX MOATPyNIlaX He BbISIB-
JIEHO CTaTUCTUYECKM 3HAUMMBIX pasiuuuii Ipu
BBITTOJTHEHM M OCTEOTOMMM C HOPMIPOBAHMEM KOCTHO-
HaJKOCTHO-MBbILIIEUHOTO JIOCKYTa ¥ KOCO¥ OCTEOTOMUU
B IIPOKCUMAJIbHOM OTfIesie JIOKTeBo Koctu (W = 62,5;
p = 0,6096). OmHako mpu KoppeKuuu aedopmanymu
B cpefHeii TpeT TIOKasaTedu VIJIMHEHUS ObLIu
Bblllle B OCHOBHOI rpymnme (W = 6,5; p = 0,0087).
IOaHHble pe3y/abTaThl IOATBEPXKIAIOT Ierecoobpas-

Tabnauya 1

CpaBHUTe/IbHAs OILl€EHKA PEHTTeHOIOTMYEeCKUX M BpeMEeHHBIX IToKa3aTeJieli 10 U mocjie
XMPYPruuecKkoro BMenaTejaIbCTBa B OCHOBHOI rpytime, M+SD (min-max)

I moxrpyra (BepXHsist TPETh

II moprpynma (cpefHsisl TpeThb

IMokazaTenb JIOKT€BOJ KOCTN), h =9 JIOKTeBOJ1 Koctn), n =11
o ‘ rmocrie 1o ‘ rocjie
PenmezeHonozuueckue
YKOpOoYeHMe JIOKTEBOI KOCTHU 10 OTHOIIEHUIO 30,1+13 12,5%£10,8 33,68,5 12,4%11,5
K 3JI0pOBOIA, % (14,3-47,1) (0,5-32,5) (24,9-51,3) (0,0-35,2)
Vron medopmaiuy JOKTEBOI KOCTH, TPaf,. 15+13,8 (2-45) 3+1,7 (1-5) 25£8,6 (5-35) 7,2+4,9 (1-15)
BpemenHuoie

[Mepuon koppeKun, AHU
[TonmyyeHHOe ya/IMHEHME, CM

[TonyyeHHOe ya/IMHEeHME B IPOLIEHTaX
OT MCXOIHO Be/IMUMHbI JIOKTEBOI KOCTH

WHpexkc hukcauyu, THe/cM

MHpeKkc ocTeocuHTe3a, AHEe/CM

46,7£11,6 (54-91)
4,1%0,9 (3,1-5,5)
29,1%8,6 (20,9-38,0)

25,646,4 (19,9-39,4)
43,3%10,7 (29,8-64,8)

64,5%13,8 (30-82)
4,120,7 (3,9-5,2)
32,3+13,6 (17,5-49,2)

24,8+7,9 (14,9-35,9)
41,2%10,4 (27,9-58,8)

38 2024;30(3)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

HOCTb BBITIOJTHEHMSI OCTEOTOMMUM C (GOpMUPOBAHMEM
KOCTHO-HaJIKOCTHO-MBIILIEYHOTO JIOCKYTa B CpeIHelt
TPEeTH JIOKTEBOW KOCTH.

Y nmanueHTOB OCHOBHOJ TPYIIIbl B AOONepany-
OHHOM Tepuoze yroa gedopmMaru JTOKTEBO KOCTU
cocraBui 20,5° (B KOHTpOJbHOI rpymme — 17,1°),

a rocjie orepaTUBHOTO JieueHuss — 5,3° (B KOHTPOJIb-
HO — 7,6°). [Ipu cpaBHEHUM MeaVaH A0- U IOC/Ieore-
PalVOHHBIX JAHHBIX B OCHOBHO¥ TPYIITE ITONyYeHbI
pesyabTaThl, JoKasbiBawIye 3¢h(eKTMBHOCTD ITPOBe-
nmenHoro jeuenust (W = 52,5; p = 0,0001). Koppexuys
cocraBuia 71,4% (tabmn. 3).

Tabauya 2

VYKOpoueHue JIOKTEBOI KOCTHU B JI0- ¥ MOC/IeoNepaMOHHOM Meproax B OCHOBHOI
¥ KOHTPOJIBHOJ Tpymmax, %

CTaTUCTIUYECKII o onepanun ITocne onepauun
[IoKa3aTesb OCHOBHasI IpyTIa KOHTPOJIbHAS TpyIIa OCHOBHas rpymia KOHTPOJIbHAS TPyIIIa
M=SD 32,7+10,5 36,2+13,0 12,9£10,9 16,0£10,5
[Q1;03] [25,4;41,2] [29,7;46,0] [2,3;19,8] [6,7;21,4]
min-max 2-45 2-40 1-5 2-30
Tabnuya 3

IosryueHHOE YA/ IMHEeHNE TPV BBITIOTHEHUY OCTEOTOMMHY B BEPXHE U CpeIHell TPeTax
JIOKTeBOM Koctu, M%SD [Q1;03] (min-max)

VpOBeHb 0CTeOTOMMM JIOKTEBO KOCTU

OcHOBHas rpyima

KoHTponbHas rpyrmna

BepxHsis TpeTb, cM

CpenHssi TpeTb, CM

4,1%0,9 [3,4;5,1] (3,1-5,5)
40,7 [3,5:4,7] (3,9-5,2)

3,8+1[2,9;4,7] (1,5-5,0)
2,4*0,9[1,5;3,5] (1,3-3,7)

CraTuCTUUeCKM 3HAYMMBIX pasjinuyuii B MoOKa3a-
TenIx yriaa gedopManuyu B MPOKCUMMAIbHOM OTHAE-
Jie JIOKTEBOM KOCTU y MAalMeHTOB OCHOBHOM U KOH-
TPOJBHO rpyIn He BbissBiaeHo (W = 74,5; p = 0,9092).
BrinmonHeHne octeoroMuy ¢ GOpMUPOBAHMEM KOCT-
HO-HAJKOCTHO-MBIIIIEYHOTO JIOCKYTA AAeT OOJIbIIYI0
KOppeKkLuio Mo cpaBHeHMO ¢ kocoin (W = 117,0;
p =0,0081). Pasnuumnii B BeIuuuHe yriaa gedhopManun
B CpefHEM OTZesie TOKTeBOI KOCTU B IOOMepaloH-
HOM Iepuofe y MaleHTOB OCHOBHOM U KOHTPOJIb-
HoO# rpynIl He BbigBiaeHo (W = 33,5; p = 1,0), Takke
Kak u B nocieonepamnuonHom (W = 31,5; p = 0,9186)
(Tab. 4).

V nauyeHTOB, KOTOPbIM OCTEOTOMMIO BBITIOTHSIIN
B IIPOKCUMAJIbHOM OT/eJie TIOKTeBOI KOCTU, TP CpaB-
HeHUM MequaH MHAeKca GUKcauy M MHAEKCA OCTe0-
CuHTe3a ¢ mnomoiupiw W-Kputepuss MaHHa - YUTHU
CTaTUCTUYECKM 3HAUMMBbIX pasanuuii MeXgy OCHOB-
HOJ ¥ KOHTPOJBHO rpymnnamu He noaydeHo (p = 0,08
n p = 0,06 COOTBETCTBEHHO), TO €CTb OTCYTCTBYIOT

pasnuumsi B CPOKax KOHCOAMZALIMM TIPU BBITIOJIHE-
HUM OCTEOTOMMM C KOCTHO-HAJKOCTHO-MbIIIEUHBIM
JIOCKYTOM M KOCOJi. B cpenHeli TpeTu npu CpaBHEHUM
MenyuaH MHAeKca (GUKCAlVM ITONyYeHbl CTaTUCTU-
yeCcku 3HAuYMMble Da3Inuus MeXKAY OCHOBHOI U
KOHTPOJIbHOJ TpyIIlaMM, YTO ITOKasbiBaeT 3¢ddek-
TUBHOCTb IPUMEHEHMs JaHHOro crocoba (p = 0,04).
IIpu cpaBHeHUM MMOKa3aTeseli MHAEKCA OCTEOCUHTEe3a
pasHUILIBI He BbIsBIeHO (p = 0,12) (Tabmn. 5).

OTCYTCTBME pa3IMuMii B MHIOEKCE OCTEOCHMHTE3a
BO BTOPBIX IMOATPYIIIIAX OOBSICHSIETCS T€M, YTO B KOH-
TPOJIBHOJ I'pyIIIie TOMbKO Y 3 (50%) maimueHToB GbLI
chopMHMpOBaH pereHepar, KOTOPbI MMO3BOIMUI IPO-
U3BECTU AeMOHTaX AB®. B ocTanbHbBIX Caydyasx ObLI
TIOJIyYeH aTpo(MUeCKIii pereHepar, uTo oTpe6oBaio
TpOBeJleHMsI KOCTHOJ IJIACTUKMU C 1IeJIbI0 3aMellleHUsT
MOJTyYeHHOTO IedeKTa, MHAEKC OCTeOCMHTE3a Y JaH-
HBIX MMaleHToB 6611 paBeH 0. B OCHOBHOJA ke rpyIine
B 100% cirygaeB copMMUPOBAICS KOCTHBIM pereHepar,
YTO I103BOJIUJIO BBITIOJIHUTD AJeMOHTaxX ABD.

Tabauya 4

AHanm3 noryyeHHOo KoppeKuum gedopManyy JIOKTEBOV KOCTU Y MallMeHTOB OCHOBHOM
M KOHTpOoJbHOI rpynn, M+SD [01;Q3] (min-max)

YpoBeHb OCTEOTOMUM Jo omnepauymn

ITocne onepauyn

JIOKT€BO KOCTH OCHOBHAs Ipymmna KOHTPOJIbHAS TPyIIa OCHOBHas Ipymnma KOHTPOJIbHAS TPYIINa
BepxHsist TpeTb, rpaf. 15%13,8 [3,5;23,5] 15,1£11,8 [5;20] 3%1,7[1,5;5,5] 8,1£8 [5;9,3]
(2-45) (2-40) (1-5) (2-30)
CpenHss TpeTb, rpaj. 24,9+8,7 [22;32] 22,5*16 [4,3;37,8] 7,2%4,9 [2;10] 6,5%4,5 [1,5;10]
(5-35) (2-40) (1-15) (2-10)
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Tabnuya 5

HNupekc purcanmm U MHIEKC OCTEOCHMHTE3a Y NAUMeHTOB OCHOBHO ¥ KOHTPOJIbHOM Py,
M+SD [Q1;03] (min-max)

VpoBeHb 0CTEOTOMUM
JIOKTEBOI KOCTU

WHpekc pukcanmm

WHpeKc ocTeocHMHTE3a

OCHOBHAs rpyIna

KOHTPOJIbHAS TpyIIa

OCHOBHas rpyIina

KOHTpPOJIbHAS IpyIIna

BepxHss TpeTs,
JIHel/cM

CpenHsis TpeTh,
nHel/cM

25,6%6,4 [19,4;28,5]
(19,9-39,4)

25,7+8,2 [17,4;34,2]
(14,9-35,9)

22+10[17,1;22,8]
(94,7-50,7)

47,4%21,5 (29,7;56,1)
(29,7-71,3)

43,3%10,7 (33,7;49,3)
(29,8-64,8)

42,6+10,6 (33,1;53,3)
(27,9-58,8)

35,4%10,5 (31;36,1)
(19,4-64,0)

75,5%45,6 (40,5;97,1)
(40,5-127,1)

KonnuecTBo OCIOXKHEHUI, 3aperMCTPUPOBAHHBIX
B OCHOBHOJi TpyIile, GbIO 3HAUUTETHHO MEHbIIIe,
4yeM B KOHTPOJAbHOM. OgHAKO CTaTUCTUYECKM 3HAUU-
MBIX pa3inuuii He BbisBieHO (t =-0,7727; F = 1,7368).
B OCHOBHOI1 rpyrmne OTMEYEHO TOJBbKO BOCITaJIeHME

MSITKMX TKaHeil B MeCTe BbIXOJa UPECKOCTHBIX 3Jie-
MEHTOB (OCJIOKHEHMS | cTerneHu Mo Kiaccu@uKaumm
Caton). BocrmanurenbHblii Ipoliecc 6bUI KYIMPOBaH
C TMOMOIIbIO TIEPEBSI30K U MePOPaTbHOI aHTUOMOTH-
KoTepanuu (Tabil. 6).

Tabauya 6

OcnoxHeHUs IPU YAJIMHEHWU JIOKTEBOJ KOCTH Y NallieHTOB
B OCHOBHOJ1 ¥ KOHTPOJIbHOJ Ipynnax, n (%)

OcsioskHeHMe OcHOBHas rpymnma KonTponbHas rpynma
BocrnaneHne MATKMX TKaHel B MeCTe BbIXOa YPeCKOCTHBIX 57IEMEeHTOB 6 (30) 29,1)
[Tepesiom 4YpeCKOCTHBIX JIEMEHTOB 0(0) 2(9,1)
KoHTpakTypa cycTaBoB 0(0) 0(0,0)
@opMUpPOBaHMe JIOKHOTO CyCTaBa WM aTpoduUUIecKoro pereHepara 0 (0) 6 (27,3)
BrIBUMX JIOKTEBOrO CycTaBa 0(0) 2(9,1)
Penyinus neBuauiuy KUCTU 0(0) 1(4,5)
Bcero 6 (30) 13 (59,1)
OBCV)KI[EHI/IE JIOKTEBO KOCTHU, 1 C POCTOM pe6eHKa COXpaHAJIOCh

VKopoueHue mpepIuieubsi, Bo3HUKawilee npu BJIK,
SIBJISIETCSI Cepbe3HOM KIMHUYECKOM U 3CTeTUYeCKO
npobnemoit gyt nmanuenTta. Ecin onepaTuBHOe Jieye-
HJe HauMHAeTCs B OUYeHb MOJIOLOM BO3pacTe, MOTYT
MOTpPeb0oBaThCs MIOBTOPHbIE BMENIATENIbCTBA C 1IETbI0
JOCTMKeHMS CO6aTaHCUPOBAHHOM AJIMHBI TPEATIeUNi
13-3a CBSI3aHHBIX C POCTOM pelUINBOB AedhopmMalumn
[12, 20]. IIpoBeneHHOEe HaMM UCCIeN0BaHME BKIIIOYAJIO
MalMeHTOB B cpefHeM Bo3pacTe 8,8%3,5 yieT, Kpome
TOTO, B Psifie C/lydyaeB IIPOBOIUIOCH IIOBTOPHOE YIJIN -
HeHMe, YTO IOATBEPXKAAIOT IIpe/ICTaBleHHbIe JaHHbIe
auTeparypsl [1, 12, 21].

HexoTopbie aBTOpBHI yKa3bIBAalOT, YTO BO3MOXKHO
IIOJTy4YUTh [0 7 CM pereHepara, HO UYpesmepHoe V7 -
JIHEeHMe MOXXeT MPUBOAUTL K OCIOXKHEHMSIM M3-3a
OrpaHMUYEHUs 3MaCTUYHOCTM MSITKMUX TKaHeit [16].
ITpu sTOM, Iaske eciy MONIy4YeH OXKUIAeMBbI pe3yilb-
TaT YOJAVHEeHMs, B JajbHeilleM IMOopakeHHas KOCThb
MOXeT CHOBA CTaThb KOpoue, IT03TOMY IIOJIHOe yCTpa-
HeHMe pasHUllbl B JIMHE MpefIuleunii He SIBJISIeTCS
06s13aTeIbHBIM TPeGOBaHMEM IS YCIIEIIHOTO MCX0/a
[21, 22]. YkasaHHble [aHHbIe TOATBEPXKIAIOTCI pe-
3yJAbTaTaMM Hallieil paboThl, TaK KaK y 8 MalMeHTOB
OCHOBHOIJ1 TPYTIIbI paHee yXe IIPOBOIWIN YO IVHEeHYe

3HauMMOe yKOpOoYeHue MpeIuieybs. B Halem mccie-
JIOBaHMM JIOKTEBAst KOCTh B CpefHEM Oblia yAJIMHEHA
Ha 4,1 cM, 4TO COOTBETCTBYET pes3yjbTaTaM, Ipen-
CTaBJIEHHBIM B yiuTepatype [23]. [Ipu sTom Gosbliiee
yOJMHEHME YAAI0Ch MOAYYUTh NPU UCIONb30BaHUU
KOCTHO-HaJKOCTHO-MBILLIEYHOI'O JIOCKYTa B CpegHEM
OT[esie JIOKTEBOI KOCTHU.

[lommumo ycTpaHeHUs pasHULBI B IJIMHE, OCHOB-
HOI 3apmayveil seyeHus mnauueHToB ¢ BJIK gBigercsa
KoppeKkuusi nedopmaium jJokTeBoit Koctu. ITo maH-
HbIM S. Farr ¢ coaBTOpammu, B cpelHEM yroj nedopma-
LMY COCTaBJIsIeT 25,6°, a B OTHAI€HHBIX HAGTIONEHUIX,
JlaKe T10CjIe MHTpaolepalOHHOM KOPPEKLMHK, CoOXpa-
HSIeTCsI, COCTaBJIss B cpegHeMm 17° [24]. Hamu nomyuye-
Ha KoppeKuus fedopmaliuu JIOKTeBOM KOCTH, OTHAKO
OHAa COXPAaHsIach C POCTOM.

K coxanenuio, nuilb He3HAYUTEIbHOE KOIMYe-
CTBO PabOT TOCBSIIEHO OCJIOKHEHUSIM MPY JIeYeHU U
nanueHToB ¢ BJIK, oco6eHHO NMpy yAJMHEHUM KOHEY-
Hocteit. [Ipu xoppekiuu gedopmanuu mnpenriedbs
y nnanueHToB ¢ BJIK ¢ TOMOIb10 KOMITPECCUOHHO-IMC-
TPaKLMOHHOIO OCTEOCHMHTE3a 4acToTa OCIOXKHEHUI
moxeT pocturath 100%. Hambosee yacTo ommcaHbl
crenyioliye: BOCIajgeHMe MSTKMX TKaHei, dopmu-
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poBaHKe aTpodUUeCcKOro pereHepata, KOHTPAKTYPbI
B CyCTaBax, IlepeioM JIOKTEBOI KOCTU TOcjie AeMOH-
taxka AB® [1, 24, 25]. B Hamem muccieqoBaHuy B OC-
HOBHOJA TpyIIie Mbl OTMETUIU TOAbKO HaJnM4ue BOC-
HaJUTETbHbBIX ITPOLECCOB B 30% Ciydyaes.

W3nuniHee yajiMHeHME MOKET IPUBECTU K BBIBUXY
B JIOKT€BOM CYCTaBe, a TaKke K GOpMUPOBAHUIO CTU-
6aTeNbHBIX KOHTPAKTYP JIOKTE3arsICTHOTO COWIeHe-
HUS U nanbles kuctu [20]. B Hamem mccinenoBaHum
Yy Nal¥eHTOB KOHTPOJIbHON IPYMIIbI B 2 CJIyUYasixX IMPo-
u3o011en BbIBUX JIOKTEBOTO CycTaBa. Mbl OlLleHMBaIU
KIVMHUYECKM HEeCTabWJIbHOCTb JIOKTEBOTO CYyCTaBa,
JlaHHbIE PEHTTEHOJIOTUYECKOTrO 00C/IenoBaHms (HeI0-
pa3BUTHE BEHEUHOTO U JIOKTEBOT'O OTPOCTKOB JIOKTE-
BO#1 KocTn). [Tpy HAIMYMK TAHHBIX O HECTAOMIIBHOCTY
npoBoawIM (UKCAIMIO TIJIEYeBOM KOCTM Ha Tepu-
OJl KOPPEeKIMM, YTO ¥ TO3BOMUIO M36ekaTh BbhIBMXA
B JIOKTEBOM CYCTaBe.

[lo maHHBIM JMTEpaTyphbl, (uU3MOTepaneBTHUe-
ckoe Jsevenue, JIOK, HampaBiieHHass Ha pa3paboT-
KY OBVKeHM, u pukcanust Kuctu B AB® Ha mepuop,
KOPPEeKLMM TO3BOJISIOT M30eXaTb CrubaTelbHbIX
KOHTPaKTYp JIOKTE3amsICTHOTO COWIeHEeHUs U Mab-
ueB Kuctu. Kpome Toro, gaxke eciy yajiMHeHMe Mpo-
BOOUTCSI TI0 KOCMETMYECKMM I[IOKa3aHMusM, Iocje
MpOBeeHNST JAHHBIX MPOLenyp OTMeuaeTcsl YBelIu-
YeHye MBIIIEeYHOM CWiIbl U yiIy4dlleHue cxsarta [7, 11].
B nHamem wucciemoBaHuM y BCeX MAallMEHTOB IIPOBO-
IUIUCh (GUKCAIMS KUCTUM B UPECKOCTHON orope U
dusuorepaneBTHUeCKOE JIeUeHNME, YTO U TIO3BOIUIO
130eKaTh YIIOMSHYTBIX OCJIOKHEHMIA.

ITo gaHHBIM JuTepaTyphl, B 12,5-20,0% ciydaes
BO3MOXHO (OpMUpPOBaHME AaTPOOUUECKOTO pereHe-
para [21, 24, 26]. Hanbonee uacToe oCIOKHEHME, BbI-
SIBJIGHHOE B KOHTPOJIBHOI TpyIne ¢ KOCOM OCTeO0TO-
Mueil — opMupoBaHMe aTpOUIECKOTO pereHepara
(27,3%). DTO OCIOXKHEHME BCTPEYAIOCh Y IMALIVIEHTOB
¢ Koppekiueit nedopMaluyuu B CpegHeil TPeTu JIOK-
TeBOit Koctu (50% ciayyaeB B JaHHON ITOATPYIIIE).
VMeHbllleHMe TeMIla OUCTPaKLuK, yBeludeHue Bpe-
MeHM Tepuoaa GuKcauyu He IIPUBOAUT K «CO3peBa-
HUIO» pereHeparta. [[pyumMHaMu JaHHOTO OC/IOXKHEHMST
MOTYT OBITh BPOXKIOEHHbIE HAPYIIEHUS] MUKPOLIMPKY-
JIAOUU 3@ CYET TMIIOTUIasuy JIMbOO arviasmu JIydeBoi
apTepuu, MOBpeXAeHMe 3HAO0CTa U CHUXKEeHUe BHY-
TPUKOCTHOTO KPOBOTOKAa M3-3a paHee IIpOBeleH-
HbIX MHOTOKPATHBIX ONEepPaTUBHBIX BMeIIaTeIbCTB
[27, 28]. [Ipm yoJIMHEeHUM HUKHUX KOHEYHOCTEN C BbI-
no/JIHeHueM CTaHmapTHOV octeotomuu A.I1. [To3geeB
u 2.B. ByxapeB onucChIBalOT UCTOILEHNE pereHepaTop-
HOJ CITOCOOGHOCTM KOCTHOM TKaHM U B CBSI3U C ITUM
dopmupoBanme atpoduueckoro pereHepara. B To ke
BpeMsI B YCIOBUSX CTUMY/IMPYIOLIETO [eiCTBUS

KPOBOCHA0KaeMOro KOCTHOI'O (parMeHTa IIpoIlecc
pereHepaiuu 1en paBHoMmepHo [17]. B Hamem uc-
C/IeAOBAaHUM TIPYU UICTIOITb30BAaHUM OCTEOTOMUM C (OP-
MMUPOBaHMEM KOCTHO-HAJKOCTO-MbIIIEUHOTO JIOCKYTa
MpU CTAaHZAPTHOM TeMIle OUCTPaKUUU TOJOKUTENb-
HBIIi pe3ynbTaT 6bUT TIONyUeH B 100% ciayyaeB B cpo-
KU, COMOCTaBMMble C JaHHBIMU JUTEPATypbl. Takum
006pa3oM, JaHHBI c1ocod ocreoroMuy 3¢deKTBEH
y mainueHToB ¢ BJIK, oco6eHHO MNPy BBINOIHEHUU
OCTEOTOMMUM B CpeAHEN TPETU JIOKTEBOI KOCTH 3a CUeT
CTUMY/IUPYIOUIETO BAUSHUS KOCTHOIUIACTUYECKOTO
BMelllaTe/lbCTBa.

OTCYTCTBME B OCHOBHOJ TpyIlNe TaKUX OCIOXKHE-
HMI, Kak BBIBMX B JIOKTEBOM CYyCTaBe, peluAuB Je-
BUALIMM KUCTU, CBSI3aHbI C MTPOBEJEHHBIM aHAIN30M
NpeabIAyIUX YAJMHEHUT B KOHTPOJIbHOI TIpyIIIie.
V psna MalMeHTOB BBIMIOMHSUIM [JOTOTHUTENbHYIO
(dbuKcaimo JOKTEBOTO CyCTaBa, KOrga Mpu KIMHUYe-
CKOM OCMOTp€e OTMeuasyu ero HecTabMIbHOCTh U BO3-
MOKHYIO TEHJEHIMIO K BbIBUXY. PelluanuB AeBuanum
KVUCTY B KOHTPOJIBHOJ IpyIirie 6bII OTMEUEeH IMPU BbI-
TOJIHEHUM OCTEOTOMMUM B TPOKCUMAaJIBHOM OTHese
6e3 (MKcauyM KUCTY Ha BBIHOCHBIX OINOpax. JJaHHOTo
OC/IOKHEHMSI B OCHOBHOJ TpYIINe YAAIOCh U36eXKaTh
3a cueT GpMKCAIMM KUCTU y BCeX IMalMeHTOB BHe 3a-
BUCUMOCTU OT 30HbI BbITIOJIHEHUSI OCTEOTOMUM.

VHpgekce ¢pUKcaUyUyM y MAyMeHTOB OCHOBHOM I'PYII-
Tl COCTaBUI B cpegHeM 25,1+7,1, a ocTeocuHTe3a —
42,1%£10,3. TlomyyeHHbIE pPE3yAbTAThl COMOCTABUMBI
C IpeACTaBAeHHBIMM B JUTepaType, UTO MOATBEPK-
JlaeT 11eJ1eCO0OPA3HOCTh MPUMEHEHUSI JAHHOTO Me-
toma [20, 21, 24]. OgHaKoO NP BBINOJIHEHUM TaKOIO
BUa OCTEOTOMMUM B CpPedHEeN TpeTu JIOKTEBO KOCTU
MHAEKC ¢puKcanyuy O6bl1 Ha 45% MeHbIlle, YeM B KOH-
TpO/bHOI rpyrmine. [Ipy yaJMHeHUM HUKHUX KOHEeU-
HOCTeli C IpUMeHeHeM KOCTHO-HaJgKOCTHO-MbIIIIey-
HOT'O JIOCKYTA BBISIBJIEHO, UTO (paza chopMmUpoOBaHHO
MEPBMYHOI KOCTHOJM TKaHM HaCTyIlaja paHbIle Ha
6,1 meHb Ha KaXAbIll MOMyYeHHbI caHTUMeTp [17].
Takum 06pa3oM, TTOTyJeHHbIE TaHHbIE TTOKA3bIBAIOT,
YTO MCIIOJIb30BaHME TAKOTO JIOCKYyTa HAa BEPXHUX KO-
HEUYHOCTSIX Pe3Y/IbTaTUBHO.

3AK/TIIOYEHHE

PesynpTaThl MpPOBEAEHHOTO MCCAeNOBaHMS IIOKa-
3aM  3QPEKTUBHOCTb MPUMEHEHUSI OCTEOTOMMUM
¢ ¢dopMupoBaHMEM KOCTHO-HAIKOCTHO-MBIIIEUHOTO
JIOCKYTa Yy JIeTel C BPOXKAEHHON JTy4eBOM KOCOPYKO-
CThI0, 0COOEHHO ITPY BBITIOJTHEHUY €€ B CpelHelt Tpe-
TU JIOKT€BOJ KOCTM. JIaHHBI/ METOH, CIIOCOOCTBYET
JIy4ineii Koppekuuu medopMaiiuy, 6omee 6bICTPOMY
dbopMupoBaHMIO pereHepaTa, COKpamaeT KoJnuecTBO
OCJIOKHEHUIA.

41 2024;30(3)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

JOITOJTHUTEJIbHASI UTHO®OPMAIIUA

3aseneHHblii 6K1a0 agmMopoe

Bce aBTOpBI cHenany 3KBUBAJEHTHBIN BK/Iaf B TIOATO-
TOBKY ITyOIVIKALIAM.

Bce aBTOpPBI TPOWwIM U omo6pwIv GUHATBHYI0 BEPCUIO
DPYKOIIMCH CTaTby. Bce aBTOPBI COITIAaCHBI HECTY OTBETCTBEH-
HOCTb 3a BCe acreKThbl paboThl, YTOOBI 0OECIIEUNTD Ha/IJIeXKa-
1jee pacCMOTPEeHMe U pellleHye BCeX BO3MOXKHBIX BOITPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAZEKHOCTBIO JII000T YacTu
paboThI.

Hcmounuk  ¢uHaHcupoeanus. ABTOpbI  3aSIBJISIIOT
06 OTCYTCTBMM BHENIHEro GMHAHCMPOBAHMS MIPU MPOBee-
HUU UCC/IeJOBaHMSI.

Bo3mocHblii KOH(AUKIM uHMmMepecos. ABTOPHI JIeKia-
PUPYIOT OTCYTCTBYME SIBHBIX U TIOTEHIMATbHBIX KOHQIVKTOB
MHTEPECOB, CBSI3aHHBIX C IyOIMKaIMeil HaCTOSIIIEl CTaTh.

AOmuueckas 3Kkcnepmusa. VicciemoBaHue o0m06GPEHO
JIOKaJIbHBIM 3THueckuM KommuretroM ®I'BY «HMUILI geTckoit
TpaBmartonaoruu u oproneauu um. [.U1. TypHepa» Munsapasa
Poccun, mporokon N2 23-3-3 ot 10.11.2023.

HngopmupoeanHoe coenacue Ha nyéaukayuro. ABTOpbI
MOIYYWIM TMChbMEHHOe coIiacue TMalMeHTOB Ha ydacTue
B MCC/IENOBAHUY U ITyOIUKAIIVIO PE3YIbTATOB.
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Ucnonb3oBaHue HaBuraumoHHou cucteMbl Opto-CYB
B IeYeHumn geten ¢ aedopmaumnsamu npeanneybs

I.B. Perkukos, E.A. benoycosa, A.Il. [To3gees, C.B. BuccapnoHos

QOIBY «HayuoHanvHblli MeuyuHcKuil uccnedosamensckuii yeHmp demckoli mpasmamoinozuu u opmoneduu
um. I . Typuepa» Mun3zdpaea Poccuu, 2. Cankm-Ilemep6ype, Poccus

Pedepar

AxmyansHocme. V eTeil ¢ BpOKIEHHbIMM AMUCIUIACTMUYECKMMMU 3a60/1eBaHUSIMU CKeJleTa B Ipolecce pocta dopmMupy-
IOTCST pa3iMyHble MHOTOIUIOCKOCTHBIe medopMaliuy KOCTeil MpeArieyubsi, Haubomree 4yacTo 9TO MPOUCXOOUT Ha doHe
NonoccabHO GOPMBI 9K30CTO3HOM XOHApoAycIiasuy. OCHOBHBIM MeTOJOM XMPYPIUUeCKOro JeueHus feTeil ¢ JaH-
HOJ IaTOJIOT el B HACTOSsILIee BpeMsl SIBJISIeTCSI YPeCKOCTHBI OCTEOCHMHTe3 C IpMMeHeHMeM alrnapaToB BHelllHei hukca-
1yn. [ yecTpaHeHUs BIPaKeHHBIX YIVIOBBIX Jedopmaliuit KocTeit IpeIieybs 1eecoo6pasHo IpUMeHeHMe acCUBHOI
KOMIIbIOTEPHOV HaBUTALIMIOHHO CUCTEMBI.

Ilenv uccnedosanusi — CPaBHUTD Pe3yIbTAThl KOPPEKLIMY MHOTOIUIOCKOCTHBIX AedopMaliuii KOCTeil Mpeariedbs y geTei
C UCIIONIb30BaHMEM HaBUTALIMOHHOI cucteMbl OpTo-CYB 1 6e3 ee mpuMeHeHMsI.

Mamepuan u memode!. ViccienoBaHue OCHOBAHO Ha aHajIM3e pe3yabTaToB 06CaeloBaHMSI 1 JiedeHUsT 36 MalMeHTOB B BO3-
pacre oT 4 1o 16 set ¢ gedopmanusMu npefIieyubs: Ha GoHe SIK30CTO3HOI XOHIPOAUCIIa3MK. Bce manuyeHTs! MPOXOLUIN
obcnenoBanue u yiedeHue B nepuof ¢ 2008 mo 2022 r. u 6bUTM pas3feieHbl Ha ABE IPYIIbI: OCHOBHYIO M KOHTPOJBHYIO.
B ocHOBHYIO TpyHIly BOLUIM 13 MalyeHTOB, KOTOPbIM KOPPEKIMIO YIVIOBBIX ITedopMaliuii KocTeit pearieubsi IpOBOAUIIN
C UCTIOb30BaHNMEM HaBUTaLIMOHHOI cucteMbl OpTo-CYB Ha 6a3e macCMBHOI KOMITbIOTEPHON HaBUTaly. B KOHTPOIbHYIO
IPYIITY BOLLIM 23 ManyeHTa, KOTOPbIM fedopmaiium KoCTei IpelIiieyubsl YCTPaHSIM B OIIePallIOHHO MTyTeM perno3ulun
KOCTHBIX ()parMeHTOB anmapaToM BHelIHel ¢hukcanyy 6e3 MpuMeHeHUsT HABUTalMOHHOI crucTeMbl OpTo-CYB.
Pesynomamet. CpaBHUTENbHAS OLleHKAa aHaTOMO-(YHKIIMOHAIBHBIX Pe3y/lbTaTOB MCC/IeAyeMbIX I'PYIIN MalleHTOB MOKa-
3aa, 4yTo B 52,7% ciyuaeB (n = 19) GbUTM MOTYYEHBI XOPOIIME PE3YIbTAThl, B OCHOBHOM Y MAlEHTOB OCHOBHOI IPYIIIIBI
(n =13). YIoBIETBOPUTEIbHBIE PE3Y/IbTAThI I10yUYeHbI TOIBKO B KOHTPOJIbHOI rpynmne —y 17 (47,2%) nauyeHToB.
3axnouenue. TIpyumeHeHMe HaBUTAUMOHHON cuctembl OpTo-CYB 1151 KOppeKUuM MHOTOIUIOCKOCTHBIX Iedopmaruii
KOCTeli MpefIieybsl y feTeil M03BOJsIeT C BbICOKOJ TOYHOCTBIO JO3MPOBAHHO YCTPAHSTh BCe MMeIoLyecss KOMIIOHEHTbI
MCKPUBJIEHWUI Y JOCTUTATb XOPOLIMX PeHTIeHONOTMYeCKMX U QyHKIMOHATbHBIX Pe3y/IbTaTOB.

KinroueBbie c10Ba: BPOXXIOeHHbIE JIed)OpMaLU/II/I IIpenrieybs, KOppeKumsa /:[ednopmaum‘/'[, ‘{I)ECKOCTHI)I]‘/JI OCTeOCMHTEe3, TeKCa-
I104bl, KOMIIbIOT€PDHAA HaBUT'ALIUS.

IOns mutupoBanusi: PookukoB [.B., BenoycoBa E.A., Tlo3neeB A.IlL., Buccapronos C.B. VMcnonb3oBaHme HaBUTaL-
oHHOV cucteMmbl OpTo-CYB B jieuenuu feteit ¢ medopmMauusiMu mpearuieubs. Tpasmamonozus u opmonedust Poccuu.
2024;30(3):44-54. https://doi.org/10.17816/2311-2905-17481.
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Treatment of Children with Forearm Deformities Using
the Ortho-SUV Navigation System

Dmitry V. Ryzhikov, Ekaterina A. Belousova, Alexander P. Pozdeev, Sergey V. Vissarionov

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

Abstract

Background. Children with congenital dysplastic skeletal disorders often develop various multi-axial bone deformities in
the forearm during growth, most commonly occurring against the backdrop of polyosseous exostotic chondrodysplasia. The
main surgical treatment method for these children is currently external fixation. To correct pronounced angular deformities
of the forearm bones, the use of a passive computer navigation system can be advantageous.

The aim of the study is to compare the outcomes of correcting multi-axial deformities of the forearm bones in children using
the Ortho-SUV navigation system versus without its use.

Methods. The study is based on the analysis of examination and treatment results of 36 patients aged 4 to 16 years
with forearm deformities associated with exostotic chondrodysplasia. All patients were examined and treated between
2008 and 2022 and were divided into two groups: the main group and the control group. The main group consisted of
13 patients who underwent the correction of forearm bone angular deformities using the Ortho-SUV navigation system
based on passive computer navigation. The control group included 23 patients who had their forearm bone deformities
corrected in the operating room by reducing bone fragments with an external fixator without the use of the Ortho-SUV
navigation system.

Results. Comparative assessment of the anatomical and functional outcomes in the studied groups showed that good results
were achieved in 52.7% of cases (n = 19), most of them in the main group (n = 13). Satisfactory results were obtained only in
the control group, where 17 (47.2%) patients experienced satisfactory outcomes.

Conclusion. The use of the Ortho-SUV navigation system for correcting multi-axial deformities of the forearm bones in
children allows for highly precise, dosed correction of all components of the deformities, achieving good radiological and
functional outcomes.

Key words: congenital forearm deformities, deformity correction, external fixation, hexapodes, computer navigation.
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BBEJEHUE

ITo maHHBIM pa3JIMUYHBIX aBTOPOB, B 30—-80% ciryyaes
y mereit Ha (QoHe pSgAa BPOXKIEHHBIX AMCILIACTUYE-
CKUX 3abojieBaHMiI cKejleTa (9K30CTO3HOV XOHAPO-
OUCIUIa3suM, AMCXOHAPOIIa3uu) B Ipollecce pocTa
dbopmupyroTes medopMaiuy IpeaIiedbst pasanyHOM’
CTEeIeHM BBIPasKEHHOCTH, coueTalromecs ¢ (pyHKINO-
HaJIbHBIMM OTPaHMUEHUSIMU TOPaXeHHOTO CerMeHTa
(CHMKeHMEeM aMILTUTYObl POTALIMOHHBIX MBMKEHUI
npenreuss) [1, 2, 3, 4].

B mpotiecce pocta pebeHKa ITPOUCXOAUT YKOpOUe-
HJe CeTMEeHTa KOHEUHOCTH (MIpeIieyubsi), B 60JbIIeii
CTEITeH! 3a CYET JIOKTEBOI KOCTHU, ¢ GOPMUPOBAHNEM
JIOKTEBOJ KOCOPYKOCTH, medopMalnii KocTeit mpen-
TJIeUbsl, COMTPOBOXKIAIOIINXCS HapyIIeHUSIMU COOTHO-
IIIeHM1 B TIJIeueTyueBOM COUYJIeHeHUM B BUJIE IelleHT-
paiuu, MOBbIBMXA, BbIBMXA IOJIOBKU JTyUE€BOi KOCTU
[2,5, 6].

Hambonee mnomyisipHbIM METOAOM XUPYpIrude-
CKOTO JieueHusI IeTeii ¢ AeopmMauysamu Mpeariedbs
SIBJISIETCSI YPECKOCTHBIN OCTEOCUHTEe3 — YyCTpaHeHMe
IedopMaliuii Ipy IMMOMOIIM amliapaTa BHENTHEel GUK-
cauuu (AB®D) [7, 8,9, 10, 11].

ABTOpPBI aHIVIOSI3BIYHBIX ITYOIMKAIIMII OTMEUYaroT
HeIOCTAaTOYHbII OMBIT IIPUMEHEHUST YHUBEPCATbHBIX
Pemno3UIIMOHHBIX Y3/I0B (OpTOmeauYecKuUx rekcaro-
IIOB) IIpM ycTpaHeHuu gedopMalinii BepXHUX KOHEU-
HOCTeit (Iieua, mpenrvieubs). B mHbOpMalMOHHOM
6ase PubMed Hamu HaiileHO BCero HeCKOJbKO CTa-
Teli, OMMCHIBAIOIIMX IPUMeHeHMe TeKCallofoB Mjisi
Koppekuumn medopMaiuy KOCTe Mpenriedbs y me-
Teil. Penkoe rnpumMeHeHMe rekcarofoB IpPU KOpPpeK-
uymn gedopmanmii BepxHeii KOHEUHOCTU 06ycC/IoBIIe-
HO aHATOMMUYECKMMM OCOOEHHOCTSIMU UX CTPOEHMS,
a TakKe TeXHUYeCKUMMM CJIOKHOCTSIMM B IIpoliecce
MOHTAaXka BHeIIIHero yCTPOCTBA, CBSI3aHHBIMM C Ma-
JIeHbKOJ AJIMHO IOpaskeHHOT'0 CerMeHTa KOHEUHOCTHU
[12, 13, 14, 15, 16].

Llens uccnedosanuss — cpaBHUTETbHBIN aHAIU3 pe-
3yJIbTATOB KOPPEKIIMYM MHOTOIUIOCKOCTHBIX Aedop-
MalMii KOCTeil TpeAIvieybs y IeTeil ¢ UCIOob30Ba-
HMYEeM HaBUTalMoOHHOM cucteMmbl OpTo-CYB 1 6Ges ee
MIpUMeHeHMUsI.

MATEPUAJI 1 METO/IbI
B cratbe wucCHoONb30BaMUCh HEONMYOIMKOBAaHHbBIE
MaTepuaabl  AUCCePTALMOHHOIO  MCCIeHOBaHMS

BenoycoBoit E.A.*

JvizaiiH uccjaegoBaHMUSs

ITIpoBefeH aHaNMM3 pe3yJlbTaTOB OOCIEIOBAHUS U
JileyeHUsI 36 TallMEHTOB B Bo3pacTe OT 4 1m0 16 et
¢ medopManMSIMy TIpeAIIeubst Ha (OHe 9K30CTO3HOI
XOHAPOIMUCIUIA3UU, KOTOPbIE TTPOXOAVIN 06C/ieoBa-

HMe uJjiedeHue B nepuop, ¢ 2008 mo 2022 r. [TauyeHThI
ObUTM pasneneHbl Ha J[ABe TPYIIbl: OCHOBHYIO U
KOHTPOJIbHYIO.

KputepmueMm BKIWOUEHMUSI B OCHOBHYIO TpYIITY
CUMTaNINCh AedopManum MperMyIlecCTBEHHO 00enx
KOCTeJi Ipearuieubst 60jee 4eM B OJHOI IIOCKOCTH,
MpeBbIIIAIMe HOpMa/lbHble pedepeHTHbIE YIJIO-
Bble 3HaueHus 6oee yem Ha 10°.

B oCcHOBHYyIO IpyIiny ucciaegoBaHus Bouwim 13 mna-
[[MEeHTOB, KOTOPBIM KOPPEKIMIO YITOBBIX Hedopma-
LM KOCTeNM Mpenrnaeyubsi MPOBOOWIN C UCIOIb30Ba-
HMeM HaBUTraUuMOHHOI cuctembl OpTo-CYB.V 3 (23%)
MaleHTOB MMeIN MeCTo JehopMaluy 06enx KoCcTein
NpeJIieyubsi, COUeTaloUMecs C AelleHTpalyeii TooB-
KM JTy4eBoit koctu; y 5 (38,4%) medopmaiium Kocteit
MpeAIieubs COYETaTNUCh C BHIBUXOM T'OJIOBKM JTyU€eBO
Koct; v 4 (30,7%) mauyeHTOB uMesa MecTo nedop-
Maluus TOJAbKO JIOKTEBOV KOCTU U Y 1 nmanueHTa (7,9%)
Iedopmalius TOKTEBOI KOCTY COYETAIACh C BBIBUXOM
TOJIOBKM JTy4€BOM KOCTH.

MaJiouMc/IeHHOCTh JTaHHOV I'PYIIIbl 00yCIOBIEHA
TeM, UTO JedopmMaluy KOCTeil Ipearieyubst onpenae-
JIEHHOJi CTeIeHY BBIPasKEHHOCTY, KOTOpble He06XO0-
IVMMO YCTPaHSITh IPU TOMOIUIM BBIIIEYTIOMSIHYTOTO
YCTPOJACTBA, BCTPEUAIOTCS JOCTATOYHO PELKO.

B KOHTpO/BbHYIO IPYIIITY BOLLIM 23 MalMeHTa, KO-
TOPBIM KOPPEKIUIO fedopMaluii KOCTel mpeaIieubst
OCYIIeCTBJISIV TOJIbKO B OIepalIOHHO 6e3 1CIOb-
30BaHMs B MOC/IEONEPALOHHOM [epuoze HaBUralu-
OoHHOJM cuctembl OpTo-CYB. DTa 4acTh UCCIeA0BaHMS
HOCMJIa PETPOCHEKTUBHBIN xapakTep. OLleHKa pe3yib-
TaTOB IIPOM3BOAMIACH IO TAaHHBIM UCTOPUIT 6ONIe3HN
Y apXMBHbBIX PEHTT€HOTPaMM.

Y 8 (34,8%) manueHTOB OAHHONM TPYIIIbI UMEINCh
medopmauyy 00eux KOCTei IIpenruieubs, COJYeTa-
IoIyecss ¢ AeleHTpalueil TOI0BKM JIy4eBOil KOCTH;
v 9 (39,1%) — medopmanyuy KOCTell Mpearuiedbs: Co-
YeTaINCh C BBIBUXOM TOJOBKM JIyuyeBOM KOCTH;
y 4 (17,4%) manueHTOB MMeJia MeCcTO gedopMarys
TOJIBKO JIOKTE€BOM KOCTU U y 2 (8,7%) mauueHTOB Ae-
dbopManus JIOKTeBO KOCTM COYETAIach C BBIBUXOM
TOJIOBKM JTy4€BO KOCTH.

OCHOBHBIMM MeTOHaMy 06C/IeqOBaHMS MTAllIEHTOB
SIBJISUIUCh KIMHUYECKUI U TydyeBoit. CpaBHUTE/IbHbIN
aHa/IM3 PEHTTeHOJOTNYECKMX ¥ (PYHKIMOHATBHBIX
pe3ynbTaToB 00C/IeIOBaHMSI TPYIIN MAIMEHTOB IMPO-
BOAWJCSI B TpPeX BPeMEHHbBIX TOUKax: 0 olepaiuu,
Moc/ie omepauyy U B OTHAJeHHOM nepuoge (yepes
1-2 ropa).

[Tpy 06BEKTUBHOM KIMHUYECKOM OOCIeHOBAHUMU
MalMeHTOB OlleHMBaaacCh aMIUIUTYAA POTAILMOHHBIX
IBVDKEHMI TIpenIuieubs. B pesyiabraTe HaMu ObLIU
BbIJleJIeHbl TPU TUIIA BbIPAKEHHOCTU POTAIMOHHOM
KOHTPaKTypbl: yMEPEHHO BbIpakeHHOe OTpaHuvYeHne

* BenmoycoBa E.A. Xupyprudeckoe jieueHue aeTeit ¢ geopMansamu mpearieysst, chopMyupoBaBIIMMuUCs Ha GOHE 3K30C-
TO3HO XOHIPOANCIUIA3UMA : ANUC. ... KAH[. Me[. HayK. CII6., 2023. 191 c.
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AMILUINTYAbI POTALMOHHBIX ABMKeHMI (1-60°) (n =7);
BBIP&)KEHHOE OTpaHuuyeHue aMIumTyabl (61-120°)
(n = 25); pe3Ko BBIPAKEHHOE OrpaHMYEHMe aMIUIA-
TyObl POTAIMOHHBIX [BVOKEHWUI TIpearuiedbst (60-
Jiee yeM Ha 120°, BIUIOTh OO MX MOJHOTO OTCYTCTBUS)
(n=4)[1].

B koHTposibHOM rpynmne y 17 (74%) mauyeHTOB
[0 orepauuyu HAOGMI0JaIoCh BbIpaskeHHOE OTrpaHu-
YyeHMe aMIUIUTYObl POTAlMOHHBIX ABVOKeHUI (TIpe-
MMYILLECTBEHHO MpoHanumn), y 3 (13%) — ymepeHHO
BbIpaKeHHbIE orpaHuueHus u y 3 (13%) Habmoma-
JIUCh PE3KO BhIpa’KeHHbIe OrpaHuueHns. Y nalueHTOB
OCHOBHOJ1 TPYIIIbl YMEPEHHO BbIPa)KEHHOE OrpaHM-
YyeHMe aMIUVINTYObl POTAIMOHHBIX ABVOKEHUI OTMe-
yajioch B 60% ciayuaeB (n = 8) (B Gosbllleil CTeneHn
npoHauun), B 21% ciydaes (n = 3) uMmenn MeCTO BbIpa-
>KeHHbIe OorpaHmndenus, B 19% ciaydaes (n = 2) — pesKo
BbIPasKEHHBIE.

[Tpu myueBOM 06C/IEIOBAHNY BCEM MTAI[MEHTaM BbI-
TIOJTHSTY MG POBbIE PEHTTEHOTPAMMBI ITPeTIIeunit
B IBYX CTaHOAPTHBIX MPOEKUMIX (TepefHe3agHsIs U
60koBast). OlLeHKY ITOJIyYEHHBIX TaHHBIX LUQPPOBOI
peHTreHorpadum OCymecTBasSIM [0, IOCIe Orepa-
LMY U B OTHAJIEHHOM Iepuoie HAGIIOIeHNS C YIETOM
OOIIEeNPUHATHIX pedepeHTHBIX JMHUI U YITIOB IJIsI
KocTeli mpexruieuss [17] (puc. 1).

B 72% cnydaeB (n = 26) y nalMeHTOB MMeIU Me-
CTO BbIpakeHHbIe MHOTOIUIOCKOCTHbBIE AedhopMaLymn
00eunx KOCTel mpenriedbs, B 27% cryuaes (n = 10) —
IedopMaluy TOJTbKO JIOKTEBOW KOCTU. Y BCEX Ialy-
€HTOB MMeJla MeCTO BapycHas M peKypBalMOHHas
IedopMaluy JOKTEBOI KOCTU Ha I'PAHUIIE BEPXHE U
CcpefHeli TpeTU Pa3IMUHOM CTENeHM BbIPAKEHHOCTMH,
B 70% ciyuaes (n = 25) oTMeuasiach BapycHas medop-
Malus Ty4eBOM KOCTU B CpeHeli TpeTu.

Hasuraumonnas cucrema Opto-CYB npumens-
Jlach i Koppekuuu nedopMainuii TOIbKO OIHOIA
U3 KOCTel Mpenrieybs: B 8 Iydasix — JIOKTEBO,

B 5 ciyuasx — yydeBoit. I1py mopaxkeHun ob6eux Koc-
Teil TIpeAIuiedbss KOPPEKLMSI MeHee BBbIPaKEHHO
YIJIOBO¥ AedhopManyy MpoU3BOAMIACH B OTIEPAIIMOH-
HOJ OTHOMOMEHTHO.

Iy roBbiieHUs 3(PGEKTUBHOCTY ITPOBOAVMOTO
JleueHs TIpeAJIoKeH CII0Co6 OCTeOoCHHTEe3a Mpu Ae-
dbopmaluyu KoCTeil TpeaIieubs, O3BOJISIONINIA MO-
BBICUTh TOYHOCTb KOPPEKLIVU, YMEHBIIUTb pa3mMepbl
1 BeC BHEITHEero yCTPOiiCcTBa B Ipoliecce JeueHus, Ha
3Tare BbIIOJHEHMs PEHTIreHOrPaMM M pacueToB Be-
JIMUMHBI KOppeKuumn gedopmanmii KocTei mpeparie-
ubsl (rmaTeHT PO N2 2734139).

I 0OCTUMXXEHMUS] TEXHUUECKOTro pe3y/ibTaTa Iie-
pen, BBITIOJIHEHMEM PEeHTreHOTpaMM OIOpHbIe KOJb-
11a COeAVHSUINCh Pe3bOOBBIMM CTEPXKHSIMM arapa-
Ta WnusapoBa, TeleCKONMMUYecKMe CTOMKM armapara
Opro-CYB oTcoeguHSINCh OT OMOPHBIX KOJIel] B MeC-
Tax UX COeIVHEHUS C TIaTUKaMM, IJIUMHY TeJIecKOo-
MMYECKNUX CTOEeK COXpaHsuIM Hem3MeHHON. K miaTu-
KaM B MO3UIMIO TeJIeCKOMMUYECKUX CTOeK Kpernmmianuch
PEeHTreHONIO3UTUBHbIE MapKepbl, KOTOPbIe MCIIONb-
30BaJIUCh [J151 HABUTallMM YPECKOCTHOTO amnrmapara Ha
peHTreHOrpaMMax Ipy pacueTe Koppekunu gedop-
MalyuM B KOMIIBIOTEPHOI IporpaMMe. 3a CUeT 3TOro
ObLIa TMOBBIIIEHA TOYHOCTh KOPPEKIIMM YITIOBBIX Jie-
dbopmanmit KocTeil Mpenruiedbs] BBUAY YIYUIIEHUS
BU3yQ/IM3alMM KOCTHBIX ()parMeHTOB HA PEHTIeHO-
rpaMmax, a Takke yMeHbIlIeH BeC ¥ pa3Mepbl BHeIl-
Hero yCTpoMcCTBa (Ha 3Talle BBIMIOJHEHMSI PEHTTeHO-
rpamm). [locie pacuera Koppekuuu medopMainm
MapKepbl [eMOHTUPOBAIUCh, a TeJecKonmuyeckue

croiiku anmnaparta Opro-CYB Kpenmauch K mjaaTuKaM
B ucxopHoe monokenne. Korma xoppekius medop-
Maiuy 6GbUIa BBITIOJTHEHA, OMOPHBIE KOJbIIA COEIV-
HSUTMCh MEKAY €000V MAapHUPHBIMM COeAVIHEHWUSIMU
U3 geraneil ammapara Mim3sapoBa, a TelecKommudye-
ckue ctoiiku anmnaparta Opto-CYB geMOHTHMPOBaINCh

(puc. 2).

Puc. 1. PepepeHTHBIE TMHUY U YITIBI IJISI KOCTe Mpearieubs [17]
Figure 1. Reference lines and angles for the forearm bones [17]
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BbinonHexnue
peHTreHorpamMm

PaccyeT KoppeKuun
AecopMaumm

Koppekuua
Aechopmaunmn

Puc. 2. AnropuT™ SOCTVDKEHMSI TEXHUUECKOTO Pe3ynbTaTa
TIPeIJIOKEHHOTO CITOC06a OCTEOCHMHTE3a:

1 — omopHbIe KoJblla; 2 — TeJIeCKONMUUEeCKe CTONKNU
ammapara Opto-CYB; 5 — crepskuu IllaH1a; 6 — maaTuky;
7 — MeCTO 0CTeOTOMMUM; 8 — pe3b6OBbIE CTEPKHMA;

9 — PEHTTeHOMO3UTUBHbIE MapKEPhI

Figure 2. Algorithm for achieving the technical result

of the proposed method of osteosynthesis:

1 — supportive rings; 2 — telescopic racks of the Ortho-SUV
frame; 5 — Shanz screws; 6 — mounts;

7 — osteotomy site; 8 — threaded rods;

9 — X-ray positive markers

C mpuMeHeHMeM JaHHOTO Crocob6a OCTeOCHHTE3a
B OCHOBHOI1 TpyIlie ObUIO MPOJIEYEHO 3 MAIMEeHTa,
Yy KOTOPBIX MMeEJI0O MECTO BbIpa’keHHOe YKOpOueHUe
CerMeHTa KOHEUHOCTM U JedopMalius o6eux KOCTeil
npenrieubs. C MOMOIIbI0 HABUTALIMOHHOM CUCTEMBI
OBLTIM yCTpaHeHbl JedopMalluy JIOKTEBOI KOCTH, Je-
dbopmarius yueBoit KocTu 6bl1a yCTpaHEHA OJJHOMO-
MEHTHO B OITepaliIOHHOIA.

CraTucTuueckuii aHajaus

Tak Kak GOJBIIMHCTBO COOPAHHBIX MPU3HAKOB ObLIU
KOIMYeCTBEHHBIMU, HO M€y HeCUMMETPUYHOE pac-
npefeneHye, fajiekoe OT HOPMaJbHOIO, TO JaHHbIE B
TabMMIAX TpeCTaBlIeHbl B Buae Menuansl [Q1; Q3].
Il TIoTiepeyHOro CpaBHEHMSI BCeX II0KasaTelneit
NpuMeHeH Kputepuit MaHHa-VYutHu. 115 cpaBHe-
HMS TTOKa3aTeseil B JMHAMUKE IPMMEHEH KpUTEepUii
BUIKOKCOHA K IepBOi ¥ TpeTbeil BpeMeHHBbIM TOY-
KaM JMCUIefoBaHMs (OO omepauuy U B OTAAJTEHHOM
nepuozpe).

HoseputenbHbilt MHTEepBan (W) oas gonu BbICO-
KO TOYHOCTU PEIO3ULIMM KOCTHBIX (DparMeHTOB U
KOppeKIINM YIJIOBbIX AedopmMaluii KocTeil 6bUT BbI-
YucieH TOUHbIM MeToaoM Knomnnepa—-Ilupcona. s
CpPaBHEHMSI I'PYIMI TMALYEHTOB I10 ITOJyYeHHBIM Ou-
HapHBIM MHIEKCAM MCIOJIb30BaH TOYHBIA KPUTEPUIA
@uinepa. IIpu craTucTUeCcKoit 06paboTKe OBUIN MC-
MO/Ib30BaHbl CTATUCTUMYECKME TIaKeThl MPOrpaMm
STATISTICA 10 (StatSoft, Inc.) n IBM SPSS Statistics
v. 26. KpuTndecknit ypoBeHb 3HAUMMOCTH BCETa CU-
tasics paBHbIM 0,05 (A1 MOITPaBOK HA MHOKECTBEH-
HOCTb CpaBHEHMII mpuMeHeH metop BoHdbeppoHm),
a IOBEPUTEJIbHBIN YpoBeHb — 95%.

PE3VJIbTATbBI

[Tpu o1ieHKe BBIPAKEHHOCTU OTPAaHUYEHUST aMIUTATY-
bl POTALlMOHHBIX ABVKEHUI TPeIIIEYbsI BOCHOBHO
¥ KOHTPOJBHOM TpyIax A0 OIepaluu B OCHOBHOM
M KOHTPOJIBHONM TI'PYINAax BbISIBJIEHbl CTaTUCTUYECKU
3HauYMMble OT/IMuMs (Tabim. 1).

B pesynbpraTe IMpOBEOEHHONM CTATUCTUYIECKOI
OLIEHKM OCHOBHbBIX PEHTIT€HOMEeTPUUYEeCKUX [T0Ka3aTe-
Jeil medopmanmii KocTeii Mpearieubs 40 Orepainm,
OBLIO BBISIBJIEHO, MICC/IEyeMbIe I'PYTIIbI CTATUCTHUYEC-
KV 3HAUMMO He OTIMYAINCh (TabI. 2).

Tabauya 1
O11eHKa aMIIMTYAbI POTALMMOHHBIX ABVKEeHMU
Yy HalyeHTOB OCHOBHOM ¥ KOHTPOJIBHO I'PYIIIT
J0 onepanuu

AMIUIUTY[A POTAIIIOHHBIX
Ipymma JIBYDKEeHMIA, Irpafl.
[MpoHaums CynuHanus
OcHOBHas 65 [50; 80] 80 [65; 85]
KonTponbHast 50[30; 60] 60 [45; 70]
p* 0,027 0,038
*Tlo kpuTepuio ManHa — YUTHU.
Tabauya 2

Ol eHKa peHTreHOMeTPUYEeCKMX IoKa3aTeien
nedopmaluii KocTeii MpeaIedbs 10 ornepanun

BenuunHa yrinoBoit nedopmaiiym, rpag,.
cpenHye 3HaYeHUs
= g =
= 3 % = 3 = E
fpyma =2 | gi: = ¢
RS g @S s
© S 0 T S O © SN
o a, /M =] a, =] oo a, o
59 g S.ot 598
SRS = Qg g
T U O L VO T O
Mm e s AEE meE
OcHoBHas 12 [10; 15] 11[10; 14] 712;9]
CpaBHenus | 11[10; 14] 11[10; 15] 10 [7; 14]
p* 0,908 0,895 0,090

*Tlo kpuTeputo MaHHa - YUTHMU.
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Bou10 BBISIBIEHO, UTO CylieCTBEHHOe yBeJInYeHne Median; Box: 25%-75%; Whisker: Min-Max
aMIVINTYAbl POTALMOHHBIX ABVOKEHWIT IMpeIIeyubst e
B OTHAJIEHHOM Ilepuoze 0 CPaBHEHMUIO C AooTepanu-
OHHBIMM 3HAYEHMSIMM OTMEYAJIOCh TOMBKO Y 9 (69,2%)
MalyeHTOB OCHOBHOWM TPYMIIbI, IPeuMYILIeCTBEHHO

MMpoHAaIuM — B cpegHeM Ha 10° (Tabi. 3, puc. 3, 4). 4,
Tabnuya 3 § 0
O1eHKa aMIVIMTYAbl POTALMOHHBIX ABUKeHMI &
IOPa’KeHHOrOo NpeaIvievbs y NalnyeHToOB 20
Iocjie IPOBeJeHHOrIO JIeYyeHUs
0
OcHoBHas | KoHTponbHas " [ OctosHan
Tpusnax rpymmna rpyrma b fpynna
-20
[Tponanmst 50 [40; 60] 235 [25; 50] 0,078 Ho onepauyu - OtpaneHHbIi & KowtponbHas
(rocrne cHATYS ABD) e O rpynna
CynuHaIms 65[45;75] | 40[30;65] | 0,084
(ocste cusitusi ABD) Puc. 4. [Inarpamma pasmaxa 3HaueHMI 110 MOKa3aTerto
TipoHams 75[70;75] | 45[35;60] | 0,000 CYNMHAIIMK B TPEX TOUKAX HaGMomeHus (10, TTocie
(OTHATeHHbIT ’ ’ ’ omepauuy 1 B OTHAJeHHOM ITepuoe HabII0aeHIs)
repuor) B OCHOBHOJ1 I KOHTPOJIbHO IPYIIax
CymmHaLys 80 [75; 85] 55[50;70] | 0,008 Figure 4. Box-and-whisker plot of the supination values
(OTIa/IeHHbIit ’ ’ ’ at three observation points (before, after surgery and
T1epyoz) in the long-term follow-up period) in the main and control

groups
*Tlo kputeputo MaHHa - YUTHMU.

B otmaneHHOM Iepuome HabMOaeHs OTMeUaaoCh
Median; Box; 25%-75%; Whisker: Min-Max YBe/JIMUEeHMEe aMIVINTYAbl KaK ITPOHALIMM, TaK U CYIIN-
HallMM MpeaIiedbsl B cpegHeM Ha 6°, CTaTUCTUUECKU
He3Hauumoe (Tect Bunkokcona; p = 0,145 u p = 0,117
COOTBETCTBEHHO). ITocse omepanuy B 06enx IpyImax
HabJTI01a/I0Ch CTATUCTUYECKYM He3HAUMMOe CHISKEHNE
060X oKa3aTesieit Ipy TOM, UTO B OTHAJIeHHOM Iepu-
olle HabGIIOmAICS 3HAUMMBINM POCT (TeCcT BUIKOKCOHA;
p<0,003 nmast Bcex TPymm M aMIUIATYH, OBVKEHWIA).
B uTOroBoM cpaBHEeHUM MeaMaHbl O6IIETO MPUPOCTa
3a Bce BpeMs HabII0leH s OKa3aCh paBHbI: ITPOHA-
uus +10°, cynuHanus 0° B OCHOBHOI TpyIiIie U Mpo-
= e Hauus -5°, cynuHauus -5° — B KOHTPO/IbHOM IPyIIIIe,
20 - ] YTO OTpaxkaeT Jiydlliee BOCCTAHOBJIEHME TAIMeHTOB
o onepauyu OTganeHHbIiA FZ1 KoHTponbHas -
Mocne nepuiog rpynna OCHOBHOM I'DYIIIIBI ITOCJIE€ OIIepaLN.
SrIemIMM ITpu cTaTMCTUUYECKOI OIleHKe aHATOMO-PEHTIEeHO-
JIOTMYECKMX TTOKa3aTesieii (BeJIMUMH YIVIOBbIX gedop-
Maluit) OCHOBOIIOJIATAIOIIMIM SIBJISVIOCH OITpedesieHye

100

3

5
=3

MpoHauma , ©

N
o

Puc. 3. [luarpamMma pasmaxa 3HaueHUI 110 ITI0Ka3aTeslto
MIPOHAILMY B TPex TOUKax HabmomeHus (1o, nocie

oTepalyy 1 B OTIaIeHHOM TIepUozie HaboeHus) BeJIMUMHBI YIJIOBOTO OTK/JIOHEHMS aHaTOMMYeCKUX
B OCHOBHOJ ¥ KOHTPOJIBHO IpyTIIax oceii KocTeit npeariedybsa OT HOPpMaJIbHBIX (pE(bepEHT—
Figure 3. Box-and-whisker plot of the pronation values HbIX) 3HaveHMit. ITo Bcem peHTFeHOMeTp?quKMM
at three observation points (before, after surgery TOKasaTe/siM TI0CI€ oIepal B OCHOBHOM IpyIIIe
and in the long-term follow-up period) in the main octaTouyHas gedopmanys B CpeHeM He TpeBbIliaa
and control groups 1°. B oTmanieHHOM mepuofe HabIogeHUsI B OCHOBHOI

TpyIIle II0 BCeM IT0Ka3aTe/sIM YIJIOBBIX medopma-
1[Mif KOCTeli Mpearieubsl MpeBblilieHe HOPMalIbHbIX
pedepeHTHBIX YIJIOBbIX 3HAUEHMIT ObIIO He Oosee 5°
(Tabn. 4).
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Tabnuya 4
O11eHKa peHTTeHOMeTPUYEeCKMX IoKa3aTesen
nedopmaluii KocTeit mpeaIiedbs y MalueHTOB
ocjie IPoBeeHHOTO JIeYeHUs

n OcHoBHas | KoHTponbHas %
pM3HaK p
rpyImna rpymnmna
Ilocne onepayuu
Bapychas 01]0;0] 31[2; 6] 0,000
nJedopmanust
JIOKTEBOW KOCTU
PekypBauyoHHas 01[0;0] 21[0; 5] 0,001
nedopmanust
JIOKTEBOW KOCTU
BapycHas 0[0;1] 2[0; 3] 0,177
nedopmanust
JTy4eBOJ KOCTU
OmaaneHHwlli nepuod
Bapycnas 1]0; 2] 5[3;7] 0,001
nJedopmanust
JIOKTEBOW KOCTU
PekypBauyoHHas 01[0; 1] 61[3; 8] 0,000
nIedopmanust
JIOKTEBOW KOCTU
BapycHas 01[0;0] 4[2; 6] 0,000
nedopmanust
JTy4eBOJ KOCTU
*Tlo kputeputo MaHnHa - YUTHU.
Median; Box: 25%-75%; Whisker: Min-Max
o 40
g 35
,g 30
g
e 25
‘% 20
£
g 15
g
% 10
% 0 EO(HOBHBH
§ rpynna

&

KoHTponbHas
rpynna

Mo onepauun OTpaneHHsblil

Mocne nepvog
onepauuu

Puc. 6. [luarpamma pazmaxa 3HaueHUI peKypBallMOHHOI
nIedopmalny JOKTEBOI KOCTY B TPEX TOUKAX HAOGMIOOEHNS
B OCHOBHOJ1 I KOHTPOJIBHOI rpyImnax

Figure 6. Box-and-whisker plot of values of ulnar recurve
deformity at three observation points in the main
and control groups

B OCHOBHOII rpyIine MOXHO OTMETUTb CTaTUCTU-
YyecK He3HaulMMble yBeauMueHMe BapyCcHOM U peKyp-
BallMOHHOJ JedopMalnii JIOKTEBOV KOCTU Y YMEHb-
neHue (B cpeqHeM) BapycHO gedopmaiym TydeBoit
B OT[Aa/IEHHOM Ilepuofie. B KOHTPO/IbHO IrpymIie 3Ha-
YMMBIX MU3MEHEHMII 10 PEHTTeHOMEeTPUIECKUM TTOKa-
3aTessaM aedopMaluii KoCcTeil MpeaIiedbs B IOCIe0-
repalMoOHHOM U OT[IaJIeHHOM ITepMoJax BbISIBIEHO He
osL10 (pUC. 5,6, 7).

Median; Box: 25%-75%; Whisker: Min-Max

BapycHas gechopmaLpn NOKTeBoid KOCTH, °
3

[F=] OcHoHas
rpynna

| KontponbHas
rpynna

OTganeHHbIA
Mocne nepuog
onepauuun

Ao onepauunu

Puc. 5. Ilnarpamma pazmaxa 3HaUeHUt BapyCHO
IedbopMaruy TOKTeBO KOCTH B TpeX TOUKax HabmoneHus
B OCHOBHOJ U KOHTPOJIBHO IpyIIIax

Figure 5. Box-and-whisker plot of values of ulnar varus
deformity at three observation points in the main
and control groups

Median; Box: 25%-75%; Whisker: Min-Max

OcHoBHas
rpynna

BapycHas aecopmaums ny4eBor KocTH,
s

KoHTponbHas
= P

Mo onepauuu g

OTpaneHHblil
Mocne nepvog
onepaLmm

Puc. 7. Iuarpamma pasMaxa 3HaU€HMI1 BapyCHO
nedopMaluu TyuyeBoii KOCTY B TPEX TOUKAX HABGMIONeHUS
B OCHOBHO1 ¥ KOHTPOJIbHO I'PYTIIax

Figure 7. Box-and-whisker plot of values of varus radius

deformity at three observation points in the main
and control groups
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ITo moxkasaTenro BapycHOi medopMaluumn JTy4eBOii
KOCTM CpaBHUTEJIbHAS OLleHKa [J0O0IepalMOHHbIX U
MoC/IeonepaloOHHbIX 3HAUYEeHMI He I[okasajga Cra-
TUCTUYECKU 3HAUMMBIX Pe3y/lbTaToOB. B oToaseHHOM
Tepuofe IO 3TOMY II0KA3aTeNi0 ObUIM BBISIBJIEHBI
CTaTUCTUYECKM 3HAUMMble pa3anuus B UCCIeSyeMbIX
rpymiax (tab:m. 4, Tabin. 5, puc. 7).

WccnepoBaHue mokasano, YTO B OCHOBHOJ TpyIIIe
npy MPUMEHEHUM HAaBUTALMOHHON cuctembl OpTo-
CVYB BbICOKAsI TOUHOCTb PEIO3UIMM KOCTHBIX (par-
MEHTOB ¥ KOPPEKIMM YIVIOBBIX JedhopMaluii KoCTeii
Mpenryieybss C TOJHBIM YCTpaHeHMEM BCEX YIIO-
BbIX Aedopmanuii 6bl1a JOCTUTHYTA B 92% ciryuaeB
(n=12; 95% U pnst monu (64%; 100%), To ecTh OT 8
0o 13 mauyeHToB). Y OOHOIO MalMeHTa KOPPeKLus
IedopMaluii 6p1a JOCTUTHYTA HEMOJHOCTBIO BBUIY
HaJINuMsl BBIPAKEHHON OJIUTENbHO CYIIEeCTBYIOIIEN
CIOKHOM MHOTOIUIOCKOCTHOW AedopMaluy KOCTei
npenrieyubs. Y JaHHOTO MalieHTa yMesia MecTo OcTa-
TOUYHas gedopMarys Iy4eBoil KOCTH 4°.

B KOHTPOJIBHOII TpyIIIe JUIIb B 6 CTydasix yaaa0Ch
OOHOMOMEHTHO (B OIIEpalMOHHOM) YCTPaHUTb BCE
KOMITOHEHTHI AedopMaliuii KOCTeil peaIieybs, BOC-
CTAHOBUTb aHATOMMUYECKME OCU U B3aMMOOTHOIIEHUS
B CMEXHBIX CycTaBax. Y 17 mamnueHTOB KOHTPOIbHOM
I'PYIIIbI [1OC/IEe OTepaiuy MMeJIu MEeCTO OCTaTOYHbIe
ymioBble AedopManuyu KOCTel IpedIieubs, Ipe-
BBINIAIONINE HOPMajbHble pedepeHTHbIe 3HAUEHMS
B CpegHeM Ha 3,1° — mociae onepauuu U Ha 7,4° —
B OTHAJIEHHOM Mepuoae HabmwomeHus (cMm. Tabi. 3,
puc. 5,6, 7).

Bce mosryueHHbIe HAMUM Pe3y/IbTaThl ObUIM pasfe-
JIeHbl Ha JiBe TPYMIIbl: XOPOIIMEe U YOOBAeTBOPUTEb-
Hbl€e C Bbifie/IeHeM B KaXK[I0¥ U3 IPYII XapaKTePHbIX
kputepueB. Kputepusimu (npusHakamm), OIpemessi-

IOUMMU paclipefesieHne pe3yJabTaTOB IO TpyImIam
ObUTV: U3MEHeHVe aMIUIUTYAbl POTALIVOHHBIX IBUKE-
HU, BeIMUMHA YIJIOBOM medopMaluy 1mocjie orepa-
MY U B OTAAJIEHHOM Iepuoje HaGIIqeHN s, COCTOS -
HMe TJIeYeTyyeBoTo COuJIeHEeHMS.

B rpynny xopoiuiux pe3yibTaTOB BOILIM MaljMeH-
Tbl,  KOTOPBIX:

— OorpaHuYeHue aMIUIUTYAbl POTAllMOHHBIX ABU-
SKeHUI mpefIieubsi He MPeBBIIATI0 AOOTepalMoH-
Hble 3HaUeHMs UJIM OTMEeYaaoch ee yBeJinueHue B OT-
IaJIeHHOM ITepuojie HabIIome s ;

- yrmioBble gedopManyy KOCTel MpeIiedbs OT-
CYTCTBOBA/IM WIM WX BeIMYMHA He IpeBblmasa 5°
(OoT HOpMaJIbHBIX pedepeHTHBIX 3HaAUeHM1) (puc. 8);

— OTCYTCTBOB&JIM  HapylIeHUS]  COOTHOIIEHMI
B IJIeue/lyueBOM COwieHeHUM (MOABbIBUX, BBIBUX T'O-
JIOBKM JTy4€BOJ KOCTH).

B rpyniny ynoBaeTBOpUTENbHbBIX PE3Y/IbTAaTOB BOIII-
JI TIallMEeHThI, y KOTOPBIX:

— OrpaHMyeHyre aMIUVIUTYObl POTAllMOHHBIX JBU-
SKeHMit Tpefiieubsi MpeBbIaNo AooMepalioHHbIe
3HauYeHMs He 6ojiee ueM Ha 15°;

- uMenu MecTo medopManuy KOCTeit Mpejruie-
ybst O6ojiee 5°, He IMpeBBIIIAIOIIME HOOMEPAlMOHHbIE
3HaueHus;

— OTCYTCTBOB&IM  HapylUIeHUS]  COOTHOIIEHMI
B IJIeve/lyueBOM COwieHeHUM (MIOABbIBUX, BBIBUX T'O-
JIOBKV JTy4€BOJ KOCTH).

Xoporye pe3ysabTaThl JIeUeHUSI ObUIM TTOTyYEHbI
y 19 nauyenTtoB (52,7%), IpuueM y BCeX MalIEHTOB
OCHOBHOV rpymnbl (n = 13). YIOB/IETBOPUTEIbHbBIE Pe-
3yJIbTAThl MONy4YeHbl y 17 (47,2%) manueHTOB, TOMb-
KO Yy TalMeHTOB KOHTPOJbHOI TpynIibl. Pa3jinMuHoro
pona OUIOXKHEHUI B pe3y/ibTaTe MPOBEIEHHOrO XM-
PYPTMUECKOTO JIeUeHUST HaMU TIOJTYYeHO He ObII0.

Tabnuya 5

VpoBeHb 3HAYMMOCTH P IO KPUTEPUIO BMIIKOKCOHA [I/I1 CpaBHEHUIT PEeHTTeHOMEeTPUIECKMX
nokasareJieii e opmarinit KocTeit mpeAieuYbs NAlMEeHTOB A0 onepanun,
mocjie onepanyuy M B OTIAJIEHHOM Iepuoe

OcHOBHas rpymra KonTponbHasg rpyrmna
I10/0I1 I1O/0I1
[TpusHak AO/TIO BINSIHUIE Ao/oII . AO/IO BIIISIHUE A .
BJIMSTHUE CYMMapHbIi | BAUSIHUE CyMMAapHBbIit
OTHAJIEHHOTO OTHAJIEHHOTO

ornepanumn nepuona MPOMEXYTOK | orepaiuu Tepuosa TIPOMEKYTOK
BapycHas gedopmariyst 0,001 0,008 0,001 0,0001 0,056 0,0001
JIOKTEBOW KOCTU
PekypBanyoHHast nedhopmanust 0,001 0,068 0,001 0,0004 0,0001 0,0005
JIOKTEBOJ KOCTU
BapycHas gedopmariiyist 0,008 0,068 0,003 0,0001 0,003 0,001
JTy4eBOit KOCTHU

IO — po omeparuu; 110 — mocse onepaunu; OIl — oTmaneHHbIi nepuof. JXupHbIM mpUGTOM OTMEUEHbI CTATUCTUYECKM 3HAUMMbIE

pasimyus ¢ y4eToM IOIIPaBOK Ha MHOXXKeCTBEHHOCTb CDaBHEHMS.
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Puc. 8. PeHTreHOrpaMMbl IPaBOTO MPEAILIeUbs:

a — JIo orepaiyu; b — mocjie BbIIOIHEHHO KoppeKuy gedopMalinii JOKTEBOI KOCTU
(C HaIOXXKEeHHOM HaBUTALIMOHHOI cucteMoit Opto-CYB); ¢ — mocie cHsaTusg AB® (yepes 9 mec. rocie onepamnum)

Figure 8. X-rays of the right forearm:

a — before surgery; b — after correction of ulnar deformities (with the Ortho-SUV navigation system applied);
¢ — after removal of the external fixation device (9 months after surgery)

OBCY>XIEHUME

AHanu3 MUTepaTypHbIX UCTOUHMKOB MO AaHHOM IIPO-
671eMaTyKe yKa3bIBaeT HA METOJ KOMIIPeCCHMOHHO-
IUCTPAKIMOHHOTO OCTEOCHMHTEe3a Kak Ha OCHOBHOI
B JIeUeHUM AeTeli ¢ AedopManysiMy Tpearieybsl.

CoriacHO MpoOBeJeHHOMY HaMM MCCIeLOBaHUIO
Ha OCHOBAaHMUM PETPOCHEKTMBHOTO aHaiu3a MUCTOU-
HUKOB MMPOBOI1 INTepaTypbl, IpUMeHeHEe METOAA
KOMITPECCMOHHO-IUCTPAKIIMOHHOTO OCTeOCHHTe3a
B JleueHUM gedopmanuii mpeariedbs: IMO3BOAMUIIO U3
649 mpoBemeHHBIX BMeINAaTeIbCTB B 5,5% ciyuyaeB
MOJYUYUTh OTJAMYHBIE Pe3yabTaThl; B 33,5% ciayua-
eB (n = 223) MOay4YnUTh XOpOIllNe pe3yabTaThl; B 23%
(n = 153) — ymoByeTBOpUTE/IbHbBIE; B 38% (n = 253) —
Hey[lOBJIETBOPUTe/IbHbIE. B IpyNIly HEYHOBIETBOPU-
TeJbHBbIX PE3yIbTAaTOB BOLIUIM BCe penuAnBbI gedop-
Maluii WIM HEyCTpaHEHHble MCKPUBJIEHUS KOCTEN
TpefIieubs, OTCYTCTBUE YBEJIUYEHUS] aAMIUIUTYIbI
IBVKEHUIT B CMEXKHBIX CyCcTaBax, HaIM4ue OJIUTeNb-
HOTO OOJIEBOTO CHMHIpPOMAa B IOCIEOIepPaMOHHOM
nepuopne [12].

[Tpu KOppeKUM CJIOKHBIX MHOTOKOMITOHEHTHBIX
MHOTOITJIOCKOCTHBIX JedopManuii CerMeHTOB KO-
HEYHOCTel Ieecoobpa3Ho MpuMeHeHMe reKcaro-
OB, paboTa KOTOPBIX OCHOBaHA Ha 06a3se MacCUMBHOI
KOMITBIOTEPHOV HaBUTalUM. 3apyOeskHbIe aBTOPHI
MIVIPOKO TIPUMEHSIIOT IJIsSI KOppeKiuu aedopmMarini
KoHeuHocTelt rekcamnon TSF (Taylor Spatial Frame)
[13, 14, 15, 16].

JLH. CosoMMH C cOaBTOpaMM OJjsI KOppPeKLu
CJIOKHBIX ~MHOTOKOMIIOHEHTHBIX MHOTOIIOCKOCT-

HbIX Aedopmalnii KoCcTeil KOHeUHOCTel paspaboTann
COOGCTBEHHBINI YHUMUIIMPOBAHHbBIN PEITO3UIMOHHBIN
y3ei1, paboTa KOTOPOTrO OCHOBaHa Ha 6a3e IMacCUBHOI
KOMITbIOTEPHOM HaBUTALMM (T.H. T€KCAIoabl). ABTOPBI
MIPeACTaB/ISIIOT Pe3y/bTaThbl JieueHMS 93 MalieHTOB
(109 cnyuaeB HajOKeHMI ammapara) ¢ medhopMalu-
SIMM KOCTeI1 HMKHMX KOHeUuHOCTel. Bo Bcex cimydasx
Koppekuusi aedopmauyy (pernosunus Imepeaoma)
ObLIa JOCTUTHYTA OJHOITAITHO [17].

L.E. Wessel ¢ coaBTopaMy cOOGILIAIOT O pe3yybTa-
Tax IMpMMeHEeHNs TeKcaroaa mpyu Koppekuun gedop-
Manuu Kocten rnpepriedbsi. COIMTacHO IMOMy4YeHHBIM
IaHHBIM, BO BCeX cyvyasx (n = 5) 6blIa MOCTEIEHHO
ycTpaHeHa JedopMarus KocTeil Mpearuieubs, B Of-
HOM CjTy4yae HM3BeJeHa TOoJIOBKa JIy4eBOii KOCTU MpPU
TIOMOIIM rekcamnona 6e3 JaJbHENIINX HEMPOLVIPKY-
JISSTOPHBIX PaccTpomcTs [18].

S. Farr ¢ coaBTOpamMu NpeACTaB/ISIIOT OMBIT TPUMe-
HEHMSI TeKCaroia B KOPPEKIMM 0CeBbIX Aedopmarinii
U YOJMHEHUM KOCTeN Ipearviedbs (JIOKTE€BOM KOCTH)
Ha mpuMepe rpymnbl U3 9 mauueHToB. Bo BCex ciy-
yasx aBTopaMy ObLIM MOMYYEHbI XOPOIIe aHATOMO-
(yHKIMOHATbHBIE Pe3YIbTaThI [19].

Ilo gaHHBIM MNPOBELEHHOTO PETPOCIEKTUBHOIO
0630pa psila HAYYHBIX CTAaTel, MOXHO CHOEIaTh BBI-
BOZ, UYTO y OOJBIIMHCTBA aBTOPOB, AEMOHCTPUPY-
IOLMX pPe3yabTaTbl MPUMEHEHUs OpPTOIeANYeCKUX
reKcarnofoB B JIeUeHUM AeTeil ¢ sedopMannusiMu Ko-
CTeil TpeArieubs, Kak M B HallleM MCCAeSOBaHUM,
MMEIOT MEeCTO IOCTATOYHO MaJible TI0 06beMY I'PYIIIThI
MalyeHTOoB.
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OrpaHnyeHUs UCCIeg0BaHUS

CyIieCTBEHHBIM OTPaHMYEHMEM MCCIeOBAHMS SIBIISI-
eTcs KpaiiHe Majas 1o 06beMy BbIOOpKA B OCHOBHOM
rpyIine nauueHToB (n = 13), 4TO IO3BOIUIIO CLENaTh
BBIBOJIbI Ha TpaHM CTATUCTUYECKON 3HAUYMMOCTH.
MHorue BaXXHbIe CPaBHEHMS TTOTYYMIIN ObI CTATUCTU-
YEeCKYI0 3HaYMMOCTb, a BHIBOJbI ObLIM GbI KOHTPACT-
Hee TIpy 60JIbIIeEM 06beMe BHIOOPKIU.

3AK/IIOYEHUME

HecmoTps Ha KpaiiHe Manylo YMCIEeHHOCTh OCHOBHOM
IPYIBI [MALIMEHTOB, JieYeHMe KOTOPbIX IPOXOIUIIO
C TNpUMeHeHMeM HaBUTallMOHHOM cucrtemsl OpTo-

OJOIIOJIHUTEJIbHAA NTH®OPMALIUA

3asenenHblii 6K1a0 a8mMopos

Poircuxos [Imumputi Bradumuposuy — KOHLIEIILNUS U IU-
3aiiH UCCIe0BaHMSI, HAIMMCAHME TeKCTa PYKOTICH.

Benoycosa Examepuna AnamonvesHa — cO60p, aHAIU3 U
MHTEepIIpeTauus JaHHbIX, HAlMCaHMe TeKCTa PYKOIIVCH.

Io3dees Anekcandp Ilasnosuu — KOHUEMLMS W OU3aiiH
McCiIeqoBaHMsl, peIaKTYPOBAHME TEKCTa PYKOIMCH.

Buccapuonos Cepezeii BaneHmuHoguu — HaydHOe
PYKOBOZACTBO.

Bce aBTOpBI POWwIM U Ofmo6pwIM GUHATBHYIO BEPCUIO
pPYKOIMCH CTaTby. Bce aBTOPBI COrMIacHbI HECTY OTBETCTBEH-
HOCTb 3a BCe acIeKThbl paboThl, YTOOBI 06ECIeUNTh HaZIexKa-
1jee pacCCMOTPEeHMe U pellieHye BCeX BO3MOXKHBIX BOIIPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAZIEKHOCTBIO JIF000TT YaCTu
paboThI.

Hcmounuk  ¢unaHcuposanusn.  ABTOpPbI  3asIBJISIIOT
06 OTCYTCTBMM BHeNIHEero hbMHAHCUPOBAHMS NP MPOBEJIe-
HUU UCCIIeSOBaHUSI.

Bo3mocHblii KOH(IUKM uHmMepecos. ABTOPHI JeKja-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHIIMATbHBIX KOHDIMKTOB
MHTEPEeCOB, CBSI3aHHBIX C MyOIMKaIIMe HACTOSIIEN CTAThH.

Omuueckaa 3xkcnepmusza. Opo6peHO  JIOKAJbHBIM
atnvyeckumM komutetom ®I'bY «HMMUL] meTckoii TpaBmMaTo-
soruu u opronenuu um. I'N. TypHepa» Munsnpasa Poccun
(mporokon N2 2023/6 ot 28.11.2023).

HugopmupoeanHoe coenacue Ha nyoauKayuio. ABTOPLI
MOJIYYUJIM TIMCbMEHHOE Corjiacue 3aKOHHBIX MpenCcTaBu-
Tejeil MalYeHTOB Ha MyOIMKAIMI0 MEAUIIMHCKUX AAaHHBIX
U U300paskeHMIA.
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PycckosisbivuHasa Bepcus onpocHuka Hip Preservation Surgery
Expectations Survey: a3bIkoBasi U KpOCC-KY/IbTYpHas agantauus

M.A. Yepxkacos, [I.B. Cnenuanbubiii, O.E. Boromonbckuii, H.H. Ebumos, M.IO. l'onuapos,
I.B. Cradeen

DI'BY «HauuoHanbHbIli MeOUUUHCKULL ucciedosamenscKuli yeHmp mpasmamosnozuu u opmoneduu um. P.P. Bpedena»
Munszdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

Pecdepar

AxmyansHocme. [IpeforniepaliOHHbIe OKMAAHNS TALMEHTA SIBJISIOTCS OGHUM M3 3HAUMMBIX (DaKTOPOB, BIMSIOIMX HA €r0
YIOBJIETBOPEHHOCTh PE3Y/IbTATOM OPTaHOCOXPAHSIOINIE omepanyuu Ha Ta3006eApeHHOM CycTaBe. B Hacrosiinee BpeMsl He
CYLIeCTBYeT B/IMIMPOBAHHBIX PYCCKOSI3bIYHBIX OMTPOCHUKOB [IJIS1 OLLEHKM OXXUAAHUI NTalMEHTOB OT OPraHOCOXPaHSIOMINX
omnepanuit Ha Ta306eJpeHHOM CyCTaBe.

Llens — mpoBeCTM SI3bIKOBYIO M KPOCC-KYJIBTYPHYIO aganTaiyio onpocHuka Hip Preservation Surgery Expectations Survey, a
TaKXe OLIEHUTb HaJIeXKHOCTb €r0 PYyCCKOSI3bIYHOM BEPCUN.

Mamepuan u memodst. [I151 cCOXpaHeHNSI BAIMIHOCTM OMPOCHMKA ObLIA TTPOBeJeHa SI3bIKOBAsI M KYJIbTYpHAs afarTanys,
KOTOpasl BKJIo4aja MpSMOi ¥ 0OpaTHbBIN MepeBOAbl U MWJIOTHOE TecTupoBaHye. OleHKa HaAEXKHOCTM OKOHYATEIbHOI
PYCCKOSI3BIYHOI Bepcuu MpoBeAeHa Ha 40 mauyeHTax, KOTOPbIM BBITIOMHSIIACh apTPOCKONMS Ta300eJpEHHOTO CYCTaBa Mo
moBofy ¢eMopoanetTabyIsspHOro MMIIMH/IKMEHTA.

PesyabTaTel. Kosdduiment o Kponbaxa cocraBui 0,945, 4TO CBUIETENBCTBYET O BHICOKOM YPOBHE BHYTpPEHHE COria-
COBAaHHOCTU. BHyTpuMKIIaccoBslit KoadduimeHT koppensiunm (ICC) cocraBmn 0,82 (OIN 95%, 0,56-0,93), UTO COOTBETCTBYET
XOpOIIei KOPPeNsSIuu U MOATBEPKIAET PETECTOBYIO HaIeXKHOCTD. «JhdEKT 1moia 1 OoToMKa» BhISIB/IEH He 6bl1. MeayaH-
HbIiT pe3ynbrat coctaBui 87 (0—100) 6aioB.

3axaroueHue. Pycckosi3piuHasi Bepcust onpocHuka Hip Preservation Surgery Expectations Survey mpencraBisieT co60ii 1mo-
JIe3HBII U MPOCTOM MHCTPYMEHT IJiSl OLIEHKY MPenoNepariOHHbIX OKUAAHUI MPOGMIbHBIX MAalMEeHTOB, TTO3BOISIOUINIT
CTPYKTYPUPOBATH U JOKYMEHTUPOBATDb OXKVUIAHMS, U MOXKET ObITh MCITOIb30BaH B KIIMHUYECKOM MTPAKTUKE U JIJIST HAYYHBIX
ycceqo0BaHMIA.

KnroueBsle ciioBa: OpraHOCOXpaHdIIMe orepaunm Ha TaSOﬁe,ZlI)EHHOM CyCTaBe, apTPOCKOIINS Ta306e,ELPEHHOI‘O CyCTaBa,
OXMOaHuA MalyeHTOB, BaJInaalns, KyJIbTypHas agarTaiuns.

Ons uurupoBaumsa: YepkacoB M.A., CrneunansHbiii [I.B., Boromonbckuit O.E., E¢pumoB H.H., Tonuapor M.IO.,
CradeeB [I.B. Pycckosizpiunasi Bepcusi ompocHuka Hip Preservation Surgery Expectations Survey:
S3BIKOBAsi M KPOCC-KYJAbTYpHass ajanrtauus. Tpasmamonozus u opmonedus Poccuu. 2024;30(3):55-64.
https://doi.org/10.17816/2311-2905-17476.
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The Russian Version of the Hip Preservation Surgery Expectations
Survey: Translation and Cross-Cultural Adaptation

Magomed A. Cherkasov, Denis V. Spetsialnyi, Oleg E. Bogopolskiy, Nikolai N. Efimov,
Maksim Yu. Goncharov, Dmitry V. Stafeev

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

Abstract

Background. Patients’ preoperative expectations are one of the most significant factors affecting the satisfaction rates after
organ-preserving surgeries performed in the hip area. To date, there are no validated Russian-language methods to assess
the expectations from hip preservation surgeries.

The aim of the study is — to carry out cross-cultural adaptation of the Hip preservation surgery expectations survey, as well
as to assess the validity of its Russian version.

Methods. In order to preserve validity of the survey, we carried out its cross-cultural adaptation including forward
translation, back translation, and pilot testing (pretesting). Validity of the final Russian-language version was assessed by
interviewing 40 patients, which underwent hip joint arthroscopy due to femoroacetabular impingement.

Results. Cronbach’s o has accounted for 0.945, indicating a high level of internal consistency. Intra-class correlation
coefficient (ICC) has amounted to 0.82 (95% CI: 0.56-0.93), which corresponds to good correlation and demonstrates retest
reliability. The “ceiling” and “floor” effects have not been detected.

Conclusions. The Russian version of the Hip preservation surgery expectations survey is a useful and simple tool to assess
preoperative expectations of patients with diseases of the hip joint. The survey makes it possible to structure and document
the expectations and may be used in clinical practice and scientific studies.

Keywords: hip preservation surgeries, hip joint arthroscopy, patients’ expectations, validity, cross-cultural adaptation.
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BBEJEHUE

OpraHocoxpaHsOllKe olepauuu Ha Ta300enpeH-
HOM CyCTaBe HallpaB/ieHbl Ha yiyulleHune QyHKUUU
CycTaBa, CHMKeHMe OONeBOTO CMHIpPOMaA, a TaKke
MO3BOJISIIOT OTCPOUMUTH WM U36EXKaTh Onepauuy 3H-
JomnporesupoBaHus [1, 2, 3]. Pe3ynbTaThl OpraHOCOX-
paHSIOIIMX Olepauuit Ha Ta3z00egpeHHOM CyCTaBe
B OCHOBHOM 3aBUCSIT OT COCTOSIHMS CyCcTaBa Ao U MOC-
Jie omepauuu, xapakrepa oBcegHEeBHOI aKTUBHOCTHU
nauyueHTa, KauecTBa BOCCTAHOBUTENbHOTO JIEUEHMS
rocsie onepanuu [4, 5, 6].

ApTpocKomnus Ha CerofgHSIUIHUIA AeHb 3aHuMa-
eT BeAYLIYI0 pOJib B OPraHOCOXPaHSIoLIel XUPyprum
TaszobenpeHHoro cycrasa [7, 8]. Cpegyu apTpoCKomu-
YeCcKMX BMeIIATeIbCTB Ha Ta300eIpeHHOM CyCTaBe
Haubosiee YaCcTO BBITIOTHSIOTCS OTepaluu 10 TIOBOLY
(emopoanerabynsipHoro umnuHakMeHTa (GPAN), ko-
TOPBI IIPUHSITO CYUTATh OJHOI 13 OCHOBHBIX ITPUUMH
BO3HMKHOBEHMSI 6osieil B obmactu TaszobeqpeHHOro
CcycTaBa M pa3sBUTHUSI paHHEro KokcapTposa y MOJO-
IbIx nwopen [9, 10, 11, 12]. MHOTMe aBTOPBI CUMTAIOT
OIPaBJAHHOM apTPOCKONINYECKYI0 Koppekuyuio OAU
[13, 14, 15, 16], Tak Kak Opy YCIEIIHOM MCXOJe WC-
MOb30BaHME NAHHOI METOLMKM IO3BOJSIET YMEHb-
[IUTh CUMIITOMBI, MEIIaloIyie BeCTY aKTUBHbIN 06pas
SKU3HM, ¥ OTCPOUNTH O0JIee TpaBMaTUYHBIE M OOIINP-
Hble BMellaTe/lbCTBa Y MOJIOABIX MAalMeHTos [1, 2, 3].
OnHakKo yIoB/IETBOPEHHOCTh MallMeHTa Pe3yJabTaToOM
IaHHOIO MeToja JieueHus Kojaeonercs ot 68 go 100%
[17, 18, 19, 20]. YooBIeTBOPEHHOCTD IalleHTa 3aBU-
CUT OT psiaa GaKTOPOB, TAKMX KaK JOCTUTHYTOE (PYHK-
LIMOHAJIbHOE COCTOSTHME Ta300eJpeHHOro CycraBa
roc/ie orepanuu, Haauuyue 60 U CIIOCOOHOCTb BbI-
MOTHATD MOBCEIHEBHBIE 3a[laul, KOTOPbIe BbI3bIBAIN
TPYAHOCTH [0 omnepauuiu [4, 5, 6, 21].

Takke Ha CYOBEKTUBHBIN pe3ylbTaT OINepaTUB-
HOrO BMeEIIATe/lbCTBa BMSIOT IpenolepalyoHHbIe
OXXKMAAHMSI TaljMeHTa, IIOCKOJIbKY OCYIIeCTBIeHMe
WIM HeOCyIleCTB/IeHNe OKMUOAAHUI MallyeHTa Harps-
MYIO BIMSET Ha YOOBAETBOPEHHOCTb DE3y/lbTaTaMu
OpraHOCOXpaHSIoIIelt orepauuyu Ha Ta300eIpeHHOM
cycrase [22, 23]. OgHaKO XMpPypru HEpenKo He OTHO-
CITCSA C MO/KHBIM BHMMaHMEM K IpeforepaloH-
HBbIM OXKMIAHMSIM TallMeHTa, B CBSI3Y C YeM ITOBbIIIa-
eTCsl pPUCK HU3KOJ YIOBJIETBOPEHHOCTU OT ONepalun
[24]. ITo paHHBIM 3apy6eXKHOV TUTEPATYPHI, 111 OIeH-
KM TIpeaoIiepaliiOHHBbIX OXUIAHUI TalMeHTOB MC-
TOJIb3YIOTCS pe3y/bTaThl 6ecebl ¢ MalMEHTOM (CBO-
60IHbIE OTBEThl HA BOIPOCHI) M AHKETUPOBAHMUS
[24, 25]. Vicnonb30BaHKe OMPOCHUKOB Iepe[ orepa-
uueit mos3BossieT 6ojiee TOYHO BBISIBUTH OKUIAHUS
MalMeHTa, a Mocjie 03HaKOMJIEHUSI C HUM Bpaua CKOp-
peKTupoBaTh UX IMpU HEOOXOAUMMOCTHM, NaTh Oojee
MOJTHOE TIpeACcTaBjleHye O IMOC/IeonepalMoHHOM Iie-
puoge U pe3yibTaTax JeueHus.

Hamu 6b110 HaiiIeHO ABe aHKETHI AJIS OLIEHKHU TTIpe-
IOTIepaliMOHHbBIX OKMUIAHMII OT OpraHOCOXpaHSIoIIei

omepauuy Ha TaszobempeHHOM cycraBe. A.F. Mannion
C COaBTOpaM¥ VCIONb30BAIM MOIUMPUIIMPOBAHHYIO
Bepcuio ompocHuka North American Spine Society
Lumbar Spine Questionnaire. B JaHHOM OITpOCHMKE
MCIIOTb30BaIach hopmymmpoBKa: «Kakux M3MeHeHU
Bl oxxmpaeTe OT ornepanym 1o CAeQyIIIMM TyHKTaM?
(He HamexAbl U MOoXKeNaHUs, a peaJMCTUYHbIe OXKMIa-
HUs1!)» IJ1S1 OTAEIbHONM OLIEHKM OXKUIAHMI KacaTelbHO
6011 B Ta300€IpEHHOM CyCTaBe, CIIOCOOHOCTY XOIUTh,
CaMOCTOSITE/IbBHOCTM B TIOBCEIHEBHOVM >KU3HMU, CIIO-
COOHOCTM 3aHMMATbCSI CIIOPTOM, OOIIMX (U3UUECKUX
BO3MOXKHOCTEl i1 PaboThl M ObITA, COIMAIBLHOIO
B3aMMOJAECTBUS U TICUXMIECKOoro Graromomyuns [22].

B 2017 r. C.A. Mancuso c coaBropamu 13 Hospital
for Special Surgery (Hpio-Mopk, CIIIA) omy6nukoBa-
sin ornpocHuK Hip Preservation Surgery Expectations
Survey (HPSES). OnpocHMK O6bII COCTaBJIEH HA OCHOBE
aHa/mM3a Hambosee YacThIX CBOOOJHBIX OTBETOB IIa-
LIMEeHTOB Ha BOIMPOChI: «UTO BbI OXMIaeTe OT omnepa-
UMM Ha Ta3obeapeHHOM cycTaBe? Kakux M3MeHeHMit
Bbl okupaeTe Mo OKOHUAHMIO BOCCTAHOBUTEIHHOIO
rnepuona?» C yueToM MHeHUS] KIMHUIIMCTOB Ha 3Ta-
re TeCTUPOBAHMS IMPOMEXYTOUHOI Bepcum. HPSES
SIBJIIETCS] MAlME€HT-OPUEHTUPOBAHHBIM OMPOCHUKOM
U TIPeICTaBIISIeT COO0I MPaKTUYHBIA U BCEOOBEMITIO-
My CrIoco6 perucTpanuy mpeaornepauyioHHbIX OXKN-
IaHuit TpoPMIbHBIX MAIMEHTOB [26].

s pyCcCKOSI3bIYHBIX MAIMEHTOB HA MAaHHbIN MO-
MEHT afalnTUPOBaH ONMPOCHUK OKUIAHUI OT Pe3yiib-
TaTOB SHIOIPOTE3UPOBAHNS TA300€IPEHHOTO CYCTaBa
[27]. Ho He cymiecTByeT afanTMPOBAHHBIX HA PYCCKUI
SI3bIK MHCTPYMEHTOB [JIs1 OLIEHKU MpeaorepanyioH-
HBIX OXXMAAHMI TAlMeHTOB, KOTOPbIM IJIaHUPYETCS
BBIITOJTHEHE€ OPTaHOCOXPAaHSIOIIEei orepalun.

Llenv uccnedosaHuss — TIPOBECTM SI3BIKOBYIO U
KpOCC-KYJIBTYPHYIO —ajamnrainuio omnpocHuka Hip
Preservation Surgery Expectations Survey, a Takke
OLIEHUTb HAaJEeXHOCTb €ro PYCCKOSI3bIYHON Bepcum
[l BHEIpEeHUS B KIIMHMUUECKYIO ITPAaKTUKY.

MATEPHAJI 1 METO/1bl
OpuruHaIbHBINA OIMPOCHUK

OnpocHuk «Hip Preservation Surgery Expectations
Survey» paspa6oran Carol A. Mancuso u3 Hospital for
Special Surgery (Hbio-Mopk, CIIIA), koTopas Takxe
SIBJIIETCSI aBTOPOM M COaBTOPOM Hay4YHBIX PaboT, 13-
yYalomux OXKUIAHUS OT psiia APYIUX TUIIOB OPTOIIe-
JMYeCcKMX BMelnaTeabCTs [28, 29, 30]. OnpocHuk Hip
Preservation Surgery Expectations Survey cocTouT 13
21 MyHKTa, KOTOPbIe YUYMUTHIBAIOT OXKUAAHMS TIAllVeH-
Ta 0 60/IeBOM CUHIPOME, MMOABMUKHOCTY, BO3MOKHO-
CTU 3aHSTUI CIIOPTOM, BO3BpAIleHUM K aKTUBHOMY
06pasy >KM3HU UM IICUXOJIOTMUECKOM G6JIaronoaydamm
Iocjie opraHocoxpassioiieii onepauuu Ha TBC.
IMopcueT 6a/yIOB OCYIIECTBSIETCS CIETYIOUINM
06pasoM: IO KaXAOMYy ITYHKTY HAuMCISIeTcs OT
0 1o 4 6amnoB: 0 6a/JIOB HAUMCISETCS 32 OTBET, CO-
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OTBETCTBYIOLINI HaMMEHbIIEMY YPOBHIO OXMUIAHMIA
(Idon’t have this expectation.../y MeHSsI TaKMX OKMIa-
HUIT HET...), 4 6ajuIa HAUYNUC/ISTIFOTCS 3@ OTBET, COOTBET-
CTBYIOIIMII HAMBBICIIEMY YPOBHIO oxkuaanmii (back to
normal... / Bo3BpaT K HopMme...). OTIeabHO OlleHMBa-
ercs IMyHKT «improve performance in sports / yiayd-
IIUTh TTOKA3aTeIM B CHOPTE». ITOT ITyHKT pasmeieH
Ha TpU YPOBHS (CTPOKM) — OT NMPOGheCCHOHATBHOTO 10
JIIO6UTENbCKOTO. [IJIs TToficueTa MCIONIb3YIOTCS 6aslyIbI
TOJIBKO IT0 OHOMY YPOBHIO (CTPOKE) U3 TPeX — CaMBblil
BBICOKUIT YPOBEHD [I7I1 KOHKPETHOTO MallieHTa.

MakcuMambHOe KOMMYEeCTBO O6a/IOB, KOTOPOe MO-
SKeT HabpaThb peCcIoOHAeHT, paBHsIeTcs 84 (21x4). Hanee
MPOUCXOOUT TepecyeT pe3yabTaTa B BUAe MPOLEHTOB
OT MaKCMMAaJIbHOTO 3HaueHusT (KOJIMYECTBO OajioB /
84x100). B utore pe3ynbTaT ONPOCHMKA BApbUPYETCS
ot 0 mo 100, 6osbllee 3HAUEHNE COOTBETCTBYET Gosiee
BBICOKOMY YPOBHIO TMIpeIoIepaliMOHHbIX OXUIaHUI
naieHTa.

OpurmHaibHas aHIVIMIICKAsE BEPCUS OMPOCHMKA M0~
Kasajia XOpOIllyI0 HaleXKHOCTh IIPU PeTecTe U Baaui-
HOCTb 1O cofepskanuio: o Kponbaxa Kak ImokasaTellb
BHYTPEHHel cornacoBaHHOCTU coctaBuia 0,88 [26].

SI3pIKOBasA U KyJbTYPHAas agarnrTranvis

SI3pIKOBasi M KyJAbTypHas ajamnTauyuss — MHOTOCTY-
MeHYaThblii MPoLecc Co3aHus MHCTPYMEHTa Ha pyc-
CKOM S$I3bIKe, S9KBMBAJIEHTHOTO OPUTMHATY C y4eTOM
STHOMMHTBUCTUYECKUX OCOOEHHOCTEN TOMYJSIINNA.
CTpyKTypa U aarOpuUTM ajanTaiuy MoAPOOHO MU3JI0-
SKeHbI B 3apyOeskKHbIX PYKOBOACTBaX [31, 32].

SI3pIKOBasi ¥ KyAbTypHAasl afamnTtainus COCTOsIa U3
TSITU 3TAroB:

1. Ilpsamoit nmepeBon, aHKETbI C AaHIVIMIICKOTO $SI3bI-
Ka Ha pycCKuit IBYMSl mepeBoguUMKamu (OpTOIembl,
HOCUTENM PYCCKOTO SI3bIKAa, CBOOOMHO Biafelolye
AHIIUIACKUM SI3bIKOM) HEe3aBUCUMO YT OT Apyra.

2. CospaHue IpegBapUTEJIbLHOTO BapuaHTa pPycC-
CKOSI3BIYHOI BepcuM OIMPOCHUKA C ydacTueM ob6omx
MepeBOAYMKOB ¥ OLHOTO HE3aBUCUMMOTO 3KCIepTa, He
MpUHMMAaBIIETO yyacTusi B TNepeBope. B xome aroro
3Tana MpMHUMAJCS KOHCEHCYC T0 IyHKTaM, KOTOpbIe
OBLIM TIEpEBEeHbI TI0-PA3HOMY.

3. O6paTHBIii ITepeBo[, MpeBapUTEILHOTO Bapy-
AQHTa QHKETHI C PYCCKOTO Ha aHIVIMMACKUIA SI3BbIK ABYMSI
rnepeBogYMKaMy (OpTOIe[bl, HOCUTENIU aHIJIUIICKOTO
sI3bIKa, CBOOOIHO BJIaAEIONINe PYCCKUM SI3bIKOM) He-
3aBUCMMO IpPYT OT Apyra. [Jasee cOBMeCTHO C He3aBU-
CUMBIM 3KCITIEPTOM OB pa3paboTaH eIVHbI BApUAHT
00paTHOTrO IepeBoa.

4. CormacoBaHue PYCCKOSI3BIYHOM BepCUM BCe-
MM yYaCTHMKAMM TIPSIMOTO M OOPaTHOTO IepeBofa
Moc/ie aHajiu3a pe3ylabTaTOB CpPaBHEHMUS] OpPUTMHAJIA
OIPOCHMKA C Bepcueit, MoaydyeHHO mocie 06paTHO-
ro nepesofa. Takke MpoBOAMIOCH opdorpaduyeckoe
U rpaMMaTHYecKoe pefakTMpoBaHue.

5. IIMI0THOE MCC/IeqOBaHMe OMPOCHMKA, KOTOpOe
BKJIIOUQJI0 MHTEPBbIOMPOBaHME IMAllMEHTOB M BHece-
HMe M3MeHEeHMII B MMEIIYIOCSI BepCUIO TI0 pes3yiib-
TaTaM TeCTUPOBaHMS. AJITOPUTM IIpOBedeHMUS SI3bI-
KOBOI1 1 KynbTypHOM amanTtauuu HPSES nipencrasiex
Ha pUCYHKe 1.

MepeBoa opurMHana Ha pycckuii A3blk (MPsMOI NepeBoa) }
v

epsas npomMexymoyHas pycckosi3vlYHas 8epcust }
v

MepeBop Ha aHMUIACKMIA A3bIK (06paTHbIM NepeBoa) }
v

CpaBHeHWe opurnMHana c 0bpaTHbIM NepeBoOAOM ]
v

PepakTMpoBaHue NpoMexyTouHOW BepCum }
v

Bmopas npomextymoyHas pycckos3siyHas sepcus }
v

MunoTHoe TecTMpoBaHue }
v

OKOHYamesnbHas pyccKos3bIYHAS 8epCusi }

Puc. 1. AnropuTM™ SI3bIKOBOJ U KYJIBTYPHOJ afantanun

Figure 1. Algorithm of language and cross-cultural
adaptation

HaIJ,I/IeHT]:I, BKIIIOYE€HHBbIC B MICCJIEJOBaHME

OnleHKa HAOEXHOCTU OKOHYATEIbHONM PYCCKOSI3bIU-
HOJ BepCcuM OIIPOCHMKA MTpoBoaAMIach Ha 40 rmamueH-
Tax (24 My>XuMHbI U 16 XKeHIIMH), KOTOPbIM B KJIM-
HMKe B mepuop ¢ ceHTs6pst 2021 r. mo uionb 2022 T.
Oblla  BBIMIOJIHEHA AapTPOCKOMNMUecKass KOppek-
uust ®AU. CpenHuii BO3pacT MalMeHTOB COCTaBUI
32+6,08 ner. CpemgHMii MHOEKC MacChl Tejla COCTa-
BuUa 24,5+25 kr/m?. CpegHuii CpoK C MOMEHTA BO3-
HUKHOBEHUSI CUMIITOMOB COCTaBuI 12+3 mecsia.
Ha mMoMeHT rocmuTanusauuu 60IeBOiI CUHAPOM
mo BAIIl ouenuBajicst B cpegHeM B 7,3*2,6 6asna.
Ilo mocTymieHus: B KIMHUKY U B MOMEHT TOCIIUTA-
Jusauuu (C MHTepBaJoM OT 48 10 72 4.) MalueHTam
npenjiarajii  3allOJTHUTh PYCCKOSI3bIYHYIO BepCUI0
ornmpocHuka HPSES pgns omeHKM MX OXMIAHUM OT
MIpeCTOosIIel omepaln.

O1eHKa TOYHOCTY ¥ HaJeKHOCTHU
PYCCKOSI3BIYHOJ BepCUm

JIns1 oLleHKM BHYTpPEHHe} COIVIaCOBAaHHOCTY ITyHK-
TOB aHKeTbl MeXIy 000 paccunTsiBanu Kodbdu-
imeHT o Kponbaxa. 3nauenus o Kponbaxa mHTEp-
MpeTUpPoBaau clemyomuM obpasom: 0,6<a<0,7 —
3HaueHue comMHutenbHoe, 0,7<a<0,8 — 3HaueHue
O4YeHb XOpolIlee.
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151 OLleHKM peTeCcTOBOM HAAesKHOCTU (UTO COOT-
BETCTBYET BOCITPOM3BOOMMOCTM TIOTYYEHHOTO pe-
3y/IbTaTa IpM MMOBTOPHOM 3aIlOJTHEHMM OIPOCHUKA
Yy TOTO e MalMeHTa) pacCUUTHIBAIM BHYTPUKIIACCO-
BbIi1 KO3 duiinenTt koppensiuu (ICC) pu 95% mo-
BepuTenbHOM uHTepBane (U 95%). 3nauenme ICC
MHTEPIPETUPOBAIN CJIEAYIONIMM 06pa3soM: Koppes-
uyst ymepenHast — 0,50-0,77, Koppensiiyst Xxopouiast —
0,75-0,90, koppensiuys oTmuuHast — >0,90.

«dddekT Mmona» mpencTaBiaseT cOO00 HaMMEeHb-
Ui Pe3yabTaT U3 BO3MOXKHBIX ITPU UCITOMb30BAHUN
omnpocuuka (0 6am10B), «3dexT noroska» — Ha060-
pot, HauBbIcMii pesynbraT (100 6ammoB). «dddexT
TI0JIa ¥ TIOTOJIKa» MPUCYTCTBYET B TEX CIyYasxX, KOrga
MUHUMAaTbHBIN («3(beKT mosa») mim MakKCUMaTbHbI
(«3¢dexT moTOIKA») pe3yabTaT IOJIYYEH IIPU aHKETHU-
poBaHuy 6omee 15% pecrioHAeHTOB [33, 34].

Cratuctuueckass o6paboTKa JaHHBIX MPOBOIM-
JlaCh IpM MOMOUIM MporpaMMHoro rmakera IBM SPSS
Statistics 28.0.0.0.

PE3VJIbTATbBI

IlpM cpaBHEHMM OPUTMHA/NA OIPOCHMKA C BBIMIOJ-
HEHHBIM OOPaTHBIM IEPEBOIOM OOJBIIMHCTBO HECO-
OTBETCTBUII TPEICTaB/ISIIM COO0I MPUHLIMITUATBHO
CXONHbIE II0 CMBICTy CJIOBa M Gpasbl (B TOM UUCITIE
C yYeTOM 0COGEeHHOCTel GPUTAHCKOTO M aMepUKaH-
CKOTO aHIVIMICKOTO $3bIKa). Hampumep, mnepeBo-
YYKM BMECTO TepMMHa ‘‘persistent” MCIIONb30BaIn
“chronic”, BMmecto “frequently shifting” — “changing”,
BMeCTO “recreational sport” — “amateur sport”, Bmec-
to “perform daily routine” — “to do daily tasks”.
OKOHUAaTe/NbHBIM BapMaHT aHKETbl OKUAAHUI Ialy-
€HTOB ITpe/iCTaB/eH B Tabmuiie 1.

Tabnuya 1

AanTupoBaHHasI pycCKOsI3bIYHasi Bepcust onmpocuuka Hip Preservation Surgery Expectations Survey

Hackonbko 3HaUMMBIX yIyullleHnii Bbl oskuaeTe 10 3TUM IIYHKTaM B pe3y/bTaTe olepainum
Ha Bairem Ta306eJpeHHOM CycTaBe?

He Bo3Bpar o
K HOPMe, HO... < £
< g o <} E g
= = = = ]
Qi o o x 0 2 o
(0):'¢71 S GJ o = = I o
oaHue T 8 = = [SI) s 2 < 5 =
~ = o = < =
cEg E O EE|E ) EES8
S5 | 5o | 58 o ESKE
B = v [ T 8B
M 13} T g I o 8 SRS, )
SEg|Ez g2 EZ Z::¢
msSa | 58| 55 BEE|»>06=x
O61erYnTh OCTOSTHHYIO 60JTh 1 2 3 4 5
O6erunthb 60J1b IIPU XOHAH0E 1 2 3 4 5
O6erunTh 60JIb B ITOJIOKEHUM CUIS 1 2 3 4 5
VAy4LnTh CHIOCOOHOCTD CIATh (HAaIlpuMep, JieskaTh Ha 60JIbHOI CTOPOHE, 1 2 3 4 5
He TPOCHITIaThCST U3-3a 60JIN)
VAYYIINTH CITOCOOHOCTb CUIETH UM CTOSITh, HE MEHSISI 4aCTO 03y 1 2 3 4 5
IoBBICUTH TMOKOCTD W 06BEM ABUKEHUIA 1 4
VAYUIINTB CITOCOOHOCTb MEHSITh TO3UIINMIO (HaIlIpyMep, BCTaBaTh 1 2 3 4
U3 TIONIOKeHUST CUTIS, CAOUTHCSI B MAIIVMHY U BBIXOJIUTD U3 Hee)
VAy4mmTh okasaTean B CIIopTe:
Ha npogeccuoHanbHoM yposHe Wil HA YpOoBHe 8Y3a 1 4
8 CNOPMUBHBIX COPEBHOBAHUSX (HO HEe HA YPOBHE 8Y3a 1 4
Wil npoheccuoHanbHbIxX)
Ha J1106UMeNbCKOM YpoBHe 1 4
VIIy4dIInTh BO3MOXXHOCTh PEJIN30BaTh CBO CIIOPTUBHBIN OTEHLIMAT 1 2 3 4
VAYYIINTH CITOCOOGHOCTb 3aHMMAThCS TTIOBCEIHEBHBIMM JeaMu 1 paboToit 1 2 3 4
1o I0MY
VAy4mmTh BO3MOXKHOCTb IIJIAaHMPOBATD JlejIa, He YUYUTBIBAsI COCTOSIHME 1 2 3 4 5
Ta300eIpeHHOTO CyCTaBa
CoXpaHUTbh BO3MOKHOCTb 3aHSTbCSI YEM-TO HOBBIM MJI 60JIee TPYIHBIM 1 2 3 4 5
B Oyayiem
VAy4LINTb CIOCOGHOCTD Pab0OTaTh MU YUUTHCS 1 4
VAy4IIUTH CIOCOGHOCTD AeNaTh YIPasKHEHMS IS 0OIIETO 30POBbSI 1 2 3 4
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VIy4InTh CIIOCOOHOCTH YYaCTBOBATD B AeJIaX CEMbU U IPy3eit 1 2 3 4 5
VIIy4LINTD MIOJIOBYIO XKU3Hb 1 2 3 4 5
YMeHbBIIUTDb CTPECC ¥ TPEBOTY M3-3a COCTOSTHUSI MOETr0 Ta306eAPEHHOTO 1 2 3 4 5
cycTaBa
[TepecTaTh 3a0CTPATh BHMMAaHME Ha MOEM Ta306eIpeHHOM CyCTaBe 1 2 3 4 5
YMeHbILINUTD OlYIeHNe, YTO CO MHOM UTO-TO He TaK, MU UTO S 1 2 3 4 5
He HOPMaJbHbII
MeHbliie 6eCITOKOUThCSI, UTO IIPOo6IeMa B Ta306eJpeHHOM CyCTaBe 1 2 3 4 5
yeyrybisieTcst
BepHYTBCS K aKTMBHOMY 00pasy sKM3HU, KOTOPbIH ObLT IO TOTO, 1 2 3 4 5
Kak 3Ta mpobiemMa BO3HUKIIA

[Moncuer 6a/sIOB OCYIIECTBISIETCS  CIEMYIONIUM
obpasom:

1. Tlo kaxxpomy NyHKTYy Haumciasiercss oT O Ao
4 6aJ/10B:

4 = BO3BpaT K HOPMe U/ IIOJIHOE BOCCTAHOBJIEHME

3 = CcTaHeT HaMHOI'0 JIyyllle

2 = yMepeHHOe y/lyJllleHye

1 = cTaHeT HEMHOTO JIyJle

0 = y MeHS TakuX OXXUIAHUIT HET WU 3TU OKUIA-
HMS KO MHE He OTHOCSITCS

Ipumeuarue: OTOENbHBIM 00Pa30M ITPOUCXOAUT
paboTa ¢ MyHKTOM «YJIYYIIUTh TOKa3aTeau B CIIOP-
Te» — IAHHbBII IYHKT pasfefleH Ha TPU YPOBHS OT
npodecCMOHAIBHOTO A0 JII6UTENbCcKOro. it 1mof-
CUeTa UCTOMb3YIOTCS 6aJIIbl TOJIBKO TI0 OJHOMY YPOB-
HIO (CTPOKE) U3 TPeX — CaMblii BBICOKUI YPOBEHbD LIS
KOHKDPETHOTIO NallyieHTa.

2. IlpocymmMmupyiitTe Bce OTBeTbl. MakcuMmanabHOe
KOJIMYECTBO 6ajlyIoB, KOTOPOE MOXKET HabpaTh pec-
TMOHEHT, paBHsIeTcs 84 (21x4).

3. IlepecunTaiiTe pesyiabraTa B BULE IPOLIEHTOB
OT MaKCMMaJbHOTO 3HaueHMs (KOJIMYeCTBO OayljioB /
84x100).

4. B urore pe3ynbTaT ONPOCHMUKA BapbUpyeTcs OT
0 mo 100, Gosbillee 3HaUeHME COOTBETCTBYET Gojiee
BBICOKOMY YPOBHIO MpPeNONepalyiOHHbIX OXUAAHWUM
nauueHTa.

O11eHKa TOYHOCTU U HaAEeKHOCTU
pYCCKO}IBBI‘IHOﬁ Bepcumn

Kosddunment o Kponbaxa miIs pycCKOSI3bIYHOIM
Bepcuu ompocHuka HPSES cocraBun 0,945, uto
CBUJIETETLCTBYET O BBICOKOM YpOBHE BHYTpeHHe
COTVIACOBAaHHOCTMH.

BHyTpuKIaccoBbiit  KO3GGOUIMEHT KOPPEISINU
(ICC) cocraBun 0,82 (AU 95%: 0,56-0,93), uto co-
OTBETCTBYET XOpOIileii KOoppeasiuy U MoATBepxKa-
eT pPeTeCTOBYI HAaIeXHOCTb (BOCIPOM3BOLVMOCTD)
OITPOCHMKA.

MakcumanbHbIit pesynabTaT (100) 6bLT1 3aduUKCHU-
pOBaH TOJILKO Y TpeX MalyeHTOB, MUHUMAaJbHbIN pe-
synbratr (0) HE OTMeUasicsl, YTO CBUAETEIbCTBYET 00
oTcyTCcTBUM «3ddeKTa mona 1 MoToIKa» y amanTupo-
BaHHOI BepCcuyM ONPOCHMKA.

O)KI/I,ElaHMﬂ NManMeHTOB, BKIIIOYE€HHbIX
B UcdjiegoBaHue

Pacripegenenue MmamnyMeHTOB B COOTBETCTBUMU C ITOTY-
YeHHBIMY Pe3y/IbTaTaMM ITPECTaBICHO HA PUCYHKE 2.
MenuaHHbI pe3ynbTaT cocTaBui 87; MHTEpKBap-
TUJIbHBIN pasMax 66,25-95,00; MMHMMAaIbHBbII 6asT —
10, makcuMaabHbIl 6am1 — 100.

Pacripenenenye MyHKTOB aHKETbI B COOTBETCTBUM
¢ HabpaHHbIMM GasiIaMu (6ajibl 10 IIepecyerTa, T.e. OT
0 mo 4 6a/I7I0B 3a MYHKT) MPeACTaBIeHO B Tabmuile 2.
[TyHKT «YMeHBIINTb CTPECC U TPEBOTY U3-3a COCTOSI-
HMSI MO€eTo Ta300eqpeHHOro CycTaBa» Habpast 6osbiie
BCEro 0aJioB, a IMYHKT «YIyUIIUTh MOJIOBYIO JKU3Hb»
Habpas MeHbIIle BCero 6aiioB.
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0 10 20 30 40 50 60 70 80 90 100
Pe3ynbTar
Tabruya 2
Pacnipenenenue 6a/IJI0B IO MyHKTAM aHKEThI
ITyHKT aHKeThI banbt
O61erYnTh MOCTOSTHHYIO 6OJTH 131
O6erunThb 60JIb TIPU XOIbOE 128
O6s1erynThb 60JIb B ITOJIOKEHUM CULS 128
VAy4HIUTh CIIOCOGHOCTH CIIATh (HaIIpuMep, JeKaTh Ha 60/IbHOM CTOPOHE, He MPOChINaThCs M3-3a 60n) 127
VAy4HINTh CIIOCOOHOCTD CUMIETh VTN CTOSITh, HE MEHSISI YacTO 103y 129
TTOBBICUTD I'MOKOCTD WJIM 06BEM OBVKEHMIT 129
VIAy4IINTh CIIOCOOGHOCTH MEHSITh ITO3UIINIO (HAITPUMED, BCTaBaTh M3 IMOIOKEHUS CUISL, CAIUTHCS B MalIHY 114
U BBIXOOUTD U3 Hee)
Vy4lInTh MOKa3aTeNIn B CIIOpTe: 123
Ha npogeccuoHansHoM yposHe Ul Ha YPOBHE 8Y3d 45
8 CNOPMUBHbIX COPEBHOBAHUSAX (HO He HA ypO8He 8Y3a WU NPODECCUOHAIbHBIX) 35
Ha 1106UMenbCKoM yposHe 43
VAy4IIUTh BO3MOXXHOCTD Peann30BaTh CBOJ CIIOPTUBHBIN MTOTEeHLIMA 115
VAYYIIUTH CITOCOOHOCTb 3aHMMAThCS TTIOBCEIHEBHBIMMY Je1aMu U paboToii 110 JoMy 118
VAy4mmuTh BO3MOKHOCTb IJIAHUPOBATD Jle/1a, He YUUThIBasi COCTOSIHNE Ta300eIpeHHOTO CyCcTaBa 130
COXpaHUTh BO3MOXKHOCTH 3aHSITbCSI UeM-TO HOBBIM WM GoJIee TPYIHBIM B Oyayliem 130
VAYYHIUTH CTIOCOGHOCTD PaboTaTh MM YIUThCS 113
VIAy4IIUTh CIIOCOOHOCTD AEIATH YIIPAKHEHUS ISl OOIIETO 310POBbS 134
VIy4mnuTh CIIOCOOHOCTh YYaCTBOBATh B JieJlax CeMbU U Ipy3eit 114
VIIy4InTb MOTOBYIO XU3Hb 109
VMEHBIIUTD CTPECC ¥ TPEBOTY M3-3a COCTOSTHMSI MOETO Ta306epeHHOr0 CyCcTaBa 146
[TepecTaTh 3a0CTPATh BHMMAaHME HA MOEM Ta306epeHHOM CyCTaBe 122
YMeHbLINTBD OLYLIeHME, UTO CO MHOM UTO-TO He TaK, WIM YTO 51 HE HOPMaJIbHBbI 112
MeHblIile 6eCTIOKOUTHCS, UTO TIPO6IeMa B Ta300eIpeHHOM CyCTaBe yCyTyO/IseTcst 128
BepHYTBHCS K aKTMBHOMY 00pasy sKM3HU, KOTOPbIN 6B 10 TOTO, KaK 3Ta MPo6eMa BO3HUKIIA 128
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OBCY>XIEHUE

Omnpocuuk HPSES nucnonb3yeTcst B 3apyoesKHbIX KITK-
HMKAX IJIS1 OLleHKU OXMAAHUI MPOQUIbHBIX Maly-
€HTOB OT IIPe/CTOSIIIEero BMellaTenbCcTBa [23, 25, 35].

CospaHue ONMPOCHMKA [J19 OLeHKU OKMIOAHUIA Ha
PYCCKOM $I3bIKE MO3BOIUT OT€YECTBEHHBIM XMpypram
OLIEHUTh MPOTHO3 MalMeHTa OTHOCUTENIbHO CBOEro
COCTOSTHMSI U TI0 HEeOOXOAMMOCTY TOATBEPOUTb MU
OITPOBEPTHYTH €ro Mpearonokenns. Takum o6paszom,
B KOHEUHOM UTOT€ MOXXHO MOBBICUTb YIOBIETBOPEH-
HOCTb TallMeHTa Mocjae olepauuy, Tak Kak COBIa-
JIleHMe MpenonepalyoOHHbIX OXUIAHUI MalMeHTOB
C JOOCTUTHYTBIM pe3yJAbTaTOM SBJSETCS OLHUM U3
(axTopoBs, onpenensOIMX YIOBIeTBOPEHHOCTD OTle-
paTVBHBIM JieueHneM [1, 2].

BanupHoCTh — mokasaTenb TOro, HACKOJIbKO XOPO-
110 MpeJjiaraeMblii TECT U €T0 Pe3yabTaT COOTBETCTBY-
0T ITI0CTaBJI€HHBIM 3aJjauaM uccaenoBaHus. JokasaHo,
YTO OpUTMHAIbHBI onpocHuk Hip Preservation
Surgery Expectations Survey siBnisieTcs BanugHbim [20].
[Ipsimoit 1 o6paTHBIV TIepeBof, SKCIepTHAas OlleHKa
pasnuumuii U pemsakTUpOBaHME C yUeTOM KOMMeEHTa-
pU€eB MalMeHTOB B paMKax MWIOTHOTO UCC/IeLOBaHUS
MO3BOJIMJIM COXPAHUTh BaIUAHOCTb OPUTMHAIBHOM
aHKeTbI, UTO JOKAa3bIBAIOT 3HAUEHUS] KOdDPUIIMEHTA
BHYTpMKIIaccoBoii Koppensiuu (0,82) u KoapouiyeHT
o Kponb6axa (0,945). OrcyTcTBMe y aHKeTHI «3ddeKTa
1oJa ¥ MOTOIKa» TOBOPUT O BO3MOXKHOCTU OTPa’KaThb
(axkTuueckue pasnmMuusg B OXKMIAHUSIX TIAIMEHTOB
MEXIy TeCTUpPyeMbIMM B BepxXHel M HIUKHEN 4acTu
IuaraszoHa HabpaHHBIX 6AJIIOB.

JOITOJITHUTEJIbHASI UTHOOPMAILIUA

3asnenexHslii 6K1a0 asmMopos

Bce aBTOpBI chenany 9KBUBAJIEHTHBIN BKJIAM B MOATO-
TOBKY ITyOIMKALIAMA.

Bce aBTOpBI Mpouin 1 ofo6pmIn GUHATBHYI0 BEPCUIO
PYKOTIMCM CTaThy. Bce aBTOpbI COTIACHBI HECTU OTBET-
CTBEHHOCTb 3@ BCE aCIMeKThl PaboThI, UTOObI 0GECTIEYUTH
HafIexXalnee paCCMOTPEHME U PellleHNe BCeX BO3MOKHBIX
BOTIPOCOB, CBSI3aHHBIX C KOPPEKTHOCTHIO M HALEKHOCTHIO
1106071 YacTy paboThI.

Hcmounuk  ¢unaHcuposanus.  ABTOpBI  3aSIBJISIIOT
06 OTCYTCTBMM BHeIIHero puMHaHCMPOBAaHMS MIPU MpoOBee-
HUU UCCIEeNOBaHMUS.

Bo3mookHblli KOH(pAUKIM UuHmMepecos. ABTOPBI JeKia-
PUPYIOT OTCYTCTBME SIBHBIX U MOTEHIMATbHBIX KOHGINKTOB
MHTEPECOB, CBSI3aHHBIX C MYOIMKALIMEl HACTOSIIEH CTaThu.

Amuueckasn 3kcnepmu3a. He npumeHumMa.

HngopmupoeanHoe coenacue Ha nyoaukayuro. ABTOpbI
TIOJIYUM/IM TIMChbMEHHOE COIVIacue TAlMEeHTOB Ha ydacTue
B MCCIENOBaHMUM Y TTYyOIMKALINIO PE3Y/IbTaTOB.
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Pycckosi3piuHast Bepcusl OIMPOCHMKA  SIBJISIETCS
MOJIE3HBIM ¥ IPOCTHIM MHCTPYMEHTOM IJIsI OIleH-
KM TIpeIOINepalyiOHHbIX OXMUIAHMI MalyeHTOB, TaK
KaK TIO3BOJISIET CTPYKTYPUPOBATH IIPEIITONOKEHMS
ManyeHTa OTHOCUTEIbHO M3MEHEHM IIociie Jjede-
HMSI B paMKaX pas3/IMYHbBIX aCTIEKTOB IIPOSBIEHMS 3a-
6071eBaHMSI M BBI3BIBAEMBIX MM OrpaHUYeHUit (60JIb
B pas3IMUHBIX CUTyaIMsIX, OTPaHUYEeHUs 10 pabore,
OBITOBBIM 3a/lauaM M 3aHSITUSIM CIIOPTOM, a TaKKe
MICUXOJIOTUYECKUT TUCKOMbOopT).

OmIpOCHMK TaKKe MOXET ITPeCTaBISITh LIEHHOCTb
ILIST UCC/IEOBAHMIA TI0 OI[@HKE Pe3yJIbTaTOB OPraHo-
COXPAHSIOMIMX OMepaluii Ha Ta306eAPeHHOM CyCTaBe
Y PYCCKOTOBOPSIINX IMAIMEHTOB, MOCKOJIBbKY JIydIlee
MMOHMMAaHMe OKMUIAHWI MAIMEeHTOB SIBISIETCS HEOTbh-
eMJIEMOJi YaCTbI0 aHaIM3a KIMHUYECKO 3hdeKTuB-
HOCTU OIepaTUBHOTO jeueHwus [1, 2].

3AK/IIOYEHHE

AnanTMpoBaHHasl PYCCKOSI3bIUHAs BepcUsl OIPOC-
Huka Hip Preservation Surgery Expectations Survey
rokasajia BBICOKYIO CTeleHb HaJe>XXHOCTU, CPaBHU-
MYIO C pe3yabTaTaMy TECTMPOBAHUSI OPUTMHATbHO
Bepcuu. PycckosisbiuHas Bepcusi MOKET ObITh MC-
MO0Jb30BaHa B KJIMHMYECKON IMpPaKTUKe UM B paMKax
Hay4YHbIX MCCIEeNOBaHUI ISl OLEHKU Mpefomnepaniu-
OHHBIX OXMIAHMII TalMEeHTOB OT OPraHOCOXPAHSIIO-
[IMX OMepPaTUBHbBIX BMELIaTebCTB Ha Ta300eJpeHHOM
CycTaBe.
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Pedepar

BgedeHue. [lereHepaTUBHBIN CKOMMO3 TIOSCHUYHOTO OTHAeNa SIBJsSeTCS Haubosee Tsokenoit GopMoii mereHepaTUBHO-
IUCTPO(UUECKOI MaTOMOTUY MTO3BOHOUHMKA. 3HAUMUTENbHBIM BO3PACT MALMEeHTOB JAaHHOTO MPOQuMIs, a TAKKe BbICOKas
KOMOPOUIHOCTD ¥ HM3KOE KaueCTBO KOCTHO TKaHY MOBBIIIAIOT PUCKY PAa3BUTHSI OCIOKHEHMI Ha JIIO60M JTarle JiedeHus.
[IpuHMMas BO BHMMAaHMe JaHHbIe 06CTOSITEIbCTBA, CIEIMATNCThI TPOAO/IKAIOT MTOMCK MUHMMAIbHO MHBA3UBHBIX TEXHU-
YeCKUX pelieHnit, CoCO6HbIX TMOBBINIATh KAUECTBO KU3HY MallMeHTOB.

Llenv uccnedoearHuss — CpaBHUTENbHBIN aHAIN3 PE3Y/IbTATOB XMPYPrUUECKOTO JIeUeHUS TTAalMEHTOB C JIereHepaTUBHBIMU
nIedopManusIMy MOSICHUYHOTO OT/ie/a T03BOHOYHMKA, OTePYPOBAHHBIX [0 METOAMKAM ITyHKIVMOHHOM! 1 9HA,0CKOIMYECKO
JleHepBaLyu.

Mamepuan u memodest. B uccienoBanye Bouutu 58 manyueHToB: 42 (72,4%) skeHIIMHBI 1 16 (27,6%) MyskunH. MenuaHa
Bo3pacta — 64 (60-69) roma, MMHMMAJbHBIN epyuoj HabmomeHust — 2 rofa. B 28 cryuasx BbIMOTHEHA SHAOCKOIMYecKast
JleHepBalMs TYrOOTPOCTYATHIX CYCTABOB IMOSICHUYHOTO OTHAeNa Ha BepliyHe medopmaliiuy ¢ 06eux CTOpoH (rpymma A),
B 30 ciayvasix — MyHKIVOHHAsS PaioyacTOTHAsI JeHepBalysl B COOTBETCTBYIONIEM o6beMe (rpyrna B). dbdekTuBHOCTD
JieueHus Obla OlleHeHa HAa OCHOBAHMM AMHAMMKM 60jeBOro cuHApoMa (ikasa BAIIT), kayecTBa SKM3HM TMalI€eHTOB
(ormpocHuk ODI), a Takke 4aCTOThI OCIOXKHEHMT U TIOBTOPHBIX XMPYPIUIECKNX BMENIATETbCTB.

Pesynsmamet. CpeiHssI TPONO/IKUTEIBHOCTD OTIepaIvy 1 JiyueBast Harpy3Ka 6bLTM 3HaUMMO BbIIIIE TTPY HJOCKOMTAYECKOM
BMelnaTtenbcTBe (p<0,001). B rpyrme A 6bUTO BBISIBJIEHO 6ojiee paHHee CHIUKeHMe 60IeBOr0 CMHAPOMA B CIIMHE TI0 CpaBHe-
Huio ¢ rpynmnoii b (p<0,001). Onienka kauecTBa kM3HM nauyeHToB o ODI moka3ana BbICOKYIO CTeIeHb KOPPesILiK C YPOB-
HeM 60JIEBOTO CMHIPOMA. 3HAUMMBbIX OCJIOSKHEHUIT OITepaTMBHOTO JieueHst He GbIIO BBISIBJIEHO HYM Y OMHOTO U3 MAI[M€eHTOB
o6eux rpyrir. [ToBTOpHas JeHepBalys MPOBOAWIACH Ha MPOTSKEHUY IBYXJIETHErO Mepuoa HabmoaeHus y 18 maimeHToB
(60%) rpyrimbl b u y 2 marmenToB (7,1%) rpymnmer A (p<0,001). AHanu3 GhakTOpPOB, aCCOUUMPOBAHHBIX C 3(PHEKTUBHOCTHIO
MMyHKIMOHHON JeHepBalyuy, IMOKa3aj 3HAUYMMOCTh BeJIMUMHBI JedopManuy BO QPOHTAIBHOM IMIOCKOCTU. DDdeKTus-
HOCTb MYHKIMOHHOTO JIeYeHUsT CHIsKaIach Mpu BemumuHe gedopmaiivu 30° 1 6osiee ¢ UYyBCTBUTEIbHOCTBIO 77% M criell-
UGUIHOCTBIO 67%.

3axniouenue. Bonee BhIpakeHHOE CHIKEHME MHTEHCUMBHOCTY GOJIEBOTO CHMHIpPOMA B CIMHE C coxpaHeHueM sddexra
Ha TPOTSKEHUM BCEro mnepuoza HabmoaeHus 6bI0 OTMEUeHO Y TMallMeHTOB MOC/e SHAO0CKOMYECKOii JeHepBaluu, UTo,
OJTHAKO, COMTPOBOXKIATIOCH GOMBIIVMMM ITPOIOJIKUTEIHHOCTbIO BMEIIaTeIbCTBA U JIyueBOii Harpy3koii. Huskas abdextus-
HOCTb IYHKI[MOHHOJ AeHepBanyuyu 06ycIoBIeHa MpYMeHeHeM JaHHO MeTOIMKY Y MallYIeHTOB C BbhIpaskeHHOI nedop-
Manyet MoSCHUYHOTO OT/iela TO3BOHOYHMKA.

KiioueBble c1oBa: iereHepaTUBHBIN CKOMMO3, MMHMMAIbHO MHBA3WBHOE JIeUeHNe, SHAOCKOTIecKast JeHepBalus, MyHK-
LIMOHHAas AeHepBalys.

Oas mutupoBaHus: IltamHukoB [I.A., MaceBuun C.B., Jlum E.H., HopmatoB C.I. CpaBHUTe/bHbBIV aHaINU3
3¢ deKTMBHOCTY MYHKIMOHHOM M 9HAOCKOIIMUECKO eHepBaly AYTOOTPOCTUYATHIX CYyCTABOB B JIEUEHUM MMAI[MEHTOB
C JereHepaTMBHbIMU JedopMalMsIMM MOSICHMUYHOIO OTOe/la I03BOHOUHMKA. Tpasmamonozus u opmonedus Poccuu.
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Abstract

Background. At present, degenerative lumbar scoliosis is considered as the severest form of degenerative diseases of the
spine. As a rule, it occurs at the final stage of the disease development. Advanced age of the patients, high comorbidity and
poor bone tissue quality increase risk of complications development at any stage of the treatment. All things considered,
the majority of specialists continue their search for minimally invasive surgeries able to improve the life quality of patients
with such pathology.

Aim of the study — comparative analysis of the surgical treatment results of patients with degenerative lumbar deformities
operated using percutaneous and endoscopic denervation techniques.

Methods. The study enrolled 58 patients: 42 (72.4%) women and 16 (27.6%) men. Median age accounted for 64 (60-69) years,
minimum follow-up period — 2 years. In 28 cases, we performed endoscopic denervation of the lumbar facet joints at the
apex of the deformity on both sides (group A), in 30 cases — percutaneous radiofrequency denervation in the appropriate
volume (group B). Evaluation of the treatment effectiveness was based on the dynamics of pain syndrome (VAS), patients’
quality of life (ODI), as well as on the frequency of complications and repeated surgical interventions.

Results. Mean operative duration and radiation exposure were significantly higher in endoscopic intervention (p<0.001).
Group A showed an earlier reduction in back pain syndrome compared to group B (p<0.001). Assessment of patients’
life quality by ODI showed a high degree of correlation with the level of back pain syndrome. Significant complications
of the surgical treatment were not revealed in any patient of both groups. Repeated denervation was performed during
the two-year follow-up period in 18 patients (60%) of group B and in 2 patients (7.1%) of group A (p<0.001). Analysis
of the factors associated with the efficacy of percutaneous denervation showed the significance of deformation magnitude
in the frontal plane. Efficiency of percutaneous treatment decreased at the deformity value of 30° and more with a
sensitivity of 77% and specificity of 67%.

Conclusions. A more pronounced decrease in the intensity of back pain syndrome with preservation of the effect during the
whole period of follow-up was noted in patients after endoscopic denervation. However, this was accompanied by a longer
duration of intervention and radiation load. According to our data, low efficacy of percutaneous denervation is due to the
use of this technique in patients with severe deformity of the lumbar spine.

Key words: degenerative scoliosis, minimally invasive surgeries, endoscopic denervation, percutaneous denervation.
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BBEJEHUE

[lereHepaTUBHBIN CKOIMO3 TOSICHUYHOTO OTHesa
B HacToslee BpeMs pacCMaTpuBaeTcsl Kak Haubosee
Tsokenasi ¢dopma AereHepaTUBHO-IUCTPOGUUECKOM
MaTOJOTUM MMO3BOHOUHMKA, KOTOPasi BO3HUKAET, Kak
MpaBUJIO, Ha 3aKIKUUTENIbHOM 3Talle ee pa3BUTHUSL.
OnepaTuBHOE BMeLIATENbCTBO Y MalM€HTOB C Je-
reHepaTUBHBIM CKOJIMO30M IIpU COOMIOAEHMUMU OPTO-
neguMyecKux TOOXONOB C KOppekuuei nedopmaiimum
M BOCCTAHOBJEHMEM (U3MOMOTUUECKOTO MPOoduIs
MO3BOHOYHMKA 3a4acCTyl0 COINpPOBOXKAAETCS 3Hauyu-
TeJbHBIM UYMCIOM OCIOKHEHWI, KaK BO3HUKAIOIIMUX
BO BpeMsl oIlepaluy, Tak M BbISB/ISIEMbIX Ha JIIOO0OM
Jrare IocaeolepanyoHHoro nepuoza [1, 2, 3, 4].
3HAUMUTETbHBINM BO3PACT MAIMEHTOB JAHHOTO MpPodu-
JIs1, @ TaKOKe BBICOKAsi KOMOPOMAHOCTh U HU3KOe Kaue-
CTBO KOCTHOJ TKaHM MOBBIIAIOT PUCKU Pa3BUTHUS OC-
JIOSKHEHUI Ha JIIoO0M 3Tare jeueHus [5, 6, 7, 8]. Kpome
TOTO, BBICOKMIA MPOLIEHT Pa3BUBILUMXCS OCIOKHEHUIA,
0COOEeHHO B OTHAJIEHHOM Iepuoje, TpebyeT oBTOP-
HOTO XMPYPIrMUeCcKOoro BMelIaTe/lbCTBa ¢ 6osee mpo-
TSDKeHHOM (uKcalyeii Ha (oHe BO3pacTamIIuX pPuUC-
KOB pa3BuTHUs MHPEKUMOHHBIX IpoiieccoB [7, 9, 10].
[lpuauMas BO BHMMAaHMe AAHHbIe OOCTOSATENbCTBA,
OOJIBIIMHCTBO CIEIMATUCTOB IPOAOIKAIOT TOUCK
MMUHMMAa/JIbHO MHBA3MBHBIX TEXHUUECKUX PeLIeHUIt,
CTIOCOOHBIX TOBBIIIATh KAaueCTBO JKM3HU IMAIMEeHTOB
nmanHoro npodwmns [11, 12, 13, 14, 15]. TIpu atom 60-
JIeBOV CMHIPOM SIBJISIETCSI ONHMM M3 Haubosee 3Ha-
YUMBIX (AKTOPOB, ACCOLUMNPOBAHHBIX CO CHUKEHUEM
KauyecTBa >XM3HUM IMalMeHTOB C JereHepaTBHBIMU
nedbopmaimsIMu TO3BOHOYHMKA. Takum o6pasom,
MHTEPBEHLIMOHHOE BO3JeliCTBME HAa OOHY U3 IIpuU-
yuH 60JIeBOr0 CMHAPOMA MOKET 3HAUMMO ITOBBICUTH
KavyeCTBO >KM3HU MalMEeHTOB C JereHepaTUBHBIM CKO-
JIM030M U U36eXKaTh IIPU 3TOM BBICOKMX PUCKOB pas-
BUTHUS OCIIO’KHEHWII, XapaKTePHBIX AJIS1 BBICOKOTPAaB-
MaTUYHOTO Xupypruueckoro jaeueHust [16]. Kpome
TOr0, MMHMMAaJbHO MHBA3MBHOE JieueHue, Hampas-
JIeHHOe Ha yMeHbllleHNe 60IeBOTO CHMHApOMa, Iaske
B cIyyae BpeMeHHOro sddekTa, Mo3BoJsSeT IPOBO-
IUTb aHTUOCTEONOPOTUYECKYID TEPanui C Leblo
CHV>KEHMSI PUCKOB Pa3BUTHS CEPbE3HBIX OCTIOKHEHMIA
Moc/ie paciMpeHHOTo AeKOMITPeCCUBHO-CTaOMUIU3U-
pylolero BMeniaTenbCTsa [5, 6, 7, 8, 16].

B mocnenHme rompl upeckoskHas geHepBaius da-
CETOYHBIX CYCTABOB MIPOYHO 3aKpenuiach B KaUeCTBe
30JI0TOTO CTaHAApTa B JIEUeHUM CIIOHAUI0APTPO-
3a [17, 18, 19]. HemaBHMIT MeTaaHanm3 1OKa3as, 4YTO
pagMovacToTHas eHepBalysl MMeeT XOpouyio 3¢-
(beKkTUBHOCTD B TeueHMe 12 MecC. B BUIe YMeHbIIeHNUs
601 B CcryHe, BbI3BAaHHOI Teperpyskoii u BocIiase-
HMeM (daceTOUHbIX CycTaBoB [20]. dHOOCKOIMYECKas
PU30TOMMS SIBJISIETCS 3TAIIOM Pa3BUTHUS UYPECKOXKHO
MIYHKLIVMOHHOM feHepBauyu [21]. OTa TeXHMKA [103BO-
JIIET HENOCPEeLCTBEHHO BU3YalIU3UpPOBATh aHATOMM-
YyecKue CTPYKTYPbI U OOOUTHCS CTaGMUIBLHOTO U JAJIK-

TEJIbHOTO 00e3060aMBaHus 6arogapst 6ojee MOTHOI
M OOIIMPHOV IeHepBaluM OOPCaabHOM BeTBU [22].
[TpeumyIIeCcTBO MPSIMOJ BU3yanu3auyuu (aceToOuHOro
CyCTaBa U OOPCAJIbHOW HEPBHOJM BETBU MOXET OKa-
3aThCsl pellalolMM Y MaleHTOB C IaTOJOrMUeCcKu-
MU M3MEHEHUSIMM 3aJHUX CTPYKTYpP MO3BOHOUHMKA
BC/IEICTBME JereHepaTUBHOI nedopMalnm.

Ilenv uccnedosauuss — CPaBHUTh PE3YJIbTaThl OIle-
PaTMBHOTO JieueHUs TAal[MeHTOB C JereHepaTUBHbIMU
IedopMalMsIMM HOSICHUYHOTO OT/Ie/1a IT03BOHOYHMKA
MOoc/ie MyHKIVMOHHOM U 3HOOCKONMYECKOM JeHepBa-
1y (GaceTOYHbIX CYCTABOB.

MATEPUAJI 1 METO/IbI
JlvizaiiH uccjaegoBaHMUSI

[MpoBeneHHOE UCCIefOBaHEe HOCUIIO PETPOCIIEKTUB-
HbII XapaKTep U 3aK/II09a0Ch B OlleHKe pPe3yIbTaTOB
XUPYPrU4YeCcKoro JjieueHus 58 malyeHTOB, IOTyYaB-
X orepaTuBHOe jJeueHue B 2018-2022 rr.

B uccinenoBanme oy 42 (72,4%) XKeHIMHBI U 16
(27,6%) my>xumH. MeinaHa Bo3pacTa MMalMeHTOB COC-
Tasisia 64 (60-69) roga.

Kpumepuu exnioueHus: Hajiuumue nereHepaTUBHOIM
nedbopMaluy MOSICHUUHOTO OT/iesia BO (PpOHTAIbHOI
TJIOCKOCTY BeJIMUMHOI 60s1ee 10°, orrepaTuUBHOe Jieue-
HIe B 00beMe JeHepBalluy AYTOOTPOCTUATHIX CyCTa-
BOB, IepyO, HAOTIOMeHNST He MeHee IBYX JIeT.

Kpumepuu ucknwueHus: Haauume TSOKENbIX CKO-
MMoTHYecKux pedopmanuit, TpebyloUux IMpumMe-
HEHUSI JTeKOMIIPECCHMBHO-CTAOUIU3UPYIOIINX BMe-
IaTeNbCTB, 3/I0KaUeCTBEHHble HOBOOOpPAa30BaHMSI,
MHQEKIMOHHbIe 3a60IeBaHMsT TTO3BOHOYHMKA, a TaK-
ke XUpypruueckoe jedeHue, MpoBeieHHOe paHee 10
TOBOAY TAHHO MaTONIOTUN.

MMamyeHTsl OBV pasgeneHbl Ha [OBE TPYIIIbI
B 3aBUCUMMOCTM OT IIPOBEAEHHOTO OIlepaTUBHOTO
JleueHmsl.

I'pynma A: peHepBalusi AYroOTPOCTYATBIX CYyC-
TaBOB MOCPEACTBOM 3HIIOCKOMMUYECKON pPU30TOMUU
IOpCaJbHO BETB.

OmnepaTuBHOe JieueHMe TIallMeHTOB B JaHHO
TpyIine OCYIIeCTBISIZIOCh MPU MOMOIIU 3HIOCKOTIU-
YyecKoro MHCTpyMmeHTapus Joimax. ITowie mpeagsapu-
TeJbHOI PEHTreHOJOTMYECKO pa3MeTKu B IPOeK-
LMY OCHOBAHMUS TOMEPEYHOT0 OTPOCTKA BBITIOMHSIJICS
paspe3 koxku gnauHol no 0,7 cm. Kpome Toro, pacce-
KaJICh TIOIKOKHO-KMpOBasl KjieTuyaTka ¥ dacums.
Hanee mon, peHTTEHOJIOTUUYECKUM KOHTPOJIEM B 30HY
OCHOBAHUS MOTIEPEYHOT0 OTPOCTKA MOC/IeIOBATETbHO
yCTaHABJUBAINCH TTPOBOAHUKM YBEJINUMBAIOIIETOCS
IMaMeTpa, o0 KOTOPbIM 3aBOAMIICS TYOYC 9HIOCKOIIA.
CrepymommuM 3TamoM TOJ, BU3YaJIbHBIM KOHTPOJIEM
C UCTIOSIb30BaHMEM SHIO0CKOMUYECKOTO 371eKTPOKOa-
TYISITOPa, pacrnaTopa ¥ HOKHULL TPOBOAMIIACh AeHeP-
BalMs AYTOOTPOCTUYATOTO CYyCTAaBa B 30HE OCHOBAHUS
TOMEPEYHOT0 OTPOCTKA MyTeM IIPSIMOI PU30TOMUN
IOpCa/IbHOV BETBM CIIMHHOMO3TOBOTO HepBa. Ilpn

67 2024;30(3)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

HeoO6XOAMMOCTM U3 HAaHHOTO JOCTYIIA MOCPEICTBOM
HaK/JI0HA Tybyca KayJgaJbHO WM KPAaHUAJIBHO B Cpef-
HeM Ha 45-60° oCyIIecTBIsICS AOCTYI K HIDKe- MU
BbILIE/IeXallleMy AyTOOTPOCTYaTOMY CyCTaBy.

I'pynima b: mNyHKUMOHHAsT [AeHepBaLus OYyro-
OTPOCTUATBIX CYCTaBOB IOCPEACTBOM paaMouyacTOT-
HOJ1 aGIsIIyy TOPCaabHO BETBMU.

Y nauyeHTOB AAHHOJ IPYIIIbI ONIEPATUBHOE BMe-
11aTeabCTBO TPOBOAMIIOCH C MCIIOb30BaHMEM PaAyo-
yactoTHOro reHeparopa Cosman 4G. Iloxg peHTre-
HOJIOTMYECKMM KOHTpOJIEM Ha 3aMHTepecOBaHHBIX
YPOBHSIX B TIPOEKIMM IYTrOOTPOCTYATHIX CYCTaBOB
YCTaHaBAMBAIUCH HAMpPaB/sioOlIe KaHIAU OuaMeT-
poM 20G ¢ pabouMM KOHIIOM 5 MM TakMM 06pasom,
YyTOOBI KOHEIl TaHHO! KaHIONM HAXOOWUJICSI B II€HTpe
OCHOBaHMS TOMNEpeyHoro orpocTtka. Craegywium
3TaroMm Ioc/ieJoBaTeIbHO 0 JAHHBIM KaHIOJISIM OCY-
1IeCTBJISVIOCh BBEJeHME 3IEKTPOAa pagmuodacTOTHOM
a6y 1 MpoBefeHMs] CEHCOPHOTO M MOTOPHOTO
TECTOB KOHTPOJISI TIOJIOKEHUSI HaIpaB/soINX Ka-
HI0b. [Ipy HEO6XOAMMOCTY IION PEeHTTEHOIOTUYeC-
KMM KOHTpPOJIeM MPOBOAMJIACh KOPPEKIMUS IOI0XKe-
HMS HAITPaBJISIOIIMX KaHIOIb (puc. 1).

B o6eux rpymiax 6b1a IpoBeaeHa OLleHKA Ipe-
OIepalMOHHbIX MapaMeTpOB BeIMYMHBI OCHOBHOI
oyru gedopMaium, U3MepseMoil BO (PPOHTAIbHOI
tockocTy 1Mo Metony Ko66a, a Takke CTeIeHu CaruT-
TaJbHOTO AMCOaIaHCa OTHOCUTETbHO OTKIIOHEHUS ca-
TUTTAJIbHOM BEPTUKAIBbHOM ocK (SVA).

Puc. 1. IIyHKI[MOHHAS PagMOYacTOTHAS JeHepBallus
(aceTouHbIX CycTaBOB. PEHTT@HOMOTMYeCKIit
MHTPAOIEPALMOHHbIN KOHTPOJIb MTOTOKEHNS
HaIPaBJISIOIMX KAaHIONb

Figure 1. Percutaneous radiofrequency denervation
of facet joints. Radiological intraoperative control
of the position of the guiding cannulae

O1eHKa pe3y/IbTaTOB

Pe3ynbTaTsl IeueHNs OL€eHMBANINCh, UCXOMS U3 IMHA-
MUK MHTEHCUBHOCTY 60JIEBOTO CMHApPOMA B CIIMHE
(mo BAII) u kavecTBa XM3HU MauueHToB (1o ODI).
AHany3 AAHHBIX NMPOBOOMJICS IO pe3ynbTaTaM oOlie-
HOYHBIX HIKaJI, 3all0JHSIeMbIX NalyeHTaMyM Ha KOH-
TPOJIBHBIX OCMOTPAax B IepBbIe 2 rofa Iocile onepa-
TUBHOTO JIEUeHNS.

CraTuCcTHUYECKNI aHaIN3

CratucTuieckuii aHam3 6bUT IPOBEIEH C MCIT0Ib30Ba-
HMEM HporpaMMHOro obecrieuennst IBM SPSS Statistics
v. 23. OmucaHue 4YUCIOBBIX OAHHBIX ITPUBOAMIOCH
B popmare: meauana (Me)[Q1;Q3]. HopmanbHOCTb pac-
TripefesieHys TPy 3TOM OlLieHMBaIaCh C TOMOIIbIO KpU-
TepueB Konmoroposa—CmupHoBa u [lannupo—Yuiika.
CpaBHUTEJbHBIN aHalN3 He3aBUCUMBIX MepeMeHHbIX
MeXIy TpyIamMu IPOBOOUICS C MCIIOAb30BaHUEM
Kputepusi MaHHa — YUTHU, OMHApHbIE ¥ KaTeropuasib-
Hble JaHHble OlleHUBAIUCh Py momoIuu x> IlupcoHa
u TouHOro Kpurtepusi @uiepa. CtatucTudyeckas 3Ha-
YMMOCTh (DaKTOPOB, a TAaKKe CTeNeHb UX BIMUSHUS Ha
3 GEeKTUBHOCTD IMPOBEIEHHOTO JIEYeHMSI OLIeHMBAaIaCh
Ha OCHOBaHMM JIOTUCTUYECKOTO PErpecCMOHHOro aHa-
mm3a. Pasnuuusa Mexay BeluuMHaMy OIpenesiiiCh
KaK CTaTUMCTUYECK! 3HaUMMble Ha ypoBHe p<0,05.

PE3VJIbTATbBI

CormocTaBMMOCTb TPYIIIT CpaBHEeHMs ObLIa OIleHEeHa
Ha OCHOBaHUM pacipefeneHus] MalyeHTOoB IO IOy,
BO3pacTy, CpeJHUX 3HAaueHUI MHIeKca MaccChl Tesa,
BEIMYMHBI JedopMaIrm CKOIMOTUIECKON OyTH, CTe-
MeHY HapYyIIeHMs CaruTTaIbHOTO OaylaHca M YPOBHIO
60JIeBOTO CMHIpPOMAa B CIMHE 10 ornepanuu. Kpome
TOrO, OLIEHMBAJIOCh KOJMYECTBO YPOBHEN [eHepBa-
uyu (Tabm. 1).

PesynbTaThl MEpBUYHOTO aHaAM3a MpeAornepaim-
OHHBIX 3HaUeHMIt pacripefeneHus: U3yyaeMbix Iapa-
MeTpOB He TOKa3ajau CTaTUCTUUYECKU MOATBEPXKIEeH-
HBIX pas3jnNumii B IpyIax, YTo MO3BOJMUIIO TPOBOAUTD
CpPaBHUTEJIbHbBIN aHATN3 Pe3yIbTaTOB JieueH s .

CraTuCTUUeCKM 3HAuMMble pPas3iuumsi Ompeness-
JIUCb B TIOKasaTelsiXx IPOSO/DKUTENbHOCTU XUPYP-
IMYECKOro BMeIIaTeNlbCTBA U MHTpaoIepalMoOHHOM’
JIy4eBOil Harpy3ku. CpenHsisi TPOAOIIKUTEIBbHOCTh
CTallMOHAPHOTrO 3Tara JeyeHus 1ocjie ornepaimm cra-
TUCTMYECKM 3HAUMMO He OTIMYanach y MaieHTOB
ob6eux rpymm (Tabi. 2).

AHamm3 IUMHAMMKM YPOBHS OOJIEBOTO CHMHIpPOMA
B CIIMHE MOKa3a/l CTaTUCTUUYECKM 3HAauMMoe yMeHb-
IIeHJe MHTEHCMBHOCTY 6oJieii uepes 1 Mec. rocjie sH-
IOCKOMMYECKOTO BMeNIaTe/lbCTBa (TpymIa A) u yepes
3 Mec. MocIe MPOBEAEHHOrO JIeYeHMs B 00euX IpyI-
max (p<0,001). AHanu3 6Gosee MO3MHUX PE3YIbTATOB
(3 mec. u 6osee) Mmokasay 6onee HU3KYID CPETHIOND
MHTEHCUBHOCTh OOJIEBOTO CHMHApPOMA y MaIlMEeHTOB
rpymmnsl A (p<0,001) (puc. 2).
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Tabnuya 1
XapakTepucTuUKa NayeHTOB B UCCIeAyeMbIX Ipynmnax
ITapameTtp (r]?c:egg) Fg? Eg%)A F&YSI%%)E p

Ion:

MY>KCKOJA 16 (100%) 6 (38%) 10 (62%) 0,319%

SKeHCKUI 42 (100%) 22 (52%) 20 (48%)
Bospacr, et 64 [60; 69] 65,5[63,0; 71,5] | 62,5[59,8; 68,0] | 0,107**
UMT 29[26,8; 31,0] 29 [27,0; 30,8] 29 [26; 31] 0,814**
BenuunHa oCHOBHO¥ ayru nedopmanum, rpaf. 29,5[20,8; 36,0] | 27 [20,3; 36,0] 321[20,8; 36,0] | 0,553**
OTKJIOHEHME CaTUTTAIbHOM BEPTUKAIbHOI ocu (SVA) 58,5 [45; 85] 57,5 [45,0; 88,8] | 58,5 [48,8; 81,3] | 0,932**
Boneoitr curapom (BAII) 61[5;7] 6[5;7] 6,5[5; 7] 0,717**
KonuyecTBo ypoBHel eHepBauymn 51[4; 5] 5[4;5] 5 [4; 6] 0,363**

* — y2IIupcoHa; ** — o kpuTepuo MaHHa - YUTHMU.
Tabauya 2
AHanm3 OCHOBHBIX HMHTpaornepanmoHHbIX nokasareJyien u CpeI[HEﬁ MIPOOdO/DKUTEIbHOCTU
rocuuTaIusanuu
[Tapamertp I'pynna A (n = 28) I'pynmna b (n = 30) p*

[TpomomKNUTENbHOCTD OIlepaluy, MVH. 70 [60; 80] 40 [30; 40] <0,001
JlyueBast Harpyska, M3B 1[1;1] 31[3;4] <0,001
Cpok mpeGbIBaHUS B CTAllMOHAPE MTOCTIe 1[1,0; 1,8] 1[1;1] 0,056
oreparnyy, THU

* — o kpuTepuo MaHHa — YUTHU.
7

6

4 || ‘ | | |
0 I I I I II

[o onepaunn 1 mec. 3 Mec.

w

Bonesoit cuhapom (BALL)
[S%]

=

6 Mec. 12 mec. 24 mec.

Bpems (mec.)

W oHgockon M PY/

Puc. 2. [InHaMuKa 60/IeBOT0 CMHIpPOMA B CIIMHE
ToCJIe XUPYPrUUeCcKoro JIeYeHnst

Figure 2. Dynamics of back pain syndrome after surgical
treatment

Kpome Toro, 3a nepBbie 3 MeC. IOC/Ie BMeIIaTe/b-
CTBA OTCYTCTBME CHUKEHMUS YPOBHSI OOJIEBOTO CUHZ-
poMa 6bUIO OTMeueHO y 8 (26,7%) HmalMeHTOB Iocje
MYHKIMOHHONM paaMo4YacToTHOM AeHepBanuu (PUl).
Y 10 (33,3%) mauueHTOB MOC/ie MyHKIMOHHOI PYll
ObLJIO OTMEUEHO He3HAauuTeslbHoe (He 6omee 1 Gan-
na mo BAIIl) ymeHbleHMe WMHTEHCUBHOCTM Ooje-

BOro cuHapoma. IIpu 3TOM y ManmMeHTOB IPYIIIbl A
T10 pe3y/bTaTaM [IepPBbIX 3 MeC. He3HaAUUTEIbHOe CHU-
sKeHMe 6oseit oTMeuanoch B 2 (7,1%) cryyasix.

CpenHye MoxasaTeny MHAEKCA HapYLIEHUS KU3-
HenesaTenbHOCTU (110 ODI) Takke MMenyu 3HaUMMYIO
TEHJIEHLIMI0 K CHMKeHUIO C IIepBOro Mecsia Imocie
oIepauuy y MalMeHTOB IPYIIIbl A U C TPeTbero Me-
caua y manmeHToB rpynmnsl b (p<0,001). Ilpu stom
B I'pyIne b oTMeuanach TeHAeHIMS YXYALUIeHUS Kaye-
CTBa XU3HU 4depes 1 ron mocwie omnepauun (p<0,001)
(puc. 3).

[lo onepauumn

Kauectso »um3uu (ODI)
BN WS o N
o c o & o 6 & o

1 mec. 3 mec. 6 mec. 12 mec. 24 mec.

Bpems (mec.)

M sHa0cKon M OTKpLITO

Puc. 3. unHamuKa KauecTBa XM3HU MALMEeHTOB
I10C/Ie XMPypruuyeCcKkoro JjeyeHms

Figure 3. Dynamics of patients’ quality of life after surgical
treatment
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[IpoBemeHHBINT KOPPEISILUMOHHBIN aHalIu3 IOKa-
3aJ1 HaJluuye 00paTHOJ CBSI3Y BBICOKOJ CTEIIEHM BbI-
paxkeHHOCTH (p = -0,762) MeXOy MHTEHCUBHOCTBIO
6071eBOTO CMHAPOMA B CITMHE ¥ 3HAYEHMEM MHAEKCa
HapyIIeHUS SKU3HEAEesTeIbHOCTY (Tabl. 3).

[MonydyeHHble OaHHblE MOTYT CBUJETEIbLCTBOBATDH
0 BBICOKOJ 3aBMCMMOCTM KauecTBa KM3HU MalMeHTOB
C JereHepaTMBHBIMM AedopManysIMy MO3BOHOUHMKA
OT BBIPAYKEHHOCTY 60JIEBOTO CMHIPOMA B CITMHE.

3HAUYMMBIX OCJIO)KHEHU, MOBINUSIBIIVX HA MPOLOI-
SKUTETBHOCTb TOCIIUTAIM3AIMM, a TaKke TpeboBaB-
LIMX IOBTOPHOTO OMEPAaTUBHOIO MUY MTPOLO/DKUTENb-
HOTO crienuduueckoro KOHCEPBATUMBHOIO JieUeHUs,
BBISBJIIEHO He ObL10. OmHAKO aHaAM3 CTPYKTYPbI U
YaCTOThI OBTOPHBIX XUPYPTUUECKMUX BMEILATENbCTB,
MPOBeIEHHBIX Ha MTPOTSKEHMUM IBYX/IeTHEro Iepuoga
Ha6IIOaeHNs, TOKa3a/l 3HAYMMbIe PasIMums y Mmamy-
€HTOB MCC/IeyeMbIX IPYIII (Tab. 4).

Tax, ITOBTOpHAsI AJeHepBaLys B CBSI3U ¢ Headek-
TUBHOCTBIO MEPBUYHOI OlNepanuyu Win BCIeAcTBUe
perHHepBauyM HaceTOYHbBIX CYCTABOB BITTOIHSIACH

Tabnuya 3
OneHKa B3aMMHO Koppenssuun (pakTopoB
YpoBeHb K
avyecTBO
@DaKTOPbI 6011€BOTO
SKU3HU
CUHApOMa
YpoBeHb Koppensauus 1 -0,762
6oneBoro | [ImpcoHa
CUMHApPOMA
3HAUYMMOCTb - <0,001
(BBYXCTOPOHHSIS)
KauectBo | Koppensius -0,762 1
SKM3HU Inupcona
3HauYMMOCTb <0,001 -
(BBYXCTOPOHHSIA)
Tabnuya 4

AHa/N3 CTPYKTYPbI ¥ YaCTOTHI IOBTOPHBIX
olnepaTUBHBIX BMeIIaTeIbCTB 3a 24 Mec.

IToBTOpHAA I'pynnma A | TI'pynmnab %

ornepauusi (n=28) (n=30) b
HeHepBays: 2 (7,1%) 18 (60%) <0,001
— 3HI0CKOMMYeCcKas 2 (100%) 12 (66,7%) | <0,001
— yHKUMOHHas PUJL 0 (0%) 6(33,3%) | <0,001
IekoMIipeccust 3(10,7%) 3(10%) 0,929
Crabunmsanyst 1 (3,6%) 2 (6,7%) 0,598

y 60% mauyeHTOB IpynIibl B, 4To B 8,5 pas BhIllIe, Y4eM
B rpynmne A. YacToTa HEeKOMIIPECCUBHBIX U EKOM-
MPeCCUBHO-CTAOUIM3UPYIOIINX Olepalnuit, MmpoBe-
IeHHBIX 3a MepPUOA ABYXJeTHEro HaGMIOAeHNsI, 3HA-
YMMO He OT/IMYaIach B MCC/IeyeMbIX IPyIINax.

Kpome ToOro, ¢ y4eTOM BBICOKOTO UMcC/ia HEYHOB-
JIETBOPUTENbHBIX UCXOJO0B JieueH!s MaleHTOB I'PYyII-
bl B, HaMu Obl1a ITpOBeeHa OlleHKa (PaKTOpoB, OKa-
3bIBAIOINNX BO3MOKHOE BIMsIHME Ha 3(PGhEKTUBHOCTD
MMyHKIMOHHOM paayovacTOTHO AeHepBauuu ¢ace-
TOYHBIX CYCTABOB Y MPOMMUIbHBIX ITALVIEHTOB.

B manHbIi aHaaM3 ObUIM BKIIKOUEHBI CIEAYIOLIMe
daxTtopsl: 1o, Bo3pact, UMT, BenmunHa gedopma-
MY BO (POHTAIBHO IIOCKOCTM, BEIMUMHA CATUT-
TQIBHOTO OUCOaaHCca, KOJMYECTBO YPOBHEN JeHep-
BaIlMy Y VICXOAHBI YPOBEHb O0JIEBOTO CMHIPOMA.

AHanmm3 TnpencTaBiaeHHbIX (DAKTOPOB, BBITIOIHEH-
HbI/ C UCIIOIb30BAHMEM JIOTMCTUUECKON perpeccuu,
TO3BOJIM/I BBISIBUTh 3HAUMMOE BJIMSIHME BeJIUYMHBI
IedopMaluy BO GPOHTATbHOI IIJIOCKOCTY Ha 3¢ dex-
TUBHOCTb JJAHHO/ MEeTOAMK! ONePaTUBHOIO JeYeHUsI
(Tabm. 5).

Ilo pesynbTaTamM HAHHOTO aHaaM3a OBUIO ITOMI-
TBEPKAEHO BIMSIHME BeJIMYMHBI AedopManyuu BO
(pOHTAIBHOJ IIJIOCKOCTY Ha 3((PEKTUBHOCTH ITyHK-
uyoHHoi PU/I aceTouHbIX cycTaBoB. [Ipy 5TOM yBe-
muuenue gedopmanyu Ha 1° mo Ko66y yBenuumuBaeT
puck HeaddektuBHoct PUM B 1,11 pasa (uam Ha
11%) (p = 0,004; OIII 1,11; 95% O 1,01-1,24).

O11eHKa ITOPOTOBOJi BeIMUMHBI AedopMalnum, Ipu
KOTOPOJ1 OIpeNesyioch 3HaUMMOe CHIsKeHue 3ddek-
TUBHOCTM IyHKIMOHHOM PYJI, mpoBoauiack Ha OC-
HoBaHUM mocTpoeHust ROC-KpMBOi1 ¢ JOCTOBEPHBIM
3HaueHueM p<0,001 u rwiomaapio nog Kpusoit (AUC),
paBHoii 0,770 (95% OU 0,650-0,889) (puc. 4).

Tabnauya 5
JlorucTuyeckuii perpecCMOHHbBIN aHAIN3
¢dakTopoB, BaAMSIONNX Ha 3P GeKTUBHOCTH
IyHKIMOHHOM PU]],

@akTop p o 95% U
IMon 0,949 0,99 | 0,65-1,50
Bospact 0,398 0,99 | 0,97-1,01
UMT 0,412 1,64 | 1,58-1,72
BennunHa 0,004 1,11 1,01-1,24
IedbopMaiumn
SVA 0,363 0,65 | 0,61-0,82
KonuuecTBo ypoBHeii 0,420 0,84 | 0,55-1,28
PU/
VcxomHblit 601eBOii 0,211 0,29 | 0,11-0,37
CUHAPOM

* — 110 KpuTepuio MaHHa — YUTHHU.

Ol — oTtHoOUIeHMe aHCOB; SVA — OTKJIOHeHMe CaruT-
TaJbHOM BepPTUKAIbHOM OCH.
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Iedopmannuu
Figure 4. ROC-curve for the deformity value

[Tpu aTOM TOPOTOBOE 3HAUEHME BeTUUMHBI Tedop-
MalMK, C KOTOPOTO OKa3bIBAETCSI 3HAUMMOE BIIUSHYE
Ha 3ddexTuBHOCTL TpoBoAuMoOii PUJl daceTouHbIX
CcycTaBoB, cocTaBisgeT 29,5° ¢ YyBCTBUTEIbHOCTHIO
77% u crieunbUYHOCTHIO 67%.

OBCY>XIEHUE

[lereHepaTUBHBINM CKOJINO3 MOSICHUYHOTO OTHea Xa-
paKTepu3yeTcs, Kak MPaBUIo, BbIPaKEHHBIM O0JIEBBIM
CMHAPOMOM, YCUIMBAIOUIMMCSI B pe3y/ibTaTe MWUHU-
MaJIbHOM 0CeBOVi Harpy3ku. [Ipu 3Tom yactoTa BCTpe-
YaeMOCTHU 60JIEBOTO CMHIPOMA B TIOSICHUYHOM OTJeJ1e
Yy NaLlMeHTOB C JlereHepaTUBHBIM CKOJIMO30M JIOCTU-
raet 90% [9, 13, 23]. XapakTepHOit 0COGE€HHOCTHIO
JJAHHOTO 6OJIEBOTO CUHAPOMA SIBJSIETCSI €r0 TOJMU-
3TUOJIOTUYHOCTD U pedpakTepHOCTb K ITPOBOAVMOMY
KOHCEPBAaTUBHOMY JjiedeHM0. OCHOBHBIMU MPUUM-
HaMM BO3HMKHOBEHMSI 6071€eBOTO CMHIpOMA B CIIMHE
Yy NalMeHTOB C JereHepaTUBHBIMU CKOIMOTUYECKU-
MU gedopManuamMu - SBJSIOTCS  BOCIIJUTETbHbIE
JleTeHepaTUBHbIE IPOLECChI, 3aTparuBawIlye MOosiC-
HUYHble (daceTOouHble CYCTaBbl U MeKIIO3BOHKOBbIE
IVCKM, HECTAOUIBHOCTD MTO3BOHOUYHO-ABUTATETbHBIX
CEerMEHTOB, a TaKKe HapylleHue T106aabHOro 6aaaH-
ca MO3BOHOYHMKA C BK/IIOUEHMEM KOMIIEHCATOPHBIX
MeXaHM3MOB U MOUIeAYIOIIUM UX uctouieHuem. [Ipu
3TOM KakK[0€e U3 OMMUCAHHBIX aTOJIOTMYeCKUX COCTO-
SIHUI TIPUBOAUT K TIeperpy3Ke ¢GaceToyHbIX CYCTaBOB
U, KaK CIelCTBMe, K YCUJIEHUIO 60IeBOTO CMHIpOMA
B CIIMHe [24].

O61enpu3HaHHON MeTOAVKOM MUHMMATbHO WH-
Ba3MBHOTO MHTEPBEHIIMOHHOIO JieueH!s MalieHTOB
¢ 607eBBIM CMHIPOMOM B CIIMHE BCJIENCTBME CIIOH-
IWI0apTpo3a Ha CerONHSIIHUI SeHb SIBJISeTCS ITyHK-
LMOHHAsl AeHepBalys [IyrOOTPOCTYATBIX CYCTaBOB
[19, 20]. IIpu sTOM B JIUTEpaATypPHBIX WMCTOUHUKAX

MPaKTUYECKM OTCYTCTBYIOT JaHHbIE 00 3 PeKTUBHOC-
TU JAHHO METOOMKMU B JieueHUM MalMeHTOB C Aere-
HepaTUBHbIMM AedhopMaluysIMy [I0O3BOHOYHMKA.

[IpencraBieHHOE HaMM MCCIeA0BaHMe 10Ka3ao,
YTO CHMKEHME MHTEHCUBHOCTM 60JIEBOTO CMHAPOMA
B CITMHE TIPOVUCXOIUT OBICTPEE TOC/e SHIOCKOMYeC-
KOro BMemarenbcTBa. [Ipu 3ToM 3¢G¢eKT oT Ipo-
BEIEHHOTO 3HAOCKOMUYECKMM MEeTOLOM JieueHUS
COXpaHSICS Ha MPOTSKEHUUM [BYXJETHEro nepuona
HabmogeHus. Takke NmyHKuMoHHass PY] ¢aceTou-
HbIX CyCcTaBOB B 60% (18 mainueHTOB) c/iyyaeB IO-
KasbIBajia OTCYTCTBME 3(deKTa MU He3HAUUTEsb-
HOe CHIDKeHMe 60J1eBOro cMHApoMa B crimHe. Kpome
TOrO, y TAalMeHTOB JAHHOW TI'PYIIbl HabM0Hanach
OTpHUliaTe/libHasl [OMHAMMKA B BUIE YBeIUUEHUS
CcpemHMX 3HaueHUit 6OJIeBOTO CMHAPOMA B CIIMHE
B TeueHMe 12 mec. mOcCjae XUPYPrumuyeckoro BMela-
TeNbCTBA. DTO MOIJIO OBITH CIeACTBMEM PEMHHEPBA-
Iy haceTOUYHBIX CYCTaBOB C BO30OHOBIEHNEM O0JTe-
BOJ aKTUBHOCTMU.

Psp aBTOPOB TakkKe CBSI3bIBAET BPEMEHHBIN 3¢-
dekT PY]I ¢ pereHepaiueii MeaaabHOI BETBU ITOCTIE
BMeInaTenbcrsa [20, 25, 26]. KpoMe TOro, B HEKOTOPBIX
AHATOMMYECKMX MCCAeAOBAaHUAX ObUIM ITOKAa3aHbI
pasinyHble BapMaHTbl MPOXOXAEHUS MeauaabHO
BEeTBM HepBa, a TakkKe occudurams COCLEBUAHO-
mo6aBouHoii cBsI3ku (lig. mamillo-accessorium —
MAL), 4TO B COBOKYITHOCTH C USMEHEHMEM aHATOMUU
IYyTOOTPOCTYATBIX CYCTaBOB Yy MAallMEHTOB C AereHe-
paTUBHBIMMU HedopMauyusIMy MO3BOHOUHMKA MOXKET
CHISKATh 3Q(MEKTUBHOCTh PAAMOYACTOTHON abISIIINm
[27, 28]. B maHHOM ciy4yae jy4live pesyabTaThl jJeye-
HMSI MOTYT OBITH ITOTyY€HbI TOCPEICTBOM SHIO0CKOIIN-
yeckoit gneHepBauun. Tak, A.M. Mepeasxu ¢ coaBTopa-
MU B PETPOCIEKTUBHOM UCCIeL0BaHUM HA OCHOBAaHUM
JleyeHUsT 33 MalUMeHTOB C (aceTOYHbIM CUMHAPOMOM
oTMeTwIn 97,4% OTINUYHBIX, XOPOILINX U YAOBJIETBO-
PUTENIbHBIX PE3YJAbTATOB IOC/IE BBITIOTHEHUS 3HIO0-
CKONIMYeCKOoil TeHepBauuu [22]. OnHAKO y IaljieHTOB
C JereHepaTUBHBIMU CKOIMOTHYECKMMU Hedopma-
UMSIMU TTOSICHUYHOTO OTHeNa MOMHOLEHHbIX JaHHBIX
00 3h@EKTUBHOCTU IeHEePBAIlUM OYTOOTPOCTUYATHIX
CYCTaBOB IMyHKIMOHHBIM U SHIOCKONNYECKUM METO-
JIOM Ha CErOTHSIIIHNI IeHb He OMyOIMKOBaHO.

B nmpepcraBieHHOM MCCIeOOBaHUM KadyecTBO
SKM3HM MAIMEHTOB IMO0Ka3aI0 BbICOKYIO KOPPesLnI0
¢ 6071eBBIM CMHAPOMOM B CIIMHE U (PAKTUUECKU TTOB-
TOPSJIO 3Ty TEHIEHLIMI0O Ha TMPOTSDKEHUM I BYXJIET-
Hero rnepuopa HabmogeHus. Kpome Toro, 66110 BbI-
SIBJIEHO, UTO ITOBTOpHAsI AeHepBauusl (HhaceTOUHBIX
CYCTaBOB IOCJ/Ie MMyHKLUMOHHO MeTOOMKU BBITIOIHSI-
jach B 8,5 pa3 uaie, yeM I0Oc/Ie SHI0CKOIMMYECKOTO
BMelllaTeabCTBa.

AHanu3 OpuMUYMH HEYI0BIETBOPUTENbHBIX Pe3y/ib-
TaTOB JieueHUsI MalMEeHTOB METOLOM ITyHKIMOHHO
JeHepBaUMM TIOKa3ajd CTaTUCTUUECKM 3HAUYMMOE
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BJIIMSIHME BEJIMYMHBI IedopMaluy BO (GPOHTAIBHOI
IUIOCKOCTY Ha 3(G@(EeKTMBHOCTh JAHHOI METOIVIKM.
[Ipu 3TOM OBLIO OIpezeeHO MOPOroBOe 3HAUeHMe
BeIMUMHbI gedopmanum (29,5°), mpu KOTOpOM Ha-
OJII0JAJIOCh 3HAuMMOE CHIDKeHMue 3(PGheKTUBHOCTU
nyHKUMOHHONM PY]l. BeisBiieHHasi 3aBUCUMOCTb, IO
BCeii BUAMMOCTH, 0OYCIOB/IEHA TEXHUYECKUMU CIIOXK-
HOCTSIMM YCTAHOBKM WUIJI-TIPOBOJSHUKOB BCJIEICTBYE
poTanuu MO3BOHKOB, a TaKke BbIpaKeHHO medop-
Mauuu U Tuneptpodum ¢GaceToUHbIX CYCTAaBOB.

JOITOJITHUTEJIbHASI UTHO®OPMAILIUA

3asnenennslii 6Kk1a0 asmopos

IImawHukos [I.A. — KOHIIELIMS ¥ AM3aiiH UCCIeJOBaHMS.

MacesHun C.B. — KOHILeNUMS UCC/IeN0BaHMS, TIPOBee-
HMe VCCIeAOBaHMs, CTaTUCTUYeCKast 06paboTKa MaTepuaia,
HamnMcaHNe ¥ peIakTUPOBaHMe TEKCTA.

Jlum E.H. — aHanu3 auTepaTypbl, CTaTUCTHUYECKast 0Opa-
60TKa MaTepuasa, HalcaHue U peIakTMPOBaHMe TEKCTa.

Hopmamos C.I. — aHaiu3 JIUTepaTyphl, CTaTUCTHUUe-
cKkast 06paboTka MaTepuasa, HalMcaHue U pefaKTUPOBaHNe
TeKCTa.

Bce aBTOpBI IpOwIM U opo6pwiv GUMHATBHYIO BEpCUIO
PYKOIIMCY CTaTby. Bce aBTOPBI COIJIAaCHBI HECTY OTBETCTBEH-
HOCTb 3a BCe acreKThl paboThl, YTOOBI 06ECTIEUNTD HaZJIexkKa-
1ee pacCMOTPEHME U pellieHNe BCEX BO3MOXKHBIX BOITPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTHIO M HAZIEKHOCTBIO JIF0607 YacTu
paboThI.

Hcmounuk  ¢unaHcupoeanusi.  ABTOpPBI  3aSIBIISIIOT
06 OTCYTCTBMM BHENIHero hMHAHCUPOBAHUS MPU MPOBeJe-
HUM UCCIIEIOBAHMSI.

Bo3moskHblli KOH(IUKIM uHmMepecos. ABTODBI eKJia-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHIIMATbHBIX KOHDIMKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaIeii HaCTOSIIEN CTaTh.

Smuueckasn 3kcnepmusa. He npyumeHuma.

HngopmupoeanHoe coznacue Ha nyoauxayuio. ABTOPEI
MOJIYyYWJIM TMCbMEHHOE COoIjiacye TMalyeHTOB Ha yJacTue
B MCC/IEIOBAHUY U ITyOIMKALIUIO Pe3yIbTaTOB.
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JKcnepuMeHTaNbHOe onpeaeieHne KOPPEKLMOHHbIX BO3MOXXHOCTEMN
NPY>XMHHOM TEXHMKU NPU YCTPAaHEHUU MHOTOBEPLUMHHbIX Ae¢opMaLuii
6enpeHHON KOCTHU

JI.LH. Conomun 2, E.C. TonoBénkuH !, ®.K. Cabupos!, A.B. BemHsikoBa !

I @I'FY «HayuoHansHblii MeOUYUHCKUT uccnedosamesnbCKuli yeHmp mpasmamoJsiozuu u opmoneduu um. P.P. BpedeHa»
Munsdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus
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Pecdepar

AxkmyansHocms. MeTomyika KOPPEKIYY MHOTOBEPIIVMHHBIX AehOopMaIyii ¢ MCII0NIb30BaHMEM HECKOTBKUX OPTOMEANYECKIUX
reKkcarnofoB (II0 OAHOMY /il KaskI0i BepIIMHbI AehopMalm) IBJAsSeTCs] CTaHIapTHOI. OHAKO UCITO/b30BaHMe IBYX U 60-
Jiee TeKCarno/oB Ha OOHOM cerMeHTe HeKOMQOPTHO [IjIsl MallMeHTa, a pacueT B KOMITbIOTEPHOJ ITporpaMme sl Kaskaoro
U3 HUX — 3TO CJIOKHBIV TPYAOEMKMI MpoLlecc AJis1 TpaBMaTolIora-opronena. Vcrnonb3oBaHye TOIbKO OJHOTO OPTOINenN-
YeCKOro rekcarnopa ¢ OGHUM PacyeTOM SIBJISIETCSI JOCTOMHCTBOM IMPY>KMHHOV TEXHUKY KOPPEKLMM MHOTOBEPIIVHHBIX Je-
dbopmarnmii. Ho ee mcronb3oBaHue 3aTPyIHEHO TEM, UTO KOPPEKIIVOHHbIE BO3MOKHOCTY JAHHOI METOIMKM IO HACTOSIIETO
BpPEMEHU HEM3BECTHBI.

Llens uccnedosanus — 3KCIIepPMMEHTATLHO ONPENENNTh KOPPEKIMOHHbIE BO3MOKHOCTY TIPY>KMHHOM TEXHUKYM U CPABHUTD
VX C BO3MOXKHOCTSIMU TPaIUILIMOHHOM TEXHUKU.

Mamepuan u memo0dsl. DKCIIEPUMEHT BBIIIOJIHEH C MCIT0b30BaHMeM IUIACTUKOBBIX Mojesieit 6eIpeHHO KOCcTu. B KoMio-
HOBKe YpeCKOCTHOTO amnmapara ajist buMKcanum Kaskaoro u3 Tpex bparMeHTOB 6bUTY MCTIONIb30BaHbI OTHOKOJIbIIEBbIE MOMY-
Jin. JIJIst UMUTAIMM MSTKUX TKaHe MCITOb30BaIMCh MTOPOJIOHOBBIE IVCKY. BBIMOMHSIIMCH MepeMeleHnst MOOWIIbHOI OIo-
PbI OTHOCUTEIBHO 6a30BO¥1 IO MIMPYHE, IO YIJIOM, I10 JJIMHE, a TAKKe POTAlMOHHBIe. [IJig KaXKI0To BUAA TepeMelleHnit
paspabaTsiBasiach creluduueckas KOMIIOHOBKA, KOTOpasi o6ecreunBasa MakKCMMaIbHYIO BEIMUMHY JaHHOTO MepeMelie-
Husl. [lepeMelnieHne MPeKPaNIAIOCh eCIu JITo6ast M3 CTPaT JOCTUTaTa MUHMMAIBbHOM MY MaKCUMMAaJIbHOM AJIMHBI, a TAKKe
B CIy4ae, eCJIM CTpaTa Kacajlach BHEIIHUX OIMOP, YPECKOCTHBIX IEMEHTOB WIN «MSTKUX TKaHel». BenuumHa Kakaoro Buaa
nepeMenieHunii Npy TpagULMOHHOM U MPY>KMHHOM TEXHUKE CPaBHUBAJIACh ¢ mpuMeHeHreM U-kputepust MaHHa — YUTHHA.
Pesyansmamesi. KoppeKuMOHHbIE BO3MOKXHOCTY MPYXKMHHOM TEXHUKY IIPU UCIHOAb30BAaHUM BCEX LIECTU CTPAT, YKOMIUIEK-
TOBaHHBIX Pe3bOOBBIMM CTEPKHSIMM CTaHAAPTHOI OIMHBI, Ha 58-97% (B cpemHeM 72%) HiKe, UeM IIPU TPaAUIMOHHOI
TexHuKe. [Ipu 3ameHe 2-6 (B 3aBMCMMOCTH OT BUA IlepeMellleHNit) pe3bO00BbIX CTepP:KHe! Ha 6ojee OJIMHHbIe, KOPPEKLV-
OHHbIE€ BO3MOKHOCTY MPY>KMHHOI TEXHVKM BO3PaCTalOT Ha 36—466% (B cpemHeM 257%). 3To obecrieunBaeT JIyuliye MoKa-
3aTeny MPYKMHHOM TeXHUKU IIPU MlepeMeleHUsIX 110 IMUPUHe (B TPeX HAIIPaBIeHMSIX), & TAKKe B IepeMelleHMSIX O] yIJIOM
KHYTpMU (Bapyc) U Kriepenu (peKypBaLnus).

3axnioueHue. Ecu cTpaThl OPTOIMEAMYECKOTO TeKcarofa YKOMILIEKTOBAHbI Pe3bOOBBIMM CTEPKHSIMMU GOJIbINNEl IJIUHBI,
TO KOPPEKIVOHHbIE BO3MOKHOCTY TPYKMHHOM TeXHUKM B 5 u3 11 BUIOB mepeMenieHuit MPeBOCXOASIT TPAAUIIMOHHYIO
TEXHUKY.

KiioueBbie c10Ba: YPEeCKOCTHBIN OCTEOCHHTE3, KOPPeKIus AedopMalinii, MHOTOBepUIMHHbIE TedopMainy, MHOTOYPOB-
HeBble Aedopmanyy, febopmanyyi 6eAPeHHOI KOCTH, OPTOTIeANYECKIIT TeKCATION, MPYKMHHAS TeXHMKA, KOPPEKIIMOHHbIE
BO3MOKHOCTH, PETIO3UIIMOHHbIE BO3MOKHOCTM.
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HIMe KOPPEKIIMOHHbIX BO3MOKHOCTEM MPY>KMHHOM TEXHUKY TIPU YCTPaHeHMM MHOTOBEPIIMHHBIX TedopMalinii 6eqpeH-
HOVi KocTu. Tpasmamonozust u opmonedust Poccuu. 2024;30(3):75-84. https://doi.org/10.17816/2311-2905-17508
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Experimental Identification of the Corrective Capabilities
of the Spring Technique in Addressing Multiapical
Femoral Deformities
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Abstract

Background. The technique of multiapical deformities correction with several orthopedic hexapods (one for each apex
of deformity) is accepted as a standard one. However, usage of two or more hexapods on one segment is uncomfortable
for the patient. Besides, software calculation for each of them is difficult and laborious for an orthopedic surgeon.
Application of only one orthopedic hexapod with one software calculation is the advantage of the spring technique (ST)
of multiapical deformities correction. However, its application is hindered by the fact that the corrective capabilities
of this technique have not been studied yet.

The aim of the study was to identify by the bench test the corrective capabilities of the spring technique and compare them
with the capabilities of the standard one.

Methods. The bench test was performed using plastic models of the femur. One-ring modules were used to fix each
of the bone fragments. Foam rubber discs were used to imitate soft tissues. The mobile ring was moved relative to the base
one in translation, angulation, distraction and rotation. The movement was stopped if one of the struts reached its minimum
or maximum length, as well as if one of them touched a frame, transosseous elements or “soft tissues”. The Mann-Whitney
U-test was used for statistical analysis.

Results. When using all the six struts equipped with standard threaded rods, the corrective capabilities of the spring
technique are 58-97% (on average 72%) lower than of the standard one. When replacing 2-6 (depending on the type
of motion) threaded rods with longer ones, the capabilities of ST increases by 36-466% (on average 257%). This provides
better result for ST in translation (in three directions), varus and recurvation angulation.

Conclusions. Corrective capabilities of the spring technique in 5 out of 11 types of motions are better than the capabilities
of the standard technic if struts of the orthopedic hexapod are equipped with threaded rods of greater length.

Keywords: transosseous osteosynthesis, external fixation, deformity correction, multiapical deformities, femoral
deformities, multilevel deformities, orthopedic hexapod, spring technique, correction capabilities, reduction capabilities.
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BBEJEHUE

[Tpy 1003MPOBAHHON KOpPpeKUUM MHOTOBEPIIMHHBIX
Iedopmalimii ¢ MUCIONb30BAHMEM OPTOIEINUECKUX
TeKcariofioB UX KOJINYEeCTBO [O/KHO COOTBETCTBO-
BaTh KOIMYeCTBY BepuiuH gedopmanuu [1, 2, 3, 4].
JlaHHYI0 MeTOOMKY MOKHO YCJIOBHO Ha3BaTb Tpaju-
LIMOHHOJI. Heob6xoaymMo OTMeTUTbh, UTO MCII0b30Ba-
HMe HEeCKOIbKUX OpTONeauuecKux rekcarofos gena-
eT pacyeT U NPAKTUUECKYI0 peannsaluio KOppekuumn
IOCTaTOYHO CI0XKHOI. Elle ogHMM OTpuULIATEIbHBIM
MOMEHTOM SIBJISIIOTCSI OTHOCUTEIBHO OOJBINON Bec U
IPOMO3IKOCTb UCIIONb3yeMbIX KOHCTPYKLIUIL, UTO Ae-
JIaeT jedyeHue 1S nmaiueHTa HekoMmOpTHEIM [2, 5, 6].

[Ipy>kuHHasi TexXHMKa KOPPEeKUMM MHOTOBEP-
IIMHHBIX HOedopMaluii Oblla pa3paboTaHa, UTOOBI
YCTPaHUTb HENOCTaTKU TPaIULMOHHON TEXHUKMU.
[Ipy TOpPYKMHHOI TEXHMUKE UCIIONb3YETCS TOJIbKO
OJIMH OpTOTeANYECKMii TeKcarom 1 TpebyeTcs BCero
OIVH pacyeT B KOMIILIOTEPHOII Iporpamme (puc. 1),
MpM KOTOPOM OChb AUCTAJIBHOrO (pparmMeHTa COBMe-
IaI0T C OChI IPOKCUMAIbHOIO; IIPOMEXYTOUYHBIN
(dbparmeHT(bI) 3aHMMAIOT KOPPEKTHOE IIOJIOKEHMeE
MIpY MMOMOUIY TIPY>XKUH aBTOMaTuuyecku [5]. 3to mena-
eT MeTOAMKyY 60iee KOM(OPTHOI Kak [jIsl Bpaua, Tak
M OJ1s1 TalyeHTa.

CornacHo omy6nuKoBaHHBIM B 2017 T. IaHHBIM,
MPY>KMHHAS TeXHMKa ObIa YCIENIHO anpobupoBaHa
B KJIMHMYECKO) MpakTUKe C MCIOJb30BaHUEM Op-
Toreauueckoro rekcarmnoga Opro-CYB mnipu jmedeHun
6 mauueHToB (7 cermeHTOB) [5]. K Hacrosimemy Bpe-
MEHM OIBIT aBTOPOB B MCIIOIb30BaHMM NPY>KMHHOW
TeXHUKM HacuuThiBaeT 48 ciryuaeB (11 medopmanmit
6enpeHHOI KocT U 37 gedopmanuii KOCTeil rojieHn).
OnHako KOppeKLUMOHHbIE BO3MOXXHOCTU MPYKUHHOM
TEXHUKM 10 HACTOSIETO BPEMEHU HEU3BECTHBI, UTO
He TI03BOJISIET ONpPeNeauTh rmoka3aHus K 3¢ deKTuB-
HOMY MCIT0/Ib30BaHUIO METOOUKHA.

Llenv uccnedosarus — sKCrepUMEHTATIbHBIM ITyTEM
OTpenenuTb KOPPEKLMOHHbIE BO3MOXKHOCTU IIPYKMH-
HOJ TEXHUKU U CPABHUTD MX C BO3MOKHOCTSIMU TPaJiu-
LMOHHOM TEXHUKHU.

MATEPHAJI 1 METO/1bl

Ilog moHSATMEM <«KOPPEKIMOHHbIE BO3MOXHOCTU»
aBTOpaMy TIOApasyMeBasach BO3MOXKHOCTb OpPTO-
Meueckoro rekcanoja IepemeliaTbh IUCTalbHBbII
KOCTHBII (PparMeHT OTHOCUTENBHO ITPOKCUMAIbLHOTO
Ha OIpeJie/ieHHOe PacCTOSIHME WM TI0J, OIlpeJieeH-
HBIM YIJIOM. JI7151 9KCIIepMMeHTaIbHOTO MCC/IeLOBaHMS
MCTIONb30BAINCh IIJIaCTMKOBBIE Mojeny GelpeHHO

Puc. 1. [Ipy>kuHHAS TEXHMKA ITPU KOPPEKLMM ABYXBEPIIMHHO TedopManiy 6eqpeHHO KOCTH:

a — IJIaHMPOBaHMe KOppeKIuu nedopmanuu ¢ UCII0Tb30BaHKEM aHATOMUUYECKUX OCeit (3eJIeHbIM, KPACHBIM
" GUOIETOBBIM I[BETOM OTMEYEHbI 0CU (PParMeHTOB, SKEJITBIM — YPOBHM OCTEOTOMMIA);

b — mociie HaMOXKEHMST OPTOTEUYECKOTO TeKCAToa ¥ OCTEOTOMMIA; C — PacyeT B KOMIIbIOTEPHOI MporpamMmme
(KeNIThIii KOHTYP — MCXOIHOE IOJIOKEeHVE MOGMUIBHOTO (hparMeHTa, KpaCcHbIi — Ioc/ie KOPPEKIINN);

d — pe3ynbTaT KOppeKUun

Figure 1. The spring technique in correction of biapical femoral deformity:

a — planning for deformity correction using anatomical axes (axes of the fragments are marked in green, red and purple,
osteotomies levels — in yellow); b — after application of orthopedic hexapod and osteotomies;

¢ — calculation in the computer program (a yellow contour indicates the initial position of the mobile fragment,

ared one — after correction); d — the correction result
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KOCTM IJIMHOM 47 cM. Bei6op cermeHTa 66171 06YCIOB-
JIEH TeM, YTO KOPPEKIIMsI MHOTOBEPIIMHHBIX Aedop-
Maluii 6eipa SIBJISIETCSI TEXHUYECKM Oojiee CJIOXKHOIM,
yeM Koppekius gedopmanmii ronenu. CoracHo mMe-

TOAY YHU(MUIIMPOBAHHOIO 0003HAYEHMS YPECKOCTHO-
ro ocreocuHresda (MYOUO) [7] KOMIIOHOBKa arnmnapa-
Ta BHeNIHel (uKcauum o0603HAYAIACh CIeTYIOIIUM
0bpasom:

1,10,90; I,11,90; 11,9,90; I11,8,90  1V,9,90; V8,90  VII,3,90; VIIIL,3-9; VIIL,4,90

Hyra Unusaposa 160

Msrkue TKaHU MOIENUPOBAIN U3 TOAMMEPHBIX
IUCKOB. VIX pasmepsl MomOoupanu B COOTBETCTBUU
C TUIIOpa3MepaMy OTop TaKuM 00pa3oM, YTOOBI pac-
CTOSTHY/E MEX]Y IMCKaMU Y BHYTPEHHUM KpaeM OIop
6bU10 B TIpesenax 3—4 cm [7, 8]. ®opma IUCKOB U UX
MO3ULIMOHMPOBAaHNE OTHOCUTENBbHO KOCTU COOTBET-
CTBOBJIO WIIIOCTPAILIUSIM CPE30B COOTBETCTBYIOIINX
YPOBHEI, MPUBEAEHHBIX B «AT/Iace MO3ULUIA 15 TIPO-
BeeHMs UPECKOCTHBIX 71IeMeHTOB» [7]. IIpu peanmsa-
LMY TPAAUIIMOHHON TEXHUKHU TPOMEKYTOUHAs oropa
COeqUHSIacCh C TIPOKCUMAJIbHOM U OUCTAJIBHON TpU
noMouu 12 cTpat AByX OPTOINEeINYeCKMX FeKCarofoB
Opto-CVYB. Ilpu peanusanuu MNPY>KUHHOM TEXHUKU
mectbio crpatamu OpTo-CYB coeauHSNINCh ITPOK-
cuMasibHasl U AUCTalabHas Omopsl. [IpomexyTouyHas
oIopa CoeMHSNIACH C 6a30BOI1 ¥ MOOVIIBHOI TP TT0-
MOIIY MPY>KUH.

OKCITEpMMEHT BBITIOJNHSIM «OT OOPATHOTrO»: He
KOPPUTMPOBAIM CO3JaHHYI0 Ha Mojenu aedopma-
LIMIO0, HO TTepeMenaayi MOOMIbHYIO OMOPY OT MCXOM-
HOTO COCTOSIHUSI, UMUTUPYIOIIETO pPe3yJbTaT KOp-
peKi . BoIMOMHSIINUCH ClIeAyIolIe epeMeleHuns :

1) mo mupuHe (TpaHCISALMSA) BO (PPOHTATLHOI
(MenuanbHO, 1aTepaJbHO) U CaTUTTAIBHOMN (KIlepeau,
K3aJI1) TJIOCKOCTSIX;

2) moj, yriioM (aHTy/asius) Bo ¢GpoHTaIbHO (Ba-
PYC, Banbryc) 1 CaruTTaAbHON (AaHTEKYpBaLUSsI, PEKYP-
BaLMs) TJIOCKOCTSIX;

3) poTanMOHHOe (KHYTPU, KHApYyXN);

4) o gnaviHe (IUCTPaKLS).

[epemereHMs BHITTOMHSUIICH B PEXKMME «OBICTPBIX
cTpaT». VIX mpekpaiiaju B ciydae, eciy jobas U3
CTpaT AOCTUTrajga MMWHMMAJAbHOM WIM MaKCUMAaJb-
HOII IJIMHBI, a TaKKe, eIM CTpaTa Kacaaach BHEITHUX
OTIOP, YPECKOCTHBIX 37IEMEHTOB WJIU «MSITKUX TKaHe».
CrpaTbl GUKCUPOBAIUCH B AOCTUTHYTOM TIOJIOKEHUH,
U BBINIOJIHSVIOCh M3MepeHMe BeJINUYMHBI MepeMelne-
HUS. Vcnonb30BaiCh CTPAThl CTAHLAPTHOTO TUIIO-
pasMepa, YKOMIUIEKTOBAHHbIE Pe3bOOBBIM CTEPIKHEM
oauHoi 195 mM. B ciyuae, ecin mepeMelniieHue 6b110
OTpaHMYEHO 13-3a HEXBATKYU JIIMHbI OMHOTO Win 60-
Jiee pe3bOOBBIX CTEPKHEN, OHM 3aMeHSITUCh Ha 6osee
IJINHHBIE.

Tumn maaTuKoB (IpsiMble, Z-06pa3Hbie) U HAIpaB-
JIeH/e YCTAaHOBKU Z-TUIaTUKOB (TPOKCUMAaIbHOE UK
INUCTalIbHOE) MOAOMPATINCh TaKMM 0O6pPa3oM, UTOOBI
obecrieunTh HaMOONBIIYI0 BEIMUUHY MCCIETYEMOTO

2/3 220

180

nepemeineHus. Takum o6pasoM, s KaKIOrO BUAA
repeMelleHnii paspabarbiBajgach croenuduueckas
KOMITOHOBKa.

BenuuunHy TpaHCASIUM ONPeRensii Ipyu MOMOIIU
JINHENKN, U3Mepsisi pacCTOsSIHMEe MeXOy KOpPTUKasb-
HBbIMM IJIACTMHKaMM IIPOKCUMMAIbHOTO M OMCTAIbHO-
ro ¢parMeHTOB CO CTOPOHbBI, B KOTOPYIO BBITTOTHSIJIOChH
cMeleHre. BemnumHy aHTYASIIUYU OTIpeIesisiiv 10 Be-
JIMYMHE yI/1a, 00pa30BaHHOTO OCSIMM ITPOKCUMAIbHO-
ro U muctajbHOro ¢gparmeHToB. [Ipu McciaegoBaHuM
POTALIMIOHHBIX CMeIlleHMI1I BeludMHa OIpeaessaach
TpY TIOMOIIM ABYX CIIUI[-METOK, BBeJIeHHBIX B IPOK-
CUMaJIbHBIN Y OUCTAIbHBIN (parMeHThl B IIPOEKIIUN
mosunuii 12. Yroja, o6pa3soBaHHbIN 3TUMU CIIUIIAMU
B aKCMaJIbHOIN IIPOEKIMM, COOTBETCTBOBAJ MaKCH-
MaJbHO BO3MOKHOMY YIJTy POTAlIMOHHOTO CMelle-
Hus. [Ipu uccieqoBaHMM BeIMUMHBI O0CEBOTO Iiepe-
MelleHus1 (OMCTPaKLMs) BBINOJHSVIOCh M3MepeHue
IOCTUTHYTOTO JMacTa3a Mexny (parmeHTamMu Iipu
ITOMOILM JTUHEKNA.

CraTucTuuyeckuii aHajaus

Bcero 6b110 MccienoBaHo 1mo 10 Mogeneit Ijist KaskIoii
"3 TeXHUK. [IJ15 TOTy4YeHUsI CTaTUCTUYECKM 3HAUMMbIX
pe3ynbTaToB CcO0pKa KaskAOil MOMEIM U BBIMOTHE-
HMe UCC/IeJOBaHUS BCeX MepeMelleHui TOBTOPSIOCh
3 pasa. Kaxnpiii Bup nepemeleHus: OIpu TPagULIU-
OHHOJ! U MPY>XUHHOM TeXHUKaX CPaBHUBAJCS C TIPU-
meHenneM U-kputepusi MaHHa-VYutHu. O6paboTka
U CpaBHEHME [TAaHHBIX BBITIOJHSIMCH B IpPOrpamMmme
Jamovi 2.3.21. IIpu meMOHCTpalluy JAHHBIX CpaBHe-
HMSI MAaKCUMMAaJIbHBIX KOPPEKLIMOHHBIX BO3MOKHOCTEN
TEeXHUK TaKKe MIPUBOAUINCH 3HaUYeHus1 MeauaH (Me),
a takke HWKHUX (Q1) M BepxHux (Q3) KBapTUIEIL.
JlaHHbIE CUMTAINCH CTATUCTUYECKM 3HAYMMBIMU TIPU
p<0,05.

PE3VJIbTATbI

B Ta6nuiie 1 nmpuBegeHsl JaHHbBIE O KOPPEKIMOHHBIX
BO3MOXHOCTSIX TIPYKMHHOM TEXHUKM C MCIIOIb30-
BaHMEM CTAHIAPTHBIX U Oojiee IJIMHHBIX Pe3bOOBBIX
cTepskHeli. Pe3ynbTaThl CPaBHUTENBHOTO MCCIEA0BA-
HUSI TPAOUIIMOHHON U TIPY>KMHHOWM TEeXHUK (TIPU UC-
T0/Ib30BaHMUM 6oJiee IJIMHHBIX Pe3bOOBBIX CTEPIKHEN)
TIpeicTaB/IeHbl B Tabauie 2. B Tabnuiiax 3 u 4 npuse-
IIeHbI CBeIeHUST O pPa3paboOTaHHbIX KOMITIOHOBKAX JIJIST
06eux TeXHUK.
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Tabnauya 1

MaxkcuMaibHbIe BeJIMUMHBI IIepeMelleHnii MOOMIBbHOTO (hparMeHTa 6eipeHHOI KOCTH
OTHOCHUTEIBHO 6230BOrO IPY PeaIn3anuuy MPy>KMHHOM TEXHUKMY C MCIIOIb30BaHNEM Pe3bO0OBBIX
CTep>XHel pasaudHOM IJIMHBI

o R
8o
2 B H = £
Bux Harpasnenye o oJiee AJIMHHbIE oMep CTpaThl ¥ BeJIMUMHA L2288
S pe3bboBbIE HeOOXOIMMOrO YBeTMYEHUS OJIUHbI | & & § T
repeMenieHnst repeMenieHust Sm 3 6 . Sugg
28 E CTEPKHU pe3bO0BBIX CTEPKHEN, MM 5258
T o Q =SB &=
i 58855
O ao Mm >~ M
Iog, yrnom / Bapyc 27 91 11— 50; IV—108; V— 74 237
AHTYJISIIMS, TPal.
Y P Basnbryc 24 86 I—115;VI—58 258
AnTeKypBauus 27 50 II—28;V—25;VI—27 85
PexkypBanus 26 75 I—10;III—12;IV—31;V—50; 189
VI — 52
Mo mupuHe / Knepenu 65 367 1T — 102; III — 236; IV-39; V — 218; 465
TPaHCIALNS, MM VI —269
Kzamu 60 325 I — 246; I1 — 90; III — 85; IV — 233; 442
V—27;,VI—-50
MenyaibHO 55 311 I—185; 11— 12; III — 238; IV — 169; 466
V — 30; VI — 226
JlaTepasibHO 80 220 I—52;11—46;V—103; 175
PoTaiyoHHoe, Kuytpu 33 45 I—25; 111 — 42; 36
rpap,.
P KHapysku 16 51 II—41; 11— 12;IV—13; VI-9 219
OceBoe, MM BHu3 / puctpakums 8 HeorpannueHHo - -
p<0,05.
Tabnuya 2

MaxkcumanbHbIe BeJIUYMHbDI nepememeﬂm‘/i MOOMJIBHOT'O (l)parmeHTa 69I[I)EHHOI71 KOCTH
OTHOCUTEJIbLHO 6a30BOro npu peajamnsanun TpaﬂMuI/IOHHOffI nu l'[pyx(MHHOf;I TEXHUK

Buz mepeemerts nepememenns | MelQ1QS BRI
IMog yriom / aHTynanus, Bapyc 116 [115;117] 91 [90;92]
rpa Banbryc 80[79;81] 86 [85;87]

AHTexypBauus 65 [64;66] 50[49;51]

PexypBanus 73 [73;74] 75 [74;76]
Mo mupuHe / TpaHCHASLMS, Knepenu 299 [201;203] 367 [366;368]
e Kzagn 234 [233;235] 325[324;326]

MepnyanbHO 179 [178;180] 311[310;312]

JlaTepanbHO 248 [247;249] 220[219;221]
PoTaumoHHoOe, rpaz. KuyTtpu 92 [91;92,8] 45 [44;46]

Knapysxu 76 [75;77] 51 [50;53]
OceBoe, MM Buu3 / puctpakuus 250 [249;251] 87;8,75]

p<0,05.
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Tabnuya 3
KoMIIOHOBKM OpTONEeANYEeCKMUX FeKCAoA0B /ISl JOCTVDKEHUS MaKCHMMAa/IbHBIX KOPPEKIIMOHHBIX
BO3MOYXHOCTEJ NIPU peaansanyy TPaguIMMOHHOM TeXHUKN

Bup 1 HanpaBieHMe NlepeMelleHNs
lekcamnop, [Top, yryiom / aHrynsauus [lo mmpuHe / TpaHCAS LS Poranug ITo ocu
BapyC | BAIbLYC | aHTEKYp. | peKyp. | Kmepeoyu | K3aayu | Mef. | JaT. | KHYTPU | KHapy>Xxu | BHU3
I Z1 z] zZ) Z1 Z1 z) Z1 Z1 Z1 Mp. Z]
Ton 2Lz z) zl z| z, | zL |zl | z| z| Tp.
§ m, zy | z1 z1 z1 z1 Op.t | zt | zt | z1 z1 TIp.
S || zL | zy Al z| z| z, | zy |zl | z| z| TIp.
|’:ol v | zZ? z1 zZ1 z1 Ip. zZ1 AN A z1 Z1 Ip.
vi| zl | zZl Al z1 z| z| | zy |zl | z| | z]
I Zl zZl Zl zZl zZl Zl. zZ1 zZl zZ1 zZl Zl
L mze ozl z| A z) z, | zy |zl | z| | Tp.
E 111 Z| Ip. IIp. IIp. IIp. IIp. IIp. IIp. IIp. IIp. Z|
S w | ozv | oz | ozL | zL | zy | zy | zy | zy | zy | zL | Tp
= \Y Ip. Ip. IIp. IIp. IIp. IIp. IIp. IIp. IIp. IIp. IIp.
Vvl | Tp. Ip. Hp. Z] Z] Z] Z] z] Z] Z] Z1

Pumckumy nydpamu o603HaYEHbI HOMEepa KapaaHoB; Z — Z-TulaTuk; IIp. — mpsMO¥ IJIATUK; CTPEJIKOI yKa3aHo
HallpaB/ieHye YCTAaHOBKMU Z-TUIATUKOB (B IPOKCUMaIbHOM WU AUCTAJbHOM HallpaBJIeHUN).

Tabnuya 4
KoMnoHOBKM OpTOIEeaMYecKOro rekcanoga Jjsi JOCTUKeHMSA MaKCUMMaIbHbIX KOPPEKIIMMOHHBIX
BO3MOJXXHOCTEV Py peannsanmm NPy>KMHHOM TeXHUKA

Bupg u HaIIpaBJieHMe IepeMelleHNs

Kapnoan [Ton yrnom / aHrynsuus [To mmpuHe / TpaHCASIUNS Poranus ITo ocn
BapyC | BalbIyC | aHTEKyp. | peKyp. | Kmepeoy | K3agu | Mefd. | JaT. | KHYTPYM | KHapykuM | BHU3
I Z1 Z] Z] Z1 Z| Z| Z| Z)] Z| Z)] Z)]
Il Z1 Z1 Z1 Z| A A A Z1 Z| Z] Z1
111 Z] Z1 Z] Z1 A A A )] A Z1 zZ]
IV Z1 Z1 Z] z1 Z1 A Z1 z1 Z1 Z1 Z1
A Z1 Z1 Z1 Z] Z] A Z] A Z] A Z)]
VI Z1 Al Z1 Z1 Z1 A Z1 Z1 Z1 A Z1

Pumckumy 1mdbpamu 0603HaYeHbI HOMEpPA KapAaHOB; Z — Z-TUIATUK; CTPEIKOI yYKa3aHO HAIpaB/ieHME YCTaHOBKU
Z-TUIaTUKOB (B MMPOKCMMAaJIbHOM WIN AVCTAJIbHOM HaIlpaB/IeHUM).
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OBCY>XIEHUE

Ecnu mpu peanusauyuy MOPYXKMHHOV TEeXHUKU UC-
MOJIb3YIOTCS CTAHJAPTHBbIE Pe3bOOBbIe CTEPXKHU IJIst
BCcex 6 CTpaT, TO KOPPEKIMOHHbIEe BO3MOKHOCTU OY-
oyT Ha 58-97% (B cpemHem 72%) HMKe, yeM IIpu
peanu3auuy TPAOULIMOHHON TeXHUKU. ITO OOBSICHS-
eTcs TeM, YTO MPU TPagUIIMOHHONM TeXHMKe pe3bho-
Bble CTepsKHM 000X reKCaIloloB HaxXOo#sITCs B Oosee
671arOTIPUSITHOM TIONIOKeHUM /i1 obecrieyeHus Kak
YKOpOUeHMS], TaK U YOIMHEHMS Kaxka ot u3 crpar. [Ipu
MIPYKMHHOM TexXHMKe Bce pe3bbOoBbIe CTepKHU HaXo-
ISTCS Ha Opefesie BO3MOXKHOCTEN I/ OUCTPaKLUMN.
[TosToMy KOpPpEeKUMOHHbIE BO3MOXHOCTU MPYXKUH-
HOJI TeXHUKM BO3pacTaloT Ha 36-466% (B cpenHeM
257%) nipu yclIioBUM MUCIIOAb30BaHMSI 60Jiee IJIMHHBIX
pe3bOOoBbIX CTepskHe. B 3aBucuMMOCTM OT BUZA Ie-
peMeleHns Heob6xoaMMa 3aMeHa OT Tpex A0 HIeCTU
CcTepskHe (cM. Tabi. 1).

3aMeHa BCex CTepskHeil TpeboBasach IpPU BbI-
MOJTHEHUM TMepeMelleHnii TO ILIMPUHEe: MeLualb-
HO M K3aau. «YIjiuHeHue» pe3bOOBbIX CTepsKHel
B cpefHeM cocTaBuiao 133 mm (12-246 mm). IIpu BbI-
MOJTHeHUM TlepeMelleHNs 110 IIMPUHE KIlepeay MoHa-
Iobuaach 3aMeHa ISITU pe3bboBbIX crepxkHeit (11, I11,
IV, V, VI), 1n1Hy KOTOPBIX ITOTPe60OBAIOCH YBETUUNUTD
Ha 39-269 mm (173 mm B cpegHem). I[Ipu natepaib-
HBIX CMEILleHMSIX BBIMIOJIHSIN 3aMeHY TPeX CTepXKHel
(I,I1,V).CpenHee yBenuyeHMe IJIMHBI COCTaBUIIO 67 MM
(46-103 MMm). 3aMeHa YeTbIpeX pe3bOOBBIX CTEPKHEN
TaKke ObUIa HEOOXOAMMa M IIPU BBIMTOJHEHUM Ha-
pyxxHoit poraunu: 11, III, IV u VI cTpat. 3ameHeHHbIe
CTepKHM OBLIM IJIMHHEE CTaHAAPTHBIX HAa 9-41 MM
(19 mm B cpegHem). Iy peasmsauuy MaKCUMaJlb-
HO BO3MOXHOJ BHYTpeHHel poTauuu MoTpebo-
BaJlach 3aMeHa BCero ABYX pe3bOOBbIX cTepykHelt I
u 1. «YgiuHeHue» cocraBmwio 25-42 mMm (34 Mm
B CpeIHEM).

IIpu mopenupoBanum pexkypsaunonHuoin (I, III,
IV, V, VI) nedopmaiiuy Tpe6b0oBasOoCh 3aMEHUTD TISITh
U3 HIECTU CTEPKHEN, «yOAMHMB» UX Ha 10-52 MM
(B cpegueM 31 mmMm). IIpy uMuTalMmM BapyCHOM U aH-
TeKypBallMOHHOW Hedopmaiinii 6buia HeobxogMma
3aMeHa Tpex pe3b0oBbIX cTepxkHedi: III, IV u V crpar
B nnepBom ciryuae u II, V, VI — Bo Bropom. Heobxomm-
Masl BeJIMUMHA <«yIJIMHEHUsI» coctaBwia 25-108 mMm
(B cpegHeM 52 Mm). 1)1 cO3maHMsI MAKCHMMAaJIbHO BO3-
MO’KHOT'O BajIbI'yca BBIIIOJIHSIACh 3aMeHa TOIbKO JBYX
pe3bboBbIX cTep>kHelt I u V cTpat. [InmHa cTepskHen
MMpeBOCXOIMIa CTAHIAPTHYIO Ha 58—115 MM (B cpen-
HeM 87 MM).

AHanusupys pe3y/nbTaThl, IpMBeeHHble B Tab/IK-
e 2, MOXXHO OTMETUThb MPEBOCXOLCTBO MPYKUHHOM
TEXHUKM B BO3MOXKHOCTSIX IlepeMeleHNi 1o UpuHe

(KpoMe naTepajJbHOTO HallpaBjieHMs]) B CpegHeM Ha
97 MM, a TPaAUIMOHHOM TEXHUKU — B BO3MOXHOCTSIX
POTaLMIOHHBIX CMelleHuii (B cpegHeM Ha 36°) u ouc-
Tpakuuu (Ha 242 mM). [Ipu BITIONTHEHUM TIepeMelle-
HUMII TOA, YIJIOM TpaguIlMOHHAs TeXHMKa IoKasaja
Jlyulume pe3ynbTaThbl B cpegHeM Ha 20° mpu Bapyc-
HOM U aHTKYypPBallMOHHOM HallpaB/JIeHUSIX CMeIlleHMs.
IMpy>knHHAasT TeXHMKa OKasanach 3¢pdeKTuBHee Ipu
MMUTaL MM Bajablryca U peKypBalyM, OGHAKO CpefHee
MIPEVMYILECTBO COCTAaBUIIO BCEro 4°.

Panee 6bUIO TTPOBEJEHO MCC/IeOBaHME KOPpPeEK-
LIMOHHBIX BO3MOXHOCTE OpTONEAUYECKOTO TIeK-
carioga Opro-CVYB 1npu ycTpaHeHUM OLHOBEPIIMH-
HbIX AedopMmannii 6empeHHON KOCTM (HaTeHT Pd
N 2471447) [9]. HoBble uccienoBaHus ITOKasaiy,
YTO BO3MOKHOCTU TPYKMHHOJM TeXHUKU IIpU KOP-
pekiuuu nedbopMaluy, BepliMHA KOTOPO¥ pacro-
jaraetcss B TNPOKCUMAaJIbHOI TpeTu auadusa, mpu
CMeIIeHHUSIX IO YIJIOM Bbilile Ha 24—-50° (B cpemHem
37,5°), mo mupuHe Ha 178,0-238,5 MM (B cpemHeM
216 MM), OpM POTALMOHHBIX CMelleHUsIX — Ha
21-33° (B cpenHem 27°). Eutn BepmmHa medopma-
MM pacrionaraeTcs B OUCTAJIbHON TpeTu amadusa,
BO3MOKHOCTU MPYKMHHOJ TEXHUKU B CMeIIeHUSIX
oz, yriiom Bbine Ha 20,0-53,3° (B cpemHem 35,45°),
mo mupuHe Ha 172-255 mMm (B cpemHeM 214 mm).
[TpeBOCXOLCTBO B POTALIMOHHBIX CMEILIEHUSIX COCTaB-
jser 1,6—13,0° (B cpenHem 7,3°).

BosHukaeT BOMpOC: KakK COOTHECTU IIOJIyYeH-
Hble JaHHBbIe C 3ampocaMu KaMHUKU? K coxaneHuo,
B JIUTepaType, MOCBSILIeHHOM KoppeKuuu nedopma-
LMIi, aBTOPBI KpaiiHe pelKO BBIAENSIOT B OTHEIbHYIO
TPYIIY OOJNIBHBIX C MHOTOBEPUIMHHBIMU HOedopma-
uusamu [1, 10, 11, 12]. 1 gaxke B ciiyvyasix, KOTa BO3-
MOXHO YCTaHOBUTDb KOJMYECTBO MALlMEHTOB C MHO-
rOBepIIMHHBIMY AedhopMalusIMy, aBTOPbI He Bceraa
MpeoCTaBISIOT JaHHbIe O BeJMunHax Aedopmanmit
B Tpajycax M MWIIMMeTpaxX, NPUBOLS JUIIb 3Ha-
YyeHMsI IeBMaluy MexaHuueckoyt ocu [3]. CornmacHo
nauHbiM JI.H. ConmomuHa ¢ coaBTOpamMi, yriaoBasl Be-
JIMYMHA MHOTOBEPIIMHHBIX JedopMalnii 6eapeHHOI
KOCTU cocTaBwia ot 17 mo 61° (B cpemHeM 37°) [5].
HeobxomumMo OTMETUTh, YTO BeluduHa B 61° mpe-
BOCXOOUT MaKCUMMAaJIbHO BO3MOKHYI aHTeKypBa-
LMIO TIpU peanmsanuy MMPYKMHHOM TeXHMUKMU Ha 11°
(cM. Tabm. 1).

SIBnsrorcs nn medopmanny, BeIUMUYMHA KOTOPBIX
HaXOOMUTCSl 3a NpefejaMM BbISIBIEHHBIX KOppeKIU-
OHHBIX BO3MOXXHOCTE}, IPOTMBOIIOKAa3aHUEM [JIsl
UCIIONIb30BaHUS MPY>KMHHOM TexHuKU? HeT, Tak Kak
Jmobast U3 CTpaT MOXeT ObITh (MKCHMPOBaHA K OIO-
pe IpM NOMOUIM HPUCTAaBKM U3 JeTaleli ammapara
Nnusaposa (puc. 2).
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~ LPFA-85°

LDFA-87°

Puc. 2. VBennueHye KOPPeKLMOHHBIX BO3MOXXHOCTEN IIPY ITOMOILM ITPUCTABKU:

a — KpellJleHye KapJaHa K IJIaTUKy HeBO3MOKHO BBUAY CTOJIKHOBEHMSI CTPAThI C IPOMEKYTOUYHOI OIIOPOA
(oTMeueHO cTpenKkaMu); b — CTOIKHOBEHMe CTpaThl € ONopoit; ¢, d — duxcaums crpatsl IV mpyu oMoy NpucTaBKy;
€ — JICIIO/Ib30BaHye MPUCTaBKM IO3BOIMIIO M30€KaTh KOHTAKTA CTPATHI C MPOMEXYTOYHOI OTIOPOit, KapJaH YCIeNTHO
(uKcHpOBaH K IJIATUKY (OTMeUYeHO CTpesiKoit); f — ny1si cCHMKeHMsI TPOMO3IKOCTY KOHCTPYKLIMM [10CTIe 3aBepIlieHMsI
KOPPeKIMY BBIIIOJMIHEH IeMOHTax Ayru VinusapoBa, IpyskuH 1 GUKCALMOHHO IPUCTaBKM, & CTPAThl 3aMeHeHbI

Ha ABYXIUIOCKOCTHbBIE HIaPHUPDI

Figure 2. Extension of the corrective possibilities using attachment:

a — the cardan joint cannot be attached to the mount because of the collision between a strut and intermediate bearing
(marked with arrows); b — collision between the strut and the bearing; c, d — strut IV fixation with the attachment;

e — using the attachment allowed avoiding the contact between the strut and intermediate bearing, the cardan joint is
successfully fixed to the mount (marked with an arrow); f — to reduce bulkiness of the construction after completion

of the correction, one removed the Ilizarov arc, springs and fixation attachment, the struts were replaced with two-plane hinges
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3AK/TIOYEHUE

JKCIIepUMEHTAIbHBIM IMyTeM ObLIO TOKa3aHO, UTO
KOPPEKIMOHHbIE BO3MOXHOCTU TMPY>KMHHOM Tex-
HMKU TIPU UCIIOIb30BAaHUM CTPaAT, YKOMILIEKTOBaH-
HBIX Pe3b0OBBIMM CTEPXKHSIMU CTaHAAPTHOM IJIMHBI,
YCTYHalT KOPPEKLUMOHHBIM BO3MOXHOCTSIM Tpa-
IULIVOHHOM TexXHUKM Ha 58-97% (B cpemHem 72%)
I pa3auMuHbIX IepeMelieHMil. KoppeKinuoHHbIe
BO3MOYKHOCTU NPYKMHHOJ TEXHUKM BO3PaCTalOT Ha
36-466% (B cpemHeM 257%) mpu 3amMeHe OT ABYX
O 1mecTy (B 3aBUCUMOCTU OT BUJA IlepeMeleHn)
pe3bOOBbIX CTEpKHelt Ha Gosee gnuHHbBIE. [Ipu Ta-
KOM YCIOBMM TIPY>KMHHAsl TEXHMKA IIPeBOCXOAUT
TPagULIMOHHYI0 B BO3MOXXHOCTSIX I€peMelleHUsI
IUCTAIbHOTO (parmMeHTa IO IIMPUHE B TpeX Ha-

JOITOJIHUTEJIbHASI THOOPMALIUA

3aseneHHslii 6K1a0 asmMopos

ConomuH JLH. — paspaboTka KOHUEMIMM U IuU3aifHa
WUCCIeNOBaHMUsI, MHTepIpeTauyuss M aHaau3 IOJTyYeHHBIX
IaHHBIX, peJaKTUPOBaHMUe.

Tonoséukun E.C. — BBbITIONIHEHME 3KCIIepUMEHTa, aHA/IU3
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NMpuMeHeHMe uckyccTeeHHOM aedopmaumm npu Ne4eHUn paHeHoro
¢ eeKTOM MArKMX TKaHEeU U KOCTEeM FoNIeHHU:
KJIMHUYECKUI Cilyyan

B.B. Xomunern, C.B. Muxaiinos, A.B. lllykuH, E.b. HaropHbIii,
C.E. Xymarasues, [I.P. Lloi

@I'bBOY BO «BoenHo-meduyuHckas akademust um. C.M. Kupoea» Munucmepcmsa o60opoHst Poccuu,
2. Cankm-ITemep6ype, Poccus

Pedepar

AxkmyansHocmes. [Ipobiema jedyeHMs] paHeHbIX € JedeKToM MSTKMX TKaHeit M KOCTeli KOHeUHOCTell MpOoo/KaeT coxpa-
HATb CBOIO aKTyalTbHOCTb. OMHMUM U3 CIIOCOOOB 3aKPHITUSI MATKOTKAHHBIX 1e(heKTOB, 0COGEHHO MPY MOTEPe KOCTHOM TKaHMU,
y MalMeHTOB C OTKPBITBIMU MTepesioMaMM KOCTell KOHEUHOCTel! SIB/ISIeTCsl OCTPOe YKOPOUeHMe U Co3LaHue UCKYCCTBeHHO
yI7I0BOI fedopMalium cerMeHTa.

ILlens — Ha KIMHUYECKOM TIpMMepe 0Ka3aTh BO3MOXKHOCTM ITPMMeHeHMs TeXHUKY OCTPOTO YKOPOUEHMSI M aHTYJ/ISILUHA Cer-
MeHTa 151 3amelteHust fedeKToB MSATKMUX TKaHel ¥ KOCTY MpY JieueHUM NalMeHTa C OTHeCTPeIbHBIM PaHeHeM ToIeH .
OnucaHue KauHU4ecKo20 cay4as. PaHeHslii 30 1eT MOCTYNWII B KIIMHUKY C OOLIMPHBIM JedeKTOM MSITKUX TKaHel 1 KocTeit
roseHu B cpefHei TpeTu. C 11e/1bI0 yMeHbIIeHMSI pa3MePOB PaHbI BBITIOTHEHbI OCTPOe YKOPOUeHMe U aHTY/ISILMS TOJIeHMU.
[IpegHamepeHHas yriaoBasi Jedopmalius ToeHu cocTaBuia 24°, ykopoueHue — 1o 8 cM. Ilocie 3aKpbITHSI OCTATOUHOTO
paHeBoro gedeKTa MITKMX TKaHeil MecTHbIMM TKaHSIMM UM paclielJIeHHbIM KOKHbIM ayTOTPaHCIUIAaHTATOM BBITIOIHEHA
buxcauys 60yblIe6epIIOBOI KOCTY IIAPHUPHO-AUCTPAKIMOHHBIM amnapatom Win3apoBa ¢ Mocienyoleii IoCTereHHOi
KoppekIiyeit yrioBoit sedopmanuy, Ha clefylollleM Tale — OCTe0TOMMSI 00/1bIlle6eplioBOIl KOCTU C 11e/1bl0 YCTpaHeHUs
yKopoueHMs1 MeTogoM WinsapoBa (TemI JucTpakuyuyu 1 Mm B cyTku). Ilocie BOCCTaHOBJIEHMSI JIMHBI TOJIEHU C 11e/1bI0 3a-
MeleHus fedeKTa o nepegHeii MIOBePXHOCTHU 6OMbIIE6EPI[OBOI KOCTY BBITOTHEHO (GOPMUPOBAHME KPAEBOTO «OTIIETa»
OT nepeMelleHHOro ¢pparmMeHTa. [Ipy KOHTPOILHOM OCMOTpe uepe3 18 Mec. Ioc/ie paHeHUs NalMeHT XOAUT C MTOTHOI Ha-
IPY3KOif Ha TPaBMUPOBAHHYIO KOHEUHOCTb €3 TOMOTHUTENbHBIX CPEICTB OMIOPbI, MTPOAOIKAET UCTIOTHITH 06I3aHHOCTH
BOEHHO CJTYKOBI B COOTBETCTBUM C 3aHUMAaeMOIi TO/DKHOCTBIO.

3axnroyerue. OCTpoe YKOpOUeHME CerMeHTa KOHEeUYHOCTU ¢ (HopMMpOBaHMEM MCKYCCTBEHHOI yINIOBO# Iedopmaimu
siBrsieTcst 3G deKTUBHOI MeTOMKOM [JIsi BpEMEeHHOT'O 3aKPBITUSI OTHECTPeIbHOTo AedekTa MITKMUX TKaHei, T03BOJISIO-
et 3aKpbITh KPUTUUECKUIT MITKOTKaHHbI TedeKT rojleHy, BOCCTAaHOBUTh aHATOMUIO (IJIMHY) CerMeHTa U, Kak cJief-
CTBUeE, IOOUTHCS YL OBIETBOPUTEIbHBIX PE3Y/IbTaTOB JIeueHMsI U BOCCTAHOBIeHUsT GYHKIMIT TOBPEXIeHHO KOHEYHOCTH.
Kpome Toro, TexHMKa OCTPOro BpeMeHHOTO YKOPOUeHMS UCK/II0YaeT MOTPEOHOCTh B TEXHUUECKU CJIOKHBIX U IJIUTEIbHbIX
MMUKPOXUPYPTUUECKUX PEKOHCTPYKLMSIX, CBSI3aHHBIX C IlepeMellleHreM JIOCKYTa JJIsl 3aKPbITUS feeKTOB MSATKUX TKaHeit
B 0671aCTV OTHECTPe/IbHOTO IlepesioMa.

KiroueBsblie ci1oBa: OrHeCTpeJIbHbIE ITepeJIOMbI, ,E[ed)eKTbI MATKUX TKaHef;I, ,Ile(beKTbI KOCTH, OCTpO€ YKOPOUEHNE, aHTY/IALI N,
BHEITHUI OCTE€OCHMHTEe3, OpraHOCOXpaHgLIIMe orepanumnmn.

[ Ama umrupoBanus: Xomwmuen, B.B., Muxaiios C.B., Ilykmn A.B., Haropusii E.b., JXymarasmes C.E.,
Lioit [.P. TlpumeHeHMe WCKYCCTBEHHON pAedopManuu TpU JIEUEeHUM pPaHEHOro ¢ JedeKTOM MSATKUX TKaHek
M KOCTeil TONMeHW: KIAMHMUeCcKuit ciaydait. Tpaemamonozus u opmonedust Poccuu. 2024;30(3):85-94.
https://doi.org/10.17816/2311-2905-17532.
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Artificial Deformity Creation in Treatment of Soft Tissue Wounds
and Lower Leg Bones Defect: A Case Report

Vladimir V. Khominets, Sergey V. Mikhailov, Alexey V. Shchukin, Evgenii B. Nagornyi,
Sayan E. Zhumagaziev, Danil R. Tsoy

Kirov Military Medical Academy, St. Petersburg, Russia

Abstract

Background. The problem of treating wounded patients with defects of soft tissues and bones of the extremities continues
to be relevant. One of the ways to close soft tissue defects, especially in case of bone tissue loss, after open fractures
of the extremities is acute shortening and creation of artificial angular deformity of the segment.

The aim of the study — to demonstrate the possibilities of acute shortening and angulation of the segment as a technique
to replace soft tissue and bone defects in treatment of a patient with a gunshot wound to the lower leg.

Case description. A 30-year-old wounded man was admitted to the clinic with an extensive defect in soft tissues and
bones of the lower leg in the middle third. To reduce the wound size, acute shortening and angulation of the lower
leg was performed. The intentional angular deformation was 24°, shortening — up to 8 cm. The residual soft tissue
wound defect was closed with local tissues and split skin autograft. The tibia was fixed by the Ilizarov hinge-distraction
apparatus with following gradual correction of the angular deformity. After that, one performed osteotomy of the tibia in
order to eliminate shortening with the Ilizarov method (the distraction rate of 1 mm per day). After restoring the length
of the lower leg, in order to replace the defect along the anterior surface of the tibia, a marginal “flake” was formed from
a displaced fragment. At a follow-up examination, in 18 months after the injury the patient walks with full weight bearing
on the injured limb without any additional means of support, continues to perform military service duties in accordance
with his position.

Conclusions. The presented clinical case demonstrates that acute shortening of a limb segment with creation of artificial
angular deformity is an effective method for temporary closure of a gunshot defect of soft tissues. The technique allowed
closing critical soft tissue defect of the lower leg and restoring the anatomy (length) of the segment. Consequently, one
was able to achieve satisfactory treatment results and restore the functions of an injured limb. Besides, acute temporary
shortening technique eliminated the need to perform technically sophisticated and lengthy microsurgical reconstructions,
which are associated with a flap replacement for closure of soft tissue defects in a shotgun fracture area.

Keywords: gunshot fractures, soft tissues defects, bone defects, acute shortening, angulation, external fixation, limb salvage
surgery.
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BBEJEHUE

B cTpykType 60eBbIX TOBpEXIEHMII OTHeCTpeslbHbIe
paHeHMsT KOHEUHOCTelt cocTaBisiioT Oosnee 70%, u3
Hux 40% — 3TO OCKO/bYaThle IepeiOMbl IIMHHBIX
Kocreii [1]. BelmendroT repBuuHble ¥ BTOPUYHbBIE [e-
(exThl MSITKMX TKaHEel M KOCTe IIPU OTHECTPEJIb-
HbIX nepenomax. [lepBuuHble BO3HMKAKWT NPU IIpsi-
MOM IOBpPeXAAIoIIeM Ie/iCTBUM paHSILero CHapsiga,
a BTOpMYHble — BCJIEACTBYME BBIIIOJIHEHUS IepBUY-
HOMl WIM BTOPUYHON XMUPYpPrUUecKoit 06paboTKu
[1, 2]. OcHOBHBIMM MeTOAMKaMM 3amelleHus nedek-
TOB MSTKMUX TKaHei SBJSIOTCS pa3ayMyHble BApUaHThI
IJIACTMKY KaK B CBOGOJHOM, TaK ¥ B HECBOOOITHOM Ba-
puaHTax [3, 4].

XapakTep COBpeMEHHbBIX paHeHUIi B CPaBHEHUU
C TIpeIbIAYIIMMY BOEHHBIMM KOHQIMKTAMU M3Me-
Huwicsa. OcobeHHOCTIMM 00eBOV XUPYpPrUUeCcKoii
TPaBMBbI OIIOPHO-JBUTrATeIbHOrO alapaTra B HaCTO-
siiee BpeMs SIBJISIIOTCSI BBICOKAsl 4acTOTa BO3HMK-
HOBEHMS TIePBUYHBIX OOMIMPHBIX Ne(deKTOB MITKUX
TKaHel U KOCTel, MOBPEeXIEHMNIT KPOBEHOCHbBIX CO-
CYZI0B ¥ HEPBOB, OTPHIBOB ¥ pa3pylIeHNIi CerMEHTOB
KOoHeuyHocTeli. Kpome Toro, ormevaeTcs yBenmuyeHue
KOJIMYeCTBa MHOXECTBEHHBIX M COYETAaHHBIX paHe-
Huii [5, 6].

[To maHHBIM AUTEPATYPBI, OMHMUM U3 CIIOCOOOB 3a-
KpbITHUS fedeKTOB MITKMUX TKaHelt, 0c0beHHO coveTa-
IOLIMXCS C TIOTepeli KOCTHOM TKaHWU, MPU OTKPBITBIX
IepesioMax KOCTeJi KOHEYHOCTeN SIBJSIeTCS OCTpoe
YKOpOYeHMe U CO3[aHMe YIJIOBOM MICKYyCCTBEHHOV e-
dbopmauuu cermenra [7, 8]. ITocne KoppeKUUM yIio-
Bolt nedopmaiuu Mocnenyiollee BOCCTAHOBJIEHME
IIuHbI U (PopMbI CermMeHTa, Kak IMpaBwmio, obecre-
YMBAETCs 33 CYeT AVCTPAKLMOHHOIO OCTeoreHesa Io
Unusaposy [9, 10]. B nutepaTtype MMeOTCS egUHNY-
Hble COOOIIeHNsI O pe3yJabTaTax IMpUMeHeHUs] MeTO-
IVKM OCTPOTO YKOPOUEHMS M aHTYISIUMU y MalyeH-
TOB C OTHECTPeNbHbBIMU AedeKTaMyu MITKUX TKaHek
" KocTeil KoHeyHocrelt [10, 11].

Llenw uccnedosarnus: — MoKa3aTb BO3MOKHOCTY ITPU-
MeHEeHMS] TEXHUKY OCTPOT0 YKOPOUEeHUS U aHTYISILUN
cerMeHTa Jyisl 3amelneHus: gedeKToB MITKUX TKaHei
M KOCTM IIpU JIeUeHUM TalMeHTa C OTHeCTPeIbHbIM
paHeHMeM rOlIeHN.

OnucaHye KIMHNYECKOro Ha0/IIooeH s

BoenHocnyxkammii 30 et B Mae 2022 r. IOIy4MI OT-
HeCTpeJIbHOe OCKOJIOUHOe paHeHMe IpaBoii ToJeHU
C OrHeCTpeIbHbIM JeGeKTOM KOCTeli B CpefHeil Tpe-
TH, TIOBPEXIEHMEM IepeaHeil 60bIIebepoBoii ap-
Tepum, MaJIoGEPIIOBOr0 HEPBa, MaJIOOEPI[OBBIX MBbIIIII]
Y CYXOXXWJINIA pasrubaTerieii maableB cTolbl. Ha mec-
Te TMOTy4YeHUs paHeHUs] MTAlYeHTY ObUTM BbITIOTHEHbI
TepBMUYHAsT Xupyprudeckass obpaborka (I[TXO) paHsI

roJIeHM, TIepeBsi3Ka mepenHeit 60/blIe6eplioBoit ap-
Tepuu, pUKcauysi 60IbIIEOEPIIOBOI KOCTH JIeUeOHO-
TPaHCIIOPTHBIM amniapaToM U3 KOMILJIEKTa CTEP>KHe-
Boro BoeHHO-ToneBoro (KCBII). B xome sBakyauumu
aBMALIMOHHBIM CAaHUTAPHBIM TPAHCIIOPTOM MOTyYas
MHQY3MOHHYI0, aHTUKOATY/ISTHTHYIO M aHTUOaKTepu-
aJIbHYIO Tepanui. Yepes 36 4. mocie paHeHUs Maly-
€HT A,0CTaBJIeH B KIMHUKY.

ITo mkane BIIX-CII obiee cOCTOSIHME PaHEHOTO
MpU TOCTYIUVIEHMM OLIEHMBAJIOCh KaK CpefHeil cTe-
ey Tsokectu (19 6aswioB). TssKecTb paHEHUST I10
mrkasie BITX-IT (OP) paciieHeHa Kak Tspkesas (6,6 6ai-
soB) [12]. ITo mkasne AIS (Abbreviated Injury Scale —
COKpallleHHasl IIKajla MOBPEeXIOEeHUI) TSKeCTb II0-
BpeXIeHMUsT cocTaBuia 3 Gaj/uia (3HAUMTENbHAsl, HO
He yrpoxkawomas skusuu) [13]. ITo kmaccudburauym
OTKpBIThIX TepenomMoB Gustilo—Anderson mnepenom
OTHeceH K cTerienn 3B [14]. Pasmep medexTa 60bIie-
6epI110BOJi KOCTY COCTaBMI 8 CM, OTHECEH K 3 TUIY I10
knaccuduranymu SoFCOT (dpaHIry3ckoro obirecTBa
OpTOIeNOB ¥ TpaBMaToa0roB) [15].

MecCTHbBI CTaTyC MalMeHTa IPU MOCTYIJIEHUMN:
mpaBas ToJieHb (DUKCUpOBaHA aIapaToM BHEIIHe
¢ukcauum KCBII, ammapar crabuieH, MPU3HAKOB
BOCHAajaeHUs KOKHBIX TMOKPOBOB BOKPYT CTepKHe
He BbIsSBIeHO. [logomBeHHOe crubaHue B IIPaBOM
rOJIEHOCTOIIHOM CYCTaBe OrpaHUY€eHoO, ThIIbHOE pas-
rmbaHye OTCyTCTBYeT. Ha mepemHeii MOBEPXHOCTU
MIpaBoOil TOJIEHM B CpegHel TpeTu BU3yaausupyert-
cs1 pBaHO-yIIMOIeHHAs paHa pasMepamu 17x14 cm
C He3HAuUTeIbHBIM CEPO3HO-TeEMOpparnyeckmMm OT-
JlejisieMbIM, JTHOM paHbl SBJSIOTCS TOBPEXIEeHHbIE
Maji00epIioBble MBIIIIIBI, MBIIIIBI pasrubarenei
CTOITBI U GOJbIIEOEPIIOBAS KOCTh. [TocepenyHe paHbl
MMEETCSI YYaCTOK COXPAaHEHHOM KOXM IIUPUHOM
2 ¢cm. OTCYTCTBYET Iy/AbCaliMsl apTePUM ThlJId CTOIIBI,
ITyJIbCAlMSI 3aHeN 60IbIIe6epI0BOI apTepun oIpe-
nensieTcsl OoT4eT/IUBO. [IpM3HAKOB MIIEMUM CTOIIBI
Het (puc. 1).

[Mocne o6cemoBaHus U JieueHNS B KIIMHUKE Yepes
3 OHS BbIMOMIHEHA orepauus: mosropHas [1XO paHbl
rOJIeHU, B XOJe KOTOPO¥i yHaneHbl HeKM3HEeCI0Co0-
Hble (parMeHThl 6epIOBBIX KocTeit. OmuH U3 KOCT-
HBIX OCKOJIKOB, KOTODbIi He TTOTePST CBSI3U C MSTKU-
MM TKaHSIMM, GUKCUPOBAH BUHTOM K OUCTATBHOMY
OTJIOMKY 060JIbIIe6ep1ioBoii KocTu. C LeIbI0 YMEHb-
IIEeHMSI pa3MepOB PaHbl BBITTOJIHEHBI OCTPOE YKOpoue-
HMe U aHTyasiuus rosieHu. [IpenHaMepeHHas yriaoBas
IedopMalusl TOJIEHM COCTaBMiIa 24°, yKOpodyeHue —
n0 8 cM. B xone ykopodyeHMsT OIpeneisiu afgeKBaT-
HOCTb KPOBOTOKA B IMUCTA/IbHBIX OTAEaX KOHEYHOCTU
C VICTIOJTb30BaHMeM JoTuIeporpadum U MynbCOKCUMET-
pa. Ha ocraBummmecsi paHeBble AedeKThl HajoKeHa
CUCTeMa BaKyyMHOTO ApeHupoBaHus (puc. 2).
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Puc. 1. BHenrHmii Bup (a) ¥ peHTTeHOrpaMMbl IIPaBOJi rojieHM B IIPSIMOii 1 60K0BOI poekuusix (b) paHeHoro
TP TIOCTYTUIEHUM B KIIVHUKY: OTHECTPeTbHbIE TIePeIOMbI 60/1bIIe6epIIOBOI M Mao6epIIoBOi KOCTeld,
(ukcauus anmaparom KCBIT (110 ABa CTEPsKHST B KaskAOM OT/IOMKE)

Figure 1. View (a) and X-rays of the patient’s right lower leg in frontal and lateral projections (b) upon admission to
the clinic: gunshot fractures of the tibia and fibula, fixation with the MFRK device (2 rods in each fragment)

Puc. 2. Bup 1 peHTreHOrpaMMBbI [1paBoii roneHyn

rocisie noBTOpHOI [TXO:

a — rosieHb puKkcuposana anmnapatom KCBII Ha 4 cTepkHSIX

B [TOJIOXKEHUY YKOPOYEHMS U ITpefHaMePEHHO peKypBaluu,
pa3Mep paHbl yMEHBILIUIICS;

b — B paHy y/okeHa NoiuypeTaHoOBas Iryoka;

C — PEHTTeHOTPAaMMbI TOJIEHM B TIPSIMO#L U GOKOBOI IPOEKIIMSX,
Yro/ peKypBaLuuu cocTaBmil 24°

Figure 2. View and X-rays of the right lower leg after repeated
debridement:

a — the lower leg is fixed using the MFRK device with 4 rods

in the position of shortening and deliberate recurvation,

the wound size has decreased,;

b — a polyurethane sponge is placed in the wound;

¢ — X-rays of the lower leg in frontal and lateral projections,
the recurvation angle was 24°

UYepe3s 8 gHelt ¢ MOMEHTa NOCTYTVIEHUST B KIUMHUKY Ha 15-e cyT. mocie TpMkuBAeHUS] TpaHCIUIAHTATa
B pe3y/bTaTe JeueHUsI paHbl OUMCTWINCD, TIOSIBUIUCh ~ BBITIOJIHEHA OTepalys: YaCTUUHOe yaajeHue CTepXK-
rpaHyIsiiMK. BbIMOMIHEH TepeMOHTaK CTepXXKHEeBOTO  HEeBOTO ammapaTa, B KaXJAOM OTIOMKe OCTaBJIeHO IO
amrmapara, 3aKpbiTKe paHeBOro AedekTa MITKUX TKa-  OJHOMY CTEPSKHIO C I1e/IbI0 COXpaHeHMsI MOI0KeHUS TO-
Heil MeCTHBIMM TKaHSIMM U pacliellJIeHHbIM KOKHBIM  JIeHM, MKcaLys 60Ible6epIioBoii KOCTHU IIapHUPHO-
ayTOTPaHCIUIAaHTATOM (PUC. 3). IMCTPaKIMOHHBIM armapatom Mnmsaposa (puc. 4, 5).
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B TeueHue cienyommux 8 AHeNM BIIIOJIHEHO YCTpa-
HeHMe aHTY/S1MM TOIEHU C TToCaeAyollel KOPTUKO-
TOMMEN GOJNbIIEOEPIIOBOJi KOCTY B BEPXHEN TpPeTu
(puc. 6). Yepe3s 30 mHei1 HauaTa 4JO3UPOBAHHAS TPaK-
LM B anrapare B 30He OCTEOTOMUM C 1Ieibl0 YCTpa-
HeHMSI YKOpoueHust MeTonom Mnnu3aposa (TeMmn guc-
Tpakuuu 1 MM B CyTKH).

Yepes 3 mec. IyiMHA TOJIEHN OblJIa BOCCTAaHOBJIEHA
(puc. 7). Tak Kak cOXpaHSICS medeKT Mo IepemgHein
TIOBEPXHOCTU GOJIBIIEOEPIIOBOI KOCTH, BBITIOJTHEHO
dbopMupoBaHye KpaeBoro «OTIera» OT IlepeMelieH-
HOro (¢parmMeHTa C 1IeJibl0 3aMellneHust Jedekra (Tak

Puc. 3. BHenHuit BuJj, KOHEUHOCTH TIOC/IE 3aKPbITHS Ha3bIBaeMasi MapruHajbHas IIacTuka) (puc. 8).

Hedexra Koxu Yepes 4,5 mec. OOCTUTHYT KOHTAaKT <«OTIIEIa»

Figure 3. View of the lower extremity after closure C OVICTAJbHBIM OTJIOMKOM (puc. 9 a), a uepes 7,5 mec.

of the skin defect OTMeueHa XoOpolllasi IlepecTpoiika pereHepara
(puc. 9 b).

PaHeHbIII TTOCTOSIHHO HaXOOW/CSA IIon Habmome-
HMEM CIEeIMaINCTOB KIAMHUKU [ OLEHKU pPe3y/ib-
TaTOB JIEUEHMsI, OIpefe/ieHNs] Aa/bHENIIeil TaKTUKU
BelleHMsI TIOCTPaJaBIliero, HapaBjieHus ero Ha Me-
IUIIMHCKYIO peabMIUTaluIO ¥ CAaHATOPHO-KYPOPTHOE
JleyeHue.

Yepe3s 14 mec. ¢ MOMEHTa paHeHMs ammapar
WnusapoBa 6bU1 neMOHTHMpoBaH (puc. 10). AHaTOMO-
(YHKIMOHAIBbHBIN pe3yiabTaT olieHeH uepe3 18 mec.
MoCJIe paHeHMsl KaK Xopouimii — 83 6ajia mo IiKa-
sme Neer-Grantham-Shelton [16]. TlauueHT XOmWUT

Puc. 4. Bui KoHEUHOCTH Ha 1-e cyT. mocte 6e3 IOTIOJHUTE/IbHBIX CPEICTB ONOPbI, TPOIOJDKAET
orepauuu: rpasasi rojieHb GUKCUPOBaHA ITAPHUPHO- VICIIOTTHSATDL O0SI3aHHOCTY BOEHHOIA CJIy)I(6bI B COOT-
JIUCTPAKIMOHHBIM armapatroMm Vimsaposa BETCTBUM C 3aHMMAaeMOil AOKHOCTBbIO. OTCYyTCTBYeT
Figure 4. View of the lower extremity on the 1%t day TBUIbHOE crubaHye mpaBoii crormsl (puc. 10).

after surgery: the right lower leg is fixed with the Ilizarov
hinged-distraction apparatus

Puc. 5. PeHTreHOrpaMMbI FOJIeHM B IIPSIMOIA Puc. 6. PeHTreHOrpaMMBbI FOJIEHM B IIPSIMOIL 11 GOKOBOIA

¥ 6OKOBOI TPOEKIUSIX TTOCTe GUKCAIY apHUPHO- MIPOEKUMSX MOCIe OCTEOTOMUM GOJIbIIE6EPIIOBOI KOCTYU
JIUCTPAKIMOHHBIM armapaTtom Vmu3aposa, B BEpXHeIi TpeTn

Yo7 PeKypBaIyi COCTaBui 24° Figure 6. X-rays of the lower leg in frontal and lateral
Figure 5. X-rays of the lower leg in frontal and lateral projections after osteotomy of the upper third of the tibia

projections after fixation with the Ilizarov hinged-
distraction apparatus, the recurvation angle was 24°
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Puc. 7. PeHTreHOrpaMMBbI TOJIEHM B IIPSIMOIL

1 6OKOBOJI MTPOEKIMSIX TIOC/Ie BOCCTAHOB/IEHWS
JUIVHBI KOHEYHOCTH: CO3peBalolIii pereHepar
6071b111€6€PIIOBOI KOCTU

Figure 7. X-rays of the lower leg in frontal and lateral
projections after restoration of limb length:
maturing tibial regenerate

Puc. 8. PeHTreHOrpaMMbI TOJIEHU B IIPSIMO¥
¥ 6OKOBOJI ITPOEKITUSX TToCIe (GOPMUPOBAHMS KPAEBOTO
«oT1Ierna» 60/ble6epIoBOi KOCTH

Figure 8. X-rays of the lower leg in frontal and lateral
projections after the formation of the marginal “split”
of the tibia

Puc. 9. PeHTreHOrpaMMbl rOJIEHU MAIMEHTA B IMPSIMOIL

1 60KOBOJI ITPOEKITUSX B arraparte Min3apoBa 13 yeThipex KoJelr;:
a — orpezenseTcss KOHTaKT «OTIerna» ¢ AUCTaTbHbIM OTIOMKOM
60bIIe6ePIOBOI KOCTH;

b — omnpegenseTcst mepecTPOUBILNIACS KOCTHBI pereHepat
60bIIe6ePIIOBOJT KOCTU B BepXHEeit TpeTu

Figure 9. X-rays of the patient’s lower leg in frontal and lateral
projections in the Ilizarov apparatus with 4 rings:

a — the contact between the “split” and distal fragment

of the tibia is determined;

b — the reconstructed bone regenerate of the tibia in the upper
third is determined

Puc. 10 (a). PeHTreHOrpaMMBbI 1 BHEIIHWI BUT,
nanyeHTa yepes 18 mec. nocjie paHeHMsI:

a — peHTreHOrpaMMbl TOJIeHU B IIPSIMO¥1 1 6OKOBOIA
MPOEKIMSIX — MOKHO BUIETh I1epeCcTPOUBIINIACS
KOCTHBIJi pereHepat B BEpXHei TPETU U CPOCLINIACS
TepesioM B HVUsKHeI TpeTu 601bllebepiioBoit
KOCTM, CPOCILINIACS [TeperioM MasIoGepIioBoii KOCTH

Figure 10 (a). X-rays and the appearance

of the wounded 18 months after the injury:

a — X-rays of the lower leg in frontal and lateral
projections — a rebuilt bone regenerate in the
upper third and a healed fracture in the lower third
of the tibia, a healed fracture of the fibula are
noted
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Puc. 10 (b). PeHTreHOrpaMMBbl ¥ BHEIITHMIT BUJ MTalleHTa yepes3 18 mec. rmocjie paHeHUs :
b — GYHKIIMOHANBHBIN Pe3yIbTaT IeUeHUS

Figure 10 (b). X-rays and the appearance of the wounded 18 months after the injury:

b — functional result of treatment

OBCY>XXIEHUE

B ucTOUHMKAX IUTEePaTyPbl UMEEeTCs JOCTATOUHO CBe-
IeHUuit 0 TOM, UYTO MEeTOIMKA OCTPOrO YKOPOUEeHMUS
KOHEUYHOCTU SIBJIIETCS OJTHMM M3 CIIOCOOOB 3amelrie-
HUS Je(eKTOB MITKUX TKaHeii. ITOT CIoco6 Mo3BO-
JISIET BBITIOJHUTH TEPBUYHOE 3aKPbITHE OOUIMPHOI
paHbl C TMoCIenyoleli peKOHCTPYyKIMe Gopmbl KO-
HEYHOCTM TIPU TIOMOIM anfapaToB BHeIHel (UK-
calMM ¥ 3HAUUTEIBHO CHUXKAET HEeoOXOAVMOCTh
NpUMEHEHUsI MUKPOXUPYPIUYecKux omnepanuii [8].
Ha ceromHsimiHmii fneHb i1 0603HAUEHUS TIpUME-
HEHHOIl MEeTOIMKM TPUMEHSIOTCS Pa3HOOOGpPasHbIe
TepMUHBI — OCTPOe YKOpOueHue, IepBUYHOe YKOpO-
yeHue, ocTpas medopmanusi, yrioBoe yKOpoueHue,
npegHaMepeHHas BpeMeHHas Aedopmanusi, mpep-
HaMmepeHHast Aedopmainusi, HamMepeHHOe BpeMeH-
Hoe yKkopoueHue u Jedopmarius, ykKopoueHue ¢ aH-
ryasumeit u poraumeit u T.4. [17, 18]. Mbl cornacHbl
¢ K. Plotnikovs ¢ coaBTopamu, rpep/jiaraoiuMm eu-
HbIil TEDMUH — «CO3[IaHMe UCKYCCTBEeHHO Aedopma-
uun» (artificial deformity creation, ADCr), KOTOpbIit
MOXXeT BKJIIOYATh pa3auyHble BAPUAHThI YKOPOUEHMSI,
aHTY/ISIMM U BpallleHUs: cerMeHTa KOHeUHOCTH, OT-
JleJIbHO MU B coueTaHum [9].

OcTpoe yKOpoueHMe C TIOMOIIbI0 ammnapara
VnuzapoBa MoskeT MPUMEeHSITHCS 1J1s JIeUeHUsT OTKPbI-
TBhIX TIEPEJIOMOB GOJTBIIEOEPIIOBOI KOCTH, OCIOKHEH-
HbIX AedekToM MITKMX TKaHeit. C. Sen ¢ coaBTOpaMu
B CBoeif paboTe coobmyiu o 23 u3 24 maiueHTOB
C XOPOIIMMU U OTIUYHBIMU GYHKIIMOHATBHBIMU pe-
3y/IbTaTaMu, IIpY 9TOM Y BceX 24 malieHTOB ObLIN OT-
MeueHbI IPU3HAKK CpallleHNs KOCTell B COOTBETCTBUM
¢ wiaccudukanueit D. Paley [19].

Bbulo OMy6IMKOBAaHO HECKOIbKO paboT, TMOCBS-
IIeHHBIX TPO6JIEMe JIeueHUsI TAl[MEHTOB C AedheKTaMu
KOCTHOM M MSTKUX TKaHeil C UCII0NIb30BaHUEM MeTO-
IMUK OCTPOTO YKOPOUEHMSI B COUETAaHUU C IpefHaMe-
peHHbIM (opMuUpoBaHMEM YIVIOBOIt HOedopmannuu

cermeHTa KoHeuHoctu [20, 21, 22]. K.G. Bundgaard
u K.S. Christensen ommcanyu ciydail XMpypruyeckoro
JledeHMs TalMeHTa ¢ JedeKkToM Oobiie6epIioBoiil 1
MaJIo0epIIOBOIf KOCTei Ha IPOTSKeHMM 9 1 3 M COOT-
BETCTBEHHO C Jle(peKTOM MSTKUX TKaHeil pa3Mepamu
10x15 cm, pacronokeHHbIM B ITPOEKIUM TIepeTHero
U JaTtepasbHOro (pacumanbHbX QYmISIpOB, HA ¢GoHe
MHOULIMPOBAHUS PaHbl 30JIOTUCTBIM CTahUIOKOK-
koM. [MarueHTy ObUT HAJOXEH armapaTr BHEIIHeId
duxcanmmu Mnusaposa u ycTpaHeH AedeKkT KOCTU 3a
CUeT OCTPOro yKopoueHus Ha 3 cM ¢ popMupoBaHmem
nocenyonieit mocreneHHoi nedopmaium C yrjioM,
OTKPBITBIM KIlepely, 1O KOHTAaKTa MPOKCUMAaJIbHOTO
U JUCTAJILHOTO KPaeB PaHbl. BTOPBIM 3Tamom Obuiu
BBITIOJTHEHBI OCTEOTOMMUSI GOJBIIE6EPIIOBOI  KOCTU
B BepXHeil TpeTu, KOCTHBII TPAHCIIOPT U MOCTEIeH-
Hoe ycTpaHeHMe medopmauuu. Annapat Wnusaposa
ObUl yHoaseH uepe3 Trof. ABTODbI COOOINAIOT, YTO
ONMCaHHAsl MeTOAMKa I03BOJSIET YCTPAHUTb KOCT-
HbIl JedeKT myTeM AUCTPAKLMOHHOTO OCTeoTeHesa,
a nedeKT MATKUX TKaHelt, B TOM UYKC/ie U MbIILIeYHO —
IyTeM JUCTPaKLMOHHOrO rucTuoreHesa [20].

A. Lerner ¢ coaBTOpaMu COOOIIMIN O TPUMEHEHUU
METOAVKU OCTPOrO0 YKOPOUEHUS C UCIOAb30BaHUEM
anmnapara WimnsapoBa Ijs1 J€4eHMs TSDKeNbIX Iopa-
SKeHUIt KocTeit U nedeKTOB MSTKMX TKaHei. Y Bcex
12 manyeHTOB OGbUIM OTKPBITHIE TIepesioMbl Tuma I11B
no knaccudukanuu Gustilo—Anderson co cpenneit
roTepeii KOCTHOW Macchl 7,9 CM U cpemHUM O6asi-
JoM 6,7 MO HIKajge TSHKECTM TPaBMbl KOHEYHOCTEN
(Mangled Extremity Severity Score — MESS) [23].
Bcem maiueHTaM GbUIO BBITIONIHEHO OCTPOE YKOpOue-
HME CerMeHTa, a TPeM MalyeHTaM JOMNOJIHUTENIbHO —
nedopmarus ¢ yriom B obsmactu nepesnoma ot 50 mo
60°, OTKPBITBIM KIepenu, YTo6bl MUHUMU3UPOBATD
uMeIuiicas aedekT KOCTHOV M MSTKMUX TKaHei.
OmHOMY U3 3TUX TPEX MAIMeHTOB MOTPE6OBAIOCH BbI-
MOJTHEHME TUIACTUKM HECBOOOIHBIM KOXKHBIM JIOCKY-
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TOM, a ABYM MalleHTaM — paclieryieHHbIM KOXXHbIM
ayToTpaHcIiaHTatoM. [locie 3askuMBieHMsT paH aBTO-
PBI MMPOBOAIIV KOPPEKIMIO AedhopMalyuy B TeUeHNE
eie 3 Hep. [21].

TakuMm 06pasoM, OJHMM U3 JIYUIIMX YCTPOJICTB,
MUCTI0JIb3YeMbIX Ha CETOIHSIIHUIA OeHb AJIS1 UCIIPaB-
JIEHUSI VICKYCCTBEHHO CO3[IaHHBbIX Aedopmanuit, sB-
nserca annapaTt Wnmsaposa. CaMo 1o cebe ocTpoe
YKOpOUeHMe MPUBOAUT K (POPMUPOBAHUIO TTPOCTOIA
OIHOTUIOCKOCTHOM Aedopmanyy, Torma Kak JOTo-
HUTEeIbHAS AHTYISAIUS GOPMUPYET IBYXIUIOCKOCT-
HYIO JBYXKOMIIOHEHTHYIO JedbopMalnioo, a MMeHHO
YKOpOUeHMe U YIJIOBYIO0 AedhopMaIui B ABYX IUIO-
cKkocTsX. ECiM K 0CceBOMY YKODOUEHMIO U aHTYJs-
UMY TpuOaBJsIeTcsl BpamlaTelbHas COCTABJISIONIAS,
C03[aeTcsl CJI0KHAsT MHOTOKOMIIOHEHTHAasi MHOTO-
IUIOCKOCTHast gedopmanus. Meron Wnmusaposa
MO3BOJISIET KOPPEKTUPOBaTb KaXKAbIif KOMIIOHEHT
medbopmanyy. Kaxkmplii sTanm Koppekiuu TpebyeT
KOHTPOJBHOTO PEHTreHOJIOrMYeckoro o6ciemoBa-
HUSI, TOATBEPKIaoIero ero 3¢hGekTMBHOCTS [9, 24].
OmHMM M3 myTei pemieHus mpobaeMbl KOMILIEKC-
HOI KOppekuuu aedopmalinii, BOSHMKAOMNUX I10C-
Jie 3aKphITUS AedeKTa MITKMUX TKaHE 10 MeToaNKe
CO3[IaHMSI MCKYCCTBEHHON nedopmanyu, SBISETCS
MCIOb30BaHMe IUPKYISIPHBIX (UKCATOPOB-TEKCa-
mogos [11, 18, 25].

S.]. Nho ¢ coaBTOpamMy Ommcaayu XUPYPTUIECKYIO
TEXHUKY YKOPOUYEHMsI CerMeHTa KOHEYHOCTU IMyTeM
CO3JaHMUsI OCTPON YINIOBOJ medopMaluy IIpu Jieue-
HUU HecpalleHuss Ha (PoHe XPOHMUYECKOTO MHQEK-
LIMOHHOTO IIpOollecca U MepCUCTUPYIONIeN rTyboKoii
paHeBOii MH@eKUNUM. BBINIOIHEHME OCTPOTO YKO-
poUYeHMs TIO3BOJIWJIO MCKIIOUUTH HEeOOXOOMMOCTb
OaJbHeNIIe PeKOHCTPYKUMM MSITKUX TKaHe.
B nabGmomeHuyu, mpencTaBJIeHHOM B 3TOV pabore,
BBITIOJIHEHME TOJBKO OCTPOTO YKOPOUeHUs ObLIO He-
IOCTAaTOYHBIM [IJIST 3aKpbITUSI paHbl. [Ipu dbopmupo-
BaHMM [IOTIOJIHUTEIBHOTO KOMIIOHEHTa medopma-
LMY Kpasl paHbl ObUIM CBeeHbI 6e3 HaTsskeHus. Kak
TOJIBKO paHa 3axkwia, anmapar KMamsaposa/Taylor
OBLT CKOPPEKTUPOBAH [/ BOCCTAHOBJEHMS IJIMHBI
U yCTpaHeHUs YIoBoi medopmaryu. Croco6HOCTb
anmapata Taylor KOppeKTHMPOBAaTh CJIOKHYIO medop-
MaIMi0 0COGEHHO TT0/Ie3Ha TIPY JIeUeHU! NaleHTOB
C paccMaTpMBaeMOli TlaTonoruein [25].

K. Plotnikovs ¢ coaBTOpamMu IpoaHaJIM3UPOBAIA
JIaHHbIE JIUTEPATYpPhI IO ITpobiieMe MCITONb30BaHMS
OCTPOr0 YKOPOUYEHMsSI TPU OTKPBITBIX IepeioMax
KOCTei1 rojieHu ¢ nedeKToM MITKUX TKaHei U pasme-
JINIU UCCIed0BaHMS Ha ABe IPymIibl. B ogHO rpymmne
aBTOPBI CTATEN IIPU OCTPOI TpaBMe MPUMEHSIN Me-
TOOVKM OCTPOTO YKOPOUEHMSI, KOMOMHAIIM OCTPOTO
YKOpOUEeHMUSI U JajibHelllero MmocTerneHHOro yKOpo-
YyeHUs], OCTPOTO YKOPOYEHMSI U aHTY/ISILUU, a TakxkKe
coueTaHMe OCTPOTO YKOPOUEHMs, aHTYISILUM U Bpa-
LIeHUs TIpU OCTPOV TpaBMe. [Ipyrasi rpyria aBTOpOB

MPUMEHSIA METOZ, OCTPOTO YKOPOYEeHUsS IpU Jiede-
HUM TIAIIMEHTOB ¢ MHMEKIIMOHHBIMY OC/IOKHEHVSIMU
MOC/IeACTBUIT TpaBM. i KOPPEKUMM MOTYYEHHOM
medopMaluy Hamubojiee 4YaCcTO aBTOpaMM ObUT MC-
MOJIb30BaH amnmapat Mnamsaposa, peske — IIPOCTPaHC-
TBeHHas cucrema rekcamnoma Taylor (Taylor Spatial
Frame — TSF). ['opa3go peske BBIMOIHSIM KOPPEKILIMIO
C UCIIO/Tb30BaHMEM Pa3IMYHBIX TUTIOB MOHOIATEPAITb-
HBIX allllapaToB BHeNIHe Gukcaiyu. B rpyrrie mamm-
€HTOB ¢ MHMEKIMOHHBIMY OCIOKHEHUSIMM Hambosee
yacTo MpUMeHsSIM anmnapat Wnnusaposa, pexxe — rek-
carog, Taylor. JIuib AByMS aBTOpPaMM JJIsSI KOPPEKIIUI
medopMaluy OBLIM MCIIOAb30BaHbI MOHOJIATEPAIb-
HbI€ anrapaThl BHeIIHel ¢pukcauyun. B 0630pe Takke
ObLI0O OTMEYEeHO, UTO Ipelesl OCTPOro YKOPOUEHWMS
IIOJIKEeH OTIPEeHeNsSIThCSI COCTOSTHMEM MSITKUX TKaHel U
COCYAMCTBIM CTaTyCOM ITOBPEXKIEHHO! KOHEYHOCTH.
C 1enpi0 KOHTPOIS 6€30MacHOCTH OCTPOTO YKOpOoUe-
HUSI PEKOMEHIOBAHO MCITONb30BaTh MHTpaoIepalu-
OHHYIO JoTuieporpaduio 1 MOHUTOPUHT KPOBOTOKA B
IVCTaJIbHBIX OTAEIaX COCYI0B KOHeUHOCTH (a. dorsalis
pedis u a. tibialis posterior) Uy IMyJIbCOKCMMETPUIO Ha
60sbIIOM TIasTblle HOTM. [10 TaHHBIM psa aBTOPOB,
MaKCMMaJIbHO OCTPO€ YKOpOdYeHMe, ITPOBOOMMOE B
OIIMH 3Tall, cocTaBwiIo 3 cM. IIpu aHanm3e paboT 6bL10
BBISIBJIEHO, UTO pa3Mepbl KOCTHOTO fJedeKTa B rpyrie
MaLMeHTOB C OCTPOI TPaBMOI COCTaBJsIIM OT 1 70 22
cM, oT 1 1o 14 cM — B rpyIne NanueHTOB C MOCIe-
cTBussMHU TpaBM. CymMMapHoe BpeMs bMKcaIuMu B ar-
napare (BK/TI0Yast TepBUYHYIO GUKCAIINIO, KOPPEKIINIO
nmedopmalMy M KOHCOMMUIAIMIO) TIPU OCTPOI TpaBMe
Kojiebanoch ot 2-3 1o 53 mec. IIpu ieueHun nauyeH-
TOB ¢ MHMPEKIMOHHBIMY OCIOKHEHUSIMU TPAaBM 3TOT
CPOK BapbMpoBaI OT 3 A0 16 Mec. B obeux rpymmax
aBTOpaMy OBIJIO OTMEYEHO CHIKEHME ITOTPEOHOCTY
B MUKPOXMPYPIrMYECKOM BMeENIATeIbCTBE, 4 MUMEHHO
B MICTIOJIb30BAHMY CBOOOAHBIX JIOCKYTOB IIPU ITpUMe-
HEHUY METOIUKYU OCTPOT0 YKOPOUEHMST IS 3aKPBITHSI
06MIVPHBIX AeeKTOB MATKMUX TKaHeli [9].

3AK/TIIOYEHHE

[IpencraBieHHOe HaMM KIMHMYECKOE HaOIIOmeHME
IIeMOHCTPUPYET, YTO OCTpPOEe YKOpOUeHMe CerMeH-
Ta KOHEYHOCTM C (POpMMUPOBAHMEM MCKYCCTBEHHOM
ymioBoit gedopmauyu sgeiasercss 3GPeKTUBHON Me-
TOAMKOI BpeMEHHOTO 3aKPbITUSI OTHECTPEIbHOTO Je-
(dexTa MITKMX TKaHeii. [laHHAas MeTOAMKA IT03BOJIMIa
3aKPbITh KPUTUYECKMIT MSITKOTKaHHBIN HedexT rone-
HU, BOCCTAHOBUTb aHATOMMUIO (IJIMHY) CETMEHTA U, KaK
C/IeACTBUE, NOOUTHCS YIOOBIETBOPUTENbHBIX Pe3Yilb-
TaTOB JIEUEHMS Y BOCCTAHOBJIEHMSI (PYHKIIMIT TTOBPEX-
IEeHHOI KOoHeuHOCTU. Kpome TOro, TeXHMKa OCTPOTO
BPEMEHHOTO YKOPOUYEHMSI MCKIIOUMIA MOTPeOGHOCTh
B TEXHUYECKU CJIOKHBIX U IJIUTENbHBIX MUKPOXU-
PYPruyecKkux PEKOHCTPYKUMSIX, CBSI3aHHBIX C Iepe-
MellleHMeM JIOCKYTa JIJIST 3aKpbITUS Ne(eKTOB MSITKUX
TKaHeli B 06/1aCTM OTHECTPEILHOTO ITepeioMa.
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JOIIOTHUTEJIbHASI NTHO®OPMALIMISA

3asnenexHslii 6K1a0 asMopos

XomuHey B.B. — KOHLeNIUMS U IU3alH UCCTeTOBaHUS.

Muxatinos C.B. — c60p, aHa/IU3 ¥ UHTEPIIPETALNS JaH-
HBIX, PeIaKTMPOBaHMe TEKCTa PYKOITUCH.

Hlykun A.B. — aHaumM3 M WMHTepIIpeTanys LaHHBIX,
pelakTupoBaHMe TeKCTa PYKOIUCH.

Hazopneuii E.b. — aHanmmu3 M MHTepHpeTanusi NaHHBIX,
TTOMCK ¥ aHaJIM3 ITyOGIMKaLWii, HallicaHue TeKCTa PYKOMUCH.

JKymazazuee C.E. — cbop, aHaIU3 M MHTepIpeTarus
JaHHBIX, HallMCaHMe TeKCTa PYKOIIMCH.

Ioti I.P. — c6op, aHAAU3 M MHTEpIIpeTanys JaHHbIX,
TIOVICK M aHAIN3 MYOIMKAIMIA.

Bce aBTOpPBI Mpowin U omoOpwIn (GUHATBHYIO BEPCUIO
PYKOTIMCH CTaTby. Bce aBTOPBI COTTIaCHBI HECTM OTBETCTBEH-
HOCTh 3@ BCE€ acCIeKTbl PaboThl, YTOObI 06ECIIEUNUTDb HaJJe-
Kalllee pacCMOTpeHMe U pellieHye BceX BO3MOKHBIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAHEXKHOCTHIO JII000IA
yacTu paboThI.

Hcmounuk  ¢unaHcuposanus.  ABTOpBI  3aSIBIISIIOT
06 OTCYTCTBMM BHEIIHEro GMHAHCMPOBAaHMS MIPU MPOBe[e-
HUU UCCITeIOBAHMSI.

Bo3modcHblii KOH(pAUKM uHmepecos. ABTOPHI JIeKia-
PUIPYIOT OTCYTCTBME SIBHBIX U IOTEHIMATIbHBIX KOH(IUKTOB
VMHTEPEeCOB, CBSI3aHHBIX C ITyO/IMKalIMeil HaCTOSIIEel CTaTb!.

Omuueckasn 3kcnepmusa. He npumeHnma.

HngopmupoeanHoe coenacue Ha nyoaukayuio. ABTOpbI
MTOJTYYM/IM TIMCbMEHHOE Corjiacue TalyMeHTa Ha IyOjamKa-
M0 MEIUIIMHCKIMX TaHHbIX U M300paskeHMiA.
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Distraction of Longitudinally Split Fragments Using
the Ilizarov Method: A Series of Clinical Cases of Treating Partial
Bone Defects

Filippo Vandenbulcke 2, Emiliano Malagoli !, Alexander Kirienko !

! Humanitas Clinical and Research Center — IRCCS, Rozzano (M), Italy
2 Humanitas University, Department of Biomedical Sciences, Pieve Emanuele (MI), Italy

Abstract

Background. The Ilizarov method is a recognized technique for treating severe skeletal injuries, allowing for a comprehensive
restoration of both bone and soft tissue components. Despite the fact that bone lengthening and transport are widely known
techniques, distraction of a longitudinally split fragment is still used extremely rarely.

The aim of the study is to describe a series of clinical cases involving patients operated on using this technique.

Methods. We present a series of observations of five patients who underwent distraction of a longitudinally split fragment
using the Ilizarov method between January 2006 and December 2022. Clinical information was obtained from case histories,
all surgical interventions were documented. Postoperative examination was performed using radiography.

Results. A case series demonstrates the successful application of this technique for reconstruction of partial bone defects
resulting from trauma or osteomyelitis. The study included five patients (4 men and 1 woman) who underwent surgery
4.8-34.0 months after trauma for a partial defect of the proximal tibia ranging from 4 to 8 cm in length. Distraction was
performed in different directions along the sagittal and longitudinal axes. The time of external fixation ranged from 3.5
to 4.8 months, the external fixation index ranged from 0.49 to 1.22. The ASAMI (Association for the Study and Application
of the Methods of Ilizarov) functional score at the follow-up examination was excellent in all five patients. The ASAMI
bone tissue assessment showed excellent results in all patients, except for one patient with residual equinus (good result).
No other complications were reported.

Conclusions. The Ilizarov method provides a minimally invasive and comprehensive approach to the elimination of partial
bone defects, affecting simultaneously the skeletal and soft tissue components. Due to the longitudinal splitting during
fragment transport and distraction osteogenesis, this method promotes bone and tissue regeneration and helps to avoid a
volumetric bone defect and more complex segmental bone transport. Moreover, the role of transverse transport of the tibial
cortex increases in the treatment of peripheral arterial diseases.

Keywords: bone defects, bone transport, Ilizarov method, osteomyelitis.
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AncTpakumnsa npoAobHO pacwiensieHHbIX GparMeHToB
no metoay UnusapoBa: cepusl KNIMHMYECKUX CJTyYaeB JleueHus
YACTMUYHBIX KOCTHbIX Ae(deKTOB

®. Bangen6ynke 12, 5. Manaronu !, A. KupueHko'!

! Humanitas Clinical and Research Center — IRCCS, Rozzano (MI), Italy
2 Humanitas University, Department of Biomedical Sciences, Pieve Emanuele (MI), Italy

Pedepar

AxkmyansHocms. MeTton Unu3apoBa — 3TO 06IIENPU3HAHHbIN METO JIeUeHMUs TSKebIX MOBPEXIEHUIT CKeleTa, TO3BOJIs -
IOLIMI1 KOMITJIEKCHO BOCCTaHABAMBATh KaK KOCTHBIE, TAK M MSITKOTKaHHbIe KOMIIOHEHThI. HecMOTpS Ha TO, UTO yAJMHEHME
¥ HecBOGOIHAS TPAHCIUIAHTAIIVST KOCTY (TPAHCIIOPT KOCTH) SIBJISTIOTCS IIMPOKO M3BECTHBIMYU TEXHUKAMMU, AVUCTPAKIIVS ITPO-
JIOJIbHO PaCHIeIIEeHHOTO pparMeHTa Mo-IPeXXKHeMY MPUMEeHSIeTCS KpaiftHe peiko.

Llens uccnedosaHus — omycaTh CEPUI0 KIMHUYECKUX CTyUaeB C yUacTHEM MMalYIEHTOB, OTIEPUPOBAHHbBIX METOIOM AUCTPAK-
LMY TIPOAOIBHO PaCIIerieHHOTo hparMeHTa.

Mamepuan u memoodsl. IlpencrasieHa cepusi HaGIIOOEHMIT MIATY MAleHTOB, KOTOPBIM B Iepuop ¢ supaps 2006 1o me-
Ka6pb 2022 1. 6bUIA BBITIOHEHA AMCTPaKIIMS MPOAOTbHO paciieryieHHoro hparMeHTa 1o Mmetrony Mnusaposa. KinyHuyeckast
uHpopManus 6blaa MOSydeHa U3 UCTOpUit 6ole3HM, BCe OmepaTUBHbIE BMENIATENbCTBA GbLIM 33aJOKYMEHTUPOBAHBI.
IMocneomnepaloHHOE 06C/Ie0BaHNe TPOBOAMIIOCh METOIOM peHTreHorpadumu.

Pezynomamot. Cepust cJiyuaeB IeMOHCTPUPYET YCIEITHOe MpYMeHeHMe OAHHOV MEeTOOMUKM JIs PeKOHCTPYKIMM OTPaHM-
YEHHbIX KOCTHBIX Te()eKTOB, BO3HUKIINX B Pe3y/abTaTe TPaBMbI MJIM OCTEOMMETNTA. B McciemoBaHye 6bUIM BKITIOUEHBI MSITh
ManyeHTOoB (4 MY>KUMHBI 1 1 sKeHI[MHA), KOTOPBIM GblIa BBIOMHEHA omeparyst yepes 4,8—34,0 Mec. mocjie TpaBMbl IT0 1MO-
BOJly OTPaHMUYEHHOTO JedeKTa MPOKCMMAIbHOTO OTAeNIa 60IbIIe6epIi0BOii KOCTY IIMHOM OT 4 1o 8 cM. [IucTpaKius mpo-
BOAWIACh B Pa3HbIX HAIPABJIEHMSX BAOJIb CATUTTATIBHOI U TIPOAOIbHOI oceli. BpeMs BHelIHel pukcaiyy BapbupoBaaoch
ot 3,5 mo 4,8 mec., MHaeKc BHemnHel dbukcanmuyu — ot 0,49 mo 1,22. ®yHKIMOHAIbHBIN MokasaTenb ASAMI (Association for
the Study and Application of the Methods of Ilizarov) Ha KOHTPOJTLHOM OCMOTpE GBI OTIMYHBIM Y BCEX ISTY MAI[MEHTOB.
Ouenka KocTHOV TKaHy 1o ASAMI nmoka3asna OT/IMYHbIe Pe3y/IbTaThl y BCeX MAallMEeHTOB, 3a UCKII0YEeHVEeM OGHOrO NalyieHTa
C OCTaTOYHBIM 3KBMHYCOM (XOPOIINit pe3yabTaT). [Ipyrux oCIoKHeHUT He Ha6/II01aI0Ch.

3axnrouenue. Meton WnuszapoBa obecrieuyBaeT MUHMMAJIbHO MHBA3MBHBIM ¥ KOMILIEKCHBIN MOOXOM K YCTPaHEHUIO
OTpaHMYEHHBIX KOCTHBIX Jle(eKTOB, BO3eiCTBYSI OHOBPEMEHHO Ha KOCTHbIE U MSITKOTKAaHHbIe KOMITOHEHTHI. Biiarogapst
MPOMOJIbHOMY paclIeIIeHMIO TTPY TPAHCIIOPTUPOBKe DparMeHTa U AUCTPAKIVOHHOMY OCTE€OTEeHe3y 3TOT MeTOJ, CIoco6-
CTBYET pereHepanuy KOCTeil ¥ MITKUX TKaHeil 1 momMoraeTt u3bexxaTb 06beMHOTO KOCTHOTO AedekTa 1 6oiee CIOKHOIM
cerMeHTapHOI TPAaHCIIOPTUPOBKMU KOCTU. Bosee TOro, Bo3pacraeT posib MOMEPEYHOro TPAHCIIOPTa KOPTUKATBHOTO CJI0ST
60/b1Ie6EPIIOBOI KOCTY TIPY JieueHnu 3aboneBanmii mepudepudeckux apTepuii.

KiioueBbie c10Ba: KOCTHbIE AeheKTbl, HECBOOOAHAS TPAHCIUIAHTALMS KOCTY, TPAHCIIOPT KOCTH, MeToA Umu3apoBa, ocTeo-
MMEJTUT.

Jns nutupoBaHus: Bannen6ynke @., Manaronu 3., KupueHko A. [IucTpakiiys IPOLOIbHO pacileryieHHbIX GpparMmeH-
TOB MO0 MeTomy Vimu3apoBa: cepust KIMHUUECKUX CJTyyaeB JieYeHUs YACTUMUHBIX KOCTHBIX JedekToB. Tpasmamonozus
u opmonedus Poccuu. 2024;30(3):95-104. (Ha anrn.). https://doi.org/10.17816/2311-2905-17492.

DX<] @ununno Bandenbynke; e-mail: filippo@vandenbulcke.org
Pykomuch nomydyeHa: 11.03.2024. Pykomvich ogo6pena: 21.06.2024. CtaTbs onmybimkoBaHa oHaifH: 30.08.2024.
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INTRODUCTION

Bone defects encompass a spectrum of conditions,
ranging from bone loss due to trauma or infection,
to non-union fractures and congenital deformities.
Conventional treatment strategies, including
bone grafting, internal fixation, and prosthetic
replacement, often encounter limitations
such as donor site morbidity, implant failure,
and compromised biomechanical function [1].
In contrast, the Ilizarov method offers a minimally
invasive, yet comprehensive approach to address
both skeletal and soft tissue components of partial
bone defects. Bone defects present unique challenges
in orthopedic surgery, necessitating innovative
approaches to promote successful bone healing and
restore functional integrity. Among the diverse array
of treatment modalities, the Ilizarov method has
emerged as a versatile and effective technique for
managing these complex skeletal injuries [2].

Although segmental bone defects treatment
is a more common occurrence, sometimes limb
lengthening and reconstruction surgeons deal with
partial bone defects. They may be associated to post-
traumatic conditions, such as partial defect at docking
site, at the level of regenerate bone, after resection
for localized osteomyelitis (Cierny-Mader type II and
III osteomyelitis [3]).

Distraction of longitudinally split fragments
was first described by professor Gavriil Ilizarov
[4]. Angiogram and scanning electron micrograph
demonstrated new blood vessels form with their
orientation in the direction of the tension vector
during the process of fragment distraction. This new
blood vessel formation occurred in either transverse
direction or longitudinal direction or, indeed, in
any direction, depending upon the tension vector.
In clinical application, he has used this technique to
thicken bones for the purpose of eliminating a defect
in one of the paired bones or correcting osseous
defects, and to improve the shape of limbs. Moreover,
the growth of newly formed capillaries under the
influence of tension-stress proceeded so actively that
growth overtook the rate and rhythm of distraction.
Therefore, distraction of a split bone fragment was
potentially a treatment method of circulatory limb
disorders such as severe atherosclerosis obliterans or
Buerger’s disease [4].

Successively, V.I. Shevtsov et al. described longitu-
dinal distraction of fragments as a technique to treat
bone defects of the lower limb [5].

The aim of this study is to report our experience
about using the technique of bone fragment
transport with the Ilizarov method to treat partial
bone defects.

METHODS
Patients

We followed the Helsinki Declaration throughout
this study. Five patients underwent transport of
a bone fragment with the Ilizarov method in our
institution between January 2006 and December 2022.
We reviewed their medical records and collected the
clinical information.

Surgical procedure

For reconstruction of a partial defect, a cortical
fragment was longitudinally split off in order to be
gradually transported along sagittal or longitudinal
axis. The splitting of the fragment was accomplished
with an osteotomy. A two or three-ring circular
external fixator was applied as needed. The separated
cortical fragment was fixed with two or three
1.8 mm K-wires. In case of longitudinal transport, the
fragment was fixed with two olive wires, connected
to a separated half-ring and tensioned. The half-ring
was connected to the frame with two or three rods for
gradual transport. In case of sagittal transport, the
fragment was fixed with three wires specially bent
into a pigtail. The external ends of these wires were
attached to slotted rods and connected to the frame.
In this manner, the split cortical fragment could be
gradually moved. Distraction at a rate of 1 mm/day
started on the fifth day after the surgery.

Rehabilitation

The patients were encouraged to walk with crutches
weight-bearing as tolerated. Range of motion (ROM)
exercises were encouraged immediately after the
surgery. The insertion sites of the dedicated pins were
disinfected with a 0.05% chlorhexidine gluconate
solution once a week.

Postoperative Assessment

Follow-up X-rays were taken every two weeks during
transport of the bone fragment. After that, the X-rays
were taken every month until rigid consolidation of
the osteotomized site was observed.

RESULTS

See Table 1. We also include a narrative report of these
five well-documented cases.
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Table 1

Demographic and clinical data of the patients who underwent transport of a bone fragment
with the Ilizarov method

Parameter Case 1 Case 2 Case 3 Case 4 Case 5
Age — Sex 34y.0.—M 43y.0.— M 26y.0.—F 43y.0.— M 54y.0.—M
Affected segment Prox. tibia Prox. tibia Prox. tibia Prox. tibia Prox. tibia
Etiology Partial defect at C-M 3 post- Partial defect at C-M 3 post- C-M 3 post-

docking site traumatic docking site traumatic traumatic
osteomyelitis osteomyelitis osteomyelitis
Duration from the injury to 34 4.8 13 6.0 7.6
surgery, months
Defect size, cm 4.5 6.5 4.3 4.0 8.0
Direction of the transport Proximal to Distal to Distal to Proximal to Posterior to
distal proximal proximal distal anterior
Ex-fix time, months 54 3.5 3.5 4.8 3.9
Ex-fix index 1.22 0.53 0.81 1.2 0.49
Follow-up period, years 19 ? 1.2 4 2.5
ASAMI — Bone Excellent Excellent Excellent Excellent Excellent
ASAMI — Function Good Excellent Excellent Excellent Excellent
Postoperative Equinus foot None None None None
complications
Case 1 We decided not to open the nonunion site; we

A 27-year-old male patient sustained a leg injury in a
motorcycle accident. He suffered an open fracture of
the proximal tibial shaft complicated by a traumatic
laceration of the posterior tibial artery (Gustilo-
Andersen IIIC). An external fixator was placed for
damage control. A cross-leg flap was performed for
soft-tissue coverage. The external fixator was removed.
We first visited this patient 6 months after the injury.
He had fracture nonunion with no signs of infection.

Figure 1. X-ray showing poor contact at the docking site
with an anteromedial partial defect

applied the Ilizarov apparatus for closed progressive
realignment and compression. After 6 months,
the fracture was still not healing, pin tracts were
infected. So we opted for a surgical revision and
resection of a 7 cm long segment of necrotic bone.
A distal osteotomy was performed for segmental
defect reconstruction with bone transport. At the
end of bone transport, X-rays showed a poor contact
at the docking site with an anteromedial partial
defect of 4.5 cm (Figure 1). We decided to use the
technique of fragment transport to deal with this
mismatch and increase stability of the docking site.
We performed a partial osteotomy of the anterior
aspect of the tibia for setting up an anterior
fragment to be transported from proximal to distal.
The fragment was fixed with two 1.8 mm olive K-wires
and connected to a 5/8 ring for progressive bone
transport. The frame was removed 5 months later
when docking site union was achieved. We observed
a gradual bone remodeling during following months
(Figure 2). At the last follow-up, four years after
frame removal, the patient had a residual equinus
deformity of the foot. No recurrence of infections or
other complications were observed.
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Figure 2. X-ray showing the fragment fixed with two 1.8 mm olive K-wires and connected to a 5/8 ring. Different stages
of progressive distraction of the fragment are explained by some sketches. Note regenerate remodeling at 8 months

follow-up

Case 2

A 43-year-old male patient suffered a fracture of the
proximal tibia. He underwent open reduction and
internal fixation with a plate and screws in another
hospital. He developed a fracture related infection
requiring the hardware removal.

We first visited this patient five months after the
injury presenting dehiscence of the plate removal
wound. The diagnosis was a Cierny-Mader type III
osteomyelitis. Anterior resection of necrotic bone
was performed and resulted in a partial bone defect
of the proximal metaepiphysis. We percutaneously
performed a partial osteotomy of the anteromedial
cortex. The continuity of the posterior cortex was

Figure 3. Picture and X-ray showing the fragment split
by percutaneous approaches with osteotomy. Note wound
dehiscence with soft tissue defect

maintained (Figure 3). The Ilizarov apparatus
was applied to ensure stability, the fixation was
extended to distal femur because the defect was
too proximal to achieve a good stability of the
proximal ring. The fragment was fixed with two 1.8
mm olive K-wires and connected to a half-ring for
progressive bone transport from distal to proximal
(Figure 4).

The fragment transport successfully reconstructs
the anterior bone defect of the proximal tibia. What is
more, in this case, fragment bone transport really was
an instrumented advancement of a local vascularized
osteomyocutaneous flap and bridged the soft tissue
defect as well [6] (Figure 5).

3 i
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Figure 4. X-rays and a sketch showing the fragment fixed

with two 1.8 mm olive K-wires and connected to a half-ring
for progressive distraction from distal to proximal
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Figure 5. Picture taken after 4 cm long partial anterior
resection. A partial osteotomy of the anterior aspect
of the tibia was performed to set up the fragment to be
distracted from proximal to distal

Case 3

This case is quite similar to case 1. A 26-year-old
female patient had a partial anterior defect at docking
site after segmental bone transport for infected
nonunion. The partial defect length was 4.3 cm.

Figure 6. Picture showing performed partial osteotomy
of the anterior aspect of the tibia for setting up an anterior
fragment to be transported from proximal to distal

The fragment was transported from distal to proximal.
Duration of external fixation was 3.5 months.
The patient’s last follow-up was at 14 months
after frame removal with no reported recurrence
of infections or other complications.

Case 4

A 43-year-old male patient suffered a fracture of the
proximal tibia. He underwent open reduction and
internal fixation with a plate and screws in another
hospital. He developed a fracture related infection
requiring the hardware removal.

We first visited this patient after plate removal still
presenting a draining sinus tract. The diagnosis was
a Cierny-Mader type III osteomyelitis. We operated
this patient in six months after the injury. A partial
anterior resection of a 4 cm long segment was necessary.
We performed a partial osteotomy of the anterior
aspect of the tibia for setting up an anterior fragment
to be transported from proximal to distal (Figure 6).
The continuity of the posterior cortex was maintained.
We finally applied the Ilizarov apparatus to ensure
stability; the fragment was fixed with two 1.8 mm olive
K-wires and connected to a half-ring for progressive
bone transport (Figure 7, 8). The frame was removed
less than in 5 months after the surgery when union
was achieved. The patient’s last follow-up was at
4 years after frame removal with no reported recurrence
of infections or other complications (Figure 9).

Figure 7. Picture showing the half-ring corresponding to
the split fragment connected to the frame for progressive
distraction
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Figure 8. X-ray showing the split fragment connected to
a half-ring for progressive distraction

Case 5

A 48-year-old male patient suffered a tibial
plateau fracture as a result of a road traffic injury.
He underwent open reduction and internal fixation
with a medal and lateral plate. He developed a
fracture related infection with wound dehiscence,
plate exposure. The hardware was removed; hybrid
external fixator and negative pressure wound therapy
were applied. An area of 3x6 cm of the tibia remained
exposed and looked necrotic. It was finally covered
with a gastrocnemius flap.

We first visited this patient in 6 month after the
injury. He had a stable hybrid external fixator and was
able to walk with two crutches. However, the patient
presented a draining sinus tract on the anterior
aspect of the proximal third of the tibia near the area
which was previously exposed and then covered with
the flap.

Although the fracture was healed, X-ray and CT
showed periosteal new bone formation and anterior
cortical remodeling. A FDG PET-CT confirmed a
superficial osteomyelitis limited to the anterior cortex
as for Cierny-Mader type III osteomyelitis.

We operated this patient in seven months after
the injury. First of all, we removed the hybrid external
fixator. After surgical approach to the proximal third
of the tibial shaft, we observed an anteromedial
segment of necrotic bone; we performed a partial
anteromedial resection of 8 c¢m (Figure 10).

Figure 9. X-ray at the last follow-up shows the fragment
filling the previous defect and remodeling of proximal bone
regenerate

We performed a partial osteotomy for setting up a
posteromedial segment, maintaining the continuity
of the lateral aspect of the tibia. The posteromedial
fragment was fixed with three 1.8 mm K-wires
specially bent into a pigtail. We finally applied the
Ilizarov apparatus to ensure stability (Figure 11).
The fragment was progressively transported from
posterior to anterior to fill the defect (Figure 12).
The frame was removed less than in 4 months after
the surgery when union was achieved. The patient’s
last follow-up was at two years and a half after frame
removal with no reported recurrence of infections or
other complications.

Figure 10. Partial
resection of an 8 cm long
anteromedial segment
of necrotic bone
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Figure 11. The posteromedial fragment was fixed with three 1.8 mm K-wires specially bent into a pigtail.
The Ilizarov apparatus was applied to the leg to ensure stability

Figure 12. The posteromedial fragment was gradually distracted from posterior to anterior to fill the partial defect.

Note complete union and remodeling at the last follow-up

DISCUSSION

Bone defects represent a significant challenge in
orthopedic surgery, requiring innovative approaches
to promote successful bone healing and restore
functional integrity. Traditional treatment modalities,
such as bone grafting and prosthetic replacement,
are associated with limitations, including donor site
morbidity and implant failure. In contrast, the Ilizarov
method offers a minimally invasive yet comprehensive
approach to address both the skeletal and soft tissue
components of partial bone defects. This paper
explores the efficacy and advantages of utilizing
the Ilizarov method for bone fragment transport in
managing partial bone defects, as demonstrated by
the presented case series.

The Ilizarov method, initially developed by
professor G. Ilizarov, has revolutionized orthopedic
surgery by introducing the concept of distraction
osteogenesis [4]. This technique involves the gradual
distraction of bone segments, stimulating new bone
formation and tissue regeneration. The method
utilizes external fixation devices to stabilize fractured
bones and facilitate controlled bone transport,
allowing for precise alignment and reconstruction
of complex bone defects.

One of the key advantages of the Ilizarov method
is its ability to address both skeletal and soft tissue
components of the defects simultaneously. This is
particularly beneficial in cases where traditional
treatment modalities may not adequately address the
extent of tissue damage. By promoting angiogenesis
and tissue regeneration, the Ilizarovn method
facilitates the formation of healthy bone and soft
tissue, leading to improved functional outcomes and
reduced complication rates.

The case series presented in this study highlights
the versatility and effectiveness of the Ilizarov
method in managing partial bone defects of various
etiology. Case 1 and Case 3 demonstrate successful
reconstruction of partial defect at docking site
resulting from a segmental bone transport for post-
traumatic bone defect. Case 2, Case 4 and Case 5
show the application of this technique to reconstruct
partial defects after resection of Cierny-Mader type III
osteomyelitis. By utilizing bone fragment transport
with the Ilizarov method, these patients achieved
favourable outcomes with minimal complications,
highlighting the efficacy of this technique in
challenging clinical scenarios. Additionally, this
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technique proved to be adaptable to different
anatomic conditions. Indeed, fragment transport was
feasible along both longitudinal and sagittal axes.
In Case 1 and Case 4 the fragment was transported
from proximal to distal, while in Case 2 and Case 3
the fragment was transported from distal to proximal.
Finally, in Case 5 the fragment was transported from
posterior to anterior.

In these five cases, the duration of external
fixation ranged from 3.5 to 5.4 months, such a short
time for an infected bone defect. Indeed, the external
fixation index (EFI) ranged from 0.49 to 1.22, clearly
lower compared to EFI reported by other authors with
traditional reconstructive technique, such as acute
shortening and re-lengthening or segmental bone
transport [2, 7, 8, 9].

In Cierny-Mader type II and III osteomyelitis the
osteonecrosis is not circumferential but affects only
one sector and partial resection should be indicated,
as in Case 2, Case 4 and Case 5. Then, this technique
is indicated for reconstruction: the longer the defect,
the greater the advantage compared to a segmental
transport is, because fragment distraction is along
the short side of the defect, which is constant and
corresponds to the diameter of the bone.

No complications related to bone fragment
transport were reported. The only complication
observed was a residual equinus foot deformity in
Case 1, which is related to the complex post-traumatic
condition, absolutely not to the bone fragment
transport procedure.

Furthermore, the Ilizarov method offers several
advantages over traditional treatment modalities.
Its minimally invasive nature reduces the risk of
complications, such as infection and nonunion,
while also allowing for early mobilization and
rehabilitation. In particular, we would like to
highlight that in Case 2 such complex osteotomy was
performed with percutaneous approaches to obtain
a partial fragment (Figure 3) maintaining blood
supply. Additionally, the ability to transport bone
fragments from distant sites provides a versatile
solution for addressing complex bone defects, even
in cases of compromised vascularity or previous
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surgical interventions. What is more, in Case 2,
characterised by the presence of wound dehiscence,
the technique was effective in bridging soft tissue
defect as well. Bone fragment transport, as well
as segmental bone transport, was effective as an
instrumented advancement of a local vascularized
osteomyocutaneous flap [6] (Figure 5).

Rehabilitation protocols following bone fragment
transport with the Ilizarov method play a crucial role
in optimizing outcomes. Since partial bone continuity
was maintained, the patients were encouraged
to engage in weight-bearing activities and ROM
exercises to promote bone healing and functional
recovery.

Although positive results were reported in
the treatment of chronic limb ischemic diseases,
this application of fragment distraction remained
infrequent for decades. Recently, the role of tibial
cortex transverse transport has been emerging, several
groups in China confirmed outstanding clinical results
in the treatment of Buerger’s disease, diabetic foot,
and arteriosclerosis obliterans [10, 11, 12, 13, 14].

Despite the promising results demonstrated in
this case series, this is an advanced application of the
Ilizarov method and requires experience. Challenges
may arise during the course of treatment, such
as pin tract infections and delayed bone healing,
that require close attention and management.
Additionally, patient compliance with correction plan
and rehabilitation protocols is essential for achieving
successful outcomes.

CONCLUSIONS

The Ilizarov method represents a valuable tool in
the management of partial bone defects, offering
a minimally invasive and comprehensive approach
to bone reconstruction. Through bone fragment
transport and distraction osteogenesis, this technique
facilitates the formation of a healthy bone and soft
tissue, leading to improved functional outcomes and
reduced complication rates. Further research and
larger-scale studies are warranted to validate these
findings and refine treatment protocols for optimal
patient care in orthopedic surgery.

OOIIOJIHUTEJIbHASI THO®OPMALIVISA

3asnenenHslii 6K1a0 agmMopos

Bce aBTOpBI cenany SKBUBAJIEHTHbIN BKIAL B MOATO-
TOBKY ITyOIMKAIIUA.

Bce aBTOpBI Mpowan U 0fo6pmian GUHAIBHYIO BepCcUIo
pyKOIIMCH CTaThy. Bce aBTOPBI COIIacHbI HECTU OTBETCTBEH-
HOCTb 3a BCe acreKThbl paboThl, YTOOBI 06ECTIEUNTD HaZJIeXA-
liee pacCMOTpeHMe U pellleHre BCex BO3MOKHBIX BOIIPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTBIO ¥ HAZI@XKHOCTBIO 11000 4acTu
paboThI.

Hcmounuk  ¢unaHcupoeaHusi. ABTOpPbI  3aSIBJISIIOT
06 OTCYTCTBMM BHelIHero hbMHaHCUPOBAaHUS MIPU MpOBeJe-
HUM UCCIeSOBAHUS.

103 2024;30(3)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CNYYAN N3 MPAKTUKWN / CASE REPORTS

Disclosure competing interests. The authors declare
that they have no competing interests.

Ethics approval. Not applicable.

Consent for publication. Written consent was obtained
from the patients for publication of relevant medical
information and all of accompanying images within the
manuscript.

REFERENCES

1. Mauffrey C., Barlow B.T., Smith W. Management
of segmental bone defects. ] Am Acad Orthop Surg.
2015;23(3):143-153. doi: 10.5435/JAAOS-D-14-00018.

2. Yin P, JiQ., Li T, LiJ., Li Z., Liu J. et al. A Systematic
Review and Meta-Analysis of Ilizarov Methods
in the Treatment of Infected Nonunion of Tibia
and Femur. PLoS One. 2015;10(11):e0141973.
doi: 10.1371/journal.pone.0141973.

3. Cierny G. 3rd.,, Mader J].T., Penninck J].J. A
clinical staging system for adult osteomyelitis.
Clin Orthop Relat Res. 2003;(414):7-24.
doi: 10.1097/01.b10.0000088564.81746.62.

4. Ilizarov G.A. Experimental Studies: Transverse
Distraction. Transosseous Osteosynthesis. Springer-
Verlag; 1992, p. 162-171.

5. Shevtsov V.I., Makushin V.D., Kuftyrev L.M. Defects
of the lower limb bones. Treatment based on Ilizarov
techniques. Churchill Livingstone; 2000.

6. El-Rosasy M., Mahmoud A., El-Gebaly O., Rodriguez-
Collazo E., Thione A. Definition of Bone Transport from
an Orthoplastic Perspective. Int J Orthop Surg. 2019;2:
62-71.doi: 10.29337/ijops.33.

7. Salcedo Canovas C., Martinez Ros J., Ondono Navarro A.,
Molina Gonzalez ]., Herndndez Torres A., Moral
Escudero E. et al. Infected bone defects in the
lower limb. Management by means of a two-
stage  distraction  osteogenesis  protocol.  Eur
J Orthop Surg Traumatol. 2021;31:1375-1386.
doi: 10.1007/5s00590-020-02862-5.

Authors’ information
> Filippo Vandenbulcke, MD
Address: Via Manzoni, 56, 20089, Rozzano (MI), Italy
http://orcid.org/0000-0002-4603-659X
e-mail: filippo@vandenbulcke.org
Emiliano Malagoli, MD
http://orcid.org/0000-0003-0239-080X
e-mail: emiliano.malagoli@gmail.com
Alexander Kirienko, MD
http://orcid.org/0000-0003-0107-3423
e-mail: alexander@kirienko.com

Bo3moscHblli KOHGIUKM uHmepecos. ABTOPHI [eKa-
PUPYIOT OTCYTCTBYE SIBHBIX U IIOTEHIMAIbHBIX KOH(IMKTOB
MHTEPECOB, CBI3aHHbIX C ITyOIMKALeil HACTOSILEN CTaTbi.

Amuueckas 3xkcnepmu3sa. He nprMeHnma.

Hugopmuposannoe coznacue Ha nyoaukayur. ABTOPbI
MIOIYYM/IM TIMCbMEHHOE COIIacye MalMeHTOB Ha My6/mKa-
LMIO MEOVILIMHCKMX JaHHbIX U U306 pakeHMIA.

8. Feng D., Zhang Y., Jia H., Xu G., Wu W., Yang F. et al.
Complications analysis of Ilizarov bone transport
technique in the treatment of tibial bone defects—a
retrospective study of 199 cases. BMC Musculoskelet
Disord. 2023;24:864. doi: 10.1186/512891-023-06955-0.

9. Kinik H., Kalem M. Ilizarov segmental bone transport
of infected tibial nonunions requiring extensive
debridement with an average distraction length of
9,5 centimetres. Is it safe? Injury. 2021;52:2425-2433.
doi: 10.1016/j.injury.2019.12.025.

10. Liu G., Li S., Kuang X., Zhou J., Zhong Z., Ding Y.
et al. The emerging role of tibial cortex transverse
transport in the treatment of chronic limb ischemic
diseases. | Orthop Translation. 2020;25:17-24.
doi: 10.1016/j.jot.2020.10.001.

11.LiuZ.,XuC.,YuY., TuD., Peng Y., Zhang B. Twenty Years
Development of Tibial Cortex Transverse Transport
Surgery in PR China. Orthop Surg. 2022;14:1034.
doi: 10.1111/0s.13214.

12. Qin W., Nie X., Su H., Ding Y., He L., Liu K. et al. Efficacy
and safety of unilateral tibial cortex transverse transport
on bilateral diabetic foot ulcers: A propensity score
matching study. J Orthop Translation. 2023;42:137-146.
doi: 10.1016/j.jot.2023.08.002.

13. Qin W, Liu K., Su H., Hou J., Yang S., Pan K. et al. Tibial
cortex transverse transport promotes ischemic diabetic
foot ulcer healing via enhanced angiogenesis and
inflammation modulation in a novel rat model. Eur |
Med Res. 2024;29:155. doi: 10.1186/s40001-024-01752-4.

14. Liu J., Yao X., Xu Z., Wu Y., Pei F., Zhang L. et al.
Modified tibial cortex transverse transport for diabetic
foot ulcers with Wagner grade > II: a study of 98
patients. Front Endocrinol (Lausanne). 2024;15:1334414.
doi: 10.3389/fendo.2024.1334414.

Csedenus 00 agmopax
D} Bandenbynke duiunno
Anpec: Via Manzoni, 56, 20089, Rozzano (MI), Italy
http://orcid.org/0000-0002-4603-659X
e-mail: filippo@vandenbulcke.org

Manazonu Imunuao
http://orcid.org/0000-0003-0239-080X
e-mail: emiliano.malagoli@gmail.com

Kupuenko Anexcanop
http://orcid.org/0000-0003-0107-3423
e-mail: alexander@kirienko.com

104 2024;30(3)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CNYYAN N3 MPAKTUKWN / CASE REPORTS

Case report @)y |

https://doi.org/10.17816/2311-2905-17500

Lowering of the Patella — Prevention and Treatment of a Rare
Complication During Leg Lengthening: A Case Report

Alexander Kirienko !, Filippo Vandenbulcke -2, Emiliano Malagoli!

! Humanitas Clinical and Research Center — IRCCS, Rozzano (MI), Italy
2 Humanitas University, Department of Biomedical Sciences, Pieve Emanuele (MI), Italy

Abstract

Background. Changes in the level of the patella position are a well-known complication of knee replacement, reconstruction
of the anterior cruciate ligament, high tibial osteotomy and consequences of injuries. However, this problem has not been
disclosed in the literature in relation to distraction osteogenesis using the Ilizarov method.

The aim of the study is to describe such a rare iatrogenic complication as patella baja during limb lengthening by the Ilizarov
method using a clinical case as an example.

Case description. In 2017, a 17-year-old teenager was injured in a head-on collision of cars at high speed. The patient
was diagnosed with an open fracture of the left femur and fibula and tibia of the left leg. He was treated in another
clinic using the Ilizarov apparatus for osteosynthesis of the femur, tibia and proximal osteotomy of the tibia to move the
bone to fill the distal bone defect. At the end of the treatment, the patient had a moderate limitation of the knee flexion
(180-80°). In 2018, the patient was admitted to our clinic due to osteomyelitis at the level of the consolidated fracture.
A new resection of the osteomyelitis lesion and proximal osteotomy for bifocal osteogenesis were performed. During the
treatment, limitation of knee flexion (180-120°) was developed and radiographic signs of low position of the patella were
obtained. Given the progression of patella baja (the Caton-Deschamps index = 0.51), we were forced to return the patient
to the operating room to restore the correct height of the patella.

Conclusions. The presented clinical case emphasizes the need for a more thorough assessment of the patella height after
surgical treatment on the proximal tibia using the Ilizarov method. It is also noted that it is important to conduct a control
MRI, which allows for a more detailed study of the initial position of the anterior tibial tubercle. In our case, early detection
of complications allowed us to achieve complete recovery without any consequences.

Keywords: patella baja, tibial tubercle, patellar tendon lengthening, Z-plasty, Ilizarov method, bone transport.
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Patella baja HapkoneHHUKa — NpoUNAKTUKA U NIeYeHUe peaKoro
OC/IOXKHEHUS NPU YAJIMHEHUN HUXKHEN KOHEYHOCTMU:
KJIMHUYECKUI Cyyan

A. Kupnenko !, ®. Baugen6ynke 2, 9. Manaromnm !

! Humanitas Clinical and Research Center — IRCCS, Rozzano (M), Italy
2 Humanitas University, Department of Biomedical Sciences, Pieve Emanuele (MI), Italy

Pedepar

AxkmyansHocms. V3MeHeHMe YPOBHS TOJNOXKeHMs HaJKOJIeHHMKa SIBISETCS XOPOLIO M3BECTHBIM OCIOKHEHMEeM IpU 3H-
JOTIPOTe3VPOBAHNY, PEKOHCTPYKLIMM TIepeiHeli KpecTO0Opa3HOi CBSA3KM, BBICOKOI OCTeOTOMMM GONbLIe6epIIOBOi KOCTH
U TIOCIeACTBUSX TpaBM. OGHAKO [0 CUX MOP B IMTepaType He OblIa PACKPBITA JaHHAS Mpo6eMa MPUMEHNUTENbHO K IVIC-
TpPaKLMOHHOMY OCTeoreHe3y Mo Metony Mnmusaposa.

Liens uccnedosanus — Ha rpyMepe KIMHUYECKOTO CJTy4asi ONMCaTh TAKOe pefKoe SITPOreHHOe OCI0KHeH1e, Kak patella baja
TIpY YAJIVTHEHUY KOHEYHOCTH 110 MeToAy Minu3aposa.

Onucanue KauHuyeckozo cayuasi. B 2017 r. 17-neTHUit MOLPOCTOK MOMYYMI TPaBMY IIPU J060BOM CTOJIKHOBEHUU aBTO-
MOoOuIIeit Ha BBICOKOI CKOPOCTH. Y MalMeHTa 6bUT AMarHOCTUPOBAH OTKPBITHII MEPeIoM JIeBOii 6eIpeHHOI KOCTU U 06eux
KocTeli neBoi roneny. OH NPOXOAMJI JIeyeHMe B IPYToil KIMHMKE C MICIIOAb30BaHKeM anmnapara Minsaposa 1151 0CTeOCHH-
Te3a GepeHHO KOCTH, KOCTell TOIeHM U TIPOKCUMAIbHOM OCTEOTOMMUM GObLIe6epIIoBOii KOCTY IJIs TTepeMeleHsI KOCTH
C LeNbIO 3aTIOTHEHMST IUCTATBHOTO edekTa KocTu. B KOHIIe TeyeHNs y ManyeHTa Habmoganoch yMepeHHOe OTpaHnyeHne
aMIUTUTYZIBI CTMOaHMSI KOHEYHOCTH B KOJIeHHOM cyctaBe (180-80°).

B 2018 r. mauyeHT MOCTYNMII B HAIly KJIVMHMKY 10 TIOBOZLY OCTEOMMENINTA Ha YPOBHE KOHCOMMUIVPOBAHHOTO ITepesioma. bpuin
BBITIOJIHEHBI HOBAsl Pe3eKIUsl oyara OCTeOMMeIUTa U MPOKCUMMAabHAs 0CTeOTOMMS Ijist 6M(OKaIbHOTO ocTeoreHesa. Bo
BpeMs JIeueHHs y MalMeHTa PasBUIOCh OrpaHndYeHne crubanus koeHa (180-120°) u 6bLIy OTyYeHbl PEHTTeHOJIOTMYeCKIe
NIpM3HAKM HU3KOTO CTOSIHMSI HaJIKOJIeHHMKA. YUUTBIBAsl MporpeccupoBanme patella baja (koaddbuunent Katona-demama
cocraBuia 0,51), MbI GbUTM BBIHY)KAEHBI IPOBECTU €llle OTHO XUPYPruUecKoe BMeEIIaTelbCTBO, YTOGBI BOCCTAHOBUTD IIpa-
BWIBHYIO BBICOTY HaIKOJIeHHMKA.

3akntoueHue. TIpenCcTaBIeHHbI KIVMHUYECKUI CITyUaii IOAUEPKUBAET HEOOXOIMMOCTD G0Jiee TIIaTelbHO OLIeHKY BbICOTBI
CTOSTHUSI HAIKOJIeHHMKA TI0C/Ie OTlepaliiy Ha MPOKCHMMAalIbHOM OTIeNne 60blne6epIioBoit KOCTH 1o MeTopy Mnusaposa. Tak-
3Ke BaXXHO TIPOBOAMUTb KOHTpOMbHOe MPT-1cciejoBaHme, MO3BOMSIONIee 6oee MOAPOGHO U3YUUTH UCXOIHOE TONOKEeHMe
nepegHero 6Gonblre6epiioBoro 6yropka. B Hamem ciydae paHHee BBISIBJIEHME OCTOKHEHU MO3BOIUIO AOOUTHCS TTOTHOTO
BbI3JJOPOBJIEHNS 6e3 KaKuX-11Mb0 MOC/IeICTBUIA.

KiroueBbie cnoBa: patella baja, 60nmbie6epiioBblii GYTOPOK, YIJIMHEHWe CYXOXKMINS HAJKOMIEeHHMKA, Z-TUIaCTUKa, METOL
VinusapoBa, 61doKaabHbIi OCTEOTEHes.
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INTRODUCTION

Various complications have been described relative to
bone lengthening or bone transport treatment with
the Ilizarov method [1, 2, 3, 4, 5, 6]. In contemporary
literature, no one described the complications
involving patella height. The patella baja, also referred
as patella infera, is a condition involving decreased
patellar height [7, 8, 9, 10]. It can be congenital or can
be acquired as the result of a traumatic injury or a
surgical procedure [11, 12, 13, 14, 15, 16, 17].

Aim of the study — to describe such a rare
iatrogenic complication as patella baja during leg
lengthening with the Ilizarov method using a clinical
case as an example.

CASE PRESENTATION

We present the case of a 17-year-old patient who
suffered an open fracture of the left femur and left
leg following a motorcycle accident in January 2017
(Figure 1).

Initially the treatment was begun in another
hospital. An external fixator for damage control
orthopedics (DCO) was applied, for both femur and
tibia. Surgical debridement of soft tissue and bone
was performed to the distal third of the leg. A flap was
set up to cover the loss of substance as soon as the
inflammation rates returned to normal. After 4 weeks,
the temporary leg external fixator was converted
with the Ilizarov fixator. An antegrade bifocal bone
transport with proximal metaphyseal osteotomy was
chosen to fill a 10 cm bone defect (Figure 2).

At the end of the bone transport, a further revision
of the docking site was carried out. The femur fixator
was removed after 7 months while the leg fixator was
removed after 1 year after trauma.

At the end of the treatment, the patient showed
modest limitation of knee flexion (ROM 180-80°).

In October 2018, he was evaluated at our hospital
for clinical signs of infection with the presence of
sinus and drainage in the distal third of the left leg.
After clinical evaluation it was requested FDG PET-
CT (fluoro-D-glucose positron emission computed
tomography), which highlighted and confirmed

the focus of osteomyelitis in correspondence with
the previous docking site (Figure 3). To complete the
diagnosis, X-ray and CT scan of the leg was performed
(Figure 4).

Figure 1. X-rays show a diaphysis fracture of the right
femur (a) and fracture and bone defect of the distal third
of the tibia and fibula (b)

Figure 2. AP and lateral X-rays showing first Ilizarov
fixator: a — a yellow line makes evident the level

of proximal metaphyseal osteotomy; b — a yellow arrow
indicates the distal part of tibial tubercle

Ex: Feb 15 208

Figure 3. Clinical signs of infection
with sinus and drainage (a);

FDG PET-CT shows and confirms
infection with uptake at the level
of previous docking site (b)
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Figure 4. Lateral X-ray (a)
and CT scan (b) before
second Ilizarov fixator:
a — purple and blue
lines show the Caton-
Deschamps ratio (lower
limit of 0.60). A white
oval shows area of tibial
tubercle;

b — purple lines delimit
atypical extension

of the patellar tendon

The strategies of treatment were to resect the
osteomyelitis focus and perform a new proximal
metaphyseal tibial osteotomy for antegrade bifocal
bone transport with the Ilizarov technique (Figure 5).
During the lengthening process, the patient
experienced increasing pain, the flexion was

limited to 120°. X-rays of the patella infera with
the Caton-Deschamps ratio negative of 0.51
(normal = 1.3+0.6) were obtained (Figure 6).

We decided to bring the patient back to the
operating room to perform revision of tibial
tubercle e patellar tendon. In the operative room,
we stabilized first the patella with two transeverse
1.8 mm olive K-wires connected with a half-ring and
interconnection with three threaded rods to proximal
tibial ring. Attempting to lift the patella proximally,
we detected a subcutaneous tension distal to the
proximal tibial ring. We tried percutaneous partial
tenotomy of the patellar tendon with 11-blade scalpel
without any positive result. At this point we decided
to inspect the patellar tendon through an incision
of 10 cm. We noted atypical presence of the patellar
tendon in continuity with the distal fragment
of osteotomy crossing longitudinally the whole
regenerated site. We performed a lengthening of the
patellar tendon with Z-plasty to restore the regular
height of the patella. The tendon was sutured in knee
flexion (Figure 7).

Figure 5. AP (a) and lateral
X-rays (b) at the beginning
of bone transport.

Note the patella height
continues to get worse (b)

Figure 6. AP (a) and lateral
X-rays (b) close to the

end of bone transport when
lowering of the patella was
clinically evident

(the Caton-Deschamps ratio
negative)

108 2024;30(3)
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Figure 7. Surgical field views. Atypical length of the patellar tendon in continuity with the distal fragment of transported
bone (a). Z-plasty of patellar tendon to restore the correct patella height. On the right side of the picture, K-wires blocking

the patella at the correct height are observed (b)

The clinical improvement was immediate with a
prompt recovery of knee flexion (ROM 180-90°) and
the Caton-Deschamps ratio ranges from 0.51 to 0.83.
The external fixator was removed in March 2020
after consolidation was achieved at the docking site

DISCUSSION

When dealing with osteotomy surgery, some rules
must be considered. In deformity cases the osteotomy
level should be performed in accordance with the
CORA strategy [18].

A further aspect to consider are osteotomies in
relation to tendon insertions. In knee surgery, high
tibial osteotomy interventions aim to modify the
axis but being proximal to the tibial tubercle, they
modify its height and length of the tendon [19].
Meticulous knowledge of anatomy can prevent
complications [20]. Furthermore, when performing
an osteotomy, anatomical interindividual variations
must be taken into account [21, 22].

and regenerated bone. The Caton-Deschamps ratio
comparable to the post-operative one confirmed
the correct patellar height (Figure 8). The patient
returned to his usual activities of daily living without
any sequelae affecting the knee.

Figure 8. AP (a) and lateral
X-rays (b) after Ilizarov fixator
removal:

a — note healing

of regenerated bone

and docking site;

b — restoring of the correct
patella height

(the Caton-Deschamps ratio
of 0.83)

Considering all these elements when approaching
leg lengthening treatment without deformity, the
choice of osteotomy site should be performed in
the metaphyseal region. The reasons are to exploit
the great regenerative potential of both bone and
soft tissue and to avoid modifying the extensor
mechanism [4, 23, 24]. This principle must be even
more stressed when planning treatment for large
bone defects.

In addition to these factors, as we have appreciated
in this case report, previous interventions must also
be considered. Reevaluating the case presented, the
first osteotomy for bone transport was performed
at the upper limit of the metaphyseal area of the

109 2024;30(3)
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tibia and, comparing the evolution of the Caton-
Deschamps ratio, partially involved the tibial
tubercle from the beginning.

In fact, reviewing the preoperative X-ray and CT
scan, the patella showed values at the lower limits
of the Caton-Deschamps ratio, and the CT showed
an anomalous anatomy of the patellar tendon with
extension well beyond the tibial tubercle.

Among various complications related to treatment
with the Ilizarov apparatus, we have mentioned joint
stiffness [25]. This may have been a confounding
factor in the approach to the second proximal tibial
osteotomy for bone transport.

Although the osteotomy level was performed
in the full metaphyseal region and well below the
hypothetical tibial tubercle, it was not possible to
avoid a further increase in patellar lowering.

The strict clinical and radiographic monitoring
during the treatment made it possible to identify the
patella baja and to intervene promptly to restore an
adequate patellar height as well as avoid any type of
sequelae.

Complications during treatment with the Ilizarov
method are well known and have already been the
subject of case series reviews [1, 2, 3, 4, 5, 6]. As it has
been already well described by D. Paley, complications

DISCLAIMERS

Author contribution

All authors made equal contributions to the study and
the publication.

All authors have read and approved the final version
of the manuscript of the article. All authors agree to bear
responsibility for all aspects of the study to ensure proper
consideration and resolution of all possible issues related to
the correctness and reliability of any part of the work.

Funding source. This study was not supported by any
external sources of funding.

Disclosure competing interests. The authors declare
that they have no competing interests.

Ethics approval. Not applicable.

Consent for publication. Written consent was obtained
from the patient for publication of relevant medical
information and all of accompanying images within the
manuscript.

REFERENCES

1. Lascombes P., Popkov D., Huber H., Haumont T.,
Journeau P. Classification of complications after
progressive long bone lengthening: Proposal for
a new classification. Orthop Traumatol Surg Res.
2012;98(6):629-637.

2. Simard S., Marchant M., Mencio G. The Ilizarov
procedure: limb lengthening and its implications. Phys
Ther. 1992;72(1):25-34. doi: 10.1093/ptj/72.1.25.3.

during the treatment can be divided into problems
and obstacles [3].

In this case report, lowering of the patella certainly
represented an obstacle, because of which it was
necessary to return the patient to the operating room.

Despite this deviation from the treatment plan,
the Z-plasty technique proved effective in correctly
resting the patellar height [8]. Furthermore, the
possibility of stabilizing the patella and fixing it with
the elements of the Ilizarov apparatus contributed to
the consolidation, confirming the versatility of the
method [26].

CONCLUSIONS

When facing the limb lengthening treatment, it is
certainly recommended to carry out serial outpatient
controls, so to evaluate any onset of complications
and promptly resolve them.

The level of osteotomy plays a fundamental role in
the success of the treatment not only to obtain good
quality of osteogenesis but also to avoid involving
tendon insertions.

We recommend a preoperative MRI examination
in particular in such cases presenting joint stiffness
already treated with proximal tibial osteotomy for leg
lengthening.

JOITOJIHUTEJIbHASI THOOPMALIUA

3asnenexHslii 6K1a0 a6mMopos

Bce aBTOpBI cAenany SKBMBAJIEHTHBIN BKJIAJ B MTOATO-
TOBKY MyOIMKAIVA.

Bce aBTOpBI MpowIn ¥ omoOpuian (GUHAIBHYIO BEpPCUI0
PYKOIIMCY CTaTby. Bce aBTOPBI COITIAaCHBI HECTU OTBETCTBEH-
HOCTb 3a BCe acHeKThl paboThl, YTOOBI 06ECTIEUNTD HaZJIeXKa-
1ee pacCMOTPEHME U pellleHI e BCEX BO3MOXKHBIX BOITPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTHIO M HAJEXKHOCTbIO JTF060I1 YacTu
paboThI.

Hcmounuk  unaHcuposanusn.  ABTOpPbI  3asIBJISIIOT
06 OTCYTCTBUM BHEIIHEro GMHAHCUMPOBAaHMUS TIPU MpPOBee-
HUU UCCIIeIOBAHMSI.

Bo3mozcHblii KOH(AUKM uHmMepecos. ABTOPHI NeKja-
PUPYIOT OTCYTCTBME SIBHBIX M MIOTEHI[MAbHBIX KOHQIUKTOB
MHTEPECOB, CBI3aHHbIX C ITyOIMKaIel HaCTOSIIE CTaTh.

Smuueckasn skcnepmusa. He npumeHuma.

UnpopmuposanHoe coznacue Ha nyoauKayuio. ABTOPbI
MOIYYWIM TMMChbMEHHOE coIIacke TallMeHTa Ha IMy6iuKa-
LIVI0 MEAUIIMHCKUX JAHHBIX Y U300 paskeHUiA.

3. Paley D. Problems, obstacles, and complications of
limb lengthening by Illizarov. Clin Orthop Relat Res.
1990;250:81-104.

4. Rozbruch S.R., Ilizarov S. Limb Lengthening and
Reconstruction Surgery. CRC Press; 2006. 696 p.

5. Golyakhovsky V., Frankel V. Ilizarov Corticotomy
(Compactotomy) Technique. In: Textbook of Ilizarov
Surgical Techniques: Bone Correction and Lengthening.
2010. p. 123.

110 2024;30(3)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CNYYAN N3 MPAKTUKWN / CASE REPORTS

Mahgoub M.E.H., Hefny A.S.M., Nahla A.M., Gaber A.M.
Complications of Ilizarov technique: Review article.
Tob Regul Sci. 2023;9(1):320-331.

Caton J., Deschamps G., Chambat P., Lerat J].L.,
Dejour H. Patella infera. Apropos of 128 cases. Rev Chir
Orthop Reparatrice Appar Mot. 1982;68(5):317-325.
(In French).

Barth K.A., Strickland S.M. Surgical Treatment of
Iatrogenic Patella Baja. Curr Rev Musculoskelet Med.
2022;15(6):673-679. doi: 10.1007/s12178-022-09806-y.
Insall J., Salvati E. Patella position in the normal
knee joint. Radiology. 1971;101(1):101-104.
doi: 10.1148/101.1.101.

10. Phillips C.L., Silver D.A., Schranz P.J., Mandalia V. The

11.

12.

13.

measurement of patellar height: a review of the methods
of imaging. J Bone Joint Surg Br. 2010;92(8):1045-1053.
doi: 10.1302/0301-620X.92B8.23794.

Sebastian P., Michael Z., Frederik G., Michael M.,
Marcus W., Moritz C. et al. Influence of patella height
after patella fracture on clinical outcome: a 13-year
period. Arch Orthop Trauma Surg. 2022;142(7):1557-
1561. doi: 10.1007/s00402-021-03871-7.

Gooi S.G., Chan C.XY., Tan M.K.L.,, Lim A.K.S.,
Satkunanantham K., Hui J.H.P. Patella Height
Changes Post High Tibial Osteotomy. Indian ] Orthop.
2017;51(5):545-551. doi: 10.4103/ortho.IJOrtho 214 17.
Graulich T., Gerhardy J., Omar Pacha T., Orgel M.,
Macke C., Krettek C. et al. Patella baja after
intramedullary nailing of tibial fractures, using
an infrapatellar/transtendinous approach,
predicts worse patient reported outcome. Eur
J Trauma Emerg Surg. 2022;48(5):3669-3675.
doi: 10.1007/s00068-021-01807-9.

14. Lum Z.C., Saiz A.M., Pereira G.C., Meehan J].P. Patella

15.

Baja in Total Knee Arthroplasty. ] Am Acad Orthop Surg.
2020;28(8):316-323. doi: 10.5435/JAAOS-D-19-00422.
Krieg J.C., Mirza A. Case report: Patella baja after
retrograde femoral nail insertion. Clin Orthop Relat Res.
2009;467(2):566-571. doi: 10.1007/s11999-008-0501-3.

16. Mariani P.P., Del Signore S., Perugia L. Early

development of patella infera after knee fractures. Knee
Surg Sports Traumatol Arthrosc. 1994;2(3):166-169.
doi: 10.1007/BF01467919.

Authors’ information

DL Alexander Kirienko, MD
Address: Via Manzoni, 56, 20089, Rozzano (MI), Italy
http://orcid.org/0000-0003-0107-3423

e-mail: alexander@kirienko.com
Filippo Vandenbulcke, MD
http://orcid.org/0000-0002-4603-659X

e-mail: filippo.vandenbulcke @humanitas.it

Emiliano Malagoli, MD
http://orcid.org/0000-0003-0239-080X

e-mail: emiliano.malagoli@gmail.com

17. Otsuki S., Murakami T., Okamoto Y., Nakagawa K.,
Okuno N., Wakama H. et al. Risk of patella baja
after opening-wedge high tibial osteotomy. J Orthop
Surg (Hong Kong). 2018;26(3):2309499018802484.
doi: 10.1177/2309499018802484.

18. Paley D. Principles of Deformity Correction. Springer;
2002. p. 102-103.

19. Sherman S.L., Erickson B.]J., Cvetanovich G.L.,
Chalmers P.N., Farr J. 2™ Bach B.R. Jr. et al. Tibial
Tuberosity Osteotomy: Indications, Techniques, and
Outcomes. Am | Sports Med. 2014;42(8):2006-2017.
doi: 10.1177/0363546513507423.

20. Madry H., Goebel L., Hoffmann A., Diick K., Gerich T.,
Seil R. et al. Surgical anatomy of medial open-wedge
high tibial osteotomy: crucial steps and pitfalls. Knee
Surg Sports Traumatol Arthrosc. 2017;25(12):3661-3669.
doi: 10.1007/s00167-016-4181-3.

21.Sojka J.H., Everhart J].S., Kirven J].C., Beal M.D.,
Flanigan D.C. Variation in tibial tuberosity
lateralization and distance from the tibiofemoral joint
line: An anatomic study. Knee. 2018;25(3):367-373.
doi: 10.1016/j.knee.2018.03.006.

22.Yoshioka Y., Siu D.W., Scudamore R.A., Cooke T.D.
Tibial anatomy and functional axes. | Orthop Res.
1989;7(1):132-137. doi: 10.1002/jor.1100070118.

23. Millonig K., Hutchinson B. Management of Osseous
Defects in the Tibia: Utilization of External Fixation,
Distraction Osteogenesis, and Bone Transport.
Clin  Podiatr Med  Surg.  2021;38(1):111-116.
doi: 10.1016/j.cpm.2020.09.006.

24.Ilizarov G.A. Osteogenesis and Hematopoiesis. In:
Transosseous Osteosynthesis. Springer-Verlag: Berlin
Heidelberg; 1992. p. 279-286.

25. Barker K.L., Simpson A.H., Lamb S.E. Loss of knee range
of motion in leg lengthening. /] Orthop Sports Phys Ther.
2001;31(5):238-244. doi: 10.2519/jospt.2001.31.5.238.

26.In Y., Kim S.J., Kwon Y.J. Patellar tendon
lengthening for patella infera using the Ilizarov
technique. J Bone Joint Surg Br. 2007;89(3):398-400.
doi: 10.1302/0301-620X.89B3.18586.

Cesedenust 006 agmopax
DK Kupuenko Anekcanop
Anpec: Via Manzoni, 56, 20089, Rozzano (MI), Italy
http://orcid.org/0000-0003-0107-3423
e-mail: alexander@kirienko.com
Banoerb6ynke duaunno
http://orcid.org/0000-0002-4603-659X
e-mail: filippo.vandenbulcke @humanitas.it

Manazonu Smunuaro
http://orcid.org/0000-0003-0239-080X
e-mail: emiliano.malagoli@gmail.com

111 2024;30(3) TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CNYYAN N3 MPAKTUKWN / CASE REPORTS

Case report @)y |

https://doi.org/10.17816/2311-2905-17560

Salvage of a Comminuted Proximal Tibial Polymicrobial
Infected Non-Union with Antibiotic Loaded Bio-Composite
and Intramedullary Nailing: A Case Report

Ciaran Stanley, Robert Woods, Mohammed Hassan, Niall McInerney, Gerard Sheridan

University Hospital Galway, Galway, Ireland

Abstract

Background. Management of open proximal metaphyseal fractures poses a significant challenge and is fraught with
complications. These injuries are severe, often accompanied by extensive soft tissue and vascular damage, leading to high
risks of infection and long-term disability.

Case presentation. A 72-year-old male was severely injured in a road traffic accident. Plain X-rays and CT angiogram
identified a comminuted proximal tibial fracture with transection of the popliteal artery and vein. Initial emergency
treatment included fasciotomies, external fixation, and vascular primary repair. On the 12™ day of admission, the patient
underwent open reduction and internal fixation (ORIF) with dual plate fixation using a two incision technique. A plastic
surgeon performed skin grafting, harvested from the patient’s thigh, to allow closure of his fasciotomy wounds immediately
following ORIF. Four weeks post-operatively, the patient developed a wound breakdown over the lateral fasciotomy site,
exposing the metal plates with a small defect developing on the medial fasciotomy wound in tandem. The patient’s course
was further complicated by persistent polymicrobial infections. Over 6 months of antibiotic regimes, operative intervention
was ultimately required. All of the infected metal implants were removed, the non-union sites were aggressively debrided.
The tibial canal was reamed to prepare for a tibial nailing. An antibiotic loaded bio-composite was then inserted through the
non-union sites into the canal followed by an intramedullary nail. A blocking screw was used to address the procurvatum
deformity in the sagittal plane. The patient currently shows signs of recovery, mobilizing over short distances, weight-
bearing with assistive aids and with healing wounds and early signs of callus formation on recent CT scans and plain
X-rays.

Conclusions. The management of complex tibial fractures with vascular involvement demands an aggressive
multidisciplinary approach and continuous adaptability in treatment plans to address the evolving challenges of such
severe injuries. This case exemplifies the utility of injectable antibiotic-loaded bio-composites in a limb-salvage setting
and their ability to provide high doses of local antibiotics to an infection site which, in conjunction with appropriate
stable fixation and systemic antibiotics, can aid in eradicating and treating fracture-related infections.

Keywords: comminuted tibial fractures, infected non-union, intramedullary nailing, antibiotic loaded bio-composite.
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JleueHue MHPULMPOBAHHOIO HECPOCLLEroCsl 0CKOIbYaTOro nepenoma
NPOKCUMManbHOro oTaena 6onbwebepLoBoit KOCTU METOAOM
UHTpaMeayNNspHOro OCTeOCUHTE3a B COMETaHUU

¢ 6MOKOMNO3UTOM, UMNPErHUPOBAHHBIM aHTUOUOTUKOM:
KIMHUYECKUIM Cny4van

K. Crannu, P. Byac, M. Xaccan, H. MakMHepHu, [Ik. llepuman

University Hospital Galway, Galway, Ireland

Pedepar

AKmyansHocmp. JleueHe OTKPBITHIX TIEPETIOMOB ITPOKCUMAIBHOrO MeTasnubusa 60/blie6epioBoii KOCTY COMPOBOXKIA-
eTCsl CJIOKHOCTSIMM UM UpeBaTO OCIOKHEHMUSIMU. DTU TsDKesible TPaBMbl YACTO COUETAIOTCSl ¢ OBGIIMPHBIM MOBPEKIeHNEM
MSITKMX TKaHell U COCyI0B, UTO MPUBOLUT K BICOKOMY PUCKY MH(DEKIMM U SOATOCPOIHO MHBATUAU3ALIN.

Onucanue KJAUHUYECKO20 HAOM00eHUs. B pesynbTaTe NOPOXKHO-TPAHCIIOPTHOTO MPOUCIIECTBUS 72-T€THUI MYyKUMHA
TIOJTyY M TsiKesble TpaBMbl. O630pHast peHTreHorpamMma 1 KT-aHrumorpaMma BhISIBMIM OCKOJIbUATbIN IIepeioM IPOKCU-
MaJIbHOTO OTAesa 60oblIe6epIioBoii KOCTU C MOBPEXIEHMEM ITOIKOIEHHON apTepuy U BeHbI. [lepBUUHOE HEOTIOKHOE
JleueHe BKIOYI0 GaciMoTOMUIO, BHELIHIOW (MKCalyIo M BOCCTAHOBIeHKe COCynoB roieHu. Ha 12-it meHb rocnuta-
JIV3alUY TAlMEeHTy ObUIM BBITIOMHEHBI OTKPBITAs perno3uuusi u BHyTpeHHssT dukcanus (ORIF) mepenoma Gosnbliebep-
LI0BO# KOCTH IBYMSI IUIaCTMHAMMU. Il 3aKpBITHSI paHbl rojieHy nocie ¢paciuoToMum O6blia BbITIOTHEHA Iepecajika KoK
¢ 6enpa. Uepes ueThbIpe HeHeN! MOCIe OMepalui y MalKeHTa MPou30III0 PACXOXKAeHNe KPAaeB paH roJIeHU HaJ, MECTOM
dacumoToMmii: MO JIaTepanbHO CTOpPOHE — C OOHAaKEHMEM METAUIMUECKO! TIACTUHBI; MO0 MeIUaabHON CTOpPOHE —
¢ He6ombIIUM NedeKToM MITKMX TKaHell. TeueHue 3a6GoieBaHUS y MalMeHTa yCYTyGUIOCh MEPCUCTUPYIOLIEH MoMu-
MMKPOOHOI nHpexuneii. HeapdhekTMBHOCTh KOHCEPBATUBHOTO aHTMOAKTEPUATBHOTO JIEUEeHMsI B TeueHue 6osiee 6 Mec.
B KOHEYHOM MTOTe IpuBeja K XMPypPruuyecKoMy BMeIIaTenbCTBY. Bce nHGMLIMPOBaHHbIE MeTa/UIMUeCKe UMILIaHTaThl
ObUTM YAAJIEHbI, HECPOCUIMECS YYACTKU KOCTel GbLIM oumiieHbl. KOCTHOMO3TOBOI KaHal 60/bine6epIioBOii KOCTH ObLT
paccBepiieH [Jisl YCTAaHOBKYM MHTPaMey/IIPHOTO CTEPsKHS. Yepes yuacTKM KOCTHBIX AedeKTOB B 06JIaCTY HeCpalleHus
60/1b111e6epII0BOI1 KOCTU B KaHas ObLT BBeeH 6MOKOMIIO3UT C aHTMOMOTUKOM, 3aTeM YCTaHOBJIEH MHTpaMeLy/ IS pHbIit
CTepyKeHb. [l ycTpaHeHNsI aHTEKYPBAIMOHHOI AedopManyy 60/biie6epoBoit KOCTH GbLT MCTIONb30BaH OTKIOHSIIOIINIA
BMHT. B HacTosiee BpeMs y Mal[MeHTa HabMI0Aat0TCsl TPU3HAKK BbI3TOPOBIIEHNMS, OH MOXET IIePeJBUTaThCst Ha KOPOTKIME
PacCCTOSIHMS, TAKKE Y HETO HAOTIONAeTCs 3aKMBJIEHNE PaH Y BU3YaIU3UPYIOTCS paHHME MPU3HAKM 06pa30BaHMs MO30IU
Ha KT-ckaHax ¥ peHTTeHOrpaMMax.

3akntoueHue. JleueHue CJIOXKHBIX TIEPETIOMOB GOJbIIIEGEPIIOBOIT KOCTH C BOB/IEUEHMEM COCYIOB TPEGYET arpecCMBHOTO MEK-
JUCIUIIMHAPHOTO MOAXO0AA U MOCTOSIHHOM aJjanTalyy MIaHOB JIEUeHMs AJIs1 PelIeHMsI MEHSIOLIVXCST TPOGIeM MPYU TaKUX
TSDKEJIBIX TPaBMaX. JTOT CIy4Yail WITIOCTPUPYET MONE3HOCTh MPUMEHEHUS! MHBEKIVOHHBIX GMOKOMIIO3UTOB C aHTUOMO-
TUKaMM TIPU CIIACEHMM KOHEYHOCTU. VX CITOCOGHOCTb 06eCreunBaTh BHICOKME JIOKATbHBIE 103bl aHTUOMOTUKOB B MECTe
MHGbEKIMM B COUeTaHMUM CO CTaOMIbHOI uKcalmeit u CUCTEMHBIMM aHTUOMOTUKAMM IIOMOTA€eT JOCTUYD yCIIexa Mpu Jieue-
HMUM MHDEeKIMIA, CBSI3aHHBIX C IIePeIOMOM.

KimroueBble C/IOBa: OCKOJIbUATHIN Iepejiom 60J1bme6epu0130171 KOCTH, I/[HCl)eKI.lI/[OHHbIe OCJIO’)KHEHMS TiepesioMa, MHTpa-
Me]lyf[f[ﬂprIVI OCTEeOCHHTE3S, MMHperHI/IpOBaHHbIﬁ AHTUOMOTUKOM 6MOKOMITO3UT.

IOnsa outupoBanusi: Ctanmu K., Bync P., Xaccan M., Makuepun H., lllepuman [Ik. JleueHne MHGUIIMPOBAHHOTO
HEeCpPOCIIerocsi OCKOJbUATOTO IMepesoMa MPOKCUMMATbHOTO OTAenaa 60o/biie6epiioBoii KOCTM METOIOM MHTpaMemy/i-
JIIPHOTO OCTEOCHHTE3a B COUETAHUM C 6MOKOMITO3UTOM, UMITPETHUPOBAHHBIM aHTUOVOTUKOM : KIIMHUUECKUIT CITyJaii.
TpaBmatonorust u opronenust Poccun. 2024;30(3):112-119. (Ha anrn.). https://doi.org/10.17816/2311-2905-17560.
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INTRODUCTION

Management of tibial fractures, particularly open
proximal metaphyseal fractures pose a significant
challenge and are fraught with complications [1, 2, 3].
These injuries are severe, often accompanied by
extensive soft tissue and vascular damage, leading
to high risks of infection and long-term disability
[4, 5, 6, 7, 8]. This report illustrates the critical need
for immediate and effective management strategies
and discusses the subsequent challenges of infection
control and chronic wound management.

CASE PRESENTATION

A 72-year-old male was severely injured in a road
traffic accident, whereby his leg was trapped between
a moving car and stationary vehicle. Plain X-rays and
CT angiogram identified a comminuted proximal
tibial fracture with transection of the popliteal
artery and vein (Figure 1). He presented with severe
hypotension, delayed capillary refill, and an absence
of pedal pulses. Initial emergency treatment included
fasciotomies, external fixation, and vascular primary
repair conducted on the day of admission. Initially

Figure 1. X-rays in the AP and lateral views of the right
knee displaying proximal tibial fracture upon admission

an external fixator was applied to give stability
(Figure 2, 3). The patient was then turned prone and
the popliteal artery was repaired primarily following
a posterior approach. The patient’s post-operative
period in the Intensive Care Unit (ICU) was complicated
by an acute kidney injury due to rhabdomyolysis,
his creatinine kinase at the time was 34.617 U/L
(reference range 39-308). His rhabdomyolysis was
managed by the ICU team with fluid resuscitation and
diuretics, he did not require dialysis.

On the 12t day of admission the patient underwent
open reduction and internal fixation (ORIF) with
dual plate fixation using a two incision technique
(Figure 4). After discussion at the multidisciplinary
team meating, ORIF was favoured over external
fixation as it was deemed that external fixation would
not provide adequate ability to reduce the fracture
fragments. In addition, the patient already had
large fasciotomy wounds and so the advantage of a
percutaneous frame had been lost. A plastic surgeon
performed skin grafting, harvested from the patient’s
thigh, to allow closure of his fasciotomy wounds
immediately following ORIF.

n

Figure 2. Three-dimensional reconstruction of images
from CT angiogram demonstrating interrupted flow
of the right popliteal artery

Figure 3. Right lower limb post-fasciotomies
and application of external fixator on the day of initial

surgery
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Figure 4. Departmental X-rays 14 days after fixation with
dual medial and anterolateral plate.

Interfragmentary one-third tubular plates with unicortical
screws had been used to aid reduction

Four weeks post-operatively the patient
developed a wound breakdown over the lateral
fasciotomy site, exposing the metal plates with a
small defect developing on the medial fasciotomy
wound in tandem (Figure 5). Due to the reliance on
the plate fixation to stabilise the fracture and protect
the vascular anastomosis, a decision was made to
leave the plates in situ but aggressive debridement
and washout was performed as has been described in
existing literature in an attempt to salvage the leg
[9, 10, 11]. As a result, the wound was managed
initially with VAC Veraflo therapy.

Diagnostic assessments throughout the treatment
were guided by imaging studies and microbial
cultures, which were essential for monitoring the
progression and effectiveness of the treatment
interventions. The patient’s course was further
complicated by persistent infections with various

organisms cultured from deep tissue sites, including
Enterococcus Faecalis, Staphylococcus Haemolyticus
and Candida Parapsilosis. In light of the severity
of his injuries, poor soft tissue coverage and
polymicrobial infection of metal work, amputation
was considered by a number of orthopedic surgeons,
vascular surgeons and infectious disease colleagues.
A decision was made in conjunction with the patient
to attempt a final salvage procedure.

Over 6 months of antibiotic regimes, which
at various timepoints included 6 antibiotics
(cefuroxime, pip-tazobactam, linezolid, meropenem
and cetazidine) and an antifungal (fluconazole)
as guided by our infectious disease specialists,
operative intervention was ultimately required. In
considering further operative interventions it was
felt a circular external fixator would be ideal given
the fracture configuration and history of infection.
The patient was not deemed a suitable candidate for
frame fixation as it was felt with their poor mobility
baseline and early dementia they would struggle to
cope. The possibility of needing a frame for anything
within 3-6 months was not acceptable to the patient
given the numerous of onerous interventions they
had already been through.

Three months following the injury it was
determined that the diaphyseal component had no
significant union or callus. The patient underwent
removal of all of the infected metal. Extensive
purulence was noted in the medullary cavity
throughout the metaphysis. The non-union sites
were aggressively debrided to bleeding healthy
bone (Figure 6). The tibial canal was then reamed
to prepare for a tibial nail using an infrapatellar
approach so as to avoid inoculating the knee joint
with infected debris. An injectable antibiotic loaded
bio-composite (Cerament V and G — containing
vancomycin and gentamicin) were then inserted
through the non-union sites into the canal followed
by an intramedullary nail (Figure 7). A blocking screw

Figure 5. Intra-operative images of lateral fasciotomy wound breakdown (left) and defect in medial fasciotomy
graft (right) with visible metal in both wounds
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was used to address the procurvatum deformity in
the sagittal plane. A medial gastrocnemius flap and
skin grafting was then performed by plastic surgeons.
Samples from this surgery grew methiillin resistant
Staphylococcus  Aureus (MRSA), Pseudomonas
Aeruginosa, Candida Parapsilosis, Enterococcus
Faecium and Staphylococcus Haemolyticus. Of these
samples the dominant growths were Pseudomonas
(sensitive to Gentamincin), Candida (sensitive to
fluconazole) and MRSA (sensitive to linezolid).
Post-operative antimicrobial treatment included
ceftazidime, linezolid, ciprofloxacin and fluconazole.

After a period of three months, the patient’s
antibiotics have been discontinued, however he
remains on Fluconazole for at least another 6 months.
Despite these challenges, the patient currently shows
signs of recovery, mobilizing over short distances,
weight-bearing with assistive aids and with healing
wounds and early signs of callus formation on recent
CT scans and plain X-rays (Figure 8, 9, 10). His
inflammatory markers have improved significantly
with a latest C-reactive protein of 14.7 from 250 mg
previously (reference range 0-5) and normal white
cell and neutrophils count.

Figure 6. Intra-operative images demonstrating infected
non-union sites at 3 months

Figure 8. Plain X-rays 3 months after removal of dual plate
fixation with insertion of cerement V and intramedullary
nail showing satisfactory alignment and early callus
formation

Figure 7. Plain X-rays after removal of dual plate
fixation. Cerament V was inserted into canal and then
intramedullary tibial nail was inserted

Figure 9. Wound healing with vacuum therapy
and split-thickness skin graft subsequently over
granulation tissue

116 2024;30(3)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CNYYAUN U3 NMPAKTUKWN / CASE REPORTS

Figure 10. Sagittal, coronal and axial CT images
displaying callus formation at fracture site at 3 months
post-operatively

DISCUSSION

The complexity of this case required a coordinated
approach across multiple specialties, including
orthopedics, plastic surgery, vascular surgery, and
infectious diseases. The initial rapid management of
the vascular injuries was crucial in preventing acute
limb loss, while subsequent aggressive and adaptable
infection management strategies were pivotal in limb
salvage [7, 12, 13, 14, 15]. In the emergency setting,
prompt treatment to provide relative stability to allow
vascular repair of the patien’s vessels was the priority.
Following this, decisions regarding definitive fixation
and how best to achieve this had to be considered.
Ultimately the main options available were circular
frame fixator (which the patient was not agreeable
to), intramedullary nailing (which was likely to be
difficult in the setting of multiple proximal diaphyseal
fragments) and open osteosynthesis. As this patient
had fasciotomy wounds still open at this point, a

decision for open osteosynthesis through these
wounds was made since a plastic surgery was available
to achieve definitive closure.

In terms of the revision fixation, consideration
was again given to circular frame fixation, however
the patient was not a good candidate and was not
agreeable, and to whether removal of metalwork was
required. Ultimately, as the wounds were breaking
down over the metalwork, a decision not to retain them
was felt to be the best option in terms of eradicating
infection and allowing fracture union.

The injectable bio-composite used in this case
was Cerament V and G. This is a useful adjunct in
the treatment of fracture-related infection [16], bone
voids [17] and osteomyelitis [18]. Cerament is a bio-
composite of 40% hydroxyapatite and 60% calcium
sulfate. The producers state this composition allows
the mixture to absorb at a similar rate to new bone
formation and the osteoconductive properties allow
bone to integrate into the solution as it absorbs
[19]. While this has potential advantages, it also has
practical disadvantages. In particular injecting the
solution then inserting the nail may allow the solution
through the screw holes in the nail and make removal
difficult.

This case contributes to the existing literature
by underlining the necessity of aggressive and
multidisciplinary management in severe orthopedic
injuries, especially in elderly patients who present
additional care challenges due to frailty and
comorbidities.

The patient expressed gratitude for the limb-
saving measures and was happy with the decision not
to undergo external fixation.

CONCLUSIONS

The management of complex tibial fractures with
vascular involvement demands an aggressive
multidisciplinary  approach and continuous
adaptability in treatment plans to address the
evolving challenges of such severe injuries. This
case exemplifies the utility of Cerament, or other
injectable antibiotic loaded bio-composites, in a
limb-salvage setting such as this and its ability to
provide high doses of local antibiotics to an infection
site which, in conjunction with appropriate stable
fixation and systemic antibiotics where appropriate,
can aid in eradicating and treating fracture-related
infections.
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JOITIOJTHUTEJIBHASI NTH®OPMAIIA

3aseneHHblii 6K1a0 agmMopoe

Bce aBTOpBI cAenany 3KBUMBAJEHTHbBIM BKJIaJ, B MOATO-
TOBKY ITyOIVIKALIAM.

Bce aBTOpBI TpOwIM U ofmo6pw GUHATBHYIO BEPCUIO
PYKOITMCY CTaThy. Bce aBTOPBI COIIACHBI HECTU OTBETCTBEH-
HOCTb 3a BCe acreKThbl paboThl, YUTO6BI 06ECTIeUNTh HaIeKa-
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Lower Extremity Osseointegration — A Review of the Current
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Abstract

Transcutaneous osseointegration for amputees (TOFA), an alternative approach to limb-loss rehabilitation, offers an
enhanced quality of life and mobility, overcoming some challenges associated with amputation. This review presents
evolution, surgical techniques, patient selection principles, and outcomes associated with TOFA. Notable points include the
recognition that press-fit osseointegration techniques and implants achieve the quality of life and mobility improvements
with a single surgical episode. Infection remains the most common adverse event, but uncommonly requires additional
surgery, and rarely requires implant removal. Press-fit osseointegration has proven suitable for rehabilitating a broad range
of patients with pelvic, transfemoral, or transtibial amputation performed to manage trauma, cancer, infection, chronic
pain, and deformity. This technigue is safe for patients with vascular disease, diabetes mellitus, short residual bones, and
osteoporotic residual bones. This article serves as a central resource for understanding the principles and techniques of
osseointegration.
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MpumMeHeHMe MeTOAA OCTEOMHTErpaLMM Ha HUXKHEN KOHEYHOCTH —
COBpPEeMEeHHOEe COCTOSIHUE M NepCneKTUBbI:
0630p nuTepartypbl

Ix.[1. Tpocc, M. I'prondenba, C.P. Po36pyx, T.JIk. Peiid, IIk.C. XomnBapT

Hospital for Special Surgery, Osseointegration Limb Replacement Center, New York, USA

Pedepar

UpeckoctHas octeouHTerpauus (HO) siBsieTCS OGHUM U3 METOLOB PeabMINTauyy MalMeHTOB MOC/Ie YTPAThl KOHEYHO-
CTY, TTO3BOJISIOLIYIM TOBBICUThH KAUeCTBO KU3HU M MOOWJIBHOCTD, @ TAKKe PEeIIUTbh HEKOTOPbIe MPOOGIeMbI, CBSI3aHHbIE
¢ ammyTrauueii. B 063ope ocBematoTcs spomonus YO, Xupypruueckue MeTOAbI, IPUHLIMIIBI 0T60pa MAllMEHTOB U pe-
3y/bTATHI ee mpuMeHeHus1. Oco60 clefyeT OTMETUTD, YTO METOJ, OCTeOMHTErpanyuu u press-fit UMIIAHTATHI TO3BOSIIOT
MTOBBICUTD KAUeCTBO KU3HY ¥ MOGMIBHOCTh MAI[MEHTa 3a OJHY omeparuio. Ha cerogHsImHmit [eHb MHQEKIUS 0CcTaeTcs
Hauboee YaCcTO BCTPEUYAIOIMMCSI OCIOKHEHMEM, KOTOPOe, TEM He MeHee, PeIKO TpeGyeT JOIOTHUTETbHOTO XUPypruye-
CKOTO BMelIaTe/lbCTBa U yAaleHusl uMIaHTaTa. OcTeoMHTerpalus ¢ IpuMeHeHueM press-fit UMIIIaHTAaTOB yCIEIIHO UC-
MOJIb3YeTCs B peabuanTaly NalyeHToB, epeHeclnX aMIyTaluy Ha YPOBHe Ta3a, 6eipa yiu rojieH! 0 MTOBOAY TPaB-
MbI, OHKOJIOTMYECKOTOo 3aboneBaHust, MHGEKIMY, XPOHNUECKO# 60mmu uau gedopmanuu. OcreonHTerpanust 6e3omnacHa
JTSI TIAIVIEHTOB C COCYAVICTBIMY 3a060/IeBaHUSIMM, CAXaPHBIM JUabeTOM, CO CHYDKEHHO IIJIOTHOCTBIO KOCTHOM TKAHU WK
C KOPOTKMMU dparMeHTaMy KOCTeii KyabTH.

KiroueBbie cjioBa: YpeCKO>XHasi OCTeOMHTerpaumsd, press—fit OCTeOMHTerpaumusd, aMIiryTanmusd, pea6I/IJ'II/ITaI_[I/[${ TmocjIe yTpaThl
KOHEUYHOCTH.

HOas nurupoBaumsi: I'pocc .M., T'proHdensy M., Po36bpyx C.P., Peii¢d T.Ix., Xomnsapt [.C. [IpyuMeHeHMue MeTO-
[la OCTEOMHTETpauyy Ha HIWKHE! KOHEUHOCTM — COBPEMEHHOE COCTOSIHME ¥ TIepPCIeKTMBBI: 0030p JUTEPATYpHI.
Tpasmamonozus u opmonedus Poccuu. 2024;30(3):120-131. (Ha aurn.). https://doi.org/10.17816/2311-2905-17465.
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INTRODUCTION

Limb amputation remains a significant global health
issue. In 2005, approximately 1.6 million people in
the United States experienced limb loss, a prevalence
of almost 1 in 200 people. This number is expected
to double by 2050 [1]. Worldwide, it is estimated
that a diabetic patient undergoes a lower extremity
amputation every 30 seconds [2]. Traditional socket
prostheses (TSP) have been the foundation of limb-
loss rehabilitation. Yet, despite advancements in
materials like custom-molded carbon fiber and
silicone interfaces, TSPs still often have issues such
as skin ulceration and poor fit, impacting quality of
life (QOL) and mobility [3, 4, 5].

The past 30 years have marked a significant
shift in limb-loss rehabilitation with the advent
of transcutaneous osseointegration for amputees
(TOFA) (Figure 1). This surgical reconstruction
implants a permanent metal prosthetic anchor
into a patient’s residual limb, which then passes
transcutaneously to provide a direct skeletal
attachment for a terminal prosthesis, such as a leg or
arm. TOFA entirely eliminates the need for sockets.
This technique has transformed the landscape of
limb-loss rehabilitation, offering better QOL and
mobility [6]. Osseointegration eliminates many

w

physical and psychosocial challenges associated with
TSP, providing benefits such as increased prosthetic
wear time [7], improved self-image [6], enhanced
stability and mobility [6], osseoperception [8], and
greater joint range of motion [6]. On a societal level,
press-fit TOFA can also be financially favorable
versus TSP, given that many patients can achieve a
higher activity level than with TSP, and with only one
surgical episode [9].

As the benefits of osseointegration become more
popular, an increase in both the number of patients
seeking this procedure and surgeons offering it is
expected. With the recent surge in literature over
the past several years, it is helpful to consolidate and
streamline the information to help care providers and
patients to better understand the current expectations
and limitations of TOFA. This review summarizes TOFA
in the following aspects. First — its historical evolution.
Second — the surgical and implant techniques,
technologies, and principles. Third — the fundamental
patient selection considerations. Finally — a review of
outcomes and opportunities for amputee cohorts.

The aim of the review — by distilling the collective
knowledge, to improve clinician and patient

understanding of the technique of transcutaneous
osseointegration for amputees.

Figure 1. Osseointegrated Prosthetic Limb (OPL) used in the majority of articles reviewed in this manuscript:

a* — exploded view with the componentry arranged at approximately the proximal-distal levels, in which they would
reside after being assembled and implanted in a patient who had undergone a femoral amputation (1 — proximal cap
screw; 2 — OPL body; 3 — safety screw; 4 — dual cone abutment adapter; 5 — taper base screw; 6 — proximal connector;
7 — prosthetic connector. Components 6 and 7 are one of various styles of mating the dual cone (4) with a prosthetic

terminal device);

b — long-standing X-ray of a patient with right transfemoral amputation in the socket prosthesis, identifying the valgus

hip position seen in many socket users;

¢ — long-standing X-ray of the same patient after transfemoral osseointegration, showing the anatomic alignment of the leg;
d — close-up photograph of the transcutaneous portal for the prosthesis. Note the stable skin-implant interface

* Image adapted with permission from Hoellwarth J].S., Tetsworth K., Rozbruch S.R., Handal M.B., Coughlan A., Al Muderis M.
Osseointegration for Amputees: Current Implants, Techniques, and Future Directions. JBJS Rev. 2020;8(3):e0043. doi: 10.2106/JBJS.RVW.19.00043.
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HISTORY OF OSSEOINTEGRATION
AND IMPLANT DESIGNS

From a surgical standpoint, perhaps the most striking
feature of TOFA is its permanent transcutaneous
nature. It is the only orthopedic surgery, and
one of the very few surgical techniques overall,
where a permanently placed implant passes from
the external environment into the body. Given the
lack of a biological seal, concerns for infection are
understandable.

The concepts, techniques, and technologies of
osseointegration are continually evolving. A deep
review of the history of osseointegration is provided
by J.S. Hoellwarth [10]. Efforts at transcutaneous
orthopedic limb care date back at least to the 1500s
with the Aztecs, who sometimes used wood dowels
to stabilize fractures [11]. The first documented
successful treatment of orthopedic pathology with
a transcutaneous implant was performed by Joseph
Francois Malgaigne in the 1840s, who used a dual-
sided claw clamp to pierce the skin and compress
patella fractures [12]. Malgaigne’s work emphasized
the importance of minimizing skin movement against
transcutaneous metal to avoid unwanted reactions.
In 1909, Martin Kirschner [13] introduced the
Kirschner wire (K-wire), paving the way for techniques
and devices such as external fixators by Gavriil Ilizarov
[14] and hexapods [15] that remain familiar today.
However, these devices are not permanent, being
designed for eventual removal.

The modern era of amputated limb replacement
began in the 1940s, initially on dogs and later on
human amputees, by G. Dimmer in Germany in
1946 [16]. Extensive experimentation was conducted
by C.W. Hall, mostly using goats, from 1967 to
1985. His research affirmed the importance of
minimizing skin tension against the implant and
introduced new surgical and biological principles.
These include the potential for skin to bind to
and pull implants from bone, the significance of
exfoliation in removing desquamated skin, which can
compromise the implant’s connection to the bone,
and the safety of omitting a force dampener between
the transcutaneous implant and the bone [17].

The material used for all contemporary TOFA
implants is a titanium alloy, specifically Ti6Al4V,
chosen because of its strong integration with bone
and bioinert behavior with soft tissues, achieving a
low clinical infection profile in the right situations
[18, 19]. As commercially pure titanium became
more readily accessible in the mid-20" century,
P.I. Branemark serendipitously discovered that
titanium screws achieved increasingly strong
purchase in rabbit bone over time. He subsequently
championed the use of titanium in medical care,
specifically dental implants through a patient’s
gingiva, thereby demonstrating titanium’s clinical

effectiveness as a permanent penetrating implant
through soft tissue into bone [20]. It was eventually
identified that bone does not grow directly onto the
surface of titanium, as it was originally thought due to
limitations of imaging techniques, but rather achieves
extremely close interdigitation — a sub-micron
intermediate layer between the titanium and bone
appears to always exist [21]. In 1990, R. Branemark
scaled up his father’s design, marking a significant
milestone by successfully implanting the first durable,
long-term transcutaneous bone-anchored prosthesis
in a bilateral transfemoral amputee. Relative stable
position of the implant to bone confers a sense of
stability to patients, enabling better participation
in a wide range of activities. The specific interaction
between bone and titanium appears to be non-
inflammatory, though the percutaneous opening
(termed a “portal”) usually will demonstrate some
inflammation appearance, which is likely due
to unsealed skin edges. While further research
is necessary to fully understand the biological
interactions between titanium and both bone and
skin, the effectiveness of titanium for prosthetic limb
anchoring is indisputable.

A thorough review of recent and current
implant options is available by ].S. Hoellwarth [22].
The original osseointegration implant featured a
screw-type design and was revolutionary. However,
its lengthy surgical and rehabilitation requirements
were inconvenient. Press-fit alternatives, akin to those
used in hip arthroplasty, were eventually developed,
achieving TOFA in a single surgical episode with
initial time to ambulation as soon as days to weeks
after surgery [6, 22, 23, 24, 25]. Press-fit implants are
inserted retrograde into the residual bone and axially
impacted to achieve an initial scratch fit. Specific
technique videos for the femur [26] and tibia [27]
demonstrate this in detail. Surgical and rehabilitation
techniques continue to evolve, with research aimed
towards identifying strategies to minimize infection
via better perioperative care, and maximize mobility
and performance through improved specific therapy
techniques.

The first press-fit TOFA implants were made of
cobalt-chrome alloy in Germany in the late 1990s;
their use increased in the early 2000s but are generally
no longer available [28]. In the early 2010s, titanium
implants designed by Al M. Muderis [10] emerged as
the highest volume implant option [24]. Particularly
with titanium implants, the extensive surface area
and surface finishing properties enable robust bone
interdigitation, achieving strong fixation [22]. Bone
growth through the undulations of the implant helps
to achieve long-term stability and strength of the
fixation, distributing the force over the surface of
the implant on a microscopic scale [29, 30]. Based on
skin issues experienced with early press-fit implant
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designs, the current paradigm is that the implant
should be as smooth as possible where it contacts the
skin, to prevent skin adhesion and pain likely related
to repetitive tearing from the implant [22]. Press-fit
TOFA can be performed in either one or two stages,
although currently a single stage is generally utilized.
The two-stage procedure involves initial implant
insertion procedure and sealing the skin to allow bone
ingrowth to occur, with a second surgery 1 to 6 months
later to create the transcutaneous portal [6].

PATIENT SELECTION, SURGICAL
AND REHABILITATION PRINCIPLES

The initial patient selection criteria for TOFA
were cautious. Given the novelty of a permanent
transcutaneous implant, the priority was to focus
on patients with a low risk of adverse events due
to concerns regarding risk of complications, in
particular infection [31]. Patients with peripheral
vascular disease (PVD) [24], diabetes, skin disease
involving the amputated limb [32], osteoporosis [33],
or exceeding 100 kg and 70 years of age [34] were
excluded. However, as experience with press-fit os-
seointegration implants increased and consistently
good outcomes were achieved, confidence to expand
indications for broader patient populations grew.
The authors’ current approach to patient selection
isasfollows.Generally, patients are considered suitable
for osseointegrationifthey are skeletally mature adults
who may identify with at least one of three categories:
1) those experiencing pain or mobility dissatisfaction
with their TSP; 2) individuals with intact limbs, but
suffering from incapacitating pain, deformity, or
profound distal weakness, where amputation is deemed
likely to improve their functional capacity; 3) recent
amputees who prefer osseointegration to traditional
prosthetic rehabilitation. There are few absolute and
permanent contraindications. Modifiable or temporary
contraindications include factors affecting successful
bone and wound healing, such as active infections or
malignancies. Most patients are suitable candidates
upon resolving these issues. Other examples include
diabetes mellitus, though patients seem reasonable
candidates once consistent glucose control is achieved,
approximately HbAlc of 8% or less. Additional
contraindications are more generally common to any
elective orthopedic surgery. Patients must have stable
psychosocial situations, such as the ability to procure
and maintain a prosthetic limb following surgery, to
uphold reasonable hygiene practices, and to embrace
the presence of a transcutaneous implant in their
bone. Patients struggling with stable housing, self-
harm, or with other signs of poor self-care may not
be suitable for osseointegration. Typical preoperative
elective surgery medical evaluation is necessary
to optimize cardiovascular or other common risks.
As with any elective procedure, thorough counseling,

shared decision-making, and possible collaboration
with additional care providers or patient advocates
can help to balance optimizing accessibility versus
identifying unsuitable candidates.

Surgical planning for osseointegration, as discussed
in depth in the technique videos [26, 27], begins with
X-rays in the AP and lateral views and computed
tomographic (CT) scans of the affected limb [27]. These
are essential for customizing the implant’s size, shape,
length, and diameter to match the best bone corridor for
maximum implant stability [6]. This approach prevents
the implant from being too small or too large, which
could lead to implant loosening or bone fracture upon
insertion[26].Itisimperative to mention that cementing
an implant seems to be absolutely inappropriate and
will lead to inevitable eventual loosening [35, 36, 37].
Clinical or radiographic determination of the distance
to the contralateral knee (for transfemoral patients) or
to the floor (for transtibial patients) is critical to plan
any potential additional bone resection. Although
the prosthetic limb attachment can be lengthened to
match the knee or ground, its shortening has a limit,
beyond which a revision surgery is necessary. Overall,
the bone-implant aspect of TOFA likely is relatively
optimized, in that it is well understood how to achieve
fast and durable bone ingrowth providing long-term
implant stability.

However, the skin-implant interface is less well
understood. Many uncertainties remain regarding
exactly how to fashion the percutaneous portal, to
what extent the soft tissue plays a direct role in long-
term infection risk, and what patient factors may
present an inherent risk versus should be addressed
in patient-specific ways to mitigate risks. Accordingly,
there are at least two specific roles a plastic surgeon
is directly helpful in TOFA surgery. First, they help
with neuroma treatment and/or prophylaxis. Patients
who sustain nerve injury or have nerve amputation
either traumatically or surgically can develop primary
nerve pain, often attributable to a neuroma. Targeted
muscle reinnervation and regenerative peripheral
nerve interface are two options to both prevent and
treat neuroma pain, and both can be performed before,
during, or after TOFA [38]. A second specific role for
plastic surgery involvement for TOFA is soft tissue
contouring and closure. In a traditional amputation,
simply achieving closure with no underlying sharp
bone or implant is likely generally suitable. Because
TOFA has the permanent portal, complex decisions
and technical execution of soft tissue work is critical.
Excess soft tissue will tend to slide up and down a
percutaneous implant and lead to inflammation,
which can predispose infection of skin, fat, muscle, or
bone. Excessive tension can lead to wound dehiscence
at an incision closure or trauma to the portal as the
limb moves through its arc of motion. Such potential
infectious events are most often seen in the first
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several months following TOFA surgery, and wound
closure by a reconstructive plastic surgeon is likely to
minimize these adverse events [38, 39, 40].

Rehabilitation protocols after osseointegration
surgery can vary substantially [6]. Following implant
externalization, patients are usually instructed to
remain strictly non-weight-bearing for 3 days to
6 weeks, depending on bone quality and overall
health. Subsequently, patients begin a progressive
loading-protocol, starting with 5 kg to half body
weight, and increasing by 5 kg daily or 35 kg per week
until they reach full body weight. Some protocols also
focus on navigating various terrains and practicing
fall prevention. Although rehabilitation protocols
may have standard expectations, maintaining a
patient-centric rehabilitation process is crucial. This
involves making adjustments in response to patient-
reported pain or discomfort, tailoring each stage of
the process to the patient’s unique needs and recovery
pace to create the most conducive environment for
mobility and gait improvement. Specific research
into rehabilitation routines is important to further
optimize patient rehabilitation.

FOCUSED OUTCOMES FOR SPECIFIC COHORTS
OF INTERESt

Recent reviews by ].S. Hebert et al. [41] and
S.K. Kunutsor et al. [42] have highlighted the benefits
of osseointegration versus socket rehabilitation
for lower extremity amputees: improved mobility,
comfort, gait, and prosthetic use, leading to
enhanced satisfaction and quality of life. Commonly
reported metrics include the 6 Minute Walk Test
(6MWT), Timed Up and Go (TUG), walking distance,
Short Form 36 (SF-36), Questionnaire for Persons
with a Transfemoral Amputation (Q-TFA), and
K-level. Osseointegration enables a more natural
gait compared to TSP [43], likely due to increased hip
range of motion and decreased hip tilt [44]. Subjective
measures also report increased comfort of sitting, a
commonly reported challenge in patients using TSP,
as well as increased daily prosthesis use and easier
donning and doffing [45].

The most frequent complication, low-grade soft
tissue or superficial infections, was mainly managed
with local wound care and oral antibiotics. Advances
in techniques, technology, and ongoing research are
expected to yield even better functional outcomes
and reduce complications. Given the existence of
the mentioned reviews, this manuscript will focus
on summarizing several important specific cohort
studies that are informative to understanding the
current TOFA landscape.

The largest civilian study of TOFA in the United
States was performed by T.]. Reif et al. [6]. Evaluating
18 transfemoral and 13 transtibial amputees who
underwent osseointegration, patients reported

significant improvements in prosthesis wear time,
mobility, and multiple quality-of-life surveys. With
an average follow-up of nearly 2 years, all quality of
life domains improved significantly, with increased
prosthetic use and comfort and fewer prosthesis-
related complications. All patients who were unable
to use a TSP prior to surgery were able to ambulate
independently with the osseointegrated prostheses.
The study also found improvements in overall pain and
pain interface, suggesting reduced discomfort enabling
enhanced mobility. Although acute complications,
such as mechanical issues and soft tissue infections,
were noted, all were managed without the need to
remove any implants. The study also noted significant
improvements in mental health, overall health,
physical health, and functionality, as reflected in higher
PROMIS scores. These findings, along with patient-
reported improvements in activity, self-image, and
appearance, reinforce the growing body of literature
that osseointegration offers substantial benefits over
TSP. One further notable aspect of this article is the
relatively large number of tibial amputees represented.
There is very little literature describing TOFA for
transtibial amputees, even though the procedure can
often be exceptionally empowering for them as well as
for the transfemoral patients (Figure 2).

While the benefits and potential for more
common adverse outcomes such as an infection or
a periprosthetic fracture are evident, patients and
clinicians must understand the potential risk of the
most devastating complications in order to make their
best personal decision of whether to undergo TOFA.
As with any limb reconstruction surgery, the worst
potential situations would likely be to die, have a major
systemic complication such as a stroke, or to have a
more proximal amputation related to complications of
TOFA. ].S. Hoellwarth et al. [46] specifically analyzed
those risks in a study of 485 TOFA patients aged 16
to 85, followed for up to ten years. No patients had
systemic complications or proximal level amputation.
They reported that 19 patients died after having TOFA,
but 17 (90%) were unrelated to osseointegration
(such as a cancer). This suggests a treatment-
related mortality risk of less than 0.4%. Despite
the higher mortality risk associated with vascular
disease-related amputation or prior infections, the
study observed no significant increase in mortality
among the 59 patients who required reoperation to
manage infections. Factors such as patient weight
and sex showed no significant impact on mortality.
The study concluded that an all-cause mortality rate
of 3.9% and an osseointegration-related mortality
rate of 0.4% underscore the procedure’s safety.
Knowledge of the safety of TOFA can help patients
and clinicians to better focus on the more individually
relevant benefits and risks without excessive fear of
worst case scenarios.
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Figure 2. Transtibial osseointegration:

0.

a — preoperative photograph identifies this patient is using two crutches to locomote because of his inability to wear

a socket prosthesis due to pain;

b — X-ray in the anterior-posterior view depicting the transtibial osseointegration implant;

¢ — standing photograph of the patient following transtibial osseointegration;

d — photograph showing the patient feeling comfortable and enthusiastic enough to initiate a dance with the nurse during
the postoperative visit. Note that the patient is able to plant on the osseointegrated limb confidently enough to lead his

partner while having his intact leg off the ground

Likely due to the transcutaneous nature and
permanent exposure of the implant to the external
environment, the most common postoperative
adverse event related to TOFA is infection. In the
previously mentioned study by T.J. Reif et al., out
of 31 TOFA patients, 15 experienced 23 soft-tissue
infections. Mild signified low-grade soft-tissue
infections, which were treated with oral antibiotics.
Moderate specified high-grade soft-tissue infections,
which were managed with surgical debridement
with a retained implant. Severe complications
included deep infection or osteomyelitis with bone
changes evident on X-rays requiring explantation.
Twenty episodes were managed with oral antibiotics,
3 required intravenous antibiotics, 2 of these cases
were the same patient who subsequently underwent
surgical debridement with implant retention. One
patient’s infection prompted implant removal
with antibiotic therapy followed by reimplantation
without additional issues. In an additional study,
M. Al Muderis et al. [47] reported outcomes for 86
patients. Twenty-nine patients experienced low-grade
soft-tissue infections on 41 occasions, which were
managed with oral antibiotics. Two patients developed
low-grade soft-tissue infection with significant pain
and cellulitis; one was managed with intravenous
antibiotics and the other with intravenous antibiotics
followed by local debridement. Additionally,
4 patients developed high-grade soft-tissue infection
and were treated with surgical abscess drainage and
debridement — none of the patients developed bone

infection or required explantation. S.H. Alam et al.
[48] introduced the first algorithmic approach to
preoperative TOFA infection assessment. Peri-implant
stump pain was significantly correlated with infection,
positive preoperative bacterial culture swab was
moderately correlated, and erythema or cellulitis near
the transcutaneous region was only mildly correlated.
Erythrocyte sedimentation rate greater than 30 was
found to be inversely correlated with infection, while
C-reactive protein and white blood cell levels were
not predictive of peri-TOFA infections. The authors
emphasized the limitation of utilizing these common
screening labs for TOFA infection.

Infection may also occur from reactivation of
previously seeded bacteria, not only from new
bacterial ingress from the portal. Patients who had
prior amputation can have dormant bacteria that
theoretically could become problematic following
additional surgery, particularly the insertion of a foreign
implant. ].S. Hoellwarth et al. [49] investigated
the impact of unexpected positive intraoperative
cultures (UPIC) on the occurrence of postoperative
infections. In this study, 8 patients with UPIC and
22 patients with negative intraoperative cultures
(NIC) were identified. All patients received the routine
24 hours of postoperative antibiotic prophylaxis,
with additional antibiotics for UPIC guided by culture
results, generally six weeks of oral or intravenous
antibiotics. Out of 30 patients, 2 UPIC and 8 NIC
patients required antibiotics unrelated to the initial
surgery, 1 UPIC patient required debridement and 1 NIC
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patient required explantation. The authors concluded
that UPIC with subsequent antibiotic therapy did not
appear to confer a statistically significant increased
risk of infectious-related complications compared to
NIC patients. Although more research is required to
determine the efficacy and necessity of additional
antibiotics following UPIC, patients who are found
to have unexpected bacterial presence at index TOFA
do not appear to have an increased risk of subsequent
infectious concerns.

Periprosthetic fractures (PPF) in osseointegration,
while infrequent, pose another concern. Recent
studies covering over 500 osseointegrated implants
reported PPF rates of 6.3% [50], 7.5% [51], and 10.7%
[52]. These fractures occurred exclusively in the
femur, near the proximal tip of the implant, most
often due to low-impact falls. All the literature has
reported that the bone and implant always remain
stable for press-fit PPF. Treatment requires a patient-
specific approach, often using standard hip fracture
management techniques, such as dynamic hip screws
or reconstruction plates with a modified traction
method. Importantly, PPF do not seem to worsen TOFA
outcomes, with all patients maintaining or improving
their mobility levels. A study by ].S. Hoellwarth
et al. identified PPF risk factors include female sex
and weight, while age, time since amputation, and
bone density show no significant influence on fracture
risk [50]. A separate study by J.S. Hoellwarth et al. [52]
demonstrated an innovative technique to reduce the
fracture in a TOFA patient. While all current literature
reports operative fixation to manage fractures, it is not
certain that all patients require surgery to heal well.

A major cohort of patients who may seek TOFA are
those whose amputation was performed to manage
total knee arthroplasty (TKA) infection. This is
particularly compelling because these patients had the
knee replacement in order to improve their quality of
life and mobility, but as a result of infection have or face
transfemoral amputation or knee arthrodesis, both of
which are substantially disabling. M.A. Akhtar et al. [25]
investigated the experience of TOFA for this specific
patient cohort. In a retrospective review of 10 patients
who underwent transfemoral amputation (TFA) or knee
fusion (KF) following infected TKA, they found that
transfemoral osseointegration provides significantly
better mobility and quality of life (QOL) compared to
KF or TFA with TSP following infected TKA. This study
demonstrated that patients with a history of infection
can safely undergo osseointegration of the prior
infected limb and ought to achieve better outcomes
compared to using TSP.

As previously mentioned, traditional contra-
indications to osseointegration are often related to
factors that impair bone regeneration or wound healing.
Historically, patients with skin disease, such as a burn
trauma, were excluded from osseointegration [32]

even though they often experience more pronounced
challenges associated with TSP use [53]. A. Haidary
et al. [54] reported on 5 patients with prior burn trauma
who underwent osseointegration (8 limbs in total).
Pain, psychological depression, skin irritation, and
recurrent ulceration were persistent problems prior
to surgery, resulting in limited ability to mobilize and
wear TSP, as well as in poor mental health. No chronic
or recurrent adverse tissue responses occurred despite
all patients having burned or grafted skin surrounding
the stoma. Three patients required surgical
debridement at 3 months, 18 months, and 2 years
following osseointegration. One patient eventually had
bilateral explantation with subsequent reimplantation.
All patients stabilized at a better functional level than
prior to TOFA, with improved K-levels. Although several
patients did seem to have post-TOFA complications
requiring surgical intervention, their increased
mobility and willingness to retain their implant and
even undergo reimplantation, demonstrates a high
level of patient value for the procedure. Importantly,
the lack of skin intolerance towards the transcutaneous
pin highlights the suitability of TOFA for patients with
compromised skin.

To ensure the proper function, stability, and weight-
bearing capability of an osseointegration implant,
a bone needs to grow and mesh with the titanium
implant. This requirement might raise concerns for
patients with low bone mineral density (BMD) or
poor bone quality as measured by dual-energy X-ray
absorptiometry (DEXA). A study by J.S. Hoellwarth et al.
[55] compared DEXA values of 9 patients before and
five years after osseointegration. The study found that
while non-amputated limbs had an expected decrease
of BMD, osseointegrated limbs increased in BMD,
indicating that osseointegration might help reduce
the rate of BMD loss or even improve BMD. Notably,
patients with overt local disuse osteoporosis showed
significant improvement in their BMD. The study
concludes that patients with low BMD can be safely
considered for osseointegration and that it may slow
the decline or even improve their amputated limb BMD.

An additional concern is whether there is a minimum
bone length to achieve stable osseointegration.
There is no apparent consensus on what defines a
short limb, but standard press-fit implants are 14 cm
long. There are two strategies reported by two different
groups. One strategy as reported by J.S. Hoellwarth et
al. [56] is to lengthen a bone prior to osseointegration.
In that study, 10 patients were lengthened by an
average of 52 mm, requiring about a year from starting
lengthening to the TOFA surgery. All patients achieved
independent ambulation without any apparent
compromise to implant stability, but the multiple
surgeries and protracted period tempered patient
satisfaction. An alternate option, also reported by
].S. Hoellwarth et al. [56], is simply directly performed
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TOFA for residual bones as short as 5-6 cm (Figure 3).
They reported no association between residual bone
length and post-TOFA reoperation rates, including
such issues as aseptic loosening, periprosthetic

fractures, or infections. A true minimum bone length
remains uncertain, and greater experience will likely
eventually help elucidate possible factors contributing
to a potential limit.

Figure 3. Short residual bone for osseointegration:

a — X-ray in the anterior-posterior view of the right femur identifying almost no bone beyond the lesser trochanter.
She was a functional hip disarticulation patient due to the inability to wear a socket;
b — this patient had partial hardware removal with simultaneous osseointegration, achieved excellent fixation

and now ambulates without an assistive device;

¢ — X-ray in the anterior-posterior view of the left tibia for a patient with minimal bone distal to the tibial tubercle.
His residual limb was too short to use tibia-level prosthesis and he was considering transfemoral amputation prior to

consultation for osseointegration;

d — the patient also achieved ambulation without an assistive device with a press-fit osseointegration implant

The management of painful deformity is another
area where osseointegration appears to provide a
paradigm shift, specifically complex regional pain
syndrome type 1 (CRPS1). Given its unclear etiology,
there remains controversy whether incessant
rehabilitation efforts are appropriate, or whether an
amputation is more enabling for severely affected
patients with recalcitrant pain. J.S. Hoellwarth et al.
[57] reported on a series of three patients with severe
unremitting CRPS1, recalcitrant to conservative
interventions and with persistent disabling pain,
who underwent amputation and osseointegration.
Two of these patients had simultaneous amputation
with osseointegration whereas one patient already
had previous amputation. All patients experienced
reduced pain and pain interference. Within 3 months,
two patients ambulated independently; within
6 months, all three patients ambulated independently.
At the most recent follow up, one patient reported
the ability to walk 5 km distances multiple times a
week, navigate hills, climb stairs, and walk with items
held in both hands. Another patient reported being
able to walk unaided on various terrains such as sand

and water, and to climb stairs. The third patient,
who initially progressed similarly to the others,
experienced a decline in his progression following
an unapproved surgical procedure, which disrupted
prior nerve work; although his pain then interfered
with his performance, he remained ambulatory but
required two crutches. Interestingly, the patients
who had both procedures done at the same time had
better outcomes, however, more research is necessary
to determine if an association exists. The role of
TOFA for patients with complex pain requires further
exploration, in particular the potential rehabilitation
strategies to optimize postoperative performance
[58, 59].

CONCLUSIONS

Transcutaneous osseointegration for amputees has
proven a highly enabling surgical reconstruction for
patients who have had or are considering amputation.
Despite initial slow adoption, attention and interest
are rapidly increasing. Single-surgery press-fit TOFA
allows a more streamlined recovery than the traditional
two-stage protocols. Particularly exciting is the recent
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literature recognizing that rather broad spectrums of
amputee patients are likely suitable to benefit from
TOFA. It seems reasonable that in the near future, TOFA
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Abstract

Background. With improved accessibility of imaging and additive manufacturing, custom targeting guides and jigs are
now widely accepted across many areas of orthopaedics. During orthopedic surgery, patient-specific guides assist in the
accurate drilling and cutting of bone in conjunction with meticulous pre-operative planning. Given their increased uptake,
it is important to define the lessons learned from recent clinical experience, and to document the reported benefits when
using this technology intra-operatively.

The aim of this review is to evaluate the potential benefits of patient-specific guides for osteotomies about the knee, and to
clarify what evidence currently exists to support their use.

Methods. A systematic review of PubMed, Embase, and Web of Science was performed for studies investigating the use
of intra-operative patient-specific guides for realignment osteotomies about the knee. Randomised controlled trials, non-
randomised studies, observational studies, case series, and case reports, as well as in vitro studies, were included. Screening
was conducted with the Covidence software, and risk of bias was assessed with the Risk Of Bias In Non-Randomized Studies
of Interventions (ROBINS-I) tool.

Results. A total of 38 studies satisfied the inclusion criteria: 21 of these included patient-specific instrumentation (PSI)
for high tibial osteotomy, 6 with distal femoral osteotomy, 4 — for combined tibial/femoral rotational corrective
osteotomies, 4 — in double-level osteotomies, and 6 — for intra-articular osteotomies. The main outcomes reported
were accuracy of surgical correction, typically with reference to pre-operative plans, and execution accuracy based on
radiographic measurements. Other common outcomes were operative time, intra-operative fluoroscopy, and operative
costs. Many studies were observational in nature, with no control groups available for suitable comparison.

Conclusions. For corrective osteotomies about the knee, the literature suggests PSI has very strong potential to improve
accuracy in achieving pre-operative targets. This was reported for both opening and closing wedge osteotomies of the
femur, and for high tibial osteotomy. Some contradictory results have been reported for high tibial osteotomy, based
on limited evidence from small studies that in many instances lacked controls for comparative analysis. Additional
controlled trials are necessary to confirm the benefits of PSI for osteotomies about the knee, considering it has not
yet been conclusively validated. The literature currently available indicates PSI can improve the accuracy of corrective
osteotomies about the knee.

Keywords: patient-specific instrumentation, patient-specific guide, orthopedics, patient-specific jig, osteotomy, 3D printed,
knee.
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Pedepar

BeedeHue. VIcrionb30BaHMe MHAMBUIYAIbHO M3TOTOB/IEHHBIX HAIIpaBUTE/IEl B KOMOMHALIMY C TIIATEIbHBIM ITpeaomnepanu-
OHHBIM IIJITAHMPOBAHMEM CIIOCOOCTBYET BHITTOJIHEHMIO 60J1€€ TOYHBIX OITMJIOB BO BPpEMSI OCTEOTOMUM U MO3ULIMOHMPOBAHMIO
cBepiia npy GOpMUPOBaHMUM OTBEPCTUI. YUMUTHIBASI TOBCEMECTHOE VCIIOIb30BaHMe MOJOOHBIX YCTPOJCTB, BasKHO ITpoaHa-
JIN3MPOBaTh HAKOTVIEHHbIN KIMHUYECKU OTIBIT U OTIpele/IUThb IIPeUMYIIeCcTBa MHTPAOIIepaIlMOHHOTO MCIIOIb30BaHMSI TeX-
Hosioruit 3D-nevatu.

Llenv 0630pa — OLIEHUTD MOTEHIMAIbHbIE IPEUMYIIECTBA MHAMBUAYATbHO M3TOTOBJIEHHBIX HAIPaBUTEJIEN I OCTEOTO-
MMM B 06JIACTY KOJIEHHOTO CYCTaBa U 11eJ1eC006pa3sHOCTh UX UCIIONb30BAHMS.

Mamepuan u memodst. [ I0MCKa UCIOIb30BaINCh 6a3bl JaHHbIX PubMed, Embase 1 Web of Science. B 0630p Borim uc-
c/ieloBaHMs, TTOCBSIIIIeHHbIe MHTPAoIlepalMOHHOMY UCIIOb30BaHMUIO MHAVBUAYAJIbHO M3TOTOBIEHHbIX HalpaBuUTenei os
KOPPUTUPYIOIIMX OCTEOTOMMI B 00JIACTM KOJIEHHOTO CYCTaBa. BbUIM BK/IIOUEHbI PaHIOMM3VPOBAaHHbIE KOHTPOJMPYEMbIE
MCCIeI0OBaHMSI, HepAaHAOMMU3UPOBAHHbIE MCCIeNOBAHNS, 06CepBAIMOHHBIE MCC/IENOBaHMS, CEPUM KIMHUYECKMX CTydaeB, a
TaKKe MCCIeqoBaHys in vitro. CKpMHMHT IIPOBOAMIICS C TTIOMOIIbIO ITporpaMMHOro obecrieuenns: Covidence. Puck cucrem-
HOJ OIIMOKM OLIEHUBAJICS C TTOMOIIbI0 MHCTpyMeHTa Risk Of Bias In Non-Randomized Studies of Interventions (ROBINS-I).
Pe3ynvmamet. B ananu3 Bouuto 38 uccoieqoBanuii: 21 M3 HUX OBIIO MOCBSIIEHO MCIIOMb30BAHUIO MHIAVMBUAYATbHO U3T0-
TOBJIEHHBIX MHCTPYMeHTOB (VIVU) 111 MPOKCUMATbHOI OCTEOTOMMUM BOJbIIe6ePIIOBOI KOCTH, 6 — IJISI AUCTAIbHO OCTeo-
TOMMUM OGeIPEeHHOM KOCTU, 4 — IjIs1 KOMOVHMPOBAHHBIX POTAIMOHHBIX KOPPUTMPYIOIIVX OCTEOTOMMIT GOJbIIE6EpPIIOBOI
u 6eIpeHHO KOCTeil, 4 — IJi ABYXYPOBHEBBIX OCTEOTOMMIT U 6 — IJIS1 BHYTPUCYCTaBHBIX OCTEOTOMMIA. OCHOBHBIMM BBISIB-
JIEHHBIMMU IIPpEeMMYIIeCTBaMU IIPMMEHEHMS JaHHbIX yCTpOI‘/JICTB 6I>UII/[ TOYHOCTbH XI/[pypI‘I/[‘lECKOﬁ[ KOppeKInn B COOTBETCTBUN
C IpefoIepalMOHHBIM IIJIAHOM, a TaKKe PeHTTeHOJOTUUEeCK) MOATBePXKIeHHAs TOYHOCTDb ee peanu3sanyun. Cpeay Apyrux
YacTO OTMEUaBIIMXCS MPEMMYIIECTB ObUIM BpPeMs OIepanyu, BO3MOXKHOCTh MHTPAOIEPALMOHHOTO PEHTTeHOKOHTPOJIS
M CTOMIMOCTH OTIepalMOHHOTO BMeIaTe/bCTBA. MHOrMe MCCIeAOBaHMUS HOCWIM 00CepBaIlMOHHBIN XapaKkTep U He MMeJu
KOHTPOJIbHBIX I'PYIIII [IJII KOPPEKTHOI'O CPaBHEHMS.

3axntoueHnue. COriacHO IUTEPATYPHBIM JaHHBIM, MU MO3BOMSIOT 3HAUUTENBHO MOBBICUTh BEPOSITHOCTD AOCTVMOKEHMS 110~
CTaBJIEHHBIX TIPENONEePAIMOHHbIX 1eJIell IIPY BBITTOJIHEHMUM KOPPUTUPYIOLIMX OCTEOTOMMI B 06JIACTM KOJIEHHOTO CyCTaBa.
DTO 6BLIO MOATBEPKAEHO KaK MPY OTKPBITO-, TAK U MPU 3aKPbITOYTOIbHOI KIMHOBUIHOV OCTEOTOMUM OEIPEHHO KOCTH,
a TaKKe MpPU IPOKCUMMAaJIbHOI OCTEOTOMUM OOJIbIIe6epIloBOii KOCTU. B Mcc/ieqoBaHMSX, MTOCBSIIIEHHBIX MTPOKCYMMAJIbHOI
0OCTeOTOMMM OO0bIIEGEPIIOBOI KOCTU, Pe3ylbTaThl ObLIM HMPOTUBOPEUMBBI BBUIY OTPAHMUYEHHOrO UMCIA IyOGIMKaLNiA,
B GOJIBIIMHCTBE KOTOPBIX OTCYTCTBOBA/IM KOHTPOJIbHbBIE IPYIIIIbI 111 CPABHUTEILHOTO aHa/INu3a. B cBSI3Y ¢ 3TMM HEOOXOAMMO
MpoBeAeHYe NOTIOTHUTEIbHBIX KOHTPOIUPYEMBbIX UCCIeI0BaHMI 1) TOATBEPXKAEHMS ITPeUMYILeCTB UCIoNb30Banus NN
IIPY OCTEOTOMMM B 06JIaCTM KOJIEHHOTO cycTaBa. COBpeMeHHbIe MCTOUHVMKM JIUTEPATYPbl YKa3bIBAIOT HA TO, UTO MCITOJIb30Ba-
HMe TexXHOoaorui 3D-nmeyaTyt MOKET ITOBbICMTh TOUHOCTD BBITIOJIHEHMS JAaHHBIX XMPYPIruueCKmux BMeIIaTe/JIbCTB.

KiroueBbie cioBa: VHAVBUAYA/IbHO M3TOTOBJ/IEHHbIE€ MHCTPYMEHTbI, MHOAUBUAYAJIbHO U3TrOTOBJIEHHBIN XI/IpypI‘I/I‘IECKI/Iﬁ Ha-
IIpaBUTeJIb, OpTOIIEaNs, OCTEOTOMMSI, KOJIEHHBI CyCTaB, TEXHOJIOTUU 3D-nevaTu.

Iist uutuposanust: Yokep ., Bau 10., Tpun H., dp6ynyt ., Anbrraxup M., Tetcyopt K. [IpumMeHeHMe UHAUBULYAITb-
HBIX HallpaBUTEJEH [/ TIPOBEAEHMST OCTEOTOMUI OKOJIO KOJIEHHOTO CYCTaBa: CUCTEMATUUYECKUI 0030p JUTEPATYPHI.
Tpasmamonoeus u opmonedus Poccuu. 2024;30(3):132-147. (Ha anrn.). https://doi.org/10.17816/2311-2905-17524.
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INTRODUCTION

Deformity correction via osteotomy is conceptually
quite simple; fracture the bone, straighten the limb,
stabilize, and allow to heal in the chosen position.
However, at the standard expected in contemporary
orthopedic practice, corrective osteotomies are
in fact highly demanding. The expectation is that
even the simplest lower limb realignment procedure
should be completed within a tolerance of less
than 2°. An isolated coronal plane deformity still
requires three-dimensional control of the osteotomy
site, with at least 4° of freedom. Moreover, higher
complexity corrections require high magnitude,
multi-apical realignment, sometimes requiring
multiple osteotomy sites. It is likely the combination
of these factors that has led to the increasing
implementation of patient-specific instrumentation
(PSI) for these procedures. The added confidence
providedbyPSIhasbeenproposedtoassistinreducing
the technical difficulty of complex osteotomies, and
PSI guides may reduce the inconsistency of less
experienced surgeons.

The use of additive manufacturing to create PSI
has several potential benefits. The ability to plan
pre-operatively, first performing a virtual procedure,
and then executing the planned procedure under
such guidance is believed to provide more accuracy
with respect to the correction. Having pre-fabricated
guides specific to the patient anatomy and based on
a pre-operative plan should enhance the accuracy of
any osteotomy, and therefore influence the quality
of the achieved correction. Theoretically, this would
affect the clinical biomechanics and perhaps improve
post-operative outcomes.

By using unique patient-specific templates
designed for each case, the use of a custom guide can
potentially expedite procedures. With knowledge
gained through meticulous pre-operative planning,
the location, orientation, and magnitude of the
required corrective osteotomy is already pre-
determined, for the surgeon to perform without
needing extensive fluoroscopy during the procedure.
While any reduction in intra-operative radiation is
at least in part offset by the need for pre-operative
CT scans, less fluoroscopy during the procedure has
the more significant impact of decreased operative
time. Less time in theatre under anaesthetic leads
to a lower potential for infection, blood loss, and
anaesthetic risk. All these aspects would be expected
to benefit outcomes, and, while difficult to determine
accurately, would also be expected to reduce the
overall cost to the healthcare system.

Considering the potential benefits of PSI and
their rapidly increasing uptake in many areas of
orthopedic surgery, it was the aim of this review to
establish whether or not the currently available
literature supports the use of PSI for realignment
osteotomies about the knee. The main outcome of
interest was accuracy of surgical correction. Other
outcomes of interest included operative time, intra-
operative fluoroscopy use, and operative costs.

METHODS

The methods described in the Cochrane handbook
were used to perform this systematic review [1]. The
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guideline statements were
used to report the results [2]. The search strategy was
developed toinclude all studies within the orthopedic
literature utilising any type of PSI for osteotomies
or surgical guidance. Given the heterogeneity of
terms in use, a variety of different synonyms were
selected to ensure sufficient coverage of the chosen
databases. The search terms are belaw*. These search
parameters were applied to PubMed, Embase, and
the Web of Science on 29 March 2024.

The following types of studies utilising
3-dimensional (3D) printed patient-specific guides
intra-operatively for orthopedic procedures were
included: randomised controlled trials, non-
randomised controlled trials, observational studies,
case reports, and in vitro studies. The following
exclusion criteria were applied for screening and full
text review: non-medical 3D printing applications;
3D printing applications in a non-medical setting;
full text unavailable, conference abstract only;
dental, spinal surgery, general surgery, thoracic
surgery, maxillofacial surgery, or veterinary
applications; 3D printed implants only; 3D printed
surgical models only; and 3D bioprinting. The
following exclusion criteria were applied for full
text review: orthopedic applications outside the
knee; total knee arthroplasty; or unicompartmental
knee arthroplasty. The Covidence software
(Melbourne, Victoria, Australia) was utilized for
screening of studies. Two independent reviewers
screened titles and abstracts based on the criteria
described. Studies were assessed as eligible by
voting “yes”, “maybe”, or “not eligible”. All voting
was blinded and all references deemed eligible were
carried forward for full text review. Discrepancies
between the reviewers were resolved by discussion
and consensus; indeterminate studies were carried
forward into full text screening stages.

* (Orthopaedics) AND (3D print OR 3D printed OR 3D printing OR additive manufacturing OR additive fabrication OR additive layer
manufacturing OR layer manufacturing OR fused deposition modelling OR freeform fabrication OR Patient Specific) AND (Targeting OR
Osteotomy OR Cutting) AND (Guide OR Guides OR Guiding Jig OR Jigs OR Instrumentation OR Template).
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Risk of bias was assessed using the Risk Of
Bias In Non-Randomized Studies of Interventions
(ROBINS-I) tool [3]. Narrative synthesis of included
studies was performed with consideration to the
study design and quality of evidence identified in the
quality assessment.

RESULTS

The search parameters were applied to PubMed,
Embase, and Web of Science on 29 March 2024,
identifying 854,619, and 128 candidates, respectively.
Following screening and full text review, 38 studies
were ultimately included, with further details in the
PRISMA flow diagram (Figure 1). Of the 38 selected

studies, 21 included PSI use for high tibial osteotomy
(HTO) [4-24], 6 — with distal femoral osteotomy
(DFO) [7, 10, 25-28], 4 — in combined tibial/femoral
osteotomies for rotational corrections [29, 30-32],
4 — during double-level osteotomies (DLO) [7, 33-35],
and 6 — with intra-articular osteotomies of the knee
[36-41]. The main outcomes reported were accuracy
of surgical correction, typically with reference to
pre-operative plans, and execution accuracy based
on radiographic measurements (see Tables 1-5).
Other common outcomes were operative time,
intra-operative fluoroscopy, and operative costs.
The majority of these articles were observational
studies without control groups for comparison.

Figure 1. PRISMA flow diagram [2]
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Risk of bias assessment

Risk of bias was assessed using the ROBINS-I
tool [3], and has been summarised in Appendix to
the article. It can be found on the journal website —
https://doi.org/10.17186/2311-2905-17524-151096.
Nine non-randomised studies with case-controls were
evaluated, with all 9 categorised as having an overall
“moderate” risk of bias. Another 22 observational
studies with no comparison group were also evaluated,;
20 of these were classified as “moderate” risk,
and 2 was classified as “serious” risk.

DISCUSSION

Orthopadic surgery can be considered inherently
complicated, yet is still governed by basic principles
of physics that have been well known for centuries.
It is therefore bound by the same fundamental laws
of mechanics that determine how modern buildings
are designed, bridges are constructed, and towers
are raised. Although routinely taken for granted, the
sophisticated biomechanics of normal stance and gait
demands quite literally a delicate balance of large
loads in almost constant motion on complex surfaces
through limbs with multiple articulations. Corrective
osteotomies about the knee to restore normal lower
limb alignment have been widely practiced for over
60 years, but have become increasingly more reliant
on jigs, guides, and navigation in the past decade.
The term PSI encompasses a wide range of custom
jigs, guides, and other devices used to assist surgeons
to complete surgical procedures with the greatest
accuracy and precision possible. These are generally
designed and manufactured after meticulous pre-
operative planning that has been completed based
on 3D reconstructions of CT scans or other advanced
imaging modalities. This is often implemented using a
mirror image of the contralateral limb (when normal)
as a virtual template. Custom patient-specific guides
are similar in many features to conventional surgical
jigs and guides, although further characterised by
several distinguishing features. Typical PSI designs
include openings to drill holes and insert osteotomes
or saws at carefully planned locations and in specific
orientations. These are based on pre-operative plans
and are positioned so that subsequent screw placement
and bony correction aligns with the definitive selected
implants and planned correction. In this way, the
subsequent plate can act as a reduction device,
finalising bony position in the planned orientation.

High tibial osteotomy

Most included studies examining high tibial
osteotomy (HTO) were observational cohort studies
with no control group for comparison. However,
several single group observational studies without
comparison included considerable cohort sizes.
V.Predescu et al.[9] reported coronal and sagittal plane

accuracies of <2° in 25 patients. S. Chaouche et al. [11]
similarly observed small differences in the accuracy of
correction for the hip-knee-ankle angle (HKA), medial
proximal tibial angle (MPTA), and posterior proximal
tibial angle (PPTA), with a mean variation of less than
1° across a 100 patient cohort. Standard deviation,
and therefore precision with respect to the HKA,
MPTA, and PPTA was also very narrow in this group,
with a range of £1° [11]. This contrasts markedly with
the accuracy and precision typically reported for HTO
using standard instrumentation. In the systematic
review of HTO using conventional techniques by
M. Van den Bempt et al. [42], reported levels of
accuracy were +5.6°, with a range of 4-8° [42].

The studies including formal comparison groups
were, for the most part, non-statistically significant.
Studies by R. Pérez-Mananes et al., [4] N. Tardy et al.
[6], and M.A. Abdelhameed et al. [7] all reported
improvements in post-operative accuracy for PSI
compared to conventional instrumentation, although
none were statistically significant. A meta-analysis
from S. Cerciello et al. aggregating results from two
of the included comparison studies demonstrated
PSI use reduced the rate of correction outliers with a
small trend towards superior accuracy [43]. In a recent
systematic review by Aman et al. [44], low rates of
correction outliers were also observed in comparison
with conventional techniques. Similar to the techniques
described in the included studies, at our institution
PSI are designed and manufactured to contour to a
patient’s unique bony anatomy, allowing the guide to
be precisely positioned in a predetermined location.
Case 1 described below illustrates the application of
HTO (Figure 2).

Case 1

A 42-year-old male patient with constitutional genu
varum deformity of the right lower extremity who
underwent a proximal tibial valgizing osteotomy
(HTO) to unload the medial compartment and achieve
mild valgus alignment. Instead of neutral, alignment
is taken to a point 0.625 of the distance across the
width of the tibial plateau towards the lateral side
(Fujisawa point).

Long-standing X-rays or weight-bearing EOS scans
of both lower extremities are necessary to complete
the initial radiographic assessment and determine
the nature of the deformity, and the magnitude of
the correction necessary to create alignment through
the Fujisawa point. The medial proximal tibial angle
(MPTA) measures 84°, resulting in 2.1° of overall varus.
A correction of 5° of valgization is necessary to achieve
an MPTA of 89°, in order to achieve a mechanical axis
of 2.9° valgus and place the mechanical axis through
the Fujisawa point. The pre-operative plan must also
maintain a neutral proximal tibial slope, and not
introduce an iatrogenic flexion deformity (Figure 2 a).
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Figure 2 (a, b, c). High tibial
osteotomy (unilateral opening
wedge/valgizing).

Read the Case 1 description

in the article text above
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The PSI jig for the right HTO, as designed and
visualized in both the coronal and sagittal planes,
when mounted on the virtual realization of the
intact right proximal tibia (marked in purple). Virtual
realization of the 5° valgizing corrective osteotomy,
depicting the size of the opening wedge as well
as the position of the plate planned to stabilize
the osteotomy and maintain the correction until
solid union is achieved 6-8 weeks post-operatively.
(NB! The opening wedge is always intended to be
trapezoidal in appearance, slightly wider posterior,
to limit the potential to introduce iatrogenic flexion)
(Figure 2b).

Intra-operative images demonstrating sequential
stages of the actual surgical procedure. The PSI jig
is inserted through the medial incision, and secured
with 4 K-wires. The wires converge laterally and act
as a “capture” to limit the progress of the saw blade
and prevent inadvertent disruption of the lateral
cortex. After confirming satisfactory placement
and orientation of the PSI jig, precision drill holes
are made through the jig that correspond with the
orientation they will later occupy in the corrected
position. At this point, the opening wedge (incomplete
laterally) osteotomy is performed, again using the
PSI jig to orient the saw blade at the planned level.
The opening wedge is created and provisionally
held in place with a small allograft bone wedge, and
X-rays obtained to confirm (Figure 2 c).

The definitive fixation plate is inserted and
the pre-drilled holes are aligned with the plate
both proximally and distally. Initially 2 screws are
incompletely inserted to maintain orientation of
the plate while still allowing the pre-drilled holes to
achieve the planned correction. To avoid potential

Figure 2 (d). High tibial
osteotomy (unilateral opening
wedge/valgizing HTO).

Read the Case 1 description

in the article text above

under-correction and residual varus deformity, slight
over-correction to the Fujisawa point of 2.9° valgus
was introduced. This mechanically unloads the
previously overloaded medial compartment, which
is the most important clinical consideration. In this
instance, 5° of valgization was planned and 5.1° of
valgization was achieved, resulting in a final overall
alignment of 3° valgus. The inherent inaccuracy and
limited precision of repeated measurements, as well
as minor ligamentous laxity, are perhaps responsible
for the inability to perfectly reproduce the virtual
correction during any actual procedure (Figure 2d).

Distal femoral osteotomy

Compared to HTO, there are relatively few studies
examining the benefits of PSI for distal femoral
osteotomy (DFO). Among lateral open wedge
varizing DFO, J. Arnal-Burr6 et al. demonstrated a
significant difference in terms of accuracy relative
to their planned correction [25]. The mean final
mechanical axis deviation was 0.3° (¥1°) with
custom jigs, compared to 1.8° (*¥4°) without
(p=0.002). They also demonstrated further benefits
of using patient-specific guides,with corresponding
reductions in operative time, total cost, and
intraoperative fluoroscopy time. In 21 lateral
opening wedge DFO, C. Jacquet et al. evaluated PSI
against age-matched controls [26]. The PSI group
demonstrated significantly greater accuracy in both
coronal and sagittal plane corrections. The mean
residual coronal plane angular deviation was 0.4°
(*0.5°), compared to 3.9° (¥1.6°) with conventional
instrumentation (p<0.001). The mean sagital plane
axial deviation measured 0.5° (+0.6°), compared
to 3.1° (£1.6°) with conventional intrumentation
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[26]. While selection bias against matched controls
may be a consideration across these results, their
reported accuracy with standard instrumentation is
very similar to previosuly published results of 4° to
4.5° [45, 46].

Opening wedge osteotomies about the knee
are generally preferred, due to their greater
reproducibility and accuracy compared to closing
wedge techniques [47, 48]. The technical difficulty of
the closing wedge method can in part be attributed
to the demand for two independent but very closely
matched osteotomies that must be completed to
allow a precise segment of bone to be removed, and
this alone may lead to less accurate correction when
using a closing wedge compared to an opening wedge
[49]. The use of PSI to assist accurate resection is
therefore of particular interest with a closing wedge
correction, as the precision demand is particularly
high. Y.C. Huang et al. describes a PSI assisted double
chevron technique in closing wedge DFO, which
further emphasises the demand on precise, matched
osteotomies [28]. In their opinion, the inherent
stability and native bone-bone contact achieved from
this double chevron technique can be performed
accurately only with the application of PSI. The ratio
of the distance from the medial tibial spine relative

to the width of the tibial plateau (weight-bearing line
ratio — WBL) was corrected with a mean accuracy of
2.3%2.9% relative to pre-operative targets. Again,
similar to the techniques described in the included
studies, at our institution PSI are designed and
manufactured to very closely contour to a patient’s
unique bony anatomy, allowing the guide to be
precisely positioned in a predetermined location.
Case 2 described below illustrates the application of
DFO (Figure 3).

Case 2

A 34-year-old male patient with constitutional
bilateral genu valgum who underwent sequential
(not simultaneous) bilateral DFO to restore normal
(neutral) alignment. This case demonstrates the pre-
operative status and planning, the PSI osteotomy jigs
as designed, and the postoperative X-rays confirming
satisfactory correction was achieved.

Long-standing X-rays or weight-bearing EOS
scans of both lower extremities are necessary to
complete the initial radiographic assessment and
determine the nature of the deformity, and the
magnitude of the correction necessary to restore
normal alignment. On the right side, the lateral
distal femoral angle (LDFA) measures 79°, and 7°

Figure 3. Bilateral opening wedge/varizing DFO. Read the Case 2 description in the article text above
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of varization is necessary to achieve an LDFA of 86°,
in order to achieve a mechanical axis of 0°. On the left
side, the LDFA measures 80.5°, and 7.5° of varization
is necessary to achieve an LDFA of 88°, in order to
achieve a mechanical axis of 0° (Figure 3 a).

The PSI jig for the right DFO, as designed and
visualized in both the coronal and sagittal planes,
when mounted on the virtual realization of the intact
and deformed right distal femur (marked in green)
(Figure 3b).

Virtual realization of the 7° corrective osteotomy,
depicting the size of the opening wedge as well
as the position of the plate planned to stabilize
the osteotomy and maintain the correction until
solid union is achieved 6-8 weeks post-operatively.
(NB! The opening wedge is always intended to be
trapezoidal in appearance, slightly wider posterior,
to limit the potential to introduce iatrogenic flexion.)
(Figure 3c¢).

The PSI jig for the left DFO, again as designed and
visualized in both the coronal and sagittal planes,
when mounted on the virtual realization of the intact
and deformed right distal femur (marked in beige)
(Figure 3d).

Virtual realization of the 7.5° corrective
osteotomy, again depicting the size of the opening
wedge as well as the position of the plate planned to
stabilize the osteotomy and maintain the correction
until solid union is achieved (Figure 3e).

Final weight-bearing images of both lower
extremities, 6 months following the second
procedure and confirming satisfactory union of
both osteotomies was achieved. To avoid potential
under-correction and residual valgus deformity, in
each instance slight over-correction to a final very
minor varus alignment of less than 2° was introduced
bilaterally. This mechanically unloads the previously
overloaded lateral compartment in both instances,
which is the most important clinical consideration.
On the right side, 7° of varization was planned and
7.3° of varization was achieved, resulting in slight
over-correction and a final overall alignment of 0.9°
varus. On the left side, 7.5° of varization was planned
and 8.5° of varization was achieved, resulting in
slight over-correction and a final overall alignment
of 1.4° varus. Again, the inherent inaccuracy and
limited precision of repeated measurements, as
well as minor ligamentous laxity, are most likely
responsible for the inability to perfectly reproduce
the virtual correction during the actual procedure
(Figure 3f).

Rotational osteotomy

For rotational osteotomies involving the tibia and/or
femur, there were no comparative studies identified
in the literature. L. Jud et al. [29] reported differences
between the planned and achieved rotation of

4.8° (£3.1°) for the femur, and 7.9° (+3.7°) for the
tibia. More accurate corrections were reported by
G. Micicoi et al., where the planned axial rotation
was achieved within 1.5° (£1.4°) and 1.3° (¥1.1°)
for the femur and tibia, respectively [30]. In their
series, the coronal and sagittal operative targets
were essentially always matching the pre-operative
values (either identical to or within <2°). Across the
radiographic criteria of MPTA, lateral distal femoral
angle (LDFA), PPTA, and posterior distal femoral
angle (PDFA), targeted values were noted to be highly
accurate to less than 1° (*¥0.9°). The targeted axial
correction is another valuable endpoint; however,
given that the surgeon actively requires adequate
three-dimensional control of the osteotomy
site in all directions, these are still valuable
secondary endpoints. Accurately controlled coronal
and sagittal alignment throughout rotational
osteotomies is demonstrated here, an added level of
security provided by PSI in this setting.

Intra-articular osteotomy

Within the literature examining intra-articular
osteotomies of the knee, all pertained to complex
intra-articular osteotomies following tibial plateau
fracture malunion. P. Fiirnstahl et al. described
3 cases of tibial plateau malunion corrected with
PSI [36]. Using their technique, PSI permitted
accurate multiplanar correction of deformities
with an accuracy of within 1 mm and 1.8° relative
to pre-operative targets. H. Yang et al. reported
an improvement in the height of the collapsed
lateral plateau from 4-12 mm pre-operatively to
<1 mm in all cases [38]. H. Wang et al. [37] noted
considerably reduced articular step-off following
surgery using PSI in 6 tibial plateau malunion
cases. In the correction of a malunited Schatzker V
fracture using PSI, J. Pagkalos et al. reported very
close reproduction of their pre-operative plan of
88.8° MPTA, achieving 89° post-operatively [39].
C.P. Hsu et al. provided in vitro results where PSI
improved accuracy of screw placement compared
to conventional techniques during simulated tibial
plateau malunion correction [41].

Deformity following intra-articular fracture is
often multiplanar and can require complex correction
to achieve an anatomical reduction. Theoretically,
this would be an ideal setting for PSI. These small
observational studies suggest the potential benefit
of PSI for intra-articular corrections; however, the
small cohorts and lack of comparison groups limits
their generalizability and significance.

Reduction in operative time

Use of PSI significantly reduces operative time
when compared with traditional techniques for
osteotomies about the knee [4, 9, 25, 26, 27].
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Operative time reduction averaged 31 minutes for
HTO, a time reduction of 34% [4]. For DFO, operative
time was reduced on average 32 minutes [25],
7 minutes [26], and 19 minutes [27] across various
studies. These equated to a reduction of 15%, 34%,
and 20%, respectively. Although the magnitude of
the reduction varies, these studies all consistently
demonstrate operative time is reduced with PSI. The
potential clinical benefits of reduced operative time
include decreased blood loss and lower infection
rates, while limiting aneasthetic risk. This reduction
in time may not be directly appreciated by the
surgeon, as there is an additional time investment
required pre-operatively for virtual planning and jig
design. The assessment and meticulous planning
for the correction is carried out formally well in
advance of surgery, rather than informally during
the procedure itself.

Reduction in radiation exposure

Utilising PSI can also significantly reduce the use of
fluoroscopy and surgeon radiation exposure intra-
operatively. The number of fluroscopic images taken
during surgery was reduced from 65 to 6 [25], 55 to
8 [4], 12 to 5 [26], and 35 to 6 [27] across the studies
that have investigated this aspect. J. Arnal-Burrd
et al. make a valid point regarding these benefits,
arguing any reduction in intra-operative fluoroscopy
needs to be weighed against the patient’s additional
pre-operative radiation exposure from CT scans [25].
Although CT scans are becoming more routinely
used in orthopedic practice, it could be considered
disingenuous to claim possible radiation reduction
using jigs, given the pre-requisite for a pre-operative
CT. Nevertheless, most likely the decreased need for
intra-operative fluoroscopy actively contributes to
the considerable time reduction associated with the
use of guides.

Reduction in costs and other benefits

J. Arnal-Burré et al. calculated the cost savings that
result from the use of guides and PSI [25]. In their
example, this was principally due to the reduction
in surgical time, offset by the additional expenses
associated with 3D printing materials and CT
scanning. They did not consider the cost of design or
of the necessary specialist salaries in their analysis.
In our opinion, it is likely that considerable cost-
savings still occur with PSI when based on more
advanced machines, even with the added expense
of an engineer and a medical modeller or technical
support. It has been estimated that operating room
running costs can range between $40 to $100 a
minute, when accounting for all costs of staff and
equipment [50]. Using a modest time reduction figure
from the included studies, a reduction of 19 minutes
operating time results in a gross savings of $1330

[27]. Based on our own experience in this field, the
current cost for print material is approximately
$0.50/ml, with the upper threshold for the volume
of a typical guide approaching 180 ml [4]. As
such, the necessary guide materials would equal
approximately $90.00 USD. Currently, CT scanning
of a knee without contrast costs approximately $225
USD. Engineers in our facility generally require
2-4 hours to design a guide, and technicians can
require 1-2 hours per guide produced, resulting in a
total of $320 USD in personnel costs. Based on these
estimated costs, the net savings equal nearly $700
USD per operation.

Other purported benefits include reducing
surgeon stress, and the ability for low-volume
surgeons to successfully perform these demanding
procedures with greater confidence [14]. The PSI
guides reduce the surgeon’s stress level intrao-
peratively, especially for those least experienced
[14]. In complex cases that may normally be limited
to select senior surgeons, there is the potential
to further enhance their technical abilities [14].
In areas with limited sub-specialty access, the guides
may enable broader interventions to be carried out
where they would not otherwise be available.

In the context of corrective osteotomies,
biomechanical correction is reliant upon a very
high degree of accuracy. Many publications have
explicitly identified specific correction targets
for osteotomies around the knee, and deformity
correction planning has become much more
sophisticated over the past 30 years. Ultimately,
the ability to perform corrections accurately and
reliably enables pre-operative plans to be more
consistently realised post-operatively. With greater
consistency in the accuracy of correction, it may
become possible to further optimize the correction
parameters. Combining rigorous biomechanical
analysis, sophisticated pre-operative planning, and
enhanced intra-operative accuracy may ultimately
define the correction parameters that result in the
greatest clinical benefit.

CONCLUSIONS

For corrective osteotomies about the knee, PSI shows
strong potential in achieving improved accuracy
relative to pre-operative targets. This included both
opening and closing wedge techniques for the distal
femur, as well as HTO, despite some contradictory
reports for the latter. It should be noted that this is
largely based on the limited evidence provided by
small observational studies, which in many cases
lack adequate controls for comparison. As such,
larger controlled trials will be necessary to confirm
the benefits of PSI for osteotomies about the
knee, particularly multi-planar and intra-articular
corrections. The available literature currently

144 2024;30(3)

TPABMATONOIMNA U OPTOMNEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



OBb30Pbl / REVIEWS

suggests PSI improves both the accuracy and
precision of corrective osteotomies about the knee.
However, large, multi-planar corrections are where
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[eTOpCHMOHHDBIN yrpaBasieMbli POCT — COBPEMEHHbIe KOHL,EeMNLUU
U NepCcneKkTMBbl NPUMEHEHUS B KJIMHUYECKOM NpaKTUKe:
0630p nuTepartypbl
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Pedepar

AxmyansHocms. OCHOBHOJI CTI0CO6 XUPYPTMUECKOTO JIeUeHUsT TOPCUMOHHbBIX TedopMalnii JIMHHBIX KOCTel KOHEeUHOCTel
Yy meTeii — KOppUTUPYIOLIMe AeTOPCUOHHBbIE OCTEOTOMUM C Pa3IMUYHBIMU BUIAAMM OCTeocuHTe3a. OgHAKO JaHHbBIN BUT,
XUPYPTUUECKOTO BMEIIATENbCTBA SIBJIIETCS BBICOKOTPAaBMATUUHBIM M MOKET TOBJIEUb 3a OG0 PSl Cepbe3HbIX OCIOXK-
HeHwuit. [Tpu ieueHUn geteit ¢ nedbopmausiMu BO GPOHTATBHOM U CATUTTATBHOM TUVIOCKOCTSX (TIPY QYHKIIMOHUPYIOMINX
30HAX POCTa) 30JI0THIM CTAaHAAPTOM SIBJISIETCSI METO/, YIIPaBIsieMoro pocrta. [laHHasi MmeToauka 3 dekTrBHA, MaJTOVMHBA-
3MBHA, aeT BO3MOXHOCTb PaHHel Harpy3ky Ha KOHEYHOCTh, MMeeT MeHblllee KOJTMUEeCTBO OCI0KHEeHU . B CBsI3U ¢ aTUM
B TOC/IefHee BpeMsl aKTMBHO M3yuaeTcsl MpUMeHeHMe YIpaBaseMoro pocta i Koppekuuu gedgopmanmii B TOPU30H-
TaJIbHOM TVIOCKOCTMU.

Llens 0630pa — Ha OCHOBaHMM aHAIM3a HAYYHO JIMTEPAaTyphbl TOKa3aTh BOSMOKHOCTM MTPMMEHEHMST YITPaBISIeMOTO POCTa
IIJIsI KOPPEKIMM TOPCUOHHBIX JedhopMalnii IJIMHHBIX KOCTEl KOHEUHOCTEN, a TaKKe OIpedeIUTh HallpaB/JIeHNsI COBepIIeH-
CTBOBaHMS MpeIOXeHHbIX METOAMK JIJIS MaJbHelIIero npMmMmeHeHsI B KIMHUUECKO ITpaKTUKe.

Mamepuan u memodst. [ovick y6IMKaIMii TPOBOIM/IM B 3/IEKTPOHHBIX 6a3ax qaHHbix PubMed/MEDLINE, Google Scholar,
eLIBRARY. Bbutit 0TOOpaHbI 8 craTeii (5 aKCIIepMMeHTaTbHbIX MCCIeN0BaHMT Ha JKMBOTHBIX, 3 KIMHUYECKUX UCCITENOBAHMS),
ONy6IMKOBaHHBIX B Tiepuop, ¢ 2013 mo 2023 1.

Pesynsmamet. AHanu3 my6auKaIuii mokasaa BO3MOKHOCTb UCTIONb30BaHMsI IETOPCUMOHHOTO YITPABJIIEMOTO POCTA It KOP-
pekiuu nedopmanuit B ropM30HTATBHONM IOCKOCTU TTPU QYHKIMOHUPYIOLIMX 30HaX pocTa. [IpeyioskeHO TPU OCHOBHBIX
BapuaHTa XMPypruyeckoi Texamku. Ha apdeKTMBHOCTS KOppeKIMy B OCHOBHOM BIMSIOT TaKue (PaKkTOpPbI, KaK yToa MEXIY
YCTAaHOBJIEHHBIMMU IIJIACTMHAMM, HAJJIeXXalllasl yCTAHOBKA META/UIOKOHCTPYKIMIA, a TakKKe MMEIOMIMIICSI MOTeHLaa mpo-
IomabHOTO pocta. OrpaHUMYeHUSIMU TPUBEAEeHHBIX UCCIeL0BaHMIA SIBISIIOTCS MaJTOYMUCA@HHOCTD IPYIII, OTCYTCTBYMeE IIpefoIe-
PaILMOHHOM KOMITBIOTEPHO ToMorpaduu B 9KCIIEPUMMEHTaX Ha KMBOTHBIX, MCIIOIb30BaHMe KOMITbIOTEPHO ToMorpadun
IIJIS OLIEHKY TOPCYMOHHOTIO ITPOodWIIs INIIh B OGHOM M3 TPeX MCCIeIOBaHMii Ha Toasax. Takke HY B OTHOM U3 VCCIeq0BaHMIL
He MpeaycMaTpUBaIOCh IVIAHMPOBAHME BeJIMUMHBI KOPPEKLINMM/CO3IaHms AedhopManyy Ha IpeioNepaliOHHOM 3Tare, YTo
He I03BOJISIeT JOCTOBEPHO OIL€HUTh TOYHOCTh IPeAJIOKEeHHBIX MeTOaMK. Cpeaiy HexkelaTelbHbIX 3(P(GeKTOB OTMEYeHO BO3-
HUKHOBEHME BTOPUYHBIX AedopMaliii 1 pasHOBEIMKOCTY KOHEUHOCTEIA.

3axnrouenue. OCHOBHBIMU TMTepCHEKTMBAMU AadbHeNIIero KIMHNIeCKOro IpMMeHeH)sI MeTOAUKYU AeTOPCUOHHOTO yIIpaB-
JISEMOTO POCTa Yy JieTeii sIB/sieTcs pellieHye MpobieMbl BTOPUYUHBIX Hedopmalinii ¥ YKOPOUeHUi, a Tak)ke BO3MOXKHOCTb
[JIAaHUPOBAHMS BeJTMUMHBI HEO6XOAMMOIi KOPPEKIINA.

KiroueBbie c10Ba: yIpaBisieMblii pPOCT, BPEMEHHbII remmanudusnopes, smubusnones, TOPCUOHHas nedopmarys,
poTaioHHas Jepopmarius.
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Detorsional Guided Growth — Modern Concepts and Perspectives
of Clinical Application: A Review

Olga A. Fomylina !, Victor A. Vilensky!, Anna A. Lesovaya?, Kirill O. Zhikharev?,
Anton N. Kornilov?, Damir A. Malekov?2, Artem V. Kosulin?, Anastasia A. Kuimova?

I Saint Petersburg State University Hospital, St. Petersburg, Russia
2 St. Petersburg State Pediatric Medical University, St. Petersburg, Russia

Abstract

Background. Torsional deformities of the long bones in children are usually treated using correcting detorsional osteotomies
with different types of osteosynthesis. However, this method is highly traumatic and can cause severe complications. Guided
growth is the gold standard for frontal and sagittal planes deformities treatment in growing children. The technique is
effective, minimally invasive, enables early weight-bearing and has lower complication rate. Recently, application of guided
growth technique has been actively studied for horizontal plane deformities correction as well.

The aim of the review — based on a scientific literature analysis, to present possibilities of using guided growth technique
for correcting torsional deformities of the long bones, as well as to define the ways of its improvement for further clinical
application.

Methods. The search was performed in PubMed/MEDLINE, Google Scholar and eLIBRARY databases. For review, we included
8 articles (five animal experimental studies and three clinical studies), which were published from 2013 to 2023.

Results. Analyzed studies demonstrated the possibility of applying detorsional guided growth for horizontal plane
deformities correction in growing children. Three main surgical techniques were suggested. Correction efficiency mainly
depends on the interplate angle, proper plate positioning and longitudinal growth potential. Limitations of these studies
were: a small group number; absence of preoperative CT scans in animal studies; torsional profile measurement using
computed tomography was performed only in one of three clinical studies. There was also no preoperative planning of
deformity correction/creation amount, so it was not possible to evaluate the accuracy of the suggested methods. The main
complications were secondary deformities and limb length discrepancy.

Conclusions. Further clinical application of detorsional guided growth in children may be possible after solving the problem
of secondary deformities and shortening and providing preoperative planning of the deformity correction amount.

Keywords: guided growth, temporary hemiepiphysiodesis, epiphysiodesis, torsional deformity, rotational deformity.
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BBEJEHUE

TopcuoHHble AedopMalnuy HIDKHUX KOHEUHOCTeH
y ZeTeii 3a4acCTyIO CIysKaT MOBOAOM JJisT 0bpaieHust
K OpTollefy C >kajiobamMu Ha HapylleHue IOXOAKU
(Tak Ha3bIBaeMble in-toeing u out-toeing) u kKocme-
Tudeckuit gedexrt. B 60NbIIMHCTBE CTyyaeB JaHHbIE
IedbopMaly OTPasKaT 3aKOHOMepHbIe 3Tarbl Gop-
MMUPOBaHUS OCU HUKHENl KOHEUHOCTU U SIBJISIOTCS
dbusnonornueckumu. OgHAKO B CIyYasX TI€PCUCTUPO-
BaHMs gedopmarnnii mocie 8—10 et M HATMUMS acCO-
IIMMPOBAHHBIX C HUMM BBIpaskeHHbIX (QYHKI[MOHAJb-
HbIX HapyIllIeHui TpeGyeTCcsl XMPypruueckoe JieueHue.
TopcuonHble gedopmanyuu JieskaT B OCHOBe CUH-
IpoMa pOTALMOHHOM IUCHYHKUINMU, COTTPOBOKIAIOT
IedbopManmy HMKHUX KOHEUHOCTeN Mpu Heipoop-
ToNegMYecKuX MaTOA0TUSIX. TOPCUMOHHBIN KOMIIO-
HEHT Takke MMeeT MECTO MPU MHOTOIIOCKOCTHBIX
IedbopMalusIXx HWKHUX KOHEUHOCTei pas3InvyHOM
3TMONOrUM (BPOsKIeHHbIe TTIOPOKYU Pa3BUTHS 6epa U
roneHu, 6onesHp biayHTa, mocTTpaBMaTuueckue ne-
dbopmanuu u gp.) [1].

Kpome Toro, uMeroTcsi JaHHbIE O TOM, YTO TOPCU-
OHHbIe JeopMalMM COTIPSDKEHBI C BOSHUMKHOBEHMEM
XPOHMYECKOI HECTAOMILHOCTM HAIKOJIEHHMKA, 6ote-
BOTO CMHApPOMA U JereHepaTUBHO-IUCTPOPUUECKUX
M3MEHEHMI1 B TOSICHUYHOM OTZAele IO3BOHOYHMKA
U CyCTaBaXxX HIKHUX KOHEYHOCTei [2, 3].

Knaccuyeckum crmocob6om XMpyprudeckoro Jjieue-
HUSI TOPCMOHHBIX Iedopmaliinii 6eIpeHHON U 6OJb-
11e6epIi0BOit KOCTe SIB/SIeTCS BBITIOTHEH e KOPPUTH-
PYIOLIMX AeTOPCMOHHBIX OCTEOTOMMIA C Pa3IMIHBIMU
BUIaMu ocTeocuHTe3a. OgHako, HecMOTps Ha 3 dek-
TUBHOCTb, JaHHBI BUJ, XMUPYPrMueCcKoro BMelaTesib-
CTBa BBICOKOTpPaBMaTHUueH, TpeGyeT IJIUTETbHOTO T1e-
prozIa BOCCTAHOBJIEHMSI, MOKET TIOBJIeUb 3a COO0I Psif,
Cepbe3HbIX OCIOKHEHUIA, TAKMX KaK MHTpaoIlepaiu-
OHHasl KpPOBOIIOTEPS, MIOBPEXIEHME COCYLOB U Hep-
BOB, 3aMeJjieHHas] KOHCOMUaanus u GopMupoBaHue
JIOKHBIX CYCTaBOB, TeMaTOM, MH(MEKIMOHHbIE OCIOXK-
HeHMS], KOMIIAaPTMEHT-CUHIPOM, HECOCTOSITEIbHOCTh
ocTeocuHTesa u Ip. [4, 5, 6]. [Tomumo aToro, o mMepe
pocTa pebeHKa BO3MOKHO BO3SHMKHOBEeHME pelluanBa
Iedopmaluy, YTO BbI30BET HEOOXOAMMOCTh BBITION-
HEeHMs TIOBTOPHOIO BMeEIIATe/NbCTBa, aHaJOTUYHOTO
110 TPAaBMaTUYHOCTH.

ANbTepHATUBOI BBITIOTHEHUIO KOPPUTUPYIOLINX
OCTEOTOMMII TIpM JieYeHMM TalyeHTOB AeTCKOro
Bo3pacta (Impu GQYHKIMOHMPYIOUMX 30HAX POCTA) C
medopMalusiMM BO (POHTAIBHOM U CAruTTAIbHOM
IJIOCKOCTSIX $SIBJISIETCSI METOJ, YIPaBJsSeMOro pocTa
BOCBbMMOOPA3HBIMM  IJIACTMHAMU WU  TpaHChU-
3apHbIMu BuHTamu [7, 8, 9, 10]. [laHHas meToaMKa
b derTrBHA, MaJOMHBA3MBHA, AAeT BO3MOXXHOCTHb
paHHell Harpy3ku Ha KOHEYHOCTb, MMeeT MeHbllee
KOJIMUECTBO OCJIOKHEeHUM, 6aromapst yeMy IMOTyYu-

Jla TIOBCEMECTHOEe pacIpoCTpaHeHMe U paclimpsieT
CTIIEKTP CBOUX obsacTeit mpumMenenus [11, 12, 13, 14].

B TeueHme mnociegHMUX JileT AKTMBHO M3y4aeTcs
BO3MOKHOCTb ITPMMEHEHMSI YIIPaBJIsieMOT0 POCTA 11
Koppekuumu medopMaliuii B aKCUaJIbHOM TIOCKOCTMU.
VimeroTcst mybnuKanum 06 SKCIIEPUMEHTAIbHBIX UC-
CJiIelOBaHUSIX, TPOBEEHHBbIX HA MEIKUX U KPYIHBIX
J1a60paTOPHBIX KMBOTHBIX [15, 16, 17, 18, 19], a Taxke
eAVHMYHbIE PAOOTHI O MIPUMEHEHUY TETOPCUOHHOTO
YIIpaBJsieMoro pocra 'y gereni [20, 21, 22].

Ilenv 0630pa — TPOIEMOHCTPUPOBATH BO3MOXK-
HOCTM MpUMeHEeHMs YIpaBjisieMOTo pocTa IJjsi Kop-
PEeKLINM TOPCUOHHBIX JedhopMaluii JIMHHBIX KOCTE
KOHEYHOCTe.

MATEPHAJI 1 METO/1bl

IMouck my6nMMKaIMiA BBITIONHSIM B 3JE€KTPOHHBIX
6aszax maHHbIx PubMed/MEDLINE, Google Scholar,
eLIBRARY 10 K/IHOUYEBBIM CI0BaM: AETOPCUOHHBIN
YIpaB/sieMblii POCT, POTALMOHHBINA YIIPaB/ISIEMBIN
pOCT, Kocasi yCTAaHOBKAa BOCHbMMOOPA3HBIX IUIACTUH,
detorsional guided growth, rotational guided growth,
oblique eight-plating. ['my6buna moucka — ¢ 2013 1o
2023 1. Kpurepusimu BKIIOUEHUSI B 0030D SIBJISUINACH:
OPUTMHAJIbHbIE KIIMHUYECKNE U IKCIIEPUMEHTa/IbHbIE
MccaenoBaHMs B (opMaTe MOTHOTEKCTOBBIX CTaTeM.
[Ty6aMKanmii Ha pycCKOM SI3bIKE M0 TEME MCCIIeIoBa-
HUSI He HaliJleHo.

Bbuto 0TOO6paHO BOCEMb OPUTMHAIBHBIX UCCIEN0-
BaHUIA, ONIMCAHHBIX B CTATbSIX HA aHITIUICKOM SI3bIKE:
MSTh SKCIIepUMEHTAIbHbBIX UCC/IeS0BaHMI1 Ha KUBOT-
HbIX [15, 16, 17, 18, 19] u Tpu KIMHUYECKUX MCCIIe-
mosanus [20, 21, 22]. IBa U3 OSATU SOKIMHUYECKUX
UCC/IeOBaHMS MCIIO/Ib30BaM OOHY U Ty K€ TPYIIy
J1a60paTOPHBIX KUBOTHBIX, HO M3y4yajM pasHble ma-
pamMmeTpsl. OGHO U3 TpeX KIMHUYECKUX CCIeNOBaHMUIT
0bLI0 OITyOJIMKOBAHO B (pOpMe Te31COB U IpeacTaBiie-
HO B BU/JIe IOCTEPHOTO JOK/Iala Ha esKerofHO BCTpe-
ye EBporeiickoro o6ImiecTtBa HOEeTCKUX OPTOIEIOB
(EPOS) B 2022 1.

PE3VJIBTATDBI

[MpuHUMTIMATbHAS BO3MOKHOCTb MHAYLIMPOBAHMS Jie-
dbopmanuyu JIMHHBIX KOCTE KOHEUHOCTEN B aKCHallb-
HOI1 IVIOCKOCTY Y PaCTYIIEro JKMBOTHOTO ITyTeM KOCO¥
OpMeHTauuu 3MUGU3apHbIX IIACTUH OTHOCUTEIBHO
30HBI pOCTa BIEepBble Obla IPOAEMOHCTPUpPOBaHA
A. Arami c¢ coaBTopamu B 2013 1. Pactymum Kpo-
JIMKaM B 00J1aCTM OMCTaAbHOrOo MeTasnmdusa Gem-
PEeHHOI KOCTM IO JiaTepa/ibHOW U MeAualIbHOI TI0-
BEPXHOCTSIM GbUIM YCTaHOBJIEHBI IBe TUIACTUHBI ITOf,
YIJIOM OKOJIO 45° OTHOCUTEIBHO 30HBI POCTa U TIOT,
YIJIOM OK0JIO 90° OTHOCUTENIBHO APYT Apyra C 1ebl0
VHIYKIMY HAPYKHOM MJIM BHYTPEHHEH Topcuu. s
IOCTVDKEHUST Hapy>KHOI Topcuy MeAuanibHas MjiacTu-
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Ha YCTaHaBJIMBAIACh TaK, YTOOBI €€ IUCTAbHAS YaCTh
pacrosnarajiach K3aau. JlaTepajibHas IaacTMHA, COOT-
BETCTBEHHO, YCTAHABIMBAETCS B MPOTUBOIIOIOXKHOM
HarpasiieHun. [Io Mepe pocTa gucrajbHas 4acTb Me-
IMaTbHOM TJIACTUHBI epeMelaeTcs Krepenu, jaTe-
panbHas — K3aAu, TeM CaMbIM AOCTUTas Tapajijiesib-
HOTO TIOJNIOXKEHUSI OTHOCUTEIBHO OCU KOCTU. B cBOIO
ouepenb, AJis1 LOCTUKEHUSI BHYTPEHHEe! TOpCUM AUC-
TaJIbHYIO YaCTh MeJMa/IbHOI MJIaCTUHBI OPUEHTUPYIOT
KIlepeniy, a IUCTAIbHYIO YaCThb JIaTepalbHOM — K3aI1.
B pesynbraTe mpoBefeHHOTO MCCIeLOBaHUS uepes
6 He[l. 6bUTM BBISIBJIEHBI 3HAUMMBbIE PA3/INUKS B CPeJ-
Hell BelMuyHe TOPCUM OelpeHHOV KOCTU OIepupo-
BaHHOM UM KOHTpa/laTepa/ibHOM (KOHTPOIBHOM) KO-
HEUYHOCTeN: B TpyIle «HAPY>XHOI TOPCUMM» pasHUIa
cocraBmuia 17,7°. B rpymme «BHYTpeHHe! TOpPCUM»
pasauumMs ObLIM OLlEHEHbI KaK CTaTUCTUUYECKU He-
3HAUMMble, YTO OOBSCHSJIOCh aBTOpPaMM aHATOMMU-
Yyecku OOYCIOBJIEHHBIMU CIOKHOCTIMM TIpU yCTa-
HOBKe MIacTUH. Takske aBTOPbI BBISIBUAU TPSIMYIO
JIMHENHYI0 3aBUCUMOCTb MeXAY U3MEeHEHNEM BeJu-
YMHBI YIJIa MeXAY IUIaCTUHAMU U pasHUIIE MeXIy
BEJIMUMHON TOpcuM Oempa crmpaBa M ciaeBa. Takum
06pa3oMm, Ipu U3MEHEHNM YTJIa MEXAY TIaCTUHAMM
Ha 1° pasHuUIA MeXOy IToKasaTeasIMU TOpCuu bempa
yBenuuuBaetcs Ha 0,4°. Ilo mJaHHBIM TUCTOJIOTMYE-
CKOTO MCC/IeIOBAaHUS B 30He Ipoaudepanum 3mm-
(pusapHOI MIACTMHKYM IPOONEPUPOBAHHBIX bGemep
HaOMI0AAJICS TaK Ha3bIBaeMblii 3G eKT 3aKpyunBa-
HUS KJIETOUYHBIX KOJIOHH, KOTOPbIII HUBEIUPOBAJICS
B 30He runeptrpodum [17].

M. Cobanoglu ¢ coaBTOpaMy Takke M3y4daau BO3-
MOKHOCTb IPMMeEHEHMSI YIIPaB/IsieMOro pocTa myTeM
KOCOJl OpMeHTalyyu BOCbMMOOPA3HBIX IIACTUH IJIsST
CO3aHUsI TOPCUOHHO Hedopmanyuu 60blIe6epno-
BOJ KOCTU Y KPOJIMKOB. ABTOPBI MOTYUNJIN 3HAUMMbIE
M3MeHeHMUsI TOPCMOHHOTO MPodWIs OTIepUpPOBAHHOM
rojieH! 0 CpaBHEHMUIO C HEOIIepUMPOBAHHON KOHeY-
HOCTbIO — 17,3°. IloMMMO 3TOrO0, 4aCTU >XMBOTHBIM
OBLIO BBITIOJTHEHO yAaJieHMe MeTa/NIOKOHCTPYKIINI
C TeNbI0 JaJIbHENIIero HabIIomgeH s U OLleHKU BO3-
MOSKHOCTY BO3HMKHOBEHMUS penuanBa m1echopMarnn.
Hecmorpst Ha TO, 4TO 4yepe3 4 Hep,. IOCIe yaaaeHus
IUIACTMH OTMEeYaJioCh M3MeHeHMe CpelHero 3Haue-
HMS TOpCUM Ha 6,8°, pa3anums ObUIM paclieHeHbl KaK
CTaTUCTUYECKM He3HauuMmble. [IaHHBI YaCTUIHBIN
addekT puKoiieTa 0ObICHSIETCS aBTOPAMM BbICOKMU-
MU TeMIlaMM pOCTa KPOJIMKOB B paccMaTpMBaeMoM
BO3pacTHOM nepuoge [15].

B manpHelilieM Ha OCHOBaHMM MaTepUAIOB HaH-
Horo wuccremoBauust F. Sevil-Kilimci ¢ coaBTopamu
U3ydaayu BIUSIHME [OETOPCUOHHOIO YIIPaBJsSIEMOrO
pOCTa Ha aHATOMMIO MPOKCUMAJIBHOTO OTAeNa OOJb-
me6epiioBoii Koct. OTMeUYeHbl 3HAUMMbIE M3MEHe-
HUSI CO CTOPOHBI FT€OMETPUHU IUIATO OOIbIIEOEePIIOBOI
KOCTU I MEHUCKOB, @8 UMEHHO YMeHbllleHye 3HaYeHUsI
yIJIa HAaKIOHA JIaTepaJbHOM YacTy IUIaTo OOoJbIle-

6epIIoBOIi KOCTY, YMEHbIIIeHNEe CTeleHU MOKPBITHS
JlaTepajibHOTO IIaTO MeHMucKoM. [locne ypaneHus
MeTaJIJIOKOHCTPYKIIMIT oTMevasicst 3¢ dekT peMomenn-
poOBaHMs, IIpM 3TOM B OTHOILIEHUM TeOMeTPU MeHUC-
KOB OH ObLT MeHee BbIpakeH. [Ipu rucronornaeckom
MCC/IeJOBaHMM BBISIBJIEHO YBeIMUueHMe BbICOThI 30HbI
pocTa Mo CpaBHEHUIO C KOHTPOJbHOI KOHEUHOCTHIO.
B cBsI31 € TONyYeHHBIMM JaHHBIMY aBTOPbI OTMEUaloT
HEeOOXOAMMOCTD M3YyUeHUs] KIMHNYECKO 3HAYMMOC-
TU JAHHBIX U3MEeHeHUI nepes BHeApeHeM MeTOIM-
KU JeTOPCMOHHOTO YIIPaBJsSieMOro pOCTa B UIMPOKYIO
MpaKkTUKy [19].

Llenpio paborsl, onybnukoBaHHoit D.E. Lazarus
C COaBTOpaMM, SIBJSJIOCH OIpefeseHe BO3MOXKHO-
CTU DPEryauMpoBaHUsl OEeTOPCUOHHOTO yIpaBJsieMo-
ro pocTa MyTeM M3MeHeHUs yIjia MeXIy YCTaHOB-
JIeHHbIMM IJIAaCTMHAMM, a TaKKe OlleHKa BJUSHUS
KOCO YCTaHOBJIEHHBIX IUIACTMH Ha MPOAOJIbHbBIN
poOCT KOCTU. B pesynbTaTe ucciegoBaHUsI BbISBIIe-
Hbl 3HAUMMble pasjuuusi B CTeleHM Pas3HOBeIu-
KOCTU KOHEUHOCTEV B OCHOBHOW UM KOHTPOJBbHOM
TpyIIax, MpuueM 3HAUYMMBble OTIUUMS OBLIM OT-
MeueHbI C 4-71 Hep,. IMOc/ie onepauyuyu. YKOpoueHue
COCTaBWIIO B cpenHeM 4,2%, Ipu 3TOM HauboIbIINeE
pasnuuus B AjiHe GelpeHHBIX KOCTel OTMedeHbI
Y OBYX KMBOTHBIX, Y KOTOPBIX INTACTUHBI OBV PACIIO-
JIOXXEeHBI TI0J, MMHUMAaJbHbIM YIJIOM OTHOCUTEIBHO
apyr apyra. OGHaKO 3HAYMMO KOPPEeISIIUU MEKIY
BEJIMUMHOM M3MEHeHUS! IJIMHbI 6egpeHHOI KOCTU
M MepBOHAYAJbHBIM 3HAUEHMEM yIJia MeXIy Ijia-
CTUHaMM He BbISIBJIeHO. TakuM obpa3om, 64IbIIas
repBoHayvaabHas BeJNUYMHA yIjia MexAay IaacTuHa-
MM He TIpeNoTBpamiaeT pPUCK BO3HUKHOBEHMS 3(]-
dekra snudusMomgesa. YKOpoueHUe BO3HUKAET U
B C/Iy4yasiX, KOraa IJIaCTMHBI He CTAHOBSTCS Iapai-
JIeJIbHBIMM OTHOCUTEbHO MPOA0JIbHON OCU KOCTM.
Taxske aBTOPBI MPUIIN K BBIBOAY, UYTO YeM OOJIbIIe
Yrosl MeXxay IjiacCTUHaMyM B MOMEHT YCTaHOBKU, TEM
6osbIIle CTeleHb ero M3MeHeHUs U, Kak CJIeiCTBUe,
OoJbIlle TOPCUOHHBIN 3GQeKT U mosydyaemast fae-
dbopmanus. Takske OTMeUeHO, UTO MHIAYKIMS Ha-
PY>KHOM TOPCUM TPOUCXOAUT MPU 3HAYEHUM YyI/a
Mexnay actuHamu 30° u 6omee [16].

MeTonyka JeTOPCMOHHOTO YIIPaB/sSeMOTO pOCTa
TaKke IMokasaja CBOI COCTOSITeIbHOCTb B SKCIIEPU-
MeHTe, BbIoJIHEHHOM G. Martel ¢ coaBTopamu Ha
KPYITHBIX PAaCTYIIMX XUBOTHBIX (TeJsATa), pa3Mephl U
O6MoMexaHMKa KOTOPBIX 60jiee COOTBETCTBYET YeJIO-
BeueCcKMM. BocbMU IBYXMeCSYHBIM JXMBOTHBIM B 00-
JIACTU IVMCTATBHOTO MeTasnudu3a MeTakapraabHOM
KOCTU IIPaBOii mepenHeli KOHEUHOCTH, B OTAUYME OT
BBINIEYITOMSIHYTBIX MCCIeN0BaHMIA, OblIa MMIUIAHTU-
poBaHa KOHCTPYKIMSI, COCTOSIAsT U3 OBYX KaHIJINU-
POBaHHBIX BMHTOB U MMPOBOJIOKU. YTOJI MEXAY BUH-
TaM¥ BapbMpoBa OT 35 1o 55°. PEHTTeHOKOHTPOJIb U
M3MepeHNue TOPCUU C TIOMOILbIO CIlelMaabHO CKOH-
CTPYMPOBAHHOTO FTOHMOMETPA BBITIOTHSIINCH 10 OTle-
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paiuu, 3aTeM B [OCIe0INepaliOHHOM Mepuofe OIUH
pa3 B Mecsl] B TeueHue 3 Mec., [Iocjie Yero MeTauino-
KOHCTPYKLUMU YOAJISIUCh (A0 OOCTVKEHUS] BUHTaAMU
MOJIO’KeHMSI, TTapaslyIeIbHOTO OCU KOcTu). Yepes nBa
roja mnocjie ygaaeHus] MeTaZIOKOHCTPYKIMIA XKUBOT-
Hble BBIBOAWINCH U3 3KCIIEPUMEHTA, BbITIONHSIACH
KOHTPOJIbHASI KOMIIbIOTEpPHAS TOMOTpadusi. ABTOpPbI
Hab/I0aMM M3MEeHeHMe TOPCUM B cpenHeM Ha 23,7°.
®opMHUpOBaHUS 3HAUMMOIO YKOPOUYEHUSI OMepupo-
BAHHOJ KOHEUHOCTU M HJedopMaliuii BO GpOHTAIb-
HOM M CAaruTTIbHOM IIOCKOCTSIX He HaO/II0Ian0Ch.
OpnHako yepes ABa roja nocjie yaaaeHus MeTaJIOKOH-
CTPYKUMI TOCTUTHYTAsI HAPY>KHOTOPCHOHHAS fAedop-
MalysT YaCTUYHO COXPAaHsUIach JIUIIb B 25% ciayJaes.
[Tpu TMCTOIOTMYECKOM MCCIENOBAHNY OBLIM OTMeYe-
HbI U3MeHeHUs obnacTy MeTadusa B BUAE aHTMOTU-
nepuiasuy 1 6ojiee BhIpasKeHHO occubUKALMU TTPU
MHTAKTHOCTU 3mMdusa M snmdu3apHOi IIaCTUHKMA.
PeHTreHOMOTMYECKY ¥ MAaKpPOCKOIIMYECKM HaOIIoma-
J1ach BbIpasKEHHAS MepuOCTaabHas peakuys B oba-
CTU BMellaTenbCcTBa [18].

[IpyHIUIIMATIBHO CXOXWMIT METOH, ALeTOPCMOHHOTO
YIIpaB/IsIEMOT0 pocTa 6bplT IIpedioxkeH J.D. Metaizeau
¢ coaBropamyu. CorylacHO JAaHHOMY CIIOCOOY YacThb
MPOJOJIBHOTO POCTa MOAMMUIIMPYETCS B TOPCUMOH-
HBIV IyTEM YCTAHOBKM CUCTEMBI, COCTOSINEN U3 ABYX
KaHIONIMPOBAHHBIX BUHTOB M CTAIbHOTO TPOCa B 06-
JIACTU IMCTAJIBHOIO MeTasnudusa 6eIpeHHOl KOCTH.
B uccnemoBanme 6s110 BRaoyeHo 11 mereii (20 cer-
MEHTOB) C BHYTPU- ¥ HAPY>KHOTOPCMOHHbIMMU Aedop-
Maiusmu 6epa, CpeiHI BO3pacT MaleHTOB COCTa-
Bui 10,1 roga (ot 8,6 mo 12,7). UHTpaomnepauuoOHHOE
MO3UIMOHMPOBaHME BUHTOB OCYIECTBJSIIOCh C TO-
MOILIbIO KOJMblla OT ammapara MianusapoBa M CIUII-
MPOBOJHMKOB, MPOBENEHHBIX IOZ yriiom 60° OTHO-
cuUTeNbHO Apyr Apyra. CpefgHssl MPOOO/IKUTENbHOCTD
rnepuonma Koppekiuum cocraBuia 21,5 mec. Yoanenue
MeTaJZIOKOHCTPYKIMI1 BBITIOMHSIOCh TPU JOCTUXKE-
HUU KOPPEKLUUM WIN TIpU YMEHbIIEHUN yIJIa MEXAY
BUHTaMM MeHee 15° (110 JaHHbIM KOHTPOJIbHBIX PEHT-
reHorpaMM B OOKOBOJ IPOEKINM), TTOC/IE Yero BbI-
MOJIHSII0Ch KOHTPOJibHOE KT-nccnegosanme. CpegHsist
BeJIMUMHA KOPpeKIMMu cocraBuiaa 25° (1,2° B mec.),
cpegHMIt yrojl MeXAy BUHTaMM K KOHIY JieueHUs —
25,4°. [TpakTH4YeCcKy BO BCEX CYUYassX OTMEUEHO Orpa-
HUYEeHMe OBVOKEHUII B KOJIEHHOM CYCTaBe, 4TO IO-
TpebOBaJI0 BMENIATENIbCTBA II0H, O0Ieli aHecTesueit
B 6 ciayyasx M (GU3MYECKoil Tepanuu B 14 crydasx.
Taxke B 8 ciydassx OTMedeHa KIMHUYECKM He3HAUM-
Masl pekypBalyoHHas gedopmanyst 1o 10°, koTopast
BO3HMKJIA, 10 MHEHMIO aBTOPOB, B CBSI3U C MOTrpell-
HOCTbIO B YCTAaHOBKE BMHTOB y I€pBBIX MalMEHTOB
B Hauaje ucciegoBaHus. Takke C yueTOM paccTos-
HUSI MEXIY BUHTaMM K KOHILy IMepuoja KOppeKuun
OTMeueHa TeopeTHyeckasi IMoTepsi IJMHbI CerMeH-
Ta B CpegHeM Ha 12 MM 3a Ba roaa, OOHAKO B CBSI3U

¢ 6GuaTepasbHONM YCTAHOBKOM METaZIOKOHCTPYKIINIA
Pa3HOBEIMKOCTY HMKHUX KOHEYHOCTE) BBISIBJIEHO
He 6bu10 [21].

A.P. Balslev-Clausen ¢ coaBTOpaMy COOGIIVIIN
0 pe3yJbTaTax JIeUeHUs MATH JeTelt (OeBSITh CerMeH-
TOB) C TOPCHMOHHBIMM AedopManusiMu bemep w/wiu
roJieHel TpY TOMOIIYM ABYX SMUOU3APHBIX TUIACTUH
(Pediplates, OrthoPediatrics, ITonmblina), ycTaHOBJIEH-
HBIX TTof, yrioM 45°. TopCcMOHHBI MPOGUIb OLEHMU-
BaJICSI KaKAbIe TPU MeCsIa MyTeM pPaauMOCTepeoMeT-
pudeckoro aHanmsa. Yepes 9 mec. cpemHss BenMUMHA
Koppekuuu coctaBuia 5,5° (ot 0 mo 12°), mpu 3TOM Ha-
6/TI0IANIOCh YBeIMUEHMEe JIMHBI CETMEeHTa B CpeIHeM
Ha 8,4 mm (oT 2,8 1o 13 mm). CnegyeT OTMETUTD, UTO
Y IBYX IallIeHTOB (YEThIpe CETMEHTA) B TeUeHMe Iie-
CTY MecsIIeB ObUTM OTMeUeHbl MUHMMAIbHbIE TEMITbI
MIPOIOJILHOTO POCTA U, KaK CJIEJICTBIE, MUHMMAJTbHBIN
IeTOpCUOHHBIN 3ddeKT. [Ipy 3TOM B Tpex OCTajb-
HbIX CJIy4yasix (MSITb CETMEHTOB) CpemHSs BeIuuyuMHa
metopcum coctaBwia 9,3° npu yBeIUMYEHUM OJIVHbI
cerMeHTa B cpegHeM Ha 9,4 mm. Uepes 9,9 mec. niocie
yoaleHus TIACTUH Y OABYX IMalMeHTOB ObLT OTMeUeH
YaCTUYHBIN peuyans aedopmaryu (2,5°) [22].

D. Paley u C. Shannon mpencTaBwiIn IpeaBapu-
TeJIbHbIE DPe3yAbTaThbl MPUMEHEHUS METOIWUKU [Ae-
TOPCMOHHOTO YIIPaBJISIEMOTO pPOCTa Yy JAeTeil C WUC-
MOJIb30BaHMEM pa3leJeHHbIX YacTell I[apHUPHOM
BocbMMoOpasHoii 1tactuHbl (The Hinge Pediatric
Plating System, Pega Medical, Kanaga). Yactu ¢uk-
CUPOBAINCh K 3MUGU3y M MeTadusy Iom yriaom 45°
OTHOCUTEIBHO IPOMOJIbHOM OCM KOCTM W TIepIleH-
IUKYISIPHO APYT OPYTY UM COEOUHSIINCH CUCTEMOW
Fibertape (Arthrex, CIIIA). MeToguka 6bl1a UCIIOIb30-
BaHa IIpU JIeYEHNM 5 MMaIMeHToB B BO3pacTe OT 2,5 10
15,6 roma (cpenHee 3HaueHMe — 8,4 roya) Ha 8 cermeH-
Tax HYIDKHUX KOHeuHocTel. [Ipen- u rocineonepanoH-
Hasl OLIeHKa TOPCUM OCYIIECTB/ISUIACh KIMHUYECKU,
B KOHIIE TIepMoJa KOPPEKIVM BBITTONHSIINCH TeJie-
PEHTTeHOTPaMMbl HMKHMX KOHEUYHOCTel. B pesynb-
TaTe HaOMIOmaNach KOPPEKIMsS TOPCUOHHON medop-
Mauuyu 6eIpeHHbIX KocTeli (5 cerMeHTOB) B CpeTHEM
Ha 30°, 60/bI1e6ePIIOBBIX KOCTEN (TPU CErMeHTa) —
B cpemHeM Ha 9,5°. CpenmHsis IPOmO/KUTEIbHOCTD
JleyeHus cocraBwia 12 mec. (ot 7 mo 18 wmec.).
BosuukHoBeHUs1 medopmaiuii Bo GpPOHTAIbHON U
CaruTTalIbHOM IJIOCKOCTSIX HE OTMeYasoch. B Teue-
HHMe rnocienywimux 18 mec. mocie ygaieHUs Me-
TA/UIOKOHCTPYKIMIT peluauBOoB medopMalmii He
Hab/I0Aam0Ch. Pe3ynbTaThl OTHOCUTEIBHO BO3HMK-
HOBEHMS 3aJePKKM MPONOIbHOTO POCTa HEe MOTJIN
OBITH NOCTOBEPHO OIl€HEHBI aBTOPAMU, MOCKOIbKY
YacTh MalYeHTOB MepeHec/n 6uiaTepasbHy0 yCTa-
HOBKY IUIACTUH, ¥ OPYTOi K€ YaCTU MUCIBITyeMbIX
MMejach BbIpakeHHasT Pa3HOBEIMKOCTb HIKHUX
KOHEYHOCTE N0 orepanyu B CBSI3M C OCHOBHBIM 3a-
6oneBanuem [20].
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OBCY>XIEHUE

BelleonucanHble MUCCIeAOBaHMS AOKA3bIBAIOT BO3-
MOYXXHOCTb MCIIOb30BaHMSI JEeTOPCUOHHOTO YIIPaB-
JI5IeMOro pocTa sl KoppeKkuuu gedopmMaunii B ak-
CUANbHONM MIOCKOCTU. IIpenokeHO TpM OCHOBHBIX
XUPYPruyecKkux MeTofa ¢ mpuMeHeHueM: 1) HaKoCT-
HbIX 3MMU@U3APHBIX TUIACTUH; 2) CUCTEMBI, COCTOSI-
et 13 yacteit BOCbMMOOPA3HON IJIACTUHBI U HUTH;
3) KaHIJIMPOBAHHBIX BUHTOB C [IPOBOJIOKOVA.

Bo Bcex KIMHMYECKUX UCCAeL0BaHUAX OblIa N0-
CTUTHYTa KOPPEKUMS KaK BHYTPU-, TAK ¥ HAPY>KHO-
TOPCUMOHHBIX AedopMalinii, B To BpeMs Kak Muccie-
JIIOBaHMS Ha XKMBOTHBIX OBLIM CKOHLIEHTPMUPOBAHBI
Ha JOCTVXKEHUM Hapy>XHOI Topcuu. B omHOI U3
rpynm A. Arami ¢ coaBTopamMmy IUVIaHMPOBAINU UHIY-
LMPOBaTh ¥ BHYTPEHHIOK TOPCUIO, OGHAKO B CBSI3U
C aHATOMMYECKMMMU OCOOEHHOCTSIMM MeAMaabHOIo
MbllenKka 6egpa KOppeKTHasi yCTaHOBKA MeIMalb-
HOJ IVIACTMHBI 110/, He0OXOIMMBIM YIJIOM OKa3aJiach
TeXHUYeCKU 3aTPyAHUTENIbHA, B pe3yjlbTaTe 4yero
[OJTyYeHHble 3HAaUeHMS OKa3alUChb CTaTUCTUYECKU
He3HauyMbIMM [17]. JaHHDBIN acleKT oJuepKuBaeT
Heo6XOIMMOCTh yUYeTa aHaTOMMUUYECKUX OCOOEHHO-
CTelt cerMeHTa IIpU BbIOOpe MeTaVIOKOHCTPYKLIMIA,
YTO B JajbHelilieM MOOYAMIO OPYTMX MCCIenoBa-
Teslell OTOATh NMPEeATIOUTEHME MeHee PUTUIHBIM M-
iaHTaram [18, 20, 21].

Tacke BausHUEe Ha 3¢GGHEKTUBHOCTbD KOPPEKIUU
OKa3bIBaeT M YroJl MeXy YCTaHOBJIEHHBIMM IJIaCTU-
Hamu. B nccneposanum D.E. Lazarus ¢ coaBTOpamu
JIIeMOHCTPUPYETCSl OTCYTCTBME MHAYKLMU HaPY>KHOIA
TOPCUM TIpU 3HAUEHUM YIJIa MEXAY IIAaCTUHAMMU Me-
Hee 30° [16].

CnenyomyuMm  ¢GakTopoM,  06ecreuyuBamIIuM
YCHELIHOCTb KOppeKUMM, SBJSETCS MMeIIuiics
y MalyeHTa MOTeHIMasa MPOoLoJIbHOIO poCTa Ha MO-
MeHT onepanuu. [Ipy ero MMUHMMAaAbHBIX TeMIax
OTMeYaeTcsl, COOTBETCTBEHHO, M OTCYTCTBME KOPDEeK-
LMK, YTO HAOIIONANOCh Yy OBYX MallieHTOB B paboTe
A P. Balslev-Clausen ¢ coaBTopamu [22].

OcTraBUIMIiCS POCT TAKKe Ba’KEH B KOHTEKCTE BO3-
MOXXHOCTY BO3HMKHOBeHUS peluauBa gedbopmanuin.
OTnaneHHble pe3y/abTaThbl IOCHIE YAAJIEHUSI MeTall-
JIOKOHCTPYKU M1 OLeHMBAINCh B JBYX NOKJIMHUYEC-
KUX MCCIef0BaHMAX. Y KPOIMKOB B MCCIeNOBaHUM
M. Cobanoglu c coaBTopamyu oTMevanach YacTM4YHas
IoTepsi AOCTUTHYTON medopmaluy, OZHAKO pas-
MU MeXAY 3HaUeHUSIMU TOPCUM KOCTeil TojieHU
K KOHILy JledeHMs U uyepe3 4 He[. IOC/Ie YAATEHMS
IUIACTUH paclleHeHbl KaK CTaTUCTMYeCKU He3Ha-
yuMmble [15]. ITo pesynbraTaM 3KCIEepUMEHTA, MPO-
BEeIeHHOI'O Ha TejsiTaX, OTMeYaeTcsl CyLleCTBeHHas!
1oTepst JOCTUTHYTOM HaPYXXHOI TOpCcun (B CpeHEM
Ha 19,3°) yepe3 20 mec. mocie ynaaeHUs BUHTOB.
HanHblit 3¢pdexT B 060Mx caydasx 0ObsICHSIICS aBTO-
pamu KpajiHe MHTEHCMBHBIMM TeMIIaMy POCTa MOJIO-
IBIX JXUBOTHBIX [18].

Cpenu gBYX KIMHUYECKUX UCCII€NOBaHMUIA, B KOTO-
PBIX OLIEHMBAINCh OTAATIEHHbIE Pe3Y/IbTaThl JIeUeH NS,
B OJHOI1 paGoTe Gblyla OTMEUEHA YaCTUYHAs MOTepst
Koppekuum (2,5°) y AByX MaiueHToB uepe3 9,9 mec.
[22], B TO BpeMs Kak B IPYroOM UCCIeN0BaHUM JaHHO-
ro a¢gdexra He HAOMIOAAIOCH (TMTPU KIMHUYECKOM 00-
CJlelOBaHMM) B TeUeHMe IOIYyTopa JieT, HeCMOTPS Ha
TO, YTO BO3PACT MUCIIBITYeMbIX BapbupoBal OT 2,5 no
15,6 net [20].

Hu B ogHOM M3 uCC/efOBaHMUIl, NMPOBEAEHHbIX
Ha >KMBOTHBIX, He BBINOJHSIACh MIpefolepanyoH-
Hag KT u, cOOTBETCTBEHHO, OLIEHKA TOPCUU CETMEH-
Ta KOHEUHOCTM [0 BMmemaTenbcTBa [15, 16, 17, 18].
KT-uccnenoBaHue BBINMOAHSIOCh WUCKIIOYUTENBHO
1oC/ie BbIBEAEeHMS )KUBOTHBIX U3 dKCIlepumMeHTa. [lis
CpPaBHUTENbHON OLIEHKM IOJyUYEHHBIX De3YylIbTaTOB
MCHO0JIb30BaJIaCh KOHTpajaaTepaabHas KOHEYHOCTb
V/WJIM KOHTPOJIbHAs TpPyIa >XUBOTHBIX. J[aHHBINI
(dbaxTop 3aKOHOMEPHO MOXKET NMPUBECTU K HELOCTO-
BEPHOI1 OLleHKe MTOJIyYeHHBIX Pe3y/bTaTOB, TOCKO/Ib-
Ky HEeM3BeCTeH MaTTePH HOPMaIbHOTO M3MeEHEHMUS
TOPCUMOHHOTO TPOGUIS >KMBOTHOTO B TIpollecce
OHTOTreHe3sa.

UccnepmoBanust Ha JIOOAX OBUIM CKOHIIEHTPUPO-
BaHbl Ha OLEHKE M3MEHEHUSI TOPCUM KOHKPETHOTO
CerMeHTa [0 M MOC/Ie BMEIIATeNbCTBA, IMOCKOIbKY
B OOJIBIIMHCTBE CIy4aeB  MeTa/UIOKOHCTPYKIUU
yCTaHaBAMBAINChL GuaaTepanbHO. B pabore D. Paley
n C. Shannon u3amepeHUST TOPCUOHHOTO MPOGUIIS
OCYILECTB/IS/IMCh KIMHUYECKM Ha BCeX 3Talax Jjede-
Hus [20], a A.P. Balslev-Clausen c coaBTOpamu wuc-
TO/Ib30BaJIM pafyOCTepeoMeTpuYecKuii aHanus [22].
HecMoTps Ha BEpOSITHYIO LieJb YMEHBIIUTD JTyYEBYIO
Harpysky Ha MalMeHTa, TOYHOCTb IOMYyYEHHbIX W3-
MepeHMii BbIILIEYTIOMSHYTbBIMM MeTOAaMM II0 CpaB-
HEHUIO C TPaAMUIIMOHHONM OLIEHKOI TOpCMM TI0 aKCU-
anbHbIM cpe3am KT muckyrabenbHa. B myGmmkanym
].D. Metaizeau c coaBTOpamMu He IPUBOAUTCS TOUYHOE
ormucaHue MEeTOMA OLIEHKM Bepcuu Gempa Kak Jo, TakK
1 nocie jeueHus [21]. OOHAKO € y4eTOM INPOUIUIIO-
CTPUPOBAHHBIX AaKCUAAbHBIX CpPE30B JIUCTaJIbHOTO
otmena 6eqpa MOKHO KOCBEHHO CYOUTb O TOM, UTO,
TI0 KpaiiHeli Mepe, B KOHIle MepuoAa KOppeKuun KOM-
MbIOTepHAast TOMOTpadus BCe SKe BBITOMHSIACh.

Bo3HMKHOBEHME BTOPUYHBIX YIJIOBBIX Aedopma-
UM U3y4alloCch B ABYX MCCAeLOBaHMIX Ha KpOJU-
Kax M B OJHOM MCC/IeJOBaHMUM Ha Joggx. A. Arami
C COaBTOpaMM OIMUCHIBAIOT 3HauMMble pasIUuUs
MeXIy BeIMYMHaMM aHaTOMMUYECKOTO JiaTepaib-
HOTO AVCTAJIBHOTO OeqpeHHOro yIjia OIlepupOBaH-
HBbIX U HeoIlepMpoOBaHHBIX KoHeuHocTelt (13,5°) [17].
M. Cobanoglu ¢ coaBTOpamMu Takke OTMEYAIOT BO3-
HUKHOBeHMe Iedopmaliinii BO (HPOHTAIBHON IUIOC-
KOCTM: pasauMuMsg B IlapamMeTrpax MeguabHOTO
MPOKCMMAJIBHOTO yIia 60/ble6epIioBOit KOCTU U
6enpeHHO-00/IbIIEOEePIIOBOTO yIVIA II0 CPaBHEHUIO
C KOHTPOJIbHOM KOHEUYHOCTBbIO COCTaB/SAOT 10 m 13°
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CoOTBeTCTBeHHO [15]. IIpM 3TOM CTOUT OTMETUTD, UTO
B 00eux paboTax yHOMMUHAHUS O pedePeHTHBIX JTMHU-
SIX U YI7IaXx B CaruTTaJbHOM IJIOCKOCTU OTCYTCTBYIOT.
[TonyyeHHbIe pe3ynbTaThl MOXHO CBSI3aTh, IO BCEil
BUIMMOCTH, C aCMHXPOHHBIMU TE€MIIaMU U3MeHEeHMUSI
MOJIO’KEeHMSI TVIACTUH, KOTAA OfHA U3 HUX CTAHOBUTCS
MepHeHAVKY/ISIPHOI 30He POCTa U TPOBOLUPYET BO3-
HMKHOBeHME He3aIUIaHMPOBAHHOI Oedopmaiuyu BO
(poHTATBHOII INTOCKOCTH.

J.D. Metaizeau c coaBToOpaMu COOOIIAIOT O 8 CITyda-
SIX BO3HMKHOBEHMSI PEKYpPBaLMOHHON nedopmarim
(mo 10°) y maumeHTOB, IPOONEPUPOBAHHBIX B HaYase
MUCC/IeOBaHMs, O OKOHYATEIbHOM CTaHIApTU3aLUU
MpOoLIeAypPbl, UTO MOAUYEPKUBAET BAXXHOCTh KOPPEKT-
HOTO M3Hauya/IbHOTO TO3UIIMOHUPOBAHUSI MeTalo-
KOHCTpyKUuii [21].

Bo Bcex DOKIMHMYECKUX UCCIeAOBAHUSX aBTOPBI
HaOMIOIaMM BO3HMKHOBEHME BTOPUYHOIN pPa3HOBe-
JIMKOCTY HVKHUX KOHEUHOCTE. Y KPOJIMKOB HabJII0-
JaJIoCh CTaTUCTUUECKM 3HAUMMOEe YKOpOUeHMUe Mpo-
OMNepUPOBAHHOTO CerMeHTa — B CpegHeM OT 4,2 [0
7,3% [15, 16, 17], y Tenat — 2,7% [18]. Dauusbiit 3¢pdexT
3aKOHOMEpPHO BO3HMKAET, MO-BUAMMOMY, B CBSI3U
¢ Mpeobpa3oBaHyeM YaCTU MPOAOTHLHOTO POCTA B TOP-
CMOHHBIN U BBIpasKEH MEHbIIIEe MPYU OOJIbIIEi UCXOM-
HOJ IJIiHe CerMeHTa.

B TO ke BpeMs B KIMHMYECKUX MCCIEIOBAHUSIX
0 BTOPUYHOI pPa3HOBEIMKOCTM HMKHUX KOHEU-
HOCTeli He COO0OILIaeTcs, UTO CBSI3aHO JIMOO C MHpo-
BeleHMeM OIepaTHMBHOTO BMeNIaTeabCTBa Ha 00e-
MX KOHEYHOCTSIX B OOJBIIMHCTBE CIy4yaeB, OO
C MCXOOHBIM BbIpa’keHHbIM YKOPOUYEHMEM CerMeHTa
[20, 21, 22]. OgHako ].D. Metaizeau c coaBTOpamu
YKa3bIBalOT Ha BO3MOKHOE 3aMejieHye MPoJ0abHO-
ro pocTa B CpelHEM Ha 12 MM B TeYeHMe ABYX JIeT,

JOITOJITHUTEJIbHASI UTHO®OPMAIIUA

3asnenenHslii 6K1a0 asmopos

Bce aBTOpBI cAenanyu SKBUBAJIEHTHBIN BK/A[ B MOATO-
TOBKY MyOIMKAIVA.

Bce aBTOpBI NTpOUwIN U OmO6PMIN (QUHATBHYIO BEPCUIO
PYKOIIMCH CTaTbU. Bce aBTOPBI COIMIACHBI HECTU OTBETCTBEH-
HOCTb 3a BCe aCMeKThbl paboThl, YTOOBI 0OECIIEUNTD Ha/IJIeXKa-
1jee pacCCMOTPEHMeE U pellieH)e BCeX BO3MOXKHBIX BOIIPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAZEKHOCTBIO JII000I YacTu
paboThI.

Hcmounuk  uHaucuposanus.  ABTOPBI  3aSIBJISIIOT
06 OTCYTCTBUM BHEIIHETO (PMHAHCUPOBAHMS IIPU MpOBee-
HUU UCCIIeJOBaHUSI.

Bo3mozcHblii KOH(pAUKM uHmepecos. ABTOPHI IeKia-
PUPYIOT OTCYTCTBME SIBHBIX Y MOTEHIMATBHBIX KOHGIMKTOB
MHTEPECOB, CBA3aHHBIX C MyOIMKalMeii HaCTOSIIEN CTaTh.

Imuueckas skcnepmu3a. He npumeHnMma.

HUngopmupoeantoe coznacue Ha
He TpebyeTcs.

nyoénuxkayuro.

OCHOBBIBASICb HAa KOCBEHHBIX PEHTTEHOJOTUYECKUX
npusHakax [21].

D. Paley u C. Shannon noguepKuBaloT, 4TO, CTapa-
scb u3bekath addekTa snuduseonesa 1, Kak cem-
CTBME, BOSHUKHOBEHMSI BTOPUYHBIX Hedopmannii u
Pa3HOBEIMKOCTH, UCIIONb30BAIM B COEIMHEHNUM Yac-
Teit BOCbMMOOpa3HOi miacTuHbl cuctemy FiberTape,
YyTO, MO MX MHEHUIO, MPUIABAIO KOHCTPYKLMMU
66mp1IyI0 3mactuyHOCTh [20]. OmHAKO AOCTOBEPHO
OIIEHUTh, HACKOJBKO I1e1eC000pasHO TpUMeHEeHMe
AQHAJIOTMYHBIX MET/UIOKOHCTPYKIMIA TI0 CPAaBHEHMIO
CO CTAHIAPTHBIMMU TJIACTMHAMM, HA TaHHBII MOMEHT
He TIPe/ICTaBIISIETCSI BO3MOXKHBIM.

3AK/TIOYEHHE

JocToMHCTBAaMIM MeTOAa YIIPaB/sieMOro pocTa Ipu
JIe4eHMM TOPCUOHHBIX AedhopMaLyit JIMHHBIX KOCTe
y JeTeil SBISIIOTCS €ro MajJOTPaBMaTUYHOCTb U [IO-
CTYNMHOCTb. OCHOBHBIM IPENSITCTBMEM K HIMPOKOMY
MpUMEHEHMI0 TaHHOTO MeTOAa, 110 HallleMy MHEHUIO,
SIBJIIETCSI TO, UYTO BO BCEX MPOaHAIU3MPOBAHHBIX UC-
CJIeflOBaHMUSIX OTCYTCTBOBAJIO IJIAaHMPOBaHME BeJN-
YMHBI KOppeKIuu nedopmaiuy Ha IpefornepanyioH-
HOM 3Talle, UTO He IMO3BOJsIeT JOCTOBEPHO OLIEHUTH
UX TOYHOCTb. KpoMe 3TOro, CyuiecTBYIOT Takue He-
JIOCTaTKM eTOPCUMOHHOTO YIPaBJsIeMOro pocTa, Kak
BTOpPUYHbIe AedopManyui, YKOPOUEHUS, PeLUAUBBI
medopMaiiuii. [IepcrieKTUBBI JaIbHEMIIEro PasBUTHUS
MeTOJa JeTOPCMOHHOIO yIPaBJsseMOro pocTa, Bepo-
SITHO, CBSI3aHbI C TPaBWIbHBIM MO3ULIMOHMPOBAHMEM
TJIACTUH, YTO CHU3UT PUCK BTOPUIHBIX Hedopmariuii.
AneKBaTHbBI BbIOOpP BO3pacTa MALMEHTOB Ha MO-
MEHT BMeIlaTeabCTBa M OLlEHKAa OCTaBILErocsi poc-
TOBOTO TIOTEHI[Maja MO3BOIUT U36eXaTh PelUINBOB
IedopMaruii.
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